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KBAHTbl MHTEPHETA

CkO}KI/ITE ITO!

Oémﬂo B KOMIIBIOTEPHBIE MTPBI HTPAIOT, YTOOBI Pa3BJI€UbCs U OTAOXHYTH.
Ho 6biBaeT u TaK, 4To B MrpoByio GopMy 06J1€4eHbI Cepbe3HbIE U MOJIE3HbIE
3ansTus. Hanpumep, Bce Jaime B MHTEPHETE MOXKHO BCTPETUTH 00pa3oBa-
TeJIbHbIE IPOrPaMMBl, IOCTPOEHHBIE 110 TAKOMY IIPHHIIHILY.

A Bot apyroit npuMmep: rosoosomka Foldit, ocHoBHas 1es» X0TOPOI —
MOMCK IIPABUIBHON MPOCTPAHCTBEHHON CTPYKTYPhI pasHbIX GenkoB. OKasbi-
BAETCsI, YTO B HTOM J[aXKe YeJIOBEK Oe3 CIelManbHOro 6uosornyeckoro o6paso-
BaHWS TI0CJIE ONPEJeIEHHON TPEHUPOBKU MOXKET IPUHECTH OOJIbIIE TOJIb3HL,
YeM CJIOXKHBIE AITOPHTMBI Ha COBDEMEHHBIX CyNepPKOMITbIoTepax!

B xauecTBe 3azaHuil, HTPOKAM DETYJSIDHO IPEJIATAETCS CKJIAABIBATH
6es1ku, co CTPYKTYPOi KOTODBIX He MOTyT pasobpatbes yuyensie. M aTo yacto
TIPUHOCHUT CBOH u.ms - 011 rogy UrpoKH MeHbIIe YeM 32 TPH
Hezle/IA CHPAaBU/IKCH C ImpoTeasoi supyea, soisnisaomero CIT]L y obesbsiu

eHBIM HE XBAaTUJIO Ha 310 15 net!
) 9TOMY WHTEPECHOMY M TOJE3HOMY IPOEKTY BBI

E.Enucanos
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\VlaTemMaTunKa 1 KOMMNbIOTepbI:
NPoONeMbI U NePCneKTUBbI

P.TPOXEM

BPATUMCA TEIIEPb K TEOPUU BbIYNC-

JINTEJIbHON CJIOKHOCTU: OHA TaKXXe OTHOCHUT-

Ccd K TeMe <«KOMIIbIOTEPbl U MaTeMaTHKas.
Uepes P o603HavaeTcs Kaacce 3a/1a4, KOTOpbIe MOXKHO
peluTh 3a IoJuHOMHaJIbHOe Bpemd. Yepe3s NP
(«HeeTepMUHUPOBAHHBIE TOJMHOMUAIbHbBIEY ) 000~
3HavaeTcsl KJacC 3a7lad € TAaKUM CBOHCTBOM: €CJIN
HEKTO YTBEp’K/JaeT, YTO OH HallleJ pellleHue, TO MbI
MO2KEM TTPOBEPUTH 3TO PellleHne 33 MOJTUHOMHUAIbHOE
Bpemsa.! Hampumep, ec/im KT0-To TOBOPUT: <Y 5TOTO
rpada XpoMaTHyecKkoe YucJO0 PaBHO TPeM», TO OH
MOXKET TPEAbIBUTH HaM CBOK PACKPAcKy B TpHU
1[BeTa, 1 3a NMOJUHOMHAJIbHOE BPEMS MOKHO TPOBe-
puTh, npaBusbHa Ju oHa. Camble Tpy/HbIe 3324l
apagiorcss NP-nonbiMu. (1o Takune NP-3azaun, K
KOTOPBIM MOXKHO CBecTH JI00y1o Apyryio N P-3amaqy
3a moJiMHOMUaJbHOE BpeMsi. — IIpum. ped.) Bax-
HOCTb 3TUX Tpo6JeM B cJueaymonieMm: Bcsgkas NP-
MoJTHAsl 3a/ladya B HEKOTOPOM CMBICJIe PaBHOCHJIbHA
mo6oit npyroit NP-niosiHO# 3ajiave, T.e. €CJU XOTs
661 ogHy NP-ToJIHYI0 3a/adyy MOKHO PEINNTh 3a
TTOJIMHOMUAJIbHOE BpeMs, To u Bce N P-TioJiHbIe 3a/1a-
Y1 MOXKHO TaK pemuTb. MOXKHO Tpe/CcTaBUTh cebe
BOT Takylo Kapry NP-zazau (puc.9).

NP-nonubIX 3asa4 CyLECTBYIOT TBICAYU, UX YXKe
TPUALIATH JIeT M3y4YaloT; 3ajlaya O TOM, MOXKHO JII
pacKkpacuTh BepITHBI Tpada B TPU 1IBeTa, 3aja4a O
YucJe He3aBUCUMOCTH, 33/la4a KOMMHUBOSIKEpa — BCe
onn N P-mioJyiHble.

B mmxHeit vactu KapThl coOpaHbI 3a/1a9n Kyacca P.
Hampumep, copTHpPOBKY cIiuCKa W3 7 3JIEMEHTOB
MOXKHO IIpOBecTH 3a BpeMs nlogn . 3agaua auHeiiHo-
TO TIPOTPAMMUPOBAHUS U 33/1ada O BBIMYKJOH 060-
JIOUKE TaksKe MpUHaJIexar Kiaaccy P.

B cpenneii wactn npuBeseHa 3ajaua 06 M30MOP-
dusme rpadoB (BbIACHUTD, SABIAIOTCS JU JABA JaH-
HbIX Tpada M30MOP(MHBIMK), TIPO HEE HEU3BECTHO,

OKOHYaHMe. Ha4ano — B rpegbiayLLeEM HOMEDPE XY PHATIA.

! Bpemst pa6otsr anropurma (IIporpaMMbl) Ha3bIBACTCS 1011
HOMUAAbHBIM, €CJI OHO OTPAHUYEHO CBEPXY HEKOTOPBIM MHOTO-
YJIEHOM OT pa3Mepa BXOJHBIX JlaHHbIX. HemosmHoMuaibHble IO
BpeMeHn PaboTbl aaroputMbl (HampuMep, OCYNIECTBISAOIIME
HOJIHBIN T1epe6op BApUaHTOB) NPH GOJIbHINX 00BEMAX BXOJHBIX
JIAHHBIX pa00TAIOT ACTPOHOMUYECKH JIOJITO U TI09TOMY HE TOJST-
cst st pakTuaeckoro npumenernst. (Hpum. ped.)

NP-mosiHbIe

v(G) =32 alG) = k?

3ajgaua 06 YTTaKOBKe
B KOHTEHHEpbI

3a¢:[aqa KOMMHUBOAXKEPA

Teicaun IIPOYNX BaKHBIX

NP AJTOPUTMHUYECCENX HpOéJIeM

\ Wsomopdusm rpados G = H? ’

Boimyx.ias o6o/1ouka

[IpoBepra
MIPOCTOTHI

CopTupoBka

3agaua JUHERHOTO
MPOrPaMMHPOBAHHS,

Kapra NP-zapaq

Puc. 9

aBysieTcst 11 oHa N P-1IoJIHO#, HO HEM3BECTHO U TO,
JIeXKUT JIM OHa B KJacce P. A BOT 3a/1a4y 0 IIpOBepKe
MPOCTOTHI HEJIABHO TIePEBEJIN U3 3TOI Cpe/HEN YacTH
B HIDKHIO: mpodeccop n3 Vnanm u 1Ba cTy/eHTa
JIOKA3aJIi, 9TO JIJId 9TOH 3a/[a4M €CTh MOJTUHOMUAJb-
HBI asroputM. Bmpodem, Bpemsi paGOTBI 3TOTO
AJTOPUTMA TIOPSAAKA 7° , T 7 — YHCJIO0 3HAKOB, TaK
YTO OH, BO3MOKHO, HEe CaMbIil yTOGHBIM.

A BoT npuMep 3a/1a4u 06 YIIaKOBKE B KOHTEHHEPHI.
Mbl umeeM cro jgecatusHayHbix uncen (puc.10);
MOKHO Jin pa36UTh UX Ha JeCAThb MOJMHOMECTB 10
JIECATD YUCeJ TAKUM 06pa3oM, 4YTOObI CyMMa YHCeNT B
KayK/IOM TTOJIMHOZKECTBE He MpeBocXoanaa 5O Muim-
apnoB? CoOGCTBEHHO TOBOPSI, CyMMa BOOOIIE BCEX
yuces1 pasHa 500 MusInapiaM, Tak 4to TyT Oy1yT He
HEPABEHCTBA, a paBeHCTBA. Tak BOT, HUKTO He 3HAET,
MOKHO JIM 3TO cJieJiaTh: 0ObeM BBIYUCJIEHUN CJINII-
koM Besnk. Kcraru, BbI ysnaere atu unciaa? Hy,
CMOTpWTE: TPH, 3aldTagd, OJNH, YeTbIPe, OJINH, MATh,
JIEBATD, /IBA... — 9TO 3HAKH MTOCJE 3aTATOH B Uncie T
(ny, npasaa, He Bce).

910 6b11 npumep NP-nonnoir 3amaun. Kaskjgas
NP-miosiHag 3ajada SABJSETCS YACTHBIM CJydaeM
mo6oii pyroii N P-TI0JTHON 3a1aun: eciv BbI Haiije-
Te MOJUHOMUAJIbHOE PellleHre 3a/1a4l KOMMUBOSIXKE-
pa, WK 3a/la4u O XPOMATUIECKOM YHCJIe TPU, UJIN O



1415926535 8979323846 2643383279 5820974944 5923078164
8214808651 3282306647 0938446905 4811174502 8410270193
4428810975 6659334461 2847564823 4565856692 3460348610
7245870066 0631558817 4881520920 7892590360 0113305305
3305727036 5759591953 0921861173 0744623799 6274956735
9833673362 4406566430 8602139494 6094370277 0539217176
0005681271 4526356082 7785771342 1468440901 2249534301
4201995611 2129021960 8640344181 5187072113 4999999837
5024459455 3469083026 4252230825 7101000313 7838752886
5982534904 2875546873 1159562863 8903894223 2858849455
0628620899 8628034825 3421170679 5028841971 6939937510
8521105559 6446229489 5493038196 5058223172 5359408128
4543266482 1339360726 0249141273 3786783165 2712019091
4882046652 1384146951 9415116094 9628292540 9171536436
1885752724 8912279381 8301194912 8193261179 3105118548
2931767523 8467481845 7669405132 6395224737 1907021798
4654958537 1050792279 6892589235 7577896091 7363717872
2978048851 0597317328 1609631859 2981362877 4771309960
5875332083 8142061717 7669147303 3344685035 2619311881
9550031194 6252505467 4157424218 8823537875 9375195778
Puc. 10

qucJie He3aBUCUMOCTH, TO BbI HaiijieTe TOJUHOMU-
aJIbHOE pelieHrne BCeX OCTaJbHBIX N P-TOoJHBIX 3a-
a4, BaxXHbIN BOIIPOC COCTOUT B TOM, COBIIQ/IAIOT JIN
kiaaccel P u NP. Mosxker OblTb, BCce 3ajadydl W3
kjgacca NP Ha camMoM Jiejie PenalTcs aaropurMa-
MU, PabOTAONIMMU 32 TIOJUHOMHUAIbHOE BpEMs?
Hamnpumep, aas 3ajaun TMHEHHOTO TTPOTPaMMUPO-
BaHWS J0JITO€ BpeMs He ObLJI0 U3BECTHO TOJUHOMMU-
aJbHOTO aJTOpUTMa, HO 3areM Kapmakap n XaunsH
ero Hamwm!

BosabimaCcTBO CrienuasucToB CUUTAIOT, UYTO KJac-
col P u NP passble: eciiu Bbl MOXeTe I1POBEPUTb
pelieHne 3a MOJUHOMHUAJbHOE BPEMS, 3TO ellle He
006s3aTeJIbHO 3HAUNT, YTO U HAHUTHU BBI €70 MOJKETe 3a
MOJTMHOMUAJIbHOE BpEMS.

B 2000 romy Maremaruyeckuit uHctutyTt Kites
OTyOJIMKOBAJI CITUCOK M3 ceMU TMpo6JieM, KOTOpbIe
CUMTAIOTCS JOCTOMHBIMU PACCMOTPEHMUS; 32 PellieHne
KaskK/10#1 13 HUX o6eliana mpeMusl B MUJIJIMOH JI0J1J1a-
pos. Iloj TepBbIM HOMEPOM B 9TOM CIIUCKE UJET KaK
pa3 npobsema coBrajienus kinaccoB P u NP. [Ipyras
npo6JiemMa, 0 KOTOPOIl Bbl, BO3MOKHO, CJIBIIIAIN, —
ato turnore3a Ilyankape. OueHb TaJaHTJINUBBIN POC-
cuiickuit Mmarematuk 'puropuii [lepenbman omy6.u-
KOBaJl HECKOJIbKO cTareil, B KOTOPBIX O6oJiee WJIu
MeHee yKasaJi, KaK ee MOXKHO PeliuTb, W IIPelocTa-
BUJI OCTAJTbHBIM JIOBECTU CBOM WU /10 KOHIIA: Jiec-
KaTb, J0JleJlaliTe, KTO XOUeT, a MHE 3TO HE OYeHb-TO
WHTEPECHO. EMy nipucyinim aTy mpeMuto B MUJLJIMOH
JIOJJIAPOB, HO OH YeJIOBEK OYeHb HEOObIYHbBIN, W OH
ckasan: «He Hy:KeH MHe 3TOT MUJIINOH, 3a6y/bTe,
MEHS 3TO He MHTepecyeT». MoeT ObITh, CJyInaTen
po Hero uTo-HuOY /b 3Ha0T? OH Ke ObLT Ha MEXTY-

[puropmi lepesbmar

HapoJIHON MaTeMaTudeckoi oJsmmnuajge. Kaxkercs,
OH kuBeT B MOCKBe 2 ¢ Marepbio.

Wrax, nocae [lepesbmana B 3TOM CIIHCKE OCTAJIOCh
TOJIbKO IIIECTh TTPOOJIEM.

Tenepp nemuoro reomerpuu. BoT «3aysieHHbII
aBoitnoit top» (puc.11, cnesa). Ilpeacrasbre cebe,
YTO 3TO Kamepa JJIs
BEJIOCHUTIETHOTO KOJIe-
ca, TaKOi BOT CTpaH-
HOIi (hOPMBI, 1 UTO BbI
xoture 1poaedopmu-
poBaTb ee Tak, Kak
[IOKa3aHO Ha PUCYHKe
11 cupasa. UnTynius
TOBOPUT BaM: «IJTO K€ HEBO3MOKHO!» A BOT KOMIIb-
forep roBoput: </la, ato Bo3mMoxHO!» Kak 370
MOKHO cjiesiaTh, TIOKa3aHo Ha pucynke 12. Kak
BU/IUTE, KOMIIbIOTEpAM MHTYUIUS He Mellaer.

Puc. 11

Puc. 12
A BOT €Ie O/iHa reoMeTpudYeCKad 3a/jada: MOJKHO
1 1
JI YMECTUTD KBaJIPaThl CO cTOpoHamu 1, 5 , § , Z .

B IIPIMOYTOJIbHUK pazMepoMm 1 X 3 ? CymMma miota-

Z[ef/i BCEX 9TUX KBa/[paTOB paBHa — I /I€JIO B TOM, 4TO

1 1
KBa/[paT CO CTOpOHOf/)I ; nMeeT ILjaonia/b ?, "

MOJKHO IIOKa3aTb, UTO €CJIM BCE 3TU YMCJia CJIOKUTD,

2 Ha camom gere I'puropnit Ilepempman skmBer B CaHKT-
ITerepGypre.
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YUCUTEA OCTAIOMIECsT [po6u Had-
HYT YMEHBIIATBCS, ¥ MBI TPUJEM K
FICKOMOMY TIPE/ICTAaBJICHHIO.

[IycTth Termepnb MbI 3aXOTeNH, YTO-
6Bl 3HAMeHaTe I BceX Apobeii, yda-
CTBOBABIIMX B Pa3JOXXeHUH, ObLIN
HEYeTHBIMH: HaM JlaHa Jpo0b C He-
YEeTHBIM 3HaMeHaTeJIeM, a XO0YeTcs

TIPE/ICTAaBUTD €€ B BHUJIE CYMMBI [[PO-
6eil ¢ uncJauTesieM eMHUIA U pas3-
JMYHBIMHA HEUETHBIMU 3HaMeHaTeJsI-
mu. Takoe Bcerja BO3MOKHO, HO

2

L

Puc. 13 6
TO HOIIyIH/ITCH — , TaK 4TO, MOJKET 6bITb, y[[aCTCH nx

6

BCe YIIAaKOBaTb B 9TOT IPSIMOYTOJbHUK? Bot ¢ uero

MOKHO Hauath (puc.13): yKjajbiBaeM IOCJIe10Ba-
1 1 1 1
—_—X = —X—

2 273 377
MOJIy4aeTcsl HePOBHBIM. fI He 3Ha10, MOXKHO JIN Tak
pPa3MeCTUTh BCe KBAJPaTbl WJU B KAKOW-TO MOMEHT
/LIS 04ePeTHOTO KBa/IpaTa MecTa He Hafiercs. Kiaiis
Tyt (Clive Tooth; aro cnenuamuct mo Computer
Science) cmor Tak ynakosatb tepsbie 100000 kBaj-
paToB, HO OH HE CMOT /IOKa3aTb, YTO €Tr0 aJTOPUTM
MIO3BOJISIET TIPOJIBUHYTHCS CKOJb YTOJHO Jajexo. S
npearaio He6osbinoi mpus (250 gonmapos) Tomy,
KTO CMOJKET PENIUTDb 3Ty 3a/a4y.

Tenepb OCMOTPUM Ha 3a/ja4y O €TUIETCKUX JPO-
6sX. DTa 3aj1aua BIIEPBbIE BCTPEUYAETCS B TAIUPYCe
Punpa, natupyemom 1850 romom g0 H.3. /IpeBHue
eTUNTsIHe JTIOOUIN TIPE/ICTABIIATD IPOON B BU/IE CYM-
Mbl JIpo6eii ¢ YHUCJUTEeNeM e[UHUIA U PA3HBIMU

11
7—2+14. A cnpa-
mmBaJg Anzpe Beiins, KOTOpbii ObLT HE TOJHKO
BEJINKUM MaTeMaTHKOM, HO M BEJUKUM HCTOPHUKOM,
noyemy, II0 €ro MHEHHIO, erMIITsSHaM HPaBUJIOCh
Takoe IpeJCcTaBieHne Apo6ell, 1 OH OTBETHUJ, 4TO
9TO 0ObICHSETCS OYeHb TPOCTO. «V KakoBo ke
oObsicHeHue?» — nounTepecoBasics si. OH OTBETHUJI:
«Onn nonn 1o HeBepHOMy 1yTu». Hy, Kak 6b TO
HU OBbIJIO, UMEHHO TI0 3TOMY IIyTH €THIITSHE U TI0-
. Jleonapo Iusanckuii, nsBectubiii Kak Mubo-
Hay4yy, IOKa3aJ, YTO Takoe IIpe/CTaBJeHue Bcerja
BO3MOXKHO, €CJIi BOCIIOJIb30BATbCS «KAIHBIM aJTo-
PUTMOM>»: HAJI0 Bce BpeMsi 6paTb HamOGOJbBIIYIO U3
Apo6eit co 3HaMeHaTeJeM €MHHIA, KOTOPOH erre
MO3KHO BOCIIOJIb30BaTbCs, M TOT/Ia B KOHIE KOHI[OB

TeJIbHO KBajparbl 1x1, Kpaii

3HameHaressamu. Hanpumep,

MOJKHO JIU HAlTH Takoe pas3JiosKeHme
C TIOMOIIBIO >KaJ{HOTO aJropuTMa?
ITOT BOIIPOC YEM-TO MTOX0K Ha 3Ha-
MeHutyio runoresy Kosnartma o
3n +1 — ¥ OTBET Ha HEro HUKOMY He
usBecren! Bor mpumep: amns gpobu

5

1444613
HaBJIMBaeTcs 4yepe3 37 miaroB, W HauOOJIBIINN W3

BO3HUKAIONNX II0 XOJy Jiesla 3HaMeHareJseil cojiep-
KuT 384122451172 pecatnunbix 3HakoB. Vmeercs
TUIIOTe3a, YTO Ka/(HbII aJrOpUTM OCTaHABJINBAETCS
BCer/ia, HO HUKTO He 3HaeT, Kak ee Joka3arb. [loxy-
Maiite, 0 yeM BCe 3TO HaM I'OBOPHT.

Crenytomuii caydyait — mornpo6oBaTh MPeICTaBUTh
JTAHHYI0 po0b B BUJIE CYMMBI APO6eii ¢ YncauTeseM
eIMHNIIA U PA3JIMYHBIMUA 3HAMEHATEJISIMU, SIBJISTIONIN-
MUCS IOJHBIMU KBa/ipataMu. VIHbIMU cjioBaMu, HA/10
HallTy npejicTaBJeHuEe BUJA

JKa/HBIM aJTOPUTM OCTa-

1 1 1
q n m 1y

A YK€ [AaBHO /IOKa3aJi, 4TO €CJIN

P O;i—l ) 1;ﬁ

q 6 6 )

TO TaKO€ IIpe/JCTaBJI€HNE BO3MOKHO (OHO 3aB€/JOMO

HEBO3MOJKHO, €CJIN B 9TOM MHOJKECTBE HE€ JIEJKUT,
II0OTOMY 4YTO CyMMa OépaTHbIX KO BCEM IIOJIHbIM

KBa/IpaTaM paBHa ?) Ho Bcerpa jim ocranaBinBa-

€TCsl KaIHBbIN aJTOPUTM s 9To# 3amaun? Hewnsse-
CTHO, ¥ 3Ta 3a/la4a, BO3MOXKHO, PENTEHHIO MOTAeTC.

A BOT nnpuMep 3a/1a4u 0 PeKyPPEHTHOII 1TocIe/10Ba-
TeJIbHOCTHU, B KOTOPOI BBIYUCJIEHUS TIOMOTAIOT OUY€Hb
MaJio, jia, COOCTBEHHO TOBOPSI, U BOOOIIE He TTOMOora-

101. Urak, nyctb xy =2 u X, =X, —— . Hampun-
X
) 1 "

Mep, Xy = 5 X3 = 5 Xy = T30 1 TaK Aanee. Ecmm

n300pa3uTh 3Ty TOCJEAOBATEJbHOCTh Ha Tpadukre
(puc.14), T0 4TO MBI B KOHIlEe KOHIIOB yBuauM? Ee
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24-i1 4sieH OKa3bIBAETCS OUE€Hb MAJEHbKUM, 3TO TIPU-

mMepro 0,0402...; Torma x5 = Xy _xi — 3TO yXKe
GoJibiioe 10 MomyJi0 uucyio (Beab 249524 CTOUT B
3HAMeHaTeJse): IPUMEPHO OHO paBHO —25 (puc.15).
Ecom npogo/skars 5111 Bbrantanus u gaspiie (puc.16),
TO IOCJIeI0BAaTeJIbHOCTh HAuyMHAeT CHOBA BO3Bpa-
marbest 6JmKe K HyJI0... Tak BOT, BOIIPOC CJIeyIo-
LWL 9Ta [10C/Ie/10BaTe/IbHOCTh OrPaHueHa U HeT?
MoryT B Heii BCTPETUTHCS CKOJIb YTOTHO GOJIBIITHE TI0
MOJIYJII0 YHCJa UM OHA He BBIXOJAUT 3a KaKue-TO
TPaHUIIBI ?

Borumcsienns B 3Toii cUTyannyu coBepIieHHo 6e3Ha-
JIeKHBI, U OTBET Hen3BecTeH. MOKHO 1OKa3aThb, 4TO
BO BCSIKOM OTKPBITOM MHTEPBaJIe HAlIyTCsl 3HAUEHNUS
Xy, /L1 KOTOPBIX MOCJIE/I0BATeIbHOCTh OTPAHIUEHA,
U 3HAUEHUS X, [LIS1 KOTOPBIX OHA HeorpaHu4yeHa, HO
KOHKPETHO /11 Xy = 2 OTBeTa Mbl He 3HaeM.

A BOT peKyppeHTHas MOCJIe0BATEeJbHOCTb, KOTO-
pasi BO3HUKAeT ITIpU aHajIM3e 3aJaul COPTHPOBKHU.
Omna crpourca Tak. Eciu y Hac ectb x,,, Mbl 6epeM
KBa/IpaTHBIIl KOpeHb u3 2x,, (xn + 1) ,  3aTeM IeJYI0
yacTb OT 3TOT0  KBAJAPaTHOTO  KOPHH:

Xpt = [\/236,,(36,, + 1)]. ITpu stom xy =1. ITocneno-

BaTeJIbHbIE YJIEHBI ATOM MOCJIE/I0BATEIHHOCTH Oy YT
1, 2, 3, 4, 5, 6, 9 — TyT mocaenoBaTeIbHOCTD
HayMHAET PacTy HEMHOro ObICTpee — HO BOIPOC,
KOTOpbIM nHTepecyioTes (B yactHoctH, B Bell Labs),
TakoB. PaccMOTpPUM OCTaTKU OT JieJieHns Ha 2 4JIeHOB
ATOM TIOCJIEZIOBATEIBHOCTH C HEYETHBIMU HOMEPAMH.
Hauunasa ¢ x4, ato 6yger 1, 0, 1, 1, 0, 1, 0... YUro
MOJKHO cKasaTb 00 9Toil moceoBareabuoctn? Oka-
3bIBAETCS, €CJUM MOCTABUTD 3aIATYIO MOCJE TIePBOii
€IMTHUIIBI, TO TIOJTYUUTCS J2, 3anucaHHbIil B ABOMY-
HOIl cucremMe. Tak 4YTO 3Ta IOCJIELOBATEIbHOCTD
3aBe/IoMO Herepuoanyeckas. Ho Kak ke MOXHO
pacmo3Hath 9TO JIeUCTBUTEIbHOE Yrc0? Bot arasio-
TUYHAas peKyppeHTHas 1M0oCe/[0BaTeTbHOCTD, B OTIpe-
jJeneHnu KoTtopoil 2 3ameneHo Ha 3: y =1,

Ypit = [,/Byn( Y, + 1)} . Ecomn paccMoTpeTs ee usieHsl

C HEYETHBIMH HOMEpPaMU M 3aMEHUTb WX Ha OCTATKU
ot slesienus Ha 3, To nosyuutes 1,0, 1,0, 2, 2, ... Uro
310 3a uncyo? HukTo He OTOXK/IECTBU €ro HU C YeM
W3BeCTHBIM. EcTh MporpamMMbl, KOTOpbIE TT0 3aITHUCH
YHCJIa TBITAIOTCST BBISICHUTD, TIOXO0KE JIM OHO Ha YTO-
TO M3BECTHOE BPOjiE T[2/6, HO C 3TUM YHUCJOM He
MOJIyYUI0Ch. Tak 4TO BasKHBIM BOIPOC TaKOM: Kak
OTIO3HAThH JIEHCTBUTEIHHOE YUCA0? ITO BBIYHMCJIN-
TEJbHO CJIOKHASA 3a/1ada.

Tenepsp 3aiiMmeMcst GoJibluMK yncaamu. Bor, Ha-
npumep, 6oJibiioe uncyao 41. Moxxno 3anucartb 41
B BHJ/Ie CyMMBI CTelleHell JBOIWKHU, HO He OyneM Ha
3TOM OCTAHABJMBATLCS, & KaXX/Iblii U3 MOKa3aTeseil
CTENeHN TaKKe 3alluilieM B BHJE€ CYMMbl CTeleHeil
JIBOMKM:

=2 +23 41 =28 402 4,

ITO — «CYIEepP/IBOMYHOE TIpejicTaBjieHnes yncaa 41.
[TepBbIil mar wHTEpecymoIero HaMm aJropurMa —
BBIYECTDb €JAMHUILY U 3aMEHUTb BCE JABONKMU Ha TPOW-
KM, 4TOO TIOJYUYUJIOCH <«CYTIEPTPOMYHOE Ppa3JioKe-
HHE» KAKOTr0-TO YUCJIA:

41— 331 4 3341 = 92876792455042.

ITO 4uCaI0 y:Ke TmoboJbine, yeM 41.
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A TEIEpb 3aME€HUM BCE TpOfIKH Ha YE€TBEPKU U
BbIUTEM €JUHUILY — IOJYIUTCA «CYNEPUETBEPUIHOE»

3 4
pasioskerne: 3° 1+ 33 5 44 4 4% _ 1 Touree,

yT00 MMOJIyUYnJOCh HaCToOAIlee CylnepuYeTBEpUIHOE
Pa3JIosKeEHNE, IPOCTO TaK BbIYECTb €IMHHUILY HEJb34.
HO-HaCTOHH_IGMy IIOJIyUHUTCA BOT KakK:

A 40 g

_ 444+1+3,44+3.43+3.42+3~4+3.

B o6mieM cayuyae ovyepeHOl IIar BBITJISIAUT Tak:
3aMEHUTb <«CYIEePOCHOBAHUE CUCTEMbI CUUCJIEHUS>
b va b + 1, BblUECTb €WHUILY W PE3YJbTAT TPEJ-
craButh B Buze «cynep-(b + 1)-u4Horo» pasioxe-
nug. Ecsm, mampumep, mepeiitu eme ot 4 K 5, TO
MOJIYYUTCS YHCJIO

KoTOpoe etre OoJibllle: OHO BBIMTUCAHO HA PHUCYHKE
17. Ha Hero Hy;KHO CMOTpPETb OY€Hb BHMMATEJbHO:
OHO He MOJKET OKaH4YMBATHhCS Ha 6 — HA caMoM JeJie
3a aTOH TmecTepkoil ecth emie omHa Imdpa. Wrak,
MOXOXKe Ha TO, 4TO umcJsa pactyt. Ho ectb nopasu-
TeJbHAs TeopeMa, TpuHaJexamas [yacreiiny
(Goodstein), 4ro ecsau Mbl, HaYMHAS C CYIEPIABO-

HYHOTO PA3JIOKeHus, OyleM BCe BPeMsl yBeIHdH-
BaTh CyNEPOCHOBAHNE HA €MHHUILY, & 3aTeM BbIYU-
TaTh M3 YNCJIA €AMHHUILY, TO B KOHIE KOHIIOB MbI
noiigem go myssi! O6osunaunm wepes G (n) umcso
LIArOB, 32 KOTOPOE MBI JI0I/1eM /10 HyJIsl, HAUMHAsI C
ancaa n. Umeem G(2) =3, G(3)=5. Kak o6cro-
ar gena ¢ G(4)?

4=2"-53-1=2.3342-3+2 >
524242 4+1>
—52.5%42.552.6°+2-6-1=
=2.6°+1-6+5—> ...

Ecin 3amporpaMMupoBath 3TOT aJATOPUTM ¥ 3aITyC-
TUTH ero Tepes; 06e10M, 4To6 1ocsae o6ea moCMOT-
peTb Ha pe3yJbTaT, TO JKAAaTh TPUIAETCS JOJTO:

G(4)=3- 227 (23‘227 - 1) +44, u a10 GOJBIIE UYEM

1019000 1T1s Tex, KTO 3HAKOM C JIOTHKOI, CKaxy,

4TO 3TO IIpUMep (DYHKIIUHU, KOTOpast pacTeT ObIcTpee,
yeM smro0ast (PYHKINS, KOTOPYIO MOXKHO OIIPE/Ie/INTD
B apudmeruke I[leano. Ity TeopeMmy MOKHO JIOKa-
3atb B apudmeruke Ileano nepsoro mopsijka (T.e.
HEo6XO/IMMO HCIOJIb30BATh TOHATHE GECKOHEYHOTO
MHOXKecTBa). A Tounoe 3Hauenne G (6) BooOue He
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u3BecTHO. S1 mpejiaraio 3a ero BbIYUCIEHUE CKPOM-
HYI0 Harpaay B 25 [0JuIapoB. §1 ObI TPEATOXKHII
Harpagy u 3a G(5), HO OMH ACIHPAHT YXKe 9TO
crenadl.

Hy u camas sxesannas — runoresa Pumana. Pac-

o 1
CMOTPUM n3eTa-(yHKINIO Z(S)=2—S, rue
n=1
s =0+it — KoMIJIeKCHOe umucao. Kak Mbl yke

s

Bugemn, {(2)= e Ho {(2+14) — yxe HeKOTOpOE

1 .
KOMIIJIEKCHOE YHCJI0, a Z(E + 14,134725...1) =0 —

9TO IepBbIil MHTepecHbIN HyJb J3eTa-pyHKuun Pu-
Mmana. Hymm nsera-yHKIMN TeCHO CBSI3aHbI C IIPO-
creivu yucsiamu. Ha rpaduke (puc.18) BugHO He-
CKOJIBKO IIepBbIX HyJeil. I'mmoresa cocTouT B TOM,
YTO BCe HETPUBMUAJIbHbIE HYJM /3eTa-(PYHKIUU Jie-
JKaT Ha BeleCTBeHHOI IPAMOI, 3a/1aHHON ypaBHEeHU-

1
eM O'=§. ITO IIPpOBEPEHO [Jid IIEPBBIX [IE€CATH

MUJLINAP/O0B HyJIell — yoxe Hertoxo! I'mnoresa Puma-
Ha — OJHA W3 TeX, 3a Koropele Wucturyr Kies
HA3HAYUJ TIPEMUIO B MUJIJIMOH JI0JIJIAPOB.

Tenepp B 3axsovenne s chopMyaupyio ase «60-
Jiee TIPOCThIe» MPOOIEMBI.

Cuavana — eme ojiHa TUIIOTE3a O YETBIPEX Kpac-
kax. IIpeanosoxmM, Mbl MOKPACUIN KAy TOY-
Ky Ha IJIOCKOCTH B OJIMH U3 4YeTbIpeX 1BeToB. Bce-
ra JU MOXHO HalTH JBe TOYKM OJHOTO IIBETa,
Haxojgmuecs: Ha paccrostauu 1?7 WMan MoxHO 110-
CTaBUTb BOIPOC TIO-PYTOMY: MOXHO JIM PacKpa-
CUTH IIJIOCKOCTh B YeThIpe I[BeTa TakK, 4ToO Jo6ble
JIB€ TOUKH, HaXOJAINMecs Ha paccTosHuM 1, ObLan
OKpalieHbl B pasHble 1Beta? OTBET HeusBecTeH!
N3BecTHO, YTO OTBET <«HEJIb3sI», €CJH 1BETOB BCETO
TPH, M OTBET <«MOXXHO», €CJIi I[BeTOB ceMb. I 10-
JI03PEBAI0, YTO B MSATDH IIBETOB TaK PACKPACHUTDb TOXKE
MO3KHO.

HOC]IGL[HHSI HpoéneMa OTHOCHUTCA K 2dpMOoHuyec-
Kum ducjam. rapMOHquCKOG YnCJIO0 — 3TO YHUCJIO

1 1 1
H(n)=1+ 5 + 3 +ot o (cymma o6paTHbBIX K TIep-

BbIM 7 HATypaJbHbIM 4YncjaaM). PaccMorpum ere
TEOPETUKO-UYNCIOBYI0 (PYHKITHIO «CyMMa JeuTesieit
JIAHHOTO 4umucJja #». EcTb Takoll HEBUHHO BbITJISA/IS-
IUA BOIIPOC: BEPHO JIM, YTO

ngH(n)+eH(")lnH(n) (*)
dn

npu Bcex n = 17

Tak ator Botpoc popmynupyercs. Uem on nHTepe-
ceH? A TeM, 4TO OH CTOUT MUJIJIUOH JIOJIJIapOB! ITOT
BOIIPOC 3KBUBAJEHTEH rurore3e Pumana. Ecin xoTsa
OBl J1JIs1 OJTHOTO 72 3TO HEPABEHCTBO HE BBITIOJIHEHO, TO
6eCKOHEYHO MHOTO HETPUBHUAJbHBIX HYJIEH 3eTa-
(pyHKIMM JIe3KUT BHE KPUTHUECKOI IpsimMoil. Berom-
HUM B CBS3HM C 3TUM, 4YTO TOBOPWJ [mianbept: c
MEPBOTO B3TJISI/Ia HEJIb3S MOHATD, JIETKOH WJN TPY/I-
HOH oKaskeTcs 3ajiaya.

Hepagencrso (*) mposepeno aas n < 10 . Moit
ObIBITUI KoJIera DHAPIO OJJIBIKKO HAIIes C TTOMO-
mpio Kommbiotepa 1072 -it 10 cyeTry HyJb J3eTa-
dyuknun Pumana m musmapna ero coceneit. M3
CBOMX BBIUUCJIEHUN OH C/IeJIajl TaKOil BBIBOJ: €CJIH
runore3a PumMana BepHa, TO OHa BepHA «Ha TPAaHU».

Puuapn Xemmunr roBopust: «llenb BbraucaeHuit —
MOHSATH, & HEe BBIUUCJIUTB». HEKTO HeusBeCTHBII
MepenHavYmnyl 9TO €ro BbICKA3bIBaHWE, 3asBUB, YTO,
HaINpOTHB, I1€JIb BbIYUCJIECHWI HE TOHSTD.

Y3Haem Jim Mbl KOT/1a-HUGY b, BEPHA JIM THTIOTE3a
Pumana? d y6exen, uro mnpas 6bi1 [mab6eptT ¢ ero
BBICKa3bIBaHUEM: «Mbl I0JKHBI 3HATH, W MBI Oy/1€M
3HaTbh!» Pasymeercsd, OH-TO 3TO CcKasaJ Ha CBOEM
poaHOoM si3bike: «Wir mussen wissen, wir werden
wissen».

A ecam BBl CIpOCHUTe, JielcTBUTENbHO [niapbept
TaKOe TOBOPWUJI WJIM 3TO BCErO JIMIIb anokpud, s
OTBEYY, U4TO OH 3TO cKasan 7o B 1930 romy m uro
ay/IM03aICh 9TOTO BBICTYILIEHNS COXPaHUIach. Bot
ee (pparmMeHT B 1epeBojie:

Mwuvi ne cmeem eepumv mem, Kmo HvlHUE NOKPO-
BUMESILCTNEEHHBIM MOHOM U C (DUIOCOPCKUM 6bL-
pakenuem auya npedckasvieaom zpaoyuwuil yna-
00K KYAbmypvl, U NpuoepKusaromcs O0OKMpuHol
<ignorabimus»3. Hem 0as nac nuxaxozo igno-
rabimus, u s cuumaio, wmo Hem ez0 U 8 ecme-
cmeennvlx Haykax. Bmecmo amozo Odypaurozo
ignorabimus evidgunem Haur coOCMEEHHBI JIO3YH2:
Mol QOJIXKHLL 3HAMND, U Mbl OYOem 3HAMD.

3 M1 ne ysuaem (am.)




aayra lekapta—HbloTOHa—HOHra

A.l[TAHOB

HbloTOHOBa paayra

Xorga [lekapt B cBoux «PaccyskaeHungax o metoze»
U TIBITAJICS 1aTh OObsICHEHNE T[BETaM PaJyTH, HO 3Ta
NOMbITKA OblJIA HEYTOBJIETBOPUTETbHOI. Pemratomiee
cJ0B0 TyT ckazano Hpiotronom. B 1704 roay Bbinia
ero 3Hamenurtas «Omnrukay, B Hayajse KOTOPOU OH
OIIMCaJl CBOM OIBITbI C [IPU3MaMM, TIOTOM M3JIOKUJI
CBOIO TEOPUIO IBETA U TYT K€ MCIOJb30BAJ ee s
00BSICHEHUS T[BETOB PAIyTH.

Ecin Ha npusMy najiaer Jiyd COJIHEYHOTO CBeTa, TO
U3 MIPU3MbI BBIXOJIUT TEJIbIN Beep — CIIEKTP CBETOBBIX
Jydeit (puc.17). Kakapril u3 stux Jiydeil umeeT CBOI
1BET U IIpeJIoMJIsieTcs IPU3Moii Ha cBoii yroJs. Hbio-
TOH MCCJE/YeT 9T JIYYU ¥ Ha3bIBAET UX OJ[HOPO/IHbI-
MU, a Mbl ceiiyac Ha3bIBaeM MX MOHOXPOMATUYECKU-
mu. ITo HpioToHY, Jy4d COJIHEYHOTO CBETa SBJISIETCS
CMeCbI0 MOHOXPOMATHYECKHUX JIy4yel, KasKIbIil U3

Puc. 17, [prsma paznaraer 6e/ibivi CBET B Lie/IbIk CIIEKTP Pa3HO-
L{BETHBIX JTy4€est

OKoOHYaHMe. Ha4ano — B rpeabiayLLeM HOMEPE XY PHArIA.

KOTOPbBIX YAOBJIETBOPAET 3aKOHY IIPEJIOMJIEHNA. Ho
€CJIM paHbli€ /[Jisd IEPEXOo/ia CBETOBOIO Jy4da U3
BO3/lyXa B BOJAYy Mbl 3allMCbIBaJii €ro B BU/E

sini = —sin7, TO Temepp HYKHO YYHUTBIBATH, YTO
3

MOoKasaTeb TPEeJOMJICHUS JJIs1 BOJAbI HE SBJSETCS
nocrossHHoil Besmunnoit (n = 4,/3), a 3aBUCUT OT
1[BeTa MOHOXPOMATHYECKOTO JIy4a.

[To mpIHEMTHUM TIpeACTABACHUSAM, U3MEHEHHE I10-
KazaTeJsis TPeJOMJIEHNS BOIbI MOYKHO IPEJACTaBUTH
rpaduueckn Tak, Kak mokazano Ha pucynke 18. Ha
3TOM PHUCYHKE FOPU30HTAJbHASI OCh UMeeT JIBOWHYIO
MapkupoBKy. C OHOI CTOPOHBI, OHA pacKpalleHa B
I[BeTa BUIWMOTO CIIEKTpa, W TaK MOT c/ieJaTh caM
Hpypioron. C apyroii cTopoHbl, OHA pagMedeHa JIJInHa-
MU BOJIH, COOTBETCTBYIOIINX 3TUM I1BeTaM. BoT aToTo
HpioTOH c/enaTh He MOT, TaK KaK BOJHOBOW TeOPHUH
CBeTa TOr/la elfe He CyIIeCTBOBAJIO.

Cormracuo namepenusam HbioToHa, mokasareJb mpe-
JIOMJIEHUS CBeTa JIJIs KpPallHero KPacHOTO ydacTKa
criekTpa paBen n, = 4/3 =1,33333, a asa kpaiiHero
buoseroBoro  y4yactka OH  COCTaBJSIET
ng =109/81 =1,34568 . U 10, u apyroe cJerka oru-
yaeTcss OT TOro, YTO Mbl BUAMM Ha pucyHke 18.
Tenepb MBI MOXKEM CKa3aTbh, YTO BCE TPEAbIAYIINE
pacyeTnl IS IEKAPTOBON PalyTd MbI TTPOBOIUIN C
JiydaMn KPacHOTO I[BeTa C TIOKa3aTeseM IIpesioMJe-
Hus n, = 4/3. Mbl ycTaHOBUJIM, 4TO IlepBas KpacHasd
JIyra uMeeT yTrJIoBoWl paauyc 42°2" ) a Bropast Kpac-
Hast ayra — 50°59" (cm. ynpasknenus 5 u 6). 10
coBHajlaeT ¢ pesyabraTamu HbiOTOHA.

Bce 10 ke camoe HYKHO TIpojiesaTh u ¢ GUOJIETO-
BbIMU Jiydamu. Ecsim rpy6o, TO JIJIst 9TOTO HA PUCYH-
kax 1—9, 12—15 Ha/so0 NOMEHSTh KPaCHbIN I[BET Ha

L ——— o —
400 450 200 250 600 650 700
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PuUc. 18. 3aBUCUMOCTb [10KA3ATESS [PEITIOMIIEHIS BOLALI OT [J/IMHbI
BOJIHbI BUAVIMOrO CreKTpa v OT COOTBETCTBYIOLLErO LBETA



buoneroBprii. A eciu 6bIThb 6o0Jiee TOYHBIMHU, TO
pacueTbl, TpojieJIaHHbIe B YIPaXKHEHUAX > U 6 /s
HOKa3aTe/Is NpeJoMIeHus n, = 4/3, Haao MOBTO-
pUTD IS TIOKA3aTeJIst TPEJTOMIIEHUST Ny, = 109/81.

YupaxkHenue 7. Bepuurecb K ynpaskHeHusiMm 5 u 6,
3aMeHHTe TaM MoKaszatesb peaomsenust 4/3 wa 109/81 u
JIOKQKTTE, YTO YTJIOBOH pasinyc IMepBoit PHoJIeToBOIH 1yTH
paBern 40°16', a pammyc BTOpOil (hUOJETOBOI IyTH —
54°10" .

PesysibTarhbl, yKa3aHHbIE B YIIPAKHEHUH 7, COBITA-
jaiot ¢ nosaydenabivu Hpiotonom. Takum o6pasom,
HpioToH cumraer, 4ro mepBas pajyra 3akJI0veHa
MeKIy (DUOJIETOBOI AyTOil € YTJIOBBIM PAJNyCcOM
40°16" m xpacHoil ¢ paamycom 42°2', a Bropas —
MesK/ly KpPacHOU JYToil ¢ YraoBbIM paauycoMm 50°59'
u ¢uosetoBoil ¢ pamaumycom 54°10". Pazuoctu tep-
BBIX /IBYX BEJIMYMH [IAIOT IIUPUHY MEPBOIl pajyTH,
Pa3HOCTh /IByX [PYIHX — IIUPUHY BTOPOIl pagyru
(cMm. Taba.). B mepBoii paayre 1Bera M3HYTPU Hapy-
Ky uayT ot (UOJETOBOrO K KPacHOMY, BO BTOPOI
pajiyre TIOPSIZIOK 1IBETOB OOPATHBII.

. Yraosoii Yraosas
Iser pajuyc IHPHHA
T HOJTETOBBIIT 40°16"
[lepsas ¢ . — 1°46"
pajyra KpacHbli 42°02
Bropas KpacHblii 50°59' 3011"
pajiyra ¢uonerosbiii 54°10'

Hpioton JleJiaeT elle HEKOTOpbIe IMMOIIPpaBKU K 9TUM
pe3yJibTaTaM, HO Mbl Ha HHUX OCTaHaBJMBATbCA HE

6ynem. Vtax, mupuna o6enx JAyT BbIYHCIEHA, TOPSI-
JIOK IIBETOB B KaXK/JI0M U3 HUX OTIPe/iesieH, U TeOpus
[lekapra—HpbioToHa 3aBepiieHa.

[Moskamyit, crout emnte n06aBuTh, uto /lekapr, mo-
BHU/IUMOMY, TTPOBO/INJI BCE CBOU PAaCUeThI /151 (PUKCH-
POBAHHOTO moKasaTreJss npeJoMJIeHU
n =250/187 =1,33680 . Ecuiu mocMoTperhb Ha pucy-
HOK 18, TO BHUJIHO, YTO 3TO COOTBETCTBYET 3€JIEHON
yacTn crmekTtpa. Takum o6pasom, pamyra /lexapra
JIOJDKHA OblJa BBITJISIIETh TOHKOW 3€JeHOH 1yToii
OKPY>KHOCTH.

Papyra lOHra

Ha camom pgesie u [lekapr, u HbioToH nporyctuan
O/INH CYIIECTBEHHbIN 3JIeMEHT Pa/yTu, a UMEHHO —
dyeu svicwux nopsokoe. OHM T0OBOJHHO 4acTO GbIBa-
10T BUHBI BHYTPU ME€PBOIl AYTH, BIJIOTHYIO TIpUJIE-
rag K Heil (puc.19). K coxkanenuio, reomerpuueckast
OTITUKA CJIUIIKOM TIPSIMOJIMHENHA, YTOObI 1aTh 00bsIC-
HEHUE 3TOMY SIBJIEHUIO.

B 1801 roxy KOHT npoBes cBOI 3HAMEHUTBIN JIBYX-
eJIeBON 9KCIIEPUMEHT, MOCJIYKUBIIUHN PEITaonum
apryMeHTOM B T0JIb3y BOJIHOBOW Teopuu csera. (B
3TOM OTIBITE ITyYOK CBETA HAIPABJISETCS] HA HEIPO3-
PavHYIO MIUPMY C /IBYMS HapasjiebHbIMU IIEJISMH,
3a KOTOPOWl YCTaHABJIMBAETCS MPOEKIMOHHDBIN 9K-
paH. Ha HeM mosty4aercst 11esibIil psijt yepeyonmxcst
uHTEep(EPEHIMOHHBIX T10J0¢.) OHO U3 HePBHIX
MPUMEHEHWIT BOJIHOBON TEOpPUH — 3TO OGbICHEHUE
nHTep@EPEeHIINOHHOI PUPO/IbI IyT BBICIIUX TOPSI/I-
KOB, KOTOPOE COJIEP:KUTCS B BelikepoBCKO# JeKInn
[Onra «OmubITbl ¥ UCUUCIEHUS, OTHOCAIINECS K (DU-
sudeckoii ontuke» («Experiments and calculations

Puc. 19. [lyrvi BeICLLIMX [T0PSAKOB
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relative to physical optics»), npounranHoii B
1803 roay. (BeiikepoBcKast JIeKIUSA — Harpaja, exe-
rogiHo npucyxaaemasi Jlonponckum KoposeBckum
00IIeCTBOM 32 BKJIAJ B Pa3BUTHUE €CTECTBO3HAHUS.
FOHr 6bla y10cTOCH 9TOI HArpajbl TPU pasa.)

CaeToBbie my4kH 1 BOJIHOBBbIE (ppoHTHI. B reomert-
PUYECKOIl OINTHKE OJIHUM U3 OCHOBHBIX OOBEKTOB
HCCJIE/IOBAHUST SBJISETCST TOYEYHDBIH MCTOYHUK, OT
KOTOPOTO B pa3Hble CTOPOHBI PACXO/ATCS CBETOBbBIE
gyun. [OBOpSI COBPEMEHHDBIM $I3bIKOM, 39TO YTO-TO
BPO/Ie MAJIEHBbKOTO CBETO/AMO/Ia, HA KOTOPBIH Mbl
CMOTPUM C PACCTOSHHUSI B HECKOJIBKO METpPOB, He
pasmyasi ero pa3MepoB.

Baskna n apyras curyarusi, Korjia MICTOYHUK Orpa-
HUYEHHBIX Pa3MepoOB y/aJieH OT Hac Ha THUTAHTCKOe
paccrosinue. Torpa Jy4u, uayiiie OT Hero, MpakTu-
YeCKM HapaJsiesabHbl. Takoil MCTOYHUK HA3bIBACTCS
6eCKOHEYHO yaJeHHBIM, a My4OK Jydell, MCXOs-
IIUX OT HEro, SIBJISETCS TapaJjuiebHbiM. MenHo
TaKMe MyYKN TPUXOAAT K HaM OT Y/IaJeHHBIX 3Be3/I,
7 TIOYTH TaKOH TMYYOK MPUXOIUT OT COJIHIIA.

Boanosvim ¢ponmom B TeOMETPUYECKOH ONTHKE
Ha3bIBAETCS TOBEPXHOCTh (B IJIOCKOM ciydae —
KpHBast), KOTOPast MePIEH/INKYISIPHA BCEM JIydaM 13
JAHHOTO CBETOBOTO Tyuka. /Ly mydka mapasiienb-
HBIX JIydell BOJTHOBOH (DpOHT rockuii. B ciaydae
TOYEYHOTO MCTOYHWKA BOJHOBOH (DPOHT Tpe/CTaB-
asier co6oit cepy (OKPYKHOCTB), HEHTP KOTOPOM
COBIIQ/Ia€T C MECTOM TIOJIOJKEeHUs HcTouyHuKa. Ha
pucynke 20 BUIHO, 4TO JJI KaXXJO0rO M 9TUX CBETO-
BBIX ITyYKOB JTI0OBIe /1Ba (PPOHTA IK6uUdUCMANMHYL,

Puc. 20. Tly4ku 1 QPOHTBI NEPIEHANKYIISPHBI, @POHTbI 3KBU-
ANCTAHTHbI

T.€. OTPE3KU CBETOBBIX JIyuell, 3aKJII0YeHHbIE MEXK/Y
TUMU (PPOHTAMU, PABHBI MEXIY COOOI.
MonoxpomaTtnueckasi cBeroBasi BoJHa. Eciu y
Hac UMeeTcs] MOHOXPOMATHYEeCKUH MyYOK CBETOBBIX
Jiydei, TO MOKHO CKa3aTb, YTO COOTBETCTBYIOTIAS
CBETOBasl BOJIHA — 3TO COBOKYIIHOCTb BOJIHOBBIX
(bpoHTOB, y1ameHHBIX APYT OT IpyTa Ha OTHO U TO JKe
paccTogHue, paBHOE JJIIHE BOJHBI. [ TouedHoro
NCTOYHUKA 3TO Gy/IeT U4TO-TO BpOJie pucynka 21.
Eciu cuntath, 4TO CBETOBAs BOJIHA PACIIPOCTPAHS-
eTcs B IJIOCKOCTH PUCYHKA, TO €€ eCTeCTBEHHO Ha-
3BaThb KPy20601i. Ecn BoJIHA OT TOUEYHOTO UCTOYHU-
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Puc. 21 CBeroBasi BOJIHA, COCEqHME QDPOHTBI SKBULUCTAHTHBI,
PACCTOTHNE MEXLY HUMU PaBHO [/IMHE BOJIHbI

Ka pacrpocTpaHseTcs B MPOCTPAHCTBE, TO ITO che-
puueckas BoaHa. Ho Ha TOT Xe PHUCYHOK MOKHO
B3IJIIHYTb W TO-APYyTroMy. MOKHO CUMTaTh, YTO
HavyaJbHbIN BOJHOBOW (DPOHT — 3TO TIpsiMasi, epIIeH-
JMIIKYJISIpHAS TIJIOCKOCTH PUCYHKA W TIPOXOSIIAs
gepes ero 1eHTp. Torga MbI UMeeM J1eJ10 € yuAuHopu-
YecKotl BOJTHOM.

Nurepdepenuusi. Pucynok 21 xpaiite mpoct. A
YTO TOJIYYUTCS TIPU HAJOKEHUH JABYX TAaKMX PUCYH-
KOB €O C/IBUTOM? VIHBIMU CJIOBaMM, 4TO TIPOUCXO/IUT
PN HAJOKEHUU JBYX MOHOXPOMATHYECKUX BOJH C
ONHOU U TOU »Ke JauHOU BoJiHbI? OKa3bIBaeTcs,
KapTUHa MIHOBEHHO ITpeoOparkaercst — Mbl HabJTr0/1a-
eM nHTepdepeHInio.

Ha pucynke 22 aBa MCTOYHWKA CMETIEHBI JIPYT
OTHOCHTEJIbHO JIpyra Ha HECKOJIbKO [IJIUH BOJH TI0
TOPU3OHTAJMN. Y Ke TP HeOOJIBIIOM Y/IaJeHUN TOU-
KN HaOJIOJeHNa 0T 000MX MCTOYHHUKOB BOJIHOBbIE
(bpoHTBI IPUXOAT B Hee TOUTH TTapasiiebHbIMU. A
BOJIN3W TOYKM, KyZa PPOHTHI MIPUXOIAT CO CABUTOM
B IIeJI0€ YHCJIO JJTUH BOJH, OHU TIPOCTO COBIA/IAIOT.
C o/1HOIT CTOPOHBI, aMILJIUTY/Ia BOJTHBI TaM BO3pacTa-
€T B/IBOE, C JIPYTOll CTOPOHBI, BOJU3H 3TOI TOUKHM MbI
BU/IUM MHOTO OeJsioro 1Beta. OKpaiieHHbie B GeJIblit

Puc. 22. Mintepgeperms (onbiT KOHra, kosbya HeoToHa, gyrv
BbICLIMX [TOPALAKOB)



BeT 06JacTH — 3TO OOJACTH KOHCMPYKMUBHOT
unmepgepenyuu, Tie NHTEHCUBHOCTH CBETa BO3pac-
taetr. Ecim >xe B HEKOTOPYIO TOYKY HAOIIOEHUS
BOJTHOBbBIE (DPOHTBI MPUXOAAT CO C/IBUTOM B HEYeT-
HO€ YHCJIO TOJIYBOJIH, TO TaM BOJIHBI TacAT JPYT
JIpyra, a IJIOCKOCTh OKa3bIBAETCS IEJIUKOM OKpa-
IIEHHOW B KPacHBIN I[BET. 3/1eCh Mbl HAOJIO/aeM
obstacTu ¢ decmpyxmusnotl unmepgepenyueti. Mox-
HO CKa3aTb, YTO Ha PUCYHKe 22 06JacTi KOHCTPYK-
TUBHOI MHTep(EpeHI KOANPYIOTCsS GesbIM IBe-
TOM, a 06JIaCTH [IeCTPYKTUBHOW WHTepdepeHInn —
KPACHBIM.

Yupaxkuenue 8. [lokaxkure, uTo Ha pucynke 22 objgactu
KOHCTPYKTUBHOU ¥ JIeCTPYKTHUBHOII HHTEP(hEPEHINH pac-
TI0JIO3KEHBI B/IOJIb TUIIEP60IT, (DOKYyCaMu KOTOPBIX CJIY3KAT
JIBA TOYEUHBIX UCTOUHHUKA, OT KOTOPBIX PACXO/SATCS KPYTo-
Bble BOJTHBI. [LJ1s1 ;IOKa3aTesbeTBA ATOr0 (PaKTa BOCIIOJb-
3yHTeCh TEOMETPUIECKIM OIpe/ieIeHNeM THIIePOOJIbI.

B nexnuax IOnra, uspannbix B 1807 romy, ectb
10/TOOHBIN PUCYHOK, KOTOPDBIil OH UCIIOJIb3YET OJTHO-
BPEMEHHO U JIJ151 OIicaHusl nHTepdepeHiiny BOJH Ha
BOJIe, W JJIsT ONUCAaHUsS MHTepPdEPEeHIINN CBETOBBIX
BOJIH.

JAByxmeneBoii onbiT I0Hra u xospna HeioTona.
ITO /1Ba M3BECTHEHMUX WHTEP(EPEHITMOHHDBIX 9KC-
nepuMeHTa, oObsicHeHre KoTopeiM jaa KOHT 1 KoTo-
pble Mbl TPOUJIIIOCTPUPYEM C IOMOIIbIO PUCYH-
Ka 22.

« MoxkHo mpezacraButh ceGe, UYTO JBe IIEJTH B
akcrepuMente FOHTA — 3TO /IBE MpsIMble, MEPIEeH/ M-
KyJIIPHBbIE TIJIOCKOCTH PHUCYHKAa 22, OT KOTOPBIX
PacIpoCTPaHSIOTCS /IBe IMUJINHPUYeCKe BOJTHBI. B
MIPOCTPAHCTBE PACIOJIOKHUM TIJIOCKUN 9KPaH, KOTO-
pbIil IEepPIEeHINKYISPEH TJIOCKOCTH PUCYHKa W Ta-
paJjiesien MPSMOii, coefuHsoNeld ncroynuku. [lu-
JIMH/IPUYECKIE BOJHBI NHTep(EpUpyIoT, U, KaK I1o-
Ka3bIBaeT PUCYHOK 22, Ha 3KpaHe /I0JI)KHO BO3HUK-
HYTb Yepe/IOBaHMe CBETJIbIX M TeMHBIX T0JIOC.

. Tenieppb mpesicTaBuM cebe, 4TO MbI IMEEM JIEJIO C
JIBYMSI TOYEYHBIMH WCTOUYHUKAMHU, OT KOTOPBIX pac-
MpoCTpansioTes /Be chepudeckue BOHBI. [Lnockuit
9KpaH pPacIoJOXKNUM MePIeHNKYISIPHO MPIMOI, CO-
equHsOMIeH nctounnku. Ha atot pa3 marepdepupy-
10T /1Be cdepuiecKkue BOJIHBI, 1, KaK MOKa3bIBAET
PUCYHOK 22, Ha 9KpaHe JI0JXKHO BOSHUKHYTb Yepe/i0-
BaHUE CBETJbBIX W TeMHBbIX KoJiell. [IpumepHo Tak
obpasyioTcs Koubila Hbiotona. Tosbko Tam mHTEp-
(epupyior He pacxojsdiuecs: cpepuiyeckue BOJHDI,
a CXoJAIMecd — Kak/Jasd B CBOEM IEHTpe.

Paayra I0nra — ayru Beicmmux mopsiikoB. Ha
caMoM JieJie pajiyra ToxKe MpeICTaBJsieT co60i HeKO-
Topbiit hparmenT pucynka 22. Ceiidyac MbI TIOKaXKeM
3TO.

Cuavasa BepHeMcst K pucyHKaM 7 u 8 (¢M. iepByio
YyacTh cTaTbh) W 3alycTUM Ha Karuiio He 101 jyd, a

e

Puc. 23. Jlyam 11 opoHTBI NEPreHauKYIISPHbI, BPOHTbI SKBUAMC-
TaHTHb/

Bcero 11. U cpasy ke HapucyeM BOJTHOBbIe (DPOHTHI,
nepnenduxy.ispnvie ceetosbiM Jydam (puc.23). Ha
BXO/le B KaIlJII0 €JMHUYHOTO paJiyca Mbl HMeeM
IIy4OK TapaJsjesbHbIX Jydeil U, COOTBETCTBEHHO,
CeMeNCTBO TapalyieJIbHbIX MeXy co0oit (hPOHTOB,
OTCTOSINIIUX JIPYT OT Jpyra Ha PAcCTOSHHE JJINHBI
BOJIHBI. BXozas B Kamo, Jyuyun IpesoMJsiorcs, a
dbponTbl MCKpuUBISIOTCA. llprueM BHYTpPH Karim
paccrosiHue Mek/ry (ppoHTaMu YMEHbIIAeTCs B 1 pas,
riae n = 4,/3 — nokasareJib npejomaeHusd Bojibl. Ho
POBHO BO CTOJIBKO K€ pa3 yMeHbIlaeTcs U JJIMHA
CcBeTOBOM BOJHBLI. Tak 4YTO W B BOJ/IE BOJIHOBbIE
(bpOHTBI TOXKE HKBUIUCTAHTHBI U PACCTOSHIE MEXK/Y
HUMH TOXK€ PAaBHO JIJIMHE CBETOBOIl BOJIHBI.

