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Konnekuns ronoBoOMOK

byMaXkHble 3Be30UKH

JTa cepus PUCYHKOB NOKa3bIBAET, KaK MOXHO U3roTOBUTL KpacuBble
3Be3404kn 13 Bymaru. [lna aToro Bam noTpebdyeTcs no veTbipe
BymaxkHble nonockn 1xX30 cM ANs KaXK4on 3BE3O0YKM W...
HeMHoro TepreHus. lNonocku xenaTenbHO B3ATb ABYX-
LBETHble (Hanpumep, Kak 30ecb: KpacHble — C O4HON
CTOPOHBI, XenTble — ¢ Apyron). CrioxXuB Kaxayto n3
YeTbIpex MofocoK nornonam, 3auenure nux Tak, Kak
nokasaHo Ha pucyHke 1. 3atem nocnegosartenb-
HO 3anneTuTe ux, cnegys pucyHkam 2—8. sro-
TOBMEHME «KEeNTbIX Yronkos» (puc.3) noka-
3aHO OTAENbHO BHU3Y (PUCYHKN a—a).
VimenTe B BMUAY, YTO HA KapTUHKaX
AN 3KOHOMUU MecCTa ANVHHbIE
cBO6OAHbIE KOHLbI MNOMOCOK,
obpasytoLumecs Ha NnepBbIX
warax, cpesaHbl. KoHuoBKa
CMreTeHns 3Be3404KN
AOBOMBHO XUTPOYMHA.

Kenaewm ygauu!

Ony6nukoBaHo B «KBaHTe»
Ne12 3a 1983 roga.
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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 PEJAKTOP
A.A.TandynnuH

PEJAKIIMOHHAA KOJIJIETA

H.H.AHppees, J1.K.Benonyxos,
M.H.BoHpapos, [0.M.Bpyk,
A.A.Bapnamos, C.[l.Bapnamos,
A.N.Becenos, A.H.BuneHkuH, B.U.lonyGeB,
H.N.Aon6unuH, C.A.JlopuyeHKo,
B.H.Aly6poBckui, A.A.3acnaBckun,
A.fl.KaHenb-benos, MN.A.KoXXeBHMKOB
(3amecTuTenb rnaBHOro pepakropa),

10.M.JIbicoB, A.B.MuHees, B.1O.MpoTacos,
A.M.Panropopackuii, H.X.Po3os,
A.B.CocuHcknn, AJl.CtaceHko, B.I.CypauH,
B.M.Tuxomupos, B.A.Tuxomuposa,
A.B.YctuHos, A.N.YepHoyuaH
(3amecTuTenb rmaBHoro pepakropa)

PEJAKIIMOHHBINA COBET

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 KOJJETNA
1970 TO A

FJIABHBI PEJTAKTOP

N.K.KnkouH

IMEPBbINT 3AMECTUTEJIb
TTABHOTO PEJAKTOPA

A.H.Konmoropos

J.A.Apuymosuy, M.U.Bawmakos, B.I.BonTaHckui,
W.H.BpoHwreinH, H.5.Bacunbes, U.d.Mus6ypr,
B.r.3y6os, M.J1.Kanuua, B.A.Knpunnux,

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

JC.N.KoHoBanos, K.M.Koxacb, A.A.JleoHOBNY,

A.B.AHpxaHc, M.U.bawmakos, B.U.BepHuK,

Kanenpapb v actpoHomusi. J1.6esnornyxoB
O cTUXOTBOPHbLIX pa3mepax. J.dykc

SAJAUYHUK «KBAHTA»

3agaun M2590-M2593, ©2597-P2600
Pewenua 3apay M2578-M2581, $©2585-12588
Mogpenu, koTopble Mbl BblibupaeM. A.3unsbepmaH

«KBAHT» AJd MJJIAAININX IKOJbHUWUKOB

27

3agayn

28

KOHKYPC MMEHN A.II.CABUHA
3apaun 21-24

29

31

IMKOJA B «KBAHTE»

BypupaHoB ocen, nnu HemHoro o 6udypkaumn.
A.CraceHko
MypaBeli Ha KOHcepBHOW 6aHke. M. AKymn4

34

JABOPATOPUA «KBAHTA»

BonHbl B Menkon Tapenke (MHTepdepeHuus).
A.Kocoypos

38

42

MATEMATHUYECKUN KPVYXOK

HenpepbIBHOCTb AMCKPEeTHas 1 0OblYHas.
A.OHornpueHko

Bokpyr Toukn Ha megmaHe. J.[pokoneHko,
A.LlIBeLioB

47

IIPAKTUKYM ABUTYPUMUEHTA
dusnyeckne aHanorun. C.Kosen

52

55

57

OJNMMIINAAbI

MyHuumnaneHbin atan LIV Bcepoccuinckonm
onMMnuadbl LWKOJIbHUKOB MO huUsnke

XXVI MexayHapogHasa onumnmaga «TynMmaaga».
dusuka

OTBETHI, yKa3aHuqa, pelleHnd

BHumaHuio Hawwmx yntatenen (16, 26, 28, 51)
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HA OBMTOJXKE

Unmoctpaums k ctatee Jl1.benornyxoBa
Konnekuymsi rosioBOJIOMOK

LlaxmaTHas cTpaHuyka

lporynkn ¢ ¢uaukon



KaneHgapb 1 aCcTpOHOMMA

J1.BEJIOINYXOB

TEYEHUME BOJIEE INECTUJAECATUJIET
cynbOoHocHoe /st Poccun cobbiTue oT-
MeYasIoCh KaXK/Iblil roJ1 7 HOSAOPSI, XOTs caMo
coObITHE HOCHUT MMsI He HOSIOPbCKOM, a OK-
TOPBbCKOIT peBoJtoly. Beem nsBectHo dop-
MaJIbHOE OODBSICHEHUE 3TOTO PACXOK/IEHUS —
pasHunia B 13 gHel MeX1y <«CTapbiM» W
<HOBBIM» CTHUJISIMU, TOUHEE MEXKIY I0JIMaHC-
KM ¥ TPUTOPUAHCKUM KaJleHapsIMH.
Jlroburem MCTOPUU 3HAIOT, YTO IOJHAHC-
KUl KaJeHgaapb Ha3BaH TaK B 4eCTb JpeBHe-
PUMCKOTO TOCYAApCTBEHHOTO W TOJUTHYEC-
KOTO JIesiTeIsl, IMKTaTOPa U BEJTMKOTO IIOHTH-
dura Gkpena) IOma [lesapst, a rpuropuan-
ckuit — B vecthb [lanmbr Pumckoro I'puropus
XIII. Ho na Bompoc, a 3auem B 1582 romy
MOHAI0OUI0CH U3MEHUTH KaJeH1aph, IPUMe-
HABIIMNCS CBBIIIE [TOJyTOPA ThICSAY JIET, Pe/l-
KO MOXXHO TOJYYUTb BPa3yMUTEJbHBIH OT-
Bet. ABtop (11penogaBarenb (PU3NKN B HHKE-
HEPHOM By3€) HEOAHOKPATHO 3aJaBaj HTOT
BOIIPOC CTYJIEHTAM TIPH 3HAKOMCTBE C a3aMu
KHHEMATUKK BPAIIaTeJIbHOTO JABUKEHUsS. 3a
niocaennue 10 et 6oJiee nu MeHee rpuemJie-
MBIl OTBET MOTJIU JIaTh B CPEIHEM OJIMH-/[BA
CTyJIEHTA U3 CTa.

DOT: https://doi.org/10.4213/kvant20200201

[Mpuunna sicua — ucksouenue okoso 20 et
Ha3ajl M3 MIKOJBHOTO 00pa3oBaHmsg Kypca
ACTPOHOMUU ¥ 3aM€HAa €ro 3JIeMEHTaPHBbIMU
ACTPOHOMUYECKUMU CBEJIEHUSIMU B MJIAIINX
KJaccax B npeamere « OKpysKaiouuii Mups .
Ceituac nosiokeHue Kak 6yJTo HAaUMHAET HC-
MIPaBJSATHCS — BOT y’Ke TPETUH TOJ B OJMH-
HAJIIATOM KJIacce OJMH yPOK (DU3UKH 3ame-
HeH acTponomueii. Ho aTo — kamis B mope.

JlanHasi ctaThsl — MMOIBITKA 3aMHTEPECOBATH
acTpoHoOMUeEl ynTaTesneil « KBantay, MmMOMbIT-
Ka, OCHOBaHHAasI Ha 3HAKOMCTBE ¢ MPO6JIeMOii
KaJleHapsi.

HeobxogumocTb KaneHpaps

Kanengapnb Heo6x0uM 111 (PUKCATAT TIe-
PUOJINYECKUX W3MEHEHWH B OKPY’KAOIEM
mupe. «UyBcTBO KaJsieHaapsi» Bcerja GObLIo
MIPUCYIIlEe YEJIOBEKY, /Ia U BCEMY JKUBOMY B
npupo/e. [Ipesxie Bcero, aTo cBsI3aHO ¢ uepe-
JIOBAaHWEM BpeMeH To/la KaK Iepexo/ia moro-
bl 0T 6GoJiee XOJIOAHON K 6oJjiee TEILION 1
o6patHo. OdopMiieHHe 3TOTO YYBCTBA B OII-
pesieJieHHble TOHSITHS W CJOBa OBLIO, TI0-
BHU/IUMOMY, CBSI3aHO C MEPEXO/IOM YeJoBeye-
CTBa OT COOMPATELCTBA 1 OXOThI, KAK CPE/ICTB
00ObIMY NI, K 3eMJIELEJIUI0 U CKOTOBO/-
cTBy. Heobxomumble [T 9TOTO YKPYTTHEHS
TJIEMEH U TTEPEXO/T K OCEION K13~
HU NIPUBEJU K GYPHOMY Da3BUTHIO
SI3BIKOBOTO OOIICHUA.

B peun mnosiBusimch Ha3BaHUS
JUIST 0003HAYEHUST BpEMEH TO/Ia U
JIPYTUX NEPUOTYECKUX SIBJIEHUI
B npupojse. CaMbIM KOPOTKUM
nepuoioM ObLIN, KOHEYHO, CYT-
KM — CM€Ha JIHS M HOYU. A caMbIM
JUTHHHBIM OBLIT TOJT — MEPUO/T TTOJT-
HOTO I1IMKJIA CMEHbI BPEMEH T0/1a.
O6a st ukJa csgsanbl ¢ CorH-
eM, KaK WMCTOYHUKOM Teria o
CBeTa, MO3ITOMY OHO Yy BCeX TLje-
MeH cTajio 60roM, 6Ge3 KOTOPOTO
JKU3Hb ObliIa ObI HEBO3MOJKHA.
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Ho q71s1 mpoMesKyTOYHBIX ITUKJIOB — CAMUX
BpeMen roza (1T0-HaleMy — KBapTaaoB) U UX
poneil (MecseB) IpUpoAa Jaja eme OJUH
nukya — cMeny a3 Jlynol. CerofHs Mbl UX
Ha3bIBaeM HOBOJIYHMEM, IIepBOil 4eTBEpTbIO,
[IOJIHOJIYHUEM U IocJe/iHell verBeprTbio. B
dazax-ueTBepTSIX MbI BUJUM IMOJOBUHY JIyH-
Horo mmcka, ocpemienHoro CousHiieM. B He-
nosHbIX pazax JlyHa Ham BUAWMTCS B BUjE
KPUBOJMHEITHOTO KPYTOBOTO CETMEHTA, MOX0-
JKEro He cepil.

Y MHOrUX HApOJIOB JUJIsI MEPUO/Aa TOJHOI
CMEHBI JIYHHBIX (ha3 MOSIBUJIOCH CJIOBO «Me-
cAI», KOTOPOEe 320/IHO 03HAYAJIO U HA3BAHVE
camoil Jlynbl. Mecsn aas kajgeHjapst craj
ynoGnee, yem ksapraa (Bpems roza). Ha-
MpUMEp, B BECHE MOXKHO BbBIJIEJUTH BPEMS
JIOKJIel, BpEMsI ceBa U BPEMSI TIEPBOIT TTPOTIOJI-
KH, a B JIETHEM TIepHOj/ie — BPeMs CEHOKOCA,
BpeMsI JKaTBbI U BPEMS CO3PeBaHus (PPYKTOB.
Mecsir yIo6HO pasfieuTh Ha YEThIpE YacTH
(coBnagaromue ¢ TyHHbIMI (hazamMu), B Kaxk-
JI0# M3 KOTOPBIX 10 7 cyTOK. Bot re Tantcs
TIPUBBIYHBII HaM cueT JHell 1o HeaessaM!
Takoil cTUXUIHBIN He/1eTbHO-TYHHBIH KaJleH-
Jlapb MPUHSATO HA3BIBATDH MPOCTO JyHHDBIM.

Ho korpa BO3HUKJIO yMeHUe cuuTaTh /10
COTHH, a TIOTOM W JIO TBICSIYU, 3TOT IrpyObIi
KaJieH/1apb craJ yTounarbes. [Ipesxzie Bcero
9TO OTHOCHUJIOCH K COOTHOIIEHUIO JJINTEJIbHO-
creil roja u Mecaien. Cpeau Jiojiell crajim
BBLIEJIATHCS Te, KTO BeJI CUeT AHSIM, MecsiaM
nroaam. Ete aBecTu et Ha3a/1 Ha 3eMJie yiKe
MOKHO OBLIO HAWTH HApO/bl, Y KOTOPBIX
KaJeHaapb BeJcs 10 3apyOKaM Ha [epeBe
WM 110 HaceyKaM Ha MArkoMm kamue (Toub B
TOYb, KaK 3TO jesaal POOMH30H Ha CBOEM
HeoOUTaeMOM OCTPOBe) . BosMokHO, 4T0 MMen-
HO Takue Jiro/n ObLJIN JKPelaMu U Hapsily co
CYeTOM BpPEMEHM OPraHWU30BBIBAJIN BCIO [Iy-
XOBHYIO KM3Hb, IPEICKA3bIBATH COOBITHUS,
€O3/1aBaJIU TPAJAUIIUY U OObIYAN U PYKOBO/IM-
JIU BCell X034CTBEHHOI AeTeJIbHOCTDIO CBO-
€ro TJIeMEHH.

HPEBHVIE aCTpOHOMMUYeCKne JoCcTXxeHnsa

JKpetibl iepBbIMu 06paTU/IM BHUMaHKE HA
HETOYHOCTb OTHOIIEHUSI COJTHEYHOTO U JIyH-
HOTO TIepno/10B. Kazamoch ObI, 10 TIPOCTOMY
CUeTy, B rO/ly JOJUKHO ObLIO ObITH POBHO 12
JIYHHBIX MecdlleB — 4 ce30Ha 10 3 MecsIa

Kaskibiii. Ho okasasoch, 4TO 9TO YUCJIO OUeHb
npubansureabHo. JIyHHBIX MecsIeB B TOLY
e 12, a na ommy TpeTb Mecsiia GoOJbIe —
12,36.9710 o3HavaeT, 4To 3a 3 rojga «Habera-
eT» 1eJIbIil JIyHHbBIN Mecsll, a 32 9 Jjer Oyzuer
MPOUCXO/IUTD CABUT KaJieH/apsl Ha I1eJiblid
ce3ot. C aTuM Ha/[0 OBLJIO YTO-TO JIeJIaTh.

[Tpesxte Bcero skperibl MOHOTIOJIN3UPOBATT
KaJIeHJIJaPHbBINA TTO/ICYET JIHEN W 3aBesin 00ObI-
Yail 00bSIBIATH HAPOJLY O HACTYIIJIEHUN TOTO
MJIN MHOTO Ce30Ha U HavaJie 0UepPeHbIX Celb-
CKOXO03SICTBEHHBIX U UHBIX paboT. Ho «ims
cebst» UM Heo6X0MMO OBLIO PasobpaThes ¢
ATUM BOIIPOCOM ¥ CO3/aTh MPaBUJIbHBIN Ka-
JIeHJIapb, COXPAHsI €TO B TaifHe.

Borsgcuuioch, 4To M OTHOIIEHUE TIEPHOA
JIYHHOTO TTMKJIa CMEeHBI (ha3 K CyTKaM SBJISICT-
Cs He TIeJIbIM YUCJIOM, a PaBHO MPUMEPHO
29,5, caegoBare/ibHO, U IJIATEJIbHOCTD KasK-
JI0ii (pasbl HE COCTABJISIET POBHO 7 CYTOK.

Bot aTu Heresible OTHOIEHWST TTPUPO/THBIX
MEePUOINYECKUX TPOTIECCOB U €CTh TJIaBHAs
MpUYMHA TOTO, YTO Ha HaIllel IjiaHere Jeii-
CTBOBAJIO HE MEHbIIIE IECATKA Pa3HbIX KaJleH-
Jlapeif, B KOTOPBIX TJIaBHOW 3afadeil ObLIO
corJylacoBanne 12 JTyHHBIX MecCsIeB C rojnd-
HBIM COJIHEYHBIM ITUKJIOM. Takue Kajenapu
MOJIYYUJIM HA3BaHWE JYHHO-COJHEYHDBIX U
coueunbix. Ho s HuX myskno 6bLI0 10cTa-
TOYHO TOYHO 3HATb COJIHEYHBIH W JIYHHBIN
ePHO/Ibl B CYTKAX.

[Tpesxme Bcero cie10Bao OMPEIENUTHCS C
MOMEHTOM HauaJja OTcueTa TOJUYIHOTO COJI-
HEYHOro rnepuoja. Beab HUKaKOI «CaryKObI
BpeMeHU» He cyliecTBoBano. M He GbLIO
JIPYTOTO MyTH, KPOME BBIGOPA OIpe/leIeHHO-
ro mosokernss CosiHIla Ha Hebe, HATIPUMeEp
HauBbIciero noJioxkenust CoJiHlla BO BpeMs
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€aMoro JUIMHHOTO JiHst (JIETHETO COJIHIIECTOS-
Hust). A xak dukcuposars nosoxerne Cou-
HIIa Ha HeOe? CerojiHs 3TO He IPeJCTaBIIsIET
tpyaa. IIogo6HO TOMY Kak Ha HOBEPXHOCTH
3eM/IH B KaueCTBe KOOPAMHAT HCIIOJIb3YIOTCSI
JBa yriia Ha cepuueckoii moepxuoctn (1rm-
poTa M J10JIroTa), Ha BHYTPEHHEI MOBEPXHO-
ctu cdepbl 3Be3qHOr0 Heba TOXKE MOXKHO
MIPUMEHSTD yTJIOBbIE chepruuecKre KOOP/IH-
Hatbl. /{71 3TOTO CyIIECTBYIOT ClielnaIbHbIe
namepuresbHble mpu6opsl. Ho Takue npu6o-
PBI el1ie TOJIBKO IPECTOSIO CO3/IATh — CaMble
ApeBHIe 13 HUX OblK H306peTeHbl B BaBuio-
He u [IpeBHeii I'pennu B 1TOM-4eTBEPTOM
BEKaxX J/I0 Haleil apbl. A KajleHJapH yike

CyHieCTBOBaJIn.

AHAJIOTOM yTJIOBBIX KOOP/IMHAT Y APEBHUX
3Be3/I04eTOB cTasm co3Be3ausi. Eie B riay6o-
KO IpEBHOCTHU OBLIO 3aMeUYeHO, YTO HOUHOE
He60 MOKHO YCJIOBHO PA3/IeJUTh HA YYACTKH,
B KQK/IOM U3 KOTOPBIX PACIOJIOMKEHA TPYIIa
3Be3/, 06pasyiolas CXeMaTUYeCKUil pucy-
HOK. OJrtuM rpymmaM (cosBe3ansiM) crau
MPUCBAaNBATL pa3JUUHble Ha3BaHUs, GOJIb-
mast YacTb KOTOPbIX Oblja uMeHaMu GOTOB U
MUDOJOTHUECKUX TEPOEB, a TaKKe KUBOT-
HbIx. HasBanus co3Besauii u ObLJIN TIEPBbIME
Koop/nHaTamMu Ha HebGecHol cpepe. [IpeBHME
IPEKN pazjndann 88 TaKuX «KOOPAUHAT.
Ha mpoTstskeHnn JKU3HI HECKOJTBKUX TTOKO-
JIEHU 3BE3/IHBbI PUCYHOK BbITJISIEN Heus-
MEHHBIM — 3Be3/[bl Ka3aJUCh Kak Obl MpH-
KpeIlIeHHbIMI K He6GecHoll cdepe, KoTOpas
KaK I[eJI0e BPAIaiach BOKPYT 3€MHOTO Ha-
6Jro/1aTe s, ONUCHIBAs TIOJIHBII KPYT 3a CYT-

2020/ Ne?

ku. Eciin HaGparbest TeprieHust 1 6e3J1y HHON
HOYBIO HETOJBUKHO CUJIETD, TJIsi/is HA HEOO,
TO HETPY/IHO ONPEETUTH, YTO 32 APy YaCOB
HeOecHast cdepa co 3Be3/[aMu T0BOPAYNBAET-
cst Ha yroJ mpuMepho 30°. ATy 3aBopakuBa-
IOIYI0 MAHOPaMy 4Yy/IECHO BBIPA3UJ HAIIL
BEJTUKUI TI03T:

Moposna nouw, ece Hebo SCHO,
Ceemun nebecnvlx QUGHbLL XOP
Teuem max muxo, max cozJacHo.

Komeutio, Mbl 3HaeM, 4To Ha CaMOM JieJie
«IUBHBIN XOp» HUKyJa He Teyer. He 3Be3s-
Has cdepa BpaIaeTcst BOKPYT HEIO[BUKHOI
3emut, a, HA060POT, 3eMJIs BPAIIAeTCs BOK-
pyr cBoeit ocu. Ho Thicsum JieT mouTH Bce
JIIO/IN, TJISASA HA He6O, AYyMAJH TTO-APYyTOMY.
MuakoMbpIcaamux ObLIN €MHUIBI, WX 3ac-
TaBJISIIM MOJTYaTh. [lepBBIM, KTO BBIIBUHY.I
TeJTNOTIEHTPUUYECKYTO CHCTEMY MUPA U CIeJIaJ
ee oOocHOBaHUE, OBbLT BBIIAIONIUICS IPedec-
KHiT MaTeMaTHK, acTpoHOM 1 ¢puocod Apu-
crapx Camocckuii (Tpernii BeK 10 Harei
apb1). Ho Ha Hero o6pyIIMIuch MPOKJISATHS
skperoB. [lonamo6umoch moYTH JBe THICSIU
Jet, uto6bl Tpynamu Komepnuka, Kerepa,
lFanunes n MHOTUX JPYTUX aCTPOHOMOB T€0-
[EHTPUYECKAs] CUCTEMA YCTYIIHJIA TeJINOIIEeH-
Tpuieckoii. /la u To He cpa3y. 3HaMeHUTOE «a
Bce-TaKM OHAa BepTuTcs!» Beqmkumii [ammmeit
CKOpee BCETo TIPOM3HEC MBICTEHHO, TTOKUIAsT
Cy[l WHKBHU3UIUU ¢ OOeNaHueM BCJIYX TaK
60JIbITIE HE TOBOPHUTD.

Bor movemy m3HauaJbHO BCEe KaJeHapu
UCXOMUJIN U3 TEOIEHTPUUYECKON CUCTEMbI
MEpa, B KOTOpOi 3emuis nenoaBiskua. /la u
Cero/iisi OHa XOpOIIa He TOJbKO KaK MOJTH-
yeckuii o6pa3. [eolentpuyeckas cucrema
ymo6Ha /Jist co3fanust Kajaenaapeit. limenno
Ha Hell mocTpoeHa cdepuyeckass acTPOHO-
MTIsI, KOTOpast BBOJUT HEKYIO BOOGPasKaeMyto
chepy Ha OTPOMHOM PACCTOSTHUU OT 3€MJIH,
MHOTO GOJIBIIIEM, YeM PacCTOSTHUE OT 3eMJIn
1o Commra. [lefictBuTesbHO, gake OJMsKail-
mast k CoJTHITYy 3Be3ia HaXOINTCS OT HAc Ha
paccrosiiuu B 270000 pa3 6oJibiiem.

AsnxxeHne ConHua
B reoLeHTpuYeckon cucreme

[lBmxenne Cosaiia mo HebGecHOi cdepe B
FeOIEHTPUYECKOIT CHCTEME NMEET HEelpoCTOi
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xapakrep. HalGuogaioress Ba rnepuognyec-
KUX IUKJIA IBVKEHIS W I3MEHEHUST YTJIOBBIX
koopauHaT. OIMH ITUKJ — CYTOYHBIN, B KOTO-
POM MOKHO (DUKCHPOBATD MAaKCUMATHHYIO
BbicoTy TozHsATUsT COJIHIIA HAZl TOPU3OHTOM
(Mm MUHMMAJIBHYTO JJIMHY TEHH OT BepPTH-
KaJbHOTO €T0J6a). A APYToOi UK — ro/uy-
HBI, B KOTOPOM 3Ta MaKCHMaJIbHasT BBICOTA
(kympmuHanuonnoe noJsoxkenne Conmia) B
TeYeHUe rojia MepeMeniaeTcss OT HEKOTOPOro
MHUHUMYMa /10 MaKcuMyMa u o6partao. Ecom,
HarpuMmep, Ha mMupote MOCKBBI 22 nerabpsi
KyapMuHaIms CoTHIIA COCTABJISIET yToT 16, 5°
C TIJIOCKOCTBIO HEOECHOTO 9KBaTOpa, To 21 Map-
Ta u 22 ceHtsa6ps artor yrosa paseH 40°, a
22 nioHst — 63,5°.

OXpy>KHOCTD, TPOBE/ICHHAS Ha HeGeCHOI
chepe dvepe3 3TU TOUYKU, HOCHT HA3BAHUE
«3kaunTuku» (0T JpeBHErpevyecKoro
¢xhely{{ — sarmenue). EcrecTBenno, 4ro
BpeMsi MOJHOTO Tepemenenust CoJHIIa 110
AKJINIITUKE COCTABJISIET TO/, & MECSTYHOE YTJI0-
Boe nepemelrienue pasHo 30°. OkasbiBaeTcs,
YTO MEPIEH/IUKYJISIPHAs KPYTY 9KJIUITUKY ee
0OCh HE COBIIAJAeT C OChIO BpallleHUs 3eMJIn
WUJIN, YTO TO JK€ CaMOe, OCh BpallleHust 3eMJin
He TIePIIEHNKYISPHA TIJIOCKOCTH €€ COJTHEY-
HOU OPOUTBI, a COCTABJISET C Hell yroa 23,5°.
ITOT YroJ W SBJSETCS TPUYUHONH CMEHDBI
BpeMeH rojia. [Ipoctoe ciecTBre — Ha MIAPO-
Te 23,5° B BBICIIIEl Ky IbMUHAIIMOHHON TOYKE
(B mosnennb 22 wions) CoJHIIE HAXOIAUTCS
psIMO HaJl roJioBoit. Hamomuum, 4to atort
(haktT Bo BTOpOM Beke /10 Haieil apbl ObLI
HCTIOJIb30BAH MaTEeMATUKOM U acTPOHOMOM
AHTHYHOCTH JPATOCHEHOM LIS ONIpe/Ie/IeHUST
pasMepa 3eMJIn.

W3 nakjgoHa 3eMHOI OCH BBITEKAET elle
onuH (pakt. B MOMEHTBI MaKCUMAIBHOM COJT-
HEYHOW KyJbMHUHAIIMN HA 3eMmJie — CcaMbli
JJINHHBIN /IeHb, & B MOMEHTbI MUHUMAJIbHOU
KyJbMUHAIIUU — caMmblii KOpoTkuit. CoBep-
[IEHHO OYeBU/HO, YTO CYIIECTBYIOT TaKue
[IPOMEXXYTOUYHbIE KYJbMUHAIMU, JJ KOTO-
PBIX BpeMst [IHST paBHO BpeMenu Houn. CooT-
BercTByionme M BecHoit — 20(21) mapra,
ocenbio — 22(23) ceHTAGPsA. ITH JHU MOJTY-
yn/IM HasBanue AHeil papuogencTus (tounee
OBLITO GBI CIOBO <«PaBHOHOUYEEHCTBUEY ).

A [OHM MaKCUMaJbHOU U MUHUMAJIbHON
KyJbMUHAIUN HA3BAJU JTHSIMU COJTHIIECTOSI-

uust (sietnero u 3umuero). [Toyemy oHn Tak
HasblBaloTCA? Jleqo B TOM, UYTO CKOPOCTb
u3Menenst ckaonenust Costaia (uim, apyru-
MM CJIOBaMH, yTJI0Bast CKOPOCTb BOOOPasKae-
Moit smuHun ot 3emum kK CosiHILy) B JiHU
PaBHOJICHCTBHUI 3HAUNTENbHO 6OJbIINE, YeM B
JHW COJHIIECTOSHUI. 3a 5 CYTOK /0 WJN
110CJIe PAaBHOJEHCTBUA MaKCUMAaJIbHOE CKJIO-
Henue CoJiHIIa U3MeHseTcs Ha 4 rpajyca, 4To
XOPOIIIO 3aMEeTHO Ha HeGe. A 3a Te Jke 5 CyTOK
OT MOMEHTA COJIHIIECTOSIHUSI CKJOHEHUe U3-
MeHsIeTCsI BCero JINIIb Ha 2 yIJI0Bble MUHYTDI.
ITO 1 co3/1aeT BlevyatieHne HeKOTOPOro «CTo-
auusgy» CosHLa JeTOM U 3UMON B MOMEHTbI
€To KyJIbMUHAINH. Y 6EANTHCS B 9TOM JIETKO,
o6paTuB BHUMAHUE Ha TO, YTO JIJIUTEIBbHOCTD
CBETOBOTO [IHA € TOYHOCTBIO JI0 O/IHOM MUHY-
TBbI O/{HA U Ta XK€ B TeUeHUe HeCKOJIbKUX JHel
B paiioHe JIETHErO COJIHIIECTOSIHUSA, a BO Bpe-
MsI PaBHOJIEHCTBUIA JieHb paBeH Houn (¢ TOY-
HOCTBIO /I0 MUHYTBI) He GOJIbIIE [BYX CYTOK.

Bo3HuKHOBeHMe acTponormu

¥Yike oTMevasnoch, UTO <«KOOp/UHATAMU»
nososkenust Counia Ha HebecHO# cdepe B
MOMEHTBI €r0 MaKCUMAJbHOI'O IIOJ{beMa B
JIDEBHOCTH CJIy:KuJn co3Be3qaus. U okaza-
JIOCh, UTO Ha KaKbIN MECSTUHBIN CIBUT TT0JIO-
sxenns Connna wa sxaunruke (30°) nmpuxo-
JUTCS OAHO co3Be3ame. 113 12 aTux co3Bes-
it 7 uMesn HazBauus KuBoTHBIX (OBeH,
Temen;, Pak, JleB, Ckopmmon, Kozepor u
Ppi6br). TT0aTOMY BCsI 9KJIMITHKA MOJTYYHIA

Cmpeney
Kosepoz SELERS

Capricorn Cxopnuon

Scorpio

Aquarius_ .
B()()o.‘[eu/ yp
Z

Pisc/es
Puvibwl

Aries
Osen

Taurus Cancer
Teney, w Pax
Gemini
b ausneuwt
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B QHTUYHOIl JIPEBHOCTU HAa3BaHUe Kpyra 30-
nnaka (0T apeBHErpeueckoro {MO — KUBOT-
HOe), a Kaxjoe M3 12 cosBe3auii crajo
3HAKOM 30/iMaKa.

Eme B rry6okoit gpeBHOCTH <«HabJII01aTe-
g Hebay 3aMETUJIM, YTO Ha HOYHOM Hebe
HEKOTOPBbIE OGBEKTHI BEAYT ceOst He Tak, Kak
BCE€ MHOTOYHCJICHHBIE OCTAJbHbIE CBETHUJIA,
OCTAIOINeCs Ha CBOMX MeCTaX. ITH OOBEKTDI
MepeMeIaninch, Mecsiil OT Mecsia monajaas B
pastble CO3Be3[Usl, MPUYEM MePeMEIeHs
9TH GbLIN OYEHb HEMPOCTHIMHU, WHOT/A Ia’Ke
C BO3BPATHBIM /[BUKeHueM. Bee oM oy du-
Jin uMeHa 6OroB, Mbl 3HAe€M UX B JJATUHCKOM
3Byyanun — Mepkypuii, Benepa, Mapc,
[Omurep n Carypu. B 6oskectBernoCTH JIyHBI
u CoJiHIla, TOXKe TepeMeIaBImxcs mo Hedy,
C JPEBHEHTINX BpPEMEH COMHEHUI He OBLIO.
Bce atn 7 mepeMermaomuxcst 00bEKTOB TPEKH
Tak n HasBaam «Oaysxaaommmuy (TAavnm{
[O-TPEYECKN) .

®Daxr nepemernienuss CosHia mo kpyry 3o-
JIaKa B COYETAHUU C U3MEHSIONUMCS T0JI0-
JKEeHUeM TLIAHeT Ha 3Be3JIHOi cdepe Jiersu B
ocHoBy actposioriu ( 0T rpedeckux o.{Tpov —
3Be3a u Aby{ — MbICJIb, CJIOBO). ACTPOJIOrU
MOCTYJIMPOBAJH, YTO Ha cyAbOy Jozeil, Ha-
YHHAs ¢ MOMEHTA POXK/IEHIS, BIHSIOT TTOJIO-
skennst CoJtHIIA U TITIaHeT Ha HeGecHolt cdepe.
A 5TH TIOJIOKEHUST MOXKHO TIPE/ICKA3bIBATD.
[TosiBUJIMCH acTPOJIOTHYECKUE TIPOTHO3BI.

MoskeT BOSHUKHYTD BOIIPOC: KaK Ke JIPEB-
HUE aCTPOJIOTU OTPEIENSIN 30/InaKaJTbHbIe
CO3Be3/IusI, B KOTOPbIX Haxo/uaoch CoJrrile B
MOMEHT €ro CyTOYHO# KyJabMuHaImu? Beab
JIHEM 3Be3][ He BUJHO, OCOGEHHO BOJIM3U
Connna. Ho okasbiBaercst, uTo J[HEM CO JHA
riay6OKOro ¥ y3KOr0 KOJIOJAIA IIPEKPACHO
BU/IHBI 3Be3/IbI U co3Be3ans. HyXHo TogbKO
6bITO UMETDb TaKhe KOJIOAIIBI, TPOPBITHIE MO/
Pa3HBIMU yTJIaMH K 3¢€MHOHN MOBEPXHOCTH. A
Korjga ObLIN M300PETEHBI TIePBbIe YTJIOBBIE
U3MEPUTETbHBIE MHCTPYMEHTBI, KOJO/IITBI CTa-
JIN HeHY>KHbIMI. HoUbio MOKHO OBLIO OTIpe-
JIeJTTD TO CO3Be3/ine, KOTOPOE HAXO/UJIOCh
na ne6e 1mMoJ yrioM, U3MEPEHHbBIM JHEM [
nosioskenust COJHIIA B MOMEHT ero HaWBbBIC-
IIIETO 0/IbeMA.

CHavasia 9TH U3MEPEHUsT IPOBO/IINCH BO
BPEMSsI JIETHETO COJTHIIECTOsTHUs (MaKCcuMaJIb-
HBII yroJ nogbeMa CosTHIIA T MUHUMAJTbHAS
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CKOPOCTD €T0 MEePEMENEHHS 10 SKJIUNTHKE ),
YTO W OIPEEJAI0 HAadaJbHOE TOJOXKEHTE
Comaita Ha 3oauakaiabHoM Kpyre. Ho yco-
BEPIIEHCTBOBAHUE M3MEPUTETHHBIX WHCTPY-
MEHTOB rpedeckumu actposioramu (ux B I'pe-
MU CTaJM dYallle Ha3blBaThb ACTPOHOMAMM)
[I03BOJIIJIO TIPOBO/IUTD TOYHbIE U3MEPEHUS U
B /IHU BECEHHEIO PABHOJEHCTBUSA. ITO IMPO-
nsoiiao csbiire 2000 ger Hasazx, korga CoJi-
HIle Ha6momanoch B co3Besauu OBeHa, n
OBLIIO C/IeJTAHO BO BTOPOM BEKE 10 HATIEH HPbI
IPEYECKNM ACTPOHOMOM, MaTEeMATHKOM U
MexaHukoMm [wunmapxom. I mmenHO Torma
ObLJI CO3JIaH TOT ACTPOJIOTUYECKWIT KaHOH,
KOTOPBIM TOJb3YIOTCS U COBPEMEHHBIE aCT-
poJIoTH.

Ho 3arem I'mnmapx Ha ocHOBE CBOUX TOY-
HBIX M3MEpeHMil Ipuilesa K HeOXUJIAHHOMY
BBIBO/IY, 4TO Ha HeGecHOI cdepe TOUKa KyJIb-
muHaiu CoJIHIIA B /IeHb BECEHHEIO PaBHO-
JICHCTBUSA ME/IJICHHO IIepeMeliaeTcsl BJ0JIb
9KJIUNTUKU. CKOPOCTb 3TOrO IepeMeleHHs
HeBesmKa. Ha ofgwH rpagyc ayru ata TOYKa
nepemeriiaetcst 3a 72 roga. Ho 3a 1000 ner
acTpoJIOTMYecKnX u3MepeHuil o I'mmmapxa
repeMeriieHne cocTaBuao yke 14 rpaaycos.
A 3a 26000 siet oHO cocraBUT Ha HeGECHOM
cdepe yxxe mosmbiiit kpyr B 360°. Tmnmapx
Ha3BaJl 3TO SBJICHNUE MPe/BAPEHUEM PaBHO-
nerctsuil (MO3/iHEE MOSBUJIOCH JIATHHCKOE
CJIOBO precessia, B GYKBAJbHOM MEPEBO/lE —
[Pe/IIeCTBOBAHNE) .

Own6KKN acCTpoJIoroB U UX ropockonos

OTxportie ['mmmapxom mpeaBapeHns pas-
HO/IGHCTBWI O3HAYaeT, YTO JIaThl PaBHO/EH-
CTBUH M, COOTBETCTBEHHO, NoJi0keHne CoH-



KAJEHAAPD U ACTPOHOMMNUA

1la Ha SKJUITUKE OTHOCUTEJIbHO CO3Be3quil
TOKE JOJKHBI M3MEHSTBCS — MPUMEPHO Ha
onuo co3spesaue 3a 2000 ner. Ilpu asrom
JIOJDKHA MEHSITBCS U JITUTETbHOCTD MPeObIBa-
nust CoJTHIIA HA «yYacTKe» TOTO WJIM UHOTO
cosBe3nus. Bo Bpems lmnmapxa ara Ju-
TEJTBHOCTh KoJebanach B mpenenax 28—30
JTHETT, 9TO 1 3a(PUKCUPOBAHO B ACTPOJIOTHYEC-
KOM KaHOHE, KOTOPBIM TMOJb3YIOTCS 0 CHUX
mop. Ho B Hamie BpeMsi 3TO COBEPIIEHHO
JIpyTas IJIMTETbHOCTD, OHA ceifyac KoreOaeT-
cs B 1pesiesiax ot 8 10 44 nuHeil.

Mauro Toro, Ha COBpeMEHHOI KapTHHE 3Be3-
JTHOTO Heba COTHEUHAST SKJIUIITHKA TTepeceKa-
et yxe He 12, a 13 cosBe3puii. B uncio
3HAKOB 30/IMaKa Terepb BXO/UT M CO3BE3/I1e
3meenocua (¢ 30 nosa6ps no 18 gexkadps). U
JIaTbl POKJIEHUS COBPEMEHHDBIX JIIO/IEN COOT-
BETCTBYIOT cOBceM ApyruM (coceiHUM) 3Ha-
KaM 3o/uaka.

W3 9TX HEOTTPOBEPIKUMBIX ACTPOHOMUYEC-
KUX JAHHBIX CJEIYET, YTO BCE ACTPOJIOTHYEC-
Kue nporuossl (ropocKorbl) 0 cyabbax Jio-
Jiell, onpe/ieisieMbie 10 CTAPUHHOMY, JIBYX-
TBICSTYeJIeTHEll [TaBHOCTH, KaHOHY, ceiuac
6ECCMDBICJICHHDI, a €CJIU U ObIBAIOT COBIIAJC-
HUSI, TO OHU YHCTO BeposiTHOCTHBIE. Ho Beb
U3BECTHO, YTO BBIJAIONIIECS ACTPOHOMBI 3110~
xu Bospoxaenust 1 HoBoro Bpemenu toxe
COCTABJISLIM aCTPOJIOTMYECKUE TTPOTHO3bI. U
9TO OBLIO AJd HUX €JUHCTBEHHDBIM MCTOYHMN-
KOM CpEJICTB JIIsl JKU3HM, a TJIaBHOE, JIJIs
npuobpeTeHnss HeOOXOUMBIX TPUOOPOB 1
WHCTPYMEHTOB. BiactHble m 6orartblie JIoan
e/IpO IJIATUJIM 32 TOPOCKOIIbI, OCOGEHHO
ecau onu cObiBasiuch. Hamnpumep, mnpejuiie-
CTBEHHHMKY Kerepa marckoMy acTpoHOMY
Tuxo bpare xoposab [lanun Opugpux I
TTO/TAPII TIEJTBII OCTPOB ¥ TIOCTPOWLT JIJIST HETO
3aMOK Y paHueHO6ypr, OCHAIEHHBI CaMbIMU

JIyUIIIME TIpUGOpaMu JUIsl U3yueHus Heba
(Ypanust — mysa acrponomun). Voranny
Keriepy mpummceiBaioT Takue ciaoBa: <Ac-
TPOJIOTHS — JI04b actporHomMun. EcrecTBento,
4TO JI0Yb I0JIKHA KOPMUTD MaTh, KOTOpast 6e3
Hee ymepJa Obl ¢ rosony». Ho MHOXecTBO
ACTPOJIOTOB HUYETO HE CJIEJIANN T0JIE3HOTO B
ACTPOHOMNUM, & MOIMPOCTY 3aHUMAJUCD TIPH-
OBLIIBHBIM JIEJIOM.

MpuunHa nNpeaBapeHUsi paBHOAEHCTBUM

Tunmapx gorazgpiBajicss, 4TO OTKPBITOE UM
SABJICHNE TIpe/BapeHisl PaBHOJACHCTBUI CB4-
3aHO ¢ BpalleHueM 3eMJIl BOKPYT CBoel ocH,
B 4eM OH ObLJT yBepeH, KaK W ero Ipejle-
cTBeHHUK Apuctapx Camocckuii. Kakoa xe
CBSI3b BPAIICHUST 3eMJIN C 3THM SIBJCHUEM,
KOTOpOE B PUMCKOE BpeMs CTaUd Ha3blBaTb
mperieccueii?

3amernM, yTo X VIII Bexe yuenbie HazBaan
9THUM CJIOBOM JIPYTOe€ SIBJICHUE, XapaKTepusy-
Iolllee BpallleHue MACCUBHbBIX TeJI, MMEIOINX
B JIAaHHOH cucTeMe oTcyeTa OJIHY HEIO/IBUIK-
HYI0 TOYKY, — THPOCKONOB (BOYKOB). ITO
ABJIEHNE 3HAKOMO KasK/0My ¢ jercTBa. [Ipu
HaKJIOHE WUTPYyLIeYyHOro BoJdka (10Jb1) och
BpalllcHud HAYWHAeT OINKChIBATH KOHMYEC-
KYI0 TIOBEDXHOCTb. ITO MPHUAAET YCTOWYM-
BOCTb I10JI0KEHUIO BOJIUKA, IIOTOMY UTO CPe/l-
Hee T10JI0’KEHUE BEKTOPA OCH OCTACTCS BEPTH-
KaJbHbIM. BpamiartenbHoe JBUMKEHHE OCHU
BOJIYKA €CTb CJIEeJCTBUE 3aKOHA JUHAMUKU
BpallaTeJbHOrO JBUXKEHHS TBEpAOro TeJa.
Ha 06b1uHbBIf BOTIOK AeHiCTBYeT MOMEHT CHJIBI
TSKECTH, IPUJIOKEHHON K LIEHTPY Macc BOJI-
uyka. BekTop atoro Mmomenra Bce BpeMs ocTa-
eTcd TEepIEeHINKYJJISPHBIM OCH BpAaIleHus,
YTO ¥ BBI3BIBAET TOBOPOT 3TOM OCU. A TTOCTO-
SIHHDBIN IIOBOPOT OCH 1 O3HAYaeT ee BpallleHue
(nperteccnio). YriaoBast CKOPOCTb IPEIECCHn
BCer/1a 3HAUYNTEJIbHO MEHbIIIe YTIJIO0BOI CKOPO-
CTH €aMOI'o BOJIYKA.

ACTPOHOMBI IIPUMEHNJIM 3aKOHBI IIpelec-
CUM THPOCKOTIA K Bpatmaronieiics 3emie. s
3eMHOr0 IIapa BpallalolUM MOMEHTOM MO-
JKET OBITb TOJHKO CYMMAapHBIIT MOMEHT CHJI
TATOTEHUST MEXAy 3eMsell W MacCHBHBIMU
TeJIaMH COJTHEUHOH cucTeMbl — caMuM CoJtH-
1ieM, Jlynoii u muianeramu CosTHEYHON cucTe-
Mbl. Ecim 6b1 3emitst umesa ¢popMy Hjaeasb-
HOTO OJIHOPOJIHOTO I1apa, TO MOMEHT 3TUX
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cuJ1 6bLT GBI paBeH HYJTIO, TIOTOMY UTO BCE 3TH
CUJIBI MOKHO ObLJIO ObI CUUTATD TIPUJIOKEH-
HBIMU K ee TleHTpy. Ho 3emusia He map u He
a6COJTIOTHO TBEPIOE WIEAJTBHO OJHOPOHOE
TeJio. Bparenne 3emiin NpuBOUT K CILIIOC-
HYTOCTH Yy TIOJIIOCOB, €€ HKBATOPUATHHBIN
paanyc Ha 20 KUJIOMeTPOB GOJIbIINE OIS PHO-
ro. ATa NpuYruHa U HEOHOPOHOCTb 3eMHOTO
BEIeCTBA MPUBOAAT K HEPABEHCTBY HYJIO
CYMMapHOTO MOMEHTA CUJI TATOTEHUS CO CTO-
ponbl 06bekToB CostHeuHolt cuctembl. OH 1
BBI3bIBAET Ipeleccuio 3eMHoil ocu. Tak Ha-
3bIBAEMbIE «TIOJIIOCHI MUPA» , TIPOEKITHH 3EM-
HOIT ocu Ha HeOecHY10 cdepy, epeMeInanTcs
110 HEH, ONMMCHIBAsT OKPYKHOCTU C YTJIOBBIM
pacTBOpPOM JABaXK/IBI 110 23,5° . B resmoreHt-
puvecKoii cucreme, rae HernoABu:kHO CoOJTH-
1le, 3TO COOTBETCTBYET YTJY MEXKIY OChIO
BpaleHusi 3eMJIH | TJI0CKOCThIO 3€MHOI Op-
6uTBI. BpIle y:re 0TMEUaI0Ch, UTO 9TO U €CTh
MpUYUHA CMEHbI BPEMEH TO/IA.

Ocb BpaleHust Me/IJIEHHO, HO BEPHO MOBO-
pavymBaeTcs, yrJoBasi CKOPOCTb 3TOTO TTOBO-
poTa COOTBETCTBYET IEepPUOAY BpalleHUs
26000 ner. U Bpemena rojia JOJKHbBI TaK JKe
MeJIJIEHHO TePEMEIAThCS 110 TOJAUYHOMY Ka-
JIEHJIapI0 — MIPUMEPHO HA MeCcsIl 3a KaK/ble
2200 set. VI coOTBETCTBEHHO 3TOMY JIJIST KasK-
noit Mectnoctn Ha 3emuse (ee reorpadude-
CKOI THPOTBI) OyJieT MEHAThCA KyJIbMUHA-
IMOHHAas cyTouyHast Bbicota CoJIHIA HAJ TO-
PU30HTOM U CPEIHETOJAMYHOE 3HAUYEHUE ITOM
BBICOTHI, T.e. Oy/JeT MEHATbCS KauMaT. Bos-
MO’KHO, YTO TO U €CTh IIPUUNHA TIEPUOTTYUEC-
KOT'O IIOSIBJIEHUSI U MCUE3HOBEHUS TaK Ha3bl-
BaeMbIX MAaJIbIX JIEJJHUKOBBIX [EPUO/IOB B
yMepeHHbIX mpoTax (Apyras BO3MOKHAs
MPUYUHA — JIOJITOTIEPUO/IHBIE U3MEHEHUST COJI-
HEYHO} aKTUBHOCTH).

