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B aBrycte atoro roga B sinoHckoM ropoae KaHaasaBa cOCTOANCS ovepenHon,
yxe 39 no cuety, cbe3g nwbutenen ronososioMok (International Puzzle
Party). ABTOpbl CO BCero mvpa npegcrtaBuiin MHOMO HOBbIX 3amevaTeribHbIX
rONIOBOSIOMOYHbIX MAEWN, C MOSIHBbIM CMUCKOM KOTOPbIX MOXHO NMO3HAKOMMUTbLCA
Ha cauTe johnrausch.com/designcompetition/2019.

Obwan TeHaeHUMs COCTOMT B YCMOXHEHUU YCTPOMCTBA rOSIOBOSIOMKM,
No3TOMYy OOMbLUMHCTBO HOBWHOK BPSA NI MOXHO M3roTOBUTb B JOMAaLLHMX
yCrnoBusix (ecnu, KoHeyHo, y Bac HeT 3D-npuHTepa, HO M OH He Bcerga
cnacaet). TeM He MeHee, ObINN U CPaBHUTENBbHO NPOCTO YCTPOEHHbIE NPUMe-
yatenbHble ronosonioMkn. OgHy M3 HUX npuayman [xopax 3uxepmaH
(George Sicherman; o ero ronosonomke «CnpsitTaTb 30510TO» pacckasblBa-
nock B «KBaHTe» Ne11 3a 2018 r.).

B HOBOI ronoBonoMKe BCcero nsaTb geTanen — ogHa cBeTnasl, cocTosiLas u3
yeTblpeX eAMHUYHbIX KYyOMKOB, W YeTblpe TeMHble, COCTaBfieHHble U3 NATU
KybukoB kaxpgad. CBeTnyio gertanb Hago MOMOXWUTb Ha cTton (obpatute
BHMMaHue, 4YTO 3TO MOXHO caenaTb pasHbiMM crnocobamu) M MOSHOCTbIO
3aKpblTb €e TeMHbIMU, YTOObI HM OAHa rpaHb He Oblna BuaHa.

Kenaewm ycnexa!

E.EnugpaHos




RBAHT ..... : No

O

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

B Homepe:

YUYPEAUTEJIN
Poccuiickaa akapemus Hayk

MaTtemaTn4ecknin MHCTUTYT
mm. B.A.Cteknosa PAH

DUsnyecknin UHCTUTYT
nm. M.H.Jlebepnesa PAH

TTABHBIM PEJJAKTOP
A.A.TancdynnuH

PEJAKIIMOHHAA KOJIJIETA

H.H.AHnppees, J1.K.Benonyxos,
M.H.BoHpapos, 0.M.Bpyk,
A.A.Bapnamos, C.[l.Bapnamos,
A.N.Becenos, A.H.BuneHkuH, B.U.l'onyGes,
H.N.Aon6unuH, C.A.JlopnyeHKo,
B.H.Ay6poBckui, A.A.3acnaBckuit,
A.fl.KaHenb-benos, M.A.KoxeBHNKoOB
(3amecTuTenb rnaBHOro pepakropa),
IC.N.KoHoBanos, K.M.Koxacb, A.A.JleoHoBUY,
10.M.JIbicoB, A.B.MuHees, B.B.Mpounssonos,
B.lO.MpoTacos, A.M.Paiiropoackui,
H.X.Po3oB, A.B.CocuHcknn,
A.N\.CraceHko, B.l.CypauH,
B.M.Tuxomupos, B.A.Tuxomuposa,
A.B.YctuHos, A.N.YepHoyuaH
(3amecTuTenb rmaBHoro pepakropa)

PEJAKIIMOHHBINA COBET

A.B.AHpxaHc, M.U.bawmakos, B.U.BepHuK,
A.A.BopoBoii, B.B.Ko3znos,
H.H.KoHcTtaHTMHOB, I.J1.KOTKUH,
C.N.Hosunkos, A.Jl.CemeHoOB,
C.K.CmupHoB, A.P.Xoxnos

PEJAKIIMOHHAA KOJIJIETA
1970 TOIA

TJIABHBI PEJTAKTOP

N.K.KnkouH

IMEPBbINT 3AMECTUTEJIb
TTABHOTO PEJAKTOPA

A.H.Konmoropos

N.A.Apuymosuy, M.U.Bawmakos, B.I.BonTaHckui,
W.H.BpoHwreiiH, H.5.Bacunbes, N.®.rmus6ypr,
B.l.3y6os, M.J1.Kanuua, B.A.Kupunnux,

I N.Kocoypos, B.A.NlewkoBues, B.M.JnweBckuiA,
AN. Mapkywesuy, M.[.MunnanmoHWmKoB,
H.A.Natpukeesa, H.X.Po3os, A.ll.CaBuH,
W.LL.CnoGopeukunin, M.J1.CmonsiHCKUI,
A1.A.CmopoaumHckmin, B.A.dabpukaHT, f1.E.LLIHanaep

10
15

YaueneHue, NnOHMMaHune, BocxuuleHne.|M.KaraHos

lMpo3pa4Hoe v Henpo3payHoe. JI.ALKnHa3u
OpHa 3apaya o0 packpacke. A.Paviropoackuii

23

29

SAJAUYHUK «KBAHTA>»

3agaun M2570-M2573, ©2577-P2580
Pelwlenusa 3apay M2558-M2561, $©2565-P2568
CoctaBHble neceHkun. K.Koxachk

32

KAJTEMJZOCKOII
YnakoBku u NMOKPbITUA

«KBAHTA>»

«KBAHT» [AJd MJAAHOINX HIKOJBbHUKOB

3apaun

KioseTa ¢ Bogon B noesge. C.[JBOpSHNHOB
XXV TypHup MaTemaTnyeckmx 60eB MMeHn
A.lN.CaBunHa

40

IMKOJA B «KBAHTE»

TpeyrofibHMK 1 Knaccuyeckme HepaBeHCTRa.
B./[lposaos

42

OU3BNYECKUN DAKYJIBTATUB

Mepuon aHrapmMoHMYEeCKMX KonebaHwuii.
®.puropwes

44

MATEMATHUUYECKUN KPYJKOK
BeckoHeuyHoCTb — He npenen. @.Hockos

OK3AMEHAIMOHHBIE MATEPUAJIBI

48
52

Onumnuapa «Mokopu BopobbeBbl ropbi!». dusnka
OTBeTHI, YKa3aHusi, peLueHus

Mamatn M.N.KaraHoBa (2)
Ham nuwyT (38)
BHuMaHMiO Hawmx yntatenen (64)

I
I
v

HA OBJNTOIXKE

Unnoctpaums k ctatee «[lpo3paqyHoe u
Herpo3pa4yHoe»

Konnekumsi rorioBos1IoMOK

LllaxmaTHas cTpaHu4ka

lporynkn ¢ pusvkon



Ywen w3 XWM3HW BblAaloWwMncs pusnk-
TeopeTnK 1 nonynspusatop Hayku Mowcen
NcaakoBun4 KaraHoB — OMH 13 APKMX Npes-
cTaBuTenen WKonbl JlaHgay, cneuvannct B
0bnacT KBaHTOBOW TEOPUN TBEPLOrO Tena,
LOKTOP (PM3MKO-MaTEMATUHECKNX HayK, NPO-
eccop MIY nmenn M.B.JlomoHocoBa 1 no-
YeTHbIV JOKTOP BpoLIaBCcKoro noamtexHu-
4eCKOro MHCTUTYTa, y4acTHUK Benvkon Ote-
4eCTBEHHOW BOWHbI.

OkoH4mB B 1949 rofy pumsmMko-matemMaTu-
Yyeckmm akynbTeT XapbkKOBCKOro rocyaap-
CTBEeHHOro yHuBepcuTeTa, M..KaraHos c 1949
no 1970 ron paboTan B YKpanHCKoOM husm-
KO-TeXHWYEeCKOM NHCTUTYTe, a ¢ 1970 no 1994
rog — B WHcTuTyTe prsnyecknx npobnem
mmenu MJ1.Kannusl. OnHOBpeMeHHO npeno-
[aBan — CHavana B XapbKOBCKOM YHNBEPCU-
TeTe, NoToM B MockoBckom. lNocre Bbixona
Ha neHcuio ¢ 1994 roga xun B CLUA.

Mowcen Mcaakosuy — aBTop Gonee 200
Hay4HbIX PaboT U psda KHUM no Qu3mike,
OOMH M3 CaMbIX MOCTOSHHbIX W OOUMbIX
aBTOPOB XypHana «KeaHT». 1o 3ameyaTesb-
HbIM Hay4HbIM MoHorpadusam Mowces Vca-
aKoBMYa BOCMWUTLIBANOCH He OLHO MOKOJe-
HMe MONoAbIX (U3MKOB, a €ro yanBUTENb-
Hble Hay4HO-MOMynApHble CTaTbW N KHUTU
MOMOIIY MHOTM LUKOJIbH1KAM BbIOPaTh CBOM
>KM3HEHHbIN MyTb.

Mowicevi Vicaakosuyd KaraHos
(4 aBrycra 1921 — 1 ceHrs6ps 2019)

MNpennaraemM BHUMAaHUIO 4YuTaTeNen CTa-
Toto M.M.KaraHoBa «YguBneHue, NOHMMA-
HMe, BOCXMLLEHME Y, BNepBble onybnmMKoBaH-
HYIO B HalleM XypHasne BO BTOPOM HOMepe
2004 ropa.

YanBneHme, noHMMaHue,
BOCXMLLEeHMe

(M.KArAHOB)

CTPOVIHBIVI MOCT 13 XKE/1€3a aXyPHOIO.
3acTekneHHbIV OCKOIKaMu Heba 1a3ypHoro.
[Torpobysi BbiHb €ro

U3 Heba cuHero

— CTaHer roso u nycro.

370 1 eCcTb UCKYCCTBO.

[.Camonrnos

OKHO BOCXUTUTBCAMOCTOM TAK,
KaK 9TO c/ie1as oaT. VHKeHep BOCXH-
mascs 6u1 mHave. OH pacckasan Obl, U He

TOJIBKO CBOUM KOJIJIETaM TI0 1TPodeccu, yeMm
BOCXUIIAIONIHI €r0 MOCT OTJIMYAETCSI OT JPY-
rux MoctoB. CKopee Bcero, He yaepsKasicst Gbi
1 COOOIINT HEKOTOPbIE KOHKPETHBIE JAHHBIE.

Muoro pa3 B conpoBosKienun mpodeccuo-
HAJIOB-9KCKYPCOBO/IOB S1 XO/UJI 110 MYy3€esiM,
0CMATPUBAJ APXUTEKTYPHBIE TOCTOIPUMETA-
tesibHOCTH. OTHI HKCKYPCOBO/IBI MHOTOCJIOB-
HBI — OHU COOOIIAIOT MHOJKECTBO HHTEPECHBIX
JAHHBIX U (DAKTOB; JPYrue JIUIIb U3PEKA



YKa3bIBAIOT HA YTO-TO, YTO HEJIb3s IIPOILYC-
TUTb, U UHOTJA 6POCAIOT OTPLIBOYHbIE (pa-
3p1. Kak npasuiio, s nosydas GoJibiiiee BIie-
YyaTJeHne OT YBUJEHHOTO, KOTJa 3KCKYPCO-
BO/I ObIJT HEMHOTOCJIOBEH.

CpaBHI/ITeJIbHO HEaBHO yIIeJa B UCTOPUIO
XX Bek. Koneuno, on npunec MHOTO 6eJ1 1
Hecuactuii. Ho ocTtanerca B mamMsATH OoH HE
TOJIBKO 9TUM. 3a YIIEIIIHii BEK HeOObIYaitHO
PACHIMPUINCH TPAHUIBI MO3HAHHOTO, YTO
BbI3bIBAET y MeHs TIy6oKOe BOCXHUIIEHUe.
VIMeHHO BOCXUIIIEHUEM 51 M XOUY 0/IETUTHCS
¢ yuraressmu. (O6 ykacax M HECYaCTbsX,
HOBEPbHTE, g TOKE He 3a0bIBAIO. )

Ecou s Tokaskycb MHOTOCJIOBHBIM, TO TTPO-
CTHUTE: UICKPEHHE XOTeJ H30€3KaTh HEHYKHBIX
MoIPOOHOCTEN, HO OYEHb TPYAHO OIEHUTD,
T/le KOHYAETCS «HYKHOE» U HAUMHAETCS «He-
HY)XHOe». $l He YyBCTBYIO ceGsl OTBITHBIM
9KCKYPCOBOJIOM, CKOpee — MH3KEHEPOM, BJTI00-
JIEHHBIM B KOHCTPYKITHIO.

* ok ok

W3 onmcanus myTelecTBUS AHTJIUHCKOTO
mopertaBatenst [xefimca Kyka m3BecTHO,
4T0 skutesin HoBolt 3esanuu ne y IMBIIUCD,
Korjga K ux GeperaM MOJOILIN HUKOTZA He
BuiaHHble nMu Kopabuu. He nmest npuBbIaKu
00DBSICHATD, OHU BCE BOCTIPHHUMATH KAK JI0.JI-
JKHOE.

K xonmy XIX Beka kazasoch, 4TO BOT-BOT
6yZieT TIOHSTO, KaK YCTPOEH OKPY KAIOMUil
Hac Mup. Mexannka HproToHa 1 37€KTPOIH-
namuka Dapages—MakcBesia 0O0bSICHUIN
moutu Bce. TepMoamHaAMUKa yCTAaHOBHUJIA
cTporue TpaHuilbl Bo3MoskHOro. Hayka me-
pectasa ObITh 3a6aBoil, y/I0BJIETBOPEHUEM
JIOGOIIBITCTBA KYUKU UyJaKOB, He UHTEPECY-
I0IUXCS JKU3HEHHO BaXKHBIMU JIJIST JIOJIEN
BOIIPOCAMHM, a 3aHATBIX HEIOHSTHO YeM.
BoisicHusioch, 4YTO IOJIyYEeHHBIE YYEHBIMU
pe3yJIbTaTbl MOTYT IIOMOYb MCIOJIb30BATh
CHJTBI TIPUPO/IBI U 3aCTABUTHh X paboTaTh Ha
yesoBeka. CTao OYEBH/HO, UTO CO3JAHHBIE
MATIIMHBI 6YYT COBEPIIEHCTBOBATHCS, N3Me-
HAS JKU3HD JIOEH.

Iloutn He BBIXO/IA 3a TIpe/eJibl peaJIbHbIX
snanuii, yKionb Bepu — ogun u3 cospareeii
CTOJIb TIOTYJISPHOTO HbBIHE JKaHpa Hay4dyHOU
aHTacTUKM — COUNHILI yBJIeKaTeIbHbIe CKa3-
KH, B KOTOPBIX SIPKO ONUCHIBAJIUCH 3aMeva-

TeJIbHbBIE JIOCTUKEHUS] WHXKEHEPHO! MBbIC/IN.
Kouneuno, ne Bce pomanbl sKionss Bepha g
MIOMHIO — B JIETCTBE OHU <«ITPOTJIATHIBAINCH>
MHOIO OJINH 3a JPYTUM, HO TO3Ke s MX He
nepeynTbiBas. MHe Kakercst, Bcsl (paHTa3Mst
/Kions Bepna Tpatmiach Ha WHKEHEPHDBIE
cBepiienusi. He mpemnonarai oH, 4TO B TOM
OyyIeM, B KOTOPOM JIeWCTBYIOT €ro repou,
HalIW 3HAHWS TTPETEPIISIT BECbMa CYIIECTBEH-
Hble U3MEHEHUS.

BoabmmmaceTBo MpodeccnonanoB-y4eHbix Ha
rpanuiie XIX um XX BekoB cyuTaad, YTO
(usmueckoe orrcanue MEPOYCTPONCTBA 6713~
KO K 3aBEepIIEHUIO, OCTAJOCh YTOUHUTD 3HaYe-
HUsT psja (pU3nYecKux BEJUYUH U ... BCE.
Mauto Koro 3a60THJIO, HAIIPUMED, YTO B paM-
KaxX CYIIECTBYIONIEH HAyKW MOYEMYy-TO He
yaeTcst OMncaTh U3JaydeHne abCcoTIOTHO Yep-
HOTO Tesma. Jlajmexkwe OT HAyKW JfOand He
3HAJIM, KaK BIIPOYEM He 3HAIOT U ceiiuac, 4yTo
Takoe abcoI0THO YepHoe Tesio. Ho, mymaro,
u MHOruM (U3UKaM TOKe ObLIU HeBeIOMbI
3araJIKi 3TOTO OODBEKTA.

Yro ke Takoe aGCOJIOTHO YepHOE TeJo?
dopmasbho, aGCOMOTHO YEPHBIM TEJIOM TIPHU-
HATO HAa3bIBaTh TEJIO, KOTOPOE IOrJIONiaer
CBETOBDBIE JIyYH, HO He OTpakaeT nx. Mosker
JIW cymiecTBOBaTh Takoe teso? CTporo roBo-
P, HET: BCSIKOE TeJO KaKyl-TO 4acTh CBeTa
TIOTJIOTIAET, KaKyo-To oTpaxkaer. Ho moskHO
MCKYCCTBEHHO CO3/IaTh MOYTH aOCOTIOTHO Yep-
Hoe tesio (sydnie 610 GBI CKA3aTh — MOYTH
a6COTIOTHO YePHYIO TIOBEPXHOCTD). [l71s1 aT0TO
B MACCHBHOM TBEP/IOM TeJIe JIeJIAIOT MOJIOCTh
U CBS3BIBAIOT €€ C BHEITHUM MHUPOM OY€eHb
MaJleHbKUM OTBepcTueM. UYUem orBepcrue
MeHbllle, TeM TOYHee U JIyullle MOJesb IIPU-
6smKaeTcsi K CBOeMy «opuruHamnys. [leii-
CTBUTEJbHO, BEPOSITHOCTb TOTO, UYTO JIy4d
CBeTa, TIOMAaB BHYTPbD IMOJIOCTH Yepe3 OTBep-
CTHe, BBIHIYT HAPY:KY, OUYeHb Maja — Jydu
TIOTJIOTIAIOTCS OTBEPCTHEM, HO HE OTpaska-
TOTCS.

Teso, B KOTOPOM ecThb IOJOCTb BHYTPH,
UMEET OTPE/ICTIEHHYIO TEMIIEPATypy . DTy TeM-
nepaTypy MOKHO U3MEHSATb U MCCJIE/0BATD,
KaK C U3BMEHEHUEM TeMIIepaTyPbl U3MEHSIETCS
XapakKTep U3JyuyeHHs 13 OTBEPCTUS, KOTOPOe
Moziesupyer a6CcoJIoTHO 4YepHOe Teno. Bee
6b1J10 GBI TIPOCTO, ecyau Obl TeOpeTHYecKast
dusmka ymesna mpeickaszath pe3yJbTar, a




4 KBAHT

IKCIEPUMEHTATOPBI MOATBepAUaNn GObl €ro.
Koe-kaxue npejckasanus roraa (Ha rpanuiie
BEKOB) JIEJIAMINCh, HO TIOPOM TIPUBOAWIN K
HenpueMJeMbIM nocJencTBusM. Hanpuwmep,
MPEICKa3bIBAIOCH, UTO MIPHU JTTOO0H TeMIepa-
Type a6COTIOTHO YepPHOE TEJIO TOJIKHO U3JTY-
4aTh GECKOHETHOE KOJUIECTBO SHEPTUH. JTO
[pejickazaHtue MoJLy4nJIo Jaxe clleliuaJbHoe
HazBaHUE — YAbmpapuoiemosas Kamacm-
pogha. [leno B TOM, 4TO COrJTACHO TEOPUH TEX
JIET U3JIy4eHHas SHEPTHUS PacTeT ¢ POCTOM
YacTOTbI CBeTA.

[Tonumalo, y MHOTHUX Jlaxke ceifyac MOKET
BO3HUKHYTb HeJoyMenue: «Crpaiinoe jedo!
He MoryT 06bsICHUTD, KaK M3JIy4aeT SHEPTHIO
Kakasg-To JbIpodka. CKOJIbKO I10JIb3bl YiKe
[puHecja Hayka, Kakue BO3MOXKHOCTU BIle-
penu, a Hac MyTaloT yabTpaduoIeTOBOH Ka-
tactpooit, 6yATO OHA MOKET KOMY-TO Ha-
BpennTh» . JlymMaio, Tak nin moxoske paccysx-
JlaJii MHOTHE, ¥ OTHIO/Ib HE TOJIbKO JaJieKie
ot dusuku o1, Ha pybexxe XX Beka. A Mue
He aI0T TTOKOS CTPOKU AHHBI AXMaTOBOI U3
«IToambr 6e3 reposi»:

[Ipubaukaics He KaJeHIAPHBIH —
Hacrogmmii /IBaamnartsiii Bek.

Benp umenno B 1900 romy Makc Ilnank
0CO3HaJI, YTO COTJIacoBaTh HAOIIOJECHUS W3-
JiydeHust aGCOIOTHO YEPHOTO TeJla ¢ Teopuei
MO’KHO, TOJBKO €CJU TPEINOJOXKNUTD, YTO
aTOMDBI TBEPOTO TeJIa He TIOTYNHSIOTCS 3aKO0-
HaM HbBIOTOHOBCKON MeXaHWMKHU, TOW caMoi
MEXaHUKU, KOTOpask CTOJbKO OObBSICHUIIA,
KOTOpasi TIPUHECJAa M HECOMHEHHO TTPUHECET
0ECKOHEYHO MHOTO IIOJIb3bI.

ITo Tlnanky (B OTKPOBEHHOM MPOTHBOpE-
YN ¢ KJIACCUYECKON MeXaHWKOW), SHEprus
KOJIEOJTIONIErOcsT aToMa MOXKET MPUHUMATh
TOJIBKO 1[€JI0OYNCJIEHHbIEe 3HAYeHUST — KBAHTbI
aHeprun. CoObITHE, HAXOSAIIEECs, Ka3aJoCh
6bl, Ha repudepun HayKu CBOETr0 BPEMEHH,
MIPUMEPHO Yepe3 YeTBEPTh BeKa HaydHas 00-
MIECTBEHHOCTb HA30BET PEBOJIOINOHHDIM TIe-
peBopotoM. OHO 03HAMEHOBAJIO POKIEHIUE
HOBOI1, K8AHMOBOU husuKL.

MHorue akTUBHBIE MOJIO/IbIe (DU3UKHI TOTO
BPEMEHM C 3JHTY3MA3MOM MOCBATHJIN CBOM
TaJIAHT HOBOIT Hayke. Urto aurayo umu? He
6ynem ranarb. [IpuBeay murary u3 craTbu
Anbbepra Jitnmreilina «MOTHBBI HAYYHOTO

2019/Ne8

uccye[oBanus» , nocssiennoit Maxcy Ilnan-
Ky: «XpaM HayKu — CTPOEHHE MHOTOCJIOK-
Hoe. Pa3mmyHbI mpe6bIBAIOIIIE B HEM JIIOIN 1
[IpUBE/IIINE UX TyJa AyXoBHble cuibl. Heko-
TOpbIE 3aHMMAIOTCS HAYKOH C TOPAbIM TyB-
CTBOM CBOETO HMHTEJJIEKTYaJIbHOIO IIPEBOC-
XOJICTBA; JIJIs HUX HayKa fABJSAETCS TeM 10~
XOJSIIIAM  CITOPTOM, KOTOPBIM [JTOJDKEH WM
J1aTh TIOJIHOTY JKU3HU U Y/IOBJETBOPEHNE ye-
cToJio6usg. MoKHO HAlTH B XpaMe 1 J[PYTUX:
TIJIOJIBI CBOEH MBICJU OHU MPUHOCAT 3/1€Ch B
JKEPTBY TOJIbKO B YTUJIMTAPHBIX 11esgX. Ecin
6blI rocJIaHHbIiT borom aHres mpuiies B XxpaMm
U U3THAJ U3 HEro TeX, KTO IPUHAJIEKHUT K
9TUM JIByM KaTeropusiM, TO XpaM KaTacTpo-
¢uueckn omycren 6p1. Bee-Takm Koe-KTO 13
JIOZIel KaK IIPOILJIOro, TaK U HaIlero BpeMe-
HU B HeM Obl octajicst. K unciy Takux Jioseit
NpruHAUIeKNAT Haml [l7ank, W 1moaToMy MbI
€To JTIOOTM> .

ITponosmxky uuruposanue. C TpyLoM 3ac-
TaBJsIo cebs nenath Kymopbl. Odelb coBe-
TYIO IIPOYECTH CTATHIO IeTUKOM. «...Ho o6pa-
TUM BHOBDb CBOIi B3TJISI/l HA T€X, KTO y/IOCTO-
WJICS MUJIOCTH aHresa... UTo npuBeso UX B
XpaMm?» JUHINTEWH CUUTAET, YTO BAKHYIO
pOJIb IS HUX WIpaeT <XKeJaHue yHTu ot
O6YZIHUYHOI JKM3HIY C ee My4IHUTeJbHOM JKeCTo-
KOCTBIO T 6e3yTEeNTHOH yCTOTOM, YHTH OT Y3
BEYHO MEHSIONMXCS COOGCTBEHHBIX TIPUXO-
Teit». He GyzmeM cIOpUTh ¢ TeHHMEM: HECOM-
HEHHO, OH JIEJTUTCS CBOUMHU COKPOBEHHBIMU
MbICTIsIMI 1 uyBcTBaMH. «Ho K aT0i1 Herarus-
HOW MpUYMHE, — TUIIET JUHIITEHH uepe3
HECKOJIbKO CTPOK, — 100ABJISIETCS 1 TIO3UTHB-
Hag. YesioBeK CTPEMUTCI KaKUM- TO a/IeKBaT-
HBIM CIIOCO60M CO3/1aTh B cefe TPOCTYIO U
SICHYIO KapTUHY MUpa...»

CospanueM KapTUHbI MUpa 3aHATbI He
TOJIbKO yuY€Hble, HO U XY/IO’KHUKH, I103TDI,
MY3BIKaHTHI, pumocodnl. «Kakoe mMecto 3a-
HUMaeT KapTuHAa MUpa (PU3UKOB-TEOPETHKOB
cpen BceX BO3MOKHBIX TaknxX KapTtuH? Bua-
roflapsi UCIOJIb30BAHUIO A3blKa MaTeMaTUKU
3Ta KapTHHA Y/JOBJETBOpseT Hambosee BbI-
COKMM TPeGOBAHUSIM B OTHOIIEHUU CTPOTOC-
TH ¥ TOYHOCTH BBIPAKCHUS B3aNMO3aBUCH-
Mmocteii. Ho 3aro ¢u3uk BbIHYXKJIEH CHJIb-
Hee OrpaHMYMBATDL CBOH IPEAMET, I0BOJIb-
CTBYSICb M300pakeHreM HanboJiee MPOCTHIX
...sIBJIeHMIA. ..»> Orpanuyenue 3acraBJ/seT J10-



6aBuUTb cOMHeHUe: «BbIcimas akKypaTHOCTD,
SICHOCTb U YBEPEHHOCTb — 3a CYET IOJHO-
Thbl... 3acJy’KUBaeT JU pe3yJbTaT CTOJb
CKPOMHOI'O 3aHATHUS TOP/IOTO Ha3BaHUS “Kap-
TUHBI MUpa“?»

OTBeT JHIITEITHA BIIOTHE OTIPE/IeTIeHHBIH
« mymaro — ma, w60 oO6mIME MOJOKCHUS,
JIeKaIue B OCHOBE MBICJICHHBIX TIOCTPOCHU
TEOPETUYeCKON (PUBMKHU, TPETEHIYIOT OBITH
JIeHICTBUTETBHBIMU JIJIS1 BCEX TTPOUCXOSATITIX
B 1pupojie cobbituii. [lytem uncro jorudec-
KOI [efiyKIUU M3 HHUX MOXKHO ObLIO Obl
BBIBECTH KAPTHUHY, T.€. TEOPUIO BCEX ABJICHUN
[IPUPO/IbI, BKJIIOUAS KU3Hb»> . 32 9TUM CJIe/Ly-
€T OTOBOPKA: «ECJIH 3TOT MPOILeCC JAeyKINn
He BBIXOUJT GBI 1aJIEKO 3 TTPe/IesIbl TBOPUEC-
KO BO3MOXXHOCTH YeJOBEYECKOTO MBIIILIe-
HUST> .

Baxxnoe mMecTo B cTaTbe DUHIITENTHA 3aHN-
MaeT BOIIPOC O POJTM MHTYWITAN TTPU CO3/IaHUN
a/IeKBaTHOM KapTuHbl Mupa. lIpuseny Tomb-
Ko onHy ¢pasy, KOTOPYIO CUHTAI0 OYEHD
BKHON /119 TIOHUMAaHUS TIPUPOJIBI TTO3HA-
nus: <K aTM 3aKoHaM BeJleT He JIOTHYeCKuit
IIyTh, & TOJbKO OCHOBAHHAs HAa ITPOHUKHOBE-
HUU B CYyTb OIIbITA MHTYHIIUS».

Kak nokaspiBaeT pa3BuTHe HayKu, Ipeje-
JIbI BO3MOKHOCTH 4€JIOBEYECKOTIO MbIIIIJICHHS
danTacTuyecku pacmupsiorest. M Bee ske Mbl
HE MOXKEM OTBETHUTb OJHO3HAYHO, OYJET WIn
HET MTOCTPOEHA TEOPHUS BCEX SBJIEHUN TTPUPO-
JIbl, BKJIOYas KU3Hb. MHe KajKeTcs, 4YTO
[poIlecc Mo3HAHMs OY/eT [JIUThCS CTOJIBKO,
CKOJIbKO GYy[IET CyIeCTBOBATDH Yes0BeYecKast
nuBuIm3anus. K coxkanennio, HeTpyAHO Ipe/I-
cTaBUTDH cebe TParmyecKuii UCXOJ TaK HaMu
[IOYNTAEMOrO IIporpecca.

BpickaszanHoe BBICOKUM CTHUJIEM H3JIOXKUM
3HAYUTEIHHO 60JIee MPO3amyecKH.

W3 orpomHOTro KOMYecTBa (PAKTOB, KOTO-
pole K KoHIy XIX Beka He OBLIU TOHSTHI,
Maxc Ilmank BBIOpans OAWH — W3JIyIEeHHE
abCoOIIOTHO 4YepHOTO Tesia. OH MOTbITAICS
HaiiTu 06bsICHEHUE B paMKaxX KJACCUYeCKO
pu3MKN, He CyMes U TPUIIENT K BBIBOIY: HE
BCET/Ia BO3MOXKHO IOJIb30BATHCS 3aKOHAMNI
kaaccrueckoit pusukn. Musnka HoioTona u
Dapagea—MaxcBessia I0Jydnsa SIUTET
<KJIaccuyecKasy 110cJje Toro, Kak BO3HUKJIA 1
pasBuJjach HoBas, KBaHTOBasg (usuka. Ha
pyb6exxe XIX um XX BekoB 310 OblIa 6Cs

¢usuka, Koropasi, MOBTOPIOCH, cebs Iipe-
KpacHO OTpaB/laJia.

HecomuenHO, Bce HAYATIOCh € yOUBLeHUS:
MoYeMy He yJAeTcsl B KJIACCUYECKUX TEepPMHU-
Hax OIIMcaTh U3JyueHue yepHoro rena? f xe
MIPU3BIBAIO K BOCXUUEHUIO — CKOJIb CBOEBPE-
MeHHO Obljia BbicKa3aHna [[JlaHKOM «KpaMo.Jib-
Hasgy ujes.

Ipuect Pesepdop/l BBISICHUT, YTO MOYTH
BCSI Macca aToMa COCPeJIOTOYeHa B ero sijipe,
BO3HUKJIO TIpejicTaBjeHre 06 aroMe Kak O
IJIAHETAPHOU CUCTEME: SI/IPO — COJIHIIE, AJIEK-
Tponbl — ranetbl. Hunbe Bop nowsi, uro,
He mpuBJsiekad wujeo llnanka o KBaHTax,
O00BSICHUTD YCTONUNBOCTD ATOMOB HEBO3MOK-
Ho. Coznannas bopom Teopus aToMa BO/JI0-
POJIa AKJIEKTUYHA: K XOPOIIO U3BECTHBIM 3a-
KOHAM JIBMKEHUST MeXaHuKu HpioToHa 1po-
M3BOJIBHO OBLIN T06ABJIEHBI KBAHTOBBIE yC-
JoBus, W (opMmysa BOJOPOTHOTO CIHEKTPa
MPABUJIbHO OINKCAJTA IHKCIIEPUMEHTAJbHbBIE
(pakTnl.

[To6enureseii He cyasr, HO KaKoil IIeHOI
nosyden pesyabrar! Ilo cyrtu, paspyiena
cTporag Joruka Bceii ¢pusuku. EcrectBenno,
HAYyaJIMCh TOMCKU BBIXO/IA U3 CO3/ABIIETOCS
TTOJIOXKEHUS.

Ceiiuac, Korja Kypc KBaHTOBOI MEXaHUKHU
BXO/JUT B CTaHAAPTHBIIN HabOp IPEJIMETOB,
N3y4aeMbIX OGOJBITHHCTBOM MOJIOJBIX  JTTO-
Jiell, TMOJTyJaronnX BBICIIee TEXHWYECKOe U
€CTeCTBEHHO-HAYYHOe 00pa3oBaHue, OYEHb
TPYHO cebe MPeICTaBUTh, KAKOTO HE TOJbKO
MHTEJJIEKTYaTbHOTO, HO W 3MOIMOHAIBHOTO
HaIpSKEHUsT CTOUJIO CO3/IaHie OCHOB HOBOI
¢usukm.

B oxnoit us kuur Januniaa /JlannHa onucax
Takoil amm3o/. Bepuep [leiizenbepr, Ttorma
MOJIOJION y4eHbIil, ob6cyskaan ¢ Huiabcom
Bopom noruueckue TpyHOCTH HOBO# (hU3u-
ku. OOcysKIeHre TPOMOJIKATIOCH JOJTO.
OG6Goum KazaJochb, 4YTO BbIXOJa HeT. bop
MIPUIIES K BBIBOY, UYTO 0O6CYKAEHNE HAJIO0 Ha
BpEMS IPEKPATUTD, W, HE TIPEYTIPEIUB CBO-
€T0 MOJIOJIOTO KOJIJIETY, YeXaJl, yCTPOuB cebe
kanukyJpl. Korga TeiizenGepr ysuam, uTto
YUUTENb ero MOKUHYJ, oH pactiakaics (1),
Wror anmsona 3amevaresien: Bop BepHyJics
HOCJIe KAHUKYJT C RPUHUUNOM OONOJHUNE b=
nocmu, a Ileiizen6epr B orcyrcrBue bBopa
BBIBEJI COOMHOWEHUE HeonpedesleHHOCmell.
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ITH pe3yJabTaTbl abCOMIOTHO HEOOXOMMBI
JUISL JIOTMKY KBAaHTOBOW MEXaHUKH.

KBanTOBYI0 MeXaHUKy, HECOMHEHHO, Ha/l0
CUNTATb BA’KHOH COCTaBJIAIONIEH TOro, 4TO
OWHIITEH Ha3BaJ MPOCTON M SICHON KapTu-
HOIT Mupa. KoHeuHO, Heb3sl CYUTATh, YTO C
ee MMOMOTIBIO 0OBSICHEHBI BCE SIBJIEHUS TPUPO-
Jibl. MOXKXHO CBOE€ BHUMAHHE COCPEIOTOYM-
BaThb Ha TOM, YTO He 00bsacHeHO. Tak mocry-
naiot npodeccronaavi. Ho He To5K0. MHO-
ro Jiofiell, Janekux oT (DU3UKH, OILyNIafoT
OKPY>KAIOUUI MUDP HOJIHBIM 3ara/IOK U TaiiH.
W onn mnpaspl. [leficTBUTENbHO, MOYTH Ha
KaK/IOM I11ary MOKHO CTOJIKHYTbCS C SIBJICHH-
eM W coObITHEM, OODBICHEHHE KOTOPOTO
6o HaM HEW3BECTHO, JTMO0 HEM3BECTHO BO-
o61e — Jaske TeM, KTo TI0 cBoeil mpodeccnn
Mor Obl 3HaTh OODBACHEHWe, ecau Obl OHO
6b1710. Te, KTO CMOTPUT Ha HAyKy O MUPE KaK
Obl CO CTOPOHBI, U3 TOJOOHBIX HAGJIIO/IEHN
HEPEJIKO JIeTat0T HEBEPHBIN BBIBO/] O TPUHITH-
MUATHHOM GECCUTUU HAYKU.

[Ipyras kpaifHoCTb — npeyBeJnvyeHne Bo3-
MoOkHOCTell Hayku. EcTb Jioam, KOTOpbIe
CUUTAIOT, YTO HayKa MoxKeT Bce. EcrecTBen-
HO, TaKOI B3TJIS/l HA HAyKy TOXe HelpaBy-
JieH. CollTioch Ha BbICKa3bIBaHUE OIHOTO U3
TBOPIOB HOBOH (puzuku IpsuHa [lIpexnnre-
pa: «Hayka HU cJloBa He MOXKET CKa3aTh HaM
0 TOM, TIOYEeMY Hac pajlyeT My3biKa, MoueMy
U Kak crapas MecHs MOKET BbI3BaTh y Hac
cie3pl. MbI moslaraeM, 4TO HayKa MOMKET B
MPUHITATIE oTHcaTh... Ho o 4yBcTBe pajgoctu
1 COXKAJIEHUS, KOTOPbIE COTIPOBOK/IAIOT TIPO-
1ecc [mo3Hanug], HayKe HU4ero Henu3BecTHO,
[I09TOMY OHa O HUX yMajuuBaeT». B aroii
[UTaTe BAXKHbBI CJIOBA: «HAYKa MOXKET B IPUH-
nume onucarby. Hayka Bcerna onucvisaem.
[TpaBuiibHE#l TOJBKO OBLIO ObI YTOUHWTD:
«eCTeCTBEHHbIE HAyKU MOTYT B IIPUHIUIIE
OTTHCATD» .

Ho He 6yiem ocTanaBIMBaThCS Ha KPAHUX
TOYKAX 3PEHUS.

Tpu cyioBa, IOCTaBJICHHDBIE B 3aTrJIaBUeE CTA-
TbU, MOXHO pacroJiarathb mo-pazHomy. OT
3TOTO MOXKET HECKOJIBKO U3MEHUTDHCS CMBICJI.
[Iyctp, nanpumep, ato Oyuer: yous.ienue —
sOCXUWEHUe — NOHUMAHUe. Y IUBUBIIUCH 1
BOCXMTUBIINCH YBUJCHHDBIM, YYEHDBIN MOCTH-
raer IPUPOY ABJEHUS U, 110 CJI0BaM IJHHIII-
TeifHa, npeBpaliaeT 4y/[0 B TPUBUAJIbHOCTD.

2019/Ne8

[IpuHATDII Ke B 3arjaBuUU MOPSIJIOK CJIOB:
youeaenue — NOHUMAHUE — BOCXUUWEHUE 03-
HavyaeT HeYTo JIPyroe. A UMEHHO:

« Youeaenue HeBO3MOKHOCTHIO OObSICHUTD
HaOI0/[aeMOe  SIBJICHUE 3aCTABUJIO YYEHOTO
BBIUTH 3a TIPeJIeJibl TIPUHATON TeOpuH.

« [TocremoBano co3manue HOBOW TEOPUH.
Bosuukjo nonumanue, oxBatusiiiee MHOXKe-
CTBO (PaKTOB ¥ SABJICHMUIA.

« HoBast kapTiHa MUpa BbI3BIBAET NCTHHHOE
socxuuenue. Bocxuienne pacmpocTpaHseT-
Cs M Ha y4YeHbIX, KOTOpble GYKBAJIbHO €3Kel-
HEBHO PACIIUPSIIOT 00J1aCTh TTO3HAHHOTO.

[ToteuThCst BOCXUIIEHUEM OY€EHDb TPY/IHO.
Hu BockymniateibHble 3HAKN, HU OXH, HU aXH
He MOMOTYT. Pacckasky, 4YTO BOCXUIIAET MEHS.

HepaBHo s1 Hanucas ctaThbio Moj; Ha3BaHU-
eM <3 4ero Bce cocront» (0Ha OMy6IMKOBA-
Ha B Tpex HoMmepax ypHama <«Hayka n
skn3Hb>: Ne 10,11,12 32 2003 roz). B crarbe
pacckazaHo, Kak M3 4YacTUIl TPeX THUIIOB —
3JIEKTPOHOB, MPOTOHOB, HEHTPOHOB — TIOCT-
POEHbI aTOMbI, MOJIEKYJIbI, TBEP/ble TeJa,
T.e. BCE, UTO COCTABJISIET OKPYIKAIOMIUN HAC
MHUD, BKJIOUYast u Hac camux. CtaTbst 3aKaH-
YUBAETCS CJEMYIONUME caoBaMu: <«Bocxu-
nieHne U OODBSICHEHHWE TIJIOXO0 YIKHBAIOTCS.
OO6bsichuB, Kak Obl JUKBUJAUPYENTb BOCXHU-
menre. OueHb Xouercs, 4YTOObI, TOHSB B
OOIUX YepTax MPUHITAIIBI YCTPOICTBA BCETO
Ha CBeTe, BbI He MOTEPSIJIN CITIOCOOHOCTH BOC-
XUIATHCSI TEM, YTO JIJISI CO3/IaHMS BCETO ATOTO
6aCHOCJIOBHOTO PaszHooOpasusi JJIOCTATOYHO
JINTIb TPEX THIOB YACTUI[ — 3JEKTPOHOB,
npoToHOB u HeiitpoHos. “Ilogymaentb, —
CKaKeT CKEITHK, — C TIOMOIIIBIO /IBYX 3HAYKOB
(Hy/Js M eAMHUIIBI) MOKHO 3aKOMPOBATH
JOGO# TEKCT: CKYYHYI0 MHCTPYKIIUIO M TIpe-
kpacHyto oamy“. IlpaBunbHo! Ho tekcr, a
TaKKe JII060e YCTPOWCTBO KTO-TO CO3JaJ.
Korpa KT0-TO cO3/1aeT YHUKATBHYIO MAIIAHY
WJIN TeHHAJbHYIO TI0AMY, OH, HECOMHEHHO,
3acayskuBaeTt Bocxunienns. Ho Bocxuiienne
BBI3BIBAET W MPUPO/IA, €CTECTBECHHBIM ITyTEM
co3maBiiasg GeCKOHEYHOe MHOTOOOpasne W3
3JIEKTPOHOB, TIPOTOHOB 1 HEHTPOHOB».

[lo6aBuM K 3TOMY, 4UTO eCcmecmeeHHblil
nymv yAUBUTEIbHO oaHO0OpaseH. Her co-
MHEHUH, U4TO «IpaBuaa cCOOPKU», KOTOPbIMU
[0JIb3YETCsT PUPOIa Ha 3eMJie U B y/laJeH-
HBIX, HO JIOCTYITHBIX /711 HAGTIOJICHUS 4aCTSIX



Bcenennoii, onnu u e xe. «locrynnag aug
Habuiosienysi yactb BceseHHOit» — 3By4HT
oveHb OyaanYHO. Ho oHa 3anuMaer cepy, y
KoTopoil paaumyc nopszaxka 1077 cBeToBbIX
JIET, T.e. CBET OT T'PAHUIIbI JOCTYITHON s
HaOo/IeHus o6acTi BeesieHHol 1BUKETCS
K HabJII01aTe o 10 ger. U JIOCTYTTHAS JIJIsT
HabJrioieHnst 4yactb BceseHHON HAmOJTHEHA
MHOTUMU MUJJIMAP/AaMU TAJIaKTUK — MHOTO-
MUJITHAPIHBIMUA CKOTIIEHUSMU 3BE3/I.

Xotesoch Gbl 3Ty HENPEACTABUMO OI'POM-
nyio cepy Hasparb terra cognita — nmosnan-
HOIl 3eMJieii, B oTyimume OT terra incognita —
Heno3HaHHoH 3eMuu. KoHeyHo, B 9TOM ecTb
3aBe/IoMOe IIpeyBeJInueHIe: MUP I0JIH TaliH.
Ho Heo6xoamMo TOAYEPKHYTH CJIEAYIONINE
Ba 00CTOATEIBCTBA.

1) CBoeo6pasHyio pacuJeHEHHOCTh MUpA.
Mup ycTpoeH Tak, 4TO MOKHO HCCIeIOBATH
mocTurath ero mo vactsm. He Gyzap atoro,
MEp ObLT ObI COBEPIIEHHO HEITO3HABAEM.

2) OcHOBbBIBasICh Ha OGBHEKTUBHO CyIIe-
CTBYIOIIEH PacYJIeHEHHOCTH MIPA, €CTECTBEH-
HbIe HAyKU BHIPAGOTAJIN y YUEHBIX CBOEOO-
pasHoe npodeccuonansbuoe yytbe. Crerua-
JIUCT 3HAET, YTO IIPUHA/JIESKHUT €r0 «BEIOM-
CTBY», a YTO HeT.

Wcropua naykm 3HaeT 3HaMeHaTeJbHbIE
«arpeccnny . CHavasa XUMHUKH, a TTOTOM (i1-
3UKH 3aHSJNCH OnoJiorneii. VIx BMemaTe b-
CTBO IPUHECJIO TPAHANO3HBIEC TIJIOAbBI. TIOMOT-
JIO JTAJIEKO MTPOJIBUHYTH MTOHUMaHHUE MPo0ieM
JIEATEJIbHOCTU U PA3BUTHA JKUBBIX OPraHmn3-
MOB — BILIOTH /IO ATOMHO-MOJICKYJISIPHOTO
ypoBHs. MeHee U3BECTHO, YTO TOJBKO BMe-
1IATEJbCTBO B KOCMOJIOTHIO CIIEIATICTOB I10
mukpodusuke (1o Gusnke dIeMEHTAPHBIX
YACTHUIL) TI03BOJIIIIO TIOCTABUTD BOTIPOC O Pas3-
BUTHH BcesieHHOI 1 MOJIyYnTh 06HAIEKITBA-
IOIIKE OTBETDI, JAI0lIHe HaJIesK/ly BbIICHUTD,
Kak pas3BuBajach BceseHHas OoT MOMEHTa
Bosbiioro B3pbiBa 10 HAMUX JTHEH.

[TompITKM OTIPEIEUTD HAanGOTee BIICUATJIS-
0I[He JOCTYIKEHUsT HAayKd OOBIYHO HOCST
KOHKPETHBIN XapaKTep — pajuo, 3JeKTpuie-
CTBO, aTOMHas aHepTus... Bee 310, neficTBu-
TEJbHO, [I0CTOHHO BocxuieHus. Ho mens
6oJiee BCETO BOCXHUINAET B HAYKE ee Memodo-
snozus. Kaxmas us nHayk paspaborasia xecr-
KIe IpaBua o6paiienust ¢ 00beKTOM UccJie-
nosanus. IlpaBuia aTM o4eHb pasHOO6pa3-

HbI, HO Yy HUX ecTb o6iue 4eptbl. OJHO 13
OCHOBHBIX Tpe6OBaHMil — OGBEKTUBHOCTD.
Korga peupb mzper o6 aKcrmepuMeHTe WX O
BbIBOZIe (POPMYJIBI, HayKa HEYKOCHUTEJIHHO
TpebyeT MOBTOPSIEMOCTH, BO3MOKHOCTH He-
3aBUCUMON TTpoBepku. VIMenHo HayuHasg Me-
TOJIOJIOTHS BBI3bIBaeT ocoboe yBaskenue. [laske
JUKEHAYKa, BblJlaBas ce0s 3a HAyKYy, TOJIb3Y-
€TCsT HAyYHOU TePMUHOJIOTHEN, TIBITAsICh TTO/I-
YepKHYTb CBOIO OOBEKTHBHOCTb U HAIENK-
HOCTD HCIIOJIb3YEMbIX €10 METO/IOB.

Bepuemcst MbICJIEHHO B HEO603PIMO OTPOM-
HYI0 006J1aCTb, KOTOPYIO s HA3BAJ <«IIO3HAH-
Hoii 3emuieily». IlpenrosoxuM, Mbl CO3/1aJau
MOJIeJIb — HeuTO Bpo/ie rro6yca ¢ HaHeCEeHHBI-
MH Ha HeM <«3HauKaMW», M306parKaioN[iMn
O0BEKTBI OKpY:Kalomero Hac mupa. llyctb
IIBET OOBEKTA 3aBUCUT OT CTETIEHW TTOHMMa-
HUST TIPUPOJBI ATOTO 06bekTa. Torma «TJo-
6yc» MeHsT Obl CBOIO OKPACKy BCE BPEMSI:
HETPEPBIBHO MOSBJAAINCH Obl HOBBIE «3HAY-
KiI», a yyKe WMEIOIecss MeHsaun Obl CBOI
Ber. Hayurbie 3Hanust 06 OKpysKaiomeM Hac
MIpE MOCTOSIHHO COBEPIIEHCTBYIOTCST, YTIy6-
JIAIOTCS. 3ara/lovyHoe siBjleHNe HEeoXUJIaHHO
[OJIy4YaeT OAPOGHOe OTIHCAHIEe, OTKPBIBAIOT-
€S ero HOBble, HEU3BECTHble paHee YepThbl,
OHO BXOJIUT B HAYYHBII 06MXO/], YACTO TSHET
3a co60if HOBBIE OTKPBITHS.

