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Ha xaprmHe cOBpeMEHHOro 6eAbrMiuckoro xyAoskHuka JKoca Ae Mes wm3obpaskeH Tak
Ha3bIBAEMBbI «HEBO3MOKHBIN» 00beKT (cM. craThio « “Hesosmoskupie” ¢uryps» B «Kpanre»
Ne 6 3a 2007 r.). Bepx M HM3 apkm B IPOCTPAHCTBE OPHEHTHUPOBAHBI IIO-PAZHOMY —
3TO MO’KHO 3aMETUTh, 3aKPHIB AAAOHBIO CHA4YaAa BePX KAPTUHBI, 4 3aTeM — HM3. Apyrue
O06BEKTHI, IIPEACTABACHHBIE HA KAPTUHE, BIOAHE PEAAbHBI. DTO MOAEAL CPE3aHHOIO Kyba,
H4 KOTOPOM Pa3MeCTMAACHh COBA — CUMBOA MYAPOCTH M TEOPETHMYECKOIO 3HAHWUA, 4 TAKKE
POCTOK IIAIOIJA — €TI0 U3TUOBI MOAYEPKUBAIOT O0BEMHOCTh KOHCTPYKLIUHA.
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K 100-JETHNIO N.K.KUKOUWHA

KnkounHe, eanHmax CV
N CTaHOapTax

10.6PYK

JEAOTOM,YTO BCE YUEBHUKU OU3NKUN IJIA
IIKOJI M BY30B HAJI0 TIUCATb, WUCIOJb3YsS Mexkmry-
Hapo/iHyto cuctemy eamnuil, T.e. CU, B cepemmnne
80-X rojIoB TPOIIIOTO BeKa CTaja 4yTh JIU HE TOCyHap-
CTBEHHBIM cTaHzaptoM. Pasymeercsi, Bcsikie yueGHbIE
MocoGusT MOKHO IHCATh, HUCIOJb3Yysl pPa3Hble CUCTEMbI
eIMHUIl. BakHO JUIIb, YTOOBI CTY/IEHT, IMIKOJbHUK WU
YK€ B3POCJbIN CHEMATUCT YMEJ TIePEBO/IUTDH €IMHUIIDI
CU, ckaxem, B equauiisl cucreMbl CI'C nim Ha060poT.
OnHako crpemyieHre OGJIETYUTD SKU3HD HM3YdaloInuM
(pu3nKy U TMOTB30BATHCS OJHON-EAMHCTBEHHOH CHCTEMOH
€/TUHUI] MOJKET JIOBECTH U
no abcypaa. Tak, nud
yu4eOHNKOB (PU3UKHU, IO
KOTOPBIM y4aTCs B TEXHU-
YeCKUX BY3aX, €JIUHUIIBI
CU peiictBuTeIbHO Y106-
HBI, 0COOGEHHO €CJIN UMETh
B BUJIy TEXHUUYECKUE MTPU-
noxenns (ckaxem, uzme-
PSITH TOK B aMIIepax, AJeK-
TPUYECKOE HATIPSIKEHWE B
BOJIbTAX, a JIJIMHY B MET-
pax). Ho s10, B nssecr-
HOM CMBICJIE, JIEJ0 TPH-
BbIuKU. CTy/IeHThI ke (pu-
3ndecknx By30B (axy.b-
TETOB) JIOJIAKHBI SICHO T10-
HUMAaTh, YTO B TEOPETH-
yeckoil (usuke Mexiy-
HapoOJHAsI CUCTEMA €/lH-
HUI[ HeY/I00HA XOTsI GbI TIOTOMY, YTO Pa3MEPHOCTH BEKTO-
POB, BXOJAINX B ypaBHeHUs MarcBeaga — OCHOBHBIE
YpaBHEHUS HJTEKTPOANHAMUKY, — B 9TOH CHCTEME pa3HbIe.
Mo:xHO, KOHEUHO, 1 ypaBHeHUsI MaKcBeJsa 3arnicbiBaTh
B equanax CU, Ho yno6uee mcath ux B cucreme CI'C.
Bor noueMy TOIBITKA «y3aKOHUTb» OJIHY CUCTEMY €[IH-
HUIl U U3THATH U3 [E€YATHBIX U3JAHUN [PYTHe, HATIPUMED
cucremy CI'C, BbI3bIBasIa y MPeNoAIONINX U U3YUAIOMIUX
Jusuky omryienne HerpaBuiabHOCTH. C APYTOil CTOPOHBI,
OTKa3 OT 3TOTO MPHUBOAMJI K KOH(MJINKTAM C M3ATEJSIMHI,
pellakTopaMy U He OY€Hb TPAMOTHBIMHU YUTATEJISIMU.
Ucaax Koncrantunosnu Kukonn (MKK) He 6bL1, KO-
HEYHO, <«XKeJEe3HbIM CTOpOHHMKOM» emwnuil CU, HO oH
ObLJI ellle W OJHUM U3 PYKOBOAWTEJECH KOMHCCUU TIO

HIKOJIbHBIM yueOHUKaM B MUHUCTEPCTBE IIPOCBEIIEHS
CCCP. A yue6HHKM I10J1aTAJIOCh, KAaK YK€ TOBOPUJIOCD,
[UCATh, MCIOJIb3YsI UMEHHO 3Ty cucteMy enuuuil. Komeu-
HO, ¥ KypHas «KBaHT» B (DU3NUECKUX CTAThsIX TepeIe
Ha eauunibr CU.

Cayunsnoch Tak, uto k 70-ngeruto akagemnka A.5.3emnnb-
JIoBUYa OBLJIO PEINIEHO HareyaTaTh e€ro MOMyJsSpHYIo CcTa-
ThIO 0 KocMoJsiornn. HaspiBasach craths «BcenerHas» .

SAxoB BopucoBud 6bLI WIeaTbHBIM aBTOPOM IS TIOTIY-
JSApHOTO >KypHasa. OH THaTeJbHEHUM 00pa3oM cam
OTPEAaKTUPOBAJ CBOO CTATHIO, OHA He TpeGoBaIa HUKaKOH
JIOTIOJIHUTETbHOM TTPaBKU.
Ncaak KoHcraHTHHOBUY
ske ObLJI UJlea/IbHbIM TJIaB-
HBIM PEIaKTOPOM — BCe
cTaTh¥ 10 (DU3UKE, TOTO-
BSIIIUECS JIJIsT Ty GJINKAIAN
B «KBanTe», oH unTas ca-
MbBIM BHUMATEJIbHEIIINM
o6paszoMm. { BbicTymaJa B
(opmasbHOI posn perax-
TOpa CTaThbu 3eJIb/IOBUYA.
Hukaxux po6.iem co cra-
Thell Bpojie ObI He OBLIO,
Ho nokasath ee KK mo-
J1arajoch.

JloroBopuBIINCHL O BU-
3UTe, S IpUexasl B Ha3Ha-
yerHoe Bpemsa k UKK no-
MO M MOJYa CHUIAEJ Ha
auBaHe B ero xabumere,
nmoka ox yuraJs crarbio. MKK uuran MeuieHHO U ObLI KaK
O6yaTo 0BOJIeH. Ho HEOsKMITaHHO €To TyCcTbie GPOBH MOTIOJI-
3/1M HaBCTpeuy JPYyT JAPYTy, W Ha Juie 0003HAYMJIOCDH
COCTOsIHIE, KOTOPOE $1 OTIPeIEIII KaK OXKUIaeMyIio OypIo.
Konuus unrtath, MKK oToaBuHys TekcT, moMosyaa u
CKa3aJjl MHe:

— He noiizer.