Temepb MOCMOTPUM HA BOJIHOBBIE (PPOHTHI TIO BbI-
xozte u3 Karn. Kaxapiii Takoit (ppoHT coCTOUT u3
Byx ayr (em. puc.23). BoJbiinas gyra neprneHjanky-
JSIPHAQ TeM BBIXO/SAMIMM Jy4daM, KOTOPbIE HMEIOT
BbIcOTY BXoza B Kamo or 0 no 0,86 or paamyca
karum (cM. puc.7). A MeHblIast Jyra TepIreHnKy-
JITpHA BBIXOJAIINAM JiydaM ¢ BbICOTOH BXoza oT 00,86
no 1 (em. puc.8). Cucrema GOJIBIINX JIyT MOX0XKA HA
JIyTH OKPY>KHOCTEN ¢ 0OIIUM IIEHTPOM, PACIOJIOKEH-
HBIM cpaBa oT Karn. CucreMa MEHbIINX JYT TOXe
MOX0’Ka Ha JYTM OKPYKHOCTEH, HO ¢ OOIUM IIeHT-
POM, PACIIOJIOKEHHBIM BHU3Y Kariu. Takum o6pa-
30M, BBIXOAMIHE (DPOHTHI 06pa3yioT (pparMeHT He-
KOTOPbIIl KAPTUHBI, aHAJIOTMYHOI M306paskeHHoi Ha
pucyHke 22, u jmo/xubl uHTepdepupoBaTh. Eqnn-
CTBEHHAs] MPUYMHA, 110 KOTOPOH MbI He HabJioaeM
nHTepdepeHInio, — Ta, YTO HAa PUCYHKE MBI B3SJIU
CJIMIITKOM OOJIBIIYIO JITUHY BOJIHBI.

Crout yMeHBIINTDb /JIMHY BOJHBI, U CPa3y ke
BO3HUKaeT nHTepdepenimontas Kapruta (puc.24).
Tyt cBetsiast nHTEpEpEHIMOHHAS TI0JI0Ca, TTPUJIera-
I0I1ast K YIJIOBBIM TOYKAM BOJTHOBBIX (DPOHTOB, HJIET
o/t yrjoMm 42° u onpejeJsigeT HalpaBJeHue 1nepBoi
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Puc24. Pagyra KOHra

ayru. Cuezyioliye cBeTJble 30Hbl KOHCTPYKTHBHOM
nHTep(epeHInN yKa3bIBAIOT HallpaBJeHne Ha JyTH
BbICIINX HOpPs/KOB. Tak uto pucyHok 19 mosyuun
cBoe oObsICHeHue.

JobaBneHune

B zakmiouenme — nBa cjoBa O TEOPUSAX PaAIyTH,
nogsuBiuxcs nocae IOunra, u eme oHO ylpaskHe-
HUe

Teopus Jiipu. B 1838 roxy [Ixopx Iiipu omy6-
JINKOBAJI CTAThlO, B KOTOPOI MCIOJIb30BaJ AppaK-
IIMOHHYIO TEOPUI0, OCHOBAHHYIO Ha mpuHIuIe [oii-
renca—dpeHeJis, U co3/1a] HOBYIO TeOpulo pajyru. B
Heil ObLIM YTOYHEHBI PACIIOJIOXKEHUS Jyr, B TOM
4yucJie U BBICHIUX MOPSIAKOB. Kpome Toro, Ha rpanu-
1Iax JIyT OTCYTCTBOBaIa 6€eCKOHEUHAsI MHTEHCUBHOCTD
cBeTa, IpHUCyllas BceM IpeiblyIUM TeOpusM, U 3a
cuetr audpakiuyd CBET MPOHUKAT B TEMHOE TIPO-
cTpaHcTBO AJiekcaH/pa.

Teopus Mu. Korpa Makcsess cosjiajg Teopuio
3JIEKTPOMATHUTHOTO TI0JIs1, BBISICHUJIOCDH, YTO KaK Pa3
ee W HYXHO MCIIOJIb30BaTh /IJIsI TOYHOTO OINUCAHUS
paayru. A UMEHHO, Hy>KHO PelIUTb ypaBHeHus Mak-
CBeJLIA JIUI CIydas B3auMOJIEHCTBUSA IIJIOCKOH 9JIeK-
TPOMArHUTHOH BOJIHBI CO C(pepruecKOi Kariei BO/IbI.
Ito 6b1710 cenano B 1908 romy moutn oHOBpeMEH-
HO I'yctaBom Mu u Ilutepom /lebaem, a HaMHOTO
MO33Ke BBISICHUJIOCH, YTO Ta JKe caMas 3ajava OblLia
pemena Jlioasurom Jlopeniiem emte B 1890 romy.
Pemenne oxazanoch [0CTATOYHO CJOKHBIM, U €My
[IPUCBOUIN Ha3Bauue meopus Mu. [Lnga peannsanun
3TOTO pelieHus Tpe6OBAJIOCh TUTAHTCKOE KOJImye-
CTBO BBIUMCJIEHUM, TTPAKTUYECKA HE JIOCTYIHOE [0
nosBjaenust Komibotepos. (O6cyxkaenne Teopun
Mu ectb Ha JBYX caiiTaX, YKa3aHHBIX B CCBIJIKAX.)

Paayra Iltonemesi. Teriepb Mbl Bo3BpalaemMcst Ha
MHOTO JeT Ha3aj. [Ipm wu3aokeHWU AeKapTOBOMU
TEOpUU Pa/LyTH Mbl MCIIOJIb30BAIN 3aKOH IIPEJIOMJIe-
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4 .
Husg SInt = —SIinr (,ZIJISI JIyde€en KpaCHOIo IiBeTa,

Hepexo/AInX U3 Bo3ayxa B Boay). Ilepenuiiem ero
B BHj€E

7 = arcsin EESSin lﬁ.

Bo Bropoit nososune 11 Beka, MpoBo/isi cBOU 3KCITe-
pumenTbl, IITosemeii Harmies oyeHb Xopoliee IIPH-
6JIMKeHNe K 9TOMY 3aKOHY:

__i(33-i/10)
=

On nu3MepdaJl yrijibl B I'pa/lyCaX, a Mbl II€PEBEAEM
IpaZlyCbl B paJAuaHbl. Torpa 3akon Iltosemest 3amu-
meTcd Tak:

ry =1 D33 — iD
Hio ~ 20mt)
1 MbI cHOpMYIUPYeM TOCIe/lHee YIIPaKHEHNE.

Yunpaxsaenue 9. Vcrnonb3ys BMECTO TOYHOTO 3aKOHA
npeJsiomyienus IpUOJIMKeHHbIin 3aKoH IlTosiemest, oBTO-
puTe Bce, 4TO MbI IIpoJje]alu B IIEPBON 4acTH CTaTbl,
o6cyskaas paxyry [lekapra. Murepecno, BO3HUKHET JI B
9TOM cJlyuae Iepsas jayra? A Bropas?
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PewueHus 3agayq 13 3Toro HoMepa cJ1e4yer oTnpas/faTh Mo agpecy: 119296 MockBa, JleHuHckmii rnpocrekt, 64-A, «KBaHT».
Peluerns 3anaq u3 pasHbIX HOMEPOB )XXYPHAAa Min Mo pasHbIM ripegmMmeTam (MatemMatvke u @u3vKe) rpucbiiianite B pasHbIX
KoHBepTax. Ha koHBepTte B rpaghe «Komy» Hanmwure: «3agaqdHnk «KBaHta» Ne4-2016» n Homepa 3aAay, peLueHuss KOTopbIX
Bb1 nocbinaere, Hanpumep «M2429» umn «P2435». B rpagpe «OT KOro» ¢pamumiuro v uMs rpocum nucats pazbopynso. B nucemo
BJIOXXUTE KOHBEPT C HAMUCAHHbIM Ha HeM Bawumm agpecom v Heobxognmbiii HA6Op Mapok (B 3ToM KoHBepTe Bbl nomyynre
pe3ysibTatbl MPOBEPKU peLueHunr). PelueHns 3anaq o maremMatvke v GunNKe MOXXHO IPUCbIIaTh TakXKe 10 3/1eKTPOHHbIM

aapecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBeTcTBEHHO.

YcnoBus kaxgovi opuriHanIbHoV 3a4ayu, npeanaraeMont 4is nyonvukayuu, rnpucbiiaiite B oT4e/IbHOM KOHBEPTE B AByX
3K3emMrisipax BMecTe ¢ Bawum pelwieHnem 31ou 3agaqu (Ha KOHBepTe romersre: «3agayHnk «KBaHTa», HoBasi 3agada o
pusnke» nmm «3agaqyHuk «KeaHta», HoBasi 3a4aya o maremarmke»).

B Hayane Kaxgoro rnmcbmMa rpocriM yKasbiBaTb HOMEP LUKOJIbI U KI1acC, B KOTOPOM Bbl y4uTecs.

3anaun M2429-M2432, M2433a, M2434, M2435 npeanaranuce Ha 3akmoqyutesibHom 3tane XLII Bcepoccmvickovi onumnmagsi
LUKOJIbHUKOB 110 MaremaTtuke. 3agaqya @2440 npeanaranace Ha XXIIl MexayHapoaHov onumnuage «Tyvimaana» (Gpusnka).

3apaun M2429-M2435, ©2435-D2442

M2429. B HanmonaabHoii 6acket6o1bHON acconuarmn 30
KOMaH/I, Ka)K/iasi u3 KOTOPBIX IIPOBOAUT 3a Toj 82 MaTda
C IPYrUMH KOMaH/IaMU B peryJsipHOM yemrnnonare. CMo-
JKeT JIN PYKOBOJICTBO AccolMaliiy pasjesuTb KOMaH/Ibl
(He o6st3aTesIbHO MOPOBHY) Ha BOCTOYHYIO M 3alaiHYIO
KOH(EPEHIINN W COCTaBUTh PaCIHCAHUe WTP TaK, 4TOOBI
MaTud MEXIY KOMaHJaM¥ U3 Pa3HbIX KOH(EpEeHIUH co-
CTaBJISLIA POBHO TOJIOBUHY OT OOIIETO YHCJIa MaTdeii?
A.Tpubanxo

M2430. 13 mudp 1, 2, 3, 4, 5, 6, 7, 8, 9 cocraBaeHbl
aeBarb (He 00g3aTeIbHO Pas3/IMUHBIX) AEBATU3HAYHDBIX
qucesT; Kaxkaas n3 nudp ucrnoab3oBaHa B KaKIOM YUCJTIE
poBHO oauH pa3. Ha kakoe HambGoJblliee KOJUIECTBO
HyJIell MOKET OKaHYMBATHCS CYMMa STHX JEBSATH YUCEJT?

H.Azaxanoe

M2431. OkpyskHOCTb W Kacaercs ctopoH yraa BAC B
toukax B u C. llpsmas [ nepecekaer orpeskn AB u AC B
tToukax K u L coorBeTcTBeHHO. OKPYXKHOCTD (0 IlepeceKa-
et [ B toukax P u Q. Toukn S u T BbIGpaHbl HA OTPe3Ke
BC tak,uro KS'|| AC u LT || AB . Jloka:xure, 4TO TOYKHI
P, O, S u T nexar Ha 0JTHON OKPY>KHOCTH.
H.Bozdanos, I1.Koxesnuxos

M2432. Ksaapar pasébut Ha n’ =4 MPSAMOYTOJbHUKOB
2(n—1) MPSMBIMH, U3 KOTOPBIX 7 — 1 TapaJieqbHb
OJIHOI CTOpPOHE KBaJpara, a ocTajbHbie n — 1 — npyroii.
[lokaskure, 4TO MOKHO BBIGPATH 27 MPSIMOYTOJbHIKOB
paszbuenust TakuM 06pa3oM, YTo A1 JTI0ObIX JBYX BbIOPaH-
HBIX TIPSIMOYTOJIHHUKOB OJIMH U3 HUX MOKHO TIOMECTUTH B
Apyroii (BO3MOKHO, MIPeBAPUTEIBLHO TIOBEPHYB).
C.Bepaosg

M2433. Jlan xy6uueckuii muorounen [ (x). Hazosem
yuraom Tpoiiky pasnuunbix uucen (a, b, ¢) Taknx, uro
f(a) =b, f(b) =cu f(c) = a. Ussectno, uto nammmicy

BOCeMb IHKIOB (a;, b;, ¢;), i =1, 2, ..., 8, B KOTOpBIX
VYaCTBYIOT 24 pa3aWyHbIX yuchaa. [lokaxure, 4TO cpean
BOCBMH 4uceJ BUga d; +b; +¢; ectb Xorsi Obl: a) Tpu
pasIMuHbIX; 6) YeTbIpe Pas3JM4HbIX.

A.Tonosanos, @.Ilempos

M2434. OxpyxHOCTb (0 Briucana B TpeyroibHuk ABC, B
xoropoM AB < AC. BueBnucannasg OKpy’>KHOCTb 3TOrO
TpeyroJbHuKa Kacaercs cropoubl BC B touke A'. Touka
X Boi6upaerca na orpeske A'A tak, uro orpesok A'X me
nepecekaer . KacarenpbHble, nposejennbie U3 X K W,
nepecexaiot otpe3ok BC B Toukax Y u Z. [lokaxkure, 4To
cymma XY + XZ He 3aBUCHT OT BbIOOpa TOUKH X.
H.Mumpoganos

M2435. Buyrpu Bbinykiaoro 100-yrosbiuka BbiGpana
Touka X, He Jiexallas HU Ha OJHOHM ero CTOPOHe WJIN
Jauaronasu. Mcxo/iHO BepIHInHbI MHOTOYTOJIbHUKA HE OTMe-
yenbl. [lersa u Bacs no ouepe/in otMevalor elre He OTMEUEH-
uble Bepiunbl 100-yronbuuka, npudem Ilerst naunnaer u
[ePBbIM XO/IOM OTMeyaeT Cpasy J/iBe BepUIMHBI, a Jajee
KaK/Iblil CBOMM OUYEpEe/IHbIM XOJOM OTMeYaeT IO OJHOM
BepuimHe. [IponrpeiBaer TOT, Moce UbeTo Xoma TOUKa X
6yzeT JeskaTb BHYTPH MHOTOYTOJBHUKA C OTMEUEHHBIMI
BepumHaMu. /loxaxure, uTto [leTs MoxkeT BBIMTPATh, Kak
6b1 HU x0/ua Bacs.

C.bepaos, D.Ilempos

®2435. Kamenb 6pocaioT ¢ Ha4aJabHOI CKOPOCTBIO T MO/
VIJOM O K TOPU30HTY, U OH BCerja yJassieTcsl OT TOUKU
6pocka. Ilpn kakux yriaax o aTo Bo3MOKHO? TpeHns Her.

A.3unvbepman

®2436. Moct Mexkay GeperaMu peku B MPopuJIb UMeeT
¢opmy BbITYKJION BBepx ayrum pagumycom R = 200 m.
Paccrosinine Mex iy KpaiiHuMu ormopamMmu MocTta Ha 6eperax
peku coctaistetr R /2 =100 M. /lopora Ha Geperax mIaBHO
corpsraeTcs ¢ NOBepXHOCTbIO MocTa. Koadduiment tpe-
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HUSI MEXIY TIOJIOTHOM JIOPOTH W KOJecaMu aBTOMOOHJIS
M =0,7. C kakoii MaKCHUMaJIbHOI ITOCTOSTHHOM 110 BEJINUN-
HE CKOPOCTBIO ¥ MOJHONMPUBOIHON aBTOMOOWIb HEGOIh-
ITIX Pa3MepoOB MOXKET ITPOeXaTh Mo TAaKOMY MOCTy ? Kakmm
OyJieT OTBET, ecyii aBTOMOOWJIb UMeeT TIPUBOJ] TOJIHKO Ha
oany napy xoJiec? Cuuraiite, 4To paccrosnue OT LeHTpa
Macc aBTOMOOGHUJISI 10 BCEX YETbIPEX KOJIeC OJMHAKOBO, a
paccTosiHue MeXX/y JOPOTOU U IIEHTPOM MacC HACTOJBKO
MaJsio, YTO UM MOXKHO IIpeHeOpeYb Ja’Ke B CPaBHEHUU C
PACCTOSTHUEM MEXKIY OCSIMH TIepeJHUX U 3aJHUX KOJIEC.
ComnpoTuBJieHne BO3/yXa HE YUYUTHIBANTE.

C.Amumpues

®2437. [/IBe ommHAKOBBIE TIO PasMepaM KHIKKHN COEIITHN-
JIN TAK, Y4TO JIMCTHI KHUKEK TIEPEJIOKEHbI Yepe3 O/IUH U IIPU
ATOM TIOJIOBUHA TLJIOIIA/IA KAXK/I0 CTPAHUIIbI COMPUKaca-
€TCST C COOTBETCTBYIONIEH TIOJIOBUHOM CTPAHUIIBI JPYTOi
kuury (puc.1). Kopenku KHUT TapaJiie/ibHbl APYT APYTY .
K kopenrkam mpucoeitHeHbl JIMHHBIE CTOPOHBI JINCTOB,

Puc. 7

umeronmx pasmepbl Lx D =15%22 cM. Tommuna kax-
qoro gucta d = 0,1 mm. Koaddurment tpenus aucros
6ymaru apyr o apyra U = 0,3. Ilpn xakoM KoJsmuectBe
JINCTOB B KHUT'aX UX HE yacTCS Pa3bsTb, IPUKJIA/IbIBAd K
KOpelllKaM CHJIbl, HallpaBJeHHble B IIPOTUBOIOJIOMHDIE
CTOPOHDBI?

Doavkaop

®2438. Ilinockasi KBajpaTHasi CTEKJISHHAS IJACTHHKA
mIomabio S 1 tomuoi d = 30 ¢M JIeKUT Ha IJIOCKOM
TOPU3OHTAJIBHOM JIHE BBICOKOTO IUJINHAPUYECKOTO CTEK-
JISHHOTO €OCy/la 0O4eHb OOJIbIIOTO ceueHus. [lmactuna e
Kacaercss CTEHOK 3TOro cocyla. HeckombKo TMmecunHoK
(mrapuKoB) 0AMHAKOBOTO AnaMeTpa D He JaloT BO3MOKHO-
CTHU TLTACTUHE JIeYb HA JTHO CBOEH HIKHEN MTOBEPXHOCTHIO.
B cocyn ovenb MemyieHHO HammMBaiOT PTyTh. CHavaja
MOCTETIEHHO YBEJNYNBAIACH IJIOTHOCTD PTYTHOMN JIY KUIIBI
Ha JIHE COCy/la, a 3aTeM HayaJ IOBBINIATHCS YPOBEHD
pryTtu. IlmactnHa BCIJIBLIA, KAaK TOJIbKO YPOBEHDb PTYTH B
cocy/ie CpaBHSIJICS C YPOBHEM, HA KOTOPOM HAaXO/IMJIACh
BEPXHSISI MOBEPXHOCTD TIJIACTHHDBI. KakoBbI pa3Mepsl 1ec-
ypnok D? Kaxkosa miomnia/ib miacTuabr S?

Cnpasounvie Odanuvie: TIOTHOCTb CTeKJIa P, =

=2500 KI‘/M3 , TWIOTHOCTB PTyTH P, = 13600 KF/M3 , KO-
a(pdUIMeHT MOBEPXHOCTHOTO HATSKEHUS PTYTH O =
=0,466 H/wm, armocheproe mapienme p, = 10° Ila,
yckopenue cBo6osnoro nagenus g =10 M/ .

C. Pmymmuwuil

®2439. K ropusoHTaIbHOMY TTOTOJKY BOJN3N O/IHON U3
BEPTUKAJbHBIX CTEH Ha HEBECOMOU 1 HETIPOBOATIIEH HUTKE
MO/IBETIeH MAJIEHbKUIT NIAPUK MACCOU 71 U 2JIEKTPUYECKIM

2016/ Ne4

3apsgoM Q. CreHbl, 1MOJ U TOTOJOK KOMHATBI MTPOBOJIS-
e, [Iapuk B TOJIOKEHUW PABHOBECUS HAXOMAUTCS HA
OJIMHAKOBOM PACCTOSTHUM L 1 OT MIOTOJIKA ¥ OT OJIMsKANIITei
cTeHbl. PaccTosHuS OT mapuka /10 OCTaJbHbBIX CTEeH KOMHa-
TBI W JI0 T0Jla BO MHOro pas OGoJsbiie L. Ha kakom
paccrosgHun $ OT OJVMIKaWIIell CTeHbl HAXOAUTCS TOYKA
KpenJieHnsT HUTN K moTosaky? Cunraiite, 4TO TIpM 3ajaH-
HBIX BeqmumHax m, Q m L 3TO TOJOXKeHNe pPaBHOBECUS
ycToiuuBo.

A.Cmapos

®2440. Umeercs
M30JIUPOBAHHAS PaB-
HOMEPHO 3apsiKeHHAsT
C TIOBEPXHOCTHOH
IJIOTHOCTBIO O TLJIac-
TUHA B BUJIC TPABUJIb-
HOTO TPEYTOJbHUKA
ABC co cTopoHOi
V2a (puc.2). Haii-
JINTe HANPSIKEHHOCTD AJIEKTPUUYECKOTO ToJisg B Touke O,
€CJIM PACCTOSTHUS OT Hee /10 BEpPIIMH TJIACTUHDBI PABHBI d.

A.Bviuxoes

Puc. 2

®2441". HesapsisKeHHBIN MEIHBIA MUJIUHAP € PAJNyCOM
roriepevyHoro ceueHuss R u jummHoN L > R pacKpyTHIN
BOKDPYT €T0 OCH CUMMETPHUH JI0 YTJIOBOW CKOPOCTH ) U
ocrasuin KpyTuthest B kocmoce ( WR < ¢ ). Kak pacrnpe-
JleJIeHbl 9JIEKTPUYECKUE 3aPsAbl BHYTPU IIUIMHIPA U KaK
3ABUCSIT 3JEKTPUUYECKOE ¥ MAarHUTHOE TI0JIsT BOJIM3U cepe-
JIMHBI IUJIMH/IPA OT PACCTOSTHUS /0 OCU BPAIEeHUsI?
C.Bapaamos

®2442. KakoB k03 duiinent mpesoMaeHus # mpo3pad-
HOTO ILJIACTHKA, M3 KOTOPOTo c/lejlaHa U300pasKeHHasT Ha
dororpadpun  (puc.3) mnosoBuHKA mmapa, Jekamas Ha

Puc. 3

TKaHu yepHoro 1Bera? (B 1enTpe BbIIyKJION MOBEPXHOCTH
umeercst HeGosbiioe yriayGuenune.) Doroanmapar mpu
ChEMKe HAXO/MJICS JJAT€KO OT MOJIOBUHKH IITapa, CTEHbI I
MOTOJIOK KOMHATbI OBLIN XOPOIIO OCBEIICHBDI.

. Cepeees

PeweHusa 3apauy M2414-M2419,
®d2420-d2427

M2414. B cmpoxy evinucamnvl noji0KumeavHvle 4ucid.
Hseecmno, umo xaxooe wucio, HAYUHASL CO 8MOPOLO,
pPasHo noycymme cpednezo apu@dmemuueckozo u cpeome-
20 260MEMPUUECK020 08YX COCCOHUX ¢ HUM uce. Haiidu-



«KBAHTA>»

SAJAYHHUK

me 333-e uuco, ecau u38eCcmHo, 4mo nepeoe YUci0 PpasHo
2/7, a 11-e uucao paeno 7,/2.

Ortset: 2016.
IIyctbp xq,x5,... — paunble yncia. Torga 1o ycjuoBuio

X1 + Xy 2
-5 X1 Xkt (\/xk-1 MRV )
4

2 =
— V-t X
it CEL Ty

3HAYUT, MOCJTEAOBATENBHOCTD Yy, Ys,-.., TAE Y =+/Xp ,
SIBJISIETCST apupMeTHIecKolt mporpeccueii.

2
Nmeem y; = \/; s Yy = \/Z . Torma pa3HocThb mporpeccun

d_\/7/_2_\/2/_7_ 1
- 10 NV

n
2 332 4+ 332
= y, +332d :\ﬁ s =2 = 12414
Y333 = Y1 7 214 214
OTKy/1a

2 _
X333 = Y333 = 2016
C.Kocmun

M2415. Ha 00noii cmopore npsimozo yead ¢ sepuunotl A,
evibpana mouxa B maxas, wmo AyB = 4, a na dpyeoi
cmopone evlopanvt mouku Ay, Ay, ... max, umo 0us 11060-
2o n =1, 2, ... paduyc oKkpyKHOCMU, SNUCAHHOU &
mpeyeoavnux BA, (A, , pasen 1. Haiioume diuny ompes-

Ka AyA,.

Otser: 2" - !

2n—1 .

Ham nonajo64rcst 1Ba BCIOMOTATEIbHBIX YTBEPXKACHHUS.
YrBepxkaenue 1. Ilyctp obmast BHeNTHSS KacaTeslbHasd,
MPOBe/IeHHAs K JIBYM HeTepeceKalomnMcs OKPYsKHOCTSIM
pasnycoB # W 7,, Kacaercs
nX B Toukax X 1 Y, a oO1ias
BHYTPEHHAS KacaTeJIbHas
nepecekaer orpe3ok XY B
touke Z (puc.1). Torma
XZYZ =nr,y.
Hdoxka3zatesabcrBo. Ilyctb Oy
n O, — IeHTPBI OKPY>KHOC-
teit. Torpa Hy>xHOE yTBEPIK-
JIeHIe BBITEKAeT M3 MOA00US NPSMOYTOJbHBIX TPEYTOJIb-
HukoB XO,Z u YZO,. (Ecou OYZO=0 KZOQ5a 1o
O0XZO=0 KZG; 9%a )

YrBepxkaenue 2. Ilyctsb B TpeyroabHuKe ABC BIMcaHHAsS
OKpYsKHOCTD Kacaercst ctoponsl BC B Touke K (puc.2).

’ Torma npousBejlenne
v 2

BK [CK pasuo PR rae

h — JUIMHA BBICOTHI U3 BEP-
IUHBL A, a ¥ — pajnyc BIIU-
CaHHOW OKPY’KHOCTH.
. JlokasareabcTBO. Kak nsBe-
ctio, BK = p — b, CK =
=p — ¢ (31ech U HUXKE WC-

Puc. 7

Puc. 2

moJib3yeM crtanjapribie o6o3navenusi: a = BC, b = CA,
¢ = AB, p — nonynepumerp, S — miomazan). Vmeem S =
=pr = ah/2 un, no ¢popmyse I'epona,

B o) = S? _ prah
(p=b)p=c) p(p-a) 2p(p-a)

r’h

_ rh rh _
O .Oh Ch-2
2 -1 —-
% H 2@27 ﬁ

[Tepefinem x pemenuto 3amaun. O6osznaunMm uepe3 K;
TOUKY KaCaHUs OKPY’KHOCTH, BIUCAHHON B TPEYTOJbHUK
BA;_1A;, co croponoit A;_A;. llo yrBepxaenuio 1,
K;A; QK =1. ¥ tpeyroabuukos BA; ;A; BblcoTa U3
BepIIUHBI B paBHA 2, a paJnyC BIUCAHHON OKPY>KHOCTU
pasen 1, sHauurt, 1o yrepxienuto 2, A, K, OK;A; =2.
OueBujno, AyK; =1. IloouepeHo moab3ysch yTBepx/e-

uamu 2 u 1, nonyuaem (puc.3): KA, =2, AK, = X

1
KyA, =4, 4Kz = VR K,A, =2". Orcioza

Ay, = (AgK; + AR, +... + A, K,) +
+ (KA + Kydy +.. + K, A,) =

= @1+%+... +%ﬁ+(2 +4 +.. +2") =

— %_ 2711_1 ﬁ_'_ (2n+1 _2) :2n+1 _2711_1 )

11. Koxeenuxos, B.Pacmopzyes

M2416. /i1 koneunvix mroxecms A u B, cocmosuux u3
HECKONLKUX NOLOKUMETLHLY UUCET, CMPOUTNCS MHOXKE-
cmeo C scex yucen, npedcmasumulx 6 sude ab, zde a J A,

Of [y
b0 B. (Hanpumep, eciu A=|]—,4,(%, B =,
P P H H 3

O
mo C = @é, ; 2,16, 2(% .) Mozym au ece anemenmol
O
mHuoxecmea C, 6binucannvle 6 nopsoke 603pacmanus,

00paA306bI6AMY APUDMEMUUECKYIO NPOZPECCUID, eCAU 6
Kaxoom us muoxecms A, B xoms 6w 0sa uucaa?

OrtBeT: He MOTYT.

Yiopazpouum 4ucja B MHOXKECTBAX: IIyCTb @y > dy > ... —
aJIeMeHTbl MHOKecTBa A, by > b, >... — 3JileMeHTbI MHOXKe-
ctBa B, ¢; > ¢y >... — asemenrnl muoxecrBa C. Torza
¢ = ab;, a ¢, paBHO OJHOMY U3 IPOU3BECHUN @b, NN
ayby . Jlns onpeneneHHoCcTH mycTb ¢y = aib, .
Hpe[[HOJIO}KI/IM, 4TO YyCJOBUE 3aJadl BbIIIOJHEHO U
¢ —Cy =¢y —C3 =... =d . Torna d = ab —ab, =a, (b, -
-b,). Tak Kak a,b; > a,b, — pasjnuHbIe S7EMEHTbI MHO-
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xkectBa C, TO pasHOCTb MEX/y HUMU HE MeHble yeM d:
ab —aby 2d . Ho ab —ab, =a, (b =b,) <a, (b -
-b,)) =d . lporusopeume.

M. Heamnoe

M2417. B ocmpoyzosvHOM HEPAGHOCMOPOHHEM Mpey-
eonvnuxe ABC npodosskenus svicom AA; u BB, nepece-
Kaiom ezo OnuCamnyio OKpyKHocmv 6 moukax A, u By
coomeemcmeenno. Ipamas AyB, nepecexaem npsamyio
AB 6 mouxe P. Ilycmv H — opmouenmp mpeyzosvnuxa
ABC, K — uenmp onucannou OKpyKHOCTU MPey2o/bHUKd
ABH. /loxa:xxume, umo PH O CK.

IMyctp Q; m Q, — OKPYXKHOCTH, OIMCAHHbBIE OKOJO
tpeyroabunkoB ABH u AyByH (cMm. pucynok). Ilyctb

PH uepecekaer Q; Bropuuno B Ttouke X. Torga
PX [PH = PA[PB . Kpome toro, PA[PB = PA, [PB,,
HOCKOJbKY Touku A, B, Aj, B, 1exaT Ha OJJHOIl OKpPY3K-
Hoctu. 3uauur, PX [PH = PA, [PB,, oTkynia cieayer,
yro Ay, By, H, X nexar Ha onHOil okpyskHocTu. VMHave
roBopst, X JexaT Ha oKpy:KHocTH Q,, T.e. HX — obmas
XOopzia OKpyskHocTell Qp u Q,.
Kax ussectno, Ay 1 H cuMMeTpudHbl oTHOCHTEIbHO BC.
(910 caenyer, wampumep, u3 toro, uro A CB=
=0A)AB= 90-0 ABED HCB wu, aHAJOTHYHO,
0A,BC=0 HBC.) Orciona CAy =CH . Awuajnorudto,
CB, =CH . Ilostomy C — 2TO LEeHTp OKpy:KHOCTH Q.
Tem cambiM, CK — TMHUA IIEHTPOB OKpYKHOCTEN Q 1 Q, .
3uaunt, CK 0 HX wmu CK O PH , uto u Tpe6oBaIoch
JIOKa3aTh.

H.bozaues

M2418. Ilo kpyzy cmosim n Maivuuxos u n 0esouex.
Hasoeem napy us marvuuxa u desouxu xopouteil, ecau Ha
00101l U3 0yz MeKOY HUMU CIMOUM NOPOSHY MAILUUKOS U
oesouex (6 uacmmocmu, cmosugue pAOOM MAILUUK U
desouxa obpasyrom xopowyio napy). OKkasaiocv, 4mo
ecmo desouka, Komopas yuacmesyem poeHo & 10 xopowux
napax. /loxaxxume, umo ecmv U MAIbUUK, KOMOPLLU
yuacmeyem posno 6 10 xopowux napax.

O6o3Ha4nM Beex Jiereit 110 yacoBoii crpeske Ky, Ky, ..., K;,
Tak, yto K; — 9TO jaHHas JieBouka, yuyacTBylomas B 10
XOPOUINX Napax, U IPOJOJIKUM HyMepaluio UKINYCCKI
(manpumep, Ky = K,, u Ky, = K;) (puc. 1). Ilpu i =

2016/Ne4

=1, 2, ..., 2n o6o3nauum uepes d;
PasHOCTb MEX/Iy KOJIMYECTBAMH JIEBO- -
4yeK ¥ MaJIbuuKoB cpean Ky, Ks,..., K;; d
BuactHoctd, d; =1-0=1wu d,, =0 |
(1M0aTOMY MOKHO IIPOIOJIZKATD STY MOC-

JIeZIOBATEJIBHOCTD, 1oJIarast dy, = d, M _ :

W T.L). MM A
3ameruM, 4TO J06ble JBa uncaa d;_y Puc 1

U d; OTJMYAIOTCS HA eJAUHUILY, IPU-

yeM d; —d; =1, ecim K; — peBouka, u d; —d;_; = -1,

ecn K; — Majbyuk.
Hapucyewm «rpacux» nociegosareabtoctu ( d; ) (puc.2),
[IPe/II0JIas, 4To rpaduK «3aMbIKAeTCs», T.e. eCTb OTPE30K
rpadura Mexay K,, u d,
K, . IlosBaenue xopo-
nrero HamapHuka K, y A
jgesoukn K; osHawaer, I —"""TT7 i'/. B

. . - i
YTO OTpe30K TpaduKa @D LM MAMMN )M
mexxay Ko n K ne- K.K ' K

FERT T 2n
pecekaer npsimyio d =
Puc. 2
=1/2cBepxy Buus. Illo
yCJI0BHUIO, Yy Hac poBHO 10 TakMX TepeceyeHuii. 3HAUUT,
rpaduk Tak:xe mepecekaer npsamyio d =1 ,/2 posuo 10 pas
CHU3Y BBEPX. A KaXK/0€e TaKOe NepeceyeHIe COOTBETCTBYET
MOSIBJIEHUTIO XOPOTIIell HAapHUIIB! Y JI060T0 M3 MaTby-
KOB, 00Pa3yIouX XOPOIIYIO Mapy ¢ AeBOUKoil K.
H.Bnacosa

M2419. Cum. crarpio A.3acaasckoro «DyT6oabHbIE TYP-
HUPBI ¥ apu(MeTHUeCcKHe IPOTrPeccuis .

®2420. Ilepsyio noroguny nymu aemodyc exan co
cxopocmuio, 6 8 pasz Goavweil, uem emopyro. Cpeduss
cKopocmy agmobyca na ecem nymu OKA3ALACH PABHOU
16 xm/u. Hatidume cpednioo ckopocmv agmobyca 3a
nepeyio mpemv epemen 08UKeHUs.

[IycTp amHA BCeTo yTH PaBHA S, & CKOPOCTH aBToGyca Ha
BTOPOWl W Ha TEepBON TOJIOBUHE TYTH PaBHBI 0 U 8v
COOTBETCTBeHHO. Toraa, 1Mo onpeeseHo cpeiHeil CKopo-
CTH,

B s 160 9y,
CP_S/_2+S/_2_ 9 , OTKyJa U = 6

v o

[Ipoao/KUTETBHOCTD BCETO Iy TEIIECTBUS PaBHA [ = S/ Vep -
[TepByto nosioBuHy 1yt aBroOyc npoexan 3a 1,/9 aroro
BpEMEHH, a BTOPYIO TOJIOBUHY — 3a 8,/9 aroro BpemeHu.
Opna TpeTb BpeMeHU IIyTellecTBUS COCTaBJLeT

t s 3s

3 3o,

0,

0.,

3HayWT, B TeUYeHWE BpPEMEHU aBTo0yC exasn co
cp
CKOPOCTBIO 8v 1 TIPoexaJi 3a 3TO BPeMsI paccTosHue s,/ 2,

a B TeUeHne BpeMeHn aBTOéyC €XaJl CO CKOPOCTbIO ©

v
Ccp S

1 IIpoexaJ 3a 3TO BpeMA PaCCTOAHNE O—— . HO3TOMy
9o,

CpeiHas CKOPOCTh 3a IEPBYIO TPETh BPEMEHN JBUXKCHUS



SAJAYHHUK

«KBAHTA>»

paBHa
s 2s 1 9, 2
27 %%, 27716 90, 15
_ e _ epp _ 1o _
Uy = = = T =1g % 30 xkM/4.
0, 30cp,

M. 3amammnun

D2421. Marenvkuil wapux Maccoi m, 3axpenienmoiil na
JezKoll Hepacmsikumot numu 0aunoti L nod nomoaxo,
d8UKEMCSL, OCMABASICL 6Ce 8PeMsi 6 OOHOU U MOU Ke
2opusonmanvno. naockocmu ( KOHUUeCKul Masmmux ).
Cuna namsxenus numu ¢ N (>1) pasz Goavwe cuivl
mskecmu. Kaxoea kunemuueckas snepeus wapuxa?

Hutb Bo BpeMs ABMIKEHUS TApUKA BCE BPEMS COCTABJISET
€ BEPTUKAJIBIO OJINH U TOT Ke yroJ o . Kocunyc atoro yria

paBen 1 /N, a cunyc paBen {y N 2 1 / N . HentpocTtpemu-

TeJbHOE YCKOpEHHWe Miapuka 06ecIeynBaeTCd TOPU30H-
TAJbHON COCTABJIAIONIEH CUJIbI HATS)KEHUS HUTH!

B o? B >
" R Lsina
Cuie/1oBaTeIbHO, KMHETHYECKAS] SHEPTHS MIAPUKA PAaBHA
2
mo* mgL(N - 1)
EKI/IH = 2 = 2N N

a = Ngsina .

C.Oxc

D2422. I3 uemwipex 00uHaxo06vix 00HOPOOHBLX JIeOSHbIX
KUpnuuuxoe 01unoi L kaxovlil C10KeHa CuMMempuuras
cmonka (puc.1). Ha xaxoe Maxcumaivrhoe paccmosnue x
MOKHO GLLOSUNYMb NPABGHLI KUPNUUUK, UMOObL CMONKA THe
passanunacv? Kupnuuuku ouenv zaradxue.

WN3o6pasum cusbl, [IeiicTByIOlne HA BEPXHUN U IIPABbIil
KUPIIUYUKYA MAacCaMy 72 B MOMEHT, KOT/la TIPaBbIil KUPITH-
YUK BBIIBUHYT HAa MAaKCUMAJbHO BO3MOXKHOE PACCTOSHUE X
(puc.2). 3anuminem s BEPXHETO U TIPABOTO KUPIHYNKOB
ypaBHEHMS MOMEHTOB OTHOCUTEJIBHO TO4YeK A 1 B cooTBeT-
CTBEHHO:

Puc. 2

Pemasi mosiyueHHy® CHCTEMY ypPaBHEHWI, MPUXOIUM K
KBAJIPATHOMY yPABHEHUIO
2
L
xz + Lx - Z =0.

Ero nonoxurenbublii KOpPEHb paB€H

= %L ~0,21L .

Cuie1oBaTeIbHO, TIPABBII KUPITUYKK MOKHO BBIIBUHY T HA
MakcuMasibHOe paccrostaue x = 0,211 .
M.3amamnun

®2423. B nekoti rabopamopuu Ouli0 NOAYUEHO HOBOE
BEUECTNEO HENOIUMPONEH C YOCJLHOU MENLOEMKOCNDIO C,
UBMEHAIOWEUCS 6 3ABUCUMOCTNU 0T meMnepamypvl t max,
Kax noxasano na pucynxe. Kaxas memnepamypa ycma-
HOBUMCSA 6 KaJopumempe, ecau 6 HeM CMeudmy pasHvle

£,°C A
50

40
30
20
10

o

220

0
100 120 140 160

C, fT[}K ( KI' -

180
°C)

200

MACCHL HENOUMpPOneHd, 63amvle Npu MeMNepamypax
0 °C u +40 °C? Y denvuas menioemxocmy Kaiopumempa
MAnd, nomepsamu menid MOKHO npenedpeu.

Ecnn yznenbHasg TeIoeMKOCTb BellecTBa B MHTepBaJe
U3MEHEHUS TeMIlepaTypbl OT ¢ 10 f, MeHSeTcs JUHEeiHo
B IIpejieiaX OT ¢y JI0 Cy, TO KoamdecTBo Temnorel AQ ,
IOJIy4eHHOe MaCcCOi 7 TaKoro BellecTBa P HarpeBaHun
oT t; 10 ty >t;, MOXKHO HailTh 1o hopmy.ie

AQ = Ccpm (tz - t1) ,
_ato
rjae CCp 9
TeMIlepaTypHOM MHTepBaje oT f; 10 @ . ATy opmyy
MOKHO TIPUMEHATD I Ka)KJOTO OT/JEJBHOTO YYaCTKa
rpapuka ¢ JUHEHHOH 3aBUCHMOCTBIO TEIJIOEMKOCTH OT
Temrieparypbl. [IPEANOTOKIM, YTO IPU CMEITUBAHUHN JBYX
PaBHBIX MAcC M HEMOJUTPOIeHa KOHEYHast TeMreparypa
cMecu €, Gymer Haxoauthest B auanasone or +10 °C o
+30 °C . Ilycrb yaeabHas TEILIOEMKOCTbIO HEOJIUTPOIIE-
Ha TIPH 3TOI TeMnepaType paBHa C, . C ydeToM aT0rO 1 C
HCIIOJIb30BAHKUEM JIAHHBIX, TIOJTyYeHHbBIX 13 rpadrKa, ypas-
HeHUe TEeIJI0BOro GajaHca JJis CMEelIBaHKs TIOPIHiA Hero-
JIATPOIIEHA TIPUMET B

180m (40 —30)+160%m(30—tx) -

— CpeaHdgda yaeabHad TEIJIOEMKOCTb B

140 + ¢

= 120m(10 - 0) + —xm(tx - 10) ,
rze ¢, u t, casanpl cootHomenuem ¢, = —130 + ¢, (Bce
(pusnueckne BeNMUMHBI BbIpaxkenbl B egununax CIH).
[Tocsie mosicTaHOBKY 1 yIIPOIIEHMS MOJTy4YaeTcsl KBa[part-




18 KBAHT

HOE ypaBHeHHe OTHOCUTEIbHO HEM3BECTHOMN TeMIIepaTy Pbl
t. :

X

t2 +260t, —6300 = 0.
EFO HOJIO)KI/ITGJII)HBIfI KOpEHb paB€H
t, =10(24/58 —13) °C = 22,3 °C.

Ira temneparypa npuHamiexut uarepsany or +10 °C
1o +30 °C, cnegoBaTeIbHo, CAeJAHHOE IIPEAIOI0KEHIE
OBLJIO BEPHBIM.

A.bvruxos, M.3amsmuun

®2424. B yurunope nod nopumem Haxo0umcs 6030yx.
B cmenxax yuarunopa ecmo 0sa xkaanauna: enycknoi K,
u evinycxnou K, (puc.1). Bnyc-
KHOU KJANAan OMKpbledemcsl, Koz-
da pasnocmv dasaenuil 6030yxd
CHAPYKU U SHYMPU UUIUHOPA
npesviuaem N = 0,2p,, 20e p,
_ — ammocgheproe dasnenue. Bor-
Qv v . NYCKHOU KAANAH OMKPHIGACNCS,
K020a pasHocmv 0aeaeHutl 6HYm-

pPoTo

K| - - K
|EI. .- [==] Pu u CcHApyXu npesviuaem
Puc. 1 o Ay = 0,4py. Hopwenv cosepuia-

em oueny meoaennvle Koaedanus
max, umo 06seMm 6030Yxd 6 YUIUHOPE USMEHSEMCS 6
npedeaax om V, do 2V,. Temnepamypa cnapyxu u
sHYMpU yuAUNOpa nocmosmuna u pasua Ty .

1) Onpedenume naumenvuiee u HauboxvuLee KOIUUECNEO
6030yxa 6 yuaunope npu KoIeOAHUIX NOPUIHS.

2) H3zobpasume 6 xoopdunamax p—V npouyecc, npoucxo-
Os1uutl ¢ 6030YXOM 8 UUAUHOPE NOCE MOZ0, KAK NOPULEHD
yoKe cosepuus 00CmamouHo MHoz0 K0AeOaHUil.
Omeemvme na oba eonpoca 3adauu, ecau A, =0, 4py, a
Az = 0, 2p0 .

3armmmeM ypaBaenne Kianefipona—MenieseeBa 1714 ra3a
B numngape: pV =VRT,, rae p, V u V — nasnenue,
00beM U KOJIMYECTBO BO3/[yXa COOTBETCTBEHHO. [10 ycio-
BHIO 3a/lauy Temneparypa 1 110CTosiHHA, HO KOJIMYeCcTBO
BO3/lyXa V B IUJIMH/PE MOJKET MEHSITbCS, €CJH BO3/IYX
Ju6O BXOJUT B IUJMHAP Yepe3 BIYCKHOW KJaraH, Ju6o
BBIXO/IUT HAPY’KY Yepe3 BBITYCKHOI KJamaH.

1) BriyckHoOIT Ky1amman OTKPBIT, KOT/Ia IaBJIeHIe BO3/yXa B
IUINHIPE YAOBJIETBOPSACT YCJIOBHIO P < py —LO =
= 0,8p, . Beimyckmoii kiaman OTKPHIT, KOT/a JaBJjeHmne
BO3/yXa B IHUJWHIpPE YAOBJETBOPSET YCJIOBUIO
p>py+Dy =14p,. Ecim 6b1 i 0/11H U3 KJIaaHOB He
OTKPBIBAJICS TIPU KOJIEOGAHUSAX TOPIIHS, TO JaBJIEHUE B
IMJINHPE U3MEHSTOCh ObI B JiBa pasa TPH JIBHKEHUN
MTOPIITHS OT BEPXHET0 TIOJIOKEHUST K HUKHEMY 1 HA060POT.
Ho Torpa mwe Mora0 OBl BBITOJHATHCS YCJAOBUE
0,8p) < p <1,4p,, xoropoe HEOGXOAMMO [UIsL TOIO,
4TOOBI KJANaHbl He OTKpbIBasiuch. CJe/oBaTesbHO, Cy-
HIECTBYIOT IIPOMEKYTKU BPEMEHH, KOT/Ia BO3/IYX ME/IJICH-
HO MTOCTYTIaeT B IUJINHIP Yepe3 BITYCKHOM KJIamaH 1 KOT/a
BO3/yX MEJIEHHO BBIXO/IUT U3 IIUJIMH/PA YePE3 BHITYCK-
HO KJIallaH.

Korga Bo3ayx mocTymaer B HUJIMHIP Yepe3 BIIyCKHOI
KJIaTTaH, KOJMYECTBO BO3/IyXa YBEJIUUMBACTCS C YBeJIude-
HueM o6beMa M JOCTUTaeT MaKCUMAJIbHOIO 3HAYCHUA
TOT/1a, KOT/Ia MOPIIEHb HAXOJUTCS B BEPXHEM MOJIOKe-

2016/Ne4

HUU. ITO MaKCUMaJbHOE 3HAYECHHE PaBHO
_0.8py-2Vy _ 1,6poVy
max - :
RT, RT,
Korga Bo31yX BBIXOAWT M3 IUJINH/PA Yepe3 BbIMTYCKHOH
KJjlallaH, KOJHUYECTBO BO3/lyXa YMEHDBIIACTCA W IOCTUTACT

MIHUMAJIbHOIO 3HAYEHHUS TOT/a, KOT/Aa MOPIIeHb HaXO[AUT-
Cs1 B HIDKHEM ITOJIOXKEHUH, TTO3TOMY
o 1,4peVo

min RTO N
2) Tlponecc, MPOMCXOAAMMIT € BO3AYXOM B IWJIHHJDE,
COCTOMT M3 M30TEPMUYECKOrO pacimpenus or o6bema V)
[IPY TIOCTOSTHHOM KOJIMYECTBE BO3/yXa, JAJbHEUIIero m3o-
6apryecKoro pacimpenns 10 o6bema 2V, npu yBemunBa-
OT[EMCST KOJTMYECTBE BO3/IyXa, HU30TEPMUUYECKOTO CIKATUS OT
o6bema 2V, IpH IpyroM MOCTOSTHHOM KOJIMYeCTBe BO3/lyXa
1, HAaKOHeEIl, N306aprYeCKOro
CoKATUS 10 UCXOHOTrO 00be-
Ma Vj, mpu ymenbiaonem-
cs1 KOJIMYEeCTBE BO3Ayxa. B
KoopauHaTax p—V aToT Mpo-
I[eCC BBITJISIIUT TaK, KaK Mo-
Ka3aHo Ha PUCYHKe 2.
Temepb paccMOTPUM BTOPOIi
cayyaii, kora A = 0,4p, HH-HHHH
n AZ = 0,2p0 . BHyCKHOﬁ 0 Vo 2V, V
KJIanaH OTKPBIT, KOT/a JlaB-
JIEHUEe BO3/yXa B IHJIHH/PE
yAoBaeTBopsier ycaosuio p < py — A = 0,6p, , a Bbiryc-
KHOIT KJIaltaH OTKPBIT, KOT/Ia IaBJIeHIe BO3/lyXa B IIUJIMHIPE
YZIOBJIETBOPSIET yCJIOBHIO P > py + A, =1,2p, . Busano,
YTO MPH uU3MeHeHHH o6beMa BO3/yXa B JBa pa3a MOXKET
spinosiHAThea yenosue 0,6p, < p < 1,2p,, npu KoTopom
KJIarmanbl He OTKpbIBaioTcst. CireoBaTeIbHO, B 9TOM CIyYae
KOJIMYECTBO BO3/AyXa B IIH-
JIMHIIPE OCTAETCS TMOCTOSTH-
HbIM U PaBHbIM

v = 1,2pyV,
RTO ’ T
0,6p 1

\

P A
1 i, T

0,8p,

P A

1,2p,

ITpouece, npoucxonduuii B
9TOM CJydae C BO3/yXOM B
LUJINHADPE, COCTOUT U3 OJ-
HOH M30TEPMBI, TPOXOAMMON 0 V, W, V
TO B TIPSIMOM, TO B 0OPaTHOM
nanpasjenun (puc.3).

Puc. 3
M. Pomawxa

®2425. Yeounennviil ky6 u3 nHenpogodsauez0 mamepuad
3apsixen pasHomepro no o6semy. Bepuwunv (yeav) xyba
umerom odunaxosvie nomenyuaivl P . Bexmopv nanps-
JKEHHOCTU AIeKMPUecKozo noas 60.u3u eepuun Kyoa
(sne obsema xyba) umerom odunaxosvie eeuuuivl E.
Kaxoe nomenyuan mouku 6 camom yenmpe xyba?

Ky6 pacnurunu na 8 pasuvix uacmeti mpems 63aummo
nepneHOUKYASpHoIMU NAOCKUMU paspesamu (Ha 8 oouna-
K0bIX KyOuxos) u 00ny us uacmeil yoaruru. Kawun
6ydem nomenyuan moi xe mouxu 6 uenmpe (Gvigwezo)
Kky6a? Kaxum 6yoem no eeaunune 6eKmop HaAnpsiKeHHoC-
MU IEKMPULECKO20 NOJA 8 IMOU HKe moyke?
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[Tpennonoxum, 4To 06bEMHAS TLIIOTHOCTD JIEKTPUUECKUX
3aps/10B BHYTpU Ky6a paBHa P u pebpa Ky6a UMeIOT IJITHY
R. Torpa MeTo/1oM padMepHOCTell HaXOAUM, 4eMy IIPOIop-
IIMOHAIbHBI TIOTEHIMAbl ¢ BepIIMH Ky6a 1 HANPSIKEHHO-
ctv Tosist £ BOJIM3W HTUX BEPIIUH:

kg kpR® ) kq  kpR’

L kR E~ L
¢ R R P R* R?

Jliist Kaskgoro us 8 Ky61/H<OB, COCTABJAIONINX I[E€JIbIN

60JIb11I0IT Ky6, COOTBETCTBYIOIIE BeINYNHBI PABHLI ¢/4 1
E / 2. CenoBatesbHoO, TIOTEHIMA B IIEHTpe Ky6a paBeH

o =8-=20,
a HaNPAXKEHHOCTDb MoJA paBHa Hymo: Ey =0.
[Mocne ynanenus 1 /8 qact Ky6a MOTEHITAT 1 HATTPSKEH-
HOCTb B €TI0 6bIBH_IeM IEHTPE CTAaHYT paBHbIMU

7 7 1
¢1=—¢ozz¢ HE1=5 :

8

= kpR .

C.Bapaamos

®2426". Paduyc koavya u3 moHKOU NPOGOLOKU C PAGHO-
MepHO pacnpedesennoll no ezo daumne maccou pasen R =
=1 m. Ilo koavuyy meuem nocmosnnvii mox I = 100 A.
IMO KOAbYO PACNOLOKULOCH HENOOBUKHO HA 6bicome h =
= 3 MM HAO 6OILULOT NAOCKOU 20PUIOHMATBHOU NOBEPXHO-
cmuo u3 ceepxnposodnuxa. Kaxosa macca xorvua m?

MarauTHoe ToJie BHYTPH CBEPXITPOBOJHUKA PABHO HYJTIO,
T.€. 10JIe He IPOHMUKAET BHYTPh CBepXIpoBoaHnKa. Ciesno-
BaTeIbHO, HEOOXOJAUMBIM YCJIOBUEM SIBJISIETCST OTCYTCTBUE
HA PAHUIE CBEPXIIPOBOIHUKA MEPIEHINKYJISPHOI K 110-
BEPXHOCTH COCTaBJISIIONIEN MarHuTHoro moJist. [logGepem
TaKyl0 KOMOMHAIIMIO TPOBOJHUKOB C TOKaMHU, KOTOpPas
CO3/IaCT MAarHUTHOE T0Jie UMEHHO C TaKUM YCJOBHEM Ha
rpanuiie. IlpeacTaBum, 4TO B Pas3pblB HAIEro KOJIbIA
BCTaBJIeH MUHUATIOPHbBII U HEBECOMbIIT aMIIEPMETP C OTMe-
YEHHBIMY KJIEMMaMU <ILTIOC» U «MUHYC» . EC/ii 3epKajbHO
OTPa3UTh OT TIOBEPXHOCTH BUCIIEE KOJIBIIO C ATUM aMIlep-
METPOM U MPOIYCTUTD TI0 3TOMY «MHUMOMY» TTPOBOJLY TOK
[IPOTUBOIIOJIO}KHOTO HAIPABJIEHUS, TO TaKKUe TTPOBOAHIKN
CO3/1aJ[yT MATHUTHOE I0Jie, KOTOPOEe [eHCTBUTENBHO BO
BCEX TOYKAX OTPAKAIOIIEN MOBEPXHOCTH OY/IeT HAIIPABJIe-
HO BIOJIb 3TOi TOBepxHOCTH. CTPYKTypa MATrHUTHOTO
MOJIST HAJl CBEPXIIPOBOJHUKOM Gy/IeT TAaKOl e, KaK U y
0JIsl, CO3/IaHHOTO ATUMU TpoBoaHUKaMu. CieoBaTesb-
HO, Takoil ke OyJIeT ¥ CuJa, JeHCTBYIONas Ha PeaTbHbIi
MPOBOAHUK. Takue MPOBOHUKY C TOKAMK OYIYT OTTAJIKH-
BarbCs JIpyT oT apyra. Pamgmyc Kosbiia R 3HAYMTETHHO
GOJIBIIIE PACCTOSHUS MEXK/Ly NpoBoaHuKamMu 2/ (reiicTu-
TEJBHBIM U «MHUMBIM» ). [109TOMY MOKHO CUMTATD, 4TO
110JIe, CO3/IaHHOE OJTHUM MPOBOJIHUKOM, B MECTE PaCIoJio-
JKEHUST JPYTOTO TMPOBOJHWKA  OYeHb OJM3KO K IOJI0
6EeCKOHEYHO JIJTMHHOTO TIPSIMOTO TIPOBO/IA ¢ TOKOM:

g=Ho !

om2h’

n CyMMapHasa cu.Ja, ﬂeﬁCTBYIOHIa}I Ha KOJIbIIO CO CTOPOHbBI
9TOI'0O MarHmuTHOTIO I10JId, COCTaBJAET

2
F=omRIB = Mo
o0

Jta cuaa B TOYHOCTH KOMIIEHCUDPYET CHUJY TAXKECTH,
OTKYy/la IIOJIydyaeM

2 2
%:mg, n mz%zOJ KT .
g
C.Koavuyoe

®2427". Ionuxaiowuil udearvhvlii Mpanc@hopmamop
nookaouen x cemu (220 B, 50 I'y) u umeem xoappuuu-
enm mpancopmavuu nanpsxenus 3:1. Ecau x emopuy-
1ot 06MOmMKe NOOKII0UEH pe3ucmop conpomusienuem R,
mo 6 nepeuunoi oomomxe meuem mox 0,3 A. Ipu
NOOKIIOUEHU K 8TNOPUUHOL 00 MOMEKE euje 00HO20 MAKO020
JKe pesucmopa mox 6 nepeuunot oomomxe cman 0,5A.
Kaxoso conpomuenenue amozo pezucmopa? Kaxum 6y-
dem MoK 6 nepsuunol oomomke, ecau 00a pe3ucmopa
omxouumv? Kaxoid no emxocmu xKonoencamop myxmo
NOOKIIOUUMb K 6MOPUUHOL 00MOMKe, 4MmOObL 6X00HOU
MoK Mpanchopmamopa cma pasHvim Hyao?

g upeanbHoro TpancgopMaTopa ¢ 4UCJIAMHU BUTKOB B
IePBUYHOI OOMOTKE 7y U BO BTOPUYHON 71, TOK HepBUY-
HOIT OOMOTKHU CKJIQ/J[BIBAETCSI U3 TOKA XOJIOCTOrO XO/a U
TOKa, 00YCJIOBJIEHHOTO HAJIMYMEM HAIPY3KU BO BTOPUYHOMN
nenu. /oMo THUTEIbHDIN TOK B TEPBUYHON OOMOTKE M TOK
BO BTOPHYHOW OOMOTKE BMECTE CO3/Al0T B Cep/leuHuKe
TpanchopMaTtopa HyJeBOe MarHUTHOE TOJie, T.€. CO3/aH-
HbIe 9TUMU TOKAMWU MarHUTHBIE TTOJIS TTOJTHOCTHIO KOMTICH-
cupylioT aApyr apyra. Hampsikenne Ha BbIBOIaX BTOPUYHOM
OOMOTKH /IO TIOJIKJTIOUEHIS HArPy3KH U MOCJIe TTOIKII0Ye-
HUS HATPY3KHM OJIHO M TO JKe, TaK Kak TpaHcdopmaTop 1o
yCJIOBHIO HjleasbHblil. [lepecueT conpoTnBaeHnsT HArpys-
K1 BTOPUYHOII 1len Z, B 9KBUBAJEHTHOE IIOJHOE COIPO-
TUBJIeHNe NepBuyHoil nenu Z, , naer Z, . =9Z,.
[TockoJibKy 110 yCJIOBUIO 33/laull HATPY3KA BO BTOPUYHOM
enu aktuBHast (PE3UCTOPBI), TO TOK XOJOCTOrO XOJAa U
JIOTIOJIHUTEJbHBIN TOK B TIEPBUYHON I€NU CABUHYTHI T10
dase Ha 90°. CuemoBaresbHO,
2 2 2
R e A b Y AL
9R 9R/2 wL
rjie yrJoBas 4acTOTa M3MEHEHUsT HAIPSKEHUuS () = 2 TIV.-
W3 nmpuBeieHHBIX COOTHONIEHU MOKHO HAUTH

R~106 Om, I, =0,19 A, L = 1,15 kOm .

)

Ecin Harpy3ka BO BTOpI/I‘{HOIL/'I 06MOTKE 6ya€T OTKJIIOYEHa,
TO, JAJIA TOI'O 4TOOBI TOK B HepBI/I‘{HOfI 1enu He Tex, HyxKHo
BO BTOPUYHYIO II€IIb BRJIIOYNUTb KOH/ICHCATOPD TaKoi eMKO-
CTH, 4TOGBI BBITTOJIHIIOCH ycCJjioBrue pe3oHaHCa

9
WL =—.
wC
Orciofa HaXO0AUM MCKOMYIO €MKOCTb KOH/€HCATOpa:
9 _
C=——=2510" D,

WL

C.Amumpues




20 KBAHT

®dyTO0NbHbIE TYPHUPDI
N apugpmeTnyecKne Nporpeccum

B 2012 rogy na LXXV MockoBckoi MateMaTHIecKoi
onummnuaje Gblia IPeIosKeHa Caelyiomnas 3a1ada.

B oonoxpyzosom pymborvrnon myprupe (nobeda — 3
ouKd, HUYUbS 1, nopaxenue — 0) yuacmeosanu 75
Komano. Kaxos MUHUMATDHO 803MOKHBLU PA3PLIE 68 OUKAX
MeKOY nepeoil u nociedHel KOMAHOAMU, eCau HUKAKUe
06e KoManodvL He HAGPAIU NOPOBHY OUKOG?

[Tocko/IbKYy MUHUMAJTBHBINA PAa3PbIB MEKY KOMaHaMHM,
3aHSIBITUMHU COCE/THIE MECTA, PABEH OJTHOMY OUKY, OU€EBU/I-
HO, YTO Pa3pbIB MEXJIY TEePBOI U TOCIeIHEH KOMaHIaMu
He Mo)KeT ObITh MeHbIme 74 ouykoB. OaHAKO TTOHSATD,
JIOCTUZKIIMA JIM 9Ta OIleHKa, JJOBOJbHO CJA0KHO. YTOOBI 5TO
BBISICHUTD, €CTECTBEHHO [Tl HayaJia PACCMOTPETh TYPHU-
PbI ¢ HEGOJIBIIUM YUCTIOM YIACTHUKOB.

[lepe6paB Bce TYpHUPBI C 2 UM 3 yYACTHUKAMU, JIETKO
y6euThCs, YTO UCKOMBIX cpejiu Hux Het. Ho fuis1 4 komang
Takoii TypHUp 1ocTpouth yjaaercs (rabm.1).

Tabruua 1
A| B G D || Cymma
Al -1 3 1 1 5
Bl 0| - 1 3 4
c| 1 1 - 1
D| 1 0 1 = 2

YcrenrHbiMu OKa3bIBAIOTCS MOTIBITKU U TTPU HECKOJIBKHUX
cJelyIONMX 3HAUYEHUSAX yncaa Komauz 7. Iloatomy Bo3HU-
KaeT MpeANoJoKeHne, YTO COOTBETCTBYIOIIUE TYPHUPDI
CYIIECTBYIOT /iJist BcexX n > 3. ITO JeHCTBUTENTHHO Tak,
TOUYHEE, BEPHO CJIE/YIOIee YTBEPIKIEHUE.

/s 1106020 n 2 4 cywecmsyem Kpyzo060u MypHUp U3
n KOMAHO, 6 KOMOPOM KoMandvl nabupaiom n — 2, n — 1,
N, ..., 20 — 3 OUKO8.

[oxaskem ero mo nHAYKIIH. {7151 n = 4 NICKOMBIH TYpHUP
MBI y3Ke TTOCTPONJTH. [IpeirmosoKimM, 4T0 y Hac eCTh TaKon
TYPHUD JIJIS 7 KOMAH/[, ¥ TIOKa)KeM, KaKk J0OaBUTb K HEMY
OJ/IHY HOBYIO KOMaHJY.