CoBepIlleHHO OYEeBUHO, YTO TIpereccus
3eMHOI OCH JTOJIKHA HAXOAUTh KaKOe-TO OT-
paskeHue B KaJleHJAAPHBIX CHCTEMAX, TIPEK/Ie
BCEro B TaKWX, KOTOPbIE CBSI3aHbI CO 3BE3/I-
HbIM HEeOOM, HalpUMep B acTPOJIOTHYECKOM
KaJeHgape. B 1pyrux kajgeHgapsix oHa BHO-
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cuT HeGOJBIIYIO TONPaBKYy M HUKOTAA He
YUUTBIBAIACH BILJIOTD /IO COBPEMEHHOTO, IPH-
TOPUAHCKOTO KaJieHaps. B aTom kasenmape
HCTIOJb3YETCST TaK Ha3bIBAaEMbIil MCTUHHBIN
WJIN TPOTIMYECKHIT TOJ, AJUTETHHOCTb KOTO-
POTO OTpeIeNIIeTCST KaK MPOMEKYTOK BpeMe-
HU MEXY JABYMS MOCJEI0BATETHHBIMU MPO-
xoxxjenusaMu 1entpa aucka CosHila dyepes
TOYKY BECEHHETO paBHOAEHCTBUsA. Tem ca-
MbBIM, BJIMSTHUE TIPEIECCUN 3eMHOM OCH TIpH
9TOM y:Ke yuTeHo aBromarudecku. U mpobiie-
MO Pa3pabOTKKM COJHEYHBIX KaJeHaapei
CTaHOBUTCSI COTJIACOBAHNUE JIJTUTETLHOCTH TPO-
[IMYEeCKOTO ToJla C JJTUTEJbHOCTHIO CYTOK.
JlymTeIbHOCTD TPOMUYECKOTO TO/Ia B COBpeE-
MEHHYIO 30Xy cocTaBJisteT 365, 2422 cyTOK.
U sta «mobaskay 0,2422 noakia ObITH OJI3-
KO K HEKOTOPOMY PallMOHAJTBHOMY YHCIY —
OTHOIIIEHNTO T[EJIBIX UMCEJI.

B crarbe B.I.Cypauna «Bucokocnoe Je-
Tocuucjenne» B cOoOpHuUKe «Martemaruuec-
kas cocrtasisionasy (M.: @oux «Martema-
TIYECKHUE STIOAbI» ) paccMaTpuBaeTcs 00mui
[IPUHITHII TIOCTPOEHNUST KaeHapeil Ha OCHOBe
MaTeMaTHYeCKOTO armapara 1o/l Ha3BaHueM
«IernHbie IpoOuy. BbrumcieHHbie ¢ MOMO-
IO ATOTO almapara paruoHaJbHbIe 106aB-
ku cocrapisior (B cyrkax) 1/4, 7/29, 8/33,
31/128... 10 03Havaer, 4To K 365 CyTKaM B
KaJeHJADHOM TO/Y JOJUKHBI J0OABJSTHCS 1
CyTKHM pa3 B 4 rona, 7 cyTok — pa3 B 29 jer,
8 cyrok — pasz B 33 rona, 31 cyrkn — pa3 B 128
siet u T./1. CpeiHero1oBasi NOTPEIHOCTb MPU
aToM OyzieT Bce MeHble n Menbine — 11,25
MUHYTBI i apobu 1/4, 70 cexyHm mmis
npobu 7/29, 20 cekyun aas apobu 8/33 u
qyTb MeHbIne 1 cekyH/ b A1 1pobu 31/128.

Uuraresp yKe cpa3y 3aMeyaeT, uTo Bapu-
anT ¢ 1/4 — 3T0 ¥ ecTbh I0JMAHCKUHT KaJeH/aphb
C €r0 «BUCOKOCHOI» 106aBKOil 29 deBpasist
1 pa3 B 4 roma. A 4TO Xe Takoe HBIHETTHUH
IPUTOPUAHCKWI KaJleH1aph ¢ 9TOI MaTeMaTH-
ueckoil (apudmernueckoii) TOUKN 3peHyist?
OTBer Ha 3TOT BONPOC — BO BTOPOW YacTH
CTATDH.

(MpononxexHmne creqyer)



CTVUXOTBOPHbIX Pa3Mepax

A4 DYKC

BIIEM3BECTHO, UTO BOJIBITMHCTBO

PYCCKHUX CTUXOB TTOYNHSAETCS CUITA00-
TOHUYECKOMY cTpoio. I'py6o roBopsi, 310 03-
Havyaer, 4TO B KaKIAOH CTPOKE CTUXOTBOpPE-
HUST MEKY COCEIHUMU yIAPHBIMU CJOTaMu
pacriosiaraercst oJ{HO u T0 e (puKcupoBan-
HOe /ISl JAHHOTO CTUXOTBOPEHUS) HUCJIO
6e3y/1apHbIX CJIOTOB U MIEPBOE yAapeHue mpu-
XOJIUTCS Ha OJIUH ¥ TOT K€ TI0 TIOPSI/IKY CJIOT.
Hampumep, B ctuxax, HalMCAaHHBIX HanbO-
Jiee pacrpoCTpaHeHHbIM B PYCCKOM 1M033un
pasmepoM — sIMOOM, BCe YETHbIE CJIOTH KasK-
JTO¥ CTPOKY JTOJKHBI ObITH YIapHbI, a HEYET-
Hble — 6e3y/1apHbI:

Jlo6.16 mebsi, Ilempd meopénve. ..

Jlerko 3ameTuTb, OJHAKO, YTO CHOPMY.JIH-
POBAHHOE TIPABIJIO HYXK/IAETCS B YTOUHEHU-
sx. TTorpo6yeM, HATIPUMEP, € €r0 MOMOTIHIO
PAaCCTaBUTD yIaPEHUsI B ATAJOHHBIX CTPOKAX
pycckoro simba:

Moii 0si0st cdmblx uécmuvLx NPAsUL,
Kozdd ne 6 wymxy sdanemoe...

Mpbr Habumoaem c60u B 06€ CTOPOHDBI: CJI0BA
MOU M He BOBCE He TOJIYUYUJIH YIapEHUii, a B
CJIOBE 3dHeMoz X OKa3aJioch aABa. Eciam Mbl
po/BUHEMCS B uTeHnn « EBrernst OHerntas
(nu «MeaHoro BcagHuKay ) JaJbliie, TO Mbl
YBUIUM, 9TO 9TH OTKJIOHEHUS OT [TPABILIA BCE
’Ke He BIIOJHE TPOW3BOJbHBI. MmeeTcss B
JIENCTBUTETHHOCTH TOJIBKO OJHO OTpaHmue-
une. Yto6bl ero copmympoBarh, 3aHyMe-
pPYeM B KQK/JOU CTPOKE CJIOTH IO TIOPSIKY.
Toraa eciu oguH nan 60jee CJI0roB HEKOTO-
pOro cJioBa TOJIydaT YeTHbIE HOMepa, TO
Cpe/id 3TUX CJIOTOB JIOJIXKEH MTPUCYTCTBOBATD
YAAPHBII CJIOT 3TOro cJI0Ba. BbicKas3biBaHMe
«CTUXOTBOpPEHHUE HAITUCAHO SIMOOM»> B TOUHO-
CTH O3HAYAET, YTO BBITIOJHEHO ITO YCJIOBHE.
Y6enutech B KauecTBe YIPAKHEHUS, UYTO
«EBrennit Onernn» nammucan amooM, a «Ba-

Ony6smkoBano B «Kanre» Ne2 3a 1988 roz.

cumii Tepkun» — ner. (Ycepamblii unta-
TeJIb, KOTOPbII IPOJABUHETCS B UCCJEI0BA-
nun «EBrenus OneruHas JOCTaTOYHO Jiajie-
KO, BO3MOKHO, Oy/IeT 06eCKypakeH ero 26-it
crpokoii. OH HalijileT pa3bsCHEHNE B CJIEyTO-
neM TyHKTe, MpaB/a, HAMMCAHHOE MEJTKUM
mpudTom. )

Onpeaenenne pazmepa. Mbl TIOCTYJINPY-
€M, 4TO paccMaTpuBaeMblil TekcT (cTmxm)
paséuT Ha CMPOKU, CTPOKN PA3OUTBI HA C.10-
6a, cocrosiue u3 c10z206 (CJI0Ba THNA <«B»
WJIH <K» Mbl uTHOpUpyem). CJIoru B Kaska0i
CTPOKE 3aHyMEpOBaHbI MO/PA/, HAYMHAS C
nepBoro. OJMWH M3 CJOTOB KasK/OrO CJIOBA
aBasiercs: yoapuvim (910 TOT CJIOT, HA KOTO-
PBIif aIaeT yAapeHne Tpyu 0ObIYHOM YTECHUN
CJIOBA).

Kak mnepeako ciydaercss ¢ aKCHOMaMHM, 3TO
YTBEPIKJAEHUE JIUIIb TPUGIKEHHO OTpaykaerT Jeii-
CTBUTEJIBHOCTD. BO-11€pBBIX, OBIBAIOT CJIOBA C /IBY-
Ms (1 Gosiee?) yIapeHusMu: camozoHosapenie,
dsosxonepuoduyeckui w T.1m. OpHaKo, 31O —
JUIMHHDIE, HEYKJIOJKUE CJIOBA, KOTOPBIE PEIKO
BCTPEYAIOTCS B CTUXaX. BO-BTOPBIX, B HEKOTOPBIX
CJI0BaX, TaKUX KakK uju, uepe3, neped W T.II.,
yAapeHue MOXKeT TIePeMeCcTUTbCS Ha JAPYTOH CJIoT.
DTO YacTo TMPOUCXOAUT B CTHXAX, IPUMEPOM
MOJKET CJIY>KUTDb yIIOMUHaBInasgcs 26-g cTpoka u3
«EBrenna Owuneruna» — Hau 6aucmanu, mou
yumamesv; BcuoMHuTe eite Yepes aeca, uepes
Mopsi KoadyH Hecem Gozamuvipsi. Taxoil nepeHoc
y/lapeHusi BO3MOKEH M B Pa3rOBOPHOI peun —
craxxure: «Teder peka, yepe3 Hee nepeGpoIleH
MOCT», ¥ BBl YCJDBIIINTE, 4YTO B CJOBE uepe3
yaapeHne TajaeT Ha BTOPOH cjor. B-Tperhnx,
HAKOHEIl, HEKOTOPbIE TPYIIIbI CJIOB, HAaIpUMep
«HA 1oM» B (ppase «3ajiaHue Ha JOM», 06pa3yloT
TaK Ha3blBa€Mble PUTMUYECKUE TPYIIIIbI, KOTOPbIE
cJIe/IyeT MPUPABHUBATH K CJIOBaM. Mbl HTHOPHPY-
€M 3/leCb BCEe 3T AHOMAJIUM, BBOJS CJe/yloliee
30JI0TO€ TPaBUJIO: Bce (OpMyJHpyeMble HIDKe
[paBuIa MMEIOT MCKJIOYEHUS, HYXKHO TOJIBKO
4TOGBI YMCJI0 ATUX UCKIIOUEHUN OBLIO MAJIO.

3adukcupyeM /1Ba HATY PATbHBIX YUCJIA 12 1
k <n W OTMETUM B KaXK/JOW CTPOKE CJIOTH C
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Homepamu k, k +n, k+ 2n, ...; aTu ci0TH IO
ONPE/IENICHUIO CUUTAIOTCS CULLHBLMU CI02d-
mu (n,k)-pasmepa. ToBopATr, 4TO CTPOKa
noduunsiemcs (n,k)-pasmepy, ecau BbIIOJ-
HEeHO crefyomee ycaosue! :

Ecin HEKOTOPOe CJI0OBO COAEPKUT XOTS
6bI oMH cuabHbIi caor (n,k)-pasMepa, TO
W €ro yAapHbIA CJOT SABJISETCS CUIbHBIM
cnorom (n,k)-pasmepa. JIpyrumu cJosa-
MU: €CJIM yIaPHbIN CJIOT HEKOTOPOT'O CJI0Ba
He SIBJISIETCS] CUJIBHBIM, TO 9TO CJIOBO BOOO-
Ie HEe COAEPIKUT CHIBHBIX CJIOTOB.

Hamnpumep, o6y aaBiuiicst Boiiie M6 —
510 (2,2) -pasmep.

Cmuxomsopenue noduunsemcs (n,k)-pas-
Mepy, eciin KaK/ias ero CTPOKa NOAYMHSIEeTCs
(n,k)-pasmepy. [Ipu uTeHUN CTUXOTBOPEHUS
CHJIbHBIE CJIOTH BBIIEJSIOTCS 6oJiee NI Me-
Hee OTYETIMBBIMHU yaapenusMu. Ho eme pas
TTOJUEPKHEM: He CJIe/IyeT MyTaTh, I TeM 60Jee
OTOX/IECTBJISTD, CULbHLIE W YOAPHBLE CITIOTH.
CuspHBIR cjor He 00513aH OBITH yIapHBIM
(nepBblii cJ0T C€JI0Ba 3aHeM0z W3 BTOPOIL
crpokn «Eprenna Onernna»), a VJapHBIT —
cunbHBIM (CIOBO Me B TOM K€ CTPOKeE).
[Tomerrieninoe B paMKy MPaBUJIO Kak pa3 u
YKa3bIBAeT, KOT/Ia CHJIbHbIN cJIOT 06513aH GbITh
VIapHBIM, T.€. KOTJa Ha CJOT C OIpe/eseH-
HBIM HOMEPOM B CTPOKeE JIeHCTBUTETBHO Maj1a-
eT yJapeHue IpH MPAaBUJIbHOM YTEHWH.

[Moapo6uee (n, k)-pasmep HasblBaeTcs
N-CIOKHBIM PAIMEPOM € R-il cuavHol do.ell.

Vupasknenue 1. a) /lokaskure, 4T0 €C/in B
cTpoke, nogunHenHoi (n,k)-pasmepy, cuJib-
HBII cJIOr IPUHAJITIESKUT CJIOBY, COJeprKallie-
My He 60JIbIIIe 72 CIOTOB, TO 3TOT CJIOT SBJISI-
ercst yiapubiM. 6) Ecaii B CTpOKe OTCYTCTBY-
I0T CJIOBA, cojiep Kariiue 6OJIblIe 72 CJIOTOB, TO
YCJIOBHE NOJYMHEHHOCTH 9TOM cTpoku (1,R)-
pasMepy PaBHOCHUJILHO TOMY, YTO BCE CHUJIb-
HBIE CJIOTH — yIapHBI.

SaMeTI/IM, YTO Hallla TEpMUHOJIOTUA HE
BIIOJIHE COI'JIaCy€eTCA C HpI/IHHTOIL/'I B CTUXOBeE-

2020/ Ne?

Jennn. B gactHocTH, TO, YTO MbI Ha3bIBaeM
pa3MepoM, 4Yaille Ha3bIBAIOT MEMPOM, A Pa3-
Mep BKJIOYAeT B cebsl ellle ¥ YUCTI0 CUIIBHBIX
CJIOTOB B CTPOKE, WJIM, KaK FOBOPSIT, YUCJIO
cror. Harpumep, M6 — 3T0 MeTp, a MsITH-
CTOIIHBIN SIMO — 3TO pasmep.
Kiaaccuueckue pasmepbl. Kiaccuuecku-
Mu pazmepamu pyccKoi MO93uN IO OTpejie-
JICHWIO CYUTAIOTCS [IBYXCJOKHBIE W TpeX-
CJIOKHDBIE pasMepbl. TakuM oO6pa3oM, Kjac-
CUYECKHUX Pa3MepoB MsITh. BOT nx Ha3BaHus:

Pasmep Haspanue H%Eefp? e%{gca; gra éI)H A
(2,1) | Xopeii [LisicoBoit
(2,2) | dm6 ?
(3,1) | Haxtuab [aser'
(3,2) | Amdpubpaxuii | J[BoskokpaTKuii’
(3,3) | Anamnecr OGparubpiii®

[Ipumepnbl Tpex u3 MATH KJIACCHUYECKUX
pasMepoB Mbl HAaXO[UM B XPecTOMaTUIHbIX
cruxax Ilymxuna.

AMO:

A nommnio uyonoe menosenve. ..
Euwe 00no nocrednee ckasanve...
Vuvinas nopa, oueii ouaposanve...

Xopel:
Byps mzao10 nebo xpoem...

Lapv ¢ yapuueio npocmuicsi. ..
Honzo v mue 2yasmo na ceeme...

AMbNOpaxm:
Cusxy 3a pewemxot 6 memuuue colpoll...

Kaesxas nodo mnorw. Ooun 6 evuwune. ..
Kax nvme coupaemcs seuguii Oxee...

C paktunemMm nam nomo:ket JIepMOHTOB:
Tyuxu HebecHvle, BeUHbIE CIMPAHHUKU. . .

A y HeraCOBa MbI C JIETKOCTbIO HaXO/JHUM
06pa3ub1 BCEX TPEXCJOKHDBIX pPa3MEPOB.

HakTnnb:
B mupe ecmv uapvo,
amom yapv becnowaden. ..
/Ins ne nposodum Maszail 6e3 oxomot. ..

! 910 ycroBue cTHXOBEBI YACTO HA3BIBAIOT
npaeuaom sanpema nepeaxuenmyavuu. OHo Briep-
Bble OBLJIO YEeTKO BBICKA3AHO M3BECTHBIM JIMHTBU-
crom P.fIxo6coHOM B ZBA/ILIATBIX TO/IAX, A 3aTeM
M3y4eHO W PasBUTO B CTUXOBEIYECKIX PabOTax
A.H.KosMoroposa u €ro y4eHuKoB.

2 [Tasen nveer Tpu haianTix: IepBas [IHHHAS,
JIBE J[PyTHE KOPOTKIE.

3 CuabHYIO [0MI0 OKPYXKAiOT JBe CIabbie
(«xparkue») 0.0,

4 OG6paTHblii JaKTHIIO.
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AMBUOpaxmii:
Caspacka yesas 6 noaosune cyzpood...
Ecmob KEHWUHDL 8 PYCCKUX CENEHbAX. ..

AHanecT:

Bwviov na Boaey, ueil cmon pasdaemcsi. ..
Ymo mut sxadno 2aaduws na oopozy. ..

Kaxoii pasamep syume? Ecsu BbI cripocute
y npusitens: «Tbl moanucancs Ha KypHAT
«KBanTt»?», To, cCKOpee Bcero, BBI C/IejaeTe
yIapeHusT Ha CJ0BaxX <IOAMUCAJICST> W
«KBanT», octaBuB 6€3y1apHBIMU CJIOBA <THI»,
«Ha» U «<KypHayn»>. Utoro, 2 yaapenus Ha 9
coroB. S mymaro, aTo HOpMa /I pasroBOp-
HOU pevr: OIHO yjapeHue Ha 4—5 CJIOTOB.
Ecsin Bbl oTBeuaere ypoK WJIM YUTAETE PEYb
no Gymaxke, yaapenuii 6yzer 6osbiie (910
SIBJIEHUE OTUCHIBACTCS CJIOBOM «OyOHUTH» ).
Korma BbI unTaere «c BbIpakeHueM» CTHXU,
yrapernii 6yzneT eme OOJbIIE: RPUMEPHO
mpemy 6cex ca0206 6ydym yoapuvimu. ITO
006CTOSATETHCTBO TTOOYINIIO HEKOTOPBIX KPH-
THKOB BTOPOW TIOJIOBHHBI IPOILIOTO BeKa
c/ieJIaTh BBIBO/I, UTO HamboJ1ee OAXO/ISIIIMI
JUIST PYCCKOTO CTHXOCJIOXKEHUST pasMepaMu
SBJISIOTCST TPEXCJIOKHDBIE Pa3Mephl.

[leiicTBUTEIBHO, TPEXCJIOXKHDBIE Pa3MeEpPbI
3aHUMAIOT 3HAUYUTETHHOE MECTO B TBOPUECTBE
[I09TOB YKA3AHHOTO BPeMEHH, IPeXK/e BCEro
Hexpacosa u ero okpyxxenusi. Ho BepHo u
npyroe. [LyIIKiH oyt He IO Ib30BAJICS TPEX-
CJI0KHBIME pazMepamu: 80% ero CTHUXOB Ha-
nucanbl aMOoM, 15% — XopeeM, a TPEXCII0XK-
HBIMU Pa3MepaMu — COBCEM HEMHOTO, IPUYEM
9TO 10 GOJIBIINEH YACTU MTAPOUH, HTTUTPAMMBI
u 1.1, (CrnpaBe/yiMBOCTH pajii HY’)KHO CKa-
3aTb, YTO CPEAM HEMHOTHX cTUX0B llymKiHa,
HaIWCAHHBIX TPEXCJOKHBIM Pa3MepOM, eCThb
BECHMa U3BECTHDIE; KDOME YITOMSIHY ThIX BbIIIIE
MOXKHO HasBatb Pasdatimecn, 8aKxaivHvl Ha-
negvl..., Cmompio, Kax besymmolil, Ha uepnyo
wanv... n nekoropele npyrue. Keratu, cpenn
TPEXCJIOKHBIX pasmepoB [y kuH siBHOe 1pe/I-
rouyTeHue otaaBa ampuépaxuio; yeM o6 bsic-
HUTH 9TO, s HE 3HAI0.) J[ByXCJIOMKHBIMH pas-
MepaM¥ HATMCAHbl MHOTHE CTUXH JIepMOHTO-
Ba u noutH Bce ctuxu TiotueBa. [Ipemmnoure-
HUE JIBYXCJIOKHBIM pagmepam (a cpeiu Hux —
aMOy ) oTaBajiu Takue coppeMentbie Hekpa-
coBy 1oaThl, kak et 1 MaiikoB, He TOBOPS
y:Ke o GoJiee mo3aHuX 10atax. [lonpoGyem
pasobparbcs, B 4eM MPUYUHA ITOTO.

JIByXCJIOKHBII pa3Mep NPOTHB TPEXCJIIOK-
HOro. Eciu MbI 1pouTeM CTUXOTBOpPEHHE,
HaIMcaHHoe SSIMOOM WJTH XOPEeM, W C/eIaeM
yapeHust Ha BCEX CUJIbHBIX CJIOTaxX, TO MOJIY-
yuTCcd cuntagka. Hampumep:

Buuuen mécay uz mymana,
Buimya noéxux u3 xapmdua. ..

Uro6bl TPUBECTH KOJMYECTBO YIAPeHUil K
HOpME, OTHOCHUTEJbHO KOTODOH Mbl BbIIlIE
cornacumich (onHO yaapenue Ha 3 cJora),
Mbl JIOJIKHBI IIPOIYCTUTb — WJKU IPULJIY-
HIUTD — yJlapeHus Ha 4YaCcTH CUJIbHBIX CJIOTOB.
ITO IPUIAET JBYXCJIOXKHBIM CTUXaM MHOTO
3amMevareJbHbIX KadecTB. [lepBoe m3 Hux —
pasHoo6pasne. B 3aBumcnMocTH OT TOTO, Ka-
KHe WMEHHO CHUJIbHBIE CJIOTH BBIIEJSIOTCS
yJapeHusIMi, CTUXOTBOPHAS CTPOKA MOXKET
3ByYaThb COBEpIIeHHO T0-pa3HoMy. CpaBHU-
TEe, HAIIPUMeEP:
1100 nacoinvio, 80 P8Y HEKOWEHHOM...
(Baok)

Tebe v mens npudemcs XxopoHumo...
(Illexcmup B mepeBome Mapmaka)

TpyHO MOBEPUTD, UTO Pa3MEPbI ATUX CTPOK
OJIMHAKOBbBI, HO T0 Tak! BoJsee Toro, oxto u
TO K€ CTUXOTBOpPEHHWE, HAMMCaHHOE SMOOM
MJIN XOPEeM, MOKET 3ByYaTh B PUTMUIECKOM
OTHOIIEHUN COBEPIIECHHO MO-PA3HOMY Y pas-
HBIX HCTIOTHUTE e, Bropoe kayecTBO — 6111-
30CTb K Pa3rOBOPHOIT peun. Bo3MoxHOCTD He
6apabaHuTb C OJMHAKOBOW CHJION BCE CHJIb-
HbIE CJIOTH TII03BOJIIET MPUTJIYIIUTD PUTM
CTUXA, TEM CAMBIM NPHUOJIM3UB €ro K IIPO3e
€aMOTO BBICOKOTO KauecTBa. JInumo s e Mmory
cebe TIPeNCTaBUTh, KaK <«POMAH B CTHXaX»
MOT ObI OBITH HATTMCAH TPEXCJOKHBIM pa3Me-
pom. Haxownerl, Tpetbe — BBIZICTICHUE YaCTH
CUJIBHBIX CJIOTOB B JIBYXCJIOXKHOM pasMepe
CcaMO MOJKET TIOJUUHSATHCS KaKOMY-HUOY/b
apudmMeTnIeckoMy TPaBUIY, CO3JaBas [10-
MOJHUTETbHBIH puTM. Hampumep, ecam B
CTUXOTBOPEHUH, TOJYNHEHHOM JBYXCJOXK-
HOMY pa3Mepy, IPHUTJIYIIATD BCE YeTHBIE CUITh-
HbIe CJIOTM ¥ BbLAEMUTH HederHble (Mau Ha-
060poT), TO pa3Mep CTUXOTBOPEHUS CTaHET
yeTbipexcokubiM! Ho 06 9TOM MbI TIOrOBO-
PHUM TIOTOM.

KouTp/oBobI TpeXcJ0XHOrO pa3Mepa.
MpbI yske TOBOPWJIM, YTO, YWTas CTUXHU, Ha-
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[ICAHHbIE TPEXCIIOKHBIM PA3MEPOM, MbI [TPHU-
Hy K/IeHbl 60Jiee WM MeHee PaBHOMEPHO
BBIJICJTUTD YaPEHUSIMI BCE CHJIBHBIE CJIOTH.
B pesyJbrare okaspiBaeTcs, UTO CTUXH, Ha-
[HUCAHHBIE OJIMHAKOBBIMHU IO YHCJY CJOTOB
OIHOMMEHHBIMY TPEXCJIOKHBIME Pa3MepaMu,
OYeHb MOXOXKM JAPYT Ha apyra. CpaBHuUTE,
HaIlpuMep:

Tv meepduwn, umo s xo100en,

3aMKHYM U CYX,

Ha, maxum s u 6ydy ¢ moboii:

He 02151 1acK06blx €06 5 GbIKOGHIEAL OYX,

He das dpy:x6 a 6opoacs ¢ cydvboil...

(Baok)

Mue na weio 6pocaemcs 6ex-601K00as,
Ho ne soax s no xposu ceoeil.

3anuxaii mens ayuule, Kax uLanxy, 6 pyxKas
Kaproi wybvr cubupckux cmeneti...

(MaHeabITam)

ABTOpaM CTUXOB, HAITMCAHHBIX TPEXCJIOK-
HBIM Pa3MepOM, MIPUXOIUTCS MUPHUTLCS C €70
0/THO0GPa3neM, KOTOpoe, BIIPOYEM, MPUAAET
CTHXaM HEKOTOPYIO TOpsKkecTBeHHOCTh («Bax-
Xu4ecKkas mecHb» Ilymknua), a B APYyrux
CJIy4asiX pOJHUT CTUXOTBOPEHUE C 3a/1yIIeB-
Hoii pycckoii necueit (Bciomuute Kozda s na
noume cayxui amuuxom n Caaenoe mope,
cesiwennviii batixan, w Bpodsiza k Baiikany
nodxodum, u paxe Hasepx 6vl, mosapuuu,
ece no mecmam, U paxe Bol sxepmeoio naiu
6 bopvbe pokosoii!).

Ho wer mm croco6a moGopoTh TATyYEe
o/iHo00Opa3ue TPeXcJoKHOro pasmepa? Ta-
KOH croco6 ecTb, 1 OH OUeHb CTap: Hy>KHO HE
CJIeOBATh TPEXCJI0KHOMY pagMepy CTporo, a
cucTeMaTUYeCKN HapyiaTb ero put™m. Ilpu-
MEPOM TaKOT'0 BU/IOU3MEHEHHOTO TPEXCJIOK-
HOTO pa3Mepa MOXKET CJIYKUTb reKk3aMerp —
e/lBa JIM HE CaMblil APEBHUN M3 CTUXOTBOP-
HBIX pasMepoB. OO6DPAs3IOM TreK3aMeTpa Mo-
JKET CJIY’KMTDb JMllelickas snurpamma Ilyi-
KITHA:

Buyx Tpedvsikosckozo Kaum

2eK3aMempoM NeCEHKU NUWEM. ..

CHJIbHBIME CJIOTaMU TeK3aMeTPa SIBJISTIOTCS
1-it, 4-i1, 7-i1, 9-11, 12-11 1 15-i1 cj10TH; TAKUM
0o0pa3oM, TeK3aMeTp TIPEeACTaBsieT coOoit
CMeCh JIAaKTUJISL U aHarecTa. A BOT MHTEpec-
HBIII puMep u3 JlepMOHTOBA:

2020/ Ne?

Onu atobusu dpyz opyea
max 00120 U HEKHO,
C mockotl 21y60K0l U CMpPacmvio
63y MHO-MAMEKHOTL!
Ho, xax epazu, uzbezanu npusnanvsi
u ecmpeuu,
H 6viu nycmor u xaadmnwl
ux Kpamxue pevu.
ITO — MaKTW/Ib, HO Ge3 ynapenus Ha 1-M
caore. CorJjiacurechb, 4To pasMep 3TOrO CTH-
XOTBOpPEHUsI He HAa30Belllb OJHO06PA3HBIM
wian ckyuubiM. CXOHDII pasMep BcTpeda-
ercst y Derta:

H3myuen Ku3nvro, KOBAPCMBOM HAOCHKObL,
Kozda um ¢ 6umese dywoii ycmynaio,

U Onem, u nouwvio cmexaio s 6exovi

H xax-mo cmpanno nopoi npo3pesaio.

Y Gosiee 1mO3AHUX TI0ITOB TaK WM HHAYE
MOJNMDUITMPOBAHHBIN TPEXCIOKHBIN pa3Mep
BCTpeyaeTcd OYeHb 4acTo. S orpanmvychb
OIHUM TipuMepoM u3 I'ymusena:

Yponuna desywira nepcmeiv

B xos00eu, Koaooely HOUHOIL.
Hpocmupaem nezxkue nepcmot

K xo200n0it 60de kaiouegotl.
Bosspamu mmne nepcmens, xoo0ey,
B nem xpacmulii uetsioncKutl pyoun. ..

B 3TOM CTUXOTBOpEHNUH YETHBIE CTPOKU HATIH-
canpl aMmdubpaxmeM, a HedeTHbIe — MO U-
IIUPOBAHHBIM aMdUOpaxmeM: ynapeHue co
2-ro cjora nepeHeceHo Ha 3-ii.

Hexaaccuueckue pasmepsi. B Harem ori-
penenenun (n,k)-pasMepa 7 MOXKET ObITb
JIOGBIM HATYpasbHbIM uncIoM (XoTs ecre-
CTBEHHO Gparb €ro He CJUIIKOM GOJIbIINM,
CKakeM, 4TOObI B CTPOKe OBLIO He MEHbIIe
JBYX CHUJIBHBIX €JIOTOB). YUTO MOKHO CKa3aTh
o (n,k)-pasmepe c n # 2 u 3?

Haunem ¢ n = 1. OueBngmo, 10601 TEKCT
nogunnsercs (1,1)-pasMepy: Bce CTOTH CHITD-
ubre. UuTaTh TaKMe CTUXW — 3HAYUT, CKAH/IH-
poBatp (mmaii-Gy-maii-6y!). Cruxu B 3TOM
pozie cylecTByioT, Hanpumep: He-ecm-ne-
nvem-menv-utoti-coi-nox (Hexpacos), Ko-cu-
ko-ca-no-xa-po-ca (TBapuosckuii). Ho oxn
PeJIKH.

BoJiee unTepecHbl pasMepsl ¢ 7 > 3, 0CO-
6eHHO C 1 =4 1 J.

Cosmenienne paamepoB. [Ipexje uem 06-
PaATUTLCST K HUM, 3a/1aJIMMCSI BOIIPOCOM: MO-
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JKET JIM OJHA ¥ Ta YK€ CTPOKA MOJUUHSITHCS
JIBYM pasubiM pasmepam? Harre ompesede-
HUE HEe HCKJIOYAeT TaKyl0 BO3MOKHOCTD.
Hanpumep, cTpouka, cOCTaBJeHHAsT U3 O[I-
HUX OJHOCJIOKHBIX CJIOB, MOAYUHSIACH ObI
JIO60MY pasMepy.

Yupaxuenue 2. a) J[oka>kute, 4TO CTPOY-
Ka, NOAYMHEHHAsT OJJHOBPEMEHHO IMOY U XO-
peio, COCTOUT M3 OJHOCTOKHBIX CJIOB. 6)
[lokaxxute, 9TO cTpOYKa M3 9 CIOTOB, MOTIN-
HEHHAs [BYM Pa3HbIM TPEXCJIOXKHBIM pa3Me-
paM, COIEPIKUT TI0 Kpaiineit mepe 6 cJoB.

[Ipaktuyeckn ato 03HAuYaeT, YTO pa3Hble
JIBYXCJIOKHBIE Pa3Mepbl, Kak U Pa3Hble TPeX-
CJIO’KHBIE pa3Mepbl, COBMECTUTh HEBO3MOXK-
Ho. Kazaoch 6bI, COBMECTHTD JIBYXCJIOKHBII
pasMep € TPEXCJOKHBIM Jierde, XOTs U MPH
3TOM BO3HHMKAIOT CEPbhe3HbIE OTPAHIYEHHUST Ha
JUTUHY CJIOB.

Yupaxkuenne 3. /lokaskute, 4TO €CJIN CTPOY-
Ka TIOJYMHSIETCS] OJHOBPEMEHHO XOpeK M
MAKTHUJIIO, TO 4-11 CJIOr BXOAUT B cocTas JILOO
OJTHOCJIOYKHOTO CJIOBA, JHOO CJIOBA, COCTOSI-
1ero mo Kpaineit Mmepe u3 4-X CJOTOB.

Hab6okoB npuBoaut npumep CTPOKH, TOJI-
ynnennoi smMOy u ampubpaxuio: Tauncmeen-
Houl u Hezemnolu. Ho cTpoka — aTo eme He
CTUXOTBOpeHUE. K TOMY ke CUJIbHbBIE CJIOTH
JIBYXCJIOKHOTO M TPEXCJIOKHOTO PasMepoB,
COBMEIIEHHDIX B OJTHOM CTUXOTBOPEHUH , GbLIN
OBl COBEPIEHHO Pa3JWYHBI, U 3TO CTUXOT-
Bopenue (ecsi Gbl OHO CYIIECTBOBAJIO) MOJK-
HO 6bLIO GBI TIPOYECTb JIBYMSI COBEPIIEHHO
pasHbiME crioco6aMu. MO3KHO BBICKA3aTh yBe-
PEHHOCTD, YTO HU B OJIHOM TI03THYECKOM COOP-
HUKe BbI TAKOTO CTHXOTBOPEHU He Haiijiere.

[lpyroe fiesi0 — coBMeliienue JAByXCI0KHO-
'O U YeThIPEXCJIOKHOTO PA3MEPOB, U IIPUYNHA
B TOM, 49TO 4 genutcd Ha 2. Hampumep, uto
HY>KHO JIJIS TOTO, YTOOBI CTPOKA, TOYNHEH-
Hasg MOy, TOMUMHAJNACH TaKKe, CKaxKeM,
(4,2)-pazmepy? HyskHo, 4TOOBI B CJIOBE,
cofep:KatmieM 6oJsiee OTHOTO YETHOTO CJIOTA,
yAapeHne MpUXoAnJ0Ch Ha CJIOT, HOMEP KO-
TOPOTO He AesuTcs Ha 4. BoibpocbTe mocJie-
[lHee «HEe», ¥ BbI MOJYYUTE YCJIOBHUE TOIUM-
uennoctu siMba (4,4)-pasmepy. ITockosbKy
CJIOB, COZIEPKAIIUX HECKOJBKO YETHBIX CJIO-
rOB, B CTUXOTBOPEHII MOKET OBITH He TaK YK
MHOTO, 9TO YCJOBHUE MIPeJICTABJISIETCS BIIOJIHE

BBITIOJTHUMBIM. /[T TIpuMepa 3aMeTuM, 4TO
u3 14 crpoxk nepsoii crpodnr «EBrenns One-
runa» 13 nogumnsioresa (4,4)-pasmepy u 7
nounnstiorest (4,2)-pasmepy. HaoGopot, uto
HYKHO [IJIST TOTO, YTOOBI CTPOKA, TTOAYNHEH-
nas (4,2)-pasmepy, moguuHsIach AMOYy?
Hy>Ho, 4To6BI B €0Bax, HE COAEPKAITIX
cunbHbIX caoros (4,2)-pasMepa, HO COmep-
sxammx (Torga y>K eJMHCTBEHHDINR) YeTHDINR
caior, 10T caor 6611 yaapubiM. (Hamnpumep,
ecau 3-i u 4-if CJIOTU TaKOW CTPOKU COCTaB-
JITIOT CJIOBO, TO B 9TOM CJIOBE Yy/apeHue
JIOJIPKHO 1a/1aTh Ha 4-i, a He Ha 3-ii caor.) U
3TO IIPEJICTABJISIETCS BIIOJIHE BBITIOJHIMDBIM.

YeTpipexcaoKHbIe pa3dMepsl. Termepb Mbl
MOKeM O0OpPaTUTbCS K HMX PACCMOTPEHUIO.
KaxoMy 4YeTbIpexcIoKHOMY pa3Mepy MBI
MOCTaBUM B COOTBETCTBUE COMPSIKEHHBIN C
HUM ABYXCJOXKHBIA pasmep: ans (4,1)- n
(4,3)-pasmMepa TakOBBIM, II0 OIPEAEJIEHHIO,
cunraerca xopeii, s (4,2)- n (4,4)-pasme-
pa — sam6. [lasee, ecyin cTpOKa TOAIMHSIETCS
YEeTBIPEXCJIOKHOMY pa3Mepy, Mbl Gy/IeM TOo-
BOpUTH O ee pasMepe KaK O Hecamocmos-
MeJIbHOM YETBIPEXCI0KHOM, €CJW OHA TOJI-
YUHSIETCS TAKJKE COTPSDKEHHOMY JBYXCJIOMK-
HOMY pasMepy, 1 KaKk 0 CAMOCMOSMEAbHOM —
B IIPOTUBHOM CJIyYae.

Haunem ¢ caMoCcTOSTE THhHOTO YETBIPEXCIIOK-
Horo pasmepa. /[lo/oken HPHU3HATBCS, YTO
YOeOuUMenLHLIX NPUMEPOE PYCCKUX CMUXO08,
NOOUUHEHNBLX CAMOCTNOSMENLHOMY YENbIPEX-
CAOKHOMY pa3mepy, mue He uzsecmuo. Be-
POSITHO, UX U HET — K TAKOMY BBIBOLY MOJKHO
npuiiTH, YuTas cratbio ctuxoBema JI.E.JIs-
nnuHoil «Pycckue meoHbl» B yKe IIUTHPOBAB-
nremMcsi cOopHUKe « Pyccroe cTHXoCT0KeHne .
(ITeonvr — yueHoe Ha3BaHUE YETHIPEXCJIOK-
HBIX Pa3MEpOB; a MSATUCIOKHBIE TIO-YICHOMY
HasbIBatOTCSA newmonamu.) OT4ero sTo TaK?
B nouckax oTBeta monpo6yemM CKOHCTPYHPO-
BaTh CTPOYKY, MOJUYNHEHHYIO CAMOCTOSITE b=
HOMY YETBIPEXCJOKHOMY pa3Mepy:

Hanucan copox cmameii s 6 sxypuan
«Keanm».

Ira crpouka moguunsercs (4,3)-pasmepy,
HO He TIo/[unHsAeTcst Xopeto. Ee uTeHne BbI3bI-
BaeT IBHOE 3aTPyAHEHNE: YaPEHNS B CJI0BAX
COPOK M XKYPHAL KAXKYTCS CTOSIIMI He Ha
Mecte. B yem nesio? BeposiTHO, B TOM, 4TO,
Kak yke OBLIO CKa3aHo, TPUMEPHO TPETh
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CJIOTOB B CTUXOTBOPEHUH I0JKHBI OBITD Y/ap-
HBIMU; MO3TOMY CHJIBHBIX CJIOTOB HE JOCTa-
TOYHO, ¥ K HUM NPUXOAUTCS JOOABIATD XOTSI
6bI caabble TOTTOJHUTEbHBIE yaaperus. 11o
PUTMHIYECKIM COOOPSKEHISAM 3TN YAAPEHUS
XOUeTcs PacloJIOKUTh B cepe/luie nHTepBa-
Jla MEXKJY CHJIBHBIMM CJIOTaMHU, a 3T0 U
3HAYNT, YTO YETBIPEXCJIOKHBIN pa3Mep cTpe-
MUTCA K HECaMOCTOATE/bHOCTH.

HecamocTosTeIbHBIN Ke YeTbIPeXCI0KHbIN
pasMep — OYeHb PpaCHpOCTPAHEHHOE SBJIE-
nue. Ecsm BbI comMHeBaeTecb B ero cyiie-
crBoBatuy (Kak COMHEBAJIMCH HEKOTOPbIE
CTUXOBE/Ibl — IOJIEMUKA C HUMU COCTABJISET
OCHOBHOE COJlepKaHue IUTHpOBaBIIeics
Boiie cratbu JI.E.Jlanumuoii), cnpocure y
J060TO YIEHNKA MY3BIKATbHON IMKOJIBI — U
OH CKa)XeT BaM, YTO YEeTBIPEXOJbHBIN Pa3-
Mep B My3bIKe BCTpPeYaercs OUeHb JacTo, B
YaCTHOCTH B TIECHSX:

A au 6 noae da ne mpasywxa 6viaa...
Yo xax s 1o Mo xoposywky 1ob.io. ..

(Bce a0 — HecamocrosTenbubiil (4,3)-pas-
Mep, OH, KaK U TPEX/I0JIbHbIN, BeCbMa Xapak-
TepeH Jisi pycckoii necan). Ecam u 910 Bac
He y6exmaer, mosmcraiite Ilymkuna. Bor
o6pasen (4,2)-pasMepa M3 €ro IOHONIECKUX
CTHXOB:

B newépax I'eauxona
A néxozda poxdén;
Bo uma Anoanona
Tubynom okpewéH. . .

3namennras «3umnss goporas [yukuna (ITo
dopoze 3ummeil, CKY4HOIl. .. ) MHE TOKE KasKeT-
cS HANMCAHHOH UeTBIPEXCIOKHBIM pasMe-
POM; OTHAKO KOMTIO3uTOp CBUPU/IOB TPE/IIO-
4esT POYeCTb 3TH CTHXH KaK JBYXCJIOKHBIE.
Bosee Toro, wacto (MOXHO CKas3aTh, Kak
IPaBIIIO) YETBIPEXCI0KHOMY pasMepy GblBa-
eT Mo/IYMHeHa TOJIbKO YacTh CTHXOTBOPEHNS,
I TIePeXOo/Ibl OT YeTBIPEXC/I0KHOTO PUTMA K
JIBYXCJI0KHOMY 1 06PaTHO MOTYT HECTH CMbIC-
JIOBYIO MJTH H300Pa3UTebHYI0 HATPY3KY . ITO
JIETKO TIPOCTIeKMBACTCS, HAIPUMep, B T109Me
Hekpacosa «Komy nHa Pycu skuth Xopomos»
(necamoctostenbubrii (4,2)-pasmep).
IsTHCcI0KHBIE padMepbl. 110CKOMbKY 5 —
MPOCTOE UHCJIO0, TIATHCIOKHBIH pasMep Mo-
’&eT ObITb TOJBKO CaMOCTOATENbHBIM. I7e
nckarb ero? Kasasocb Obl, B cTUXax elle

2020/ Ne?

6oJiee TATYYMX U PACHEBHBIX, YeM PYCCKHe
necuu u gupuka HekpacoBa. Moxer GbITb,
TOJIONIYT HapojHble ckazaHus? U TouHO,
MHOTHE CTPOKH 3TOTO PO/IA TIOYNHEHBI TISITH-
CJIOKHOMY Pa3Mepy:

Ox mut 261 ecu, doOpwvLil Mo00eY,. ..
nJan

To He Myx ¢ KeHoU, Mo He Opdm ¢ cecmpotl —

[lobpoitl méaodey, ¢ kpacroi désuuetl.
Bouree mocretoBaTe IbHbIIN MATHCIOKHBIN pas-
Mep (X0Tst Toske He 6e3 OTCTYIIEHHI ) MOKHO
HAHTH B MOA/Ie/TKAX TT0/T CKa3NTEIbHBIIH CTHIID,
B CTHJIM3AIIAX, HANNCAHHBIX Mpodeccrno-
HaJbHBIMU TO3TaMu, ckaskeM B «Kymie Ka-
JlarmHnKoBey JlepMoHTOBA!:

Kax cxodinucs, cobupdnucs

Voanvie 6ouupt mocxéeckue

Ha Mocksy-pexy, na xyadunviii 60i...

H npuéxan yapv co OpyxiHow.

Co 6osipamu u onplunuxamu. ..

Bce ar0, kcratn, (5,3)-pasmep.

Kasamocs 6b1, Bece sicio. Ho mosBouto cebe
TIPUBECTH COBCEM /Ipyroil mpumep. B mocue-
JIHUI TOo/ cBoel >ku3Hu ['ymuseB Hammcas
nmoamy «/Ipakon», cocrosiryio us 12 yacreit
mo S yerBepoctuimii B kaxaoi. [Ipusemy
MTOJTHOCTBIO TIEPBYIO 4YaCTb, ONMUCHIBAIONIYIO
BOCXOJI COJTHIIA HAa OKEAHCKOM Oepery, a Bbl
oTIpe/leJiuTe pa3Mep.

H3-3a ceexux 6onn okeana
Kpacnwiii 6o npunoonsn poza.
U 6exanu ranu mymana

IIo0 cxanucmoie Gepeza.

1100 cxkarucmoimu Gepezamu,
B mmozoutymmot copoil menu
Cepebpucmoimu sxemuyzamu

Ocedanu na mox onu.

Kpacnouii 6ok uzmensem auya,
Bom wupoxo kpulivs npocmep,
H napum ozpommas nmuuya,
Hoxupaowas npocmop.

H x epamam 20ay60t Kymupnu
o omxpvimoti mpone nebec

On svixo0um, cmpenox u JUpHuK,
Koou depsxa om maiin u uydec.

Ayiime eempolL, umob 6oaHbL neau,
YUmob 6 aecax zydesu Cmeovl,
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yiime eéempor 6 mpybax yuweauil,
Boszenawas emy xeanol.

Orsert: (5,3)-pasmep.

JleiicTBUTETBHO, TIPEAIONOKIM, YTO JlaH-
HOe cTUXOTBOpenue nmoguunsiercs (n,k)-pas-
mepy. Bo Bcex 20 crpoukax 3-i u 8-if ciorn
aBgioTcss ypapubiMu (B CBOMX  CJIOBaXx).
Nmeercst 7 CTPOK, B KOTOPBIX CJIOBO, COMEP-
skamgee 3-il cior, uMeer 6Gojiee 3 CJIOTOB.
3Hauut, Jau60 3-i CJI0T SBJISETCS CUJIbHBIM,
Ju6o n = 5. AHAJTOTUYHOE BEPHO U IS 8-TO
ciaora. [lanee, 3-it u 8-if CJIOTU SBJISTFOTCS
O/IHOBPEMEHHO CHUJIBHBIMU TOJBKO B TISTH-
CJIOKHOM pasmepe. JIerko TPoOBepUTH, UTO
CTUXOTBOPEHUE e CTBUTETBHO TTOUNHSIETCS
(5,3)-pasMepy ¥ He IOJUUHSAETCS IPYyTUM
MSATUCJIOKHBIM pasMepaM. Pasmepsr ¢ n > 5
MBI UCKJTIOYAeM 13 pacecMoTperus (e, Huske).

[lng y6enutespHOCTH 06ABIIO, YTO U3
pamux 20 cTpok 6 mogunnsaiores (3,3)-pas-
Mepy, 3 noguunsiorcs (4,1)-pasmepy, 1 moa-
unnsercs (4,4)-pasmepy, Bce 20 T0OA4MHA-
iores (5,3)-pasmepy, 10 moguunsiores (5,5)-
pasmepy (9T0 — N3AEPIKKN HAIIETO OTIPEIETe-
HUSI) U HU OJIHA HE TOYMHACTCS HU OJHOMY
apyromy (n,k)-pasmepy ¢ n, He GOJIBIITNM 5.
Takyio wHboOpMaNuIo Bb/1aja Gbl HAM Malli-
Ha, ecjau Obl Mbl IPUOETJIN K €€ TTOMOIIH.