— Ncaak KoncrantuHoBuY, — BO3pasuJi si, — uTo ke Bam
He HpaBuTcss? CTaTbs-TO OYEHDb XOPOINas.

— [la, — ckazan UKK, — cratbs xoporias, HO He TO/IeT.
Axos Bopucosnu mammcan ee, ncnobays eamaIIb CI'C,
a ToJKHBI ObITh equnniipl CI.

Hano ckazaTh, 94TO B 9TOM KOHKPETHOM cJrydae mpolJie-
MBI He ObLI0. /[ocTaTOYHO OBLIO 3aMEHNTH T'PAMMBI Ha
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KUJIOTPaMMbl, a CAHTUMETPbI Ha MeTPbI. TpeTbst eiuHMIIA,
UCIIOJIb3yeMasi B cTaThe, OblJa CEKYH/Ia, HO OHA CEKYH/Ia U
B CU, u B CI'C. TeMm He MeHee, T OCMEJNJICS CKa3aTb, YTO
TaKast 3aMeHa MOJKET He TIOHPABUTHCS aBTOPY, TIOTOMY YTO
B KOCMOJIOTUM He TPUHATO MCHOJb30BAaTh B HAYYHBIX
TeKCTaX MeTpbl, 6oJjiee MPUBBIYHO KCIIOJb30BATh CAHTH-
METPbI WJIH Y3K MapCEKH.

— 4 ceiiuac mo3sonio 3eabroudy, — npousnec MKK n
nabpaJi ero HoMmep.

— Sma, ckazan MKK B Tpy6Ky, — Tbl Hammcas
3aMeyaTesbHYIO CTaThIO, 1 MbI €€ K TBOEMY [THIO POK/IEHUS
B «KBanrte» narnevaraem. Ho nazno exunuinpt CI'C (eM, T,
¢) 3amenutpb Ha equaunbl CU (M, kr, ¢).

Yrto orBeTn1 3eabI0BNY, S He 3Ha0, HO Ha Jinie MKK
orsTh 0603HaunIach 6yps. [lomoxus teredornyio Tpy6-
Ky, OH CHUJIeJ] HEKOTOPOE BPeMs MOJI4a, a TOTOM CKasall
MHE:

— Slnra roBoput, 4To ecsm oH OY/IET MUCATh B €IMHUIIAX
CU, Tto HaJ HUM BCe CMeSIThCS OyIyT.

— U 410 xe OyaeM pesath? — CIOPOCHI .

— Huuero, — ckasan UKK, — octaBuM B cTarbe e{UHUAIIBI
CI'C. Ho B crko6kax Hammiiem ere n eguauibl CH.

[Tocsie aTOTO OH, HAKOHEII, YJILIOHYJICS, U S TIOHSJ, YTO
6ypu e Gyner.

Mozker ObiTb, 9TOT MU0 U He 3aCTIYyKUBAET CTOJIb
JUTHHHOTO n3J10KeHus1. Ho MHe KaskeTcst BAKHDBIM elile pas
nogauepkuyTh, yto KK a6comorno Bce monumasn. On
BOBCE He ObLJI YIIPSIMBIM, HO GbLIT JUCIUTLIUHUPOBAHHDBIM.
To, uro moJsiarasoch Tpe6OBATh OT JAPYIHX, OH CTAPAJICS
BoiosHaTh U caM. U eme. d.B.3enprosny n K. K. Kukonu
ObLIN JIIOJABMU OYEHb OTBETCTBEHHBIMM, OHU HE MOTIJIN
OT/IaTh B I€YaTh CTAThIO, KOTOpPash B KAKOM-JTHOO CMBICJE
BBITJIsIfIesIa ObI «ChIPOiis .

Taxas BoT ucropus.

«BOT KBAHT, KOTOPbI/ MOCTPOWUN
NCAAK...»

A.CABUH

Bor KanT, xotopsrit noctpons Mcaak,
A BOT yueHula,

Kotopas uspeaka Jio6UT XBaIuThHCS,
Yro Bce MOHMMAET Ha LEJIOH CTpaHUIle
B Ksante, koTOpBIi NIOCTpOUI Mcaak.

Bot aBTop cTarbu — 3HAMEHUTDBIN YYeHBII,
Koropplil nucan ee Tak yBJIeYeHHO

[lnst 3T0i 6e3 Mephbl Cepbe3HON JeBUIIDI,
Koropast uspesika J0OUT XBaJUTHCS,

UYTo Bce OHUMAET Ha IIEJION CTPaHUIlE

B Ksante, kotopsiit moctpons Mcaax.

A BOT peTleH3eHT — JaBHWIT YJI€H PE/ICOBETA,
Koropblii ipoues counHenue 3To,
[IpencraBuB cebst CUMITATUYHOM JI€BUIIEH,
Koropad TiieTHo MypbLKUT CTPAHMUILY,
[TbITasich MOHATD TO, O Y€M TOBOPHUTCS

B Ksante, koropsbiii moctpous Mcaax.

A 9TO pelakTop, CTaThIO Ty TTPABUBIINIA,
Jlunib aBTOpa MMs Ha MecTe OCTABHUBIIHII,
Yto6 make Tyrmelnias B MUpe JIEBUTIA
CMor1a XOTb eIUHOK/IBI B TOJ TIOXBAINTHCS,
Uro Bce nOHUMAET Ha 1IEJION CTpaHUIle

B Ksante, koropsiit moctponsa Mcaax.

A 3TO XYJIOXKHUK B IIyGOKOU IIPOCTpALIUU
[TpiTaercst BbIIyMaTh Te WJLIIOCTPALINH,
Kotopble Tak ovyapyior neBuily,

Yro cxomy OHA MPOYUTAET CTPAHUILY

B Ksante, koropsbiii noctpous Mcaax.

Dmo cmuxomeopenue 63amo U3 CREYUAILHOZ0 HOMEPd KYPHALA
«Keanms, 8oinyuennozo 6 eOUHCMEEHHOM IKIEMNASPe K 7H-1emuio
U.K.Kuxouna.

Bot rmaBHBIN pejakTOp — OOJIBIION aKaJeMuK,
On mpasut (3a 910 He TPebyst jieHer),

Uro6 mesanoch BCe TOJIBKO TaK M BOT Tak,
[Tockosbky OH ecTb aTOT camblii Mcaak,
Kotopblil 1o yim BIOGHIICS B I€BUILY,
KoTopas majp4ukoM THIYET B CTPAHHUILY,
[Tpitasich MOHATH TO, O YeM TOBOPUTCS

B Ksante, koropsbiit moctpons Mcaax.
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K 100-JIETNIO N.K.KUKONWNHA

YJapHble BOMHbI 1 eToHaLWA

J1.BEJIONYXOB

CTATBE «B3PbIB» TOBOPUJIOCH O TOM, UTO

BCSIKUiT B3PBIB 00513aTEJIbHO COTIPOBOKIAETCS 06pa-

30BaHUEM Y/IapHbIX BOJIH B IIPOCTPAHCTBE U YTO
yZapHas BOJIHA €CTb HelIPEMEHHBII 3JIeMeHT /IeTOHAIIMOH-
HOI'O B3PBIBHOIO IIpollecca BO B3pbIBalolleiicsl ra3oBoi
(Wi TIBLIEBOB/IYIIHOI) Ccpe/ie M B KOHJEHCHPOBAHHOM
B3PbIBUATOM BEIIECTBE.