Hayxka — ogna n3 Hambosee JUHAMUIHBIX
o0JacTelt yesoBeueckoil aestebrocTr. [1pn
9TOM I/ HAYKHU XapaKTepeH CTPOTHil 0T6OP:
oHa He «HAOpPACBhIBAETCsI» HA JIOOYIO TallHy.
Hayxka, xak mpaBusio, ctaBuT repes co6oil
3a/1a4M, KOTOPbIE MOXKET penuTh. CyIiecTBy-
eT onpedesennds J102uKd pa3sumus HAyKi:
TO, YTO BUepa ObLJIO BHE HAYKU U3-32 HEMO-
CTYIIHOCTH, CEro/Hd — Ha II0BeCTKe [HS.
HepocrynHocTb OTHIO/Nb He BCET1a CJIe/ICTBUE
HEIO/rOTOBJICHHOCTH MHCTPYMEHTApus Ha-
YYHOTO TIo3HaHusA. Yaie HeJoCTyTHOCTh 03-
HavyaeT HEeMTOATOTOBJIEHHOCTh MUPOBO33PEHMS
YVYIEHBIX K ITOCTAHOBKE COOTBETCTBYTOTIEH 3a-
jpaun. OiHa 13 BaXKHBIX YePT KPYIHBIX yue-
HBIX — OIIylIeHNEe W3MEHEHUS CHUTYalluH,
N3MEHEHWS, KOTOPOE TIO3BOJISET ABUTATHCS OT
HE3HAHUS K 3HAHUIO.

Wrak, nayka quHamMuyHa. B tpicsyax Hayy-
HBIX JKypHaJIaX pasJuyHoro npoguis COTHU
TBICSTY YUEHDBIX 11€4aTaloT CBOU CTAaTbH, CO006-
11as1 0 HOBBIX JIaHHBIX U HOBBIX TEOpETHYEC-
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Kux coobpaxenusx. Ilorok wunbopManun
OrpPOMEH, TI0 CyTH Heo603puM. BosHukaor u
COBEPIIEHCTBYIOTCS HOBbIE (DOPMbI XpaHe-
Hust WHGOPMAIUU U TIOUCKA HeOGXOUMBIX
CBEJICHUIA.

IMocnenumit ab3ar HamucaH He JJIS TOTO,
YTOOBI YTIyOUThCS B WHMOPMATHKY, a /I
TOTO, 4TOObBI TIONPOCUTH PA3JIEJUTh CO MHOI
MO€ BOCXUIIEHUE CJIEAYIONINM.

[TonnManme aTOMHO-MOJIEKYJISIPHOTO CTPO-
eHus MaKpPOCKOINMYeCKHX Tesl' IIpUBeno K
TOMY, 4YTO CaMO CJIOBO <«IIOHMMaHWe» IO
OTHOIIIEHUIO K MAKPOCKOTTMYECKUM SIBJEHUSM
U CBOUCTBAM MaKpOTesJ MPHOOPESO HOBBIN
cmbicsa. IloHATh — O3HAYaeT B KOHEYHOM
UTOTE ypasyMeTb, KakKuM 00Opa3oM aTOMBI,
MOJIEKYJIBI, 3JIEKTPOHBI CBOMM MTOJIOKEHIEM B
tese (T.e. CTPOEHUEM TeJIa, ETO COCTABOM) U
CBOWM [IBUZKEHUEM <OCYIIECTBISIOT> TO WJIN
MHOE CBOMCTBO, dBJeHue. EcrecTBeHHO, CO-
BCEM He KayK/[blil pa3 onucanme MaKpoOCKOIIH-
YeCKNX CBOWCTB W SBJIEHUHN JOBOJUTCS 10
MUKpPOCKoT4Yeckoro yposusa. Ho, Hecomuen-
HO, JI060# hakT, m060e HabI01eHne — BCE,
YTO HE YKJIA/[bIBAETCS B ATOMHO-MOJIEKYJISIP-
HYIO TEOPUIO, YTO €if IPOTUBOPEUUT, OBLIO ObI
OTMEYEHO, TINATEJbHO WCCJAEOBAHO, IOJY-
YIJIO U3BECTHOCTD, OIIEHEHO U IIPUOGPETO Obl
(pyrnamenTasbHOE 3HaUeHNe. Hackobko MHEE
W3BECTHO, HUYETO TOJ00HOTO MMOKa HET.

Wuorga mosBrsieTcss OTLyNieHWEe, YTO OT-
KPBITO, OOHAPY>KEHO HEYTO, YTO HE YKJIA/IbI-
BaeTcss B MPOKPYCTOBO JIOJKE COBPEMEHHOMN
kBaHTOBON (usnku. Ho mpoxoant HeMHOTO
BpEMEHHU, 1 JTHOO «HEUTO» HAXOIUT 0ObSICHE-
HUEe B PAaMKaX U3BECTHBIX 3aKOHOB ITPUPO/IbI,
60 OKasbiBaercss onmoOKoi. VIMeHHO 3TO
06CTOSATEIBCTBO JIaJI0 MHE OCHOBaHWe Ha-
3BaTh HENPEJCTABUMO OIPOMHYIO 06JIacTh
«ITO3HAHHON 3eMJIei» .

[Tocne mocTpoeHnst KBAHTOBOWH MeXaHUKHU
ATOMHO-MOJIEKYIsipHast (hU3nKa cTaja 3aBep-
mennoii Haykoit. CBoiicTBa TpexX THUIIOB Yac-
i (9JEKTPOHOB, IIPOTOHOB, HEHUTPOHOB),

1 TCpMI/IH <«MaKpPOCKOIINYECKOE TEJI0» B JaHHOM
KOHTEKCTE€ O3HAQYaA€T, YTO TEJIO COCTOUT U3 OTPOM-
HOTO 4YHuCJa aTOMOB, MOJIEKYJI. MaKpocxounqec—
Koe CBOﬁCTBO, MaKPOCKOIIMYECKOE ABJIEHUE — CBOIi-
CTBO, fABJICHUE, B OCYHICCTBJICHUN KOTOPbDIX IIpU-
HUMaeT y4dacTue OrpoOMHO€ KOJMYECTBO aTOMHbBIX
u CyéaTOMHbIX YaCTHIL.
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13 KOTOPBIX BCe TIOCTPOEHO, T0-BUAUMOMY, B
MoJIHOI Mepe oripeneseHbl. Bce 6oubliee
YHUCJIO YUYEHBIX CKJOHAIOTCS K MbICJHU, YTO
o6bscHenne (ommcanme) gaske Hanbosee 3a-
ragoynoro spjenns ((peHoMena KU3HM) He
norpe6yeT OTKpbITHSA y yacTuil (He TOJBKO y
9JIEKTPOHOB, MPOTOHOB, HEHTPOHOB, HO U Y
ATOMOB U MOJIEKYJ) KakuX-au6o crerudu-
YECKUX CBOIWCTB, KOTOPBIE TPOSBISAIOT ceOst
TOJIBKO TOT/IA, KOT/IA YaCTHIIbl MTPUHUMAIOT
ydactue B padote kuBoro opranmusma. Iloc-
JIe/IHUN Te3uc, KoHeyHo, HejpokasyeM. Ho
UCTOpUST HAYKM 3a rocJennue 6oyee yem 70
JIeT TIpU ee TOUCTHHE YMOIIOMPAYUTEJbHOM
B3JIeTe HE 3HAET HU OJTHOTO (PaKTa, KOTOPBIi
6Bl 9TOMY YTBEPKIECHUIO ITPOTHBOPEUHI.

OsHavaer Jim 970, 4TO Ha OYAYIIYIO (PUBUKY
BBITIAJIA POJIb JIUIIb YTOYHSTD OTIMCAHUE TTPO-
UCXOJSANNX SBJICHUIA W COBEPIIEHCTBOBATD
HaIlN [IPeJICTaBJIeHNs O CBOMCTBax Tes? Ko-
HeuHO, HeT! Xouy JHiib 00paTUTh BHUMaHUE,
rie HaXOZSATCS Ha HameM BOOOpaskaeMoM
«TJI00yce» MCTOYHUKN HOBBIX (DAKTOB, KOTO-
pble MOTYT 3aCTaBUTb U3MEHUTD HAIU [1Pe/I-
CTaBJICHUS O TOM, U3 YErO ITOCTPOEH MUP.

B nauasne XX Beka cTaJio sICHO, YTO MOIBIT-
Ka TIOHATH YCTPOICTBO MUpa TpeGyeT u3yde-
HUSI [BIDKEHUST MUKDPOCKOITMYECKUX OODbEK-
TOB B 06JIACTSIX TIPOCTPAHCTBA, B CTO MUJIJTH-
OHOB Pa3 MEHBINNX OJHOTO canTuMeTpa (Ta-
KOB pasMep aroma). BpIsicHeHme TOro, 4ro
KK/l aTOM COJIEPIKUT KOMIAKTHOE S/IpO,
cocTosIiee U3 TPOTOHOB U HEHTPOHOB, 3acTa-
BHJIO COCPEZIOTOYMTH BHUMAHWE HA TPOCTPAH-
CTBEHHBIX MaciTabaX, B COTHU TbICAY pa3
MEHDBIINX, YeM aToM. JTUM 3aH4Jach s/ep-
Hag (u3mKa, KoTopas HM3ydaeT CTPYKTYpPY
ATOMHDIX $/1ep U CUJIbI, JIEHCTBYIONINE MEXKLY
MPOTOHAMHU U HeHTpoHaMu. XOTs 06BEKTHI
a1epHOil (PU3NKKM CTONb MUHWATIOPHBI
(107 =107 cm), ee ycmexu npumecmn B
MUp SEPHYI0 SHEPreTHKY W HEBUAHHBIE
METO/IbI YOUICTBA — aTOMHYTO W TEPMOSIep-
ayto (Bogopoanyio) 6om6ur. OGoiixy Momua-
HUEM 3Mmu TOCTIKEHUS sepHoii ¢pusukn. K
MOEMY BOCXHUIIEHIIO OHU MaJIO 4TO H06ABJISI-
1oT. Ho B TepMosiziepHoil pusnke ecTb HEUTO,
YTO MEHS BOCXUINAET, — IIOHMMaHHE MeXa-
Hu3Ma cBedenus CoJiHIa U JAPYTUX 3BE3/L.

[TponukHOBEeHUE B MUD S/IEPHBIX YaCTHUIL
[IPUBEJIO K OTKPBITUIO COBEPIIEHHO HEOKM-



JIAHHBIX CBOMCTB MHUKPOCKOIIMYECKUX Yac-
tuil. I[Ipousoriesn mepecMoTp HaIIUX MPE-
CTaBJICHUWI O CTPYKTYPHBIX €JMHUIIAX Belle-
cTBa — 00 3JIEMEHTApHBIX YacTuiax. Bo-
ME€PBbIX, JIEMEHTAPHBIX YaCTUI[ JJsI POJIH
IIEPBUYHBIX CYIIHOCTEH 0Ka3a10Ch CJAULIKOM
muoro (ceituac ux uncantcs 6osee 300). Bo-

BTOPBIX, AJIEMEHTAPHDIE YACTHIIBI IIPEBPAIia-
I0TCS JIPYT B ipyTa. VIMEHHO TI05TOMY HeJTb3s1
U3 HUX BBIJAETUTD Te TpU (9JIEKTPOH, TPOTOH,
HETPOH), U3 KOTOPHIX MOCTPOEH MAKPOMUP.
OnvH U3 Tpex «Kupnuyeii» — HEHTPOH, OKa-
3BIBAETCS, JKUBET BEYHO JIUIIb BHYTPU 6OJIb-
IIMHCTBA Si/Iep, a B CBOGOIHOM ITPOCTPAHCTBE
pacnajiaercs Ha 3JIEKTPOH, IPOTOH M aHTH-
Heiitpuno® . B-Tperbux, Bce mpeBpamieHus
9JIEMEHTAPHBIX YACTHI[ MOAYMHSIOTCS CTPO-
MM 3aKOHAaM COXPaHEeHUs, KOTOpPbIE eCTb
CJI/ICTBUSI CHMMETPHUH MTPOCTpaHCTBA. Boisic-
HUJIOCh, YTO CUMMETPUS TTPOCTPAHCTBA 3HA-
YUTEJLHO MEHEe HATJIS/IHA, YeM TIPEICTABIIS-
JIOCD.

PasButue Gusnukm s1eMeHTapHBIX YaCTHUIL
3aCTABUJIO TIONBITATHCS «3aTJISHYTb» BHYTPb
[poroHa W HelTpoHa. 3arsaguyuau. M o1-
KpbLICs HOBbI MUp. Mup xeapkoe. Ilepsoe
BIleYATJIEHUE: CKOJIbKO MOKHO? Heyskesn
YacTUIbl HAIIOMUHAIOT MaTpelku? M Tak /10
6eckonednoctu? Vayrt rogpl. Mup KBapKOB
MTO3HAETCS BCe ¢ GOTBITUME MOIPOOHOCTSIMH.
Ho Bce sichee cTaHOBUTCS, YTO JOMNLIA IO
Yero-To UCTUHHO HOBoro. Het comHeHmii, 4To
MIPOTOHBI U HEUTPOHBI COCTOST M3 KBAPKOB.
Ho Bue vacTuig ux HeT. OHU TOTBKO 6HYMPU.
MoskeT 6bITb, 9TO CBHUIETEIBCTBO TOTO, YTO
¢usuka no6pasach /10 MO-HACTOSIIIEMY TIEP-
BUYHBIX cyliHocTeii. OHaKko, He OYeHb Be-
putcs. UTo-To CJAUIIKOM MHOTO PA3HbIX KBap-
KoB. Brepeau MHOrO MHTEPECHOTO. ..

[Tosryuaercs, 4To cUrHabl, KOTOPbIE MOT'YT
3aCTaBUTHh TEPECMOTPETh HAITH OCHOBHBIE
npeicTaBaeHusT 0 (QYHIAMEHTATbHBIX 3aK0-

2 He o6pamaiite BHIMAHHC HA TPHCTABKY
<«aQHTHU» . OHa HallmcaHa A TOYHOCTH. MHorue
YACTHIBI CYIIECTBYIOT MapamMu. Kaskercst, TOJbKO
AHTHAJIEKTPOHY TIPHCBOEHO CIENNAIbHOE HanmMe-
HOBaHUE — TIO3UTPOH. I’IE).CTI/II_[H. " aHTHU4YaCTHuIla
MOTYT aHHUTUJINPOBATh — NCYE3HYTb, HAlIpUMED,
[IPEBPATUBIIICH B (POTOHBI, KaK 3JEKTPOH U IO-
3UTPOH.

HaX MPUPOJIbI, CIEAYET OKUAATD U3 CYOMUK-
pockornuveckux obacreil mpocrpancrsa. Ho
He TOJIbKO. HayuuBninch nosyyarb 1 aHasIM-
3UPOBAThb CUTHAJbI U3 JAJEKUX OT HAaC MecT
Bo Bcesennoit, pusunm o6GHapYKWIH, UYTO
ecTb HeuTo HeloHaTHoe. OnuchiBas JANMHaMM-
Ky Bcenennoii, mcmosb3ys, KazaJgochb ObI,
IIPEKPACHO 3aPEKOMEH/I0BABIINE ceOsT 3aK0-
HBI IIPUPO/IBI, YITUPAIOTCS B HEJIOYMEHUE: JIJIS
onucanust 1Heo6XoauMo GOJIbllle MaTePUUu U
sHepruu, 4eM Bo Bcesemnnoit ygaercs o6na-
pykuth. B uem geso, mokaxker Gymayiiee.
HarmoMHIO TOJIBKO, 4YTO CUTHAJbBI «HEe6J1aro-
[OJIy4usd» [PUXOJAT K HaM C PACCTOSHUN
nopsaka 10'0 cBeToBBIX JIET, CJIEMOBATENb
HO, 13 TIPOILIOTO, yaeHHoro ot Hac Ha 10!
JIeT.

dopMyTa MOETO BOCXUINEHWS TIpocTa. S
BOCXWII[EH TTO3HABAEMOCTHIO MUPA 1 €ro pe-
AJIbHOI MTO3HAHHOCTBIO. BHE 3aBHCHMOCTH OT
TOTO, YTO TIPEJCTOHT eIle II03HATh, MeHS
BOCXHMIIAET TO, YTO y>Ke AOCTUTHYTO. OO6-
JIACTh IMO3HAHHOTO — terra cognita — nenpe-
cTaBuMO orpomMta. Ho, kak roBopuJioch, 1 Ha
Hell HelpepbIBHO PO’K/IaeTcsl HOBOE 3HAHUE.
Her nukakux oCHOBaHUII CUUTATD 3TO 3HAHUE
BTOPOCOPTHBIM B CPaBHEHUU C T€M, KOTOPOE
HEIOCPEJCTBEHHO Ppas3/BUraeT IO3HAHHYIO
00671aCTh.

B mombITKax 06DBIACHUTDL HaOTI0TaEMblE
qDaKTI)I 1 Tpe/icKa3aTb HOBBIE ABJICHUA WJIN
CBOMCTBA POKAAIOTCS HOBBIE njen. XOTS 3TN
Ujiel He TPOTHBOpeYaT OCHOBAM COBPEMEH-
HOIi KBAaHTOBOH (PU3WKHU, OHU CTOJIb HETPUBH-
QJIBHBI, YTO BIIOJHE COTIOCTABUMBI € OTKPbBITH-
SIMU Ha IPaHUIle TT03HAHHOIT 06/1acTu. HoBbre
UJien UHOT/IA CTOJIb BCEOOIIIH, YTO He OrpaH-
YeHbI 06J1aCTbIO, B KOTOPOIl Bo3HUKM. Heko-
TOpbIe IIePEHOCATCS Ha I'PAHUILY T03HaHHOTO
MpOCTPaHCTBA — B (PU3UKY 2JIeMEHTAPHBIX
Jacti, B puanky BceseHnoit.

Omnymienne enHCTBAa (DUBUKHN U ee Bceol-
IMHOCTH — OJHA W3 COCTABJAIOMNX MOETO
BOCXUIIEHNUS.

* ok ok

MpbI KuUBeM B OKPYJKEHUUN TPEAMETOB U
YCTPOMCTB, CO3JAAHHBIX 6J1arojiapst MCIOJb-
30BaHUIO PE3yJIbTATOB JOCTHKeHN Hayku. C
Y/IOBOJIBCTBUEM HEPEIIe] OT 1epa 1 OyMaru K
KOMIIBIOTEPY, TPYAHO NPEJACTABUTH cebe
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>K13Hb 6e3 Tesiedpona u resieBuzopa. Camosier
U PaJMOBOJIHBI U3MEHUJIM OLIYIIAeMble Pa3-
Mepbl 3eMHOTO Tapa. BocxuineHn TeJsieBU30-
POM U KoMTIbIoTepOM. {1 He 3HAIO TOYHO, KaK
OHM yCTpoeHBI. Il70X0 3HAT0O KOHKpETHOe
YCTPONCTBO 3HAUNTEJBHO O60Jiee TPOCTBIX
MEXaHM3MOB — TEIJI0BO3a MJIN aBTOMOOWJIS.
A npencrasiisio cebe o61Me IPUHITUATIBI, Jie-
JKallie B OCHOBE MHXKEHEPHBIX PaspaloToK,
U WCKpeHHe G6JIATOTOBEIO TIEPe]] TeMU, KTO
MOXKeT HaliaauTbh Gecrepe6oiHyio paboTy
pr6OPOB, KOTOPBIME YCIEITHO M0Jb3YIOCh.

Ho, oTkpoBeHHO TOBOPs, HE MeHee OCTpoe
BOCXUIIEHWE y MeHsI BbI3bIBAeT [Pyroe —
MTOHUMAaHNUE TOTO, KaK BCE YCTPOEHO B MIPHPO-
ne. llonnManme He 06s13aTeTbHO MHOIO. Mon
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3HAHUST KOHKPETHBIX TOAPOOGHOCTEI BechbMa
orpannyenbl. Ho s 3Hai0, 4To ecTb Te€, KTO
3HatoT. HeT Takoro yesioBeka, KOTOPbIH 3HAET
0 Mupe Bce. 3HAHWE pPACIpe/eseHO 0 MHO-
ruM. XpaHUTETb 3HAHWS — YeJTOBEYECTBO.
Tpynamu oTZebHBIX JIIO/IEN CO3aHbl MOHO-
rpacdun ¥ sHIMKJIONEeANN. B HUX cob6paHO
3HaHue 0 Mupe. HIKaKoro mpocToro 3HaHms He
cymiectByet. HUKTO He BaiajieeT mpocToit hop-
MyJI0H, cojiepskaiiieil pasrajiky MUpPO3/1aHus.

CyMMa 3HaHWII, HAKOIJICHHBIX 4eJioBeye-
CTBOM, BHYNIAeT yBa)KeHWe W HAJEXKIYy Ha
O6ynymiee. OueHb XOUETCS BEPUTH, YTO Y€JI0-
BEUYECTBO B KOHIIE KOHIIOB OKasKeTCsI JJOCTOM-
HBIM TOW y/JIMBUTEJIbHON KapTUHBI MUPA, KO-
TOPYIO CO3/AJI0.

DO3PAYHOE N HEeMPO3padHoe

JLALWKUHA3N

Y TyT romeLyeHmne 03apmrsiock ee BUIOM.
M3 nHTepHeTa

AK BbI, HABEPHOE, IOTA/IBIBAETECD,

CBET HY)KEH /I TOTO, YTOOBI BUJETD.
JlesieHuie BemecTs 1 BOoOIIe BCEro, YTo HAC
OKPY’KaeT, Ha MPO3PayHOe U HEMPO3pPavHOE
BO3HUKJIO UCTOPHYECKH. UeToBeKy GbLIO BaK-
HO yBU/IETb OOBEKT, T.€e. HEYTO HEMpO3pad-
HO€, CBETOPACCENBAIOIIEE, OTPAKAIOIIEE UITH
u3Jyyamonee, IMpuIeM YBHUJETh 4epe3 Mpo-
3paunyio cpeay — armocdepy (Bcerma) u
nHOTAA TIToc Yepes BakyyM (ato6bl m060-
Batbca Jlynoit) mam Boxy (mpu oxore c
Gepera octporoii). [TotoM, 1o Mepe pasBuTHsI
ontuku (JIyIbl, OUKH, TEJECKOIbI) 1 UH/LYC-
TP KpacoTbl (3epkasa), aTo JeJeHne yipo-
unsioch. [109TOMy B yueOHHUKE BCe BEIecTBa
JIeIAT Ha Mpo3pavHbie u mpoune. Onrmdec-
K€ CBOHCTBA PO3PAYHBIX CPEJl XaPaKTePH-

DOI: https://doi.org/10.4213/kvant20190801

3yI0T KOa(DDUIMEHTOM PEJOMIECHUS 1 YII0-
MHHAIOT PO €ro 3aBUCUMOCTb OT [IJIHHDI
BOJIHBI, T.e. TIpO ducnepcuio ceemd. A o
[IPOYUX, T.e. HENPO3PAUYHBIX, BEIIECTBAX B
yueOHUKEe HUYEro He TOBOPUTCS, JIUIIb YIIO-
MITHAIOTCS 3epKajia — KaK 3JIeMEHT OITHYEeC-
KX CHCTeM. XOTs 3epKaJbHBIX MOBEPXHOC-
Tell B NPUPOJE MOYTH W HET, HO BOT J[Ba
IpUMepa M CBS3aHHBIN ¢ HUMH BOTIPOC.
Bomnpoc 1. Uto m306pakeHo Ha pUCYHKAX
1 1 2 u moueMy n306paKeHUS Takue?
PenxocTdb B Ipnposie 3epKaJbHBIX TOBEPX-
HOCTEl — Hallle C4acTbe: Mbl BUUM 00bBEKTDI
B pe3yJ/IbTaTe PACCENBAHI UMU CBETA, PEXKe
B pesyabrare usaydenus (Cosnile, MOTHUS,
cBeTJIsuKK). EAMHCTBEHHOE, KOT/a HAIIMM
npeaKkaMm ObLIO HYXKHO OTPa’KEHHE, 3TO UYTO-
6bl YBU/JETb IJa3a JKUBOTHBIX B TEMHOTE.
Mup, B KOTOpPOM y TTOBEpXHOCTEH 3€pKaJIb-
HOe OTpaskeHne MpeobJIaiaecT Ha/l paccenBa-
arem (mompolyiite cebGe 9TO MPEACTABUTD),
66T GBI BecbMa CJIOXKEH [JIsT OpMEHTAI[HH.
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Moary npuriioch 6bI Bce BpeMst pa3éuparb-
CSI: TO, YTO MbI BUJMM, OHO TaM, TJe Mbl
BU/IMM, WM T/e-T0 B Apyrom mecre (Harpu-
Mep, 0 yIKac, M03a/({ HaC), UK Ha TOJITY TH?
B Takoii «<komHaTe cMexay HaM ObLIO ObI HE
o cMmexa. Mum Mo3r moctpousi GbI BHYTPH
ceGst MOTITHBIN TIPOTPAMMHBIHN MaKeT IS pa-
6OTBI € TAKUMH N300PASKEHUSIMU ?

Bonpoc 2. Kak M0oxxHO ObL710 Obl JI€iiCTBO-
BaTb B TAKOM MIUpe?

Ho kax ke 61710 6bI CTPAIITHO MHOILJIAHETSI-
HUHY , TIOTIABIIIEMY 13 CBOETO IPENMYIIECTBEH-
HO 3€PKaJIbHOTO MHpa B HAlll OGbIYHbIN 6e/I-
HBIH IIPEUMYIIECTBEHHO PACCENBAIOIINN MUP!
B mupe 6e3 orpakeHust u 6e3 pacCeMBAHUS
BITOJTHE MO3KHO OBLJIO OBI JKUTH TIPU YCJIOBUU
CBEPXIMUPOKOIIOJOCHOTO 3PEHUST — OT Halle-
TO BUJMMOTO JWaTTa3oHa /10, CKasKeM, JIJTIHBI
BoJibl 50 MkM. Torga Obl Mbl BHJENU BCe
00BEKTHI B UX COOCTBEHHOM TEILJIOBOM U3JTY-
vyennn (BCOMHUM 3akon Buna).

[IpencraBienne 06 OKpy’KaloIlleM MUpe
YesI0OBeK Ha MPOTSKEHUU BCell MCTOPHH CO-

Puc. 2

3/1aBaJl B OCHOBHOM C TIOMOIIbIO 3PEHUST B
JINarna3oHe JIInH BOJTH ipuMepHo oT 0,38 MKM
n0 0,76 MKM. MorJio jin OHO OBITH YCTPOEHO
KaK-HUOYIb MHAYe, pab0TaTh Ha IPYTUX IIPUH-
nunax? Hampumep, 3Men u JjieTyune MbIIN
UMEIOT IPYTHE «3peHNUsT» — nH(paKkpacHoe n
VJIbTPA3BYKOBOE COOTBETCTBEHHO.

Bomnpoc 3. Moskert st 4esI0BEK BOCIOJIB30-
BaThbCA UX METOaMu? A MOXKeT ObITb, CyIIe-
CTBYIOT €llle KAaKUe-TO «3PEHusi», KOTOPbIE He
OCBOUJI HUKTO?

3Men MONUH 110 TYTH KAMEepbl-00CKYpoL
UMEHHO TI0TOMY, 4YTO JJjisI UH(MPAKPACHOTO
(MK) amanasona ¢ AJMHON BOJHBI, Ipy6o
rOBOpPSI, OT MUKPOHA [0 MUJITHUMETpa, HET
OTITHYECKIX MaTepUasoB, U3 KOTOPBIX MOJK-
HO GBLIO OBI CAeIaTh TUH3bI (CM. B HHTEpHETE
ungpaxpacnoe 3spenue 3mei). Penrtren He
norJontaercss armocdepoii, HO TeHeparus
PEHTTEHOBCKOTO W3JIyYeHUS HE J[OCTyITHA
6UOIOTHYECKOMY OOBEKTY U [IJIST PEHTTEHOB-
CKOTO [IMAara3oHa HeT JOCTYITHBIX OITHYEeC-
KX MaTepuasoB. UTo KacaeTcs aKycTHuec-
KOIl JIOKAI[H, TO, €CJU YKOPOTUTH BOJIHY
(T.€. IOAHATD YACTOTY) TOPSI/IKA HA YeTbIpe,
paspeniamnas cnoco6HOCTb TaKOrO THIIEpP-
3BYKOBOTO 3peHUsT MOTJIa ObI CTATh JIWITh Ha
MOPSIJIOK XYy’Ke, YeM 3JIeKTPOMArHUTHOTO, HO
TUTIEP3BYK C TAKUMH 9aCTOTAMU TOTJIOIIAET-
csI B BO3/yXeE.

3penne BooOIIEe, T.€. BOBMOKHOCTD MOJTY-
yarb uHOpPMAIUIO 06 OKPYIKAINX 00bEK-
Tax, OINpeJeigeTcss ABYyMS TJIABHBIME Tapa-
MeTpaMu — [aJbHOCTBIO JeUCTBUS U Paspe-
maioreil  cnocob6uoctbio. [l Toro 4To6bI
BUJIETH [IAJIEKO, HY)KHA BbBICOKAs YyBCTBU-
TEJIbHOCTD TJIa3a — 4eM OODBEKT JJAJIbIlle, TeM
cnabee curnan. YyBCTBUTEJNbHOCTb TJIa3a
UMeeT Tpeie]T — CaMi KJIETKU pearnpyioT Ha
OJIMHOYHBIN KBAaHT, MO3T JKe [T GOpbObI €
nryMmamMu  06pabaTbiBaeT CHUTHAIBI TakK, YTO
(pukcupyer BCOBIMKY, ecan B TeueHne 0,1 ¢
Ha pasHble KJETKHU TJa3a monajaer 5—7 ¢oro-
HOB. YBBI, 3()(EKTUBHOCTD ONTHYECKOI CHC-
TEMBI TJ1a3a 0KOJI0 15% — TJ1a3 mporycKaer e
Bce (DOTOHDBI ¥ YYBCTBUTEJIbHbBIE KJETKH I0-
IJIONIAIOT He BCe KBAHTBI, KOTOPble B HUX
nonasau. MupiMu ciioBaMu, 4To6bI MO3T YTO-
TO «YBH/IEJI», [I0 I'J1a3a B TEUEHIE YKA3AHHOTO
BpEMEHH JIOJKHO JIOJIETaTh HECKOJIBKO Jie-
caTkoB (oroHOB. KcraTw, MHOTHE HOUHBIE
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SKUBOTHDBIE HMMEIOT €33/l YyBCTBUTEJIbHBIX
KJIETOK oTpakalommuii cioii. Tak moctynuim,
HarpuMep, Halu Apy3bst — Kommku (puc.3).

Puc. 3

Bomnpoc 4. A zauem?

Jltoau monwm 1o pyroMy myTH, CO3AJH
Ycuaumenu apkocmu u npubopvl HOUH020
sudenusi. Ho Bce paBHO eCTb BHEIIIHNE OTPa-
nnuenus. B uncrom Bo3myxe yenoBeK BUAUT
rOpPU30HT, 10 KoToporo (ecim cTosTh Ha
HOBEPXHOCTH H/I€AJIbHOTO Iapa) IPUMEPHO
nath kusmomerpos (a na JIyue?). Bosee Toro,
YeJIOBEK BUAWUT TOPHU30HT, MOJHSBIINCH Ha
caMyto BBICOKYIO TOPY, & B 3TOM CJydYae 0
HeTo 6oJiee TPEXCOT KUJIOMEeTpoB. B naeasn-
HO YHCTOM BO3/[yXe 3a CYET PACCCHBAHUS
cBeta Ha (IYKTyalusiX MJIOTHOCTH [aJib-
HOCTb 3PEHUS OTPAaHUYEHA MTPUMEPHO TaKON
JKe BeJIMUMHOM, HO 39TO CJIy4YailHOe COBIIa/le-
uue. VlHbIMu cI0BaMu, paccenBanue cBeTa B
atmMocdepe, TO camoe, M3-3a KOTOPOTO HEOO
rosry60e, IIpU PACCTOSTHUU B TPUCTA KUJIOMET-
poB cozmaer Takoil ¢oH, YTO OOBEKTHI HE
6yayT BUIHBI B 9TOM MapeBe. A 6buia 6bl
tosuHa atMocdepnr B 30 pas 6oJiblne, YeM
ceifyac, 1 He 6BLIO OB Y HAC ACTPOHOMUH, U
KapTWHA MUpa elie M0Jro Oblia Obl WHOI.
NnMenHO aTHM — paccenBanueM Ha DIyKTya-
USAX TJIOTHOCTH — ONPENesSIOTCS MUHU-
MaJIbHbIE TTOTEPH B ONITOBOJIOKHE, B CBETOBO-
JlaX, TaK Ha3bIBAEMBbIE pe/ieescKue nomepu.
BooOiiie, motepu B CBETOBOAX — aKTyaIbHasT
U aKTUBHO ucciaeayemast obiacte. [lo omHoit
[IPOCTEHDKOI IIPUYUHE: TI0 ONTOBOJOKOHHBIM
JINHUSIM TIepeKavnBaeTcs 60JIbIasi 4acThb BCeit
— BooOie Bceit! — uHpopMaIuu, KOTOpyio
MePECHIJIAET YeJTOBEYeCTBO.
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B kocMuYecKoM ITPOCTPaHCTBE 3PEHIIO Pas-
JI0Jibe — caMble JaJieKie 3Be3[Ibl, KOTOpbIe
YeJsI0BEeK BUANT 6e3 TPUMEHEHUST ONTHIECKUX
MHCTPYMEHTOB, HAXOJSATCSI HA PACCTOSHUI
OKOJIO IECSITH THICSTY CBETOBBIX JieT. Ho Mesk-
ny 3emieit u KocMocoM B cMbIcse IpUMeHe-
HUS 3PEHNUsT €CTh MIPUHIINITNAIbHAS PA3HUIIA.
To, uto MbI BuuM Ha 3eMJe, a0 BO3MOK-
HOCTb TIOCTPOUTH XOTh U OTPAHMYEHHYIO, HO
[MPaBUJIbHYIO KapTUHY Mupa. Tam, rje yemno-
BEK BU/IEJI TOPY, JIeliCTBUTEIHHO OBLIO TPY/I-
HO BJIe3aTh, a TJie BU/EJ] pPeKy, TaM ObLIN
Bo/a, pbiba W TOJIO[HBIE KpOKOoAuabl. Ho
4TOOBI pa306PATHCsT XOTsI ObI B CAMBIX OOIITIX
Yeprax B TOM, 4TO MbI BUAUM B Kocmoce,
moTpe60BaTOCh CO3/IaTh TEJECKOTIBI 1 IPyTHe
OTNITHYECKIE MHCTPYMEHTHI. [J1aBHOE — moTpe-
6oBasiach (husnKa.

A uTto 6B1710 6bI, ecan ObI JATbHOCTD Jeii-
cTBUs 3peHus ObLIa CyNECTBEHHO MEHbIIe?
Harmpumep, He KIIOMETPBI, & METPBI — BCJIE/I-
CTBUE, CKAXKeM, MeHbIIell TPO3PAYHOCTH aT-
Mocdeppr? M3mennnach 6bl TAKTUKA OCBOE-
HUS 3MHOIT TOBEPXHOCTH — HUKAKKX I11aBa-
HUIl 110 MOpsiM, TeM 60Jiee HUKAKHUX MOJie-
ToB. UesioBeK cTas 6bI CTPOUTH CBOM COOPY-
xkernst (M 31aHUSI, W JIOPOTM) TIOCJE0Ba-
TEJIbHO ¥ 110 BO3MOKHOCTH HEIIPEPBIBHO «Ha-
OJI3asT> [UBU/IN3AIINEN HA TIOBEPXHOCTh 3eM-
JIT ¥ JIWIITH TIOTOM HAJCTPAMBasi CBOU COOPY-
skernst BBepX. OGIIECTBO MOTJIO OBl pa3BH-
BaTbCsl, TEXHUKA U HAYKA TOXE, HO TPE-
CTaBjleHHEe O ILJIAHETE B II€JOM ecJu Obl U
BO3HUKJIO, TO MHOTO MMO3Ke. A mpe/craBJie-
mue o Kocmoce e BO3HUKJIO ObI BOOOIIE —
JI0 MOMEHTa, KOTJa IUBHJIN3AIUOHHAS KO-
JKypa gopocia Obl 10 TpaHul] aTMOCdephI.
Uro 1o mpuyMHe OrpAHUYEHHOI IIPOYHOCTH
cTpoiiMareprasoB BooOIe ObLI0 Obl Tpo6Jie-
MaTUYHO. MBI BHIWM, UYTO BO3MOKHOCTD
«TAJTPHOBHU/IEHUS» CYIIECTBEHHO BJIMSIET HA
O0JIMK TTMBUTH3AINH.

Hawm nose3ssio — CoJtHile n3/IyvaeT B Auarna-
30HE TIPO3PAYHOCTH 3eMHOU aTMocdepbl.
CBeTu OHO B TOI 4acTu yabTpachuoIeTOBOTO
win udpakpacHoro AMana3oHa, B KOTOPbIX
armMocdepa He MPO3pavyHa, MbI KUJIH Obl B
tTeMHOTe. VM CcBeTH OHO, KaK CBETHT, HO
armMocdepa cocrosiiia 6bl U3 ra3os, He IIPO-
3PAYHbBIX B YKa3aHHOM /INANIa30HE, — PE3YJIb-
taT Obl1 ObI TOT sKe. M3amyuait CosHile Ha
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CYIIECTBEHHO GOJIBIINX JIJINHAX BOJIH, TPYI-
HO 6bLT0 GBI CO3/IATh UYBCTBUTEJIBHBIN «TJ1a3»
(sHeprust KBaHTa MEHbIIIE ), HO Jaske ecJiu Obl
3TO MPOUBOIILIO, MPOOJEMHO ObLITO GbI TIOJIY-
YUTH GOJIBIIIOE TTPOCTPAHCTBEHHOE pa3perie-
Hue. CoBOM, HaM KPYITHO TOBeE3J0. A Kak
OOCTOSAIT JieJia Y WHOTLJIAHETSIH ?

[lng Havasa OrpaHUYUMCS PACCMOTPEHU-
€M Ta30BOW MJIN KUJKOW cpejbl. B TBepoit
cpe/ie MPOIeCChl UAYT CYIIECTBEHHO MeJIJIeH-
Hee, W JKU3Hb CKOpee BCEro me ycrena Obl
Pa3BUTBHCS U 32 ACTPOHOMHUYECKIE BPEMEHa.
Counnne — J1i060€ COJIHIIE — 9TO IMIMPOKOIIO-
JIOCHBIN MICTOYHUK WM3JIy4YeHWs, a IOTJIOIIe-
HUe U3JIyYeHUsI ra3aMy BCET/Ia 3aXBaTbIBAeT
KaKyI0-TO YacThb crieKTpa. Iloromenne amek-
TPOMATHUTHOTO WU3JIYYEHUS aTOMAMU U MO-
JIEKyJIAaMW OCHOBAHO Ha TIEPEX0/aX 2JE€KTPO-
HOB ¢ OpOWTBI HAa OPOUTY W Ha PeE30HAHCE
IpU KOJIEGAHUSX MOJIEKYJI, MTO3TOMY y pas-
PEKEHHDBIX Ta30B CIEKTpasbHble jguHun (1
HOTJIONIEHNS, U M3JAyYeHHs1) OTHOCHTETHHO
y3skue (B MPOBOJIHUKAX U TTOJYIPOBOAHUKAX
U3JIyYeHUe TIOTJIOIIAETCS ellle N3-32 HATUIHs

Bausxnsas Cpednss
HK-o6racmv HK-o6aacmo

le Sle Sl
~ 7N 71N

cBOGOHBIX 3J1EKTPOHOB). IIpu yBesmueHun
KOHIIEHTPAIIUU JIMHUU PACHTUPSIOTCS, HO 10
KaKOIl CTEeleHn — 3TO 3aBHCUT OT Pojia rasa,
Thuma Kosebauuii u KoHieHrpamuu. Cyiie-
CTBYIOT OKpauientvle 2a3vl, T.€. 3aMETHO TI0-
TJIOTAIONIAE W3JydeHNe B Tpejeaax ONTH-
yeckoro (yu1g Hac ¢ Bamu) auanasona. Ta-
KUX rasoB HeMHoro, sce ouu (g Hac ¢
BaMM) SJIOBUTHI, a Haubojee XOPOUMH u
MIMPOKOTIOJIOCHBINA TOTJIOTUTENb — 3TO GPOM
Br,. Ou norJomiaer Bce ONTUYECKOe [JINH-
Hee 0,35 MKM.

Bonpoc 5. Kakoe «coJHie» jKejgaTebHO
UMETb B 3TOM CJIydae?

Kcratn, Hacyer mOTJIOIEHUS B OOBIUYHOMN
armocdepe. Ecm Hac nHTEpecyeT MUpPOKUit
JINAIa3oH JJIMH BOJIH, TO OH TIPEJICTABJIEH Ha
pucynke 4. Uwmcrto razoBas armocdepa
(cMBICT 5TOH OCTOPOKHON OTOBOPKH CKOPO
y3HaeM), COCTOSIIAsA M3 ra30B, HE IPOTUBO-
pevaiux Ku3uu, mpodpauyna. Urto kacaercs
JKUKUX CPeJl, TO CUTYallust JOBOJBHO CMYT-
nas. [lotomy 4TO OKpallieHible XUAKOCTH,
KOTOpbIE Mbl BCTpeUaeM B ObITY, HAIPUMeEpP
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YepHUJA, KPOBb, HEKOTOPbIE OBOIIHbIE U
(bpyKkTOBBIE COKH, OKpAllleHbI HE CaMHU II0
cebe, a KPACUTEJSIMI — T.€. MAJbIMHU J06aB-
KaMH Kpacgiux BemiecTB Kk Boze. Ocobas
cuTyarus ¢ HeThIo — 3TO CMECh YTJIEBOJIO-
POJIOB, M3 KOTOPBIX OJHW TIPO3PAYHBI, a
JIpyTHe TIOTJIOMA0T U3JIyYeHrne, BOT OT KOH-
IEHTPAIUU BTOPBLIX U 3aBUCHUT 11BeT. [Ipo 1o,
KaKne BelecTBA — KPACHTEeJNM U Kak OT
CTPYKTYPBI MOJIEKYJ 3aBUCUT MOTJIOIIEHNE
CBeTa, XUMUKH MOTYT [IOJITO U HHTEPECHO
pacckaspiBaTh (HayaJgo pacckaza — OIATH
JKe, PO PEe30HAHC), HO TaK WK HHAue He-
[IPO3pavHble JKUAKOCTH, B KOTOPBIX >KM3Hb
BO3MOXKHA, CyIecTByIOT. UeMm, HampuMep,
BaM TJIOX KaK cpefia OOUTaHWUS CMOPO/IITHO-
BBII MJIN TPAHATOBBINA COK? OTPacTUTh Kald-
pbl — U Briepes, oHble Hxmuanopo!

Ho at0 Bce B 01HOPOAHOI cpefie, a OBIBAIOT
HEO/THOPOJTHBIE. A UTO BBI CKaKeTe 00 aTMOC-
(epe ¢ TakuM coueTaHUEM TEMIEPATYPHI U
JIABJIEHUS, YTO JIJISI KAKOTO-TO U3 ee BEIleCTB
— na xot4 6bI 17 Boabl H,O — MBI Kak pa3
IoTaIaeM Ha JIMHUIO Pasjiesia ra3—>KUuJKOCTb
Ha juarpamme cocrosumii? Hampumep, ar-
Mocdepa B OCHOBHOM KHUCJIOPOHAS, [1aBJie-
nue, 0,05 atm u temneparypa 40 °C? [las
Hac HEMHOTO KapKOBATO W KHICJOPO/Ja MEHb-
e, 4eM XOTeJoch Obl, HO BOJla B MOPSX-
OKeaHaX BCE BpPEMS TO-TUXOMY KHITUT U B
Bozayxe BucAT (MOTOMY 4TO BeeT caalbrii
BETEPOK OT TOPsYedl MOYBbBI) MUKPOKATLIH
Bo/bl. 7KU3HD BIIOJIHE BO3MOXKHA, JasKe Oell-
KoBad. A Kak HacueT BUIUMOCTH?

Bomnpoc 6. Kcraru, ecu y Hac B Bo3ziyxe
UMEIOTCS KaKHe-TO YACTHYKU, HAIIPUMED Kall-
JI, TO OT YEr0 3aBUCHT PACCTOSIHUE BUUMO-
CTU M KaK €ro MOoCYUTATh?

A eme Jyyine, ecJaW MBI, [BUTAsCh IO
JIMHUY KOHTAKTA JKUAKOCTH U Ta3a, 106epeM-
Csl 10 Kpumuueckoi memnepamypvl, KOTAQ
pasHUIla MeXJIy HUMHU wncye3aeT. B aToi
TOUKe y Hac Oy/IeT TaKask Kpumuueckas ond-
JAECUeHYUs, 9TO BOOOIIIE HOCA CBOETO HE yYBH-
UM — oftHU (DJIYKTyaIuy MJIOTHOCTH U Pac-
cesHue u3ayvenus. Takoe jke paccyskieHue
MPUMEHNMO K PACCEMBAHUIO B HEOIHOPO/-
HBIX JKUKOCTSIX, HAIIPUMED MY JIbCUSIX, KOT-
Jla B OJTHOI >KU/IKOCTHU IJIABAIOT MaJ€HbKUE
KalleJbKH JAPYTOil, WU B CYyCIIEH3USX, KO
MJIaBAIOT TBEp/ble YACTHUIIBI, WJN B TIEHE,
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Kor/ia MHOTO 11y3bipbkoB. Ho Bo Beex ciayya-
X HaM HY’KHO 3HaTb OITHYECKHE CBOICTBA
BCEX MaTepHasoB — YYAaCTHUKOB CUTYAllUU.

Bomnpoc 7. A eciau koaddunmeHTs mpe-
JIOMJIEHWsI, HaITpUMep, COBIIQ/Iaf0T, TO UTO?

Ectb coBceM mpocToit 06TI1en3BeCTHBII TTpH-
Mep 9MYJIbCUM, KOTOPasl IIPEKpacto pacceu-
BaeT CBeT, — 9TO MOJIOKO. PacceuBalor cser u
TBEP/IbIE TEJa, €CJIM OHU HEOJHOPOJIHDI, TIPH-
4yeM pasMep HEOJHOPOJHOCTEH CPaBHUM C
JUIMHON BOJIHBI W GoJbiie. [lpumep —
crekyio. OG6braHOe aMOpdHOe CTEKJIO IIPO-
3pauno (ec/m B HEro He 106aBJIeHbI CBETOPac-
ceuBalole YacTH4Ku). Ecau ke CTeKso
KPHUCTAJJIN30BaTb, OHO CTAHET CBETOpacCcet-
BAaIOINM, MaTOBBIM, CBET OY/IeT paccenBaTh-
¢4 Ha rpanuiiax kpucraanos. Ho ecim xpu-
CTQJIJIN30BaTh CTEKJIO TaK, YTOOBI KPHCTAT-
JINKY OBLTH OY€Hb MEJTKUMU, B ICCATKA HAHO-
METPOB U MeHee, T.e. MHOTO MEHbIIE JITIMHbBI
BOJTHBI, TO TIPU COOJIIOIEHUN €ITle HEKOTOPBIX
YCJIOBUI OHO cTaHeT Tpo3paunbiM. Ceityac
€T0 HA3bIBAIOT «HAHOCUTAJLI», MUIITYT O HEM
BCAKUE TJIYIIOCTH W — €CJM OH IIBETHOW —
PEKJIAMUPYIOT KaK I0BEJUPHDII «KaMeHbs .

PaccenBanue u3syueHusi XapaKTepU3YIOT
Quazpammoil HanpasIeHHOCmu, T.€. 3aBUCH-
MOCTbBIO MOIIHOCTHU OT yTJIa; PUCYIOT €ee, ecTe-
CTBEHHO, B MOJISIPHBIX KoopanmHaTax. [lpm
YUCTO 3€PKAIbHOM OTPaKEeHUM — 3TO y3Kasd
<HTJa» TOJl TEeM >Ke YTJOM, TOJ KOTOPBIM
npusereno udnaydenue. [lpu uncro guddys-
HOM OTPaKEHUHM OT XAOTHYHO MIEPOXOBATOMN
MTOBEPXHOCTH MOIIHOCTb TTPOTIOPIIMOHAIbHA
KOCHHYCY yTJla OTHOCHTETbHO HopMaan (3a-
xon Jlambepma). B peasibHOM cutyanuu Bce-
rja uMeeTcs CMecb TOrO U JIPyroro, Jaxe
nJieasIbHO OJUPOBAHHAS TIOBEPXHOCTD OTPa-
JKaeT He YUCTO 3ePKajJbHO. B HEKOTOpbIX
MCTOYHHMKAX YKa3bIBACTCSA, YTO HACATBHO
TIOJIMPOBAHHOE CTEKI0 paccensaeT 10~ mpo-
1IeHTa, W/IeaJbHO TIOJUPOBAHHBIN MeTaIl —
1072 -107" mpoiienTa. HaBepHoe, KOHKpeT-
Hag 1dpa 3aBUCUT OT CTENEHW U CMBICJIA
<«HMICATLHOCTH Y .

(Mpononxexme creqyer)
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A.PAUIrOPOLCKUM

3apaya gns 3aTtpaBku

[l 3aTpaBKU PACCMOTPUM CJIEAYIONIYIO
3agavy. B xmacce yuarcs 30 yvenosek. M3 Hux
OTOUPAIOTCS S JIYUIINX KOMOMHATOPIINKOB, 5
JIYUNIAX YUCJOBUKOB, S JYUIIUX BEPOSTHOC-
THUKOB ¥ Tak jgajee. Bcero 15 mpeameros.
Komeuno, atu nsTepKku Jydimx MOTYT Kak
YTOJIHO [TePeceKaThCs: 3apatee Mbl He 3HAEM,
KTO OKQKETCsI CUJIbHEEe B KAKOM M3 TIpe/Me-
ToB. Bormpoc: ecezda jiu MOXKHO Tak pacca-
b Hatmmx 30 MTKOJBHUKOB TI0 IBYM KaOu-
HeTaM, 4yTOObI B KayK/0M KaOuHeTe ObLIT XOTSI
OBl OJIMH TPEJCTABUTEh KasKIOH U3 TIsiTe-
pok? Hampumep, ecsm Bce MTEPKU COBIIAIa-
10T, TO, OYEBU/IHO, paccajKa BodMoxkHa. Ho
Be/Ib €CTh OTPOMHOE KOJUYECTBO JIPYTUX Ba-
puantoB! MoskeT, ecyii TSATEPKU paciipe/ie-
JsaTest 6ojiee XUTPO, TO OKAKETCsT, UTO, KaK
un paccakupait 30 IMIKOJBHUKOB 10 JABYM
KabuHeraMm, o6s3aTe/IbHO HallieTcs KaGuHeT,
B KOTOPOM O/IHA U3 TISATEPOK HAXO/IUTCS 1EJTH-
KOM?