YropsgouuM crapble KOMaH/Ibl 110 YOBIBAHUIO OYKOB U
ITyCTh HOBag KOMaH/Ia BLIUTPBIBACT Y TIEPBOH, IIPOUTPbIBA-
€T BTOPOIi U TpeTbeil, BBIMTPbIBAET Y UeTBEPTON, IPOUTPHI-
BaeT 1ATOi 1 mecroit u T.4. (¢ nepuogoM 3), TMoKa el He
OCTaHEeTCS ChITPATh C OJTHOM, IBYMSI WJIN TPEMST KOMaHIaM1
(B 3aBHCHMOCTHM OT OCTaTKa n IIpH Jejaenun Ha 3). B
MIEPBOM CJIyuae HOBasl KOMaH/a UTPAeT C Moce/lHell BHU-
ybl0. Bo BTOpOM — WTpaeT BHUYBIO C TIPE/IOCTEHEN 1
[IPOUTPBIBAET IOCJE/HEN, B TPEThEM — UTIPAET BHUYBIO C
1OCJIe/THEN, TTPOUTPBIBAET TIPE/IIOCTE/HEN 1 BHIUTPHIBAET
y Tperbeil ¢ KoHia. HemocpencTBeHHBIM BbIUMCJIEHUEM
yOexRIAeMCS, YTO BO BCEX TPEX CAYYASTX MOJYUUTCT HY K-
HOe HaM pacripejiejieHe OYKOB.

Yupaxunenue 1. [IpoBepbre 3710.

Terepb 0600IUM 33/1a4y U MOCTABUM CJIEAYIONIUI BOII-
poc.
M2419. B 0dnoxpyz060m hymbosvnom myprupe yua-
cmeyem n komano. 3a nobedy xKomandda noiyudem 3 ouxd,
3a Huuwv — 1 ouxo, 3a nopaxenue — 0 ouxos. ITpu Kaxux

2016/Ne4

namyparvuolx d Hadpannvie KOMAHOAMU OUKU MOZYM
00pazoeamy  apupmMemuuecKyio npozpeccuio ¢ PA3Ho-
cmoto d?

[l TOTHOTBI MOZKHO TTO3BOJTUTD d OBbITh paBHbIM 0, 1
TOT/Ia HY)KHBIH TYpHUD, OYeBUHO, cyllecTByer (Hampu-
Mep, €CJIM BCe UTPhI 3aKaHYMBaloTCA BHUYBIO). IIpu Bex
n BoaMokeH caydait d = 3 (ecm nepsas KOMaH/1a BBIKT-
PBIBAET y BCEX, BTOPast — y BCEX, KPOME MEPBOi, 1 T./1.).
Acno takxke, uto 6osbiie 3 PasHOCTh OBITH HE MOJKET
(nouemy?). Takum 06pasoM, Jajnee HaM OCTAETCS UCCIE0-
BaTh cayvaii d = 2.

Haunem omsath ¢ Manpix 3uavennii n. [lpun=2wun =
= 3 UCKOMBIX TYPHHUPOB HET, pu 1 = 4 ectb (Ta61.2).

Tabaruua 2
-1 1] 3] 3] 7
1] -1 311 5
010 - 3] 3
O 10| -1 1

Ho mpu n = 5 mocTtpoutTb TypHHDP HE MOJYYAETCS.
JlokasxkeM, 4YTO ATO JEMCTBUTEIBHO HEBO3MOXKHO. Ecim
HaOpaHHbIE OYKU 00PasyioT apupMeTHYecKyto TPOTpec-
CHIO C PA3HOCTDHIO 2, TO X CyMMa JleJTuTcs Ha 5. [TocKoIbKY
o01iiee KOJMYECTBO WIP B TYPHUPE ISITH KOMAH[ PABHO
JIECSITU, TIOJIy4aeM, 4TO CyMMa HaOPAHHBIX OYKOB paBHA
30, ecam Bce WIPbI 3aBEPIIUINCH MOGENON OMHON U3
KOMaH/[, a KaX/Jas HU4Ybsl YMEHbIIaeT Ty cymMmy Ha 1.
CrenoBaresibHO, BHUYBIO JIOJDKHO 3aBepinuTtbes 0, 5 uin
10 urp. Eciu HUYbUX HET, TO KOJTMYECTBO OUKOB Y KaXK/I01
KOMaH/Ibl KPaTHO 3 M Pa3HOCTL 2 HEBO3MOXKHA, a pu 10
HUYBUX BCE KOMaH/Ibl HaGUPAIOT 10 4 ouka. PaccMoTpum
caydait 5 nHnupmx. Torma o6mas cymma paBHa 25, T.e.
KOMaH/Ibl I0JKHBI Habpath 9, 7, 5, 31 1 ouko. Ho Habparp
B deThIpex urpax 9, 7, 5 u 1 04KO MOXKHO €/JUHCTBEHHBIM
c1oco60M: COOTBETCTBEHHO, TPU TOOE/bI U OJIHO ITOPasKe-
HUe; JBe MOGeIbl, OHA HUYbS W OJJHO TMOpasKeHue; 0/IHa
mo6e/ia, IBe HUYbU U OHO TIOPaKEHWE; OJHA HUUbST U TPU
nopakenus. Tak Kak cymMMapHOe KOJIUYIeCTBO MOGe 101-
JKHO PaBHATHCS CyMMapHOMY KOJIMYECTBY MOPAXKEHUH, y
OCTaBIIIENCST KOMaH/IbI TTOOE/T N TIOPAKEHUH TOIKHO OBITh
MOPOBHY, UYTO TIPU 3 OYKAX HEBO3MOXKHO.

[Ipomo/kMB paccMaTpuBaTh MaJibie 3HAYEHUs 72, YOesK-
jaemcst, uto Ipu n = 6, n =7 u n = § MICKOMbIEe TYPHUPBI
cymectByior (tabm. 3, 4, 5).

Tabauya 3

-0l 3] 3| 3] 3|12
-1 0] 3] 3|1 10
013 -13][1 1 8
0j]0]0|—-1]3]|3 6
011 =13 4

| 110 0] - 2

n=~06
[ToakcriepuMeHTHPOBAB €ellle ¢ HECKOJbKUMU 3HAYEHUSI-
MU 71, MOKHO c(hOPMYJTHPOBATD CJAEAYIONIYIO THTIOTE3Y .
1) Ipu ecex wemnvix n = 2m, m=2, cywecmsyem
mypuup, 6 Komopom komandvl naduparom m — 1, m + 1,
m+ 3, ..., 5m — 3 ouxoe.
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Tabauya 4
=] 1 113133 3] 14
11 -3 1[1]3]3 12
110 =131 3|0]| 3] 10
01,10 —-11]3] 3 8
01011} —-13]1 6
001 30101 4
0o o]0} 1] 1] - 2
n=7
Tabauua 5
-3 1 11313 3] 3 17
0O|-13|3|13|3[3|0 15
110 =1 3[310] 3] 3 13
1100 —-(3|3]1] 3 11
00y 0|0 —-13(3]|3 9
0013|010 -=(1]3 7
010101 1| =13 35
0O310]0L010f0]| - 3
n=_8

2) Ipu ecex neuemnvix n=2m+ 1, m 2 3, cywecmsy-
em mypuup, 6 Komopom Komandvl nabupaiom m — 1, m +

+1, m+ 3, ..., bm — 1 oukxos.
JlokaskeM, 4TO 9TO AelCTBUTEIbHO Tak. HauneM ¢ yeTHo-
TO CJydas.

[TockosbKy MbI yoKe IOCTPOUJIN TyPHUPHI 1 4, 6 u 8
KOMaH/I, I0CTaTOYHO TTOKA3aTh, KaKk JOOABUTH K TYPHUPY
2k xomamj nrecTb HOBBIX Komaud. llycTh Kaskgas us
BEPXHUX R CTapbIX KOMAaH/ IIPOUTPBHIBAET MEPBOIl HOBOU
KOMaH/Ie U BBIUTPLIBAET Yy OCTAJBHBIX IISITH HOBBIX, a
KaK/last U3 HIDKHUX R CTapbIX, HA060POT, BHIUTPBIBAET Y
1epBOH HOBOI KOMaH/Ibl ¥ IIPOUTPBIBACT OCTAJbHBIM MATH
HOBBIM. Mexay co6oii HOBble KOMAaH/bI UTPAIOT, KaK B
npumMepe ang 6 xomauza. HerpymHo y6eauTbesi, uTo B
pesyJibTaTe IIOJYyYuTCs HYKHOE paclipejiesieHue OYKOB.

Yupaknenue 2. Crenaiite npoBepky.

[Tepeiiem k HedeTHOMY caydaro. [lJ1si Hauasa moKaxkeMm,
Kak J06aBUTDb K TYPHUPY M3 ceMu KoMaH/1 ernie jBe. [lycTb
HOBDBIE KOMaH/IbI UTPAIOT CO CTAPBIMU TAK, KaK TTOKA3aHO B
Tabsune 6 (B BepxHeil crpovKe 04KK, HAGPAHHBIE CTAPBIMU
KOMaH/IaMH B MTIPaxX MeKIy co6oii).

Tabauua 6

1411210 8 | 6 | 4
A3 (31333 1]3
BlOojJo[Oo|O0O]O0O] 3[1

(]

Torma y crapbix komanj ctanosurcs 17, 15, 13, 11, 9,
51 3 0uKa, ay HOBBIX — 19 u 4 ouka. Ecom Temepn niepBast
HOBasl KOMaHJia A mpowurpaer KoMaHzae B, TO MOJIy4nuTCs
UCKOMBII TypHUD /11 9 KOMauz.

[lo6aBuM Terepb K 3TOMY TYPHUPY ellle JBe KOMaH/Ibl
(ta6n.7). M ouarb nycrb nepsag Hoag komanga C
IIpoUrpbIBaeT BTOPON HOBOII komaHzae D. B pesymbrate
moJiy4aeM MCKOMbIH TypHup 11 KomaH.

Tabauya 7

19117 [ 15|13 11| 9| 7| 5| 3

)
b
e
w
S
w
e
w
w

Omepanuio 106aBJIeHUS ABYX KOMaH/ MOKHO IIPOBECTH
it o6oro HedetHoro n. IlycTb Bce crapble KOMaH[IbI,
KpOMe [IBYX IOCJeIHNX, HAGUPAIOT MPOTUB HOBBIX 110 3
0YKa, a /[Be IIOCJeHNE — [0 OJ[HOMY, IPHYEM €CJIU OCTATOK
ot nenennst n Ha 3 paBen 0 wiam 2, To 06e 3TH KOMAH/IbI
HaOUPAIOT CBOM OYKU MPOTUB OHON M3 HOBBIX KOMAH]I, a
ecau 1, To TPOTUB pa3HbIX KoMaHI. Torma MoXHO pacripe-
JIEJTATD OYKU MEXK/IY HOBBIMHM KOMaH/IaMU TaK, U4TO OJTHA U3
HUX OKQKETCsI HAa EPBOM MeCTe, a Jpyras — Ha TPEThEM C
KOHIIA.

Yupaxknenue 3. /lokaxure a1o.

OpHako, MOCKOJbKY Y HAac yKe eCTh TYpHUpHI s 7, 9
n 11 xomanp, mpoie AeHCTBOBATb aHAJOTHYHO YETHOMY
CJIy4aio 1 06aBJIATh K TYPHUPY A1 2k + 1 KOMaH/IbI eliie
niectb HOBBIX KoMmaH. Ilycth Kaskmas u3 BepxHHX R
CTapbIX KOMaHJI TIPOUTPBIBAET TIEPBOII HOBOI KOMawmje U
mo6GesKIaeT OCTAMbHBIX, a Kak/aasd U3 k HIDKHUX, HA060-
POT, BBIMTPBIBAET y MEPBON HOBOW M MPOWTPHIBAET TISTH
ocraJpHbIM. Hakoner, myctb cpeHsisi ctapas KOMaH/a
[IPOUTPHIBAET TIEPBBIM TPEM HOBBIM U BBIUTPBIBAET Y TPEX
OCTAJIBHBIX HOBBIX. Mek1y cO60I HOBbIE KOMAH/IbI ITyCTh
CBITPAIOT TaK, KaK TOKa3aHo B Tabsuie 8.

Tabauua 8
-1 1 31 3| 3| 11
1= 13 3] 1 9
1|1 -13[1]1 7
000 —-]13]| 3 6
001 =1 3| 4
011 110 0] - 2

B pe3yJbTaTe moJaydaeM HYKHOE pacClipe/IeJIcHne OYKOB.
YTBGIDK,ZIGHI/IG IIOJTHOCTBIO JOKa3aHO.

Yupaknenue 4. Y6eaurech B 3TOM.

Temepb MOXHO TTOABECTU UTOT U AATh MOJHBIA OTBET Ha
nocTapieHublil Bonpoc: npu d =0 u d = 3 UCKOMBbII TypPHUD
CYIIECTBYET JIJIsT BCeX n, 1pu d = 1 — /i BceX 7, KpoMe
2u 3, npu d =2 — aJs Bcex n, Kpome 2, 3 u J.

B saksiouenue mnpejsaraeM TOAyMaThb HaJ TeM, Kak
U3MEHUTCST OTBET, ecJin BMecTo (hyTOOJbHBIX paccMaTpu-
BaTh TYPHUPBI 10 JPYTUM BHJIaM CIIOPTa, HANpUMep IO
BoOJIeii60JTy, T/Ie TIpH TIo6e/ie O/IHOM U3 KOMaH/I CO CYETOM
3:0 mam 3:1 BeIMTpaBIIas W MPOUTPABINTAs KOMAHIBI TTO-
ay4aior 3 1 () 0YKOB COOTBETCTBEHHO, a MPH cYeTe 3:2 —
2n 1.

A.3acaascruil
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AJdAd MITAAIIINXX IMIKOJUbBDHHUKOB

aJa4yu

1. VimeloTcs 4 peTanu, Kaxpaas CKneeHa W3 YeTblpex
KyOMKOB M OKpalleHa B CBOW UBEeT. M3 HMX Cnoxunu
KMpnny pasmepoM 2 X 2 X 4 6e3 blpok (Kak nokasaHo Ha
pucyHke). Kak BbirnaguTt 6enas netans?

@onbkiiop

2. CemMb [eBo4eK CTOAT B pAfd, Kak MokasaHo Ha pw-
CYHKe, 1 filepXXaT B pykax KOHdeTbl. Y OeBOo4YeK, KOTOPbIX
Bbl BuAuUTe cnpasa OT TaHW, 13 KOHMeT, cnpasBa OT
Kclowmn — 33, cnpasa oT AHK — 23, cnpasa oT Vpbl — 8,
cnpasa ot Bann — 27, cnpaBa oT Hagu — 16. Ckonbko
KoHdet y KaTtn?

@osnbknop

3. [IBe rOHO4YHbIe MalUWHbI — KpacHas 1 3eneHas —
Bblexanu 13 ropoda A B ropof 56 No OOHOW U TOW Xe
[opore, CTapToBaB U (PUHULLNPOBAB OAHOBPEMEHHO. [1pK
5TOM 3efleHast MallMHa HW pasy He OOroHsna KpacHyto.
Morno nu ObITb Tak, 4To He MeHee 90% BpeMeHu 3eneHas
MallKMHa exana ObiCcTpee KpacHom?

@onbkrop

OTW 3afa4v npefHa3HaveHbl Npexpae BCero yyawmmcs 6—8
KNaccos.

3apaun 1—3 nybnmkyloTcs COBMECTHO C >XypHanoM «KBaH-
TMK», 3a8a4u1 4 1 5 B3aTbl 13 XIV MOCKOBCKOW YCTHOW OIMMMU-
afbl MO MaTeMaTmkKe ans 6—7 Kaccos.

4. ManbBKHa Benena bypaTuHo pa3pesaTtb kBafpaT Ha
7 NpsMOyronbHUKOB (He o00s3aTenbHO Pa3fnYHbIX), Y
KaX/4oro 13 KOTOpbIX OAHa CTOPOHA B ABa pa3a bosnblie
Lpyrov. BbinonHMMo nn 370 3afiaHune?

@onbkiiop

5. B mMarasvHe npofatoT Kopobku kapaHgailen. Cpeaum
HNX €CTb He MeHee MATM KOPODOOK Pa3HOM LieHbl (HUKakme
LBE 13 HMX He CTOAT ofMHakoBo). Kakue Obl Be KOPOOKM
HW Kynun Bacs, lNeTa Bcerga CMOXeT Takxke KynuTb OBe
KOPOOKM, NOTPaATUB CTOMbLKO ke AeHer. Kakoe HavMeHb-
Lee KONMMYecTBO KOPobOOK KapaHAallen LOMXKHO ObiTb B
npopaxe?

HMapreiHosa

Unmoctpatm [.1puiykoBovi
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XII TYypHUP MaTeMaTU4ecKinX
0oeB nmeHn A.ll.CaBMHa

XXII TypHmnp umern A.[1.CaurHa npoLues ¢ 26 uioHs rno
2 mong 2016 rofa Ha b6ase orgvixa «bepeHaeessl [10/15-
Hb1» (KocTpomckas obnacts) A5 LWKOIbHUKOB, 33KOH-
yuBLLIMX 6—9 knaccel. [1o4pobHee 06 3Tux TyPHUPaX Mbi
ncanu, Harpumep, B «KeaHte» Neil 3a 2075 rog.

C Bonpocamu 06 y4actvm obpalyanitecs K npegceqare-
10 oprkomurera A.L.BIMHKOBY 10 3/1€KTPOHHOM
roy4re blinkov@mccme.ru.

N36paHHble 3apaun

1 (7). Cronky w3 JeBATHALATH JUCTOB GymMaru
COTHYJI TIONOJIAaM ¥ CITUJIM JIBYMSI MaJIeHbKUMMU
CKpEeIKaMN Tak, 4TO MOJIy4naach Terpajska. Ha «o06-
Joxke» Callla HapuCoBaJs BePTUKAIbHbIE U TOPU30H-
TajsbHble JuHEKM (OT Kpast [0 Kpasi, He 3ajieBast
ckpenok). Korza oH paspesas TeTpajKy IO 3THM
JINHUSM, OHa pacnanach Ha 2016 oTeTbHBIX YacTei.
Kaxkoe HanMeHbllee KOJIMYECTBO JTMHUN MOT TIPOBEC-
1 Cama?

A. Xavamypsn

2 (7-8). HauaB ¢ HEKOTOPOTO HATYPAJBHOTO YHC-
na, Ilets KaskIbIM TIaTOM YBEJTMYMBAET UM YMEHb-
IIaeT ero Ha Kakyo-Hu6y 16 13 ero nudp (Bo3aMoxKHO,
Ha 1udpy 0), cTporo uepeays CI0KEHHE U BbIYUTA-
Hue. IlepBas omeparusi — ciaokenue. M3 Kakoro
HaMEeHbBIIIero HaTypaJbHoro uncia [lers Moxer tak
noayunts 20167

A.Illlanosanos

3 (8). B kBagpar ABCD BrucaHa OKpYy>KHOCTb,
KoTOopas Kacaercst ctopoH AB u AD B Toukax K u M
cootBeTcTBeHHO. IIpsamasa CK BTOpUUYHO IepecekaeT
okpyskHOCTb B Touke N. Haiigure yron BMN.

M. Bonuxesuy

4 (8). B ocrpoyroabaom tpeyroabauke ABC mpo-
Beslena 6uccektpuca BB'. Touka N — nepeceuenue
OTNUCAHHOW OKPYJKHOCTH TpeyroabHuka ABB' u
BHEITHe OMcceKTpuch yraa A, Touka M — mepece-
YeHwre OMUCAaHHOI OKPYKHOCTH TpeyroJbauka BB'C
n BHemrHelr OmccekTpuchl yraa C. Ilpamags NM
nepecexkaer orpe3ok BB' B touke K. Jlokaskure, 410
ONKMCAHHbIE OKPYKHOCTU TpeyroabHUKoB ANK u
CMK mnepecekaiorcs Ha BB'.

Jl.ITonoe

B cko6kax mocie HOMEpa 3a/la4i yKa3aHbl KJaCChl, B KOTOPbIX OHa
TnpejaaraJjachb.

5 (8). B paBHOCTOPOHHEM BBIMYKJIOM IIECTHYTOJIb-
HUKe IeCThb AnaroHaJseil Meskay co6oii paBHbl. O06s-
3aTeIbHO JIM PABHBI MEXK/y C00O0il BCe €ro yriibi?

M. Egdokumos

6 (7-8). MoxHo s paspe3aTb Ky6 Ha KyOuKH
2016-T1 pa3JUIHBIX Pa3MepoB TaK, YTOOBI KyOUKOB
KaKJI0TO pazMepa ObLIO TIOPOBHY ?

A.Illanosanos, H.Packuna

7 (7). Kakoe HauMeHnbliee KOJUYECTBO I10Jieil
MIaXMaTHOM JJOCKU HY;KHO UCTTAYKATh CMOJION, YTOGbBI
Ha YUCTble KJIETKU HeJb3sa ObLIO IIOCTABUTH IIAThb HE
ObIOITNX JIPYT ApYyTa Jiajeii?

E.Baxaes

8 (7-8). Knerku gocku pasmepom 10 x10 samno-
HEHbI yncIaMi. YeTbIPeXK/JIETOUHbIH YTOJOK Ha30-
BEM YNopA00UeHIbIM, €CJIA B OTOM YTOJIKE KaXk/10€ U3
JIBYX YKCEJl, MIMEIOLINX JABYX COCeIeit, GOIbIIe OHO-
ro U3 CBOMX cocejeil M MeHbiie apyroro. Kakoe
Han6oJIbIee KOJMYECTBO YIOPSI0YEHHBIX YIOJKOB
(BO3MOKHO, NMEPEKPBIBAIONIMXC) MOXKET OKA3aThCs
Ha Jlocke?

E.baxkaes

9 (6-7). Ha croje JeKUT Kydka U3 55 OPEXOB.
ITera u Bacs xonat o ouepenn, naunnaer llets. 3a
XOJI Ha/I0 PA3/IeJTUTh O/HY U3 UMEIOTIXCST KyueK Ha
JIBe MeHbIue 1 J00aBUTH €Ille JIBeé KYyYKU OPEXOB,
paBHbIe OJ[HOM U3 OTyYeHHbIX (3arac JOMOJTHUTE b
HBIX OpeXOB HeorpaHwyeH). KTo He MOXKeT ciesarh
xo/1, mnatut mrpad. CMOXKeET Jin KTO-TO U3 MaJTbuu-
KOB WrpaTh TaK, 4TOObI HABEPHSIKA HE ILJIATUTD
mrpad?

A.lllanosanoe

10 (8). PaBHOCTOPOHHUIT TPEYTOJBHUK CO CTOPO-
HOii N pa3buT TMHUSAME, TAPaJIIeJbHBIMUA CTOPOHAM,
Ha PAaBHOCTOPOHHUE TPEYTOJbHUKH O cTOpOoHO 1. B
BepIITITHE MCXOAHOTO TPEYTOJTbHUKA CTOUT (PUIITKA.
ITers u Bacs wrpator B urpy (mauwnaer Ilers).
Kask/1bIM CBOMM X0/10M pa3peniaeTcs CIBUHYTH (PUIII-
Ky B coceanuii (Haxomsguuiica Ha paccrosgHun 1)
y3eJI TPeyTOJIbHOI CeTKM, B KOTOPOM (PUIIIKA JI0 3TOTO
He Oblia. [IpourpbiBaeT ToT, KTO HE CMOKET CJIe1aTh
x0/1. KTo 13 Ma/JIb4YMKOB MOKET TapaHTHPOBATh cebe
nobeny?

P.Kpymosckuii

Mamepuan nodzomosun A. baunkos
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OHKYpC MeHn A.ll.CaBMHa

Mbi1 HaynHaem o4epenHON KOHKYPC I10 PELLEHHIO MaTeMaTn4eckmx 3aAay. OHU paccynTaHbl B NEPBYIO 04EPERL HA YHaLUNXCS
7-9 Kknaccos, HO Mbl byaem paabl y4acTuio LUKO/IbHUKOB BCEX BO3PACTOB.

Bbicbinavite peleHns 3agay, ¢ KOTOPbIMU cripaBuTecs, He nosaHee 1 gekabps 2016 roga 3/1€KTPOHHOU [104TOH 10
aapecy: savin.contest@gmail.com nnau obbryHOV moyToV o agpecy: 119296 MockBa, JleHuHckmii npocnekt, 64-A, «KaHT» (c
nomertkoui «KoHKypc umenu A.f1.CaBuHa»). Kpome vumeHn u pamuminm ykaxmre ropos, LKoY U KJ1acc, B KOTOPOM Bbl yYUTECh, &

TaKxke oBpaTHbIV MOYTOBbIV aApec.

Mbi npuBeTCTBYEM y4acTre B KOHKYPCE HE TO/IbKO OTAE/bHbIX LLKO/IbHUKOB, HO I KOMAaHJ (B TAKOM CJTyYae fpuchIIaeTcs 04Ha
paborta co crcKoM y4acTHUKOB). Y4acTBOBaTb MOXHO, Ha4YuHas ¢ oboro Typa. [Tobeauntenedi XAyT ANUNAOMbI XYpHana «KBaHT»

u rpU3bl.
Xenaem ycnexa!

1. MOXHO K Pa3NoxXuTb Heckonbko s6nok no 10
Tapenkam Tak, 4Tobbl Ha NObIX ABYX Tapenkax Obino
BMecTe nmbo 5, nubo 8, nnbo 11 a6nok, n BCe Tpu

BapWaHTa BCTpevanmcb? Ecim aa, To Ckofbko BCEro MOrio
ObITb A0MOK? YKaxute BCe BO3MOXHOCTW.
O.3aviyesa-vBpum

B C 2. B tpaneunn ABCD To4ka
y M — cepenivHa 6okoBoW cTo-
[ POHbI CO. [lokaxuTe, 4TO ecnn

Touka M nexut Ha OunccekT-

puce yrna A, TO OHa JIEXUT n

Ha GuccekTpuce yrna B
E.bakaes

3. YeTbipe nornka A, B, Cn

D cnasT 3a KpyriibimM CTONOM B

TakoM nopsagke (ecnn Osu-

raTbCs MO YaCOBOW CTPesKe).

’ [eBsATb KapT 0AHOM MacTu (Lue-
cTepka, cemepka, .., Koporsb,

A D 1y3) nepemewanu v yetbipe
M3 HUX pasfdanu forvkam

(kaxaoMy Mo kapTe). Bce NOrMKM 3HAOT 3TO, HO KaXKabli
BUAMT NIMWb CBOIO KapTy. JIornkam 3afianv ouH 1 TOT Xe

KOHKypC NpoBOAMTCS COBMECTHO C XypHanoM «KBaHTUK.

BOMpoC: «Bala kapTa cTaplle, 4em Yy Ballero cocefa
cnpasa?» Mocne 3toro A, B, Cv D no odepean (MMeHHO
B TakOM MOpsAKe) ckasanu «He 3Halo». Kakas kapTta 'y O?
(Jlorvkm cnbiwaT oTBeTbl Apyr Apyra.)

M.EBhokimos

4. a) Kyb nepekaTblBalOT MO MIOCKOCTW, NOBOPAYMBas
ero Bokpyr pebep (6e3 npockanb3biBaHus). lNocne He-
CKOMbKMX MepekaTtbiBaHMI Kyb okasancs B TOYHOCTU Ha
npexHeM Mecte. Oba3aTeNnbHO N Kaxkaas BepLivHa kyba
oKa3anacb Tam, rae Obina BHavane?

6) ToT e BOMpOC Ans MpaBMIbHOrO TeTpasapa (Bce
4eTbipe rpaHM — PaBHOCTOPOHHME TPEYrObHUKN).

@osbknop

5. a) Y Kaxgoro 13 12 NMpaToB eCTb HEKOTOPOe KOMM-
4eCTBO 30/10TOro necka. OHWM MOTYT BCTPeYaTbCA Mo ABoe
MM NO TPOE; NPU BCTPEeYe BECh MMEIOLLMINCA Y YyH4aCTHUKOB
BCTPEYM MeCcoK Aenntca noposHy. [lokaxuTe, 4To nuparbl
MOryT [OOUTbLCSA, YTOObI MOCTE HECKONbKIMX BCTPEY Y BCEX
ObINo NOPOBHY Mecka.

©) BepHo N1 aHanornyHoe yTeepxkaeHve ana 13 yeno-
BeK, e/ paspeLlaeTca BCTPeYaThca B NoOOM CocTaBe,

TOMbKO He BCem BMeCTe, U [e/nTb NecoK NopoBHy?
@osbkiop



BCrnomMoraTtefibHble
KBadpaTbl

E.BAKAEB, A.BJTUHKOB

MATEMATUKE BCEI'TA UHTEPECHO HAXO/IUTD KA-
KHe-TO O6IIe 3aKOHOMEPHOCTH [IPH PELIEHUH, Ka3aJI0Ch
6bl, He OUYEHb MOXOXKUX 33jad. B mpesyaraeMoM MarepuaJe
paccMaTpHuBaeTCs cepusl TeOMeTPUUecKUX 3a/ad, MpH pele-
HUM KOTOPBIX UCTIOJIb3YIOTCS CXOXKIE JOMOJTHUTEIbHbIE TOCT-
poenus. Mes ncnoib30BaHus TAKUX TOCTPOEHHI BOZHUKACT
IIPU PACCMOTPEHUY CBOWCTB, KOTOPLIMH 06/IaJal0T Pa3Jind-
HbIe KOHCTPYKIINU U3 KBAJIPATOB Ha IJIOCKOCTH. JTU CBOHCTBA
MbI OyZIeM pacCMaTPUBATh IIOCTEIIEHHO, TI0 Mepe HeOOXOUMO-
CTH, W Ha3bIBaTb JIEeMMaMU.
Jemma 1. Yemoipexyzonvnux, nepexodsuwui ¢ ceds npu
nogopome na 90° 6okpye mouku nepeceuenus ezo Ouazona-
Jetl, 6a51emcst K6aopamo.

Ynpaxnenue 1. /lokaxure aTy JeMMy.

Pentenvie psijia 3amau Oy/leT CBOJUTBCS K CJEAYIONIeN
KOHCTPYKIINHU: BEPIINHBI OJHOTO KBaJpara JeskaT Ha CTOPO-
Hax Apyroro. B 1mogo6HbIX ciydasxX MPUHITO TOBOPUTH, YTO
O[IMH M3 KBAJPaTOB OIMCAH BOKPYT Apyroro (Takoil xe
TEPMUH TIPUMEHSETCS W JJs JIPYTUX MHOTOYTOJbHUKOB C
OIMHAKOBBIM KOJIMYECTBOM BEPIIMH B aHAJOTUYHBIX CHUTYa-
1HAX).

Jemma 2. [Ipamoyeonrvnuk, onucamuvlii 0Koa0 OAHHOZ0
Keaopama, si8Asemcs. K6aopamo.

[oxa3zarteasctBo. [Tyctp Bepummnbl kBagpara KLMN Je-
JKaT Ha CTOpoHax mnpsMoyroibHuka ABCD (puc.1). Pac-

I CMOTPHUM TIOBOPOT Ha 90° BOK-

B C pyr mentpa O KBajapaTa
KLMN, nanpumep, 10 4aco-

M poit crpeaxe. O6pa3oM TOUKH
K asugercsa Touka L, oatomy

O npamasi AB, comepxxamntas K,
IepPexXoUT B MpsAMYIO, el 1ep-

K MEHIUKYJISPHYIO U CO/Iep:Ka-

HIYI0 TOYKY L, T.e. B NPSIMYIO
A N D BC. Awnanorudno, o6GpazamMu
Puc 1 npsambix BC, CD u DA gBns-

torca npsimbie CD, DA n AB

cooTBeTcTBeHHO. CJie1oBaTeIbHO, Kayk/Aas BepIIMHA TPSIMO-
YTOJIbHUKA TIEPEXOJNT B cocenion (110 4acoBoii crpelke),
snaunt, ABCD — kBajapart.

OtMeTnM /ABa OYEBUIHDBIX CJICICTBHUS, KOTOPBIE MOMOTYT
TIPU PEIIeHUN 3a7a4:

1) touka O — o6uiuii UEHTP ABYX KBAIPATOB;

2) orpeskn KM u LN, nepecekasich, aeasat kpaapar ABCD
Ha YeTbIpe paBHbIE (DUTYPHI.

Yupaxuenne 2. Ha croponax AB, BC, CD u DA kBajapata
ABCD ormeuenbl Toukn K, L, M u N COOTBETCTBEHHO TaK, 4TO
AK = BL = CM = DN. Jlokaxure, uto KLMN — kBajpar.

PaséepeM HECKOJIbKO 3a/iayd.

3amaua 1 (B.IIpousso/os, kHura «3ajauu Ha BBIPOCT» ).
B uemwvipexyzonrvnuke ABCD: AB=BC, OABC=0 ADE
= 90°. Haiidume ez0 n1owadv, ecau paccmosimue om eepuiil-
not B 0o npamoit AD pasmo 1.

Pemenue. [Toctponm tourn A" n C', cummerpuanbie A n
C ornocurenvio toukn B (puc.2,a). Torma ACA'C' —
kBajipar. OrnuieM BOKPYT HEro IMpsIMOYTOJIbHUK, HadyaB C

a) A’ 6) B Q
CI
»; C
C
)
A D A P D
Puc. 2

BepmuHbl D. Ilo seMMe 2 3TOT NPSAMOYTOTBHUK SABJISACTCSA
kBasipatoM. Torna maomaab ABCD paBHa 4eTBEPTH TLJIOIIA-
[ KBaJpaTa co cTopoHoit 2 (cM. caecTBue 2 eMMbl 2), T.e.
paBHa 1.

Yupaxxnenus

3. Ilo pucyHKy 2,6 BOCCTAaHOBHTE JPYyTOil CIOCO6 peleHns
3ajgaun 1.

4 (M.Bosukeuu). B ksagpare ABCD na cropone CD u Ha
IIPOIOJKEHNN CTOPOoHbI DA 3a Touky A oTmedenor Touku M n K
coorBercTBenHO. [lokaxure, uro AK = CM Torja m TOJbKO TOT/A,
Korja ZBKM = 45°.

3anaua 2. Ha zunomenyse AB npsamoyzonvnoz0 mpeyzono-
nuxka ABC 60 enewnioln cmopony nocmpoen xeaopam c
yenmpom ¢ mouxe O. Joxaxume, umo CO — Guccekmpuca
npamozo yed.

Pemenune. IloctpouM BerioMoraTe/IbHblil KBaJpaT ¢ BepIIn-
Hoit C, onmcannbiii okono gannoro (puc.3,a). Torma CO
COZIEDKUT JIMaroHa/ib IOCTPOEHHOIO KBaJpara, KOTopas Jie-
st yroa C HoIoJaM.

a) 6) Cn
AII B"

0 c
A A B’

by _La

¥
C B A ¢ B
Puc. 3

Komeuno, sra 3azada (kak n MHOTHE MOC/IEYIONIAE) NMEET
U JIpyTHe CcrmocoGbl Pelenusi, HO MBI COCPENOTOYMMCS Ha
HOCTPOCHUHN BCIIOMOTATEILHOTO KBaJpara.

OTMeTHM, YTO YepTeK KBaJpara, OHUCAHHOTO OKOJIO KBaJ-
paTa, KOTOPBIII BCTPETHJICSA yKe HECKOJNBKO Pas, MOKET
CJLY>KMTb MJLIIOCTPaIneii 0JIHOTO U3 MHOTOYMC/IEHHBIX JI0Ka-
3aTeJbcTB TeopeMbl ITudaropa, MCIOJb3YIOUNX TLIOIIA/Lb.
JleiictBurensno, ecmu BC=a, AC=b, AB = ¢ (cm. puc. 3,a),
10 (a + b)2 =¢? +2ab , otkyna ¢® =a® +b°.
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bBonee caoxnas KOHCTPpYKIIUA, HNCIIOJIb3ylollasd BCIIOMOra-
TEJbHDbIE KBa/[PpAaTbl, ITO3BOJIAECT CAE/IaTb 0606H.ICHI/IG.

Vupaxnenne 5 (I.Ilappirun, «Jlekuum mo sjaeMeHTapHOIT reo-

Metpun» ). Vcnobays pucyHok 3,6, BOCCTAaHOBUTE JIOKA3aTEIbCTBO
2

TeopeMbl KOCHHYCOB: ¢* = a” +b? — 2abcosy .
3agava 3. Ha cmoponax npamoyzoiniozo mpeyzoivHuKd
¢ Kamemamu a u b nocmpoenvl Keadpamol, Jiexaujue eHe
mpeyeonvnuxa. Hatioume niow,ado mpeyzoivnuxa ¢ epuiii-
HAMU 6 UEeHMPAX Keaopa-

moe.

Pemenne. Ilycto C —
BepIINHA TIPSMOTO yTJa
C JTAHHOTO TPEeyTOJbHUKA
PCQ, A, Bu O — 1lenTpol
KBa/J[PaToOB, IOCTPOEHHBIX
P Ha ero Karerax u TUTIOTeHy-
/ 3¢ cootBercTBeHHo (puc.4).
N \ Tak kax CA u CB — 6uc-
CEKTPHUCHI YTJOB KBaJpa-
TOB, TO Touka C JISKUT HA
orpeske AB. OnuiieM BeIio-
MOrartesbHbII KBa/[paT BOK-
pyr KBajpaTa, MOCTPOEH-
HOTO Ha TUTIOTEHYy3e, Mpo-
JUTHB  KATeThl HMCXOHOTO
TpeyrombarKka. Torma Touka O sABJISETCS IEHTPOM 3TOTO
KBajipaTa, nosromy CO — OGuCCEKTpHCA €ro TPSIMOro yria.
Cuaenosarenpno, OC O AB. Tax xak PAUOAB, T10
PA || OC, 3nauut, maomajab TpeyrojibHuka ACO paBHa
romau TpeyrosibHuka PCO. AHaJOTMYHO, PaBHBI IJIOIIA-
nu tpeyrosbHukoB BCO n QCO. CuenoBatesibHO, IO
tpeyrombanka AOB paBHa TJIONAAN YETBIPEXYTOJbHUKA
PCQO, KoTOpblil COCTAaBJSET YETBEPTb OT IOCTPOEHHOTO
KBajpata co crtopoHoit a + b. Takum o6pasom,

(a+b)

Sp0B = n .

A -
Puc. 4 e

3apava 4 (B.IIpoussosios, «3amaum Ha BoIpocT» ). Keao-
pamot ABCD u AKLM pacnono:xenvl max, Kax nokasamo na
pucynxe 5,a. Joxaxume, umo: a) CL| BD ; 6) mouxa M
aexum uHa npamoi CD.

K C
) B—X C B -
]
I
L :L
|
[}
}
|
|
! ¥ 4 DR
| | AN
N bommmom oo N
Puc. 5 p M

Pemenune. IloctponM BecromoraTesbnblit kBajgpar BONP
(puc.5,6). Torma CQ u AP paBHbI KaK Pa3HOCTH CTOPOH JIBYX
kBazpaToB. Takxke AP = BK = QL = MN 1o semme 2. U3
paserctBa CQ = QL cieayer yTBep:K/AeHUe NyHKTa a), a U3
paserctea CQ = MN — yTBepsK/aeHue IyHKTa 6).

3azaua 5 (B.Pacropryes, Konkypc umenu A.I1.CaBuna,
«KBauT» Ne5—6 3a 2015 r.). [Jan xeadpam ABCD. Yepes

2016/ Ne4

sepwuny C nposedena npamas m, ne umeiouds ¢ Keaopa-
mom Opyeux obuwux mouex (puc.6,a). Touxu E u F —
npoexyuu eepuun B u D na npamnyio m. Ompesku BF u DE
nepecexaiomcs 6 mouxe K. Joxaxume, umo npsamas AK
nepnenHouKyaIpHa nPSMol m.

Pemenue. Iloctponm Bcomorartesnbnnlii kBagapatr EFGH
(puc.6,6). 13 toukun A omyctum nepnenaukyasp AN Ha

({) E 5) E "
N
Aé . - m C
B i N ' F
!‘ J’lr K
H
:l ~_ . K D
A D
G
Puc. 6

npsamyio m. Torga EN = HA = BE u FD = GA (cBoiictBa
KBa/IpaTa, OIMCAHHOIO OKOJIO KBajpaTta).
N3 nogo6us tpeyronpuukos BEK u FDK caenyer, 4To

CaenoBarenpbHo, mpsiMas AN, mapaJ-

gerpHast HE, npoxogut depe3 Touky K, t.e. AK Om .

PaccmoTpuM Tenepb pyroe B3auMHOE PACIOJIOKeHHe IBYX
KBaJIpaTOB, a WMEHHO, KOT/A /[Ba KBaJpaTa B MepecedeHnn
006pPas3yIoT BOCBbMUYTOIbHUK. TaKkast KOHCTPYKIHS TakxKe 06-
JIaJIaeT MHTEPECHBIMU CBOMCTBAMMU

Jemma 3. Keadpamvr ABCD u KLMN pacnonoxenot
maxk, wmo 6 nepeceueHu 00PA3YEMCS BOCLMUYZOTOHUK
(puc. 7,a). Tozoa ouazonamu PQ u RT amozo 80COMUYZ0]L-
HUKA PAsHbL U NEPREHOUKYIIDHDL.

a) C 6)
L —\_ u
B Q
B B
XD
K PA\/ N
R
8) B
p \ Lp
1
A
Puc. 7 E T D

[okazareabctBo. Uepes Bepimnbl kBajipara ABCD nipo-
BeJIeM TPsIMbIe, COOTBETCTBEHHO IapaJsjie/ibHbIe CTOPOHAM
kBagpara KLMN (puc.7,6). Tlo gqokasanHoMy Bbile, o0pa-
30BaBIIHIIICS TTPIMOYTOJIBHIK SBJSETCS KBaJpaTtoM. BBemem
o6osHauenusi: AP =t, BR=x, CO=yu DT = z. I3 Bepuiuu



kBagpara ABCD 1npoBejeM IepHeHIUKYIAPLL /y, hy, hy 1
hy x OGawxaiimm croponam kBajpata KLMN. Torpa
Iy +hy =hy, +h, (Kaxagas cymMMa paBHA PasHOCTH CTOPOH
JIBYX KBaJpaToB: BcroMmorareabHoro u KLMN ).

3aMeTHM, UYTO YTJbl B 3€JECHBIX TPEYTOJbHUKAX PABHbI
MeKy coOOl, TaK KaK X COOTBETCTBYIOINIME CTOPOHbBI II0-
MapHO TapaJiieTlbHbl WM TepreHnKyagpHubl. Torpa, pas-
JIeJTUB TIOYJIEHHO BCE cJlaraeMble TOJTYYeHHOTO PABEHCTBA HA
KOCHHYC 3TOTO yrJia, mojayunm x + z = y + t. CienoBaresib-
HO, paBubl npoekiun FQ u ET orpeskoB PQ u RT na
cocennune croponbl kBajgpara ABCD (puc.7,6). 3nauwr,
paBHbl 1pAMoyroJbHble Tpeyroibiukn QPF u TRE (1o
JBYM KaTeTaM). V13 paBeHCTBA 9TUX TPEYTOJbHUKOB CJIeLyeT
KaK PaBEHCTBO MX TUTIOTEHY3, TaK U PABEHCTBO COOTBETCTBY-
IOIUX OCTPBIX YIJIOB, YTO OOECTIEUUBAET IEPIEH/IKYISIp-
voctb PQ u RT.

Yupaknenus

6. Haiiziure 1pyroii crocob 10Ka3atesbCTBa JeMMbI 3, UCIOJIb3Y-
IOIINIA TTOBOPOT.

7. a) Jlokaxkure, 4TO €CJIM Ba OTPE3Ka, COSAUHSIONINE TOUKN Ha
MIPOTHBOJIEIKAIINX CTOPOHAX KBAJpaTa MepIeH/ Ky ISIPHBI, TO OHI
pasubl. 6) BepHo s o6patHoe yTBepKAeHUE?

3amaua 6 (E.Bakaes, LXXVII MockoBckas MaTeMaTu-
veckas oJumiuaa). Ha xeadpamuom cmone nexum xeao-
pammnas cxamepmv max, 4mo Hiu 00UM Ye0J CMOLA He
3aKpvim, HO ¢ KaKO0U CIOPOHBL CTNOIA C8UCAem MPey2ob-
Holll Kycox cxamepmu. Hseecmuo, umo xaxue-mo dea
coceonux Kycka paeuvl. [oxaxume, umo u dea Opyzux
KYcKa mose pasmol.
Pemenune. Ilycts xBagpar ABCD — 310 cKarepTb, a
3aKpAalleHHbIC TPEYTOJbHUKU — €€ KYCKU, «CBHUCAIONHE» CO
croma (puc.8). B atux Tpey-
L B M ronpHmKax paBHBI COOTBET-
crBylomue ocrpbie yrabl (y
HUX CTOPOHbBI JHOO COOTBET-
¢ CTBEHHO HapaJule/JbHbI, JH60
COOTBETCTBEHHO TIEPIIEH/IUKY-
JISIPHBI), 3HAYUT, 5TH YETHIPE

A TPEYTOJbHUKA TI0/I0OHBI.
[TpoBesieM yepes BepITUHbI
kBazipata ABCD mipsimbie, co-
K D N orBercrBenno napaJiiesibHbie
Puc 8 CTOPOHAM KBajpaTa-cToJia.

IHomyunm xBagpar KLMN.

W3 Bepumn xBagpata ABCD 1poBesieM BBICOTBHI B 3aKpa-
HIEHHBIX TPeyroJbHnKax. Kak ObLI0 OKa3aHo BbIlle, CyMMa
BBICOT, TpoBeieHHbIX u3 A u C, paBHA CyMMe BBICOT,
npose/ieHubIX 13 B u D. IlycTb u3BecTHO, UTO PaBHBI 3€/I€HbIE
TPeyToJIbHUKH, TOrJa paBHbl UX BbICOTHI. CJeqoBaTesbHoO,
PaBHBI M BBICOTHI CEPBIX TPEYTOJbHUKOB, a TaK KaK 3TH
TPEYTOJbHUKN 1TOJIOGHDI, TO PABHbBI M CAMU CEPbIE TPEYTOJIb-
HUKHU.

Yupaxxnenne 8. Haiimure apyroii cnoco6 pemenns sagayn 6,
HCTIOIb3YIONHI TTOBOPOT.

Ecmm cJIeayrmum IByM 3a/lad4aM IoAXO0AUTb (bOpMaJIbHO,
TO KBaJI[paTbl TaM BBICTYIIAlOT HE B POJIM BCIIOMOraT€JIbHbIX,
HO UX penieHnsdg OCHOBaHbl Ha NMPUMEHEHUN JIEMMbI 3, npun
JI0Ka3aTeJIbCTBE KOTOpOfI yoKe HMCHOJb30BAJIMCh BCIIOMOTA-
Te€JIbHbIE KBa/[paThbI.

3amava 7 (JI.IMreiinrapn, XIV VYcerHasg osmMnmaza mo
reomeTpuin). /J6a xeadpama pacnonioxenvt max, Kax noxd-
3ano Ha pucyuke 9,a. Jlokaxxume, wmo niowaou 3aKpamen-
HOLY UETNBIPEXY20JbHUKOE PAGHDL.

*>—

a) /\ 6) _a B/\R a,

i

V‘
b
SoV0

N N

Puc. 9

Pemenue. Bsenem o6o3HavyeHus: Tak, Kak ITOKA3aHO Ha
pucynke 9,6. [lajiee MOKHO PacCy’K/IaTh M0-Pa3HOMY .

Hepswiii cnoco6. Tlo semme 3 noayunm, uto AC = PQ u
AC 0O PQ . Anasnornuto, BD = RT w BD U RT . Takum
o6pasoM, B yerbipexyroybiukax ABCD u PRQT coorser-
CTBEHHO PaBHbI ANATOHAJIN 1 PABHBI YTJIbI MEXK/LY AUArOHAJIA-
M (OCTpbIE YIJIBI ¢ COOTBETCTBEHHO MEPIEH/NKYISIPHBIMU
croporami). Tak Kak TIONIA/b YETHIPEXYTOJbHIKA PaBHA
TIOJIOBUHE TIPOU3BEICHUS AUarOHaIell Ha CHHYC YTIa MeX/Iy
M, T0 Sapcp = Spror -

Bmopoii cnoco6. Bocniosssyemcsi tem, uto ABCD uw PRQT
— Tpamenuu ¢ pPaBHBIME BbicOTaMu (CTOPOHBI KBajpaTa).
Torpa tpebyemoe yTBepsk/ieHe OyJIeT BbITOJHATHCS, €CJIH
6yaer BepHbIM paBeHcTBO: AB + CD = PR + QT.

B cripaBe/I/TMBOCTH ATOTO PABEHCTBA HECJIOKHO YOEUTHCS,
€CJIN WCIHOJIb30BATh TIPOMEKYTOUYHBII pe3yJsbTaT, MOJydYeH-
HBII TIpM [JI0Ka3aTeJbCTBE JIeMMbl 3: ¢y +ds =b +b; u
a,ta; =b, +b, .

3azaua 8 (/[. Tepemmn, [ OnmMImasa mo reoMeTpun KMEHI
.. 1MapbiruHa, 3a04HbIH TYDP). BOkpyz 6binyKi020 wemoi-
pexyzonrvrnuxa PRQT onucanvt mpu npamoyzosvnuxa. HM3-
6€CMHO, MO 08d U3 IMUX NPAMOY2ZOILHUKOE SEAAIOMCS
xeadpamamu. Bepno au, uwmo u mpemuii 06s3amenvio
A651eMCst K8AOPAMOM?

Pemenne. Ilyctp xBagpatst ABCD n KLMN omnmncanbl
OKOJIO JJAHHOTO YeTbIPEXyTOJIbHUKA, TOTa 06pasyeTcs: KOH-
CTPYKIINA, TIOKa3aHHas Ha pucyHke 7,a. Ilo nemme 3, PQ =
=RT un PQ UORT, r.e. iuaroHa N JaHHOTO YeTBIPEXYTOJIb-
HUKA PaBHBI U MEPIEHINKYISPHDL.

JlokaskeMm, 4TO JIIOGOI TIPSIMOYTOJIBHUK, OIMCAHHDII OKOJIO
TAKOTO YeTbIPEXYTOAbHUKA, ABJsAeTCs KBajaparoM. [leiicTBu-
TeJbHO, 1ycTb BOKpyr PROT
onucas npssMmoyroybHuk EFGH
(puc.10). UYepes 1ueHrp cum-
Merpun O 3TOTO TIPSIMOYTOJIb-
HUKa 1poseieM orpe3ku P'Q'
n R'T , coorBercTBeHHO TIa-
pamneapibie PQ u RT. Tlondar-
Ho, uro P'Q'=PQ, RT =
= RT, O — cepeanHa OTPEe3KOB
P'Q u RT . Torma napasie-
gorpaMm P'RQ T, B KOTOpOM

F R R G




28 KBAHT

JINaroOHaIN PaBHBI U TEPIEH/NKYJ/ISIPHDI, SIBJISETCS KBaJpa-
TOM, TIO3TOMY JIOKa3bIBaeMOe yTBepP K/EeHHUe CJIe/[yeT 13 JieM-
MBI 2.

Tenepb paccCMOTPUM HECKOJIBKO 33/1a4, B KOTOPBIX MOCTPO-
eH1e BCIIOMOTATeIbHOTO KBaIpaTa Jaleko He oueBuiHo. [Ipu
PeLICHNY 3THX 3a/4a4 CYIeCTBEHHBIM 06Pa30M UCIIOJIb3YIOTCS
JIBUYKEHUS.

3agava 9. Ha cmoponax AB u AC mpeyzorvnurxa ABC 60
8HEWHI0 cmopory nocmpoenvl keaopamvl ABDE u ACFG.
Hoxaxume, umo npamvie BF u CD nepecexawomcs na
svicome mpeyzonvruuka ABC.

Pemenue. [loctpoum BcriomorartesbHbIN KBaJpaTr HA Tpe-
Theii cropone ganHoro tpeyrosbiuka — BCKL (puc.11). U3

E

Puc. 11

BepmnH K u L tpeyrombuuka AKL 1TpoBe/ieM ero BBbICOTHI,
KxoTtopble nepecekytcs B Touke H. Torma AH O KL .

Tak xak BC = BL, BD = BAw ODBC= 90+ 0 ABE
= OABL , to npu noBopore Ha 90° mpOTHB 4acoBOii CTPeJKU
TpeyrosbHuK ABL nepeiizier B TpeyrosibHuk DBC. CaenoBa-
tenbHo, DC O AL. AHaJOTUYHO /JOKa3bIBA€TCs, YTO
FB O AK .

Taknum o6paszoMm, CD||KH u BF | LH, nostoMmy 1pu
napaJsiieIbHOM TepeHoce «BBEpPX» Ha PACCTOSHUE, PaBHOE
cropoHe kBajspara BCKL, rtouka H nepeiiner B Touky M
nepecedenusd npamoix BF u CD. llpu atom M nexur Ha
npamoit AH, kotopast coiepKUT BbIcOTy TpeyrosbHuka ABC,
OTKy/la M CJIe[yeT YTBep:KAeHNe 3aau.

3amaua 10 (E.Bakaes, XXII TypHup MareMaTHYECKHX
6o0es nmern A.I1.Casuna). B ocmpoyzoiviom mpeyzonvruke
ABC: H — opmouenmp. Ha cmoponax AC u BC ommeuenwt
mouku K u L coomeemcmeen-
no max, umo AK = BH u
& BL = AH, M — cepeduna
ompesxa KL. Joxaxume,
umo yeon AMB — npamoil.

1 /M Pemenue. Ha cropone AB
/ JIAHHOTO TPEYTOJbHUKA TIOCT-
poum kBajpar (puc.12). Pac-
H CMOTPYIM TIOBOPOT BOKPYT IICH-
Tpa 3TOTO KBaJpara Ha YTroJ
90°, mampuMep, IPOTHUB Ya-
coBoii crpesiku. O6pa3om Bep-

A B
Puc 12

2016/Ne4

HIMHBI A TIPH TAKOM TIOBOPOTE SIBJIsIETCS BepIHa B, 06pasoM
ayua AK — nya BH (B cuity X IepIeH MKy ISPHOCTH) , TOT/a
o6pazom Touku K Gymer Touka H, tak kak AK = BH.
AHaJIoTnYHO, 06pa3oM TOUKN H IIPpK 3TOM ITOBOPOTE SIBJISIETCS
touka L. Torja ieHTp moBopoTa SBJISIETCS CePeANHON 0Tpes-
ka KL, T.e. on coBmamaer ¢ toukoir M. Tak kak cropona
KBa/lpaTa BUJIHA U3 €T0 IIEHTPa IO/ MPSIMBIM YTJIOM, TO YTOJ
AMB — npsiMoii.

OrmertuM, yto Tpeyroiabunk KHIL — paBHOGe[peHHbINl 1
MPSIMOYTOJILHDBIN, TIO9TOMY SIBJISIETCST «<IIOJIOBUHOI» KBapaTa
¢ TeM ke LleHTpoM M.

B sakmiouenue JoKaxkeM Tak HasbIBaeMylo <«TeOpeMy O
HHUIILe» .

Teopema. 13 mouxu, nexawei snympu kpyea, nposeau 8
Ayuetl max, wmo yeavl MeK0Y cOCCOHUMU AYUaAMU PAGHbL 45
epadycam. Yacmu, na xomopvie Kpyez OKA3aICs pazoeen,
packpacuau, uepedys dea usema. Tozda niowadv, 3axpa-
wenHas 00HUM UBEMOM, PAsHd NAOWA0U, 3AKPAUWEHHOT
opyeum ysemom (puc.13,a).

Taknm o6pasom, JBoe JIIO/IEell MOTYT IOJEJUTb KPYTJIYIO
MUy TOPOBHY, Pa3pe3aB ee Ha 8 YacTell KJIaCCHYECKUM
CII0co60M, TIPUYEM JIJIS 3TOTO He 00sI3aTeIbHO HAXOAUTD ee
nentp. OTcioza TeopeMa 1 HOJIydn/a CBOe Ha3BaHMUE.

[Hoxka3zateabcrBo. CHauanma copMyInpyeM M JOKaKeM
QHAJIOT 3TOH TeopeMbl /I KBajpaTa:

Yepes npoussonvhyo mouxy enympu Keaopama nposede-
HbL NPSAMbLE, NAPAIICTLHBIE €20 CIOPOHAM U OUAZOHAASM,
Komopowle pasbuiu Keaopam na vyacmu. Imu uacmu 3axpa-
cuu uepes 00y (puc.13,6). Tozda saxpawennas niowady
pasma nosogure naOWAU Keaopamd.

a) 6)




[leficTBUTEIbHO, TIPOHYMEPYEM TIOTyYeHHBIE YacTH KBaJl-
pata udpamu ot 1 10 8. «CaBuHEM» €To TakK, Kak MOKa3aHo
Ha pucynke 13,8, coxpanmB uWacTu 7 u 8 W MEPEJOKUB
oCTaJIbHbIE YACTH TaK, YTOObI BCE 3aKpallleHHbIe YaCTH OKa3a-
JIUCD T10/] /INArOHAJIbIO HOBOTO KBa/[paTa, a He 3aKpalleHHble
— Ha/l IMaroHaJIbIo.

IepeiineM k 10Ka3aTEIbCTBY CaMOl TeopeMbl. PaccMoTpumM
KBa/lpaT, ONMCAHHBIN OKOJIO JIAHHOTO KPyTa, CO CTOPOHOI,
rapaJiiesibHON OIHON 13 JIMHUN pa3pe3a. Tak Kak paBeHCTBO
/101 1ell PAa3HOIIBETHBIX YacTell KBa/[parta ysKe JI0Ka3aHo, TO
JIOCTATOYHO JIOKA3aTh PAaBEHCTBO TAKUX ILJIOMael B purype,
roJryyaeMoil n3 KBajipara BbIpe3aHneM u3 Hero kpyra. Cje-
JIaTb 3TO MOXKHO, OIISATb-TAKM, UCIIOJIb3YS TIEPErPYNINPOBKY
yacreii. PaccMOTpUM IPOTHBOIIOJIOKHBIE YACTH 3TOH (DUTyPbI
(cM. mpumep ma puc.13,2). HeTpyano 3aMeTWTh, 9TO HX
KYCOYKH MOXKHO TIEPEJIOKUTD TaK, UTO MOIYUNTCS YeTBEPTD
TaKOW (PUTYpDI.

Vupaxkuenue 9. IIpoBepbre 9TO I JOBeJuUTe 1O KOHI@A OKA3a-
TEJBCTBO TEOPEMBI.

[TpuBenenHOe BbIIE J[0KA3aTENIbCTBO U3JI0KEHO B yKe
ynomanyroit kuure B.B.IIpousBosnoBa «3aaun Ha BbIpoCT»,
HO B Heil aBTOp JOKasblBaeT 0ojiee CUJIbHOE YTBEpIK/eHue:
Bomyxaan gueypa umeem wemope ocu cummempuu (yeiol
MmekOY cocednumu ocamu cocmasasiom 45 padycos). Uepes
BHYMPenNI00 MmouKy Gueypv. nposedervl NApaLiIesbHbLe
IMUM 0CAM uemvipe npsaMmvie, Komopvie deasm ueypy na
socemy uacmeil, 3axkpawennvix uepes oony (puc.13,0).
Toz0a cymma naowadeii 3axpaulennvlx wacme pasua cymme
naowadeti beavlx uacmeil.

Yupaxnenue 10. YOeautech B TOM, 9YTO HAMEYEHHOE BBIIIE
JIOKa3aTeJIbCTBO «TeOpeMbl O Tiiiiie» paboTaeT U B 9TOM CJydae.

3aBepiasi pasroBop, OTMETHM, YTO <«TeopeMa O IIHIIIE>
BepHA Jla’Ke B TeX CJydasx, KOTJa MHUIA PesKeTcs: He Ha 8
yacrel, a Ha Jiio6oe 6OJIbIllee KOJNIECTBO, KPATHOE YETHIPEM
(ecm yToiBI MEXKY COCEHUME pPa3pe3aMiu MO-TPEKHEMY
PaBHBI MKy COOOH; cM., HarmpuMep, puc.13,e).

Ho moKa3aTebCcTBO 3TOTO YTBEPIKIEHUS YiKe BBIXOIUT 32
paMKu HaIel CTaTby.

B crepyionmx 3aauax 4UTATEJSAM TIPEJIATACTCS CAMUM
MOUCKATh BCIOMOTATEJbHbBIE KBAJIPATHI.

3a11a'm AJIsI CAaMOCTOATEJIbHOI'O pELICHU

1 (E.Bakaes, XXXVII Typuup umenn M.B.Jlomonocosa). Ha
croponax AB, BC, CD n DA kBaapara ABCD ormeuenbl Touku K,
L, M u N coorBercTBeHHO Tak, YT0 AK = BL = CM = AN . Jlokaxnure
pasenctBo yriaos LMC u MKN.

2 (H.Crpenkosa, XIV ¥YcrTHag ofuMmmaza Mo TIeOMETPHI).
BuyTpu mpsMoyrogpHNKAa TpOBeAEHA JOMaHasl, 3BEHbS KOTOPOH
paBHBl MEHbIIEIl CTOPOHE IIPAMOYTOJIbHUKA, a COCEJHHE 3BEHbS

Puc. 14

nepnennkyaapubl (puc.14).  D=< C
Haiisure orHomenune cTopoH -
MIPSIMOYTOJIbHUKA. “~_ F

3 (E.Bakaes, XIV Mockos- o
CKasg yCTHasl OJMMINaja [ E
6—7 KJaccoB). Ksaaparnt o
ABCD w BEFG pacnoJoxe- e
HBI TaK, KaK ITOKa3aHO Ha PH- Gl
cynke 15. Okasanocp, 4To TOY- e
kn A, G u E nexar Ha OJHON P
npamoit. [/lokakute, 4TO TOT- A B
na touku D, F u E takke Puc 15
JIexkaT Ha OJ{HOW TIPSIMOIA.

4 (B.IIpousBosioB, «3amaun Ha BBIpoCcT»). KBagparet ABCD n
A’B’C’D’ pactosioskenbl Tak, uTo Bepumunbl A u D 1nepBoro
KBaj[para JiexxaT Ha cTopoHax A’B” m A’D’ BTOporo, a BeplIMHA
C’ Broporo — na croporne BC nepsoro (puc.16). /lokaxute, 410
orpe3ok MN, coeUHSIIONINIT Be OOIIIe TOYKU TPAHUI] KBAJPATOB,
npoxoauT yepe3 1entp O kBajpata ABCD.

B
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Puc. 16 Puc. 17

3. Keagparst ABCD n DEFG pacmioJioKeHbl TaK, KakK MOKa3aHo
Ha pucynke 17. Ilpsample AC u GE mepecekaiotcst B Touke P, a
npsimpie AE n CG — B Touke Q. lokaskure, uro touku B, P, Q u
F ne)xat Ha OJTHON TIPSIMOIL.