HemHoro o rasoeson guHamuke

YmapHbIe BOJHBI — 3TO O4YeHb WHTEPECHOE SIBJICHHE
npupo/ipi. VX cyiectBoBanue GbLIO MPeICKA3aH0 MHOTH-
MU YYEHBIMH, B YAaCTHOCTH 3HAMEHHMTBIM MaTeMATHKOM
Pumanom. Ero ums cBg3aHo mpeskzie BCEro ¢ pa3BUTHEM
uzieii coero yuuressi ['aycca B o61actu reomerpun. B 1854
roxy 28-yetHuit Puman gam o61iyio uieio MaTreMaTniecko-
TO TIPOCTPAHCTBA, a 3aTeM MoJPO6HO pa3paboTas OIHY 13
HEEeBKJINJIOBBIX [€OMETPUil, ¢ TeX MOP HOCAIILYIO ero UMs.
Ho Puman BHec BKJaJ BO MHOTHE 00JIACTH MATEMAaTUKH.
Tak, B pa6oTtax no Teopun auddepeHnuansbHbIX ypaBHe-
il o o6Hapysxui (Ha Gymare) BO3MOMKHOCTD yAAPHBIX
BOJH. VIMEHHO TO 3TOMY IOBOAY BO3HUKJIO KPBLIATOE
H3peUueHNe — «SIBJICHIE BO3HNKJIO HAa KOHUNKE TIepa Teope-
THKa».

[uddepenimanbibie ypaBHEHNS, KOTOPBIE UCCJIET0BAJ
Puman, npeacraBiasior co60il MaTeMaTUYeCKUil armapar
HayKd, KOTOpas HasblBaeTcs ra3oBoil AnHaMuKOH. OHa
u3yvaer, Kak cJeJyeT M3 Ha3BaHUs, JABUKEHME BO3JLYII-
HBIX Macc, B YaCTHOCTH OYPH U yparaHbl, TEUEHIE Ta3a 1o
Tpy6aM, [BIIKEHNE raza B TypOMHAX ¥ COIIAX PAaKeTHBIX
JIBUTaTesiell 1 MHOTOe JIpyToe.

OCHOBHBIM Ta30IMHAMIYECKIM YDPaBHEHWEM SIBJISETCS
3akoH HpioTOHA, TPUMEHEHHBIN K 2JIEMEHTY Ta30BON cpe-
2b1 (B HTOM c/Tyuae OHO HAa3bIBAETCS ypaBHEHUEM DiIepa).
Ho mockosibKy aeMeHT Ta3a Mpu JABUKEHUH W3MEHSET
CBOIO IJIOTHOCTb, a YacTO W TEeMIepaTrypy, TO KpOMe
CHJIOBBIX HEOOXO/MMO MCIOJb30BaTh U JHEPTETUYECKUE
(TepMoMHAMUYECKIE) YPABHEHMS.

OHUM U3 TPOCTDBIX CJEACTBUN pellieHi CUCTeMbl ypaB-
HEHMI Ta30BOH AMHAMUKMY SBJISETCA BOJTHOBOE YpaBHEHUE,
B KOTOPOM CKOPOCTb BOJIHBI /LISl U/I€aJIbHOTO I'a3a 3aBUCUT
TOJIbKO OT TeMIlepaTypbl. JTO — 3BYKOBbIE BOJIHBI, T.€.
MIPO/IOTbHBIE KOJTe6aHNs ajeMeHTa raza. CKopocThb 3ByKa
paBHa
YRT

M )

IIpodonsxenue. Hauano — cmamoio «B3pvies — cm. ¢ «Keanmes
Ne6 3a 2007 200.

rae T — a6GcosotHas Temiiepatypa, M — MoJisipHas Macca,
R — ynuBepcasibHast ra3oBasi MOCTOSIHHAS, Y — IIOKa3aTeb
anabarhbl, PaBHbBIN OTHOIIEHUIO TEIJIOEMKOCTEH TIpu MOo-
CTOSTHHOM J[IABJIEHUH WU TIOCTOSTHHOI TeMmmepatype. s
BO3/yxa npu temreparypax menbire 1000 K nokazaresnb
agmabarol paBeH 1, 4. CKOpOCTb 3ByKa IPU 9TOM PaBHA

0 =20T (m/c),

YTO JlaeT IS CTAaHIAPTHBIX yCJaoBUi 342 M/ c.

Ecuiu sxe yauThIBaTh HEM/IEATBHOCTD I'a3a, BO3MOYKHOCTD
BBICOKUX TEMIIEPATYP, MPU KOTOPbIX ITOKA3aTe b ajanaba-
TBI HETIOCTOSTHEH ¥ BBIPAYKAETCS CIOKHOI (DyHKITHel Tapa-
METPOB COCTOSTHUSI, TO CHCTEMA Ta30TEPMOJIMHAMUYECKUX
ypaBHEHUIT CTAHOBUTCS IOBOJIBHO CJIOXKHOIA.

[Tocko/ibKy Ta30Bast IMHAMUKA HE HHTEPECYETCS OT/IENb-
HBIMU aTOMaMM WJIH MOJIEKYJIaMU, a PacCMaTPUBAeT dJe-
MEHT Ta3a, KOTOPLIil B TEOPUU MOKET ObITb GECKOHEYHO
MaJIOW BEJIMIMHOM, TO B I PepeHIInaNbHBIX YPABHEHUSX
ra3oBOil JUHAMUKU W B WX PEIIEHUSIX BCE MapaMeTpbl
COCTOSTHUS — HEMIPEPbIBHbIE (DYHKITMH KOOPAWHAT U BpeMe-
nu. Ho B 1860-e ronpl PuMan mokasas, 4To CyIIeCTBYeT
0c0060e pellleHiie CUCTEMbI Fa30TEPMO/ITHAMUYECKIX YPaB-
nenuii. He o61ee perenue, METO/IbI MOJTyYeHUS KOTOPOTO
OH paspabaTbiBaj, W He YaCTHbIE pEIIeHUs], KOTOPbIe
BBITEKAIOT M3 OOINETO PENIeHus PU UCHOJb30BAHUN Ha-
YaJbHBIX U TPAHUYHBIX YCJOBHUIl, a UMEHHO 0c000€ periie-
HUE, KOTOPOE HEJIb3S TIOJYYUTh CTaH[aPTHBIMI MaTeMaTH-
YeCKUMH METOJaMH. ITO 0co00€e pellieHre MPeJCTaBIsIeT
co060ii pa3pbIB PYHKITNI JaBJIEHUS, IJIOTHOCTH ¥ CKOPOCTH
JIBUKEHUST CPE/Ibl, T.€. MTHOBEHHBI, He UMEIOIHIT IHUPHU-
HBI CKAYOK TTapaMeTPOB. JTOT CKAYOK U TIOJYUNT Ha3BaAHWE
VZIaPHO BOJIHBI.