OTBeT Ha BOMPOC BCE-TaKU IMOJOKUTEIb-
HBIN: /1a, TaKas paccajKa gcezdd BO3MOYKHA.
Pemenne ouennb mpocroe n kpacmuBoe! OHO
OCHOBAHO Ha BEPOSITHOCTHOM METO/IE B KOM-
6unaropuke (cm. [1], [2]). B mpumimme
371eCh €eIlle MOJKHO OBbLITO Obl 060HTHCH 6€e3
CCBLJIOK HA TEOPUIO BEPOSITHOCTEN, HO Oyier
JIy4IIIe, eCJIM MbI CPa3y BOCIOJIb3yeMCs UMEH-
HO BEPOSITHOCTHOM TEPMUHOJIOTHEH.

Wrak, Ham gaubr 15 narepok. O603HAUNM
ux M,,...,M,s. Paccmorpum cayuaiinyio
paccajiky MIKOJbHUKOB. UTO 3TO 3HAUUT?
Boob6iie roBopst, UTO YroJHO, Be/b CJydaii-
HOCTb MOKHO OIpe/iesisiTh To-paznomy. Ho
MbI OyJleM IMOHWMATh CJAYYailHOCTh MaKCH-
MaJIbHO TIPOCTO: KaXK/IbIN MKOJBHIK OTIIPAB-
J11;1eTC51 B IEPBbIIl KAOMHET € BEPOSITHOCTHIO
=, U C TaKOU K€ BEPOSITHOCTBIO OH HJIET BO

2
BTOPOI KaGUHET; BBIOOP KaOWHETA TITKOJTbHH-

DOI: https://doi.org/10.4213/kvant20190802

KI OCYIIECTBJISTIOT HE3aBUCUMO JIPYT OT JIPY-
ra. WMupimu ciaoBamu, Mbl Kak 6b1 30 pas
6pocaeM CUMMETPUYHYIO MOHETKY, W eCJu
MOHETKa B i-M OpOCAHWM I11aJIaeT PENIKO
KBEpXY, TO i-ii IMKOJbHUK WIET B TIEPBbIi
KabWHEeT, WHavYe — BO BTOpOil. BBemem 06o-
snavenune A;, i =1, ..., 15, nag cobbitus,
COCTOSIIETO B TOM, YTO nsATepKa M 1eJMKoM
nonana B oxuu kKabuner. KakoBa BeposT-
noctb P(A;) aroro cobpitusa? I[lockosbky
BbIGOP ITPOU3BOIUTCS ITKOJIbHUKAMY HE3ABH-
CHIMO, BEPOSITHOCTH TI€PEMHOXKATOTCS, M MBI
noJryqaeM
1 (1Y 1
P(4)=(3] +(3] =5
2 2 16
Ternepb n3y4nM BEPOSITHOCTD TOTO, UTO X0IMNS
ObL 00Ha TIATEPKa LEJUMKOM CUAUT B OJHOM
kabunere. Pagymeercsi, aT0 BEPOSTHOCTD CO-

15
ObITUA UAi . SIcno, uro
i=1

15 15 15
PIlUA < X P(4) =5 <1
i=1 i=1

3HAYNUT, C NOJ0KUMEALHOU BEPOSTHOCTHIO
UMeeT MeCTO MPOTHBOIOJIOKHOE COOBITHE,
KOTOPOE COCTOUT B TOM, YTO HU OJIHA TISITEPKA
LIEJIUKOM He CHINUT B O/{HOM 13 Kabuueros. Ho
Be/Ib 3TO POBHO TO, 4TO HYy:kHO! «Hwu oxHa
NATEPKa TEJUKOM HE CHIUT» — 3TO TO K€
caMoe, 4TO «B KaKOM KaOWHeTe eCTh XOTs
Obl OJIUH TIPEJCTABUTEb KaXKION W3 TIsiTe-
POK». M 3TO BBITOJHEHO C TTOJIOKUTETHHON
BEPOSITHOCTBIO. Ecsin BEpOsATHOCTD paccajiku
C HYXHBIM CBOWCTBOM TIOJIOKUTETbHA, TO
Takas paccajika To4yHo ectb. Kak ee uckarp —
npyroii Boipoc. Ho 3aziava periena: pacca-
Ka eCcTb Bcerja.

OrMernM, 4TO B HAIlIEM peulenuy HUTJe He
UCIIOJIB30BAJICS TOT (DAKT, YTO BCETO IITKOJIb-
HukoB nMeHHO 30. CoOTBETCTBEHHO, BO3HU-
KaeT BOIPOC: a MOYKHO JIM, TO-TIPEKHEMY
npeHeGperasi KCXO/IHBIM KOJUYECTBOM IITKOJTh-
HUKOB, YBEJIMIUTD KOJTMYECTBO TIPEIMETOB OT
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15 ¥ HOJIYYHTD TOT YK€ Pe3yJIbTaT C BO3MOXK-
HOCTBIO paccajgku? Jlo mectHajaTH JOTs-
HYTB JIeTKO. B camoMm [fee, Bce co6pITust A;
HMEIOT HellycToe liepeceyeHue. 3aBe/joOMO B
3TOM TTepecevdeHn T HaXOUTCS Iy palkast pac-
cajika, TPy KOTOPOH Bce TMKOJTHHUKH CUIST B
nepBoM KabwHeTe. Ho Torma BeposSTHOCTD
O0ODBEMHEHNS CMPO20 MeHbule CyMMBI Bepo-
SATHOCTEH, W CHOBA HAIl METOJI cpabaTbIBaET.
Y:ke ¢ ceMHAIIATBIO TAaKOW HOMEP He MTPOXO-
JIAT. ..

Jlerko BuieThb, uto /s 126 msATepok OTBET
yoKe TOJIOKUTeIbHbIM He sABJsercd. Crpan-
Hoe uncJo, ga? Hy, ceituac paszéepemcsi! Mbi
K€ BOJIbHBI B BBIGOPE NCXOIHOTO KOJIMYECTBA
HIKOJIbHUKOB. [laBaliTe Bo3bMeM 6ce nsaTep-
KU, KAaKKU€ TOJBKO MOKHO COCTABUTH U3 0€6s1-
mu 4denoBek. VIX B akkypar 126 = Cg5 . Tlo-
npoOyeM Temepb PaccauTb IEeBSATEPHIX
ITKOJTBHUKOB 110 JBYM KaOwHeTaMm. U BOT He
TyT-TO ObLT0! [1pHM JTH060H paccake B KaKO¥-
TO KaOMHET MOIAJeT He MeHee TISATU IKOJIb-
uukoB. Ho y nac kasxdas nsarepka ceituac «B
Jenes. 3HAUUT, Bce ILIOXO, M Mbl UMeeM
[IpUMep CUTYyalluH, KOT/la OTBET Ha IIePBOHA-
YaJIbHbIN BOIIPOC Y3Ke He SABJSAETCS yTBEP/IH-
TEJIbHDBIM.

Wrak, gnsg mo6brx 16 msATEPOK OTBET YTBEP-
JINTETTbHBIN, HO cywecmsyiom 126 maTepok,
JLJTST KOTOPBIX OTBET OTPUTIATEIbHDBIN. Bee aTo
MPUBOJIUT K OOIIell TTOCTAaHOBKE 3ajadyu, O
KOTOPOWl MBI M TOTOBOPUM B CJIEAYIOIIeM
paszeJe.

MoctraHoBKa obLien 3agaun

[Ipexxzie Bcero, mopa nepeiT OT MIKOJIbHU-
KOB K aOCTpakTHbIM OObeKTaM. A HMMEHHO,
BBejieM ToHsATHE 2unepzpagha. OHo sBisiercs
npsMbIM  0000TIeHeM TOHATHS Tpada. Y
rurieprpada TakKe ecTb BepIINHbI, 06pa3yIio-
IMe HEeKOTOPOe KOHeYHOe MHOXKeCTBO V, u
pebpa, obpasyiomue MHOXKecTBO E. Tosbko y
rurieprpada B KaK/J0M pebpe He 00s13aTes b
HO /IB€ BEpIINHBI: MOXKET OBbITb U GoJIbIle
(pe6pa 13 OIHOM BEPUINHBI MbI UCKJIIOYUM U3
paccMoTpenust Bosee). Boaee erporo, rurep-
rpap — aro mapa H =(V,E), tne V —
HEKOTOpPOE MHOXKeCTBO, a E — HekoTopas
COBOKYITHOCTD TIOJIMHOKECTB MHOXKecTBa V.
[ToaMuoxkecTBa Heynopsagaodennbre (couera-
Hust 6e3 MOBTOPEHNit), KpaTHbIX peGep HeT, B
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Ka)K/I0M pe6pe XOTs1 Obl /[B€ BEPUIMHBI. [H-
neprpad Ha3bIBAETCS N-00HOPOOHBIM, ECJIH B
Kak/I0M ero pe6pe poBHO 7 BeputH. OO6bBIK-
HOBEHHBIH rpad, TeM caMbIM, — 3TO 2-0J[HO-
poHbIii rureprpad. A MKOJbHUKH U TISTEP-
K — 3TO 5-OHOPOIHBII rumeprpad Ha TPUA-
IaTH BEepITMHAX.

Yacro samedvaror, urto y rumeprpada, B
otJmame ot rpada, HET eCTeCTBEHHOTO «II0P-
Tperas. [leiictButesbHO, ecan rpad Jerko
n306pa3uTh KaK MHOYKECTBO TOYEK HA ILJIOC-
KOCTH, COe/IMHEHHbIX oTpe3kamu (1M jyra-
MHI), TO HONBITKA C/EJaTh TO XK€ caMoe C
rurieprpadoM IPUBOJUT K CTPAHHOMY XUT-
POCILIETEHIIO DIaKkuX «capjeiek» (puc.1).

Puc. 1

B CBOMX JIEKIIUSX 5T 9aCTO YIOTPEOISTIO CIIOBO
«cap/iesibKay it 0003HaYeH st peGpa rutep-
rpada, HO KapTHHOK He pucyio. Mue camomy
Jierde MPeJICTaBIIsATh cebe MMEHHO 3/IaKyI0
KacTpiosibky (MHOKECTBO BepIIMH) ¢ HaMme-
MaHHBIMU B Heil capjeibkaMu-pedpamu.
Hekoropbie <«IIPOJBUHYTBIE TIOJb30BATEIN»
BCIIOMUHATOT BBIPAKCHUE « CUMILITUIINABHBII
KoMmrieke» (mpoch6a Tex, KTO He CJIBIAI
€ro, He TyTaTbCsl, TaK KaK MbI €r0 yIoTpeo-
aa1b He Oyzem). Ho (onaTs ke, s Tex, KTo
B TeMe) CHUMILIMIMAIBHBIN KOMILJIEKC — 9TO
rutieprpad, y KOTOPOTO KajK/0€ TOIMHOKE-
CTBO KaKI0TO pebpa caMo sBJIsIeTCST peOpoM,
T.€. 3TO 3aBEJIOMO He OJHOPOHBIN THUIEP-
rpad. B obiieM, HaM 3TO 3HAHUE HE MOMO-
JKET, ¥ MbI OOJIbIIIE O CUMILIUIUATBHBIX KOM-
IJIEKCAX BCIIOMUHATH He OY/IeM.



HazoBem xpomamuueckum uuciom rumep-
rpada H sesmuuny X (H ) , paBHyio HauMeHb-
IeMY KOJITYECTBY IIBETOB, B KOTOPBIE MOKHO
TaK MOKPACUTHh BCE BEPIIMHBI rumeprpada,
4TOOBI KasK/10€ ero pe6Gpo ObLIO HEOTHOI[BET-
HbIM. [l03BOsTBTE, HO Besb 3a/1a9a 13 TPe/IbI-
JYTIETo pasjesia OTINIHO POPMYIIPYyeTcs B
arux tepmuHax! B camom jnese, Bompoc o
MATHAAIATH ISITepKaX OTHBIHE 3BYYUT TakK:
«Bepro sn, 4ro y 1106010 5-0[HOPO/HOTO
rutieprpada ¢ TPUAIATHIO BEPIITHAME U TISIT-
HA/IATBI0O pedpaMu XPOMATUYECKOE YUCJTIO
paBHo aByM?» Paccazika o 1ByM KabuHeTam
U pacKpacka B /iBa [IBeTa — JIUIIb [[Ba CII0c06a
OTIMCAHUS OJTHOTO W TOTO K€ SIBJIEHUSI.

BBezeM, HaKOHEI, KITACCHUECKYIO BEJTHIH-
uy m(n), npeanoxennuyo dpaémem u Xaii-
nayioM B 1961 rogy u paBHyio HauMeHbILIEMY
m, TIPA KOTOPOM CYTIECTBYET 7-OTHOPOTHBIT
runeprpad H ¢ m pebpamn u ¢ X (H)>2.
I'maBHOE cpa3y MOHATD, UTO B TEPMIHAX 3TOH
BEJIMYIHbI PE3YIbTAThI IIPE/IbIIYIIEr0 pas/e-
JIa BBITJISAIAT TaK:

17<m(5)<126. (D

Y mob6oro S-oaHopojHOro runeprpada c
MIECTHAIATHIO PeOPaMI X POMATHUIECKOE YNC-
70 paBHO aByM, mostomy m(5)=17, Ho
CYIIECTBYET S-OAHOPOAHBIN rumeprpad co
126-10 pebpamMu, y KOTOPOTO XPOMATHYECKOE
umcso Gosbine AByX, otkyma m(5)<126.

OueBugnoe o6o6uenue Hepasencrsa (1)
[IPUBOJIUM HIKE:

2" +1<m(n)<Cy, . (2)

MpblI He cTaHeM /IOKa3bIBaTh 3TH HEPABEHCTBA,
Be/Ib 3TO COBCEM JieTKoe yipaskHenue. Ho Mbl
0o6CyIUM BOIIPOC O TOM, HACKOJIBKO GJIU3KHU
JIPYT K JPY’KKE BEPXHSAA U HUXKHSASA OLCHKHU.
B camoMm jziesie, XOPOIIO U3BECTHO TOXKAECTBO

(eMm. [3D

0 1 n—1
Cog tCopyq t...+Cy 4 +

-

+ Chy+. v Col =22
Tax:xe N3BeCTHO, KOHEYHO, 4YTO /[Ba IIE€HT-
PaJIbHBIX CJlara€MbIX B 3TOM TOXK/IECTBE SAB-
JIAIOTCA B HEM CaMbIMU OOJIBIIIIMU. HPI/I ITOM
Oémee YHUCJIO CJIAraeMbIX B JIEBON YaCTH TOXK-

nmectBa paBHO 2n. CremoBaTesbHO,
2211—1

2n

n 2n—1
<Cy,q <2777,

B utore noHATHO, Y4TO 3a30p MEXK/LY OllEHKa-
Mu B (2) 9KCIIOHEHIMABHBIN: HUKHSIS UMeeT
nmopsifiok 2", a BepXHssl € TOYHOCTHIO 10
BO3MOYKHOTO JIeJIEHHsI HA YTO-TO TOPS/KA 7
nMeeT MopsAAoK 4" . DTo He OYeHb KPYTO, U
5TO O/IHA U3 CepPhe3HEIX Mpo6IeM CoBpe-
MEHHOW 3KCTPEMAJbHONH KOMOMHATOPWKHN!
(Pasnen HayKu, ¢ KOTOPBIM MBI ceifgac nmeem
JIEJT0, HA3bIBAETCH <«IKCTPEMABHOI KOMOH-
HATOPUKOW» He TOTOMY, 4TO TOJIbKO SKCTpe-
MaJIbI UM 3aHUMAIOTCSI, XOTSI OH M 3aXBaThIBa-
ollle KPacuB W He MeHee 3aXBaTbIBaloIle
TPY/IEH, HO TIOTOMY, YTO B €r0 PaMKaX HIILyT-
sl OKCTPEMAJIbHbBIE, T.€. MAaKCHUMaJbHbIe HJIH
MUHUMAaJIbHbIE KOMOGMHATOPHbBIE BEJMYUHbI,
cpes Kotopeix m(n).)

B nocseayiomux pasjenax Mbl U3YUUM
KpacuBenIIme Mo IX0ibl K YMEHbIIIEHUIO 3230~
pa B (2). OTMeTHM, Y4TO HMKHSS OIEHKA B
(2) BeposrtHOCcTHAs (T.e. OHa rapaHTHpyeT
HaJM4ie PacKpacKy, HO He OOBICHSIET, KakK
ee MCKaTh), a BEPXHsIs OlleHKa KOHCTPYKTHB-
nast (IIPUBOANTCS ABHBII IPUMEP TUIEpPrpa-
(ba, He nMeronero packpacku B 2 mnsera). B
CJIeTyTONIEM pasjiesie Mbl 3HAYUTENbHO yIIyY-
MM BEPXHIOI OIEHKY, HO C/eJaeM 9To...
BEPOSITHOCTHBIM METO/IOM, T.€. 3a yJIyullleHue
MbI 3allJIaTUM TIOTePell KOHCTPYKTHUBHOCTH.

Hamnocsie1ok nipe/iyiaraeM 4utaTesio caMo-
CTOSITEJIBHO OTBETHTH Ha BOIIPOC, YeMY PABHO
m(2) (coscem mpocro) u m(3) (caoxmuee,
HO TocHIbHO) . OT™MeTnM 1pH 5T0M, uto 7 (4)
HAIILTI COBCEM HEJABHO € MOMOIIBIO BEChMa
HETPUBHAJIBHOTO KOMITBIOTEPHOTO Tepe6opa,
a Besmuny 7 (5) , KOTOpast OCIY>KH/IA HaM
B KauyecTBe 3aTPaBKM, HUKTO JI0 CHX IOP He
3Haer!

BepxHsisi oLeHKa BennunHbl m(n)

B atom pas/iesie Mbl JIOKaYKEM CJIEYIONLY IO
Teopemy.

Teopema 1. I[Tycmo dano uucao n. Hycmo
v — a1060€ YemHoe YUCI0, He MeHvuee 2.

Ionoxum
n

_ Ty
n
Co
ITycmy m — naumenvuee HAMYpPAILHOE UUC-
710, ¢ KOMOPbIM BbINOJIHEHO HEPABEHCMBO
2°(1-p)" < 1.
Tozda m(n)<m.
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[l nosryueHusi ONTUMAJIbHOW OIEHKU B
teopeme 1 HY;KHO MpocTo nepebparhb mocJie-
JIOBATEJbHO HECKOJIBKO MEPBbLIX U, HAUMHAS C
v = 2n, 1 IS KaKJ0TO U3 HUX HAWTH CBOE
3Havenue m. Hanmenbliiee cpeiu 9TUX 3HaUe-
it u 6ymer onTuMaabubiM. Hiuske Mbl pu-
BOJIMM TIPUMEPHI TIOAOOHDBIX BHIUNCICHUN 7151
HEKOTOPBIX 72, TIOIYTHO CPABHUBAS TTOJTYY€H-
HbIe pe3yJbTaThl ¢ oueHkoil m(n)< Cy,_;.
Kak Bugno, npu manbix n teopema 1 jgaer
60Jiee caabbiit pe3yabraT. OHAKO YeM 60JIb-
e 72, TeM siCHee, 4TO B TeopeMe 1 omTumMym
BeJleT cebsI ¢ TOYHOCTBIO JI0 HEKOTOPOTO T0-
CTOSTHHOTO MHOKUTEJIS Kak 7> - 2, 1 910 yIKe
IPAH/INO3HO, BE/Ib TEM CAMbBIM TIOJIYYAETCS,
YTO MBI CHHKAEM 3230, 3aMEHSISI 9KCITIOHEHTY
OT 7 BCETo JIMIIb KBaJPaToOM 3TOTO vucJal
Komcranty MOKHO COCUNTATh METOJAMU Ma-
TEMAaTUUECKOTO aHaJM3a, HO Mbl HE CTaHEM
3/IECh HTOTO JIeJIATh.

Ha pucynke 2 1okaszaHo cpaBHeHHE BepX-
HIX I HYDKHEX OL[EHOK ISt BeJTHYuHbL 7 (1),
m(n)

1004 -

10% E-

107 T,

10°

10° T,

10*

10°

100

10

—

N\
\

>

01234567 389101112131415 n
Puc. 2

JlaHHbIX B HepaseHcTse (2) u Teopemax 1 u 2.
O6parute BHUMaHue: 0Cb OPUHAT Jorapud-
MUYecKasi, M [03TOMY TO, 4TO Ha rpaduke
IOX0Ke Ha JIMHEHHYI0 (DYHKIMIO, Ha caMOM
JleJie pacTeT 9KCIIOHEHIIMHAJIBHO.

[l noHMMaHus 10Ka3aTelbCTBA TeOPEMbl
1 morpebyetcst, TOMIMO 6a30BOIl BEPOSTHOC-
TH, ¢ KOTOPOH MBI YK€ HEMHOI'O CBBIKJIUCD,
3HAHNE OJHOTO KOMOMHATOPHOTO HEpaBeH-
CTBa.

HepagenctBo Bomykaocti. [lycmo n € N,
Iycmv v=2n — yemnoe uucno. Ilycmo a,
beN ua+b=o Toea

Cl+Cy S Ch
D = “o[2 T M(a+b)/)2 -

HaszBanue nepaBencTBa MpOUCXOUT OTTO-

rO, YTO OHO TOBOPUT O BBIMYKJIOCTH GUHOMMU-
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asbHOro KoadduimenTa Kak QyHKIUU OT
HUKHETO MHJ/IeKcA IPHU 3aJaHHOM BEpXHEM
nHaekce. KoHeyHO, WeTHOCTH v He 006s13a-
teqbHa. Ho Ttak mpoine asg BocnpusaTus.
HepaseHcTBO 0UeHb TPOCTOE, U MBI OCTABJIS-
€M eTo JI0Ka3aTeJbCTBO UATATETI0. 3aMeTHM,
a0 MbI cuntaem Cr =0 mpn k > m.
[lokazaTteanctBo Teopemnl 1. IlocTpoum
CAYUanvIll n-OMHOPOAHDIN Tutieprpad ¢ v
Bepuinnamu u m pebpamu. Ham my»xno 6yger
TaK OCYIIECTBUTD ITOCTPOEHNE, 4TOObI C TOJI0-
JKUTEJbHOI BEPOSITHOCTBIO B /1106011 packpac-
Ke BeplIMH cJjydaiiHoro rurneprpaga B 2
1Bera ObLIO XOTs Obl OJHO OJIHOI[BETHOE
pe6po MJIH, YTO PAaBHOCHJIBHO, YTOOBI C BEPO-
ATHOCTbBIO, MEHbIIIEH eIMHUIIbI, HAILJIACh Pac-
KpacKa BepIUH ciaydaiiHoro runeprpada B 2
I[BeTa, MPH KOTOPOIi Bce pebpa HEOTHOIIBET-
HBI. PaccMOTpnM MHOMKECTBO BEpPIINH
V ={1,...0}. Cuayuaiiubimu G6yayt pebpa.
Boi6epem Kakjoe W3 HUX HE3aBUCHMO OTO
BCEX OCTATbHBIX U3 MHOXKECTBA BCEX N-COYE-

1
TaHuil u3 V ¢ BeposiTHOCTBIO ——,; . Unraresb

Cn
MOXKeT CIIPOCUTb: <A 4TO, eC NOSABATCS
KpaTHble pe6pa? Be/b 1pyu B3aMHO HE3aBU-
CHMOM BbI6OpE pe6pa MOTyT U cOBIACTb» . Ho
orBert npoctoit. Ecsin kakue-to pe6pa coBma-
JyT, Mbl ux oroxjaectsuM. Ilomyuntcsa ru-
meprpad ¢ elre MEHBITNM 4mncJoM pebep, a
HaM 9TO TOJbKO Ha IIOJb3Y, Pa3 YXK Mbl
JIOKasblBaeM ceiffuac BepXHIOIO OLEHKY [/
m(n) Wrak, mycts H = (V, E) — 9TO OIN-
CaAHHBIH TOJIBKO UTO CIyIaitHbIlN runeprpad n

E={fi,...n}.

[Tycts % — Hekortopast packpacka V B jiBa
nBera. Ilyctb B Hell @ KpacHBIX U b cUHUX
BepimH. EcrectBenno, v =a + b. O6o3HaunM
A, ; cobbITHE, cocTosIIee B TOM, 4TO Pe6po
f; oanoiBerHo B packpacke X . OueBHIHO,

Cl+Cy

P(4,,)="—2.

(AXJ) Cz’}
3a cueT HEepaBEeHCTBA BBIMYKJIOCTH TOJIyIaeM
OLIEHKY
n n n
O .

0 0
Torga BepoOSITHOCTb OTPUIAHUS COOBITHS
A,; (pebpo f; HeoxaHOIUBETHO) He GOJIbIITE

1-p.




[TycTn — co6bITHE, TIPU KOTOPOM BCE
pebpa cayvaitHoro runeprpada HeoTHOIBET-
HBI B packpacke X . [Tockosbky pe6pa BbIOH-
PaJIICh HE3aBUCUMO JIPYT OT [IPYTa, MOJIyda-
€M HepaBeHCTBO

P(A)<(1-p)".
Haxowerr, natepecyioriee Hac coObitne A —

«HalileTcss pacKkpacka BEpIINH CJIy4aifHOTo
rureprpada B 2 1BeTa, TPH KOTOPOI Bce

pebpa HEeOTHOIIBETHBI» — 3TO UAx . 3Havur,
x

P(A)<PIJ4, <Y P(4,)<2(1-p)",

BeJlb BCETO pacKkpacok V B 2 mBeta 2° MITYK.
[Tocnenusis BemmunHa, KaK HAM TOTO U HY K-
HO, MEHbIIIe e[HHUIII 110 YCJIOBUIO TEOPEMDI,
U TeopeMa /IOKa3aHa.

Kpaiine 10600BITHO, UTO, JKEPTBYS KOHCT-
PYKTHBHOCTBIO, MBI PEAIbHO YIIPOCTUITH cebe
Ku3Hb. Jlo cUX TOp He M3BECTHBI SIBHBIE
KOHCTPYKITMU TUTIEPTPadOB CO CTOJIb MAJIbIM
qHCJIOM pebep M XPOMATUYECKUM UHCJIOM,
6ostbiM AByX. JIuiib coBceM HeIaBHO — B
2013 rogy — TeGaysp mocrpousa mpumep
rutieprpada, y KOTOporo uucjio peGep He
[IPEBOCXO/IUT BEJTUIUHBI

2/3
M > 0.

ITO KPYTO, OCKOJbKY OCHOBHOI COMHOMH-
teap — 2" — COBHAZaeT ¢ M3BECTHOW HaM
9KCITOHEHTOH B BepXHEH M HIIKHEH OT[EHKAX.
Ho ato ropaszo cmabee Teopempr 1, Beib n’
2/3
HECPABHUMO MeHbIe, yeM 27 .
YnydweHne HUXXHeEN OLLeHKU BeNUuMHbI
m(n) ¢ NoMoLbIO XaAHOro anropuTMa

B aToM pasjiesie Mbl yJIyuliuM U3BECTHYIO
HaM HIDKHIOKO oleHKy 7 ().

Teopema 2. [Tycmwv 02151 dan1ozo n uucio m
AGAAECMC HAUOOTLUUM HAMYPATLHOIM, C
KOMOPLIM BLINOIHEHO HEPABEHCINEO

2
e (Ut 3)
(2n—1)!
Tozoa
m(n)>m.

Kak u B mpeabiiyiemM paszesie, BbIIUIIEM
HU’KE Pe3yJbTaT COMOCTABJEHUS HIKHENT
omerxn B (2) u B (3). 31ech BUAHO, YTO JasKe
pu 7 = 5 eCTh 3aMeTHoe yayunienne. Ouarh

JKe, MEeTOJ/IbI MaTeMaTHYeCKOro aHAJIM3a I0-
3BOJIIIOT_MOKa3aTh, 4To olenka (3) pacrer
kak ¢-4n-2" ¢ HEKOTOpOi (PUKCUPOBAHHOMN
¢ > 0. MbI 371eCh B TaKWe JIeTAJN He BJIE3aeM.

JlokazaTesbcTBO TEOpPEMBbI 2 OCHOBAHO Ha
KpacuBOH 1 HECJIOKHOM n/iee, KOTOPYIO TTpe/i-
goxxua [Lnyxap. s onncanns njien BBeieM
HEeCKOJIbKO HOBbIX noudruil. ITycrs panm ru-
neprpad H = (V, E) . 3HauaabHO ero Bep-
MIUHBI [IPEJCTABJSIOT OO0 HEKOTOPYIO CO-
BOKYTIHOCTh OOBEKTOB, KOTOPblEe HUKAK He
yropsiziouensl. [1opsiiok Ha 3TOiT COBOKYIIHO-
CTH MOKHO 3a/laTh, pasymeercs, |V|! croco-
6amu. Ilyctp 3asaH HEKOTOPBINH MOPSIIOK
(Hy™meparust BepiinH) T 1 eCTh JBa pebpa
fi» [>, IMeroIue poBHO O/1HY 06Ty 0 BEPIIN-
Hy i. Hazosem napy (fi, f,) ynopsdouennoii
2-uenvio B HyMepaIiuu 7, eCii HOMepa BCeX
BepiimH pebpa f; HPEeAIIecTBYIOT HOMEpY i,
a HoMepa BcexX BeplinH pebpa f, uayT mnocJje
HOMepa BepIiHbI i. Ha pucyHke 3 mokazaHa
«KACTPIOJIbKA € [BYMsI CapesibKaMu» U /1Ba

Puc. 3

crioco6a HyMepalun Bepiind B KaCTPIOJIbKE,
[IPU O/IHOM 13 KOTOPBIX Cap/e/IbKu 06pasytoT
YIIOPS/IOUEHHYIO 2-11€TIb, a TIPH JPYTOM — He
o6pasyior. Upnesa Ilinyxapa dopmysmpyercs
B BH/IE CJIEJ[YIOIIEr0 KPUTEPHS.

Kpurepnit Ilnyxapa. Xpomamuueckoe
quca0 eunepepagpa pasno 0sym mozoa u
moavKo mozda, K0z0a cyuecmsyem Hymepa-
Uusl ezo0 eepuLum, 6 Komopou mem ynopsioo-
UeHHBIX 2-uenetl.

IIpesxxie yeM HPUBECTH TIPOCTOE JIOKA3a-
TEJIbCTBO KPHUTEPHS, MOJIE3HO OCO3HATD, YTO
OH TOBOPHT B cJIyyae 0ObIKHOBEHHOTO rpada
(r.e. 2-ognopoanoro rumeprpacda). B ca-
MOM JIeJIe, UTO O3HAYAET YTBEPIKIECHHUE «XPO-
MaTH4YecKoe YucJIo rpada paBHo AByM» ? OHO
03HAYaeT, 4YTO MHOXKECTBO BepIInH rpada
MOKHO pa3/IeJINTh Ha /IBe HellepeceKalole-
Cs 4acTu, BHYTPH KOTOPbIX pebep rpada
HET, HO MEK/y KOTOPbIMH KaK pa3 M IIPOX0-
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JSIT Bce pebpa rpa-
da (puc.4). Takoii
rpad erie HasbIBa-
0T  06YJOAbHOIM
(T.e. GyKBaJbHO
JABYXYaCTHBIM), W
MHOTHE UNTATEeIN Ha-
BEpDHSKA CTaJKIBa-
JINCh C 3TUM OObeK-
toM. IloHATHO, YTO BepiIuHAM OJHOU JOJH
MOKHO TIPUCBOWTH HOMEPa OT €JNHUIIBI 10
YICJia, PABHOTO KOJIMYECTBY BEPIIUH B 3TON
JloJie, a BepIIMHAM BTOPOW JI0JIU — BCE TI0C-
JIe[yIoIe HOMEpa, M TOTJa YIOPS/IOUeH-
HBIX 2-Tlereii He Bo3HWKHET (3/1€Ch 2-11emb —
3TO «TaJI0YKa», Y KOTOPOil HOMEpa BEPIIUH
UIYT B MOPSIIKE «MEHbIIe-00JIbIe-MeHbIIEe»
nam «60JIbIIe-MeHble-6oIbIne» ).

Hoxa3areabcTBo kputepus Ilnyxapa. B
O/IHY CTOPOHY MbI (DAKTHYECKH [[OKA3ATEb-
CTBO y>ke mpuBesn. /leiicTBuTesbHO, ecan
CYIIECTBYET [BYXIIBETHAs pacKpacka, Ipu
KOTOpOiT Bce pedpa HEOHOIBETHDI, TO JOCTA-
TOYHO B3SITh JIIOOYIO HyMEPAIUIO, PU KOTO-
poii Bce BepIIMHBI TEPBOTO I[BETA HMEIOT
MEHbBIINE HOMepPa, HEXETH BCEe BEPIIHHBI
BTOpOro 1Beta (ABY0IBHOCTD).

B o6patHyIio cTOpoHY paccy:K/JeHrue OCHO-
BaHO Ha MPOCTEHIIeM KaJHOM aJTOPUTME, 1
9TO OODBSICHSET HasBaHHMe pasjaena. lTak,
MyCTh CYIIECTBYET HyMepalnus Bepiina 0e3
YHOPSAIOUEHHDBIX 2-1ieneil. O6o3HaunM Oy /1y-
mue 1Beta yncaamu 1, 2, ... PaccmaTpuBaem
BEPIIUHDI TI0 TOPSIAKY U KPACUM UX B MUHU-
MAaJIbHBIIT I[BET, ¢ KOTOPBIM OHU He 06pa3yioT
OJTHOIIBETHBIX Pebep BMECTE C Y Ke ITOKpallieH-
HBIMK BepiimHaMu. Eciu 18 HEKOTOPOi
BEPIIMHDBI © HAM He XBaTaeT 1BeToB 1 1 2, TO
cynecTByer pe6bpo f, , KOTOpOMY IpHuHa/iJie-
SKUT BEPIINHA ¥ U B KOTOPOM BCE OCTAJbHbIE
(npemmmecTByionMe) BEPIMMHBI yKe TOKPa-
menbl B 1get 2. Ilycrb w — Bepmmua B f, ¢
HanMEHbBIITNM HOMepOM. Pa3 MbI ee ToKpacu-
JIN B CBOE BPEMST B I[BET 2, TO MBI HE CMOTJIN
torga ee 1mokpacutb B user 1. ITouemy? A
MIOTOMY, YTO, CTaJI0 GbITh, IMeIOCh pebpo f; ,
JUIST KOTOPOTO BepInHa @ Oblia, Ha060poT,
MocJIe/IHell ¥ KOTOPOe MMEJIO BCE BEPIIHHBI
nBera 1. B aToMm cayuae oueBuiHO, 4TO pedpa
fi, [, 00pasyiorT yrnopsyioueHnyto 2-Iellb.
[IporuBopeune.
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Kpurepuii moJsHOCTbIO /TOKA3aH.
[oka3zareabcTBo Teopemsl 2. [lycrb gan
TIPOM3BOJIBHBIN  7-O/THOPO/IHBIN  THUTIeprpad
H =(V, E) ¢ m pe6pamu. Mbl XOTHM MOKa-
sarp, uro ¥ (H)=2. CormacHo KpuTepuio
[Tnyxapa 1ocTaToTHO JOKA3aTh CYNECTBOBA-
Hue Hymepanun V 0e3 ymopsiIOYeHHBIX 2-
nerneii. PaccMorpum, Kak BoauTcs, cuaydaii-
HyI0 HyMepario. VIHBIMI cToBaMu, Kakaast
HyMeparius BBIGHPAETCsI C BEPOSITHOCTHIO W .
Ilycts f,, f, € E u nepeceuenue atux pebep
COCTOUT M3 OJHON BepiuHbl. O603HAYUM
Ar;, cobbiThe, cocTosiee B TOM, 4TO B
cayyaitnoit Hymepanuu peGpa fi, f, 06pasy-
10T YHOPSIZIOUEHHYI0 2-1eTb. Jlerko coob6pa-
3WTh, 4TO )
((n-1))
P(44) ="
(2n-1)!
[lanee, BEPOSTHOCTD TOTO, YTO HANLyTCS ABA
pebpa, o6pasgyrole YIops0ueHHY 0 2-11eTlb,
paBHa

Pl Ay, <2 P(44,)<

fils fils
2 (=), (=1
<|E| -m—m -m<1

1 TEOpPEMa [/I0Ka3aHa.

)

JanbHenwee yny4yweHue HUXXHEN OLeHKU
m(n) c NoMoLbIO PaHAOMU3NPOBAHHOIO
anroputMa nepexpackm

B stoM pasgene Mbl UCIOJIb3yeM MHOIL
BEPOSITHOCTHBIN IIOJXO/, HEXKEJIH [0 CHX
1Op, ¥ JJOKAXKEM CJIE/YIONLYIO TeopeMy, TIpH-
nymannyio bexom u CrieHcepoM.

Teopema 3. [lycmv dano n u x — maxcu-
MALLHOE YUCTO0, 051 KOMOPO2O CYULLCBYem
p € [0, 1], yoosremeopsarwee nepaserncmesy

x-(1=p)Y +x-p"+2*p-(1+p) <t.

Tozda m(n)= x - ot

OnsTb-TaKkW, CPABHUM TEOPEMY 3 C Teope-
MO 2, IPUBO/S HIKE PE3YIbTAThl KOMITHIO-
TEPHBIX BBIUUCICHUH. AHATUTHIECKIE METO-
JIbl TI03BOJISIOT II0Ka3aTh, UTO 3JleChb OIITH-

n

MaJIbHO€ 3HaYeHHue X — 3TO C - 3 —1 , HO MbI
nn

HE XOTHUM 3/1€Cb TpeéOBaTb OT UHuTaTe A JaxKe



3HaHUg TOro, uyto Takoe Inn. B mo6om

cJlydae OlleHKa ellle Kpyde IpesKHeil.
[lokasateabctBo Teopemsr 3. Ilyctb

H =(V, E) — n-ogaopoaubiii runeprpad ¢

m=[x-2"‘1]

pe6pamn. Ilokakem, WTO CymiecTByeT pac-
Kpacka B 2 1[BeTa MHOXXecTBa V', Tpu KOTOPOi
Bce pe6pa HEOTHOIBETHBI. Packpacky 6yaeM
CTPOUTD C MOMOIIBIO CJEIYIOMETO PaH/OMI-
3IPOBAHHOTO AJTOPHUTMA.

Ilaz 1. KpacuM BepIIMHBI HE3aBUCHMO

APpyr OT /[pyra, C BEPOATHOCTDHIO 5 BbIOU-

pag IS KaXK/J0W BEPIIMHBI OJWH W3 JIBYX
11BeTOB — KpacHbIil nan cunnii. Ilyers D —
caydyaiiHoe MHOKECTBO BEPIIUH, TTPUHAJLIC-
JKalUX OJHOLBeTHbIM pebpaM (o6bepue-
Hue Bcex pebep, KOTOpble OKAa3aluch O/IHO-
[BETHBIMU). DTO MOKET ObITh U MyCTOE MHO-
JKeCTBO, HAIpUMep.

IITaz 2. PaccmaTpuBaeM TOJIbKO BEPITMHDBI
n3 MHO)KecTBa D. Y KaXKAOH M3 HUX MBI
HE3aBHCUMO OTO BCEX OCTAJIbHBIX BEPIIUH
MHOKecTBa [D MeHsieM T[BEeT Ha MPOTHUBOIIO-
JIOXKHBIH € BEPOSITHOCTBIO p M HE MEHSIEM 1IBET
¢ BepoATHOCTBbIO 1 — p. VHbIMK cioBamu, y
Hac Kak Obl €CTb MOHETa CO CMENIeHHDIM,
BOOOTIE TOBOPS, IIEHTPOM TskecTH. Ilpu cury-
YailHOM OPOCAHMKM MOHETA JIOXKUTCST PENIKOi
KBEPXY C BEPOSITHOCTBIO p U OPJIOM — C
BeposTHOCTDIO 1 — p. Mbl 6pocaem Monety |D|
pas, " ecyii B o4epeHOM GPOCaHUU MOHeTa
1a/laeT PEeNIKoi KBEpPXY, TO MEHSIeM IIBET
COOTBETCTBYTOTIEN BepPITUHBLI 13 [D; nHave He
MEHSIEM.

[MousTHO, yTO TMar 1 — 3TO OOBIYHAS CJTY-
YyaifHag packpacka, C TMOMOIIbI0 KOTOPOU
MbI JIOKa3bIBAJIH HEPABEHCTBO m (1) > 2" 4.
Takwmm o6pa3om, Trar 2 — 3To MOMBITKA UCTTPa-
BUTDH OMMOKHM Trara 1 3a cueT TOrO, YTO IMar
1 He YyBCTBUTEJIEH K BULY MCXO/IHOTO TUTIEP-
rpada, a mar 2 npITaeTcs y4ecTb €ro CTpyK-
TYPY U TIOBBICUTD, T€M CaMbIM, BEPOSATHOCTD
TOTO, YTO Ha BBIXOJIe Bce pebpa OKaKyTCs
HEO/IHOI[BETHBIMH.

[Tycte F — cobbitTue, cocrosiiiiee B TOM,
YTO pacKkpacka He y/ajach, T.e. CYNIeCTBY-
10T OJiHOIBeTHBIE pebpa. Kak KoHKpeTHOoe
pebpo f MOKET OKa3aTbCs OIHOIIBETHBIM?
Ectp Bcero 6 BapmanToB:

1. Agy: pe6po [ kpacHoe mocse mara 1 u
KpacHoe IocJie miara 2;

2. Ag,: pe6po f kpacuoe nocsie mara 1 u
cuHee TocJie mara 2;

3. A3 pebpo [ cunee nocse mara 1 u
cuHee TocJIe mara 2;

4. As,: pe6po [ cunee nocsie mara 1 u
KpacHoe IocJie mara 2;

5. Cpy: pebpo [ HEOJHONBETHOE TOCIe
mrara 1 m KpacHoe mocJie 1mara 2;

6. Cry: pebpo [ HeomHOIBeTHOE TOCe
mara 1 u cunee mocJie mara 2.

OueBujHoO,

f
U (4U4,UA5U4,,UC,UC,),
ek
p

P (40) = P(Ays) . P(ay2)=P(4y.).
P(Cri)=P(Cra)-

[ToaTomy

P(F)< 2’% (P(4p4)+P(472)+P(Cra))-

O11eHNM BEPOSATHOCTH, CTOSIINE B CKOOKAX
moJ; 3HakoM cymMupoBanusi. CoBceM JieTKo
pPazobparhes ¢ TTEPBBIMU JIBYMSI:

P(Apg)=27"-(1-p)", P(4s,)=27"-p".
A BOT C TpeTbell BepPOSTHOCTHIO HAMHOTO
TpyIHEE.

Kak morio cayuurbesi, 94to pebpo [ Heo-
JTHOITBETHOe TocJte mara 1, Ho KpacHoe mocJie
mara 2? Koueuno, cunue Bepiiuibt peépa f,
UMeBIIIMecs: B HeM mocJie mara 1, JOJIKHbBI
6b11 niepekpacutbesi. Ho mouemy? Kak onn
HOMAJIN B MHOXKECTBO D, ec/iit [ HEOIHOIIBET-
Hoe U B popMupoBaHuU D He y4acTBOBAJIO?
3HauuT, OBLIO ele XOTs Obl OJHO pebpo @,
KOTOpOe 6bLIO CHHUM TocJje Tmara 1 m KoTo-
poe WMeeT HEIycToe mepecederne ¢ f. ITO
UMEHHO CJIe/ICTBUE, He paBHOCUJIbHOCTH! Bee
MOrJI0 ObITh OY€Hb U O4YeHb XUTpo. Harmpu-
Mep, KpacHble mocJie mara 1 Bepiinabl peGpa
f Toxke Mmorsm momactb B [ U TBITAThCS
MOMEHSITD I[BET, HO MOHETKA Jieryia opJom.
tak najsee. Ho MbI TOUHO 3HaeM, 4TO CJe-
CTBHE MMEET MEeCTO, OTKy/a

P(Cfl) =P UBf,cp )
0
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rie oObeaunenue Gepercst 1o BceM Q€ E |
KOTOpbIE UMEIOT HEIyCTOoe Tiepeceuerie ¢ f, a
By — coObITHE, COCTOSIIEEe B TOM, 4TO [
HEOHOIBETHOE TocJe Tmara 1, f KpacHoe
nocye mara 2 u @ cuHee mocje mara 1.
Taxkum ob6pasom,

P(Ci) < ZP(0).

U HaM HY>XHO OIIEHUTDb BEJUYUHY P(ny(p) ).

Monoxum 7 =|f N (p| >1. ITocMorpuM OT-
nempHoHa @ = [ (1@, otmenpHona b = @ \ f
u otgespHo HA ¢ = [ \ @ . C Bepumnamu u3
a Bce sicho. OHU ObLIN CHHUMH U CTaJIN
KpacHBIMU. BeposSTHOCTH 3TOTO 27" ph . Tax
JKe TIPOCTO BCE W B ciiydae ¢. BeprimHbr Tam
ObLIM CHHUMH, a YTO C HUMH CTaJiO, MBI HE
3uaeM. BepositHocTb 3TOTO HE GOJIbIE, YeM
271 1 Vnrepecnee Beero o6eTosT fea ¢
b. Ilycts ve b. Ectp nBa Bapmanta. Bo-
MEPBBIX, 0 MOTJIa GBITh CHHEN U CTaTh Kpac-
HOll. BepositHOCTD 3TOTO —* P . BO-BTOpPBIX,

2
oHa MorJia ObITb KPACHOU U OCTATbCST Kpac-

voit. Kaxk mpomsomnuio mocienHee, Mbl HE
3HAeM: TO JM © TomaJja B [, HO MOHETKa
JIETJIa OPJIOM, TO JIH © He TToTiajia B D 1 pocTo
He IbITajach CMEHUTD 1BET. B sro6om cirydae
1
3/1eCb BEpOSATHOCTb He GoJibine, yeM —-1.
Wroro anas JaHHOW ©E€ b uMeeM OIEHKY
BEPOSITHOCTH BEJIMYUHOI, PAaBHOI CyMMe O11e-
HOK BEPOSITHOCTEN TIePBOTO ¥ BTOPOTO BapH-

P
aHTa, T.e. 5'1'5 B 1esom mo b 3a cuer
HE3aBUCUMOCTU BEPOATHOCTb OIICHUBACTCA
n—h
p

BEJTMUNHOT 5 + 3 . CoGupas Bce olieH-

KN BMECTE, I1OJIydaeM

n—h
b b o=y (P :
P(Bm))s2 “p -2 )(5"'5) =

= 2" p (14 p)

OueBu/IHO, MTOC/IEIHSAS BEeJIMYNHA TPUHUMAET
MakcuManbHoe sHavenme mpu 2 = 1 (oma
yObIBaeT 110 /). 3Hauut, Beeraa

P(Bg) <27 p-(1+p)' ™ <

n—h

<27 (1+p)".
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Bepuemcsi K olleHKe BEPOSITHOCTH Cf1.
dAcuo, uaTto

P(Cri) < X P(Brg) <|E[- 27 - p-(14+p)' =
[0}
=m- 2" . p-(1+p) <
< X~2n_1 .21—272 p(1+p)n _

=x-2"-p-(1+p)".

Hauee,
P(F)< 2}; (P (Ar4)+P(Ar2)+P(Cpy )) <
ek
< 22(2—" (A=p) 427"+
feE

+x-27" -p-(1+p)n>=
=2m(2—" (A=p) +27"p" +

+x-2_"‘p~(1+p)n)ﬁ
< x-2”(2—"-(1—p)"+2—"-p"+

+x-2_"‘p~(1+p)n)=

n n
=x-(1-p)' +x-p"+x*-p-(1+p).
[Mocneansas BelMdnHa MEeHbIIe eMHUIbI [0
YCJIOBUIO TEOPEMBI, 1 TEOPEMa JI0Ka3aHa.
3ameTum, uTo ceifyac cample JTy4dIie u3Be-
CTHBIE OLEHKHU IPH GOJIBIINX 72 UMEIOT BU/I

c1-‘/ﬁ-2" <m(n)<cy-n*-2",

Takum 0o6pasoM, MoJrydyeHHAsT HAMU BEPXHSIS
olleHKa (PaKTUYECKU JIYUIIAsl U3 U3BECTHDIX!
A HIDKHSS OIEeHKA OTJIMYAeTCs OT CaMoit
JIyUIIeil JIMITh BUZOM KOPHS, UTO TOXKE YiKe
6JTM3KO0 K PEKOPY.

[Toka Het fake nMpaBoONo06HO THITOTE3bI
0 TOM, KaK BefieT cebe Ha caMOM JieJie BeJTH-
apra m(n)! BO3MOKHO, d4HTATE]b DEIINT
Korjga-HuOy b aTy mpobieMy?
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YcnoBusa Kaxgovi opurvHanbHod 3afaayuv, npeanaraemMoii Ais nybnukauynv, Bmecre ¢ Bawim
PeLLeHreM 3TOH 3aAa4u MPUCLIIANTE 10 TeM XKe aapecam.

3apava M2570 npeanaramcb Ha IV KaBKka3ckovi MateMaTnyeckor osmmmnuase.

ABrop 3agay ®2577-D2580 - C.Bapnamos.

3apaun M2570-M2573, ©2577-d2580

M2570. ITama paccrasuu yncsaa ot 1 go 100
B kJeTkax KBazapata 10x10, raxmoe Mo
onnoMy pagy. [Tocse atoro /luma paceMoTpest
BCEBO3MOJKHbBIE KBaJ[paThbl IO, GOJIb-
mreii 1, co cTopoHaMu, WAYIIUMH IO JINHUSM
CETKH, U B KAYK/IOM [TOKPACHJT B 3€JIEHbII [[BET
Hau6opiree uncao (Ipu 9TOM OZHO YHCJIO
MOIJIO OBITh IOKpAIIeHO HECKOJBKO pas).
MorJio Jin OKa3aTbCsl, 4TO BCE JIBY3HAUHbIE
YucJa TOKpalleHbl B 3eJIeHbli 1[BET?
B.bpazun

M2571. [Tana tpanerugs ABCD c¢ ocHOBaHU-
amu AD u BC. Ilycts E u F — Touku Ha
croponax AB u CD coorserctsenno (puc.1).
Omnucannast OKPY>KHOCTb TpeyroibHuKa AEF
BTOPUYHO IlepeceKkaeT oTpe3ok AD B Touke

7

Puc.