Ho rzie :xe B «/|pakone» npoTsiKHas 1eBy-
yectb «Kymnma Kananrmawkosas? OcHoBHas
MPUYUHA €€ OTCYTCTBUSI COCTOMT B TOM, UTO
MOYTH B KaXK/0W cTpOKe «/[pakoHay, Kpome
OCHOBHBIX y/IapeHnil Ha 3-M n 8-M cJjorax,
UMEEeTCsT JOCTATOYHO OTYETINBOE OONOJIHU-
mevHoe ynapenue au6o Ha 5-M, 160 Ha 6-M
core. JlonoJHUTENbHBIE yAaPEHUS TPOCe-
JKUBAIOTCS W B PYyTuUX cruxax [ymusesa,
HAlMMCAHHBIX TISATUCIOKHBIM Pa3sMepoM, a
Takxke y AxmaroBoii u I[etaesoil. B kakom-
TO CMBICJIE U 3/I€Ch MOXKHO GBLTIO ObI TOBOPUTD
0 HecaMoCTOSATeNbHOCTH (ISATHCI0KHOIO)
pasMepa, HO YTOYHHUTb 3TOT CMbBICJ, OCTaBa-
SICh B paMKaxX CTPOroil cuabOTOHUKH,
HEJTb3sl.

K ctuxam lBeraeBoii, HanpuMep, TPYIHO
MOJIXO/IUTH C TeM OIpe/leJICHIEM pa3Mepa,
KOTOpOE JIaHO B Havaje CTaTbh W KOTOPBIM
MBI Bce BpeMs ToJib3yeMcsi. MHorue ee cTuxXn
HAIlMCAHbl WHAWBUIYAJbHBIM PA3MEPOM €
(buKCHPOBAHHBIMU, HO HE COCTABJSIONMMUI
apudMeTnyecKoil MPOrpeccuu HOMepaMu

CHJIBHBIX CJIOIOB, CKaxkeM 3, 6, 8, Kak B
CTUXOTBOPEHHUH

IOnwlit mecsay udem Kk NOAYHOUU:
Yac monaxos — u 30pKux nmuu,
3az0680pUUKOE 4aAC — U 1OHOUWET,
Yac n10606nuKo6 u youiiy.>

Yersipe, nmsatb, uto Aaabme? [Jaabiie — 6.
BoiBatoT jin mectucsoxHble pa3mepbi? Mo-
JKeT 6bITh. Tak, mpaB/ia ¢ HEKOTOPOI HATSIK-
KOI, MO3KHO Ha3BaTh MIECTUCTIOKHBIM pazMep
ot/iebHbIX MecT B «Kymie Kasanmaukoses :

Cxoponunu ezo 3a Mockeoii-pexoil. ..
Ipomex Tyavckou, Pazanckoi,
Baadumupcroii. ..

Ho umcio 6 mMeeT CIMIKOM MHOTO JIeJTHTe-
Jiel, ¥ MIeCTUCJIOXKHDBIN pazMep, cKopee Bce-
ro, Gyser pacnagatbcs B ABYX- WJIH TPeX-
caokHble (IPUBEIEHHbIE BbIIIE CTPOYKHI — He
uckmoyenne). I1ouTH BCAKOE CTUXOTBOpE-
HME, HAIKMCAHHOE TPEXCJOKHBIM Pa3MepOM,
OyJIeT TIOJUMHSATHCSA U HIECTUCAOKHOMY, HO
5TO HE OKa3bIBAaeT BJMAHUS Ha 3BydaHue
CTHXA.

Boo6me, roBops o (n,k)-pasmepax ¢ 6616~
MU 72, CJIELYET, BO-TIEPBIX, NMETh B BULY,
4TO Yepecuyp JaJeKO PACCTABJICHHDBIE CUJTb-
HbIE CJIOTH BPSI/I JIK CMOTYT CO3/1aTh ONpe/e-
JILIOIIUI PUTM CTHXA, a BO-BTOPbIX, IIPUHU-
MaTh BO BHUMaHHUe CJIeyIoliee, YucTo apud-
METUYECKOE 0OCTOATENBCTBO.

Vupasknenue 4. [Iyctb m — 4ncio c0ros
B cTpoke. a) Ecim n >k >m, To cTpoka
3aBeioMo noguunsiercs (n,k)-pasmepy (cuib-
HBIX CJIOTOB HET — CPABHUTE CO CJIy4aeM n =
=k=1).6) Ecim k< m < k+n, To ycnosue
nogunnennoctn (n,k)-pasmepy He 3aBUCHUT
OT 7 M CBOIUTCS K TOMY, 4TO R-ii CJIOT y1apeH.

I[TosToMmy 1erecoo6pasto cuntaTh (310 MOK-
HO 106aBUTh K HAIeMy ONPEAENEHUIO), YTO
YHCJIO CJIOTOB B CTPOKAX CTUXOTBOPEHUS,
noguunennoro (n,k)-pasmepy (xorss Ob1 B
GOJIBIINHCTBE CTPOK ), He MenbIne k + n. (Ha-
npumep, GeceMbicaeHHo uckath (5,5)-pas-
Mep B «/Ipakone» ['ymusesa.)

HanpaxTtuke Bee 510 03Ha4aeT, uto (12,k)-pas-
MEPOB ¢ 7, GOJBININUM 5, He ObIBAET, TaK UTO
MBI MOKEM 3aKOHYUTD HAIll Pa3roBOP. 3a €ro

S Takwne pa3Mephbl ABJIAIOTCA ]ZOZCZE)adeu.
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[peJIeJIaMi OCTAJMCh MHOTOYHCJEHHBIE OT-
CTYILIEHUSI OT CUJJIAGOTOHUKU, KOTOPBIMU
6orara pycckasi noasusi. Ho atu orcryiiie-
HUSI HAXOJSITCS M 3a [peJle/laMi Halllero
apuMeTHIECKOro MOAX0Ja K CTHXOTBOP-
HBIM Pa3Mepam.

Yupaskuenune 5. Otpesesre pa3Mep cJie-
JYIOMIAX CTUXOTBOPEHWUI:
a) Bam menepv npuwiocs 6vi 6pocumo
amob Kapmasoli.
Huinue nawu nepvsi — wmuik da 3y6vs
sui, —
Bbumewl pesostoyuii nocepvesnee
«Iloamaswt»
H 1106066 nozpanduosnee onezuncroll
a1006U.
(MasikoBcKmii)
6) A meumoio 106un yxodsuue menu,
Vxodawue menu nozacasuiezo ons,
A na 6awmnio 6cxodun, u Opoxaiu
cmynenu,
H Oposxanu cmynenu nod nozotl y memst.
(BasbmonT)

2020/ Ne?

B) Bemep 32101, éemp kpymoil 6 no.e
Sanueaemcs,
A cyzpob na cmennoti eone
3asusaemcs.
IIpu ayne (na eepcme mopo3 —
Ozoneuxamu!)
IIpo xuevix eemep 6ecmv npouec
C nossonouxamu.
(Der)

r) Kax mpexcomas, ¢ nepedaueio,
IIo0 Kpecmanu 6yodewn cmosimo
H ceoeii caeson zopsuer
Hosozo0nuii 1ed npoxuzamo.

(AxmatoBa)

1) Hao wupoxoio pexoi,
IHosckom-mocmrom nepemsnymoi,
Topodox cmoum neborvuwoi,
Jemonucuem ne pasz nomsHymolil.

3uaio, ¢ smom zopooxe

Yenoeeuvs Kusno HACOAWASL,

Ca061o 11000uKa Ha pexe,

K uenu sedomoii yxodswas.
(Tymues)
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3apaun M2590-M2593, ©2597-12600

M2590. B ocrpoyroJibHoM TpeyroJibanke ABC
touka O — TIEHTP ONHMCAHHON OKPY’KHOC-
T, H; — OCHOBaHWe BBICOTHI, TPOBEIEHHOI
u3touku A, a My u Ny — IPOEKIUU TOUKU
H, na AC u AB cootserctBenno (puc.1).

A

C B

Puc. 1

Jokaskure, yro nomanag MyONpy aeaut
mIoma/ib Tpeyronbauka ABC nonoJam.
Asmopckuil cemunap U.A. Kywnupa

M2591. Ha miockoctu Hapucosaubt 100 cu-
HUX TIPAMBIX, Cpe/ld KOTOPbIX HeT IapaJ-
JIeJIbHbIX M HUKaKKMe TPU U3 KOTOPbIX He
IIPOXOJAT uepe3 ogHy Touky. Touku 1epece-
YEHMST CUHUX MPSMBIX OTMEUYCHBI KPACHBIM.
Morsio jin MoJy4uThCs TaK, YTO PaCCTOSHUE
ME3K/IY JIIOOBIMU IBYMsI KDACHBIMH TOUKAMH,
JIeXKaIMMU Ha OTHOW CHHEeH MpsMOoii, paBHO
1IEJIOMY YHCJTy ?

Doavkaop

M2592. a) CymiectByer i 6ECKOHEUHO MHO-
rO HATYPaJbHbBIX YHCEJI, HE TPEICTABUMBIX B

BHJIE
k(k+1)
2

rzie 7 1 k — 1ieJible HeOTpUIIATEIbHbIE YHCaa?
6*) Ilyctb 3agan muorounen P(x), npunu-
MAIONIUI B 1[EJBIX TOYKAX IE/IbIe 3HAUCHUS.
CymectByer i GECKOHEYHO MHOTO HaTy-
PaJIbHBIX YMCEJl, He MPEJCTABUMBIX B BHU/IE

P(k)-2",
r/ie n ¥ R — 11eJIble HeOTPUIATeIbHbIC YUCTIA?
D.Ilempos

_2",

M2593%. Kaxxagas BepiimHa TPaBUIHBHOTO
MHOTOYTOJIbHIKA OKPAIEHa B OJUH U3 TPEX
IIBETOB TaK, 4TO B Ka)K[[beI 13 TpEX IBETOB
OKpAIlleHO HeYeTHOe 4MCJIO BepiiuH. Jloka-
JKUTE, UTO KOJTMIECTBO PABHOGEAPEHHBIX TPe-
YTOJBHUKOB, BEPUIMHBI KOTOPHIX OKPALIeHbI
B TPH PasHbIX I[BETa, HEYETHO.

H3 3apybexnvix oaumnuad

®2597. Tanresb paBHOMEPHO TSHYT BJOJIb
ee OCH TI0 TOPU30HTAJIBHOM MJIOCKOCTH HEKO-
TOpPOH cuJoll, TPUJIOXKEHHON B TOuke A
(puc.2). TToj KaKuM yIrJioM o, K TOPU3OHTY

le ! N|
,I

IS

Puc. 2
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JIOJKHA OBITH HAIpaBJeHa 3Ta CHJa, 4TOOBI
JIEBBII TMap JEefCTBOBAJ Ha ILIOCKOCTb C
BJIBO€ GOJIbIIIEl CUJION, ueM MpaBblii? Pasme-
pbI TaHTeJ W TPWBE/EHbI Ha PUCYHKe, a ee
K03 PUIMEHT TPEHUS O TIIIOCKOCTb PaBeH U .

C. Kpwrxosg

M2598. ABTOMATHYECKIIT KOCMUYECKUIT KO-
pabJIb COBEPITILT TOCAAKY Ha EBpoty — ciryT-
Huk lOmnmTepa. YcraHoBJIeHHBIN Ha HETO/-
BIDKHOE JIEJITHOE TIOKPBITHE TIJIAHETBI TeJie-
ckort 6bL1 HaBenen Ha CoJiHIle, ¥ HA BHUJEO
6bITO 3aTMCAaHO PEeIKoe SBJIEHUE — TTPOXOK-
npenne 3eman 1o gucky Cosana. 3emis
MIPOXO/IMJIa TOYHO TIOCEPeUHE COJHEYHOTO
JIICKa, T.€. YCJOBUS /s HAGI0/IeHust ObLIn
camble Jyulide. B TeueHune KaKoro Makcu-
MaJIbHOTO M KaKOTO MWHHMAJBHOTO MPOMe-
JKYTKOB BpEMEHH MOTJIO JIJIUTHCSI 9TO COObI-
tie? Heob6xomumble [OMOJHUTEIbHbBIE [[AH-
HbIE OTBIIUTE CaAMOCTOATEILHO.
C.Bapaamos

®2599. T1o TOHKOMY TIPSIMOMY OTPE3KY [IJTH-
HOI L paBHOMEPHO paclpe/iesieH II0JI0KH-
TEJTBbHBIN aJieKTpudeckuii 3apsaa. Ha 60b-
IIOM PACCTOSTHUM OT OTpe3Ka (B CpaBHEHUH ¢
L) B TouKe A BEKTOP HANPKEHHOCTH DJIEK-
TPUYECKOTO T10JIsT, CO3[AHHOTO 3aPsiIaMu OT-
pesKa, COCTaBJISIET C CAMUM OTPE3KOM YTOJI
o < m/2. Ha KakoM paccTOsIHUH OT IeHTpa
OTpe3Ka HAXOIUTCS TOUKA, 3 KOTOPOII BBITII-
Jla JIMHUST HANPSDKEHHOCTH 3JIEKTPUYECKOTO
0JIsT, KOTOpas TPOIILTA Yepe3 TOuKy A?
B.Iluc

@®2600. ITo kontypam Bcex Tpex ¢uryp,
n300pPAKEHHDbIX HA PUCYHKE 3, MPOJIOXKEHbI
O/IMHAKOBbIE TOHKHE IIpoBOJIoYKU. [l Je-
BO¥1 PUTYPBI MHAYKTUBHOCTD paBHa L, a 711
cpeaneil ¢urypol ona paBHa L,. Kaxosa
WHIYKTUBHOCTD [IJIST TIPaBOil (PUTYpHI?
Doavkaop

Puc. 3
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PeweHus 3apay M2578-M2581,
®2585-1d2588

M2578. Janvr npocmwie uucia p, ¢, v u
HAMYparornoe n maxue, Umo 6eaUdUHbl

p+n qg+n r+n

’ ’
qr p Pa
AGAAIOMCA UEbIMU uucaamu. [loxaxume,
umop=q=r.

Bes orpannuenns o61HOCTI MOXKEM CUUTATD,
uTto p=2qg 271,

W3 ycaoBus caemyer, uTo g + n geJauTcs Ha
p ur + n gemurcsa wa p. Torma (q+n)-
—(r+n)=qg—r raxxe peaurcs Ha p. Ho
nmockosbky 0<qg—7 <p, enMHCTBEHHDIN
BO3MOKHBIN caydaii: q—7 =0, T.e. §=7.
Hanee, mockombKy p T+ nur +n=qg+n
flenstes Ha @, Todydaem, uto (p+n)-
- (g +n) = p — q Taxxe nesurca na q. Orcio-
Jla p JeJUTCA HA ¢, Y4TO JJIA IPOCTBIX p U G
BO3MOJKHO TOJIBKO B CJIy4ae p = q.

Urax, p=q = r. 3amaua pemnieHa.
[Tomb3ysach cooOpaskeHUSMHI U3 PEIMIeHNU,
MOKHO OTICATh BCE TPOWKM HATYPAJbHBIX I
faxe TebIx wucen (p,q,r), MM KOTOPBIX
BBIPAKEHIS

p+n g+n r+n

) )

qr N

SABJIAIOTCSA IIEJIBIMUA YKCJIAMMU.
H.Azaxanos

M2579. Ha sxzamen npuwau 100 cmyden-
moe. IIpenodasamesv no ouepedu 3adaem
Kasxxdomy cmydenmy odun sonpoc: <«Cro.ib-
ko u3z 100 cmydenmos noiyuam ouenxy
“coan” x xonuy sxsamena? > B omeem cmy-
denm Hazvieaem yeiaoe yucio. Cpasy nocie
noayuenus omeema npenodagameib 06s6516-
Jslem 6CeM, KAKYH OUEHKY NOAYUUL CY-
denwm: «coans uau <ue coas.

ITocae mozo, kax eéce cmyodenmor NOAYUAM
OUeHKY, npudem UHCREKMmop u nposepum,
ecmy au cmydenmol, Komopuvie 0diu npd-
BUNLHDLIL OMEEM, HO NOJYUUNU OUEHKY <HE
coans. Eciu xoms 61 00un maxoti cmyoenm
naiidemes, mo npenodasamenv 6ydem om-
cmpanen om padomol, d OUEHKU GCeX CMY-
denmos 3amensim Ha <coais. B npomuenom
CAYUAE HUKAKUX USMEHEHUTL He NPou3otioem.
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Mozym au cmydenmoL npudymams cmpame-
2U10, KOMOPAsL 2APAHMUPYEM UM BCEM OUCH-
Ky <«cOans?

OmnuireM, KakK IOTOBOPUTHCS CTYI€HTAM, YTO-
ObI BceM cJ1aTh 9K3aMeH. PaccMOTpUM KOHK-
petHoro ctyeHTa Bacuaug. [Iycts Bacunnii
MPEJICTAaBUT, YTO TIPENO/laBaTesib MOCTABUT
€My OLIEHKY <«He c/laJl», a BCeM, KTO OTBevyaeT
rmocJje Hero, OTeHKY <«caan». Torma B
KavyecTBe OTBeTa Bacuimili Ha3oBeT cymMMmap-
HOE KOJIMYECTBO OIEHOK «C/Iajl», MOJY4YeH-
HBIX CTyZIEHTaMH B 3TOM cJaydvae. MHaue
TOBOPSI, €CJIN k CTYIEHTOB TIOJIY YN OIIEHKY
«He cias», To Bacnmuii Hasoset uncsao 99 — k.
JlokaxxeM, 4TO, MPUAEPKUBASICH TAKOHU CTpa-
TETUH, BCE CTYJCHTDI CAAAYT dK3aMeH. Ecan
BCE CTY/ICHTBI MOJYYUJIN OTIEHKY «CIAJ», TO
OHM TOOUJNCH CBOeH Tiesn. VHade paccMoT-
puM 1ocaeHero cryjaenta Ilerpa, KoTopbiit
[OJIYYMJI OIIEHKY <«He chaiy. Ilockosbky
nocsie [leTpa Bce MOTyYnIN OIEHKY «CAamy,
to IleTp oTBeTHZI Ha BOMPOC TPABUJIBHO.
TakuM 06pa3oM, WHCIIEKTOP 3aMEHUT BCe
OTICHKM HAa <«CJaJT».
3ameuanue. IlokaxkeM, 4TO cTpaTerns CTy-
JIEHTOB €IMHCTBEHHO BO3MO>KHAS.
[lomyctuM, 4TO TIepBble HECKOJIBKO CTY/IEH-
TOB (BO3MOKHO, HHMKTO) TPHUACPIKUBAIOTCS
yKa3aHHoOIi cTpareruu, a Bacusuii — nepsbiii,
KTO Ha3BaJl UHCJI0, He COOTBETCTBYIOIIEE OTTH-
canHoll crpareruu. Torja TpernojaBaresib
MOJKET IIOCTaBUTh €My OIIEHKY <«He CJlaj», a
BCEM IIOCJIe HETO — OIEHKY «cJai». B atom
caydae Bacumii jas1 HeBepHBIN OTBET, a BCe,
KTO IIOJIy4IJI OLIEHKY «He can» (oM oTBeya-
i 1o Bacwmus), masBaam 4mcsio, KOTopoe
60JIbITIE PEATBHOTO YHCJIA OIEHOK <«CHAT .
/. Agpusonos

M2580. /Jlana evinykaas yemvipexyz0avHas
nupamuda ¢ eepuunol S U OCHOBAHUEM
ABCD, npuuem cywecmeyem cghepa, enu-
cannas 6 smy nupamudy (m.e. pacnonoxen-
Hast BHYMPU NUPAMUODL U KACAIOWASACS 8CEX
ee zpaneit). ITupamudy paspesaru no pe6-
pam SA, SB, SC, SD u omoznyaiu epanu
SAB, SBC, SCD, SDA soene na niockocms
ABCD max, 4mo noayuuics MHO20Y20/lbHUK
AKBLCMDN, xax noxazano na pucymxe 1.
Jloxkaxxume, umo mouxu K, L, M, N nexxam
Ha 00HOU OKPYHKHOCMU.
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Puc. 1

CrieslaeM TOMOTETHIO C TIEHTPOM B .S, 1epeBo-
JAITyio Brmcannyio cdepy B cdepy, Kacaio-
ntytocs miockoctu ABCD ¢ IpOTHUBOIIOJIOK-
HOW CTOPOHbBI; TAaKUM 00PA30M MbI TOJIYIUM
sHeBnucannyo cdepy (puc.2). O6osznauum
TOYKM KACAHUS 3TON BHEBIMCAHHOW cdepbl ¢
mnockocrsimu ABCD, ABS, BCS, CDS n
DAS uepe3 T, Ty, T;, Ty, u Ty coorBer-
crBenHo. llokaxkem, uro KT =LT=MT =
=NT, t.e.,uto K, L, M u N ne;xaT Ha OJHOI
OKPY>KHOCTH € TleHTpoM 1. 3aMeTuM, uTO
yerbipexyronbiukn SBTx A n KBTA cummer-
PUYHBI OTHOCUTENBHO BHEITHENH GHCCEKTOPHOI
TIJIOCKOCTH JIBYTPAHHOTO YTJIa MEXK/Ty TPAHAMU
ABCD uABS;orcionacaenyer, uyro ST = KT.
Ananornuno, ST; = LT, STy, = MT uSTy =
= NT. Kpome toro, STy =ST; =ST,, =
= STy, Kak OTPEe3KU KacareJbHbIX K BHEBIIM-
caHHoi1 cpepe, IPOBEJIEHHBIX U3 S.

3uauut, orpesku STy , KT, ST, , LT, ST,;,
MT, STy, NT pasubl, u 3ajjaua pelieHa.
3ameuanue. AHATOTMYHOE yTBEP K IeHNE BEP-
HO JUJId ONUCAHHOU 7-YIOJIbHOU [UpaMU/Ibl
pu Jio60M 7. V3/105KeHHOE BBITIE PelieHne
ocraetcd B cuiie. Kpome toro, o0mmuii caydait
MOJKHO CILyCKOM 7 — 1 — 1 CBECTH K CJIydalo
n=4.

Puc. 2
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Jpyroe (BO3MOKHO, GoJjiee TIpOCTOe) pele-
HUE 3aJla4l MOKHO IOJIYYHUTb, IOJIb3YSCh
KpHUTEpUEM OMMCAHHOCTH BOKPYT cephl ue-
TBIPEXTPAHHOIO yTJa!

LASB+ ZCSD = ZBSC + £ZDSA -

N3 sroro paseHcTBa caeayer, uto LAKB +
+/ZCMD = ZBLC + ZDNA. Ilocne srtoro,
VUUTBIBAsT PAaBEHCTBO YTJIOB B PaBHOOEIPEH-
nbIx Tpeyroabnukax ANK, BKL, CLM n
DMN, HecI0KHO TTOKA3aTh, YTO B Y€THIPEX-
yroabuuke KLMN cyMMbl IIPOTUBOIOJIOK-
HBIX YTJIOB PaBHDBI, TO3TOMY OH BIMCAHHBIH.

I' . Kow

M2581. B coyuarvnoii cemu ¢ huxcuposan-
HbLM KOHEUHbIM YUCTIOM NOJIb306AMENCU KA K-
Ovlil NO3068AMEND UMEET DUKCUPOBAHHBLIL
nabop nodnucuuros cpedu OCMAILHHLY
noavzoeameneti. Kpome mozo, xaxoovii
NOJb306AMENL UMEETn HEKOMOPHLL HAYAIb-
HbLIL petimunz — yel0e NOJ0KUMEIbHOe YUC-
210 (e obssamenvho odunaxogoe 0is 6cex
noavzoeameneti). Kaxodyo nomnouv peii-
munz Ka;x0020 NOAL30GAMENS YECAUUUBCH-
emcs Ha CYMMY Petimunzos, Komopwle umeu
€20 NOONUCUUKU HEeNOCpedcmeeHHo nepeo
NOAYHOUBIO.

Hycmv m — nexomopoe namypaivroe Yucio.
Xaxep, wne AGAAOUWUICS NOJL30GATNEIIEM
cemu, xouem, ¥moOvL peimunzu 6cex noJ1b30-
samenetl deauaucy Ha m. Pas 6 denv ou
MOXKem b0 evlOpamv HeKOmopozo noIb30-
seamens u yeeauuumv ezo pevmunz Ha 1,
aubo Huuezo ne deaamn. [okaxume, umo
yepes HeCKOAbKO OHell xaxep cMmoxem 00C-
muyy ceoetl uesi.

[Tyctp 7 — KOMIMYECTBO YeJOBEK B COIHAJIb-
Holl cetn. Byiem ciennTb TOJBKO 32 OcTaTKa-
MU PEHTUHTOB OT JeJienus Ha m. [enb xake-
pa — caenaTb Bce 1 OCTaTKOB paBHbIMU ().

Ecau 6b1 Xakepy paspeniagoch MEHSTb peii-
TUHT GoJiee OJIHOTO pasa B JeHb, TO OH CMOT
ObI IOCTUYD CBOEI TIEJTH yKe B TIEPBIii JIEHb.
[leiictBuTeIBHO, OH MOT OBl CHavYasa mpubda-
BUTDH HECKOJIBKO Pa3 PEHTHHT TIEPBOMY TT0JTH30-
BaTes 0 Tak, 4To6bl OH craj paBeH 0 1o
MOJTYJIIO 7, JlaJiee aHATIOTUYHO BTOPOMY 1 T.JI.
B ocranpable mHU Xakep MOXKET HE JeIaTh
HUYEro, W PEUTUHTH BCEX TI0JIb30BaTEJIEH,

2020/ Ne?

HAYUHAS CO BTOPOTO JIHs, OYYT PABHbBI HYJIIO.
HazoseM 210 usnauaivnou cmpamezuetl.
[lokaskeM Teriepb, YTO XaKep MOXKET C/Ies1aTh Te
JKe caMble U3MEHEeHUs PEITHHIOB, HO B Pa3Hble
JTHI, 9TOOBI Yepe3 HeKOTopoe BpeMsT peTHHTI
BCeX ToJIb3oBaTesell cramm pasHb! 0.

Bynem mpencTaBisTh COCTOSTHHS COITHAJD-
HOM CeTH ¢ TIOMOIIBbIO0 CTPOK, COCTOSIINX U3 1
OCTATKOB 110 MO0 M (COOTBETCTBYIONIMX
pelitunraM mosbsoBateseii). Takue cTpoxu
MOXKHO CKI1a0bieamy 1o momaymio m. Harmpu-
Mep, ecaiu m =4 u n = 6, T0

(1,2,3,0,2,1) +(2,3,2,0,2,3) = (3,1,2,0,0,0).

Ecai mpsiMo mepejt Moty HOubIo Gbl1a CTPOKa
X, o6oznaunm uepes [ (X) crpoky cocros-
HUii TI0CJTE TIOJTYHOYH.

Jdemma. Dyuxyus [ addumusna, m.e.

[(X+Y)=F(X)+f(Y).

Hoxa3areabcTBo JemMmbl. HysxHo nokasars,
uto ctpokn [ (X +Y) u f(X)+[f(Y) co-
BITQJIAIOT HA KAKIOM MO3UIINH, T.€. JJIS KasK-
JTOTO TI0JIb30BaTe . PaccMOTpUM TPOU3BOJIH-
HOTO TI0JIb30BaTe s, MyCcTh €ro 30ByT BoO.
IIyctp B paccranoBke X y Boba ocraTok
peiftunra b, , a'y ero HoAMMCYNKOB CyMMap-
Ho s, (cymma Gepercsi mo mozyto m). Ilycrb
B paccranoBke Y y Boba peiitunr by, y ero
NOANNCYNKOB CYMMapHO s, . Torma y BoGa B
f(X) 6yner b, +s,, B [(Y) Gyner b, +s,
aB f(X+Y) Gyner b, +b, +5, +s,.
JlemMma mokasana.

[laBaifTe moiiMeM, KakK OJTHO JEHCTBIE XaKepa
BJIMSET Ha CTPOKUM B Oyaymiem. Ilycth B
KaKOH-TO JieHb Oblaa cTpoka X, Torja, ecjn
OBl XaKep HEe BHOCHJ HUKAKUX M3MEHEHWIT,
MbI ITOJTYYHJIN GBI TTOCTIE/I0BATEIbHOCTD CTPOK

X () £ (X))o oe £ (X),

rae f* o6osnauaer k pas npuMenentoe mpe-
o6pasosartine f.

Ecuin B iepBblit 1enb Xakep yBesnuut y boba
peiitunr Ha 1, a 6oJiblile U3MEeHEHUIT BHOCUTD
He Gy[IeT, TO Mbl [TOJYYUM, B CUJIY a/IUTHB-
HOCTH, 110CJIe/I0BATEIbHOCTD

X+e, f(X)+f(e), . [F(X)+1*(e), ..,

rzie B crpoke €, = (0,0,...,0,1,0,...0) exnrnu-
Ka CTOMT Ha MecTe, COOTBETCTBYyomeM boby.
Takum o6pasoM, uepes k aHeii pazuuia 6yaer
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f k (eb). AHAJOTUYHO TTOKA3bIBAETCS CJIEe/IYIO-
iee: MycTb €CTb cTpoka X W /IBE€ CTpaTerun
XaKepa, KOTOPbIe OTJUYAIOTCS TOJbKO TIPH-
6aBieHNeM e, B ofuH U3 AHeil. Torga yepes
k [ieil pe3ynbTaTbl 9TUX CTpateruii OyIayT
OTJIMYAThCsT Ha [ k (eb).
Kaxxpgasg cTpoka B TocaeI0BaTeTbHOCTH
( f k (el7 )) OTIpeJIEISIETCS 10 TTPE/IbITyTIEeH CTPO-
Ke, a BCEro Pa3JIMYHbIX BO3MOXKHbBIX CTPOK He
6osiee ueM m" . T109TOMY HIOC/IEI0BATEIBHOCTD
(f k (eb)) Mepuo/INYHa, BO3MOKHO, C TIpeJIIne-
puogoM. Ilycts T, — anuHa nepuosga. 3ame-
TUM, YTO €CJIM TIOMEHSITh CTPATErHIo XaKepa,
3aMeHNB IpubaBJIeHe €, B OJUH U3 JHEIl Ha
npubaBJeHne e, POBHO uepe3 T, [IHEl, TO
pe3yJabTaTbl 3TUX CTpPATerHii paHoO WJN T0-
sqo (me mosgaHee uyem wepes m"  gmHeil)
MEePECTAaHyT OTJMYATHCS.
Temepnb Gy eM ocJieIOBATETBHO TEPEHOCUTD
BCe U3MEHEHUsT PEUTUHTOB U3 TIEPBOTO JIHS B
JIpyTue [THU Tak, 4TOObI JEHCTBUS XaKepa
COBEPIIAJIMNCH B PasHble JHU. ITO MOKHO
c/enaTh, TaK KaK JJISI KaKI0TO JIeHCTBUS
MOKHO TpuGaBJIATb COOTBETCTBYIOINIMI Iie-
PHO/T CKOJIBKO YTO/THO Pa3.
Takum 06pa3oM, Mbl TIOJYYUM CTPATETUIO
JUTS XaKepa, pe3yJibTaT KOTOPOH yepe3 HeKo-
topoe BpeMs (He Gosee yem yepes m” aHei
HocJie TO0C/IeHEr0 U3MEHEHNU ) He OT/JINYaeT-
CsI OT M3HAYAJIBHON CTpaTernu ¢ M3MeHeHNUsI-
MU BCEX PEHTHHTOB B TIEPBBIH /IeHb. Pe3yb-
TATOM WM3HAYAJIbHOW CTpPATEruu B 3TOT MO-
MEHT BpeMeHU Gy/IeT CTPOKa U3 BCeX HyJIeH.
TaxkuM 06pa3oM, pe3yabTaToOM Hallell HOBOM
cTparernu ¢ He 6oJiee YeM OJHUM M3MEHEH-
eM B JleHb TOXe Oy/eT HyJieBas CTPOKA.
B.Hosuxos

D2585. I[urunop 3anosmen Mamepuaiom ¢
MHOKECBOM 00HOPOOHO PACIPEOENeHHBLY
nop, 4uUCA0 KOMopux 6 edunuye obwvemd
yurundpa 100 cu™. Caeea 6 yuaundp co
CKOPOCMBIO U = 5 CM[C 606U2AI0M NOPUEHD.
Ieped num obpasyemes obaacmo yniomme-
Hust (CM. pucynox), 6 Komopoi 06sem Kax-
doii nopoL ymenvwaemes na 5 mn>. Cuu-
maiime, 4mo NJIOMHOCMb MAMEPUAILA MEKOY
nopamu He u3MeHsemcsi.

1) Haiioume cxopocmv v epanuyvl pasoeida
YNIAOMHEHHOU U HEeYNIOMHEHHOU Udcmell.

«KBAHTA »

Omeem evipasume 6 cm/c, okpyzaume 00
uenvLx.

2) Haiidume wucio nop 6 edunuue obsema
uuarunopa é ooaacmu ynaomuenus. Omeem
svipasume 6 cm”>, okpyzume 00 uebLx.

IIyctp L — paccrosinue OT MOPIIHS /10 TPaBo-
TO TOpIla IIUJINH/PA B MOMEHT HavaJa YILIOT-
Henust. O6bem Mesky Humu Vi = SL, rne S —
ceyeHne IMJAMHApPA. Pa3 o6beM CoAepyKuT
MarepHuas 0 YIJIOTHEHUS, TO YHUCJO 110D B
nem N =mnV; =nSL. Ilpu ckopoctu v rpa-
HUIa 06JIACTH YIJIOTHEHUS JION/IET JI0 TOpIa
3a BpeMsi t = L[/v, a Torma o6beM MEXKIY
nopmraeMm u Ttopuom V,=S(L—-ut)=
= SL(1-u/o) — ato o6bem Beeii o6ractu
ymtoraenns. [lockosbky obiee 4ncso mop
He U3MEHUJIOCh, TO YUCJIO HOP B €JUHHIE
o6bema obsactu yruoTHeHusi 1y = N/V, =
=nw/(v-u). V3 nocrosHcTBa MJIOTHOCTH
CILTIOINITHOTO MaTepuaJia cjielyeT HU3MEHHOCTD
ero o6beMa. Toria cokparnienie o6bemMa Mex-
Jly TIOPIIHEM 1 TOPLOM Sut paBHO CyMMapHO-
My cokparennio o6bema mop NAV . Ilocre
HO/ICTAHOBOK WU YIPOLIeHUH I0JaydaeMm
u/v = n AV, OTKy/Z1a HAXO/IIM NCKOMYIO CKO-
POCTb TPaHMIIbI pas/ea:
=2 —10 cm/c.

AV
[To HaiifeHHOMY 3HAUEHNIO CKOPOCTH TPAaHU-
I[bI HAXO/INM HOBYIO IJIOTHOCTD TIOP:

[

no n

= =200 cv .
v—u 1-mAV

n2:

H.Bopobves

®2586. Camosem eviiemes u3 asaponopma
ITyaxoeo (Canxm-IlemepGypez) ¢ 00 uacos
00 Mmunym no mockoseckomy epemenu u Je-
mum 6ce epemsa ¢ NOCMOAHHOU NO GeJUUUHE
cxopocmoto v = 1000 xm/u ¢ nanpasienuu
na 10zo-3anad. B xaxoe epems (no Mockee)
camoiem nepeceuem K6AMOP U KaAxy1o cmpd-
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HY CMOZYM YBUODEMb NACCAXNKUPLL 6 UTNIOMU-
HamopwvL camosema?

T'eorpadmueckue koopaumnarel Cankt-Iletep-
6ypra — aT0 PUGIU3UTENBHO 6()° CEBepHOLt
UPOTBI M 3(0° BOCTOYHOW J0JroThl. llo
[IEPBOMY OIIpeIeJIEHUIO METPa, OH COCTABJISI-
€T OJHY COPOKaMMJIJINOHHHYIO OT JIJIMHbI
Mepu/anaHa, npoxojdauiero uepes llapux,
WJIN OJIHY JIeCATUMUJIIMOHHYIO YETBEPTH [N~
HBI 3TOTO Mepuanana. Eci 6b1 camoJtet geTest
CTPOTO HAa 0T, TO OH OKa3aJIcst OBl Ha 9KBATOPE
wepe3 60°x 10 1/90° = 20/3 u . Ho mockosb-
KY TPOEKIINSI CKOPOCTH caMoJieTa Ha 3TO Ha-

IIpaBJieHE€ COCTaBJIAET U/\/E , TO Ha 3TO IIO-

Tpe6oBasoch Bpemst V2 - 20/3 4 ~ 9 4 26 Mu .

Jto u 6yzeT BpeMs <o Mockse».

3a BpeMs ToJieTa JI0 9KBATOpa CaMoJIeT CMec-
TIICSA K Iory Ha 6(°, a B HallpaBJIeHHM Ha
3araji cMelleHre B rpajaycax 6yner 60Jblie:

do
Ccos

60
Ag = j ~75,5°.
0
Takum 06pa3zoM, caMoJIeT OKAXKETCS Ha 9KBa-
TOpe B MecTe, reorpaduieckasi J0JroTa KOTo-
pOTO 3amaiHas u paBHas = 45,5°. V3 umio-
MUHATOPOB TMACCAXKUPBI CaMOJIeTa CMOTYT
VBUZIETb CEBEPHOE ATJAHTUYECKOE Iobepe-
’kbe Bpasuimu, moCKOJbKY caMoJieT B 3TOT
MOMEeHT Oy/IeT JIETETh HAJl OKEAHOM, a MeCT-
noe Bpems (B Bpasumun) Gyzer na 6 yacos
MEHbBIIEe MOCKOBCKOTO, T.e. TPUOJU3UTETHHO
3 u 26 MuH.
C.Bapaamos

D2587. YUmobvl nepedsuiyms noddou, na
Komopom naxodusocy 1000 xupnuued, uc-
noaw3osanu epysoeux. Kozda npuxpenuiu
mpoc x eepxnemy kpiouxy noodona (puc.1,a),
mo epy3068uUK NPOOYKCOBLIBANL U HE CMOZ
cosunymo zpy3. Ymobwvi on cmoz cosunymo
2pY3, HYKHO CHsMY He menee 315 Kupnuued.
Ecau ixe npuxpenumv mpoc K HUXKHEMY
kproury (puc.1,6), mo zpysosux cmoxem
cosunymo 2py3, daxe ecau x ucxoonvim 1000
Kupnuuam dobasums 315 kupnuuei. B 060-
UX CAYUASX MPOc 00PA306bI6AIL 00UH U TMOM
ke yeon ¢ eopusonmom. Onpedenume maccy
2PY306UKA <8 KUPRUUAX>, €CAU MACCA NOO-
dona pasna macce 125 xupnuueii. Omesem

2020/ Ne?

a)

or

or

Puc. 1

oxpyeaume 0o yeavix. Koaghgpuyuenm mpe-
Hus Koaec u no000Hd 0 3eMA10 OOUHAKOBLL,
deuzamenv nepeddem epauierue Hd 6ce Ko-
Jecd.

PaccraBum cuiibl, fpeiicTBylolnye Ha TPy30-
BUK M NOAAOH B o6omx ciayuasx (puc.2).
y‘II/ITbIBaH, YTO I'Py30BUK C OAJO0OHOM BOT-
BOT TIOENyT, T.e. CHJa TpeHus paBHa UN
3aIIMIIEeM YCJIOBHS PABHOBECHUS BOJb FOPH-
30HTAJIBHON OCH:

Fpi =Tcoso = Fy, , nim
cos o,
N1 =N2 = T,
u
Fp3 =Tjcoso = Fyy, uim
cos o
N3 =N; = I
u

Tenepb 3alliniieM yCJyI0BUA paBHOBECHA IO~
JI0OHA 1 TPY30BUKa BIOJIb BepTHKaJIbHOfI OCH:

810 myg

1440 myg

Puc. 2
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N, =Tsina =810mg ,
kmyg = N, +T'sina.,
1440myg = N3 + Ty sino
N, —T;sino = kmyg ,

rjae k — Mmacca I'PY30BUKa <«B KHUpHHUYaX>».
PaSlIEJII/IM IIEpBOE YpaBHEHNE Ha YETBEPTOE 1
BTOPOE€ ypaBHEHUEC Ha TPETHE:

Ny -Tsina T _ 810
N, -T;sino T, kR
N, +Tsino T k

Ny +Tsina T, 1440 -

Orclona nosyuyaem
k =~/810-1440 = 1080 xupmmyei.

A. Bviuxos

D2588. Yuacmox dekmpuueckoil uenu co-
depsxum cemv pezucmopos (puc.1). Ycm-
poticmeo, 6 cocmas KOmopozo 6xX00Um Mom
yuacmox yenu, Koppexmmo pabomaem, eciu
HOMUHANLL YKAZAHHBIX Pe3UCMOPO8 PAGHYL
ux nomepam: Ry =1 Om, R, =2 Omum.o.
Pesucmop R, nepezopen u 3amenumso €20
HOBLIM pe3ucmopom nomunaiom 2 Om we-
603M0KHO. /L5t 60ccmanosaenus pabomo-
cnocobHocmu ycmpoticmed 00uH U3 0cmas-
WUXCSL Pe3UCTNOPO8 3AMEHUNU PE3UCTOPOM
Opyz020 HOMUHAILA.

Puc. 1

«KBAHTA »

Puc. 2

1) Kaxoi peaucmop 6vi.10 3amenen? Y kaxu-
me Homep IMozo pe3ucmopd.

2) Pe3ucmop kaxozo HOMUHALA 6NASIU 6Me-
cmo nepezopesutezo? Omeem evipasume 6
oMaAx u OKpYzaUme 0O COMbLX.

[Ipeo6pasyem cxemy, Kak TOKa3aHO Ha pU-
cynke 2. Terepb BuHO, YTO B IPUBEJICHHON
cxeMe collpoTuBenusd R, u R, BKJ/IOYeHbI
napaJienbHo. ITostoMmy B ncxonHol cxeme
OHU BBITIOJIHSIN POJIb OJIHOTO CONPOTHUBJIE-
HHUS ¢ HOMUHAJIOM

ITocusie Toro kak COIIPpOTUBJIEHNE R2 repero-
PpeJio, /171 BOCCTaHOBJICHUA paéOTOCHOCOéHO-
CTN CXEMbI JOCTATOYHO 3aME€HUTb COITPOTUB-
JICHHE ]%/1 O/THUM COITPOTUBJIEHNEM C HOMU-

HaJoM R,, = % OM .
A.Bviuxos
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Mopenun, koTopble Mbl BbiOupaem

A.3UJTBBEPMAH

Mg ananusa puanyueckux ABJACHUNH MBI
Bcer/jia I0JIb3yeMcsl MOJe/IAMU, yIIpollas 1
njeasu3upys peasbHyIo cuTyaiuio. fcHo,
YTO B KaXK/IOM KOHKPETHOM cCJydae HYKHO
OTPA3UTh B MOJIEJIN BCe BaXKHbIe /15 JaHHON
3324 JIeTaTu W OTOPOCUTH BCe JHUIIHUE.
(310T CcoBeT, KaKk U MHOTHE JPYrue, Jerde
JlaBaTh, 4eM eMy cJegoBaThb.) [loatomy npu
BbIGOpE MOJIENTH CJIEYET OIEHUTH, XOTS ObI
MpUOIU3UTETbHO, AelicTBHe (DaKTOPOB, KO-
TOPBIE MBI XOTHM OTOPOCUTH, U TOCMOTPETD,
KaK CKaJKyTCs c/le/laHHble HaMU JOIyIeHUS
1 YIPOIIEHUS Ha TOYHOCTH I10JIy4aeMOro
pelleHus 3a/1a4i.

PaccmorpuM 1pumep: CIHOPTCMEH TOJIKAET

sa1po ¢ BbicoThl 2= 1,5 Mmooz yriom P = 40°

K TOPHU30HTY €O CKOpocThio 0 =12 M/c, u

HA/I0 HAWTU JIATBHOCTD TIOJIETA SI/IPA.
Boi6Gepem Mo/ie/ib: TI0CKas HEBPAIIAIOTa-
sicst 3eMuist, Boz/yxa Het, HeT Takke CoJrHiia
u Jlyubol. OiieHuM Bo3jieiicTBHE OTOPOIIEH-
HBIX (haKTOPOB.
Coanye Jjaet TOTPABKY K YCKOPEHHIO CBO-
GOJTHOTO MAJIEHHST

Ag, = mfR1, rae o; = 2m/1 rox,

Ry =150 wmuH KM;
Ag, 1072 m/c? =1073g.

Jyna naer npumepHo To ke (BCIOMHHM
[IPUJIBEI).
Conpomueienue 6030yxa o6yCJIOBINBACT

cuy J1060Boro conpotuienus F = aSo? .

Besnmuniy o TPUOIN3UTENBHO MOJKHO OTfe-

HHUTH, 3HAsd CKOPOCTH BBIMAJEHUs TPajia

0. =20 m/c pn 7. = 0,5 cM:
2 2

4_ 3
OTL7:. Or =mrg=pr'§n7rg?H o=

4p, 1.9

2
3v;.

Ony6aukoBano B «KBante» Ne§8 3a 1981 rog.

2020/ Ne?

[lns sapa ckopocTh v, , TIPH KOTOPOH cmia
JI0GOBOTO COITPOTUBJIEHNST BO3/TyXa PaBHA CHTE

TAXKECTU, OIIpEe/AECTCA YCJAOBUEM

=()l_

Pals 900 /e,
Pty

3HAuUT, AJIS TAaHHOW B YCJOBUH CKOPOCTH

s

2
Fcoup =mg (%) =~ 3 10_37’)’29.
(OrMeTuM, 4TO TP TaKUX CKOPOCTAX CHJIA
BSI3KOTO TpeHus 60Jibllle, 4eM J0O0BOrO CO-
NPOTHUBJIEHHNSI, O/HAKO OHA TAK)KE HEBEJIHNKA. )

Apxumedosa cuaa co CTOPOHBI BO3/LyXa
paBHa

p—Bmg s 10_3mg.

Pa
[TorpaBka K yCKOpeHUIo cBOGOIHOTO Tajie-
HUSL U3-3d 8paAweHuss 3emiu paBHa

FA=

Ag, = w%R2,

e o, = 21/1 cytkim, R, = 6,3-10% cos ¢ (@ —

ImrpoTa MeCTHOCTI/I). Ha IKBATOpPE, CKaXKEM,
Ag, $3-107%g.

[Mudpor B 3amave 3a/JlaHbl «KPYTJIbIE>; U3
ITPOCTBIX TTPAKTUYECKUX COOOPaKEHMI SCHO,
41O TpedyeMast TOUHOCTD YK HUKAK He JIydle
3—5%. 3HAUWT, BCE TEPEUNCTEHHBIE TTOMPaB-
K1 HECYIIECTBEHHDI, 1 MO/I€JIb Hallla BIIOJTHE
pasymHa. Perenne 3a/1aum coBceM IpocToe,
1 MbI €TI0 HE€ ITPUBO/UM.

Bo3MOXHDBI, OJHAKO, CHUTyalW#, KOTja
Jlaske HeOOJIbITIE MOTPAaBKU MOTYT OKa3aTh
permaioiee Bo3/eiicTBAE Ha pe3yJabTar. ITO
MOJKET TTPOU30UTH, HAIIPUMEP, €CJIU MBI 3a-
MHTEPECyeMCA PA3ININAMU B IBUKECHUN HE-
CKOJIBKUX TeJ. PaccMoTpuTe caMoCTOSATE N b-
HO TaKOl BOTPOC: MONAJIET JIH BEPTUKAJIBHO
BBICTPEJICHHBIN CHAPS/l HA3a/ B CTBOJ OPY-
st?

Mo/iestb MOJKET 0Ka3aThCs U COBCEM HeTIpu-
MEHUMOI, €CJTM OHA He OTPaKaeT CYyIIeCTBEH-
HbIX uepT siBJeHus. Tak, Mojieib aGCOJIOTHO
TBEPJIOTO TeJIa JIJIs ONMCAHWS y/Iapa HUKaK He
MIPUMEHNMA — BAXKHYIO POJIb TIPU yIape urpa-
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10T flecpopmartii, a abCOJIOTHO TBEPIOE TEJI0
He fepopmupyertcs. Ene mpumep: 4acTo mpe-
HeOpeTanT WHAYKTUBHOCTBIO MPOBOHIUKOB
(nmm — 9TO TO JKe caMoe — SHeprueil MarHuT-
HOTO TOJIs, BO3HUKAIONIETO BOKPYT MPOBOJI-
HUKAQ TPU MPOMYCKAHUW MO HEMY TOKa).
OmHaxko B M3BECTHOU 3a/1ade PO KOHIEHCA-
TOP, KOTOPBIH MOCJIe 3aPSAIKI 3aKOPAYUBAIOT
MIPOBOJTHUKOM, HEJb3s OJTHOBPEMEHHO Ipe-
HeOperaTb CONPOTUBJIEHUEM ITPOBOJHUKA U
€T0 UHIYKTUBHOCTHIO — €CJIU CONTPOTUBJICHHE
OYeHb MAJIO, TO TOK MOJIydaeTcs BecbMa 60JIb-
muM 1 Jgake IIpu MaJIon MHAYKTUBHOCTU
SHEPrusi MaTHUTHOTO TIOJIST OKA3bIBAETCS CY-
mectBeHHOH. [IpocToil aHa/m3 TOKa3bIBaET,
YTO MHAYKTUBHOCTDHIO ﬂeﬁCTBHTeHbHO MOJKHO
npere6peyb, TOJBKO €CJTH BBITIOJHIETCS yC-
JIOBHE

L < R*C.