CJI0BO «BOJIHA» HE COBCEM TOYHO TIEPEAET XapaKTep
SIBJIEHUST, TOCKOJIbKY B OOBIYHOM TIOHUMAHWU BOJIHA Xa-
paKTepu3yeTcs MepUoAMYHOCTBIO, YACTOTON, a CKAYOK —
3TO OJIHOKpaTHOe pe3koe maMmenenue. [IpaBunibhHee 6GbLIO
Obl HA3BaTh SIBJIEHWE Y/IADHBIM UMITYJIbCOM.

BO3HUKHOBEHVE YAAPHOW BOJHbI

O6pasoBaHne yAapHON BOJIHBI MPOIIE BCETO TPeICTa-
BUTb Ha TpPUMeEpe TIOCKOTO JBIKEHUS Taza B TpyOe, B
KOTOpYIO BJABUraercs yckopsiomuiics nopuiens. Korza
MOPIIEHb MMPUXO/UT B IBWKEHNE U HAUMHAET TTePeMeIaTh
1 COKUMAaTh MPIJIETAIOMNUIl K HeMy CJI0ii rasa, usBectue o0
aToM CcoGbiTur  (IIOBBINIEHNN  JaBJEHUS W MJIOTHOCTH)
pacipocTpaHseTcd B rase co CKOPOCTbIO 3ByKa. B rase
BO3HHMKAET «KYCOK» BOJIHBI CKaTusi (4eTBepTh BOJHBI) €



YAAPHBIE BOJHDbI

HENPEPBIBHBIM pacnpe/enenneM mapamerpos (puc.1,a).
Ho mnosbimrenne NaBJIEHUA W TIJIOTHOCTU COOTBETCTBYET
MOBBIMIEHNIO TEMIIEPATYPbl. DTO 03HAYAET, YTO CKOPOCTh
3ByKa 3a HauasioM ((PPOHTOM ) BOJTHBI CIKATUS HEITPEPHIBHO
YBEJIMYMBACTCSI, JIOCTUTAas MAKCUMYyMa Ha IPAHHUIIE Ta3a C
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Puc.l. Mpoguib AaBaeHs B Toy6e (o — AaBICHME, X — PACCTOSHUE OT
110pLLIHS)

niopirHeM. [loaToMy 110 Mepe /IBUKeHMs TTOPIITHS U yBeJIN-
YEeHUS er0 CKOPOCTU BO3MYIIEHUS OT HETO C U3BECTHEM O
BO3PACTAHUN JIABJEHUS ¥ TLIIOTHOCTU JOTOHSIOT TIePEHIOT0
4acTh BOJIHBI CKaTHs M ycumuBator ee (puc.1,6).

Co BpeMeneM (opMa BOJIHBI CKATUS U3MEHSETCH. ITO
MIPOUCXOUT 0 JIBYM Hpu4yrHaM. Bo-TiepBbIX, Kak yiKke
TOBOPUJIOCH, B BOJIHE HENPEPBIBHO YBEJIUYMBAETCS TEM-
neparypa, CJeI0BaTeJNbHO, YBEJHMYMBAETCS U «MECTHASI»
CKOPOCTD 3BYKa. A BO-BTOPBIX, CKOPOCTb 3BYKa CKJIA/IbIBA-
€TCsI CO CKOPOCTBIO MOPIIHST, KOTOPAst TaKKe HEIIPEPBIBHO
yBesmunBaeTcs. [Ipodnib BOJHBI CTAHOBUTCS COBEPINEH-
HO HEIOXO0KMM Ha 4eTBepTh cunyconnl (puc.1,6). Kasza-
JIoch 6bI, yYACTOK BOJIHBI C JIaBJIE€HUEM P, CMOJKET JaKe
TeperHaTh yYacTOK C JaBjeHHeM pp. Ho ata cutyamms
abcypaHa, MO0 B OHON TOUKe X He MOKET OBIThb /BYX
Pa3HBIX TaBJECHUM.

PaszButie BoJiHbI cokaTust GyIeT IIPOUCXOIUTD 110 PYTO-
My ciienapuio. CHavyaia MOXKET MOSIBUTbCST BEPTHKAIbHAS
KacatesibHas (puc.1,2), a MOTOM M TOJHOIEHHBIH CKAuOK
— ynapuas sosHa (puc.1,0). EcrectBenHo, 4T0 CKOPOCTH
HepeMeIleHrs pa3pbiBa, T.€. CKOPOCTb YJApHOI BOJIHDBI,
60.JTbIITe CKOPOCTHU 3BYKA B HEBO3MYIIIEHHOM Ta3e U 6OJIbIIe
ckopocTn aBwKeHus rasa (HO He 3ByKa) 3a (PPOHTOM
BOJTHBI.

Bo Bpemena Pumana repmoimHaMuKa e1rie TOJIbKO co3/1a-
BaJach, W OH W3yYaJ HE KOHKPETHbIC YDaBHEHUS, B
KOTOpbIE BXOZAAT apaMeTpol raza (Hampumep, moKasaresb
asmabarbl), a MaTeMaTHYECKUE METO/bl HaXOyK/IeHUs pe-
LeHuil cucTeM ypaBHeHull, I0X0KuX Ha ypaBHeHUs razo-
Boil nuHamuku. M MaTemaTuka 1mojickasaja BO3MOKHOCTD
oco6oro perieHusi — ckayka mapamerpoB. Ho yuenbie,
pa3BUBaBIINE TA30BYI0 AMHAMUKY, HE BEPHUJU B TO, YTO
TaKWe CKAYK{ MOTYT PeasbHO CYIIECTBOBATDH B MPHUPOJIE —
MaJIo JIM 4TO MOTYT MOKAa3aTh MaTeMaTHYeCKHUE <UTPBI».
Kaxxercs, n cam Puman 6bla B Umic/ie COMHEBAIOINXCS.

Cro jer Haszaj TPOBEPUTHh HAIWYNE YAAPHBIX BOJH

U AETOHANNA

9KCIIEPUMEHTOM ObLITO HEBO3MOKHO — COOTBETCTBYIOIINE
Ipu6GOPLI He NMEJN HeOOXO0ANMOTO Pa3peleHust o BpeMe-
HU ¥ MOTJIH 3a(PMKCIPOBATh TOJBKO yCPeTHEHHDIE BEJTIUI-
vbl. Ho BHe3amHbIl M CHJIBHBIH 3BYK MPHU TPO3e WJIHN
B3pbIBaX IMPUBOANJ K MBICJN O CYHIECTBOBAHUU OSTOTO
saBJIeHUs1. BpisiByieHbl 6bIJII/I " IpyTrue CKa4YKn — HallpuMep,
BHe3aIlHbIi Iepexo/; HEKOTOPbIX MAarHETUKOB U3 TapaMar-
HUTHOTO COCTOSTHUS B (DEPPOMATHUTHOE U MHbIE TAK HA3bI-
Baemble (Da30Bble TEPEXO/bI BTOPOTO POJA, B KOTOPBIX
XapaKTEPUCTUKY BENIECTBA MEHSIOTCS CKAaYKOOOPa3HO.
[TpuMepoM crayka MOXKET CJYKUTb M Pe3KOe U3MEeHeHHe
XapakTepa M3JIy4eHUs] SJHEPIIYHbBIX 2JIEKTPOHOB CHCTEMBI,
KOT/J[a MX KOHIIEHTPAINS IOCTUTAET ONpeeJeHHON BeJIi-
unnbl (J1asepbl U Mazepbl). U Bce 910 paspenieHo dyHa-
MCHTAJIbHBIMM 3aKOHaMH1 ITPUPOIDI.