6 (E.Bakaes, XXXIX Typuup nmenn M.B.Jlomonocosa). [lse
[IPOTUBOJIEKAIIIIE CTOPOHBI YETHIPEXYTOJIbHIKA PABHDI U TI€PIIEH/IU-
KyJIAPHBI, a B¢ ApyTue umetot amuunt @ n b (@ > b). Haiiaure ero
TLJIOMIA/Ib.

7. [lan paBHOGeAPEHHbIIT TIPSIMOYTOJIbHBIN Tpeyroabauk ABC. Ha
nposo/KeHngx xkaretoB AB u AC oT0KeHbl paBHble oTpe3kn BK
n CL. 13 Touek A n B ipoBe/ieHbI TTeprieHANKYIIpbl K K C, KOTOpbIe
nepeceksin KL B Toukax F u E coorBerctBenno. [lokaxkure, 4Tto
EF =FL.

8 (10.Bmnkos, X YcTHas omuMnuaa mo reometpun). B Bbimyxk-
nom ngruyronbinke ABCDE: ZA = ZC =90°, AB = AE, BC =
=CD, AC = 1. Haiiaure mjaomaab MATHYTOJTbHUKA.

9 (E. Epmakosa, XII TBopueckuii KOHKypC ydnreJiei 1o Marema-
tike). TlocTupan kBajgpaThbii miatok miomagn 1m> . Jlist mpo-
CYIIKM €r0 BEIIAIOT HA BEPEBKY TaK, YTOOBI IEHTP TIaTKa ObLT Ha
BepeBKe. 3a 4ac yCIeBalOT BBICOXHYTb TOJBKO Te YaCcTH ILJIATKa,
KOTOpPbIE He TIePEeKPbIBAIOT APYT Apyra. KakoBa nanGospinas cyMm-
MapHas IJIOMAAb 3THX JacTeii?

10 (M.1Haperun, LVI MockoBckas MaTteMaTHUecKasl OJTMMITHA-
na). Ha cropone AB tpeyrosbhuka ABC BO BHENIHIOIO CTOPOHY
rocTpoeH kBazapat ¢ renTpoM O. Toukn M 1 N — cepeJiHbI CTOPOH
AC n BC cOOTBETCTBEHHO, a JIINHBI 3THX CTOPOH PaBHbBI COOTBET-
crBeHHo b u a. Haiiiute nanGouibiiiee 3uavenue cymmpl OM + ON,
ecian yron ACB sBiigercst nepeMeHHO BeJIMYrHOI.

11 (U.Yena6os, xypunan «Martematnka B mKoae» Ne3 3a
2014 r.). Paspexbre HPSIMOYTOJIbHBIA TPEYTOJIbHUK C TUIIOTEHY30(t
JUIMHBI ¢ HA TPH YaCTH, M3 KOTOPBIX MOXKHO CJIOKHUTH MPSIMOYTOJIb-
HUK, Pa3HOCTD [IJIMH CTOPOH KOTOPOTO PaBHA C.
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C.BAPJIAMOB

Lnika orckoqmia
[Tpamo muiuke 8 106!
Muika paccepaniics...

A ®OTOIPA®UU, IIPMBEJIEHHO HA PUCYHKE 1,
U300paskeH yYacToK moBepxHOCTH Tosctoro (10 mm)
smcra panepbl pazMepoM rpuMepHo 15 %15 MM. B cepepnne
CHMMKA BUJIHA SIMKA — CJIeJl OT y/lapa CBUHIIOBOH ITyJIbKH

i
A

s
gyt
‘ _-‘J_" —
e el i |
—

= -

1

e ——
——

i — .
p——

e

p— -

——— o
—— >

LT

———

—

——

—

Puc. 1

maccoit 0,68 r kanm6pa 4,5 MM, BbITYIEHHON U3 THEBMATH-
YeCcKoro nuctosera. /luaMerp ssMKU TpUOJIU3UTENbHO 3 MM,
9TO MeHblIlle Kajnbpa myJin, T.e. MyJis He 3acTpsiyia B (panepe.
Boictpen 6bL1 mpousBeseH ¢ HEOOJBIIOTO PACCTOSTHUS —
okoso 2 M. Ilyma ympyro orpasmiach oT Jmucta (anepnl
rorasia cTpesiky mpsimo B j106. [umika na 16y He MOsIBUJIACD,
TaK KaK [PH y1ape U OTCKOKE Iy JIs TOTePsiyia GOJIBIIYTO YaCTb
CBOEIl KMHETUYECKON sHEepriui.

[TepBbIii BBIBO/L M3 CJIYYMBIIETOCS: TPOBOUTDH TAKOTO PO
9KCIIEPUMEHTDI HY3KHO, cO0JIO/Iast MpaBuja TeXHUKH 06e30-
macHocT. CTpesaTh MOXHO, HAXOASICh 3a TPO3PAYHOI,
HaIpUMep CTEKJISTHHOM, cTenKoil (Iipospaunoii — uTo6bI Bee-
TaKd 4YTO-TO BUJAETH). MOMKHO TakKe B HECKOJNBKO pas
YBEJIMYNTD PACCTOSIHUE OT CTPEJIKA /IO MUIIEHH.

A Teniepb — KOJIMUECTBEHHDIE OIIEHKH MOJYYEHHbBIX B 9KCIIe-
pUMEHTE Pe3yJIbTaToB.

Msmepennast (MeTOA0M GALIMCTHYECKOTO MASTHUKA) CKO-
POCTD MyJIEK TOCJIe BblJIeTa 13 CTBOJIA TIHCTOJIETA COCTABJISIET
okosio 100 M/c, 4TO COOTBETCTBYET KUHETUYECKOIN IHEPrHH
nopsiaka 3,4 [Lx. Kak TpatnTcs HavambHas KUHETHYECKas
sneprus mysnn? Ha dororpacdun BugnHa sMka — 310 HEYNpy-
ras gedopmanus (aHepsl, T.e. paspylleHne MaTepuaia, Ha
KoTOpoe Tpebyercst sHEprusi. A BOT ¢haHepa BOKPYT SIMKH
6bL1a iepopMUpPOBaHA YIPYTO M BOCCTAHOBHJA CBOIO (hop-
My, TIPH 3TOM 2HEPTHUsS YIPYToil edopMaIiiii IpeBpaTuIach
B DHEPTHIO 3BYKOBBIX BOJIH M 4acTUYHO Oblia BO3BpAlleHa
ysie. CKOpOCTb pactipocTpaHeHus: 3ByKOBBIX BOJIH B (paHe-
pe (B mepese) ropasao GoJblie, 4eM HadaslbHas CKOPOCTb
IIyJIM, TI0ATOMY pa3Mepbl 06JsacTu (paHepbl, BOBJIEUYEHHOI B
yaap, ObLIM BO MHOTO Pa3 GoJibllle pa3MepoB myJin. Bpems
yZlapa MOXKHO OIIEHUTb TaK: rIyOGuHA SIMKU COCTaBJISIET TIPHU-
MepHO 1 MM, Ha 3TOM y4yacTKe IIyTH CKOPOCTb ITyJIH YMEHb-
nmaace co 100 m/c go nynas. Ecau, wanpumep, B3ATb
cpeaHee apu@MeTHYecKoe 3THX CKOPOCTEH, TO TOJIy4nTCS
cpeansst ckopocTb 50 M,/¢, a 3TO COOTBETCTBYET BPEMEHH
JIBIDKEHWS My B (parepe oxoso 20 mkc. TommunHa danep-
noro Jmcra 10 mm. IIpu cropocTn monepevHbIX 3BYKOBBIX
BOJIH B CILJIONITHOM JIEPEBE OKOJIO 2 KM/ C PACCTOSTHUE, TIPOii-
JIEHHOEe 3BYKOBBIMU BOJIHAMM 32 TaKOe BpPeMs B HallpaBJe-
HUM BJIOJIb TTIOBEPXHOCTH (DaHEPHOTO JIKCTAa, COCTABUT IPHU-
MepHO 4 cM, 4TO B 4 pasa MPEBBIMIACT TOJIMHY CJIOS
(bareppr. CKOPOCTH TPOAOMBHBIX BOMH (B HAIpaBIeHUN
noJieTa wyJmm) GOJIbIIe CKOPOCTH MOTIEPETHBIX BOJTH TTPUMEp-
HO B /[Ba pasa, I0ITOMY MPOJOJbHbIE BOJHBI YCIEBAIOT
HECKOJIbKO pa3 mpobeskarb paccrosinue 10 MM, U MOXKHO
CUNTATh, YTO B IPOJIOJIBHOM HAINPABJIEHUH MTPOM30IIET «ab-
COJIIOTHO Heymnpyruii yaap». Pasmepnl Jmncra Qanepsl
(20x30 cM), B KOTOpBIH Tomata mynst, ObLIM TOPA3Io
6osbire 4 cm. IloaTomy, Korza 1yss nmepecrasa JIBUTATbCS
OTHOCHUTEJIbHO (paHepbl, BOJIHBI 110 JIUCTY (haHepbl MPOJI0JI-
JKUJIM JIBUJKEHUE, U 4epe3 HEeKOTOpoe BpeMs TO MecTo (paHe-
PbI, Ky/ia TonaJa IyJist, BEPHYJIOCh K TOJI0KEHUIO PAaBHOBE-
cusi. Ilocsie atoro mysist mosietesia B O6GpPaTHYIO CTOPOHY.
[IpruemM ee cKOPOCTb OKa3aIach PaBHON CKOPOCTH IPOXOXK-
JIEHNST TIOJIOKEHUST PABHOBECHS! STHM YYaCTKOM (PaHepbl.

Paso6beM MbICTIeHHO JHCT (paHepbl Ha TaKue YYacTKU:
HepBbII — 9TO NUJIMHAP € pajuycoM R, BTOPOil — KOJIbLO C
BHYTPEHHNM PaJNycoM R 1 BHENTHUM paamycoM 2R, TpeTwii
— KOJIBIO C BHYTPEHHUM PaInycoM 2R ¥ BHENIHUM PaJInyCOM
3R u Tak gajee. Mexxay aTHMI yYaCTKAMH NMeeTCsT MeXaHNu-
4yecKas CBA3b, KOTOPYIO MOXKHO CMOJIEJINPOBATD TPy KIHKA-
MM, paclipe/leJIEHHbIMU TI0 ePUMETPaM BCeX Y4acTKOB. K-
BUBAJIEHTHAsT MeXaHWuyecKas cucreMa, 006Jajialonias CBON-
CTBaMU, TTOXOKUMH Ha CBOHCTBA OOBEKTOB, Y4aCTBOBABIINX
B 9KCIIEPUMEHTE, BBITJISI/IUT TAK, KaK MOKA3aHO HA PUCYHKeE 2.
Macca 11epBoro rpysa, B KOTOPbIil I1yJIs1 yapsieTcst abCoJIoT-
HO Heynpyro, pasHa 1[0V , Macca BTOpPOro rpysa paBHA

M E(22 - 12) =3[M, tperbero rpyza — M E(32 - 22) =
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=50M , werseproro — M [(42 - 32) =7[M wu rak nmasnee
(IocJ1e10BaTeIbHOCTD HEYETHBIX YUCEJ ¢ MHOXKUTEaEM M).
JKecTKOCTH TIPY’KIH, COEIUHSIONNX TPy3bl, MPOIOPIHO-
HAJIbHBI VIMHAM YYaCTKOB KOHTaKTa COOTBETCTBYIOINX TPY-
30B, T.e. IIepBas IPYKUHA HMEET >KECTKOCTb kR ~ 2TIR,
BTOpast — R, ~4TIR, Tpetbst — k; ~ 6TIR, ueTBepras —
k; ~ 8TMR u Tak nanee (1I10CAEI0BATENBHOCTD YETHBIX YHCEI
C OIMHAKOBBIM MHOXKHUTEsNeM TR ).

[l yriporenns aHasmsa JIoCTaTOYHO PACCMOTPETH TOJIBKO
/1Ba 1epBbIX Tpy3a maccamu M u 3M ¢ TPYKUHON Mexy
HuMu. CKOpPOCTb MEPBOTO I'py3a MOCJe TONQJaHus B HETO
nysu (npu aGCOJIOTHO HEYIPYrOM COYAApPCHUM) paBHA
omf(m + M) =om/M , tak KaK Macca IyJim m CyIeCTBEHHO
Menbine Macchl M. Iocse B3anMo/ieiicTBIS CO BTOPBIM TPY-
30M CKOPOCTb MEPBOTO TPy3a OKa3bIBAETCS paBHOH
(om/M)O(M -3M)/(M +3M) = —om/(2M). Bor c s1oii
CKOPOCTDIO M OTCKAKUBAET OT CHCTEMbI GOJIBIINX TPY30B 11y JIst
Maccoit m. TounbIit pacueT gaeT TOMPaBOYHbIH KO3 UIIEHT
HEMHOTO 0O0JIbIIe eIMHUIIbI.

ITockosbKy TIOCJIE OTCKOKA ITyJIsI MMeJa CKOPOCTb OKOJIO
5 M/ ¢ (uTo 6BLTO HAIEHO B OCTEAYIONHUX 1 yKe Ge30mac-
HBIX JUUIA CTPENKa 9KCIEPUMEHTaX), TO OTHOIIEHHe Mace
m:M moxkHo onenutp kak 1:10. Ilpu nuornoctn daneps
0,8 r/ eM®  umamerp Kpyra Ha JmcTe ¢aHepbl, KOTOPBIH
«COCTAaBMJI» TEpPBBINT TI'py3 Maccolt M, paBeH NPUMEPHO
3,3 cm. Imamerp (BHeIHHMIT) KOJIbBLA, <«COCTABJISIONIErO>
BTOpPOil Tpy3, pasBen 6,6 cM. ITo 3HAUYEHHUE MO MOPSAKY
BEJIMYMHBI COOTBETCTBYET ITOJIyYEHHON PaHbllle OIEHKE JIJIsI
pasMepoB 06s1acTH, 3aHATOH BosHaMu: 2[4 cm =8 cm .

Wrak, npu HEYIpyroMm yjape IyJu o JUCT (aHepbl HA
paspyuienne Marepuana (atepbl (Ha 06pasoBaHUe SIMKH)
6b110 TIOTpadeno npumMepro 90% sHepruu, okoso 9% B BujE
KWHETHYECKON SHEPTUH JAoCTaInch anepe n mopsiaka 1% —
mye. [Tocse Toro Kak 3aBepImJICsS KOHTAKT Ty ¢ paHepoii,
y IyJH ocTajach KHHETHYeCKas dHEePTus, COCTaBJIAIONIAs
ToJbKO (,25% OT ee mepBOHAYATBHON BEJUYNHDI.

IKCIIEPUMEHTDI € ITHEBMATHYECKHUM THUCTOJIETOM GBI, ec-
TECTBEHHO, MPOIOJ/LKEHDbI. B 4acTHOCTH, BBIACHANIOCH, CKOJIb-
KO CJIOEB YIIAaKOBOYHOIO KapToHa Ipo6uBaeT Irynsa. Oxasa-
JIOCb, YTO HOBasl myJisi nmpo6uBaer B cpejgHeM 6—7 cJjoes
KapToHa, a IyJs, KOTOPYIO WCIIOJb30BAIM BTOPOH WJIH
tperuii paz (mocje NPOOUBAHUS CTOIKU JIMCTOB KAPTOHA),
mpoxoyinia yepes 12—15 coeB kapToHa. JTO CBSI3aHO C TeM,
YTO BCE HEPOBHOCTH 1 MIEPOXOBATOCTH HA TOBEPXHOCTH ITyJIH,
KOTOpble obecrieynBasn GOJIbIIOE CONPOTHBJECHUE IIPU Iep-
BOM €e HCIT0JIb30BaHNN, TI0CJIe TPOXOSK/IEHNST Yepe3 HeCKOJIb-
KO CJIOEB KapTOHA CTHPAJIICD, CIJIAKUBATINCH U TP TIOBTOP-
HBIX BBICTpeJIax IIyJIs TPATU/Ia MEHbIIe SHEPIUH Ha IPOOUBa-
HHUe OJJHOTO JIMCTa KapTOoHa.

Bo BpeMs OTIBITOB Ty TN HATTPABJISJINCD TaKKe B TJIACTHKO-
Bble GYTBIIKM OT Ta3MpPOBAHHBIX HANWTKOB, 3aMOJHEHHbBIX

BoJoit. ITyJist mpo6uBasia TOJIBKO MEPBYIO CTEHKY Oy THLIKH, a
BTOpasi CTEHKA BCET/[A OCTABAJIACH TIEJIOH, T.€. 1mocJie mpoou-
BaHUs [IEPBO CTEHKN KHHETHYeCKast IHEPTUST [TyJIN YMeHbIIIa-
eTcsl HACTOJIbKO, YTO Ha TPOOOI BTOPOIl CTEHKH ee yKe He
XBartaso0. A eCJIM CTPEJIATD B IIyCTYI0 OYTBLIKY, TO B GOJIBIITHH-
CTBe CJIydYaeB CTeHKa GyTbLIKU He npobuBajach. [louemy?
ITO XOPOIIasi TeMa JIJisi CAMOCTOSITEIbHOTO UCCJIE/OBAHUS.

Breuarsisiionee 3pesuiiie mMoJydaioch, KOrja myJist mpo6u-
BaJa CTEHKHU KECTSIHOH GaHKM € Ta3MpOBAHHBIM IEHHBIM
HaruTkoM. CHavasa GaHKa IIO/IBEIIMBAJIACH HA IPOYHOI
HUTKe K BeTKe JiepeBa. HuTka HaunHasma pacKpyunBaTbCs, u,
Korga GaHka npuoOperana MaKCHMAaJbHYIO YIJIOBYIO CKO-
POCTb, MPOU3BOAUJICS BBICTPEJ B HIDKHIOI 4YacTbh OGAaHKHU.
Banka nmpo/io/izkaia BpaaTbest, a u3 JIByX 00pa3oBaBIINXCST
B CTEHKAX OTBEPCTUN HaYMHATH GUTH JIBE TIEHHBIE CTPYH.

B apyrux sKcrepuMeHTax IyJii BBIIYCKAJNCh B BOJY,
[IPUYEM BBICTPEJIbI IPOU3BOININCH B HATIPABJIEHUH, COCTAB-
JISIBIIIEM HeOOJIbINO# Yyros ¢ ropusonToM. IIpsiMbiMu Ha6TIO-
nenusvu (3putesieil BOKpYr Ha Gepery coOupajioch MHOIO)
OBLIO YCTAHOBJIEHO, YTO MYJIH «[IPOOUBAIOT> , [[BUTASICH TIOYUTH
TOPU30HTAJIBHO IO TIPSIMOTT, CJIO BOJIBI TOJIITUHON TTPUMEPHO
2 M U TOJIbKO TOTOM yXOJAT B IJTyOUHY.

W3BecTHO, TO 1PN IBUIKEHUH TeJia ¢ GOJIBINOI CKOPOCTHIO
0 B Ccpe/ie ¢ TIOTHOCTBIO P CUJIa COMPOTUBJIEHNUST TTPOIIOPIIU-
OHAJIbHA MHAMUYECKOMY JIABJICHHIO POU° / 2 W IJI0IIA/H TToTIe-
pedHoro cedennd S, a Koa(pOUINEHT MTPOMOPIINOHAIBHOCTH
C, 3asucur ot uncqaa Peftnonbaca Re = pol/n, rae [ — ato
XapakTepHblil pasmep Tena: [ ~+/S, a N — 510 BA3KOCTH
Mateprasa cpeabt (st Bogbl, HarpuMep, N ~ 107 Malt).
B smamasone unces Peitnombaca or 10° 1o 10° st tena B
¢opme mapuka koapduinent C, pasen npumepso 0,4, mpu
ancmax Peitnosbaca or 210° g0 10° on npunmMaer snave-
nue okoio 0,1. Takum o6pa3om, UMeeT MeCTO CyIIeCTBEHHOE
yMeHleeHI/Ie OTHOCUTEJIbHDIX ITOTEPDH KI/IHCTI/I‘-IGCKOf/i dHeprun
Tesa B Anamasomne unces1 Peitnosbaca or 10° 1o 2 10° . pn
snavennsx Re Gompmmx 10° sror koaddumment YBeJIIYNBA-
ercsi. Ha pucynxke 3 rpacdudeckn nokaszana 3aBucumocts C,
oT Re pma mapuxa.

0,3+
0,11

102 10° 10° 10° 10°
Re

-+

I
T

0 1 10
Puc. 3

Ho myss BoBce He mapuk, Ha PUCYHKe 4 TOKa3aHO ee
ceyenne. IloHATHO, /11 4Yero y CBUHIIOBOH ITyJM Takas
XBOCTOBast 4acTb — 3a c4eT JedopMaluil OTHOCHUTETIHHO
MSTKOTO CBHHITA 06ECIIeuBAIOTCS OTCYTCTBHE 3a30pa MEXK/Ly
myJsieil ¥ CTEeHKaMHU CTBOJIA, B KOTOPOM ITyJiSI Pa3TOHSETCS
COKaThIM BO3/IYXOM, a Takxe 3allellJieHne IyJIi 33 TaK Ha3bl-
BaeMble «HHUTH Hape3Ku» B cTBoJie. CTBOJI MMeeT BUHTOBYIO
Hape3Ky, 4TO IIPUAaeT JBIDKYyIleHcs BAOJIb CTBOJA IIyJie

(MpogonxerHmne cm. Ha ¢ 34)
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KAJEMIOCKOTII «KBAHTA>»

Kak OoKa3aTb HepaBeHCTBO?

(I'IyTeBO,EI,I/ITeJ'Ib Mo MeToaM ,EI,OKa3aTeJ'IbCTBa)

B arom «Kaneiijockomne» Mbl HATOMHUM HEKOTOPbIE
OCHOBHbBIE METO/IbI /I0KA3aTEJIbCTBA HEPABEHCTB, a 3a0/1-
HO yKaykeM cTaTbu B « KBanTe», T/1e 3111 METO/IbI T0/1P06-
HO onucaHbl.! MBI IPO/IEMOHCTPUPYEM Pa3HbIE TPHEMbI
Ha KJACCHYECKOM HEPAaBEHCTBE :

@ +b*+c?>ab+bc+ca. (%)

OHO BBITIOJHAETCS /IS JIOOBIX JeHCTBUTETbHBIX YHCE
a, b, ¢, IpuveM PaBeHCTBO JOCTUTAETCS TOJIBKO B CIy4ae
a = b = ¢ (s10 TakKe GYAET BUAHO MPU MPUMEHEHUH
Pa3HBIX METOJIOB).

1. I'pynnuposka-1. /[ yno6cTBa TOMHOXKIM Hepa-
BEHCTBO HA 2 U IepeHeceM CJaraeMble B JIEBYIO YaCTb:
2a% +2b* +2¢? = 2ab —2bc —2ca = 0. Tenepb crpymmu-
pYeM cJaraeMble B JIEBOI YaCTH TaK, YTOOBI MOJIYUHIACH
CyMMa KBaJIpaToB:

(@® = 2ab +b°) + (b” = 2bc + 7] +

2

+ (¢ =2ca+a®)=(a=b) +(b=-c)’ +(c—a)’

Kaxaprit kBasipaT HE MEHbINEe HyJs, a 3HAYUT, W UX
CyMMa TO)Ke, U Hallle HePABEHCTBO JOKA3aHO.

MbI HCTTOJIB30BAN TIPOCTOE COOOPAKEHNE: €CIN Pas-
6UTH CyMMY Ha CJIaraeMble U OT/eJIbHO HAUTH MUHUMYM
KQ)K/IOTO M3 HUX, TO MUHUMYM Bceil CyMMbl OyIeT He
MeHbIIIe CyMMbI HAMJEHHbIX MUHUMYMOB. JTOT IIPUHIIUT
UMEeT MHOTO BaKHBIX caejacTBuil (Hampumep, HepaBeH-
crBa Komm, Tespaepa u ap., moapobHee cM. CTaTbio
[1]).

2. Tpynmuporka-2. [Togxoasiryio TPYIIUPOBKY B
BbIpasKEHUH a’ +b* +c? —ab — bc — ca MOXHO cenath
u 1mo-gpyromy: gaomMuoxuB () Ha 4, JONMOJHUM BCe
caraemble, cojepsKalne OfHy M3 mepeMeHHbrx (cka-
JKEeM, @), /10 TIOJITHOTO KBaJpara:

4(a2+b2+cz—ab—bc—ca)=
= 4a* - 4a(b+c) + 4b* + 4c® — 4bc =
:(4a2—4a(b+c)+(b+c)2)—
— (b+c¢)* +4b* + 4c* — 4bc =
= (2a—b—c)" +3b* +3¢* —6bc =
—(a-b-c) +3(b-c).

[TomoGHbBII cTTOCO6 BBIIEEHNS TTOJHBIX KBAJAPATOB MPU

1 Pexomennyem Ttakxe kuury A.B.Apb6uta «HepasencrBa n
OCHOBHBIE CIIOCOGBI MX 0KazatebeTBa. Yacts 1» (mpuoskenne

paboTe ¢ TPOU3BOJBHBIMU KBAJPATHYHBIMU (hopMaMu
HA3bIBAIOT Memodom Jlazpanxa.

3. HccaenoBanue pyukimuu. PaccMoTpum Bbipaske-
me a’ +b* +c? —ab-bc—ca kak GYHKIHIO OLHOI
nepeMeHHoil @ (pyrue nepeMeHHbie CYUTaeM rmapaMer-
pamn). Utak, mycrb

fla)=a*+b* +c* —ab—bc—ca =
= aZ—(b+c)a+(b2+02—bc)

— kBajipatnyHas (yHKIUS co crapumM Koadduimen-
toM 1. [locraTouno y6e{uThCs B TOM, YTO IMCKPUMIHAHT
HETI0JIOKUTEJIbHbIH

D=(b+c)2—4(b2+c2—bc)=
= —3b* =3c¢* +6bc = -3(b - )’ <0.

VccrenoBanue GyHKINIA 9aCTO TOMOTAET YCTAHOBHUTD
nHTepecHbie Hepasencrsa (cM. crarbio [2]).

4. Opnopoanocts. Ecii Bce Tpu HepeMeHHbIE paB-
ub1 0, To (%) oueBnano. Mnave, mycTh I ONpeesIeH-
nocrn ¢ # 0 . Pasgesms o6e wacti (+ ) Ha ¢ i 0603Ha-
4B X = afc, y =b/c, NOJYINM HEPABEHCTBO C MEHb-
ITUM YHUCJIOM TIePEMEHHbIX

etz ayraty.

Ero mMoxxHO /10Ka3arh crioco6amMu, 0 KOTOPbIX TOBOPH-
JIOCH BBIIIE, HO BBIKJIAJKU CTAHOBATCS Kopoue. Taxoi
[pUeM, YMEHBIIAOMUI YICJI0 TepeMeHHbIX, paboTaer
JUIST 00HOPOOHBLY? HEPABEHCTB.

5. Ycaosusii akctpemym. Ciayuait ¢ = b = ¢ = 0

oueBuieH. /lajee MOJIOXKUM 7 = \/a2 +b2+c% n nepeii-

[ieM K TIepeMeHHbIM X = afr, y = bfr, z = ¢/r, Tak 4TO
x>+ y* + 2% =1. Tocre cokpamenns na »° HepaBeH-
ctBo (* ) mpumer Bup 1 2 xy + yz + zx (chIrpasa ogHO-
poxnoctb!). Ocranoch JoKa3aTh, 4T0 HanGOIbIIEE 3HA-
yerne pyHknun [ (x, Y, 2) =Xy t Yz + zx He IIPEBOCXO-
mur 1 wpu yemosun g(x,y,z)= 0, rne g(x) =
= x4+ yz +2°—1. DT0 MOXHO CIeJaTh C TOMOIIBIO
TEXHUKH TIOUCKA YCJIOBHOTO dKcTpeMyMa (CM., Hampu-
Mep, crarbio [3]).

6. CumMeTpHYecKHe MHOTOYJIEHbI. PaccMOTpUM Ofi-
wowren a'b'c”, rape mokasarenn YIOPSIJOUEHDI:
k212 m . BMecTe ¢ HIM PACCMOTPUM €TO CUMMETPUIA-
yuto Ty ), T-€. CYMMY BCEX OJHOUJIEHOB, 10Ty 4€HHBIX

2 [Tonsartne O/THOPO/THOCTH MOYKHO OGDBSCHUTD TaK: €CJIn Tpesa-
IIOJIOKUTD, YTO BCE€ IIepEeMEHHbIE BbIPpa’K€Hbl B KAaKUX-TO €/UHU-
1ax, TO UMEETCA CcorJlacue B pa3MEpPHOCTH. CKa}KeM, €CJIn B (* )
IepeMeHHbIe d, b, C BbIpA’KE€HbI B METPaX, TO JieBasd U IIpaBas 4aCTu
BbIpa’sKeHbl B MeTpaX KBa/[paTHbIX.

K skypuany «Ksair» Ne3 sa 2016 r.).
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IepecTaHOBKaMM IIEPEMEHHbBIX !
_ _kpl .m k1 lym
Ty =a'b'c" +b°c'a™ +¢ *a'b
+ bkalcm +Ckblclm +a Clbm

I{eprﬂHO 3aMETUTb, YTO Y/ABOECHHDIE Ji€Bad W IIpaBast
wacti Hepasencrsa (#) = a10 Tiy00) 1 Ty ) , 1109TOMY
1A HEOTpuIaTeJabHbIX d, b C HEPABEHCTBO ( ) ABJIACT-
Cs1 YaCTHBIM CJIydaeM Hepagerncmea Miwopxeda o cumMeT-
pudecknx MHorouseHax (cm. craroio [4]). HepaBernctso

(%) mna mo6bIx @, b, ¢ HETPYJHO CBECTH K CJIyYalo
HEOTPHIATEIbHBIX TIePeMEeHHbIX 3aMeHoit a, b, ¢ Ha |,

7. Yuopsimouennbie HaGopbl. [/ J0Ka3aTeIbCTBA
HepasercTBa (# ) MOKHO HCHOJIb30BATh HEPABEHCTBO 00
YHOPSIJIOYEHHBIX HA00paxX — TaK Ha3bIBAeMOe MPAHCHe-
pasencmeo (cm., nampumep, cratbio [5]). B Hamem
cJIy4ae B CHJTy CHMMETPHI MOXKHO CUUTaTh, 4To ¢ < b < ¢,
U TOJNIOKUTD Xy =Y =d, Xy =Yy =b, x3:y3=c
Torga (%) npuUMeT BUA XYy + XolYy + X3Y3 = XYy +
+ XyY3 + X3y, @ 9TO YACTHBINA cayyail mpancnepagen-
cmea.

8. Bekropsi u HepaBencTBO Kommi—ByHsikoBckoro—
IlBapua. B mpocTpaHcTBe PaccMOTPUM /JBa BEKTOPA
i(a,b,c) n 9(b,c,a) B NPSAMOYrOJBHON JEKApPTOBOIL
cucreMe KoopauHat. Torja cKagspHoe NPOM3BEAEHHE
(4,0) pasrO ab + bc + ca, a QJIMHBI BEKTOPOB PABHbI

|24] =va’ +b* + %, 9] =\b* +c* +a® . Tenepp (*)
cJieyeT U3 HepaBeHcTBa |d-[0| 2 (@,0) (kotopoe cpasy
BBITEKAET U3 OIPEJIeJeHHs] CKATAPHOrO IPOU3BE/IeHHs
(44,9) = |i| 9] cos ¢, rae ¢ — yrox Mexay BexrOpamu
ii nm 9). Tem cambiM, HepaBeHcTBO (*) — uyacTHbIii
caydaii nepasenctBa Komm—Bynsakosckoro—IlIBapia

\/xf+ f-\/yf+..+y,§2x1y1+..+xnyn,
pO€ BBIMOJHEHO [JIST JIIOOBIX JIEeHCTBUTENBHBIX YHCeJ
Xiyeor Xy Ypyerer Yy, - O6 5TOM HEpaABEHCTBE, a TaK¥Ke O
JPYTUX 3HAMEHNTHIX HepasencTBax (MunkoBckoro, [éb-
Jiepa) MOKHO IIPOYMTaTh B cTaThe [6].

9. Meroa llItypma. Kak Mbl y>Xe TOBOPHUJIHM BBIIIE,
JIOCTATOYHO JIOKa3aTh HepaBeHCTBO (* ) /LI TepeMeH-
HpIX 0 <a<b<c. Unea merona lllrypma cocrtout B
TOM, 4TOODBI cBecTH (% ) K OYEBMHOMY CJYYalO0 PaBEeH-
CTBAa MEPEMEHHBIX, IIOCJEeJ0BATENbHO COJIIKAS Tepe-
MenHble. B namem ciaydae yao6no 3adbuKcupoBarh cyM-
My @ + b + ¢ u npubIKATh TIepeMeHHbIe K CPeJHEMY
a+b+c

3

KY M3HAYaJdbHO ¢ < s < ¢, MOSKHO MEHSTH Mapy d, ¢ Ha
napy a +t, ¢ — t, HellpepbIBHO yBeJUUUBA ¢, 1I0Ka O/IHO
U3 YHCes d, ¢ He CTaHeT PaBHLIM S. [Ipu aToM sieBast vacThb
(#) Oyzmer yMeHbINATbCs, B MpaBasi — yBEJMYMBATHCS
(mposepbTe). 3naunt, (#) [OCTATOYHO JOKa3aTh B
cay4ae, KOT/la OJIHA W3 TepeMeHHbIX paBHa s. [locme
3TOTO MOJKHO TeM K€ MPUEMOM JOOUTBbCS, 4TOOBI BCE
repeMeHHble CTAIN PaBHBI S.

O meroze HItypMa MOXKHO mpouymTath B cTaTbe [7].
[Tonpo6yiiTe TPUMEHUTH K HEPABEHCTBY ( ) Metop
IlITypMa, BBINOJHUB 3aMeny x = q*, y =b?, z = ¢ u

KOTO-

apudMeTnuecKoMy § = . Hanpumep, mockosb-

3aukcupoBaB cymMmmy x +
ty+z.
10. pgr-veroa. Beenem
o6osHauenusip=a+b +c,
q =ab + bc + ca, r = abc
(p, q, r naspiBatOTCS J1€-
MEHMAPHBIMU CUMMEMPU-
YCCKUMU  PYHKYUSMU OT
nepeMeHHbIX a, b, ¢). Tor-
na a, b, ¢ — Kopuu Ky6u-
YeCKOr0 MHOTOYJIEHA
f(x)=x" —px* +qx—7.
[Ipn6aBuB k oGeum vac-
TaM HepasencTBa (* ) BbI-
paskenne 2(ab + be + ca) ,
TIPUXOAMM K HEPAaBEHCTBY
p > 3r . Teniepnb upes co-
CTOUT B TOM, 4YTOOBI Me-
HATD @, b, ¢ Tak, 4TO6BI P
U ¢ OCTaBAJINCh HEM3MEH-
HbIMH. VI3MEHEHUIO 7 COOTBETCTBYeT CJBHUT Tpaduka
y = [ (x) no Bepruxasu. IIpi IOMOIM TAaKOrO CBUTra
MOZKHO JJOOUTBCST TOTO, YTOOBI [[Ba U3 KOPHEH MHOTOYJIe-
Ha cosmaan (cM. pucyHok). TeM campIM, HEPaBEHCTBO
(%) cBomWTCca K Ciydalo paBeHCTBAa ABYX M3 TPEX
MepeMEHHbBIX, KOTOPDIH yiKe JieTko paszbupaercs. [leii-
CTBUTEJIbHO, €CJIU d b, to (%) mpuHUMaeT BUZ
24d° +¢® > a® +2ac, wm (a —c) >0.
[TogpoGuee o pgr-Merojie MbI TJIAHUPYEM PACCKA3aTh
B OJTHOM U3 OJIMZKAMITIX HOMEPOB KypHAJA.

IIpea/iaraeM BaM JI0Ka3aTh PasHbIMU CLIOCO6AMU Hepa-
BEHCTBO ,
a* +b* + ¢ 2—(cz+b+c)
3
(Ha camoM JieJie, OHO 9KBUBAJIEHTHO HepaBeHCTBY (* )).
HekoTopble TIOAXO0/bI CM. B KOHIIE KypHaJa.

G %)
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34 KBAHT

(Ha4ano cm. Ha ¢ 30)

BpalareJbHOe JIBHKEHUE BOKPYT ee ocu cumMmerpuu. [Ipum
TakoM JBi>KeHun (IoCTynaTesbHoe ILII0C BpallaTeJbHOe)
My B BO3JyXe COXPaHSeT
cTabuIbHOE TIOJOKEHWE TI0
OTHOIIEHUIO K HATIPABJIEHUIO
BbICTpeJIa M TUM O0GYCJIOB-
JuBaeTca OoJbIIasg JaJib-
HOCTDb U TOYHOCTH CTPEJIHOBDI.

Koadpunuenr C, nana
MyJib ONUCAHHOW (HOPMBI
SIBHO GOJIbIITE COOTBETCTBYIO-
mero kKoagduimenta s
IIapuKa ¢ TaKUM K€ MaKCUMaJbHbIM cedeHueM. [Tompobyem
ero oleHuTb. B Havase moJera 1myim B Bojie Ynca0 Peitnosb-
Jca coctapyser npumepno 4,50° . Iocie Toro kKax mys
norepsier 80% KuHeTHYeCKOH sHeprun (CKOPOCTb ee yMeHb-
muTes 10 45 M /c¢), uncao Peitnoabaca cocraBut 2 ao° .
ITo o3HavaeT, 4To OOJDIIYI0 YacTb MyTH B BOJAE IyJs
JIBVKETCS [TPH OTHOCUTEIBHO MAJIBIX TTOTEPSIX aHepruun. TobKo
norepss 96% sneprun (ckopocTb ymenbmmaach 10 20 M,/ ¢),
Iy JIs1 HAYMHAET UCIBITBIBATD CONPOTURJIEHUE ¢ KOadduiimen-
TOM B 4 pasa GoJibllle, 4YeM IIPU HaYaJIbHOI cKopocTu. MOsKHO
CUMTATh, YTO ABMKeHUe BHu3 (I1afeHne) My HAYMHAETCS ¢
MOMEHTA, KOT/[a CUJIA COITPOTUBJICHUS CPABHSIETCS 110 BEJINYH-
He ¢ cumoll Tsakectn (apXuMMeOBO CHJION, B CBA3U C ee
OTHOCHUTEJIBHONH MaJsIOCTbIO, MOKHO NpeHe6pedb). ITO COOT-
BETCTBYET CKOPOCTH TIyJin B Bozie opsiaka 1 M /c. [Ipu atom
yicsio PeifHosbica cocraBiisieT IIpUMEpPHO 7 1o .

W3 Broporo 3akona HpioTona roJiygaemM ypaBHeHHe J[BUKe-
HUA [YJM B TOPU3OHTAIbHOM HarpasJeHun (B npeHeGpeske-
HUW CUJIOH TSHKECTH):

Mdé%%z -C, %%Svdt = —C%% dm

rae dm = pSvdt —aTo Macca BOJbI, KOTOPYIO ITyJIS «3aMesiay
CBOUM CeYeHHUEeM IIPH IPOXO/ie Yepe3 BOLY, WMJIN:

Puc 4

dDUZD
E?E——C dm
20 M

iz

Perienne aTOr0 ypaBHeHUs UMeeT BH[
20
Ly m LpS
In B_KD =-C —=-C L
2 M M
e
rae L — 310 1y Th, IPOii/IeHHbIH 11yieil B Boje. Ecau cunrars,
YTO OT HAYaJbHOU cKopoctd mysan v, =100 M/c BIIOTH /10
KOHewHoil ckopoctr v, =1 M/c Koaddummenr C, ocraercs
OJTHAM U TEM K€, TO ero 3HaueHue MOXKHO HAWTH TaK:

01000 _ . 200° 5o, 00225)*
! 6,8107 ’

)

21n

C,=0,197 =0,2.

[Tonyuennoe snauenue C, A4 IyJud OpUMEpPHO B 2 pasa
6oJibllle, YeM JJIs IMapuKa € TaKUM K€ MaKCUMaJbHBIM
ceuerreM. OTMeTHM, YTO Ja’ke HayaJabHAas CKOPOCTD ITyJIH B
15 pa3 MeHbIle CKOPOCTH 3ByKa B BOJE, a Boja 06JasaeT
MaJIOl CXKUMAeMOCTBIO: MPH MaKCUMATbHOM JINHAMIYECKOM
JTaBJICHUM, co3/iaBaeMoM myJseill, B 50 aT™ TJIOTHOCTD BOJBI
nepez mmyJsieil yBesmauBaercst Toubko Ha 0,05%.
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[Hanee. IIpu BbIcTpese U3 ITHEBMATUYECKOTO MUCTOJIETA B
BO3/lyX B BEPTUKAJbHOM HanpasjeHuu (OT YPOBHsI 3eMJIH)
HOBast CBUHIIOBAs 11yJIbKA T13/[aeT Ha 3eMJII0 B CPE/IHEM uepe3
9,4 ¢, acrpensgHas cBUHIOBas 11ybka — uepes 10 ¢ (mepsbie
BBICTPEJIbI TAKUMH ITYJISIMU TIPOU3BO/IMJINCD B CTOIIKY KapTOH-
HBIX JIUCTOB) . IKCIEPUMEHTBI CO CTPEIbGOIl B BEPTUKAIBHOM
HATPaBJIeHIN ITPOBO/IUINCH BO3JIe Gacceiita IOCTATOUHO 60JTb-
mux pasmepos (KoHeuHO, cTpesbba Besiach, Korjaa B facceiite
HUKOTO He 6b1710). C MOMEHTa BBICTPEJIa 10 MOMEHTA TTOSIBJIE-
HUS BCILJIECKA HA TI0OBEPXHOCTH BObl (Ha paccrosuuu 2—5 M
OT MeCTa BBICTPeNa) TPOXOAUIN B CPEHEM OTU CaMBIE
cekyH/ibl. HavasbHasi CKOPOCTb CBUHIIOBOI ITyJIN TIOPSI/IKA
100 M /c. IIpu Takoii cCKOPOCTH JBUXKEHUS I1yJIH B BO3/yXe
¢ motHocTbio P = 1,3 KF/ M® 1 BsiskocTbio N = 2007 uncio
Peitnonbaca pasro npuMepro 1,3 10% ) t.e. koaddumment
C, HaXOJWUTCSl HA TOPU30HAJIBHOM Y4aCTKe 3aBHCUMOCTH OT
uncsa PeiiHombaca (koraa oH npuMepHo rocrosiien). [lapu-
Ky Ha aHAJOTMYHOM Y4acTKe COOTBETCTBYET 3HaueHHe Koad-
durmenta npu6ausuensuo 0,4. Jmg myam aToT Koaddmm-
eHT, HaBepHsKa, Oyjer 6oubire. [Tog6epem Takoe 3HaueHHe
aToro Koa(pduInenTa, 4ToObl pacCUNTaHHOE BpeMs MoJieTa
My COOTBETCTBOBAJIO TOJYYCHHOMY 3KCIIEPUMEHTATIHHO.
[Ipotmie Bcero ato caesnaTh He aHAJUTHYECKH, a C TTOMOIIBIO
komipiotepa. Ilogo6panubie KoahPUIMEHTDI s HoJeTa
HOBBIX ¥ CTPEJISIHBIX I1yJIb B BO3JyXe y HAC TOJYyYUJIUCH
TAKUMHU:

C,, =088, C,. =072,

IIpu 5TOM HOBBIE TUJIb3bI TOAHUMAINCH HA BbicoTy 105 M, a
crpessiiabie — HA 120 M. OTMeTuM, UTO M B 3TUX CJIydasx
koapPunuent C, I JAaHHOTO AMANa30Ha ynces PeifHoJIb-
Jica GoJIbllie, YeM /IS KPYTJIOro MapHuKa ¢ TAKUM K€ MaKCH-
MaJIbHBIM cedeHHeM. MakcuMasbHasi CKOPOCTb MyJI IIpHU-
MepHO B 3 pasa MeHbIIe CKOPOCTH 3ByKa B BO3/yXe, a
JIMHAMHUYecKoe JlaBJeHne, co3/[aBaeMoe IIyJell, POBHO
0,06 at™ m yBesmumBaeT IJIOTHOCTb BO3jyXa Iepes| ITyJei
mpuMepHo Ha 6%.

EcrecTBeHHO, 4TO BBICTPEJIBI TPOU3BOIUIINCH U 110/ 3HAUN-
TeJIbHBIMH YTJIAMU K TOPU3OHTY. JKCIEPUMEHTAIBHO TT0101-
paJicsi, HATIPUMEP, TAKOW yToJi, 4TOObI JAJTbHOCTD TI0JIETA 110
ropus3oHTa I OblIa MakcUMasbHOW. B atom ciuydae mysu
BBIITYCKAJIUCh HAJ[ TOBEPXHOCTHIO ME/IJIEHHO TEKYIIEH PeKH B
6€e3BeTPEHHYI0 MO0/l — BCILJIECKH TIPH MA/IEHUN T1YJIb B BO/LY
6bLI BUIHBI Ha GOJbIIOM pacctosinuu. «Ha rias» aro
paccrosiHue 6bLTo mopsiika 150 M, u jgocTurasach Takas
JIAJTbHOCTD CTPEIbObI NPU HAKJOHE CTBOJIA IHCTOJIeTa K
ropusoHTy okosio 30° . IlojcueTpl ¢ OMOIIBIO KOMIIbIOTEpA
npu ucrosab3oBanun snadenus C, = 0,72 paBaam Takue
PEe3yJIbTaThI: YOI HakJaoHa = 32,3° | a MakcWMasbHas [aTh-
Hoctp =168 M.

BoicTpesibl B TOPU30OHTAIBHOM HAINPABJIECHUN HAJ| TIOBEPX-
HOCTBIO BOJIBI C BBICOTBI OKOJIO 2 M IIPUBOJAMJIM K TOMY, YTO
Iyl B IEPBbI pa3 najaia Ha cepeuHe peku (IPUMEPHO B
50 M oT Gepera) U HECKOJIBKO Pa3 OTCKAKMBAJIA OT MOBEPX-
HOCTH BO/Ibl, BCIKHUII Pa3 co3/1aBasi BCIJIECK. DTO HATIOMUHAJIO
MPBIKKN HA BOJIE IJIOCKUX KaMeIIKOB, KOTOPbIE BCE MbI B
neTcTBe 6pocasi B Boxy ¢ Gepera.

WNrak, Mopanb — mo6as MeXxaHWYecKass UTPYIIKa MOXKeT
MOCJTY>KUTb 3KCIIEPUMEHTAIbHBIM 0060PY/IOBAHIEM JIJIST MHO-
TOUNCJIEHHBIX (DU3MUECKUX IKCIIEPUMEHTOB.
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aMeHb B TI-0ropoj

U.AKYINY, B.4YEPOBCKUU

BoT 1aK BO3HUKAOT HE3OPOBbIE CeHcalvv, rnogymarsl A.

A. n b.Crpyraukue.
MoHeaeNbHNK HadMHaeTcs B cybboTy

AHO YIIEJIIN OT HAC AJIEKCAH/IP BJA/IUMU-
posnu JKyKOB ycIes HamucaTb 3aMevyaTeJbHYI0 KHUTY
«Bespgecyiee unciao Tr», BbIAEPIKABUIYIO HECKOJIBKO TIEPeH3-
fpanmii. Cpean MHOXKeCTBAa MHTEPECHEHIINX CBe/ICHIH B KHUTE

€CTh IJIaBa, TOCBANIEHHAs Pa3JIny-
/ \ HBIM CHOCO0aM  SKCHEPHMEHTAIb-

HOU orjeHKku 3Havenust 1t. OauH us
Puc. 1

HUX — Opocanue kamuet. Bor uro
MHUIIET 110 ATOMY MOBOJLY aBTOP:

«Ha stoT pa3 mMbl kameniku Oy-
JieM 6pocaTh He B BO/LY, a Ha CIelu-
AJIbHBII TEOMETPUYECKI PUCYHOK
(puc.1), HauepUYEeHHBIN HA CIOPTHB-
HOM 11o1a/1Ke.

Ecam mocraparbesi 6pocath Ka-
MEIIKU TaK, 4TOObI OHU PABHOMEDPHO PACIIPEENINCH TI0
KBa/IpaTy, TO PE3yJIbTAT ITOTO HKCIIEPUMEHTA TAKIKE MOYKET
ObITh MCIOJB30BAH JIJIsI OLEHKH Ynuciaa TT.

URSS

HyCTI) nu3 n 6pOH_[eHHbIX KaM€EIIKOB 7 KaM€ENIIKOB ITO0IIaJIn
BHYTPD BIIMCaAHHOI'O B KBa/lpaT Kpyra. Torz[a O4Y€BHU/HO, YTO

m S oo .
B R WITS 6yKBOI/I S o6o3Havaercs IJI0Iab COOT-
n SKBaﬂpaTa 2
o m 11'a Tt
BercTByIomeii purypor. Orciona — = —— = —. O4enb npo-
n (27) 4

cras gopmymnals

B mpuBeseHHOM OTpBLIBKE TPUBJIEKAIOT BHUMAHWE CJIOBA
«...0pocarbh KaMelIKkyu Tak, 4TOObl OHU PABHOMEPHO paciipe-
JIEJINJTACD 110 KBajIpaty...». A xax amo cdeaamo?

[TpenctaBmM cebe HaApMCOBAHHBIN Ha 3eMJie KPYT PaJy-
coM, pomyctuM, 1 MeTp, Brucauubii B kKBaapar (cum. puc.1).
Ecsin MbI cTOMM COBCEM PSIZIOM € HUM 1 OPOCaeM KaMeHb, Jlae
3KMYPHB IJ1a3a, TO BPSI/ JIU TaKOil GPOCOK MOKHO CUUTATD
cayvaitnpiM. B camom mene — Mbr Gy/ieM TOCO3HATENbHO
cTaparbcsi 6POCUTDH KaMeHb TaK, YTOObI OH MO JTI60 B KPYT,
Jn60 B 4acTb KBaJ[paTa, He MOKPBITYIO KPYroM. 3HAYWT, U O
PABHOMEPHOCTHU PACIpPe/IeIEHUsT KAMEIIKOB 110 KBaJ[pary ro-
BOPUTD HE TMIPUXOJUTCS. A B WUTOTE 3aCJTY>KIM JIaBPHI UTAJTb-
gura Mapuo Jlamapunu', KOTOpbIil 3aTpaTHjl HEPEATbHO
MaJsio OPOCKOB MIOJIKM HA PA3JIMHOBAHHYIO TJIOCKOCTD, HOJIy-
YMB B WTOTE 3HAYCHWE Tl C HEMMOBEPHOH TOYHOCTBHIO.

Koneuno, ecim Obl MbI MOIJIM Pas/esIUTh KBaJpar Ha
GOJTBIITOE KOMMMIECTBO (CKaskeM, MUJLTUOH ) OTMHAKOBBIX KBA/T-
pPaTUKOB M GPOCUTH KAMYIIIKN TOYHO B CEPEIMHbI BCeX KBaJI-
PATHKOB, TO Takoul moaxoja Obul 6bl Gesympeuen. > Ho B
PeaJbHOCTU Mbl TaKOW BO3MOKHOCTH, KOHEYHO, JIUIIEHBbI. A
MOKUIATHCS KAMHSIME X0UeTCst — TeM 60Jiee C HayYHOI 11eJIbIO.
Uro Torpa ocraercsa? IIpeskzie Bcero — oToiT OT HApUCOBAH-
HOrO KBajpara mnogaibiie (MeTpoB XOTs Obl Ha I€CATH-
aBaanarh)®. /lasee 3akpblBaeM riasa, HEMHOTO OKPY/KUMCS
(4TOGBI OKOHYATENBHO [TOTEPATH OPUEHTUPOBKY ), MOCJIE YETO
paciiBbIprBaeM J00PYI0 Kydy KaMHel BO BCe CTOPOHbI MO/
Pa3HBIMH yTJAMH U C Pa3HBIMU CKOPOCTSMHU. A BO3Jie KBa/-
paTa CTOUT Hall acCUCTeHT *, (pUKCUpyOMuUil Monajanus B
KBaJIpatT, 1 B TOM YHCJEe — BO BIHCAHHBIN B HErO KPyT. Bot
TOTa YK MBI JKeJe3HO obecreunM ciaydaiinocts (n Kak
CJIe/ICTBUE, PABHOMEPHOCTH) HONAJAHUSA KaMHEH B HapHCO-
BanHble (GUrypbl U 6e3yNpPeYHO BBHIYUCIUM <«IKCIIEPUMEH-
TAJBbHO-CTATUCTHYECKOE» 3HAYEHUE TT.

Her Bo3paskennii? Brepenu!

N Bce-taku, uTo6BI HE YIOAOOUTHCS TEPOSIM CTAPUHHOI
TTOTOBOPKH «ITUPOBAJIN — BECEJIINCD, TIOACYNTAJIN — IIPOCIe-
3UJINCh», JlaBaiiTe CHAvYaIa CMOZEJNPYEM 33 [yMaHHBII HaMH
TEXHOJOTHIECKUH TTPOTIeCC BBIYMNCTIEHUS TI, TaK CKa3aTh, HA
6ymare. Itak, mMeeM KpYT paanycoM 7, BIHCAHHBIN B
kBaapaT ABCD (cTopoHa KOTOPOro, eCTECTBEHHO, PaBHa 27).
Mecro, otkyma Mbl GyzgeM 3a06pacbiBaTh BCE ITO KAMHSIMH,
OTCTOUT OT X 00Iero 1eHTpa Ha Beanunny L. Ho B kakoM
Hanpasjennu? s npocrorel mycrb Touka Opocanust O
JIESKUT HA OCU CUMMETPHUM KBa/IpaTta, TMapasieJbHON Kakoii-
10 nape ero cropon (B Hamem ciydae — BC u AD). Toraa

1O Hem MbI ermie OrOBOPUM B KOHIIE CTATHH.

2 [IpocTeiimmmii KOMIBIOTEPHBIIT pacyeT TOKA3bIBAET, YTO LIS
MUJIJTMOHA KBA/[PATHKOB <«JKCIIEPUMEHTAIbHOE» 3HAUYEHUE TU P
aTOM cocTtaBut 3,141676.

3 UpeaMepHO 1AIeKO OTXOMTD HEXKCIATEIBHO, 4 TO BOOGIIE He
no6pocum!

JKemartempHO — B Kacke W TOJICTON BaTHOI omexkae (u3
coo6pakeHnii 6e30MaCHOCTH ).
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HarnpasJieHus® GPOCKOB B TiaHe (T.e. BUJ CBEPXY) MPE/CTaB-
JIAI0T co6oit Kak Obl Beep. 306pasuM 3TO CXeMAaTHYHO HA
pucynke 2.

B C

Puc. 2

Ecau cMoTpeThb Ha pUCYHOK 2, cO3/1aeTcst BlleyatjeHue, uTo
ABCD BoBce He KBaJIpaT, HO 3TO JIUIIIb ONTHYECKAS NILTIO3MS
(MosKeTe u3MepuTh JMHEHKOi, KTo comueBaercs!). OHa
o6ycJaoB/IeHa TeM, uTO BbIxozsume u3 Toukn O munun (re
caMble HalpaBJieHuss GPOCKOB) OKOJIO Omkalimeill k Heii
CTOPOHBI AB pacroJio’KeHbl 2ywe, 4eM BO3Je y/aTeHHOH
croponbl CD. CienoBaTtesibHO, yKe 110 9TOH IpUYMHe PABHO-
MEpHOCTH pacIpe/ieJIeHnsT YIaBIINX KaMHeill B KBajipaTe He
6yner! U, 3HaynWT, MBI TOJYYNM 3aBEOMO WCKaKEHHOE
3HadeHue TI.

PasmMpmnisas fasapiie, MbI, K CBOEMY YAWBJICHUIO W HETOJ0-
BaHUI0, OGHAPY’KMBAEM, 4YTO ITO, OKA3bIBAETCS, HE €/MH-
CTBEHHBIN (akTop, HapyIIAONMH >KEeJaHHYI0 paBHOMEP-
HocTb. Ele /Be NpUUMHBI — CKOPOCTb OpOCKa M yroa K
TOPU30HTY, 1O/l KOTOPbIM IPOU3BoAUTCsE Opocok. JI06oii
yueGHUK Gusnuku® cooOIUT HAM, YTO €CJIH TeJO OPOCUTDH CO
CKOPOCTDBIO ¥ TOJ] YTJIOM O K FOPU30HTY, TO TOYKA Ma/leHUs

0% sin 20
OTCTOWUT OT TOYKHM GpPOCAHMS Ha PacCTOSTHHE X = ————
rae g — yckopenwe cBobogHOro majenus. Kax BgIZII/IM,
3aBUCHMOCTH X OT ¥ M O BeCbMa HepaBHOMepHbIe!

[TpaBna, ykazannas (opMmysia BepHa TOJbKO P OPOCKAxX
C «HYJIEBOW» BBICOTBI, T.€. KaK Obl IPSIMO C TIOBEPXHOCTH
3eMJIH — U3 TI0JIOKEHUS JIeKa, YTO He BIIOJIHE YI00HO 1 K TOMY
’Ke HETHTHeHMYHO. XOTS, € JPYrofl TOYKM 3pEHH, 3TO,
HAo60POT, XOPOIIO: Be/b Jie)Ka Mbl HE BU/IUM TOTO CaMOro
KBa/Ipata, U TOTOMY CJYYaiHOCTb HAINPABJIEHWI HAIMIMX
6pOCKOB TOBbINIaeTcss. Kpome TOro, ecam HMCIOJIb30BaTh
60s1ee TPOMO3/IKY10 (DOPMYJIy, B KOTOPOH yuTeHa BbICOTa, C
KOTOPOii 6pollleH KaMeHb, TO U B Hell, moBepbTe, PaBHOMEp-
HOCTH B 3aBHCHMOCTH X OT U M O TOE HeT.

ITosToMy BMecTo TOro 4TOOBI KHJATHCS KaMHSIMM, ObLI
BBITIOJIHEH KOMIIBIOTepHBIN pacder. He OyaeM TpuBOINTD
MoJAPOOHOe ONUCAHUE AJTOpUTMA MU, GOJjiee TOro, TEKCT
nporpaMmbl. OTrpaHWYNMCS KPATKUMH MOSICHEHUAMH. Bo-
MEPBBIX, He ObLIO HEOOXOIUMOCTU MOEJNPOBATh GpOCaHue
KaMHell 110 6ceM BO3MOKHDBIM a3uMyTaM — BeJlb OOJIbITMHCTBO
13 HUX BOOOGIIIE HE IlepeceKaoT KBapar. Tax 4ro 1ocTaTtoqHo
ObLIIO OPAHUYUTHCS] BHYTPEHHOCTbHIO yTJIa, 00pasdyemMoro ot-
peskamu OA u OB. On pas6usaicsa Ha n paBHbIX yacteii (rje
7 — J0CTATOYHO GOJIbIIOE HATYpaJbHOE Yucsao0). J[nanmasou

> TOHOde(l)bI cKasan Obl «a3UMYTDI».
6 Pasnen «Mexanukar; eme toutee — «Kunemaruxas.
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3HAYeHUil yriia K TOPU3OHTY O MEeHSICS B Ipejiesiax OT 5°
0 85° — BHoJiHE «OBITOBOW» MANa3oH, ¢ pa30MBKOM Ha Te
JKe 1 paBHBIX yacTeii. Haxkonerl, BeTnImHbl MUTHUMATBHON 1
MAKCUMAJIbHOI CKOPOCTU © ObLIN MOJ00paHbl TaKuM o6pa-
30M, 4TOObI /151 JTIOObIX 3HAUEHMIT 7, L U O <«KYCOK» J1I060TO
asuMyTa, MOMABIINI BHYTPb IEPECEKAEMOr0 MM KBaJpara,
JISSKAJ MEXJy TOYKAMU MaJ€HUsi «CaMoro ObICTPOTO» |
«CaMOT0 Me/IJIEHHOT0» KaMHell. Kak jierko y6eautbcest, mpu
3TOM [IJIs1 JTI060TO yTJjia O JIOJIKHO BBITIOJTHSTHCS IBOITHOE
HEPABEHCTBO

2 .
L-r S—U sin 2a S,I(L +r)2 +7?

g

1 IIOTOMY HaMMEHbIIIEE 1 HanboJIblllee 3HAYEHUSI © TAKOBBI:

g(L-7) = I 1), oy =

sin 90°
WHTepBas oT vy, /10 Up,e PA3OMBAJICS HA Te JK€ 1 PaBHbBIX
yacreil.

PesyabraTel pacdera Bredarsgior. [Ipesxie Bcero, kak u
c1ef10BaIo okuaath, gake mpu 7 = 1000 (4ro coorseTcTBY-
eT MuLAUapdy GPOCKOB!) «IKCIEPUMEHTAIBHOC> 3HAUCHHUE TU
COOTBETCTBOBAJIO MICTHHHOMY B JIy4IlleM CJIydae B [IBYX 3Ha-
Kax rocJie 3anaroil (kak MbI TOMHHM, ITPH TIPOCTOM Pa3ieie-
HUM KBaJ(paTa JUIIb HA MUJJIMOH KBAJPATUKOB TOYHOCTD
oKaszasach 6oJiee yeM Ha MOpSAAOK Bbime). Ho, camoe rias-
Hoe, oOO0HapysKeHa sIBHAasi MOHOTOHHAST 3aBUCUMOCTD PACYETHO-
TO 3HAUeHUs TU OT © — KOJIMYEeCTBA 4acTeill, Ha KOTOPbIE
JIeJINJINCH MHTEPBAJBI. BOT B KauecTBe MILTIOCTPAIINN pacyeT-
Hble 3HAYCHNs TU IS JIBYX <THIOBBIX> 1ap (r, L):

Pacuernoe snauenne m jis:
r=1m; E=10m | r=1m,L=20M
100 3,1650... 3,1529...

200 3,1475... 3,1525...
500 3,1391... 3,1427 ...
1000 3,1388... 3,1411...

n

OO6paruM BHUMaHMEe Ha OOIIYI0 3aKOHOMEPHOCTHb. Ilpnm
MaJIBIX 7 pacyeTHOE 3HAYeHHE TT MOJIy4aeTcs 3aMETHO (0JIb-
111 «HACTOSIIIEr0» , HO C POCTOM 72 OHO CTAHOBHTCSI BCE MEHbIIIE
1 [IPU ATOM HE CTPEMUTCS K UCTUHHOI BeJIMYMHE, a «IIepera-
TUBaeT» ee U nbiTaercs it kyna-to Buu3. Kyna umenno? U
nouemy? OTBeTa, K COKAJIEHUIO, TIOKA HET.