Ouenb 4vacrTo IIprU MCIOJb30BaHUN <«IIJIO-
XOU» MOJEJIN KOHI[bI HE CXO/SITCS C KOHI[A-
MU — Kyga-to jeBaercst (MM TOSIBJISIETCS)
9Heprusi, He XBATAeT YPABHEHUN [JisI peliie-
HUS 33/Ia4H 1 T.11. ITO BCET/A TOJDKHO HACTO-
paskuBath!

Pas6epem mnoJie3HbIil TpUMEp: Ha BYX HU-
TAX TMOJ[BENIEHA O/IHOPoHAs Gaska. Tpely-
eTcd HAWTU CUJIbI HATSDKEHUS HUTEH.

3amava 9Ta OYEeHb MPOCTO PEIIAETCS: HUTH
6y,aeM CYUTATb HEPACTAKNUMbBIMH, COCTaBUM
YpaBHEHUsT PABHOBECHUSI, T.€. 3AIUIIEM YCJIO-
BUA paBE€HCTBa CUJI M MOMEHTOB CHJI, — H
HEM3BECTHBIE BEJMUMHBI CPA3Y OIPEIETSITCS.

[lobaBuM Temnepb emie oaHy HUTH. Cpazy
MOSIBJISTIOTCST  HETIPUSITHOCTH — HE XBATaeT
ypaBHennii. B yem nemno?

IIpuunna TyT JOBOJIBHO cepbe3Has — He
rofuTcs Mojesib. B caydae AByX HuTell OHA
MO/IXO/TIJIA — MAJIbIE PACTSDKEHUST HUTel ObLIN
HECYHIECTBEHHDBI, OHU IMPUBOJANJIN JUIIb K
TOMY, 4TO GaJIKa BUCEJA 9yTh KPUBO, & CHJIbI
[IPU 9TOM MPAKTUYECKN HE MEHSJINCh. Ecin
JKe HUTEH TPH, MOJIOXKEHUEe COBCEM [IPYTOe.
Hemmuoro ocsiabum o0y HUTH — BCST HATPY3Ka
cpasy TNpujercss Ha JiBe Jpyrue. 3HAUuT,
MaJible PACTSIKEHUSI CYIECTBEHHBI U MOJIEJb
«HEPACTAKHUMbIC HUTU» HE T'O/UTCA. (Be,[Ib
MOJKHO TpeHeOperaTb KakuM-To (akTopoMm,

«KBAHTA »

TOJIBKO yOE[IUBIINCD, YTO €r0 BJUSHUE TIpe-
HEOPEKUMO MaJIO. )

[Tonoxxenue Jerko IOIPaBUTb — HYXKHO
3a/1aTh >KECTKOCTH HuTei (MOMKHO OJMHAKO-
BbI€, eC/n UuX [AJNHDBI O,[II/IHaKOBbI) n us
reOMETPUUYECKUX COOOPAKEHUH HAWTH CBSI3b
MEXAy YAJMHEHUAMU HHTefI, a 3HA4yuT, u
MEXKIy CUJIaMU HATsDKeHusi. IJTo u Oyer
HE[OCTAIONIeE yPABHEHIE.

CucTeMbl TAKOTO POJIa HA3BIBAIOT «CTATHU-
YECKMN HEOIIPpEAEJMMbIMUY», UM€A B BUY HE-
OéXOI[I/IMOCTb K ypaBHEHUAM CUJT U MOMEH-
TOB — YPABHEHUSIM CTATHKU — J00ABJISATH
ypaBHeHUsI, XapaKkTepuayoiiue Gu3nvecKue
cBoiictBa tes1 (Hampumep, xKecTtkocThb). Cra-
THYECKU HEOIPEIeJUMble 3a/[aYil BCTPEYa-
I0TCs He Tak y»K peaxo. Hampumep, 3amaga
0 pacrpeiesIeHII CUJT JaBJI€HUs Ha KUPIIUY,
Jiekalmuil Ha HaKJOHHOW TockocTu. OHa
MOX0’Ka HA MPEABLALYIYIO, TOJABKO onop (Hu-
Teil) He TpM, a OueHb MHOTO. Maseimas
HEPOBHOCTH Ha OCHOBaHUN KUPIINYa Kap/An-
HAJbHO MEHSIET Pe3YIbTAT — KUPIIUY HEJTh35T
cuuTaTh a0COJIOTHO TBEPIBIM TEJIOM.

Oco6eHHO KaBep3HbIMU ObIBAIOT 3a/la4H,
rae B3aI/IMO[[eI7ICTByIOT MHOTO T€JI 1 TIPU 3TOM
ectp Tpenme. OauH TpuMep: 3azada IIpo
[ECOK, HACBIMAHHBII B KY30B aBTOMOOWJISI
(cMm. samauy D656). [laB/ieHue Ha CTEHKY
Ky30Ba 3aBUCHUT U OT TOTO, KaK Mbl HACBITIA-
JIU TIECOK, ¥ OT TOTO, KAK UMEHHO [[BUIKETCS
3BTOM061/IJII) (HaHOMHI/IM TeM, KTO 1aBHO HE
e3/I1J1 B Ky30Be IPY30BOTO aBTOMOGUJIS, YTO
JlazKe TIPU JABWYKEHUN C MOCTOSIHHON CKOPOC-
THIO KY30B CHJIBHO Tpsicer). M3-3a Hempe-
PBIBHBIX TOJYKOB B Pa3Hble CTOPOHDBI CYXOH
MECOK TIOCTOSTHHO TIEPEMETTIHBAETCS, TPU HTOM
CHUJIbI TPEHUA MEKY IMECUNHKaMU1 BCE BPEMA
MEHSIOT HampaBJjenue. B cpexmem mpu atom
JleficTBUEe CUJI TPEHUS KOMIEHCUPYETCS, U
[ECOK HAIIOMUHAET KUIAKOCTb, HAJTUTYIO B
Ky30B. (Heurto 1moxoskee POMCXOANUT, KOT-
Jla, skesasg HAOJI0/1aTh KapTUHY CHJIOBBIX
JUHAN MarHUTHOTO II0JIsI, MblI HacCbIIlaeM
JKeJIe3Hble OMUJIKY HA JUCT OyMaru u moTpsi-
XHUBaeM €ro, 4ro0bl ocaabuTh Tpenme.) B
9TOM CJIydae 3a[ady JIETKO PEIlnuTh.

OpmHako Bce MOKET MPOUCXOAWTH WHAUE.
MpbI MOKeM, Harpumep, TJIOTHO HAOUTDH Tie-
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COK B KYy30B, J0OUBASICh <«3aKJIUHUBAHUIY
[IECYMHOK, KOI/la y’Ke HUKakagd TpscKa He
[IOMOJKET — CHJIA JIaBJIeHHS Ha CTEHKY MOXKeT
IIPU 3TOM OKa3aThCs BO MHOTO pa3 GoJIblIle.

Ecau ske Mbl HacbIlIaeM 11€COK MeIJIEHHO U
AKKypaTHO, KOHYCOM, a II0TOM OCTOPOKHO
3ar0JIHsIEM KPast U TIIATeTbHO N36eraeM Tpsic-
K¥, TO CHJIA [IaBJIEHUS BO3MOXKHO OYET Cy-
IIECTBEHHO MEHbIIIE, YeM B «TH/IPOCTATHYeC-
KOM» cJlyyae.

B o6uieM, cratnuecku HeornpeeuMble 3a-
Jlaui ¥MEIOT MHOXKECTBO OJIMHAKOBO BEPHBIX
(11 HeBEPHDBIX, Pa3yMeeTcsi) PelleHuii.

Pasymubiii BbIGOp MOJETM MOXKET OYEHb
06JIETYUTD pellleHne Cepbe3HOil Po6IeMbl,
[IpIYeM MO/IENIb MOKET ObITh 1 OUE€HD HEOXKH-
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nannoi. Tak, KaresbHasi MOJIeJb sjpa T0-
3BOJINJIA OLleHUTh MHOTHE 3 DEKThI, CBI3aH-
HbIE C YCTOMYUBOCTDBIO S/IEP, a TJIaHeTapHast
MO/IeJIb aTOMa JIaeT BO3MOKHOCTD BBIYUCIUTD
MHO’KECTBO TI0JIe3HbIX BEJUYMH, XOTS SICHO,
YTO HA CAMOM JleJie BCE YCTPOEHO COBCEM He
Tak. Besib Mo/1eJIb JIOJKHA TTepeiaBath JaJie-
KO He BCe CBOICTBa M3y4aeMoro OO0beKTa
(kak, HarpuMep, THPS Ha YalIKe BECOB MO/Ie-
JIUPYET JIAJIEKO He BCEe CBOICTBA B3BEIINBAeE-
MOI0O KyCKa CbIpa).

Wrak, mpu BbIOOpE MOJIEIH SIBIEHUST HY K-
HO OBITh OYEeHb AKKypaTHbIM, He 3a0bIBas,
OJIHAKO, O TOM, YTO JKMBO M HATJSI/THO TIPEJI-
CTaBUTDH ceOe sIBJIEHIE — 3HAUYUT CYIIECTBEHHO
MIPOJIBUHYTHCS B PEIEHUN 3a/[a4ll.

MonpaeBka

B pemenne sagaun M2579 («Kpanr» Nell 3a
2019 r.) BKpastach ommOKa. IIpaBuabpHOe perre-
Hue npuBes Hamr yutatesab Jawmn pysnos. On
OTMETHJI, 4TO (POPMYJIbI JLJISE Q1 u Qs, [pUBeJieH-
HbIE B JKypHaJie, HelIPABUJIbHO YUYUTBIBAIOT Pabo-
Ty HCTOYHMKOB ToKa. C y4eTroM NpaBUJIBHOTO
BBIYNCJIEHUS] PAGOTbl UCTOYHUKOB JIOJIKHO OBITh!

O, =CUE-CU?/2 u Qy =3CUE-CU?.

Torna TIOTYy4a€eTCsd, 4YTO CyMMapHO€ BbI/IEJIEHHOE
KOJIMYECTBO TEIJIOTBI HE 3aBUCHUT OT I1OCJIE/I0OBATE/Ib-

HOCTH 3aMbIKanus kmoueir K, K, n BPEMEHHOH

3ajepKkn i pasHo Q = 2,5CE2.

LT
—_I_— K R, ¢
-— 4
K, 1
R, G,
1

O/1HaKO 3aMETHM, 4TO ABTOP 3a/1a4¥ MPe/IIoJIa-
rajg BOIPOC, KOTOPBIN He BolesJ B ycjoBue. A
UMEHHO: TIPU KAKOil MOCJIe0BATEIbHOCTH 3aMbl-
KaHUS KJIOYeil B TOM WJM JAPYTOM Pe3ncTope
BBIJIEJIUTCS MUHUMAJIbHOE KOJUYECTBO TETLIOTHI?
UncaeHHDII METO/] pelleHns 3a[aun ¢ 3TUM BOII-
POCOM JIaeT TaKOH pe3yJbTar.

Ecsm cmavama 3ambikaercss kiaiod K; m Ha
KaykK/IOM KOH/ICHCATOPE B MOMEHT BKJTIOYEHUS KJTIO-
ya K, ycraHaBJuBaercs HampspKeHHe ¢, TO B
pesucrope R, Bbiziesisiercst Bcero 6,67 % ot o611ero
KOJIMYECTBA TEIJIOTHI, BBIIEJUBIIETOCS B JIBYX
pesucTopax.

B cayyae korjia nepBbIM BKJIIOYaercs Ko Ky
U OJIHOBPEMENHO BKJIOYaeTcst Kimou Kj, T.e. 3a-
JIEPKKN HET, TO BO BTOPOM PE3UCTOPE BBIJeJIs-
eTcss MUHUMAJbHOE KOJMUYECTBO TEIJIOTHI U OHO
paBHo 13,35% oT 06Iero KoJnyecTsa.

MuHIMaIbHOE KOJMYECTBO TEIJIOThI BbIIEJUT-
csl B peaucrope Ry, ecim cHauana Ha GOJIBIIOE
BpeMs Oy/ieT BKJOUeH K04 K, 1 Ha KOHJeHCa-
tope C, yCTaHOBUTCSI HalpsKeHHe ¢, a 3areM
Oyzer 3amkuyT kKiiou K. B arom ciayuae B
pesuctope R, Boienutes 53,35% 0T 06Iero
KOJIMYECTBA TETLIOTHI.

OTHoIIIEHNEe MOJYYeHHbIX MUHUMAJbHBIX 3Ha-
deHui 0JIM3KO K OTHOIIEHUIO TiesibiX yunces 1:2:8.
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AJdAd MJAJININX NMKOJbDHHUKOB 27

aa4yl

1. Mo ABYM nepneHamKynspHbIM 4OPO-
ram C NOCTOSIHHbIMU CKOPOCTAMMW B CTO-
POHY MepekpecTka eayT ABe MallHbl A
n B (A — no ogHon pdopore, B — no
npyrom). Korna A nocturna nepekpect-
Ka, paccTosiHve Mexay MallmHaMm Obino

7o ? i
: e

300 M. Korga nocne 310ro B B MOMEHT
BpeMeHu [ [0oCTUrNa nepekpectka, pac-
CTOAHME MeXAY MaLurHamMm ctano 200 m.
Kakoe paccTosiHne bynet Mexzay Mallu-
HaMW, Korga MalluHa B npoefeT elle
300 M nocne MOMeHTa BpemeHn 77
HAraxarHos, O.[Togvrnckuv

2. CeMb NoceioBaTeNIbHbIX HaTypanb-
HbIX YMCEN KaK-TO PacCTaBUAM MO KPyry.
MNocne 3Toro AN Kaxmaow napbl cocef-
HUX YNCEN BbIYUCIIUAM PA3HOCTb MEXAY
HUMM (13 BOMbLLEro YACa BbIYSIA MEHb-
wee). Mornv N1 NaTb NOAPAL UAYLLIMX

3afada 1 npepnaranachb Ha LLKOJIbHOM, a 33434
2 1 4 — Ha MyHULMNanbHOM 3Tane Bcepoccumckon
onnMnuagbl No Matematuike B MockoBckon obra-
CTW. 3apada 3 npefnaranach Ha TypHMpe MatemMa-
Tdeckmnx 60es MMeHn AlM.CaBuHa.

pa3HocTen (13 cemMmn) pPaBHATLCS YUCIAM
2,1,6,1, 2?
HAraxaros, O.[Togminckuu

3. Ha ctopoHe AF kBagpata ABCD
OTMeYeHa Mnpown3BOSibHad Toudka K.
Monb3ysicb TONbKO NMHenKon be3 pene-
HUI, NOCTPONTE KaKoM-HMOYyAb NpPsMO-
T S g .
A K 5’

P e S

i m \ \ A

FONIbHUK C BEPLUMHOM K, BNNCAHHbIN B
5TOT kBagpaT. (Kaxpas CcTopoHa KBap-
paTa LOJKHa cofep>XaTb OAHY BEPLUMHY

NPSAMOYronbHMKa.)

[-@unmnnosckui

4. Kaxnapii 13 13 pebst 3agyman Le-
noe yucno. Okasanochk, 4To CyMMa 3amy-
MaHHbIX 4mMcen pasHa 125. lNocne yero
KaXabl M3MEHWST CBOe 4mcno: nmbo
pasgenun ero Ha 3, Mo YMHOXMN ero
Ha 5. Morna nn cyMmma nosny4deHHbIx 13
4yuncen paBHAaTbCA 1757

HAraxaxos, O.[lognurckiv

Unmoctpauywm .1 puykoBov



KOHKYPC UIMEHUN A.II.CABHUHA

Mbi npogomkaem KOHKYPC M0 PeLUEHUI0 MaTeMaTudeckux 3aaay. OHU paccynTaHbl B E€PBYIO
ouepenb Ha yyawymxcs 7-9 K/iaccoB, HO Mbl 6ygem pagbl y4acTuio LUKOJIbHUKOB BCEX BO3PACTOB.
KoHKypc npoBoanTcsi COBMECTHO € XKYpPHanom «KBaHTUK».

Bbicbinaite pelueHnss 3asa4d, ¢ KOTOPbIMU CIIPaBUTECh, 3JIEKTPOHHOM [10YTON 110 aApecy:
savin.contest@gmail.com wm o6br4Hov royTos o agpecy: 119296 MockBa, JIeHUHCKUI MPOCIEKT,
64-A, «KBaHT» (c rnometkori «KoHKypc umenn A.fl.CaBuHa»). Kpome vumeHu v ghamuinm yKaxmre
ropoa, LWKosy U KJ1acc, B KOTOPOM Bbl YYUTECh, & TaK)Ke 0OPaTHBIV MOYTOBbIN aApec.

MbI npuBeTcTBYEM y4acTve B KOHKYpPCe He TO/IbKO OTAENbHbIX LKO/IbHUKOB, HO Y KOMaHy (B Takom
aIyyae rpycsIaeTcs oaHa pabora co CrvckoM y4acTHUKOB). Y4acTBoBaTe MOXXHO, Ha4YMHas ¢ /ilo6oro
Typa. lobeautenesi XAYT ANMNIIOMbI XYPHaNa «KBaHT» U Mpu3sbl. 3a[aHUs, peLIeHns U pe3ysibTaTsl
nybnukytorcs Ha cavire sites.google.com/view,/savin-contest

Xenaem ycriexa!

21. Yucao 1210 asmobuozpaghuunoe: ero
nepBas 1udpa IMOKa3bIBAET, CKOJIbKO B HEM
HyJIel, BTOPasi — CKOJIbKO €JAMHHUIL, TPETHS —
CKOJIBKO JIBOEK, & YeTBEPTasi — CKOJBKO TPO-
ek. Hafinure ciemnyromiee apro6uorpaduatoe
1eJI0€e YUCJIO.

Ilo momusam 3adauu
Mapmuna I'aponepa

22. B npsMOyTOJbHBINA TPEYTOJTHHUK BITH-
CaHbI IBa KBaIpaTa, Kak MOKa3aHo Ha PUCYH-
ke. /lokaxkmre, 9TO TpW OTMEUYEHHDBIE TOUKH
JIesKaT Ha OJHOU TIPSIMOM.

B. Aiisenwumaom

23. Yucna x, y, znoJoxuresbuble n xyz = 1.
[lokaskuTe HEPABEHCTBO
x z
2 + 2y + <
xX“+y y +z

2 yx

2

C./Asopsnunos

24. B neBoii HUKHEN KJIETKE KBAJPATHOTO
mosig 10 x 10 cTout KpacHas QuIlka, B Ipa-
BOI BepXHel KJIeTKe — CUHsSA. 3a OJIMH IIar
KpacHas (uIirka nepeMeniaeTcs: Ha cocejiHee

nosie 60 BBEpX, JMOO BIPABO, a CHHASA —
Jau60 BHN3, JM60 HajseBo. DUITKA HE MOXKET
BCTaBaThb Ha I10JIe, Ha KOTOPOM ceifyac CTOUT
apyras ¢umka. OUIMKHA e1afoT Marn 1o
ouepe]yu: HauMHAET KpacHas, [IOTOM XOJIUT
CUHSAd, IIOTOM CHOBa KpacHas M T.J., lloKa
Kask/1as (PUIIKa He 3afiMeT yroJi, IPOTUBOIIO-
JIOXKHDBII cBOeMy HadaabHOMY yray. CKOJBKO
ecTb CII0CO60B COBEPIINTD TAKNeE TIEPEIBUMKe-
HUS?

B.Pacmopzyes

BUBJINO-1JIOBYC

BAW FMABHbIM KHUXHbIN

Mbl MPEONAFAEM
BOJIbLLOV BLIEOP TOBAPOB W YCNYT

YCNyrun

WNHTepHET-Marasus
www.bgshop.ru

Kade

Kny6uble (IUCKOHTHEIE)
KapThl ¥ aKIUU
ITogapounbie KapThl
IIpenBapuTenbHEBIE
3aKa3bl HA KHUT'U
BCTpe‘!I/I C aBTOpamMmmu
YurareabCKue KJIyobl
10 HHTEpecaMm
HHZ[I/IBHZ[Y&JII:HOE
obcay KIBaHUE
ITogapouHas ymakoBKa

JocraBka KHUT U3-3a pyOeska

BbICT&BKH'HpOZ[ﬁ?KH

ACCOPTUMEHT

1 Kauru

1 AyauokHuUrn

1 AHTHKBapuaT
U IIpeIMeThI
KOJIIEKI[MOHUPOBAHUS

I PunbMeI, My3bIKA,
UTPHI, coPT

1 Kaunenapckue

¥ o(pHCHBIE TOBAPHI

1 LIBers!

1 CyBeHHpDBI

r. Mocksa,

M. Jly6siHka,

M. Kutaii-ropopg,

yn. Msichuukas, g. 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 nepepsiBa Ha 06en,



NKOJA B «KBAHTE»

bypwaaHOB ocen,
M HemHoro
0 OuypKaLm

A.CTACEHKO

U3naravi Kparko, Ho CXaro.
Ko3bma lpyTtkoB

IIE BEJINKWIT APUCTOTE/Ib (IV B. /IO H.9.)

BOOGPA3NJI OCJIA, CTOSIIETO TOCPE/IITHE MEK-
My JIByX OXaIlOK ceHa M GECKOHEYHO [0JITO
TIBITAIOMIETOCS PEIINTD, KAKYIO U3 HUX MPe/Io-
yecTh. BoJiee yeM yepes ThICSUY JIET 3TOT CBET-
JIBTiT 06pa3 6bLI IpUMICaH eBporneiinamu JKany
Bypuzany (XIV B.). HamoMmuum, 4to BbIGOP
OJTHOTO M3 JIBYX BapMAHTOB CBSI3aH C TaK HA3bI-
BaeMoii 6upypkaiiueii, pas/BOeHIEM.

B npupojae Toxxe BOZHMKAIOT CUTYAINH, TIPU
KOTOPBIX HYKHO cjiesiath BbiGop. Hampumep,
U3BECTHAsE HOBOPOCCHIicKast 60pa — CHUJIbHBIIA,
MTOPBIBUCTBIN, XOJIO/HBI MECTHBIN BeTep.

IIpencraBum ropublit Xpe6eT, KOTOPHIi 00Te-
Kaercsa Bo3ayxoM. OpHa W3 BO3MOXKHOCTEH:
HaTeKass 13 GECKOHEYHOCTH CO CKOPOCTHIO 0y,
MIOTOK, MepeBaiuB uepes xpeber, CHOBA MPHo6-
peraer Takylo e CKOpPOCTb: v, = vy . Ilpn atom
JIMHUU TOKA OY/JYT CUMMETPUYHBIMH OTHOCHU-
teabHO Beptukamu AB (puc.1,a).

Ho ectp m npyras BoamoskHocTh. Ecam Bo3-
yX B BepXHEH 4YacTW TOTOKA XOJOJAHBIH, a
3HAYUT TJIOTHBIN, <TSDKEJIbIH», TO C BEPIIMHDI
Xpe6Ta OH PUHETCS BHHU3 TI0 CKJIOHY, €r0 CKO-
POCTb pe3KOo Bo3pacTeT: v, >0, a CedeHue
noroka ymenbumres (puc.1,6). IIpu atoM 1o-
poiBbI BeTpa gocturaior 80 M/c, TeMmeparypa
MOXKET YTacTh Ha JAeCATKHU Tpagycos. [loatomy
ypaBHEHUE COXPAaHEHUs MOTOKA MAacChl 3aliu-
1IeTcsl B BU/IE

Py = pyorhy

rae Py, Py — COOTBETCTBYIOMINE 3HAUECHUS IIOT-
HOCTH BO3/yXa. B atoM ciyuae cuiia TAroTeHus

DOI: https://doi.org/10.4213/kvant20200202

a) B

—
h

1 hy o,
—>

A

Puc. 1.a) CUMMETOUYHAS KapTIHE 0BTEKaHs xpeb-
7a BO3AYLUHbIM [TOTOKOM. 6) Obpa30Barme 3a Xpeb-
TOM BbICOKOCKOPOCTHOIO r10ToKa Bo3gyxa (6opa)

CJIYSKHT TEM <TOJIYKOM», KOTOPBI 3acTaBJisier
[IOTOK BO3/IyXa IIPEBPAIATbCs B yparaH.

A BOT COIJIO PAKETHOTO JBUTATEJIST HJIN A9PO-
JAMHAMUYECKOI TPyObI, Mpe/jHA3HAYCHHOE [IJIS
IIPEBPAIEHUS T1ePBOHAYAIBLHOIO TEIIOCO/Eep-
skaHus raza (YYeHble IO/ TOBOPSIT — «9HTalb-
[UK» ), HArPETOro 10 Temieparypbl Ty, B €ro
KuHeTHYecKyto sHepruio (prc.2). Kak ussect-
Ho, opmysa ITHOJKOBCKOTO [JIsi CKOPOCTH
PaKeTbl
My

m(t)
COBETYET DPE€aJIN30BaTb KaK MOIKHO 60]IbU.IyIO
CKOPOCTHb UCTEYEHUA U. Ee snauenme moxxmO

— 5

v(t)=uln

/:4\

Puc. 2. CBepx3BykoBoe corio. AB — Kputmn4yeckoe
cevyeHne, v = ¢ — JIOKallbHasa CKOPOCTb 38ykd, 1 —
CBEPX3BYKOBOM MOTOK, 2 — [O3BYKOBOM [1OTOK
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OII€EHUTDb N3 3aKOHa COXPaHEHUA dSHEPIrun

2

U
max _ CpT() ,
2

rge €, — yjesdbHas TEIIOEMKOCTb Tasa IIpH
IIOCTOSIHHOM JIABJIEHWH.

Hayxa Tazoqunamuka jjaet Ba BO3MOMKHBIX
pelleHNsI: ToC/Ie JOCTHXKEHUSI CKOPOCTU 3BYKa
(B KPUTHYECKOM CEYEHHH COILIA) MOTOK B pac-
MUPSIONIENcs YacTh COIJIa MOXKET WM «CBa-
JIUTbCSA» B JI03BYKOBOH peskum (IlyHKTHPHas
KpHUBas Ha PUCYHKE 2), WM MPOJAOJKHUTD yC-
kopenne (kpuBast 1) BILIOTb 10 3HAYEHUS U
Tunwnunas 6udypraius!

A HaAMKUCh HA MOTPAHUYHOM KaMHe TIpe/lJia-
raeT ApeBHeMYy 6OTaTbIpio Jaxke GOJbINe BO3-
MoxkHOCTel: « HaseBo noiiennb — KoHs moreps-
€lllb, HAIPABO MOWEIb — JKU3HD ITOTEPSIEIID,
MIPSIMO TIO¥/IEeNb — JKUB Oy/Iellib, /1a ce6st mo3a-
Oynemb». (10 — oxun M3 HAGOPOB (HOJBK-
JIOPHBIX BO3MOKHOCTEI; COBPEMEHHDBIE Iy TJIH-
BbIe (PUBWUKH MPEIJIOKNIN 60JIee KPaTKyTo Ha/l-
mich — «Bes BapmaHTOB>.)

Yduenbie OIEHWIN HHEPrETHYECKYIO <«CTO-
UMOCTh» oaHoro 6ura mudopmanun (wmm —
WM, OJHO M3 ABYX):

max *

E i, =kTIn2,

e k=14-1072 [l /K — nocrosaunas Boubu-
Mana, T — TeMmIepaTypa OKpy»Karoleil cpe/ibl.
Ipu T =300 Kunveem E, = 2,7-107" [Ix =
= 0,02 5B. JTio6oit kKoMap MOT HaMEKHYTH GoTa-
TBIPIO, KaKylo JIOpOry ceityac Jydie BbIG-
parb, — Be/Ib HA/IITICH Ha KAMHE MOTJIA YCTaPEeTDh
3a COTHH JIET.

Emte GoJibiiie BOBMOXKHOCTEI MPEIOCTABJISIET
TaK Ha3bIBaEMOE JIOTHCTUYECKOE YpaBHEHHUE, C
BHUJIy COBEPIIEHHO 6e300UIHOE:

dx
— =rx(1-x).

dt

Ono 6b110 notyueno (IT. @epxiosber, 1838 r.)
[PH UCCJAEAOBAHAN CKOPOCTH POCTA HACECJICHUST
C YYETOM yMEHBIIEHUS 3TOH CKOPOCTH BCJIEJ-

2020/ Ne?

X
1,0

0,87
0,67
0,41
0,21
0

Puc. 3. bugypkaums peLueH J10ricTm4eckoro
VpaBHeHA

CTBHE OrpaHUYeHHOCTU pecypcoB (oTpuiiaresb-
HOEe cJIaraeMoe B MPABOH YaCTH YPaBHEHUs).
Ero KOHEYHOPA3HOCTHBII BapHaHT, MPUTOTOB-
JIEHHDIH /7151 06pab0TKH Ha KOMITBIOTEPE, BbIT-
JISIZIAT COBCEM TIPOCTO:

Xpt =14, (1 - xn) .

Kasamocp 661 — uto oco6ennoro? Ho Bor
MOCJIEZI0BATEIbHOCTD €TI0 PENIeHHH B 3aBUCUMO-
CTH OT IapaMeTpa 7 BBITJIAUT HeoObruHo (puc.3;
B3aT n3 kumrn B.H.JKurynesa <«/lunammka
Heycroitunpocreit»> — M.: MAOTU, 1996). Bua-
HO, YTO MHOTOYKCJIeHHbIE 6udypKaIiy, BO3HU-
Kafolne ¢ poCTOM IapaMeTpa, B KOHIIE KOHI[OB
MPUBOJIAT K XA0CY, KOTOPBII B TH/IPOJNHAMUKE
MBITAIOTCS CBSI3BIBATH € TYPOYJEHTHOCTHIO, B
KOHOMHKe — ¢ KpaxoM. CIHCOK pasyesioB
3HAHNA, B KOTOPBIX JIOTHCTHYECKOE YPaBHEHHUE
OTPaKAET MPOCTEUIIYI0 MOJIEbI0 M3y4aeMOro
sBJeHus1, obummpen. Hekotopble yueHble Ha3bl-
BAIOT ero ypasHeHHeM ;KusHu. BepryTtbcs B
HAYAJI0 KOOPAMHAT U3 JI0GOH TOYKU, COOTBET-
CTBYIOIIEH MaKCHMaJbHOMY 3HAUEHUIO 7, — TO
ke, uto orsmyHUKYy EI'D okasatbcs cHoBa B
poijiloMe ¢ HOMEPKOM Ha Hoxkke. Taxoil mpo-
1[ecC MAJIOBEPOSITEH, CUTyallls Heo6GpaTuMa.

Wrak, BcriomMuHast o OudypKaIysax, CTOUT
00yMBIBATh Ka)KJADBIN IMar W TBEPAO JeJaTh
BbIOOD — B OT/In4Me OT GypUIaHoBa OCJa.



IIKOJA

MypaBen Ha
KOHCEPBHOW
DaHke

NAKYIIN4

MpaBbl N WKOAbHUKN?

JlBa IIKOJIbHUKA 3a/[yMa/IICh HaJl PelleHeM
caezyioleil 3a1a4u:

Koncepenas 6anxa umeem popmy npsmozo
KpY206020 yuaunopa paduycom R u evicomoii
H. Ha okpyxHocmu 00H020 U3 OCHO8AHUI
Haxodumcs mypaseit — ¢ mouxe A Ha pucyH-
ke 1. Ou xouem nepenoszmu
10 NOGEPAHOCINU OANKU 6 HAU-
bonee yodarennyio om mHezo
mouky B wna oxpyxnocmu
Opyeoeo ocnosanus (cummem-
puunyro mouxke A ommuocu-
meavio yenmpa 6anxu) . Kax
OH QoJKen noasmu, 4motvl

-~ ~ dauna nymu 6viid HAUMEHD-
\,\/ weu?

A — Ho Begp 310 — coBCceM
Puc 1 npocrasi 3ajadal — yBEpPEHHO

CKA3aJI IEPBBIN MTKOJbHUK. —
HyskHO cieath pasBepTKy HOBEPXHOCTH IH-
JIMH/IpA Ha IUIOCKOCTb. [LJI OIpesieIeHHOCTH
Oy/ileM CunTaTh, YTO MypaBeil IOJI3eT cHavYasa
110 GOKOBOII TIOBEPXHOCTH, a TIOTOM T10 BEPXHe-
My OCHOBaHUIO (BO3MOKEH, Pa3yMeeTcs, U CHM-
METPUYHBIH ITyTh: CHAYAJA 110 HIZKHEMY OCHO-
BaHMIO, a MOTOM II0 OOKOBOW ITOBEPXHOCTH,

]

a) B 6)
2R
R B
M
H H JH? + 2°R?
A A
Puc. 2

Ony6ankoBano B «Ksante» Ne 9 3a 1989 roz.

«KBAHTE »

JUIMHA KOTOPOTO TaKast ske). PasBepHyB GaHKy
(puc.2,a), Mbl cpasy ke MOJyYaeM. 4TO Kpat-
yaiiimil myTh — cHadasa 1o o6pasyiorieit AM,
3aTeM 1o auamerpy MB. [lnuna sToro nyri,

oyeBuaHO, paBHa S, = H +2R.

— Ilocroii-ka, — BO3pasuJ APYroil IIKOJIb-
HUK, — HO Be/lb TOpas/io yjo0Hee pa3BepHYTb
6anky mo-gpyromy. OT6pocuM JIOHBIIIKO BOOG-
me, a OOKOBYIO IIOBEPXHOCTb Pa3BepHEM B
npsimoyrosibiuk  (puc.2,6). Torpa kparTdaii-

NI Iy Th — 3TO OTPE30K, COEANHSIONINIT TOYKK
Awn B; pmmuna ero paBHa S, = VH? + i’R*. A
Ha GaHKe MyTh MypPaBbs Gy/IET y4aCTKOM BHHTO-
BOH JIMTHWH.

IIKOMbHUKK 3aCTIOPUJIHM, HO TOTOM HATLIN
BBIXOJI: HA/I0 CPABHHUTH [[BA MOJYYEHHBIX pe-
3yJbTata, W KaKoil M3 HUX MEHbIIEe — TOT U
Gyner MCKOMbIM MapuipytoM. CHauyana oOHU
OIIPE/ICTN/IN, IIPU KaKUX YCJOBUAX 00a IyTu
6yﬂyT PaBHbI TI0 [JINHE; AJd 3TOTO OHU UX
IIPOCTO MPHUPABHSIIN:

H+2R=+H? + n’R?,
3aTeM TPeo6pPa30BaJIN:

(H +2RY = H? + 1*R?,
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H? + 4HR + 4R* = H* + T°R?,

4H=<n2—4)R,
H_m™ 467
R4

Wrak, myTn paBHbI IPU OIIPE/ETICHHOM COOT-
HOIIEHUN BBICOTBI U pajmyca GaHKH. 2()TCIOIIa

T
JIETKO CAeJ1aTb BbIBO/I, YTO €CJIn E < Z - 1, TO

KpaTyailiuil myTb IpeiyIoKuJ IepBblil yue-
>
HUK, a ecoim — > — — 1, 10 kparuaiimmii myTb
R 4
yKa3aJ BTOPOH.

OO6paioBaHHbIE ITKOJBHIKHI He YAeP>KaJINCh,
9TOObI HA CJIEYIONINl /IeHb He TOXBACTaThCs
repe/ yuurejeM MaTeMaTUKU CBOUM PELICHUEM.

Borpoc k unraTesio: 4To Obl Bbl CKa3aJIHl UM,
Oy/lyun UX yunresem?

HeT, He npasbl!

JlaBaiite oTBeTHM BMeCTe: pebsiTa, BbI ommba-
etech! BbI, KoHeuHO, pemman 3amady, HO...
COBCEM [JPYTyI0o. A WMEHHO: BBl B34IHM JBa
BO3MOXKHBIX TIyTH M3 TOUYKH A B TOuky B u

OTIpe/IeJINIIH, TIPU KaKUX yC-
B joBuax xaxoii us myreit Gy-
net kopode. Ho Benb kpome
3TUX JBYX TyTel BO3MOKHDI
eme MHOTHE ApyTrHue IIyTH
(puc. 3), naymue ot Touxkn A
o GOKOBOH TTOBEPXHOCTH K
MIPOU3BOJIbHON TOuKe P Ha
OKPY>KHOCTH BEPXHETO OCHO-
BaHUs, a OT TOUKH P K TOUKe
B — 110 0Tpe3Ky NpsaMoil Ha
BepxXHeM OcHOBaHuu. Kak
BU/THO, MapIIPYThI, MPEIJIO-
SKEHHBIE MIKOJbHUKAMHU, TTPEACTABJSIOT co60it
JINTIDb YacTHBIE CAyYaW BO3MOXKHOTO TYTH: Y
TEepPBOTO IMIKOJbHUKA TOUKa P coBHafaeT ¢
TOYKOIH M, y BTOPOTO OHa COBHAJaeT ¢ B, T.e.
[IKOJIbHUKY TIPEJIOKUIN [[BA «KPAllHUX» Ba-
puanta. Hy a uwcrtuHa, HECOMHEHHO, T/e-TO
rocpeinHe.

A
Puc. 3

[JaBaite pa3bepemcs

Wrak, noutem kparyaiinmii myts. Ecau 060-
3HAYNUTD IIEHTP BEPXHEro ocHoBaHus uepes O,
ayron MOP 4epe3 ¢, To MbI 6€3 0cO60T0 TPy A2
onpejiesuM, uTo JauHa ayru MP pasna Ro,
JJInHAa Kpatualmedl JgaumHunm AP paBHa

2020/ Ne?

JH? + R*¢* (110 Teopeme TTncparopa), a amina

oTrpe3ka PB paBHa 2R COS% Takum o6pasom,

JUTIHA TTyTH ABJIgeTcs (PYHKIMEH OT ¢ U paBHA

S = H? + R%¢p* +2Rcos%.

OcTaoch TOJIbKO HANTH MUHUMYM 3TOil (PyHK-
nuK Ha ydactke ¢ € [0;7].

Kak ato gesatb — n3BecTHO. MUHUMYM MO-
JKeT JOCTUTAThCsl MO0 HA OJHOM M3 KOHI[OB
HHTepBaJIa, 160 Te-To B cepepnte. UTo Kaca-
€TCsI KOHIIOB, TO 9Ty 4aCTb 33/a4l PACCMOTPE/IN
caMu IMKOIbHUKH (X MapIIPYThI COOTBETCTBY-
10T 3HaueHUsIM @ =0 U @ =T). A Kak Haiitu
MUHUMYM (DYHKIINH BHYTPH HHTepBaJa? 3/1ech
YHUBEPCAJBHBIH crmoco6 maer auddepeHtm-
aJbHOE HCUncaeHne. Bo3bMeM mMpon3BosHYyIO:

2
s=— R0 pRan®
H? + R%¢* 2
Te Touku mntepsana (0;7), B KOTOpBIX 5Ta
IPON3BO/HASE 06PAIAETCS B HOJIb UJIN HE OIIpe-
nestena (BIpoyeM, TocJIe/iHee B JAHHOM CJydae
HEBO3MOYKHO), SABJSIOTCS TOYKAMHU, R0J03PU-
MEALHLIMU HA  IKCMpemMyM: ecJau  (DYHKIUs
MMeeT Ha 5TOM OTPe3Ke JIOKATbHbIE MAaKCHMYMbI
UM MMHUMYMBI, TO OHH MOTYT JOCTHTATbCS
TOJIBKO B TaKWX Toukax. lIpupaBHseMm mpous-
BOJHYIO K HYJIO:

2
R'o —Rsingzo

Jrrg el

WK, TIOCJIe YIPOTIEeHWI:

__Re =sind . (1)
H? + R%¢p* 2

Ocrazoch HaiiTu OTCI0/Ia BCe @, BXOJANME B
unrepsan (0;7), onpee T 11 9THX @ 3Ha-
yeHuss S W cpeA BCEX TOJYYEHHBIX TaKUM
o6pasoM S (@), a Take KOHIEBBIX 3HAYEHHIL
S(0) u S(m) BoiGparb nanmensutee. 1 Huka-
KuX mpobiem!

CKOpO CKa3Ka CKa3bliBaeTcs...

Bor nmenno. 1 nepsas xe HenpeoposnMast
TpyaHocTb — pemtenue ypashenus (1). Ono ne
pewaemcs, T.e. BBIPA3UTb U3 Hero ¢ uyepe3 H
u R B Bue aeMeHTapHBIX (DYHKIMIT HUKOUM
06pa3oM He y/IaeTcs.

Kak sxe 6pITh? BbIXOA OMWMH — OTBICKATDH
Kakou-uHuOysb 06xojHoi Bapuant. IIpexie



IIKOJA B

BCEro OTMETUM: eCJii (PYHKIIUA UMEET B KaKOM-
J00 TOYKE JIOKAJIbHBIH MHHIMYM, TO 9TO 3Ha-
YUT, YTO CJIEBa OT HTOI TOUKM OHA yOBIBAET, a
cIIpaBa BO3PACTaeT, II09TOMY IIPOM3BOHAS €€
cJIeBa — OTpUIATE/]IbHA, B CaMO TOYKe paBHA
HYJIIO, a CIIpaBa — HOJI0KKTeIbHa. VHaue ToBo-
Pst, nPOU3BOOHAsE 8 HEKOMOPOU OKPECTNHOCTRU
mouxu munumyma eozpacmaem. CeoBaTes b
HO, BTOpas IPOM3BOIHAS JOJIKHA ObITh B TOUKE
MUHUMYMa TI0J0KUTENbHON (B KpaiiHeM cuy-
yae — HyJeBoit). Ecan ske oHa cTporo orpuna-
TeJIbHA, TO MOKHO HABEPHSAKA YTBEPKAATb — B
aTOIl TOUKe JIOKaIbHOro MUHUMYyMa HeT (a ecTb,
HOHATHOE [I€JI0, MAKCHUMYM).
Haiinem BTOpyIO IPOU3BOAHYIO:
2772
S"=L3—Ecosg (2)
(H 24 R2(p2) 22

BoigcanM ee 3HaK 1pu TeX @, ST KOTOPBIX
repBasi MPou3BoiHAsE 0OPAIaeTcsl B HOJIb, T.€.
JLIA KOTOPBIX cripaBeainso paserctso (1). Ho
Kak aTo caenath? Ilpemiaraercs XuTpblii XO/:
BbIpasuM u3 ypasHenus (1) BeaUUMHDBI

JH? + R°¢* u H*:

JH? + R%? = R(p/sin%

2
H? = (R(p/sin%) ~ R%? =

= thpz cos? 9/sin2 @)
2 2

IloxcraBumM oTn 3HaueHus B Bbipaskenue (2):

R2. R%o> 29/- 29
@°| cos 5 sin 5 R ¢
- —cos— =

3 2 2
[R(p/sing)

zﬁcosg(2cosgsin9—q}j =

S =

2 2 27
= %cosg(sin(p—(p),

Ecim 0 < ¢ < 7, TO MHOKUTEJID 1Iepes; CKOOKOI
HOJIOXKUTE/IEH U, CJIe/I0BATEIbHO, 3HAK S COB-

«KBAHTE »

TajiaeT co 3HaKoM BhIpaskenns (sin@ — ). Ho,
KaK m3BecTHO, ec 0 < @< T, TO SinQ < @;
OTKyJa cJeayeT, 4To sin@-@<0 mpu
¢€ (0;m]. Urak, ecm y dynkmm S u ectb
HKCTPEMYM Ha 9TOM HHTEDPBAJE, TO OH MOJKET
GBITh TOJBKO MAKCHMYMOM, HO HUKAK HE MUHU-
MYMOM.

A Bepab LIKONMbHUKWU Mpasbl!

CriejoBareibHO, MUHMMAJbHOE 3HavYeHue S
JIOCTUTAETCSI HA OJHOM M3 KOHIIOB OTpe3Ka
[0;%], u, sHAuMT, MKOIBHUKK A COBEpIIEH-
HO MPaBUJIBHBIN OTBET, T.€. OHW IMPaBBI.

Bor te6e n pa3! Ho Bexp u TO, 94TO MBI MM
Bo3pasuyu — Toxxe BepHo! Ilapagoxc?

Hert, ckopee — cuactsiuBblii cayuaii. B nan-
HOUl 33/1aue IIKOJbHUKAM IIPOCTO TIOBE3JIO: He-
BepHOE pelieHre MPUBEJIO K BEPHOMY OTBETY.
Hamo ckasatp, uTo Takme ciaydand ObIBAIOT He
TaK y’K 1 PEIKO: HaBepHOe, KaK/AbIH 13 CBOEH
IIPAKTUKN ‘ITO-HI/Iéy,[[b JAa BCIIOMHUT B 3TOM
pojie. A BOOOIIe-TO 3Ta CTaThsl HAIKMCAHA, YTO-
Obl HATIOMHUTD JIMITHUNA Pa3: JAa’Ke IPU [puMe-
HEHWU CAMBIX HANOYEBW/IHBIX U HAWHAESKHDBIX
Mero10B (Kak, HalpuMep, MeTOJ| PasBepTKu
TIPH OTBICKAHWHA KPATYANTIIETO ITyTH ) HaTO GBITH
OCTOPOKHBIM M KPUTHYECKH OTHOCUTBCS K CBO-
UM paccysk/eHusiM. lHaye MOXKHO IIONACTDb
BIIPOCAK.

Kcraru, Haime perienue Toxe He 6bLIO TI0JI-
HBIM. Be/lb MBI He paccMOTpeJsTH Ty TH MyPaBbs,
nzobpaenibie Ha pucynke 4. [Togymaiire camu,
Kak ObITb ¢ HUMM!

B

AC=CD

Puc. 4 Puc. 5

Orter. [nuna nmytn ACDB paBHa JJNHE MyTH
AC’DB ( puc. 5). A a70T TIyTh J/IMHHEE, YeM MyTh
AC’B. Tak 4TO HANI OTBET TIPABUIBHBIIL.




JABOPATOPUNA «KBAHTA»

OJIHbI B MenKou
Tapenke
NHTEpdepeHUMS

A.KOCOYPOB

Bpocas 6 600y kamewxu, nabd.awodai kpyzu,
umu obpasyemoie.
Kosbma IIpyTros

ET B IIPUPO/IE ABJIEHUA BOJIEE YHU-

BEPCATBHOTO, YeM PACITPOCTPAHEHWE BOJIH.
BoJsiHbI Ha TIOBEPXHOCTH BOJbI, 3BYK, CBET,
paayo, nepegaya gedopmanuy OT OJHUX Yac-
Teil TBEPJOro Tesla K JIPYTUM — BCE 3TO BOJIHO-
Bble IIporieccbl. KBanTOBas MexXaHUKa MOKa3bl-
BAET, UTO ¥ [IBIKEHUEM MUKPOUYACTHUI] YITPABJIS-
10T BOJIHOBbIE 3aKOHBI. Bce ATH BOMHBI UMEIOT
pasHyIo (PU3NYECKYIO TIPUPO/LY, PA3HBIE CKOPO-
CTU PacIPOCTPAHEHHUSI, Pa3Hble YACTOTDI U JIJIU-
HBI BOJTH. HO HE3aBHCHMO OT 3TOTO B ABUKEHIN
JIOOBIX BOJIH MHOTO 00111iero. 3yunB 3akoHbl
PacrpoCcTpaHeH s BOJIH O/IHON TIPUPO/IbI, MOXK-
HO OGOJIBIIMHCTBO WX HUX IpaKTuiecku 6e3
M3MEHEHS [IEPEHECTH Ha BOJIHBI IPYTOTO THIIA.

Omny6aukoBano B «KBanre» Nel 3a 1971 roz.

[IpakTuvecku u3ydarb BOJIHbBI y100HEE BCETO HA
MTOBEPXHOCTH BOJIBI.