YpaBHeHue MNoroHvno

[IpuBesieHHOE paccMOTpeHNEe MeXaHW3Ma 0OpPa30BaHIUS
yVIapHBIX BOJIH IIPH BCEH €ro 3JeMeHTApHOCTU ObLIO
cleJTaHO TOJIBKO B Havase XX BeKa W TOT[a ke ObLIO
HA/IEHO COOTHOIEHNE MEXKIY IapaMeTpaMu COCTOSIHIS
JI0 ¥ Tocjie paspbiBa. [l 9TOro 0Kas3amioch AOCTATOUHO
WCIOJIb30BaTh 3aKOH HbloTOHA, 3aKOH COXpaHEHUs dHEP-
ruu (1epBoe Ha4aJ 0 TePMOJANHAMUKK) U YCJIOBUE OTCYT-
CTBMSI MECTHBIX CKOILIEHUIT ra3a (3aKOH HENPEpbIBHOCTH
Macchl), WM, JAPYTMMH CJIOBaMH, 3aKOH IIOCTOSIHCTBA
pacxo/ia raza, OTHECEHHOTO K TJIONAJN CeYeHUs TPYOBbI.
OTH ypaBHEHUS JieTKo Hamucarh. CaemaeM ato.

OJMH 1 TOT 3Ke 3JIEMEHT ra3a /10 Y/IapHOH BOJHBI NMeeT
Maccy PoVy = PgStvylAl, tae py U vy — ILIOTHOCTbL U
CKOPOCTD JIBUKEHUS ATOTO dJIEMEHTa, S — ceueHune TpyOobl,
At — BpeMs MIPOXOXKJEHUS dJIeMeHTa ra3a depes (poHT
BOJIHBI, a 32 (P)POHTOM BOJIHBI €ro Macca paBHa PSvAt (P
" v — TmapaMeTpbl Tasa 3a GPOHTOM).

3anuiem 3akoH Hpiotona B Buje
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6 KBAHT -

ITO COOTHOIIEHWE MOKHO YIPOCTUTH, €CJU Y4YeCTb, 4TO
Jus Bosayxa (aByxatomubiii rasz) Y = 1,4, u nepeiitu or
MJIOTHOCTEH K Y/JeJbHBIM O06beMaM:

6

r__ N
Po 61 -1
Vo
/lBa mocsieIHUX BBIPAJKEHUST HA3bIBAIOT ypaBHeHUEM [10-
ronno (B yecTh PaHIly3CKOrO YUEHOTO, TTOJYYUBIIETO UX
B 1903 roay), a coorsercrByiomme rpadukn — aauabartoi
loronmo.

Ha pucynke 2 npeacrasiensr (B mosysorapudmmyaec-
KoM MacmraGe) TpU KpUBbIe: KpuBas | COOTBETCTBYET
HU30TEPMUYECKOMY IIPOIecCY, KpuBas 2 — asnabaTuiecKo-
my (as Bosmyxa),
KpHBasi 3 — 3aTO ajna-
6ara 'oronno. [1pn ne
O4YeHb CHJIBHOM C3Ka-
TUM, Hanpumep B 2
pasa, COOTBETCTBYIO-
e 3HAYEHUST OTHOCH-
TEJbHOTO [IaBJEHUS
HEMHOTO OTJUYAIOTCS
JIpyT OT Jpyra u co-
s craBjugior 2; 2, 7 u
VY 2,75. Ho korja otHO-
Ve cutembnoe cxkatie pas-
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HO 6, TO COOTBETCTBY-
IOllie 3HAYEHUS I
OTHOCHTEJIbHOTO JIaBJie-
nuga cocrtasagior 6; 12, 3 u... 6eckoneuynoctb. CoriaacHo
yaapHoii agunabaTe, Ipyu cUIbHOM (IOYTH MIECTHKPATHOM )
CKATWM JIaBJIEHWE B Yy/IApHOW BOJIHE MOXKET CKauYKOM
BO3PaCTH 0 OTPOMHON BeamumHbl. A 570 3Haunt (B
COOTBETCTBMN C YPABHEHWEM COCTOSTHUS), UTO JI0 OTPOM-
HOW BEJMYNHBI MOKET TOJICKOYUTD U TeMIIepaTypa.

[Ipu o6brunoM ammabaTUYecKOM CXKaTUU B 5,75 pasa
abcoJioTHasT TeMIlepaTypa Bo3pacraer B 2, 45 pasza — 110
T (V)"
ypaBHEHWIO ajnaldaThl —— = v
loronno temmeparypa yBeanunBaercs B 23,3 pasa — OT
300 K o 6990 K, uTo BbIIIE TeMIepaTyphbl H3/Iy4alomero
caos Cousaia (6000 K).

[Ipu spepHOM B3pbIBEe 06pasyercsi CHJIbHAS yAapHas
BOJTHA, B KOTOPOil gaBjenne Bozpactaer B 1000 u Gosee
pa3. Temneparypa npu aToM, corJjacHo ypasHeHuio I'to-
ronno, Bospacraer B 167 pas! IlpaBma, GoJiee TouHbBIE
pacueThl TTPUBOIAT K YBEJIMUEHUIO TEMIEPATyPhl B 3TOM
cayudae «Bcero» B 47 pas, 1.e. mo 14000 K. Ynpapnas
BOJIHA BBITJISIIUT TIPU 9TOM Kak CBepXpacKaseHnbiii (or-
HeHHbIil) map, Koropsii sapue Comnma B 1000 pas. (Ilpn
3TOM Ppacyere HYKHO Y4ecTb, YTO JHEPTUs W3JIyYCHUS
MPOTTOPIINOHATbHA YETBEPTON CTEMEeHN aOCOTIOTHOW TeM-
neparypbl, a OTHEHHBIH Iap BUAMWTCS Ha PACCTOSHUU
10 kM oOT smepHOro B3pbIBA I0J YrJaoM B 5,3 pasa
GoJIblle, YeM COJIHeuyHbIl anck). Bor nouemy mepsas B
MUpe HOMyJsIpHash KHUTA O sI[IePHbIX B3pbiBax (amepu-
kaHckoro yuyenoro P.JOHra) mmena naszpanue «SIpue Tbi-
CSAYM COJIHILY .

Puc2. Uzorepma (1), aguabara (2) v
anmabara loroHmno (3)