C yd4eToM BBIIIEN3JI0KEHHOTO B CO3HAHUM YKPEILISeTCs
MBICJTb, YTO HOMBITKA OIIEHUTD G0Jiee-MeHee TOUHO YHCJIO0 TT C
HOMOIIBIO GPOCAHUS PedibHbIX KaMHEH B pedaibHO HAPUCO-
BaHHbIe (PUTYPBI, CKOPEe BCETO, OKaXKeTcs 6e3pe3yIbTaTHOM.
W upuunna ToMy — B IpakTHuecKod (1a u TeopernyecKoili)
HEBO3MOXKHOCTH OGECIeUNTh PaBHOMEPHOE paCIpe/iesieHne
TOYEK TIOMa/IaHus 0 TJIONIAN KBajpara.

Tem ne menee, uzmeio mokuo cnacru! [laBaiite e OyaeMm
OrPAHNYMBATHCS €IMHCTBEHHBIMU KBAJPATOM M KPYroMm, a
TOZIEJTAM 6C10 TIOBEPXHOCTD 3eMJIH HA KBAJPATBI U B KAKObLil
KBa/lpaT BITUIIEM Kpyr. BripoueM, BCio-To He 00513aTesIbHO, a
TOJIBKO OJIMKAFiIIe OKPECTHOCTH — B IIpe/iesiax MakCUMaJlb-
HOW JaJibHOCTH ToJieTa KamMHs. KoHeuHo, 31O TOTpe6yer
HEeMaJIbIX TPY/l03aTpaT, HO HUKY/a He JIeHEIIbCs: 3a YJI0-
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BOJIBCTBUSI HAJIO TJIATHTH! 3aTO 3/1eCh HE MOKET ObITh HUKA-
KUX TIPOMaxoB, HEIOJETOB W TEPeJIeTOB: KyJla HU KWHD —
00s13aTeIbHO  yTOAUIIb B Kakou-uuOyab KBampar. Hy, a
JTAJIbITE, OMATB-TAKU MOJEINB YNCJIO MOMAJaHuil B KPYTH HA
ofIiee KOJMUECTBO OPOCKOB U YMHOKUB pPe3yJbTaT Ha 4,
BBIUUCJIUM 9KCIIEPUMEHTAIbHOE 3HaYeHe TT. Bapyr u BIpsiMb
MOJIYYUTCS TOUHEe?

[Tompo6yem. [I71s1 YMCIEHHBIX PACYETOB OBLIN B3STHI BCE
TE 3Ke pasMepbl KPYroB: paauyc Kaxjaoro — 1 MeTp mpu
CTOPOHE ONICAHHOTO KBajpaTa 2 MeTpa M TOT JKe [Uala30H
yTJIOB 6pocaHms K TOPH3OHTAIM O : oT 5° mo 85°. Uro
Kacaercs yrjioB Hampa/ieHuss GpockoB (T.e. a3uMyTOB), TO
3jlech TIPUILIOCH Opath noanwii yroa — ot 0 g0 360°,
TTOCKOJIBKY KBaJpaThl Temepb co BcexX cropon! /[lmamason
JKe cKopocteil 6bL1 BbIGpaH «ObITOBO»: oT 5 10 30 M/¢c.”
Kasasnoch Obl, Terepb MOKHO U HPUCTYIIHTb K KOMIIBIOTEP-
HBIM pacyeraM, HO... He nosayunaoch! [ouemy? [la moromy,
4TO MOCJEHUE ABa AManasoHa (asuMyT M CKOPOCTb) BO3-
pPOCJIU 10 CPABHEHUIO C MPEKHUMU 3HAYEHUSIMU B JIECSTKU
pas, u npu pa3buBKe UX Ha CTOJIb XK€ MEJKHE 4acTh 06beM
nepe6opa BO3pacTaeT yKe B COTHH W Jla)Ke ThICSYH pas!
3a pasyMHOe BpeMs KOMIbIOTED BBITIOJHUTH €T0 He
CMOJKeT.

Kax 6pitp? [TombiTaemest mo-apyromy. BobImmHCTBO S13bI-
KOB TIPOTPAMMUPOBAHUS COJEPKAT TEHEPaTop CIYYIaiHBIX
yrces. VIcmombays ero, MOKHO YCIIeNITHO MMATHPOBATh GPOCKI
«HayTaj», ¢ TTPOM3BOJBHBIMH YIJIaMH U CKOPOCTBIO. A pa3
Tak, TO, GPOCUB KaMeHb MHOro pa3 (CKa)keM, CTO MUJLIU-
OHOB), MBI JOJUKHBI MOJYYUTH BIOJHE TIPEICTABUTETHHBIN
pesyJubTar. A 4T06bI OKOHYATENBHO YOeIUThCsI, YTO OH JI€eii-
CTBUTEJIBHO TPE/JCTABUTEIbHBIN, BBIIOJHIM TaKyIO CEPHIO
cJy4aitHbIX 6POCKOB MHOTOKpaTHO. Ec/iu Bbrymc/ieHHOE 3HA-
yeHue TI B UTOTE He OY/JIET CUJIBHO «CKAKaTb», a OKAXKETCS
JIe)KAIIM B CPABHUTETHHO Y3KOM [Mala3oHe, TO TaKOi
TTO/IXO/] CJIEyeT MPU3HATDH Y/IOBIETBOPUTEIBLHDIM.

UTo 3k, cKazaHO — c/ieJaHO. BBIICHUIOCH, YTO TIPH TaKOM
kosmuectBe Gpockos (100000000) pacuyeTHoe 3HadeHuWe TU
JIECTBUTENBHO €200 «KOJeGIeTcsi» BOKPYT CPEIHEro 3Ha-
YeHUsI, HO... HEOKUJAHHO BBLTE3 HOBbIN (akTOp, paHee He
3aMEYEHHBIH: OTPOMHOE BJINSHHE Ha Pe3yJIbTaT OKa3bIBACT
TIOJIO’KeHNEe CTApTOBON TOUYKH, M3 KOTOPOH BBIIETAIOT KaM-
nu. Ecm a10, ckaxkeM, Bepimmna kpaapara (ecTecTBeHHO,
2106020 — OHU BCE PABHO3HAYHbI), TO 3HAYEHHE TU BBIXOIUT
uspsaaHo 3aunusxennoe: 3,09... Ilpu mepenHoce ee B I1EHTP
kBazparta (M OZHOBPEMEHHO Kpyra) IoJydaem, HaoGopoT,
3aBbINIEHAYIO0 BesqmunHy: 3,16... Cpean ocTaJbHBIX TOYEK —
KTO B Jiec, KTO 110 ApoBa (Harmpumep, AT TOYKHM KacaHUs
JIBYX Kpyros umeem 3,15...).

Uto 3xe mesaTh? 371eCh MOKHO MTPEIJIOKATD /IBA BaphaHTA.
B niepBoM u3 HUX Tepe] Kax/bIM GPOCKOM C/IeJIaeM HayTrajl
HECKOJIbKO IAr0B B [IPOU3BOJIBHOM HarpasJjeHun (riaza-to
y Hac HO-TPeKHeMY 3akpbiThi!). B aToM ciydyae craproBas
TOUKA KaK/[blil Pa3 3aHUMAaeT cJydaiinoe noJosxenue (orsrb-
TaKM C HOMOINIBIO I'eHepaTopa CJIy4allHbIX YHCENT), M 5TO
TIPUBOJUT K CYN[ECTBEHHOMY YJIYUIICHUIO pe3ysbTara: MpH
TeX JKe JeCSITH MUJIIMOHAX OPOCKOB YeTbIpe-TiSTb BEPHBIX

7 Tlocemee 3materiie CKOPOCTH MO3BOJAET TPH yriie 6pocKa K
TOPUBOHTY 45° 3aIlyCTUTh KaMeHb HA PACCTOsIHIE 0KOJIO 65 MeTpOB
— JlJI1 TPEHUPOBAHHOIO YeJIOBEKA BIIOJIHE JOCTUKUMO.

3Havanmx 1udp 06ecrednBaioTCs «;Keae3Ho» . Bropoii Bapu-
aHT YyTb 9K30TUYHEH: KK/l HOBBIH OGPOCOK HA/O BBITIOJI-
HSITD M3 TOUKH [IPU3EMJIEHUST KAMHST OT TIPEbIYIIEro GPOCcKa,
YTO JlaeT TPAKTUYECKH TAKYIO XK€ CJAYYalHOCTb U MTOTOBYIO
TOYHOCTD.

Tenepn HeckosbKO cJioB 06 yromsimyroMm namu Jlarmmapu-
nu. OH UCIOJIB30BAJ JIPYTOi CIIOCO0 9KCIIEPUMEHTATIHBHOTO
BBIUUCJIEHUST TI — TOCPE/ICTBOM CJIYYailHOTO GPOCAHUS UTOJIKH
Ha JucT 6yMaru, pacuyepyeHHBIH MapaeTbHBIMI PaBHOOT-
croanmMy TUHUSMA. OKa3bIBaeTCs, eCJU PACCTOSHUE MEXK-
Jly JUHUSIME PaBHO ¢ TPHU HIUPHHE WTOJKU [ m 1i0ocje n
6pPOCKOB WTJIa Tiepecekaach ¢ KaKoH-Jm60 JMHUEH POBHO m

2n
pas, TO MOXKHO OLEHUTb Tt 1o ¢opMyse TT=—- — (B
m a

knure JKykoBa IIpUBOANTCS TOMy JOKa3aTesbcTBO)®. Pas-
JINYHDBIE HKCIEPUMEHTATOPbI OPOCAIHM UTJIY /IO TISTH ThICSY
pas, JOGUBIINCDH JIMIIb O/JIHOTO TOYHOTO 3HAKA I10CJIe 3allsi-
TOl M Gosee-MeHee OIM3KON BeJM4YnHbI BTOPoro 3naka (T.e.
y HUX BBIXOJHJIO 4TO-TO Bpoge T = 3,15...). Jlanuapuun
Ke, coryiacHo ony6smkoBaHHbIM nM B 1901 rogy pesyJibra-
TaM CBOEro dKCIepuMenTa, noxyuna Tt=3,1415929..., oboii-
nscb Bcero 3408 6pockamu, PesysibraT, 4TO W TOBOPHTD,
HECYCBETHO TIPEBOCXO/IHBIN 1 TIOTOMY, €CTeCTBEHHO, BbI3bI-
BaeT coMHeHms. B BecbMma moyumrenbHOI ctatbe A.H.3aii-
nens «O6man uan 3abayxzaenue» («Ksant»> Ne5 3a
1983 1.) 3TOT HOAO3PUTE/bHDIA Pe3yJIbTaT HOAPOOHO 00-
cyskmaetcs. [Ipeskzie Bcero, Kak MUIIET aBTOP CTATbH, Jake
€CJIN YNCJI0 TIepecevyennii, aiolee Takyo TOYHOCTb, U GbLIO
MOJIYYeHO, J00POCOBECTHBIN 9KCIIEPUMEHTATOP HE JIOJDKEH
6bL1 Obl TyGJUKOBATH €ro Kak MpubaumKeHue TU IIPOCTO
MOTOMY, YTO JIJIMHY WIJIbI U PACCTOSTHUE MEXKy JMHUSMU
HEBO3MOKHO U3MEPHUTb C HYKHOI TouHOCTbIO. Tem Gouee,
4TO Ja’ke M3MEeHeHue TeMIlepaTypbl UrJjbl Ha 1—2 rpaayca
MPUBO/INT K OIMMOKE B TpeTbeM-yeTBepToM 3Hake. Ho u
CMbICJIA B TOM, YTOOBI KaKMM-TO 00Pa3oM JOOUTHCS CBEPX-
TOYHBIX M3MEPEHWH, HET 10 JAPYTOH, YMCTO BEPOSITHOCTHOH
npuunHe. [lo onenke A.H.3aiinens ansg toro, 4To6bI MoJTy-
YeHHas B 9KCIIEPHUMEHTE YacToTa MOTJa ¢ JOCTaTOYHOI /oc-
TOBEPHOCTBIO CJIY>KUTb IPUOIIKEHIEM TEOPETHIECKOTO 3Ha-
YeHNS BEPOSATHOCTH C 3agBJCHHONW TOYHOCTBIO, WIJY TIPHU-
ntoch 6u1 Gpocatb okoso 4 musnnonos Jier! Ilpasaa, mpu
TOM CYUUTAJNOCH, 4YTO IPOU3BOJUTCS OJUH OPOCOK 3a
cexyHza. O4eBu/HO, aBTOP He ObLI 3HAKOM C OPUTHHAJBHOM
crarbeil Jlammapuuu, cOrjiacHO KOTOPOil OPOCKU BBITIOJTHSI-
JIuCh BABOe ObicTpee. «Bo3MOXKHO Jin 3T0? — CIIPOCUT YMTA-
tenb. — Jla eme u c¢ dukcanueil yuciaa mepecedeHuii? »
OtrBer mo6ONBITHBIN. JlamapuHu IHUIIET, YTO ITOCTPOMJI
CHeIMaIbHbIN  «6pocaTesIbHbIN  amnmapaTs: 4acoBOH Mexa-
HU3M NIPUBOJUJI BO BpallleHWE C TMOCTOSHHOW CKOPOCTBIO
MeTaJJIMYecKuil IIMJIMHIP, KOTOPBI pa3 3a pa3oM <«O6po-
cas» TOHKHII TIPYTHK, HO HE Ha TBEP/YI0 MOBEPXHOCTb, a
Ha paMKy C TYro HaTSHYTbIMH Ha HEH MeTaJIIMYeCKUMH
HUTSMH; 4nuca0 GpocaHnit, 6iarozapst dacaMm, (pUKCHpoBa-
JIOCh aBTOMATHYeCKN. ECJH TPONCXOIUTIO <«IIepecedeHnes,
T.e. IPYTUK 3a/IeBaJl CTPYHY, TO OTKJIOHEHHE DaMKW Iepe-

8 Tam, mpaBna, BMECTO @ U [ HCTIONB3YIOTCST BETUUUHDI 2a 1 21, HO
MbI 3/IeChb OTKa3bIBaeMCs OT MHOKUTEJIeH-ABOEK, YTOObl OHU HAC He
OTBJIEKAJIM — Ha PE3YJIbTAT HTO BCe PaBHO He BausgeT (160 9TH camble
JIBOWKN COKPAIAIOTCS ).
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JIAaBAJIOCh HA 11€pO, 4YEPTHUBINEe HENPEPHIBHYIO JUHUIO HA
npoGeragsiieii 1moj; HUM TeserpadHoii Jiente, ¥ B 9TOT MO-
MEHT OHO TIPHUIIOJHUMAJIOCh. Tak 4To mocJje cepuu 6Gpoca-
HUIT Y aKcriepuMeHTaTopa ObLT TOTOB CBOETO POJia TIPOTOKO
UCIBITaHNH. PUCyHKa 9TOTO OCTPOYMHOTO MEeXaHu3Ma B CTa-
Tbe HET, U HENOHITHO, KaK M HACKOJIbKO XOPOIIO o6eciedn-
Bajach cJjydaHocTb OpocaHuii, HO, TaK WU uHAYe, 2
MUJIJIIOHA JIET — TOKe MHOTOBAaTo. ..

Crout ckasaTtb u 00 elie 0HOM obGcrosTesbeTBe. Jlamia-
PUHU TIPUBOJUT PE3yJbTAaTbl HE OJHOTO, a IIeJIOH Cepuu
onbIToB. BO BCeX M3 HMX UYMCJIO UCIBITAHWH ObLIO <«KpPYT-
aeiM» (100, 200, 1000, 2000, 3000, 4000) u TOJIBKO B
OTHOM YKasaHo 3To crpannHoe uncio 3408. O mocisennem
Mbl TIOTOBOPUM UyTb HIDKE, HO M PE3yJbTaTbl «HOPMAJIb-
HBIX» OIIBITOB, MPHUBEJEHHbIE, KCTATH, C OTHOCUTEJBHO pa-
3YMHOIl TOYHOCTBIO B 3—4 3HAKA MOCJE 3alsTOi, ¢ TOYKH
3PEHHsT TEOPUH BEPOSITHOCTElH OKA3aJUCh HUUYTh He MeHee,
ecn e Gojiee, momo3putesabHbiMu. Amepuraner] Jlu Bas-
skep? o6paTHJl BHEUMaHHE HA TO, 4TO KOJMYecTBa <«G6Jaro-
NPHUATHBIX MCXO/0B» (11epeceueHuii) B oHOII U3 ABYyX ce-
puii onbIToB JlamapuHu oKasaach MaKCHUMaJIbHO OJIM3KN-
MH K MX MaTeMaTH4eCKUM OXXU/IQHUSIM, W OIEHUJ BepOsT-
HOCTh 3TOTO coObITHd. Ona oxasayach Menbire 0,00003!
Taknm o6pasoM, ecsu JlanmapuHu U MPOBOJII CBOM OIIbI-
Thl Ha caMoM Jesie (4TO KajKeTcst BIOJIHE BEPOSTHDBIM, Cy/s
[0 JIOCTATOYHO TIOAPOOGHOMY OIMCAHUIO €ro HKCIIEePUMeH-
TAJbHOU YCTAHOBKM), TO YK WX Pe3yJbTaTbl OH [OYTU
HABEPHSIKA TTO/ITACOBAI.

W Bce-rakm, noyemy umenno 3408? Omubit Broddona naer

. Paccrosanue

mLa
1

MeEXAy COCEJHUMU LIpOéHMI/I CO 3HaM€HaTeJIEM ¢ PaBHO q , U

B KauecTBe NMPUOIMKEHUs 7151 TT 1PO0h

006PATHCS € X TTOMOIIBIO K JJAHHOMY YHCJTY C CYIIECTBEHHO
60Jiee BBICOKOI TOYHOCTDBIO, BOOOIE TOBOPS, HEBO3MOKHO.
Ho /11 HeKOTOPBIX CHENUATbHBIX 3HAYEHUN ¢ MOKHO TTOJTY-
4UTh TOpas3no 6GoJiee TOUHBbIE TPUOIIKEHUS, AJisi KOTOPBIX

OTKJIOHEHHE OT JIAHHOTO uucJa OyleT MeHbIle ? Mbr He

6leeM 3/1eECb BAaBaTbCA B TEOPHUIO TaKUX HpI/IéJII/DKeHI/II‘/JI;
YKaKEM TOJbKO HECKOJIBKO HEPBbIX HaAWJYUIINX HpI/Ié]II/DKe-
HUW g ducaa T, Jro apXuMea0Bo HPI/IéJII/DKeHI/Ie

27—2 = 3,1429 , npubsmxenne % = 3,14166 u 3amedaTesb-

Hoe TpubIKeHne fng = 3,1415929 ..., HalijenHoe Kuraiic-

kuM yueHbIM V Beka 13y UyH-usku, Jatoniee 6 BepHbIX 3HAKOB
T 1pu 3Hamenaresie po6u 113. ViMenHO aTO 3HaueHuEe U
ripuBeJt Jlamapuum, NoyYuBIIni — 110 €r0 YTBEP>KIEHUIO —
1808 nepecevenuii mpu 6POCAHUM UTJIBI JJTMHON [ = 2,5 cM U
PACCTOSTHUM MEX/y JIMHUAMUA @ = 3 CM:
2[B408[2,5 _ 481> _ 355
1808 B 306013 1137

Takoe sxe npuOIMKEHNE LIS TeX XKe [ 1 d IOJIy4aeTcst ¥ TPy
JIPYTUX 3HAYEHNUSX 7 U m, mpomopimonaabapix 213 = 3 [71
un 113 ¢ ogunaxkoBbiM MHOxUTesaeMm: n = 213k, m = 113k.
YromanyTeiii Boimie JI.Bamkep olleHns BeposSITHOCTD TIOJTY-

9 Lee Badger. Lazzarini’s Lucky Approximation of m. —
Mathematics Magazine 67, 1994, 83-91.
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4UTb 3Ty PO6b, HO HE POBHO TT0ce 3408 Gpocanuii, a xoms
OvL 00un pas B cepun u3 4000 Gpocamuii, ecJi BbIYUCIEHITE
BBIMOJIHSIOCH Tocae Kax10ro 6pocka. (CTtoabko 6pOCKOB 1
yKazaHo B oryere Jlalapuuu, npuyeM ero <«IpoTOKOJ pe-
3yJIbTATOB» I03BOJIsII 6€3 TPYy/a BBIIOJHUTD TH BbIUUCJIE-
HHUA, TeM 6oJiee 4TO CzesaTb 9TO ObLIO JOCTATOYHO TOJIBKO
nocse Kaxaoro 213-ro 6pocka, T.e. Beero 18 pas.) Oxasa-
JIACh, YTO 3TA BEPOSITHOCTb HE CTOJIb V3K MaJjia — OHa GOJIblIe
0,3. Tax yTO HEJIb3S UCKJII0YATD, YTO UMEHHO B 9TOM CJlydae
Jlanmapuan 611 yecten. Ho ceblmatbes Ha aTOT pe3ysbTaT
KaK Ha IOJTBEPK/CHNE BO3MOXKHOCTU JOCTATOYHO TOYHO
BBIYUCIUTDL TU € ToMoIlibio omnbiTa Bioddona Bce paBHO
HeJIb3s1, Be/lb OH ObLT TTOJTyYeH, NCXO/IsI U3 3apaHee U3BEeCTHO-
ro 3HaYeHus: TI.

Uro6bl yoeuThesl B IPABOMOYHOCTH TIPUBE/IEHHON PEKOH-
cTpyKImu ornbiTa Jlamapunu, Oblja BbIOJHEHA ee TPOBepKa
(1pu pasubix 3Havenusax [ u a). Pasymeercs, 6pocarb uriy
«BJKHMBYIO» He ObLIO HEOOXOMMOCTH — KOMITBIOTEP-TO HUKY-
Ja He fenca! Kak yxe orMedanoch, MHOTHE SI3BIKH IIPOTPaM-
MUPOBAHUSI UMEIOT BCTPOEHHBII T€HepaTop CJIyYailHbIX Yu-
ces. A pa3 Tak, TO He COCTaBUJIO TPY/Aa 6POCUTb BUPTYAIbHYTO
UTJIy Ha CTOJIb K€ BUPTYAJbHYIO Pa3JNHOBAHHYIO MOBEPX-
Hocth 5000 pas, MoOACYUTBHIBAS TIPH ATOM TU TIOCJTIE KaKIOTO
6pocka (1 takue 5000-6pocKoBbIE cepruu GbLIM /IS HaIE5KHO-
CTH [IOBTOPEHbI MHOTOKPATHO). Pe3ysbraT BechbMa MoKasaTe-
JIEH: JIOBOJIBHO 4acTO (IIPUMEPHO B KasKIOH YeTBEPTONR-TIATON
cepum) 1ocJie KaKoro-to 04epesHoro 6pocKa, HoMep KOTOPO-
ro, KOHEYHO, 6cezda ObLn KpareH 71, MOJyd4asoch TO, 4TO
HAJIO.

Bor kak 0o6pa3syiorcsi He BIIOJIHE 3/[OPOBbIE CEHCAIIHH.

N B 3akimiovenne, mocJje TOro Kak Mbl YCIIEITHO Pa3apaKo-
HUJIM HeCcYacTHOTo Jlamapuiu, BepHeMcst K HalmM 6apaHam,
T.e. B JIAHHOM cJjydae K KBajaparam. O6pymaeMm eie pas

4m
dopmysy T =— . Vcxost U3 TOJIBKO YTO U3JIOKEHHOTO, 3TO
n

OTHOIIIEHNE [/IBYX HE OY€Hb 6OJIBIINX HaTypaJIbHbIX YUCEJI

4m _ 355
MOJKET CTaTh OJIU3KUM K TU, €CJIH W 113 K coxkasnenmio,

355 He menwrtcs HA 4, HO KTO MeENIAeT YMHOXKHUTb HA 4 u

') —_——
YUCJAUTENb, U 3HaMeHate ib? Torma 13 4013 450

[ToaToMy ecam MBI KMHEM KaMeHb JIUIIb 452 pa3a U IpH 3TOM
omajlane B KPyT IPOU30I/IET POBHO 355 pas, TO MOJIYUUTCS
3navenue T, Kak y Jlammapunu! U wer neo6XomaumMocTu
TPATUTh CUJIbI HA MUJIJIMOHBI OPOCKOB. KoMIbiotepHas 1npo-
BepKa 9To MOATBepsKAaeT. [IpuMenss mocae oIl yKa3aHHbI
B Tekcre croco6 (Korga ToYKa majeHus KaMHsS CTaHOBUTCS
CTapTOBON TOUKOM CaIeyI0Iero 6pocKa), KOMIIbIOTED BBINOJI-
HUJI MHOTO cepuii u3 452 6pockoB. B 4-5 mpoiientax n3 HUX
KaMeHb YTO/IMJI B KPYT, KaK M Me4Tasoch, 355 pa3. Bor Bam
u Tl C OTJAMYHON JWMOBOH TowyHOCThIo! ['maBHOE — yMeso
3a6pakoBaTh octaybHble 95—96 MPOIEHTOB NCXO/IOB.

P.S. A xro eme He mpoyes ynoMsanyTyio kaury A.B.7Kyxo-
Ba — HACTOATEJIHHO PEKOMEH/IYeM 3TO C/IeaTh. Y JOBOJIbCTBHIE
OT TIPOYTEHWS TAPAHTHPYEM.
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AHn ¢pusmkn B lybHe

C 27 no 29 mapra 2016 roga B IK «Mup» 1oAMOCKOBHOI
[ly6ubr ipoxoausn /I ¢pusnkn, oprannzoBanibie MexKImKoJIb-
HBIM (PU3UKO-MaTeMATHYeCKUM (DaKyJIbTATUBOM U Y 4eGHO-HAY Y-
HbIM IIEHTPOM OO6beUHEHHOTO MHCTUTYTa AICPHBIX NCCICI0Ba~
HUI.

IlepBoe BrieyaryieHue OT NPOUCXOAAIIETO B 3a1ax JloMa KyJib-
TYpPbl — XaoTnyeckoe, GPOyHOBCKoe /BmxeHne. OueHb MHOTO
MOCETUTE e, B OCHOBHOM JIETEN, TTEPEMEAtONXCsi, JIOOOTbIT-
CTBYIOIIUX, IIE€PEJUBAIOMNX >KUAKOCTH, 3allyCKAIOINX MeTaJl-
JinyecKue mapukn, Habmogaonmx ontudeckue addextor. Cpe-
JIM HUX MOYKHO 3aMeTuTh (110 0/IMHAKOBbIM (hyTOOIKAM) OpraHu-
3aTOPOB 1 BOJIOHTEPOB. K HUM, KaK K MarHUTaM, IIPUTATUBAIOTCS
cTallky 3pHUTeJiell — TOAXO/AT, CAYIIAOT, IBITAIOTCS TOBTOPUTD,
nepexoJAT K caeaytonmm. W Tosbko mocse GoJiee 1eTaabHOrO
3HAKOMCTBA C YYACTHUKAMU MPa3/HUKA BO3HUKAET aHAJIOTHS C
HEIPOHHOIT CEThIO — BCE TaK WJIM MHAYe CBSI3aHbI ¢ (PU3NUECKON
HayKOH, HO KaX/[blil MIpUIIIeJ K Hell CBOUM IIyTEM.

Bort o/iiH 13 aJTOPUTMOB BOBJIEUEHHS B 1y OHEHCKITH 9KCIIEPH-
MeHTapuyM. Yuntesib Gu3nKu MOCKOBCKOIi mikoJbl 2086 B.B. 1 a-
BeJIeB, OCEHbIO IPONLTOro roja mobbiBaBmuil Ha Illkose n1s
yuntesieit B [IIEPHe, npuexan co cBoumu yuenukamu B [LyOHy
JIEMOHCTPUPOBATD ONbITHI. O/MH u3 ero yuyeHukosn, [Iuma I'puro-
pbeB, pacckaszas: «Mbl ¢ KJIacCOM PEHINJIN CeJATh HeHbIomOo-
HOBCKY10 KUIKOCTh. JTO KpaxMaJi, KOTOPBII CMeTaH ¢ BOAOH B
OTIpe/IeIeHHO MTPOTTOPIHU. MOoJIeKyJIbl KpaXMaJia CKPEIISIOTCS
Mekly co00ii, M ecM BO3/IeiiCTBOBATh HAa TIOBEPXHOCTH HAIeil

SKUJIKOCTH, TO BO3HHUKAET OIILYIIEHNE TOTO, YTO COTIPUKACAEITBCS
C TBEPAbBIM TEJOM. A €CJIM OIYCTHTb B JKU/IKOCTb PYKY, TO OHA
norpy:kaercsi. [losydaercs: uarepecHbiit apderTs.

A Ha clleHe MaJIoro 3ajia PacHoJIoXuanch roctu n3 Yexun,
onuoit m3 rumuaszuii OctpaBbl. BoceMb y4eHHKOB [€BSITBIX
KJIACCOB W C HUMH [[B€ YUUTEIbHUIIBI PYCCKOTO SI3bIKA JEMOHCT-
PUPOBAJIH OTIBITHI C MJIA3MEHHBIM TIAPOM, OOBSICHSLIN MTPOIECCHI,

PACCKa3bIBAJH O THMHA3UH ¥ 32A0/THO MTPAKTHKOBAJNCH B PYCCKOIT
peun.

[To o6memy MHenuio, uHuiparopoM JlHeil pusmku npusHax
M.C.Hurtummnckuii, npenojasaresb DakymabratuBa. B atom
TOJly eMy y/JAI0Ch BOBJIEUDb B KPYTOBOPOT MaTeMaTHYECKIX 33/1a4
u (PU3UYECKUX OTIBITOB MKOJbI [[yOHbI, KIy6 OYYIIHMX YYEHbIX,
myseit OUAY, marematuecKuii KpPYysKOK, MEK/IYHAPOIHYIO
KOMITBIOTEPHYIO IIKOJY, yHuBepcuter «/ly6nay, yHuUBepcab-
Hylo 6u6smoreky. B mporpamMme mpasgHuKa — JE€MOHCTPAIIHS
OTIBITOB CTAPIINMU MIKOJbHUKaMK U «Tpoma uccienoBareseiis,
T/le OIBITBI TIPEJACTOUT JIeIaTh PedsiTaM caMOCTOSATEIbHO, HAYY-
HOE M0y € JKUIKKM a30TOM U MaTeMaTudyeckue Gou, JEKIUs 110
HCTOPUN YCKOPHTEJEH, TpounTantas Buie-aupexropom OMAN
unenoM-koppecniongienTom PAH T.B.TpyGHUKOBBIM, 1 TypHUD
110 POGOTOTEXHUKE.

Bmkaiime copatiuku M.C.Hutummmuckoro — py6HeHCKue
npenozasatesn pusukn 1. A.JTomauenkos u A.A.JIeonosuu. Ilo
X MHEHHUIO, ¢ Ka’KJBIM TOJOM Ha TIPA3JHUKE MOSBJSIOTCS BCE
HOBbBIE M HOBbBIE IKCIIEPUMEHTHI, B PaGOTy BOBJIEKAIOTCS BCE
6osipiie U GOJIbIIIE BOJIOHTEPOB. JTa IJIONIAJKA HE TOJBKO
MIOMOTAeT IITKOJbHUKAM YCBAMBATh 3HAHUS TI0 IIPEJMETY, 37IeCh
7 YUYWUTEJST MOTYT TOJEJUTHCS HAGOJEBIINM, HOCOBETOBATHCS,
«TIO/ICMOTPETb» HOBbIE ITPUEMbI U METO/IbI.

[lan $pusuKM B 3TOM TOJY MPOXOAUIN 10J| 3Tutoil 60-1etus
OUAN. Bospioe uncyao moceruteseit, 1yOHEHCKUX M TIPUE3-
JKUX YYIACTHUKOB, Pa3HOOOPA3HBIX JKCIEPHMEHTOB CBHJIETENb-
CTBYIOT O TOM, YTO HAl/IeH NPABUJIbHBII BEKTOP, NMPABUJIbHAS
dopma obIenns: co MKOJIbHUKAMU. B KakoM-To cMmbicse [[Hu
¢usukn — ato npoekius geareabnoctn OVAN na mup nereit n
MIOZIPOCTKOB, 3HAKOMCTBO C MOJIEJTBIO MEXK/[YHAPOIHOTO HAYIHO-
TO TIEHTPA, KOT/IA HAYYHBIH MOUCK MPOUCXOUT B COJPYIKECTBE
YUYEHBIX M3 Pa3HbIX OPTaHU3AINIl.

Mamepuan nodzomosuia
I'.Msaaxosckas, ¢pomo npedcmasuna E.ITysvimuna




INIPAKTUKYM ABUTYPUEHTA

Hayane Oblfo
C/10BO, UK YTO
fenaTb, KOraa

33[a4a He peLlaeTcs

M.BEOH4APOB

OI'TA B IIKOJIBHBIE T'O/Ibl MHE HE YJIABAJIOCH
penuTh 33Jjauy, WHOT/IA S IeJT 32 TOMOIIbI0 K CBOUM
poauresisiM. HezaBucumo ot ycaoBUS 3a/1auil, UX COBETbI He
OTJINYAJINCH pasHooOpasmeM. MaMa KaK/[blii pa3 roBOpUJIA!
«Cxomm u mokyinait!l», mama coseroBaJs nHave: <«Eie pas
npounTtail yciaosue 3ajgaun!y Kak ato HU yauBHUTETHHO, 06€
PEKOMeH/IalK [I0UTH Beer/a roMoraJu. Ternepb s OHUMalo,
4yTO 062 COBETA CBOJIMJINICH K OJTHOMY: K 3aj[aue MIMEET CMBICJ
BEPHYTBCS ellle pa3, MOJKPENUBIINCh B TIPSIMOM U TepeHoC-
HoM cMmpicse. [loBTOpHOE TpoUTeHWE YCIOBHS YAaCTEHBKO
[IO3BOJISIET 3AMETUTH B HEM TO, YTO ObLIO YIIYIIEHO CHAYAJA.
B aroii craThbe MBI KOCHEMCS JIUIb HEKOTOPBHIX CIIOCOGOB
paGoThl € YCJIOBUEM 3a/1a4H, MONBITAEMCST HAYYUTb HAXOAUTD
B HEM CKPBITbIe OT HEHCKYIIEHHOTO YUTATess TIO/ICKA3KH,
KOTOPbIE aBTOP 33/la4M I0CbLJIAET TE€M, KTO COOMPAETCs ee
pematb. «Sapienti sat», — ckazanau 6bl B TAaKOM CJIy4ae B
[IpeBHem Pume. Mbl ske BbIPa3uM Ty K€ MBICJb T1O-PYCCKU:
«YMHDBII TTOWMET C MOJIYCJI0BA> .
Hy dro >k, BcTymieHUe 3aKOHYEHO, JaBaiiTe repeiijeM K
KOHKPETHBIM ITpUMepaM.

MepeBop, egnHUL, n3MepeHUs

Haunem ¢ Mesioun, Ha KOTOPYIO, KOHEUHO JKe, Ha/l0 o6pa-
TUTh BHUMaHUE. ITO COTJIACOBAHHOCTD €MHUI] U3MEPEHUS.
Hepenko Niko/ibHbIE yUUTE IS COBETYIOT CBOMM YUECHUKAM YIKe
[IPU 3AIUCU «JAHO» CPa3y IEePEBOUTD €[UMHUIIBI U3MEPEHUST
B CU. CoBet, HeCOMHEHHO, JIeJIbHbII, HO HE YHUBEPCAJbHbIN.
[To-BuiMOMY, YHUBEPCAJbHBIX COBETOB B PEIIEHUN (PU3M-
YecKUX 33jJa4, He cymecTByeT. [IpakTudyeckn K KaxKIoMy,
Jlake caMoMy TI0JIE3HOMY, COBETY MOJKHO HAWTH KOHTPIIPHU-
Mep, JAEMOHCTPUPYIOMKiA ero 6ecriosiesnoctb (a nHoraa gaxe
BpesHocTb). U 910 3aMevatesibHo. IIpecTaBbre, Kak CKydeH
ObLT OBl IIPOIIECC PeleHus 33/1auu, ecJu Obl OHA Pelaiach
CTPOTO TIO aJTOPUTMY. Kakas y:K TyT paJoCTb OT HaXOJKH
IIyTH ee pelreHus?!

OOG6cyiuM BOIIPOC O 11e1eCO06PAZHOCTH TI€PEBO/IA €/INHHUIL
N3MEPEeHNs, PACCMOTPEB M3BECTHYIO IMTKOJBHYIO 3a/a4y.

3amaua 1. Ilpu cxopocmu 15 km/u mopmo3noi nymo
asmomobuis cocmasasiem 1,5 m. Kaxum 6yoem mopmo3znoi
nymo npu ckopocmu 90 KM/ 4, ecau MmopMoKenue 6 060ux
CAYUAAX NPOUCXO0UM € OOUHAKOBHIM YCKOPEHUCM?

Pemenne. Cpasy 6pocaercs B Ijiaza HECOIJIACOBAaHHOCTD
equnui, usmepenns nytu (M) u ckopocru (km/u). Kax
noctynutb? [lompob6yem mepeiitu B CHM: 90 &m,/4 =
=25M/¢, 15 kM /4 = 25/6 m/c. Kak BU UM, ITOSBJISIETCS

HecoKpaTuMasi 0ObIKHOBeHHas ApoOb. Eciu nmepeBoauTh ee B
JIECSITHYHYIO, TIOJYYUTCsS NPUOIMKEeHHOe 3HAYeHue, 4To, ec-
TeCTBEHHO, Hey106HO. [locToiiTe, a HY:KHO Ji BOOGIIIE OCyIIle-
cTBJATH 1epeBojt equnnil B CU B nanHoi 3aa4e?

Haunem pemaTh 3agady B obmeM Buze. /171 onpeneseHns
HUCKOMOTO TOPMO3HOTO MYTH S, YJAOOGHO MCHOJb30BaTh (Hop-
MyJsy
s, = U% _ng ,

—2a

rae vy, = 90 kM4 — u3BecTHasl HavaJbHas CKOPOCTb BO
BTOPOM CJIy4ae, d — MOAYJIb yCKopeHust aBroMo6uss (OH 110
YCJIOBHIO OJINHAKOB B 0O0OMX CJydYasix, a 3HAK <MHHYC»
«OTBEYaeT» 32 TOPMOKEHHE), KOHEeUYHast CKOPOCcTb vy = 0. O
KOHEYHOH CKOPOCTH B YCJOBHH SIBHO He HANKMCAHO, HO
OUYEBHU/IHO, YTO TOPMO3HOU IYTh 3aBEPIINAETCS] OCTAHOBKOI B
KOHI[e JIBIDKEHHS — BOT NEPBBIH B JaHHOW CTAaThbe IpUMep
UCIIOJIb30BAHUST «CKPBITOit»> B Tekcre uubopmaiuu. Ecom
Telepb 3alKcaTh AHAJIOTUYHYIO (DOPMYJY /s TOPMO3HOTO
IyTH S; B IIEPBOM CJydae:
012 ‘031

-2a
rae vy, = 15 kM /4, vy =0, TO MBI JIETKO TIPUXO/INM K OTBETY
B o6uieM Buzie (Hapumep, IMOJeJUB BepXHee ypaBHEHUEe Ha
HIDKHEE)

S1:

2 ] 0 ?
52:310%251%ﬂ|] :LSMDM% =54 M.
%1 010 015 kM/q

Mpbr Bugnm, uto nepeBo exunnil B CU B gaHHON 3ajjaue
JIefiCTBUTEIbHO He ToHano6uiacs. Takum o6pa3oM, MOSKHO
chopMympoBaTh 1-e npasuio pabomul ¢ MeKCMoM 3a0auu:
nepeBozi enHUT n3Mepenns B CI Hy>KHO OCyIecTBIATH He
BCET/a, a TOJBKO 10 Mepe Heo6xXoanMocTH. OTMETHM TaK:Ke
1 2-e npaguio pabomol ¢ MeKCmMoM 3a0a4u: B TEKCTE YCIOBHUSI
[I0JIE3HO KaK-TO BbI/ICJIUTD CJIOBA, XPaHsI1e HEKHil CKPbITbIi
OT HeNpUTS3aTeIbHOrO B3TJIsia cMbica. [l ypo6ersa 1o
XoMy paszbopa 3ajau HauHeM 3anoJHATb mabauyy (oHa
HoMelleHa B KOHIIE CTaTbi), B KOTOPYIO OyeM 3aHOCHTb
CJIOBA, TAsIIIe BAXKHDIN /s peliernsi (pu3ndecKuii CMbICT, 1
ero pacimudpoBky. Takum TepMUHOM B IEpBOi 3ajaue ObLT
MOPMOIHOU NYMb.

HauanbHble yaioBusa

Kak n3BecTHO, XapakTep [IBIDKEHHS Tesl ONpee/seTcs He
TOJIBKO ,ZICI‘/JICTByIOH.II/IMI/I Ha Hero CuJjamM, HO U HadaJIbHbIMN
yeaosusamu. Hanpumep, teso, GpolienHoOe BepTUKAIbHO BHU3,
6yaeT JBUTATLCA MPSIMOJMHENHO M paBHOYCKOpeHHO. Ecim
JKe Teso OpOIICHO BEPTHKAIbLHO BBEpX, TO CHAadasla OHO
6y/IeT TOPMO3UTDHCS C IIOCTOSTHHBIM 110 MOJIYJIIO YCKOPEHHEM,
JBUTadACb BEPTUKAJIbBHO BBEPX, a 3aT€M HAYHET Pa3rOHATHCA
C TEM JKe YCKOpeHHeM BHU3. V3MeHNB HanpaBJeHne Hayalb-
HOH CKOPOCTH Tak, 4TOObI OHa GbLIa HAIPABJIEHA TI0/] YTJIOM
K TOPU30HTY, HOJIyYUM JBUKEHHE Mo mnapabose. Kak Bu-
JIUM, YCKOPEHHE BO BCEX CJydYassX OJMHAKOBO (IpH OTCyT-
CTBUH COIPOTHBJIEHHUSI BO3/YyXa), a XapaKTep [BUKCHUsI
pasJimyeH.

[Torrpo6yeM Ha KOHKPETHBIX IIpUMepax II0Ka3aTb, Kak
MOJKET IIOBJHATH Y4YE€T Ha4aJIbHbIX yCJIOBI/IIL/'I Ha penieHune
3a/1a4N.



NPAKTHUKYM

3amaua 2. Yepe3 xaxoe epems om Hauald 06uxeHus
mouxda, cosepulauds Koiebanus no 2apMOHUYECKoMy 3d-
KOHY, CMECUmMCs Om HAYAIbHOZ0 NOJIOKECHUS HA NOJIOBUHY
amnaumyodv? Ilepuod xorebanuii 6 c.

Pemenne. Haunnaem pa6otaTh ¢ ycJ0BHEM 1O 2-My TIpa-
Buaty. B niepByio ouepesib o6pariaeM BHUMaHKue Ha MH(pOpMa-
o o pusnueckux BesanunHax: nepuog I' = 6 ¢, cMenienue
\x - ?Co‘ = é . Yrto HaM fal0T cJ0Ba «K01e6anus no 2aApMOHU-

2
uecxKomy SCZKOHy»? Tak nasbpIBaioT KOJIeéaHI/IH, Iponcxoas-

Hye 10 3aKOHy CHHyca WM KocuHyca. YTo ke BbIGPATD:
cuHyC UJm Kocuuyc? BHOBb oGpaiiaeMcst K yCJI0BUIO: HY3KHO
HAlTH 6pems om Hawanid dsuxerus. TOUKa HAUMHAET CBOE
JIBIDKEHE B OJTHOM U3 KPAHNUX 1moJoKenuii. [lys onpenesien-
HOCTH, IIyCTb B 3TOT MOMEHNT ee koopjaunara x, = A. Torma
rapMOHUYECKUI 3aKOH TpUMeT Buj: X = Acoswt , ryue 1nuk-

21
Jn4yecKasd 4actora w :? . Tenepb COéepeM BCE€ B OZIHO
YpaBHEHUE!

|Acoswt — A :g ,

KOTOpOe TIPUBOJIAT K OTBeTy: ¢t = 1 c.
3anaua 3 (HIY). I'pysux nodsewen ¢ mouxe D na mpex
00UHAKOBYIX NPYKUNAX, 3AKPENIEHHOLX HA 20PUSOHMALL-
Hou aunuu 6 mouxkax A, B, C,

A it ¢ npuuem paccmoanue AB pasno
paccmosimuio BC u pasno daune
nedegopmuposanioll. npyKuvl

1(), (puc.1). B nonoxenuu pasnoge-

' cus. OADB=0 BDEa= 30 .

Puc 1 D Bnesanno npyxuna AD pasopea-

aacy. Haiioume mody.iv u nanpas-
JleHue YcKopenus epysuka cpasy nocie paspuvied. Maccoii
npysxun npenedpeus.

Pemenne. O603HauMM CHJIbI HATAKEHUA TPyxRun AD u
CD uepes Fy u F| COOTBETCTBEHHO, IIPUYEM HX MOJLYJII
ONMHAKOBBI M paBHbl Fj, a MOJYJb CHJIbI HaTSKeHUs [y

npyxuunsl BD pasen I,

lo (puc.2). o paspbiBa IpYysKH-

> HbIIPY3HK HENOOGUKEH, TI09TO-

7 C My u3 yciaoBus paBHOBecHs 110
4 BEPTUKAN CJIELyeT

s 2F cos30° + F, =mg , numm

309 FiN3 +F, =mg .

[To 3akony I'yka umeem

A _k(hi-h)

F k(lz ‘lo) ’
F, = (‘/5_1)1:1,

nockoabky I =20y, 1, =3l .
Torga nosyuum

—_Mmg
N
Cpa3sy nocae paspvisa npyxunbl AD ee cua ynpyroctu
obpaTuach B HOJb, 3aTO CUJIbI YIPYIOCTH JBYX JPYTUX
HPY>KUH He MO2/U USMEHUMBCS MZHOBEHHO, TI09TOMY BEKTOD
ycKopenus GyJieT onpeiesiaTbes pasHojelicTByomeit R Tex
ske cuar mg, Fo n F} , KOTOpBIE CYIIeCTBOBAJIN JI0 PAa3pbIBa

nian

mg

Puc. 2
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(kpome ucuesnysmeit F; ). OiHaKo MbI He Gy/1eM 3aHIMAThCS
JIOCTATOYHO TPY/A0EMKOi PaGOTOl HaXOXKAeHUS R, a MOCTy-
muM npoie. BemoManM, 4TO 10 pasphiBa MPYKUHBI BEKTOP-
Hasl cyMMa YeTbIPEX CHJI PABHAJACH HYJIO, T.€. [0 UCYE3HO-
BeHHsl CuIbl F; BekTopHas cymMa cun mg, F, u Fj
KOMIleHcUpoBasna ee. IpyruMu cJgoBaMu, PaBHO/ENHCTBYIO-
mass R GblIa paBHA 110 MOAYJIO Cujie F, I HalpaB/eHa B
IIPOTHBOIIOJIOKHYIO CTOPOHY. Tyzaa ske u Oy/ieT HanpasJieH
BEKTOP YCKOPEHUsI d IPy3WKa cpasy IocJie pa3pbiBa Py KU-
Hbl. U, HakoHeI, C IOMOIIBIO BTOPOro 3akoHa HbioToHa
oTIpe/ieJIsieM MOJIYJIb 3TOTO YCKOPEHHUS:

3agaua 4 (MUDU, 1972). K zpysuxy maccoii my = 10 2,
N00BEUEHHOMY C NOMOULIO O8YX HUMEl, U3 KOMOPLIX 00HA
zopusonmanvnd, a Opyzas
0bpasyem ¢ 6epMUKAaIvIO Y20
a=060°, npusszan na numu
Opyeoll epy3ux mMaccoi m, =
=20 2 (puc.3). Onpederume
ycKkopenue zpy3uka Maccoi
m, Cpasy nocie nepexuzd-
HUSL 20PU3OHMATLHOU HUNU.
Humu cuumamo nepacmsixu-
MbLMU.

Pemenne. B sroii 3agaue
HanboJjiee CJIOKHBIM, I10-BU- Puc 3
JIUMOMY, SIBJISIETCSI BBISICHEHUE
HAIpaBJIeHNs] BEKTOPOB YCKOPEHWI TPY3UKOB Cpd3y noc.ie
nepexuzanus Humu. HavdaabHbIii MOMEHT BpeMeHU BbIGpaH
HE CJIy4aiiHO — B 3TOT MOMEHT YCKOPEHUs TeJ ONpe/eInTh
MOKHO HauboJiee TIPOCTO, TTOCKOJIbKY H3BECTHBI HalpaBJe-
HUS JIEHCTBYIONNX HA TeJa CHJI.

B MOMeHT nepeskuranusi TOPU30HTAIBHON HUTH CKOPOCTD

Ipy3uKa Maccoii m; paBHa HYJIO, CJIe/I0OBATEIbHO, OH HAYHET
JIBUTATHCS 110 JIyT€ OKPYIKHOC- !
TH C YCKOPEHUEM ¢ , HaIllpaB-
JIEHHBIM 110 KacaTeJbHOW K
okpyxnocru (puc.4). Harpy-
31K MacCoil m, B HayasbHBbIH
MOMEHT JIEHCTBYIOT TOJIBKO Ha-
MpaBJIeHHbIE 110 BEPTUKAJH
CHJIbI TSDKECTH U HATSDKEHUST
HUTHU, TIO3TOMY OH [TPUXO/IUT B
JIBU)KEHHE C YCKOPEHUEM ds
HAIPABJEHHBIM BEPTUKAJIBHO
BHU3. 3anuiieM ypaBHEHUs
BTOpPOro 3akoHa Hprorona ja
KasK/IOTO TPy3HKa B IPOEKINSIX HA HANPABJIEHHS UX YCKOpe-
HIH:

Puc. 4

ma, = (m1g + T)sin a,
Moy =myg =T,

rne T — MOIyJb CHJIBI HATSKEHUS HUTH, COEIMHSIONIEH
rpysuku. Tak Kak HUTb HepacmsiKumd, yCKOpeHue HIKHero
rpy3#Ka U BePTUKAJIbHAS COCTABJAIONIAS YCKOPEHUS BEPXHe-
TO I'Py3UKa OJIMHAKOBDI:

a, = asina .
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Orcio/ia HAXONM
m
ek

m

)2—=9M/C2_
my )

— +sin“ o

my

a, = (g sin® a

Sameuanue. O6paTnTe BHUMaHIE HA CyIECTBEHHOE Pa3JIH-
4He B TIOBEICHUN MPYKUH W HATEH B TIEPBBII MOMEHT TT0CJIe
Cepbe3HBbIX N3MEHEHNH B COCTOSHNN CHCTEMBI. B To BpeMs Kak
NPY’KUHA B IEPBOE MTHOBEHIE COXPaHsiJia CBOH cBoiicTBa (ee
HaTsKEHHE MTHOBEHHO He MEHSIIOCh ), WjlealbHash HUTh Besla
ce0s MHAYe — OHA IPAKTHYECKU MTHOBEHHO U3MEHSIA CHILY
HATSKEHUS, [0/ICTPAMBAsICh 110/ HOBbIE YCJIOBHS JIBUMKEHUSI.

Ycnosne OTpbIiBa

PaccmorpumM erte /iBe 3a7a4il, B KOTOPBIX TEJIO MEPecTaer
UCTIBITHIBATD /IeHICTBHE OJHON M3 CIJI.

3agaua 5. Kaxyio Munumanrviuyio zopu3onmaiviyio cxo-
pocmy HA00 coOOUUMb WAPUKY, 4MOOLL OH COEAd NOJHYLI
06opom 6 GepMUKAILHOU NAOCKOCMU, eCAU OH GUCUM HA
Je2KOll HepacmsiKumot numu oaunot [ = 2 m?

Pemenue. B aToM ycnoBun 1o Menbieil Mepe 4eTbIpe cI0Ba
JIOJKHBI 3aCTABUTD 33/[yMaTbCsl, 1OYEMY OHHM BKJIIOYEHDBI B
TEKCT: JezKasl HePACMSAKUMASL HUMb U MUHUMAJbHAS CKO-
poctb. [laBaiite paccMOTPUM MX 10 nopsiaky. Hutb zezkas,
CJIeJIOBATEJIbHO, He Oy/IeM YUYUTBIBATD MACCY; HepaACMsKu-
Masi, 3HAUNUT, KOTJIa MIapHuK 106epeTcsl 10 BEPXHeil TOUKU, OH
MOZIHUMETCS Ha BBICOTY /2 = 2. MunumaivHocms HaqaJIbHOM
CKOPOCTH T0/Ipa3yMeBaeT HauMEHbIIYI0 CKOPOCTb B BEpXHeH
Touke. Mbl HUI4ero, Bpo/ie Obl, He 3a0bLIH, 1 TOpa IIPUCTYTIATh
K MaTeMaTHYeCKOMYy O(OPMJIECHHUIO PEICHMUS.

Bynem cunTath, 4TO B YCJIOBHM TO/Pa3yMEBAETCSI OTCYT-
CTBHE BCEX BUJ/IOB TPEHNUS, IO3TOMY BBINOJHAETCS 3aKOH

COXpaHeHuA MeXaHUIeCKOU JHEPprum:

2
MYy min =

2
OTCIOZIa HaXoJuM HNCKOMYIO BEJUYUHY MUHUMAJIbHOU Ha-

YaJIbHOM CKOPOCTH .
Qomin = Z\Igl .

O/HaKO PN CBEPKeE 3TOTO OTBETa C IIPUBO/IMMBIM B 3a/la4HU-
Ke Hac JK/IeT HEelPUATHBIN CIOPIIPU3: OTBETHI HE CXOAATCS!

Uto xe mamm He yureHo? Ilompob6yem pasobparbcs B
¢pusuke mpoucxosIero nporecca. [l 3Toro npeacTaBuM,
KaK IMapuK, ABUTAsCh MO OKPY>KHOCTH, TPHOIMKAETCS K
BepXHeil TOuKe 1 Ha MTHOBeHune 3amupaet TaMm. CToIr: BOT /e
omu6kal [Ilapuk He MOKeT HaAXOAUTHCS TaM B TIOKOE: HUTDh —
9TO He CTEPI)KEHb, CIIOCOOHDII MIPU CIKATHN KOMIIEHCHPOBATD
JleficTBUEe Ha MIApUK CUJIBI TsKecTH. MaJjio Toro, Ipu paccdn-
TAHHOW HaMM MMHUMAJbHOI CKOPOCTU Iapuk BOOOIE He
no6epeTcs 10 BepXHell TOUKH Ha BbicoTe 2/, a POJIETUT HIDKE,
COCKOYMB C OKPYKHOCTH B TOT MOMEHT, KOT/Ia CHJIa HATSI)Ke-
HUS HUTH CTaHeT paBHOU HyJI10. U cyunres aTo, 3aMeTuM, Ha
Boicote i = 5[ /3 (cM., HanpuMep, 3a1a4dy 4 U3 yIpakKHEHU
B KOHIIE CTAThl). BBIXOAUT, 4TO MbI PEHIAIH COBCEM JAPYTYIO
3a/1a4y: O JBWKEHNUN IapuKa, TIPUKPEIJIEHHOTO K He8ecoMo-
MY CMEPIKHIO.

Bepuemcs1, ofHaKo, K MIAPUKY H@ Humu. Mbl BBISCHUIIN,
YTO BEPXHIO TOUYKY MIAPHK /[OJIKEH IIPOXO/IUTh HA CKOPOCTH
TaK, 4TOObI CUJIA HATSKEHUST HUTH PAHbIIle BDEMEHH He CTajia

mgh .

2016/ Ne4

paBHOii Hymo. 3aT0 B BepxHedl Touke (NP MUHUMALLHOLU
HaYaJbHOIT CKOPOCTH) HUTH ITepecTaetr ObITh HaTsaHyTa. Torga
IIEHTPOCTPEMUTEIbHOE YCKOPEeHHe B BepXHell Touyke Oymaer
CO3/1aBaTbCd TOJBKO CHUJIOH TS)KecTH. 3ammcaB [ 3TOTO
MOMEHTa ypaBHEHHNe BTOPOTo 3akona HbIOTOHA B TPOEKINX

Ha BEPTUKAIBHYIO OCb:
2

v
mg = m_ ’
l
OIPE/IENINM BEJNYUHY CKOPOcTH © (JUIst [JaJibHeiilero Ham
HOHAI00UTCST TOJBKO ee KBaJIpaT) B BEPXHEN TOUKe:
v? =gl.

Ocrasoch JuIlb BHECTU yYTO4YHEHNE B IIEPBOHAYAJIbHYIO 3a-
ITMCb 3aKOHa COXpaHEHUA MeXaHHYeCKOI IOHEPIruu:

2 2
MYy min =mg ! + mo ]
2 2

OTCIOﬂa HaXO0/MM NCKOMYIO CKOPOCTD!
Yomin = V4gl +Uz :\ISQI =10 M/C .

Vsenox na namsmoe. IlomuepkHeMm ele pas pasjnuue
cJIydaeB, KOT/Ja IapUK TPUKPEIIEH K CMEepKHIO N KOT/A
HIAPUK TPUKPETIIEH K HUmu.

3agaua 6 (ETD). Cucmema us 2py306 maccamu m u M u
CBA3bIBAIOWCL UX JLe2KOl HePACTNAKUMOT
HUMU 6 HAUATLHBL MOMEHT NOKOUMCS 6 A
BEPMUKANLHOU NAOCKOCU, NPOX00AWel
nepneHoUKyAsAPHO OCU 3AKPENIEHHOU Y- m M
aundpuyecxot. mpyove (puc.5). I'pyswv
HAX00AMCS HA 20PUSOHMANOHOU NPAMOT,
nepecexarwwei ocb mpyov. B xode 603~ P1C 5
HUKWe20 06UKEHUS 2PY3 MACCOU T OMPbL-
saemcsi om nogepxHocmu mpyovi 6 ee sepxuel mouxe A.
Hatioume maccy M, ecau m = 100 2. Pasmepvr zpy306
HUUMOKHO MATbL NO CPAGHENHUIO ¢ paduycom mpyovl. Tpenu-
em npenedpeuv.

Pemenue. IIpesx/e ueM IpUCTYIIATh K HETIOCPEJCTBCHHOMY
PEIIeHNIO 3TOH 3a/1a4M, TTOJIE3HO 3a/lyMaThCs HaJ| BOIIPOCOM:
KaKUM MOJKET ObITb OTBET? B yCJIOBUM 13 YMCJIOBBIX BEJNYNH
3a/laHa TOJIbKO Macca O/IHOTO TPy3a, a TpedyeTcst HallTH Maccy
Jipyroro. 3HA4YWT, KOHEYHOE BbIpakeHue st M [10JIKHO
umetb Buji M = km, viae k — Gespasmepubiii koadduimenr,
KOTOPBII HaM ¥ TIPE/ICTONT HAHT! B XOJie pemienns. /pyrumu
CJI0BaMH, MOKHO CM€JIO BBOJUTD HY>KHDBIE JIJIST 3AIIICH yPaB-
HeHuil (pusudecKkne BeJHINHbI, TOCKOJIbKY MPH MPABUJIbHOM
XO/Ie pelieHnst OHM 06sI3aTeJTbHO COKPATSTCS.

Temepp mopa mogyMaThb O 3aKOHOMEPHOCTSX, KOTOPBIM
TOINHATIOTCS TIPOMCXO/ANE B 3a7aue mporieccbl. MoxHO
JIN UCTIOJb30BaTh 3aKOH COXPAHEHMS MEXaHMYeCKOH aHep-
ruu? Tpenuem npenebpezaen, HO Bellb €CThb €lle BHEIIHHE
CHJIbI, TIPUJIOSKEHHbBIE K IPY3aM: 3TO CUJIbl HATSKEHUS] HUTH
1 CHJIbI PEAKIMU CO CTOPOHBI MoBepXxHocTH TPyObl. K cuac-
TbI0, CUJIbI PEAKITMN BCE BPEMsI TI€PIIEH/INKY TSI PHbI HallpaBJIe-
HUIO JIBUKEHMSI, 3HAUUT, pabGoTbl OHU He cosepmiator. Cnia
HATSDKEHUS, NIPUJIOKEHHAsT K TPy3y Maccoil m, HalpaBjeHa
B/IOJIb €T0 CKOPOCTH U, CJIe/IOBATEJbHO, COBEPIIAET TTOJIOKN-
TeJbHYIO pa6oTy. A CHJIa HATSDKEHUs, JeHCTBYIONIAs Ha TPY3
Maccoit M, HallpaBJieHa IPOTUB eTo CKOPOCTH, T.€. COBEPIIAeT
OTpHUIATEJbHYIO PAGoTy. ITH PAGOTHI IO MOJYJIIO OJNHAKO-
BBI: Humo Hepacmsxuma (MOLyIM CKOpOCTell TPY30B B




NPAKTHUKYM

A J060I MOMEHT BpeMeH: OJINHAKOBbI) 1

Hesecoma (MOJLY T CHJT HATSKEHHST TOJKE

onnHakosb). Kpome Toro, Hepactsiky-

MOCTbh HUTH TIOMOKET HAWTH BBICOTY /1,

h  Ha KOTOPYIO OIIyCTUTCA TPy3 Maccoit M
(puc.6):

Puc. 6 h=—

rie R — paamyc TpyObl. BOT Temepb MOKHO YBEPEHHO
MCTI0JIb30BATh 3aKOH COXPAHEHUS MEXaHNYeCKOH 3HEpTHH:

2 2
mo TR Mo
0=mgR+——-Mg— + ,

2 2 2
TZle © — CKOPOCTDb KKJIOTO TPy3a 8 MOMeHm ompwvied. B a1oT
MOMEHT TPy3 MacCOil m elle [ABWXXKETCS IO OKPY’KHOCTH,

3HAQUUT, y HEro eCcTb LEHTPOCTPEMUTE]IbHOE YCKODEHUE
2
4

a, =— . OHO BbI3BIBAETCSI TOJbKO HAIIPABJICHHON BHU3

R
CHLJION TAKECTU, IMOCKOJIbKY TI'DYy3 YiKe€ IepecCTal JaBUTb Ha

OIlopy, T.€. CWJIbl pE€aKIIMu HET, a CUJla HaTAKEHUA HUTH
HallpaBJIeHa TOPMU30HTaJ/JIbHO. 3arnuiiemMm YpaBHEHUE BTOPOTO

3akona Hpiotona B TIPOEKINAX Ha BEPTUKAJBHYIO OCb!:
2

mg =m o
R
W3 nByx mocseqHX ypaBHEHUN HAXOAUM

M:mi=140r,
-1

Kaxk Buum, Hatie npeoJioskeHne o ToM, 4YTO BCe BBeJIEHHbIE
BEJIMYUHBI 0613aT€TBHO COKPATATCS, TOATBEPIUIOCD.

3KCTPEMaJ1beIe yaioBusa

B 3amaue 5 MBI y3Ke CTOJIKHYJNCH C OJHIM N3 3KCTPEMAaJIb-
HBIX YCJOBHUI — € OmpeJeJeHueM MUHUMALbHOU CKOPOCTH.
3HAYNTEJbHO Yallle B 33ja4aX ObIBAeT HYKHO HAWTH MAKCU-
ManvHvle 3HAYCHNS (PUBMUCCKUX BEJTNYNH.