Uro takoe BosHA? BpocbkTe B IIPy/l KaMeHb.
Ha criokoitHoii TOpU30HTAIbLHON TOBEPXHOCTH
py/ia BO3HUKHYT paz6eraionuecst kpyru. Tou-
KU TOBEPXHOCTH BOJIBI, 70 KOTOPBIX [IOTILIA
BOJIHA, HAYUHAIOT KOJIe6ATBCS OTHOCUTEIBHO
CBOETO PABHOBECHOTO TIOJIOXKEHUS. IJTO TI0JIO-
JKEHIE COOTBETCTBYET TOPU30HTATIBHOIT TOBEPX-
HOCTH. UeM Jasbile HaXOIUTCS TOYKA OT MeCcTa
Ma/leHnst KaMHsi, TeM ¢ GOJIBIITNM 3aT03/[aHieM
«y3HaeT» OHa O MajieHnu KaMusg. BoaMmyienme
paCIIpOCTpaHsIeTCsl € OIPEeJIeHHOIl CKOpoC-
Tpio. TOUKH, 0 KOTOPBIX BO3MYIIIEHUE [IOIITIO
O/THOBPEMEHHO, HAaXO/ISATCS B OJIMHAKOBOII CTa-
U KoJie6aTeIbHOTO JIBUKEHS, T.C. B OJITHA-
koBOH (pasze. CKOpOCTD TepeMenieHus 3TOMH
¢asbl 1 ecTb CKOPOCTD BOJHBI. OHA H3MEPSIETCS
B HAIPaBJEHUU HOPMAJIU K (PPOHTY BOJIHBI.

[lns BosiH 10601 TTPUPOBI BCETJAa MOKHO
yKkasatb (usandyeckre O6BHEKTbI, KOTOPBIE MO[T
JleficTBEM BOJIHDI WICTIBITBIBAIOT BO3MYIIIEHHE,
T.€. OTKJIOHEHNe OT CBOMX PAaBHOBECHBIX 3HaYe-
uuii. /1y 3ByKa — 9TO IepHOANIECKIIE MTOBBIIIIE-
HUSI ¥ IOHWKEHUs aBiaenusi. [[ias paginoBosiH
1 cBeTa — GbICTPbIEe U3MEHEHUS HATIPS)KEHHOCTH
971eKTpuYecKoro (M MarHUTHOTrO) TIOJIS.

CaoiicTBa Bcex 63 MCKJIIOUEHUS CPeJl TaKo-
BBI, 9YTO BO3MYTIEHNE, BO3HUKIIIEE B HEKOTOPOI
00J1aCTH, PACIIPOCTPAHSIETCS, TI€PeaBasiCh OT
TOYKHU K TOUKE C KOHEYHOI CKOPOCTDHIO, KOTOPast



JABOPATOPHUA

3aBHCUT OT MPUPO/IbI BO3MYIIEHHUS U CBOWCTB
CpeIbl.

J171s1 BOSHNKHOBEHUS BOJIHBI HEOOXO/UM HC-
TOYHWK BO3MYIIEHNS, T. €. BHENTHSS IPUYIHA,
BbI3bIBAIONIAs B HEKOTOPOil 06JacTH cpejibl
Hapy1eHue papHoBecusi. VIcTOUHNK MaJsoro pas-
Mepa, HallpuMep KaMeHb, OPOIIeHHbIH B BOAY,
u3JIyuaeT B OfHOPOJHOI cpese (T.e. B Takoi
cpefie, B KOTOPO#l CKOPOCTb BOJIHBI HE 3aBHCUT
OT HaNpaBJIeHUs ee pacipocTpatenus) chepu-
yecKre BOTHBI (Ha MOBEPXHOCTH BOJIBI — KPYTO-
BbIE), PACIPOCTPAHSIONIUECS IO PaJUyCcaM.
Takne NCTOYHUKN BOJIH Ha3bIBAIOT TOUEUHDBIMU.

OaH 13 OCHOBHBIX NIPUHIIUIIOB 3JIeMEeHTap-
HOI BOJTHOBOIT TEOPHUM — IPUHITUIT HE3aBUCHMO-
CTW BOJIH, WJIN TIpUHIAN cyneprosuimn. OH
YTBEPsK/JaeT, YTO BO3MYIIIEHNE, KOTOPOE BBI3bI-
BaeT BOJTHA B TOUKe HAGJII0/IEHNST, HEe 3aBUCUT OT
TOTO, YTO Yepe3 3Ty TOYKY OJIHOBPEMEHHO I1PO-
XOJISIT IPyTHe BOJIHBL. [IpnHInn cyneprno3uin
JIaeT TIPOCTOe MPABUJIO JIJIST HAXOXK/ICHUS CyM-
MapHOTO JeHCTBUS BOJIH OT HECKOJIBKIX NCTOU-
HUKOB: CyMMapHOe KoJieOaHue IpOCTO PABHO
cyMMe KOJieGaHMii, BbI3bIBAEMBIX KaK/[bIM HC-
TOYHUKOM B OT/IEJTbHOCTH.

XapakTepHast 0COGEHHOCTb BOJHOBBIX IIPO-
1ieccoB — nHTepdepeHiys BoH. VHTepdepen-
el Ha3bIBAIOT COBOKYTHOCTD SIBJICHWI, BO3-
HUKAIOIIIX B Cpe/ie TP PACIIPOCTpaHe-
HUU BOJH OT ABYX (MM HECKOJIbKUX)
UCTOYHNKOB, KOJEOJIIONNXCS COTIIaco-
BaHHO, T.e. CHHXPOHHO. [Ipu aTOM OKa-
3BIBAETCSI, UTO B HEKOTOPBIX TOYKaX
cpe/bl KoJieOaHusi, BbI3BAHHbIE OJIHO-
BPEMEHHBIM JIeHiCTBEM /IBYX MCTOYHU-
KOB, OyIyT cujibHee uiau ciaabee, uyeMm
KoJ1e6aHNUsI, BbI3BAHHBIE KaXK/IbIM MC-
TOYHUKOM B OT/I€JIbHOCTH. MOXKeT cJ1y-
YHUTDCS, YTO COTJIACOBAHHbBIE BOJIHBI BO-
00l1le TIOracsT OJiHA JIPYTYIO.

Ha mepBbIit B3T/I4/1 SBJICHIE WHTEP-
depeHIIM TPOTUBOPEUUT TPUHITUITY
cyneprosunnu. IIpesxxae yem o6cysx-
JIaThb 3TO, MOCTApaeMcs MOCMOTPETh Ha
nHTepdEPEHINI0 COOCTBEHHBIMU TI'Jla-
3amu. Vckyniennbliii a3z 6e3 Tpyaa
YBUJUT MHTEPdEpEeHIo PN Tepece-
YeHUHM BOJIH OT JBYX OpOIIEHHBIX B
npya kamueit. OpHako [/ U3ydeHust
nHTepdEPEHINY 3TOT CIIOCO6 HE TOIHT-
cs. Mbl 10JIyyuM yCTOHUYMBYIO HHTEP-
¢epeHMORHYI0 KapTHHY BOASHBIX BOJTH
Ha ma6oparoprom croe (puc.1).
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[Ipesxe Bcero HEOOXOAUM COCY/ C BOJOIL.
YTo6bI BOJIHBI, OTPA’KEHHbBIE OT €0 CTEHOK, He
MaCKHPOBAJIN BOJIH, WAYIINX OT NCTOUHUKOB,
HY>KEH COCY/] C HOJIOTUMHU CTeHKaMu. B sTom
OTHOIIEHUH XOPOIIa OObIKHOBEHHAS] MeJIKast
Tapesika, B KOTOPYIO BO/Ia HAJINBAETCS TIOUTH
Jo camoro Bepxa. HaGeras Ha CTEHKH, BOJIHDI
ObICTPO 3aTYXAIOT M IOYTH HE OTPa’KaIoTCs.
l'eneparopoM BOJIH MOKET CJYKUTb 2JIEKTPH-
YecKuil 3BOHOK C OTBHHYEHHDIM KOJIayKoM. K
MOJIOTOYKY 3BOHKA ITPUKPEINUTE KYCOK [TPOBO-
JIOKH, Ha ee KOHEI| HaJleHbTe MPOGKOBBIN IITa-
PHK, KOTOPBIH 1 Oy/IeT TOYEUHBIM UCTOUHUKOM
BoJsIH. IIpoBO/ist ONBITHI, CaeuTe 32 T€M, YTO-
6bl TIpoBOJA ObLIN XOPOIIO H30JUPOBAHBI.
3BOHOK HY’XHO YKPEIHUTb HaJ TapesKoil Tak,
4TOOBI TOBOPOTOM 3BOHKA MOKHO OBLIO MOTPY-
JKaTh TPOOKOBDIN NIAPUK B BOJY Y Kpas TapeJi-
k#. IInTath 3BOHOK Jydle BCero yepes aBTO-
TpancdopMaTop. DTO MO3BOJUT PETYJIUPOBATH
aMIATyly Kosie6anuii. OueHb yno6eH aBTo-
TpancdopMaToOp OT AETCKON >KeJe3HOH J0po-
ru. Ilogoitger u Tpancdopmatop ot npudopa
JUIS. BBDKUTAHUS. BKIIOYNB yCTPOHCTBO, MBI

YBU/UM Ha MTOBEPXHOCTH BOIBI KPYTOBBIE BOJI-
HBI C PACCTOSIHUEM MEX/IY COCeHuME Topba-
MU, T.e. JJIMHOW BOJIHBI, OKOJIO 1 CM.

Puc. 1. YcraHoBka a8 HabsoneHns BOJIH OT O4QMHOYHOMo
NCTOYHMKE
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Ha6umoiath BOJIHBI Jrydliie BCEro MO TeH! Ha
JTHE TAPEJIKH ITPH TTPSIMOM COJTHEYHOM CBETe NJIH
cBeTe sApKoit amnbl. Kask/as BoJHa, 1efcTBys
KaK IUJINHAPUYecKas JH3a, JjaeT Ha JIHe Ta-
PEJIKH CBETJLYIO IOJIOCY, IIOBTOPSIONLYIo (popMy
¢ponTa BoHbI. OfHAKO BOJHBI, GETyIINE CO
ckopocteio okosio 10 em/c, camBatoTCs ISt
B3JIsIIA, (DPUKCUPOBAHHOTO HA HETNO/BUIKHOI
tapesike. OHU BUIAHDBI TOJIBKO BOJIM3U HCTOUHM-
Ka, TJie UX aMIJINTy/1a Besnka. UTto6bl yBUIeTh
MX Ha BCEHl MOBEPXHOCTH BO/IbI, HY3KHO OBICTPO
MIOBOPAYMBATh TOJIOBY. TOYHO Tak >ke IIpH
OBICTPBIX J[BIDKEHHSIX IOJIOBBI MOSKHO PacCMOT-
PeThb CITUIIBI KATSIIErocs: KoJeca.

Ouenb apdexTHO HAGMOAATH BOTHBI HA Ma-
TOBOM cTekJe ¢oroarmapara, 0COGEHHO KPyTI-
nodopmarnoro. /[lepska KaMepy B pyKax H
IIJTABHO IIOKAYUBAas ee, JIETKO JOOUTHCS, YTOODI
BOJTHBI ObLITHM BUJIHBI HA Beell ToBepxHocTH. [Tpu
9TOM KaKeTcsl, 4TO OHU GeryT OYeHb Me/IJIEHHO.
MOKHO CMOTPETb Ha OTPa)KeHNe MOBEPXHOCTH
BOJIbI M B 3epkajie. Jlerkue jBmKeHns 3epkasia
TaKKe JIeJIAI0T BOJIHBI BU/IMMBIMU 110 BCeil Mo-
BEPXHOCTH.

Ho yno6hee Bcero Ha6/07aThb BOJIHBI TIPH
cTpobockomueckoM ocgetiennn. Ecsm oce-
IaTh YCTAaHOBKY KOPOTKUMM BCIIBIIIIKAMHU CBETA
€ 4acTOTOl, PABHON YACTOTe MCTOYHMUKA BOJIH,
TO OT OJIHOM BCIIBIIIKK JIO JIPYTOil BOJIHBI 11epe-
MECTSITCSI Ha OJIHY JIJIMHY BOJIHBI M BOJIHOBAsI
KapTUHA BOJIH Oy/IeT Ka3aTbCs HENOABHKHOMN.
Taxoe ocBelienne 4pe3BbIYANHO JIETKO OCYIIIE-
cTBUTD. JlOCTATOUHO MapasielbHo 0OMOTKaM
MarHuTa 3BOHKA BKJIIOUUTb HEGOJIbIIYIO JIaM-
mouky. C paccrosinust 0,5—1 M oHa XOpoIIo u
PaBHOMEPHO OCBETHT YCTAaHOBKY, W HETIO/IBUXK-
Hasl TeHeBasl KapTHHA BOJIH GyJ/leT XOpOIIOo
BugHa. g ¢ororpaduposanus Jydine BoOC-
10JIb30BATHCS TIPSIMBIM COJTHEYHBIM CBETOM.

YxkpenuTe Tenepb Ha MOJIOTOUKE 3BOHKA CO-
PHYTYIO U3 TIPOBOJIOKH «BHJIKY» € KyCOYKaMH
IpOOKY Ha KOHI[aX. Paccrosmnie MesKIy KOHIa-
Mu BUJKKH 2—3 cM. Ecam koniel GyayT omyc-
KaTbCsl B BO/Ly OJTHOBPEMEHHO, TTOJIYYUTCS /IBA
HCTOYHMUKA BOJIH, KOJEGJIONINXCS HE TOJbBKO
CUHXPOHHO, WJIM B TaKT, HO U CHH(]A3HO, T.e.
BOJIHBI OT 060MX UCTOYHUKOB OYAyT BO3HUKATH
B OJIMH M TOT K€ MOMEHT BpeMeHM. Kapruna
6yzieT mpuMepHO Takoil. OT NCTOYHUKOB BOJIH
BEEPOM PacXo/ATCs 001aCTH GOJIBITIX AMILIN-
TYJ, pasfieJieHHble OOJACTSIMH <«MOJYAHUS».

2020/ Ne?

[lenrpanbHast o6JacTb OGOJBHINX AMILIUTY/[L
pacroJioskeHa IepreH/UKYISIPHO JMHIU, CO-
e/inHALIIel ncToyHnKN. Kak o6acti MoJva-
HUS, TaK 1 00J1aCTH GOJIBIITIX aMILIUTY /L TPOXO0-
JIAT MEK/Ly UCTOYHUKAMMU.

WccaenoBanne naTEpEPEHITMOTHON KapTH-
Hbl C JIMHEHKOW TIOKaXXeT, UYTO PACCTOSHUE
ME3K/y /IByMsI MAKCUMYMaMI Ha JIMHUH, COE/IN-
HSIIOIIEH MICTOYHUKHU, PABHO TOJIOBHHE PACCTO-
SHUS MEXJy JIByMsi rop6amu, T.e. IOJIOBHHE
JUIMHBI BOJIHBI. Ecim M3MeHHTb paccTrosiHue
MEeK/y MCTOUHMKAMU, TO M3MEHHUTCS U YHCJIO
1oJioc 60J1b1I0# amMIuTy bl YeM 6ostblie pac-
CTOSIHUE MEXK/Y HCTOYHUKAMU, TeM GOJIbIIe
«1epbeB» B Hamiem Beepe. Ho paccrosuue
MeK/y MaKCUMyMaM# Ha JIMHUHU, COEJIUHSIO-
1ieil HICTOYHUKH, BCETJA PABHO TIOJIOBUHE JIJU-
Hbl BoJiHbl. [loaromy ofriee uncsio moJsoc ¢
MaKCUMAJIbHOMN aMILIUTy 0 OyeT BIBOe 60JIb-
1Ie, 4eM YHUCJIO JIMH BOJIH, YKJIA/[bIBAIOIIeecs
Ha PacCTOSIHUM Mexy ncrouyHnkamu. Orcoza
CJIE/IYeT, YTO €CJIM PACCTOSTHIE ME3K/Ly HCTOYHN-
KaM{ MeHbIIle I0JIOBUHBI JIJIMHBI BOJIHBI, TO
uHTepdepenty BoobIe He 6yaer. Takue wc-
TOYHUKHN JEHCTBYIOT KaK OJIMH, /laBas OJIHY
CHCTEMY KPYTOBBIX BOJTH. DTO MOKHO YBU/IETD,
MIOCTEIIEHHO YMEHbIIIAs PACCTOSTHIE MEK/LY HC-
tounukamu. O6paTuTe BHUMaHUE €llle 1 Ha TO,
4TO, MPOIOJIKAS B KAKOI-HUOY /1b 06J1aCTH GOJTb-
HIMX aMIIITY/L (DPOHT BOJIHBI, MPOXOISIIII
yepe3 Topl, MbI B cOCeHel 06JIaCTH BCTPETUM
BIAJMHY. [J[pyruMu cjoBaMu: 1pU TI€pexo/ie
yepe3 HyJIeBYIO 06J1acTb pa3a BOJHBI MEHSIETCS
Ha TIOJIOBUHY TOJHOTO KOJIEeOGaHUS.

Tenepp npesicTaBbTe cebe, YTO y HAC He /IBA
MOJIOTOUKA, a JiBa NCTOUHUKA CBETa, M3JIy4aio-
IMX CBETOBbIE BOJIHBI, ¥ TEPIEHIUKYJISIPHO
MIOBEPXHOCT! BOJIBI MbI ITOMeIaeM sKpaH. Mbr
YBU/INM OCBEIlleHHbIE MECTa, COOTBETCTBYIOINE
repecevyennio aKpana u obsacrteit ¢ GOJbIION
AMILIUTY/I0M, U TEMHDIE, He OCBEII[eHHbIE MECTA.
WHbIMU cJI0BaMU, Mbl YBH/IUM TEMHBIE U CBET-
Jipie nHTepgepeHIMonHbIe 1oJ0chl. O ToM, Kak
OCYTIECTBUTD UHTEP(PEPEHIINOHHBIN OIBIT B OII-
THKE, TOTOBOPUM KaK-HUOY/Ib B PYTOil pas, a
ceituac monpobyemM 06bSICHUTD TO, YTO YBU/IEIIH.
Hapucyewm na mmicte 6ymarn o6e cucteMbl BOJIH
TaK, CJOBHO OHM 3aMepJil B KaKO#-TO MOMEHT
(puc.2). TopGbl BOJH OTMETHM KPACHBIM IBeE-
TOM, a BHajguHbl — cuHuM. Ilepenymepyem
BOJIHDBI, OTMETHB O/IMHAKOBBIMHU YHCJAMU TE,
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Puc. 2. CnoxeHue konebaHumi rpu MHTephepeH-
U1K BOJIH OT [BYX TOYEYHbIX MCTOYHUKOB. Kpac-
HbIe JIMHMM — ropbbl, CUHWe — BraauHsl. YTos-
LUEHHBIMU [Yramu OKa3aHbl PE3y/ibTUpPYIoLLY1e
BOJIHbBI

KOTOPbI€ BBIIIJIN M3 MCTOUHUKOB OJTHOBPEMEH-
HO. V13 pucyHKa BU/IHO, 4TO Ha JIMHWUIO, PABHO-
YIQJIEHHYIO OT HMCTOYHUKOB, OJHOBPEMEHHO
IPUXOJAT BOJIHDBI, MMeEOINe OANHAKOBbIE HO-
Mepa. ITO W HMOHSATHO, TaK Kak JI0 TOYEK 3TOM
TIPSMOIT BOJTHBI TTPOIIIJIN OMHAKOBBIE My TH. [To
TIPUHIIATTY CYTEPIO3UITIH MBI MOXKEM 3aKJI0-
YHUTD, YTO HA ATOH JTUHUH yABOSATCS KAK BBICOTDI
rop6oB, Tak u ruay6unbl BuajauH. [IpasBee u
JleBee 9TOW JIMHUM JIeXKAT TOYKH, B KOTOPBIX
ropObl O/IHOM CHCTEMbl BOJIH COBII/IYT CO BIIa-
JIMHAMU JIpyroii. B To BpeMsi Kak BOJHBI OT
O/THOTO MCTOYHUKA BBI3OBYT B 3THX TOUYKAX OT-
KJIOHEHHE BBEPX, BOJIHBI OT JPYrOTO B TOT Ke
MOMEHT BbBI3OBYT B 3THX TOYKAX OTKJIOHEHHE
BHI3. CymMMapHOe OTKJIOHEHHEe B 3THX TOYKaX
6yner 6imsko K HyJo. CoelnHUM Bce Takue
TOYKU HeIpepbIBHON uepHONl JnHueil. Ecau
MIPOCJIEAINTD 32 HyMepaiueil ropOoB 1 BIIAJINH,
JIETKO 3aKJIOYUTb, YTO JI0 BCEX TOUEK IPABOMH
JINHUW JIEBBIE BOJIHBI IIPOXO/AT MyTh HA MOJIO-
BUHY JIJTMHBI BOJIHBI OOJIBIINI, YeM IIpaBble.
JL71s1 71eBOil IMHUY HA TIOJIOBUHY JIINHbBI BOJIHbI
OTCTAIOT TIPaBble BOJIHDI.

CrpaBa U cJeBa OT HYJIEBBIX JIMHUI JIesKaT
TOYKH [IePecevYeHns epBoro rop6a co BTOPDIM,
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BTOPOTO C TPETBUM U T. [. JIeTKO IOHATD, 4TO
3TO TOXe 06J1acTn MakcuMyMoB. CoeZinHUB 3TN
TOYKH, MBI IOJIy49NM JITHUIO, /IO TOYEK KOTOPOIl
OHA CHCTeMa BOJHBI OTCTaeT OT JPYToi Ha
OJHY JIJTUHY BOJIHBI.

[Ipomomkasg anaams depreska, MOSKHO HalTH
BCe HyJIeBble JIUHUH U BCE JIMHIN MaKCUMYMOB.
JInHum, KOTOpble MBI MOJYYIIN, MaTeMaTHKH
HasbiBaiorT runep6osamu. (FunepGosioi Hasbl-
BAETCsI TEOMETPUYECKOE MECTO TOYEK, Pa3HOCTh
PacCTOSTHUIT OT KOTOPBIX JI0 JIBYyX TOYEK —
(hOKYCOB — MOCTOSIHHA. )

Ternepb coBepIEHHO SICHO, TTOYEMY PACCTOsI-
HIE MeX/ly MaKCUMyMaM§ Ha JINHUNU, COe/INHSI-
Iolell MCTOYHMKM, PABHO IOJIOBUHE [IJTNHbBI
BOJIHBI. JleliCTBUTEIbHO, B CPEJHIOI0 TOUYKY
3TOH JMHNN BOJHBI TMPUXOJAAT B OJAMHAKOBOM
daze n yenmmsaiot 1pyT Apyra. Ecim cMecTuTh-
S M3 9TOH TOYKHU Ha TOJ/I/INHBI BOJIHDI, TO ITyTh
OJTHOM BOJIHBI YBEJMUNTCS HA TIOJOBUHY JAJUHBI
BOJIHDBI, & JIPYTONl — YMEHDBIIUTCSI HA TaKyIO JKe
BeJIMYMHY. PasHOCTb X0/1a MEXK/y BOJHAMHU B
oToii Touke (pasHOCTb myTeil, NPOHAEHHDBIX
BOJIHAMU OT UCTOYHUKOB /[0 TOUKK) GyJIeT PaB-
Ha OJIHOM JIJTMHE BOJIHBI, ¥ BOJTHBI CHOBA Oy/1yT
B3aMMHO yCHJMBaTbcs. Tak Oy/er IPOHUCXo-
JIITD Yepes3 Kak/Lylo TOJIOBUHY JIJIHDBI BOJIHBI.

MaxkcumMyM, COOTBETCTBYIOIUI HY IeBOIi pa3-
HOCTH X0/1a, Ha3bIBAIOT HYJIEBBIM MaKCUMyMOM
NN HYJEBBIM TIOPSIAKOM WHTEP(EPEHINN.
MakcuMyMBI ¢ Pa3HOCTBIO X0/1a B O/HY JJIHHY
BOJIHBI — MaKCUMyMaMH [I€PBOTO TOPS/IKA UH-
tepdepennun u T. . MaKCUMaJbHbBIN TTOPS-
JIOK MHTEP(MEPEHIINN OIPE/EJISETCs I1eJIbIM
yicyaoM, Ommxkaiiimum k 2d/A , rae d — pac-
CTOSIHUE MEXKJ/y UCTOYHUKAMU, a A — [JIMHA
BOJTHBI.

Teneps nonpoOyiiTe IPOAHATN3UPOBATDH CAMI
C TIOMOII[BIO YepTeKa, a MOXKeT ObITb, 1 IIPOBe-
PHUTH 3KCIEPUMEHTAJIbHO, KaK M3MEHNUTCS Kap-
THHA, €CJM OJINH U3 MCTOUYHUKOB OyJIeT M3JIy-
YaTh BOJIHBI C 3aTI03/IaHNeM Ha TMOJOBUHY TIEPH-
0/1a MJIM Ha KaKyl0-HUGY /b IPYTYIO €ro 4acTb.
A ecsin caBuUT MeKy KosieGaHusMu Gyjier Me-
HATBCSL CJay4ailHbIM o6pasom? [lust sxcnepu-
MEHTaJIbHOTO OCYIIECTBJIEHNUS BOJH CO C/IBUTOM
(paz mocraTouHO cres1aTh KOHIbI BUJIKU PA3HOI
JUTAHBI.
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enpepbIBHOCTb
OUCKPETHAs U
0OblYHaA

A.OHOITPUEHKO

OuckpeTHasi HenpepbIBHOCTb

Haunewm c npocroii 3amaun.

3agaua 1. B psio 6binucano HeckoavKo ueiblx
yucen, npuuem aobvie 08a cocednux aubo
pasmul, b0 omauuaromes na edunuuy. Ilep-
6oe uucao psda pasno —10, a nocaednee pagrno
10. Aokaxume, umo ¢ 3mot nociedosameiv-
nocmu ecmv uuco 0.

Pemenne. Ilo cymectBy, aTa 3a1a4a TOBOPUT
0 CJIEIYIONIEM: HAa4aB C TIeJIOTO OTPUIIATETLHOTO
YucJaa W CABUTASCh HA OJIMH, MBI HE MOXKEM
[OTIACTh B IMOJIOKUTEJIBHOE UYUCJIO, <IIEPECKO-
YUB» TIPU 3TOM HOJIb. JTO YTBEPIKCHUE BBITJIS-
JINT COBCEM OYEBHHO, HO BCE XK€ aKKypaTHO
JokakeM ero. Haiizem B Hamem psiy nepBoe
HeoTpHiaTebHoe Ynucao (110 YCI0BUIO HEOTPU-
1areJqpHble YUCJa B PAAYy TPHUCYTCTBYIOT, a
3HAUNT, MOYKHO B3STh IIEPBOE U3 HUX). Mosker
Jn OHO 6bITh GoJsibilie HyJas1? Her, Tak Kaxk B
3TOM CJIydae MpeIblyIiee YncIo 06593aH0 6bIT0
OBl ObITH HEOTPUIATEJbHBIM, HO MBI B3SLIN
TepBOe HEOTPHUIATEJbHOE YNCIO0 B 3TOM PSIY.
3HauNT, IepBOE HEOTPUIATEIbHOE YHCJIO PaB-
HO HYJIIO.

Bonpoc. B kakoM MecTe 1pe/Ibl/IyIIero JoKa-
3aTeJIbCTBA UCIOJIb30BAJIOCDH YCJIOBHE, UTO Tep-
Boe uncJio psama pasao —10?

[ToxoxuM 06pa3oM MOKHO JIOKa3ath 0oJiee
of1iee yTBEPIK/IEHIE.

Crarbs Hammcana Mo MaTeprajaM MaTeMaTH-
yeckux Kpy»kkoB 1mpu MIITY. Kpy»Kku oTKpbITBI
¢ 2016 roga, a B 2018/19 u B 2019/20 yue6GHbIxX
rojlaX OHU MOJIYYUIN TOepKKy [lemapramMenTa
o6pasoBaHus TOpo/ia MOCKBBI B paMKaxX MepOIl-
pusitus «/lerckuit yausepcurer MIITY (opranu-
3a1ust paboOThI KPYIKKOB JIJISI MOCKOBCKHX TITKOJIb-
HUKOB Ha Gaze MIITY)».

DOI: https://doi.org/10.4213/kvant20200203

[uckpernasi TeopeMa 0 NPOMEKYTOYHOM
3HauYeHUuu. [lycmv umeemcs nocaedogamev-
HOCMb YeAbLX uuces, 8 Komopou nobvle 06d
COCEOHUX YUCTA UAU PASHBL, UU OTIULAIOTNCS
na edunuyy. Ilycmv a — nepewvii snemenm
nocaedosamenviocmu, b — nocaeonuil. Tozoa
0151 1106020 UEI020 UUCLA C, JEIKAUEZO MEKIY
a u b, naiidemcs snemenm nocaiedosamebHo-
cmu, pasmolii c.

[TpuBesem etie ogHy (HOPMYIUPOBKY JIHCK-
PETHOI TEOPEMbI O TIPOMEKYTOYHOM 3HAYEHHN.
[lannast TeopemMa B 910i1 (hopMyTUpOBKe Gy/IeT
OYeHb T0X0JKAa HA TEOPEMY O TPOMEKYTOUHOM
3HAYEHUN /1711 OOBIYHON HETPEPBIBHOCTH, KOTO-
pPyIo Mbl OOCYZMM HIKE.

3aMeTuM, UYTO II0CJEeJ0BATEIbHOCTD IEJbIX
4ucesa dy, dy, ..., d, MOKHO TPAKTOBATb KaK
dyHKumo, oto6pakaolyio orpe3ok [1; n] Ha-
TYpaJbHOTO psijia B 1esble ynchaa. Ecau 3anu-
catb aTy nociefoBareabHocTh Kak a (1), a(2),...

.., a(n) , MOXKHO yBU/IETD HOJTHYIO AHAJIOTHIO C
MIOCJIE/IOBATEIbHOCTDIO 3HAUEHUH (DYHKIIUU a B
toukax 1,2,...,n. CioBa «i-if 371eMEeHT I10CJIe-
JIOBATEIBHOCTH» MOKHO HHTEPIIPETHPOBATD KaK
«3Havenue Gyuxiuuu a B Touke i». (IIpasaa, B
JIAHHOU TepMUHOJIOTHN (DYHKIIUS @ OIPe/IeIeHa
JINIIb HA HATYPAJbHBIX YUCJAX, a He B 000
JIEICTBUTEIbHON TOYKEe, KaK 9TO ObIBaeT CO
MHOTUME (DYHKIHAME.) MOKHO 0GOGIIHUTD 3TO
oripe/ieJieHre M CYUTATh, 9TO (PYHKIUS d OTpe-
JleJieHa He Ha yncaax 1, 2,...,7n, a Ha 4ucjaax
k, k+1,...,n. B nannom ciaydyae 310 COOTBET-
CTBYET IOCJIEOBATENBHOCTU dy, Ap iy, ---,
(wm a(k), a(k+1), ..., a(n), ecau 3anucatb
10 TOPSIIKY 3HAYEeHUs], KOTOPble MPUHUMAET
byHKIUA @ B TouKax R, k+1,...,7n).

[uckperHasi TeopeMa 0O NPOMEKYTOYHOM
snauenuu (nepedopmyaMpoBka). I[Tycmo ume-
emes pynxyus f, onpedesennas na Hamypairo-
nolx wucaax R, R+1,...,n u npunumaowas
ueavle 3nauvenus. Hssecmmo, umo 0as 1106020
x =k k+1,...,n—13nauenus [ (x)u f(x+1)
b0 pasuot, aubo omavuaromes na 1. ITycmo
A=[(k), B={[(n). Tozda dra mo6020 yero-
20 C, zaexawezo mexdy A u B, naildemcs
maxoe uucao x, umo f(x)=C.

PasbepeMm ellle HECKOJBKO 3a/a4, MPUMEHSIST
JIUCKPETHYIO TEOPEMY O ITIPOMEKYTOUYHOM 3HA-
YeHUU.

3apaua 2. Ilepswiii maim ¢GymboivHozo
mamua 3axonuuncs co cuemom 0:1, a emopoii
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maum — co cuemom 4:3. Jdoxaxxume, umo 6
HEKOMOpvLil MOMeHm cuem Ha mabao 6vla
HUUCTHDBL.

Pemenne. PaccMoTpuM 11ocsie/IoBaTeIbHOCTD,
3JIEMEHTaM1 KOTOPOIl SIBJISAIOTCS pA3HOCTH MesK-
Ty MsTYaMu, 3a6UTBHIMY ITIEPBOI U BTOPOI KOMaH-
namu. IlepBbIil 2JIeMEHT MOCJEI0BATETHHOCTH
MpeICTaBJIsIET cOO0i pa3HOCTb B HaYaJjIe BTOPO-
TO TafiMa, TOCJEIHUN 2JIEMEHT — Pa3HOCTh B
KOHIIe BTOpOro TaiiMa. Bmecre ¢ KaxkapiM 3a6u-
THIM MSIYOM ITOSIBJISIETCST HOBBIH 2JIEMEHT I10CJIE-
noBateabHOCTH (T.e. KaXK/blil 57eMeHT HocJ/Ie-
JTOBATEJbHOCTH COOTBETCTBYET OOGHOBJIEHUIO
cuera Ha Tabmo). Tak KakK TEPBBIA 2JeMEHT
MOCIeIOBATEIBHOCTH paBeH —1, mocennuii
paBeH 1 ¥ Kak/ble [Ba COCEIHUX 3HAYCHUS
oTMyaioTcs Ha 1, 1O AMCKPETHON Teopeme O
MIPOMEKYTOYHOM 3HAYEHWH €CTb 3JIEMEHT I10C-
JIeIOBATEIbHOCTH, PaBHBIN HYyJIIO. JTOT 3Je-
MEHT COOTBETCTBYeT MOMEHTY, KOT/la CcYeT Ha
Ta0J10 ObLI HUYEITHBIM.

3amaya 3. B uexomopoii cmpane uenosex
cuumaemcsi 60zamulM, €c.il €20 3apniama 60J1v-
we 3apniaamvl npemvep-munucmpa. B amou
cmpane 6ozamole MYKUUHLL NPEONOUUMAION
JKenumvcs na 6ednvlx xenuwunax. JJoxaxume,
UMO MOXKHO YCTNAHOBUMY NPEMbep-MUHUCTIPY
maxyio 3apniamy, umobvl Koiuuecmso 6ozd-
VL MYHKUUH OBLIO 8 TROUHOCINU PAGHO KOJUUE-
cmey 6ednvix xxenuun. (Bee sapniamul 6 cmpa-
ne paszauumnvie. Cuumaime, uwmo 3apniamd
bvieaem mo6bIM BCUECTNEEHIBIM YUCTOM. )

Pemenue. Ynopspounsm 1o Bo3pacTanuio Bce
UMEIOIIECS] B CTPAHE 3aPIIATBL: 2y, 29, ..., Zp ,
3apIiaTy IMpeMbep-MUHUCTpa O603HAYNM Ye-
pe3 Z. OtipeziesiuM TI0CJIE0BATEIBHOCTD HATY-
PAJbHBIX YHCET TaK: d), PABHO PA3HOCTH MEK-
JIy KOJIMYECTBOM OOTATbIX MYKUUH U OeHbIX
JKEHINNH, ecJn 2z, < Z < z,,4. Kpowme Toro, q,
(COOTBETCTBEHHO, @, ) PABHO TOM ke PA3HOCTH,
ecin Z < zy (coorserctBenno, Z > z,). Ilpu
TaKOM OIIpe/IeJIEeHUHN JIIOObIE JIBA COCETHUX dJIe-
MEHTa MOCJIEZ0BATEIbHOCTH ), U dj,,q OTJINYA-
foTca Ha 1, Tak Kak TIPH COOTBETCTBYIOIIEM
U3MEHEHWN 3aPILIaThl IIPEMbEP-MUHUCTPA de-
JIOBEK C 3apIJIaToil zj,q CTAHOBUTCSI GOTraTbIM,
YTO yMEHbBINAET TEKYIIyl0 pa3HocTb Ha 1, ecan
3TOT YeJIOBEK ObLI JKEHIUHON, VTN YBEJININBa-
er Ha 1, ecam oH 6bLT My:KunMHOW. IlepBbril
3JIEMEHT TIOCJIeIOBATETLHOCTH COOTBETCTBYET
CUTyallny, KOrja BCe JIoAu B cTpane GoraTbie
(kpome camoro mpembepa), u Torma dy > 0.
CoOTBETCTBEHHO, ITOCJIEIHUI SJIEMEHT II0CJIe-

JIOBATEJIBPHOCTH O3HAYAET CUTYAIINIO, KOT/Ia BCE
Joau 6esuble, u @, < 0. Ilo guckperHoil Teope-
Me O TPOMEKYTOUYHOM 3HAUYEHUU CYIIECTBYET
Takoe k, uto @, = 0. Torga ycraHoBum 3apriia-
Ty IPEMbEP-MUHUCTPY, COOTBETCTBYIOIILYTO 3TO-
My 3HAYEHUIO R.

3anaua 4. Ha okpyxnocmu ommeuenvt 77
mouex, cpedu KOmopwvix Hem OuamMempdaivHo
nPOMUBONONOKHUIX. [JOKAKUME, UMO MOKHO
nposecmu duamemp uepe3 00HY U3 JMUX MO-
uex max, wmo no obe cmoponvl duamempa
Mouex OKAKemcs noposuy.

Pemenne. IIpoBeneM muamMeTp OKPYKHOCTH
Yepe3 TPOW3BOJBHYIO OTMEUEHHYIO TOUYKY U
pacKpacuM OJHY 13 TMOJOBUHOK KPYyTa B CUHUN
1IBET, a IPYTYIO — B KpacHblii. Ecyiu B 10J10BUH-
Kax TIOPOBHY TOYEK, TO HYJKHbBIN [aMeTp Haii-
JieH. B mpoTuBHOM ciryuae orpe/e M moc/Ie/10-
BaTeJIbHOCTD CJEAYIONUM 00Pa3oM: d@; PaBHO
Pa3HOCTH MEKIy KOJIMYECTBOM OTMEUYEHHDIX
TOYEK B CHUHEH YacTH W KPACHOUW YacTH [IJIs
JIAHHOTO MOJIOKeHust quamerpa. bynem mocre-
MEHHO TIOBOPAYMBATh [UAMETP BOKPYT IEHTPA
okpy»kHocTH (pacKpaiieHHble TTOJOBUHKH KPY-
ra MoBOPaYMBAIOTCSA BMECTE C HUM) M KayKIbIi
pa3, Korja C AuaMeTpa yXOAWT OTMedYeHHas
TOUKa J0O I0I1a[aeT Ha HEro, Mbl 3allChIBAEM
HOBBIfl 3JieMeHT TocaeoBatesbHoctn (KoTo-
pbIif TOXXE paBeH Pa3HOCTU MEX/Iy KoJunde-
CTBOM OTMEYEHHBIX TOYEK B CHHEH 4YacTh U
Kpacnoii wactn). ITocieiHuii a1eMenT 1moc1e10-
BaTEIbHOCTH COOTBETCTBYET TAaKOMY TMOJIOKe-
HUIO JMaMeTpa, KOTJa OH CHOBAa MPOXOIWT
yepe3 IEPBYI0 OTMEUEHHYIO TOUYKy. B arom
MOJIOYKEHN U IaMeTp IoBopaunBaeTcs Ha 180° ,
a CHUHSIST M KpacHasl MOJIOBUHKU MEHSIIOTCST MeC-
tamu. CJreoBaTe/JIbHO, TOCAEAHUI DJIEMEHT
TTOCJIE/IOBATETBHOCTH TIPOTHBOIIOIOMKEH TTEPBO-
MY, T.€. O/INH 13 HUX TTOJOXUTEJICH, a BTOPOI —
orpuiiarejen. Tak kak Jio6ble /Ba COCEIHUX
2JIEMEHTa II0CJIeL0BATEJIbHOCTH OTJINYAIOTCS
Ha 1, MO UCKPETHOI TeopeMe O TIPOMEXKYTOU-
HOM 3HAYEeHUN Hal/IeTCd 3JIEMEHT II0CJIe0Ba-
TeJTBHOCTH, paBHBIH Hymo. OcTamoch 3ame-
TUTb, YTO 3TOT DJIEMEHT IIOCJIEJ0BATEIbHOCTU
COOTBETCTBYET IOJIOKEHUIO JHaMeTPa, MPOXO0-
JIAIIEMY Yepes3 OHY U3 OTMEUEHHBIX TOYEK, TaK
Kak o0lI1ee KOJIMYECTBO TOYEK HEYETHO.

Haxowner, o6¢cyiiM elie OMH TUTT TUCKPET-
Holi HerpepbIBHOCTH. [IpescraBum cebe Ky3He-
YIKa, KOTOPBIH MpPBITaeT 1O NPSMOil BIiepe[
nian "Hasad. [IppDKKN KysHeYmKa 1Mo JITHHE He



40 KBAHT

peBoCcXoAT HekoTtoporo uncaa C. U ecin
MESK/y TOYKAMU cTapTa u (PUHUIIA TyTH HMeeT-
cst Jyka JuimHoi xotst 61 C, TO Ky3HEYMK
00513aTeJIbHO TIONA/IET B JIy)Ky. 3aluiieM 3TO
HabJI0/IeHne B BHU/IE TEOPEMBI.

[luckpeTHasi TeopeMa o IPOME Ky TOUHOM 3Ha-
yenun (emnte oua nepedopmymposka). [Tycmo
UMeemcs, nocied08ameLHOCmy 0eticmeumens-
HOLX wucen dy, dy, ..., 4, , J100vie 068a coCeOnux
JJeMenma Komopotl Omaudaiomes e 60.Jiee uem
na C. Kpome mozo, nycmv x u y — maxue
wucaa, umo y — x = C uompesox [x;y] codep-
sumes. 6 ompesxe |ag;a,| (umu |a,;a;], ecau
a, < ay). Tozda cyuwecmeyem saemenm nocie-
dosamenvrocmu, aexawuil 6 ompeske [X;y).

ITOT BAPUAHT JMCKPETHOI TEOPEMbI O ITPOMe-
SKYTOYHOM 3HAYEHUU JOKA3bIBAETCS TTOUYTH TaK
JKe, KaK ee TPe/bIyIas BepCus: CunTasi /s
OTIpe/IeIEHHOCTH, YTO & < X < @,,, PACCMOTPU-
Te TIEpBOE YNCJO TOCTE0BATETHbHOCTH, KOTO-
poe He MeHbIIe X.

3anaua 5. Hmeemcs 25 Kyckos colpa pasmo-
20 eeca. Bcezda nu MOoXKHO 00uM u3 dmux
KYCKO8 pa3pe3amyv na 08e 4acmu u pasioKums
colp 6 06a naxkema max, 4mo 4acmu pa3pe3an-
HO20 KYCKA OKAXKYMC 6 PAIHbIX NAKEemax,
seca naxemos Oydym O00UHAKOBHL U UUCIO
KYCKO8 6 naxemax max.xe 6yoem o0unaxoeo?

Pemenue. [TokaxkeMm, 4To Tak Bcerja MO>KHO
6yner caenarb. OTIOKIM caMblii GOJIBIION 110
BeCy KyCOK B cTOpoHy (IycTh €ro Bec paseH
Mys), a OCTATbHBIE 24 KyCKa MPOU3BOJBHO
Pa3JI0oXKUM B /iBa makera 1o 12 xyckos. Otme-
TUM CJEAYIOmuil (hbaKkT: ecaum CyMMapHbIil Bec
CbIpa B TIEPBOM T1aKeTe OTJIYAeTCsl OT CyMMap-
HOTO Beca CbIpa BO BTOPOM ITaKeTe MeHee 4eM Ha
Mys, TO MOXKHO paspe3aTb OTJIOXKEHHDIN KyCOK
Ha /IBe 4acTH M YPaBHATb Beca naxeTos. [leil-
CTBUTEJDBHO, €CJIN TEPBBIN MaKeT TsKesaee BTO-
poro Ha Am < my,s, TO pa3peskeM OTJIOKEHHDIH

Mmys —Am  mys + Am
KYCOK Ha 9acTH BeCOM n

2 2

U TOJIOKUM TIEPBYIO YacTb B TIEPBbLI MaKeT, a
BTOPYIO — BO BTOPOIl.

3HAuUT, OCTAIOCh OKA3aTh, YTO MOXKHO YC-
TPOUTH TaK, 4TOObI Beca MEPBOrO U BTOPOTO
[IAKETOB OTJINYAIUCH MEHEee YeM Ha 7Mys W IIPU
9TOM B KQJKJOM T1aKkeTe GbLIo 10 12 KyCKOB.
IIycTp Beca KyCKOB B IIEPBOM IIaKeTe paB-
HBl 4y, dy,..., 45, & BO BTOPOM IIaKeTe —
by, by, ..., by, Ecan cymmaphble Beca IakeToB
OTJIMYAIOTCS] MEHEE YeM Ha 71,5, TO BCE JI0Ka3a-

2020/ Ne?

Ho. Eciiut ske Her, T0o Oy/ieM JiJist OIpe/ie/ieHHO-
CTU CYHUTATD, YTO @+ dy + ...+ Ay + Mys <
<b +b,+...+b,. Oprannzyem nocJsenoBa-
TeJIbHOE TMePEKIa/[bIBaHNe: CHAYaIa 0OMeHsIeM
MeCcTaMu KyCKH ¢ 1 b, 3aTeM — KyCKH ay 1 b,
n T.7. OTMeTnM, 4YTO TaK KaK OTJIOJKEHHBIN
KYCOK IMeeT MaKCUMAaJTbHBIN BeC Cpe/in BCeX, TO
rmocJje KaXKJIOTO TepeKJIabIBAaHis Pa3HOCThb
BECOB TIEPBOTO U BTOPOTO TTAKETOB MEHSIETCS He
6oJiee 4eM Ha My5. A Tak KaK B HauaJle poliecca
3Ta pPasHOCTb ObL1a He 6ojiee —mys, B KOHIIE
nponecca (Korja Mpl MOMEHSIM MECTaMH BCe
KYCKU) — He MEHee 7,5 U UjIeM Mbl IaraMu He
6oJiee mys, TO 110 BTOPOMY BapHAHTY JHCKPET-
HOW TEOPEMBI O MIPOMEKYTOYHOM 3HAUYEHHUH MbI
27 2

Ha srom 111are Beca 1akeToB OTJIMYAIOTCS MeHee

06s13aTeIbHO TomazaeM B OTPE30K |:—

4eM Ha M5, U, KaKk OBLIO IIOKA3aHO BBIIIE,
MO’KHO COBEpPIIUTH TpeGyeMoe pa3pe3aHue OT-
JIOXKEHHOTO KyCKa.

OOGblYyHas HenpepbIBHOCTb

BosbMeM KapaHzall 1 HAauHEM PUCOBaTb, HE
orpbiBasi ero or Gymaru. B pesysbrate Mbi
MOJIYYMM HEKOTOPYIO HeIPEePbIBHYIO JIMHHIO.
Muorue yHKIMN, KOTOPbIE NU3YYAIOTCS B TITKO-
Jie, UMeroT TpaduK, KOTOPbIiI MOXXHO Hapuco-
BaTh, HE OTPBIBASI KapaH/iall oT OyMaru: Halpu-
Mep, y = 22, y= Jx n apyrue. Tpacduk Takoii
dyukimu (HasbIBaeMOIl Henpepvlerotl) BbITIs-
JINT KaK JIMHUS, KOTopas He MMeeT Pa3pbIBOB.
(OrmMeruM, 9TO MBI HE A€M TOYHOE OIpejeie-
HHUe HeNPEPBIBHON (DYHKIINN — BEAb IS 3TOTO
TpebyeTcsi OObSICHUTH, YTO TaKOe JIUHUS, He
nmetoniast paspeiBoB! Ha camom ziesie B Matema-
THKE OIpeJeJeHne JHHUHM, KOTOPYIO MOKHO
HAPUCOBATDb, He OTPbIBAs KapaHjai oT Gymar,
IIPUBO/INTCS YePe3 OlPe/ie/ieHne HellPpepbIBHOM

dyuxium, a He naobopor.) Dynxmus y = —,

oTIpe/ieJIeHHas BO BCeX TOUKax, kpome 0, nmeer
JIBE BETBU, KAKIYIO 13 KOTOPBIX MOXKHO Hapu-
coBaTb, HE OTPbIBas KapaHpair ot Gymaru, u
OHa TOKE HEIPEPBhIBHA HA CBOE 006J1acTH OIpe-
nesnenusi. B oranuue ot GyHKIUN U3 TIPEbITY-
1iero pasnena atu (QyHKIUU OIpe/eseHbl Ha
6ECKOHEYHBIX MHOYKECTBAX, W IMOITOMY [UCK-
peTHasg TeopeMa O MPOMEKYTOYHOM 3HAYEHUU
JUIT HUX He MOAXOJUT. PaccMoTpuM cieyro-
1iee «ompeziesieHre> HelpephIBHOW (YHKITIH,
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KOTOPOE YJI06HO MCIOJIb30BaTh B 3ajauaxX. VH-
TYUTHBHO OHO O3HAYAET, YTO (DYHKIIHS HE COBEP-
MaeT PE3KUX CKAYKOB M M3MEHSIETCS TLIABHO.