. A 10 ypaBHEHUIO

2008 /Nol

®dusnka yaapHom BOMHbI

Ho ectp eme oxmno BaskHEelllee OTJUYNE YAAPHOTO
C/KATUS OT U30TEPMUIECKOTO W agnabaTindeckoro. Ecim
CHATDH faBjeHne 3a GPOHTOM yaapHOii BostHbI (Harmpumep,
TEM WJIM UHBIM CIIOCOG0OM BEPHYTH MOPIIEHDb B HAYAIbHOE
MOJIOKEHNE), TO Ta3 MOocje pPasrpy3Kd He BepHETCs B
HCXO/IHOE COCTOSIHUE C apaMeTpaMu Py, Po, 1y . Yap-
HOe cxkaThe — mpollece HeoOpatuMbiil. [lpu pacmmpennn
C’KaToro B yJapHOIl BOJIHE rasa He MOXKeT 06pa3oBaTbCs
yaapHas BoJIHa paciupenus. /laBienue i IJIO0THOCTD Ta3a
n yb6eraioniero Hasaj MOpPHIHA OYIyT yMEHbINATbCS, U
naopMmalysa 06 atoM He GyleT HAKAIINBATbCI, KaK B
CJIydae CKaThsl, TIOCKOJIbKY CKOPOCTD 3ByKa TeTlepb OKOJIO
MOPINHST MEHbBINE, YeM BJaJu OT HEero, e TeMIlepaTrypa
eme He ycmesa TMOHU3NTbeA. [loatomy yaapHbIii GpoHT
OBICTPO «PA3MOETCSI», CKAYOK MCUYE3HET, U TIEPEXO]] CIKa-
TOTO Ta3a B WCXOJHOE COCTOsTHUE OyIeT TPOUCXOINTH
OOBIYHBIM aIMA0ATUIECKUM ITyTEM. A 3TO 3HAYUT, YTO €CJIH
IJIOTHOCTD r'a3a 1 00beM
BEPHYTCSI K IepBOHA-
YaJbHBIM 3HAYEHUSIM
(Macca rasza He usMe-
HUTCSI), TO JABJEHUE
rasza 6yner 6oJiblie wc-
xozuoro (puc.3). BoJb- ) TUREUSRU———-
e Gy/leT U ero TeMile-
parypa.

Takum o6pasom, mpo-
Iecc «yJapHoe cxKatue
— agnabaTHIeCcKoe pac-
HIMpeHuey TMPUBOANUT K
1Heo6paTUMOMYy HarpeBy rasa. JTO 03HAYAET, 4TO PaboTa,
3aTpaueHHas HA yJapHOe C)KaTue rasza, He KOMIEHCUPYeT-
cs pa6oroii raza mpu ero pacimupenuu. Yactb pa6oTh
«3acTpeBaeT» B Tase, KaK IPH BCAKOM HEOOPATHMOM
mporecce. Aamabara [foroHmo He sBisgercss TpaduroMm
06paTIMOro TIPOoIlecca, a IIPOCTO OTPA’KAET COOTHOIICHUE
mapaMeTpoB Taza [0 W TOCJe yAapHOro cKadka. llpm
YIAapHOM CKATuU (PU3UIECKUN CMBICT UMEIOT TOJIBKO /IBE
TOYKN yAapHoi ammabarbl — HAdadbHAas W KOHEUHAs.
Mo:xHO cKazaTh, 4TO yaapHas ajuabara — 9TO reOMeTpH-
YeCKOe MeCTO TOUeK Ha TpaduKe 3aBUCUMOCTH JaBJIEHUS OT
yaeabHoro oovema (i 06 MJIOTHOCTH), JOCTHKMMbIX
[yTeM YJIapHOTO CXKAaTHs Ta3a U3 JAHHOTO HAYATIBHOTO
COCTOSTHHS.

A Kak M3MEHWTCS Ta30[MHAMUYECKAS TEOPUs, €CJn
yUecTb PeaJbHOCTb MOJIEKYJISIPHOI CTPYKTYphI rasa? Ilpn
3TOM TIPUETCS YUNUTBIBATD Iiepe/iady dHEPTUU U UMITYJIbCa
OT OJTHUX MOJIEKYJI K JPYTUM 32 (DPOHTOM BOJIHBI, T.€. TaK
Ha3bIBaeMble HeCTAIIMOHAPHbIE SBJIEHI Tepenoca. Kpome
ra3oMHAMUYECKUX yPABHEHUIl HY)KHO OyeT y4ecTb u
YPaBHEHMSI HECTAI[MOHAPHOU TEPMOIMHAMUKN — YpaBHe-
Hust BS3KocTn (Mepeiaun UMITY JTbea) ¥ TETIONPOBOIHOCTH
(nepegaun KuHeTHyeCcKon sHeprumn). dta GoJee CA0KHAs
3a/1a4a MPUHIUIMAIBHO peliaeMa, XOTs aHAJIUTHYECKOe
pellienne BO3MOKHO JIMIIIb JIJIsI HEKOTOPBIX YIIPOIIEHHBIX
ciaydaeB. B pesysibraTe peleHuss MOXKHO OIpPEJENUTDH
TOJIIUHY yAapHOro (pOHTA, KOTOPbIH y:ke He Oymaer
Pa3pbIBOM B MareMaTHYecKOM cMbicye. [l He oveHb
CHJIbHBIX YAPHBIX BOJIH 9Ta TOJIIMHA OKA3bIBAETCS MO-
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Puc3. Aguabara lororuno (1) v agua-
bara pasrpyzoqrHoro npouecca (2)



YAAPHBIE BOJHDbDBI

U AETOHANHNA

PSAJIKa HECKOJIbKUX JIJIMH CBOGOHOTO Ipodera MOJIEKYJI B
HeBo3MylenHoM rase (~ 10% M), as pe/iesie ¢ yBeJIu-
YeHHeM WHTEHCUBHOCTU BOJIHBI CTPEMUTCSI K OHOM [JTHE
cBoGoHoro mpotera (~ 107 ).

MoJieKy ITPHO-KUHETUYECKAST TEOPHs yIAPHBIX BOJIH
BHOCUT TOMpaBKu u B aamabary [ioronmo, tounee B
BEJMUNHY TOKazaTess agmabarsl Y. C yueToM Koseba-
TEJIbHOTO [IBHIKEHUSI ATOMOB B JIBYXATOMHBIX MOJIEKYJIAX
st Bosayxa Y = 9/7 = 1,286 . CooTBeTCTBEHHO, ypaBHe-
Hue aanabarbl [TOrOHKO MPUHUMAET BH

g
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Po g V. 1
Vo
a Mpe/IeJIbHO BO3MOKHOE CIKATHE B BOJIHE LTS N/I€ATBHOTO
rasa mosydaercs yxke He 6, a 8.

)

Kak BOo3HMKaIOT yaapHble BONHbI?

Kpome paszo6panHOTO TpuMepa ABWKEHWS IOPIIHS B
Tpy6e, yaro6Horo aus reopun (0HOMEpHas 3aj1a4a), yaap-
Hble BOJIHbI BO3HUKAIOT BO MHOI'MX CJIy4asX CBEPX3BYKO-
BbIX JBIKeHUI. Hanpumep, npu cBepX3ByKOBOM HCTeue-
HUU Ta3a U3 PAKETHOTO COIJIa BHYTPH HETO, HEJAJEKO OT
BBIX0/Ia, BO3HUKAET CKAYOK jJaBJenus. [Ipu cBepx3ByKO-
BOM JIBUJKEHIY Kakoro-in6o tea B Bosayxe (Hampumep,
camMoJieta) OHO JIEHCTBYET Ha BO3/YX, KAK TOPIIeHb, U B
BO3/lyXe BO3HUKAET KOHMYECKAs yJapHas BOJHA, COIPO-
BOXK/IaoMas Jetsdiiee Teno. Ecam takag ygapHas BoJIHA
JIOCTUTAET TOBEPXHOCTH 3EMJIN, TO OHA MOKET ITPOU3BECTU
paspyiuTe/bHbii o dert (MoTOMKY KpPbIIiK, paspyiie-
HUE OKOHHDBIX PaM U CTEKOJI U T.11.). [I09TOMY Hepexo/uTh
OT JI03BYKOBO# CKOPOCTHU K CBEPX3BYKOBOH (IIpeo/1oieBaTh
«3BYKOBOH Gapbep») caMoJieTaM Paspeliaercst TOJIbKO Ha
OIIpe/Ie/ICHHON BbICOTE, KOTJJa HHTEHCUBHOCTD COIIPOBOIK-
Jlaforeil caMosieT yapHoi BOJTHBI TIPU JOCTHKEHUHN 3€M-
HOIl TTOBepXHOCTH OcjabeBaer 70 Ge30MacCHON BEJTUYUHBI.
YesioBek Mpu 3TOM CJBIINT Pe3KUil 3BYK C pacKaramu,
OYeHb MOXOKUI HA 3BYK IIPU B3PbIBE.