3agaua 7 (E[9). Hauanvnas ckopocms cnapadd, eviny-
WEeHH0Z0 U3 NYWKU BEePMUKAILHO 668EPX, PABHA UV, =
=10 m/c. B mouke mMaxcumaivnozo nodsema cHapso pasop-
8aCSL HA 08A OCKOJKA, MACCHI KOMOPLIX OMHOCAMCS KAK
2:1. Ockoaok Oonvwess MACCol NEPEbLIM YNdi Hd 3eMI0
601U3U MOUKU 6blcmpeid co ckopocmovio vy = 2v,. [o Kka-
KOU MAKCUMANLHOU 6bicombl H noousiics 0cKoaI0K MeHbulell
Mmaccol?

Pemenne. B mouxe maxcumanvrozo nodsema cHapsj Ha
MTHOBEHUE OCTAHOBHUTCSI HAa BBICOTE /1, KOTOPYIO JIETKO HAWTH
73 3aKOHA COXPAHEHWS MEeXaHNYeCKOH aHeprum:

2 2
M:Mgh, OTKyJa h:O—O.
2 2g
3/1eCh MbI Y4JIi HESIBHO [TPOIIMCAHHOE B YCJIOBUU npenedpe-
JKUMO Majoe conpomueienue 6030yxd. IIpuMenuM Tterepnb
3aKOH COXPAHEHUsT MMITYJIbCa:

0 = m001 _vaoz ,

i€ 0y1 U Uy, — HadaJIbHbIE CKOPOCTHU OCKOJIKOB Cpa3y I10CJIE
Pa3pbiBa CHapd/aa. TeHepb sICHa CBA3b MEJK/Yy HadaJbHbIMU
CKOPOCTAMH OCKOJIKOB!:

Vgt = 20 -

OcKoJI0K 6OJIbIIIell Macchl ynai na 3emiio nepevim, 3Ha4uT,
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OH I0JIeTeJl BePTUKAJIbHO BHU3. Ero ckopoctb vy, (Bephee,
ee KBa/[paT) OMPEIETNM U3 3aKOHA COXPAHEHUS] SHEPTHH:

2mu, _2m (200)2
2

OCKOJIOK MeHbIIell MacChl MOJETUT BBEPX, IMOJHSBIIUCD OT
MecTa Pas3pbiBa CHAPSIa HA BBICOTY

2mgh +

, OTKYIA 3, = 4uy —2gh =30y -

29 29 g
Takum o6pasom, mMaxcumaivuas Bbicota H mojrbeMa 0CKoJIKa
MEHbITell Macchl paBHA
2
130

g

3ameuanue. Mbl MOJYATUBO TPEATIOJNOKUIN, YTO TIPU
pa3pbiBe CHapsila B BepXHEil TOUYKe BIIOJHE JIOMYCTHMO
MpUMEHEHNEe 3aKOHA COXpaHeHus: ummyJibca. OIHAKO 3/1eCh
ecThb HaJi 4eM MopasMbIcanuTh (mogpo6Hee — B peleHun
sagaun 12).

3axava 8. Ha oaunnoi numu eucum meno maccou M =
=40 2, 6 nez0 nonadaem NAACMUIUHOBYI WAPUK MACCOU
m = 10 2, remawuil 6 20PUSOHMANLHOM HANPABICHUU CO
ckopocmuio vy =2 m/c. Ha xaxyo maxcumaivuyo evicomy
NOOHUMEMCSL cucmemd nocae yoapa?

Pemenne. J1a 3a/1a4ua Ipe/ICTaBJSETCS, HA TIEPBBIH B3TJISAL,
COBEPIIEHHO CTaHAAPTHON. KaskeTcs: 0ueBUIHBIM, UTO CHUCTe-
Ma JIOCTUTHET MAKCUMAIbHOU 6biCOMbL B TOT MOMEHT, KO/
Tesa octaHoBATCs. OHAKO HE cJie/lyeT Tonajarh B He6OJIb-
HIYIO JIOBYIIIKY, PACCTABJIEHHYIO aBTOPOM 3TOIi 3a1aun. Hesrb3s
MIPUPABHUBATD HAYAJbHYIO KHHETUYECKYIO SHEPTHIO TapuKa
1 TOTEHIMAJbHYIO SHEPTHI0 TeJ B MOMEHT WX OCTAaHOBKH,
MTOCKOJIbKY BO BPEMSI TIPUJINTIAHNS [IAPUKA YaCTh MEXaHIJec-
KOH aHEpTUH MepexoUT Bo BHYTpeHHIo. Ecin aTo ydecTn,
Jlasibiiie Bce GyJIeT TIPOCTO.

3anmineM 3aKOH COXPaHEHWS WMITYJbCa B MPOEKINAX Ha
TOPU30HTAJBHYIO OCh:

H=h+M = =65 M

moy = (M +m)o,
TIOCJIE YeT0 MOKHO UCIIOIb30BATh 3aKOH COXPAHEHNS MeXaH!-
4eCKOIl sHepruu:
(M +m)o?
2
Pemras oty cucremy ypaBHeHW, HaXOJIUM MaKCHUMAaJbHYIO
BBICOTY THO/IbEMA:

=(M +m)gh .

m*o?

- 2g (M +m)

BaymuuBblil uuTaresb MOXKET 3aMETUTb: a 3aueM Ke B
YCJIOBUU CKA3aHO O TOM, 4TO HUTH Oaunnas? OKasbiBaeTcs,
He ciydaiino. Pemmas 3aauy, Mbl ipeHeGperasin pa3Mepamu
BHCATIETO TeJa U IMapUKa, CYNTasg WX MaTepHaJIbHBIMU
ToukaMu. HacKoJbKko mpaBOMEpPHO TaKoe MpenoJosKeHne?
YUT0o6bI OTBETUTD HA HTOT BOIIPOC, TTOIPOGYEM OIIEHUTH pa3Me-
por Test. [110THOCTD NTaCTH/IMHA IPUMEM paBHOil 1,5 r/ eM?

=0,8c™m.

TOrZ[a 06BEM MAPHKA OKA3BIBACTCS IPUMEPHO 7 CM° , a ero
paanyc — nopsizika 1 cm. VI3 ycjioBust He M3BECTHO, U3 Y€ETO
C/IeJIAHO TIO/[BENIEHHOE HAa HUTU TeJIO, OJIHAKO SICHO, 4TO MPH
Mmacce 40 1 ero pasmep tax:ke mopsaka 1 cMm. Takum o6pa-
30M, [IIMHA HUTH JeHCTBUTENBHO JJOJKHA ObITh 3HAUYNTETHHO
60JIbIIE 9TOW BEJTMYNHDI.
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3agava 9. Ha ouensv daunnoti numu noosge-
wen wapux Maccoi my, K Komopomy nd numu
Oaunoil | nodsewen wapux maccoit my, (puc.7).
Kaxyio munumanronyio nauaronyio cxopocmy
Uy 6 20PUSOHMALLHOM HANPAGLEHUL HYHKHO

m; @ CO00WUMD HUKHEMY WAPUKY, 4mobvl coedu-
HAIOWAS WAPUKU HUMb OMKIOHULACH 00 20PU-
l 30HMANLHOZ0 NOJOKECHUA?
s o__:(; Peuzelme. N na ceit pas B ycjoBUU He
‘ CIydailHO CKa3aHO O HUTH, 4YTO OHA OUEHb
Puc. 7

ounnas. ITo O3Ha4vaeT, 4TO Ipu 1060M JIBU-
JKEHUMM HHUIKHETO IlIapuKa CKOPOCTb BEPXHETO HallpaBJI€Ha
TOpU30HTaJIbHO, B TO BpPEMA KaK [AJUHHad HUTb OCTa€TCA
BepTI/IKaJIbHOI'/JI. Torga Bce ZIefICTByIOHIHe Ha CUCTEMY U3
JIBYX HIAaPUKOB BHEUTHNE CUJDbI — CHJIa HATIKEHUS JTUHHON
HUTU U CUJIbI TAKECTH MAPUKOB — OKa3bIBAIOTCA HaIlpaBJIE€H-
HBIMU 110 BEPTUKAJIN U MOJKHO MCIIOJIb30BaTb 3aKOH COXpa-
HEHUA UMITYJIbCa B IIPOEKNUAX Ha TOPU3OHTAJIbHYIO OCb X!

myvy = (m1 +m2)0x,

rje v, — MPOEKIHUsl CKOPOCTU BTOPOTO IIApUKA HA ATy OCb,
paBHas CKOPOCTM IIEPBOTO IMapuka. Mbl TOIMYTHO Y4JIH
HepacmsaKuMocmy COeMHSIONEH apUKK HUTH, XOTS Ha-
IpsMyIo 00 9TOM B TeKcTe He cKazaHo. [Ipu 3ammcu 3akona
COXPaHEHNsT MEXaHWYeCKO! SHepruu HaJlo He 3a0bIThb, YTO Y
BTOPOTO IMApHKa €CTh €Ile U BePTUKAIbHAS IIPOEKINS CKOPO-

CTn Uy :

p 2 2
myvy _ (my +my)oy + Yy +mygl
2 2 2

Ho munumarvrnocmu mavaabHOU CKOPOCTU COOTBETCTBYET
OCTaHOBKa BTOPOI'O IIapHKa I10 BEPpTUKaJIN: Z)y =0. HOI—)TOMy
OKOHYaTeJbHO IOJIYYUM

Qomin =

CoypapeHus ten

B 3axJsmiouenne paccMOTPUM TPH 33/1a4i HA CTOJKHOBEHUS
TeJ1. XOpOIIo U3BECTHO, YTO PH aGCOJIOTHO YIIPYTUX yapax
MO>KHO HCIIOJIb30BATh 3aKOH COXPAHEHUS KAaK SHEPTUH, TaK 1
HMILYJIbCA, a ITPU aGCOTIOTHO HEYTIPYTUX — TOJBKO NMITYJIbCA.
OjHako 1pu BHEINIHEH MPOCTOTE TOAXO/J0B K PelIeHHsIM B
9TUX 3ajla4ax TasTCsl onpe/esieHtble TOoHKocTH. Hekoropbie
13 HUX MbI U OOCY/IIM HIUKeE.

3agaua 10 (Bcepoccmiickas ommvmmana, 1994). Ynpyzas
waiba nadaem NAAWMS HA 20PUSOHMATLHYIO AOCOMIOMHO
meepoyio NOBEePLHOCMb MAKUM 00PA3OM, UMO 6 MOMEHM
nadenus ee CKOpocms paeua vy =4,5 M,/ c u Hanpasiena noo
yeaom o = 30° k zopusonmy. Koapppuuuenm mpenust ckoio-
JKeHUst MeKOY wauboi u no-
sepxnocmuio W = 0,5. Ha
KaKOM pAcCmOsHUU Om Mec-
ma nadenus waiba yoapum-
€ 0 NOBEPXHOCNY 6 NAMDLLL
pas? Bauanuem cunvt msxe-
cmu 3a epems Yyoapa MOoKHO
npenebpeun.

Pemenune. B momenT masie-
HUs maiibbl Ha Hee JefiCTBY-

U N

Puc. 8

2016/ Ne4

10T /IBE B3AUMHO HEPIEHANKYJIAPHbIE CUIIbl (BJIUAHUEM CHJIbI
TSKECTH MpeHeGperaeM): HallPaBJIeHHAs] BEPTHKAJIBHO BBEPX
BOJIb OCH Y CHJA PEaKimi omopbl N ¥ HampapJeHHas
TOPU3OHTATIBHO TPOTHB OCH X cuia Tpennst Fy, (puc.8).
VIMITyibe CHJIBI PEAKITMU OTOpBI 32 BpeMsi At  usMeHsiet
MPOEKIINIO UMITyJibca Imailbbl Ha ochb y. Tak Kak 1maii6a
Ynpyzas u MOBEPXHOCTb A6COMIOMHO MEePAdst, TO MOJLYJb
HTOM TIPOEKITMNU TIOCJIE y/Iapa COXPAHUTCS, & ee HAIIPABJICHUE
MU3MEHUTCS Ha [IPOTHBOTIOJIOMKHOE!

NAt = Dp, =2myy,, .

M3menenne IIPpOEKIINUN NMITYJIbCa 1aiibbl Ha OCb X BbI3bIBAET-
CA UMITYyJIbCOM CHJIbI TDEHUNA!

_FrpAt = Apx :m(vu _UOx)r

TIe Oy, MPOEKINS CKOPOCTH THAii6bl Ha OCb X Cpasy
mocje MepBoro ynapa. YumrbiBas, uto Fy, = UN, nmeem
cucremMy

NAt = 2myy,

HUNAL = m (v, — oy, ).
PazjleuB  BTOpoe ypaBHEHHE 5TOH CHCTeMbl Ha TEpBOe,
0Ty 4uM

(2]

+ = gy — 20y, =0 (cos o —2psin a) .

Boipaskenne B CKOGKax OTpENENseT XapakTep JBUKEHTsI
Mmaffiébl TTOCIe TIEPBOTO COYAApPEHHS ¢ OBEPXHOCTHIO. Ecim
OHO 6OoJIbIlle HYJIS, maiiba 1mocje OTCKOKA TIPO/I0JIKAET [[BU-
JKEHUE 10 TOPU30HTaMN. A Kak Oy/IeT JBUraTbes maiiba, ecu
cosa — 2usina < 0 ? dusnuecKuii CMbIC TAKOB: OUYEBH/IHO,
41O 1aiiéa He CTAHEeT [BUTATHCS HA3al, MPOTHB OCH X, OHA
TOJIBKO TIOTACHT JI0 HYJIS TOPU30HTAJIBHYIO TIPOEKITUIO CKOPO-
CTU ¥ HAYHET TPOCTO MO/IIPHITUBATH 10 BEPTUKAJIN.
[TpousBeseM pacuer: Ipu MepBoOM yaape cosd — 2usina =

V3

= 5 -2100,5 B;— > (), 3HAYUT, MIaii6a TPOJIOJIKUT IBUKEHIE

BripaBo. Haiiziem Teriepb MPOEKINIO CKOPOCTHU MIaiiGbl TIOCTIe
BTOPOTO yjapa:

vy, =0y, ~ 20y, =v, —4Moy, =0, (cosa - 4dusina).

Ha atoT pas BbIpaskeHue B CKoGKax MeHbie HyJ1st (y6eaurech
B 9TOM), W miaii6a TepectaHeT CMEIaTbesi BIPaBo. JLuist
OIIpE/IeIEHNUST UCKOMOTO PACCTOSHHUS S Y4YTeM, 4YTO BpeMs
roJieta 1maiébl paBHO

20
0
t = —_Yy .
g
TakuM 06pa3oM, cMelleHne WaiGbl BAOIb TOPUSOHTAIbHOI
0CH COCTABHT
20, 202
0 0, : .
s = ot =v, —2% = =L (cosa - 2psina)sina = 0,75 M
g

(Okoryarume creqyer)



SaKIIOYUTENbHbIV 3Tan
XLII Bcepoccmmckom onmmnmabl
LLIKOSIbHMKOB MO MaTemaTtuke

3aknoumTensHbi 31an XLII Bcepoccnnckon mateMatnyeckom
onMMAMaabl WKONbHUKOB B 3TOM rofy npoluen B CaHkT-MNeTep-
Oypre ¢ 21 no 29 anpens.

Y4uTbIBas BaKHOCTb MaTeMaTUYECKMX OIMMMMAL 1 1X NOMy-
NSPHOCTb, ABa rofa Ha3af Obina paclvpeHa KBOTa Ha Konunye-
CTBO YHaCTHMKOB ONMMMMaAbl, N B 3TOM FOAY B HEW MPUHANK
yd4actne 387 IoHbIX MaTemMaTuMKOB CTpaHbl. Kpome Toro, no
TPaAVLMK, TOCTAMY ONMMNMAAb! CTanu KomaHabl Kntas v bon-
rapun. CaHkT-lNeTepOypr — KPynHENWMIA KyNbTYPHbIA U HayY-
HbIN LieHTp Poccum, 1 B NporpamMMy onvmnunagbl Obinm BIiove-
Hbl MOCELLEeHMSA TeaTpa M My3eeB, a TakKe Hay4HO-MoMynsapHble
NeKUMM M3BECTHbIX YyYeHblx: naypeata PUAACOBCKOM MpemMun
CraHucnaBa CMuMpHOBa, Naypeata HobeneBckor npemum KoH-
CTaHTVMHa HoBoCeNoBa 1 aBTOpa peLLeHVst AeciTon npobnembi
fvnbbepTa, NpeacenaTens xwopu onumnuagsl Opus MaTusce-
BMYa.

Mo okoH4aHWK Bcepoccuinckon onvmnmagel Obina onpepene-
Ha KomaHpa Poccum Ha MexaoyHapoaHylo MaTeMaTUyecKyto
onumnuany 2016 ropa B [OHKOHre. B Hally cOOpHyio BOWM
4eTBepO BbINYCKHWKOB: #BaH @porsios, PyciaH Canimos, [puro-
puii fOprviH (Bce 13 Mocksbl) 1 [1aBen [ybkur (CaHkT-MeTep-
Bypr), a Takxe LeCATUKNACCHUKW: Hukuta KaparoguH (CaHkT-
MeTepbypr) v leopruwi Berpes (PuiBUHCK).

MprBOAMM YCNOBUS 3afia4 U CNMCOK NobeamnTenen 3akioym-
TenbHoro atana XLII Bcepoccumckomn onmmnmagbl LWKOMbHNKOB
no MaTeMaTuke.

3AA0AYUN ONTIMMIMNALDI

9 knacc

1. Y Mensnnl Ha 6a3ape ectb MHOTO KOBpoB. OH corsaceH
B3aMeH KOBpa pasMepa « Xb pgarb aub60 KOBep pasMepa

a
;xg, au6o [Ba KoBpa pasmepoB ¢Xxb u —xb (mpu
c

Ka)K/IOM TAKOM 0OMEHE YHCJIO ¢ KJIMEHT MOYKET BIGPATh caM).
[TyreniecTBEHHUK paccKkasas, 4TO M3HAYAJIBHO y HETO ObLI
OJIIH KOBEP, CTOPOHDBI KOTOPOTO IpeBocXouau 1, a 1mocue
HECKOJIbKUX TaKnX OOMEHOB y HEro okasaJicsi Habop KOBPOB,
y KaXK/JI0TO U3 KOTOPBIX O/iHa CTOpoHa juunHee 1, a apyras
kopoue 1. He o6manbiBaer s on? (ITo npocbbe KimeHta
MEHsITa TOTOB KOBEP pa3Mepa @ X b cuutaTb KOBPOM pasMepa
bxa.)

I'.2Kyxos

2. Cm. 3amauy M2431 «3amaunuka «KBanTtas.

3. Cama BbiGpas Harypasibhoe yncao N > 1 u Bbinucas B
CTPOUKY B TIOPSIIKE BO3PACTAaHWS BCE €T0 HATypPaJbHBIE
nemarem: d; < ... <d, (rakuro d; =1u d; =N). 3arem 11s
KQXK/I0W Tapbl CTOSANUX PSJIOM YHCEJ OH BBIYUCIUI WX
HauGOIbIINIT OGN JeJUTeNb; CyMMa MOJyYeHHbIX s — 1
yucesa okazaJjachb paBHoit N — 2. Kakue 3HaueHUs] MOTJIO
npuHumMaTb N?

A.Kysneuyoe

4. M3 kneryatoro OyMaskHOTO KBajipata 100 x 100 BbIpe-
3a17 10 TpaHWmaM KjaeTok 1950 ABYXKJIETOUHBIX MPSIMOY-
TOJBHUKOB. JlOKa)KWTe, YTO M3 OCTABINENCS YaCTH MOYKHO
BbIPE3aTh M0 IPAHUIIAM KJIETOK YeThIPEXKIETOUHYIO (PUTYPKY

BH/Ia | | — Bosmo:xHO, noBepuyTyio. (Ecim rakas duryp-

Ka y’Ke eCTb CpeJU OCTaBHIUXCS 4yacTel, cYMTaeTcs, uTo ee
[OJIYYHJIOCH BBIPE3ATh. )
C.bepaos

5. Cum. zajauy M2430 «3amaunuka «Ksanras.
6. Cm. 3amauy M2432 «3agaunnka «KBanras.
7. Cm. 3amauy M2434 «3amaunnka «Kpanras.

8. Cymma mosioskutesbHbIX wucesa a, b, ¢ u d paBHa 3.
JlokaxxnuTe HEPABEHCTBO

U SO DS S S
a b dP T dPd
A.Xpabpos
10 knacc

1. Cm. 3agmauy M2429 «3agaunnka «KBaHTas.

2. [waronamn AC m BD BOMCAHHOTO YeTBIPEXYTOJLHIKA
ABCD nmepecekaiotcst B Touke P. Touka Q BbIOpaHa Ha
orpeske BC Tak, yro PQ O AC . Jlokasxkute, 4T0 TIpsiMas,
[POXO/IAINAst Yepe3 IIeHTPbl OKPYKHOCTEH, OIMCAHHDBIX
OKOJIO TpeyToJbHUKOB APD un BQD, mapaanenbHa Tps-
Moit AD.

A. Kysueyos

3. Cwm. 3amauy M2433,a «3agaunnka «KBanrtas.
4. Cwm. 3amauy M2435 «3anaunuka «KBaHTas.
5. Cwm. 3amauy S5 mas 9 kmacca.
6. Cwm. 3agauy 6 mig 9 kjacca.

7. Ha focKe HATIMCAHDI Y€THIPE TIOTIAPHO PA3JIUYHDIX 1IETBIX
4ycsa, MOAYJDb KaXKIOTO M3 KOTOPDLIX OOJIbIle MUJIINOHA.
W3BecTHO, YTO HE CYLIECTBYET HATYPATBHOTO YUCIa, 6OJIbIIIe-
ro 1, Ha KOTOpOE Obl JIETMIOCH KAK/I0€ M3 YeThIPeX HAIUCAH-
HBIX uncesi. [leTs 3amucan B TETPAJKY MIECTb MOMAPHBIX CYyMM
ATUX YHUCeJ, pa3buJ 3TH IIeCTh CyMM Ha TPU Hapbl U
MEPEMHOKIJI YUCJIa B Kakaoi mape. Morju Jid BCe TPH
[IPOU3BEIEHISI OKA3aThCs PABHBIMMU?

H. Bozdanos

8. Ilyctb ABC — 0CTPOYTOJIbHBIN TPEYTOJBHUK, B KOTOPOM
AC < BC; nyctb M — cepenuna otpeska AB. B okpyskHOCTH
Q, ommcanHoil okosio TpeyroabHuka ABC, mpoBeseH ana-
merp CC'. Ilpamas CM nepecekaer npsambie AC' u BC' B
toukax K um L coorBercTBeHHO. IlycTbh nepneHauky/sp K
npsamoit AC' , npoBe/ieHHbIN uepe3 TOUKY K, TlepIeHinKy Jsip
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Kk npsimoit BC', mpoBejieHHbIIT Yepe3 TOUKy L, u mpsiMas
AB o6pasyior TpeyroapHuK A . JlokaskuTe, 4TO OKPY>KHOCTD,
OTIICAHHAsT OKOJIO TPEeyToJbHUKA A, KacaeTcss OKPYKHOC-
™m Q.

M. Kynzoxun

11 knacc
1. Cm. 3amauy 1 ams 10 kmacca.

2. B npocrpanctse gannl Tpu otpe3ka A4, , BB, u C,C,,
He Jie)Kalie B OJ{HOH TJIOCKOCTH U TTePeCceKaoNInecs: B OTHOM
Touke P. OGosnaunm yepes O, 1eHTp cepbl, IPOXo/sieit
yepe3 TOUKU A; BJ- , C, m P. Jlokaxkure, 4TO IpsAMbIe
01110222, 0115001, O110y1y 1 Oy440yy; nepecexaiorcs B

OJTHOI TOYKeE.
11. KosxesHnurxos

3. Ha xaeruarsiit simer Gymaru pasmepa 100 x100 moso-
JKUJIM HECKOJIBKO TIONApHO HeTePeKPhIBAIONIMXCS KapTOH-
HBIX PaBHOGE/IPEHHBIX TPSIMOYTOJbHBIX TPEYTOJIbHUYKOB C
KaTeToM 1; KaK/plii TPEyroJIbHUYEK 3aHUMAET POBHO I10JIO-
BUHY OJHOW W3 KjeToK. OKa3amroch, YTO KaXK/IbIi eIMHIY-
HbIl 0Tpe3ok ceTkn (BKJIOYAs TPaHUYHbBIE) HAKPBIT POBHO
OJIHUM KaTeToM TpeyroJsibHu4YKa. Haiigure nHanbobiiee BO3-
MOKHOE UYHCJIO KJETOK, He COAepKaluX HU OJHOTO Tpe-
YTOTbHIYKA.

/. Xpamuyoe

4. B KOOpAMHATHOM IIPOCTPAHCTBE IIPOBEJIHN BCE ILJIOCKOCTH
¢ ypaBHeHusMu x = y+z =n (upu Bcex uenbix n). Ouu
paséuM IPOCTPAHCTBO HA TETPAdAPbI U OKTadApbl. IIycThb
Touka (X, Yo, Zy) C© PAIFOHANBHBIMI KOOP/MHATAME HE
JIESKUT HU B OJTHOM MPOBEIEHHON TIIOCKOCTH. [[oKaskuTe, 4TO

2016/ Neo4

HaiileTcs HaTypasbHoe k, mpu kotopoM Touka (kxg, kyy, kzy)
JIEKUT CTPOrO BHYTPU HEKOTODOIO OKTad/Apa pa3OUeHHs.
A. Trasvipun

3. Ilyers n — Harypasbtoe uncsio. Ha 2n + 1 kaproukax
HAIKMCAHO 110 HEHYJIEBOMY I[€JIOMY YHCJIY; CyMMa BCEX YUCE]
TakKe HenyJeBast. TpeOyercss 9TUMU KapTOYKaMK 3aMEHUTh
3BE€3/I0YKH B BBIPDAKEHUN 2"+ 0x™ % .. #0x 0 Tax, uro-
OblI TIOJTyYeHHBII MHOTOUJIEH HE UMeJI 1IeJIbIX KopHeil. O6si3a-
TeJIbHO JIL 3TO MOXKHO ClieJiaTh?

U.Bbozdanos

6. B cTpane ectb 7 > 1 ropo/10B, HEKOTOPbIE MTAPbl TOPO/IOB
COe/INHEHDI /IByCTOPOHHUMHE GECTIOCaJOUHBIMI aBHapeiicamMi.
[Tpn sTOoM Mexay MIOOBIMHU JIByMS TOPOJAMU CYIIECTBYET
e/IMHCTBEHHbI aBuaMapiipyT (BO3ZMOKHO, ¢ HepecaKaMi).
Mbap xaxkmoro ropojga X TIOACYUTAT KOJHYECTBO TAKHUX
HyMepaluii Bcex ropo/ios uucjaamu ot 1 o n, 4to Ha J11060M
aBHaMapIIpyTe, HaunHatoneMcs B X, HoMepa Topo/JI0B UAYT
B TIOpSI/IKe Bo3pacTaHus. Bce Mapbl, KpoMe OJJHOTO, 3aMeTH-
JIM, 4TO UX Pe3yJabTaTbl MojicueToB jensarcs na 2016. loka-
JKUTE, YTO U Y OCTABIIETOCS MAPA PE3YJIbTAT TAKIKE [IeTUTCS
Ha 2016.

D.Ilempos

7. Cm. 3agauy 8 mis 9 kJacca.

8. B tpeyrombunke ABC meguanst AM ,, BMy n CM,
nepecekaiorca B Touke M. Iloctpoum OKpyskHOCTH Q
MPOXO/IANIYIO Yepe3 cepeuHy oTpeska AM 1 Kacalouryocs
orpeska BC B Touke M, . AHAJOTHYHO CTPOSATCS OKPYKHO-
ctu Qg n Q. Jokaxure, uto okpyskHoctu Q4 , Qp u Q-
UMEIOT OOIIYIO TOUKY.

A. Axybos

[Mobenutenu onvMmnmagbl

9 kaacc

A60paxnanoe Mapam — Hens6unck, ®MJI 31,

Kpovimckuii Cmanucaas — Cankt-Iletep6ypr, AxagemMmdec-
kuit et AT,

Joxxun Muxaun — Wxesck, TOMJI 29,

TI'epacumenxo Apmyp — Mocksa, mkosa 2086,

Psa6os Ezop — Mocksa, mkosa 2086;

10 kaace

Amumpuesa Mapusi — Mocksa, nuieit «Bropas mkomna,

Bupaues Apcenuii — Canxr-IlerepOypr, Ilpesugentckmii
DOMJT 239,

Muzpun Buxmop — Canxr-IlerepOypr, Ilpesugentckuit
DOMJT 239,

Kyxoe Mameeii — Cankt-Iletep6ypr, IlpesumenTcKimii
DOMJT 239,

HAezyoun Amup — Kazaup, nueit 131,

Bozdanosa Examepuna — Mocksa, [koma 1329,

I'nyxosckuil /lanuunr — Mocksa, llentp o6paszoBanus
«IIaTpnecsar cenbmas MIKoJIay ,

Honzux Cepezeti — PpiGuHCK, Juneil 2,

Hosuxos Muxaun — HoBocubupck, Jutieii 9,

Poibun Imumpuii — ExarepunGypr, Ypasabckuii deze-
paJIbHBIN yHUBepcHUTeT uMeHu nepsoro IIpesumenta Poc-
cun b.H.Enbimna,

IITy6un Hdxoe — Habepexubie YenHbl, rumMHasust 26,

Apuyee [Amumpuii — Yenabunck, GMJI 31,

Jobpoupasos Huxuma — Hoocubupck, Jlnmei 130 nme-
H1 akajziemuka M.A. JlaBpeHTbeBa;

11 kjace

Dponoe Hean — Mocksa, mkoma 1329,

Canumos Pycaan — Mocksa, mkomaa 1329,

Ocmanxun Eszenuti — HoBopoccuiick, rumMHasus S,

IOpzun I'puzopuii — Mocksa, suneit «Bropada mkomnas,

Benpes I'eopzuii — PoibuHck, qmneii 2,

Kapazooun Huxuma — Cankr-IlerepGypr, Ilpesunentckuii
DdMJT 239,

Aunexceee HApocaas — Cankrt-IlerepOypr, Cankr-IlerepOyp-
rekuii ry6epratopekniit @MJI 30.

Hy6auxauuio nodzomosuau H.Azaxanos, H.Bozdanos,
1. Koxxeenurxoes, O.ITooiuncruii



SaKIIOYUTENbHbIV 3Tan
L Bcepoccnmckon onnmMnmanbl
LLIKOSTbHMKOB MO (pu3KKe

3aKIOYUTENBHBIN 3Tan NaTUAEeCATONn BCcepoccuMmckon onmm-
nnaabl WKONMbHUKOB Mo pu3smke npoxogumn ¢ 11 no 17 anpens
2016 roga B ropofe Coywn. B onumnuvage NpuHANK yyactue
280 wkonbHMkoB (92 OeBATMKNACCHWMKA, 95 AeCATUKIIAaCCHU-
KOB M 93 OAMHHAOLATMKIIACCHMKA).

Onumnuaga coctosna M3 AByX TypOB: MEpPBbI — 3KCMEepwu-
MeHTaNbHbIV, BTOPOW — TeopeTnyeckni. MpogonxKmnTensHoCTb
Ka>XKLOro Typa COCTaBnana 5 acTpoHOMMYeckMx YacoB. OnuMm-
nuafa NPOBOAMNACh A1 KaXAOW M3 BO3PACTHbIX Mapanneneu
9, 10 n 1 knaccoB. Ha 3KCNepMMEHTANbHOM Type B KaXAOM
Knacce mpepflaranocb BbIMOMHUTL 2 3a[aHWMA, @ Ha TEOPeTU-
YecKoM — pelnTb 5 3agay. 3afaHus ONMMMAVaAbl OXBaTblBanu
OCHOBHble pasfenbl WKONbHOW MporpaMMbl Mo (u3nke: mexa-
HMKa, TEPMOAMHAMMKa U MOnekynapHaa (usrka, aneKTpoam-
Hamwuka, konebaHns 1 BOMHbIL. B 3ToM xe nopsake GopmMupo-
BaNMCb WM 3afaqn TeOpeTUYeckoro Typa onvmMnunagbl. B uenom
Y4aCTHUKM ONIMMNMaAbl YCMeLHo CNpaBuancb Co BCeMu 3ada-
HUAMW. Hanboree CNOXHbIM 0Ka3asncs 3KCnepuMeHTamnbHbIN
Typ. KynbTypa BbINOAHEHMS 3KCNEPVMEHTA BCe elle OCTaeTcs
HWM3KOM: 3aMeTHOe YMCNO Y4aCTHUKOB OIMMMNMaAbl HerpamoT-
HO CTpounu rpadukn, He yKasbiBann eauHuL, N3MepeHuns,
ObIN 1 Te, KTO He yMen paboTaTb C MyfbTUMETPaMMU.

Mo OKOHYaHMKM ODOMX TYPOB IS YYACTHUKOB ONMMMMAaAb
ObIn nNpoBefeH pa3dop 3aflaHWii, Ha KOTOPOM uYneHbl XKiopwu
YTOYHUIN KPUTEPUM OLEHMBAHUA KaXA0ro 13 3adaHun n npo-
aHanM3MpoBany TUMMUYHbIE OLLIMOKY, JOMyUEeHHbIe yYacTHMKA-
MW onMMMnagbl. 3aTeM Obin NpoBefeH nokas paboT, BO BpeMs
KOTOPOro KaXkAbIVl Y4EHWK MOI O3HaKOMWACA C BblCTaBNEHHbI-
MW oLeHKamu. B uTore Xiopy NMPUHANO pelleHne Harpagmntb
ovnnoMamu Mobenutens onumnvagbl 20 yHacTHUKOB U AWM-
nomMamu lMpusepa — 96 yyacTHMKOB. M0 pe3ynbTaTam ONvM-
nvagel Obina copmmpoBaHa rpynna KaHamaaTos Poccumnckom
®enepaumn and ydactms B MexayHapooHoW onvmMnuage no
du3nke B 2017 rogy v rpynna kaHamaatos Poccumnckon depe-
paumu ans y4actms B MexayHapoLHOM eCTeCTBeHHO-Hay4HOoW
onnmMnuage oHnopos B 2016 roay.

Huxe nprBOOATCA 3afady TEOPeTUMHecKoro Typa M CrMcok
nobegutenen onvMnuagbl.

TEOPETUYECKUN TYP
9 knacc

3agaua 1. Kamuu B KoJecax

Koneca Besocuriesa uMeoT OJMHAKOBBINH pajauyc R, a
paccrosinne Mexy reHtpamu kKosec [ = 3R. B mporekrope
MTOKPBHITIIEK TIEPE/THETO U 3a/THETO KOJIEC 3ACTPSJIN JIBA MaJIeHb-
KnX Kamos. B mHayasb-
HBIII MOMEHT KaMeHb Ha
3a/lHEM KOJIece KacaeTcs
3eMJIM, a KaMeHb Ha IIe-
peHeM KoJiece HaXO/IUT-
¢ B KpaiHeM mepeaHeM
nosoxennn (puc.1). Be-
JIOCUTIE]T €/IET TIPSIMOJIH-
HEWHO CO CKOpPOCTBIO U,

KoJIeca He CKOJIb3AT IO JOpore, KaMHU He OTPBIBAIOTCS OT
HOKPBDIIICK.

1) Haiigure makcumambhoe L, n MuHEMagbHOe L
PACCTOSHUS MEXK/JY KaMHSAMH B IIPOLiecce ABUKEHHS BEJIOCU-
neja.

2) Yepes Kakoe MHHUMAJbHOE BpeMs ¢ TOCJe Hayaa
JBIZKEHUS PACCTOSHUE MEKIY KaMHAMU JIOCTUTaeT MaKCH-
MaJIbHOTO 3HayeHus?

B.Mypasves

3anava 2. HeoxxugaHuplii moBopoT

Ha wacTuiry maccoit m, UMEIOIYI0 CKOPOCTb ¥, HAUYMHAET
JIefiCTBOBATh TOCTOSTHHAS TI0 MOJIYJIO cusa F, BEKTOP KOTO-
poil 3a BpeMs jieiicTBUSL T II0BO- v
paunBaeTcsl ¢ MOCTOSTHHON YTJI0-
BOH CcKopocTbio Ha yroa 180°
(puc.2). BeKTOpbI CKOPOCTH Yac- F F
THUIbI 1 CUJIbI BCE BPEMA HAXOAAT- - ‘ -
¢S B IJIOCKOCTH pHCYHKa. B mHa-
YaJIbHBI MOMEHT YIOJI MEXKIy
CUJION M CKOPOCTBIO YacTHUIlbI cocTaBasa 90°. Oupenenure
MO/lyJTb W HalpaBJieHne KOHEYHOH CKOPOCTH YacTUIlbl U
Yyepes BpeMs T I0CJIe HavaJia JIeiCTBUS TPUJIOKEHHOH CHUJIbI.
BustHueM ApyTHX CHJI MOKHO IIpeHeOpeyb.

Puc. 2

M. 3amsmmnun

3agaua 3. Ilepememenue ckameiiku

Cxameilky, uMerlyto Maccy m u JJIUHy L, nepeMemiaT
TOPU30HTAJIBHON CUJION F (uensBecTHoil 1 He 0653aTe/IBHO
MOCTOSHHON BEJIMYUHBI) € TIOCTOSIHHON CKOPOCTBIO MO TJIa/I-
KOIl TOPN30HTAIBHOI TTOBEPXHOCTH Yepe3 MIepoXoBaryio 06-
aactb mmpuuoi s (s > L). Cuia npunoxkena Ha ypoBHE
[IEHTPA TSUKECTH Ha BbIcoTe /i Haj moBepxHocTbio (puc.3).

F

® .

"
hI "
K

L s

v

Puc. 3

Koaddurment rpennst Mexay oropamMu CKaMeiKy 1 1epoxo-
Baroii o6sactbio M. [losaras, 4To OHOPbHI HE OTPHIBAIOTCS OT
TOPU3OHTAJIBHON MOBEPXHOCTH, ONpeesuTe paboty cuibl F
[pU TIePEMEIEHIN CKaMEHKN Yepe3 MepoXoBaTyio 001acTb.
[Ipu kakoM cooTHOIIEHUH TTapaMeTpoB L, U u /s BO3MOKHO
Takoe jBIkeHne? CraMeiiKy cuuTtaiite OJHOPOJHOI, a ee

OIIOPBI — JIETKUMHU.
3.Topdees

3anava 4. Kode ¢ mosokom

Ten006MeHHUK COCTOUT U3 JABYX TOHKHX KOAKCHAJBHDBIX
Tpy6 n mMeet amuuy L = 5 M. Ilo BHyTpeHHeli Tpy6e TeueT
Kode, a 1o BHEIIHeH BO BCTPEYHOM HAIPABJICHHN — MOJIOKO
(puc.4). MoJoKo NocTyIaer B TeII00GMEHHUK [IPU TeMITepa-
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Moaoxo

— C IPOTHBOIIOJIOKHOMN

CTOPOHBI TIPH TeMIlepa-
/ Type t, =90 °C. Ecsu B

€/INHUITY BPEMEHH 110 TPY-
pac. 4 GaM Tena000OMEHHNKA B
KaK/yI0 CTOPOHY IIPOTEKaeT OJMHAKOBAs Macca >KUAKOCTEH
M, TO K BBIXOJY M3 HErO MOJIOKO YCIIeBAeT HATPeThCs [0
Temmeparypol t3 =60 °C.

1) Oupenenute Temmepatypy ¢, Kode Ha BbIXOAE U3
TerJI000MEHHUKA.

2) Ha KakoM pacCTOSHUM S§ JAPYr OT Jpyra HAXOAATCS
yuacTku TpyO, B KOTOPBIX TeMIepaTypbl Kode M MOJOKa
OJINHAKOBBI ?

3) KakuMu cTaHyT TeMIepaTypbl MOJOKa t5 u Kode ),
BBITEKAIOIIX 13 TETVIOOOMEHHUKA, €CJTH YBEJNUUTb CKOPOCTD
000HX MOTOKOB B /[BA Pa3a, COXPAHHUB MX TeMIIepaTypbl Ha
BXOMIE?

Ykasanue. MomHOCTD TeTyionepeiayn depe3 HeOGOTBIITYIO
IJION/IKY BHYTPEHHEN TPyObI IPONOPIHOHAIbHA PA3HOCTH
TeMIIepaTyp KOHTAKTUPYIOMIUX ¢ Heil skugarocTeil. Ternmoo6-
MEHOM C OKpY’Kaloleii cpesoit MoskHO 1penebpeub. I1noTHO-
CTH W Y/eJIbHble TEIJIOEMKOCTH KO(de M MOJIOKA CUUTATbH
OJITHAKOBBIMH.

type t; =10 °C, a kode
Kocgpe \

A.Bviuxoe, M.3amsamuun

3anaua 5. Terpasap ¢ npuGopom

dJiekTpuyeckas 1enb B (OpMe TeTpasjpa COJAEpPIKUT ue-
ThIPE OJIMHAKOBBIX PE3NCTOPA, W/eaJbHbIIl HCTOYHUK TTOCTO-
STHHOTO HAIpPSDKEHNUsT W WJIeaJIbHbIH aMIepMeTp, KOTOPbIi
nokasbiaer cuy toka I = 2 A (puc.5,a). Ecau 3aMeHnTh

G N
=

Puc. 5

aMmIepMeTp ujeajabHbIM BOJIbTMETPOM, OH IOKAQXKEeT Halps-
xenne U = 12 B (puc.5,6). Onpenenure Hanpspkerue U,
HNCTOYHMKA U CONPOTHBJIEHNEe R OJHOTO Pe3ucTopa.

M. 3amamuun

10 knacc

3agaua 1. Cepuueckas ropka
Han ropusonTambHOH MOBEPXHOCTBIO BBICTYHAET cdepu-
4yecKast TopKa, mpoduab KOTOPOIl peacTaBsieT coO0i ueT-
BEPTH OKPYKHOCTH pagnycom R (puc.6). B BepxHIOO TOUKY
L9 TOPKU TIOJIOXKUJIN HEGOJIbIIYIO
: 1aitby Maccoit m u cooGIuin
€/l TOPM30HTAIbHYI0 HAauaIbHY10
ckopoctb v, . Koaddurment
TPEHUsT MKy TOPKOH U Imaii-
Puc 6 601 3aBUCHT OT yrjaa 0O IO
3aKOHy M =tga.
1) Uepes Kakoe BpeMs T TeJO JOCTUTHET FOPU30HTAIbHOM
MOBEPXHOCTHU TIPU CIyCKe Ge3 OTPbIBA OT TOPKU?
2) Yemy pasra paGora A, CHIbI TPEHHS K 9TOMY MOMEHTY ?

R
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3) Ilpu Kakux BeJMYMHAX ¥, MHIaii6a HE OTOPBETCS OT
TOBEPXHOCTH TOPKU?
A. Bvuxoe

3anava 2. I'panyJsl

B tpy6e ceuenneM S TeyeT B3BECh — JKUIKOCTD, IEPEHOCS-
mas ¢ coboii Mesnkue cskumaemble rpanyJbl (puc.7). Ha
y4YacTKe ¢ JaBJIeHHEM p 00beM OT- ,
JIeJIbHOM TpaHyJibl V, a Ha yyacTKe ¢ %':c? g% g g %O S
NOHIGKEHHBIM JlaBienneM p—Ap  — : 2 :
o6beM rpamyast V + AV . Yucio p,V p—Ap,
TpaHyJ/I, MPOXOJAANNX 3a eIUHUILY V+ AV
BpeMeHU uepes Jioboe cedeHue Tpy-
6b1, paBao V . Haiigute maccy B3Becu |, IPOXO/ISIINYIO Yepe3
TpyOy 3a eIUHWIy BPEMEHU IIPU CTAIMOHAPHOM TEYEeHUH,
€CJIi TPEHUsI CO CTEHKaMU TPYObI HET, & CKOPOCTH JKUIKOCTH
U TPaHyJI 110 BCEMY CEYEHMIO OuHaKoBa. l3MeHenuem mior-
HOCTH KU/IKOCTHU TIPEHE6PEYb.

Puc. 7

H.Bopobves

3azxaua 3. Boaa u jaejx

Kaxk usBectHo, mpu arMochepHOM /1aBJIeHUH BOa HAYNHAET
3aMep3arTb, a Jef Taath npu Temuneparype t, =0 °C. Ilpu
JTABJICHUSX,, 6OJIBIINX aTMOC(HEPHOTO, BOIA MOKET HAXO/IUTh-
¢ B JKuAKOI ¢aze u mpu 6GoJsiee HU3KUX TEMIIEPATypax.
YBenmuenne napienus Ha 133 atM MOHMIKAET TeMIIEpaTypy
miaBjeHud Jsbjga Ha 1°C . B HayaJbHOM COCTOSIHMM BOJa
Maccoit my =1 Kr 1 04eHb MaJIoe KOJTUIECTBO JIb/[a HAaXO/sT-
Cs1 B PABHOBECHU B a/InabaTHIeCcKOoit 060I0UKe 1TO/T IaBJIEHUEM
py = 200 arm. B agmabarmdyeckoM Ipomecce JaBJICHUE
Me/JICHHO YMEHBIIAIOT 10 atMocdepHoro p, = 1 aTM.

1) Haiigure msmenenme mMacenr abaa Am,, .

2) Haiigurte usmenenne o6beMa CHCTEMbI BOIA—JIE].

3) Kakyio paGory coBepliaer cucTeMa IIPOTUB BHELIHErO
JIABJIEHUSI TIPU €T0 YMEHbIIIEHUH OT Py /10 P ?

Y fiesibHast TEII0eMKOCTb Bobl ¢, = 4,2 Jlxk/(r OC) , baa

¢, =2,1 x/(r @C) . Ypaenbnass Teriota IiaBienus Jba
A =336 [Ix/r. [LI0THOCTH BOMBI 1 JTb/Ia TPH aTMOC(hEPHOM
JlaBjennn paBabl P, =1 r/ eM® u p, =09 r/ em® . Cxxumae-

1 AV - _
MocTb Bojibl G = _VA— =500 11a™! , COKMAEMOCTD JIb/Ia
P

MEHbBIIIE CKUMACMOCTU BO/bI.
A.lleponos

3agaua 4. /IuogHas menouka
dnekrpuueckas 1enb o6benuusier 2016 3BeHbEB, COCTOSI-
HUX U3 OJMHAKOBBIX 1008 U pesuctopos (puc.8). Boabr-
aMmIiepHast XapaKTepPUCTHKA 1~
o/1a IpUBe/IeHa HA PUCYHKe 9,
Hanpspkenne U, =1 B. Co-
MPOTUBJIEHNE KAXK/IOTO PE3HC-
topa R = 1 Om. Ha Bxox
CXeMbI TOIaeTCsI TIOCTOSHHOE
nanpsprenne U .
1) Oupenennte cuibl TOKoB uepes 1 ‘
0
9

l{)I DE D'}i]]!i

JINO/IBl U Yepe3 Pe3UCTOPBbI TPU BXOJI-
nom Hanpsoxenun U, = 4,4 B.

2) Ilocrpolite BOMbT-aMIIEPHYIO Xa-
PaKTepUCTUKY cXeMbl (3aBUCHMOCTD
toka I, ot U, ) B tuanasone ot 0 B 10
3 B. Puc.




3) Ompegenure BxojHOoe Hanpsukenue U, , mpu KOTOPOM
TOK uepes ILienb paBen [, = 14 A.
A.Anoaoncxuil

3amaua 5. [lexa Bio
B snexrpuueckoii nemm (puc.10) Bce s1€MEHTBI MOXKHO
CYNTATDb U/leaJbHbIMU. BHauase KoHeHcaTop eMKocTbio C He

K 3apAKEH. Kiou K 3aMbIKalOT, a

3aTeM, KOT/la CKOPOCTb H3MeHe-
HUSI SHEPTUU B KOHJIEHCATOPE JI0-
CTHUTaeT MaKCIMyMa, Pa3MbBIKAIOT.
D R, 1) Haiigure mouHocTb P, KOTO-

26 ==
R, pPYIO pa3BUJI MCTOYHUK TOCTOSTH-
HOTO HATIPSIKEHNS K MOMEHTY Pas-
MbIKAHUSI KJIIOYA.
2) IlycTh COMpOTUBIIEHUST PE3N-
Puc 10 ) ly p p

ctopoB R; = R, = R . Barom cay-
yae CKOPOCTb N3MEHEHHs SHEPTUH B KOH/IEHCATOPE JIOCTUTaeT
MaKcuMyMa 4epes BpeMms f, = CRIn~2 (a10 Bpems MOXHO
HaliTH, pemas cooTBeTcTByoNee AnddepeHIaibHoe ypas-
HEHHe, KOTOPOEe BaM PelliaTh He Hy)KHO). Onpezesnure Kou-
YeCTBO TeIJIOThbl (), KOTOPOE BBIICUTCS B 1IETH IIPU 3aMKHY-
ToM KJode K.
A.lepomnos

71 knacc

3amaua 1. @puKHUOHHAA mepeaaya
JUMMHHBI TUIUHPUYECKUH BaTUK paaunycoM R , Bpaira-
Iomuiicss BOKPYT CBOEH ocu € YIJIOBOH CKOPOCTBIO (),
HNPYKUMAIOT K ¢cBOOOAHO (6€3 TpeHus B 0CH) BpalalonieMycs
Ha ocu AMCKy pazumycom R (puc.11). Jlunus Kacanus AuCKa
R, 7 BaJINKA COBMAAET C PaJi-
® YCOM [JIUCKA.
( =a 1) Haiigure ycTraHOBHB-
"'"—- NIyIOCSd YTJIOBYIO CKOPOCTbH
oop Bpalennda AncKa, ecan
TPEHNE MEXAy BATUKOM WU
Puc 11 JINCKOM CyXOe.
2) Haiigure ycTaHOBUB-
IIYIOCS YIJIOBYIO CKOPOCTb () BpaLIEHUs AUCKA, €CJI TPEHIEe
Bsiskoe. CuwuraiiTe, YTO BEJUYMHA CHUJIbI BSI3KOTO TPEHMS,
MPUXOASIIASCS HA €MHUILY JJUHBI COTPUKOCHOBEHUS, TIPO-
MOPIMOHAJbHA OTHOCUTENIBHON CKOPOCTH JIBUXKEHUSI COIPH-
KacalolnXcs TTOBEPXHOCTEN BaJWKa M JIMCKA.
3) Omnpexenure otHOmEeHHe k = W, / W -

E.Metinuxos, A.T'yoenxo

3anava 2. KpyroBoii npomnecc

Haj moJsieM mjieajlbHOr0 MHOTOATOMHOTO Ta3a MPOBOJST
KPYTOBOH TIporiecc, KOTOPBIi Ha p—V-auarpaMme IIpu HEKO-
TopoM MacmrTabe mmeer Bu okpyxkuocTn (puc.12). Ilentp

ph
Pot Ap
Po
Po— Ap
0 Vo= AV Vo Vo+ AV V

Puc. 12

[108roToBKa K SKCIEPUMEHTATILHOMY TYPY

OKPY>KHOCTH MMeET KOOPAUHATBI Py, V, , TMaMeTp BAOJIDb OCH
JaByeHuit 2Ap, a quamerp BI0Jb ocu 06beMoB 2AV .

1) Haiizure Bce mapbl AMAMETPAIBHO HPOTUBOIIOJIOKHBIX
TOYEK OKPYKHOCTU, B KOTOPBIX TEIJIOEMKOCTH O/[MHAKOBDI.
Bbrumcaire 9T TEMIOEMKOCTH.

2) CpaBHUTE TEILIOEMKOCTU JBYX [POU3BOJIbHBIX AUAMET-
PAJIbHO ITPOTHUBOIIOJIOKHBIX TOYEK, JIEXKAIUX B KBa/[PAHTaX
IT u IV okpy»KHOCTH, T.€. OIPEJeTNTe, B KAKOH U3 3TUX TOUEK
TEIJIOEMKOCTb GOJIbIIIE U [10YEMY.

Ipumeuanue. Cunuraiite, 4TO TEIJIOEMKOCTDb Tasa IIpU MO-
CTOSTHHOM OGbeMe He 3aBHCUT OT TeMiepaTypbl T.

B.Cro600snun

3amaua 3. 3Be3/a MEPEMEHHOTO TOKa

Tpu asnemenTa, cpeu KOTOPBIX MOTYT ObITb PE3UCTOPHI,
KOH/IEHCATOPBI ¥ KATYIIKA NHIYKTUBHOCTH, COE/ITHEHDI 3BE3-
ot (puc.13). Ilpu noaxa0YeHUU y
UCTOYHUKA [T€PEMEHHOTO HAIPSKEH ST
K BbIBoaM { ¥ 2 Temu BOJBTMETP
TIEePEMEHHOTO TOKa, MOIKIIOYCHHBIH K
BoiBoJlaM 1 u 3, mokasbiBaer 80 B.
[Ipm moaKTIOYEeHNN BOJIBTMETPA K BBI-
BosaM 2 W 3 OH TOKasbiBaeT 45 B.
IIpu nopk/oueHun TOro >ke UCTouHu- 2 3
Ka K BBIBOZIaM | W 3 BOJIBTMETP TIOKa-  Puc. 13
3piBaeT 21 B mexxny BoBogamu 2 u 3
n 28 B mexnay 7 u 2. Ilpu noaxk/MovYeHNM HCTOUYHUKA K
BBIBOJIaM 2 U 3 BOIbTMeETp NoKasbIBaeT 21 B Mexxy BoIBojaMT
Tu2u28 Bwmexny 1 u 3.

1) Onpeaenure HAPSKEHUE UCTOUHUKA.

2) Oupeae/nre 9J1eMEHTDI LEeMH, COOTBETCTBYIOIIHE JydaM
3Be3/1bl. MOKHO JI OJTHO3HAYHO YCTAHOBUTD THUII SJIEMEHTOB
enun?

3) Omnpejieinre OTHOIIEHHE CUIIBI TOKOB [y © I3 & [53 depes
UCTOYHUK TIPU €r0 TOAKJIOYEeHN K BbiBogaM 1 u 2, 1 u 3,
2u3.
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WcToyHuk, BOJILTMETP M BCE 3JIEMEHTBI TIeNU MOYKHO CUl-
TaTh WJleaJIbHBIMU.
A.Anosoncruil

3agaua 4. MI'/I-nacoc
Marnurornapoannamudeckuii (MT]]) Hacoc mpejcraBJis-
eT co60il TIJIOCKUIT KOHEHCAaTOP ¢ pa3MepaMy TLIACTUH /X ¢
u paccrosinnem Mesky uumu b (h > b, a > b). C 6okoBbix
b TOPIIOB KOHJIEHCATOP OTPaHUYeH HETpo-
; ? BOJAINMMI cTeHKaMi. K miactunaM KoH-
JleHcaTopa TO/IKJIIOUEH W/IeaJbHbIH HC-
Tounnk Hanpspkernem U (MOgsspHOCTD
yKaszaHa Ha pucyHke 14). Mesxay ma-

|
|
|
|
|
| CTUHaMM KOH/IeHCaTOpa CO3/1aHO OJHO-

|
[
|
[
|
| —

PO/IHOE MarHUTHOE TT0JI€ UHAYKINEH B ,
h  BEKTOP KOTOPOii FOPU3OHTAJIEH U TTapaJl-

JieJIeH TIPOBOJSAIIUM TImacTHHaM. Hix-

HUMHU KpasMU KOHJIEHCATOP KacaeTcs

MMOBEPXHOCTH CJIAGOTTPOBOJISIIIEN K-
= (U KOCTH TIJIOTHOCTBIO P ¥ Y/ICJIbHBIM CO-
nporuBienneM A\ . CBepxy K KOH/IEHCA-
TOPY TePMETUYHO TPUCOEJUHEH HEIPO-
Bozsammit KoxkyX. IlocepennHe KoOHZeHcatopa Ha BBICOTE
h /2 Ha TOHKOU HUTH TIO/IBEllleH HeGOIbIION HEITPOBOISIIIIT
HIapyK, uMeromuit o6beM V 1 miotHocTb P > P . Onpengenn-
TEe 3aBUCHMOCTH T(U ) CHUJIbI HATS)KEHUsSI HUTU OT HaIlpsiKe-
nust Ha ucrounuke. [TocrpoiiTe KauecTBeHHDBIN TpadUK ITOI

2016/ Neo4

3aBUCHMOCTH, YKa3aB Ha HEM XapakTepHble Touku. CBepxy
KOXKYX U TTOBEPXHOCTb TTPOBOJSIICH KUIKOCTH COOOTIAIOTCS
¢ atMocepoii.
M. 3amsmuun
3agaua 5. CouHeunbiii mapyc

CostHevHbIl apyc mpe/cTaBisier co6oii II0CKOe 3ePKao
maccoir m = 1,660 r u mmomazapio S =1,000 M2, [Tapyc
OPUEHTHUPOBAH TIEPHEHIUKYJISPHO COTHEUHBIM JTy4aM U J[BU-
JKeTCsl BJIOJIb JIMHWM, Tpoxosineil yepes 1entp CosHia u
LEHTP 3epKaja. B HayaabHBIE MOMEHT BPEMEHH 3€PKaJo
HaxoznTcs Ha paccrostaun Ry = 1 a.e. ot Connna. Ha kakom
paccrogamn R, ot CouHna 6yeT HaXoUTbCS Tapyc 4epes
t;, = 1 4 monera, ecqu OH [BUTAJCA C TIOCTOSTHHOH, HO
HEM3BECTHOH CKOPOCTBIO 0 <K ¢ ?

Opnna acTpoHOMMYECKasl €/IMHAIA PaBHa PaCCTOSHUIO OT
3emm 1o Commma: 1 a.e. = 150,0 (0° kv . Mmmyabe doromna
p 1 ero sHeprusg E cBA3aHbl cOOTHoLleHweM pc = E, rue
c=2998 010" M/c — ckopoctb csera. IloTok ncrmyckaembix
[IPOTOHOB, HEUTPOHOB ¥ JPYIHX YACTHIl, UCXOISIIUX OT
CouanHia, He yuutbiBaThb. CoJHeyHass MOCTOSTHHAS
W, =1,367 KBT/ M? — 5TO CyMMapHbIil TIOTOK COJHEYHOTO
U3JTy4YeHUs, TPOXOSAIINI 32 eJMHUILY BPEMEHU Yepe3 e/lu-
HUYHYTO TIJIOMAJKY, OPHEHTHPOBAHHYIO MEPIEHANKYJISPHO
moToky, Ha paccrossaum 1 a. e. ot CosHIa.

Ipumeuanue. 3Haere 1M BbI, 4TO IPOAOJKUTEIHHOCTD
rojfa paBHa Tl 107 ¢ ¢ TOUHOCTBIO TOJTITPOTIEHTa ?

C.Bapaamos

[obenmnteny onMMnvaasbl

9 kmacc

Anodpeti Huxonaee — Pecriy6inka MopaoBus,
Hanuun Iasaos — Canxr-IlerepOypr,
Aunexcei Huwxun — Pectiy6imka Moposus,
Pycnan Canumeapees — MockBa,

Aunexceil Aprxos — Canxt-IlerepOypr,
Amumpuii Menvnuxoe — Mocksa;

10 kaacc

Baadumup Manrunoscxuii — Canxr-IlerepOypr,
Ezop Kyaux — Kpacnonapckuit kpai,

Muxaun Oaugpepenxo — CepiioBcKas 00J1acTb,
bopuc Buauu — Mocksa,

Cmanucaas Kponckuii — Cankr-IlerepOypr,

Apmen Ilempoe — Canxr-IlerepOypr;

11 kaacce

Baaoumup Kunuyruii — HoBocubupckas obaactb,

Maxcum Enucees — Pecmy6mka Mopaosus,

Anmon Manuncxuii — Pecry6nmka BamkopTocrtan,

Anexcandp Apmemves — Kuposckas 061acTb,

Aunexceti Andpees — UYensabunckas 06y1actb,

Apmemuii Mapuenxo — Husxeropojickast 06J1acTb,

Huxuma Cemenur — XaHnTbl-MaHCHIICKUIT aBTOHOMHBIN OK-
pyr,

Hean Ymewes — Pecrybika Moposusi.

Hy6ruxauuro nodzomosuru A.Boponos, B.Cao6o0snun

aKJIIOUYUTENbHbIV 3Tam
| Bcepoccnmnckom onmmnmaibl
no ousmke nmMmeHn Ik .K.Makceenna

3akmoYnTenbHbI 3Tan onuMnmuadbl menn Ix. K Makcsen-
fla ona ydawmxca 7—8 knacco npoxoamn ¢ 18 no 23 anpens
2016 ropa B ObGpasoBaTenibHoM UeHTpe «Cupuyc» (r.Coum).
OpraHunzaTopamn onumMmnuaabl ctany ObpasoBaTtenibHbIN hOHL
«TanaHT mn ycnex», LeHTpanbHasg npenMeTHO-MeToamM4ecKas
Komuccusa no dusmke 1 YyebHo-metogmyeckas nabopatopus
no paboTe C ofapeHHbIMW AeTbMW MOCKOBCKOrO (U3MKO-

TEXHUYECKOro UHCTUTYTa. B onvmMnnage npuHanm ydactve 197
LKonbHWKOB 13 50 pervoHos Poccuu.

Cneplyet OTMeTUTb, YTO A0 Havana onvMMnuagpl ee y4acTHUKN
npownn AByxHegenbHoe obydveHne B Cupuyce. Tam pebstam
YUTanu nekumm, pellani ¢ HUMU 3aa4u 1 NPOBOOMIN 3aHATUA
No 3KCnepuMeHTanbHoOW hu3nke. ITO NO3BOSINIO «MOATAHYTb»
PErnoHbl, KOTOpble paHbLue He BnucTany no gursmke, 4o YPOBHS



nnoepos B usmyeckoM obpasosaHum (CaHkT-MeTepbypra,
MockBbl, YenabuHcka...).

OnvMnvaga cocTosna 13 AByx TYPOB: IKCMEPUMEHTANIbHOMO 1
TeopeTnyeckoro. Ha akcneprMeHTanbHOM Type B KaXA0M Kfac-
Ce nNpeanaranoch BbINOMHUTL 2 33fiaHNs, @ Ha TEOPETUHECKOM —
pewnTb 4 3adadyn. YHacTHUKM ONMMMMaAbl yCNewHo CnpaBu-
NNCb CO BCEMM 3afaHMamMK. Ha cnenyolmin AeHb nocne Teope-
TUYeCKoro Typa Obin npoBefeH pa3bop 3agaHui, Ha KOTOPOM
YneHbl XKiopy YTOYHUU KPUTEPUM OLIEHMBAHWUA KaXAoro U3
33aHUIA 1 NPOaHaNU3nPoBanu TUNNYHbIE OWNOKK, JONYLIEH-
Hble y4acTHMKaMW. 3aTeM KaxApll Y4eHUK MOr MOCMOTPeTb
CBOIO PaboTy, 03HAKOMUTLCS C BbICTABMEHHbIMU OLeHKaMU ©
obcyanTb € YneHamu XXiopy BO3HUKLLME BOMPOCHI.