«Omnpenenenne>. Dynuxyus Yy =[(x) ne-
npepoieHa Ha ceoetl 06.aacmu onpedeseHusl,
€CU NPU MATBLX USMEHEHUSAX 3HAYCHUS AD2Y-
MEHMA MAN0 MEHAeMCsl 3HAUeHUEe YHKUUU.

[ToueMy CJIOBO <ONpejesieHne» B3STO B Ka-
BbIYKHK? Jleso B TOM, UTO HANMCAHHBINA BbIITe
TEKCT He SIBJISIETCSI OINPEIETEHUEM B CTPOTOM
cMpice. B camom Jesie, 3TO 3HAYHUT <«MAaJo
MeHsieTcsi» ? OIHAKO 3TOMY  «OIIpPe/IeJIeHUIO»
MO’KHO TIPUATh TOUHBII CMBICJI, UTO JETAI0T B
YHUBEPCUTETCKOM KyPCe MaTeMaTHUECKOrO aHa-
Ju3a. B aTOM ke Kypce OKa3bIBalOT CJIEIYI0-
IIY0 TEOPEMY O TIPOMEKYTOYHOM 3HaueHnn. Ee
hopMyIPOBKaA OUEHD TTIOX0KA Ha TUCKPETHYTO
TEOpEMy O TPOMEKYTOYHOM 3HAUYEHUH, HO ee
JIOKa3aTeIbCTBO 3HAUNTETBHO CJIOKHEE 1 TI0TO-
My OCTaeTcsl 3a PaMKaMu CTaTbu.

TeopemMa 0 NPOMEKYTOYHOM 3HAYEHWH.
Hycmy wucaosas pynxyus [ onpedenena Ha

ompesxe [a;b] u nenpepviena na smom ompes-

ke. ITycmo f(a)=A, f(b)=B. Tozda 0ia
2106020 uucaa C, nexawezo mexdy A u B,
naiidemes. maxoe wucio x, umo f(x)=C.

3ameuanue. IIpuBeieHHOE BBIIIIE <OTIpe/ieJie-
HHUe» HEIPEPBIBHON (PYHKIIMU MOKHO BIIOJIHE
CTPOTO MPUMEHNTD K (PYHKIIMSM, KOTOPbIE MbI
BBO/INJIN /1151 Iepe)OPMYJINPOBKH IUCKPETHOH
TEOPEMbI O ITIPOMEKYTOYHOM 3HaueHuu. Jliis
3TOTO MOJi CJOBOM <«MaJIO» HYXKHO HOHHMAaTb
«He 6oJjiee 4eM Ha eJIMHUILY».

3axava 6. B npomusononioKuvLx yeiax kedo-
pammnozo npyda co cmoponoit 100 mempos
cudenu 0sa ezycs. llonnasas no npydy, onu
0KaA3aIUCH 8 08YX cOceOHUX Yeaax. [JOKaxu-
me, 4mo 6 HeKOMOPbLll MOMEHM PeMEHU PAac-
cmostnue Mex0y KOHUUKAMU UX KA10808 GbLI0
paeno 110 mempan.

Pemenue. [Tyctb rycu miaBaam oT MOMeEHTA
BpEeMeHH {; /10 MOMEHTa BpeMeHH {,. Paccmor-
pUM (DYHKIHIO f, CTaBANIyI0O B COOTBETCTBHE
MOMEHTY BpeMEHHU ¢ PACCTOSTHIE MeK/y KOHUN-
KaMH KJIIOBOB Tycell B 9TOT MOMeHT. JTta (pyH-
KIus OyJieT HEelPepbIBHOM: I'ycH IJaBaioT 6e3
PE3KNX CKAYKOB, U MO3TOMY 3a Majloe n3MeHe-
HUe BpEMEHN PACCTOSTHIE Me3K/[y HIMU TIOMEHSI-
eTca Ha Mamyio Bemwunny. Tak kak [ (t,)=

=100v2 <110, a f(t,) =100 <110, 10 110 Te-

opeMe O MPOMEKYTOYHOM 3HAYECHUN HAeTCs
Taxoii Moment ¢, uro [ (t)=110.

3amaua 7. Joxaxume, umo 1060t Gvinyx-
T MHOZ0Y20JbHUK MOKHO OOHUM NPSMOJIU-
HeUnvLM pA3pe3om pazbums na 06d pagHoge. -
KUX MHOZ0Y20HUKA.

Pemenne. IlomecTuM MHOTOYTOJIBHUK MEX-
Ay ZABYyMS IIapaJsule/IbHbIMU NIPSAMBIME ¢ U b, He
MepeceKaoNMi 9TOT MHOTOYTOIbHUK. [ycTh
d — paccTosiHue MEK/Iy dTUMHU IpsAMbIMA. [Lst
kaxaoro x € [0;d] MoXKHO mpoBecTH NPSIMYIO
Cy, NApPAJIENbHYIO @ U b, JIeXalnyio MexzIy
STUMU IPSMBIMU U PACCTOSHUE OT KOTOPOH JI0
a Gyner pasno x. Paccmorpum dyHKIHIO f,
KOTOpasi 10 YHCIYy X OTPEeJsieT TJIONAIb
YaCTH MHOTOYTOJIBHUKA, JIEHKAIILY IO MEXK/LY Mpsi-
MBIMHU @ U C,. ITa DYHKIMS HEIIPEPbIBHA: IPU
MaJIbIX M3MEHCHUSAX X mpsiMast ¢, OyleT C/IBU-
raTbcs Ha HeGOJIbIIIOE PACCTOSHNUE, ¥ IJIONA/Ib
YacTU MHOTOYTOJIbHHKA MEXAY d U C, TOXe
masio uamennrest. Takkak f(0) =0, f(d)=S—
IJIONIQJIM MHOTOYTOJIbHUKA, HANIETCs TaKoe
X =Xy, 4TO f(xo) = 5 Torga mpamas  Cy,
6y/IeT UCKOMOII.

3agaua 8. B npomusonosoKHulX KOHUAX
duamempa AB oxpyxnocmu cudosm dea mapa-
kana. Ilo xomande onu nobexaiu no oKpyx-
nocmu 6 00nom nanpasaenuu (Hanpumep, npo-
MUG UACOBOLL CMPENKU) U UePe3 MUNYMY NOMe-
nsauco mecmamu (0suxenue mapaxamos e
obsi3amenviio pagrnomepnoe). /loxasxume, umo
6 KAKOU-MO MOMEHM COeOUNAIOUAs UX xopda
bvLaa nepnenouxyaapua ouamempy AB.

Pemenne. Ilyctb tapakanbl Geskaau OT MO-
MeHTa BpeMeHU ¢ 10 t,. [l BceX MOMEHTOB
BpeMeHn ¢ Mexay Humu (He BKJtouast t; u t,)
omnpezesum caenyiontyio dyukiumio f. Ilyctp
C,, D, — 1I0JI0KeHNS TIePBOr0O U BTOPOTO Tapa-
KaHa cOOTBeTCTBEHHO, O, — TOUKa IIePeCceueHIs
AB u C,D,. 3nauenne bynxuuu [ (t) pasno
rpagycnoit mepe yraa AOC,. B MmoMenTs Bpe-
MeHH ¢, 6msKue K ¢, sHauenue dpynkimn [ (t)
6s3K0 K 0°. A B MOMEHTDI BpeMeH! ¢, GIu3KIe
K t,, snauenne ¢pynkumn f (t) 6msko xk 180°.
Kpome Ttoro, ¢yHkums [ HelnpepbiBHA, IIO-
CKOJIbKY TI0s103keHme Touek C;, D, u O, MeHs-
€TCsI HETIPEPBIBHO. A 3HAYNT, COTJIACHO TEOPEME
0 TIPOMEXKYTOYHOM 3HAYEHUH, CYIIECTBYET MO-
MentT Bpemenu ¢, xorpa f (t)=90°.

Bonpoc. Iloyemy yHxius [ He onpezeseHa
B TOUKaX t; W t,?
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3apaum ansa caMmoCTosiTeNlIbHOro pewieHua

9. B psin crost 20 canor: 10 mpasbix u 10 jeBbIX.
Jlokaxwure, uTo Haiigytes 10 camor, CTOAMNX TOJ-
P, CPear KOTOPBIX MOPOBHY IPABBIX U JIEBBIX.

10. 'paHl BOCbMU €IMHUYHBIX KyOUKOB OKpalie-
Hbl B 4YepHbIi U OeJsblil I[BeTa TaK, 4TO YEPHBIX H
6ebIX TpaHeil moposHy. [lokakuTe, YTO U3 3TUX
KyOHKOB MOJKHO CJIOKUTH Ky6 2X2X 2, Ha moBepX-
HOCTH KOTOPOTO YEepHBIX U GesbIX KBaJPATHKOB
TTOPOBHY .

11. B nexotopbix KaeTkax kBajgpara 50X 50 crosr
yncsia 1 u —1, mpuyeM cymMa BeexX urcest He 60JIblie
100 n me menpme —100. /loxkaskure, 4TO €CTh KBaj-
par 25x 25, a6cooTHasi BeJIMYMHA CYMMbI YHCEJ B
KOTOPOM He TIPEBOCXOJUT 25.

12. JlaH BBIYKJIbIii MHOTOYTOJIBHUK 1 TOYKA &) BHE,
6) BHyTpH Hero. JIOKaxuTe, 4To €ro MOKHO pa3GuTh

2020/ Ne?

Ha /IBE PaBHOBEJMKHE YACTH IIPSMOI, IPOXOAsIIEl
uepe3 3aaHHYI0 TOUKY.

13. Tlycrp Xy, Xy, ..., X, — HEKOTOpBIE YHCJIA,
npunaznexanme orpesky [0;1]. Jokasknre, uto Ha
5TOM OTpEe3Ke Haii/leTcst TaKoe YKCJI0 X, YTo

1 1
—(Jr = x|+ -2+ -, |) =~
n 2
Cnucok nutepatypbl
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OKPYT TOYKM Ha
MeauaHe

A.MMPOKOITEHKO, A4.LLBEL{OB

B aroii crarbe Hac skaeT 0030pHAST SKCKYPCHUST
OT JIDEBHETPEYECKUX IIE€JIEBPOB TE€OMETPHU [0
3a/1a4 COBPEMEHHDBIX OJIUMITHA/]. MbI ocTapaem-
cs IPOCJICIUTD, KAaK HEMPOCTbIE 33/[a4N HAIINUX
JIHEH TMepeKJINKAI0TCS ¢ HaXOAKAMU J[PEBHUX.

Ha saounom type IX OuMiua/ipr 1o reoMeT-
pun umenn M.D . Ilappiruna 6buia npeasioxke-
Ha Takas sagada (asrop — @.VB7es).

3agava 1. Bnucannas ¢ mpeyzonvnux ABC
oxpyxnocmv kacaemcs cmopon BC, CA, AB e
mouxax Ay, B, C; coomeemcmeenno. Ilepnen-

C K

A C, M B

Puc. 7

DOI: https://doi.org/10.4213/kvant20200204

dukyasp us uenmpa 1 amoil oxpyxnocmu na
meduany CM nepecexaem npsmyio AB, 6
mouxe K (puc.1). Joxaxume, umo CK || AB.

Hecmorps Ha mpocTyto 1 nHTEpecHast popmy-
JIMPOBKY, TaKk cpady M He SICHO, KaK K 3ajade
nojctynutbesi. Pemenne ske u3 kuaurn [ 1] wc-
I0JIb3YeT TI0JIIPHOE TIpeoGpa3oBaHue, MeTO/Ib
MTPOEKTUBHON reOMETPHH, MOHSITHE OECKOHEYHO
ylaJieHHoi Toukn — TpeGyercs apyaunus. He-
VIKeJH K 3a/1a4e ¢ TAKUM 3JIeTAaHTHBIM yCJIOBHEM
Het 6oJiee ipoctoro noaxoma? Ecre! OkasbiBa-
eTcs, aTa 3a/laua SABJIeTCs] Bapualneii ciaeye-
nrero KJyaccuyeckoro daxra [2]:

Teopema 1. Bnucannas é mpeyzonvnux ABC
oxpyxnocmw kacaemcs cmopon BC, CA, AB ¢
mouxax Ay, B, C; coomeemcmeenno. Ilycmo
npamasa CiI nepecexaem npamyio A;B; ¢ mou-
xe P (puc.2). Tozda npamas CP codepxum
meduany mpeyeonrvnuxa ABC.

[aBaiiTe cHayaJa ¢ IIOMOUIBIO 3TON TEOPEMbI
pemmiM 3amady 1, a 3areM JOKaxkeM W caMy
TeopeMy.
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C K’

A C, M B
Puc. 4

Pemenune. Ilycto mpsamas A;B; m mpsmas,
mpoBejieHHasd yepe3 BepiHy C mapasiiebHO
AB, nepecexaiorcs B touke K (puc.3). IToxa-
skeM, yTo Touka K’ coBmazmaer ¢ Toukoir K us
YCJIOBUS.

Paccmorpum tpeyrosbiuk CIK . 3amerum,
4TO TOuKa P — opTonentp Tpeyroapuuka CIK’.
CurenoBarenbho, psMasg CP cogepKuT TPEThIo
BoicoTy. Torga nmpsmas [K' mepnenanky.spHa
orpesky CM, KOTOpBIII TIO OCHOBHOH 3ajade
aBigerca Meananoi tpeyroibuuka ABC. Ips-
Mast K’ yi0BJIeTBOPSIET YCIOBUIO 3a/[a4l, 3HA-
yut, Toukn K 1 K’ feficTBUTeIbHO COBIIA/IAIOT,
YTO W 3aBepINacT pelicHue.

Ternepp nmasaiite BepHemcsi K Teopeme 1 u
JTIOKaKEM ee.

[oxkazareabctBo Teopembl 1. Mrak, y Hac
uMeeTcsi TouKa P — TOuKa 1epecevyeHust mpsiMbIxX
ICyu A{By, — KOTOPYIO MbI XOTHM «yCaIUTb» Ha
meanany CM (puc.4). Jlng atoro mnposenem
4yepe3 TOUKY P mpsMyIo, TapasieJbHyIo Mpsi-
Moit AB. Takum 06pasoM Mbl CBSI3bIBAEM TOUKY
P c toukamun Ay n B;. Wrak, mycrb npsmas,
napaJuiesbHasg npsiMoit AB, mpoxozsmias ve-
pe3 Touky P, nepecekaer croponbl AC u BC B
toukax B’ u A’ coorsercrenno (puc.5).

A C, M B
Puc 6

Temeps 3ametnm, uto Toukn By, B', P, I nexart
Ha  OJHOW  OKPYXXHOCTH, TaK  Kak

ZIBB = ZB'PI = Z90° (puc.6). I1o maer Ham
paseHctBo yraos IBP u IB'P, u6o o6a yria
ornmpatorest Ha ayry PI. TouHo Takumu ke pac-
CY’KICHUSIMI MOYKHO YOEANTHCS, UTO YTJIbl PA
u PA’I paubl. C APYroil CTOPOHBI, Mbl 3HAEM,
4TO TPEYroJbHuK A,/ B; paBHOOEAPEHHDII, a CTa-
10 ObiTb, ZIAB; = ZIBjA;, HO TOorjga u
ZIB'A" = ZIA’B’. BbIXo/uT, MBI IOKa3aJI1, 4TO
TpeyroybHiK AT B’ paBHOGEPEHHDII, a OTPE30K

IP B 1ueMm Boicota (A'B’ || AB), cienoBatebHO,
A’P = PB’. Ho pas npsamasg CP neiuT oTpe3ok
A’B’ TomoJiam, To 1 TTapaJLIeTbHbIH eMy OTPE30K
AB nopemmres npsamoit CP Ha paBHBIE YacTH,
YTO W 3aBepIIaeT JJOKA3aTeJbCTBO TeOpeMBI 1.

OKasbIBaeTcst, YTO TaKOU MOAX0/ K 3agaue 1
CBSI3BIBAET €€ C JPYToil JKeMUy >KMHON reoMer-
pun — npamou Cumcond.

Teopema 2. 13 mouxu D onycmum nepnen-
duxyaspor DA, DByu DC, na npsmuvie BC, CA
u AB coomeemcmeenno (puc.7). Tozda mouxu
Ay, By u C, nexxam na oonoi npamoti (nasviea-
emotl npsmoti CumMcona) 6 mom u moavko mom
cayuae, Kozda mouxa D aexum na onucannou
oxpyxnocmu mpeyzoaviuxa ABC.
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Puc. 7 D™

A C, M B
Puc. 8

JlokasaTesIbCTBO ATOTO YTBEPIKICHUS YIKe He-
CKOJTBKO Pa3 MOSBJIAIOCH Ha CTpaHmIax «Kpan-
Tay, HAI[pUMep Ha MePBOH cTpaHuIle cTaThu [3].
TyT MbI €ro BOCHpOu3BOUTh He GyJIeM.

Boopy:xusmucn npsamoit CuMcona, BepHeM-
¢4 K IokazareabeTBy Teopembl 1. Ha pucynke 8
MBI BUJUM, 4TO Touku A;, By u P — npoekuun
Toykn [ Ha TPSMBIE, COJEPKAIINEe CTOPOHBI
tpeyroabanka A'B'C. TlockosbKy Touku A, B
u P jiexat Ha OfHON MPSIMOH, TO 1O TeopeMme 2
TOYKa [ JICKUT Ha OIUCAHHOH OKPY>KHOCTH
tpeyroapauka A'B'C. Ilockobky CI — 6uccek-
tpuca yraa C, a I — cepeauna ayru A'IB’, to
P — cepequna A'B’ (IP — BbicoTa B paBHOGE/-
pernoM Tpeyroabhuuke A'TB).

Tem cambIM, uctiosib3oBanue npsimoii Cumco-
Ha T03BOJIET TT0-HOBOMY B3TJIAHYTH Ha pelle-
Hue 3agaun 1. OTMeTuM, 4YTO Takas CKpbITas
npsiMmasgs CHMCOHa B 3aJjauaX — HE TaKoe YK
pesKoe sSBJIEHUE.

HemHoro ncropun

31ech MbI MOKEM OCTAHOBUTBCSI M HEMHOTO
oTnoxHyThb. OkasbiBaercs, y 3azaun 1 ecTb
cBos1 uctopusi. HegaBuo mepBoMy aBTOpPY 3TOIT
CTaTbU TIONAJT B PYKH CTapblil HOMep JKypHaJa
«Maremaruka B 1mkoJie» 3a 1996 rox. Borsican-
JIOCh, 4TO B TOM >Ke rojy Ha Bcepoccuiickoii
omuminuaze B 10 kiacce ObLra JlaHa Haia

2020/ Ne?

C

A C, M B
Puc. 9
3aaua 1 B apyrux o6o3navenusx. B skyphase
MIPUBOIINCE JBa PEIIeHNs 3Toi 3agaun. Ilep-
BOE — BEKTOPHOE, YNCTO BBIYUCIUTETHHOE —
3aHMMAJIO MTPUMEPHO TIOJIOBUHY CTPAHMIIBI TIe-
YaTHOTO TEKCTa, BTOPOE HCIIOJIH30BAJIO CBOIi-
CTBa TIPOEKTHBHOTO Tpeo6pa3oBaHus W BON-
HBIX OTHOMIeHNH. CTaso MHTEPEeCHO, a eCTb JIH
6oJiee JIOCTYIIHbIE T'€OMeTpPUYECKUe PereHus.
[Tnoabl 3TUX pasMblllIeHUN TIepe/] BaMu.

Teneps Bepremcst u3 1996 roga 6osee yeM Ha
20 mer masazx, B 1973 rox. Urak, «3amaudnk
«KBanray, 3agaua M178, aBrop — Uropp De-
moposmu Iaporrnn. 3pech 3amava 1 gana B
6oJtee o6IIEM BH/Ie: BMECTO 1IEHTPA BIMCAHHOM
OKPY>KHOCTH MOKHO PacCMaTpUBaTh JIOOYIO
TOUKY Ha 6uccekrpuce! OKasbIBaeTcsi, 4TO caMa
OKpPY>KHOCTb HU TIpu ueM. [{ng ymob6erBa dop-
MYJIUPOBKY JaJiM B HAIINX 0O03HAUEHUSX.

3anaua 2 (o6o6uienue sagauu 1). H3 nexo-
mopoti mouxku T 6uccexkmpucwvl yeaa C mpey-
eonvrura ABC onycmum nepnenduxyaspol TA,,
TB, u TC, na ezo cmoponv. BC, CA u AB
coomeemcmeenno. Illycmo P — mouka nepece-
uenus npsmvix TC; u A,B; (puc.9). [Aoxasxu-
me, umo CP deaum cmopony AB nonoaan.

Yupaxxuenue. Pemnre oty 3ajauy.

Vxasanue. Vicnonbayiite 3agauy 1.

W naxonerr, 6osiee Beka Hazajx B GyHIaMeEH-
tampHoll kHure /[.Edpemoa «HoBasg reomer-
pusi TpeyroybHukas [1], omy6iankoBaHHOII B
1902 roay (puc.10), 6blia noMelieHa Teopema,
conayiaomas ¢ 3agaveit V.M. Illappirmaa ¢
TOYHOCTBIO /10 O6o3HaveHuil. Boobiie KuHury
J1.EdpemMoBa MOKHO PEKOMEH/IOBATb BCEM JIIO-
6uresisim reomerpun. OHa cojeput GoraTeii-
Uil TeopeTuyecKuii 0630p TeOMeTpuu Tpey-
TOJIbHUKA.
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HOBAA T'EOMETPIA
TPEYT0JIbHUKA.

Cocrasnam

KaHULIATD (N3, -NATEMATHIECKHXD HAYKD.
NpenoiaBate.lb WKOIL KO.JOPHCTOBD
npn IIsanoso-Bosnecenckons peatsHons yunamub

. Egpemoed*.

OJdECCA.
1902,

Puc. 10

Wrax, Mbl BUZIUM, YTO OCHOBHASI 33/1a49a TOJIBKO
B Poccun 6pLa epeoTkpbiTa He MEHee TpeX pas.

WNurepecno, uto [Imurpuit [Imurpuesny Ed-
pemoB oxonuyms Cankt-Ilerep6yprexuit yHU-
BEPCHTET CO 3BaHNeM KaHauaata Gpusnko-MaTe-
MATUYECKUX HayK, ObLI HArPasKIeH 30JI0TOI
Meznanbio. B Bodpacte 28 ser B 1887 roay on
ObLJ HA3HAUCH YYUTEJeM MaTeMaTuky B MIBaHo-
Bo-BosHeceHnckoe peasbHOE YIHJIUIIE C TIPE/IO-
CTaBJICHIEM €My YPOKOB UYePUYCHHUS, CTPOUTEIb-
HOTO MCKYCCTBA ¥ 3eMJIeMepHs B MEXaHUKO- 1
XUMHUKO-TeXHUYeCKuXx otjesnenugax VII pomnos-
HUTEJbHOTO KJacca. Y AUBUTEIbHOE MECTO JIJIst
KaH/MU/aTa HAyK, 3aKOHYMBIIETO YHUBEPCUTET C
3osotoil Mepasnbio. B 1897 rtomy [Imurpmit
JIMUTpHEeBNY TepeMelieH IMTaTHLIM TIPeno/ia-
BaresieM MeXaHWKH M MaTeMaTHKU B IITKOJY
KoJIOpUCTOB Tipu VBanoBo-BosHnecenckom pe-
anpHoM yumsnine (MBaHOBCKas MPOMBIILIEH-
HOCTB B Te ro/ipl Oblja Ha TI0beMe).

Ha aToM 3aKOHYMM HCTOPHYECKOE OTCTYILIE-
HUe 1 BEPHEMCS K 3a/1a4aM.

3amaga 1 mepeKIMKaeTcs € KJIACCHIECKUM
meleBpoM ApXuMe/la, KOTOPBI yiKe He pas
MOSIBJISLIICSI HA CTPAHUIAX JKypHata «KBaHT».

3amaua 3 (dpopmyna Apxumena, M1000).
Boxpye mpeyzoavnuxa ABC onucana oxpyx-
nocmo. M3 mouku W — cepedunuvt 0yeu AB, ne
codepskawei C, onycmuau nepneHouxysp
WK na npsmyio BC (puc.11). Hycmo CA=b,

CB = a. Tozda CK = ath

3uanne popMyIbl Apx%weﬂa MTO/ICKAKeT HaM,
KaK PEIUTH elle OJHY HEeIPOCTYIO 3a/auy.

0

Puc. 71

3agaua 4 (Maremartmueckoe MHOTOGOPDE,
CYHIL MY, 2010). B uepasnobedpennon
mpeyzonvnuxe ABC ommemuiu mouxy nepe-
ceuenus meouarn G U MOUKY nepeceuenus
6uccexmpuc I (puc.12). Oxazanrocy, umo nps-
mas GI nepnenduxyasipua cmopone AB. /loxa-
kume, umo AC + BC = 3AB.

N3 3agaun 1 caeqyer, uto Touka G JIEKUT HA
HepecevueHnn MeIMaHbl U OTPEe3Ka, COEANHSIO-
mero toukn kacannsg A m B’ BnmcanHoil ok-
py»kHocTu co cropoHamu CB u CA coorset-
CTBEHHO.

IIpoBegem uepes touky G mpamyio A B,
napasenbryio AB, rne Ay € CA, B, € CB (cMm.
puc.12). Tlonyunm tpeyroabhuk A,CB;, mo-

no6ubIN TpeyroabHuKy ABC ¢ koadduriimen-
CcG 2

TOM —— = —

CM 3

Puc. 12
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Mur 3naem, uto Touknu C, Ay, I 1 B, jgexar Ha
onnoii okpyskHocTH. [Tockomnbky CI — 6uccek-
tpuca yria ACB, to I — cepeauna ayru AB;.
Nmeem

car = CBL+CAy _
2
2 2
SCB+3CA cp. oy o
2 3

B mepBoM paBeHCTBE MbI BOCHOJIb30BAJIUCDH
Ghopmynoii Apxumeda, a BO BTOpOM — 1og001eM
tpeyronbunkos A4CB; u ACB.

OcTaeTcst BOCIIOJIb30BAThCS TEM, UYTO JUIMHY
kacaresbHOH n3 BepmmHbl C B T060M Tpey-
TOJIbHUKE MOXKHO HaiiTH 1o (hopMmyJie

CA =p- AB, (2)

rie p — noJjynepumerp Tpeyrosabhuka ABC.
[TpupasuuBas npasbie dactu Gopmya (1) u
(2), moayuum, yro AC + BC = 3AB.
TpeyrosbHuku, y Kotopbix npsmas Gl nep-
TIEH/INKYJIIPHA CTOPOHE TPEYTOJbHUKA, 06Ja-
JIAIOT ellle OTHNM MHTEPECHBIM CBOMCTBOM.
3amaua 5 (A.Kapmouenko, dunan VIII
Oummnuazpl 1o reomerpun umenun M. . I11a-
poiruna). ITycmo G u I — mouxu nepecevenus
meduan u Ouccexmpuc HepasHobeopentozo
mpeyezoavnuxa ABC, a r — paduyc enucannoi
6 nezo oxpysxnocmu (puc.13). /oxaxume,

C

A H C' M B

Puc. 13

2020/ Ne?

D_
e

A L
Puc. 74

’
ymo GI = 3 mozoa u Mmoavko mozdd, Kozod

npamas GI nepnenduxyrsapua oonoi us cmo-

POH Mpeyz0/bHUKA.

Kraccndeckne (axkTbl HATOMHHAIOT MasKH,
Ha KOTOPbIE MOKHO OPUEHTHPOBATHCST B GYPHOM
omummaznoM mMope Hazeemcs, yro Hamia He-
60JIbIIIas IPOTYJIKA ¢ 0630POM T€OMETPUIECKUX
1I1€/IeBPOB, JIPEBHNUX 1 COBPEMEHHBIX, MTPOIILIA C
nosb3oii. Terepb ke mpursamiaeM duTaTesI,
Hapsily ¢ 3agadeil A.Kapmiouenko (ryr Bam
MOMO>KET PHUCYHOK 13, comepskammii 1mojckas-
K1), PEIUTh CJICIYIONLYI0 KPACUBYIO 3ajady.

3agaua 6 (JI. Emenbsanos, C. Bepaos, Omum-
muaga OMJI 239, 2005r.). Bnucaumnas ox-
pyxmnocmo mpeyzorvnuxa ABC ¢ uenmpom 1
xacaemcs cmopon AB, BC, CA & mouxax Ci,
A, By coomeemcmsenno (puc.14). Obosna-
wumM uepe3 L ocHosanue Guccekmpucol yead, a
uepez P — mouxy nepeceuenus npamvix C\I u
AB,. Aoxaxume, umo PL| CC,.

Cnucok nuTtepaTypbl

1. A.E¢pemos. Hosasi reomerpusi TpeyroJbHU-
ka. — Opmecca, 1902 1. DuexrponHas Bepcus: http://
zadachi.mccme.ru/ngt/

2. A.B.Axonan. I'eomerpus B kaprunkax. — M.,
2011. DmexrponHas Bepcus: https://users.mccme.ru/
akopyan/papers/RuGeoFigures.pdf

3. A.llseyos. Ot upsamoii CuMcoHa K TeopeMe
[po3-Dapuan. — «KBaur», 2009, Neb.

4.A.A.3acaasckuu. Onumnmap umenn 1. I11a-
poiruaa (2010-2014). — M.: MIIMHO, 2015.

5. 3amaun Ha caiite http://zadachi.mccme.ru/

6. Omnmrnmazaer umenn 1. . [lappiruna na caiire
geometry.ru



Dusmyeckme
aHanormm

C.KO3EN

CPEZ[I/I PA3HOOBPA3HBIX SABJIEHUN
pas3IMyHON (DU3UYECKOiT TPUPO/IBI HEpe/I-
KO MOKHO BCTPETUTD MOXOKHE SIBJIEHNH, 0OHA-
PYIKMBAIOIIIE OJMHAKOBbIE MTPU3HAKK M 3aKO-
HOMepHOCTH. B Takux ciydasx roBopst o ¢u-
3MYECKUX aHAMOTUAX, WM aHajoruunpix (T.e.
NoX0KKMX) cucreMax. Du3MUecKUe aHaJIOIMH,
CYIIECTBYIOIINE MEXK/IY 2JEKTPUUYCCKUMU, Me-
XaHTYECKUMI, aKyCTHIECKUMU U IPYTUMHI CHIC-
TeMaMH, JaBHO C YCIIEXOM HCTIOTb3YIOTCS TPH
UCCJIEIOBAHUSX U pacuyerax. Meronbl, OCHO-
BaHHbIE HA NPUMEHEHUU AaHAJIOTUIl, B psie
CJIy4aeB OKa3bIBAIOTCS BECbMa MJI00TBOPHBIMU
1pu penrennu 3aa4. OHU MO3BOJISIOT CBOIUTH
peleHns HeKOTOPBIX 33/1ay K PEeNIeHusIM JIpy-
IUX, y’Ke U3BECTHbIX 3a/1a4 (3auacTyio us apy-
roro paszgena (GU3NKM).

Harpumep, Hesb3si MPOUTH MUMO aHAJIOTUU
MEK/ly 3aKOHOM BCEMUPHOTO TATOTEHUS 1 3aKO0-
nom Kymona. BoipaskeHust 11t CUJIbI TATOTCHUS
MEK/Iy IBYMSI MaTepUATbHBIMI TOUKAMHI Macca-
M M W m W S CUJIBI 3JI€KTPOCTATHIECKOTO
B3aNMO/ICHCTBHS IBYX TOUCUHBIX 3apsAI0B Q U
q MMEIOT BUJT

E=¢Muwrp, -9

r 4dmey ¥

3nech G — rpaBUTAIIMOHHAS IOCTOSTHHAS, €, —
3JIEKTpUYECKasl TOCTOSTHHAS, 7 — PACCTOSIHUE
MEXIy B3auMojelcTByomuMu Temamu. Ilo-
CKOJIbKY CHJIBI BBIPAXKAIOTCS MOXOKUMHU Pop-
Mysamu (B 060MX CTy9asx CHJIBI 06PaTHO MPO-
TTOpIOHAJIbHbBI KBa[[paTy paCCTOHHI/IH), JABU-
JKEHHe MaTepUaJibHOW TOYKU B TPABUTAIUOH-
HOM mojie (B IoJIe TATOTEHUS) M ABMKEHHE
3apsDKEHHOTO Tesla B TI0JIE TOYEYHOTO 3apsiia
OTIMICHIBAIOTCS OJMHAKOBBIMU YPAaBHEHUSMH.
IIpaBna, ectp u oramume. I'paBUTAlIMOHHDBIE
CHJIBI BCET/Ia CTPEMATCA COMM3NTD Testa (IIpuTs-
SKEHHE TeJl), a 9JIEKTPUUYECKHE CUJIbI B 3aBUCHU-
MOCTH OT 3HAKOB B3aMMO/ICHCTBYIONINX 3apsi-

Omny6ankoBano B «KBante» Ne11 3a 1975 roz.

JIOB MOTYT /IaTh KaK MPUTSKEHUE, TaK U OTTaJ-
KIBaHUeE.

[TonumaHnme aHasoOruu MEX/Y 3aKOHOM BCe-
MHUPHOTO TSATOTEHUS 1 3aKOHOM KymoHa yacto
moMoraeT TIpH perieHnn 3a1a4. Hampnumep, Mbr
3HAEM, YTO TTOTEHINAT IO TOUCYHOTO 3apsiaa
Q, T.e. NOTEHIMANbHAS YHEPTUST €IUHUIHOTO
MOJIO’KUTEJIBbHOTO AJIEKTPUYECKOTO 3apsi/ia B
AJIEKTPUYECKOM T10JIe, BbIpaskaeTcs opMy.Ioii

__1 9
ime, v
[To anasIOrNM MOSKHO 3aMHCaTh BbIpaskKeHNE /1T
MOTEHIMAJIbHOI SHEPruy eANHUYHOI Macchl B
IPaBUTAIIMOHHOM I10JIe TOUeUHOI Macchl M, T.e.
JUIST TPaBUTAIIMOHHOTO TTOTEHIINANA, B BU/E
Y= —GM.
r
[TosiBien1e 3HaKa MUHYC CBSI3AHO C TEM, YTO B
cJydae CUJI IPUTSDKEHNS TOTEHITNAIbHAS 9Hep-
rus 0OKasbiaercs orpunareabHoil. (HamomunM,
YTO MOTEHIINATbHAS JHEPTUs 10JIaraeTcsl pas-
HOU HyJIt0 P 6eCKOHEYHO GoJibiioM 7.) TToc-
JIe[IHUM BbIpakeHneM (JIJisi rPaBUTAIIOHHOTO
HOTEHIMAA) YI0GHO TTOIb30BATHCS P PETIie-
HUM MHOTHX 33/1a4 M3 06JIACTH KOCMHYECKOM
¢dusuku (Hampumep, 3a7aya O BBIYUCTICHUN
BTOPOIl KOCMUYECKON CKOPOCTH, 33/1a4M O Ma-
HeBpaX KOCMUYECKUX KopalJeii u T.11.).
[TpuBenem eme oauH mpuMep (PU3NIECKON
AQHAJIOTUN MEeK/[y MEXaHNYeCKOH U IeKTpHIec-
Kol cucremamu. IIpomeccs!, mpoucxoadmne B
AJIEKTPUYECKOM K0JIeOaTeIbHOM KOHTYpe, aHa-
JIOTUYHBI KOJIEGAHUAM Tpy3a Ha IpY’KIHE
(puc.1). CucreMbl SIBJISIIOTCS AHATOTHYHBIMIE
MOTOMY, 4TO SIBJIEHUSI, ITPOUCXOJISAIINE B HUX,
OIINCBHIBAIOTCST OJJMHAKOBBIMU MaTeMaTUYeCKH-
MU COOTHOIIEHUSIMHU.
Bropoii 3axon Hblorona /i1 rpy3a Ha IIpy K U-
He 1 3akoH OMa /171 KoJs1e6aTeIbHOrO KOHTY-
pa 3alUCBIBAIOTCS OJUHAKOBBIM 00Pa3oM.

x(t) < q(t)

C 1 q(t)

Puc. 1. 31 konebaresibHble CUCTEMbI GU3MIECKI
dHAaJIoOrM4Hb!
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A nMeHHO

m&:-kx’ Lﬂz_iqy
At At C

Ag

Ax .
T/le v = — — CKOPOCTh I'Py3a, i = —- — TOK B
At P by At

koutype. OTCIOZa BUIHO, YTO Macca Tpysa m

MOKeT ObITb COMOCTABJIEHA C MHYKTHBHOCTDIO
KaTymku L, 5KeCcTKOCTb NPYKUHbI B — ¢ 06part-

HOW BEJINYUHON €MKOCTU — . AHAJOTUSI TUX
C

JIBYX CHCTEM COXpaHfAercs M IIpU HaJIuYuyn

paccesiHusi dHepruu: KOIP@PUIMEHT BS3KOTO
TpeHusi 3 1pu HEOOIBIINX CKOPOCTSIX J[BIIKE-
HUS Tea B JKUIKOCTH WJIM Ta3e aHaJOrmueH
3JIEKTPUYCCKOMY COIIPOTUBJICHUIO R IICIIH.

PaceMoTpuM Temeph HECKOTBKO KOHKPETHBIX
3a/1a4, PEIeHnst KOTOPBIX CYMIECTBEHHO YIPO-
IMAIOTCST, €CJH BOCIOIb30BATHCS METOJIOM aHa-
JIOTUH.

3agava 1. U-o6pasuas mpybra uacmuumno
3anoanena xuoxocmuio. Ceuenue mpyoxu 6e3-
de 00unaxoeo; 06uwas O uHd 3AN0JHEeHHOU Ydc-
mu mpyoxu pasua l. Onpedesume nepuod xo.ie-
banuil YyposHst KUOKOCIU 6 MAKOU cucmeme.

[TonbITaeMcst TIPOBECTH AHAJIOTHIO C M3BECT-
HOIT 3a/1aueil 0 KoJeOaHUsIX TPy3a, MO/BEIIeH-
HOTO Ha IpPY)KHHE, U TakuM 06pasoM HalTu
mepuoji KoyeGaHuil JaHHOW KOJebaTeTbHOI
CHCTEMBI.

[IycTp ypOBEHD KUIKOCTH B OTHOM U3 KOJEH
MOHM3UJICS HA X, a B [[PYTOM, COOTBETCTBEHHO,
noseicusicst Ha x (puc.2). Torga pasHOCTb

Ilonoxenue
pasnogecus

Puc 2. Elje onHa konebaresibHas cucrema

ypoBHeil 6ymeT paBHa 2x, W Ha KUJIKOCTb B
JIEBOM KoJieHe 6y/IeT IefiCTBOBATh HEKOMITEHCH-
poBaHHAs CHUJIa TSKECTH CTOJ0A SKUAKOCTH
BBICOTOH 2x, paBHAs

F =-2S5pgx.

3nmech S — miomaab cedenus Tpyoku, P —
IJIOTHOCTD JKMJKOCTH. 3HAK MHUHYC B 3TOI
dopmysie osnauaer, uto cuiaa F cTpeMuTCs
BEPHYTb CUCTEMY B TOJIOKEHHE PABHOBECUSI
(kak u B cayyae rpysa Ha Ipyskute) . Besmuuna

2020/ Ne?

25pg , nocrosiHHAsT [T IAHHO# CHCTEMBI, CO-
OTBETCTBYET KECTKOCTH NpPYXuHbl k. Taxum
00pa3oM, JABHIKEHHE KUKOCTH IIPOUCXO/UT
noj eiictBueM Kpasuynpyroit! cusbl. Anamo-
THs C 3a/1a4ell 0 KoIe6aHuSIX TPy3a Ha MPYKUHE
CTaHOBUTCS O4eBUAHOI. Vcmonbays gopmyry
nuist ieproga T Kome6aHuii rpy3a Maccoi m Ha
MPYJKIHE JKECTKOCTBIO R, MOJydaeM

T=211:\/E=2n 571922,1 L
k 25pg 2g

Tenepb MbI copMyIPYEM HECKOJIBKO 3a/1a4
13 PasJIMYHbBIX pas/esioB (PU3NKN 1 HOIPOOyeM
MOHATDH AHAJOTUIO MEK/Y HUMHU.

3amava 2. Onpedenume pabomy, sampauen-
HY10 Ha 0ehopMaAuUI0 NPYKUNDL HKECTNKOCTNDIO
k, ecau ee yorunenue (cuumas om noaoxenus
PABHOGECUS. HEPACMAHYMOT NPYKUHDL) USMe-
HUOCH Om Xy 00 X5.

3anaua 3. Kaxyio pabomy nado cosepuiumo,
4MoGbL UBMEHUMD 3APSO KOHOEHCAMOPA eMKO-
cmuto C om 3Hauenus ¢y 00 3HAUCHUSL Gy ?

3azaua 4. OOum moav udeaiviozo 2dsd
DACWUPACTNCI NPU HAZPEAHUU TNAK, 4MO 00BEM
ceasan ¢ memnepamypoi no sakony T = aVv?,
20e o — HeKomopdas. NOCMOSHHASL GeUNUN.
Kaxyio pabomy cosepuum zas 6 smomn npoyecce
npu usmenenuu ezo memnepamypvi om T; do T,?

CucremMbl, O KOTOPBIX HJET Pedyb B ATUX
3aj1auax, n306pakeHbl HA pUCyHKe 3. 3ajauu
SIBJISTIOTCST @HAJIOTHYHBIMHU, TIOCKOJIBKY BO BCEX

vV, V,
W_4 o
<>
X

Puc. 3. MexaHundeckas, 371eKTon4eckas 1 Terio-
Basi CUCTEMbI, B KOTOPLIX pabOThI BbIPAXAIOTCH
GHAIIOTNYHBIMMU COOTHOLLIEHUAMM

TPEX CJIy4asiX Mbl CTAJTKUBAEMCS C OJ[MHAKOBbI-
MU 3aKOHOMepHOCTsiME. PasbepeMcss B 3TOM
60oJiee TOAPOGHO.

B 3asave 2 ny»xno naiitu paGory 1o jgedop-
MAIiK TIPYKUHBL. JTY PaboTy MOKHO OTpejie-
JuTh rpadguueckum MetozioM. Pabora Ha MajioM
yyactke 1yt Ax (T.e. Ha TaKOM ydacTKe, 4To
cury F = kx MOKHO CUMTATh OCTOSIHHON ) €CTh

! Tak npuusito HasBIBATH CHJIBI HEYIIPYTOro
IIPOUCXO’K/ICHNS, U3MEHAIONecsS M0 TOMY JKe
3aKOHY, YTO ¥ yIIpyTasi CHJIa Py XKuHbl: F = —kx.



AA = FAx = kxAx.
3uaunt, moaHas pabora A [pPU H3MEHEHUH

KOOP/IMHATBI OT X{ JI0 Xy PaBHA 3alITPUXOBAH-
HOH 17101/ Ha pUCYHKe 4:

k
A= —(x22 -} )
2
22
HamomunM, 4TO BeTMYNHA —— €CTb TTOTEHIH-

asibHas aHeprust I1 ynpyro aeopMupoBaHHOl
Fy

X, Ax Xy X

Puc. 4. [paguyeckoe onpeneneHe paborsi
TMPY’KUHBI. 3Has BBIPAKEHUE [ 3TOH aHep-
ruu, Mbl MOrJIM Obl cpa3y Hammcarb (hopMyJry
s paborer (A =AIT). Ho Mbl XOTHM 3/1€Ch
y6esnTbess B TOM, UTO TI0/00HAsT CHUTYyalus
BO3HHUKAET U B APYTUX (PU3NYECKN AHATIOTHY-
HBIX 3a/lauax.

[Tpu pemenun 3azaun 3 HpoIecC 3aAPSAKA
KOH/IEHCATOPA MOKHO MPEACTaBUTDb CJIEeYIO-
muM  06pa3oM. 3apsiJi IOCTATOYHO MaJIbIMU
MOPIMUAMI A, TAKUMH, YTO PA3HOCTD IIOTEHIN-
QJIOB ¢ Ha KOH/IEHCATOPE MOXKHO CUUTATD TTOCTO-
SIHHOM, TIePEHOCUTCSI C OJIHON OOKJIAJIKK Ha
npyryio. Pabora o iepenocy 3apsizia Ag 3arnu-
IeTcda B BUAE

AA = ulAqg = équ,

Boipakenne qs AA uMeer TOT JKe BUJ, 4TO 1
B 3azaue 2. ITo aHajsorum, He MOBTOPSS XOa
pelenys, Mbl MOXKEM Cpasy HaImcaTh, 4TO
oJTHAs paGoTa Mo M3MEHEHNIO 3aps/a Ha KOH-
JIeHCcaTope paBHa
1 /2 5
A=l
2 —q1 ).
2C
2
q

Beanunna -— anajgormuHa MOTEHIIMAIBHON
SHEPTUH TPY>KUHBI - 1 UMEET CMBICJI 3JIEKT-

PHMYECKOI SHEPIUHM, 3allaCeHHOI B KOH/IEHCATOPE.

B sajsave 4 tpebyercsi onpenesntb padoTy
raza mpu pacipennn. Ecim B3STb 0CTaTOYHO
Majioe usMeHenue oobemMa AV, Takoe, 4TOObI
JIABJIEHUE B HTOM HJIEMEHTAPHOM ITPOIIECCE MOK-

HO ObLIO C XOPOUIUM TPUOJIIKEHNEM CYUTATD
MOCTOSTHHBIM, TO PaboTa 3aluIieTcs B BHE
AA = pAV . TlockoJbKy B HallleM CcJyuae
T = ocVZ, TO U3 YPaBHEHMSI I'a30BOrO COCTOSI-
HUS TOJIydaeM

RT
=—=RaV.
p 1%
CurenoBaTesbHO,
AA = RoVAV.

Tenepp anasorus ¢ 3azia4aMu 2 U 3 CTAHOBUTCS
OYEBY/HOI, ¥ MBI MOJKCM 3aITMCATDh BBIPAXKCHIC
JUTS TIOJTHO# PaboThl A 1IpK pacimpernn rasa:

o

R
A= (V- = (- T)).

PaccmoTpuM Tenepb elie OJHY, HECKOJBKO
6oJiee CIOKHYIO 3a/1a4y .

3amaua 5. Kaxoe xoauuecmeo meniomor Q
noayudaem 00uUH MOb UOeANbHOZO 2d3d NPU
usmenenuu memnepamypviom T, 0o T, (T, > T)),
ecau 6 npouecce Hazpesanus 06semM 2a3d ume-
HAEMCsL 00PAMHO NPONOPUUOHATLHO THeMNe-

pamype: V = T 20e 3 — nexomopas nocmo-

annas eeauuuna? Tennoemxocmsv zasa npu
nocmosimnom o6seme Cy 3adand.

[Ipsimoe pemrenne 3Toil 3ajaul JOBOJBHO
rPOMO3/IKO. Mbl 06paTuM 3/1eCh BHUMAHWE Ha
HEeOXKH/JaHHYI0 aHaJIOTHIO 3TOM TEIJIOBOU 3a/ia-
M ¢ U3BECTHOIl 3ajiaueil 0 IOTeHIHUake IOJIsT
TOYEYHOTO 3apsijia.

Ha ocHoBaHMNM IIepBOTO 3aKOHA TEPMOJIHA-
MIKHI MOXKHO 3aINCaTh

Q=AU+ A.

3nece AU — m3MmeHenmne BHYTpeHHEH sHeprun
rasa, A — pabota, coBepluIieHHas ra3oM. Bryrt-
PEHHsISA SHEPTHs NIeAIbHOTO Ta3a 3aBUCHUT TOJIb-
ko or Temreparypel: U ~ T'. Tloatomy namene-
HIle BHYTPEHHEH sHepruu B JTI060M IIporiecce, a
3HAQYNUT W B HAIIEM cJydae, TaKoe JKe, KakK 1 B
npoliecce IIPH IOCTOSTHHOM 00beMe, KOTja Bce
HO/IBE/IeHHOe TeIlJIo UeT TOJIbKO Ha yBesmde-
HHUE BHyTPEHHEI sHepruu:
AU =Cy (T, -T)).