Ay, a onucannas OKpy>KHOCTb TPEYTOJbHUKA
CEF nepecekaer orpe3ok BC B Touke Cj.
Hokaxure, yro npambie AC;, BD u EF
TepeceKaroTcsl B OTHON TOUKE.

A.Ky3neuos

M2572. Ilycts k — dukcupoBammnoe Hary-
pasbHOe yucao. /lokasknTe, 4TO BCe YJIEHDBI
M0CJIe/I0BATEIbHOCTH GMHOMUATBHBIX KOA(D-
¢urnmenTos C%,Cf,Cg,...,sz:ﬂ,..., HauMHAas
€ HEKOTOPOTO UJIeHA, JAIOT OJWH U TOT K€
OCTaTOK IPU JEJEeHUU Ha 2k,
B.Pacmopzyes

M2573". JIBa MypaBbs MoJI3yT 10 pebpam
BBIIIYKJIOTO MHOrOI'paHHuKa. MapiipyT Kask-
JIOr0 MypaBbs 3aKaHYMBAETCs B TOM ke Bep-
NIMHE, YTO W HAUWHAETCS, TIPU 9TOM MypaBeit
He MPOXOJANUT HU OJHY TOUYKY JIBAK/bI, TTOKA
He BO3BPATUTCS B HAYAJIBHYIO TOYKY Mapiil-
pyta. Ha xaxnoit rpann F gaHHOTO MHOTO-
TPAaHHNUKA 3aIMCBIBAIOT KOJIMYECTBO pebep
rpanu F, TIpUHAJIEKAIUX MaplIpyTy mHep-
BOTO MypaBbs, U KOJIMYECTBO pebep Tpanu I,
PUHAJIEKANIMX MapIIPYTy BTOPOro Mypa-
Bbs. CyIIecTBYIOT JIM MHOTOIPAHHUK U apa
ollpe/iesIeHHBIX BbIIIe MAPIIPYTOB TAKUE, YTO
POBHO Ha OJHOI TpaHU [Ba 3alUCAHHbBIX
yycJa pa3anyaloTcs?

H.benyxos

®2577. Tlnockas ceTka ¢ GOJIBIIAM KOJIHYe-
CTBOM STYeeK B BH/IE OJMHAKOBBIX POMOOB
c/leJlaHa M3 JKECTKUX JIETKUX MPSIMbIX JIJTHH-
HBIX [POBOJIOYEK, CKPEIJIEHHBIX B Y3Jax
CeTKM IapHupamu. PeOpo Kaxkoil siueiiku-
pomba umeer amny a. OQUH y3ea-mapHup ¢
koopanuatamu (0,0) yaepKMBaIOT HETOM-
BVSKHBIM, a MIAPHUP ¢ Koopanuatamu (1, m)
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HAYMHAIOT [TePEMEIIATh C TOCTOSIHHON CKOPO-
CTHIO B/IOJIb MapaJslJieJIbHbIX TIPOBOJIoUYeKk (7
1 1 — 9TO LIEJIOUNCJIEHHbIE He PABHbIE HYJIO
3HAYEHUS C eJMHUIEH paccTosiHusi a). B
HEKUIl MOMEHT BPpEMEHN BCE STUEHKN CeTKU
CTAHOBATCS KBaJpataMu. B aTOT MOMEHT cKo-
pOCTb mapHupa ¢ koopaunatamu (7, m) nme-
eT MPOEKI[NH Ha B3aWMHO TEPIEeH/NKYJISIp-
HbIe TPOBOJIOUKHN © 1 u. C KaKoil CKOPOCTbHIO
U C KaKiM YCKOPeHHeM JBIKETCS B 3TOT
MOMEHT mapHup ¢ koopaunaramu (k, [)?

®2578. Tlopuctelit MaTepuaa UMeeT BHYTPU
ce6sT MHOXKECTBO TIOp — KaHAJTOB-OTBEPCTHI.
Bce aTn xaHAIB! MTApAJIENbHDI APYT APYTY.
JluameTp 110p MHOTO MEHbIIIE JITUHBI CBOOO/I-
moro mpobera MosiekyJ1. Takum MarepuasoMm
3arosineHbl TPYOKHU TPOIHUKA CUMMETPUY-
1ot popMbI ¢ HEPOHUIIAEMBIMU CTEHKAMHU.
B uenrpe Tpoiinuka mMeercsi CBOGOJHOE OT
[IOPUCTOTO MaTeprasia HeGOJIbIIOE TPOCTPAH-
CTBO, B KOTOPOE BBIXOJUT KaKJBIN KaHAJ
OJTHUM W3 CBOMX KOHIOB. llonmasanme moe-
KYJIBI B KQHAJ C KaKoi-Jn60 CTOPOHBI 03HA-
YaeT, YTO y MOJIEKYJIBI FIMEETCST OIpe/IesIeH-
Has BEPOATHOCTD ¢ > 0,5 BBLJIETETb U3 3TOr0
KaHaJla uepe3 TO JKe OTBepCTHe, B KOTOPOE
oHa BJieTesa, 1 BeposiTHOCTb (1—01) BbLIE-
TeTb U3 JPYTOTO OTBEPCTHS 3TOTO KaHATA.
ITH BEPOSITHOCTH He 3aBUCSIT OT TeMIIepaTy-
poi. Tpoiinuk coenwHseT TPU OJUHAKOBBIX
cocyZia ¢ paspeskeHHbIM resueM. CHauyasa
reJinil BO BCEX TPeX COCY/laX MMeJ OJNHAKO-
ByIo TeMIepatypy 71, 1 OAMHAKOBOE HAYaJIb-
HOE JIaBJIEHNE Py, . 3aTE€M B OJTHOM U3 COCYOB
TeMIepaTypy OCTaBUJIH MIPEKHE, BO BTOPOM
TOJHSAJIN [BA Pasa, a B TPETbeM MOTHSIN B
Tpu pasa. TeMmeparypa BHYTPH TPOWHIKA HE
n3MeHWJIach. Kakue JaBIeHNUS YCTAHOBSITCS
B 9THX COCY/IaX U B CBOOOTHOM IIPOCTPAHCTBE
BHYTPH TPOWHUKa 4epe3 OGOJIbIIoe BpeMsi?
Cumnraiite, 4TO cyMMapHbIii 00beM BCeX KaHa-
JIOB 1 CBOOGOJHOTO MPOCTPAHCTBA BHYTPHU
TPOITHUKA MaJI B CPABHEHUU C 06BEMOM JIIO-
60r0 13 COCYy/IOB.

®2579. B asrekTpuuecKoii 1enm, cxeMma KoTo-
poii u300paskeHa Ha PUCYHKE 2, PE3UCTOPDHI
UMEIOT OJIMHAKOBbIE COIPOTUBJeHuss R, a
KOH/IeHCATOpbl — ofuHaKkoBbie emkocT C.
Barapeu umeror 9/1C 3§ cieBa BBepxy U &
cripaBa BHU3Y. B HauaJbHBII MOMEHT KOH-

2019/Ne8
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K, J:
K,
1
Puc. 2

JleHCcaTopbl pa3psisKeHbl. B kakoit moceioBa-
TeJbHOCTH 1 ¢ KaKOW BPeMEHHOI 3a/1epKKOi
T HYKHO 3aMKHYTb KJaoun K, u K, , 4To6bI
B 3JIEKTPUYECKOI 11eT1 BBI/IEJUIOCH KAK MO3K-
HO MeHbllle Tera?

®2580. HermnoaBuskHas 1JaacTiHa u3 30J10Ta
Masioif tommmubl (d =1 MKM), uMelomas
temrepatrypy T = 200 K, noasepraercs 06-
JIy4EHHTO TOTOKOM HEHTPOHOB. Kaxkaplit Heii-
TPOH MMeeT KWHETHYecKylo aHepruio E, =
=0,8 kaB. Mnorxa u3 miacTuHbl BBIGUBAIOT-
cst aToMbl 30710Ta. OIEeHNTe MaKCHMAaJbHYIO
CKOPOCTDb, KOTOPYIO MOKET MMETb BBIOUTHII
HeHTPOHOM W3 MJIACTHHBI aTOM 30J10Ta. V3Be-
CTHBI TEPMOJMHAMITYECKIE TTapaMeTPBhl 30710~
ta: MoJssipHass mMacca M = 197 1 ,/moib;
maoruocts  (mpu  H.y.) p=19,3-
19,32 r/CM3 ; TeMmMIieparypa IJaBJeHUs
T,, =1337,33 K; mosgapHas Temora 1j1as-
apenus L, = 12,68 x/Ix/Moub; Temmepa-
typa kunenusa 7T, = 3129 K; mongpuas
teriota ucnapenus L., =340 x/[x,/Momb;
temreparypa [ebas 170 K. Ilpu temnepa-
Typax BbIIIe Temepatypbl /[le6as MosipHAs
TEMJIOEMKOCTb 30JI0TAa pPaBHAa NPUMePHO
C =3R =25 lx/(K-momp) . Kpucrasumu-
YecKast peleTka 3010Ta — KyOmaeckas rpaHe-
nenrpupoBannas tuma Cu.

PeweHunsa 3apaun M2558-M2561,
®d2565-D2568

M2558. Ha npamoii cudsm 2019 moueunwvix
Ky3neuuxos. 3a x00 Kakou-nubyoo us
KY3HEeUUKos npvizaem uepes Kaxozo-nubyov
Opy2z020 max, 4mMobvL OKAIAMBCS HA NPEKHEM
paccmosanuu om nezo. Ilpvieas moavko
8NPABO, KYIHEUUKU MOZYM D0OUMBCSL MO20,
4moOvlL Kaxue-mo 060e U3 HUX OKA3AIUCH HA
paccmosanuu posno 1 mm Opyz om Opyea.
Jloxasxume, wmo Ky3neuuxu Mozym 000umvcs.
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mozo ke, npvlzds U3 Haud/lbH0oz0 NOJI0KeHUS
moJbKO 6/1e60.

Paccmorpum kysHeunka A, KOTOPBIM B Ha-
YaJbHOM TMOJIOKEHIH HAXOIUTCS JieBee BCeX
npyrux. Ilycrp Torga cHavamia Bce Ky3Heun-
KU, KpoMme A, mepenpbirHyT yepe3 A. fAcho,
YTO Telepb Ky3HEUNKN HAXOAATCS B [OJI0XKe-
HUHU, KOTOPOE CUMMETPUYHO U3HAYAJBHOMY.
Torpa oHn MOTYT, UCHOJIB3Y S XO/IbI, CUMMET-
pUYHBIE T€M, KOTOPbIe OHU ObI JeJaTH TPU
MPBDKKAX BIPABO, AOOGUTHCS TPeGyeMOoro.
C. Aopuuenxo

M2559. K naockocmu npuxieensvt 0ed
nenepecexaowuxcs a) pasuvix;, 6) ne
0653aMesbHO PAGHBIX OEPESAHHBIX KpY2d —
cepouti u uepnwiii (puc.1). [lan 6eckoneunvul

Puc. 1

Oepessannviil Y201, 00HA CIMOPOHA KOMOPOZO
cepas, a Opyzas — uepnas. Ez0 nepedeuzarom
max, umobvL Kpyzu OvlIU CHAPYXKU Y2ad,
nputem cepas CMopord Kacaidch cepozo Kpy-
2a, a uepnas — uepnozo ( kacanue npoucxooum
e 6 sepuiune). /lokaume, 4mo Hympu yzaa
MOKHO HAPUCOBAMDL YU, GLIXOOSUUT U3
eepuLUtbL, MAK, 4MOObL NPU BCEGOIMONKHBLY
NOJIOXKEHUSAX Y2Ad IMOM AYU NPOXOOUT uepe3
001y U MY 2Ke MOUKY NAOCKOCTIU.

a) [TokaskeM, 4TO UCKOMBbIii JTyd — 9TO GUCCEK-
tpuca yria BAC mexay cepoil M uepHOi
CTOPOHAMM JIEPEBSTH-
Horo yrja. Touku
3TOH OUCCEKTPUCHI
PaBHOY/IAJEHBI OT
cropon yraa. Ilpo-
BeleM depe3 I[eHT-
pet O; u O, ceporo
U YEepHOr0 KPYTroB
npsMble, MmapaJ-
JIeJTbHbIE CTOPOHAM
yraa (puc.2). Iycrn
OHU TIEPECEKAI0TCS B
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touke A’. Tlockoabky yron O,A’O, pasen
yriay BAC wu, ciesoBaresibHO, TOCTOSIHHDII,
OIUCAHHASA OKPYKHOCTb € TpeyrojbHUKa
O,A’O, He 3aBUCHUT OT TI0JIOKEHsI JIePEBSTH-
Horo yrua. Ilpsamas [, cogepskarast Guccex-
tpucy yraa O;A’O,, IPOXOAUT TOrIa Yepes3
¢pukcpoBarHyto Touky K — cepefinHy AyTH
0,0, (ue conepsxkareii A”) okpyskHOCTH Q.
Toukn npsiMoii [ paBHOYaIE€HbI OT HPSIMBIX
OA" n O,A”, a cepas U 4epHast CTOPOHBI
yrJia <«OTOJABMHYTHI» OT mpsMbix OyA" wu
0,A” Ha OJIHO ¥ TO K€ PACCTOSIHIE, PABHOE
pajuycy Kpyros, B cropony touku K. Ciejto-
BATEJIbHO, TIPsIMas [ COIEPKUT U GUCCEKTPH-
Cy yTIJa JIePEBSIHHOTO TPEYTrOJbHUKA.

6) B o6rmeii cutyanuu, Korga pajgnycsl 1, u
7, Cepoil M YepHOI OKpYyKHOCTeH He 06s513a-
TeJIbHO PaBHBI, HICKOMBIIT JTyd 72 — 3TO TEOMET-
pIIecKoe MecTO JIeKaIuX BHYTPU yTJa TO-
YeK, JJIsI KOTOPBIX OTHOIIEHHE DPACCTOSHUMN
10 Cepoil U YePHOIl CTOPOH YIJIa PABHO 7 /7, .
OG6ocHOBaHKE BITOJIHE AHAJIOTHYHO PEIICHNIO
nyukra a). [Iposenem BuyTpu yraa O;A’O,
npaMyio [, s Touek KOTOPOil OTHOIIEHHE
paccrostnuii &y /h, o npsimbix O;A” 1 O, A’
pasio 7;/r, . Ilyctb mpsiMas | TpOXOAUT
uepe3 Touky K ayru O,0, (He comepxaieii
A) okpyxknoctn . Toraa

O1K/Oz]< =
= (2Rsin ZO,A’K) /(2R sin LO,A'K) =
= (A’K sin ZO,A'K)/(A'K sin LO,A'K) =

= Iy/hy =n[r,.
Wrax, Touka K onpejessgercs paBeHCTBOM
O,K/O,K =1, [r, (nerpymano y6eantbesi, 4to
Takas Touka K Ha AaHHOI Ayre eluHCTBEH-
Ha). Ocraercst 3aMeTUTD, UTO cepast U YepHast
CTOPOHBI yIJIa <«OTOABUHYTBI» OT IIPAMbIX
O A" u O,A" Ha pacCTOsiHUSL 7 W Ty,
M09TOMY PACCTOSIHUS OT TOYEK TIPsIMOit [ /10
cepoil M 4YepHOi CTOPOH yTIJa IMPOIOPINO-
HAJBHBI 7, U #. Takum o6pasom, mpsmas [
COJIEPSKUT JIyY 7.
B.Pacmopezyes, H.Bozdanos, E.Baxaes,
11. Koxeenuxos

M2560. ITeped Illapurom nexum beckoneu-
HOe YUCIO0 KomJem, Hd KdXO00u cudum no
myxe. Ha xaxoom xody Ilapux nocaedosa-
meavHo Oesdem dee onepauiL:
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1) coedaem kaxyio-mo komaemy emecme co
GCEMU CUOAUUMU HA HeTl MYXaAML

2) nepecaxxusaem 00ny mMyxy ¢ 00HOU KOM-
nemvl na Opyeyio (na xomaeme Mmoxem
Ovimb CKOABKO Y200HO MYX ).

Hlapux xouem ceecmv He 604€e MULTUOHA
myx. Jloxaxxume, umo on ne moxem Oei-
cmeosamv max, 4mobvl Kaxoas Komiema
Ovlaa coedend Ha KaxoM-mo x00y.

[Tpeanmonoxum mpotuBHoe: Illapuk cpern B
KaKOM-TO TIOPSIZIKE BCe KOTJIETHI M IIPH 3TOM
chet He 6ostee Musnona MyX. [IpuBemem aBa
BO3MOKHBIX PACCYKJCHUS, JAIONNX pere-
HUE 3a/1a4u.
1. 3amerumMm, 4To ¢ Kakoro-to momenra Illa-
puK Gy/eT ecTb TOJbKO KOTJIeThbl 6e3 Myx. C
9TOTO MOMEHTA YHCJIO KOTJeT Ge3 MyX He
MOXKeT yBeJuuuThesi nocie xona lllapuka:
ecsin OH U 06pa3oBas KaKyio-TO HOBYIO KOT-
nety 6es myx ([epesiosKuB ¢ Hee MyXy), TO
mepesl 9TUM Ches KaKyoo-TO KOTJIeTy 6e3
Myxu. Torga ¢ Kakoro-ro MOMEHTa YHCJIO
Kkotier Ges Myx crabmimaupyercs. Ilocse
aToro MoMeHTa [Ilapuk KaskabIM XOJI0M Che-
JlaeT KOTJeTy 6e3 MyXHW U TepeKJIaIbIBaeT
MyXy € KOTJIETbI, HaA KOTOPOH POBHO O/lHA
MyXa, Ha KOTJeTy, TAe y»Ke ecTb Myxu. Tem
CaMbIM, TIOSBUTCS KOTJIETa, HA KOTOPOI XOTS
6b1 nBe Myxu, u 3Ty KorJery Illapux yke
HUKOT/Ia He cbecT (€ TakuX KOTJET OH MyX
y>Ke He CHUMAET, a KOTJIETbI C MyXaMH y:Ke He
ecr). ITpotusopeune. 3azaua perreHa.
2. IIpoHymMepyeM KOTJIETBI B TOM TOPSIIKE, B
kakoM [llapuk 6yer ux ectb. 3a repBbie 108
xoqi0B lllapuk 1epesoKUT HEKOTOPBIX MyX
Ha Kakue-To KoTJeThl. [lycth n — Han6oh-
MU cpeii HOMEPOB ATUX KOTJeT. PaccMoT-
puM nepsbie n Koter. 3a nepsbie 10° xon08
CyMMapHO€ KOJIMYeCTBO MyX Ha HUX HE yMEHb-
manoch (He cumrtas myx, Koropbie Ilapuk
cbes). 3HAYUT, Tepel TeM, Kak CheCTb 1-10
rotiaery, llapwmk ycmeeT mepesoXuTh Ha
KOTJIETBI ¢ OOJIbIIUMHU HOMepaMu He GoJiee
(n-1)-10° myx. Crenosatennbio, 3a mep-
BbIE 72 ITATOB OH chect XoTst 661 10° +1 MYyXY.
[TpotuBopeune. 3amaua perreHa.
H.Mumpoganoe

* o
M2561". Perienue 3101 3a/1aui CM. B CTaThe
K.Koxaca «CocraBHble JIeCEHKI» .
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®2565." IIpu uccaredosanuu asmomobuiv-
HBLX NPOOOK UHKEHEPAM-00POXKHUKAM NPU-
XOOUMCS PACCUUMBIEAM, NPONYCKHBLE CRO-
coOHocmu 0opoz — MAKCUMAILHOE KOJuYe-
CMEO MAWUH, KOMOPbLE MOZYN NPOLXAMb NO
MOMY UAU UHOMY YUACKY 00pO2U — npUueM
UCX005 U3 BO3IMOKHOCIEU U NPEONOUMeHUT
ycpeonennozo sodumens. ITycmo no npsmo-
MY yuacmky wocce 06UKemcs NOMOK Md-
wun. HUx cxopocmu odunaxosovl u ne mens-
tomest ¢ meuenuem epemenu. /lan epagpux
3asucumocmu ckopocmu v (6 Kuiomempax 6
uac), ¢ Komopoi edym Mawunvl 8 NOMmoxKe,
om wucaa mawur n, npuxodsuuxcs Ha 100
mempoe dopozu (puc.1). Kaxoe maxcumany-

Z),KM/‘{‘

100
80
60

N
40 <

20

5 10 15 20 25

Puc 1 n,mam/100 m

HOe KOAUUECTNBO MAWUH MOXKEem Npoexams
3a 1 uwac oxono Hexomopoi ommemxu Ha
dopoze?

Ecuin mammn na jopore MaJjio, To HECMOTPSI Ha
60JIbIITIE CKOPOCTU 10 JIOPOTe IIPOEe3KaeT
He6oJIbIIoe UX KoJmdectBo. Ecom MammH Ha
JIOpore MHOTO, TO OHU IMEIOT MaJIble CKOPOCTH
7 KOJIMYECTBO MPOE3KAIOIINX I10 JOPOre Ma-
mH cHoBa Masio. CiemoBaTesbHO, TP Ka-
KOW-TO ONITUMAJIbHON KOHIIEHTPAINN MallliH
Ha JIOPOTE ee MPOITyCKHAst CIIOCOGHOCTD Oy 1eT
MakcuMasbHOU. Halijiem aTy KOHIleHTpaIuio.
IIyctp Ha 100 MeTpoB AOpPOTH TPUXOAUTCS 71
mamuH. [logcuntaeM, CKOJbKO MalluH MPO-
€3)Kal0T KaKyIo-TO TOUKY Ha IIocce 32 NHTep-
BaJs Bpemenu Af. Tak Kak Bce MalllMHbI
JIBUTAIOTCS ¢ O/[IMHAKOBOM cKopocTbio 0 (7)),
MHUMO PacCMaTpUBAEMONl TOUKU YCIEIOT 11PO-
€XaTb Te MalllMHbBI, KOTOpble HaXOAATCS Ha
paccTrosgHUN He 6oJbllie 4eM oAt OT 3Toit
TOYKHU. A X KoamdecTBO N MOXKHO HalTH U3

! Agrop peennii sagau ©2565—-D2568 — C. My-
PaBbEB.
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pannoro rpadguka (cm. puc.1):
N =100 (n)nAt ,
T7Ie 1 — 9YUCJI0 MariH, mpuxoasmuxcs Ha 100
METPOB JIOPOTH, CKOPOCTD 3a/[aHa B KHJIOMET-
pax B 4ac, BpeMst — B yacax. Takum o6pasom,
4TOoObI HANTH MaKCMMAJIbHOE KOJMYECTBO
MallliH, KOTOPbIe MOTYT TIPOEXaTh MUMO Ka-
KOM-TO TOUKHM Ha JIopore, HyKHO HalTH Mak-
cuMyM BbIpaxkeHust ©(n)n Kak GyHKUUK
yucaa MammH n, npuxoxadnmxcsa na 100
MmetpoB goporu. [duddepentupys ary ¢yn-
KIIMIO M IPUPaBHUBAS IPOU3BOAHYIO K HY IO,
HOJIYYUM
(o(n)n) =o' (R)n+o(n)=0.
3HAYUT, MAKCHMyM MpousBefeHus o(n)n
JIOCTHTAEeTCs B TaKoii Touke rpaduika, B KOTO-
poii
o (ny= -2
n
WJIM, JPYTUMH CJOBAMH, B KOTOPOW yroJ
HAKJIOHA KacaTeJbHOIl K rpaduxy ov(n) pa-
BEH [0 MOJIYJIIO 1 TPOTUBOIIOJIOKEH MO 3HAKY
YIJIy HAKJOHA MPSIMOM, NMPOBEJEHHOH B aTy
TOYKY M3 Hauajia KOOP/MHAT, T.€. IIPU TAaKOM
3HAYEHUH 7, TP KOTOPOM TPEYTOJbHUK
OAB — pasnoGenpennsrtii (puc.2). 1o 3Ha-

v, KM/4

1
80— ]
60 PR NG S

40 o N

20 S SUNUUE SUN S SRR b SRR

7

O 5
Puc. 2

10 ™0 15 20 25
n,Mmaimr/100 m

YUT, YTO 7, Jeaut unrepsaj OB nonoJam,
WA 4TO
no = 12,5 .

Onpenenus 1o rpaduky snauenne v(ny) =
=66,7 KM /4, HaXO[UM MaKCHMaJIbHOE KO-
JIMYECTBO MalllMH, KOTOPOE MOKET IIPOeXarh
3a 1 yac MUMO KaKOIi-TO TOUKH JOPOTH:

N_. . =8337,5 = 8338 mamun .

max

®2566. B sepmuraivnyo niocKyio cmeny
6OumvL 06a 21a0KUX 260305, NEPNEHOUKY-
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asprolx cmene. Ha nux nosecunu kpyenvlil
00pYU € PABHOMEPHBLM pACNPedeseHUeM MAC-
cvl 10 0600y, U OH ¢ Mecma He COBUHYICS.
Ioroxenue 00Ho-

20 260305 u3secm-

10O — OHO NOKA3ANHO ¢
napucynxe 1. [Ips-
MOUOMPE30K C KOH-
uamu 6 uenmpe 06-
PYUA U IMOM 2603
de obpasyem c ep-
MUKAILIO Y20l
Q<m/2. I'de no-
JKem HAX00umuvcs
8Mopoil 26030b?

Puc. 1

Ha o6pyu [eiicTBYIOT BCero TpH CHJIbI: €ro
CHUJIA TSPKECTH W JIBE CUJTBI PEAKITIH CO CTOPO-
HBI IBYX TJIQJIKNX rBo3/ei. CienoBaTesbHo,
JIMHUY JIHCTBUS 9TUX TPEX CUJI [IePeCceKaloT-
csl B OJIHOIT Touke — B IleHTpe o6pyua. Ilo-
CKOJIBKY CyMMa 3TUX TPeX CHJI I0JDKHA OBbITh
PaBHOI HYyJIIO, TO 3TO O3HA4aeT, 4TO CO
CTOPOHBI BTOPOTO I'BO3/IsT HA 06pYY I€fiCTBYeT
CUJIa, KOoTopas UMeeT T'OPU3OHTAJIbHYIO CO-
CTaBJIAIONIYIO, KOMIIEHCUPYIOUIYIO TOPU30H-
TaJbHYIO0 COCTABJ/IAIONIYIO CUJIbI, AEUCTBYIO-
et Ha 06pyY €O CTOPOHBI HIEPBOTO TBO3JIS.
ITO BO3MOKHO TOJIbKO JIJI1 TAKUX MECT pac-
MOJIO’KEHUS BTOPOTO TBO3/I, KOT/Ia 3T TOPH-
30HTAJIbHAS COCTABJIAIONIAS HAIIPABJICHA BITPa-
Bo (ycaoBue 1) u cyMMa BepTHKaJIbHBIX
COCTABJISIONINX CHJI, IEHCTBYIONIMX HA 06pYY
CO CTOPOHBI TBO3/I€ii, HarpaBJieHa BBepx (yc-
JoBue 2), 4TOGbI CKOMIICHCHPOBATDH CHUJTY
TSIKECTH.

Ecmm BTOpOI TBO3/Ib HAXOAWTCS <BHYTPHU»
o06pyya, To 06a yCJIOBHUS MOKHO BBITIOJHUTD,
TOJIBKO €CJIM BTOPOU TBO3/Ib PACTIOJNOKEH a)
npasee IeHTpa Macc 06pyva 1 6) BbIle TOUKH
o0pyya, Haxozsdmelicss Ha TMPOTUBOIIOJIONK-
HOM KOHIIe inameTpa o6pyda D, copepsrarie-
r0 TEPBbIH TBO3/b. YcjaoBue 6) CBA3AHO
TeM, YTO /IB€ CHUJIbI PEaKIMh CO CTOPOHDI
I'BO3/lell JI0/DKHBI KOMIIEHCHUPOBATD COCTAB-
JITIONIYIO CHUJIbI TSXKECTH, I[ePIeHUKYJISAP-
nyto nquamerpy D. Kpacuoit munueii va pu-
CyHKe 2 OTMe4YeHbl COOTBETCTBYIONNE TOUKN
BHYTpH 06pyua.

Ecom sxe BTopoii rBO3/b HAXOAUTCS BHE 0OPY-
9a, To 06a ycaoBus 1 n 2 MOXKHO YIOBJIETBO-
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Puc. 2

Puc. 3

PUTH, TOJbKO €CJU BTOPOIl I'BO3/b PACIOJIO-
JKEH JieBee IIEHTpa Macc o6pyda W HUKe
MepBoOro reo3/s. Takue TOUKM OTMEUEHBI Ha
pUCYHKe 3 JIMHUEH 3eJIeHOTO IIBeTa.
3aMeTuM, 4YTO KpacHas ¥ 3eJeHas JUHUN
PaCIOJIOKEHbI CUMMETPUYHO OTHOCHUTEHHO
1eHTpa o6pyya.

®2567. B cexpemioil 1abopamopui cunme-
3uposanu HeoOvlunwil mamepual. Ezo yoeno-
HASL MENJI0eMKOCb C 3A6UCUM 0T NeMNePa-
mypoL t no wxane [lervcus 10 3aKOHY c(t)=
= ¢y (1+4t), 20e ¢y = 2,1-10° [l / (xz-2pad)
u v=0,052pad! — useecmuvie nocmosn-
note. Obpazey, daniozo mamepuaid maccoi
m = 0,5 Kz u Hauaronoi memnepamypoul
0 °C 6pocaiom 6 600y maccoii 2m u memne-
pamypoii t; = 45 °C . Kaxasa ycmanosumcs
mejvznepamy,zm9 yaeﬂbHdﬂ MensioemKocms
60061 =2y = 4,2-10° [ / (k2-2pad).
Homep;mu menia MoKHO nperedpeus.
[TycTtb ycTanoBuBIIascs TeMieparypa paBHa
t, . Torga Bojia OT/1a€T KOJIMYECTBO TEILJIOTHI
Ogry = 2me, (t; —t,) = dmcy (4 - t,).
ITockosbKy TOTEpD TEIIa HET, 3TO KOJIHIe-
CTBO TEIJIOTBI TOJYYUT HAIl HEeOObIYHBIN
Marepuasn C II€PEMEHHON TEIIOEMKOCTBIO.
Yro6bl paccuuTaTbh, K KaKOMY H3MEHEHHIO
TeMIepaTypbl IPUBEAET 3TO TEILIO, pasje-
JIIM TeMIlepaTypHblil unrepsBan &, —f, Ha
MaJible UHTepBasibl Af; , BHYTPU KaX/0I0 13
KOTOPBIX TEILJIOEMKOCTb CEKPETHOTO MaTepH-
aJla MOXKHO CUMTaTh IocTosiHHOM. Torzga ko-
JINUECTBO TEIJIOTHI, MOJYYEHHOE CEKPETHDbIM
MaTepHasoM, eCTb CyMMa KOJHMYECTB TEILIO-
TBI, TIOJTyUYEHHBIX Ha KaXXIOM MAJOM MHTEp-
BaJsie, a TMOCJEIHNE MOTYT OBITh HalIEHBI IO
crangaptaoii hopmyJie. [loaromy mmeem

Oyon ch )At; = mc ZAt +y2tAt
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[TepBas cymma B ckoOGKax paBHa IIOJTHOMY
U3MEHeHuIo Temieparypsl t, —t, =t, (Bce
TeMIIepaTy bl 3a/1aHbl B rpaaycax Lleabcust).
Bropas cymMa B cko6KaxX aHAJOTHYHA CYM-
Me, KOTOPYIO IPUXOAUTCSA BBIUUACIATD INPHU
orpeieieHu  paGOThl CHJIBI YIIPYTOCTH U
KOTOpast HaxoAnuTcs rpadmaeckn. IIpnmenss
3/1eCh AHAJIOTHYHBIE COOOPASKEHIIST, HAXOIM

N At = 1tf
i

[IpupaBuuBag ornanHoe U IOJY4YeHHOE KO-
JINYECTBA TEILIOTHI, T0JIy4aeM ypaBHEHHe 11
HCKOMON TeMIeparypbl . :

yt2 +10t, -8, =0,

OTKYy/da HaXO/IuM

- 10 + /100 + 32v¢, _312°C.

2y
®2568. Hmeemcs nrockas memanriuueckast
naacmumxa. Ecau niacmumnky pacnoioKumo
NEePReHOUKYLAPHO CONHEUHBIM AYUAM, MO ee
oceeweHHAsL CMOPOHA 6ydem umems memne-
pamypy t;, =50 °C, a npomusonosoxnas
cmopona — memnepamypy t, =30 °C. Ka-
Kumu 6yoym memnepamypvl 0C6eweHHOU U
Meneeol CMOpPOH, eClu 63AMb NAACMUNHKY
yodeoennou mougunol? Cuumaiime, 4mo nid-
CIMUNKA 0UeHb MOHKAS U Omoaem IHep2uio
oKpyKalouell cpede 6aaz00aps Menaonpo-
sodnocmu. Temnepamypa oxpyKaroweti cpe-
vl t, =25°C.
Vxasanue. B ycmanosuswemcs pexume no-
MOK Menaa mexoy meramu nponopuyuond-
JIeH PA3HOCTU UX MeMnepamyp u niouwaou
KOHMAaxma u 00pamuo nponoputoHdaieH pac-
cmosinuto mexoy Humu (3aKon menaonpo-
soonocmu Dypove).

IIycTpb ntacTHKA B €/IMHUILY BPEMEHU MOy~
YaeT OT IMOTOKa COJIHEYHbIX ﬂyqeﬁ 9HEPIUIo
Q. B ycranoBusieMcs pexxume Besl aTa sHep-
rus J0/DKHA ObITh OT/IaHA OKPYJKAIOIIel cpe-
Je. B63n NTacTHHKY YCTAHOBUTCST HEKOTO-
poe pacipejiesieHue TeMIlepaTyp BO3jayXa:
OKOJIO CaMOil TJIACTUHKY BO3AYX Gy/IeT UMETh
TeMIlepaTypy, PaBHYyIO TeMmIilepaType ILIac-
TUHKHU, BJAJU — TeMIlepaTypy OKpy:»Kaloliei
cpeabl. IloaToMy 1IOTOKU Tella OT OCBelleH-
HOM 1 TEHEeBOI CTOPOH IIJIACTUHKH B OKPY>Ka-
0110 cpey 6yAyT MPONOPITHOHANBHBI Pa3-
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HOCTHU TeMIIepaTyp IIACTUHKU ¥ OKPYsKalo-
mieit cpezbl. [TocKOMbKY IJIACTHHKA TOHKAS,
MTOTOKAMU TeTLIa OT ee GOKOBBIX YacTeil MOK-
HO TIpeHe6peyb. Torga ycJioBue TENJIOBOTO
paBHOBeCHS JaeT

Q=k(ti—t)+k(t, ).

3nech K0P PUIMEHT MPOTOPITMOHATHBHOCTH
k 3aBUCHUT OT T€OMETPHUN MJIACTUHKH 1 TETLIO-
MIPOBOJHOCTH BO3/yXa, HO HE 3aBUCUT OT
TEMIIepaTyp IJIACTUHKU W OKPYKAIOIIEro
BO3/IyXa, & TOCKOJIbKY T€OMETPUsI OCBEIEH-
HOU U TeHEeBOH CTOPOH OJWHAKOBA, TO 3TOT
ko3 duimenT oMHAKOB 51 06enX CTOPOH
[LJIACTUHKU.

C apyroii cTOpoHbI, HarpeB HEOCBEIIEHHOI
CTOPOHBI TIJTACTUHKH CBSI3aH C TETJIONPOBO/I-
HOCTBIO BEI[eCTBA CAMOW IJIACTUHKH U TO
TEIJI0, KOTOPOE OTJAeT ee HeOoCBeleHHast
YacTh, PABHO KOJIMYECTBY TEIJIOTDI, TIepe/laH-
HOMY OT OCBETIEHHOW 4acTW HEOCBEIEeHHO.
[Ipumenss 3axon Mypbe K TEMJIOTPOBO/IHO-
CTH CaMOH TIJTACTUHKH, TTOJydaeM

A
k(t, —to)zg(l? ~t),
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riae A — Koa(pPUIMEHT TerIonpOBOHOCTU
MaTepuaJa IJIaCTUHKKA, d — ee TOJIINHA.

JLy19 IaCTUHKY Y/IBOEHHOW TOJIIIUHBI TTOJTY-
YEeHHbIE HAMU COOTHOINEHUS OY/IyT UMETDb BH/L

Q=k(t; ~ty)+k(t; 1),

K6 -0)= 25 (6 - ),
re ¢ u t, — TeMIepaTypbl OCBEIEHHON 1
TEHEBOW CTOPOH 3TOU TJIACTUHKU.
W3 aTHX 4YeTbIpeX COOTHOIIEeHUI, n36aBUB-
much ot Q u R, mOJayIUM

t; +t; :t1 +t2,
~t (b —to) +ty (2t —ty —to) = 26, (t; - 1) .
Pemrenne aToit cuctembl ypaBHeHUI jaet

£ = (t+5) (2t —ty —1)) =2y (i — 1)
2(t ~1y)

=32°C,

(ti+t)(t —t)+ 24 (t - t,)
2(t —t)

£ = =28°C.

CocTtaBHble neceHKu
K.KOXACb

B 9T0i1 HEGOIBINON CTaTbe MBI PACCKAZKEM
06 OJTHOM KPAaCUBOM CIOJKeTe — COOTBETCTBUN
MEXKTY Pa3OMEeHNsIMI HEKOTOPBIX KJETYATHIX
duryp Ha gomMuHOMKH (MIPAMOYTOJBHUKI
1X2) U ... KAK HU YJAMBUTEJIBHO, HEMHBIMU
npobsivu. Takyke MbI IPUMEHUM 9TO COOTBET-
cTBUE /g perenus 3ajaun M2561 «3anau-
Huka «KBantas.

HasoBem k-3meiixoti Ha KJeT4aTol MI0CKO-
CTH R-3BEHHYIO OPHEHTHPOBAHHYIO JIOMAHYTO,
3BEHbSI KOTOPOH MIYT TI0 CTOPOHAM KJIETOK,
UMETOT eIMHUYHY O JIJTH -
HY W HarpaBJIeHbI TI0-
> MepeMEeHHo TO BIIPABO,
10 BBEpX (TMEpBOE 3Be-
'\ HOMO’KeT ObITh HATIPaB-
JICHO BBEPX, & MOXKET 1
Bpaso). OTMernM Bee
KJETKH, y KOTOPBIX

8-3Meiika u 8-1eceHka
Puc. 1

DOI: https://doi.org/10.4213/kvant20190803

XOTsI ObI OJTHA BepIIHA TPUHAJICIKHAT 3MEITKe
U He SBJIETCST KOHIEBOI Toukoii. Takyio (-
rypy Oy/ieM Ha3biBaThb R-recenkoil. Hanpumep,
Ha pucyHKe 1 KpacHbIM I[BETOM n300paskeHa 8-
3Melika, YepHbIM — ee 8-JieceHKa.

He cpasy 6pocaetcs B riiasa, uto k-jeceHka
BCer/la COAEPIKUT YeTHOE YNCJTI0 KJeToK. [leii-
CTBUTEJIbHO, IIPUTJISJIEBIIICH K KAPTUHKE, Mbl
BU/IUM, YTO JIECEHKA B OCHOBHOM COCTOUT W3
TOPU30HTAJIbHBIX PSAJIOB 110 YETbIPe KJETKH U
JIMIIb TJIe-TO 110 KpasiM BCTpevaeTcs /iBa psjia
13 TPeX KJIEeTOK (a y JIECEHOK ¢ YeTHBIM R eCTb
ertie psi U3 ABYX KJIeTok ) . Tak uto o61iee unc.io
KJIETOK B JIeCEHKe Bcerja yeTHoe.

3araaka. Croavkumu cnocobamu k-necen-
KY MOKHO paspe3amv Ha OOMUHOUKU?

YUTo6bI HE JUTIATD YUTATES BOZMOKHOCTH
PEIIUTD 3Ty 3arajJiky, OTBET MBI IPUBEIEM
HEMHOTO HUXKe.

Bynem rosoputh, uro k-ameiika A ... A, n
l[-3mefika B, ...B; HapmcoBaHbl MOCJE10Ba-
TeJIbHO, €CJIM KOHEI IIepPBOi 3MeliK1 coBIIa/1a-
€T C HayaJIOM BTOPOH 1 HAIIPaBJICHUE HIOCJIe]1-
Hero 3BeHa I1epBoil 3Meliku coBIajaer ¢ Ha-
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IIpaBJIEHUEM TIEPBOTO 3B€HA BTOPOIL/’I 3MENKHN
(pI/IC.Z), T.€. Ak = BO nu Ak_1Ak = B(]B1 .

2-3Meiika

3-3Melika ]

" )

o~

2-3Meiika 1 3-3Mmeiika OObeauHeHne S-aeceHKn
¥ 4-JIeCEHKHN

Puc. 2 Puc. 3

Ecam HeckoJIbKO 3MeeKk HapHCOBAHBI TTOC-
JIeIOBATEIbHO, TO COOTBETCTBYIONIHE JICCEH-
KI He UMEIOT OOIMHUX KJICTOK. Mbl 00be IMHIM
WX B OJIHY KJeT4aTyio (Uurypy, KOTOPYIO
OyZeM Ha3bIBaThb COCMAGHOU JleCenKoll
(puc.3).

[Tyctp ganm HA6Op HATYPAJbHBIX YHCEJ
a,a,,...,a, . O6o3HaunM yepe3 S COCTABHYIO
JIECEHKY, SBJISIONIYIOCS OObeInHEHueM d -
JIECEHKH, d,-JIECEHK, ..., d, -TeceHKkn. O60-
3HAYMM dYepe3 [) KOJMYECTBO pas36MeHuit
uryper S Ha JOMUHOUIKH, T.€. HA MPSIMOY-
rosipauKKn 1x 2 . Ecau roBoputh 6oJiee TOY-
HO, BMECTO .S cTOMJIO GBI MCHOJIB30BaTh 060-
snauenne S(dy,ay,...,a,), a BMecTo D —
o6osnauenue D (ay,ay,...,a,).

Bonpoc. Yemy pasno D?

[Ipexkje yeM mpojoJKATh, OTMETUM, YTO
9TOT C BU/Y «COBEPIIEHHO SCHBIiI» BOIPOC
cOpPMYyJTMPOBAH COBEPIIEHHO HEMOHSTHO.
[leficTBUTEIBHO, & UTO MBI XOTHUM YCJIBITIATD
B OTBeT Ha 3TOT Bompoc? Yuemo D momHOC-
ThIO OTIpejeseTcs n TlapaMeTpaMiu
ay,as,...,d, . Bpan 11 B KayecTBe OTBETa Mbl
xoTesn 6bl TOJIYIUTh TEKCT IPOTPAMMBI, KO-
TOpasi MO3BOJISIET BBIUNCIATD D, cKopee, HaM
XOTeN0oCh Obl MOJYYUTb <«MPOCTYIO (DOPMY-
Jy», KOTopas 3ajJlaeT 3aBUCHUMOCTbH
D(a,ay,...,a,). Ho B kakoM cMbIcie 1po-
cryio? ®@yukuua D(ay,a,,...,a,) Ha caMoM
Jieie SIBJISIETCS] MHOTOUJIEHOM CTEIeHU 72 OT 7
nepeMeHHBIX! MHOTO JI YUTATeJTI0 U3BECTHO
«WHTEPECHBIX» MHOTOUJIEHOB OT 7 TIepeMeH-
HBIX C «HECJOKHOI (hopMy.JIoii» ?

[Tocae atmx 3aMevaHWil BOMpPOC y:Ke HE
ToKa)keTcst oueHb pocThiM. HegasHo Mibke
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Yanakuyun u Panpd Muddaep onybamkosa-
s (I.Canakei, R.Schiffler. Cluster algebras
and continued fractions//Compositio
Mathematica, v.154, is. 3, March 2018 , p.
565) 3aMevaTebHYIO TEOPEMY, KOTOPAs AaeT
Ha HEro B HEKOTOPOM CMbICJIE OTBET — COBEP-
[IEHHO HETIOHSTHBIN, 3aTO YANBUTEIBHO Kpa-
CHBBIIL.

Ho cnavanma — oTtragka.

Orragka. k-ieceHKy MOXKHO pa3pe3arh Ha
JIOMIHOIITKA POBHO k criocoGamu.

JleiicTBUTEIBHO, TIYCTh A — BEPXHSIS TIpa-
Basd KJIeTKa JIeCeHKU. EC/M MOJI0KUTD TOMU-
HOIIKY Ha KJIeTKy A Tak, 4To6bl OHA nepece-
KaJia 3MelKy, TO OCTaBIIyIOCs (PUTYPY MOIK-
HO paspesaTh Ha JOMUHOIIEKU JIUIIb OJHUM

A A A A
A

Puc. 4

croco6om (puc.4).

Ecuiu ke BbIpe3arh JOMUHOIIKY € KJETKOU
A Tak, 4TOGbI OHA HE Mepecerasa 3MelKy, y
nac ocranercsi (k—1)-necenka v
(puc.5). I\

3nauut, obliee paccyxaeHne A
HY>KHO 0(OPMJIATH 0 WHAYK- )
. Basa unykimy ovesmngma LA
JUIS IeCeHKH, a MHAYKIMOHHbI /€ 5
1epexo/i Mbl (PAKTUYECKH TOJBKO YTO TIPOBE-
PUJIN: TIEPBbI BAPDUAHT PACHOJIOKEHUS J10-
MUHOIIKY Ha KJIeTKe A jaer oguH crnocol, a
BTOPOil BAPUAHT TPUBOJIUT K IMPE/IIOJIOKE-
HUIO UHAYKIMU U jaet emie B — 1 cmoco6oB.

OrsiedemMcst HeMHOTO. HamoMHUM, dTO
nentoil (MM HempepbIBHOI) APOOBIO Ha3bl-
BAeTCsT BbIPAJKEHUE BUJIA

1

a, + (1)
a +

as +

1

. 1

L —
an

Takue BbIpaKE€HUA HE CJAUIIKOM leOéHbI 1pun

BbIIIOJTHEHN N apI/I(bMeTI/ILIeCKI/IX onepaunﬁ C

pallnOHAJIbHbBIMU YHCJaMM, Ppa3B€ YTO pac-

CMaTprBaThb NX KaK 3a/la9 C BOIIPOCOM «YII-

POCTHUTH BBIPA’KEHUE» JIJIS TMKOJBHOTO yael-
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nuka. Hampumep,

1 1 16 355
3+——=3+—5=3+—=—.(2
Y 113 313 @
16 16

[IpejiaraeM 4nTaTe 10 NPOBEPUTD, PACCMaT-
pHBasg 3TOT IIPHUMEP, YTO HU Ha KAKOM IIare
«yTIPOMIECHNS» TEMHON APOGH HE TOSBIISIOT-
cs COKpaTHMbIe JPOOH.

3anuiieM 1ennyio Apobb, 3aannyio ¢op-
myoii (1), B Buze (aBTOMaTH4eckn Hecokpa-
TUMOIT) parroHanbHoll 1pobu P/Q :

P _ P(a1,a2,...,an)_a . 1
bl _ g ] .
O O(aay,...,a,) ay +
as + ! 1
o
an
(3)

Teopema. Koauvecmeo pasbuenuil na 0o-
Mmuno cocmasnoii aecenxu S(ay,as,...,a,)
pasno uucaumenio uennoi opoou (3), m.e.
D(ay,ay,...,a,) = P(ay,a,,...,a,).

3HaMeHaTesb EMHoi ApoOU TOKE MMeeT
[POCTOE MCTOJKOBAHUE C TIOMOIIBIO JIOMUHO-
mek. W3 apudmernyeckux coobpaskeHuit
SICHO, 4TO 3HAMEHATeNab IemHOH apobu (3)
PaBeH YUCJUTENIO TEMHON 1poOn

1
a, +

as +

1

.1

o+ —
an
(nmocmotpure, kak B mpuMepe (2) nossuics
snamenaresb 113). KeraTtu, To, 4To 3HaMeHa-
TeJIb LEMHON APO6H He 3aBUCHUT OT d;, Ode-
BU/IHO. 3HAUNT, €CJIU BEPUTH B YTBEPIK/ICHUE

TEOPEMbI,
O(ay,ay,...,a,)=P(ay,...,a,) =
=D(ay,...,a,). (4)

[loka3aTeJbCTBO Te€OpeMbl COCTOUT B MH-
JIYKIIMOHHOM PACCYKJIEHUU, CTOJb K€ IIPO-
CTOM, KaK M B 3arajike Bbllle. B aror pas
MHAYKIUS OYIeT Mo 7, T.e. TI0 YUCJTY Jece-
HOK, U3 KOTOPbIX [IOCTPOEHA COCTaBHAs Jie-
CeHKa.

basa HMHAYROUN 1 = 1 — 3TO B TOUHOCTHU
yTBepsKAeHue 3ara/iku.

[lokaskeM MHAYKIMOHHBIN 1tepexo/. Ecam

«KBAHTA »

MbI YK€ YCTAHOBIJIN CIIPABE/JIMBOCTD YTBEP-
JKJIEHNS TeOPEMBbI IS JTI0GOH COCTaBHOM Jie-
CEHKM, TIOCTpOeHHON u3 m — 1 uacreill, TO
dopmysra (4) BepHa MO MHAYKIMOHHOMY
IPEANOJI0KEHNI0. PacCMOTPIM MECTO CTBIKA
@ -7T€CeHKN W COCTAaBHON JIeCeHKHU
S(ay,...,a,), BEPXHIOO NPaBYIO KJICTKY @ -
JeceHKn o6o3HaunM uepes A (puc.6).