B nTore Xiopyn NpuHAN0O pelleHne HarpaguTb AVNAOMaMm
Mobenutens onnmnnanbl 17 y4acTHMKOB, AMnnoMamm lNpusepa
onnmnnagbl — 71 y4acTHuka. o pesynbTaTaM ofimninagbl Obina
oTobpaHa rpynna LWKOMbHMKOB, BOLEALAs B YACNO KaHAnOa-
TOB Ha MeXayHapoOHYlo eCTECTBEHHO-HAY4YHYl0 OonvMMnuagy
oHnopos 2016 rofa.

TEOPETUYECKUN TYP
7 Kacc

3anava 1. Baosp ma mo peuxe

Ot npuctrann A x mpuctanu b BHHU3 N0 TEYCHUIO PEKU
cTapTyer Karep, a OJ[HOBPEMEHHO C HUM 110 Gepery crapTyioT
HeIIeXo/l ¥ BeJIOCUTICAUCT, KOTOPbIE IBUXKYTCS HepaeHOMep-
no. Karmrany karepa nepesiaercst ”HGOpMAaInst 0 CKOPOCTIX
JIBUZKEHUS TIEIIEX0/[a U BeJIOCUTIEIUCTA, U OH, MOMEHTAIbHO
pearupysi, MOJIEPKUBAET CKOPOCTb KaTepa OmHOCUMENLHO
600bL PABHOII cpe/iHeMy apudMETHYeCKOMY CKOPOCTeil merire-
xoja u Bejocutienucta. K mpucranu b katep mpuObIBaeT
O/THOBPEMEHHO C BEJIOCHTIEUCTOM 4epe3 BpeMs ¢t = 30 MuH
mocse crapra. llemexom K 3TOMy MOMEHTY OKAa3bIBAeTCS
033/ HUX Ha pacctosgHmn s = 3 kM. OmpesesnTe CKOPOCTH
TEYEHMS PEKH.

. IToonecnulil
3azaya 2. 3oaoro?!

[IBa OZTHOPOIHBIX CTEPIKHS OJMHAKOBOH JTUHBI C OTUHAKO-
BOH TJIONIA/bI0 TIOTIEPEYHOTO cedeHus S = 1 eM? MOTYT
cBOOO/THO BpAIMIAThCS BOKPYT HEMO/BUKHBIX TOPH30HTAJD-
HBIX oceil Oy n O,, PacHoJIOKEHHBIX HA OHOW BEPTUKAIH
(puc.1). [lmHa KOPOTKOTO ydYacTKa KaXK[IOTO CTEPIKHS

A - L) ”
é:o1
T B
€T 2
L.y

Puc. 1

[ =51 cM, a gomaHoro L = 105 cM. CrepsKHU HaXOJSATCS B
paBHOBecuu Ostarofapst Hutu AB. BepxHuii crepskeHb M3ro-
TOBJIEH W3 CTaJU. YCKOpeHHe CBOOOIHOTO TAJCHUS ¢ =
=10 H/kr.

1) KakoBa NmJIOTHOCTH MaTepuasa HUKHETO CTEPIKHS?

2) C oMoipbio TaGJIuIIbl OLPEeJUTE, YTO HTO 32 MaTEPUAL.

Meraan |[p, r/em?|| Merana | p, rlem®| Meraan | p, r/em®

Marnmii 1,74 || Crann 7,80 | Csuner 11,3
Huxkenn 8,80 || 3oxnoro 19,3
Cepe6po | 10,5 | Iaarnuna| 21,2

Amomunuii| 2,70
[Tunk 7,14

3) Haiigure cuty Harsikenus nuti AB.
B.Cno6o0snun
3anaua 3. Boichinaiitecs!
Nsnavanbno Ganka o6bemom V, = 1000 mua goBepxy
3aI0JTHEHA MATEHbKUMU OTHHAKOBBIMI METAJITMYECKIMI TI1a-
pukamu (puc.2). OHy IATYIO YacTh MAPUKOB BbICHINAIN B

2

Ay
soa i i

(5300

CTOSATIMIT Ha BecaX MEPHBIN IMHJINHAPUICCKHUN COCYJT, 3amoJI-
HEHHbI Bo1oll. B pesybrare nokazanus BeCOB yBeJNYUIICh
¢ my =4037 Tt 1o my = 5317 r, a ypoBeHDb BbLIUBIICHCS B
6aHKy BOJIbl CPABHSJICS C YPOBHEM OCTABIIUXCS MIAPHKOB.
OrnpejiesinTe MIOTHOCTh MaTepuasa, 13 KOTOPOro n3roTonJe-
HbBI [IAPUKK, €CJH MIOTHOCTD Boabl Py = 1000 xr M
H.Epogpees
3anava 4. Tpacca
WccenepoBanust npomycKHON CIIOCOOHOCTH O/IHONOJIOCHO
OJIHOCTOPOHHEH aBTOMOGUIbHON goporn (puc.3) nokasamm,

Puc 3

YTO € POCTOM CKOPOCTH TIOTOKA MAIIHH MPOMYCKHAs CII0CO6-
HOCTb JIOPOTH MOKET yMeHbIIaTbesl. I'paduk 3aBUCHMOCTH
CKOPOCTH MOTOKA OT HHTEHCHBHOCTH BIKeHNs v (n) HpuBe-
JIeH Ha PUCYHKe 4. B mpeanoiokeHnn, 4To OCHOBHAS TIPHYH-
Ha M3MEHEHUsT TIPOTYCKHON CITOCOOHOCTN CBSI3aHa ¢ M3MEHe-
HUEM JIMCTAHIUK MesKay Mammbamu (PaccTosHust OT mnepe/-
Hero Gamriepa 3aHell MAIluHbBI 0 3a/[HETO OaMIiepa mepe-
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0, kM1

120

100 — =

80 —
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LA

-

20 = =

—

0 020406081,01,21,41,61,82,0
Puc 4 n,ThIC. aBT./u

Heil), onpe/esIuTe CPEHIO0 AUCTAHIIMIO § MEXK/Ty aBTOMOGH-
JIIMH TIPU CKOPOCTH MOTOKA ¥ M MOCTpoliTe rpaduk 3aBUCH-
mocti s(v). Jlasi yupomennsi Mo)ere CUMTATb, UTO BCE
MAIITIHBI CJIEYIOT ¢ OZINHAKOBOM CKOPOCTDHIO N MMEIOT O/[ITHA-
KOBYIO JUHY L = 4 M.

I pumeuanue. VIHTEHCUBHOCTDIO JIBUYKEHUST 7 HA3BIBAETCS
KOJIMYECTBO aBTOMOOHJIEH, MTPOE3KAIONINX MUMO HENO/BHK-
HOro HaGJIIo/IaTe sl B €/IMHUIYY BPEMEHHU.

M. Samamuun

8 ksacc

3anmaua 1. Besocunen u xarep
Ot npucrann A k npucrann b BHHU3 110 TEYEHUIO PEKU
CTapTyer KaTep, a OJ[HOBPEMEHHO C HUM 110 Gepery cTapTyeT
BEJIOCUIE/IICT, KOTOPBIN IBUKETCST HepasHoMmepHo. PaccTos-
HUe MexAy npuctansmu L = 5 kM. Kammramy katepa
nepezaeTcss MHQPOPMAIIS O CKOPOCTH BEJOCHUIIEANCTA, U OH,
MOMEHTAJIbHO pearupys, MOJIEPKUBAET CKOPOCTb KaTepa
OMHOCUMENLHO 6006l PABHON CKOPOCTH BestocutieucTa. J{or-
JbIB /10 npuctann b, karep ObICTPO pa3BOpadMBaeTCs |
BCTpEYaeT BeJOCUIEUCTA HA PACCTOSHUU S = 4 KM OT
npucrann A. Ha cKoJbKO j1oiblire KaTtep IJIbLI 10 TeYeHUIO
PEeKH, YeM IPOTUB TEUYEHMS /IO BCTPEUYH C BEJIOCHUIIEANCTOM ?
CKOpOCTb T€UEHMST PEKU ¥ = 5 KM /4.
Jl.IToonecrwiii

3apmaua 2. I'paduk ¢ Bapenbem

[Ipn npousBo/CcTBe BapeHbsi B GOJIBINOI 6aK MOCTENEHHO
HAJMBAIOT CUPOIL. B 1epByio MopImio, NMEeoIyio MI0THOCTD
Py, J0GABJIAIOT BTOPYIO, IIOTHOCTb KOTOPOH P,, 3aTeM
TPETHIO € IJIOTHOCTBIO P5. Ha rpaduke (puc.5) mokasaHo,
KaK M3MEHSETCS Cpednsis MJIOTHOCTb HaXOJsmierocss B 6axe

Pepr T/eM?
A
1,4
153
1,2
s | = >
0 ) 10 15 20 25
% egd)
Puc. 5 AN

2016/Ne4

fOHBIVI SKCIIEPUIMEHTATOP

cupora 1o mepe 3anoJHenus 6aka. K coskanenuio, Ha rpadpuk
KaITHYJIK TOTOBBIM BapeHbeM, U 9acTh HHMOPMAIIUHU [TPOIIAJIA.
Haiinure maccy kakmoii nmopiuu cuporna. [[o kakoro o6bema
V, 6bur 3anosHeH 6ak K TOMY MOMEHTY, KOTJa CPEIHSS
IJIOTHOCTD COAEPIKUMOro coctaBuya Py = 1250 KF/ M 2
M.3amsmnun

3amava 3. IBpuKa

ToBopsr, 4to ommak-
bl ApXUMe/T, Hali 51 TOU-
Ky OIOPbI, IPUIOHSLI
cebs1 BMecTe C BaHHOII,
UCII0JIb3YsI cucremy 6.J10-
koB (puc.6). Macca Ban-
HbI ¢ Bogoit M =120 kr,
Macca Apxumena m =
=90 kr. Yemy paBHa
«cusna Apxumenar —
cHs1a, KOTOPYIo ApXuMes
MIPUKJIA/[bIBAJI K BEPEBKE
nipu morbeme ? Kakas M-
HIMaJIbHasg 4acTb o0beMa ApXuMesia MOTJIA IIPH 3TOM HaXo-
JIUTBCS HaZl Bojoii? CunraiitTe CpeIHIO0 MJIOTHOCTh ApXUMe-
Jla TIPUMEPHO PABHOI IJIOTHOCTH BOJBI. TpeHmeM B 0CIX
6JI0KOB, Maccoil GJIOKOB M BepPEBKHM MOXKHO IpeHeOpeyb.

Ycekopenne cBoGoamoro magenus g = 10 H/kr.
M.3amamnun

Puc. 6

3agaya 4. Tepmormox YepHukoBa

IkcrnepumenTarop ok co6pas JeMOHCTPAIMOHHbIH Tep-
mometp (puc.7). [l 3TOTO OH B3SJI CTEKJSHHYIO KOJIGY €
BCTaBJIEHHOH B Hee TOHKOIi
TpyOKOIi, TIOMA/b ToTle-
PEYHOTO CeyeHUs] KOTOPOi
S =25 mm? . KoaGy skcrre-
puMeHTaTop 3sanoiHui ao Lo
€aMoro Bepxa IO/IKpalleH-
HBIM CHHUPTOM, HMEIOIIM
KOMHATHYIO TeMIepaTypy
ty . Ilocme morpyskenuss B pye 7

S
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Henerko y3Hatb TaviHy Xenroro @yrispa

6anky, B KOTOpoil naxoamics V, = 1 J Temjuoil BOJbI,
cronbuk crnupra B TpyOke moxmsiics na h = 10 cm, a
TepMOMeTp ToKazas Temmepatypy ¢ =40 °C. Onpenemure
TeMIeparypy BOjibl B GaHKe JI0 MOTPYKEHUs B Hee TePMOMET-
pa. TermmoeMKoCThIO CTeKJIa, GaHKH, a TAKKE TIOTEPSIMU TeTlIa
B OKPYJKAIOIYIO CPEy MOXKHO npeHeOpeub. TernmoeMKocTb
BOABI ¢, = 4200 [lx/(kr [°C), TEmI0eMKOCTb CHEPTA
¢e = 2400 [lxc/(xr [3C), mwrotnocts Boapt p, = 1000 kr/m’
IJIOTHOCTD CIIUpTa IIpU TeMueparype ¢,, P. =790 KF/ M
Ykaszanue. B paccmarpuBaeMoOM JManazoHe TeMIepaTyp
MOXKHO CYMTaTh, 4YTO C POCTOM TeMIepaTypbl ¢ 0o6beM
cipra V' yBeJmumMBaercs 1O JIMHEHHOMY 3akony V =
=V, (1+B(t =%)), tae V, — obbem cumpra npu Teme-
patype t,, B=1,10107 (°C)_1 — TeMIepaTypHbIi Koaddu-
IUEeHT 00BEMHOTO PACHINPEHUS CIIUPTA.
FO. Yepnuxos

NobenmTtenu onvMmnmabl

7 xnacc

Jeonud Hanumos — Cankr-IlerepGypr,
[mumpuii Bazun — Cankr-Ilerep6ypr,
Cepeeit Casenves — MockBa,

Unva Bepezosckuii — Mbrtum,
TI'epman Mapapeckyn — 7KeesHOropek,
Hean Xapuuxun — Caunkr-IlerepOypr,
Huxonaiit Pycckun — [lonronpyaHblii;

8 kmacce
Anmon beneyxuii — Taranpor,

OTBETDI,

«KBAHT» AN MNAALLUUX LUKOJIbHUKOB

3AOAYN

(cm. <Keanms No3)

1. 532 u 14 (532:14 = 38) uum 215 u 43 (215:43 = 5).
2. 3.
[TpencraBum ceGe MOBepXHOCTb Oy6JMKA, CAETAHHYIO u3 Gymaru
(puc.1). PaspexeMm ee MO IyTH [EPBOH YJIUTKH U DPA3OTHEM.
[Tosyunrest 60KOBasi TIOBEPXHOCTD IHJIITH-
apa. Ilyrs Bropoit yauTku 1pu atom Oy-
JleT pa3pesaH B Tpex Mecrax. Taknum o6pa-
30M, Ha MOJIyYHBIIeiCs TOBEPXHOCTHI CJIe]]
BTOPOH YJIUTKH TIPEACTABJsIET CO00i Tph
JIMHUH, COeJNHSIONINe HIKHee OCHOBAHME
mmHApa ¢ BepxanM. Herpyano coo6pa-
3UTh, YTO OHM JEJAT OGOKOBYIO MOBEpX-
HOCTh IMUJIMH/PA HA 3 YaCTH.
Puc 1 3. Byaem cuntatp, yTo B TabJHIEe 5 CTPOK
n 8 cToJIGIOB, W TPEINOJOKIM, 4To AHE
paccTaBUTh HHGPBI yAAJIOCh. 3aMeTHM, 9YTO Kakjasd nudpa B
TalJIMIe MOXKET BCTPETHThCS He GoJiee 4eM 4 pasa. B camom feie,
€CJIM CPe/H YeThIPEX PsI/IOB, T/e OHA BCTPEYAETCSI, €CTh /[BA BEPTH-
KaQJIbHBIX PSiIa U JIBA TOPU3OHTAJIBHBIX, TO HA UX II€PECEUCHUSIX
€CTb POBHO YeTbIpe KJETKH [l Hamell umdpbl (Hamucana oHa
MO’KeT ObITb B IBYX, TPEX WJIM BO BCEX YETBIPEX KJETKAX), & ec/u
TPU PsJia B OIHOM HANPABJIEHUH ¥ OUH B JPYTOM, TO TOJBKO TPU
KJICTKH.

Anmon 3vixoe — CapaHck,

Asam T'umaee — Capanck,

Anexcandp Moposog — Cankr-IlerepGypr,
Jee /[sopxun — Pamenckoe,

Maxcum Ecoxkun — Capaick,

Iasen Cynpyn — Kopoues,

Anexcandp /lemun — MocKBa,

Muxaun Kamynvkun — Exatepun6ypr,
Huxuma Mopozoe — Canxr-IlerepOypr.

Hy6auxauuio nodzomosun B.Caobodsanun

YKASAHUA, PEIIEHUNA

Opnaxko mmgdp Bcero 10, a xaerok 40, moatomy mudp KakI0ro
BH/Ia POBHO 110 4 M PACIHOJIOKEHbI OHH MMEHHO Ha ITePeceveHnusix
JIBYX TOPHU30OHTAJIbHBIX U [JBYX BEPTHKAJBHLIX PSIAOB. IDTO, B
YaCTHOCTH, O3HAYAET, YTO B KAK/JOM CTOJIOLE OJMHAKOBDIE IU(PHI
MPUCYTCTBYIOT MapaMH, 4YTO HEBO3MOXKHO, TaK Kak B CTOJOIE
HevetHoe yncao mudp (marp).

4. llpeanonoxkum tporusuoe. Ilycrs B Tpeyrosbauke ABC yroa A
pasen 60°, BC = a, AB = a — x (puc.2), rorna AC = a + x.
BoiGepem Ha syue AB touky B’ , a Ha syue AC touky C’ Tak, 4TO
AB'= AC' =a.

Tpeyroabuuk AB’C’ — paBho-
Oe/IPEHHBIII C YoM 60° . Tlo-
JTOMY OH SIBJISIETCS M PABHO-
cropounum, T.e. B'C’'=a.
Ocrajioch 3aMeTHTb, YTO Tpe-
yroapuukn BC'B” m BC’C
paBHbI 110 TpeM croponaM. Ilo-
atomy ZBCC’=/BB'C’ =
=60°. Wrak, B TpeyroibHUKe
ABC He TosbKO yros A, HO u
yron C pasen 60°, T.e. on  p,e o

PaBHOCTOPOHHUII.

5. Y1060 n3oGpaxarb psii APaKOHOB B Buje rpaduka: BMeCTO
KasK/IOr0 JIPaKOHA HApHCyeM TOYKY Ha BBICOTE, COOTBETCTBYIOMICH
YUCJy €TO TOJIOB, M COCIMHUM 3TH TOYKH.

a) Cwm. puc. 3.

6) 3aMeThM, BO-IIEPBBIX, UTO I/IE-TO B MIPOMEKYTKE MEK/LY KayK/Ibl-
MU JIByMSI XUTPBIMH JIPAKOHAMHU CTOUT CHJIBHBII.

A
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[leiicTBUTENbHO, ecau MbI OyZeM WJATU BIOJDb Psiia IPAKOHOB, TO
1ocJie TOro, Kak Mbl MUHOBAJIM XUTPOTO JIPaKOHA, KOJUYECTBO TO-
JIOB HAUMHAET YMEHBIIATHCSA. B HEKOTOPDINT MOMEHT OHO JOJIKHO
HauaTh YBEJUYMBATBCS — 3TO M €CTDb IO3UIM, TJie CTOUT CHUJIb-

f; VAVAN
VAN Ve AN

1 2 3 4 5 6 7 8 910 11 12 13 14 15
Puc. 3
HbIIl IPaKOH. AHAJIOIMYHO, Jlajiee yBeJnueHne KOr/la-TO 3aKOH-
YHUTCS HA XUTPOM JIPaKOHe.
[TocMOTpHUM, B KaKOM IMOPS/IKE MOTYT CTOSITH CHJIbHbBIE M XHT-
pole pakoHbl. CHJIBHBIH APakoH ¢ 6 TrOI0BaMU MOKET CTOSITH
TOJIBKO MESK/Iy /IBYMsI XUTPBIMU J[pakoHamu ¢ 7 rosoBamu. Bos-
HUKAIOT TPU CJIydasi: Ba OCTABIINXCSI CUJIBbHBIX JIPAKOHA CTOST
60 O OJTHY CTOPOHY OT 3TOI TPOWIIBI B OJJHOM U3 ABYX TOPSI/I-
KOB, 160 10 pasubie cToponbl (puc. 4).
B nepsom ciyuae 14 apakoHOB yike olpejiesieHbl 0/[HO3HAYHO, U
€/IMHCTBEHHDIII €c110c06 JOOUTHCST TOTO, YTOOBI Y IIEPBOTO M IHOCJIe-
JTHETO JIpaKOHA TOJIOB GBbLJIO TIOPOBHY, — J00aBUTH CIIpaBa C
Kpaio elre OIHOTO ApPaKOHa € 5 TOJOBAMH.
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Puc. 4

Bropoit n Tpernii BapmaHThl HEBO3MOJKHBI, TaK Kak /s HUX Tpe-
Gyercs 6osee 15 npaxkonos (faxke 6e3 ydera yCIOBHS OJMHAKOBO-
rO KOJIMYECTBA TOJIOB Y KPAWHUX APAKOHOB).

XXII TYPHUP MATEMATUYECKX BOEB
MMEHU A.N.CABUHA

N3BPAHHBIE 3AOAYN

1. 15.

PacemorpuM z1Ba ciryuast IpoBe/ieHUs] TOPU30HTAJNBHBIX JIMHUI:
MEXK/IY CKpenKaMu Ju6o ecTb XOTs Obl O/Ha TOPH3OHTAJbHAS JIH-
HU, 1100 TAaKOBBIX JUHUI HET.

2016/No4

ITyctp x0Tst 6bI O/1HA M3 TOPU3OHTAIBHBIX JMHUIT ITPOBE/IEHAa MeXK-
NIy CKpenKaMmu. BpiHeM U3 TeTpajknm 06e CKPENKH, TOr/a KasK/blil
13 BYX CKPEIJICHHBIX KYCKOB TeTpajkn pacmazercs Ha 19 gac-
Teil. 1o go6aBut 28 = 36 wacteill K yKe UMEOMNMCS, T.€.
Bcero ux nosyuntes 2016 + 36 = 2052. B atoM ciyuae Kask[biit
smct pacnazgercs Ha 2052 : 19 = 108 yacreii.

ITycrp Camna mpoBes R TOPU30HTAIBHBIX W 72 BEPTUKAJIBHBIX JIH-
Huit. TOpM30HTATbHBIE JTUHUK [EJAT KaXKablil Juct Ha R + 1 gac-
Teil, a BeprukasibHble — Ha 2n + 1 vacreii. CienoBaresbHo,
(k+1)(2n +1) =108.

Tak Kak BTOPOH MHOKHUTEJIb — HEYETHOE YHCJIO, OTIMYHOE OT 1,
TO CymiecTByer Tpu crocoba pazbuenus yuciaa 108 ma aBa muo-
sxkutesnsi: 108 =4 [27 =129 =36 [3. Takum o6pasom, k = 3, n =
=13, wm k=11, n =4, wim k = 35, n = 1. Bo Bropom ciyuae
k + n =15 n 310 3HAYEHNE MEHbINE, YeM B JPYTUX CIyUasiX.
JlokakeM Telepb, 94TO MEX/y CKperkamu 006si3aHa ObITb XOTsI Ob
O/lHA TOPM3OHTAJbHAS JUHUS. /[eficTBUTEIbHO, €C/Ii 3TO He Tak,
TO NPU BBIHUMAHWK CKPEINOK JA06aBUTCS TOJBKO 18 yacTeil m ux
crarer 2016 + 18 = 2034. Torpa kax bt JTUCT A0JKEH 00pa3o-
Bath 2034 : 19 gacreii, HO 5TO HEBO3MOKHO, Tak Kak 2034 me
kparuo 19.

2. 991.

Ouenka. PaccMOTpUM TIEPBBIN MIEPEX0/] OT TPEX3HAYHOTO YNCTIA K
YeTBIPEX3HAYHOMY. JTO ObLIO CJIOKEHUe, U YHCJI0, KOTOPOe yBe-
JMYUBAIoOCh, 6pL10 He Menee yeM 991. Ecim ato yBesnnuenue — He
MepPBbIil 1Iar, To mepes 9THM GbLIO0 YMEHbIIEHO TPEX3HAYHOe YHC-
n10. Ho u3 wucen suga 99a TIPH BBIYUTAHUN JI000i 1IIPBI MO-
ayuures He 6osee 990.

Hpumep. Hauunasa ¢ yuciaa 991, MOXKHO BbIIIUCATh CJIELYIOLIYIO
nocaeoBaTesibHocTh: 991, 1000, 999, 1008, 1007, 1014, 1013,
1016, 1015, 1020, 1019, ... [damee kaxablii pa3 nMpubGABISAETCS
nocaeanss mudpa, a Bprautaercs eaunnuna. llocrennsas mudpa
mensiercst o mukay: 0, 9, 8, 7, 4, 3, 6, 5. Illpu npoxoxaeHnu
JTOro IMKJA Yyncao yBeanuuBaercs: Ha 20. 3nauut, nocsae 1000
ono 3a 50 mukyaoB craner paBubiM 2000. TTocse aToro, BbrunTas
Kak/apIit pa3 0, a mpubasisag 2, noxydnm 2016.

3. 45°.

W3 pasencrBa tpeyrosbHukoB ABM u BCK caenyer, 4to

BM OCK (puc.5). Ilycts BM u CK mepecexaiorcst B Touke P,
O — LeHTp JaHHOW OKPY’KHOCTH, B c
torna AKOM — kBazapar. Ilo cBoii- N

cTBy Brmcannoro yriaa, UKNM=

:%DKOM= 43 . CuegoBaTesibHO, o

tpeyroasank MPN — mpsmoyronb- K ]
HBII ¥ paBHOGEPEHHDIH, T.€.
OBMN= 43

4. Tax xak N u M — cepeaunbl Iyr
BAB' u BCB' coorBercrBeHHO, TO A v D
MN - JuHuS EHTPOB OKPY)KHOC-  p, - o '

teit, saHaunt, MN u BB' mepnenn-

Kyasgpubl. Ilyctb [ — 1eHTp BIMCAHHOW OKPY>KHOCTU TPEYTOJIbHU-
ka ABC. IlokaxeM, uTO Kak/as U3 OKPY>KHOCTEH MPOXOUT ye-
pes I. JleiictBuresbHo, Tak Kak NK neprenankyasapuo KI u AN
nepreHanKyaapuo Al (BHYyTpEHHSS M BHEUTHAS GUCCEKTPUCHI
yria A), 1o touku A, N, K, I jexxat Ha OHOI OKPYKHOCTH €
quamerpoM NI. AHAJIOTUYHO, TOUYKHU
C, M, K, I nexxaT Ha OJTHON OKPY>K-
HOCTH ¢ mameTpom M.

d. He o6sasarenbho. F D
[Toctpoum paBHOCTOpPOHHUIT TpEy-
rosbHUK ABC, TIpoBesieM ero mMeana-
HbI M OTJIOKMM Ha WX MPOJOJIKEHUIX
toukn D, E n F tak, uto AD = BE= 4 C
= CF = AB = BC = AC (puc.6).

ITH IIeCTb PaBHBIX OTPE3KOB SBJIS- Puc 6

B
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10TCa AuaroHassMu nectuyroibuuka AFBDCE, cTOpoHbI KOTO-
poro Mexk/y co6oil, 04eBUHO, paBHbI. YT/l A, B u C aroro Iie-
CTUYTOJbHUKA — HpaMble, a yriabl D, E u F pasubl o 150° .

6. MosxHo.

Bynem gmeiictBoBath HA060POT: M3 KyOUKOB PAa3HBIX Pa3MepoB Gy-
JIeM CKJIA/IBIBATh GOJBIION Ky6. 3aMeTHM, 4TO U3 [OCTATOYHO
60JIbIIIOTO HAGOpa OJMHAKOBBIX MPSIMOYTOJBHBIX MapaJiiesienure-
JIOB C TIEJBIMU peGpaMut MOKHO CJIOKHTh Ky6 (mampumep, Ky6 ¢
pe6pOM, PAaBHBIM MPOM3BEIECHUIO U3MEPEHUl mapaJiiesienurena
umu pasubiM ux HOK).

[Tokaskem Terepb, Kak co6parb Ky6 M3 PaBHOTO KOJIMYECTBA KY-
OUKOB /IByX Pa3HBIX Pa3MEpOB, 3aTeM TpPeX PA3HBIX PasMepoB,
YeThbIPEX PA3HbIX PA3MEPOB U T./I.

1) CkJienM 13 BOCbMH €IMHUYHBIX KyOUKOB OAMH KyO ¢ peGpoM
2. BosbmeM emie 8 KyOHKOB ¢ pe6poM 2 W CKJEUM M3 HUX IMapaj-
genenunesn 2x2x16 . Ilpukaenm ¢ aToMy napaJiiesenuiesy Ky-
OUK, COCTOSIINN U3 BOCDMU €IUHUYHDBIX, W MOJYYUM TapaJiiese-
muren 2x2x18 . B Hem 8 eqmHUYHBIX KyOUKOB U 8 KyGHKOB €
pe6poM 2. V13 TakuX TapasieseniuiesoB MbI MOXKEM CJIOKUTD
Ky0, B KOTOPOM GOY/€T OJMHAKOBOE YHCJIO KyOUKOB 060UX BU/IOB.
Hampumep, MoxHO coXuTb Ky6 ¢ pe6pom 18, B HeM OyzeT 110
8x9x9 =648 ky6HKOB 060MX BUJIOB.

2) BosbMeM Tenepb 0fMH Takoi KyOuk ¢ pe6pom 18, B KOTOpoM
1o 648 KyOMKOB /IByX Pa3HBIX BHJIOB, W IPHKJIECUM K HeMy 648
KyOuUKOB ¢ pe6poM 18 Tak, 4TOGBI MOJYUHIICS TapaJlIeenure]|
18 x18 x (18 ><(648 +1)). B rakom mapassenenunese 6yner mo
648 kyOMKOB TpeX pasHBIX pasMepoB. VI3 Takmx mapaJiesenmiie-
JIOB MOJKHO CJIOKUTB HOBBIH KyO, B KOTOPOM Gy/IeT TIOPOBHY Ky-
OGUKOB TpeX Pa3HbIX Pa3MepOB.

3) Ilpomo/Kast OnMCcaHHblii TPOIECC MOCTPOEHHS, Mbl MOKEM T10-
JIYIUTD KyO, COCTOSTINIT M3 PABHOTO KOJMYECTBA KYOMKOB JFOOOTO
YIcJIa PA3INIHbIX Pa3MepOB.

7. 32.

[ToHsATHO, YTO ecJii U3Ma3arhb IEJUKOM 4 CTPOKH, TO MOCTABUTD
Jgazeit He yaacred. Ilycrp temepp m3masana 31 kierka. Packpa-
CHM TapaJieJIbHbIe MAroHa I A0CKH B 8 mpetos (cHavama moc-
JefoBatenbho B 1, 2, 3, ..., 8, norom chosa B 1, 2, ..., 7). Kae-
TOK Ka’K/IOTO I[BETa POBHO 8, TaK YTO HaliJIeTCs I1IBET, CPEAU KJie-
TOK KOTOPOTO He 6oJice TpexX M3Ma3aHHBbIX. Ha ocraibHbIe MATH
MOXKHO TIOCTaBHUTD JIAJei.

8. 288.

Ouenxa. JIs KaxI0r0 YroJKa pacCMOTPHUM IIPSMOYTOJbHUK

2% 3, B KOTOPDBIil OH BIMCaH. B Kaxk/plil Takoil IPAMOYTOJbHUK
6yzer Brmcano no 4 yroska. HecsoxHo mokasartb, 4TO U3 3THX
YTOJIKOB YHOPsi/[oUeHbl He GoJiee AByX. 3HAYUT, YIIOPSOYEHbl He
60oJtee MOJIOBUHBI BCEX YTOJKOB. OCTanoch MOACYNTATD X KOJIH-
4gecTBO. Um0 €11oco60B BbIpE3aTh TOPU3OHTATIBHBIN MPSIMOY-
roJapHuK 2 % 3 u3 kBajgpara 10x10 paBHo 9% 8, cTOJIBKO Ke CIo-
co60B BbIPE3aTh BEPTHKAJIBHDIT. B Kask/blil NPSIMOYTOJbHUK BIIH-
CaHo 1O 4 yroJiKa, 3HAYUT, O6Ilee KOJMYECTBO YrOJKOB 9 X 8 X
X2 x4, a ynopsjo4eHo U3 HUX He Gosee yeM 9 X8 x4 =288.
Hpumep. 3ammmem ynciaa ot 1 go 100 B nopsizike Bo3pacTaHUs
cJeBa HalpaBo: B IepBylo cTpoky oT 1 go 10, Bo Bropyio ot 11
1o 20 u . x1. Hecnoxxao y6enmuTbes B TOM, YTO B KasK/[OM MPSIMO-
yToJbHUKe 2 X 3 Haiiiercss poBHO JBA YHODPSAOYCHHBIX YTOJKA.
9. Baca cMosker urpaTb Tak, 4ToOBl He IIATUTDL MTpad.
[lokaxkem, uto Bacst Bcerja MoxeT cjiesiaTb X0/, Kak Obl HU XO-
o Ilers. 3amerum, 4To mocse J060r0 X0/1a YeTHOCTD KOJIYe-
CTBa YETHDBIX Ky4eK MeHseTcd. 3HA4YNT, mepesa XoaoM Bacu mnx
Bcersia Gy/leT HedeTHOe 4HCJIO, T.e. Y Bacu Bcerga Oyaer ueTHas
KyYKa, KOTOPYIO OH MOXeT Pa3OuTh.

10. IIpu N = 4k wmu N = 4k + 1 omarpoiBaer Ilers, npu N =
=4k + 2 wim N = 4k + 3 BomrpoiBaer Bacs.

[TocTpoum myTh, HaUMHAIOMUIICS B TOW BEPIIMHE TPEYTOJDbHUKA,
rjie U3HaYaJbHO cTOUT (PUIIKA, U HPOXOJAIINI IO OAHOMY pasy
Yyepes BCE BEPIIMHBI TPEYToJbHOI ceTki. OO61iee KOJIMYeCcTBO y3-

JIOB CeTKU paBHO 1+2 +... +(N +1) :W,

Ecniu N paer ocrarok 2 win 3 npu JeneHun Ha 4, To pazobbeM
B/IOJIb ITyTH BCE BEPUIMHBI Ha mapbl coceHux. Tenepp Bacuna
BBIUTPBINTHAS CTPATETUST COCTOUT B TOM, 4TOOBI XOJINTH BO BTO-
PYIO BepHIMHBI U3 Hapbl, KOTOpyIo «Havyanxy» llersa. Eciau ke N
naet ocratok 1 mmm 0 npu gesnenuu Ha 4, To Ilets moxxer cuenatb
NepPBbIil X0/, CABUHYB (DUIIKY BIOJb IyTH, a 3aTeM pa3OuTh OC-
TaBIIIeECS y3JIbI HA Mapbl COCEHNX W UTPaTh aHAJIOTHYHO Bacn-
HOH cTpaTerui.

KANENOOCKOM «<KBAHTA»

HepaseHncrBo o cpeannx. Kax Mbl OMHIM, JIOCTATOYHO JIOKA-
3aTh HEPABCHCTBO JUJIS TIOJIOSKUTEJBHBIX 3HAYCHUIT EPEMEHHDIX, a
[IPU TAaKOM OTPAHMYEHUH OHO JIETKO CBOJMTCSI K HEPABEHCTBY
MEK/Y CPEJHUM KBaJPATHUYECKUM ¥ CPEIHUM apr(MeTHUeCKHM.
Boimykaoctb. MOKHO 3aMeTHTb, 4TO HepaBeHCTBO (#%*) — yact-
HBIi cayvait HepaBercTBa VMercena s BuITyKI0i (DyHKITIH
g(x) =« (B neBoit wactu — cpesee apudMeTHIecKoe 3HAUEHHI
dynkin g B Toukax a, b, ¢, a B mpaBoii yacTu — 3HavYEHHE ¢ B
TOUKe, paBHOIl cpeaHeMy apudmeruueckomy d, b, ¢).
[TommMo cratpm [6] n3 cmmcka suteparypsl K «Kaseiigockorys,
0 IPUMEHEHNH BBIMYKJIbIX (DYHKIUIT K HEepaBEHCTBAM HAIMCAHO B
cratbe [8], a Takke B BecbMa TPy/AHOII cTatbe [9] 0 MourHOM He-
paBencTBe (M3 KOTOPOTO MOJKHO BBIBECTH IPAKTUYECKH BCE KJIAC-
CHYECKHE HEPABEHCTBA, O KOTOPDHIX 3/ICh IIJIA PEyb).
VYuopsigouennsie HaGopsi. Hepasenctso (##) MOKHO Takke 1m0-
JIyUUTh KaK YacTHbI ciyudaii HepaseHctBa YeObimésa (cM., Ha-
npumep, [5]) aist HaGopoB Xy < Xy S X3 Yy S Yy S Y3t

XYy T XYy H XYy X+ X3 Yt Yty

3 - 3 3 '

Meroa IlItypma. [Ipn ¢ukcanum cyMMBI IIpaBasi 4acTb He MEHS-
€TCsl, OCTAETCsI MOHSATD, KaK MEHSIETCSl CyMMa KBa/J[PATOB IIPH
COMMKEHIN TIEPEMEHHBIX.
YcaoBubiii akcTpeMyM. CooOpaskeHUS OTHOPOIHOCTH TI03BOJISIOT
chopMyIUpPOBATh 3[4y TaK: HANTH MAKCHMAJIbHOE 3HAYeHUe
lx + y + 2| mpu 22+ yz +22=1. 3neco yMecTHa reoMeTpuyeckast
nepebopMyIPOBKa: MPH KaKoM Hau6oJibineM |d| mrockocTh
x + y + z = d nepecexaer cepy 2yl =12

l'eomerpuueckasi HHTEpIpeTANUS: Va2 +b% +¢* = a10 paccrosi-

la +b+ |
HIle OT HavaJa KoopAuHaT 10 Touku M (a,b,c), a 7\5 —
paccTosiHue OT Havyasja KOOPAMHAT /10 IJIOCKoCTH X +y +2z— a —
— b — ¢ =0, B KOTOPOIT JIesKUT TOUKa M.

BCMOMOTATEJIbHbIE KBALAPATbDI

3apaunm ana camMoCTofiTeNIbHOrO pewieHnda

1. Ha cropone AD ormerum Touky P Tak, yro DP = AN, Toraga
KLMP - xsaapar (puc.7). Kpome toro, ZPKM=45° = ZAKN .
Torna ZLMC = ZAKP = ZAKN + ZPKN = ZPKM + ZPKN =
=/ZMKN .

2. TlocTpouM JiBa BCIIOMOTATEJNbHBIX KBaJ[paTa U BBeleM 0603Ha-
YeHHs Tak, Kak Ha pUCYHKe 8.

B /4 B O
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Torga MpsIMOYTOJIbHBIE TPEYTOJbHI-
ku ACD u CAE pasubr (110 runore-
Hyse u Karery). CienoBaTespHo,
AD = CE, 3HauuT, OTHOIIEHIE CTO-
POH JIaHHOTO MPSIMOYTOJIbHUKA PaB-
HO 2.

3. Onycrum neprieHAUKYAIpbl AK
n AL na npsampie EF n EB coot-

2016/ Ne4
COOTBETCTBEHHO TIEPTIEHIUKY JISIPHDI- K D
MU CTOPOHAMM ), 3HAYUT, PABHBI [PS-
MOyTOJIbHbIE TpeyroabHuku LAN n M
AKC. CnenoBarenpro, NL =AB = E 1
=MN. Tak kax MB || NA, to EF = )
=FL (no teopeme MaJeca). B N
8. 0,5. -+ F T
Paccmorpum kBaspar ACKL

R sercrBerHo (puc.9). Torza mocra-
r' TOYHO JIOKa3aTbh, YTO HA OJIHOW TPs-
Pac. 9 * Moii Jjiexkat Touku D, K u F. Uers-
pexyroapHuK AKEL — KBajfipaT, Tak Kak TPU €ro yrja IpsMble, a
nuaronanb EA — Guccexrpuca yraa E.
Tpeyrompuukn DAK u BAL pasubl, Tak kKak AD = AB, AK =
=AL, ZDAK =90° - £ZBAK = ZBAL . 3nauur, /DKA =
= /ZBLA =90°, otkyzna u caexyet, uto Touku D, K u F nexar
Ha OJTHON IPSIMOIL.
4. Pasencrso tpeyroabinkos MBC’ u C'CN  jokasbiBaercs,
HarpuMep, TOCTPOEHNEM KBaJiparta, OIMMcaHHoro okoso ABCD
(puc. 10). Torga TpeyroabHuK
MC’N — npsiMOyTOJIbHBIN U paBHO-
Oe/IPEHHDIIT, TT09TOMY SIBJISETCS TI0-
sioBuHON KBajspata MC’NK |, Bru-
caanoro B ABCD. Cepenuna O oT-
pe3ka MN sBisieTcst 1eHTPOM KBa/l-
pata MC’NK , ciemoBaTesibHO, OHA
apysieTcs n 1eHTpoMm ABCD.
OtmeruM, 4to Touka O sBJsgeTcs
TakKKe IIeHTPOM KBaJ[parta, OIHCAH-
Horo okosio ABCD.
3. IMoctponmM BCOMOTATETBHDII
kBajpatr AKLG, torna KB = GF n
+ - orpe3ok BF coaepxut Touky P —
nentp sroro kpajgpata (puc. 11).
> Jlokasxkem Teriepb, 4TO TOYKa Q Je-
SKUT Ha oTpeske BF. JlelicTBuTe b-
HO, Tak Kak E — OpTOIEHTp Tpe-
yroibauka ACG, TO 4eTbIpexyTroJib-
mnk APQG BOmcaHHbli, T.e
ZCQP = ZCAG = 45° . Kpome
Toro, Tak kKak ZCQA =90°, To
ToyKa Q JIEKUT Ha ONMCAHHOI OK-
pyxkHocTn kBagpara ABCD. CaenosarenvHo, ZCQB = £ZCDB =
=45°, r.e. ayun QP u QB coBmajgaor.
6. ITyctp B wernipexyronbunke ABCD: AD = BCu AD 1 BC,
AB = a, CD = b. Ha cropoHe AB J1aHHOTO TPEYrOJbHUKA MOCT-
ponm kBagpat ABGH (puc. 12). Ilycts O — ero nenrp, Toraa us
H G YCJIOBHS 33/Ia4ll CJIEYeT, YTO TIPH
nosopore ¢ 1earpoMm O Ha 90° 06-
pasom orpeska AD sBisiercs orpe-
30k BC. 3HaunuT, TPEyroJbHUK
0] COD — npsMOYTOJIbHBIH U paBHO-
Genpentblii, moaromy O — 1EHTP

. 3] G
Puc. 11

E kBajgpara CDEF.
IIposens orpeskn FG n EH, niony-
D ~ YHUM ellle TPU YeTBIPEXYTOJbHUKA,
A B paBHBIX HCXOAHOMY (OHU MOJTyYaIOT-
Puc. 12

cs u3 ABCD moBopoTaMu ¢ TIEHTPOM
O). CaeoBate/IbHO, MI0MAAb KaK/0r0 U3 HUX PABHA
Sagor — ScpEF _ a* -’

1 =
7. Tak xak AK = AL, TOo IpsIMOYTOJIbHBII PaBHOGEJPEHHDII Tpe-
yroibHuk AKL MOXXHO gocTpouth /0 kBajpara AKDL (puc.13).
[Tyctp mapasiesnbuble npsmele BE n AF nepecekaior DL B TOU-
kax M n N coorBeTcTBeHHO, TOria ABMN — napaJiesorpamM,
1.e. MN = AB. Kpome toro, ZLAN = ZAKC (octpbie yribl ¢

(puc.14). Yrast BAC u EAL paBHbI.

A f C L

3unauutr, AABC = AAEL , ananoruu- puac 13

Ho, AABC = AKDC . 13 atoro caeanyer, uto Toukn D u E pac-
TTOJIOKEHBI CUMMETPIYHO OTHOCHUTEJNHHO TIeHTpa KBajaparta. [lamee,
Sascpe = Sapc +Sacpre = Sapr + Sacpe = Sacper - Jlomanas
CDEL penut KBajipaT Ha paBHbIE YacTH, B

saunt, S,cper =0,9.

9. 3-2V2.

CdopmyupyeM ycaosue 3ajgaun Ha a3pi- A
Ke reomerpuu. Uepes HEHTP KBajpara co
CTOPOHOI 1 MeTp mpoBejieHa NpsiMasi, HEe
COBITQ/IAIONIAS C €0 OCBI0 CUMMETPHH.

O/Ha W3 TOTyYNBIINXCS YacTell KBajgpara 'E
oTpaskeHa OTHOCHUTEIBHO JTOIl TPSIMOit
(puc. 15,a). Kakoso Hau6obliee 3Haue- I K
HHUe CYMMBI TIJIONIAJell TPSIMOYTOJBHBIX

TPEYTOJIbHUKOB, BBIJEJIEHHBIX I[BETOM? pac. 14

JlokaskeM, 4TO 9TH YETbIpE TPEYTOJbHUKA PABHBI MEK/IY COOOIi.
[l1s1 aTOTO paccMOTPUM KBAJpaTr, CHMMETPUYHBI JAHHOMY OTHO-
CHUTEJIBHO TOH ke mpsamoii (puc.15,6).

@)

Puc. 15

PasHoBeTHBIE TPEYTOJbHUKN PAa30MBAIOTCS HA Mapbl, CHMMETPHY-
Hble OTHOCHTEJBHO OCH, a COCEeJHUE TPEyTOJbHUKHI OJHOTO IIBETa
MOJTy4atoTest APYT u3 apyra moBoporoM ra 90° Boxpyr o6uiero
[EHTPa ABYX KBaJAPaToB (Tak Kak MPU TAKOM TOBOPOTE KaKbIil
KBajpar nepexoaut B ce6s). Takum o6pasoM, Bce BOCEMb MPSAMO-
YTOJIBHBIX TPEYTOJBHUKOB, BBIIEJEHHBIX Ha puCyHKe 15,6, paBHBI
Ipyr apyry. Kpome Toro, m3 aTHX paccyskJeHHUil cjaegyer, 4To Iie-
PUMETP Ka’K/JOr0 TPeyroJbHHKA paBeH CTOPOHE KBaJpara.
PaccMoTpuM o/iMH 13 IPSIMOYTOJBHBIX TPEYrOJbHUKOB. Joka-
JKeM, UTO M3 BCEX TPEyTOJbHUKOB C JAHHBIM YTJIOM U JaHHbBIM TIe-
PUMETPOM HaHéOJ’IbIHy}O IIJI0Ia/lb MMEET paBHOéeﬂpeHHbIﬁ. I1no-
/b TPEYTOJbHUKA MOYKHO BbIYUCIUTD 10 (hopmyse S = pr (p —
[OJIy[IEPUMETD, 7 — PAUyC BIUCAHHOW OKpysxkHOCTH). [ToaTomy
oHa OyzieT HanGoJIbIlell, ecm 7 TIPHHUMaeT HanOoIbIlee 3Haue-
une. Ilyctp B Tpeyronpunke ABC duxcupoBan yroa A, toraa
PacCMOTPUM €r0 BIIMCAHHYIO OKPY/KHOCTb U BHEBIIMCAHHYIO OK-
PY’KHOCTD, Kacarolyiocs cTopoHbl BC 1 mpojo/ukeHnit IByX Apy-
rux cropot B toukax P u Q (puc.15,6). Tak kak AP = AQ = p,
TO TIOJIO’KEHIEe BHEBINCAHHON OKPY’KHOCTH HE 3aBHCHT OT IOJIO-
sxenus Kacateabnoit BC. Kpome Toro, pajirychl OKpy>KHOCTelt,
BIHCAHHBIX B yrosl BAC, yBeanunBaioTcs 10 Mepe Y/aJeHUs 1eH-
Tpa OT BepIIMHbI A. 3HAUNT, U3 BCeX OKPYXKHOCTEH, BIMCAHHBIX
B Tpeyrosbaukn ABC, Hanbospmmii paaumyc OyAeT y Toi, KOTO-
past KacaeTcst BHEBIIMCAHHON. A ato jgocrturaercst, ecim AB = AC.
OrMernM, 4TO B HalleM ciydae, (pUMKCHPOBAHHBIN YroJl paBeH
90°, a BHeBNHCAaHHAS OKPY>XHOCTb — 3TO OKPY’KHOCTD, BITHCAH-
Has B KBaJpar.

Takum o6pazom, cymma S MJIOMAJEN YeTHIPEX TPEyTOJbHUKOB,



OTBETHDI,

2
BbI/IEJIEHHbBIX Ha PUCYHKE 15,61, paBHa 2x , rjae X — JJIMHa KaTe-
Ta paBHOéBﬂpeHHOI‘O IIPpAMOYTOJIBHOT'O TPEYTOJbHUKA. 3HaueHne x
MOKHO HaﬁTH, HalpuMmep, U3 ypaBHEHUA X + JC\/E +x=1 , TOT1a

x=1—€, S=3-2J2.

10. 1+x/—( )

[Tycts ABDE — KBajpar, MOCTPOEHHBIH Ha cTopoHe AB, Torzaa
OM — cpenusis auHus tpeyroabauka ADC, ON — cpeauss Jjiu-
nus tpeyroibhnka BEC (puc.16). Ha orpeskax AC u BC Bo
I BHEIHIOIO CTOPOHY MOCTPONM
i kBasipatel AKLC u BTPC.
K IIpoBenem orpeskun BK u AT,
- P rorga AABT = ADBC un
W, C ABAK = AEAC (no gByM™ cTO-
. - 7 POHAM M YIJIy MEXJy HUMH).
L 2 Cuaenosarenbio, DC = AT n
s ) EC = BK.
Tak xax AT < AC +CT | tne
, ! AC u CT umeroT (pUKCHPOBaH-
Hble JIINHBI, TO HanGoJIblee
3Hauenne aanabl AT gocrura-
eTcst, ecan TouKa T JeKNT Ha
aydye AC. AHaIOTHYHO, JJINHA
BK — nHan6oJibliast, ecjaud ToYKa
K nexur na ayue BC. [lns
BBITIOJTHEHNS STHX YCJIOBUII HEOOXOMMO M JOCTATOUHO, YTOOBI
ZACB =135°. B atom cnyqae

OM+ON=%(TA+KB) (b+a\/§+a+b\/—) 1-h/—( +b).

E¥ D
Puc. 16

Wcrosib3oBaHHbIE PaBE€HCTBa /IBYX Ilap TPEYroJbHUKOB MOJKHO /10-
Ka3aTb MHa4€, MCII0JIb3Yys IMOBOPOTHI IIJIOCKOCTU Ha yTOJI 90O

G BOKpPYT Touek B u A cooTser-
e I E  creenno.
M 11. IlycTb faH NPAMOYTOJIbHbII

TpeyroibHuk ABC ¢ runorenysoi
B AB = c. lloctpoum KBajgpar
ABGH na runorenyse, 3arem
H xBagpar CDEF, onucaHHbIil OKO-
1m0 ABGH (puc.17). Tloseprem
kBajgpar ABGH BOKpyT 0011ero
LIEHTpa JTUX J[BYX KBA/PATOB Tak,
4TOGBI CTOPOHBI TOJTYYEHHOTO
kBasipara n kBagpata CDEF crta-
JIN TIapaJIIeIbHBIMHA.
[lanbHeiiee paspesanyie 1 IepeKkJa/bIBaHUe [I0JYUYEeHHBIX YacTeil
MOHATHO U3 pucyHKa 17.

C D
R A

Puc. 17

3AKNIOYUTENbHbINA 3TAN XLII BCEPOCCUNCKON
OJIMMMNMUALBI LUKOJIbHUKOB MO MATEMATUKE

9 knacc

1. O6MaHbIBaET.

HaszoBeM KoBep, Bce CTOPOHBI KOTOPOro Gosbiie 1, Gonvwum, a
KOBEp, BCe CTOPOHBI KOTOPOro Menble 1, — manenvkum. Taxum
06pa3oM, M3HAYATHHO Y TYTEMIECTBEHHNKA ObLT OIUH GOJIBIIOLIT
koBep. /lokaxeM, 4to o6iee 4nuca0 GOJBITNX U MAJEHbKUX KOB-
POB y TIyTelIeCTBEHHIKA He YMEHbIIAeTCs; OTCIOIa CJIEAYeT, YTO
OIMCAaHHAs CUTyallnsl HeBO3MOXKHA. [[JI9 3TOTO 10CTATOYHO pac-
CMOTPETD TOJIBKO CJIy4Yaii, KOT/a MyTeNeCTBEHHUK OT/IaeT MEeHsLIe
6OJIBINON MJIN MaJIeHbKHUIT KOBEP.

[Tpu o6MeHax mepBOro BHAa GOJIBINON KOBEp MEHSIOT Ha MaJeHb-
Kuil, a MaseHnbKuii — Ha 6ospinoii. [Toatomy o6Iee KOJMYECTBO
GOJIBIIIMX M MAJIEHbKUX KOBPOB He YMEHDBIIAETCSI.

YKA3AHNA,
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Paccmorpum o6Menbl BToporo Buza. I[lpu o6Mene GOJIBIIOrO KOB-
pa axb TyTeNIeCTBEHHMK TOJTYYHT KOBPBI @ Xxb U ay xb . Ecim
0<a ,ay<1, 10 a =aa, <1, 94T0 HEBEpHO. YUHUTHIBAS HEPa-
BeHCTBO b > 1, mostyunm, 9T0 XOTsT OBl OJIMH M3 HOBBIX KOBPOB
Gyer GOJIbIINM. AHAJOTHYHO, IPH 0OMEHE MaJeHbKOTO KOBpa
XOTsl Obl OJIMH U3 HOBBIX KOBPOB Gy/IeT MAJECHbKUM. 3HAYHUT, TIPH
TakoM oOMeHe o0lIee KOJMYECTBO GOJBIINX U MaJCHBKUX KOBPOB
TaK)Ke He yMEHbIIAeTCs.

3. N=3.

3amerum cpasy, uto dg.q_; = N/d; npm Bcex i = 1, 2,

Yncno d;,y —d; nemres wa HOJL(d;, l+1), TaK 4TO

HOZ[( i 1+1) d1+1 d HPH i=1,
7 = (diyy —d;) ~HO/L(d;,d;,;) 20 . Cormacho ycaosmmo,

(dy-d)) +(ds ~dy) +... +(d, ~d,_) =d, ~d, =N

., § — 1 o6o3HauumM

HO/L(d,,d,) + HO/L(dy,d3) +... +HOZ(d,—y,d;) =N =2
Bountast n3 mepBoro paBeHCTBA BTOPOE, MOJTydaeM
n+...+r_ =1. Jro o3navaer, 4yro 7, =1 s Hekoroporo k, a
BCE OCTAJIbHBIE 7; PaBHBI HYJIIO.
Urax, 1=(dyy —d,) ~HON(d,, dyyy) . Ilpasas, a notomy u -
Basi, 4actb o1oro pasencrsa gesutcs va HOJ(dy, dyyy) , n0910-
sy HOJ(dy, dyyy) =1 1 dyyy —dj, = 2. DT0 BOBMOKHO, TOLBKO
ecay Kaxkgoe us uucea d, u di,q HEYeTHO.
Tak kak d, W d,,; — /iBa NOCJEJOBATEIbHDIX JCANTES YHCIA

N
N, T0 — un — — TOXe JBa MOCJIETOBATEIbHDBIX JEJUTES YHC-
dk+1 dk
na N. Toaromy eciu — =d,,, 1o N d,, . . pu aToM
dk+1 dk
N N MHO/(d,, d
HOI—[( m m+1) = = ( k k+1) <
HOK (dky dk+1) dkdk+1
< N(Z’k; _dk) = dm+1 _dm .
kYk+1

3uauur, 7, >0, 4To Bo3MOKHO Jumb 1Ipu k = m (1, caegoBa-
TeJNbHO, S = 2R).

Urak, dyy = dﬁ , T.e. unciao N =d,d,,, meverno. Ho torma
k
N
d,_, < %, orkyna HOJ (d—y, d,) < d,_ < 5 CriesioBaTeIbHo,
12742 2N _N —%, T.e. N <3. Ilockonmpky N > 1, mosyya-

eM GZ[HHCTB%HHOSBOYSMO)KHOE snavenne N = 3, KOTOpOe, KakK Jier-
KO yOeIuThCs, YAOBJIETBOPSIET YCJIOBHIO.

4. Tlpencrasum ceGe, 4T0 goMuHOMKN (IPAMOYTOMBHUKE 1% 2 )
erfe He BbIpe3ambl, 1 Oy/ieM BbIPe3aTb UX 10 OJHON. B Kax/piit
MOMEHT IIPOIeCca HA30BEM UeHOl €llle He BLIPE3aHHOI KJIETKU
YIICJIO ee HeBBIPE3AHHBIX COCEJIEi TT0 CTOPOHE, YMEHbBIIIEHHOEe Ha 2
(manpumep, 1eHa HeyTJIOBOH KJETKHM, JexKalleil Ha TpaHuIe KBaj-
para, nsHavapHO paBHa 1). Torma mcxomHas HeHa Kax/a0i KJeT-
KU ecTb 2 — t, TAe t — KOJIMYEeCTBO OTPE3KOB TIepUMeTpa KBaJ[pa-
Ta, HAXO/SIINXCS HA IPAHUIIE ATOU KJICTKU. 3HAYUT, UCXO/HAS
cyMMapHasl 1eHa BCeX KJETOK paBHa 2 [100% - 400 = 19600 .
ITpocenM, Kak M3MEHsIeTCsI CyMMapHas 1eHa S Bcex HeBbIpe-
3aHHBIX KJIETOK MOCJ€ BBIPE3AHUs JOMUHONIKU. [Ipn 3TOM BBIKH-
JIbIBAIOTCA Be KJaeTKn (CyMMa 1eH KOTOPBIX He IPEBOCXO/UT

2 + 2 =4), a Takke yMEHBIAIOTCS Ha 1 HEHBI KJIETOK, rpaHuya-
mux ¢ AOMUHOMKON (KoTOpbIX He GoJsbine mectu). [loatomy moc-
Jie BbIpe3aHus JOMUHONIKK S yMeHblnaeTcst He GoJiee yeMm Ha 10.
Wrak, nocse Bbipesanuss 1950 pomunoiiex S craHer He MeHbIe
gem 19600 —1950 00 =100 . 3nauuT, Hali/eTCsS HEBbIPE3aHHAs
KJIeTKA k, 1eHa KOTOPOH TOJIOKHUTETbHA. JTO 3HAYNT, 4TO y k He
MeHee TpeX HeBbIpe3aHHbIX coceseit. Torma k BMecTe ¢ aTUMU
TpeMs cocelsiMu 00pasyeT TpebyeMyto (pUrypky.
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8. ﬂOMHO)KI/IB JIOKa3bIBaeMOe HepaBeHCTBO Ha a2b2c2d2 , HOJIy‘II/IM
a**? + aP*d? + dPtd? +bPPd? <1, (o)
HOCKO]Ibe HEPaBEHCTBO CUMMETPHUYHOE, MOKHO CUUTATb, YTO

a=2bz=cz=d.Ilo HepaBeHCTBY O CPEJHUX JUIS Yncen d, b u
(c +d ) nMeeM

ab(c+d)5%'M5ls =1.
0 3 0

2,2 2
Caenosarenbio, a°b” (c+d) <1.
SIIa‘{I/IT, JJId JoKa3aTeJibCTBa (D) JA0CTAaTOYHO IIOKa3aTb, 4YTO

a’b’c? + AP0 d? + a*td? +b2d? <ah? (c +d)2 .

Ilocre PaCKpbITHA CKOOOK 1 IIpuBe/IcHUA HO[[O6HI)IX cjaraeMbIxX
OCTa€eTCAa HEPABEHCTBO

a*Pd? + b*cd? < 24%b%cd
KOTOpoe SABJIAETCA CyMMOfI [[ByX OYEeBUIHDBIX HepaBeHCTB
a’c?d* < a’v’cd n bPcEd* < a*bied .
10 knacc

2. Boi6epem na npsmoit QP Touxy T raxyio, uto DT O DA
(puc.18). Tlockoabky OAPT= 90=0 ADT , touku A, P, D u T
JIesKaT Ha OJHON OKPYXKHOCTH. 3HAUWUT, IEHTP OKPYKHOCTH ),
OIIMCAHHOH OKOJIO TPEyTrOJbHIKA
APD, ne;xut Ha cepeiInHHOM Tiep-
nenjukysipe [ k orpesky DT.
Tak kax verpipexyroabHuk ABCD
Briucan, umeem QBD= [0 PAD .
Yerpipexyroabuuk APDT Takse
BrnucaH, otkyaa UPAD= 0 QTD .
Wrax, OQOBD=0 PABUO QTD ;
3Haunt, Toukn B, Q, D u T nexar
Ha 0/iHO# okpyskHOCTH. [ToaTomy
LIEHTP OKPYXKHOCTH () , OIICaH-
HOIl OKoJIO TpeyrosbHuka BQD,
TaK’Ke JIEKUT Ha CEPEMHHOM IIep-
nenjiukysipe [ k orpeaky DT. Taxum o6pasom, mpsiMasi [ poxo-
[T Yepe3 MeHTpbl Wy u W, . [lockospky [ O DT u AD O DT,
nosyqaeM [ || AD, 9to u Tpe6GOBaJIOCh.

7. [la, morum.

IToaxonsr, nanpumep, uncia

r=N?-3N+1, y=N? =N +1,
z=-3N?+3N -1, t =N’ +N -1,

rae N — HaTypaJibHOE 4YuCJIO, 6oJIblllee MUJLJIMOHA.

HeprlIHO BU/JIETHb, YTO 3T YHCJa TaKiKe 6O0JIbIIIe MUJIJIMOHA 110

MOAYJIIO 1 TIOIMAPHO PA3JINYHbBI. x TIOIMapHbIMU CyMMaMU ABJISI-
I0TCA 4YuncJjia

x+y=2(N-1), x+z=-2N%, y+z=-2N(N-1),
s+t ==2(N 1), y+t=2N*, x+t =2N(N -1),

n oHun paSéI/IBaIOTCH Ha TpU I'pyIibl C PaBHbIMU IPOU3BEACHUAMU:
(x +y)(x +2) =(y +t)(2 +t) =(x +t)(y +2) = 4N? (N —1)2.
Ocranoch TPOBEPUTD, YTO YUCTA X, Y, Z, ¢ B3AMMHO IPOCTHI B CO-
BOKyTHOCTU. Ecam y HUX ecTb o6Imuil HATYpabHBINH JeauTesb d,

TO d TakXke JeJuT X +y :2(N —1)2 u oy -+t =2N?; sHaun,

d <HO/ (ZNZ, 2(N —1)2) =2. Cayuaii d = 2 HEBO3MOXKEH, T10-
ckombky y = N (N —1) +1 neuerno. Urax, d = 1, uto n tpe6oBa-
JIOCh.