Takum 0o6pasoM, 3ajada CBeJIachb K BbIYHCJIE-
HUIO PaboThI, TIPON3BEeHHOI razoM. /{ist oTbIc-
KaHUs 3TOl paboThl PACCMOTPUM CHauaJa aJie-
MEHTapHbIl TIpoIiecc, B KOTOPOM 0GbEM Tasa
YBEJIMUNBAETCS Ha JJOCTATOYHO MaJylo BeJINdn-
Hy AV, Tak 4TO JaBJEHHUE OCTaeTCs IPaKTHIe-
CKM Heu3MeHHbIM. [l ajieMeHTapHOit paGoTbl
MbI MOKEM Hallncarhb




50 KBAHT

AA = pAV—%AV RB (1)

Ham HYXHO HalT! paéoTy rasa HpI/I N3MEHEHNHN

ero o6beMa OT 3HAYCHUS V1 = % J0 3Ha4Y€eHUA

1
V2 =E. MaremaTnyeckn 3ajada CcBejlach K

onepal_zmm MHTETPUPOBAHNS, BBIXOAAMEH 3a
PaMKH IPOTrpaMMBbl cpejiHeil Kosbl. [Tompoty-
€M, O/THAKO, BCIIOMHUTD, He BCTPEYAJNCDH JIF MBI
¢ 1o06HOI TIOCTAHOBKOII BOIPOCA B APYTUX
3a/1a4ax.

B kakux ciaydasx sseMeHTapHas paboTa QKa-

3BIBACTCS TPONOPIIMOHAILHON BBIPASKEHITIO —5 2
X

OueBuHO, €cau peuyb ujer o paboTe CHJIbI,

M3MEHSIONENCS OépaTHO IIpornopuuoHaJJbHO
KBa/IpaTy pPaCCTOAHUA, Ha MaJIOM IHEpeEMeENle-
aun Ax. MbI 3HaeM JiBe CHNJIbl, U3MEHAIONIUECA

IIPOINOPHNOHAJTIBHO —22 9TO CUJIa KYJIOHOBCKOI'O
X

B3aMMO/ICHCTBUST TOUCYHDIX 3apsJIOB M I'PABHU-
TannoHHas cuia. Takum o6pasoM, paccMarpu-
BaeMasl TEIJIOBas 3a/[a4a aHAJOTHYHA 33/1a4e O
MOTEHIHAJE TOJISI TOYETHOTO JIEKTPHIECKOTO
3apsijia MK 33/1a4€ O BHIYUCJICHIN IIOTEHIINAIb-
HOIl SHEPrUU TeJa B TPABHTAIIMOHHOM MOJE.
Metoapl pellieHUs 9TUX 3a/au M3Y4aloTcs B
Ccpe/lHel 1TKoJIe.

Bot npumep aJ1eKTpuYecKoii 3aja4t, 13 KOTO-
pOil HEMe/JIEHHO CJIeyeT PelleHne 3a/1aun 3.

3aaava 6. Hatidume emxocmo cghepuueckozo
KOHOeHcamopd, 00pa3068aAHH020 08YMS. KOH-
UeHmpuueckuMu npogoosuUMU chepamu ¢
paduycamu R u R,.

Emkoctpb koHzieHcaTopa C paBHA OTHOIIEHHIO
3apsi/ia KOHJIEHCATOPA ¢ K PA3HOCTH MOTEHINA-
JI0B A Mesk1y ero oOkJagkamu. PazHocTd 1mo-
ternmnaaos (1o omnpeznesnennio) pasHa pabore,
COBEpIIAEMOil HJIEKTPUYECKUMHU CHJIAMU TIPH
[epeMelieHHN  eIMHIYHOTO II0JIOXKUTEJIbHOTO
3aps/ia ¢ OJ{HO OGKJIA/IKKH Ha JPYIYIO.

[Iycte BHyTpenmsisi cdepa KOHAEHCATOPA
HMeeT 3apsi/l ¢, & HApY’KHAsI MMeeT 3apsii —(¢.
Torma aeKkTpUYecKoe IMoJe B MPOCTPAHCTBE
Mexxly cepaMu COBIAIAET € MOJIEM TOYEUHOTO
3aps/ia ¢, PACIOJIOKEHHOrO B UX OOIIEM II€HT-
pe, U HAIPSKEHHOCTD I0JIST PaBHA

E=—1_

<r< R
47‘5807‘2 y R1 Sr=s Rz.

[IycTb eAMHUYHBII TI0JI0XKUTEIbHbBIN 3aps/L 1ie-
peMeCTHJICS Ha Majioe paccTosiHne Ar < R
(Tak 4TO MOJIE MOKHO CYMTATh OJHOPOIHBIM).

2020/ Ne?

PaéoTa, coBeplraeMada SJEKTPUIECKUM TIOJIEM
Ha 3TOM y4YaCTKe IIyTU, €CTb

_q_Ar (2)
4me r?

IMomnas pa6ota A 32JE€KTPUYECKUX CHUJ TPU
U3MEHEeHUU paccrosiHug oT Ry po R, Moxer
ObITH BbIpAXKEHA Yepe3 MOTEHIUA [0S TOUey-
HOTO 3apsija:

AA = EAr =

q q
A:— - = =
(2 =) AmegR, 4meyR,
S Rk S RC)

Orcrofia eMKOCTb c(hepHIecKOTo KOH/IeHCaTopa
paBHa

RR,
Ry = Ry

BepueMcs Terepb K 3a/aue D U JIOBe/leM ee
pelleHne /10 KOHIIA, BOCIIOJIb30BABIINCh pe-
synbraTamMn 3agaun 6. CpaBHUM BbIpasKeHHe
(1) ang snaemenTapHoil paGOTBI IPK paCIIEpe-
HUY Ta3a 1 Bbipakerue (2) /st JeMeHTapHOR
paboThl 110 MepeMeleHnIo eINHIYHOTO 3apsijia
B aJeKTpocTarmdeckoM moJie. HeTpynHo Bu-
JIeTb, YTO HTU BbIPasKeHHs aHaJorH4Hbl (B
3aj1ade S5 TIEPEeMEHHON BeJINYNHON SBIACTCS
o6bem raza V, a B 3amaue 6 — paccrosHue 7).
ITO T03BOJISIET C/ieJIaTh BBIBOZ O TOM, 4YTO 1
HOJIHBIE paGoTbl A B 000MX CJyYasx BbIpaxKa-
10TCST O/INHAKOBBIM 06pPa30M dyepes IepeMeHHbIe
V u r coorBercTBenHO. IloaToMy 1o aHasoruu
¢ BpipakenueM (3) MOKHO 3aIMCATh BBIPAIKE-
HUe g paGoTbl rasa TP M3MEHEHUH €ro
ob6bema or V; 1o V,:

C=-1L = 4ne,
Ag

a=rp2=V
ViV,
[TpuHUMas BO BHUMaHKE, 4TO V = =, TIOJIy4UM
V,a i_i
B B _ n__ _
A= R Rii—R(T2T1)
BB LT,

3Hak MHUHYC B 3TOH (opMyse Ompeaessercs
TEM, YTO B PACCMaTPUBAEMOM IIPOIiECCe TTPOC-
xoaut cxxatue raza (A < 0).

Terepp MOXKHO 3ammcarb OKOHYATEJbHBIH
pesysbTar pemieHus 3ajaun 5. KosmdecTBo
TEIJIOTbI, KOTOPOEe HYIKHO COOGIIUTDH OIHOMY
MOJIIO Ta3a, 4TOObl U3MEHUTDH €r0 TEMIIEPATYPY
or 1; no T,, paBHo

0=(Cy -R)(I, -T)).



B aro0it ctaTbe MbI XOTEJN TIPONJLTIOCTPUPO-
BaTh 3HaueHue pusndeckux anagornit. Cruemy-
€T, OJJHAKO, WMMeTb B BH/Y, UYTO aHAJOTHH
ObiBaioT pasuble. Ha pucynke 1 uso6paskennl
CHCTEMbI, MEK/Iy KOTOPbIMH UMEETCsI TJIyGOKast
(¢usnueckass aHasorus. AHAJOTHYHBIMM OKa-
3BIBAIOTCSI TIPOIIECCHI, IPOTEKAMoIne B 3TUX
JIBYX (PM3MUYECKN Pa3HbIX cucTeMax. AHAJIOTHH
TAKOTO PpOJIa HA3bIBAIOTCS JINHAMUYECKHUMU.
JluHaMIYecK aHAJIOTUYHBIE CHCTEMBI OIUCDI-
BAIOTCSI O/IMHAKOBBIMU YPABHEHUSIMU [IBI>KE-
Husg. Posib Takux cucreM B HayKe OCOGEHHO
3HauUTeJbHA. /[PyruM mpuMepom IMHaAMIYecKoi
QHAJIOTHN SIBJISIOTCS 33/1a4a O JIBIDKEHNH CITy THH-
Ka 3eMJI U 3ajiada O JIBIDKEHNH 3JIEKTPOHA B
pe3epdOpAOBCKOI MOJIEIN aTOMa BOJIOPO/IA.

Hapsiny ¢ Takumn riry6oknmMu (pusanueckiuMu
AQHAJIOTUSIMU GOJIBIION MHTEPEC MPEICTABJISIOT
n caydan gpopmasbHoil anasornu. K aToii kate-
TOPUH MOKHO OTHECTH IIPUMEPDI, Pa300paHHbIe
B 3a/1a4ax d u 6. B aTHX 3a/1a4ax Mbl He N3ydasin
JUHAMHKY CHCTEM U He PACCMaTPUBAJIH ITPOIec-
Cbl, ITPOTEKAIONINE BO BpEeMeHU. 3a/1a4i CBO/IU-
JIICh K BBIYMCJIEHUIO OIpe/lesIeHHOi (pusnye-
ckoii BesmunHbl (pa6oTer). Ml Jminb o6paTu-
JIM BHUMAaHHUe Ha TO, YTO B 060UX CJIyYasiX CUJIbI,
MIPOU3BO/AIINE PaboTy, TMOAYMHSIOTCS O/MHA-

KOBBIM 3aKOHOMEPHOCTAM. ITO TIO3BOJIUIIO HC-
TOJIb30BaTh [AJId penieHusAa TEIJIOBOI 3aaun
M3BECTHOE M3 LIKOJIbHOIT IIpOrpaMmbI BbIpasKe-
HHUE /1JIA IIoTeHIHaJIa 110JIA TOYEYHOI'o 3apdza.

YnpaxHeHus

1. B BepTHKaJIbHO PACIIOIOKEHHOM IHJITHPE TI0]]
TSKEJIBIM TTOPIITHEM Maccoll m 1 II0mabio S Haxo-
JUTCS OJUH MOJb HjeanbHoro rasa. Mcmosbsys
AQHAJIOTHUIO C TPY30M Ha IIPY’KUHE, OIIPE/IeINTe TIepu-
01 MAJIBIX KOJICGAHUIl MOPIIHS OTHOCHTEJIbHO MOJIO-
SKEHHS paBHOBeCUs, IIpeJIoJiaras TeMIeparypy rasa
HensMeHHoi n paBHoil Tj . ATMocdepHOe aBieHme
PaBHO p,.

Kaxoii cmbIca BKJIajbIBaeTcsl 3/leCb B HOHATHE
MaJbIX KoJiebanuii? Kakyro emie Kose6aTesbHYIO
CHCTeMY, aHAJOTHYHYIO TPYy3y Ha TIPYXKIHE TOJbKO
P MAJIbIX KOJIEOAHUSIX, BbI 3HAaeTe?

2. TlompITaiiTech mpujyMaTh MEXaHHYECKYIO CHC-
TeMy, KOTopas Oblia Obl JMHAMUYECKH aHAJIOTHYHA

IJIEKTPUUECKON IenH,
n306pa’keHHON HA PUCYH-
ke 5. Ilemp cocront u3
KOH/ICHCATOPA €MKOCTbIO
CT C, 1nepBOoHaYyaIbHbIN 3a-
PSIT KOTOPOTO pPaBeH ( ,

n coupoTuBienus R.
Marb MEXaHNHeCcKyro  Kmou K 3amblkaeTcd B

GHAJIONVIO 3TOV 3/1EK- HeKoTOpbiIii MOMEHT Bpe-
TomMYeckou Lernu MEHH.

Puc. 5. Hago npugy-

N3 3anucHOM KHVDKKMN 3K3aMeHaTopa

PentrenoBckast Tpy6Ka COCTOUT U3 CTEK-
JISHHOTO GaJlJIoHa, HAIOJHEHHOTO BaKyy-
MOM.

* % %

Wcrounmkm cBeta Pa3ziesIAI0TCA Ha /iBa
Jlarepsi: eCreCTBeHHble 1 NCKYCCTBEHHDIE.
L

Epununa yacrorbl — repip — Ha3BaHa B
YecTb YYEHOTO, OTKPBIBIIETO 3Ty €AMHUILY.
* ok ok
WHayKTHBHOCTD M3MepseTcs B TEHPSX.

* k¥
UeM gasbliie HAXOUTCS TPEJIMET OT JIMH-
3bl, TeM M300paxkeHue OyaeT AeiCTBUTEb-

Hee, yeM OJIMKe, TeM MHUMeEE.
* %k ok

JInu3bl OBIBAIOT [IBOSIKOBBIITYKJIbIE U OJf-
HOAKOBBIITYKJIBIE.

ATOM CJIOXKEH ¥ OH JIOJITO MOPOYHJI TOJIO-
BY YUEHDBIM.

Ony6smkoBano B «Kanre» Nel 3a 1971 roz.

k Ok ok

Bce okpyskaionue Hac npeMeTbl: CTOJIbI,
CTYJIbSI U T. JI. IaBAT Ha HAC C CHJION, PaBHOM
CBOEMY Becy.

* %k %k

Y HOpMaJIbHBIX JII0/Iell 3peHue xopoliee,
Kak BOJM3U, TaK W Ha GOJBIIOM PaCCTOS-
HUW.

* % %

lamMMma-yun UMeloT GOJIBIIYIO TTPOHHIA-
TEJbHOCTD.
k ok k

HaCbIH.IeHHbIe IIapbl OTJIUYAIOTCA OT He-
HaCbIIIEHHbIX TEM, YTO OHU YJKE€ HACbITH-
JIUCh.

& %k ok

Jlyd KpacHOro 1iBera caMmblii JJIMHHDBII, a
Jyq (proseToBoro — camblii KOPOTKHIA.
* k%

Yr0Basi CKOPOCTH BBIPAKAETCST B OMe-
rax.




MyHWLUMNAaNbHbBIV 3Tan
LIV Bcepoccnmckom onmmnmaibl
LLIKONTbHWKOB MO u3KKe

R
—

3apaum onvMnuaabl
9 knacc

1. Bce nao6opor

CucreMa, cOCTOAMAA U3 HOABUKHOIO 6JI0Ka,
TOHKOIT HUTH, PblYara co IIKa/JOH M TOYEYHOTO
rpysa Maccoil m, HaXOAUTCS B PaBHOBECHH B
JKUIKOCTH ¢ TIoTHOCTBIO P (puc.1). Maccamn
6JIOKa, HUTH ¥ PbIYara MOKHO IpeHe6pedb.

Puc. 1

1) Ilna xaxgoro tena (6jo0ka, pbryara u
rpysa) cemaiiTe OTAeMBbHBII PUCYHOK C paccTa-
HOBKOW BCEX CHJI, AEHCTBYIOMNX Ha HETO.

2) Omnpenemute 06beMbl GJIOKA U PbrUara.

K.Kymenes

2. Temneparypa NpOBOJHHKA
[Tpu niporyckanum Toka OT KCTOYHUKA OCTO-
STHHOTO HANPSDKEHNS Yepe3 JIMHHYIO THIHH/I-
PHUYECKYIO IIPOBOJIOKY €€ YCTAHOBUBIIASICS TEM-
neparypa Oynaer Ha A7 Bbllle TeMIepaTypbl
oKpysKaonieil cpeipl. Ecmm npoBosioky moac-
tuHo (00beM He Hu3MEHsSIeTcs1) BBITAHYTb B
JUIMHY B 2 pasa M HOAKJIIOYUTH K TOMY 3Ke
UCTOYHWKY HAPSIKEHNUS, TO €€ yCTAaHOBUBIIAS-
cs temrieparypa Oyjer Ha AT, Bbllie TeMIepa-
TYpPBI OKpy>Katolieit cpeabl. OnpepennTe OTHO-
menne AT,/AT].
B.Asopcruii

3. /[IBoiiHoii KOHTYP

DJIeKTpUYECKas 1eTlb, CXeMa KOTOPOil IIpuBe-
JleHa Ha PHUCYHKe 2, COCTOUT M3 PE3NCTOPOB
COTIPOTUBJICHUSIMU R 11 2R, M/1eaIbHOTO UCTOY-
HUKA MOCTOSTHHOTO Hanpsikenus: Uy = 5,6 Bu
njpeanbHoro ammnepmerpa. ConpoTubieHue
R=2,0 xOm.

LT
2R

U —:l—@—R
__°|}~

Puc. 2 2R

1) OnpezgenuTe MoKasaHue aMIepMeTpa.

2) OnpegesmTe TOKa3aHNE NAEATBHOTO BOJIb-
TMETPaA, €CJIU €ro BKJIOYHTHh B IIENb BMECTO
amMrepmerpa.

B.Cao6oosanun

4. O6GaacTh BUAMMOCTH

B apxmBe CHemnmyca HalLJIN ONTHYECKYIO
CXeMy, Ha KOTOPOii ObLIT U300pasKeH TOYEUHDII
HCTOYHHMK cBeta S;, IJIOCKOe 3epKaio M u
YAaCTUYHO JINHUKM ¢ 1 b, orpaHnduBaionye o6-
JIACTb BUJMMOCTH N300paKCHHUS MCTOYHHKA B
3epkasie. OT BpeMeHU YepHHUJA BBIBEIN U

Puc. 3

sepkasa me crano suano (puc.3). Iocrpoenn-
€M BOCCTAHOBHUTE IOJIOKEHHE 3epKaja U €ro
pasmep.

B.Cuaobo0smun

5. B noroaok
Bo BpeMsl TPEHHPOBKH B CIIOPTUBHOM 3aJie
ITerst 3amMeTnI, 4TO €cyii OH Gpocaer MY Bep-



THKAJbHO BBEPX CO CKOPOCTBIO 0, TO MY
BO3Bparaercs K Hemy depe3 Bpems T =2 c¢. Ho
€CJTI CKOPOCTh OPOCKA YBETUUYUTD 10 30, /2, TO
BpeMsi, yepe3 KOTOPOe BO3BPAIIAETCS MSUHK,
He naMensercda. Yemy paBHa cKOpocTb v, ? Ha
KaKOU BbICOTE /i HAJ| TOYKON OPOCKA HAXOIUTCS
B 3aje TOTOJOK? Ymap O TOTOJOK MO3KHO
CUHUTATDh YIPYTUM. Y CKOpeHne cBoOOHOTO Ma-
JIEHUST PABHO .

M. 3amammun

10 knacc

1. dparmenT nenu

@DparMeHT pas3BETBJIEHHOW 3JIEKTPUYECKOM
IIeTH TIpe/ICTaBIeH Ha pucyHke 4. ITokasanue
BosibT™MeTpa V; pasHo 10 B, BosbTMerpa Vj

@) |

Puc. 4

paHo 50 B, Mmamamnepmerpa A; paBHO
20 MA, mumamnepmerpa A, paBHo 40 MA,
CHUJIa TOKa, MPOTEKAIOIIETo Yepe3 pesnucTop R,
pasua 20 MA. Beramcsmre compoTHBJIEHTE pe-
suctopa R. Bce BOJIbTMETPBI OJMTHAKOBBIE.
B.Cao6odsanun

2. B pasnoc

UacTtuma aBmXeTcd B TJIOCKOCTH X, y. Ee
CKOPOCTD BJI0JIb OCH ¥ YBEJNUNBACTCS OT HyJIe-
BOIi ¢ IOCTOSIHHBIM ycKopenueM @, = 0,10 M/ c?,

v,,M/C
A
2
1
0 >
10 20 0 40 0-t,¢
-1
-2
Puc. 5

a BJIOJIb OCU X M3MEHSAETCS TaK, KaK I0Ka3aHo
Ha pucyHKe 5. Haiinte MakcuMasIbHbIe 3HaUe-
HUST MOJIyJIell YCKOPEHHs I CKOPOCTU YaCTHUIIDI.

M. 3amnamuun

3. Jletaromuii BaTT™METpP

Ha nexoropoil mianere ycTpoicTBO Maccoil
1 Kr, KoTOpoe yMmeeT M3MepATbh MTHOBEHHYIO
MOII[HOCTb CHJIbI TSPKECTH, GPOCHJIN C TIOBEpPX-
HOCTH T10J] yTJIoM 3(0° K TOPU30HTY. B Tabsmie

te (0,2104]06|08|1,0(1,2]1,4
P,Br|—45| —-39| —34| -30| —25| —21 | 15

[IPE/ICTABICHBI 3HAYEHUS U3MEPEHHOI MOIIHO-
CTU B pa3Hble MOMeHTHbI Bpemenu. Haiijure
BpeMsI U JIAJIbHOCTD TI0JieTa yerpoiictBa. Cuiry
COIPOTUBJIEHUS BO3/yXa U U3MEHEHHE YCKOpe-
HUST CBOOOJIHOTO TIaJIeHus] He YUUThIBATE.

JI. Koadynos

4. Bcé nao6opor

CI/ICTeMa, COCTOdAIIad U3 ABYX ITOABMKHDBIX
6JIOKOB, TOHKUX HUTEli, pblYara cO MKaJOH n
TOUEUHBIX TPY30B MACCAMU 72 U 21, HAXOUTCS
B PABHOBECUM B JKMJIKOCTH C ILJIOTHOCTBIO
(puc.6). Maccamu 6J10KOB, HUTEH M pbryara
MOKHO TTpeHe6peyb.

2m

Puc. 6

1) Cuenaiite pUCYHOK ¢ pacCTaHOBKOW BCex
cuJI, JCHCTBYIOIKMX Ha Kaskaoe u3 Tea (6J0Ku,
pblyar, rpysbi).

2) Onpenennre 06beMbI GIOKOB U PbrUara.

K.Kymenee

5. CroakHoBeHue

Cuctema, cocTosmas M3 /BYX O/MHAKOBBIX
OPYCKOB Maccoii m KaKIblil, COENHEHHDbIX He-
JeOPMUPOBAHHON TIPYIKUHOU JKECTKOCTHIO kK,
JIBIDKETCST 110 TJIAJ[KOMY TOPU30HTAJIBHOMY CTO-
JIy CO CKOPOCTBIO ¥y ¥ HaJeTaeT Ha OKOSIINII-
cst 6pycok Maccoit m/2 (puc.7). Ymap teHr-
pasibHblil U abcosmoTHO yupyruid. Haitnnre:

&
—_—
1 k 2 3
o ] | (/2]

Puc. 7




54 KBAHT

1) CKOPOCTD T3 MOKOMBIIETOCS GPYCKa Cpasy
1oCJie CTOJKHOBEHHUS;
2) MakcuMajbHylo gedopMannio AL 1py-
SKUHBI.
B.Cno6odsimun

11 knacc

1. B TyHHexe

Ha ropusoHTasbHON MOBEPXHOCTH HA pac-
CTOSTHUY [ IPYT OT [pyra pacrioOXKeHbl [Be
napaJiielbHble BEPTUKAJIbHbIE CTEHKH. Y Mpo-
THBOIIOJIOKHBIX CTEHOK JIeKaT J[Ba OJMHAKO-
BBIX MaJIEHbKHX IIapUKa, CBsI3aHHbIe CJaa60
HarsauyToil HuTeio (puc.8). 3aszop Mexmy Ima-
puKamMu 1 cTeHKamu MaJs. Hutb, coeunsionas

1
Il

2
3

Puc. 8

v

IIAPUKH, TepleHanKyaapia creakam. [lapu-
KU HaXOJATCsl Ha paccrosinnu L >> [ o Kpaes
crenok. Ha mapux 1 BO3AEHCTBYIOT <«IieJd-
KOoM» (KOPOTKHMM MMILYJIbCOM CHJIbI), B PE3YJIb-
TaTe 4ero OH IpuoGpeTaeT CKOPOCTb ¥, Ha-
MpaBJeHHYTO Mo/l yrioM o K Huti (tgo=2).
Coylapenust apuKoB cO CTeHKaMu aGCOJIOTHO
yupyrue. Tpenue B cucreme orcyrcrsyer. Hurb
JIeTKasi U HepacCTsIKUMAs.

1) Haiigute cKOpoCTb 0y Mmapuka 2 cpasy
rocJie MeTYKa.

2) Uepes Kakoe BpeMsl {; HUTb BHOBb OKasKeT-
cs HATSIHYTOM ?

2) Uepes Kakoe BpeMsl t, TMapUKH JOCTUTHYT
MPaBoOro Kpasi CTEHOK?

A.Yiimun

2. Koabuo, 6ycHHKH, NPY>KUHA

Bnosp ToHKOTO KOJIbIIA pagmycoM R u mac-
COUl 2m MOTYT CKOJIb3UTb 2 OYCUHKU Maccoil m
Kask/ast. BycuHKN coe/[MHEHbI TPY>KUHOI JKecT-
KOCTBIO k. B HavaJIbHDIN MOMEHT KOJIBIIO y/Iep-
JKMBAIOT HAa TOPU30HTAJbHOH MHOBEPXHOCTH,
MIPHKUMAst K BEPTUKAJIBHON CTeHKe, a OYCHHKH
HAXO/ATCS B HEYCTONYNBOM PaBHOBECHH Ha €TO
muamerpe. Ha pucynke 9 noxasan Buj cBepxy.
[Tocsre HE6OIBbINOTO TOTYKA OYCUHKN HAUNHAIOT
JIBUTATbCST OT CTEHKH. B MOMeHT, Kor/ia paccro-
stHUEe 0T OYCHHOK JI0 CTEHKHU JIOCTUTAET MaKCHU-

2020/ Ne?

1,6 R

Puc. 9

MaJIbHOTO 3HaueHust 1,6R, KOJbIIO OTIYCKAIOT.
Onpenennure:

1) pmuny [ HeaeOpMUPOBAHHOI IPYIKUHBI;

2) MaKCHMaJbHYIO CKOPOCTb 0 OYCHHOK IIPU
JBUJKEHUN OT CTEHKH;

3) paccrosiiue ot GYCHHOK [I0 CTEHKHU, KOT/a
OHU OISATH OKAXKYTCS Ha UaMeTpe.

Tpenus B cucteme Her.

K.Kymenee

3. Ha Jlyne

B ropnsoHTaIbHOM IIUJINH/IPE HAXO/ISTCS [IBA
O/IMHAKOBBIX TTO/IBUKHBIX MOPIITHS € TIPY>KUHA-
MU, OTJMYAIOMINMHUCS TI0 SKeCTKOCTH B 2 pasa
(puc.10,a). Kora Mesk/ty MOPIIHSAMY ra3a Her,
TMPYKUHBI He aedopMupoBaHbl. B mpocTpan-
CTBO MEKJy TOPIIHAMH 3aKa4MBAIOT HEAJIb-
HbIll Ta3. Uepes HEKOTOPOE BPeMST PACCTOSTHIE
MEXK/ly TOPIIHSMU CTaJO PaBHBIM [, = 6 cM
(puc.10,6). Onpejenure, HA CKOJBKO CMECTUT-
CST KK/ MOPIIIeHb, ecJI TeMIepaTypy rasa

a) 6)
PN
ly
k 2k k 2k

Puc. 10

Me[JIEHHO yBeJn4uTh B 2 pasa. Tpenus B
cucreme HeT. ATMOC(EPHBIM [IaBJIEHHEM Ha
Jlyne mpene6pedb.

K.Kymenee

4. Baacreun KoJbna (Oycunka)

Mausenbkast 6yCHHKA Maccoii m u 3apsijioM +q
MOJKET CKOJIb3UTD 63 TPEHUS [10 HEIIPOBO/SIIIE-
My He3aps’KeHHOMY KOJIbIly pajgmycoM R
(puc.11). B mw10cKOCTH KOJIbIIa HA PACCTOSAHUY
h ot nentpa kosbna (2 < R) 3aKperuien 3aps
+(Q. B HavaibHbBIII MOMEHT CKOPOCTb GYCHHKH
paBHa v .

1) Kakoii MakcuMasbHOI CKOPOCTbIO Gy/eT
o6sa1aTb OYCHHKA B [IPOIlECCE JABUKEHUS?



Puc. 17

2) Ha xaxoM paccrosiuuu ot sapsaga Q omHa
Oy/leT HAXO/IUTHCSI B 3TOT MOMEHT?

3) C KaKkoil cuJIoi [Py 9TOM KOJIBLO JAeHCTBY-
eT Ha OyCHHKY?

4) Tlpu Kakoll HayaIbHOl cKOpocTH GyCHHKA
c/lesIaeT moJiHblit 060poT?

Cunoii Tsixkectu ipene6peun. Kosibiio nemnoj-
BIKHO.

M. Knenuxoe

5. DJIEKTPOMHAMHKA
Hactuia ¢ 3apsigom g = 1,2 MxKia u Maccoit
m = 0,8 MT JABMXKETCS CO CKOPOCTBHIO

3JIEKTPOMArHUTHOM II0JIe C WH-

aykimeit B = 1 mMTa n manps4-
qg,m v kenHoctoio E = 0. Ha pucyn-

ke 12 mokazaHo HampaBJieHUe
Puc. 12 ~
CKOPOCTU YaCTUIbI O B pac-
cMaTpuBaeMblii MOMeHT BpeMmenu. Bektop B
MepHeHNKyIsIpeH O W HalpaBJeH OT Hac.
Ommicanme CUTyallny CeTaH0 OTHOCHUTEIBHO
HEKOTOPOH WHEPIHMAJbHON CHCTEMBI OTCUETA.
IlepefizieM B npyTYI0 UHEPIUAJIBHYIO CUCTEMY
oTcyera, JIBIKYIIYIOCS OTHOCHTEJbHO IepBOi
€O CKOPOCTBIO D .

1) Onpejenure HampaBieHUe W BEJIUYUHY
YCKOPEHWsI YaCTHIBI @ B paccMaTpPUBAEMBIN
MOMEHT BO BTOPOH CHCTEMe OTCYeTa.

2) Onpegenure HalpaBJeHHE U BEJINYMHY
HANPSKEHHOCTH MO E BO BTOPOIl cHCTeMe
orcuera.

B® v=100 M/c B OJHOPOJHOM

U.Hozoresuu

Hy6auxayuio nodzomosun B.Caobodsmnun

XXVI MexpgyHapoaHas onMmnmana
«TynMMaana»

dusuka

B mione 2019 ropa B Akytcke npowna XXVI
MexayHapoHas onMmnrana WKonbHMKOB «Tyu-
Maaga» no dusmvke, Matematunke, nHdopmaTmke
N XUMWU.

YYaCTHUKM onnMnmaZbl No pursmke COpeBHO-
Ba/MCb Kak OObIMHO B [BYX NMrax: cTapluen u
mnagwen (kopu pacnpefenseT y4acTHUKOB Mo
N1ram B 3aBMCMMOCTI OT X BO3pacTa M Kracca).
OnnmnuaZa B Kaxaow nmre cocrosna M3 ABYX
TYPOB: TEOPETUYECKOTO U IKCMepUMeHTanbHOro.
CornacHo nporpaMme ofnMMnuagbl no husnke
y4acTHMKaM MOryT ObITb NPeAioXeHbl 3a4a4n Ha
nodble Tembl, cofepXalnecs B yriybrneHHoM
LLIKOMbHOM MporpammMe (B Mnafuwen nure — 3a
NCKITIOYEHNEM TEeM, OTHOCALLIMXCSA K BbINMYCKHOMY
Knaccy).

ABTOpPbI OpUrHaNbHbIX 33a4 (Kak TeopeTmyec-
KMX, TaK 1 SKCNepUMeHTasbHbIX) MOTYT NpUcbinaTh
nx Metoamyeckon kommcemm (achudn@mail.ru) —

ny4livie 3a4a4y BOMOYT B UTOrOBbIV KOMMEKT U
nocne onuMnuaabl byayT onybnmkoBaHbl B 06pa-
30BaTeNbHbIX XXypHanax.

CTaTbq NOArOTOBIEHA Ha OCHOBAHWU MeToaM-
yeckoro nocobus: A.B. YyaHosckui, PE. ABaHecsH,
A.b. Akumos, C/Jl Bapramos, A.P. 3uibbepmar,
BU. [Tnc, M.FO. Pomaiuka, AA. [LlepoHoB. XXVI
MexayHapogHaa onumnuaga «Tynmmaaga». Ou-
3uka. TeopeTmnyeckmin Typ. MeToamyeckoe noco-
Ouve / nog pen. AB.YynHoBckoro. — M.-AKyTcK,
2019.
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Huxxe npeacraBieHbl TeopeTUdeckne 3adaqu
LN CTapLUer 1M 1 CNcok nobeamtenen onmm-
nuagbl.

TeopeTnyeckun Typ
Crapwas nura

3anmauya 1. Tpenne no Mmakcumymy

lFopusoHTa bHas MJIOCKOCTb PasjieeHa Ha
JIBE TIOJTYIIJIOCKOCTH — TJIQJKYI0 W IIEPOXOBa-
Tyt0. OJHOpoO/IHAs JIMHellka Maccoil m u Ju-
HOW L, CKOJb3WBIIAS CO CKOPOCTBIO 0, TIO
TJIQJIKON 4acTH BJOJb IPSAMON, IepHeHANKY-
JIIPHOH TpaHuIle pasjieia, Haes3KaeT Ha Iepo-
XOBAaTYIO 4acTb ¢ KO3(UIMEHTOM TpeHns WU.
Haiigure MakcuMasbHBIIE MOJYJIb MOIIHOCTH
Nax CHUJIBI TPEHUS, AeHCTBYIOMIEH Ha INHEHKY,
1 MOMEHT BPEMEHH {,,., KOT/[a OH JJOCTUTaeTCs,
CYUTast OT HauaJa lepecevyenns JuHelKol rpa-
HUIBI MEKY TTOTYTIIIOCKOCTSIMH.

3anmava 2. Boaa u map

B sxecTkOM cocyne HAXOAWTCS BOJa Maccoi
my =11 T 1 ee HacblIEeHHBIH Iap Maccoii
m =10 r npu temneparype T =100 °C. Haii-
aute o6uryio terioeMkocth C cuctembl. [Ipn
temneparype T M3BECTHBI y/ieJIbHAs TeIJIoeM-
kocth Bozibr € = 4,2 kJ[k/(kr - °C) n ynenpnas
TerioTa ucnapenusi Boanl A = 2,3 Mk /xr, a
MaJjible OTHOCHTEJIbHblE W3MEHEHUsI JIaBJIeHNUsI
Ap/p u temnieparypst AT /T HachIEHHOTO TApa
cBsi3aHbl cooTHomenueM Ap/p = oAT/T, tae
a=13.

3amaya 3. CuyoBas JuHuSA

B mekoropoit Touke A, Haxoxsmelica Ha
6OJTBIIIOM PACCTOSTHUM OT O/IHOPO/THO 3apsI’KeH-
HOTO OTpe3Ka JUTUHOW L, BEKTOP HANPSKEHHO-
CTH 3JIEKTPUYECKOTO TI0JIsI 00pasyeT MaJiblil
yrol o ¢ IpsMOH, MapalielbHON OTPe3Ky.
Haiizinte paccrosinme x Mexy OJMKainmm K
TOuKe A KOHIIOM OTpe3Ka M TOUYKOil Iepeceye-
HUS OTPE3KA C CUJIOBOI JIMHWEH, TPOXOJIIIei
yepes3 TOUKy A.

3anaua 4. I'ny6una peskoctu

Oo6bextus gnamerpom D =1 cM n hoKycHBIM
paccrosiHueM F =2 cM JlaeT Ha IIJIeHKe MaKCH-
MaJIbHO Pe3Koe M306pakeHue IpejMera, pac-
TIOJIOJKEHHOTO Ha PACCTOSTHUN @ OT 0ObEKTUBA.
Ha kaxux paccrosansax (YKaxure d,;,  dy,,y )
PAacIoyIaraloTcs MpeIMeThbl, KOTOPbIE Ha TOM Ke
Ka/ipe OKa3aqich M300Pa’KEHbI /OCTATOUYHO
PesKo, ecJiu pazmep 3epHa mieHKu (Miu nuKce-
a1, ecaut 6bl1 570 ObL1 P POBOIT hoToarIapaT)
pasen d = 10 mxm? I[IpoBenute pacuersl s
JIBYX YaCTHBIX Cay4aeB: ¢; =12 Mmu a, =60 M.

2020/ Ne?

3azaua 5. KoseGanus na cBery

Touxocrenubil nanHap paauycom R =10 cM
M3 Marepuaja ¢ MOBEPXHOCTHOH IJIOTHOCTBIO
6 =80 r/m? TTO/IBENIEH 3a TEHTP OCHOBAHWS
HA OYeHb TOHKON HUTH B BAKYyMe M HAXOJUT-
Cs B MIMPOKOM FOPU30HTAJBHOM TIOTOKE CBETA
HHTEHCUBHOCTBIO [ =1 KBT/MZ. BokoBasa 1no-
BEPXHOCTDh IUJNH/pA pa3jeseHa TapaJiesb-
HBIMU OCH I[UJIMH/PA OTPE3KaMU Ha JIBE T0JIO-
BUHDBI, OJIHA U3 KOTOPBIX OTPA’KAET BECh I1a/a-
IO cBeT, a BTopas — morJjorniaer ero. Ore-
uute nepuo I MaibixX KPyTUJIbHBIX KOJeGaHuit
HUIMH/pA ¢ aMILTUTY0i @y = 0,12.

Mobeautenu onumMmnuaabl
Mnaglwas nura

Kaldybaev Rauan, KaszaxctaH — guniom |
cTeneHu,

Alexander Goo Zong Han, CvHranyp — aun-
nomM | cTteneHu,

Serikbayev Islamkhan, KazaxctaH — guniom
[l cTreneHn,

Ersen Andrei-Ovidiu, PymblHUa — gunnom I
cTeneHu,

Pitebay Yersultan, KazaxctaH — gunnom [l
cTeneHu,

LAmutpues  Hukonad, Poccus, Pecnybnuka
Caxa (Akytna) — gunnom Il ctenexu,

Hosuikos CraHucnas, Poccusi, Pecnybnvika
Caxa (Akytnsa) — gunnom Il ctenexu,

Kynakosckui Avisp, Poccns, Pecnybnuvka Caxa
(AkyTnsg) — omnnom I creneHm.

CrapLasa nura

Zaharachescu Mihail-Marian, PymblHUa —
aunnom | cteneHu,
Ghita Antonia-Alma, PymMbiHS — aunnom |
cTeneHy,
Burlacu Eduard-Florin, PymblHUA — gynnom |
cTeneHy,
Bacunbes Aprem, Poccust, Pecnybnmka Caxa
(AkyTna) — gunnom Il cteneHn,
Kaviganos Xamco, Poccus, Pecnybnuka by-
paTng — aunnom |l crteneHu,
Cotirlan Claudiu-Mihai, PymblHS — OMNAOM
Il cteneHn,
Yanchenko Alexey, KazaxctaH — gunnom |
cTeneHy,
Ho Li Xiong Timothy, CviHranyp — gunnom |
cTeneHu,
YrHapos Avitan, Poccus, Pecnybnuka Caxa
(kytns) — omnnom I cteneHw.
Hybauxauuio nodzomosuiu
A.Yyonosckuit, FO.Tpuzopves



OTBETHI,

O CTUXOTBOPHDbIX pasmMmepax

1. a) Takoe CJ0OBO He MOXKET COAECPKATD JBYX
CHJIDHBIX CJIOTOB, M II09TOMY €rO YyJapHBIH cJor
o6s13an ObITh  cuabHBIM. () [TOCKOJBKY HUKaKoe
CJIOBO He COZEPKUT GoJiee OJJHOTO CUJIBHOTO CJIOTa,
Hallle yCJOBHE IPUHUMACT BUJ[: €CJH CJIOBO COJep-
SKUT CHJIBHBIN CJIOT, TO €TO Y/JJapHBIii CJIOT COBIIAaeT
C 9TUM CHJIbHBIM CJIOTOM.

2. a) Ecim c1oBo cofepskut Gosiee 0JHOTO CJIOTa, TO
OHO COJIEP)KUT KaK CHJIBHBIA cjor smba, Tak H
CUJIbHBIN CJIOT XOpes. 3HAuuT, €ro yJapHblil CJor
JIOJDKEH OBbITh CHUJIBHBIM CJIOTOM Kak sM6a, Tak U
XOpest, HO TAKUX CJIOTOB HeT. 6) AHAJIOTHYHO MPE/IbI-
JIylieMy, HHUKaKoe CJIOBO He COJEPKUT CUJIBHBIX
coroB o6oux pasmepos. Torja HHKaxkoe CJIOBO He
COJIEPKUT U JIBYX CHJIBHBIX CJIOTOB OJIHOTO PasMepa,
MOTOMY YTO MEXK/Iy CUJIbHBIME CJIOTAMH OJTHOTO pas-
Mepa 06513aTe/IbHO TPUCYTCTBYET CUJIbHBII CJI0T JpY-
TOTO pasMepa. 3HAYNT, B CTPOKE CJIOB HE MEHbIIE, YeM
CHJIBHBIX CJIOTOB /IBYX Pa3MepoB, T.e. He MeHblie 6.
3. Ecum ciioBo, cojiepskatiee 4-ii cjior, He OHOCI0K-
HO, TO OHO COZIEePKUT 3-i miam 3-ii cJor, T.e. cozep-
SKUT CUJIBHBIN cJIor Xopesi. 3HAuuT, YAApHbIH cJor
3TOTO CJI0BA JI0JIKEH ObITh CHJIbHBIM CJIOTOM XOpest 1
JTAKTUJIS, a CJIeJI0BATeJIbHO, CJIOBO COJEePXKUT 1-i mm
7-it caor.

4. a) CuJIbHBIX CJIOTOB HET — YCJIOBUE BBIIIOJIHSETCS
aBromatnueckun. 6) B cTpoke mmeercss eamHCTBEH-
HBIIl CHJIBHBIIL CJIOT, HOMep KOTOPOro paBeH k U e
3aBUCHT OT 7.

5. a) Xopeil. 6) Heuernbie cTpokm — amamect,
uerHble — MOAUMUIMPOBAHHbIN anamnect (¢ yapenu-
amu Ha 3-M, 6-M, 10-M 1 13-M cjorax). B) AHarect
(BIIpOYEM, HEYETHBIE CTPOKU COAEPIKAT TOJIBKO 5 <
< 3+ 3 caoros). r) (5, 3)-pasmep. 1) (5, 3)-pasmep
(xotTs 1-g 1 5-g CTPOKU cofiepsKaT ToJapko 7 < 5 + 3
CJIOTOB).

KoHkypc umenHn A.M.CaBuHa
(em. «Keanm» Noli sa 2019 2.)

9. Jla.
ITyctp 3a 16 kpyros Iletn Bacst mpomen a xpyros, a

3a 16 kpyros Bacu Iletst mpomiest b kpyros. OTHOTIIE-

HIE UX CKOPOCTel PaBHO 16 = %, T.e. ab=16-16 =

a
=28, orkyma o6a umcaa @ w b — crenenu JBOHKIL.

Tlerst emer Goictpee  Bacu, moatomy b > 16. 3na-
uut, b renurcs na 16. IToka Bacs npoesskaer 1 kpyr,

b
ITers mpoesskaer 6 KPYTOB 1 OKa3bIBAeTCS B TOUKE
cTapTa.
10. /la.
MokHO paspesaTb KBajpaThl jJaxke Ha 4 dYacTm.
Bosmoxxuble pemenus IokasaHbl Ha pucynke 1.

YKASAHUA, PEIIEHNA

a) 6)

Puc. 1

Pemenne a npuciana yuenna 8 kiacca Biraguciasa
CyuikoBa (r.CoixrbiBKap). Pemenne 6 coo6mu
Banagumup Pacropryes.

11. PaccMOTpuM HMCKOMYIO PaBHOOGOKYIO TpPAIeNuio
ABCD. Ona cuMMeTpu4Ha OTHOCHUTEJIBHO OOIIEro
CepeINHHOTO TIepIeH/ Ky isipa [ k ee ocnoBanusm AD
u BC (puc.2). Ilycrb npu 51Ol CUMMETpUE JaHHAsT
OKPY’KHOCTb () TIEPEXOJUT B OKPY’KHOCTb (.

A D

B C

Puc 2

CHavajla IOCTPOUM OKPY’KHOCTb @, PaBHYIO ® K
npoxoaauyto yepes A u B (910 MOXKHO cjenarb ¢
MIOMOIIBIO TIOCTPOEHUST TPEYTOJbHIKA 0 TPEM CTO-
ponam — oTpe3ky AB u ABYM pajmycam; B 00IIeM
cllyuae ecTb JIBe MOAXOJSIIe OKpy kHOCTH). [lanee
MOCTPOMM OCh cuMMerpunt [ atux okpyskuocreii. Ot-
pasuB ot Hee Toukn A n B, mosyunm Toukn D u C.
OrMeTHM, UTO 9TOT CIOJKET pa3BUBaeTCs B 3aa4e 8—9.5
YcerHoit reomerpuueckoit ommmmmazbr 2019 roma
(https://olympiads.mccme.ru/ustn/resh19ge.pdf).

12. MoxHo Bcerza.

ITokaskeM, Kak aTO C/ejaTh.

3aMeTnM, 4YTO MOJKHO IOJIEJIUTh BCE YHCJIA HAa WX
o6l gesuteb m. Torpa pe3yabTatbl BCeX Jasb-
HeWUuMX AefiCTBIIT CTAHYT B 72 Pa3 MEHbIIIe, YeM ObLII
Obl 6€3 3TOrO JleJIeHNs.

YMHOKeHreM uuces Ha 2 100beMcs TOro, 4roGbl
JIBOITKA BXO/INJIA B PA3JIOSKEHUST HA TIPOCTbIE MHOXKHU-
TeJU YuceJa B OJHOW W TOH JKe CTeleHu. 3aTeM
TIO/IEJIUM BCE YHCJIA HA 9TY CTEIEeHD JBOWKI, BCE OHI
cranyT HeueTHbIMU. HasoBem aty onepanuio guipas-
HUBAHUEM.
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Ocnoeoil unicia Ha30BeM HanboIbIIee HeYeTHOE C-
JI0, Ha KOTOpoe OHO aesutcs (Hampumep, oCHOBa
uncaa 180 sto 45). TIpu BbIpaBHUBAHUU KaXK/10€ 13
YHcesT 3aMeHsIeTCST Ha CBOIO OCHOBY.

ITar anropurMma 3akmodaercs B ciaepyionieM. CHa-
yaja 1poBejeM BblpaBHUBaHue. Ecim eme He Bce
Yncia PaBHBI, TO HAHAYTCS JBa PSAJOM CTOSIINX
grcaa a u b Takux, 4to a > b. [lpubasum b x a. Hucio
a +b b uerHoe, 1M03TOMY €ro ocHoBa He GOJIbIIe
a+

2
qyucJjia yMeHbIINJIaCh, a Yy APYyrux He U3MEHNJIaCb.
Taxum 06p8.30M, Ha KaX/JOM Ilare yMeHbIIAaeTCA
CyMMa OCHOB BCE€X 4YMCEJI, a 3TOro 6EeCKOHEYHO 1Ipo-
HMCXOJUTDH He MOKeT. Tem CaMbIM, B KaKOH-TO MOMEHT
MbI HE CMOJKEM C/IeJIaTh IIar, a 3TO MOKET HpOI/ISOﬁTI/I
TOJIbBKO KOI'/la BC€ 4YMCJIa PaBHbBI.

(cm. «Keanwm» No12 sza 2019 2.)
13. Mosxkno.
Ta6muxa (puc.3) asagercsa npumepom. [pugymarnb
€ro TIoMoraer cJeayolee Habmoaenne. Ecan B AByx

<da. 3Ha‘{I/IT, Ha 5TOM IImare OCHOBa OJHOTO

S| S| 7| 7|7 |7/|5

77V T T TS5

Puc. 3

CTPOKAax MOPOBHY IISITEPOK, TO CYMMbl B HUX OyJyT
O/INHAKOBBIMHU, A €CJIM HE MOPOBHY — TO Pa3HBIMHU.
AHAJIOTHYHO CO CTOJIGIIAMH.

14. Tlycte M — cepequna CK (puc.4). Otmerum
Touky D Ha orpe3ke AB Takyio, uto BD = AK. Torna
DM = KM (nanpumep, B CUJTy CUMMETPUH PaBHO-

C

2020/ Ne?

6eZIpeHHOTO TPEYroabHNKa AMB OTHOCHTENBHO ce-
PEIMHHOTO TepreHmKy.apa K AB). B tpeyrosbnu-
ke CKD mepunana DM B 2 pa3a MeHbIIIe CTOPOHbI, K
KOTOPOIl OHa TIPOBEJICHA, 3HAYUT, OH IMPSMOYTOJIb-
morit. Torma BD < BC, Tak KaK OHHU SIBJISIOTCS
KaTeTOM U TUIIOTEHY30H B IPSIMOYTOJIbHOM TPEYTOJTb-
uuke BCD. Urak, AK = BD < BC.