CocraBHast
JleceHKa Y Nl B WP( )
S(dz,...,an) dzy...,an
BapUaHTOB
A
a,-JIeCEHKA K @, BapuaHToB
A
Puc. 6

Ecaiit tomuHorika, coziepskarnas KaetTky A,
He [ePeceKaeT CThIK, JajbHeiilee pasoneHie
@;-NeCeHKN ¥ COCTABHOW JIECEHKHU
S(ay,...,a,) Ha JOMUHO MOKHO CTPOHTH
He3aBucuMO. UVl pasjaudnble pasOHeHus Ha
JIOMUHO Bcell (UTypbl TOJIYYarOTCsl, €CJin
moboe U3 @, pa3bueHuii @ -JeceHKH JOTO0J-
HUTH J1I00bIM U3 P (dy,...,a,) paséuenmuii
cocraphoii necenku S (ay,...,a,). Wroro,
umeercst a;P(a,,...,a,) BapuautoB paséue-
HUSI HA JIOMUHO.

Ecam sxe goMuHOIIKA, cofepsKanias KIeT-
Ky A, Tlepecekaer CTbIK, TO B Tpeesax d;-
JIECEHKH OCTAEeTCsl HEYETHOE YMCJI0 He3aHs-
TBIX KJICTOK, [T03TOMY PS/IOM C PacCMaTpUBa-
€MOI JIOMUHOIIIKOM /IOJIXKHA HAXOAUTHCS ellle
O/THA JIOMUHOIIIKA, Tiepecekaroriast cToik! Ta-
KUM 06pa3oM, U B d,-JIECEHKE, U B COCETHEN
a,-necenke 00e KJIETKH, IPUJEraime K
CTBIKY, ysKe 3aHsTbl. HoO TOT/;a, Kak MbI
BUJIEJIM B 3ara/ike, He3aHsITas 4acTb d-
JIECEHKH ¥ HE3aHSITasl 4acTh dy-JIECEHKHU 3a-
HOJTHSTIOTCST IOMUHOIIKaMU O/{HO3HAauHO! Pas-
JIMYHBIE BADWAHTBI MOTYT MOSIBUTHCST TOJBKO
NpU 3aMONIEHWH COCTABHON JieCeHKN
S(as,...,a,); MO NPEANONOKEHUIO HHIYK-
MK UX 9uca1o pasao P(ds,...,a,) wim, ato

To ke camoe, Q(ay,...,a,) (puc.7).
Wrak, Mbl noryunmu GopMy.Iy

D(d1,d2,...,dn>=
=aP(ay,...,a,)+0(ay,...,a,).

(lpogonxeHmne cm. Ha ¢ 34)
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B 3amayax 06 ynakoBke Tpebyercs HalTu
MUHUMAJIBHYIO (QUTYpY 3aJlaHHOH (HOPMBI, B
KOTOPYTO MOKHO YJIOSKHUTD 77 HeTlepeceKatonimX-
csl pocTelmux Guryp.

B 3ajauax o 1mokpbituu TpeGyercs HalTh
MaKkcuMaabHyto Gurypy 3ajaHHoii opmbl, Ko-
TOPYIO MOTYT MOKPBITh 72 ITPOCTEHINX (UTryp.

Pasznen matemaTHKHM, KOTOPBIA 3aHUMaeTCs
peteHreM MOA06HDBIX 33/1a4, HA3bIBAETCS KOM-
6UHATOPHOI reoMeTpueil. MeTo/bl X peleHust
He TIpocThl. [losHOe pemnenne n3BeCTHO B OCHOB-
HOM /171 HeGOJIBIIIOTO YHCJIa YACTHBIX CJIYYaeB.
Hepenxo Taxme 3ajaunl UMEIOT IPaKTHYECKOE
MIPUIOXKEHHE.

Ha crpanmuiie MmaremMaTnka ¥ Moy IsIpu3aTopa
Hayku Opuka Dpuamana (Erich Friedman)
http: / /www2.stetson.edu /~efriedma /
packing.html co6paHO MHOro M3BECTHBIX pe-
3yJsbTaToB. Ha mX ocHoBe MOXKHO H3TOTOBUTH
TOJIOBOJIOMKH, (PUTYPKH KOTOPBIX HECJOKHO
BBIPE3aTh M3 KapTOHA.

[IpuBesneM HeCKOIBKO MiLTIOCTpaImii. OxoJo
KaX0H MJTIOCTPAIINH YKa3aHo, B KaKOM TOAY
HalJIeHO pellieHne WM JOKa3aH COOTBETCTBYIO-
muit pe3yabraT 06 ONTUMAJbHOCTH.

YnakoBKu

5 KBaApaToB B KBaJApaT CO CTOPOHOM
4=2+ - =2707 (roxasamo 5 1979)
ND)

10 xBagpaTtoB B KBaapaT CO CTOPOHOM

a=3+ N =~ 3,707 (noxasano B 2003)
V2

YNakoBKW U [MOKPbITNA

11 xBagpaToB B KBajpaT CO CTOPOHOM
a = 3,877 (maiizeno B 1979)

5 KBa/I[paTOB B HpaBVUIbeIf/JI TPEYTrOJIbHUK

€O CTOPOHOH ¢ = 2 + i = 4,309 (HaiizeHo B

1997) V3

6 KBaJpaToOB B NPABUJIbHBII TPEYroJbHUK

co croponoit @ =2+ — = 4,309 (uaiigeno B
1997) Jg

13 KBa/IpaTOB B MPABUJILHDBINH TPEYTOJbHUK

€O CTOPOHOIT @ = 4 + — = 6,309 (uaiizeno B
1997)

NG




6 TpPEyroJbHUKOB B MPABUJIbHBII
13+ 3 13

TPeyroJib-

HUK CO CTOPOHOU a = = 2,977

(natizeno B 1997)

A

8 Kpyros B KBajpaT CcO CTOPOHOH
a=2++2++6 = 5,863 (okazano B 1964)

18 kpyros B KBaApaT €O CTOPOHOI

a=2+ % ~ 8,656 (moxasano B 1991)

=

11 xkpyroB B Kpyr paauyca r = 3,923 (zo-
kasano B 1991)

roJIbHBII

19 kBaZPaTOB B paBHOGEPEHHDBIN MIPSIMOY- S
TPEYroAbHUK €O CTOPOHOI [N

a=2+ . 6,95 (maiizeno B 2005)

NG}
AN
|

MokpbITNA

7 KPYToB MOKPHIBAIOT KBAJIPaT CO CTOPOHOI
r =1++/7 = 3,646 (nokasano B 1997)

XX

6 Kpyros MOKpPbBIBAIOT KPYI pajuyca
r =1,798 (zokaszano B 1979)

1)

9 Kpyros IOKPbIBAIOT KPyT pajanyca
r=+2+1=2414 (nokasano B 1996)

@
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(Hayasno cm. Ha ¢. 29)

'-~}Q(a2,...,an)

BapUAHTOB

1 BapmaHT

1 Bapuant |:
Puc. 7 L

Yo ke KacaeTcs MEMHBbIX APO6Eei, /IS HUX
3TO PEKYPPEHTHOE COOTHOIIEHIE OYEBUIHO!

~— CTBIK
A

P(cz1,a2,...,an)=a1+ 1 _
Q(a1,a2,...,dn) aZ+—1 1
as + 1

o —

n

P(ay,...,a,) P(ay,...,a,)

O(ay,...,a,)

a\P(ay,...,a,)+0(ay,...,a,)
P(ay,...,a,)

WNnave rosop4,
P(a,ay,...,a,) =
= a1p(a2,...,an)+Q(az,...,an). (5)

Takum o6pasom, Bemmunnbl D (ay,ay,...,a,)
u P(ay,ay,...,a,) COBIALAIOT, TOCKOJIBKY
3JIaI0TCST  OJIMHAKOBBIMEU PEKYPPEHTHBIMU
coornommenusMu. Teopema J0KasaHa.

Wrak, Mbl HAILIK OTBET HA BOIIPOC, YEMY
paBHO D, HACTOJIBKO Ke U3ATIHDBIN, HACKOIb-
KO JaJIeKuii OT SIBHOTO BHA. ITO CKOpee
nporpamma 1ist Borancaenns D (ay, ay, ..., a, ),
a He siBHast GopMmy.ia.

Terepb Mbl MOJYYUIH M3 ITOH TEOPEMbI
CJIEJICTBUE, KOTOPOE XOPOIIO M3BECTHO TEM,
KTO paGoTaJi ¢ IEeMHbIME JAPOOSIME, HO COBEP-
[IEHHO HEOKUIAHHO JIJIsST HeO(DUTOB.

Caencreue. Yucaumenu uennvix opobetl

1 1
—ua,+ ——— ¢os
Ay + ] 1

o+ —
a, a

a; +
ay + ————

naoaiom.
B saBeprienne, Kak o6enaHo, MPUBEIEM
pelenne 3ajaun 3 «3agaunnka « Kanras.
3agaua M2561%. Paccmompum na xaem-
4aAMOU NAOCKOCIMU MAKUe JOMAHbIe ¢ HAYd-
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aom 6 mouxe (0;0) u eepwunamu ¢ uenvix
MOYKAX, ymo Kaxooe ouepedHoe 36eHO udem
no cMopoHam KAemox Jaubo 66epx, U6
enpaeso. Ka:xooi maxot 1omanoi coomsem-
cmeyem uepssaK — puzypa, cocmoswas us
KACMOK NJIOCKOCMU, UMEIOuUx xoms 6ol
00ny 00WYI0 MOUKY C IMOU JOMAHOU.
Hoxaxume, umo uepeaxoe, KOMopwvle MOX-
HO pa3bumv Ha 08YKACTNOUHBIE DOMUHOUKU
posno N > 2 pasiuunvimu cnocobamu,
CMOLKO Ke, CKOALKO HAMYPALbHbLY YUCe,
menvuwux N u e3aummno npocmoix ¢ N.
3aMeTuMm, 4To YepBsIK U3 YCJIOBUS 331241 —
3TO B TOYHOCTH HAIlIA COCTaBHAs JIECEHKa
S(ay,ay,...,a,), BxOTOPOH N >3 U @ = a, =
= 1. [locTaTouHO 10KA3aTh YTBEPKAEHUE: KO-
aunecmseo cocmasnoix secenok S (1,a,,...,1),
st komopwix D = N, pasno xoauuecmsy

necokpamumoix Opobeil euda ~—, 20de

q>N/2, m.e. xoruuecmsy W(N) namy-
parvnvix uucen, Goavwux N/2 u e3aumno
npocmoix ¢ N. KomumuecTBO 4epBSIKOB U3
YCJIOBUS 33/1a4l Ha CAMOM JIeJie B/iBoe GOJib-
IIe, TaK KaK COOTBETCTBYIOIIAst IOMAaHas MO-
ket HaumHatbest u3 Toukn (0;0) 3BeHOM
BBepX man Bipaso. A kosmuectBo @(N)
HATyPaJbHBIX YKCeJ, MEHbIUX N 1 B3aUMHO
npoctbix ¢ N, Basoe Gosibine, gem Y (N),
[IOCKOJIbKY YHCJIa, B3aUMHO MpocTbie ¢ N,
pasbuBaroTcs Ha mapbl Bujga X <> N —x .
Yro6bl JI0KA3aTh yTBEPXKICHUE, 3aMETHM
caenyiomee. Jlas Kaxgaoro Habopa Hary-
PAJNbHBIX YUCEN dy,dy,...,d, HUCTUTE]D
P(ay,ay,...,a,) u 3HaMeHaTeJb
O(a,ay,...,a,) nenHoii apo6u (3) B3anMHO
mpocTel. MBI oTMeuaan aToT 3@eKT B BbI-
uncsenun (2), a I0Ka3aTh €ro MOKHO HH/YK-
mueii 110 n, noJb3ysch pasenctBamu (4) u
(5). Kpowme Toro, ipu n>3 u a =a, =1
3HaueHwue [enHoi Apo6u (3) HaxoAUTCst MesK-
ay 112, 1.e st uHTEpECYIONMX HAC APobeii
(rex, aa koroppix D = N) snauenue (3)
PaBHO HECOKPATUMOi JApobu BH/a ﬁ, e
q
g > N/2. Haxonen, kaxjgasa takas apoOb
PACKJIa/IbIBAETCS] €/IMHCTBEHHBIM 00Pa3oM B
nennyio apobb (3), muasg xoropoit =3 u
a=a,=1.



Unmoctpatm [.1puiykoBovi

«<KBAHT» AJd MJAANINUX NIKOJbBHHUKOB

aa4dl

1. imeeTcs OyMa>kHbI MPSAMOYrofib-
HVK, AJIMHA KOTOpOro B 2 pa3a bonblue
LMPVIHBI. Pa3pexbTe ero Ha YeTbipe Ya-
CTU N CIOXUTE U3 HUX NPSMOYTONbHUK,
LIMHa KoToporo B 4 pa3sa Oonblue LWin-
PUHbI.

QDonbkiiop

2. Ha waxmaTHoM Oocke CTOST LWecTb
najem 1 HecKonbKO CNOHOB. Hukakas
durypa He ObeT gpyryio. KakoBo Haum-
bonbluee KONMYeCTBO Uryp Ha Locke?

A.Lllarosasnos

3. ECTb HecKofibKO pasnnyHbIX [BY-
3Ha4HbIX Ymcen. [ToIoBUHa BCex yu@p B
3TUX Yncax — 2, B MOJIOBMHE U3 3TUX
Yyyces1 eCTb UMdpa 3, B TPETU U3 3TUX
yyces1 ectb umdpa 5. CKonbko BCero
ymcen?

T.KyTy308a

27K 3apa4m npepnaranucb Ha XXV TypHupe
MaTemaTudeckmx 6oes nmern A.CaBuHa.

|

4. Ha ocTtpoBe XXMBYT MO WeCTb pbilia-
peu, JXeLoB M MOHAaxoB, MpUYeM BCe
KUTENW BbITSAAT OOMHAKOBO. Pbilapwn
BCeraa roBOpsT NpaBAy, Jikelbl BCeraa
nryT. ECnm MoHaxy 3apate BOMPOC, OH
HaxoauT B «KHMre roToBbIX OTBETOB Ha
BCE BOMPOChI» TOYHO TakOM Xe BONpPOC U
oTBeYaeT TaK, Kak HamnucaHo B OTBeTe.
OOWH OCTPOBUTSIHMH 3a0bin, KTO eCTb
KTO, BK/IOYasi ero camMoro. 3aaBas BOM-
pOCbl, Tpebylolime oTBeTa «Oa» Wnu
«HEeT», OH XOYeT BbIACHUTb, KTO OH: pbl-
Lapb, kel vnm MoHax. Kak emy 310
coenatb: a) 3a 15 Bonpocos; 0) 3a 14
BOMPOCOB?

M.XaqarypaH
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IOBETa C BOLOW B Noe3Je

C.BOPSAHUHOB

PEJICTABUM CEBE TARY1O CUTYAILINIO.
Ha croJiike 1moesa, KOTOPbIi JIBIKET-
Cs1 TIPSIMOJTMHEHO ¥ PABHOMEPHO CO CKOPOC-
TBIO ¥, HAXO/STCS /[BE OJMHAKOBDBIE KIOBETHI
A u B ¢ Bojoii, nMetonue hopMy napasie-

Jemunena pasMepoMm axbxc, a>b
h/,,,,/ c h/
a
b
a - b
—_—

Puc. 1

(puc.1). B o6enx KioBetax MNOBEPXHOCTD
BOJIbI TOPU30HTANbHA, YPOBEHD BOJbI OTCTO-
UT OT BEPXHETO Kpasi KIOBeThbl Ha /i, pe6pa
OCHOBAHUS KIOBET TTapaJIIeJbHbI PETbCAM.

Paccmotpum s1Ba ciyvasi.

1) Iloesq Hayasn TOPMO3UTH, U U3 OLHOM
KIOBETBI BO/Ia BBITIJIECHYJIACh HA cTOJMK. U3
kakoii? KioBeTbl ocranch HENOABUKHBIMU
OTHOCHUTEJIHHO CTOJIA.

2) Iloe3n mavasa pacKaumBaThCA U3 CTOPO-
HbI B CTOPOHY, W W3 OJHOHI KIOBETHI BOJA
BbIILJIECHYJIach Ha CTOMK. 13 xakoil?

B nepsom ciyuae BHUMaTe/bHbBIH I1acca-
SKUP TT0e3/1a 3aMETIJI, UTO TIPU TOPMOKEHUN
MOBEPXHOCTb BOBI OCTAETCST TIJIOCKOW, HO
Terepb OHa He ropus3oHTagbHA. Ecau Boma
MOJIHUMETCST C OJIHOM CTOPOHBI JI0 BEPXHETO
Kpasi KIOBETbI, TO OHAa OKa)KeTCs BHYTPU
MPSIMO¥ TIPU3MBI, OCHOBAHUEM KOTOPOW SIB-
JISIETCST IPSIMOYTOJIbHAST TPAITEIsT, TTOKA3aH-
Has Ha pucyHke 2. OcHOBaHUS Tpamnernn B
00enx KIOBETaX MMEIOT JJIUHY ¢ u ¢ — 2h.
V3menenune T0OJI0KEHUST 1IEHTPA MAaCC BO/IbI
B KQK/I01 KIOBETE OIPEIEISIETCS TT0JI0KEHN-
eM TIeHTpa MacC 3allTPUXOBAHHOTO Tpey-
roJbHUKA. SICHO, UTO WX IEHTPHI Macc Jie-

h SRR
h s
a b
Topmoxenue
Puc. 2

2
’KaT Ha OJHOHM BBICOTE, a UMEHHO Ha § -2h

HIUJKE BepxHero Kpas kioBeTbl. Ho Macca

TPEeyroJibHIKA /17l KIOBETbl A GOJIbllle Mac-
Chl TpeyroJibHUKa [ KioBeTbl B. Tloatomy
BOJIa JIOCTUTHET BEPXHETO Kpas KIOBETbl A
npu OOJIbIIIEM BHEIIHEM BO3JIEHCTBUU, YeM
Bojia B kioBeTe B. CiiefioBaTesibHO, CHavYaJIa
BOJIa BBITIJIECHETCS W3 KIOBETHI B.

N3 ckasanHOTrO BBINIE CJIEIyEeT, YTO BO
BTOPOM CJIyuae BHeIlTHee BO3/eliCTBHIe B 1ep-
BYIO OYepe/lb KOCHETCS KOPOTKOH CTOPOHDI
OCHOBAHMS KIOBETbI. 3HAUNT, TIPU pAaCKavu-
BaHUM BaroHa M3 CTOPOHbI B CTOPOHY BOJa
cHayaJja BBIILJIECHETCS U3 KIOBETbhI A.

3aMeTuM, 4TO /It HATJISI/THOTO TIO/ITBEPIK-
JIEHUS TIOBE/IEHUS BO/IbI B KIOBETAX B MEPBOM
cJjydae, T.e. TIPW TOPMOKEHWW TI0e3/1a, Jer-
KO TIPOBECTH TMPOCTON 3KcrepuMeHT. [IBe
O/IMHAKOBbBIE KIOBETHI C BOJIOM 3aKperuTe
cooTBeTcTBYIONMM 06pazoM (Kak MoKazaHo
Ha pucyHKe 1) Ha HEMOABMIKHOM OCHOBa-
HUM. 3aTeM HAYHUTE TepeMeliaTb OCHOBa-
HUEe C YCKOPEeHUEM U TIOCMOTPHUTE, U3 KaKOn
KIOBETBI BOJIA BBIIBETCS B MEPBYIO OU€Pe/Ib.
sKemaem ycnexos!
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XV TypHUpP MaTeMaTnyeckx boes
nmeHn A.ll.CaBMHa

N36paHHble 3apaun

1. (7-8)! Jloxaxmre, WTo MJIS JIO60TO
HATYPAJbHOTO 7 M€Ky YHCAaMH 7 U 31
HaH/IeTCA YUCI0, KOTOPOE HEBO3MOYKHO IIPE/]-
CTaBUTh B BH/IE CYyMMBI JBYX CJIaraeMbIX C
OZIMHAKOBBIMU CyMMaMu TU(P.

A.Illanosanos

2. (5-8) B Kax/0ii KIeTKe TPSAMOYTOJIb-
HOI TaGJIUIIBI CTOUT PhIlapb WK JiKel. Kak-
JIBII 13 HUX 3as1BUJI, YTO B OJHON CTPOKE C
HUM HaXOJuTcsl GOJbINE PbIapeid, yeM B
otHOM cToJibIe. JIoOKaKkuTe, 9TO KOJTUIECTBO
phIlapeil JIeJUTCsT Ha KOJIMYECTBO CTOJIGIOB
TaOJIALbI.

A.Tpubanxo

3. (8) Bce crenenn asoiiku or 1 o 2'%°

BBINKUCAHbI MIOCJIE/[0BATEBHO O3 MPOGEeJIOB:

12481632...6. [lokaxxute, 4TO TMOJYYEHHOE

YICJIO HE SIBJISIETCST CTETEHDIO ABOWKH.
C.Tokapes

4. (7) B KpyroBoM TypHHUPE YYACTBYIOT 27
KOMaH/[, CPeIii KOTOPbIX POBHO MOJOBHHA
«TONOBBIX». OPraHu3aTopbl XOTSIT COCTa-
BHUTb PACITHCAHNE TaK, YTOObI B KAXK/IOM Type
ObLII0 He 60Jiee OJTHOTO MaTya MEXJIY <TOIO-
BbIMU» KOMaHgaMu. [Ipu KakoM HauGoJb-
IIeM 3HAYEHUU 7 HTO BO3MOXKHO?

A.Baunkos

3. (7—-8) M3BecTHO, UTO YUCIO ¢ IIPEACTa-
BUMO B BU/IEC CyMMbI KBa[[paTOB I[ByX HaTy—
PaJbHBIX YHCE], PA3HOCTD KOTOPBIX GOJIbIIeE
1. Toxaxwure, 4o uncio (a + 1)2 IPeACTaBU-
MO B BU/IE CyMMbI KBa[[paTOB AT HOHapHO
paSJH/IIIHbIX HaTypaﬂbeIX YquceJI.

A.Tpubarko

6. (8) B tpeyronpnuke ABC mpoBeaeHnt
BoIcOTBI AP m BQ, M — cepenuna AB, N —
cepenuna PQ. Ilpsamasa CN mnepecekaetr AB B

1 B cko6kax mocie HOMEpa 3a/laii yKa3aHbl
KJIaCChI, B KOTOPbBIX OHa Hpe/ljaaraaachb.

touke D, a mpsamas CM mepecekaetr PO B
touke E. [lokaxxute, uro DE — mepreninKy-
Jsip K AB.

M. Boaukesuu

7. (6) Ilera craBuT Ha MAXMATHYIO JOCKY
koHst. Bacs mockm He Buaut. CBOMM XO/I0M
OH 06CTpeIUBaET JIIOObIE TPU KJETKU JOCKH.
Ecmw na ofiHOI W3 9TUX KJIETOK CTOUT KOHD,
Bacs Bpmrpasn, waaue Ilerss nmesaer Xop
KoHeM. Bacs omsaTh o6CTpesmBaeT Tpu KJeT-
Ku u Tak gajgee Moxxer qu Bacg maBepHSKA
BbIUTpaTh He GoJiee ueM 3a 1000 xonoB?

A.Illanosanoe

8. (6-8) Yucana 1, 2, 3, ..., N sanucasu 1o
KPYTY B KaKOM-TO TOPS/IKE. 32 OJHY omepa-
U0 MEXIY KaKIBIMU JIBYMSI COCEIHUMU
YICJAMU 3AMUCHIBAIOT UX TIOJYCYMMY, a UC-
Xo/iHble yncsa ctupatoT. [Ipn kakux N mociie
HECKOJIbKUX TaKUX OIepanuil cHoBa MOIJN
noJydnTbesi N IeJIbIX qncesi?

C.Tokapes

9. (6-8) Mumenb a1 WIPBI B JapTC
nozenena ua 20 cexropos (cM. pucynok). B
Ka)KJIOM CeKTope 3amnucano yucyo ot 1 go 20,

pUYeM KasK/I0€e YNCJIO0 UCHOJb30BAHO OJINH
pa3. HasoBem MuilieHb TPaBUJIbHOM, eCJu
Jio0ble [[BA COCEAHUX CEKTOpA HE UMEIOT
o6uiero gesuress, 6osbiiero 1. [Jokaxkure,
YTO KOJIMYECTBO PA3JUYHBIX IPABUJIbHBIX
mumeneit kparao 20. (Ecom ogny Muliens
MOJKHO IIOBEPHYTb TaK, YTO HOJYUYUTCS JIPY-
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rag, To Takue MUIIEHN CUUTAIOTCS OUHAKO-
BBIMH. )
H. Haxoneunuviii

10. (8) [lokaxure, 4To Aas MOGOTO HATY-
pajbHOTO 7 > 3 CYNIECTBYET BBITYKJIbIN
PaBHOCTOPOHHUH 72-yTOJTBHUK, KOTOPBII MOX-
HO pa3pesarhb HellepeceKaloNIUMUCS Jiarota-
JISIMU HA PaBHOGE/[PEHHDIE TPEYTOJIbHUKHU.

A.Tpubanxo

11. (7-8) /IBoe no ouepean 3aKpaIinBaoT
KJETKU ocku pazmepom 99X 99. Ilepsbrii
UTPOK 3aKPAIMBAET 110 JIBE KJIETKH, TIPHYEM
O/THA W3 HUX JIOJUKHA OBITh HA JIBE CTPOUYKU
BbIllle U Ha JBa CTOJONA TpaBee JAPYTOii.
Bropoii Urpok 3akparinBaer 1o TpU KJIETKH,
o6pasyioiiue yroyok. IIpourpbiBaer ToT, KTO
He CMOXKeT czeqarh Xoja. KTo m3 urpokos

HAM

CBsi3b pa3bueHns TpeyrosbHUKa
¢ opmynon KBagpata CyMmMbl
u ee 0606LeHNE

UYepes TOUKy, JeKallylo BHYTPU IIPOU3BOJIbHO-
rO TPeyTOJIbHUKA, IIPOBE/IEM TPH NIPsMble, HapaJl-
Jesibibie croponaM (puc.1). TIpu aToM TpeyroJib-
HUK pa3o0beTcs Ha TPH TPEYTOJbHHUKA, OZOOHbBIX

Puc. 7

NCXOJHOMY, W TpU HapaJsurenorpamma. O6Go3Ha-
YUM TJTOMAAN «MAJCHBKIX» TPEYTOJBHIKOB He-
pes 12, y2 u 22, Boipasum 1io1a/ib KCX0HOTO
TPEyToJIbHUKA Yepe3 X, ¥ U z JIByMs CIOCOOaMHU.
C onHoii cToponbl, K03 duimenT mnogobus mc-
XOJIHOTO TPEYTOJbHUKA, HAIIPUMEp, CHHEMY Tpe-
YTOJIbHUKY PaBeH (x +y+ 2)/x (aT0 caenyer u3
TOT'O, YTO COOTBETCTBYIOIIE CTOPOHbI MAJEHbKUX
TPEYTroJIbHUKOB B CYMMeE COCTAaBJISIOT CTOPOHY
6oaibioro). IToaToMy TJI0MAAL HCXOJAHOTO TPEy-

2 .
robHuKa paHa (X + y + z)”. C apyroii cropo-

2019/Ne8

MoxKeT o6ecTeunThb cebe mobey, Kak ObI HI
urpaj ConepHuk?
E.Baxaes

12. (7-8) IIpu kakux N us uucen 0, 1, 2,
3, ..., N MOXKHO OJIHO BBIKUHYTb, a OCTAJIb-
HbIe PAaCCTaBUTHh 1O KPYTry Tak, uToOBI BCe
PA3HOCTH MEK/Yy COCEJHUMHU YHCJaMu ObLIN
pazmmunbiMu? (V3 60JIbIIEro YncIa BEIYATA-
eTcsl MEeHbIIee. )

A. Xauamypsn

13. (8) MosHO Jiu paBHOCTOPOHHHUI Tpey-
TOJTBHUK CO CTOPOHOI 3 paspesarhb Ha IecTb
BBIMYKJBIX MHOTOYTOJBHUKOB, KOTOPBIMI
yAacTCs MOJTHOCTBIO TOKPBITh KaKyI0-HIOYIb
OKPYKHOCTH pajuyca 6osee 27

A.Tpubanko

ITy6auxauuio nodzomosun A.baunkos

nmumyT

HBI, IJIONA/b MCXOHOTO TPEyTrOJbHUKA MOXKHO
HalTH, TPOCYMMUPOBAB IO/ TPEX TPEYTOJIb-
HUKOB U TPEX HapaJljle/J0OrPaMMOB, Ha KOTOPbIE OH
paspesan. [1ommaam napasiesorpaMMoB HECJI0XK-
HO BBIPA3UTh Yepe3 IJIONA/N IPUMbBIKAIONINX K
HUM TpeyrobHukoB. Hampumep, niomaab kpac-
HOTO IapaJlie/orpaMMa paBHA 2yz, T.e. YABOEH-
HOMY CPE/JIHEMY TeOMeTPHYECKOMY ILIOIa/ieil pu-
MBIKAIOIUX TPEYroabHuKoB (okaxure sTo!).
[TpupaBHAB MJIOMA/N UCXOJHOTO TPEYTOJbHUKA,
Hail/leHHble IePBbIM U BTOPBIM CIOCO0aMU, HOJTY-
YUM TEOMETPUYECKYIO MJLIIOCTPAINIO (POPMYJIbI
KBaJlpaTa CyMMbI TPeX CJIaraeMbIX:

(x+y+z)2=x2+y2+22+2xy+2x2+2y2.

A 4T0 6yZET, ecam PaccMOTPETh aHATOTHIHYIO
KOHCTPYKIMIO B IIPOCTPAHCTBEe U 3amucaTb ¢op-
MyJly <«CyMMbl 00beMoB»? Ecim uyepes Touky
BHYTPH TETpasjipa MPOBECTH YEThIPE ILIOCKOCTH,
TapaJieJbHbIC TPaHsAM, TeTPasp Pa3obbeTcs Ha
14 wacreit (yxe cam 5TOT (PakT He CJAUNIKOM
OYEBHJIEH), 4 13 KOTOPBIX — «MaJIEHbKUE» TETPa-
3/IPbI, IPUMBIKAIOIHE K TPAHAM GOJIBIIOTO TETpa-
3/[pa ¥ TO06HbIe NCXOAHOMY TeTpasapy. Eme 4
YacTH — MapaJulesellullebl, IPUMbIKAIOMUe K
BepimHaM 60JIbIIOro TeTpas/pa. Heckosrbko c1ox-
Hee YBUJICTD ocraBimecs 6 4acTeil — IecTUrpaH-
HUKH, MTPUMBIKAIONTE K pe6paM NCXOAHOTO TET-
paszipa.



HAM

Ha pucyHke 2 oinH 13 TaKUX IECTHTPAHHIKOB
BBIZIC/IEH KPACHBIM TIBETOM (CHHMM TIBETOM BbIJIC-
JIEH OJINH U3 TETPas/[POB, MPUMBIKAOININX K Tpa-
nam). O6GosHauasg 00beMbl MAJEHBKUX TETPas/l-

Puc. 2

pos uepes 1%, ¥, 22, % u paccyxnas anano-
IMYHO IJIOCKOMY CJy4aio, MOYKHO BbIYMCJIHUTD
00beM OOJIBIIIOTO TeTpaspa. ITOT 0ObeM paBeH
(x+y+z+ t)3 . Hanee, 3Hast 0GBEMBI IBYX Ma-
JIeHPKIX TeTPasipoB x° M y>, MOXKHO HaiiTi
00beM MIECTUTPAHHNKA «MEXy HUME»>. [l aTO-
IO JIOCTATOYHO 3aMETUTh, YTO KasK/blii UX TaKuX
IECTUTPAHHUKOB MOKHO TIOJIy4YUTh U3 <«CPe/He-
ro» TeTpasapa, OTpe3aB OT HEro ABa MaJEHbKUX
terpasapa (puc.3). /L9 KpaCHOTO IecTUrpaHHu-

Puc. 3

Ka Ha PUCYHKe 2 BEpHIMHBI COOTBETCTBYIOIIETO
CPeIHeTO TeTpas/ipa OTMEUEHBI SKMPHBIMH Kpac-
HBIMU TOuKaMu. Ecsin 00beMbl MaJIeHbKUX TeTpa-
3/IPOB, NPUMBIKAIOIINX K KPacHOMY IIeCTUIPaH-
HUKY, PaBHBI 2% n y3, TO €ro 06beM paBeH

33

-y’ =3xy(x+y).
OGDBEMBI KC YIJIOBBIX TAPAJLICICINIICIOB PAB-
Hbl 6xyz 1 T.1. IIPOCYMMHPOBAB MO BCEM MHO-
rorpaHHUKaM pasOueHus, noaydum Gopmyy

(x+y)3—x

mMUumyT 39

06HEMOB!

(x+y+z+t)3 =+ + 2+
+3xy(x+y)+3xz(x+2)+ 3xt (v + )+
+3yz(y+2)+3yt(y+t)+3zt(z+ 1)+

+6xyz + 6xyt + 6xzt + 6yzt .

3/iech nepBas IpyIIa cjaraeMblxX (2%, y3 , 27,

{3 — CHMMETPUUHBIX OTHOCHTEIBHO OHOM Iepe-
MEHHOII) — oGbeMbl uacTell pasOueHust, Kaskast
13 KOTOPBIX MIPUMBIKAET K O/IHOI TPAHU HCXO/HO-
O TeTpasapa, BTOpas TpyIHa CJaraeMbIX
(3xy (X + y) W T.JI. — CUMMETPUYHBIX OTHOCH-
TEJbHO Mapbl MEPEMEHHbIX) — O00beMbl vacreil
pasbueHns, Kax/as U3 KOTOPBIX IIPUMBIKAET K
JIBYM TPaHsM HCXOJHOTO TeTpasjipa, U, HaKOHell,
TpeThs TpyIma caaraembix (6xyz v .. — cuMMeT-
PUYHBIX OTHOCHTEJTHHO TPOHKH IEPEMEHHBIX) —
00beMbI YacTeil pazOmeHus], Kax/1as 13 KOTOPbIX
IIPUMBIKAET K TPeM IPaHsIM UCXOIHOTO TeTPaspa.

OTMeTHUM, 4TO IPOCTENINIT cIydail pa3brueHst
OTpe3Ka TOYKOH Ha /[Ba OTpe3Ka ¢ JAJIUHAME X U Y
TOXKE YKJIQJbIBAeTCs B HAITy (DOPMYJLy, KOTOpas B
3TOM cJjydae OyJeT BBIIVIAAETb TPUBUAIBHO!
(x+ y)1 =x+y.

Topaszo uHTEpecHee TOT (hAKT, UTO HAllla KOH-
CTPYKIIUST MOKET ObITb 0600IEeHa Ha TPON3BOJIb-
Hble KOHEYHbIe pasMepHoCTH — opMyJIa st n-if
cTereHN n + 1 cilaraeMbIX MOXKeT ObITb HHTEpIIpe-
THPOBaHA uepe3 n-MepHble 00beMbl YacTell cuMil-
Jekca (MHOTOMEPHOTO aHaJIora TPEyroJbHUKA |
Terpasapa). IlycTb uepes TOUKy BHYTPH R-MEPHO-
TO CUMILJIEKCA IIPOBEIEHO n + 1 THIIEePIIOCKOCTEH
(IUIEPIIOCKOCTDI0 HA3BIBAETCS TLIIOCKOCTD, Pas-
MepPHOCTh KOTOPOW Ha 1 MeHbllle PazMepHOCTH
PacCcMATPUBAEMOrO TIPOCTPAHCTBA), MapaJlJie/ib-
HBIX THUIIEPTPAHSAM JAaHHOTO CHMILIeKca. Torzma
BoIpaKerHe (X + Xy + ...+ X,,1) MOKHO IIPes-
craButTh B Bujie 2" — 2 cjaraeMbIX, pa3OUTBIX Ha
n tpynm. Ilpudem k-s rpynma Oyzer coaepsKarb

n+1

A CJIaraeMbIX, Kak0€e U3 KOTopbix (cnum-

METPUYHOE OTHOCHTEJIbHO k mepeMeHHbIX) Oyer
OTBEYaThb 3a N-MEPHbI 06BEM O/IHOTO U3 N-Mep-
HBIX MHOTOIPAHHUKOB pa30ueHust, MPUMbIKAIO-
MIUX B TOYHOCTU K R TUIEPTPAHSIM CUMILIEKCA.
B.Jleuko
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TpeyronbHuK
N KNnaccnyeckme
HepaBeHCTBa

B. APo3408B

BbluncneHme CTOPOH TpeyroJsibHUKa

OKPY’KHOCTB, Kacaromasicst OJ{HOIl U3 CTOPOH
TPEYTOJbHUKA U MPOJIOJIKEHUI IBYX €ro JIpy-
TUX CTOPOH, Ha3bIBAaeTCs BHEBITHCAHHOM. [TycThb
B TpeyrosbHuke ABC JJIUHBI CTOPOH COOTBET-
ctBeHHO paBubl: BC=a, AC=0b, AB = c. Uto6b1
u36eXaTh UHIAEKCOB, 0603HAYNUM Yepe3 X, ¥, Z
paanychl BHEBIIMCAHHBIX OKPY’KHOCTEH, Kaca-
IOIIMXCA CTOPOH a, b, ¢ cootBercTBeHHO (CM.
PHCYHOK).

[TocKOIbKY B IMIKOJBHOM KypCe MATeMATHKI
MOBBIIIEHHOTO YPOBHS (POPMYJIBI /ISt ATUX pa-
JUIYCOB BBIBOJSATCS, TO IIPUBEJEM Cpasy roTo-
BbIe (DOPMYJIBI:

S
x = ,
p—a
S
-5 )
Yy »—b
S
z= ,
p-c
rae S — miomanb Ttpeyroabhuka ABC, a
a+b+c
= — — ero noaynepumerp. OueBu-
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HO, 4TO
x=y=zoa=b=c.
ITo dpopmynam (1) umeem

1 1 ¢

—t—=—,

x y S

1 1 b

_+_=_y

x z S @
1 1 a

—t—=—.

y z S

OTCIO,Z[a HaXOAM OTHOIIEHUA CTOPOH d, b, C
TPEYTroJIbHUKA!

(1 1)(1 1](1 1]
abic=|—+—|i|—+—|:|—+—]|,
y z)\x z)\x y
T.C.
a=(x2+xy].cy
Xz +yz
p=|XYtY2 ) .
Xz +yz
U3 dopmyar (1) BbIpazuM cyMMy MOMAPHBIX

npousBeennii (110 myTH ucrnombayeM GopMyry
Tepona):

3)

1
xy+xz+yz=52(—+
(p—a)(p-b)

1 1
*(z»—a)(p—c)*(p—b)(p—o]‘
S’ (p-c+p-b+p-a)
~ (p-a)(p-b)(p-c)
_ 52P2 _ 2
“o-p-0p-o
3HaunT, IepuMeTp TPEYTOJbBHUKA PaBeH

atb+c=2p=2Jxy+xz+yz. (4)

Uz dopmya (3) u (4) MOKHO BBIPasuTh ¢
uepes x, y u z (pozenaiite 510!) M MOTYYUTH
AHAJIOTHYHbBIE BBIPKECHUS VISt d 1 b:

x(y+2)
Jay+xz+yz’
p-Lird (5)
Jxy +xz + yz
z(x +y)

=./xy+xz+yz'

It GOPMYJIBI CBUAECTETBCTBYIOT O TOM, 9TO

a =
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TPEYTOJBHUK OJHO3HAYHO OTPE/IENSETCS 3a/1a-
HIIEM TPEX PAINyCOB BHEBITMCAHHBIX OKPYKHO-
cTell 1 4To J0GhIe TPU TOJIOKUTETbHBIX YNCIa
MOTyT GbITh PaBHBI 3TUM pajuycam. [leiicTBu-
TEJbHO, 0YEBUIHO, 4TO 13 hopmy.1 (5) BbITEKA-
10T HepaBeHcTBa @ + b > ¢, a+c¢> b, b+ ¢ >
>qa 1npu J0ObIX X, Y, Z.

HaxoXkaeHne MHBIX 3MeMeHTOB TpeyronbHUKa
[Mpomomxum Boikaagku. M3 dopmya (1),
(4), (5) BbIBOAMM

§=—2 ©)

Jxy+xz+yz
U3 dopmya (4), (6) Boipaskaem uepes x, y, 2
Pajinyc 7 BIMCAHHONH OKPY>KHOCTH:

S xXyz )

y=—=

P oxy+xz+yz

W3 dopmyn (5) u (6) maxoaum paaumyc R
OIUCAHHON OKPY’KHOCTH U JITHHBI BBICOT TPEY-
rospHuKa hy,, hy,, h.:

abc _(x+y)(x+2)(y+2)

R=—=
4S8 4(xy + xz + yz)

_ 2yz b = 2xz = 2xy

= ) = = )
“Cy+z x+z  ° x+y
CorsracHo u3BecTHBIM (hopMyIaM

/B r £C 7

g—:— _— _—

2 p-a 8 2 p-b’ 8 2 p-c

npumenssa (7), (1) u (4), noayuum

ZA X
tg— = ——,
2 JXY + xz + yz
tgL_B = Lr
2 XY +xz+yz
£C z

tg— = —.
2 JXY + xz + yz

OTCIO[Ia HE COCTaBUT TPpy/Ja BbIBECTU

BbicTpoe AoKasaTenbCcTBO reoMeTpuyecknx
HepaBeHCTB

Haiienuble B mpeablyieM paszesie (popmy-
JIbl MO3BOJISIIOT OYEHb IIPOCTO JIOKA3aTb Psij
HEpPaBEHCTB, OTHOCAIIMXCSI K TEOMETPUN Tpey-
roabHuKa (OTMETHM, UTO BO BCEX HEPABEHCTBAX
PaBEHCTBO JIOCTUTAETCS TOJBKO /ST PABHOCTO-
POHHEro TpeyrosibHuka). Tak, HepaBeHCTBa

ZA /B £C
tg7+tg7+tg72\/§,
) LA

2
V3

7(a+b+c)£x+y+z

) 2B,
2

) £C

tg +tg tg 1,

cpa3y u 6e3 KaKUX-JIn00 HCKYCCTBEHHDBIX Jeii-
CTBUIT CBOJISITCSI K HEPABEHCTBY

(x—y)2+(x—z)2+(y—z)220.
HepasenctBa

X Y 2y XHytz 3R

hy, hy, h 3 2
CBOJIATCSI K HEPABEHCTBAM

£+£22,£+£22,g+322.

y x z X z oy
HepasenctBa

sinésiné—Bsiné—CSL R2>2r

2 2 2

MOTyT ObITh CBe/IeHbI K HEPpaBEHCTBaAM

XY sz YHEs
g 2w, e, Sy

A HepaBeHCTBa

2
SSP_7 523\/5-;'2y 2\/§rs%b+c,

33

/A /B /C 1
te Ll 4 L2 pg S <
N RN

cte 24 1 otg 2B 4 g 25 5 343
2 2 2
TpanchOPMUPYIOTCS B HEPABEHCTBO

Xy +xz+yz g
22Xy - xz Yz
3 Y Y

(HEpaBeHCTBO O CPEAHNX IS BEJIUYUH XY, Y2,
zx).

YutaTemb MOXKET CaMOCTOSITENbHO TTPOBECTH
ONMCAHHDIC BBIIIE BBIUICICHUS U yOSANTHCS B
«BDBICOKOI 3(P(HEKTUBHOCTH» TIEPEMEHHDIX X, Y,
Z B 9THX 3aJa4ax.




'lepnon
AHrAPMOHIHECKIIX
KonedaHmm

D.FPUTOPLEB

APMOHMNYECKUMUMN HA3BIBAIOT KOJIEBA-

HUSI, TIPU KOTOPBIX YCKOPEHHE Tesa IOcJe
CMEIIEHUS 13 TTOJI03KEHHST PABHOBECHS HATIPABJIE-
HO K ITOJIO3KEHUIO PABHOBECUS U TIPSIMO ITPOTIOP-
IIMOHAJIBbHO BeJiiymHe cMetienus. [lepnograpmo-
HUYECKNX KOJIeGAHUI He 3aBUCHUT OT aMILJIUTY/Ib
U MaKCUMAJIbHOM CKOPOCTU KOJIeOAHUI.

B peanbHbIX KOJIE6ATENBHBIX CHCTEMAX 3a-
KOH TIPSIMOIi TTPOTIOPIIMOHATBHOCTH YCKOPEHUS
U CMEIeHUs YacTO HaPYIIAeTCsl C POCTOM aMII-
Jqutyapl KoseGanuii. Harmpumep, koJieGanust
MaTeMAaTHYeCKOTO MAasTHUKA CTAHOBSTCS @H-
2aPMOHUECKUMU, €CJTU AMILINTY/IA KOJIe6aHuii
CpPaBHUMA C JI/TUHOM HUTH WJIH €CJTH YTOJT OTKJIO-
HEHWS HHUTH OT BEPTUKAJU TiepectaeT ObITh
MaJIbIM 110 CPaBHEHUIO ¢ eAnHunen (Beauunna
yIila BBIPAsKAETCs B pajaHax).

Ecmm ciaraemple B Bo3Bpamalomeil cuie,
IIPONOPIIMOHAJbHDBIE (0Jiee BBICOKOI CTereHu
CMeIIeHus, YeM IepBasi, MHOTO MEHbIIIE JINHEeli-
HOTO CJIaTaeMOro, TO aHTAPMOHU3M KoJie6aHuit
MOJKeT 6BITh PACCMOTPEH KaK MaJioe BO3MYIIe-
HUe, Jafoliee TONPaBKy B 3aBUCHMOCTD CMeTIe-
HUS OT BpEMeHu U B riepno/i Kosebanuii. Ozna-
KO B HEKOTOPBIX CJyYasX aHrapMOHH3M He
MOKeT ObITb yuTeH TakuM o6pasoMm. Paccmot-
pUM MPUMEpP TaKOii CUC-
TEMBI.

Ilycrp roaakuil mapuk
Maccoil m JIeXKUT Ha ro-
PU30HTATBHON TTOBEPX-
HOCTH U TPUKPEILIEH K
HIPKHEMY KOHITY TIOJIBe-
neHHoi HemedopMupo-
BAHHOM JIETKOW PEe3UHKHU
JKECTKOCTBIO R 1 JITTMHOMN
L (cm. pucynok). Ecam
OTKJIOHUTD IIAPUK OT I10-
JIOSKEHUST PABHOBECHS Ha
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MaJ/ylo BeJUUNHY X < L U OTILyCTUTb, TO IO
JIefiCTBUEM CIJIBI YIIPYTOCTH PEe3UHKH F, ropu-
30HTAJbHAS COCTABJIAIONIAs KOTOPOH Harpas-
JieHa IIPOTHB CMEUICHUS, BO3HUKHYT Kojeba-
HUS:

maxz—Fcosocz—kATLx, D)

rae AL =L(x)-L — pedopmaius pesuHKH.
Ha nepsbiii B3rasia, B ypasuenun (1) yckope-
HHE IPSIMO TTPONOPIIMOHAIBHO CMEIEHIO, KaK
1 B TaDMOHIYECKOM 3aKOHE, O/IHAKO HTO HE TaK.
[leno B ToM, uTO JledhopManins TOKe 3aBUCUT OT
cMetniennst. YtoObl c/ienatb 3Ty 3aBUCHMOCTD
60J1ee y106HOI /17151 pacCMOTpeHust, ipeodpasy-
eM AL ¢ y4eToM yCJIOBHS MaJIOCTH KOJIeOaHMi
r<L:

AL=L(x)-L=——+—=

L(x)+L 2L
TMoacraBus 910 BHIpaXKeHue B ypasuerne (1),
TOJTy9nM

ma, = —yx° (2)

rae y = k/ (2L2). Mpbr BuM, 4TO YCKOpEHHE
MIPOIOPIINOHAIBHO KyOy cMerieHus. Takue Ko-
Jsebanust He OYIyT rapMOHUYECKHMHU, TaK KaK
saBucuMocTb Buga x(t) = Acos(wt+q,) He
gaBagercs pemienueM ypashenus (2) B mpous-
BOJIbHBIN MOMEHT BPEMeHH, B 4eM MOKHO yOe-
JIUTBCST HETIOCPE/ICTBEHHON TIO/ICTAHOBKOTI.

WNurepecHo, 4To nepuo Takux Kosebanuii, B
oTJINYUE OT TEPUOJa TAPMOHUYECKUX KoJieHa-
HUIl, 3aBUCUT OT aMILTUTY[Ibl Koje6aHuil A.
ITokaxxem 2T0, MCXOAST U3 COOOpPaKeHUi pas-
mepHocTH. [lepuox T MOKeT 3aBUCETH TOJBKO
or v, m u A. TlockoJbKy Y/m umeer pasmep-
HOCTD M2 - ¢~ , €CTh TOJIBKO OZ{Ha KOMOMHAIIVS
ATUX BEJUYWH, WMEIONas Pa3MepHOCTb Bpe-
MEHN:
1/2

T ~ | ﬁ )
A) Ly

OTKYy/la CJIE[IyeT, UTO TE€PUOJ] KOJIeOaHUll Oru-
CaHHOH cHucTeMbl OOGpPATHO MPOIMOPIMOHATIEH
aMILTATY JIE.