8. IlycTpb paHHbBIC NEPHIEHUKYISIPDI, Ipoxo/damue dyepes K u L,
nepecekaloT AB B Toukax U u V' COOTBETCTBEHHO U IIepECEKalOT-
cs B Touke E. 3amerum cpasdy, uto o6e npsimbie AC u KE mep-
MeH Ky AgpHb! mpsaMoit AC', Tak uto AC || KE ; aHAJIOTHYHO,
BC || LE . O6o3naunm 4epe3 ) OKPY’KHOCTD, OIMHCAHHYIO OKOJIO

2016/No4

tpeyrosbauka EUV. Ilycrp npsimas C'E BTOPUYHO INepeceKkaeT
okpysktoctb Q B Touke X (puc.19). Mpr gokaskem, uto X — uc-
KOMasl TOYKa KacaHWs OKpy>KHocTelt w m Q.

[Tockompky OC'KF=0 CLE 90 , uerpipexyronbuuk C'KEL
prucan. Otciona nmeem JACX=0 AC'X0 KEH] LCB,
T.e. DACX=0 MCB w OBCX=00 MCA . 9710 3Ha4uT, 4TO Npsi-
mass CX — cumeduana tpeyronpunka ABC; Kak n3BecTHO, OHA
IIPOXOJIUT Yepe3 TOUKY S IepecevyeHns: KacaTeJbHbIX K Q B TOU-
kax A n B.

[Tycts O — nentp Q; o6osuaunm y = DACB . Ilycts CM BTO-
puuHo nepecekaer Q B Touke Y. Tak kak AM — BbicoTa B IIps-
MOyroubioM Tpeyroabiuke OAS, umeeM OM [0S = 0A? = 0C?;

3TO 3HAuuT, 4to Tpeyroaphukn OMC u OCS nogo6HbI. 3HAUWT,
OM _OM _

oCc 04

=COSY . DTU BBICOTHI SBJIAIOTCS CPEAHUMU JTUHUSIMU B MIPSIMO-

"

yroapHBIX TpeyroapHuKax CYC' m CXC', Tak 4TO X =cosy.

OTHOIIEHME MX BbICOT, OITYHIEHHbBIX U3 O, paBHO

'

ITycrb npsimbie AC' u BC' mnepecekator CX B Toukax Q u P
COOTBEeTCTBEeHHO. 3amernM, uto [OPC'Q=0 ACBYy . Kpome
toro, OYC'I=0 YCBO QCX, Tak uTO IIPSMOYTOJIbHbIE TPEY-
CL_CY _

cC'o CX
=cosy =cos OPC'Q . Orciona cuenyer, uto QL — BbIcOTa Tpey-
roapauka PCQ. Urak, touku L, E, Q u V jexar Ha oJHON TIps-
MOIi.

[ockombky OQVB=0 VBED AXC, uerblpexyrojbHUK

AV QX BHHCaH B HEKOTOPYIO OKPY>KHOCTb. [Tockosbky

OEKQ=0O EX© 90 , toukn X, E, K nu Q TakKe JieskaT Ha O/I-
HOIl OKPY’>KHOCTH. V3 9TUX ABYX OKPY>KHOCTEIl 1osrydaemM
OUEX=0 KEXO AGXJ AVX ,te.touku U, V, Eun X
JieskaT Ha OJHOU OKpy»KHOCTH w. Kpome Toro,

OEVX=0 QAX0 C'AX . 910 03HaYaeT, 4TO TPA/LYCHDBIE MEPBI
ayr C'X u EX oxkpyknocreit Q ¥ ) paBHbI. 3HAYUT, KacaTesb-
HbIE K 3TUM OKDY>KHOCTSIM, IIPOBE/IEHHbIE B TOUKe X, COBIA/AIOT.
Tem cambiM, okpy»kHOCTH Q T () KacaioTcs.

rofbHuKN Y ('L, n1 XC'Q mnoaoGHbl. 3HAYWT,

11 knacc

2. Tna moGoro orpeska XY cepedunnvim nepnenouxyiapom K
9TOMY OTPE3Ky Ha30BeM ILJIOCKOCTb, HEepPIEeHAUKYJ/IAPHYIO eMy U
IPOXOJAIILYIO Yepe3 ero cepejuily, T.e. FeOMeTPUYECKOe MeCTO
TOYEK, paBHOY/JAJeHHbIX oT X U Y.

Bee roukn Buga Oy, JexKar B Cepe/IMHHOM IEPIEHNKYISIpe Oy
k orpesky PA; (puc.20). Ananornuno, sce Toukn O,y Jexar B
CepeIMHHOM TIepHeHanKysipe O, K orpesky PA,; 3amerum, uro
agflay.

AHAJIOTHYHO BBEJEM IUIOCKOCTH [B; — CepefMHHbBIE NEPIEH/UKY-
JIAPBI K OTPe3KaM PB]- ¥ ILJIOCKOCTU Y, — CepeJIuHHbIE IepIeH-
AnKyJsApbl K otpeskam PC, . Toraa toukn Oy — BEpHIMHBI Ta-
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pauiesienunesia, 06pa3oBaHHO-
ro maockoctsMu O, Bj o vy
Tenepb yTBEpIKAEHNE 331291
CJIe/lyeT U3 TOTO, YTO J[aroHa-
JIML ATOTO MapaJijieIeuIe/a mne-
peceKanTcsl B OHOIT TOuKe —
€ro IeHTpe CHMMETPUH.
3. 49050 = 2450 wnerox.
[Momoxum n = 50. Hazosem
TPEYTOJIbHUYEK 6EPXHUM, €CIIH
OH PACIIOJIOXKEH CBEPXY OT
MIPSIMOH, cojiepsKaiieil ero ro-
PHU30HTAJIbHBII KATET, U HUK-
num — unave. [IpoHyMepyeM ropu3oHTaJbHbIE JUHUK CETKU CHHU-
3y BBepX uucjaamu ot 0 10 2n.
O6osnaunm uepes 4, (cooTBeTCTBEHHO ) ) YMCIO OTPE30UYKOB
k-ii TUHWM, YYaCTBYIONMX B BePXHUX (COOTBETCTBEHHO HUKHUX)
TPeyTOJIbHUUKAX; Toraa u, +d, =2n u uy =d,, =2n . Kpome
TOTO, BEPTHKAJTIbHBIE OTPE3KH CETKH, PACIIOJNOMKEHHbIE MEXIY R-if
u (k+1)-ii THHAME, YYaCTBYIOT POBHO B %, + ). TPEYTOJIBHITI-
Kax, Tak 4to U + dyyy = 2n +1. Orcioa HECTOKHO TOJTYUHTD,
yro d, =k u u, =2n—k upu Bcex k.
PaccMoTpuM Terepb KJETKH, PACIIOJIOKEHHbIe MEXKIY k-il 1
(k +1) -it uemsvm cetru. Xotst 6br %, = 21—k 13 5THX KJIETOK
COJIEPsKAT 110 BEPXHEMY TPEYTOJbHUKY, U XOTS Obl dyyy = R +1us
HUX COJIEPIKAT 10 HUKHEMY. 3HA4UT, CBOOO/HBIX KJETOK B 9TOM
psiiy He Goabmie weM 21 — max (uy, dyyy) , T.c. He Gostbme k mpn
k < n u ne 6osblre (Zn - 1) -k upu k=n. Uroro, obiiee 4mcio
CBOGOMTHBIX KJIETOK He GOJIbIIe yeM

2041 +.. +(n =1)) =n(n -1).
Ocrajoch TPUBECTH MPUMEP, Ha KOTOPOM 3Ta OIEHKA JOCTHTAeT-
csa. Ha pucynke 21 nokazan npumep 1pu n = 4. [lpumep npu
n = 50 cTPOUTCS AHAJOTUYHO: BBIJIEJISI-
€TCsT «TPSIMOYTOJIBHUKY U3 KJIETOK CO
cropoHamu u3 7 + 1 U n KJIeTok, ma-
paJlJIesIbHBIME [IHArOHAJISIM JIOCKHU, €ro
KJIETKH KPACSATCS B MIAXMATHOM TMOPSI/I-
ke (Tax, 4To yIJIOBbIE KJIETKH MPSAMOY-
TOJbHUKA — YepPHBIE) U BO BCE Yep-
Hble KJIETKH KJIAJIETCs 110 JiBa Tpey-
rospunuka (pu atom n(n—1) Gesbix
KJIETOK OCTAIOTCSA CBOOOJHBIMU); B OC-
TABIINXCS JKe YETBIPEX «YIJIaX» JOCKH
TPEYTOJIbHUYKH KJIQ/YTCS TaK, YTO IIPSIMOH YroJl TPeyroJbHIKA
«HAIPaBJICH» B TY JK€ CTOPOHY, YTO U BECbh <«YTOJI».
4. Jlemma. ITycmo payuonarvuvie uucad a, b, c u a + b + ¢ —
neyenvie. Tozda cywecmsyem maxoe namypaivnoe k, umo uucia
ka, kb u ke neuenvie, npuuen 1<{kd { kp § he <2.
[lokazareabcTBO. 3aMeHsist unciaa ¢, b u ¢ Ha ux JAPoGHbBIE dac-
TH, MOKHO CYMTaTh, uTo oHM Jexkar B untepsane (0;1). O6oszHa-
wm [ (t)={tqd { b ¢ }c . Bamernm, wro mpu 1 <@+ b+ ¢ <
< 2 MOKHO TOJIOKUTH k = 1.
Ilycrte @ + b + ¢ < 1. BoiGepeM takoe HATypaJbHOE M, 4TO Md,
mb n mc — nenvie. Torma f(m=1)=f(-1) =3 —(a +b +c) >2.
3HAUNT, CYIECTBYET HAMMeHbIllee HATYPATbHOE R, TIPH KOTOPOM
f(k)>1 (rorma f(k-1)<1). Hokaxem, uro 910 k yAOB/IETBO-
psier BceM TPeGOBAHUSIM.
U3 nepasenctsa {kd S{ k=) d} +d W aHAJOTWYHBIX TOJyYaeM

f(R)<[(k=1)+(a+b+c) <f(k-1) +1 <2. (o
3HauuT, 0CTAJOCh IIOKa3aTh, 4TO uncjaa ka, kb u kc Henebie.
[peanonoxuM, uto, ckaxeM, ka — uenoe. Torga {ka} =
= {(k - 1)a} +a—1, nosromy oneHky ([J) MOKHO yCUJIUTD Kak
f(RYsf(k-1)+(a+b+c)-1<f(k-1)<1; HO oTO IIPOTUBOPE-
uyut BeiGopy k. Utak, B caydae @ + b+ ¢ < 1 tpebyemoe k naiieno.

Puc. 21

Hakownern, eciim @ + b + ¢ > 2, 10CTaTOYHO MPUMEHUTD YK€ JI0KA-
3aHHOe yTBepsKieHue K yuciam @’ =1-a, b"’=1-b un
¢’ =1-c . fdcHo, 4TO YNCIO R, TOAXOAAILEE IS 9TUX UYUCEJ, T10-
JIOUIET W JIJIST MCXO/IHBIX.
[Tepeiinem k permennio 3agaun. BAo6aBok K JaHHOMY KOODIAMHAT-
HoMy mpoctpancTBy Oxyz BBeseM nosoe npocmparcmeo Oabc.
Touxe (x, Y, 2) W3 CTAporo MPOCTPAHCTBA COMOCTABUM TOUKY
(a, b, c) 13 HOBOTO C KOOpJAMHATAMU @ =y + z —x, b=x —y +
b+c _a+c __a+b

y YTy Ty s
MeTuM, 4to ¥ + y + z = a + b + ¢. Torna pasbuenue craporo

tz,c=x+y—z Torga X =

MIPOCTPAHCTBA COOTBETCTBYET PA3OUEHUI0 HOBOTO ILJIOCKOCTSIMI
Butada=n,b=n,c=nua+ b+ c=n. loroxum
ay=yo+20— %y, by =x— Yo +2, =% +Yy—Z; 10 ycJo-
BuUIO, uncaa dy, by, ¢y u ay,+by+c, — Heueble.

PaccMOTpHM HEKOTOPYIO TOUKY (4, 0, @) H06020 TIPOCTPAHCTBA C
HerebiMiu Koop/nHatamu. OHa ToMa[aeT B HEKOTOPbI Ky BHja
A<a<A+1, BEb<B+1, C<c<C+1. Iror ky6 nepece-
KaloT JIB€ «HAKJOHHBIe» IJIOCKOCTM d + b+ c=A+B+C+1mnu
a+b+c=A+ B+ C+ 2, Kotopble pa30MBalOT €T0 Ha JBa TET-
pasapa u (HempaBUABHBIIN) OKTasAp. [Ipm sTOM TOUKa (u, 0, w)
HOMAJIeT BHYTPb OKTadjIpa, €CJAM OHA OKAJKETCSl B MOJIOCE MEK/IY
ykasaHHbIMH IUTocKocTsivu, T.e. ecan 1< {u}+{o}+{w}<2.
3HauuT, IPUMEHNB JIEMMY K YucaaM dy, by, ¢, , Mbl Haiijgem
3Havenne R, yJOBJIETBOPsIIONiee TPeGOBAHMSIM 3a/aUM.

3. Jla, o6g3aresbHO.

Ilycte Py, Pyy ---» Po, — UYHMCTIA HA KAPTOYKAX, TIPUYEM P, — HaU-
6ompimiee 110 MofyTio n3 Hux. IoctaBmm p; koaddurmentom mpn
x'. Torma ecam @ — 1eI0€ YUCJI0, O MOLYJIO HE MEHbIIee ABOL-
KU, TO

2n 2n—1
|p2n‘Z |

a

>|p2n|( +|a2”’2|+...+1) >

2n—1
2 ‘Pzn—ﬂ ‘ + ‘Pzn—za
> 2n-1 +
Z |Pan—14 Pon-—2d

TaK 4TO ¢ — He KOPEHb ITOJyYeHHOTO MHOTOYJICHA.

Ocranoch nepectaBUTb KOIPOUIUEHTBL Py, , P2, - Po
Tak, 4roObl yncyaa 0 u 1 rtaxxke He ObL KopHsimu. Yncmaa 0 u 1
B JIO60M CJIyuae KOPHSIMU HE SIBJISIOTCS, MOCKOJIbKY

Po =0 # py, + P,y +...+ py 10 yeaosuio. IIpeamnosoxnum, 4To
Xy =1 sBisieTcss KOpHEM MHOTOYJIEHA IPHU JI000II MepecTaHoBKe
K0a(pPUINEHTOB Py, 1, Poy_2, .-, Po . LOTAA, €CJU MOMEHATDH
Mectamu p; u p;_y Cupu i =1, 2, ..., 2n — 1), 3HaYeHHEe MHOTO-
YjeHa B X, He U3MEHHTCS, YTO BO3MOXKHO JIUIIb IIPU P; = Pi_q .

2”’2‘+...+\po\2

2n-2
I

2 20—
Ho Toria Hall MHOTOUJIEH UMeET BUI P, X" + Py (x Tt

+a 1) I ero 3HadeHne B TOUKe X, = —1 paBHO

Pa, # 0 . TIpoTuBOpEune.

6. HazoBem kakoil-HHOyab ropox A cmoauueii. HazoeM ropon
4emHvLM, eCIU MapHpyT u3 A 0 HEro COACpPKUT YETHOE YHCJIO
peiicos, u neuemnoim — unave (Takum o6pasoM, Topoa A der-
ubiii). Torza 4eTHOCTb JOGBIX JABYX TOPOJOB, COCJAMHEHHBIX Peii-
COM, pas/uyHa. Mbl JoKaxkeM, 4TO CyMMa YHCEeJI, MOJyYeHHbIX
M3paMH YETHBIX TOPOJIOB, PaBHA CYMME YHCEJ, TTOJyYeHHDIX M3-
paMu HEe4YeTHDBIX; U3 3TOTO CJeAyeT YyTBepXKIACHUe 3a/aul.
HazoBeM HyMepaiuio ropojioB nodxodsuied jus ropopa X, ecian
Map ropoga X ee mocunran. fIcHo, uTo B mM06OI HyMepaiun,
noaxozdmiei ropoxy X, oH mMeeT HOMep 1, Tak 4TO Kakgas HYy-
Mepalus IOAXOAUT He GoJjiee 4eM OJHOMY TOPOZLY.

PacemoTpum mo6yio HyMepanuio, IOAXO/SILYI0 YeTHOMY TOPOLY
E. Ilyctp HOMep 2 B Heil Hocut Topog W; torma W — HeuyeTHbII
TOpoJi, cCoeiMHEHHbIN ¢ E, nHavye Ha MapuipyTe ot E 1o W BcTpe-
TiJICsT ObI TOPOJ| ¢ GoubiiiuM HoMepoM. [lomersiem MectamMu HOMe-
pa 1 u 2; Mbl IOJYYUM HyMepaluio, B KOTOpoil HoMmep 1 HOcuT
HeveTHbIN ropox W.

PaccmotpuM smo6oit MapipyT m, HaunHaouwiics 8 W. OH mouy-
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YaeTcsl M3 HEKOTOPOro MaplIpyTa, BhIXojsmiero ua E, m6o 1o-
GassienueM ropoga W B Hauaso (ecu m npoxoaut uepes E),
Jm6o orkugbiBanueM E u3 Hauama (B nporusHOM cuaydae). Torma
JIETKO BUJIETD, YTO 1ocse oOMena 1 u 2 Homepa Ha m WIYT B 1O-
psijike BO3pacTaHus.
Wrak, mocse mepeMeHbl HOMEpoB 1 U 2 U3 HyMeparyn, MoAX0/s-
mieil I 9eTHOTO TOPO/ia, MOJIydaeTcss HyMepaius, MOAXO/sIast
aas medernoro (1 Hao60poT). ITO COMOCTABJAECHNE B3AUMHO OJTHO-
3HAUHO. 3HAUYWUT, TeX U JAPYrUX HyMepaluil HOPOBHY, 4TO U Tpe-
60BaJIOCH JI0KA3aTh.
8. Jlemma. [Iycmv na cmoponax
mpeyeonvruxa ABC 6o enew-
HI0I0 CIMOPOHY NOCMPOCHLL Mpe-
yeoavnuxu ABC, ABC u
ABCy max, umo cymma ux yz-
206 npu eepuunax Ay, By u
C, xpamna 180° . Tozoa ox-
pYKHOCIU, OnUCAHIbIE OKOJLO0
mpeyeoavnuxos ABC, ABC u
ABCy, nepecexaiomcsi 6 00Hot
mouxe.
Hoxa3zareabctBo. Ilycrb OKpyIK-
HOCTH, OTIMCAHHbIE OKOJO Tpe-
yroabpunkos A BC n ABC;,
BTOPHYHO nepecekatorcss B touke X (puc.22). Toraa
Z(BX, XC) = £(BA;, AC) n £(AX, XB) = Z(AC,, C\B) , or-
KyJaa
Z(AX, XC) = £(AX, XB)+ £(BX, XC) =

= Z(AC,, C\B) + £(B4;, AC) = Z(AB,, BC).
I10 03HavaeT, 4To X JIEXKHUT HA OKPYXKHOCTH, OIICAHHOI OKOJIO
tpeyrospauka ABC | 4to u Tpe6oBaIOCh.

[Tepeiiiem k pemenuio 3aiaun. Ilyers Ky, Ky u Ko — cepenu-
HbI 0TpeskoB AM, BM u CM cootsercterHo (puc.23). Toraa

Puc. 22

Puc. 23

M:Kg || AM n KgM, || MC xak cpejHue JIMHUKH B TPEYTOJIb-
uukax ABM u CBM coorBerctBenno; snaunt, LM KgM , =
= ZAMC . Aunanornuno, LM KMy = ZBMC n

LM KMy = ZBMA ; 3Hauur,

LMK Mg+ £ZM KoM 4 + ZM 4KzM = 360° .
CorytacHo J1eMMe, OKPY’KHOCTHU, OIIMCAHHBIE OKOJIO TPEYrOJIbHU-
koB MK, Mg, MyK-M, u M, KzM, umeior oOIIyIO TOUKY
X. V3 atux okpy:KHOCTEl uMeeM

Z(KpX, XMy) = £(KgX, XM¢) + Z£(KcX, XMp) =
= Z(KgMy, MyMc)+ Z(KcK gy, KyMp) =
= Z(MC,CA)+ £(BM, MC) = £(BM, CA) = £(KzMp, AC).

ITO PaBEHCTBO O3HAYAET, YTO OKPYXKHOCTb Qp TPOXOJNUT Yepe3
Touky X. Anasorndno, depe3d X MPOXOIAT OKPYKHOCTH Q, U
Q¢ .

2016/No4

3AKJTIOUYUTENbHbINA 3TAMN L BCEPOCCUNCKON
OJIMMIMUADI LUKONbHUKOB MO ®U3UKE
TEOPETUYECKUW TYP

9 knacc

TR
1.1 Ly = (3+32)R, Ly, = (3-+2)R; 2) t=
0
2. Ecim cuya B Ha4asIbHBINE MOMEHT HAIlpaBJIeHa BIIPABO, TO MO-

2F1
JYJIb CKOPOCTH YaCTUIIbl paBeH ¥ =0 ——— , a HallpaBJIEHUE CO-
™

. 2F1
BlIaJla€T C HallpaBJIECHUEM Ha4daJIbHOU CKOPOCTH IIpU 0 >——1u
™R
IIPOTUBOIIOJIOKHO eMy B MHOM ciydae. Ecum ke cuia B HavauIb-
HBIII MOMEHT HallpaBJieHa BJIEBO, TO CKOPOCTb YaCTUIlbl paBHa

2F1 .
U=ov+—1u Bcerjga ConanpaBﬂeHa C HaYaJbHOU CKOpOCTbIO.

TR
O p2r’L g
3. A=um ﬁl_i+s i L>2uh.
Wmg 2‘[.12]22 ﬁ H -
4o 1) by =ty —ty +t; =40 C;2) s=L2—2=3m;
3) ty =46,4°C, t; = 53,6 °C.

3~
5. U0=%U=15B, RZ%ZN)OM.

10 knacc

V2 -1 % gR
1.1) 1=——;2 =-m|~—~——gR-"21;3 < [
: o D [ N B R EY

3. 1) A\r)nH =18,7r; AV =121 cM® (usmencnne o6beMa pouc-
XOJIUT 3a CYET CKMMAEMOCTH BOJbBI M 3a CYeT 06paszoBaHus Jba);
3) A=121]x.

41 Iy =7,6A, I =427, I =18A, I, =044,

Ip =34A, Ip, =24 A, Ip =14A, Ip =04 A (rpn man-
HOM HAIIPSIKEHUM OTKPBITHI TOJBKO IEpBble UeThIpe MOA);

2) cM. puc.24; 3) u = 5,8 B (OTKpBITHI IATH AMOIOB).

&% R +R Cé B 0 5
5.1) p=——1 2.9 =25 +1n20=0,27C&* .
) 2R, R, + R, ) O 4 BT ¢
A
31 T A
2“ 9(1‘17/
< (p=pgV~ |
™ i, i
0 i -
"rlzp U
Puc 24 Puc. 25
17 knacc
R 3 R 3/2
1.1) @, =202 ;2) o =20 —2;3) k=22 =1,06.
“ @R “h T 9% 2
2.1) C=Cp+— B 0y >Cy.
1_8&%]2 EIApE?
Po O VH

3. 1) U = 35 B; 2) kaTymka UHAYKTUBHOCTH, KOHJEHCATOD, pe-
sucrop; 3) Iy : 1513 =60:21:28 .

4. T(U)=pgV npu USPOLBM?, TU)=(p-m)gV +%U
npu U >_p0%)\b ; CM. puc.25.

5. R =1,0700" m=0,72 a.e.
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3AK/TIIOUYUTESbHbINA 3TAM | BCEPOCCUNCKON
OJIMMMNUAADI MO ®U3NKE UMEHN

IDK.K.MAKCBEJIJIA
TEOPETUYECKUI TYP
7 Kaacc
1. o, :2% =3 kM/u.
L-1 3 .
2.1) P=Py—— =2,7 r/CM 7 2) aNoOMUHWIR;

L+]

2
3) T:%%:GAH.

S —m) P =9000 xr/n°

v
4. S = " =L (cm. puc.26).

S, M
10+ :
/
80T y
601 ’/
401 /
-
20" *d_-.__fr,_,.g
>~—
20 40 60 80 100
Puc. 26 U, KM/Y
8 knacc
2L-s
Lh=h :g =24 MuH .
u

2. my =12 xr, my =14 kr, my =13 xr; Vy =13,3 Jived

M+m AV M+m 7
3. Ty, =——¢g=700H;, — =—— =—
Apx Z 3m 9
at, =t + PSS gy
CBpBVBp
XXXVIITYPHUAP TOPOLOB
(cm. <Ksanms» Ne3)
3AOAYN BECEHHETO TYPA
ba3oBbI BapuaHT
8—9 kaaccol
1. MoxHo.

3aMeTuM, 4TO €CJIU TJe-TO B Kpyre CTOUT MaJb4uK, TO Yepe3 Of-
HOTO T10 YaCOBOIi CTPEJIKE HE MOXKET CTOSTb JEBOYKA — TOTIA Y
pe6erKa MeK/y HUME OJHOBPEMEHHO 1 cuuaAsA gpyT6oka (Tak
Kak OH — COCeJl MaJbuMKa [0 4acOBOM cTpesike), n kpacHas (Tak
Kak OH — COCeJl JIeBOYKH IIPOTUB 4acoBoii crpesikn). Ilostomy ue-
pe3 OJIHOTO OT MAaJbUMKA IO YACOBO CTPEJIKE JOJIKEH CTOSITH
MaJIbYMK, Yepe3 O/HOTO OT Hero — CHOBA MAJb4YMK W TaK Jajee.
Tak Kak MaJbYMKU B KPyre €CTb, BCETO MAJbUMKOB HE MEHbIIe
MOJIOBUHDBI. AHAJIOTUYHO, /I€BOYEK TOXKE HE MEHbIIE MOJOBUHDI.
CuremoBaresibHO, MaJbuMKOB 1 fieBouek 1o 10.

2. Ilpsamas CB u npoBe/ieHHAs OKPY>XHOCTb CHMMETPUYHBI OTHO-
cuTebHO BbIcOTbl AH . 3Haunt, u ux obume Touku C u N cum-
merpuunbl. IToatomy B Tpeyronpnuke ACN sBa yraa no 60°, n
OH PaBHOCTOPOHHUI. AHAJOTMYHO, TpeyroJbHUK BCM — paBHO-

croponnuii. Cienosarebio, npsmbie AN u BM napaJsiieibHbl
(BBuay pasencrsa yriaos CAN u CMB).

3. CymiectByior.

Hpumep 1. 1008, 2, 1510 exunnn n 504 MUHYC eAMHUIBL.
Hpumep 2. 9, 7, =8, —4 n 2012 egnun.

3ameuanue. EcTb 1 ApyTHE IPUMEPDL.

4. Ha 9 MHOrOyTOJIbHUKOB.

B kask/loM MHOTOYTOJIbHUKE Pa30MeHUs JOJKHBI ObITh KIETKU
0001X I[BETOB. 3HAUNT, B HEM [[OJUKHA OBITh YepHAs KJETKa, Tpa-
Huyaiias ¢ 6enoil. Ho tTakux KJeTok
Bcero 9. Ilpumep paspesanust na 9
MHOTOYTOJIbHUKOB MOKAa3aH Ha PH-
cyHke 27.

3. Mor.

[Iyctp B Tpeyrombauke ABM c yr-
samu coorsercrBenno 90°, 60° u
30° Beicota AH u Guccekrprnca BL
nepecekarores B Touke K (puc.28).
OrmeruM ere Touky C Tak, 4TOGBI
M cramna cepenunoit BC. Ilpocroit

TIIOICHET yr]IOB IIOKa3bIBAa€T, YTO B Puc. 27
A
fi
K
C M H B
Puc. 28

tpeyroapanke ABC mennana AM, Boicota AH u 6uccekrpuca BL
OTpe3aioT KPacHbIl PaBHOCTOPOHHUIT TpeyroJabHuk AKL.
3ameuanue. KOHCTPYKIMS €MHCTBEHHA.

10—11 knaccer

1. Ilyctp BbiGpanHas Touka O BHYTpH yerbipexyroJbHuka ABCD
coenuuena ¢ Toukoit K wa cropone AB. Yrabt OAK u OBK onu-
patotcst Ha OOIIYI0 XOP/y PaBHBIX OKpYKHOcTeil. VX cymma He
paBua 180°, MOCKOJIbKY MEHDINE CyMMbBI YIJIOB TPEyTOJbHIKA
OAB. Iloatomy atu yrubl paBubl. 3uHaunt, OA = OB. Ananornu-
HO, BCe BepLIMHbI ueTbipexyroibHuka ABCD paBHOYyAaJeHbl OT
O, 4to u Tpe6OBAJIOCH JOKA3ATD.

3. a) He oGssarebHo.

Paccmorpum Bepimmny A ky6a. Cepesunbl 1mectu peGep, BbIXO/Is-
IIX U3 BEPIINHBI A WM IIPOTHBOIIOJIOMHON BEPIIHHBI, OTMETHM
CHHIM, a OCTaJbHbIe — KpacHbIM. Paccrosguus ot A 0 KpacHBIX
TOYEK OJHU U Te 3Ke, a 10 cuHux — gapyrue. Ilostomy uepes
IIeCTb KPACHBIX TOYEK IIPOXOJAUT cdepa ¢ 1eHTpoM A, He cojep-
JKalfast CHHUX TOYEK.

6) O6s3arenbHo.

Bcee 12 touek siexxar Ha cdepe, 1eHTP KOTOPOIl COBIA/IAET C IIEHT-
pom Ky6a. Ecsi HekoTopbie M3 HUX JexaT Ha Apyroii cdepe, TO
OHMU JIeXKaT Ha OKPY>KHOCTH IlepeceveHus AByX cdep, T.e. B OfI-
Holt TTockoctn. CedeHne Ky6a aTolf TIOCKOCTBIO MMeeT He GoJiee
IIECTH CTOPOH, MOCKOJIbKY y KyOa mmecTb rpaneii. IIpu atom Tosib-
KO BEPIIMHBI cedeHus Jekar Ha pe6pax ky6a. CieroBaTesbHO,
ceMb OTMEUYEHHBIX TOYEK He MOTYT JiesKaTb Ha ApYroil cdepe.

CnoxXHbIN BapuaHT

8—9 knaccel

1. Kycouek ab BCTpeTHTCS TIPH JOGOM Pa3pesaHiyl MATH3HATHO-
ro uncaa abcab .

2. a) CyIecrByior.

Vpasuenne x° —3x+3 =0 He uMeeT KOPHEH, TOCKOIBKY Y HEro
JMCKPUMIHAHT OTPHIATEJbHbII, a BTOPOE YPAaBHEHHE MMEET KOp-
mm x; =4/3, xy =5/3.

6) He cymuiectByIior.

Iyers dynxmnst f(x) = 22 +2ax +b = (x + a)2 +b—a’ ne obpa-
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aercs B Hostb. Tora b — ¢® MOJOKATENBHO, a OTOMY He MeHb-
we 1 (¢ u b uenste). 3uauur, f(x)21 npu mo6om x. 3amena
2 1esoi YacThio YMEHbITAeT 3HaUeHNEe QYHKIIMN MEHee YyeM Ha
1, a TTOTOMY OCTaBJI€T ee TOJOKU-
TeJIbHOIL.

3. PaspeskeMm fmaHHbII KBajpaT Ha
25 kBagpatukoB 2 X 2. Kaxipiii us
HUX paspekeM OTpe3KaMu, MCXO/IsI-
HIMMU U3 [IEHTPA U JIEJISIIMA CTO-

1
POHDbI Ha OTPE3KH AJHUHDI 1+ ﬁ n

1
1—— (puc.29). Ioayuntcsa yerbl-
N Y

Puc. 29
pe paBHBIX YeTbIPeXyTroJIbHUKA, Ie-

PeXOAIUX APYT B Apyra mpu nosopore Ha 90°. OHu BrucaHbl B
OKPY>KHOCTH C JAMaMeTpaMHu

1Y 1Y
1+—| +|1-—=| =+3.
(1) o[- =8
4. 18 xBasipaToB.

Ouenxa. Tpn xBajipata mpu BeplInHe Ky6a 06pasyioT INKJ CO-
ce/lHNX KJeToK JmHbl 3. Bokpyr Hero o6pasyercs elie OJiH
LUK JJITHBL 9 U3 COCeJHNX KJIETOK. A BOKPYT HEro — IMMKJI JUIH-
Hbl 15. B34B BOKPYT /BYX IIPOTHBOIOJIOKHBIX BEpIINH Kyba 10
TPU TaKNX IWKJA, a BOKPYT OCTAJbHBIX BEPIINH — IO JBa MaJbIX
nukJa, noayynM 18 mHemepecekaronuxcs HedeTHbIX HUKJIOB. [To-
CKOJIbKY HEYeTHDBIl LMK/ B /IBA I[BETA IMPABUJIBHO ITOKPACUTD
HeJb3sl, KK/BII U3 HUX JI0JDKEH COJIEPKaTh YEPHBIE KJIETKH.
Ipumep. Tlokpacum ueTbipe GOKOBbIE
IPaHH B KpacHbI u GeJblil 1[BeTa B IIaX-
MAaTHOM IIOpsijike. BepXHIO 1 HUKHIOO
TpaHN TIOKpacuM, Kak Ha pucyHke 30.

3. Uepes XY O6yzneM 0603HAYATh YUCJIO,
MOJTyueHHOe TIPUNNChIBAHIEM K uncay X
crpasa uyucaa Y (mpu stom X u Y mMoryT
coJlepyKaTh He3HAJalMe HyJIH CJIeBa.)

[Myctp ynicnio CAD mosy4eHo 13 MCXOJ-

Puc. 30

Horo uncaa CD . Tak Kak 5TH 4uc/Ia fe-
JIATCS HA P, TO HA p JIEJUTCSI U YHCJIO
CAAD = (CAD - CD)-10* + CAD .

Iyctb A = EF W u3 uic/a BCTaBKOM unc/ia B TOJTydYeHo dieio
CEBFD , xparnoe p. Boruuras us nero uncio CAAD =
= CEFEFD wu cokpamias Ha CTEIeHb JIeCATKH, IOJYyYnuM, UTO
ancno B—FE penutes Ha p. Ho nocrennee uncno 1o Mozy.Jmo
Menbire 10% , T.e. Menbe p. Cuenosaresnbio, B =FE | 4yro n
TpeGOBAJIOCH.
6. He oGs3aresbHo.
Ilyctp po6oT-Kpyr KaTutes: 6e3 CKOMbKEHUS UBHYTPH 10 OKPYXK-
HOCTH B/[BOe GoJiblliero paauyca. Toraa meHtTp po6oTa ONUChIBAET

OKPY’KHOCTD. J[oKakeM, 4TO Kaxaas

TOYKA TPAHUIBI POOOTA JBUIKETCS O
A OJTHOMY W3 JUAMETPOB GOJIBIION OKPYIK-
Hoctu. OG03HAYECHUS] IPUBE/IEHBI HAa PU-
cynke 31. Jumabr nyr AX n AY Bbrymc-
maorea kak 7 2ZA0X u 2r- LAOY
a motomy pasubl. CienoBatesnbHo, X u
Y — nBa moJioskeHus O/IHON TOYKHU T'pa-
HUIBI po6oTa. 3HAUnT, Touka X Gyzer
Puc 37 JIBUTAThbcs 1o auamerpy YZ.

7. a) 3a n + 2 NONBITKY.
Ouenka. Ilycrp 6buta n + 1 nombITKa. B Kakux-To ABYX TOTIBIT-
KaxX MCIOJIb30BaJach OJHA M Ta ke GaTapeiika, c/esaeM ee TLIo-
xoit. B ocrampupix #n — 1 mombiTKax BeIGEpeM 10 OGatapeiike i
cienaeM ux 1oxumu. Beero me 6osee n mioxux 6artapeek, a ¢o-
HapHUK TOYHO CBETUTH HE Gy[eT.

2016/No4

IHpumep. PazobbeM GaTapeilku Ha 17 KydeK: B OJHOI — Tpu 6ara-
peliku, B OCTaJbHBIX — TI0 JiBe. B Kakoii-To Ky4yKe OKa’KeTcsl XOTs
6bI 1Be Xopomux GaTapeiikn. B ka0l Kydke TIpoBepnM Bce
BO3MOKHBIE Hapbl — Bcero 7 + 2, u (JOHAPHUK 3aTOPUTCH.

6) 3a n + 3 mONbITKA.

Ouyenxa. Ilyctp 6buio n + 2 MonpITKU. B KakMX-TO MOMBITKAX WC-
M0JTh30BasIach OJfHA U Ta ke 6arapeiika, cenaeM ee TIJIOXOii.
Ecan ocrasoch MeHee 1 TONBITOK, TO B KaX/I0# N3 HUX BbIGepeM
1o 1710X0i1 Garapeiike. Ecyin jke 0CTasoch 7 MOMBITOK, TO B HUX
UCIIOJIb30BAINCH TOJIbKO ocTasmmecst 2n — 1 6arapeek. Iloatomy
OIIATh B KAKUX-TO JBYX MOTBITKAX MCIIOJb30BAJIACh OJ[HA U Ta Ke
Gatapeiika, cejaeM ee 10X0il. B octagbHbIX 72 — 2 MOMBITKAX
BbIGEpeM 10 TI0X0it Garapeiike. Beero we Gosee n mimoxux 6ara-
peex, a (hOHAPUK TOYHO CBETHTH He GyJeT.

IHpumep. Pazobbem Gatapeiiknn Ha n — 1 Kydek: B AByX — IO TPH
6arapeiikn, B OCTATBHBIX — MO /iBe. B KaKoii-To Ky4ke OKaxKeTcs
xoTs Obl JiBe xopotume Garapeiiku. B ka0l Kyuke ImpoBepum
BCe BO3MOXKHBIE Iapbl — Bcero n + 3, U POHAPUK 3arOPUTCH.
3ameuanue. llpn n = 2 Hy>kHO 6 TOIBITOK.

s 3suamoxos. Peumm Ty 3ajiady B o0LIeM CJydae, KOrja us b
Garapeek k + 1 xopomue, rae 1<k <b . Cuntas 6atapeitku Bep-
IMIIHAMH, a TOIBITKU pe6pamu, mnepeOpMyJIHPyeM: B KaKOM
b-rpade Ges (k + 1)-aHTHKINK HaMMEHbIee KOJIMYECTBO pebep?
(TToncuer koamuectBa pebep mpegocTaBum yntareao.) Ha stor
BOIIPOC, €CJIN PACCMOTPETD JIomoJIHeHne rpada, OTBeYaeT meope-
ma Typana: B b-rpade 13 kR KOMIIOHEHT CBSI3HOCTH MOYTH PABHO-
TO pasMepa, KaskKaas N3 KOTOPBIX — KJIMKa.

10—11 knaccer

3. a.

PaccMoTpuM omucantyio OKpysKHOCTb TpeyroabHuka MEF. Yron
MEeK/Iy KacaTeJbHoit n xopaoit MF pasen LMEF = ZFMC .
[Tostomy MC 1 ectb KacaTelbHas. 3HAUHT, IEHTP OKPY’KHOCTH
JeskuT Ha BbicoTe BM. CrejoBaTe/IbHO, 3Ta BBICOTA SIBJISACTCS
OCBIO CUMMeTpHuH pucyHka. Ilockosb-
Ky AE # CF, TO OKpY>KHOCTb Ilepe-
ceKaeT KaXKaylo M3 GOKOBBIX CTOPOH B
AByX Toukax. IIpuuem E u F ne cum-
MeTpU4HbI. /[Ba BO3MOKHBIX CJIydas
CHAGXKEeHbl COOTBETCTBYIOIINMHI MH/IEK-
camn (pmc.32). PaccMoTpuM uX.

1) BueuHuii yron AEM BIHCaHHO-
ro uerblpexyronbuuka MEE,F, pa-
Ben yray MFE,E, | a nociaequuii paBeH
cumMerpuuHoMy yraoy MEF , paBHO-
My Q. Puc. 32

2) Buucanupie yravt AE,M wu

ME,F, , paBuble O , ONUPAIOTCS HA CUMMETPUYHDIE IyTH.

5. 3aMeTnM, 4TO TPH 3aMeHe MHOTOWIEHOB [ 1 g HA fi U gy CyM-
Ma K03 uieHToB npu 36-X CTENeHsAX 3THX MHOTOYJIEHOB HE Me-
nsercs. Jlna samennl nepgoro Buga (ipu kortopoii f +g =

= fi + gy ) 910 OUYEBUAHO, a IPH 3aMEHE BTOPOTO BUJA HTO CJCAIY-
€T U3 PaBeHCTBa

(x37 +ax>® +...)(x37 + b0 +) =" +(a+b)x” + ...

Ho Brnawazne cymma BceX Takux KO3(D(UIEHTOB Yy BbITHCAHHBIX
Ha JIOCKe MHOTOYJIEHOB HEOTpHIlATEJbHA, 3HAUNT, OHA Bcerga Oy-
net Takoil. Ecsim B KOHIlEe Bce MHOTOYJIEHBI GYIyT MMETDh 110 37
KOpHeil, To 1o TeopeMe Buera ata cymMMa paBHa CyMMe BCEX 3THX
KOpHEH ¢ IIPOTHBOIIOIOKHBIM 3HakoM. Cile1oBaTesbHO, Cpeu
KOpHEil Gy/IyT HElOJ0KUTENbHbIE.

6. a) Hesnbsda; 6) BepHoO.

Iepsoe pewenue. Bynem paccMarpuBaTh BCEBO3MOXKHBIE TTaphl
O6yKB, BXOAsNX B coBo. Hazosem mapsel a...b, b...c u c...a xXo-
pomuMH, mnapsl d...c, ¢...b u b...a — WIOXUMH.

a) PaccMoTpuM, Kak MeHsIETCSl YMCJI0 Hap IpH J00aBJIeHun Ofl-
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HOI KapTo4yku. BHYTPH 3TOIl KAPTOUKHU €CTDh JIBE XOPOIIUE U OJHA
m10xast napbl. ITOCKOJIbKY BCTaBJISIOTCS TPU PA3HBIX OYKBbI «B
O/THO MECTO», TO C KaXK/IOW M3 MMEBIINXCS y)Ke OYKB OHH 06pasy-
10T TPU HOBbBIE TIAPbI: HEHTPaIbHy[0, XOPOIIyio 1 10Xy, OTcio-
Jla SICHO, YTO YKCJIO XOPOIINX Iap BCera OOJIbIINE YUCIa MIOXUX.
A B HaJMHPOME UX JIOJUKHO ObITh MOPOBHY M3-32 CHMMETPUH
CJI0Ba.

6) Kak mokasano B a), Kask/iass KpacHasi KapTO4YKa yBEJIMIUBACT
Pa3HOCTH MEXK/Y YMCJIOM XOPOIIMX U IJIOXHUX Hap Ha eIUHUILY, a
Kak/[ask CHHSSL — YMEHDIIACT Ha eJAnHUILy. [TOCKOJIbKY B MasMH/I-
pPOMe YHCJIO XOPOIINX Map PABHO YHUCJY IJIOXUX, TO U YHCJIO
KPACHBIX KapTOYEK PABHO YHCJTY CHHHX.

YCTHbIVI TYP 019 11 KITACCA
1. 0.

[TpeoGpasyeM Kax/ipiil jorapud™M B MUHUMAJIBHOM U MAaKCHMAJIb-

1
HOM mpousseieHnn 1o dopmye log, b = ln— . [Tockosbky HAGOP
na

KBa/IPATHBIX W KPYTJIBIX KAPTOUEK B OGOMX CJIYy4asX OAUH U TOT
JKe, HAOOPBI YUCUTENed U 3HAMEHATe el TaKyKe COBIAIAIOT, a
3HAYNUT, MaKCHMaJIbHOE U MUHH-
MaJbHOE 3HAYCHWUS PABHBI.

2. PaccmorpuM Touky Q Takyio,
yro PQNK — napaJuiesorpamMmm
(puc.33). Jlerko Bugerb, uro Q
¢uKcHpoBaHHas, T.e. HE 3aBUCUT OT
BbiGopa Toukn K. Torma

NQ || KM , 3uauur, NQ — BHe-
Hsisl GUCCEKTpICA PAaBHOOEIPEHHOTO
tpeyroibauka KNM. Iloatomy Q
paBHOY/laIeHa OT JJAaHHOH IPSMOi
NK u npsivoit NM. Tem cambim, okpyskroctb (pukcuposannast!)
¢ 1eHTpoM B Touke Q, kacaomascs npsmoit NK, kacaercs Takske
npamoit NM.

4. Hapucyem Tabamity 30 x 30; cTOJIO1BI COOTBETCTBYIOT MacTe-
paM, CTPOKU — IOHHOpAM, MPH ITOM Mapa ChITPABIINX APYT C IPY-
rOM MacTepoB COOTBETCTBYET IIape COCeAHMX cToJ6H0B (TO ke ¢
IOHHOpaMK). 3aKpacuM KJETKY, €CJH COOTBETCTBYIOIME MacTep M
IOHMOP CBITPAJU APYT ¢ ApyroM (BCEro saxkpareHa IMOJOBHHA KJe-
tok). Torga Tabiunia pa3éuBaeTcst Ha KBaJAPAThl 2 X 2, U HYKHO
HAlTH Takoil KBaJpaT, B KOTOPOM 3aKpalleHa O/HA M3 JIHMaroHa-
Jiei.

3aMeTuM €pasy, 4TO 3TO BBIIOJHEHO, €CJIN B KBajJpaTe XOTs Obl 3
3aKpaIleHHbIX KJETKH. 3HAUUT, €CJM YTBEPIK/EHNe HEBEPHO, TO B
KaK/IOM KBajpare He GoJiee 2 3akpalieHHbIX. [lockoJsbKy Bcero
3aKparieHa MOJOBIHHA KJIETOK, B KaXKJIOM KBajpaTe TOTJa POBHO
10 2 3aKpaIICHHBIX KJICTKH, 00Pa3yIONINX <«IOMUHOIIKY>.
PaccmoTpum BepTukasbHblil psg u3 15 kBagpartos. B ero cron6-
I[aX MOPOBHY 3aKPAIEHHDIX KJETOK, & 3HAYUT — TIOPOBHY BEPTHU-
KAJIbHBIX JIOMUHOIIEK. 3HAYUT, OOIIee YICJI0 BEPTUKAJbHBIX /10-
MITHOIIIEK YEeTHO; aHAJOTHYHO, OOIIee YNCJI0 TOPU30OHTATBHBIX J10-
MUHOIIEK 4eTHO. Ho 06Iiee 4mcyao JOMUHOIIEK €CTh HEYETHOE
aneso 152 ; mpormsopeure.

5. (0:1)U(0;v3).

[Tycrs HABCDEF — uckomas nupamuzia ¢ Bepimnoit H, a O —
MPOEKIMS TOYKN H Ha MJIOCKOCTh OCHOBaHuUs. B ciydae, korjga
Bce OOKOBBIE peGpa paBHBI 1, BCe BEPIIMHBI OCHOBAHUS JIEKAT HA
okpy:xHocTH ¢ HentpoM O. Pamuyc aT0il OKpy:KHOCTH MeHble 1.
SlcHo, YTO ecu 5 CTOPOH BIMCAHHOTO IMIECTUYTOJbHUKA PaBHbI 1,
TO JIJIMHA OCTABIIEICS CTOPOHBI MOYKET MPUHUMATH BCE 3HAYCHUS
13 WHTepBaJa (0; 1) .

B cuayuae, xorga oo u3 60KOBLIX peGep He paBHO 1, IATH Bep-
IIMH TIeCTUYTOJbHUKA JIEKAT Ha OKPYKHOCTH ¢ 1ienTpoM O u pa-
quycoM R < 1, a mecrast Bepummta (IycTb U1 ONPeIeIeHHOCTH
a10 Gyzer Bepumua F) Oyaer JesKath BHE OKPYKHOCTH, MPHIEM
FA = FE =1 no ycaosuio. Korzpa paccrosinue OH maso, 3uave-

nue R 6;msko k 1. Ilpu atom OF u HF 6iu3kn k 1.

[lpyroii npegesabHbIil caydail, korga D, E n F nexxar Ha 0JHOI
npsaMoii, nzo6paxken Ha pucynke 34 (HEIOCTHKUM, TaK Kak CO-
cejiHuie peGpa He MOTYT JiesKaTh Ha OJIHOIT npsimMoii). B atom cary-
yae Ui KacateapbHoll FK nmeeMm FK?=FE[FD =2. [Toatomy

OF?=R*+2

HF* = OH* +OF* =(1 -R*) +R? +2 =3,
OTKy/1a
HF =3 .
B custy menpepsiBHOCTH, [snHa HF MOMeT MpUHIMATh BCe 3Ha-
YeHUsT U3 WHTepBaJIa (1; \/§)

Puc 34 F

TTokaskeM, uro gauna HF He MoskeT ObITb GOJIbIIE \/§ . s
MIPOMEIKYTOYHBIX CJIy4aeB MbI MOJYYUM KaKy[O-TO THPAMUILY
HABCDEF (uarp BepIMH OCHOBAHUS JIEKAT Ha OKPYKHOC-
™ ¢ nentpom O u paguycom R' >1; puc. 35). Ilyers D'F' ne-
pecekaer OKpPY KHOCTb B HEKOTOpoil Touke S ( E' JieuT Ha Jyre
SD', tak xaxk nupamuaa Bbinykaa). Torna F'S < FE =

=FA =1,a FFD <FE +ED (#epaBeHcTBO TPEyrOJbHUKA),
u s kacareabnoil F'K' mosyvaem FK?=FS[FD <12.
IToatomy

HF?=0H*+0F? =(1-R?) +R? +FK* <3,

OTKYy/Ja
H'F <43 .
LXXIX MOCKOBCKAA MATEMATUYECKAA
OoNMMMMNMNAQA

(cm. <Ksanms No3)
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MOCKOBCKAA ®U3NYECKAA ONMMINNALA
2016 rOOA

(cm. <Ksanms» No3)
MEPBbIV TEOPETUYECKUIW TYP

7 Kjiacc

1. Gmin =66 =12 95 o1 £y 00 -6 | =65 Mun 10

9 11
bymax =§t1 =80 mumn .
2. Oepmin = 64 KM/Y{ , Ocpmax — 66 KM/‘{ .
_ Paiina _ 3 40
3. 1) p1_ﬁ—10,6Kl‘/M ,2) [ :§ :G,ZKI‘/MS,
4. my = 001605 12,3 mMKr .
6500
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8 knacc
1. oy =29xkM/u, v, =4,2xm/u. 2. p. =2p, =2000 Kr/M3 .
3. tnin =576 ¢ =9 MunH 36 ¢ .4. At =

LAt LAt
9 knacc
in = %% =2,925u =2u 55w 30 ¢. 2. My =568 My .
3. ay =21 4. R1=L=10,7CM.
o _Py ot
p, ct+A
10 knacc

1. Ta6ypeTKa HaYHET OIPOKMH/IbIBATHCA paHblIlle, Y€M CKOJIb3UTb;
JABWJKEHNE HAYHETCA CITYCTS BPEMA

:%SMIZ_Id_mﬁ:BSSC =5 MuH 38 ¢ .
po 1

o/
2. 0= gvt(m — M sin a)% = 0,83 /Ix .
3. m = 135 mr (510 cooTBercTBYeT 27 TIOTKAM).
mo* +2p, Sl
3VR

JIST UjleT Ha cooObleHne MpoOKe KMHETHYeCKON 9HepPrHu M Ha pa-
60Ty NPOTHB CUJIbl AaTMOCHEPHOIO [ABICHNUSL).

5. JIIMHHYIO IPOBOJIOKY HY’KHO HATSHYTb BJIOJIb KOPOTKOM, a 0C-
TaBIMMIICS YYACTOK CJOXKMTH BABOE M, TEpernyB B Touke B (cM.
PUCYHOK K YCJOBHUIO), MOJOKHUTD cBepxy. OOliee cOmpoTuBICHNE
yuactka AB Oyzer npu 3ToM paBHO R = (0,01 OM , & MOIIHOCTb —

4. AT = - = -2 K (y6buib BHYTpeHHEl aHeprun re-

2
pP= v. 9 Br.
R
11 knacc
12 2
1. R= = 5326 KM .
2ha?
gd OM

2. Ay = 7 BZ_ +1B = 16,67 M/c ; TIPU TIPEBBITIEHUN 3TOTO
3HAYeHNsT TaOyPeTKa HAYHET OMPOKUBIBATHCS.
1
4. Ryp=—-r.
aB =3

5. Buioka KOCHeTCsl BEPXHUIT TPy3 Maccoil m depe3 MaKCHMaJbHOe

= lpfg—m Koropoe o6ecrieunBaerca npu I, = mg
ik P pu Ly ok

BTOPOW TEOPETUYECKUI TYP

BpeMs T

7/ Kiacc
2. Typucr ne ycrea 6bl 106eKaTh 10 TOUKU A, moe3 JorHax 6bl
€ro Ha PACCTOSTHUU
o(s—1 vs
L=2620 oy

+0 -0

=10 m .

ylxy 3. Cwm. puc.36 (yuacrok 7 co-
] e OTBETCTBYET YCJIOBUIO
P < Pyypa » YIACTOK 2 — yCIIO-
BHIO pnhna < p < pﬁomﬂ , ydac-
4 TOK 3 — YCJIOBHIO P > Py U
YYacToK 4 — yCJIOBHIO
P = Pooi )

p.'lll.ul
- 1

20, =P Iy =1kr.
2pa - pM 12
8 knacc

I
I
I
I
I
I
I
|
I = 4. my =my
Puc. 36 Papaa P,

1. o =40 km/u, v, =100 xM/u ; ¢ =19 20 Mun
Veptoo = 99,6 KM/H

2016/ Ne4
o, a
9 G_Pl_l_z%_lm 0,06 . 4. tu:ltK:SS,SSC.
pB l1|:pB 2|:| \/ﬁ
9 knacc

1. 1) 8,5 vacos; 2) 41 munyra (coctaBbTe TaGJIMILy MM Hapucyii-
Te Tpad UK /UIsST OIpe/iesieHisl KOJIUIecTBa po6OTOB HA IYHKTE K
KOHILY Kask/I0ro 4aca).

3. Cuia TpeHust B yKa3aHHbIH MOMEHT BPEMEHH OTCYTCTBYET
(pockasb3bIBaHme TeJ OTHOCHTEIBHO JIPYT APYra elie He Hava-
JIOCB).

4. 1) Brpaso Ha 4,8 cM; 2) ne moxer; 3) moxert; 4) 7,2 B.

10 knacc

2. OTBeT Ha JIOTOJHUTEIbHBIN BONPOC: GPYCOK U KJUH [IBIKYTCS
FOPU30HTAIBHO KaK e/[MHOE 1eJIoe € yCKOpeHueM
58T ;
a= =10 M/ .
m+ M
4. Marepuajibuble TOUKU GyJyT JBUraThbCs C PABHBIMU CKOPOCTS-

1
01 mo* 0
MH 0, a TeJI0 OCTAHOBHTCS; L, = gz +—
2kq

5.1) Ipu 0<R <13 RiRs _ = 64 OM TOK 4epe3 pe3snucTop COMPOTHUB-
4
nerueM R, teuer ot touku C k touke B; 2) U,,.. =10,8 B
mpu R=0.
17 knacc
1. a= {E =1,61. 2. Am —1—5M =450
S5 4

r]2max — mn ~ — qR
3. = = +—— =11. 4. Ay =- 5.

n1max 8\/E ¢B 41-[8072
5. 0o =0ycosa=—L; o, ~ o =vBR(1-cosa)=0,1B.
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IMMAXMATHAA CTPAHUNUYKA

3anaull
—LLYTKH

B xaxxmoii o6sacTu 3HaAHWH €CTh CBOM
cnenudmieckuii loMop. Becenas mryTtka
HE TOJIbKO BBEI3BIBAET YJIBIGKY, HO M ITOMO-
raer riIy6iKe HOHATH CEPbE3HBIE BEIH.
Hecuyuaiino eme nonseka Hasazg 6oJib-
101 TTOITYIIPHOCTBHIO MOIH30BAJIACH KHUTA
«@DHU3UKY NYTAT»>, TOTOM IIYyTHTb HAYa-
JII MATEMATHKH, XUMHKH, TCOJIOTH U Te0-
rpacdel, neparoru u xypHamacrsl. [lax-
MAaTHCTBI — He UCKJII0YeHNe. 3a1a9u-10yT-
KH CO/IEPKAT KaKoil-HHOY b (POKyC, TPIOK,
JOIyCKAETCST HEOKUJAHHOE HAPYILIEHVE
[IpaBUIIL.

B xiaccrueckoil KOMIIO3UIMH, B IBYX-,
Tpex-, TeM 60Jlee B MHOTOXOI0OBKAX Pella-
TeJM YACTO CTAIKUBAIOTCS C TPYAHOCTS-
MM, HO WHOTJA MaT B OJWH XOI WJIH
6bictpee (1) Toxe cTaBHT B Tymuk. [Jleso
B TOM, 4TO B 33J3a4aX-IIyTKaX — a Pedb
HAeT MMEHHO O HHX — YyBCTBO IOMOpa
IIOPOY 3HAYUT He MeHbIle, YeM UTDOBOI
OIIBIT, & OHO MOJKET IIOJBECTH.

25
@v
@

Mar B 1 x07

B »sToif mosumuu 3aMaToOBaTh MOXKET
TOJIBKO TIENIKA, NPEBPATHBIINCH B HUTy-
py. Ho B xakyw? He yausmiirtech — B
KOHs1, K ToMy e uepHoro! HeoGbrunoe
IpeBpallieHle — paclipoCTPaHeHHBIN IITy-
TOYHBII TpUEM.

1. g8 4 (uepHniii) x | Kous 3amep co6-
CTBEHHOI'0 KOpoJisi. YMeTb Hao!

UeM He ITyTOYHDIH CIOXET — CKA30YHOE
TIpEBpAIICHUE B HEMPUSATEIbCKYIO (H-

rypy.

0 »
i
AA

Mar B 1 xox nemkoii g2

3Ty MIO3UIHUI0 KAaK-TO paCCTaBUJI MHE
O/IMH TIAaXMAaTHBI OCTpPOYyMEII. 3aanme
HEMbBICJINMOE. ‘-IeprIe TOJIBKO YTO B3AJIH

Kakyo-To $urypy meumxoit Ha h6, u =
JIOJITO JIOMAJl TOJIOBY, KaK e Iemka g6
MOJKET TIPOTIYCTHTD CBOIO HATIAPHHILY, H B
KOHI[e KOHIIOB cAaJIcsA: «BBI HmYero He
neperyramm?» W Ty oMopucr cosep-
IIHJI TIPOCTOM, HO MBSIIHBIA TPIOK — IIO-
MEHSJI MECTaMU emKy g2 u g6 U 06bIBII
Mar o6ewmanHoi nmemxoit — 1. g6-g7X%.

<o 1 Tpe60BaIOCH JOKA3aTh!» — BOC-
KJIMKHYJT He3HAKOMel[ ¥ TOKVWHYJI TIOMe-
IeHNe, OCTaBUB MEHS B TOJHOM HeEIO-
YMEHUM.

Penkas oMopHCTUYECKAsT TEMA — JO-
6apyienne (UTYp Ha J0cKe Ge3 BCSIKHX
upuyud. Ho TyT mpmaercss BOCIOIBb30-
BaTBCS 3JEMEHTAMH DETPOAHANN3A, B
KOTOpOM TPeOyeTcsi HW3y4YWuTh IPOLLIOE
nosurun. BooGiie, 3TOT yBieKaTebHBIIH
1 HETPOCTOH paszies KOMITO3UINK BEChMa
cepbeseH, TyT He [0 mryTtok. Ho or mpo-
cTeiiero peTpoaHa/3a Hallle YyBCTBO
10MOpa He TIOCTPaJacT.

0
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10.Barpenos, 1939

IocTaBuTh YepHOro KOPOAS H JATh
Mat B 1 X014

XoueTcst TOCTaBUTH KOpoJia Ha a8 u 1.
¥ b7x. Ho Bexp B 5TOM CiIydae OTCYT-
CTBYET IOCJEAHUA XOJ YEPHBIX M, 3HA-
yuT, OH 3a HuMH — 0...ab! ¥ HUKakoro
Mara Het. KopoJst, okasbiBaeTcs, Ceny-
€T TOCTaBUTH B MIPOTHUBOIOJIOKHBIH YToJI
nocku — h1, rae o 61aronomry4Ho ruGHeT
—-1. ¥f1x!

]
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1. Poiiko, 1987

Kakyio sagpio ymeiknya O.Benaep y
OJHOTJIAa30r0 H Jax MaT B 1 xoa?
Koneumo, Bermep coo6pasi, UTO ecIu

OH CHHMET JIaJbI0 b7, 4To6bI 1aTh MaT —

1. ¥:g7X, TO OmHOrIa3blil MOAHUMET

IIyM, Belb TaKas IIO3HITHSI HE MOTJa

BO3HUKHYTb B PEAJBHON NAPTHU: Y 4Yep-
HBIX OIIATH HeT HocJjexuero xoma (yx B
YeM B 4YeM, a B PETPOAHAJN3E BENMKHil
koMGOuHaTOp ObLT cuien). IlosTomy oH
CIAM3WI Janbio g7 U moGeqoHOCHO 3a-
BepIIu cxBaTky — 1. g7 X!

®
4

J.Ilorocsann, 1980

Bearie GepyT X0/ Hazaja M JaloT MaT
B 1 X071

STy 3amauy ee aBTOpP TPAKTOBAN Kak
WTOCTpalio X «Eprenmio OHETHHYS.
BCmOMHMM H3BECTHYIO HAPTHIO MEXAY
JlenckuM u OJBTOM:

Veounsco om ecex danexo,
Onu 3a waxmamnoti 0ockotl,
Ha cmon o6aokomsce nopot,
Cudam, 3a0ymasuiuco 2ay60xo,
U Jlencxuii newxoro 1aovio
Bepem 6 paccesnvu ceo1o.

TTosunmst Kax pa3 BO3HHUKJIA LIOCJIE TOTO,
Kak paccesnublii JIenckuii Hapymu.1 npa-
BimTa M 3a6pan memkoif g4 cBoio co6-
cTBeHHyI0 Jazb10 hS. Temeps oH ymMoJsieT
Oubry mpocTuth ero, 6eper Xox Hasag u
06BABJIIET YAUBICHHOH 6apbIIIHe MIaX U
mar — 1. Bh3-h8x.

3ajaua ImIyTOYHAA, HO 3a6aBHO, UTO
OHA HE [OIyCKAaeT KPUBOTOJIKOB. Ha-
IpUMep, MPeANoTIoXKeHNe, 9T0 JIeHCKuit
B3su1 Ha hS5 cBoero depss, a He nagbio,
osHagaer, 4To0 OJ/Ibra TOXKE Mrpaja pac-
CESIHHO — MHAaye HE OGBSCHUTH, MOYEMY
4YEepHBIA KOPOJIb OTHPABHJCS [OJ IHAX.
Beas 06 sToM y IIymKkwHa HUYEro He
CKa3aHoO. ..

E.Tux
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