15. 168.

Hpumep. Bosbmem nanouku 167, 168, ..., 332, 333,
334.

[oxaxem ouenky. Ilyctb aBe camble MajieHbKue
nanoukn a, b (a < b), Tpu campie Gosbline x, y, z
(x<y<2).

Ecmn b <168, TO U3 paccMOTpeHMs TPeyroJbHUKa
€O CTOpOHaMu d, b, z MOXHO cJielaTh BBIBOJ, UYTO
z—b < a <167. KoanyectBo 1majaoyex, JAJIMHA KOTO-
pbIX Mesky b u z, He npesbiiaer z —b — 1. 3uaunr,
BCero majoyek ue Gospie z —b —1+3 <166 -1+ 3 =
=168,

B nporusnom ciyuae H > 169 .

Ecom x2333, to x+y+2z2 333+334+335=
=1002, r.e. nepumMerp TPEyroJbHUKA CO CTOPOHAMEI
x, y, z ciutkoM Goarbinoif. CaieioBaresibHo, X < 332.
KosmuecTBo nmasiovex, JAJIMHA KOTOPBIX MeXKay b u X,
He npeBbimaer X —b — 1. 3HauuT, BCEro majoyek He
6ospiie X —b—14+5<332-169 -1+5 =167.
Wrak, B mo6Gom ciydae mnajodek ne Gosbine 168.
16. V3Bievyem u3 HATypajsbHOTO uncaa k > 1 KBaj-
paTHbBII KOpPeHb, 3aTeM M3BJeYeM KBAJPATHBIH KO-
PEHD U3 pe3yJIbTaTa 1 Tak Jajee, MOKa He MOJYIUTCS
Hergesioe yuca0. KosmuecTBo Takux oreparuit Haso-
BeM eaybunot uncia k.

ITycrs KBantuk n HoyTHK BBIMucisIT riryGHHbBI CBOUX
yuces. OHM NOJTyYaT HATYpaJIbHbIE YMCJIA, OTINYAI0-
muecst Ha 1. Ecoau HoyTtuk ysHaer, mnosydmsiach y
Ksanrtnka riay6una 6ospiias Ha 1 njan MeHbInas Ha
1, To on mnoiimer, kakoe y KBaHTuka umcJo.

Tax kax ry6uHBI uncesn y pe6AT oTandaoTces Ha 1,
to HoyTnk yske 3HAeT 4YeTHOCTb TJIyOMHBI YHCJIA
KsanTtuka. Ecsn Terepb oH y3HaeT, Kakoil ocTaTtox
OHa JlaeT TIPH JleJleHNH Ha 4, TO OH TIOHMeT, KaKas
KOHKpeTHO y uncaa Kpantuka ray6una (mockobKy
JIBa YMCJIA, KOTOpble MOTYT ObITh y KBanrtuxa, otim-
YaloTcs Ha 2, TO OHM JafOT Pa3Hble OCTATKH TIPH
penennn Ha 4). Wrak, nycrs KBaHTHK mOKaskeT
6eJTy1o KapTouKy, eCJIi ero TIyGHHA [IPU JIeJIeHIH Ha
4 maer ocrartkn 0 mm 1, a nHave — wepnyio. Torma
Hoyrux moiimer, kakoe y KpanTtuka 4mcio.

HenpepblBHOCTb ANCKpeTHaa n obblyHas

9. Vkasanue. Ilyctpb canoru nponymepoBanst oT 1 /10
20. PaccMoTpuTe cJie/yIonyio IT0Cae0BaTeIbHOCTD:
d,, PaBHO 110JTyPA3HOCTH MEXK/LY KOJUYECTBOM JIEBBIX
I IIPaBbIX Callor CPeiU CaIor ¢ HOMepaMu OT 1 J0
n+9. Jlokaxure, 4YTO IOCJIEJOBATEIbHOCTD
dy, d,, ..., d;y yIOBIETBOPSIET YCTOBHIO JANCKPETHOM
TEOPEMbI O IPOMEKYTOYHOM 3HAYECHUU.
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10. Vkazanue. Cuoxure ky6 2X2X2 1pOU3BOJIb-
HbIM 00pa3oM. Eciim Ha ero noBepXHOCTH YEPHBIX 1
6eJIbIX KBaIPaTHKOB TMIOPOBHY, TO 3aJa4a perieHa. B
MIPOTUBHOM CJTyYae 3aMETUM, UTO Y KayK/[OTO MAJIE€Hb-
KOro KyOunKa 3 rpaHu BUHBI, a 3 — HeT. U ecim MbI
MTOBEPHEM KK/l 13 HUX TaK, YTOObI HEBUINMBIE I
BU/IMbIE TPAHU MOMEHSIICD MECTAMU, TO PAa3HOCTH
KOJITYeCTB OeJIbIX M YEPHBIX TPaHell CMEHHUT 3HaK.
Ocraioch 0praHn30BaTh MPOIIECC MOBOPOTA MAJICHD-
KUX KyOMKOB Tak, 4TOObl Ha Ka)K/OM Iare ara
Pa3HOCTb MeHsilach Ha 2. Tak Kak oHa Bcer/a 4eTHa,
MBIl 06s3aTeJIbHO Ha HEKOTOPOM Imare moJy4ynM 0
(ans mosmoro coorBercTBUS (DOPMYJINPOBKE JNCK-
PETHOIT TEOPEMbI O TIPOMEKYTOYHOM 3HAYCHUH MO3K-
HO PaccMOTPETh MOJYPa3HOCTh).

11. Vxasanue. Pazmenmre xBagpar 100x100 ma
yerbipe KBajpara 25X 25. Ec/ii HI OfIMH U3 HUX He
SBJISICTCS NCKOMBIM, TTOKQ)KHTE, YTO €CTD /[BA COCEJI-
HOX KBaJpara, CyMMbI YHCeJT B KOTOPBIX WMEIOT
pasHble 3Haku. /lasee paccMOTpUM OJMH M3 ITUX
KBa/ipaToB W OyJeM cMematbcss Ha 1 KOJOHKY B
HAIIPaBJEHUU BTOPOTO KBaJpara.

12. a) Vrasanue. Pacemorpure yroa AOB ¢ Bepiiy-
HOIT B J]aHHOI Touke O, BHYTPU KOTOPOTO TOJHOCTHIO
JIEXKUT MHOTOYTOJIbHUK. 3aTeM IPUMEHHUTE TeOPeMY
0 TIPOMEKYTOYHOM 3HAUCHUU K (DYHKIUH, KOTOPAs
1o yriay ZBOD = o, (touka D JieKuT BHYTPH YIJIa
AOB) 3ajaer 3HaueHne TJIOMAAN TOH YaCTH MHOTO-
YIOJIbHUKA, KOTOpas JeskuT BHYTpu yriaa BOD.

6) Ilposeante uepes Touky O MPOM3BOJIBHYIO TIPS-
Myio u nosepuute ee Ha 180°. IIpumenure Teopemy
0 TIPOMEKYTOYHOM 3HAUCHUU K (DYHKIUH, KOTOPAs
110 YTJIY TIOBOPOTA 33/1aeT PA3HOCTD ILIOIIAAEH ABYX
MHOTOYTOJIbHUKOB, HA KOTOPbIE TIOBEPHYTAS MIPsIMast
JICJTAT MCXOJIHDII MHOTOYTOJIbHUK.

13. Ykasanue. Paccmotpute PyHKINIO

1
f(x)= ;(|x — x|+ |2 - x|+ - x])
u gokaxure, uto [ (0)+f(1)=1.

®dusnyeckne aHanorum

1. ]IaBJIt‘HI/Ie Ta3a B ITOJIOJKEHNN PaBHOBECUSA €CTb

mg
= +—.
Po Pa S

PaccmorpuM Masioe cMeljeHue MOPIIHA OT IIOJIOXKEe-
Hus paBuosecus. Ilycrb AV — usamenenne o0bema
rasa B atoM Iiporecce. Haiizem nosoe nasienue p:

RTy __RTy _ RT(V, —AV)

Vo Ve+ AV 2 - (AVY
(_AV
_RTy Vo
Vo1 AV2
v

AV
SaMeTI/IM, YTO B YHUCJUTE/Ib OTHOIIEHUE —— BXO/UT

o 0 o
B II€EPBON CTEIIEHMU, a B 3HaAME€HaTeJb — BO BTOPOU.

2
AV
Vo
pHOIMKEHNEM MOKHO ITPeHeOPeYDb 3TOI BETMINHON

Ecmn <1, To B 3HaMeHaTeJe C XOPOIIUM

110 cpaBHEHUIO ¢ eaumHuIei. Toraa

RT,(, AV AV
p=—t - [=p|1-——

Vo Vo Vo
CuiefioBaresibHO, U3MEHeHne AaBjaeHus AP paBHO
RT, :
Ap=p-py= —720 AV = - P Sx.
Vi RT,
3/1ech uepes x 0603HaUEHO MaJIOe CMeIl[eHre TIOPITHS

OT IOJIOJKEHNA PAaBHOBECHA. CI/I]I'oly JIeI;'ICTByIOH.[a}I Ha
TOp1I€Hb M3-3a PAa3HOCTU JlaBJICHHIT Ap, CCTb

22
F=ApS = Py
RT,
Ira cuia aBJseTcs KBasuynpyroi cunoit. Ilo anaso-
TUY C TPY30M Ha NPY’KHUHE /IS eproja KoseGaHmii
T Tenepb MOXKeM 3aITicaTb

JMRT,
T=2n\/i=2n m57;°=2n mhlo
k S .S +mg

Kax CJIelyeT u3 peuieHus, yCcjaoBne MajaoCTu KoJieba-

HUI CBOJANUTCS K HEPABEHCTBY (7j < 1.

Ecmu ato ycJjioBu€ He BbIIIOJIHEHO, CHJla, I[CfICTByIO-

I11as Ha TIOPLIEHD, YKe He SIBJISACTCSA KBa3UyILIPYroil u
QHAJIOTHS C TPY30M Ha NPy KHHe TepsieTcst. TakuM ke
CBOJICTBOM 00J1a/1aeT, HAIPUMED, MaTeMaTHYeCKuil
(1 usnuecknii) MagATHUK.

2. DJekTpHYecKas Ielb, COCTOSIIAsT U3 KOH/IEHCATO-
pa U COIPOTUBJIEHU, IPEJCTABIIACT COOOI TIpe/esb-
HbBIII cJIydail 9JIeKTPUYecKoro Koje6arebHOro KOH-
Typa, B KOTOPOM HH/YKTUBHOCTb IIPEHEOPEKNMO
Masa. AHAJOTHYHAS MeXaHW4YecKas CHCTeMa — TeJIo
peHe6peXUMO MaJsIoif Macchl, IPUKPEIIEHHOe K
HPY’KUHE YIPYTOCTbIO R M HaxoJslieecs 1o Jjieil-
CTBHEM CHJI BSI3KOTO Tpenus ¢ Koaddununentom f .
YpaBueHus ABUKEHUS TaKUX CUCTEM OJMHAKOBBI.
3akon OMa /I 3JIEKTPUYECKON TeTn:

RM+1:O, rie M:i — TOK B IIeIIN.

At C At
Bropoii 3akon HbloToHa a/1s1 Mexannueckoil cucre-
MBI

BA—X +kx =0, Tae Ax =0 — CKOpPOCTb TeJa.
At At

CucremMbl SIBISIOTCSI JUHAMHYECKNA AHAJOTUYHBIMU:

q > x; ! k

o Jae

RC B
Nurtepecno OTMETHTb, YTO MOKHO IIPUAYMaTb U
JpyrHe aHajoruu. PaccMOTpUM, HampuMep, TOPH-
30HTaJIbHOE JIBIDKEHNE MapiuKa Maccoii m, o61agao-
I[er0 HEKOTOPOII HadaJbHOH CKOPOCTBIO, B BA3KOH
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sKuKocTH ¢ Koadduimentom Bsiskoctu . Bropoii
3axoH HbploTOHA /I IapuKa 3amuiiercst B BUje

Ao
ma = —Po, mm m— +Po =0.
B AL B

Mpl IpHIIIM K YPaBHEHHIO TOTO K€ BH/JA, YTO U
MpeJblayIine. IJTa CHCTEMA TakKKe JAMHAMUYECKH
aHaJIOTUYHA 3JEKTPUYECKOIl 11enu, cocTosdmei n3 R
u C, TOJIbKO Terepb 5

o — .

P —
7 RC m

MyHuuunanbHbin 31an LIV Bcepoccunickon
onuMnuagbl LWKONbHUKOB Mo ¢usmke

9 KINNACC

1. CI/I]II)I, [[CﬁCTByIOH.[PIC Ha CUCTEMY, ITOKa3aHbl Ha
PUCYHKE 5. 3ammcan ycCJ0BUA paBHOBECUSA [JIS1 KaK-
JI0ro u3 TeJi, MoaydynM

Vi =2Ln, v, =3_m.
p P
F|36
I8 ,T P
T \T FBp
mg
Puc. 5 YN

2. MOIIHOCTD, BBIJIEJSIONIASCS B IPOBOJIOKE, Tepsi-

eTcs Yyepe3 ee MOBEPXHOCTD MPOIOPIUOHATIBHO TLI0-

[a/{1 TOBEPXHOCTU M PA3HOCTU TeMIIEPaTyp MPOBO-

JIOKM 1 OKpYysKatolieil cpesbl. OTCioa HAXOAUM
AT, 1

AT, 442
U, 3
3. [, =—2=0,4mMA; Uy ==U, =2,1B.
AT TR v =g
4. Cwm. puc.6.
3. 0 =%T=1O M/c (B mepBoM caryuae yaapa Msaua
2

0 MOTOJIOK He OblI0); 7 = % =10 m.

2020/ Ne?

10 KNTACC

1. R =0,5 xOwm, ecau Bo parMeHT Pa3BeTBICHHOM
IIeN TOK BTEKaeT dYepe3 MUJImaMiepMerp Ay u
BbITEKaeT uepe3 BoabT™MeTp Vi; R = 1,5 kOM, ecim
TOK BTEKAeT Uepe3 MUJIHaMmepMerp Ay M BOJIBT-
MeTp Vj U BbITEKaeT uepes BOJILTMETD Vi, MILIHaM-
nepmeTp A, u pesucrop R.

2. Maxkcumanbnoe yckopenue a,. = 0,22 M/ ¢? no-
cruraercs Ha yuactke ot 20 10 30 ¢, a MakcuMasb-
Hasg CKOPOCTb ¥, = M/C JOCTUTAETCA B MOMEHT
BpeMernn 50 c.

3.t=4c¢, L=70m (mocrpoiite 10 dKCIIEPUMEH-
TAJTbHBIM JAHHBIM I'PauK 3aBUCHMOCTH MOITHOCTH
OT BpeMeHn).

4. 3amucaB ycJIOBUSI pPaBHOBECHUS [IJisI TPY30B, 0J0-
koB 1 pbruara (puc.7), Haiigem

max

Vit =%, Vo :%’", v, :%.
‘ L, Fis,
> iT, Ty T,
T, 7, S T\ T
2mg — — mg
Puc. 7 'N

5. vy = %z)o, AL =7y, /2—7;: (BocroJb3yiiTech 3aKo0-

HAMU COXPAHEHUS UMITYJIbCA U IHEPTUN).

1M KNACC

1. Cpaay mocsie memdka HepacTsDKUMast HUTh 06ec-
IIEYUT PABEHCTBO IIPOEKIUI CKOPOCTEH MIAPUKOB Ha
HalpaBJIeHNe BJOJb HUTU. A TaK KaK Ha HIDKHUI
MapuK geficTBOBala TOJbKO CHJIA HATSKEHHS, TO Y
Hero Oy/leT TOJBKO 3Ta MPOJOJbHAS KOMIIOHEHTA
CKOPOCTH:

U5y = Ty COSCL.
Uepes Masiblil MPOMEXKYTOK BpeMeHM BEepXHUIl Ima-
PHK YIIPYTO OTPA3UTCS OT CTEHKH, U 3HAK Y TPOIOJIb-
HOII cocTaBstionell ckopocTn momensercs. [lambiie
06a TapuKa MOJIETSAT PAaBHOMEPHO /IO CJIEYIOIIEro
ylapa O CTeHKy WJIHM HaTsOKeHUs HUTH. Beegem
CHCTeMY KOOP/MHAT M 3alHIIeM YPaBHEHUS /IBUXKe-
HUS ITAPUKOB!

Yy =vycosa-t, yy=1—v,coso-t,

Xy =0ysino-t.
PaHbliie HACTYmUT MOMEHT HatsKeHust (3TO JIerKo
[I0Ka3aTh), 3HAUuT, paccrosHue Gyzaer Gosbiie [. B
UHTEPECYIONNIT HAC MOMEHT [; PACCTOSHUE MEXILY
HIApUKaMK OISATh cTaHer [:

I? = (1-2v, (:osoc~t1)2 + (v sin(x-t1)2

)
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OTKYy/la HaXO/iuM

4l cosa

" [ (1+300$2 oc).

Ha cucremy n3 AByX HMIapuKOB A€HCTBYIOT BHEITHUE
cuabl (OT CTEHOK), OGJIAAioNKe TOJbKO y-KOMIIO-
HEHTaMU. 3HAYWT, [EHTP MAacC CHUCTEMBI J[BIKETCS
PaBHOMEPHO BJOTb OCH X CO CKOPOCTBIO Uy =
= 0,50y sino. Cuurast, 4TO MAPUKH JOCTUTHYT Kpast
noutn oanoBpemento (L > [), HaiizeM Bpems ty:

L 2L

ty=—=—"—"_.
Uiy Yp SIn O

2. Tak Kak npu JBUKEHNH BBEPX KOJIBIIO y/ePKIBa-
10T 1 TPEHUE B CUCTEME OTCYTCTBYET, CUCTEMA 6yCI/IH'
KU—TIpY’KUHa coxpansier anepruio. Ckopoctb Gycu-
HOK paBHa HYJIIO B Ha4yaJbHBIII MOMEHT BpeMeHU 1 B
MOMEHT HanOOoJIbIIEro YAaa€eHusa OT CTEHKU. 3HalH/IT,
B 9T MOMEHTDBI Zle(p()pMaLH/Iﬂ pr}KI/IHbI O/IMHAaKOBa
(no Momyso). JlimHa TPYKUHBL B HexedOpMUpo-
BaHHOM COCTOAHHNHN 6yﬂeT paBHa CpEAHEMY apI/chMe-
TUYECKOMY JUJINH pr)KI/IH B 9T MOMEHTDI:

[ = 2R +1,6R

=1,8R.

MaxcnmasbHast CKOpocTb y OYCHHOK OyaeT B TOT
MOMEHT, KOrja NPY>KHHA HepacTsaHyTa. 3alliiieM
3aKOH COXPAHEHUs SHEPTUH /LISl HAYaJIbHOTO MOMEH-
Ta 1 MOMEHTa C OTCYTCTBHEM JeOpMaIHu:

k(2R -1 )2 mo?
= 27, OTKy/1a HaXOANM

2
R@R-I) _op [k
2m 2m

Korza nagasiocn aBukeriiie OyCHHOK K CTEHKE, KOJIb-
1[0 OTILyCTHJIM, 3HAYUT, HA CUCTEMY KOJIbIIO—OYyCHH-
KU—TIpY>KUHA 6OJIbIIIE HE /ICICTBYIOT BHEIIHUE CHJIBI.
B TakoM cayuae HeHTp Macc CHCTeMbl Oy/eT HEelo/-
BIKeH u Oy/JerT HaxXO/[UTbCS HA PACCTOSIHUU
H,,, =1,3R ot crenxu. Korga 6yCHHKM OITb OKa-
JKYTCSI Ha InaMeTpe, IEeHTP MAcC CHCTEMbBI OKasKeTCs
B cepe/iiHe KOJIbIa, a GyCHHKH OY/1yT HAXOUTHCS OT
CTEHKHM Ha PacCTOSHUU

H, = H,, =1,3R.

3. B coCTOSIHME MeXaHHYeCKOrO PABHOBECHS CHJIA
JIaBJICHNUSI Ta3a Ha IOPIIEHb PAaBHA CHJIE YIPYTOCTH
npykunbl (711 Kaskaoro nopiins). 3uaunt, gedop-
Maiusi 6oJiee JKECTKO MpPy)KUHbI Beerga B 2 pasa
MeHblie eopMalnu MeHee JKeCTKOI: Axy, = 2Ax,), .
Ioce 3akaunBams raa ero mapamerpst (pg, Vg, Ty)
OIUCHIBAIOTCS YPABHEHUSAMU

Spy = 2kAx, Vy = Sly, pVy = VRT,,

rae Ax — gedopmaiis TPy KUHBI XKECTKOCTBIO 2k,
S — mrona/ib MOpHIHEH, V — KOJMYeCTBO rasa. Tak
Kak mojHasg aedopMmalnug MNPYXHH pPaBHA

/
Ax +2Ax =1y, 10 Ax = L. Tlocne yBesndenus: rem-

nepatypsl B 2 pasa napamerpei rasa (p,V,T) Gyayt
OIHICBIBATBCST YPABHEHUSMH

3 Iy Al
Sp = 2k(§+§), V =8(l +Al), pV =2vRT,,

rae AJ — U3MeHEHHEe PACCTOSHUA MeXK/Ly IIOPLUIHAMU.
[TogcTaBUM BBIpasKeHNST AaBJIEHHH W 00bEMOB B
paBeHcTBO pV = 2pyV,, 1 HOIy4nM KBaJPaTHOE yPaB-
Henue gyt Al :

EING +é10A1 —313 =0.
3 3 3

Ero pemenuem asisiores 2 kopus Al = [ (—1 * \/5),
U3 KOTOPBIX HAC MHTEPECYeT TOJBKO IOJIOXKUTENb-
uerifi. C yuetom TOrO, uTOo Al — 3TO CyMMapHOe
cMellleHue IOpIIHell, a caMH CMeLIeHHUs CBSA3aHb
cooTHomeHneM Axy, = 2AX,,, HOJTy4UM

2, (V2 1)

== 1,66 cm,
Ih(v2-1)
Axy, = 3 = 0,83 cM.

4. DBycunka Gy/erT yBeJMYMBATD CKOPOCTb [0 TeX
HOp, MOKa HE OKAa’KeTCsl B BepXHell TOUKe KOJIbIIA,

v MOCKOJIbKY KacaTeJIb-
Hasg K TPaeKTOpUU
IpOEKIHs cu Gyer
paBHA HYJIO, a TIO-
TeHIMaJIbHAs JHEp-
Tusl B3aUMO/ICHCTBIS
3apsZIOB. MIHUMAJTh-
na. Paccmorpum nipo-
MEKyTOUHOE I0JIO-
JKeHme OyCHHKH, Kak
[IOKAa3aHO Ha PUCYH-
ke 8. DHeprus cuc-

Puc 8

TE€MbI COXPaHAECTCA, 3HAYUT,

kqQ N mop B kqQ mo?
JRZ 412 2 R+ 12 +2Rhsing 2
OTKy 12
0=
_ o 2aQ[ i

m | JR2+h2  R®+1h>+2Rhsing

MaxkcumasnbHoe 3HaYeHWE CKOPOCTUH Oyaer mpu
¢ =90°:

2kqQ 1 1
+ —
m | JRZ+p> R+h
[To Tperbemy 3akony HbioroHna cmja HOpMaJbHOM

p€arknum Co CTOPOHbI KOJIbIla paBHa II0 MOJYJIIO
HUCKOMOI1 crie JAaBJIEHUA 6y(,I/IHKI/I Ha KOJIbIIO:

_ 2
Umax = 4%
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= % + kC]—Q
R (R+h)
Tlorentnanbrast sHeprusi B3AUMOIEHCTBUS IBYX OJI-
HOMMEHHBIX 3aps/IOB MaKCHUMaJIbHA TIPU MIUHUMAJIb-
HOM PACCTOSIHUM MEXK/ly HUMH, T.€. B HIDKHEH TOUYKe
KoJsiblia. HauvasbHON KMHETHYeCKOi 9HEPTUu J0JIK-
HO XBaTUTb XOTS Obl /I TOTO, 4YTOOBI OYCHHKA
JIOCTHUTJIA HIDKHEH TOYKe N HAXO/MJIACh B HEYCTONY M-
BOM PaBHOBECHHU, T.€. CKOPOCTb OYCHHKH JOJDKHA
ObITb B HIDKHEI TOYKe paBHa HyJO. Torja MOXXHO
3ammcaTh PABEHCTBO HHEPTHI

kqgQ  mof _ kQq

VR? + 1? 2 R-h’

OTKYy/a HaieM NCKOMYIO HaYaJIbHYIO CKOPOCTbB!:

2kqQ( 1 1
m | R-h \/R2 + 12

5. CKOpoCTH YacTHIIBI MHOTO MEHbIIE CKOPOCTH
CBeTa B BaKyyMe, I109TOMY MOXHO IOJIb30BATHCS
3aKOHAMH KJIACCHYECKOI MexaHuku. Macca u 3aps
MHBAPUAHTHBI K CMEHE CHCTeM oTcyera. Tak Kak Mbl
HEePEXO/IUM 13 OJIHOil HMHEPIHAJIbHOM CHCTEMBI B
JPYTYIO, TO YCKOPEHHE B Heill Oy1er TeM xke: d =d.
B ncxoamHoil cuctemMe aT0 yeKOpeH#e cooGIaeT cuia
Jlopenna, paBnag I = goB. Torjga BeanunHa ycko-
penus Gyjer

U =

s=E£_015 M/c?.
m
HampaBiieHusi cusibl M yCKOPEHHS OIPE/esIOTCs
TIPaBUJIOM JIeBOi pyku. C y4eTOM MOJIOKUTETbHOTO
3HAKA 3apsi/la 4YacTUIlbI — B IIJIOCKOCTU PHCYHKA
MEPIIEH/INKYISIPHO CKOPOCTH BBEPX.
B HoBoli cmcteme orcueta yacTWIla B HadyaJ bHBIN
MoMeHT Herno/BrKHA. [Toatomy marnutnas cocras-
JIomast TOJs HAa Hee He JeiiCTByeT, HO Terepb
TOSIBJISIETCSI CUJIA CO CTOPOHBI AJIEKTPUYECKON KOM-
nonentol. Cusia, JelicTByIomAas Ha YaCTUIy B HOBOIL
cucreme orcuera, pasia F’=ma’. Torma momyab
HaIPSKEHHOCTH PaBeH
’
E/=£=Z)B=O,1 B/m,
q
a ee HalpaBJieHHe COBIAJET C HANPAaBJIEHUEM YCKO-
peHus.

XXVI MexpyHapogHasa onumMmnuaga
«Tynmaapa»

dusumka

1. Cuna TpeHUHs CKOJIbKEHHsS TPONOPIHOHATbHA
Jl0Jie JIMHENKY, HAXO/ISAIIeNcsT Ha [IepOXOBATOH yac-
ti. [lycTb x — cMelienne nepeanero KOHIa JHHEHKI
3a TPAHUILy MEXKIY MOJIYIIOCKOCTSMH, TOT/la CHJIA
TpeHus paBHa

F =Mmq% ecim x <L, mw F=umg, ecoim x > L.

2020/ Ne?

Wckomprit MakcuMyMm OyJeT Ha IIPOMEKYTKeE
0<x <L, rak xak npu x <( TpeHus eiue HeT, a
mpu X > L MOIIHOCTb CUJIbI TPeHUs: OyeT MEHbIIe,
yem mpu X =L (npnm x > L cuia TpeHus yKe He
pacrer, a CKOPOCTb TOJIBKO YMEHBIMAETCS ), TTOITOMY
cayyail x > L MOXHO He paccMaTpHUBATD.
3amnumieM BTOpoil 3akoH HbioroHa:

ma = _Mmgﬁ, nim a +M79x =0.

L L

ITH ypaBHEHUS COBIA/IAIOT C YPABHEHNEM rapMOHU-
YyeCKUX KoJaeOaHUN ¢ IMKJINYECKOW 4YacTOTON
o = \/ug/L. Koneuno, nukakux xojebGanuii nuneii-
Ka coBepiiaTh He Gy/IeT, OJIHAKO 3aKOH ee JBIKEHUS
Ha paccMaTpUBAEMOM IIPOMEKYTKe OYIeT TaKiM Ke,
KaK y TPY>KUHHOTO MasTHHUKA, BBIBEJEHHOTO TOJY-
KOM U3 TIOJIO3KEHUSI PABHOBECHS.
Wcnonb3yd HavyaJbHBIE 3HAYEHUS KOOPIMHATHI
x(0) = 0 u ckopoctn v (0) = v, 3anuIIEM 3aBUCAMO-
CTU 3TUX BEJMYHH OT BPEMEHH:

x(t) = xysinot, o(t) =1y, coswt,
npuiemMm

2N L
=— =0, [—-
® ug

MotyIb MOIIHOCTH CHJIBI TPEHUS MOCJIE YIIPOIIECHNS
uMeeT BUJL

2
N=FU:% /M—gsinZwt.
2 L

It (POPMYJIBI CIPaBeINBEL /10 TeX IOp, MOKa He
IIPOU30IIET O/IHO U3 IBYX COOBITHUII: /1160 OCTAHOBKA
JUHEHKN /10 TOJHOTO MepecedeHns efo TPAHHIbI
MEX/IY TOJYIJIOCKOCTSAME, 60 HOJHOe Iepecede-
HUe JUHEHKOH 9TOi I'PaHuIlbl.

B mepBoM coyuae, BO3HUKAIONEM TIPH YCJIOBUN
Xy £ L, a0 paBHOCHIBHO yeaoBuIiO Uy < A[UgL, ma-
YaJbHOE M KOHEYHOE 3HAYEHHs MOIHOCTU PaBHbI
HyJIIO, @ MaKCHMYyM MOIITHOCTH Ha6JII0aeTcsl, KOTaa
sin2wt =1. Orcioga HaXoAUM

2 L
R .
Nmax_ 2 L max 4 ug

Bo BTOpOM cilyuae, BO3HHKAIOIIEM IIPU YCJOBHN
Xy 2 L, 4ro paBHOCHJIBHO YCIOBHIO ¥, 2 \UgL,
JMHefiKa OJHOCTDBIO TIOKMHET TJIAAKYIO I10JIyILIOC-

KOCTb B MOMEHT BpEMEHU
JugL
[

Xo

L .
tpan = ,|— arcsin
u

numesd 1npu 3ToM CKOPOCTb

vrpau = va - MgL

[Ipu yenoBun Lpay 2 tyax, YTO PABHOCHIBHO YCJIO-
BUIO vy < +/2UgL , MAKCUMYM MOIHOCTH GyIET TOUHO
TaKOll XKe, KaK U B IIEPBOM CJlydae, IIpHYeM yCJOBUE
0y < \/UgL 13 mepBoro caydas MoJTHOCTHIO TIOTIOMA-
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ercst HOBBIM ycJioBHEM. IIpr OGPaTHOM yCJOBUH
pan < tnax TIPEIKHII MAKCUMYM MOIIHOCTH He yCIle-
eT Peasn30BaThes /10 MOJHOTO Mepexo/a JUHEeHKoit
IPAHUIIBI MEK/LY TTOJYTJIOCKOCTSIMU, 3HAYUT, MAKCH-
MyM Gy/ieT B MOMEHT Lipay:

Nmax = Mmgvrpaﬂ = umgvvé - MgL

TakuM o6pa3oM, OKOHYATEJbHBII OTBET MMeEET CJie-
JIyIomuil BUJ:

2 ’
Nmax:% % n tmaX:g L’
ug

ecan vy < 2ugL;

’ JugL

Npax = p.mg«/vé -wgLl u t,. = L arcsin Y9~
ng %

B IIPOTHBOTIOJIOXKHOM CJIydae.

2. Vlckomyto 06IILYIO TENIOEMKOCTD Oy /1eM UCKATD 110
OTIpe/ieTeHNIO: KaK OTHONIEHNe TTOBEAeHHOT0 KO-
YecTBa TEIIOThI Q) K M3MEHEHUIO TeMIepatypbl d1 .
IIycte V' — o6bem mapa, torja n3 ypaBHeHus MeH-
neneeBa—Kianeitpona

MpV = mRT,

rie M =18 xr/kMo/Ib  — MoJsIpHAsZ Macca BOJIBI,
R = 8314 Jlxx/(xmosb - K) — yHusepcasbhast raso-
Bast nocrosiiHast. [Tocse auddepermpoBanus npu-
XOJIUM K COOTHOLIEHHUIO

MVdp = RmdT + RTdm.

IMoacrasassa ciona dp = opdT /T us ycnosus, mouy-
YaeM ypaBHEHHe

MVocpd?T = RmdT + RTdm,

OTKYy/Ia TI0CJIe MOBTOPHOTO UCIIOJIb30BAHUS ypaBHe-
nusa MenzgeneeBa—Kmaneiipona BbIpaxkaeM TpHpa-
IeHne Macchl Tapa:
dm =m(a - 1)d—T
T

ITockombky cocyn sxecTkuil, o6beM He MEHSeTCS U
paboTa He cOBepIIaeTcs, M03ITOMY BCe MO/IBE/IeHHOe
KOJIMYEeCTBO TEeTJIOTHI W/IeT Ha yBeJndeHre BHyTpeH-
Heil sHeprun (HarpeBaHue BOJIbI U [Iapa U UCIIAPEHIE
BOJIBI)

80 = cmydT + 3% RAT +Adm.

ITocsie TOCTaHOBKY BBIPAMKEHUST JIJIST dM TIOJydaeM
OTBET:
C=87Q=C7n0+%+w
dT M
3. Ha pucynke 9 touka P sBJsieTcs TOUKOI mepece-
YeHNS PACcCMATPUBAEMON CHJIOBOI JIMHUH U OTPE3Ka
BD. Ilpumenum teopemy laycca s 3aMKHYTO#
MTOBEPXHOCTH, OOPA30BAHHON CHJIOBBIMU JIMHUSIMI,
UCXO/SANIMMHI U3 TOUYKU P, U I1JI0CKOCTBIO, POXO0/Is-
mieit yepe3 Touky A neprenaukyasapio BD. BuyTpb
9TO# MoBepxHOCTN Nonad 3apsaa ¢ = Qx/L, rae Q —
3apsit orpeska. I[loTOk BekTOpa HANPSIKEHHOCTH

=800 /K.

Puc. 9

yepe3 IOBEPXHOCTb, 0OPA30BAHHYIO CUJIOBBIMU JIH-
HUSIMH, BCeT/la paBeH HYJIIO, TaK Kak MoJe B KasKIoi
TOYKe HapaJlieJbHO 9T0i noBepxuoctu. Ilockosbky
Touka A pacrosioxkeHa Ha GOJIBIIIOM DACCTOSTHUM
OT OTPE3Ka, MOJKHO CUHTATh, YTO IHOJe BOJIU3U 3TOl
TOYKM COBIAJAeT C I0JIeM TOUEYHOTO 3apsiia, HaXo-
JIIIerocst B cepefinHe OTpe3Ka, T.e. MPOJo/LKeHne
BEKTOPa HAIIPSKEHHOCTH IIPOXOJUT YEPe3 cepeiy
C oTpeska, a B CHJIy MaJOCTH yrja 0. MOXKHO
MoJIaraTh PaBeHCTBO
Q

Es 4mey AC?
BEPHbBIM BO BCEX TOYKaX Kpyra € HEHTPOM On
paanycom OA. Otciofja HaXOMM TIOTOK Yepe3 pac-
CManI/IBaeMyI() HOBerHOCTb:

2
® = E,noA” = —2_n(ouc) = 2%
4dmey AC 4e,
Teopema T'aycca umeer Buj
o=17
€

OTCIO/IE]. TocJie 1moICTaHOBKN Bpra)KeHI/Iﬁ A1 o u
¢ 110JIy4aeM OTBET: 9
oL
X =—".:
4
4. HyCTb b — pacCTodgHuE OT 00bEKTIBA J0 IIJIEHKH,

Torja 1o opMmyJie TOHKOH JIMH3bI MOKHO HAIIICATh

11 1

a b F

Ecsm m3o6paskenne TOYEYHOTO TIpeJMeTa OKA3bIBa-
eTcst Ha HeGOJDbIIOM PACCTOSTHUU X Tepejl TLICHKON
WJIH 32 Hell, TO Ha TJIeHKe OYeT 3aCBEYEHO TIATHBIII-
KO, pa3Mep KOTOPOro He [OJUKEH MPEeBbIath d,
4TOOBI M306PAKEHUE CYMTAIOCH JIOCTATOYHO PE3KUM.
N3 momobust TpeyrorbHUKOB, 0OPa30BAaHHBLIX Ipa-
HUYHBIMHU JIyYaMU, IIPOIIE/IINMU Yepe3 0ObEKTHB, C
ucnosb3oBanueM npubmnkenus d < D Haxoanm
MaKCHMAJIbHO JOIYCTUMOE CMellleHne N300PasKeHust
13 TJIOCKOCTH TIJICHKH:

bd

xX=—:
D

CDOpMy]II)I TOHKON JIMH3BI AJA Ipe/ieJIbHO CMEIEeH-

HBIX TIPEAMETOB UMEIOT BU/{

1 1 1
— =—,
ayn b+x F

1 11
a b-x F

max
Pemag Bce 3amucammibie ypaBHeHus COBMECTHO, Ha-
XO04UM OTBET:

a a ad
——, e k=—.

Amin = m! Umax = 1—-k FD
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IIpu k >1 3uadenue d,,, Oy/eT He ONpe/esIeHo Nin
OTPHUIIATEIBHO, YTO MPOTUBOPEUUT (DUIUIECKOMY
CMBICTy W O3HA4yaeT, 4YTO BEpXHeH TI'PAaHUIbI IS
3HAUEHWIl @ TPOCTO HET, T.e. IPEAMETbl Ha CKOJIb
YTOJHO OGOJIBIIOM PACCTOSTHUU OYAyT M300paKeHbI
pesKo.
IloncraBiisisg uncieHHbIe aHHbBIE, TOJTyYaeM OTBETbI
JI7IST 9aCTHBIX CJIy4daeB:
k1 = 0’ 6’ Amin = 7’5 M, dpax = 30 M;

ky=3, ap, =15M, a
5. Ilyctp mumHAp MOBEPHYT HA MAJBIH yTOJI @ OT-
HOCHUTEJIBHO TIOJIOKEHUsT paBHoBecusi (Ha puCYH-
ke 10 mokasan Bua csepxy). IIpn orpaskennu doro-

A

B

= oo
max N

-

Puc. 10

HOB HX HUMITYyJIbC B IPOEKIMH HAa KacaTeJbHYIO K
CEUEHUIO IIIJINH/IPA COXPAHSIETCSI, TOITOMY Bpallaro-
1ero MOMeHTa He BO3HUKAET, a MPH MOIJOIEeHIH
(hoTOHOB WX MMITYJIbC B MPOEKINN HA KACATEJbHYIO
K CEUEHMIO TIUJIMH/IPA [IePe/IaeTCs IINH/PY, CO3/1a-
Basl Bpamaionmii moment M.
B ycaoBusix @ <1 MOXHO CUMTATh, YTO UMITYJIBC
(hboTOHOB, TTOTJIOIMEHHBIX YYACTKOM TIOBEPXHOCTH AB,
HaIIPaBJIEH 1IEJUKOM 110 KacaTeJbHO! U UMEET I1JIeY0
R orTHOCHTEJBbHO Oocu BpaiieHus: nuansapa. Ilycerp
L — BbICOTA NMJUHAPA, TOTJA IJIONIQ/b MPOEKITIH
MOTJIOMIAOIIeN TOBEPXHOCTH Ha TLJIOCKOCTH, MePIIeH-
JIUKYJISIPHYIO CBETOBOMY IIOTOKY, UMEET BUJT

2
S=LR(1-cosg) = le(p .
Bpamatonuit MomeHT M BBIUMCIMM Yepe3 CHUJY
gaBiaennss F, mMmmysapc p u sHeprumio E moToka
oronoB:

’ 2 2
M:FR:,/RZERZQR:M,

c c 2c
OCIIOBHOe ypaBIIeIII/Ie JANHAMUKU Bpa]l[aTef[bHOFO

ABM)KEHUA JUIA UMJIMHAPA Maccoil m = 2nRLc u
MOMEHTOM uHepuun J = mR? wumeer BuA

J(p” — M
Orcio/1a 1ocJie MoJCTAHOBKU € YUETOM HAIlPABJIEHUS
MOMEHTA T0JIy4yaeM ypaBHEHUE

, ILR?
2mRLOR” - ¢ = == ~-[q|- 0,

KOTOPOE OCTAJIOCh JIMIIb 3aMUCcaTh B IPUBEICHHOM
BHJIE:
” 1

= ol-0=0.
¢ +4nccR \(p\ ¢

2020/ Ne?

[TosyuenHOe PaBEeHCTBO TIOXOXKE HA yPaBHEHHE rap-
MOHIUECKNX KoJeOaHuil, HO Bce sKe UM He SABJISIeTCS.
Permiatb Takoe HesneltHoe g depeHimaabHoe ypas-
HeHHe aHaINTUYeCKW MbI He yMeeM, MO3TOMY BOC-
II0JIb3yEeMCSI TE€M, YTO 110 YCJIOBUIO JOCTATOYHO JIUIID
OlLIeHUTh Hepuoj. Bynem cumrarb, 4rto KosIeGaHMS
Oy/yT HOYTH FApMOHWYECKUMH, TOT/[a MOKHO 3aMe-
HUTD || Ha Kakoe-HUOY /b CPE/Hee 3HAUCHNUE, HAIPH-
Mep CpeJHeKBa/paTIYHOe, KOTOpoe B CJIydae rap-
MOHHYECKIX KOJIeOAHIl B /2 Pa3 MeHbIie aMILINTY-
bl @ . [Tocsie 3aMeHbl TTOJTyYNM ypaBHEHUE
o ]
4meoR A2
pelenneM KOTOPOTO SIBJIAIOTCS KOTeGaHms ¢ MCKO-
MBIM IIEPHOIOM:

=0,

T = 2n - 4n V2rcoR

Y o)
4mcoR \/5
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IMMAXMATHAA CTPAHUUKA

oA
HEMTOHA

[Maxmarubrit 2019 rox mpormien
110/ 3HAKOM TIOJTHOTO TIPEBOCXO/I-
ctBa Marnyca Kapacena. [leii-
CTBYIOIIUI 4EMITMOH MHpa ycTa-
HOBWJI pekop/, cbirpas 107 maptuit
B KJaccHyeckue Imaxmarbl Ge3
MTOPaKEHUI, BBIUTPAJ PSJI Cylep-
TYPHHUPOB, a B KOHIIE TO/la 3aBOE-
BaJl TUTYJIbl YEMITHOHA MHPa IO
panay u Guuity. CeroaHsImHmi
BBIIYCK MBI IIEJIUKOM ITOCBATUM
YEMITOHY .

M.KapnceH — A.l'puiyk
Lamkup, 2019
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9. d4 £ b6 10. a4 c6 11. de 2 e5
12. 2 e>de 13. ¥ d8 & d8 14. a>
& ¢5. TlepBasg MaJieHbKas HETOY-
HOCTD, jamomas OeJIbIM BO3MOK-
HOCTb <IIPUIEJTUTHCS» K CJOHY,
touHee 14... & ¢7 15. & e3 L e6
16. f3b6.15. 2 d2 4 €6 16. E el
b5 17. 2 b3 4 b3 18. & b3 A g4.
Bbla/; KOHA OKa3blBAeTCS IOTE-
peil BpeMeHH, MO3TOMY CTOMJIO
cpa3y MOUCKaTh KOHTPUTPY Ha
depaeBom Puanre mnocae 18...
Eab8. 19. Be2 2d6 20. L g5
® £8 (20...h6?2 21. L e7) 21. B 1!
Af6 22. g3 a6 23. g2 Ad7
(cumpaee 23... Ead8 24. Nl
B 6d7!1? 25. {4 4 d6, usberas oc-
nabsenus 6enbix noseii) 24. &, el
L a7 25. 1416 26. h4 2 e827. hS
h6 28. & a2 ¢35 29. & e3.

e

29... ef 30. gf 2e4 31. &bl
Ee7 32. Hfel f5? Ommbkra B

LeliTHOTe: BO3Bpallast [IELIKY, uep-
HbIE He yJIy4HiaoT mosuiuo. He-
06x0uMO0 6bL10 32... A b8, uTro-
ObI IIEPEBECTU KOHS Yepe3 1oJie ¢6
Ha e7 JIIA 3alUThl BEPTUKAJIM €.
33. 415 Af6 34. 2f3 ads
(34...4h5 35. &c5!) 35. Bd2
2d8 36. Led 2ed7 37. Bedl
af6 38. Bd7 Aad7 39. 2d6, u
BBU/LY 1I0TEPH IEIIKK Ha ab yep-
HbI€ CAJHUCh.

M. KapnceH - V. Co
CeHt-Jlync, 2019

1.e4ed2. Af3 Aac63. L
b c54.0-02€65.d30-06. c3
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B mnocnaematueBom pas6ope
M.KapJicern OTMETHJI, YTO PYKO-
BoJIcTBOBaJIcA ueamu M. BborBun-
HUKa, KOTOPBIN YMeJIO UCIOJIb30-
BaJl TIPEUMYIIECTBA CABOCHHBIX
nemiek B cBoux naprusx. 19...b6
(cusbree 19.. . 8 ac8 wm 19...4 ¢8
20. & c5 Eab ¢ KoHTpPUIPOil B
o6onx BapnanTtax) 20. @ h4 % ad8
21. £f3 g6 22. g3 AhS 23. &2
Ac624. Dc12g725. el 2dl
26. Bd1 £d8 27. Bb1l £Db8
28. A g2A629. 2e24e8 (mpea-
noururesnbhee 29...h5, crpemsich
K pasmeny meriek) 30. & f2 4 d6
31.2e32e732.2d54d533. cd
2 b7 34. 2d3 (cumbHee cpasy
34. c4) 34...£5 35. c4 fe+. Ilac-
cuBHasi 060POHA MOTJIA TIPUBECTH
YEepPHBIX K MOJHOMY IIyTI[BAHTY, B
paszbope mocsae naptum Marnyc
MoKasaJji TPUMEPHBIl BapuUaHT:

35...14 36. g4 ® {7 37. el 2 g7
38. & c3® {639. B b2g540. B b1,
Uy YePHBIX GOJIbIIE HET XOPOTITNX
x0/10B. 36. fe &7 37. B b6 Z {2
38. Bd6 = 3+ 39. R e2. Herou-
HOCTh, cuibhee R d2, He gomyc-
Kasl CJEeAYIONUN X0/ YEePHBIX.
39...8¢c3 40. Beb Ec4 41. B ed
B a442.Be7+ 2 £6? Orsernas u
peraoiias omunbKa, Heo6X0UMO
OBLIIO OTOUTH KOPOJIEM Hasa1: 42. ..
® 8. 43. d6. Tenepnp na 43...2 d4
nocaenyer 44. eS+, oTransKuBas
KopoJsisg, u, OGyIydd He B CHJIAX
OCTAHOBUTb IIPOXO/IHBIE TIEIIKH CO-
MEepPHUKA, YePHbIE OCTAHOBHJIIH
4achl.

M. KapnceH - A. YTeranues
Mocksa, 2019
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K rtakoii mosunmum mpwumia
TMAPTHUST TIEPBOTO Typa YeMITHOHA-
Ta MUPA O OBICTPBIM MIAXMaTaM,
n M.KapJicen yGeanTenbHO Mpo-
JIEMOHCTPUPOBAJ, TIOYEMY CKaH-
JIMHABCKAS 3aINTa — PEIKNN TOCTh
B IIAPTHUSIX AJUTHBIX IPOCCMelicTe-
pos. 19. f3. Tlosumuonnas xepr-
Ba MK MOAYEPKUBAET TPEUMY-
1ecTBo 6esibix B passurnu. 19...ef
20. & c7 W ¢8. Vropree 20...4 ¢4
21. B ael W e7 22. B e4 fe 23. B {7
W {7 24. &7 ®# (7 — y yepHbIX
nBe Jaabn 3a hepss, Ho Graromna-
ps aktuBHOCTH (huUryp GeJibie Bce
PABHO JIOJDKHBI TTIOGE/INTD; TEEPh
sKe GeJible BBIMTPBIBAIOT (hOPCHPO-
BanHo. 21. W d6 2e4 22. H ael
W d7 23. He4t+ fe 24. L7+
W7 25. B 7 27 26. ®d7+, u
Mat Hen36eKeH, TTOITOMY YepPHbIe
CIaJIHCh.
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A.Pycamnos
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