Touno HaiiTh TEpUOJT MOXKHO, ONMUPASICh HA
3aKOH COXpaHEHUs MeXaHWJyecKoil sHeprun E
pu KoJIe6aHusIX ¢ MOTEHIMAJIbHOI aHeprueii



U(x):

BpraSI/IM OTCIO/la CKOPOCTb, pacCMaTpuBad /IBU-
JKeHue Ha y‘IaCTKe, Ha KOTOPOM IIPOEKINA CKO-
POCTHU TIOJIOJKUTEJIbHA:
1/2
dx Z(E—U(x))
dt m '

Paznenum TIepeMeHHbIE:

dt = dx —
(2(E-U (x))/m)

[ITapuk TPOXOAUT PACCTOSTHUE, PABHOE aMILITH-
Ty/le Kosiebanuii, 3a 4eTBepTh epuo/ia. Bozbmem
MHTETpaJ OT 06eNX YacTeil Moc/Ie/[Her0 paBeH-
cTBa:

A
T J- dx

7 RE-U @)

Y06 BLIYUCIUTD MPaBYIO YacTh, HEOOXOUMO
3HAThb 3aBUCHMOCTD TIOTEHI[MATbHOH SHEPruH
VIPYTOH PE3UHKHU OT CMENIeHHs. YUUTbIBast
CB$13b IIPOEKIIUH CHUJIBI U IIOTEHIIAJIbHOM dHep-
run: F, =—-dU/dx, a takse paBeHCTBO HY.JIIO

MTOTEHIMAIBHON SHEPTUU B MMOJOKEHUU PABHO-
BecHsl, HailjleM

4
U(x)= "o

4
[TockobKy B KPailHMX MOJOKEHUAX CKOPOCTD
paBHa HyJIIO, MeXaHHYeCKas SHeprus Kouaeba-
HUI BBIPAKAETCHA Uepes aMILIATYIy CJeILyio-

M o6pasom: E =yA* /4. Wcnonbays 3ameny

MepeMeHHbIX X = zA, 1 ieproaa KoJebanuit
MOy YnuM

1/2 1
ro(4).[2m dz

A Y 0 V1 - 24
Bxogsmuii B 9TO BbIpa)KeHUE WHTErpaj He
3aBHCUT OT XapaKTePUCTHK KOJie6aTebHON CH-
creMbl. OH BBIPQ)KAETCSI Uepe3 CIIEHaIbHble
dynxuun (6era-pyHKIN) 1 TPUOIU3UTETHHO
pasen 1,3. BripoueM, ero MOyXHO HaliTH YNCJICH-
HO Ha KOMIIbIOTEpe. Y YUThIBAst, 4TO Y = k/ (2L2),

Tepruo/l MOKHO BbIPAa3UThb 4Y€pe3 JKECTKOCTb U
JUINHY PE3NHKU!

12
7 (10L) (m)™
A k

WHTepecHo cpaBHUTD TIEPHO/L AHTAPMOHNYEC-
KHUX KOJIeOAHUil C MEepHOOM TapMOHHYECKHX
KoJleOaHuil, BOSHUKAIONIIX, €CJIH B HAYaIbHOM
COCTOSTHUM PE3MHKa PacTsHyTa Ha AL, a amn-
sutyaa konebauuit A < AL. ITpoexiius BTopo-
ro 3akoHa HbloToHa Ha HampaB/eHHe cMelre-
HUSI B 3TOM CJIydae MMeeT BUJL

g kAL N
* L
u 1epuo/ KoseGanuii paBeH

mlL

T =2n| —

RAL

Ternepp HaiijleM OTHOIIEHUE MEPUOOB aHTap-

MOHMYECKUX U TapMOHUYECKUX KOJIeOAHMIL:

1/2

T _(5) (LAL)"

Zanr it
T. i A?

ITO OTHOIIEHWE He 3aBUCHT OT JKECTKOCTH
PE3MHKN M MacChl IapuKa. 3aMeTHM TaKiKe,
YTO IIPU YCJOBUU IIPHMEPHOTO PABEHCTBA aMII-
JIUTY/] TADMOHUYCCKHX U aHTAPMOHMYECKUX KO-
sieGaHuil TTepro/L TocjaeIHX Gy/IeT CyIeCTBeH-
HO GoJblile.

3aBUCUMOCTD TIEPHO/IA KOTEOAHUS OT aMILIH-
TY/bl — THIMYHAS OCOOEHHOCTD aHTapMOHUYEC-
KuX KosteGanuil. Hanpumep, ecim BosBpaiaio-
mas CUJla IPONOPIMOHAJbHA IISATON CTeleHn
CMEIIICHHUS:

ma, = —Pa°,

TO TIePHO/L KosieGaHuii 06paTHO TIPOIOPIMOHA-
JIeH KBa/JIpaTy aMILIATY/IbI:

sz- dz
0\]1—26 ’

rjie mHTerpa npubmu3uTeapHo pasen 1,2.

A ) (3m
A? B
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eCKOHeYHOCTb
— He npenen

@.HOCKOB

TA CTATBA ITPEJCTABJIAET COBO 110-

MBITKY /IATh TEPBUYHOE OIMKMCAHKE MOPSI/I-
koBbIxX unces (opaunanos). [Toxoxuil mpemer
B «KBanre» yske o6cyskiancst B cratbe A.Ku-
punoBa, M. Kioymosoit n A.Cocmaekoro «Ciop-
peanbubie uncaa» (Nell 3a 1979 r.), oxgnako
Toraa Op[[I/IHaJIbI 6bIJII/I yHOMHHyTbI BCKOJIb3b,
oTMevasach JIUIb UX CBA3b ¢ OECKOHEUHBIMU
1oCJIeI0BaTEIbHOCTSIMU. [IpuMepHO 3TOH CBSI-
3bI0 PYKOBOJICTBOBaJINCh W Mbl, u Kanrop,
Korzia ux, COOCTBEHHO, OTKPBLI.

Cpeant KOMUKCOB W3BECTHOTO B HHTEpHETE
aBTOPA TIOJL TICEBJOHUMOM J[fopaH cTouUT OTMe-
TUTh «DeCKOHEUHYIO MIYyTKY». ITOT KOMHKC
BEJIUKOJIEIHbII; B YaCTHOCTH, B HEM IJIaBHbIN
repoil pacckasbiBaeT GECKOHEUHOMY YHCJIY Ma-
TEMaTUKOB aHEK/IOT PO, COOCTBEHHO, PacCKa3-
YUKA aHEKJ0Ta. IJTO MOPOK/IAET HEKYIO IHK-
JIMIHOCTD, HO CyTh He B 9TOM. CyTb B aHEKI0Te
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PO GECKOHEYHOE YNCJI0 MATEMATUKOB, 3aX0/IsI-
mux B 6ap. Bor on:

3axodum eckoneunoe Yuca0 MaAMeMamuKos
6 6ap. Iepsvuil zosopum 6apmeny: «MHue Kpy K-
Ky nusa». Bmopoii zosopum: «Mne noakpyx-
Kkus. Tpemuii: «Mue uemeepmos». M max da-
see. «Hy eac x wepmy», — eockauyaem 6apmen
u naausaem 06e KPYKKU.

[TycTb 6apmen 06¢y KT GECKOHEYHOE YUCTIO
MaTeMAaTHKOB 3a 2 CeKYHABI. A MMEHHO, HyJe-
Boil Marematuk (a B AMCKPETHOI MareMaTHKe
[PUHATO OTCYUTBIBATDH OT HYJISI) 0OCTY>KIBAET-
cs 3a 1 cexkyHmy, TepBBI — 3a TOJCEKYH/IBI,
BTOpPOIT — 3a ‘16‘1TBepr u TaK jasee, n-it o6cy-

JKUBaAETCA 3a Z_n CEKYH/bI. I/ITaK, BCe€ MaTeMa-

THKH OyyT 06CTy KeHbl 3a 2 cekyH/ibl. [Tocue
ATOTO B 6ap 3aXO/UT ellle OJINH MaTeMaTHuK.
KaskjoMy 13 TIpeibIyIIX MaTeMaTHKOB Mbl
MOTJI IpucBonTh HOMep. Het Bompocos B oM,
KaKOTr0 MaTeMaTHKa CYNTATh BTOPBIM, KaKOTO —
HyJIEBBIM, @ KaKOTO — CTOTbICsuHBbIM. Ho BOT
KaKUM UHCJIOM 3aHyMEpPOBaThb 3TOTO HOBOTO
MareMaTHKa, KOTopblil 3ames B 6ap? Ilpucso-
UM eMy HOMep O, M KOJIMYECTBO MaTeMaTHKOB
nepeJ; HUM Takke OyaeM o6o3HadaTth o . /la,
3TO GECKOHEYHOE YNCJIO, HO HUYErO CTPAIIHOTO
B aTOM HeT. Creyiomero 3a HUM MaTeMaTHKa
nasoBeM (w+1)-M, clIeaylomero 3a sTuM —
(w+2)-m u Tak gamee. ITycTs 1 5T MaTeMaTH-
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KU TIPOHIyT 6ap 3a 2 CeKYyH/BI TaK JKe, KaK 3T0
cZiesTagi TiepBble @ MaTeMaTHKOB. CKOJBKO JKe
BCEro MaTeMaTHKOB IpoIwio 6ap? OTBeT mpocT:
W+ 0=0-2.AnycTb 3aiiiyT ele ® MareMa-
tukoB! Terepb cKoOJBbKO UX? ®- 3.

Xopolro, cjesaeM aHEKJOT elle CMelTHee:
Tenepb ® MaTeMAaTHKOB 3axoJdT B Oap 3a 1
CEKyH/y, TIOTOM ellle () MaTeMaTHKOB 3aXOIT
B 6ap 3a MOJICEKYH/IbI, [TOTOM €Ille () Marema-
TUKOB 3aXOJISIT B 6ap 3a YeTBEPTb CEKYH/bI U
tak gajiee. CKOJIbKO MaTeMaTUKOB OKayKeTCSI
BHYTpu 6apa 3a 2 cexkynabl? OueBuIHO,
W-0=w

Kaxercs, MBI HAyYNJINCh W CKJIQIBIBATD Ma-
TEeMaTHKOB, W YMHOXaTb. Kak e MbI 3TO
nesaeM? BoT XOTUM CJIOKUTH O MaTeMaTUKOB
n B maremaTukoB. YUTo aT0 3HauuT? Bcee npo-
cTo: B 6ap 3alljid cHavyajga o MaTeMaTHKOB,
MOTOM [3 MaTeMaTHKOB, M WX CTano o+ 3.
Opmnako He Bce Tak MpocTo. PaceMoTpuM cirenty-
IOMIYIO CUTyaInio: B 6ap CHadaJa 3allid JIBa
MareMarukKa, a ToToOM @ MareMarnkoB. Ho
BO3MO3KHO JIM OTJIMYUTD 3TOT CJy4ail OT TOTO,
Korjia B 6ap 3aXoJdaT  MaTeMaTHKOB? BHuma-
TEJTbHO CMOTPHM Ha PUCYHOK | W MOHWMaeM,
yro Her (Gosiee TouHOE OGOCHOBaHUE TpeGyer
BBEJIEHNs TOHATUS M30MOp(u3Ma). 3HauwT,
2+ o= . ABoT ecsu B 6ap 3aiiieT o mMarema-
THUKOB, a 32 HUMHU 2 MaTeMaTHKa, TO CUTYaIlus
Oyzier coBceM apyroil. Mtak, 2+ ® He paBHO
®+ 2. Tem cambiM, B 00611ieM carydae O+ 3 He
paBHO [+ 0/, KaK MBI TIPUBBLIKJIN.

Bosee nnTEepecHbIM SABISIETCST BBEJCHIE YM-
HoxkeHusi. Urto6bl yMHOXKUTH 2 HAa 3, HAIO0
BMECTO KayK/IOTO U3 TPEX MaTeMaTHKOB TO/ICTa-
BHUTb [IBYyX U IOJYYUTH IIECTh MATEMATHKOB.
O6061ITIM 3TOT MPUHIIAI HA HAII CJAyYail.

CxaxxeM, MBI XOTHM YMHOXHTb ® Ha 2.
PaccMoTpuM cuTyanmio: CTosin ABa MaTeMaTH-

0 1 01t 2 3 4 5 6 7
ngn l Nignin
\_V_I \ v J
2 MareMaTnKa ® MaTEeMaTHKOB

Bce paBno ® matematnkos!
Puc. 7

Ka. A Mbl BMECTO KQsK/IOIO [IOCTABUJIM () MaTe-
MaTHKOB, 1 BBIILIO - 2 MaTeMaTuKoB (puc.2).
B apyrom ciydae MbI XOTHM YMHOXKHTb ) Ha

1 9 %w+1m+2
i b0 O

©-2 MATEeMaTHKOB
A

= rGIN

Eﬁgo =10°
=Ao»A — CH

2
Puc. 2

®: CTOSJIM (® MaTeMaTHKOB, Mbl BMECTO KasK-
JIOTO MaTeMaTnKa ITOCTaBUJIN () MaTeMaTHKOB.
TaxnM 06pasoM, ecm MBI XOTHM YMHOKUTD O
Ha [, MBI TPOCTO BMECTO KaXK/I0TO MaTEMATHKA
u3 3 MaTeMaTHKOB MOJICTaBJIseM O MareMa-
THKOB.

Ectp smn TyT yTO-HUGYAb MHTepecHOEe? OKa-
3bIBAETCS, Jla: 9To Gy/IeT, eCIM Mbl 2 YMHOXUM
Ha o ? [lomcTaBmM BMECTO Kask/I0TO MaTeMaTH-
Ka M3 () MaTeMAaTHKOB [BYX MaTEMaTHKOB
(puc.3). CHOBa mONyYnM () MATEMATHKOB.
[Tomydaercs, m-2 He paBHO 2-, T.€. O.- [} He
pasHo B- 0 B o0iieM ciydvae.

Puc. 3

B kauecTBe yIPasKHEHHS XOUETCS MPe/Io-
JKUTh YUTATEIAM JI0Ka3aTh Ha MaTeMaTHKaX
/IS IPOUBBOJIBHBIX O, B, ¥ TaKOE COOTHOLIEe-
nue: o - (B+y)=0o-B+ 0oy, T.e. BOIMOKHOCTD
PacKpbITHA CKOGOK caeBa. Eme mHTEpecHee
060CHOBATb HEKOPPEKTHOCTH PACKPBITUS CKO-
GOK cmpaBa, T.e. HallTH IPHUMEPHI, KOrja
B+y)-oa#P-o+y-a. (Hodckaska. Pac-
cMotpute Bbipaskenne (0+1)-2.)

Wrak, GbLIO ) MaTeMaTHKOB, MbI BMECTO
KaK/I0T0 M3 (© MaTeMaTHKOB HOJCTABUJIN
MATEMATHKOB, MOIYYHIH ()° MATEMATHKOB.
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ITociie BMECTO KaX/IOTO M3 @ MATeMATHKOB
MOCTABH/IN () MATEMATHKOB, TMOIYYHIA
MareMaTuKoB. XOPOIIO0, ST CMOTY TIOJYIHTD XOTh
o', Kak ke onpejeauTh ®° MaTeMATHKOB?

[IpescTaBUM COTBOPEHHE HOBOTO, U/ICAJIBHO-
ro Mupa. JKus na 3emue mosvko 00un mamema-
muk. O0nax)xovt na obaaxax 6 noonebecve
cobupaiomes w 60206 na cosem. I'osopum 6oz
nomep 0: «/la 6ydem na 3emae 6mecmo Kaxoo-
20 mamemamuxa » mamemamuxos!s> U cmano
O mamemamuxos. boz nomep 1 zosopum: </la
6ydem na 3emae 6Mecmo Kax0020 MAMEMaAmu-
Ka ® mamemamuxos!s H noseunioco na semie
o’ mamemamuxos. oz Homep 2 ckasan: </la
Oydem na 3emie 6MECo KaK0020 MAMEMAMU-
Ka o mamemamurxog!s W cmano mamemamu-
k06 na semne o . M xaxowii credyowuii 60z
zosopu: «/la byoem na 3emue 6Mecmo Kax00-
20 mamemamuxa © mamemamuxoe!s H cmano
Ha semae ©° mamemamuxos. H nonsiu 6ozu,
4mo Mo XopouLo.

UYro ke cnenanu 6orn? OHE ® Pa3 YMHOXKU-
au @ Ha camo ce6st (uyTh GoJiee JeTalbHOE
000CHOBaHUE MTPOUCXO/ISIIETO JJAHO HIKE MeJI-
knum mpudrom). U monyumim 0° maremaru-
KOB.

Tenepb mpeacTaBuM HOBYIO cutyanuio. JKuz
Ha 3eMae MOoAbKO 00un mamemamux. B nooue-
6ecve cobpancs nawmeon us ©° 6ozos. H
ckasan nyneeoil 6oz: </la 6ydem na 3emie
8MECMO KAKD020 MAMEMAMUKA O MAMEMA-
mukog! > A nepeoviil 60z ckasan: </la 6ydem na
3eMae BMeCmo Kax00z0 MAMeMamuKd o Md-
memamuxog! > H emopoil 60z amo cxaszai, u
60z nomep w+1 amo cxasan, u 6oz nomep
o’ +0-2+4 smo cxasar, max ece Gozu,
Kpome nyaesozo, amo cxasaru. M noasunocw
na semne o°  mamemamuxos. M nousiu 6ozu,
4mo IMo Xopouto.

Wrak, Kak HaM TOJIYyYUTb O B CTEHeHH [3
Mmarematukos? Hajo, yToObl Ha HeGecax cuje-
g GOroB, Ha 3eMJie JKHJ TOJBKO OIH
MareMaThK M Kaxablii 6or ckasan: <«/la Oyxer
Ha 3eMJie BMECTO KajKJOTO MaTeMaThkKa o
MaTeMaTHKOB!» Uto nemator 6orn? OHu  pas
YMHOJKAIOT 0, Ha caMo ce0s. [lesatoT To ke, 4To
OOBIYHO [IeTaeM B TAKUX CJIy4asix MBI, KOraa 2
BO3BOJIMM B KYy0.

KuitoueBbiM cBOHCTBOM OpnHaIoB (T.€. BCeX TuX
quCeJ, KOTOPBIMU MbI CYUTaeM GECKOHEUHOe YHCJIO
MATEMATUKOB) ABJISIETCS BO3MOYKHOCTD UH/LYKIIUH 110
HuM. Takast HHYKINS Ha3bIBAeTCS TPAHCHUHNTHOI.
Pacemorpum nosipoGuee oany 13 (HOpMyIHPOBOK

2019/Ne8

NPUHIHIA MaTeMaTH4ecKoil nuayKuun. Iycrs ¢(n)
— HEKOTOPOe yTBePsK/eHNe OTHOCUTEIbHO HATYPasb-

n
. n(n+1
Horo umesa n (x mpumepy, 21 = %
i=0
HPUHITAI MOYKHO ¢POPMYJIMPOBATH TaK:

Ecau us mozo, umo 015 100blx M MEHLUWUX, UeM
N, 6bINOJIHCNCS (p(m) , caedyem, 4mo 6uinoaHsIem-
cs (p(n) , MO 0151 1100020 HAMYPATLHOZO N BHINOJIHS-

), Torza

emes @(n).
Kak TakuM npmHIHNOM HOJb3yloTcsa? [oBopsr:
«JlaBaiiTe IpeANOJIOKIM, YTO I BCEX HATypa/ib-
m m(m +1)

HbBIX 7 < 72 BBIIIOJIHAETCS Zl = B
i=0

Lo n(n+1)
TOT/Ia, YTO Zz =——

i=0 2
opMyIMpoBKe Gaza 3a4aeTcs HeABHO: YTBEPIK/Ie-
HHE <« BCEX HATypasbHbIX m < ( BBIIOJHSAETCS

. Jlokaskem

». 3aMeTHM, 4TO B TaKOi

m

Si- m(m+1)
5 2

My, 4YTO TakuxX m HeT. TakuM o6pasoM, 4YTOGBI

» ABJIAETCA UCTUHHDBIM IIPOCTO 1OTO-

JIOKa3aTh yTBEPIK/JCHUE [IJIsI 72, HAM BCE PABHO HAJIO
pacemorperb jBa caydasi: 1) n = 0; 2) cymecryer
HarypajibHoe 4ucjio n — 1, Kotopoe MeHblie 7, a
o (n=1)((n—-1)+1)
3HAYUT, JUUISI HETO BEPHO Zz =" 7
i=0 2
ITocsie TOTO, KAaK MBI JIOKA3aJ1 yTBEPIKIAEHUE IS 11
B JIByX 9TUX CJIyd4asiX, Mbl [I0JIy4aeM MOCHLIKY TIPHH-
muna ueayKiun: <3 Toro, 4ro st JioObIX m
MEHDIINX, Y€M 77, BBIIOTHAETCS @(m), Cleayer, 4ro
BbLIONHSIETCs. @ (7). 3Hast, UTO IPUHINIL HHAYKIHH
UCTHHEH, MbI 3aKJIOYaeM, 4TO [Jist J0GOro Hary-
L. n(n+1)
PaJIbHOTO 7 BEPHO 21 =——".
i=0 2

OIHAKO TOYHO TAKUM 3Ke 00Pa30M MbI MOKEM U/ITH
UH/yKIHEl 110 MaTeMaTukam. [IycTb crost o Mate-
MaTHKOB M IIPO MareMaTthuka HOMep [ MbI MOKEM
cKasaTh Kakoe-10 yrBepkzenne (). Ilycrs nam
M3BECTHO, YTO U3 TOTO, YTO JIJIsT TI0OOTO MaTeMaTHKa
C HOMEpOM Y MEHBUINM, 4eM [}, crpaBeanso @(Y),
caenyer, uro crpaseatnso ¢(B) . Torga mo npunim-
My WHIYKIME YTBEPKIEHUE @ CHPaBeIJIUBO LISt
BCEX O MaTeMaTHKOB.

VlHora MbI TOBOPUM O PEKYPCHUU WK 06 MHIYK-
THBHOM OIpejesienni. [IpiuMepoM MOKeT TOC/Iy-
JKUTH OTIPE/IeJICHIE BO3BE/ICHUSI B HATYPAJIbHYIO CTe-
MeHb:

1. a" =1,

2. a"=d"-a.

B eficTBUTEIbHOCTH HE OYEBUIHO, OTYETO MbI CMO-
JKeM mocuutatb @” st J000TO HATYPAJIbHOTO 1 1
MIPOM3BOJIBHOTO @ B PE3yJIbTaTe€ TAKOTO OIPejeJie-
musi. BO3MOXKHOCTD PEKYyPCHU CJIEyeT M3 CIPaBe/-
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JIMBOCTU CAMOTO TIPUHIINAIA WHAYKIMU. TaknM o6pa-
30M, B HaIlleM MpuMepe ¢ GOraMu Mbl «IaJIH» HHIYK-
THBHOE OTIpe/iesIeHIIe BO3BE/ICHUSI B CTEIIEHD, 3aMeTsI
10/T KOBEP OJIMH Ba)KHBII MOMeHT. PaccMoTpum Tpu
caIydasi:

1. B nanrteone Her 60ros, a Ha 3emJje 1 MaTEMaTUK.
Boixoaur, uro a’=1.

2. B manteone P+1 6oros. Torma mocse cjioB
nocaenero Gora nosisurest oft = of .

3. B manreone o G6oroB, TpUYeM HET TaKOTrO
opanHana Y, uro o =Yy +1. [Ipumepom Takoro o
SIBJISIETCSI (0 — Y 9TOTO <«YUCJIa» HET MPEIbIAYIIEro.
B TtakoMm cuaydae roBOpAT O B3ATHH CyIpeMyMa
(sup) mo Bcem MeHbmMM opaMHATaM. LoBOpA O
CynpeMyMe, Mbl MeeM B BU/Iy HEKOTOPOE CJMSHUE
nocJieioBaTeIbHOCTEl  MaTteMaTukoB. [lpumep T10-
JIYIEHNST (0 MATeMATHKOB TAKUM CIIOCOGOM TTOKA3aH
Ha pUCYHKe 4.

1 2 3 4 5 6 7
anppéﬁ
® MaTeMaTHKOB:
THHann .
A A A A A A
0 MareMaTUKOB:
0
1 MareMaTuK: %
|
0 1
L) (W
2 MareMaTHuKa: R A"
nen
[
01 2
, eYeys)
MaTeMaTHuKa:
Nygnisn
[
01 2 3
ONONS)
4 MareMaTHKa: % % ¥
ngnwn

Puc. 4

B pesysbraTe Takoil onepariy J0KHA 0Ty YHTD-
Cs1 HAMMEHbINask MOCIe0BATEIbHOCTD, COlePsKaIast
BCE KOHEYHBIC MOCJIEI0BATEJbHOCTH MAaTeMATHKOB B
KayecTBe CBOMX HAYAJIBHBIX IOAINOC/IE/[0BATEIbHOC-
teit. Takum o06pa3oM MbI XOTHM CKa3aTb, 4YTO
® = sup {y | Y — xomeunbrit opm/IHaJI} .

[ToxoxuM 06pa3oM OIPeIeISIeTCsT CTelelb B CIIy-
yae OpAWHATA, HE HUMEIONIEro TPEebIIyIIero, T.e.

8% = sup {SY |y < oc} . HamomunM, uto B pesysbrare

MOJTy4aeTCsT CNSTHIE OCJIe[0BATETbHOCTEN, CO3/1aH-
HBIX TIPE/BIYINMI GOTaMU, OMMCAHHIBIM HA PHCYH-
Ke 4 c1roco6oM.

Wrax, Mbl ONpPEAETNIN BO3BeA€HNE B GOJIBIIYIO
CTeTeHb uepe3 Bo3BejieHne B MeHbiie. CoCIaBImch
Ha BO3MOJKHOCTb TPAHC(UHUTHONU PEKYypPCHH, TOM-
MEM, YTO TAKMM 00pPa30M MbI HAYUYHJIHCH BO3BOANTD
Op/IMHAJIBI B JIIOOYIO CTETIEHbD.

Ceituac Mbl HOAXOAUM K (DUHATY HCTOPUH.
Bor ee oxonuanmue:

B nodunebecve cudeau o 60206. U nyresoil
60z ckasan: </la 6ydem na zemae © mamema-
muxos! > H nepsoviit 60z cxazan: </la 6yoem na
3emae O MAMeMAMUKO8 8 MAKOU CMeneHu, 6
Kaxoll ux yxe na semae ecmv!s H emopoii 60z
amo cxasan, u mpemuil 60z IMO CKA3AL, U 6Ce
caedyrougue 6oezu 3mo cxazaiu. U cmaro na
semue €, mamemamuxos. H nousiu 6ozu, umo
MO xOPOwWo.

Ho nosasudosan 0vs601 momy, umo oendiu
6ozu. Ilpuwen 6 nodunebecve u cxazanr: </a
Oydem Ha 3emae © MAMEMAMUKOS 6 MAKOU
cmenenu, 6 KaxKou ux ysxe ecmo na semael > Ho
MAMEMAMUKOE 0CMAIOCH 6ce pasHo €. Tak
0v560J1 6oL NOCPAMIEN.

Uro ke ipounsoniio B aToit uctopun? Ilocse
CJIOB HyJI€BOTO 60Ta Ha 3eMJIe () MATEMATHKOB,
HOCJIE CJIOB [EPBOro ®” MaTeMaTUKOB, nocyie

CJIOB BTOPOTO u)‘”w, ocJIe CJIOB TPETHETO o u
Tak gajnee. «Umcmroy», KOTOpoe MOJyYMJIOCh B
pesysbTare, HasbpiBaercs €,. OHO o6sgamaer
OJIHUM 3aMeyareJbHbIM CBOHCTBOM: MF =g .

Bce atm GeckoHeuHble YHMCJA HA3BIBAIOTCS
opaunaiamu. B pelictButesbHOCTH OHE 060-
3HAYAIOT CHENUAJbHBIN BUJ TOPSIJKA HA Pas-
JINYHBIX MHOKECTBAX, O YeM MBI 3/IeCh PACIIPO-
cTpanarbes He OyaeM. Ilompo6Hee 06 aTOM
MOKHO mpountath B knure H.K.Bepemaruna u
A.lllens «Hawama teopum MHOKecTB» (M.:
MIIHMO, 1999).



IK3AMEHAINMNOHHBIE MATEPHAJIBI

OnmMmnurana
«[Tokopm BopobbeBbl ropbi!»

OPUN3UNKA

Onumnnaga «Mokopy BopobbeBbl ropbi!» npo-
xoauT ¢ 2005 ropga. C caMmoro Ha4ana oHa BO3HUK-
na Kak CoUManbHbIM MPOEKT, HamnpaBfieHHbIV Ha
MOUCK TaNaHTAVBbIX LWKOMbHMKOB BO BCEX peru-
OHax Poccuwn.

B 2018 /19 y4ebHom rofy onnmnumaga no umsu-
Ke mpoBoAmMnach ANa ABYX KAaTeropui WKOMbHK-
KOB: «Mnafwme» (7, 8 n 9 Knaccbl) U «cTaplime»
(10 1 11 knaccbl). OTOOPOYHbIN 3Tan ONUMMNNALbLI
NPOXOANS AUCTAaHUMOHHO: KaXOO0MYy Y4acCTHUKY
nocne nonyyYyeHWs 3afaHWM faBanacb Hepens
(168 YacoB) Ha BbINOMHEHVE 3a4aHMA. 3aK04N-
TeNbHbIM 3Tan NPOBOAMICA B O4YHOM opme B
wectn ropodax P®: XenesHosoack, Kemeposo,
MockBa, YensbunHck, HuxHun Hosropoa, Yda. B
onMMnMage TPaaMLUMOHHO MCMOMb3YIOTCA OpUTM-
HanbHble 3343a4M AOCTAaTOYHO BbICOKOMO YPOBHSA
CNOXHOCTW, Hanboree CNoXHbIe N MHTepeCHble —
B TBOPYECKOW YacTu 0TOOPOYHOro 3Tana. Y Heko-
TOPbIX M3 HWUX He OblBaeT «eAMHCTBEHHO Mpa-
BUTbHOMO» peLUeHMs, Tak Kak YYacTHUK MOXET
MCMOMb30BaTb Pa3fMyHble MOAENU paccMaTpu-
BaeMbIX SBMEHWNM, @ OLEHKa €ro pelueHns 3aBu-
CUT W OT aleKBaTHOCTW M YPOBHSA TOYHOCTU UC-
nosnb3yeMor MOoLenu, U 0T KOPPEKTHOCTU pellie-
HUS B pamMKax BblbpaHHOM Mozenn.

Huxxe npnBoasTcs npuMepbl 3adaHnin 06omx
3TanoB onumnuagbl No Gu3nke ANA «CTapLUMX»
LIKONMbHWKOB.

OTOOpOUHbIV 3Tan

Yacts I (TecToBoe 3amanue)

1. [InuHapuyecKnii MeTHBIN CTEPIKEHD JIJTU-
HOU 2 M BHOCAT B 00J1aCTb, T/l€ CO3/IaHO dJIEK-
TPHUUYECKOE 110JIe ¢ HAnpsDKeHHOCThIo 50 B /M,
PaCIOoJIaTaloT TaK, YTO €T0 OChb COCTABJISCT YTOJI
60° ¢ HampasieHHEM HAIPSIKEHHOCTH 3TOTO
110151 (KaKiM OHO GBLIO /10 BHECEHHS CTEPIKHS) .
HaiiqnTte pasHOCTh MOTEHIINAIOB MEXKIY KOH-
maMu crepyxas. OTBeT 3alUIINTE B BOJIBTAX,
6e3 yKasaHusl eJINHIIl U3MEPEHUSI.

2. MaJieHbKUIl TSKEIBIN MapuK OPOCUIIN C
6aJIKOHA TI0JI YTJIOM K TOPU30HTY CO CKOPOCTDHIO
9 M/c. Cnycrs Bpems t, KOTJ]a ero CKOPOCTb
cTasa mepreHAnKY IgpHa NCXO/IHOW, OHA paBHA

12 m/c. IlpeneGperasi cONpOTUBJIEHHEM BO3-
nyxa, Haiiure ¢t. Y cKopeHue cBOGOIHOTO Tajie-
HUA cyutalite paBHbIM 10 M/ ¢?. Otser sanmim-
Te B CeKyH/[aX, 6e3 yKa3aHUs e/[MHUI] n3Mepe-
HUSI, C TOYHOCTBIO JIO JIECATBIX.

3. ITocTosnHOE KOJMMYECTBO TesNsl yIacTByeT
B IIpoliecce, B KOTOPOM a3 CHauaja pPacHiupsi-
eTcst aaumabaTHyecKu, a 3aTeM B U306apHOM
IIpoIiecce BO3Bpalaercst K MCXO/HON TeMIepa-
Type. Bo BceM mportecce resmii coepim. pabo-
Ty 735 JIxx. Haiiiure paGoty, cOBepIIEHHYTO
remeM B ajgmabarmdeckoM mporecce. Otser
3alUIINTE B JPKOYJIAX, 0e3 yKasaHWUs eQUHHIL]
n3MepeHus, Mpu He0OXOMUMOCTH OKPYTJIUB /10
6JIMDKAIIIEro 11eJI0T0 3HAUYEHHUS .

Yactp II (TBOpUECcKOe 3agaHue)

Heu3ssecTHble HccieJ0BaHUS
n-a @.4.49. Yunrrapaa

1. Tenn na opOmure
B onnom u3 mpoexro D./[.Y.Ywunnapnaa,
M3BECTHOTO CHENHAJNCTA 0 KPHOTEHUKE, TO-

TPeGOBATIOCh PA3MECTUTh €ro YCTAHOBKY Ha
reoCTalMoOHapHoOM CHyTHHKe. Tak HaspiBaioT
CITyTHHKH, BPAIAIOIINECcs B IJIOCKOCTH 3€MHO-
0 9KBATOPA TAKMM 00PA30M, YTO OHH BCE BPEMS
HaXOJATCS HaJl OAHON TOYHON 3€MHOM 110BEpX-
Hoctu. O6opy/loBanue Ha CIyTHUKE PaboTaer
OT COJIHEYHBIX GaTapeit, HO MOCTYIIIEHIE dHeP-
run oT CoJTHITA, KOHEYHO Ke, HePABHOMEPHOE.
IHepronoTpebyeHne YCTAHOBKHU ObLIO O4YeHb
HeOOBIINM, TI03TOMY €€ HYKHO ObLT0 cHab-
JIUTh aKKyMYJISITOPOM, PACCYUTAHHBIM TOJBKO
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Ha Te Iepruo/Ibl BpeMeH™, korja cset ot CoJtHIa
He jlocTuraer cryTHuka. KakoBa Moxer ObITb
MaKCUMAJbHAS JIJINTEJbHOCTD TAKOTO TIEPUO-
na? KakoBa MO)keT ObITh MaKCHMAJIbHAsST [JIH-
TEJBHOCTh TIepuoja <«b6ecrepe6oitHOr0» OcBe-
menus? I[lpm Heo6XOAMMOCTH WCIIOJIb3YHTE
cJeytole JaHHbIC:

« paccrostare oT 3emuin 10 COoTHIIA MEHSIETCS
or 7, = 152 mmu &M (ot adenns, KOTOPbI
3eMJIs IPOXOANUT B UIOJIE) 10 r, = 147 mun kM
(1o 1epurenus, KOTOpbiii 3eMJs IPOXOAUT B
AHBape);

. yrioBoii pa3mep CosHila mpu HaGJII0IeHITH
¢ 3emm P =32';

« iepuo/t o6partiennst 3emin Bokpyr CouiHiia
Ty = 365,25 cyrok;

« paguyc 3eman R; = 6380 ku;

o IJIUTEJIbHOCTD 3€MHbIX CYTOK T = 24 v;

« yCKOpeHue CBOOOIHOTO MaJIeHIsT HA TOBEPX-
noctu 3emsun g = 9,8 M/Cz;

« YIOJI MEXK/Y OCbl0 COOCTBEHHOTO Bpallie-
HUsT 3eMJIU U NEPIEeHINKYISIPOM K TIJIOCKOCTH
op6uThl BUKeHus 3emyn BOKpyr CoJHila
o = 23,44°.

2. Jla3epHblii THHIET

OnHaXXap! B Xo/le 9KCIIepUMeHTa 1-py Y-
Japiy ObLI0 HEOOXOAMMO <IOJBECUTb» IPO-
3pauHblil mapuk paamycoM R = 1,2 MKM c
maccoit m =102 r. Jlus aroro om pen
UCTI0JIb30BATH JIBA BCTPEYHBIX JIA3€PHBIX MyYKa
CHENNaJBbHOTO CEYEHUS — B BHAC TOJYKpyTa
pamuycom 7 = 0,2 mim (puc.1). Ouu Hanpas-

Puc. 1

JSLINCh Ha MIAPUK C ABYX CTOPOH IO IEHTPY
MIAPUKA TOYHO HAJ[ €70 TOPH30HTAJIBHBIM Ceve-
HueM. Ilokasaresb INpesOMJIEHHS BeIleCTBa
mapuka n = 2,5, OTPaKEHHEM CBETa OT €ro
HOBEPXHOCTU U TIOTJIONIEHUEM CBETa BHYTPU
MOJKHO rpere6peub. Kakoit 1o/kHa GbITh MOII-
HOCTD ITyYKOB [IJIsT YAEPKAHUs mapuKa? Y cKro-
pemne CBOOOHOTO MAJEHNsT CYNTATD PABHBIM
g =10 m/c?, ckopocrs csera ¢ = 3-10° m/c. B
KBAHTOBOI1 TEOPUHU CBET MOYKHO PACCMATPUBATH
KaKk I0TOK (DOTOHOB — YACTHUIl, Y KOTODPBIX

SHEPIHUS U WMIYJbC CBSI3aHBI COOTHONICHUEM
E=clpl.

3. Heuauneiinbiii cBertuabnuk. Kax-to Ha
nocyre @ J1.U. Yuanapa pemnsa co6parb cBe-
TUJIBHUK W3 JBYX OJMHAKOBBIX JaMI, JBYX
OJIMHAKOBBIX PE3WCTOPOB M YETHIPEX OJMHAKO-
BBIX aKKyMyJITOPOB. Y Hero ObLI [[OBOJIBHO
TOYHBIN aMIIepMeTp, U OH U3MEPIT CILTY TOKa B
e TIPY TTOAKJIIOYEHN N O/THO JIAMITBI K O/THO-
My akkymyqasropy. OHa okaszajach pPaBHOIL
I, = 1,50 A. 3areM OH u3MepuJ CHJIYy TOKA
AKKyMYyJISITOpA TP MOJIKTIOYEHUN K HEMY JIBYX
JIaMTI, COeIMHEHHBIX TTapaJiieibHo. Terepn cuia
TOKa OKasaJjach paBuoit I, = 2,40 A. Haxo-
Hell, OH U3MEPUJI CUJIy TOKA B 1NN W3 OHOTO
AKKYMYJISITOPA U OJIHOTO PE3UCTOpa: OHa Oblia
pasna [, = 0,40 A. Torma uccnenosaresb
cob6paJl CBETHJIBHUK TI0 CXeMe,lT0OKa3aHHOo# Ha
pucyHke 2. Bo cKoJIbKO pa3 OTINYaINCh B HEM

6301
| Q-

Puc. 2

MOIITHOCTH TToTpebaenus jJamn 1 u 2? V3Bect-
HO, YTO y 3TUX JIaMI CHJIA TOKa IMPOMOPIHO-
HaJbHA KOPHIO KBAJPATHOMY W3 TIPUJIOKEHHO-
ro Harnpsikenust. [losydnre B oTBETE UnCIEHHOE
3HauYeHue, JOOGUBIINCH MAKCUMATIHHOI BO3MOXK-
HO#i TourocTn (ommbKa MOKa3aHUA aMIlepMer-
pa — TOJIOBWHA €JIMHUIILI MTOCJIETHETO YKa3aH-
HOTO paspsja).

4. Cmecp mapoB. B s1a6opatopHbIX KypHa-
gax @./1.U.Yumnapaa 6bL1 Haiifien otder 00
OJTHOM MHTEPECHOM 3KcrepuMeHTe. B Hem mc-
CJIe/IOBAJIOCH TIOBE/IEHUE JaBJIEHUS CMECH CYyXO-
ro BO3/[yXa M MapoB /[BYX JOBOJBbHO HEOObLIY-
HBIX CHHTE3WPOBAHHBIX TICCJIEIOBATEICM Be-
IeCTB TIpU u3MeHennn oObemMa cMecu. Ha pu-
CYHKe 3 TIOKa3aHbl 3aBUCHMOCTH JaBJIEHUI Ha-
CBIII[EHHBIX TIAPOB 9TUX BEIIECTB OT TEMIIEPATy-
pbl (B ToOli O6/1acTH 3HAYEHUIA TEMIIEPaTyphl, B
KOTOPOH TIPOBOAMINCH HCCIefoBanusa). B ka-
YyecTBe IpUMepa HIDKe TpuBe/ieHa TabInIa 3Ha-
YeHNH TaBJEHUS CMECH B COCY/Ie TIO/ TTOPITHEM
U Pa3HbIX 00beMAX /IJIsl HEKOTOPOI TOCTOSIH-
HOUl TeMIepatypbl. B :KypHaje oTMeueHo, 4To
MOJIyYEHHAs] B 9TOM OIIbITE U30TepMa 06J1a/1aeT




50 KBAHT

p,kllak
40 7

30

20

270 273 275 TK

Puc. 3
WHTEPECHON 0COOEHHOCThIO — Ha Hel 3aMeTeH

TOJIBKO OJINH U3JIOM, TI0JIOKEHIE KOTOPOTO OT-
MeueHo B TabJulle «3Be304K0it» . Onpenesmre

V, n 30,0 | 40,0 |{50,0*| 60,0 | 70,0
127,61{104,16 | 90,08 | 75,07 | 64,34

p,klla

TeMIIepaTypy M30TEePMbI 1 BBIYHUCJINTE KOJINYe-
crBa Bemects 1 u 2 B cmecu. Haiigure, 10 Kakoit
TeMIIepPaTyPbl HY>KHO HarpeTb CMeCh 1pu 00be-
Me 40 J1, 4ToObl B HEll HE OCTAJIOCH JKUIKUX
KOMIIOHEHT. VI3BecTHO, 4TO B JKHIKOM COCTOSI-
HUU 9TH BelecTBa He cMemmnBaioTcst. OIIbIT
MPOBOJINJICSI B HEBECOMOCTH, W HHUKaKWe W3
KOMITOHEHT CMeCH He TIOKUIATA COCYA.

3aKknouunTenbHbIN 3Tan

BapunaHTt 1

3ananue 1

Bompoc. Ky6uk Mmaccoii m TOKOUTCS Ha
ouenb mepoxoBatoil (P = 1) ropu3oHTaNIbHON
rosepxHocTu. IIpn oMoy Kakoit MUHUMAJIb-
HOIi CHJIBI €r0 MOKHO 3aCTaBUTb HA4YaTh Bpa-
II[eHNe BOKPYT OJHOTO M3 CBOUX TOPU30HTAJD-
HBIX pebep? YcKopeHue CBOOOIHOTO IMaJIeHUS
PaBHO ¢.

3ajgava. YroJIOK, U3rOTOBJIEHHDIH U3 OJIHO-
PO/IHOII TIPOBOJIOKHM, MMEET [[Ba IepIeH/NKY-
JISPHBIX «TLIevay ¢ JinHamu [ =a =20 cvmnu

3
ly=—a=30 cm. Ero noBecusiu 3a KOHeI[ KO-

POTKOTO TIIeYa Ha MapHUPHOM TojiBece (KOTo-
pBIif TT03BOJISIET eMy CBOGO/JHO BpAIlaTbhCs B
BEPTUKAJBHON TIJIOCKOCTH BJIOJIb CTEHKH, He

2019/Ne8

Kacasich ee). 3aTeM B CTeHy
Ha O/THOH BEPTUKAJIM C TIO/-
BeCOM BOMJIM TOPU3OHTAJIb-
HO TJIQJKUI T'BO3/b — TakK,
YTO Terepb YToJIOK OIHpa-
eTcs Ha T'BO3/Ib CepeINHOI
jaamunoro 1eda (puc.4).
Bo ckosbko pas m Kak m3-
MEHUJIACD U3-32 TTOSBICHUS
IBO3/isI BEJMYUHA CHUJIbI, C
KOTOPOH yToJIOK JleficTByeT
Ha I110/Bec?

Puc. 4

3azanue 2

Bomnpoc. Kak cBsizanbr Mmesx 1y co60ii u3mene-
HUE BHYTPEHHEH HEPruy OHOATOMHOTO Wjie-
JIBHOTO Ta3a W TOJYYEHHOE WM KOJIIYECTBO
TEIJIOTbl B U306aPHOM TIpoiiecce?

3agava. KosimuectBo v = 2 MOJIb OJIHOATOM-
HOTO H/I€AJTbHOTO Ta3a HaXO/UTCs B TEILJIOU30-
JINPYIOIIEM BEPTUKAJBHOM IUIUHAPE C MOJI-
BIDKHBIM TOPIITHEM ILJIOMIA/bIo S U Maccoii m.
[lHO TMAMHIpa PaBHOMEPHO 3apsDKEHO 3apsi-
JIOM ¢, a ToplleHb 3apsikeH 3apsaoM (—q ).
Paccrosiniie Meskry JIHOM cOCy/Jla M TOPIIHEM
HAMHOTO MeEHbIlle JAuaMerpa IuanHapa. [a3
MEJIJICHHO TI0JIy4aeT OT HarpeBaTeJis KoJjude-
ctBO Teriotel Q. Ha kakoe paccrosiHume mpu
3TOM CABWHETCS TTOPIeHb? CynraiiTe, 4TO 3JIeK-
TpHUYECKoe MoJie OCTaeTCs OJHOPOAHDBIM, Tpe-
Hust Her. [luasiekTpuyeckasi NPOHUIAEMOCTD
rasza paBHA €JJMHUIIE, 3JCKTPHUECKAs MOCTOSH-
Hasl €,, YCKOpeHue CBOGOJHOrO HajleHus ¢,
JIaBJIeHNEe HaJl TIOPIIHEM P, .

3apmanue 3

Bonpoc. [lomnyctuM, 4TO /15 HEKOTOPOTO
3JIEMEHTa IIeNN CBSI3b TOKA C NPHUJIOKEHHBIM
Hanpsprennem jaercst ypasuennem I = f(U),
rne [ — wusBectHas ¢ynknus. Kax myskHO
paccuYnTHIBATD MOIIHOCTD, KOTOPYIO Gy/eT To-
TPEGJISATD ITOT IJIEMEHT TIPU TIO/IKJIIOUEeHUN K
kjaeMMaM ucrounuka ¢ AAC ¢ 1 BHyTpeHHUM
CONPOTUBJIEHUEM 77

3agava. K wucrounmky mnocrosuaHoit I/C
MOJKJIIOYAIOT THPJISIHY U3 TOCJEe0BATETbHO
COE/INHEHHDBIX PE3UCTOPA U 7 OJIMHAKOBBIX CBe-
TOJIMOJIOB, BOJIbT-AMIIEPHAsT XapaKTePUCTHKA
KOTOPBIX MOKazaHa Ha pucytke 5 (U, =1 B).
Ecnu BratounTs B rupasanay n;= 10 cserouo-
JIOB, TO IOJIHAS TTOTpebJIieMast MU MOIIHOCTD
cocrasut P, = 175 Br, ecsn BRIIOYNUTD 1y =
= 28 cBetoamonoB, To P, = 238 Bt. Ompene-
JIUTE OITHMAJbHOE YHUCJO CBETOJAMOJOB, IPH



OK3AMEHAINMMOHHBIE MATEPMAIJbBI

U, U

Puc. 5

KOTOPOM 1oTpebJisieMast MOITHOCTb MaKCUMaJIb-
Ha, a CuJa TOKa Yepe3 KasK/blil U3 CBETOHNO-
JIOB — MUHUMaJbHA (U3 BO3MOKHBIX TIPU ATOI
MorHocTi) . Haiiiure MakcuMasibHyo moTpe6-
Jggemyio MorHocTs. Yemy pasua I/1C nctou-
HUKA?

3ananue 4

Bomnpoc. IIpn BbImosHEHNN KaKWX yCJIOBHIH
JITH3Y MOKHO CYUTATh TOHKOI?

3agaya. [Ipenmer u ero npsmoe nzobpaske-
HHUE pacIoJIaraloTcsl Ha OCH TOHKOH JIMH3BI
HepIeH/INKYISIPHO 3TOH OCH M CHMMETPUYHO
OTHOCHUTEJIbHO OJ{HOTO 13 (POKYCOB JIMH3BI. Pac-
CTOSIHHE MEKIY NpeIMeToM U H300paskeHneM
[ =20 cm. Uemy MoskeT paBHATHCS (POKyCcHOE
paccTosiHue JIMH3bI?

BapunaHT 2

3anxanue 1

Bonpoc. CymmapHast KuHeTHuecKasi SHeprust
JIBYX TeJ OJMHAKOBOH Macchl B pe3yJbTaTe
a6COJIIOTHO HEYIIPYTOTO COYIAPEHNsT YMEHbIIIN-
Jlach POBHO B /iBa pasda. Kakum ObL1 yroa
MEeK/y BEKTOpaMH CKOpOCTeil Tes [0 coy/a-
penns?

3agaya. Ilpu B3pbIBe cHapsija, JieTEBIIETO
BEPTHKAJIDHO, B MEXaHUYECKYIO SHEPIHIO ObLIa
1peo6pasoBaHa 4acTb asHeprun 3apsiaa, B 10
pas IPeBOCXO/ANIAs KMHETHYECKYIO HHEPTHIO
cHapsi/ia 1epeji B3pbIBOM. B pesysbraTe B3pbl-
Ba CHaps/l PacKoJoJcs Ha TpH ockoJka. Ha
JIOJIIO IBYX OCKOJIKOB — ¢ Maccamu my = 0,5 Kr
u m, =3 kr — mpurmaack 50% u 25% obmei
KIMHETHYECKOH SHEPTUN COOTBETCTBEHHO, TIPU-
4eM YTOJI pasjieTa 3TUX OCKOJIKOB COCTaBUJI
90° . Tperuii OCKOJIOK 1TOJIETE]T B TOPH30HTAJIb-
HOM HampaBieHnu. IIpeHe6perass maccoit mo-
POXOBBIX Ta30B, Haii/[iTe MacCy TPETbEro oc-
KOJIKA.