CaMblii ke pacIpOCTPAHEHHbIN Cay4Yail BOSHUKHOBEHIS
VZApHBIX BOJIH — 3TO B3PbIBBI. Y IapHbIe BOJHbBI COIPO-
BOXK/IAIOT BCE BU/IbI B3PBIBOB — I10/I3€MHbIE, MO/[BO/IHBIE,
IIPU3EMHbIE U BO3/yLIHbIE, HE3ABUCUMO OT UX IIPUPO/bI. B
cTatbe «B3pbIB» paccMaTpuUBAINUCh B3PbIBbI Pa3IMYHON
IPUPO/bI — XUMUYECKHeE, S/lepPHbIe, TEIJIOBbIC, 3JEKTPU-
yeckne, MexaHmdeckue. OO6Iee 1 BCeX B3PHIBOB CBOIi-
CTBO — jocratodHo ObicTpoe (BHesamHoe) npeBpalieHue
YacTU SHEPIHH, COJAEPIKAIIelics B MCTOYHUKE B3PbIBA, B
KWHETUYECKYIO 9HEPTUHU TIPOIYKTOB B3PbIBA.

B cayvae cdhepuveckoit ciMMeTpUH NCTOYHNKA B3PbIBA
MOYTH TIPU BCEX THUTIAX B3PbIBA BO3HHUKAET chepudecKuii
«TIOPIIeHbY, TPEJICTABISIONINI cOO0N CUJIBHO CXKATHIN U
HArpeThlil ra3, CTpeMAINuiics pacuparbes. B okpyskaio-
ueit cpezie (Bosayxe) o6pasyercs cepuueckas yaapHast
BostHa. [TockosbKy ycKopsIonuiicsa BHaUYaIe ra30Bblii 10P-
HIeHb 110 Mepe YBEJUYEHUS Pa3MepoB 3aMe/lIseT CBOe
aBukenne (pek/ie Beero, 3a cuer chepuaHOCTH PaCIin-
PEHNsT), 3a yapHOIl YaCThIO BOJHBI CJIEIYET BOJHA Pas3pe-
’KeHns. MTHOBEHHDBIN PO AaBICHIS B TAaKOH BOJIHE
n300pasKeH Ha PUCYHKE 4.

Bbino nonyueno (8 p

MEPBYIO OYePeb IS

BOEHHBIX IIeJIefl) BbI-

paskeHnue g JaBJie- Po————= r
HUSL BO (DPOHTE YIAP-  puc.d MrroserHsisi npoguis chepmsec-
HOM BO3/IYUIHOWN KO/ B3pblBHOV BOJIHbI (D, — aTMOCgHep-
B3PBIBHON BOJTHBI Kak ~ 79¢ Aasrerie)

(dyukiuu paccrosinus

OT TOYKHM B3pbIBa. M3 061X cO0OpaskeHuil TEOPUN 010~
O6ust B MEXaHMKe CILIOIIHBIX CPEJl ATO JIaBJE€HUE TOJIKHO

. q
OBITH (pyHK]_II/IBI/I BE€JIMYNHDbI — , I'I€ ¢ — 9HEPIrusd B3pbiBa,
r

7 — paccTosTHHEe OT TOYKHU B3pbiBa. [lJIsT XUMHUECKHX
B3PBIBUATHIX BEINIECTB, HAPUMED,
2/3 1/3
Dpy = 0,713+0,27(13) +0,084[13) :
r r r
rae Dpg, u36bITOYHOE JaBJeHre BO (PpOHTE YAapHOIL
BOJIHBI, M3MepsieMOe B METANACKaJsIX, ¢ U3MEPSIETCs B
KUJIOTpaMMax TPOTHUJIOBOTO SKBUBAJIEHTa, ¥ — B MeTpax.
Yucsennbie 3HaveHust Koa(UIIMEHTOB B 3TOM BbIpaske-
HUU ObLIM BIEPBbIE SKCIEPUMEHTAJBHO IOJYYEHbI B
40-x romax mpormtoro Beka M.A.CaJloBCKUM, a TeopeTu-
yeckoe 000cHOBaHME (POPMYJIBI OBLJIO BBIITOJHEHO B TO JKe
Bpems JI.M.Cenosoim B CCCP u J.Teitmopom B AHTJINN.

Bo3pencTBrne ypapHbIX BOJH

OcHOBHBIM (haKTOPOM BO3/IECHCTBUS yAAPHOI BOJIHDBI Ha
MPENSTCTBYE SBJSETCS JaBJeHue Bo (HpoHTe BoJHDBI. Of1-
HAaKO He TIPE/ICTABJISACTCS BO3MOKHDBIM O/THO3HAYHO COTIOC-
TAaBUTb JIABJICHUE C XapaKTePOM BO3/IEHCTBUS BOJIHBI.
Kpome faBsieHusi cyIiecTBEHHBIM OKa3bIBAETCS W BPEMS
JleficTBuA BOJIHBL cokaTHs. Tak, Halpumep, paspylleHue
paM, CTEKOJI M KPbII IIPK B3pbiBe 1 KuJIorpamMma TpoTHIa
MOXKET IIPOUCXOUTD Ha paccTossHnn 10 MeTpoB OT B3pbiBa.
IIpu TaxoMm xe OTHOLIECHUU q/ 73 S SAIEPHOTO B3PbIBA,
y KOTOPOIO ¢ B 10° pas Goiblie («MeraToHHas» BOJOPO/I-
Has 6om6a), Ha paccrosgnun 1 KujgoMeTp aeiicTBue yaap-
HOIT BOJHBI GyIeT Topasao cuiabHee (BIIOTH 0 TOJTHOTO
paspylenusi 3[4aHuii), a CTEKJa BBLIETAT NPH HTOM Ha
paccTostHuu BILIOTH /10 20 KUJIOMEeTpoB. A ecJiu eliie 6y/er
JIyTb CUJIbHBINH BETEp, TO IO HAIPABJEHHUIO 3TOTO BETpa
paspyliieHne OKOH MOXKeT TIPou3oiTu u B 50 KHIOMeTpax
OT B3PbIBa.

Ouenb CJI0KHO ¥ HEOJAHO3HAYHO BO3/EHCTBHE YIaPHbBIX
BOJIH Ha sKMBOI opranusM. [1pu cuibroil kontysun (6/m3-
KO K JIeTaJbHOMY HCXO/y) MOPaKAIoMUM (HaKTOPOM
OKasblBaeTcs yJap [0 IpyAHOIl KJeTke, B pesyJ/bTare
KOTOPOT'O B JIETKUX IIPOUCXOJUT 3aKyIIOPKa BO3/YIIHBIX
myTeit. s KuiorpaMMa TPOTHJA 3TO BO3MOKHO Ha
paccTostHUn OK0JI0 3 MeTpoB. IIpw MeraTOHHOM B3PbIBE
yZapHas BOJHA MOPaskaeT Ha PACCTOTHUN J10 24 KUJIOMET-
pog. Jlerkoit KoHTy3uell cunTaeTcs Mopaskarolnii yap mno
6apabanibiM Tepernonkam. /[yt KujaorpaMma TPOTHIA 3TO
HIPOMCXOJUT HA PACCTOSHUM OKOJIO 5 METPOB, a st
«meratonHuKa» — 110 20 kunomerpos ( 6e3 Berpa).