3anxanue 2
Bomnpoc. Uemy paBha paboTa ujeasbHOTO
rasza Maccoi m B Ipolecce, ypaBHeHue KOTOpo-

0 B KOOP/IMHATAX IIJIOTHOCTb—/IaBJIEHIE UMEET
_ Po

Bug p(p)=py| 1-— |, a IIOTHOCTD H3MEHS-
P

ercst or 3P, M0 2p,? KoHucranter p, u p,

CUNTATh M3BECTHDBIMU.

3agava. Ha/i TOCTOSTHHBIM KOJTMUECTBOM HJIe-
AJIBHOTO Ta3a MPOM3BOAAT NNKJIMYECKIH TPo-
I[ece, COCTOSMNN W3 JByX HM30XOP W JBYX
nzorepMm. Pab6ora B 9TOM IMKJIE TTOJOKNUTEb-
Ha 1 B B = 2 pasa MeHbllle, 4eM KOJHYECTBO
TEIJIOTHI, TTOJIyYeHHOEe Ta30M B IIpoliecce M30-
XOPHOTO HarpeBaHus. AGCOJIOTHAas TeMIle-
parypa «0ojee ropsyeii» H30TepMBI B pasa
BbIllle, 4eM TeMIiepaTypa <«06oJjiee XOJIOAHON> .
[Tyctp aToT mponecc — mukJa pabovero resa
rensioBoit Manmmubl. Yemy paen KIIJ[ aroro
uKJa?

3ananne 3

Bonpoc. Kak BbraucisieTcsi moTeHI[HaIbHasT
SHEPTUSI AJIEKTPOCTATUYECKOTO B3ANMO/IEHCTBHUS
CHCTEMBI TOYEYHBIX 3apsoB? Haiiaure Makcu-
MaJIbHYI0 KHHETHYECKYIO SHEPTHIO KaXKI0T0 U3
JIBYX TeJl O/INHAKOBOW MAacChl M C OJMHAKOBBIM
3apsiZIOM ¢, OTIYIIEHHBIX (€3 HAYaJbHON CKO-
POCTH € PacCTOSTHUS [ B ITyCTOM TIPOCTPAHCTBE?
JJIeKTpUYECKasi MOCTOSIHHAS PaBHA € .

3agaya. Tpu oMHAKOBLIX HEOOJIBIINX TeEJIA
MacCoOi m ¢ 3apSAJ0M ¢ KasKJ0e YAePKUBAIOT Ha
TOPU30HTAJIBHOI MJIOCKOCTH B BEpHIMHAX PaB-
HOCTOPOHHETO TPEYTOJIbHUKA CO CTOPOHOI d.
Kakoe paccrosinue s mpoiiieT Kaskaoe u3 Ted,
ecJa UX OTHYCTUTh? Kakyio MakcuMaJbHYIO
CKOPOCTb % NPUOGPETYT TeJIa B Ipolecce [(BH-
Keums? Koapduiment TpeHUs Ten o TLJIOC-
KOCTb PaBeH M. IJEKTPUYECKast MOCTOSTHHAS
paBHa € .

3ajanue 4
Bomnpoc. Onmimmre sBI€HIE TOJHOTO BHYT-
PEHHETO OTPaKCHIH.
3azava. ToueuyHblil UCTOYHUK CBETA PACIO-
JIOKEH TIepe/ TOPIIOM JITMHHOTO CTEKJISTHHOTO
IIIJIMH/IPIYECKOTO CBETOBO/IA C TIOKa3aTeseM
peJoMJIeHns 7. VICTOYHNK HaXOAUTCS Ha OCH
nuanpapa. Yemy paBeH yrosa § Mexkay Kpaii-
HIMH JIy4aMH KOHHYECKOTO CBETOBOIO IIyYKa,
BBIXO/ISIIIIETO U3 TPOTHBOIIOJIOKHOTO TOPIA CBE-
TOBO/[A?
Hy6auxauuio no ¢usuxe nodzomosui
K.Ilapgenos




OTBETBHI,
«KBAHT» A4 MJIAALLNX LUKOJIbBHUKOB
3AOAYN
(cm. «<Ksanms No7)
1. 5.
2. 4.

Pas xaxxmasa us 8 cecrep 6buta cororpadpupoBana
2 mam 3 pasa, TO B COBOKYITHOCTH OHU ObLIN Co-
torpacduposanpt oT 16 10 24 pa3. ITO KOJIMIECTBO
JIOJDKHO OBITH B 5 pa3 6oJibliie, YeM KOJINYECTBO
dororpacduii, Tax uto dororpaduit 6oi0 20/5 = 4.
3. U3 passeprku 0.

4. 3.

CymMma Bcex 4nmcesa B KBajpaTe paBHa
(1+2+3+4+5)-5=75, B Kaxjoit obnactu 1o
75/3 =25 . PaccmorpuM 06J1acTh, B KOTOPYIO BITH-
caHa JiBoiiKa. B mycTbie KIeTKH 3Toi 06J1aCT! Heslb3s
MOCTABUTDh YeTBIPE OJIMHAKOBbBIC IQPbI, MHOITOMY
TaM CTOWT He GOJIbIIle TPEX ISITEPOK, & OCTABIIHECST
aBe g pbl He 6oJbie YeM dyeTBepKH. VToro cymma
HIeCTH YucesI B 3Toil o6sacTu He GoJiblie 5 + 5 + 5 +
+4 + 4+ 2=25u cymma 25 JJOCTUTAETCS TOJBKO
PN TaKOM HaGope dmnces.

Wrak, B JeBOil HIDKHEl 06JacTH TPU TSTEPKH.
3HauynuT, B MpaBoil BepxHeH 06JACTH TATEPOK He
6ompiie AByX. B Heil, omATb ke, HeT dYeTbIpeX
OJIMHAKOBBIX (P, a TaKKe HeT ABYX TPOEK OJIU-
HaKOBBIX Tmdp. 3naunut, cymma mudp B Heil me
6oapiie 4 +4 + 4+ 5+ 5+ 3 =25 u, onarb e, aTa
CyMMa JIOCTUTAeTCsl TOJIBKO TIPH TakoM HaGope 4u-
cen. PaccraBisiercst aToT Habop UMCesT TakxKe OfHO-
3HAUHBIM 06pasoM. Cie1oBaTeIbHO, B TPABOM BEPX-
HeM yriay crout 1mdpa 3.

XXV TYPHUP MATEMATUYECKUX BOEB
MNMEHU A.N.CABNHA

Mcnonb3oBanbl Kak aBTOPCKHE PEUIEHHs, TaK U
pelleHus 4JIeHOB MeToAMYecKoi komuccuu TypHu-
pa.

1. [Ipu n > 6 Mexay n u 3n Haiigercs: 4ucyio, y
KOTOPOro cymMma Iudp HedeTHA U Bce TUQPDI, KPo-
Me TepBoil, aeBsaTKH (6epeM YHCIO ¢ TeM JKe 4hc-
JIOM 3HAKOB M JM6O COXpaHseM HepByIo 1udpy u
BCe JIeBATKHU, NGO MepByIo Iudpy yBeJNInBaeM Ha
1 m coxpamseM Bce AeBATKH — oba 3TH YHCJIa
Menbiie yeM 3n). Torma ero cymma 1udp paBHa
cymme cymm 1mdp caaraembix (moromy uTo He
MOKeT ObITb I1epexo/0B uepes jecsitok). Ho asa
PaBHBIX 4YHCJA HE MOTYT B CyMMe JaThb HEYETHYIO
cymmy mudp.

2. Ecsm poimapeii HeT, To TpeGyeMoe yTBep K/eHUe
BhInoJiHsteTcst. Ecam onn ectb, TO Haiigem crosberr,
B KOTOPOM X GoJbiie Bcero (BO3MOXKHO, HE euH-
CTBEHHBIN). PaccMOTpUM KasK0To M3 phlapeii aTo-
ro cronbua. B crpoke, rie oH CTOHT, JUKEIOB HET,

YKA33AHUA, PEIIEHNA

MHaye JoKell TOBOPWUJ Obl MpaBay. 3HAUYUT, ITH
CTPOKM COCTOSIT M3 OJAHUX pbllapeii. Jpyrux poima-
peif B Ta6iure Her (MHAYE HTO IPOTUBOPEUUT MaK-
CUMaJBHOCTH DbIIapeil B BBIGPAHHOM CTOJOIE).
CJiejoBateIbHO, KOJMYECTBO PbIApei JeJuTesl Ha
KOJIMYECTBO CTOJIOIOB.

3. Ilyctp A, — umncJio, NOTyYeHHOE MOCJIe/[0BATEb-
HBIM BBIKMCBIBAHUEM cTeneneil asoitkn or 1 mo 2",
a v(n) — xourdectBo 1udp B AECATHYHON 3alucH
yueaa 2", JIokaxkeM M0 WHAYKIUH, YTO Ay, nenut-
csma 22" u ne gemmrest ma 2"+ IIposepus yTBep-
sKJeHue i n = 1, IPeAroIoKuM, 4TO OHO BEPHO
JUISL BCeX 7, He TPEBOCXOJSIIX HEKOTOPOTO HATy-
pasibHOrO uncaa m. Vimeem

Ay =
= A,, - 10v(2771+1)+v(2m+2) 4 92mt 10v(2771+2) 4 92m+2 ,

IJie TIepBbIe [Ba CJAraeMbIxX geisres Ha 2775 (rak
kak v(2m+1)21 u v(2m+2)22), torma kak

Tperbe genutest Ha 222y we pesures ma 227
3uaunt, Ay,,, nemnrcs ma 22" u we geswmrest ma
2243 yro u tpeGoBasoch jokasarh. Ocraercs
3aMeTUTb, uTo Ajo0 > 219y ecm 6bi Ajpp OBLIO
CTETIeHDIO BOWKI, TO OHO 6biT0 6b1 Kparno 2101
4. Tlpu n = 4.

Ouenxa. «TornoBbie» KOMaH/bI JOJUKHBI CBHITPATh
n(n-1)

MeKIy co06oii Matueit 3a 2n — 1 Typ.

YcaoBue 3amauym OyAeT BBITTOJHEHO, €CJH
n(n—-1)
T <2n—1. DTO0 HEPaBEHCTBO TPUBOJUTCS K
BUJLY 7’ =5n+2<0. Ipu n =5 5910 HEPABEHCTBO
He BBITIOJTHSIETCS. Y UUTBIBAsI, YTO 72 — HATYPAJbHOE
4yHUCg0, mojayunM n = 4. B aToM cayyae 4 «TonoBbles
KOMAH/IbI JIOJKHBI MTPOBECTH MEXKIY c060ii 6 MaT-
yeil 3a 6 TYpOB U3 CEMU.

Ipumep. Pasobbem 8 KoMaH] Ha JBe YeTBEPKH, B
OJTHOII M3 KOTOPBIX TPU <«TONOBBIX», a B J[PYroil —
olHa. B mepBbIX Tpex TypaxX B KaxX/0il ueTBepKe
KOMAaH/Ibl UTPAIOT MEXIy cOO0i M YCJIOBHE 3agadui
aBTOMATHYECKH BBIMOJIHSETCSA. B ciemayonmx yerpbr-
pex Typax BCTPEYaloTcs KOMaH/(bl U3 PAa3HbIX 4YeT-
BEPOK MO <«IIEBEHHMHTEHCKOI» CHCTeMe; HarpuMep,
cM. a6y (GykBaMm 0603HAYEHBI KOMAH/IbI, (-
pamMu — HOMepa TYPOB, I[BETOM BBIJEJEHDBI <«TOTIO-
BbIE» KOMAH/Ibl M MATYM MKy HUMM).

N o |G| |
|G| |
G (N e @

H
)
6
7
4

g|laQ|w|>
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ITpumep MOKHO HOCTPOUTD 1 B IBHOM BHJIE, [IPE/IbsI-
BUB pacIliCaHie MaTdell 1mo Typam.
5. Iyctb a=x*+y> uw x—y>1, tie x u y —
HaTypaJsbHble yucia. Toria
(a+1)2 =da®+2a+1 :(x2 +y2>2 +2(x2 +y2)+1:
= (xz —yz)z +(2xy)2 +(x +y)2 +(x —y)2 +12,
4TO ¥ TPeGOBAIOCD.
Bce cuaraeMmble TOMAPHO PAa3JnYHbBI, TaK Kak
2ey 22 >x+y>x-y>1 uw  xP -yt =(x+
+y)(x—y)>x+y. Kpome toro, x*—y? % 2uxy .
ITO MOXKHO JIOKa3aTh PA3JUYHBIME CIIOCOOAMMU.
Hanpumep, x? —y* = 2xy & (x — y)2 =2y*, wuro
He BBINOJIHIETCST HU NP KAKMX HATYPAJbHBIX 3HA-
YeHHSAX X WM Y, TaK KaK KBa[paT U YJABOEHHBII
KBaJIpaT HATYPAJbHBIX YHCEJ He MOTYT ObITh PaB-
HBI.
TaksKe MOMKHO PACCMOTPETh PABCHCTBO x° — i =
=2xy Kak KBa/JPaTHOE ypPaBHEHHE OTHOCHTEJHHO
J060#i M3 TIePEeMEHHBIX 1 TT0KA3aTh, YTO €r0 KOPHH
HE IeJible.
6. Tpeyroapaukn PCQ u ACB 1ofg0GHbI, TOITOMY
X MeMaHbl 06pa3yioT OJANHAKOBBIE YIJIbI CO CTOPO-
HaMM, K KOTOPBIM OHHU mpoBejenbl: ZCNQ =
=/ZCMB (puc.1). Caenosarenbro, touku M, D,

2 C

A M D B

Puc. 1
N u E nexat Ha OIHOH OKPYsKHOCTH. TpeyrosbHUK
PMQ - pasuoGeapennbtit, suaunr, MN L PQ .
Torga ME — guametp aToii okpyskHOCTH. CrieoBa-
tesbHO, LEDM =90° .
OrmeruM, yto CM — meguana tpeyrosbnuka ABC,
a CD — cumennana; B TpeyroibHuke PCQ oHu
MEHSIOTCS <POJISIME .
7. Her.
IIyctp Iletss Ha Xom BHepe] 3HAET, KaKWe KJIETKH
obcrpesisier Bacs. Torpa cHavasa OH CTaBUT KOHS
Ha YEPHYIO KJETKY, KOTOpylo Bacs nepBbiM X010M
He obcrpesger. M3 Kaxoil 4epHOil KJIETKN MOYKHO
cllesaTh X0/ Ha 4 apyrue vepHble Kaetkn (puc.2).
Ilerss xoaut Ha TY U3 HUX, KOTOPYIo Bacs caemnyio-
muM XofoM He obcrpenser. [eifictBys Tax, Ilers
npeoTBpatut 1mobdeny Bacu B Teuenue Jr060ro0 YnC-
Jla XO/IOB.
8. Tlpu N = 4k.

Puc. 2

Bynem paccyxaath «c koumas. Ilycrp y Hac moJy-
YIJINCDH Iiesible dncya. Torjga sa ofnH mar [0 3Toro
CYMMbI BO BCeX mapax ObLaM 4YeTHbIMH. Terepb
PAcCMOTPUM HECKOJIBKO CJIy4YaeB.

1) N = 4k + 2 — uncna paséMBAIOTCS Ha MApbl, B
KaK/I0il Tape cymMMma yetHa. Ho cymMMa Bcex JlaHHBIX
yrcest HeueTHa. [IpoTuBopeune.

2) N = 2k +1. Ilycrp x — mepBoe 4HCJIO, TOTJA
Bropoe uncyo 2k — x, tperbe 2/ + x, werBeprOe
2m — x ¥ Tak jajee, MOCJEIHEE YNCJIO UMEET BUJL
2s + x. Ero cymMma ¢ mepBbIM 4nCJIOM paBHA 25 + 2x.
Tak Kak aTO YeTHOE YUCJIO, TO X IeJI0e, a 3HAYHUT,
BCe yKazaHHbIe yrcJa 1eble. Ho yske mocse nepso-
ro mara 00s3aTeIbHO HaliIeTcs Helesroe Yucyo, Tak
Kak XOTs Obl OJlHA Mapa cocelieil — 4Yucja pasHoit
YEeTHOCTH.

3) N = 4k. Cymectsyer npumep. Paccrasum umcaa
o Boapactanuto: 1, 2, 3, ..., 4k. Torga Ha BropoMm
Iare BCe YUCJIA CHOBA CTAHYT LICJIBIMU.

9. 3amerum, uto yncaa 1, 11, 13, 17 u 19 He umeror
OOIINX JleTUTeeil HU ¢ KaKUMU JIPYTHUMHI PacCTaB-
JIeHHbIMM uncaamu. V3 ka0l mpaBuIbHON Mulie-
nn nepecranopkamu uncen 1, 11, 13, 17, 19 moxuo
noayynutb 5! = 120 nmpaBuibHBIX MuIieHeil. Takne
MHUIIEHU He MOJIYyYaioTcst [PyT U3 Apyra IOBOPOTOM.
3HayuT, ofIiee KOJIMYECTBO IIPABUJIBHBIX MHUIICHEH
kpatHo 120, a cienoBarenbHo, n 20 ToxXe.

10. Jlio6oe n > 3 MOXKHO TIPEICTaBUTH B BUJIE
cymmpr n=2"+k, rne 0<k<2” (re. 2" -
HanOOoJIbIlIasl CTENEHb [[BOWKH, HE IIPEBOCXOJSIIAs
n). TlocTpouM HEKOTOPYIO OKPYIKHOCTH € TIEHTPOM
O, BbiGepeM Ha Hell nBe Toukn A u B, pa3obbem
Menbiyio ayry AB na k pasubix ayr (ecam k = 0,
To Touku A u B coBma-
JIyT) U TOCTPOMM XOP-
JIbI, CTSATUBAIOIINE 3TU
nyru. [lamee mocrpo-
UM OIMCAHHYIO OKPY>K-
HOCTb TPEYTroJIbHIKA
OAB, pa3obbeM ayry
AB 3701l OKPY>KHOCTH,
COJIEPIKAIYI0 TOUYKY
O, na 2" paBHBIX JyT
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M Tak’Ke [OCTPOMM XOP/IbI, cTaruBaiomue ux (puc.3;
sneco m = 2 u k = 3). Iocae atux nocrpoenuit
TIOJIYYHTCS BBITYKJIBIN 72-yTOJBHUK, KOTOPBIH MOXK-
HO pa3buTb HelepeceKarolnUMICS JUATOHAJNSMEI Ha
paBHOOGe/IpEHHbIE TPeyroJbHuKH. J[leficTBUTEBHO,
coeinHUB TOYKy O € TOYKaMM, ACJSAININME TIEPBYIO
OKPY’KHOCTb Ha J[yTU, MbI [OJIyYUM Rk paBHOOEPEH-
HBIX TPEeyroJbHUKOB. TOYKHM [esieHus BTOPOH OK-
PY’KHOCTH MOXKHO CHayasa COCAMHUTH Yepe3 OfHY,
npu 3ToM GyIyT OTpe3aHbl PaBHOOE/PEHHbBIE TPEY-
rOJIbHUKH, a B oOcTaBileiics Qurype KOJIUYeCTBO
XOpZT Ha BTOPOH OKPY’KHOCTH YMEHBIIHUTCS BIBOE.
ITocsie aTOTO MOKHO CHOBA COEJIMHUTL TOYKU Yepe3
OJ/IHy ¥ TaK jajee.

Ocranoch A06UTBCS TOTO, YTOOBI XOP/bI TE€PBOi 1
BTOPOIl OKPY>KHOCTEN ObLin paBHbIMU. Ec/u TOYKH
A u B BbiOpatb ouyeHb OJM3KO APYT K JAPYTY, TO
XOpZbI TEPBOH OKPYKHOCTH OYAyT MEHbBIIE, YeM
Xop/ibl Bropoii. Bynem asuratb touku A u B 1o
OKPY>KHOCTU B PasHble CTOPOHbI, HENPEPbIBHO yBe-
JnauBas 1Ry ayru AB. Korja oHU CTaHyT MOYTH
JINaMETPAJTbHO TTPOTUBOIOJIOKHBIMHU, JyTra AB BTO-
poit OKpy:KHOCTH OyzeT OveHb GJH3KA K JAUaAMETPy
nepBoil. 3Haunt, ayra AB BTOPOIl OKpPY:KHOCTH
Oy/IeT MeHbIIle, YeM J[yTra MepBoii, a Tak Kak k < 2™,
TO XOP/IbI BTOPOI OKPYKHOCTU OYIyT MEHbIIE, YeM
Xopzbl nepBoii. CiaegoBaTeIbHO, B CHITYy TEOPEMBI O
MIPOMEKYTOYHOM 3HAYEHHH, B KAKOI-TO MOMEHT [[JIH-
Hbl XOpJi 00enX OKPY)KHOCTeHl ObLIN PABHBI, T.e.
TTOCTPOEHHDIH 7-YTOJBHUK ObLT PAaBHOCTOPOHHUM.
11. Bropoii.

PazobbeM [OCKy Ha YacTu TakK, KakK ITOKA3aHO HA
pucynke 4. Torjga kaxabIM XOJIOM HepBbIf UI'POK
3aKpalliBaeT [[Be KJETKHM, HaXOJSIINecs B OHOI
yactu. B oTBeT BTOPOH MOKET 3aKPACUTb YTOJIOK,
HaXOJSAIIIICS TOJHOCTBIO B 3TOI JKe YacTH MEXKILY
TOJIBKO YTO 3aKpalleHHbIMU KJaeTKamyu (Ha pHCyHKe
4 TI0Ka3aHbl /[BA BapuaHTa OTBETHOTO XOJa BTOPO-
ro). Takum 06pasoM, y BTOPOro Beerga OyaeT XOf,
MM03TOMY OH He TPOUTPAET, a TaK KaK WIpa PaHO MU
MO3/IHO 3aKOHYUTCS, TO OH BBIMI'PAET.

12. Tlpu N = 4k nma N = 4k + 1.

Ouenka. IlycTpb 4yncsa MOTyYNIOCh PACCTABUTD TPE-

Puc. 4

2019/Ne8

6yeMbIM 00pasoM. Torga pasHOCTH MEK/IY COCETHI-
My unciaamu pasubl 1, 2,..., N — 1 B Kakom-TO
nopsiike. byzxeMm mAaTH 1O KPYTY, CJIEAs 32 YETHOC-
ThIO wmces. llpum mepexoje yepes HEYETHYIO pas-
HocTh (M TOJIBKO B 9TOM CJIydyae) 4eTHOCTH Oy/er
MeHATbCSA. UTOOBI KPYT 3aMKHYJICS, HEYETHBIX pas-
HOCTEll JIOJDKHO ObITh uYeTHoe KoJsmuectBo. Ho ato
Gynet toabko gt N = 4k u N = 4k + 1.
IIpumepor. 1) N = 4k. Boikuabisaem uncso 3k. lanee
paccTaBJisieM 4ucJa 110 4acoBoil cTpesike Tak: 1, 4k,
2,4k —1,3,4k—2,4,4k -3, ..., 3k + 1, k+1. Torzma
paccraBienbl yncaa or 1 mo k + 1 u Bce umcia,
6osbine BRIKHHYTOTO. [lomyunan paswoctu ot 2k 10
4k — 1 BrmounTebHO. 3ateM OT 1, ABUTASICH TIPOTHB
YACOBOI CTPEJIKM, TOCJIEI0BATEIHHO PACCTABJISIEM:
2k, 2k + 1, 2k - 1, 2k + 2,
2k—2,2k+3,2k=3,..., 2k—(k=2), 2k +(k-1),
T.€. HA HEYETHBIX MECTAX YHCJIa YMEHBIIAIOTCS OT 2k
10 k + 2, Ha YeTHBIX MecTaxX OHM pactyT ot 2k + 1 j10
3k — 1. Tem cambIM paccTaBJeHbI BCE OCTABIIMECS
YrcJaa, KpoMe BBIKHHYTOTO. Ilomyunsm pasHocTH ot
1 o 2k — 3 Bruiountesabro. Pasuocts 2k — 1 Gyner
MexIy exuuuieit u unciaom 2k. Paznocts 2k — 2
Gy et Mexky uncaamu 3k — 1 u k + 1 1 3aMKHeT KPyT.
2) N = 4k + 1. BoixkuabiBaem uncio 3k + 1. lanee
paccrasisiem uncaa tak: 1, 4k + 1, 2, 4k, 3, 4k — 1,
4, 4k — 2, ..., 3k + 2, k + 1. Torma paccraBJeHbI
ypcaa or 1 go k + 1 u Bce umcaa, GoJbline
soeikunyToro. [Tomayunnn pasnocru or 2k + 1 no 4k
BKJTIOUNTENbHO. [locse aToro B APYyryio CTOPOHY OT
eIMHUIIBI PaccTaBisgeM uncia Tak: 2k + 1, 2k, 2k +
+2, 2k — 1, 2k + 3, 2k — 2,..., 2k-(k-2),
2k +(k—1), T.c. Ha YETHBIX MECTAX YIHCJIA YMCHB-
maiorest ot 2k g0 k + 2, HA HEYETHBIX PACTYT OT
2k + 1 o 3k. Tem caMbIM paccTaBJIE€HBI BCE OCTaB-
niiecst 4ncJjia, Kpome BbIKHHYTOrO. [losmyunsm pas-
noctu ot 1 10 2k — 2 BrJounTenbHo. Pasnocts 2k
Gyer Mexy exunuieit u uncaom 2k + 1. Pasuoctp
2k — 1 6yner Mexay uucaamu 3k u k + 1 u 3amMxHer
KpPYT.

13. MosxHo.

[Tyctp, manpumep, O — ILEHTP PaBHOCTOPOHHETO
tpeyroabauka ABC co croponoii 3, a Touku D, E n
F nenar orpeskn OA, OB n OC B otHomenun 2 : 1

B

E

Puc. 5
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cootBercTBeHHO, cuntasg ot O (puc.5). Torga AABC
MOKHO pa3pe3aTb HAa TPU PaBHOOEPEHHBIX Tpey-
roipHEKa ¢ ocHoBanmeMm 2 u yriaom 120° mpwm
BepIIuHe U TPU PaBHOOEAPEHHBIE TPAIEIK, OCHO-
BaHMsI KOTOPBIX PABHBI 2 U 3, a yroJi py GoJIbleM
ocHoBaHWM paBeH 30°.

JlokaxkeM, UTO Kask/[blil IOJyYEHHDII TPeyroJbHUK
MOXeT IIOKPBITb Ayry 60°. [leiicTBUTesbHO, pac-
CMOTPHM B OKDPY>KHOCTH C IIEHTPOM S 1 PAJIycoM 2
xopay DF pnunbl 2 (puc.6). Ona crarubaer Ty

@)

Puc 6

sBesunHoit 60° . Kacartesmbubie OD u OF K OKpyX-
HoCTH 00Pa3yioT ¢ ATOil XOp/oit yribl, pasubie 30°,
moatoMy yron DOF pasen 120°. CremoBaresbHo,
Tpu Ayru no 60° MOXKHO HOKPBITH TpeMs paBHOGE/I-
PEHHDBIMU TPEYTOJbHUKAMH C OCHOBAHUEM 2 U YIJIOM
IIpy BepumHe, pasHbiM 120° .

Tenepp mokaskeM, YTO HOJTy4YeHHAs Tparenusl Mo-
JKeT TIOKPBITh JIyTy HeMHoro GoJibiiie 60° . [leiicTu-
TenbHOo, BbicoTa Tpamenun ADFC paBHa
Iy :M~tg30°:£, a BbICOTA CerMeHTa

2 6
OKPYXKHOCTH Ppajuyca 2, OIpPaHHYEHHOTO XOPJOil
JUIMHBL 2 W COOTBETCTBYIOIEH /Ayroii, paBHa
hy =2 -/3, Tak xak BbICOTA TpeyroapHuka DSF
pasna /3 . Cpasium /y u by . Tak xax 147 > 144,
TO 7\/§>12, T.€. \/§>2 Torma £>g, a
7 6 7

2-43 <% . Takum oGpasom, Iy >hy, caenosa-
TEJbHO, PACCMOTPEHHBIN CErMEHT MOXKHO IHOKPBITH
Tpareryeil ¢ HeGOJIbIINM 3a11aCOM, T109TOMY MOXKHO
YyTb-4yTh yBEJWYNTb pajiyc OKpy>kHOCTH. Bosee
TOTO, €CJM HEMHOTO YMEHBIIUTH BBICOTY Tparlelnu
1, TeM CaMbIM, YBEJIMYUTb OCHOBAHUE TPEYTOJbHIH-
Ka, To TpeyroabHuKk DOF Takske Oy/JeT TOKPBIBATh
JIyTy OKPY’KHOCTU GOJIBIIIETO pajiiryca.

NPO3PAYHOE N HEMPO3PAYHOE

1. Cosineunas WJIM, 4TO pOMaHTHU4YHEe, JyHHasda /10-
POXKKa Ha BoO/IE, H306pa)I€CHHaH Ha [I€EpBOM pUCYHKeE
B CTaTbe, 3TO M3BECTHaA 3a/iava. H_II/IpI/IHa n JJinHa

JIOPOKKHU, T.€. YIJIbI HAGJIOJICHUS, 3aBUCAT OT I0-
JIOXKeHHsT NCTOYHMKA cBeTa n HaGJIo/aTes st U Jua-
Ma30Ha HAKJIOHOB MOBEpPXHOCTH BoJH. Ha BTOpOM
PUCYHKE BBl BUJHTE PbIOY, OTPAKEHHYIO OT IMOBEPX-
HoctH Bo/bl. CHUMOK C/ieJIaH U3-110/T BOJbI. A 110ve-
My IOBEPXHOCTb KasKeTcs 3epKaJbHOI? IloTomy
YTO 3TO TaK HA3bIBAEMOE II0JHOEC BHYTPEHHEE OTpa-
skenue. IlpaBma, B MHIYCTPUM KpPacoTbl UM BOC-
M0JIb30BAThCST Gy/IeT 3aTpyaHuTeabHO. [lompo6yiite
pasobparbcs, moyemy.

2. IlepBas mpocreiitiiast MbICJIb TaKOBa. EcJum Mbl
M0ZI03peBaeM, 4TO BHIUMOE HAMU 3TO MHUMOE M300-
pakeHue, TO MPOCTO HAJI0 MMOCMOTPETh HA TO MECTO,
r7ie JO/KEH ObITb 0OBEKT. A eCJIM 9TO HEeBO3MOYKHO,
MOXKeT OBbITb, TOMOXKET IepeMelieHne, HarpuMep,
rinasza? Ho ner, mzoGpaxkeHue He repeMecTutcs. A
BOT IOMCKATh Ay6JHKAT MOXKET 1oMoub... Ilpasia,
6bIBAIOT KaTacTpopUUeCKHe CHTYAIH, KOTJa MHMU-
Mble 300pakenus ciamBaoTcs. Kormga?

3. YiabrpasBykoBoe <«3peHHe» JIETYUHX MblIIeil u
JeTb(PIHOB Yes0BeK OCBOUTH Mor Obl. Ho mpm yac-
tore, Hanpumep, 30 kIl u ckopocTu 3ByKa B BO3-
ayxe 300 M/c mosywaercsa JamuHa BoJHBL 1 cM.
Byner nmpuMepHO Takas paspeniaronas crioco6HOCTD
— 9TO OYEHb NJI0XO. B Boze ckopocTh 3ByKa BTpoe
Gouibliie, HO Jlesibunbl paboraioT Ha 6OJiee BbICO-
KOIl 4acToTe, B UTOTE MOJy4aeTcs MPUMEPHO TO Ke.
NudpaxpacHoe «3peHne» 3Meil 0CBOUTH Bpojie Obl
MOKHO, BOIIPOC B TOM, M3 4Yero M Kak c/esaTb
«rma3». To, kak OH peanm3oBaH y 3Meil, gaer,
HECMOTpSI Ha 3MEHMHYI0 MYJPOCTb, HHU3KYIO paspe-
MIAIONLYI0 croco6HoCTh. B yabrpaduosere Bujiers
BOOOIIE HE MOJYYHTCS — OJIDKHUI yabTpaduomer
BpesieH, a ganbHuii (kopoue 0,2 MKM) IIOTJIONIAeT-
cs1 arMocepoit.

4. Kax 3auem? UroO6bl «TJ1a3a CBETUJINCH B TEMHO-
Te»! A Ha camoM jiesie — 4TOOBI BEPHYTHb HEIOIJIO-
[IEHHbIe KBAHTDHI B KJIETKY, BAPYT OHA MX MOTJIOTUT.
Ecom mpu oxroM npoxoge tmorsomnaercst 30—50%
MCXOJTHOTO M3JIyYeHUsI, TO IPU BTOPOM [100ABUTCS
emte 20-25% or ucxoanoro. IousTHo, moyemy? A,
CKaxkeM, MHTep(dEPEHITMOHHOE TOKPBITHE MOXKET YTO-
TO narb? MosKeT, HO HEMHOTO — OT MOBEPXHOCTH
XPYCTAJINKA OTPAYKAIOTCS €/[HUIIbI TIPOIIEHTOB.

5. Koropoe cBetut B yabrpadmosere. A st 3T0ro
OHO JIOJKHO OBbITh XOJI0/1Hee nin teriee? CoracHo
3aKkoHy DBuHa, qMHA BOJHDBI, Ha KOTOPOH ILJIOT-
HOCTb MOIIHOCTH MaKCHMaJbHa, OOPATHO IPOIOp-
IIOHAIbHA Temieparype. YTo6bl YIOJOBUHUTD [IJTH-
HY BOJIHBI, HAJ0 YABOHUTL TeMIlepatypy dotocde-
pol. JT10 Gy/eT cHeKTpaabHbI Kiaace A. Hampmmep,
a10 Moker 6bith O Jluper (Bera) wmu o Bosbiio-
ro Ilca (Cupuyc). IlIukapHbie 3BE310UKH.

6. Paccrosnme BHAMMOCTH 3aBHCHT, €CTECTBEHHO,
OT pasMepa Kamedb DD U OT CpelHero pacCTOSHUS
Mexay Humu L. PaceMOTpUM MPOCTYI0 MOJENb —
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KallJIM PacIIOJIOXKEHBl CJIOSIMU, CJOIl OT CJIos Ha
paccroanun L, a B cj0e OIATb Ke Ha CpeJHeM
paccrosaun L. Torpa xasxmprii cJoii mepexBaTbiBa-
eT JI0JIIO DZ/ I? KBaHTOB, CpefHuil mpober Oyaer
LZ/D2 CJIOEB, T.e. LS/DZ. JlioGonbiTeTBa  paju,
TocyHTaliTe JJMMHY cBOOOIHOTO TpoGera B BO3/JyXe,
KOTOPBIM MBI JIBIIINM.

7. Ecim k03 PuIMeHTb! IPeOMIIeHNST COBIIA/IAIOT,
TO paccemBaHus He GyzeT. A 4to OyaeT, ecan Koad-
(bUIMEHTBI TIPEJIOMJIEHHST 3aBUCAT OT JIIMHBI BOJI-
HBI, IIpUYeM IPU Kakoil-To onm cosnazgaior? Ha
3TOH JIMHE BOJTHBI OyaeT mpo3pauHocThb. Keratn, a
MOJKET 3a IPO3PauHbIM 06beKTOM 6bITh TeHb? CTpaH-
uplit Bonpoc. Hampumep, 3a uio6oil symnoit ectb
TeHb — Pa3 ecTb IepepaclpejeseHie MOTOKa, TO
BO3MO>KHA U TEHb.

OJIMMMNMUAJZA
«[MOKOPU BOPOBbEBbI FTOPbI!»

OPUN3UKA

OTb0poYHbIV 3Tar

Yactp I

1. 0. 2.1,5. 3. 441.

Yacrs I1

1. Onpenenmum R — paaunyc op6ursr FCC (reocra-
roHapHoro crytuuka). Ilepuox ero oGparmenmus

2nR
JIOJIKEH paBHF{TbC?{ 3EMHDIM CyTKaM, T.6. — =T

v
(v = ckopoctb 'CC). C apyroii cTOPOHBI, U3 ypas-
HEHUsI JUISL [IEHTPOCTPEMUTEIbHOI KOMIIOHEHTBI yC-
KOPEHHUs CIYTHUKA, KOTOPOE CO3/IaeTCsi CHJION IpHU-
Tsokennss k 3emuae (ee maccy oGosmaunm M):

7}’li_M cJaeayer, yto o0 = @ 3HaunT
R= R yer, ,/ R :

GMT? GM
R=372 , Wam,  ITMOCKOJbKYy —5= =g,
4im 3
R= ——— = 6,62R3 = 42200 km . CkopocTb
2
CHyTHMKa Ha 3TOil opOuTe paBHa 0 = % =

=~ 3,07 kM/c . 3a 3emueil cymecTByeT 061acTb MO~
HOI TE€HN, B KOTOPYIO COJTHEYHBIE JIYYH He MOIAaIoT.

M3-3a koneynoro pasmepa CouHia sra 006JacTb
2R

orpammuena: ee aauma L, = —° = 1,4-10% K,

4TO 3HAUNTEbHO Gostbie R. Takum o6pasom, cxo/u-

MOCTBIO 06JIACTH 3eMHOII TeHm B Haieil 3ajiaue

MOJKHO TIpeHe6pedb (Ha caMoM JieJie Te JIydn, KOTO-

pble IPOXO/AT y CAMOro Kpast 3eMJIH, UCIIbITHIBAIOT

TIpeJIOMJICHIE B 3eMHOI aTMocepe, 4TO 3HAYUTEb-

2019/Ne8

HO COKpAlaeT pasMepbl 006JACTH MOJHON TeHU, HO
OHa BCE PaBHO OCTAETCs J0CTATOYHO Besmka). Ho
I'CC paneko He Bceria mpoXoMuT 4epes aTy 061acTh
— Bejib ero OpOuTa JIEKUT B 9KBATOPUAJIBHOI TLJI0C-
KOCTH 3eMJIH, KOTOpas HaKJOHEeHa 110 OTHOMIEHUTO K
IIJIOCKOCTHU 3eMHOiT OPOUTBI. ITOT yTOJI, KaK BUIHO U3
pUCYHKa 7,d, TIOCTOSTHHO U3MEHSIETCS: OCb BPAIIEHUS

Z)

Puc. 7

3eMuin coXpaHser MOCTOSIHHOE HAIpaBJIeHue B IIPO-
crpancTBe (B/I0JIb ATOI OCH HATIPABJEH BEKTOD 7 ¢
eIMHIYHON JITMHON) 1 B TIPOIECCe ABMKEHNS 3eMIIH
mo op6ute CoJIHIIE OKa3bIBAETCS TO <BBIIIE», TO
<«HUZKE» 9KBATOPUAJTBHON TLJIOCKOCTH 110 OTHOIIEHUIO
K 7i . Hanpumep, BOJIM3H TOJOKEHUST JIETHETO COJTH-
IIECTOSIHUST COJTHEYHDBIE JIyUH TAJAf0T «CBEPXY» MOJI
YIJIOM O K 9KBAaTOPUAJbHOW 11ockocTH. Torzaa
00JTacTh TEHU 3aKPBIBAET TOYKHM 3KBATOPHAJIBHOI

IJOCKOCTH Ha paccTogHum He GoJee
R

R, = —3-=251R; =~ 16000 KM OT TleHTpa 3eMi.
sin o

3uauut, B atot nepuoy I'CC npu ABUKEHNN 110 CBOEH
opbuTe He TPOXOIUT Yepe3 00JIaCTb TOJTHONW TEHH.
AHAJOTHYHO OOCTOUT [1eJ10 BOTH3H TTOJTOKECHIS 3UM-
Hero coJstHiecTosiHus. OIHAKO eCTb MOMEHTDI, KOT/Ia
CouJttile 0Ka3pIBaeTcst BOJN3M 9KBATOPUATHHOM T1710C-
kocti, n torga Ha ['CC mpomMcXoAsT COJHEYHbIe
3aTMeHus, co3aBaeMblie 3emeii. [lonsaTHO, 4TO JAJTH-
TEJBHOCTb 3aTMEHMIT MakcuMasbHa, Korga CoJmile
MOTIA/IaeT TOYHO B 9KBATOPHAJIBHYIO IIJIOCKOCTH. Tor-
na 'CC npeosioieBaet 06J1aCTD TIOJTHON T€HH, MIUPH-
Ha KOTOPOII IPAKTHYECKN PaBHA 3eMHOMY /IHAMETDY.
Ecau nipene6peus kpuBusnoii op6urer [CC Ha atom
yuactke (amunHa op6ursl TCC Gosblie auamerpa
3emuu Go.tee ueM B 20 pa3), TO MAKCUMATLHOE BPEMS
sarMennst OyJer Ty, = 2% = 69,2 muH.

Y4er KpUBH3HDBI OPOUTHI HE3HAUMTEJIBHO H3MEHSET
2R . (R

PE3yJbTAT: Ty, = — arcsin Fs = 69,4 mwuH. Te-
v

1epb OIpPe/IeIUM TIePUO/Ibl, KOT/a 3aTMeHuil He Obl-
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Baer. Kak BujiHO u3 pucyska 7,6, TCC npoxoaur
yepe3 06JIACTD TIOJTHOW TEHH, €CJH yTOJ MEeXIy
COJIHEYHBIMHU JIy9aMHU ¥ 3KBaTOPUAJIBHOIN IJIOCKO-

crbio [0] < @ = arcsin (%) =~ 8,7°. BBemeM B coJi-

HEYHOIl cucTeMe JIeKapTOBbI KOOP/MHATHI: ILJIOC-
KocTh (xy) — TIOCKOCTb 3eMHON OpOUTBI, MpHYEM
OCb X TIPOXO/MT Yepe3 TOJOKEHUS COTHIIECTOSTHUN.
Torpa equHWYHBIA BEKTOP, HANPABJECHHBIH BJOJIb
ocu BpaleHuss 3eMJu, HUMeeT KOOPAMHATHI
7i = (—sino,0,cosa) . BeemeM elte OMH BEKTOp C
equanyHOl Aumnoit @ (cM. puc.7,a), HanpasJeH-
HBIIl BAOJb paamyca op6utol 3emsn. Herpymaao
3aMETHTD, YTO €ro KOOpAMHATLL € = (cos@,sin@,0) ,
rae @ — yroJ moBopota 3eMJH OT TIOJIOKEHIUS
JIETHETO COJTHIleCTOSHUS. Kak BHWIHO W3 PHCYHKa
7,6, YyroJ MexIy STHMH BeKTopaMu paBer 90° + 0.
3HaunT,

sin® = —cos(90°+6) = —7i- € =sinocosQ .

[Toatomy ycsioBHEM TIPOXOKIEHHsI 4epe3 06J1acTb

moNHOH  Temm  gABAdeTca  TpeboBamme
. R- R
sinafcosg| < =2, T.e. |cosg|<——2—=0,380.
R Rsina

3HaynuT, B TEYEHHE TOJa €CThb JBa mepuoma 6e3
3aTMEHUIl, IIUTENbHOCTD KOTOPBIX

t= 1arccos$-7‘0 =137 cyToK.

T Rsino

Wsmenenune paccrosuusa mexay CounieMm u 3emiei
u uaMenenne opuentaiuu opoutsl 'CC 1o oTHOIIE-
Huto K COJIHITy B TeYeHUe To/la, KOHEYHO JKe, BJIHS-
0T Ha TOTOK COJIHEYHOI 9HEPTuu, Hajalolieil Ha
CIYTHUK, OJHAKO /I Hauero ucciegoBanns (B
KOTOPOM HAC MHTEPECYET TOJbKO TO, MOMA/AeT JIu B
NPUHIMIE COJNHEYHBI CBET Ha CIIyTHUK WJIM HET)
3T (PAaKTOPBI OKA3AINCH HECYIIECTBEHHBIMH.
2. PaccMOTpuM IPOXOJK/IEHUE JIyueil yepe3 Iapuk.
IIycrp syu, nmajaomuil Ha IOBEpXHOCTb HMIApUKA B
touke A (puc.8), maer ma paccrosuum b oT Mapas-
JIeJIbHOI eMy HpsIMOH, TPOXOAsllell uepe3 LEHTP
mapuka, B miaockoctu (xy). Torma yroa nagenus

paBeH o = arcsinE, a YroJi IIpeJoMJIEHUSA PaBE€H

B= arcsin% . [Tockombky Tpeyroapauk AOB pas-
n

6/2

HOGE/IPEHHBII, TO yros MajJeHus Jyda Ha IOBEpX-
HOCTD 1Apa UBHYTPU PaseH [, a yros mpesroMie-
HHS B Touke B pasen o.. Herpyano 3aMeTHTb, 9TO
o6uiuif yros MOBOPOTa JIyda OT HCXOIHOTO HAIPaB-
JleHusl paBen

0=2(a-p)= Z(arcsinﬁ — arcsin i) .

R nR

Ecn paceMaTpuBaTh CBET Kak HOTOK (DOTOHOB, TO
OYEBH/IHO, YTO HX SHEPrHs He usMemsiercs (B Berwe-
crBe wapa mer norsomenus). ClegoBatesbHO, He
H3MEHSIETCST M MOJYJIb UMITy.1bca. Ho Toraa nsmene-
HIIE IMITYJIbCa KaXK/0T0 (POTOHA, IIPOLIE/IIETO Yepes

mapuk, Gyzer pasao (em. puc.8) |Ap| = 2|p| sing =
E . 0
= 2f51115. IIpoekmus atoro umiryJjbca Ha OCb Y
c ) E
paBHa Ap, = —‘Ap‘cosg = ——sin6, noaromy mia-
c

PUK TIpU IIPOXOIK/EHUMN OJHOI'O (bOTOHa I1OJIyuuT
UMITYJIbC OTZIa41, IIPOEKIUA KOTOPOIr'o Ha OCb I paBHA

E .
Ap; =+—sin0. Ormerum, uro 1pu b < R cooT-
¢

BETCTBYIOMME  BBIPAKCHWA  yHPOMAIOTCA:
2(n—1 2(n—1
0= 2(n=1) )b uAp) = +£7(n )b. OHeprus cae-
nR v ¢ nR

TOBOI'O TIOTOKa B IIYYKE€ PaBHOMEPHO paclpe/esieHa
110 IIJIOHIA/IN TIOJIYKpYyTa, T.€. Ha €JUHUILY ILJIONI[a/ 1

2P
B €IMHUALY BPEMEHU IIPUXOJAUTCA SHEPrusdA —— , e
r

P — MOLIHOCTb CBETOBOIO IIyUKa. PaccMOTPUM MaIyo
4acTh ILJIOWAAM HyuKa
(puc.9), orpaHnyeHHyIo HH-
TEPBAJIOM PACCTOAHUIT OT OCH
(b,b+Ab) u wuHTEpBasOM
3HaueHuil yraa ¢, OTCUMTDI-
Baemoro orocu y, (¢, + A@).
DHeprust, NPUXOAAMAACA HA  p. -~ g
5Ty 4YacTb B €IMHUILY BpeMe-

2P
HHU, PaBHA — DAQAD . TIpoexIust UMITYJIbCA OT/[AUH,
178

TepelanHoro ot 9TOI YaCTH CBETOBOTO IIy4dKa Hiapu-

Ky B e[IUHUILy BPEMEHH, Ha OCb, T.€. JeHCTBYIOLIAs
12(n—-1 2P
7gb~—2bA(pAbcosq) . 3a-
¢ nR w
METHM, YTO Y JIBYX BCTPEUHDBIX ITYYKOB X-KOMITOHEH-

CHUJIa, paBHA AFy =

TBI CcUa cokpatarcss (Kak W KOMIIOHEHTBI BIOJb

HalpaB/IeHus, NEPIEHANKYIAPHOTO X U y), a y-

KOMIIOHEHTBI YBOSITCSA. TOrma siCHO, 4TO BKJAJ B

0011Ly10 CITy, AEHCTBYIONLYIO HA MIAPHK 110 OCH ¥, OT

9TO#l  YacTH  mJOmMa M MYyYKOB, pAaBeH
2

AF, :M%Abcosq)»mp. CyMMBI TIO BCeM
ncnR

T
BO3MOKHBIM 3HaueHusM 0 <b<r u -3 <<=

3
atoT 2b2Ab =%ZA(b3) :%

ol a

u Y cosQ-AQ =
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= ZAsin(p =2 . Urak, pe3yabTupyiomas Cujia Ha-

MpaBJjieHa [EePIEeH/UKYJISIPHO IyYKaM U paBHA
16(n—1)r
Y = - P . Uro6bI oHa ypaBHOBECUIa CILLY
3ncnR
TSKECTH TapUKa Mg, TOJOKHO BBIOJHSTHCS YCJIO-
BHE

_ 3menR

C16(n-1)r
3. llyctp & u r — 9/IC n BHyTpeHHee CONPOTUBJIE-
HIE aKKyMyJTOpa, a R — COTPOTHUBJIEHNE Pe3NCTO-
pa. CoryacHO YCJIOBMIO, HAaIpsDKEHHE Ha JlaMIle
MOJKHO CBSI3aThb C IIPOTEKAIOMINM depe3 Hee TOKOM
coornomenneM U =of?, rae o — HOCTOAHHbII
xoadduiment. Torga mpu HOAKTIOUEHUH OJHOI
Jamnbl: ¢ — [y = 0(112 , @ IpH MOJKJIIOYEHNN JIBYX:

mg = 18 wmkBrT.

2
I
E—ILyr= oc(;z) . Paspemus atu ypaBHeHuS OAHO

Ha Jpyroe, Haiiiem € = Mf =1Ir
, (21, - ) (21, + 1)

IMoncraBus 3uavenuss Iy u I, , momrydyum

I =4,00 A. Torma npn HO/IK/IOYEHUH PE3UCTOPA!

1y

E=1Iy(r+R)=1Ir,re. R=I;7T=97.TCHCPI)

JUIS Hateit cxeMbl, 0603HaunB @, — @p = U | 3amm-
mem (puc.10)
U=-Ir+Ijr+ol?,
U =-Ir+1I;-10r + al5?,
U=Ir-1I,10r,
U=Ir-1Ijr,

I+0L=I5+1;.

Jra cucreMa ypaBHEHHIl MO3BOJIsIeT HAliTH Bce He-

Puc. 10 A

M3BECTHbIE, HO TPU AHAJUTUYECKOM DPEIIEHUN OHa

IIPUBOJUT K YPaBHEHUIO BBICOKOI CTEIEHH, ITO3TOMY
Jiydiie ee peuniarb MMEHHO B YUCJIaX. HIIH 9TOro

’
BBesieM Ge3pasMepHble IepeMeHHBbIE  X; :7’, i =

=1, 2, 3, 4, n u=g,=_£A Yuarem Takike, 4TO
& Ir
T-1, I(I-1) 40

3 5 L L . Torga nama cu-
Ii Ii 1 1

2019/Ne8

CcTeMa npeoépasyeTCH K BuUAy

X =§(—o,1+1/o,01+z),
% zg(_1+m),

, 9 9
+ 2 -2 dsu)=0,
SRSTRRPTIGR)

x§+gx2—%(1+u):0,

4 8
g = 0,10, 1u, 22:5(””)’
2 =1-u, Vi+z 40,0142 =
x1+X2:JC3+X4 =§—ﬂz
18 2

Temnepb Bce CBENOCH K PEMIEHUIO TOCTIEIHETO YPaB-
HEHUS [T TIEPEMEHHON z, a 3aTeM Yepe3 Hee BbIpa-
JKaloTcsi TOKM uyepe3 o6e samiibl. IIporie Bcero
pENUTh €ro YHCJAEHHO — HAIpUMEp, € IMOMOIIBIO
mporpamMmbl Excel, BBIYMCINB B COCEHUX KOJIOH-
Kax 3HaueHMs [PABOHl U JIeBOIl yacTell ypaBHEHMS.
Torpa noayunm z = 0,25760 £0,00001. Cam 10
cebe KOpeHb MOXKHO HailTu ¥ ¢ OOJIbIIEH TOYHOC-
ThIO, HO 3TO HE MMeeT 0cOO0ro CMbICJa — TOKHU
U3MepeHbl ¢ TOYHOCTBIO OKOJIO 1%, Tak 4TO MbI U
TAK COXPAHWJIN JIBA «3aIACHBIX> MOPSIIKA LIS TIPO-
MEKYTOYHDBIX BblYMCJIEHUN. Termepb JI€TKO MOXKHO
naiitu iy = 0,46947 £ 0,00001 u x, = 0,13661+
£0,00001 (u 3mech ykasanbl OIMMOKN BHIYUCICHUI
npu pemienun ypasHenuit). Kak BuaHo, TouHOCTH
pE3yIbTaTOB TIPU TAKOM MOIXOJE OIPEIESIETCS B
OCHOBHOM TOYHOCTBIO JTAaHHBIX u3MepeHmii. [1osTo-
My /ISl BEJIMYMH TOKOB uepes J1aMItbl (B 9THX BbIpa-
JKEHNAX Oy/IeM yKasblBaTh PEANbHYIO TOUHOCTD) CJIe-
ayer NPUHATD I = (1,878 £0,005) A u
I3 = (0,546 £ 0,005) A .
MomaocTb, moTpebisieMasi JaMmoil, paBHA
P=U(I)-1=al®, nosromy
P 7 3 . 3
31= I—} = x_1 = 40,6 + 1,1,
2 2 2
OrHocuTenbHas ommbKa B 3TOM pe3yJbTaTe yBeJu-
YUBAETCS: CaMO OTHOIIEHHE MbI HAXOIMM C TOYHOC-
THIO 4yTb Jryuie 1%, moaToMy ero KyG Mbl MOJIyda-
eM ¢ TOYHOCTBIO 4yTh Jydiie 3%, TaK Kak I[pH
M) e
a a
4. JlaBieHne cMecnm CO3[aeTcsl CyMMOW Mapiiiasb-
HBIX JIaBJICHUH CYXOTO BO3/yXa U IMapoOB BEIIECTB.
O6o3HaynM vV — KOJHUYECTBO CYXOTO BO3/yXa B
cMecu, Vi W V, — KoJuuectBa BemiectB 1 um 2.
Torga, moka ob6a BemecTBa HaXOMATCS TOJBKO B
ra3oo6pasHoOM COCTOSTHWHU, [aBJeHUEe PaBHO

MaJIbIX OTKJIOHCHHAX

RT
p=(V+v + Vz)_v . Touxa usnomMa Ha M30TEPME

HapOBOS[[yH.IHOﬁ CMECH TIOABJIACTCA, KOr/la I1ap Ha-
YMHAET KOH/IEHCUPOBATbHCA. EI[I/IIICTBGIIIIOCTb U370~
Ma O3Ha4a€T, 4TO o6a BEHIECTBAa HAYMHAIOT KOH/IE€H-
CHUPOBATbCA OJHOBPEMEHHO, T.€. IapliMaJbHOC /laB-
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JIeHHe KakK/[OTO M3 HIUX CTAHOBUTCSI PAaBHBIM JlaBJIe-
HHUIO HACBIIEHHOTO IIapa IIPH OJHOM U TOM Ke
3HaveHNN o6beMa. 3HAUNT, B TOYKEe WH3JI0Ma
PoVo=(V+Vvy+Vy)RT =VvRT +p;+p,, tie p; 1
Py — JABJEHUS HACBIMEHHBIX 1apoB 1 u 2 1pu
temneparype 7. Kpome Toro, RT =P_P2
Voo vi vy

P2

v
Kynia — = =2 . 3anmiiem BbIpayKeHue [Jid J1aBJjie-
v

P1 1
HUS  TpH Vi<Vy:

, OT-

3HaYeHHUN o6bemMa

VvRT
Pa=p1r+py+ . Uckmiouas 3 aToro BuIpaske-

A

VRT
HUA U U3 yPaBHEHUSA Py = Py + Py + T 3HAYCHUE
0

VRT , nomyunm py+py = PoVo =PV . Hampu-
Vo=Va
mep, aas Vy, = 30 a1 wnaiizem pt+p, =

= 33,785 «lla. Ananoruuno, aias Vg = 40 1 Haii-
geM  py+py = 33,76 klla u mus GoJblneil TOUHOC-
TH BO3bMEM CpEJHee OTUX B3HAUCHUI: pj+ Py =
= 33,77 «klla.

Bocmosibayemcst TpaMKOM JIaBJIEHIH HACBIIIEHHBIX
[apoB: TEMIIEPaTypa U30TEPMbI COOTBETCTBYET TEM-
meparype, Ipu KOTOPOil CyMMa 3THX J[aBJIEHUIT PaB-
Ha Hali/IecHHOMY 3HaYeHnI0. MOJKHO 3aMETHTbh, YTO C
HEILIOXOI TOYHOCTbIO HaMm noaxoaut T = 271,0 K.
Ilpu stom p; = 11,26 kllam p, = 22,51 «lla (ko-
HEYHO, MOCJEHUIl paspsiji 3/[eCh YKaszaH <IIPoO 3a-
mac» — peajibHasi TOYHOCTH MO3BOJISIET YBEPEHHO
HAXOJIUTh 3HAYeHWs C TOYHOCTHIO HEe BBIIIE
+0,2 kIla). Kax Buamo, P 2,0 . 3uauur,

P1
=2,0. Ir10 3HAYeHME TPH aKKypaTHOil paGore

vy
Vi

MOJKET ObITh OIPE/eJIEHO € TOYHOCTBIO OKOJIO 3%.
Tenepb MbI MOKEM OIpeJIeIUTh TpedyeMble KOJIIde-

vy =Mz0,25 MOJIb WU

CTBa  BEIIECTB:
RT

vy = 0,50 MoJb.

ITpu Temueparype nsorepmer u oObeme Vi = 40 x
06a BEIeCTBA YaCTUYHO CKOH/CHCUPOBAHDI, U JIJIst
UX TIOJHOTO MCTIAPEHHs TeMIIEPATypy HYKHO T1OBbI-
CHUTH, 4TOOBI JaBJIeHIe KaXK/0i KOMIIOHEHTBI CTAJO
MEHDIIIE HJIM PABHO JIABJICHUIO HACBIIEHHOTO T1apa.
3HayuT, s OnpeeseHns MUHUMAJIbHONH HE0OX0-
JIIMOIl TeMIIEPATYPbI HaM HYKHO DEIINTh ypaBsie-

VRT
HUE

=p, (T) . Iro MoxHO czreaTh rpaduyec-
KH, IIOCTPOUB Ha rpaduke s Ka’KOro BellecTBa

VvRT .
IIpAMYyIo ])= n Haujda ee IiepecedyeHue ¢

P (T), nm ‘II/ICJIISGHHO, cusi 3asucumocts p, (T) u
P (T)
T

BbIYMCJIMB BEJINYNHY , A 3aTeEM HalTH TOYKY,

VR
rJ€e OHa paBHa —— . HOJIy‘IaeTCH, YTO B XO/[1€e M30-
Vi
XOpHYECKOTO HarpeBanus npu oobeme Vg = 40 1

BEIECTBO 2 TOJHOCTDIO UCTIAPUTCS IIPU TEMIIEPATY-
pe T,=2726 K, a BemecrtBo 1 — 1pu
T, = 273,0 K. 3uHauwr, AJgs TOJHOTO WCTAPEHUS
06enx KOMIIOHEHT HY>KHO HarpeTb cMechb 10 273 K.

3akntoynuTesbHbIA 3Tan

BAPVAHT 1

3ananue 1

Bonpoc. SIcho, 4ro st npujanust BpaieHust HeoG-
XO/IMMO, 4TOGbI MOMEHT BHEINHEH CHUJIbI KaK MITHH-
MyM YPaBHOBECHJI MOMEHT CHJIbI TSIDKECTH, [IEeHCTBY-
omeil Ha KyOuK. MOMEHT CHJIbI TSIDKECTH OTHOCHU-

a
TEJIbHO OJTHOTO W3 HIDKHUX pebep paBeH M = mga ,
rae a — JumHa pe6pa Ky6umka. MuHHUMaJbHAS

cuma 6Gy/eT COOTBETCTBOBATH MaKCHMAasbHOI Be-
anunme maeda cuanl [, =aV2 . Tlostomy

M mg
Fin = —— = —= . Ilpu aToM TOpH30HTaJIbHAS TIPO-
min l 2\/5 p p p

max
exnus  BHemHeill  cuabl  6yaer  paBHA
Fi m

F= % = Tg <umg, T.e. KyOUK CKOJIb3UTH He
Oyner.

3amava. I3 cuit, IpHIIOXKEHHBIX K YTOJIKY, TOJBKO
CHJIA PeaKIus TBO3/ U CHJA TSDKECTH KOPOTKOTO
JTe9a NMEIOT HeHyJIeBble MO- Yy
MEHTbI OTHOCHTEJIbHO IITapHHU-
pa (puc. 11). 3amumem mpa- F
BHJIO MOMEHTOB (¢ yueToM o/1-
HOPOJHOCTH YTOJIKA Maccoii

m):

2m a 3a
—g—sinao-N—=0,

5 72 4

4mg

25 N

3aecb Mbl  y4JH, 4YTO

orkyna N =

sina = g U3 ycnosus pas- PuC 17

HOBECHA CHUJ B ITPOCKIUAX Ha

ocl X M Y
F.?C = NSiIlO(=12ﬂ,
125
141mg
F, = mg+ Ncoso. = ——=
y= " 125
HaXo UM

F=\F+F} =—3*2/§_9mg

SlcHO, 4TO [0 TOSBIEHMS TBO3/S CHJIA DEAKINH
mapHupa 6blIa paBHA Mg, MOITOMY N3-32 HAJTUUNS

9
IBO3/ISL 9Ta CHJIA YBEJHYHIACH B = 1,13 pasa.
3ananue 2
Bomnpoc. Paccmorpum usmenenne ofGbeMa rasa oT
Vi no V,. VaMenenne BHyTpeHHel dHEPrUU IIPH
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IIOCTOSITHHOM /1aBJICHUU p PaBHO

AU = A[%V”} %A(W) = ;P(Vz -Vi).

PaGora rasa B u306apHOM mporecce paBHa A =
2 b
=p(V, —V1)=§AU. TToatomy Q = A+ AU :§AU.
3azgaua. [T0CKOJIBKY 3JIEKTPHYECKOE TI0JIE OJIHOPO/I-
HO, CHJIa TIPUTSDKEHUST MEXK/y HOPIIHEM M JHOM

IUJIMHIPA HE 3aBUCUT OT HOJOXKEHUS IIOPIIHA U
2

paBHa I, = A

2¢)S

Ta3a BO BpeMdA OIIbITa IOCTOAHHO U PaBHO, C YUYETOM
Hapy’>KHOI'o aTMOC(I)CpHOFO JlaBJICHUA U BeCa IOPpII-

2
mqg + 2e,S
HH,p——p0+—q/( 0).

KOJIMYECTBO TEIIJIOTbI CBA3aHO C paéoToﬁ 110 1iepe-

Cuie1oBaTeIbHO , AaBJjeHue p

HO]Iy‘IeHHOB ra3omMm

5
MEIIEHNIO TOPIIHS COOTHOIIeHHeM Q =§A, nim

pS - Ah = %Q . IlosTomy cMelienue nOpIIHSA paBHO

4 £,08
Ah == 5 5.
5 2¢g, (pOS +mg5)+q

3anaunue 3

Bomnpoc. B o6mem ciydae MOIHOCTD, moTpediste-
Masi 3JEeMEHTOM IIelH, BbIUHCIIeTCS Mo dopMyJie
P = 1U. B ciyuyae 3a/laHHON BOJIbT-aMIIEPHOH Xa-
paktepuctikn U =& —7I ,umn U +rf (U) =€ . 910
ypaBHEHHE MOXKeT Ppellarbcs KaK aHATUTHYCCKH,
Tak ¥ TpadUUYecKH, a 3aTeM BBIUYUCJIIETCS
P=Uf(U).

3amavya. PaccMOTpPUM THPIISIHY U3 72 CBETO/HO/IOB,
B KOTOPOIl TeueT ToK, T.e. I/IC ucrounuka & > nU .

& —-nU
Cuna toka [ = TO (rne R — conporusienye

BHemmHel wactn menn). [loTpe6sgeMast THPIAHIOLN
& —-nU
momrocts P = nUyl = nUy ——L
u¢ - ¢
rae Py = R un= A Kak BujHO, 3aBUCHMOCTD
0

MOIIHOCTH OT 4YuCJia CBETOAUO/A0B — KBaJpaTuvHasa
1 MaKCMMyM MOIIHOCTH COOTBETCTBYET 3HAYE€HUIO

=Pn(n-n),

n o -—
n= N3 coornomenuit P =Py (i -n) n
Py =Pyny (7 —ny) monydaem Pyny (7 —my) =
2 2
_ _ _ nmyP —n{P,
= P, (7 —n,). Takum obpasom, 77 = 2——1-2 =
P =P

=45. Creposarenbno, & =nUy =45 B. Tlockoib-
Ky 4HCJIO CBETO/IMO/IOB — II€JI0€ YHCJI0, a mapadosa
CUMMETPUYHA OTHOCHTEJBbHO OCH, TO MOXKHO Clie-
JIATh BBIBOJI, YTO MAKCUMYM MOIIHOCTH JOCTHTAeTCsI
mpu n = 22 u n = 23. Ilo ycnoBuio onTUMaIbHOCTH
HaM HY’KHA MEHbIIIast CUJIA TOKA, TI0ITOMY gy, = 23 .
COOTBETCTBEHHO, MAaKCHMAJIbHAsT MOI[HOCTD
Moy (ﬁ B nou'r) - 253

P, =P ———>*2="P =253 Br.
me n (7 —ny) 175 '

2019/Ne8

3ananue 4

Bomnpoc. IIpu BbiBoge hopMy1, ONUCHIBAIONIIX TOH-
KI€ JIMH3DI, UCIIOJIb3YIOTCS [Ba TPUOJIIKEHNS: TIpe-
HeOPeraloT CMElIeHHeM CBETOBBIX JIydeil B/IOJIb MJI0C-
KOCTH JIMH3BI TI0 CPABHEHWIO C €€ HaMeTPOM U
CYNTAIOT MAJBIMHI BCE YTJIBI MEKIY CBETOBBIMHU JIy-
YyaMy ¥ TJIaBHOI onTHYecKoil ocbio JuH3bl (MCHOJIb-
3YIOTCSI COOTHOIIEHUS] NAPAKCUAIDHOZO NPUOIUKE-
nus sino = tgo = o ). CMerenme JIy4a BJIOJIb ILJIOC-
KOCTH JIMH3bI 110 BEJUYMHE MOPsS/IKa TeOMETpUYec-
KO TOJIIMHBI CaMOW JIMH3bI, T.€. €€ TOJIIUHA J[0JI-
JKHa OBITH MHOTO MeHbIIe ee juaMerpa. ITo Tpe6o-
BaHNUe TaKXKe MOKHO nepedOpMyJINPOBATDh CJIEIYI0-
muM 06pa3oM: [HAMETpP JUH3bI JOJKEH ObITh MHOTO
MEHbBIIIE PAZNyCOB KPUBU3HDBI OIPAHMYMBAIONINX €€
chepruecknx moBepxHocteit. Bropoe TpeGoBanue —
BCE paccMaTpuBaeMble Jydl [OJUKHBI OBITh Iapa-
KCHAJTbHBIMH.

3anmaua. [Ipsmbie U300paskeHusT MPEIMETOB CO3/a-
10T PACCEnBAIONIIE JUH3bI TPU JTIOGOM PACCTOSTHUT
OT TIpeJMeTa /0 JUH3bI U COOMPAIOIINEe JIMH3BI,
KOT'Jla PacCTOsiHME OT IpejiMeTa JI0 JIMH3bl MEHbIIe
ee (okycnoro paccrosinusi. B o6oux ciaydasix m300-
pakeHue OyJeT MHUMBIM, T.€. OYJeT PacroaraTbCs
C TIPEIMETOM I10 O/IHY CTOPOHY OT JimH3bI. IlycTb @
— paccTosiuue oT mpejMeTa 10 aun3bl, a b =—[b| -
paccTosiHue OT JIMH3BI /0 MHUMOTO H300paKEHHSI.

[
[lns pacceuBalomeil JUH3DI a=|F|+5, a

|b|=|F|—%. Corsnacuo d¢opmyse JTUH3DI,

1 1 1 ) 2
—— - ——F=-7, wm |[F| -I|F|]-—=0.
iP5 ii-5 !

BbIéI/IpaH IIOJIOKUTEIbHBII KOpeHb, HaXoAuM

(V2 +1)1

|F|= = 24,14 cM. AHalOruuHO, AJS CO-

l
6upaomeii aunssl  a=F L S F+§ ,

12 (ﬁ+1

!
F2—1F—Z=o, F:T):24,14 cM. B 06-

(V2 +1)1

meM Buge F =+ =~ 124,14 cwM.

BAPUAHT 2

3aganue 1

Bompoc. Ilycts @, — ckopoctu Tes 0 yaapa, a
V — ux obuasa ckopoctb 1ocqe yaapa. Torxa ns
3aKOHAa COXpaHeHHA HUMIyJbca mdy + mo, = 2mV
CHEAYeT Oy + 0y = 2V . BosBesem a2T0 cooTHOIIEHNE
B KBa/ipar: 012 + v% + 20,0y cos 0L = 4V?, tre o — mc-

. mo?  mo} 2mV?
kombiit yrou. Ilo ycnouio, ——— + —==2———,
2 2 2

otkyna o +0? =4V?. 3wawmr, cosa=0, T.e.
o =90°.
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3az[a'{a. 3aKoHbI COXpaHE€HUA UMITYJIbCa U SHEPruu
MOJXHO 3allicaTb B BU/IE€

mo; + myty = MV —m305,
2 2 2 2
moy  myoy  mgoy MV
— + =11
2 2

2 2

npuyeM M =my +my+msy, V — CKOPOCTb CHApS-
11

Jlla 1nepejJi B3PbIBOM, m1v12 :EMVZ, m2v22 =

=%MV2. Orciona m30§=14—1MV2. Bossoasa

YPaBHEHHE, OINCDHIBAIOIIEE 3aKOH COXPAHEHUS HM-
IyJibca, B KBAJApaT M YUYUTHIBAS IIE€PIEH/NKYJISIP-
HOCTb TIap BEKTOPOB O; W Oy, U3 W V , HaiijeM

11
m§v§ +M?V? = mfvf + mgvg, I st +my +my +

11 18my + 7m,
+ My = —my +—m; _ oM T
5 = Mt T, OTKy/a My 15
= 2 K.
3axanue 2

Bonpoc. B pannom nporecce p (V) = p, (1 ~Po J ;
m

T.e. B KOOD/JMHATaX /aBJIeHne—00beM /rarpamma
mporecca — npamas jaunud. Paborta paBHa momau
oz aroii guarpammoil (momaan Tpameryn):

L) 2
Ay :%(VQ -Vi). dcuo, uto PL==Py,

3
1 m
=—py, V,=—o V,=—o 11
P2 SPO 1 30, 2 200 09TOMY
_ Tpym
12 7200

3amava. fcro, uTO MAEAJBHBIN Ta3 B 9TOM IHKJE
MOJIyYaeT TEIJIO B TIPOIlecce M30XOPHOTO HarpeBa-
HUsl, 0003HAYNM TOJYYEHHOE KOJIUYECTBO TEIJIOTDI
Q, ¥ B mpoIlecce M30TEPMUYECKOTO PACHIMPEHNS, B
KOTOPOM TIO/IBE/IEHHOE KOJIMYECTBO TEIJIOTBI PaBHO
coBepuiernoit pabore A, . CuemoBaresbHO, OT
HarpeBaTessl IMOJYYEHO KOJUYECTBO TEIJIOTDI
Q, =0+ A, . PaGora B 1ukJe paBHa CyMMe II0JIO-
JKUTEJIBHOI paGoThl B TIPOIECCe M30TEPMUYECKOTO
pacummipennsi A, U OTPUIATETBHOW — B TIPOIECCE
nzorepMuyueckoro ckarust A_ . B msorepMuyecknx

VvRT
nporeccax p (V) = 7 , I09TOMY IIPU OJIUHAKOBOM

KOJIMYECTBE BElecTBA V U OJIMHAKOBOM COOTHOIIIE-
HUW TPAaHUYHBIX 0OBEMOB MOJYJIH PA0OT TIPOIIOPIIH-
OHAJIBHBI A0COJIIOTHBIM TeMIIepaTypaM H30TepM.

CrenoBatenbio, A =—-—A, n A=|1-—|A4, =
1 n n
= A,. Ho ycnosmio, A= G o mooromy
n
n k(n-1)+n
A=—""0.3 , A Rl
" k(n—1)Q Haunt, - Q, k(n—1)
KII/l nukaa paBen
A n—1 3

n:Qiﬂzk(n—l)+n:a

=0,214.

3ananue 3

Bomnpoc. [lorenimanbHas sHeprusi 3J€KTPOCTATH-
YECKOTO B3aUMOJIENCTBHSI CUCTEMbBI TOYEYHDBIX 3apsi-
JIOB BBIUHCJISAETCS KaK CyMMa SHEpPIHil ITOIIapHBIX
B3anMozieiictBuii. /[y Kaxk101 mapbl 3aps/ioB ¢ 1
Gy, HAXO/MIIMXCS HA PACCTOSHUU Tjp, DHEPrHs
_N9
4ATE Y 5
Tesla B MPEAJIOKEHHOM MpuMepe OYAYT PasTOHATHCS
CHMMETPUYHO U OJMHAKOBAST MAKCHUMAaJbHAs KUHeE-
TUYECKAsT HHEPTUsT KaXKJAOTO M3 HUX JJOCTHTAETCS
IpH yAaJeHuH Ha oveHb Gosbiioe paccrosuune (rae
9HEPrusi B3aMMOJEUCTBUS MPAKTUYECKH PaBHA
mymo). Eciam mpeneGpeup morepsMu sHEPTHM Ha
M3JIy4eHNe, TO MaKCHMaJbHAas KIMHETHYECKas dHep-
TUst KQXKI0TO U3 Tes Oy/IeT paBHA MOJOBIHE HAYAb-

N2

8meyl
3a[[a'{a. Bﬂaroaapﬂ CUMMETPpUMN CUCTEMbI BCE TpU
TeJia HpOﬁ]IyT O/IMHAKOBOE pPAaCCTOAHUE. K MOMEHTY
OCTaHOBKN pa60Ta CHUJI TPpEHUA 6leeT paBHa H3MeE-
HEHUIO HOTeHHI/IaﬂbHOﬂ Heprun BSaHMOﬂeﬁCTBHH
tes. Tpu Tesa 06pasyiorT TPH Tapbl, a PACCTOSHWE
MEXKAY TE€JaMU B PE3yJbTaTe CMENIEHUA Ha S YBEJIN-

B3aumogelicteusa U, = . JIBa oaMHAKOBBIX

o o max
HOW SHEPTUU B3aMMOJAEUCTBUA, T.€. EK =

YUTCST OT d 0 d + sv/3 . Cuma TPEHNS CKOJIbKEHUS
FTp = Wmg . 3HAYNT,

2
gt (1 1 )

3umgs =3——| ————= |,

Hmg 47580(61 a+sv3

q a

S§=———— —
dmegumga 3
2
V3
7‘72 (8 1po-
4dmeymga
THBHOM CJlydae TpPeHHE He IIO3BOJIUT TeJaM CJ/[BH-

OTKYyJa

OTBeT uMeeT CMbICH, ecan U <

HyThest ¢ Mecta). Jlis eMernenuii x < s KuHeTHdec-
Kas 9Heprus TeJa Mo)KeT ObITh HaiijleHa 13 3aKOHa
U3MEHEHUs SHeprun

3mo? _3 7 [1 1

4 ———— |- 3uwmgx .
2 dmeg\a  a+ x\/§)
BpraSI/IM OTCIO/la KMHETUYECKYIO 9HEPIrui0 OJHOI0

Amegumg

NCY

T€Jla Yepe3 BEJIMYNHY 2 = (Cl + X\/g)

77’1()2 2

2

q a  |qumg 1)

—— = tumg—=—,-—=|z+—|.
2 4dmeya # g\/§ 4n80\/§( z

(-1
z

yro npu mo6oMm 2z =0 crupaBeasnBo HEPaBEHCTBO

W3 oueBUHOTO HEpaBEHCTBA >0 caenyer,

1

z+—-22, HIpHU4YEeM PaBCHCTBO (TAC. MHUHHMaJIbHOE
z

3Ha4YeHue 3Toro Bpra)KeHI/IH) JOCTUTACTCA 1IPpU Z =

=1. HpI/I 9TOM 3HAaY€HMHU BbIpaKC€HUE [JisA KMHETU-



62 KBAHT

YEeCKOU 9HEPTUU CBOPAYMBAETCS B IMOJIHBIN KBAJPAT.
3HaYNT, MAKCHUMYM CKOPOCTH oTpenessercss $hop-

MyJI0it
_ | _ [uga
u=
2me am J3
3ananne 4

Bonpoc. {IBieHne MOHOrO BHYTPEHHETO OTpake-
HHSL COCTOUT B TOM, YTO NPH Ha/leHUN HAa T'PAHUILY
pasfena JABYX CpeJl W3 ONTHYEeCKH Oosee IJIOTHOM
cpenpl 1 B onTmueckum MeHee ILUIOTHYIO cpexy 2 ¢

yIJIaMU TTa/IeHUsT 0L = Oy = arcsin— IpeJoMJIeHHbIH
n

JIyd OTCYTCTByeT M JHeprusi Iajlaiollero Jyda B
OTCYTCTBME HOIJIONIEHHs IOJHOCTBIO IIE€PEXOJUT B
SHEPIUIO OTPAXKEHHOTO Jyva. 3jiech n = B or-
HOCHTEIbHBIN TTOKa3aTeIb IPEJTOMICHNS cpeza. Yron
(oM =arcsin% Ha3bIBAETCA YIJIOM IOJHOTO BHYT-

PEHHErO OTPasKEHMUS.
3agava. [locTObKY MCTOYHUK TOYEUHBIN, T.€. €r0O
pasMepbl MHOTO MeHbIlle aMeTpa CBETOBO/A, U
HaxoauTcs BOJU3U TOPIA, TO MAaKCUMAJbHBIN yroJ
MajleHus Jydell OT HEro Ha 3TOT TOper GJH30K K
90°. lcroyHumk pacmoJioXKeH Ha OCH IMJIMH/DA,
MO03TOMY MYYOK JIyueil B CBETOBOJIE PACIPOCTPAHSI-
€TCsl, OCTaBASICh CUMMETPUYHBIM OTHOCUTEJIBHO OCH,
7 MaKCHMAJBHBIN YroJI MPEJOMJIEHHS IIPH BBIXO/E
u3 ganbrero topua pasen d/2 (puc.12). CormacHo

Puc. 12

3aKOHY IpeJOMJIEHNUA, MaKCHMaJIbHBII yroJ 1pe-
JloMyieHusT Ha  GJIMKHEM TOpIIE CBETOBOJa paBeH

MunuMaib-
n n

HBII yroJ 1ajieHuss Ha 60KOByIO ITIOBEPXHOCTb

(1. L1
Brax = arcsin (—sm Olpax | = arcsin—.

b1 1
Yimin = 57 arcsin — . 3yiech MOTYT OBITh /iBe CHTYya-
n
I[MI B 3aBHCHMOCTH OT COOTHOIIEHUS HTOTO yrJla C

yIJOM IIOJHOTO BHYTPEHHEI0 OTpakeHus

1
Yo = arcsin— . Ecan vy, > vo (210 coorBercrByer

n
. 1 1

TOMY, 4TO SNy, =, [1-— >—, 1. 72 V2), 10
n®  n

BCe JIy4H, TIOTABIINE B CBETOBO/I, UCIBITBIBAIOT T10JI-
HOEe BHYTpeHHee OTpakeHHe Ha GOKOBDLIX ITOBEPXHO-
CTIX 1 J0X0aAT 110 fajibHero Topua (Brax = Brax )-

S . .
ITosToMy 5 = aresin (nSInPray) = Opay - 3HAUAT, B

2019/Ne8

3TOM CJlydae YroJi pactBopa myuyka 6imsok xk 180° .
Ecam ke Ypin < Yo (T.e. n<~/2), 0 pacipocrpa-
HATHCS MO JITMHHOMY CBETOBOJLY C MHOTOKDATHBIM
OTpaskeHNeM 0T GOKOBOIT TOBEPXHOCTH CMOTYT TOJIBKO

1
JIy4n ¢ YTJIOM Y 2 Y, = arcsin— . B atom caiyqae
n

5 L
Bmax = E —Yo,
g = arcsin(n sin me) = arcsin( n? - 1)

nd :Zarcsin( n’ —1).

Takum o6pasom, O = 2arcsin( n’ - 1) mpn n <2
n 8 6im3ok k 180° mpu n >=~/2 .

MOCKOBCKWU rOCYAAPCTBEHHbI
TEXHUYECKUA YHUBEPCUTET
MMEHW H.3.BAYMAHA

(cm. <Keanms> No7)
OPU3BUKA
[TepBbii Typ

BapunaHt 1

1. CKopocTbh KaTepa OTHOCHTEJBHO BOJIbI TEPIIEeH-
nukyasipia CB u paBHa
AC
U S0 s
VAC” + AB

2. AW =3W, =30 Ix .

2

T
3. S=gT=5M (3necy T=1c¢).
ﬂ: (24/21)_1 =9
ny  (Zs]Z,)-1
5. IMapuk cHavasa JABUKETCS 110 OKPYXKHOCTH Pa-
quycoM L, sarem (3anenumBminch 3a TBO3/b) HauH-
HaeT JIBUraThCs M0 OKPYsKHOCTH paauycom L/2 , a B
HEKOTOPOii TOUKe TPAEKTOPUI CHJIA HATSIKEHHST HUTH
CTAHOBUTCST PABHOIl HYJIO U IIAPHUK JBIDKETCS KaK
Teso, GPOIIEHHOE TI0/[ YTJIOM K TOPU30HTY:
L L2 L 5
H==+—=-=+—=-—=5M
2 23 2 27

6. Anbda-uactuiia coBepiiaer KoaeGaHUsI ¢ YaCTo-

2eb _2m

. . E,
TOI ® = = — ¥ aMILIUTyIoi x, = — . Mak-
m T b

=3 kM/4 .

cuMaJbHas KHHETHYECKasd
2
_m(xm)” eEg

9HEPTrUsS PaBHA

Wiax = 5 A 1 JIOCTUTAETCS Yepe3 Bpe-
T m|m
M f=—=—,|]— .
4 2\ 2eb
7. 7, = g 1+ % =~ 2569 K (31ech k — moctosgHHAS
Bouabimana).
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8. 3amucas ycJjioBUA paBHOBeECUA /Ui 4eJIOBEKa,
HJ[aT(bOprI n IIOJBMXHOI'O 6IIOKay HaXo/[uM Cujiy

(m¥m)9 _os0m.

HaTsKeHus: BepeBku: I’ =

9. U3 paBencrBa MOoMeHTa cuia Ammepa ITR*B u

MOMEHTa CHUJI TAXKECTU ng ToJiygyaem B = ﬂ .
InR
BapuiaHt 2
I
w/ 20) —
1. L:HLzHﬁzLBKW

v
2. 7 = 4R = 2 m (Tpaexropueii MypaBbs SBJSACTCS
UKJION/AA).
3. a7 =2 ML _9L 05k

2mec  2mc  2c
4. 13 paBeHcTBa ycKopeHHit 6pycKa U IeHTpa o6py-

1
Ya HaifzeM Ko duImeHT TpeHns: U = Etgoc =0,5.

_2pVY,

5. T, ~385K .

)
6. K ykazaHHOMYy MOMEHTY BPEMEHHU IIEHTp Macc
Tpoca omycrurest Ha Al = 1,25 M 1 ckopocTb Tpoca
JIOCTUTHET BEJHYUHDBI 0 = /2gAl =5 M/c .

7. Buemnss cuiia BMecte ¢ cuiioit Apxumena paGo-
TaloT NPOTUB cuJbl TsKecTu. [loaromy pabora BHer-
mgL _dmgl 7

2 In 18

8. OxBuBaJieHTHAs cXeMa JIaHHOoW OaTapen KOHJIeH-
caTopoB n3o0pazkena Ha pucynke 13. Ee nauanbuast

2] 3
I

S e
2”1
I

Heil cuiinl paBHa A =

Puc. 13

eMKocTh paBHa C; = %CO = %% . ITocsie 3amosrxe-

HUA OIHOTO U3 KOHAEHCATOPOB AUSJIEKTPUKOM €M-

1+¢
KocTh Gatapen craHer C, = 2—-C0 . 3Hayur, ye-
+€

pe3 UCTOYHUK TOKa HpOfI}IeT 3apsan

, e—1 £,S6
AG=Cf-CE =Cf——1__%
e TP RS I

9. Emkoctp cdepuueckoro KoHjeHCATOPA

C= 4neoeR1—Rl2Q , ero 3apsin g = CU. Hanpsixen-
o — Iy

HOCTb MAKCHMaJsIbHa BOJIM3W BHYTPEHHEH OOKIAIKK

9

4nsosR12

_ ER/(R, - R)

2

KoHjieHcaropa: E = . Orcrofia HaXOAUM

U =240 xB.

Bropovi Typ
BapunaHt 1

mo*ol
1. s=—.
4A
2. 3ammcaB 3aKOH COXPaHEHUS] SHEPTUH U BTOPOIL
3axoH HbloTOHa /I BepXHero Iapuka, a TakKe
yCJIOBHE paBHOBecus JJ HIDKHEro, HaiieM Koag-
unment TpeHus:

w= coso ~ 016,

m, .
— 2  _+sina
my (3sin o — 2)

3. O =AUy + Ay =AUy + 4y =

3
= =2 On+ iy =50 [l

4. Ilpn makcumasnbHoM Toke 1, DJAC mHIYKINN
B KaTyIIKe paBHA HYJIO, TOITOMY Pa3HOCTb ITOTEH-
[IAJIOB MEKIY BepXHell U HIDKHel OOKJajKaMu
KoH/eHcaTopa paBHa ¢ . Uepes GaTapeio mpoTeKaer
sapan g =CE—(-CUy)=C(6+U,). Barapesa co-
Beprmaet pabory A =qé=CE(E+U,). Usmene-

HUE 2HEpPrun KOH/JIEHCATOPa PaBHO
CE* CU;
AW = TE - 0 To 3aKOHY COXPaHEHUS SHep-
LI

i, A =AW + % . Orciosa Haxo UM

e = (U +5)\E =70 MA .

[Tocie 3aMbIKaHUS KJIOYA HAuaBIINECS KOJeGaHUS
IPEKpaTsTCs U3-3a AMOJA B TOT MOMEHT, KOT/[a TOK
HOIBITAETCS HAYATh TeYb B 0GPATHOM HAIIPABJIEHHH,
T.e. TI0 4acoBoil cTpeske. B aTOT MOMEHT TOK paBeH
HyJIIO, a HalpspKeHne Ha KoHJeHcarope paBHO U
(pa3HOCTh MOTEHIMATOB MEK/y BEPXHEH U HUKHEl
obkajkaMm). IT10 HanpsokeHne u ocranercst (ycra-
HOBHUTCS) Ha KoHzeHcarope. OT MOMEHTa 3aMbIKa-
HUSI KJII0Ya /0 MOMEHTa IpeKpalieHnsl Toka Garta-
pesi cosepmaer paGory A =(CU —(-CU,))é =
=CE(U -U,) , oHeprust KOHICHCATOPA U3MEHSICTCS
cU? cu?
2 2
sueprun, A" =AW’ . Orcioga nosydum

U=26-Uy=12B,

IIpUYEM ITIOIAPHOCTD IIPOTHBOIOIOKHA HAUAJIBHOM.
5. Cucrema Oyjier coBepIIaTh rapMOHUYECKHIE KOJIe-
GaHust € aMILITYZ0i A, paBHOH MaKCHMAaJbHOM
nedopMannu Npy>KUHBI. VIcIogb30BaB 3aKOHBI CO-
XPaHeHHsI UMILyJIbca M SHEpPru, Haiijjem

na AW’ =

[To sakony coxpanenus

2 [om
9V k

6. 3amuireM 3aKOHbI COXpaHCHUA SHEPrunm u MM-

: 0
IyJIbca /ISl YaCTHUIbL: me’ = 2]5Y , mo = 2pY COSE R
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rae m = Lz’ Py = ﬂ [l1s o6pasoBanns
V1= (o/c) ¢
9JIEKTPOHHO-TTO3UTPOHHOI TIapbl Hy>XHA 3SHEPIUs
2mecz. Orciofa mocsie mpeo6pa3oBaHmii HAXOIM
. . o Ny
nucKoMoe umucso map: N = —- .
e

BapuaHt 2

1. IIpu cockanb3bIBaHUHU IETIOYKN ee MOTeHI[HAIb-
Hasl SHEePTHs YMEHBIIAeTCs, IPH 3TOM PacTeT KuHe-
THYECKAsl HHEPrus M coBepliaercs padoTa IIPOTHB
CHJIBI TPEHWsI, KOTOpasl M0 Mepe COCKAJIb3bIBAHMS
L[ENOYKH JIMHEeIHO yObIBAaeT /10 HyIs. 3allicaB COOT-

1
BETCTBYIOIUE COOTHOIIECHUA, MOJYUYUM 0 = EngL .

2. JlaByieHne B IIy3bIPbKE CKJIA/BIBAECTCS U3 aTMOC-
(epHOTO, THAPOCTATHYECKOTO M 106aBOYHOTO J/1aB-
JieHust, OGYCJIOBJIEHHOTO TIOBEPXHOCTHBIM HATSIKe-
HHeM. 3amucaB ypaBHEHHE COCTOSHUS Trasa JJIs
JIByX PAcCMaTpPHBAEMBIX TTOJIOXKEHUIT My3bIpbKa, Hali-
nieM TIyOrHYy BOJOEMA!

h= é(po (n5 —1)+%5(n2 —1)).

A 4* 7
3. m=— . 4. O=—q.
q 4" -1 6
BUBJINO-IJIOEYC
MbIl MPEOJTATAEM
BONbLLIOWV BbIEOP TOBAPOB U YCNYT
YCNyru ACCOPTUMEHT
VHTepHeT-Marasus 1 Kaurn
www.bgshop.ru 1 AyuoKHUTH
Kade 1 AETUKBapuar

Kiy6uble (JUCKOHTHBIE)
KapThl 1 aKIIUNA
ITonapounbie KapThl
IIpenBapuTeabHbIE
3aKasbl Ha KHUTU

M IpeaMeThbl
KOJUIEKIITUOHUPOBAHUA
1| DurbMbI, My3bIKa,
UTDHI, cOPT
1 Kaanenapckue

Berpeun ¢ aBropamu ¥ odUCHBIE TOBAPEI

YurareabCKue KIyObl 1 Lsersr
TI0 HHTEpecaMm
P 1 CyBeHUpBI
WuapuBuayansHOE
obcay KUBaHUE

ITonapounas ynakoBKa
JocraBka KHUT 13-3a pyOerka

r. Mocksa,
BeICTaBKU-IIPOAAKY

M. Jly6siHKa,

M. Kutan-ropog,

yn. Mschuukas, a. 6/3, cTp. 1
8(495) 781-19-00
www.biblio-globus.ru

nH —nt 9:00 - 22:00

c6 - Bc 10:00 - 21:00
6e3 nepepbia Ha 0b6en,

2019/Ne8

d. MoIIHOCTh CBETOBOIO U3JIy4€HusA, Ia/laloliero

Ha  IOBEPXHOCTb  COJHEYHONH  Oarapen,
WnR* _ WR?
W, = ———=——. Cuua cBeroBoro jasjenns,
4mr 4r
W (140)
¢ yueroMm orpaxenus, F,, = —————= Peakrus-
c

Hasl CUJIA TATH iBUTaTens [, = po, rae M — CekyH-
JIHBII  Pacxo/i TOIJIMBA, ¥ — OTHOCHTEJIbHAS CKO-
POCTDb BBLTIETA MOHOB, KOTOPYIO MOKHO OTIPE/IEUTD

mvz

nu3 ycaopug eU = # OKoHYATEIbHO I10JIyYUM

_ WR?(1+p) m,

4r’c 2eU

6. VckoMyio sHeprmio KyJOHOBCKOTO B3amMojieii-

CTBUA Haﬁ[[CM N3 3aKOHa COXpaHCHUA IHEPrun unu
BTOPOTI'O 3aKOHa Hpiorona AJIA TOYKN B:

Wy =W, +%(3mg—F)R =—4-107 IIx .

RBAHT @
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IMMAXMATHAA CTPAHUUKA

CTapoanuﬁCKwM

OrOHb

Crapounjuiickas 3aiura 3ac-
JIYSKEHHO MMEET PeryTaluio o/i-
HOTO 13 CaMbIX CJIOKHBIX U 3aXBa-
TBIBAIOMIUX JCOI0TOB, B KOTOPOM
PETYJISPHO CJIYy4YalOTCSt pe3yJibTa-
TUBHbIE TAPTUN ¢ OOUJIUEM KEPTB
¢ o6Geux cropon. Ha mpoxonus-
1meM HeJaBHO uYeMInoHaTe A3Wi
MOJIOJION WHIUNCKUN TpoccMmeii-
crep M.Kaprukesn o0bIrpan B
CTApPOMHMIICKOI 3aIiTe TP T0-
MOIIM JKepPTBbI (ep3st BOCXO/s-
mtyio 3Be3y us Mpana A.@dupyn-
Ky, /laB HaM I10BOJi IOCBSATHUTD
CETO/IHSIIHUI BBITYCK 3TOMY SIp-
KoMy 1e01oTy.

A.Dupynxa - M.KaptukesiH
CuHTan, 2019

1. d4 216 2. c4 g6 3. @ c3
£ g7 4.e4d65.h30-06. &e3
cd> 7. Af3 wa5 8. ad2!? (c
njeeil MoJyuuTh TUIMYHYIO /7151
CTPYKTYpbI MapoIy pacCTaHOBKY
mocae 8... cd 9. @b3 W7 10.
Qd4) 8...cd 9. 2b3.

= weHo 8

9... W ¢3+!1? Omenomureb-
HBII XO/I, KOTOPbIil €/[Ba JI1 BCe-
ppe3 pacemarpuBa DupyrKa.
UYepHble MTPOBOIAT KOMGHHAIIIO
¢ TO3UIMOHHOI >KepTBOil (ep3s
3a e sierkue durypot. 10. be de
11. £3 (Gesbie He XOTAT MOPTHTDH
MENeYHYI0 CTPYKTYPY, BO3MOXK-
HO, cTouJio ripeanouects 11. ¥ c2
¢ pasmeroM ek e3) 11... 4 hJ!
BaskHO B3ATH 110/ KOHTPOJIb MOJIS
e3 u f4. 12. ¥ c1 L h6 13. g4
Afh 14. 2d1 Ae6 15. 2c2
A6 16. h4 4 f4. Kourposb naz

YEPHBIMU TIOJIIMA —  KJIOUEBOM
acreKkT crpareru yepHbix. 17.
¥ d1 A ed! Uepnbie Gpuryps 6.ie-
CTsIIIe CKOOP/IMHUPOBAHDBI U HMe-
10T O0BbEKTDI [T aTakK — cJjladble
newku ¢4 u f3, B To BpeMst KaK y
6eJIbIX HET HUKAKOH KOHTPUTPDI.
18. Acl £ d7 19. a4 = ac8 20.
Qe2 L h621. g5 & g722. & h3
Af3 23. ®d3 Ae5 24. ®e3
Acs 25. (2. Tlemky OGpatbp
Hesb3s, mocse 25. ¥ a7 & ¢6 26.
Qg3 Ea8 27. ¥f2 4 a4 nosu-
st Gestbix pyumresi. 23... B €3
26. Ehbl &c6 27. L g2 f5!
BBozst B urpy mocsiefHio0 Heak-
tusnyo durypy (nagpio £8). 28.
gf 26 29. Bft £c3 (eme
tounee 29... & g7 30. ¥gl Ef1,
u Jo6oe B3SITHE BEACT K TOTEPE
nemkn a4 i e4). 30. ¥ 5 Acd
31. Bf8+ 218 32. 2c¢3 AeS
33.a> Aeit 34. Led Led. Y
YePHBIX 4 IIENIKH 32 KavecTBO,
oCTaJIbHOE JIJISI TpoccMelicrepa —
neno texunku. 33. Ad4 L dS
36. 2bs a6 37. Ac7 £ c6 38.
BEfli+ g7 39. QAeb+ 2h6
40. Bf8 2 hj5 41. E h8 h6 42.
B h7 ®2h4 43. Bh6+ % g4 44.
“Qdi g5 45. BEh2 & d5 46.
He2 ®f4 47. Bf2+ Af3 48.
Be2e549. 2c2 L e450. Qel
d551. 2b4 Ad452. Eel 213,
Bomurpsim yepHbIX.

Cuetytonasi maptust GbLja Chir-
pana Ha yemrnonare Poccun 2002
roaa.

A.PasaHueB — B.HeBocTpyeB
KpacHopap, 2002

1. d4 Af6 2. c4 g6 3. @ c3
L g7 4. Lg5 ¢35 5. d5 b3! Tle-
pexoj B BOJDKCKUIT raMm6uT — ad-
(exTuBHbIil c110c06 GopbObBI ¢ pari-
HUM BbIX0/0M ciiona. 6. ¢b (6parb
KOHEM I710X0 13-3a 6...4c4! 7.
&l ab 8. Qa3 L Db2! 9. &2
W 25 ¢ parpoimem) 6... a6 7.
e3 Wa3 8. #d20-09. ba?! (5
n1e6IoTe He CTOUT 3a6bIBATh O pas-
sutuu uryp, 9. A {3 cumnbhee)
9...e6! 10. de de 11. Q e4 A e4!!
Uepnble cMesio sKepTBYIOT dep3s,
PaCCYUTBIBAS MCHOJIH30BATH TIPe-
UMYIIECTBO B PA3BUTUHL.
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12. ¥ a5 4 b2 13. 2 e2?! Iloc-
e aToro xona O6elbIM KpaiiHe
CJIOJKHO 3AKOHUYHUTD Pa3BHUTHE, Be-
POSITHO, C TIPAKTHYECKOW TOUKH
3peHus Jryuliie ObLIo BEpHYTH (pep-
31 mocae 13. &d3 & c3+ 14.
¥c3 Ac3.13... L al 14. L h6
L a6 15. & 8?0 (inyume 15.
¥a4l? & b7 16. ¥b3 &L d517.
b1 & g7 18. & g7 ¢ nanbHeii-
muM passutrem) 15...4c¢6 16.
¥ ¢7. KoMmbioTepHbIil aHagn3
IoKasbIBaeT, uto mnocJe 16. ¥ b6!!
2 b8 17. wb8!! Ab8 18. Le7
Aac619. f3! Ae7 20. fe & b7 21.
2 d2 nosuius ayume yxe y 6e-
JIBIX, OJTHAKO HAUTH TaKyIO CCPUIO
XOJIOB MPAKTUYECKI HEBO3MOKHO
naxe rpocemeiicrepy. 16... 2 b4
17. & h6 L e5. Kopoup noiivan
B uentpe. 18. # d7 Ad3+ 19.
2 d1 Gkeprtsa depss He cracaer
Genpix: 19. ¥d3 £ d3 20. {3
A3, u mocse cepun PasMEHOB
YepHble TOGEKIAIOT 32 CUET TTPO-
XO/HOH TemKy Ha JUHUU C)
19...2b8 20. 2d4 Zbi+ 21.
©2e2 Ael+22. Ab5 Ac3+ 23.
©2d2 £ di X. Bomrpsiu 4epHbix.

Briepsbie sxepTBY hep3s 3a JBe
sierkie pUrypbl B CTapoMH/UiiC-
Koit 3antute mpuMenn /. Bpont-
TeWH B MAPTHH TypHUPA MPETEH-
nentoB mpotuB bB.Cmacckoro B
1956 rony B AMcrepaame. Byy-
TIUi YEMITMOH MUPA Y CTOSLI U [IPas-
JAHOBAJ TOGeay, O/HAKO Hjest
Bponreiina yke GoJee 1osryBe-
Ka HAXO/IUT TI0CJIe/I0BaTENEll cpe-
[T TIIaXMaTHbIX POMAaHTHKOB!

A.Pycanoe
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