Ho npu B3pbiBax paspylnaioniee u Iopaxarolee Jeii-
CTBME Yallle BCEIO OKa3blBaeT HE BO3/yllIHAas B3PbIBHAs
BOJIHA, a MecTHOe (6/IM3Koe K B3PbIBY), TaK Ha3bIBAEMOE
OpU3aHTHOE JIEHCTBUE U METaTeJbHOE JEeHCTBUE B3PHIBA.
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Tax, a71a pazpyuieHust 60JIbIIOTO CTPOEHUST HHOT/A J0CTa-
TOYHO HEeOOJIBIIIOTO 3aPs/Ia, 3aJI05KEHHOTO HEIIOCPE/ICTBEH-
HO BHYTPb (WM PSAIOM) C OIOPHON KOHCTPYKIMEd. A
MopaskeHue Jo/iei Mpou3BOANTCS TGO 060JTOUKON B3PHIB-
HOTO ycTpoiicTBa (rpanaTta «JIMMOHKa» ), 160 CHeNuasb-
HO 3aJI03KEHHBIMU B YCTPOMCTBO MEJKUMU METAJJINIECKI-
MU TIPEMETaMH.

IIpu siepHBIX B3pbIBAX K JIEHCTBUIO y/apHOI BOJIHbI
JN06ABIIAIOTCS U TaKue opaskaioiue hbakTopbl, KAK TEILI0-
Boii (M3/1yYeHne OrHEHHOTO Mapa) ¥ PaJualluOHHbI.

Y 1apHble BOJIHBI BO3HUKAIOT HE TOJIbKO B Bozayxe. [Ipn
04YeHb OGOJIbINNX JABJEHUSIX CIIOCOGHOCTb TBEPIOTO TeJa
COXPaHATb CBOIO (DOPMY TepseTcs, U BEUIeCTBO «TeyeT»
nogo6Ho razy. Ho, KoHeuHo, ApyToe COOTHOIIEHTE MEXTY
JIaBJIEHUEM U TIJIOTHOCTBIO MPUBOJUT K JIPYTOMY ypaBHe-
HUIO YJITapHOTO CXKaTHUs, Heskean ajauadara [ToroHuo st
rasa.

HawuGombiee faBjieHne, KOTOPOE MOXKET CO3/IaTh XUMMU-
YeCKUIl B3PBIB B KOHTAKTE C TBEPBIM TEJOM, MOPSIKA
3-10% Tla (um 300000 atm). Ecim okpyskuth TBep/I0-
TEJIbHBIN MIAP B3PLIBYATLIM BENIECCTBOM, IIPH €TI0 B3PbIBE
B TBEPJOM Teje BO3HUKHET cdepuueckas CXOAAIasgcs
ylapHasi BOJHA, KOTOPasi, OTPA3UBIIUCH «CaMa OT cebsi»,
JIaCT PEKOPJHOE [laBJeHUEC B BEIECTBE — [0 10'? TIa
(nm 10 muan atm). TIpu stoM, mpaBaa, Bo3pacTaer u
TeMIlepaTypa, YTO 3aTpyAHseT HaydyHOe HCCJe/[0OBaHKe
BEIIECTBA TIPU TAKUX CBEPXBBICOKUX TTapaMeTpax.

CsxkaTye TBEPAOTO TeJia CXOSIIEHCsT BOJHON NCIIOTb3Y-
eTcs B KOHCTPYKIUSAX SIEPHBIX OGOMO, KOTOPBIE MOTYT
HaiiTn (M HaXOAAT) MPUMEHEHNE B MUPHBIX 1IE/IAX, a HE B
MEJISAX YHUUTOKEHUS KYJTbTYPBI.

JdeToHauusa n ee BO3HUKHOBEHME

Jletonanusi — 310 oco6oe BoJHOBoe (TOUHEe, UMITYJIbC-
HOE) SBJIEHUE, KOTJa XUMUYECKas peakKlHs pacipocTpa-
HSIETCS 110 BEI[ECTBY CO CBEPX3BYKOBOH ckopocTbio. Ha-
puMep, CKOPOCTb JIETOHAIIMOHHOW BOJHBI B TPOTHJIE
coctaBJsieT 7 KM,/ c, a B HEe MeHee MeYaTbHO U3BECTHOM B
HaIlle BpeMsI reKcoreHe — 0KoJio 9 kM /c. EcTb B3pbiBUaThie
BEIIECTBA CO CKOPOCTBIO ieToHalmu 13 kM ,/¢. A CKOpoCTb
3ByKa B BeNIlecTBaX Takoro tuna (TouHee, CKOPOCTb pac-
NPOCTPAHEHUs TTPOAOJIBHBIX YIIPYIUX KojeGanuii) — 1o-
psaka 3 KM/ c.

Kak 00bscHNTD Takue GOJbIINe CKOPOCTH PAaCIpoCTpa-
HEHUST XUMUYECKUX peakiuii? B ra3oBbIX cMecsX BO3HU-
KaeT 6bicTpoe roperue. [Ipu aTOM TIEpeHoc TeMeparypbl
OT Topiovell cMecH K ellle He BOCILJIAMEHUBIIENCS TTPOUC-
XO/IUT 3a CYET TEIJIONPOBOJAHOCTH U 3a cuerT auddysun
AKTUBHBIX IEHTPOB PEAKIIMH — CBOOOJHBIX PaJIMKAJIOB.
Cxopoctn 1epeHoca 4acTHIl ¥ TeMIIepaTypbl MHOTO MEHb-
1le CKOPOCTH 3BYKa, TI03TOMY CKOPOCTb FOPEHNs B Tra3ax
nopsika 20 M,/¢, a CKOPOCTb TOPEHUST TBEPBIX CMeceid
(mopoxos) nopazaka 100 m/c.

Bosbiag ckopocTb geToHAUU OOBSCHSAETCS APYTUMU
npuurHamu. /leroHaiusi — siBJeHHe He TOJHKO XUMUYEC-
Koe, HO B OOJIBINION cTereHn u rasoanHamuyeckoe. OHa
00DbsICHSIETCST PACIIPOCTPAHEHUEM YIAPHBIX BOJIH. B yaap-
HOIi BOJIHE, TJi¢ MOBBINIAIOTCA JaBJCHUE U TeMIIepaTypa,
PEe3KO BO3pacTaeT CKOPOCTb XMMUUYECKON peakIini. Boie-
JISIIOIASACA IPU 9TOM 3Heprust (CKOpoCcTh JABUKEHHS dac-
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THI]) MIPAeT POJIb IOPIIHs, CKUMAIOLIETO €llle He Ipope-
arupoBaBlIee BeIecTBO yaaphbiM (a He 00bIYHbIM aguaba-
THYEeCKNUM) croco6oM. TakuM 06pasoM JeTOHAIIMOHHAS
BOJIHA caMa ce0s ToJAepKUBaeT.

VHTepecHbl NPOLECChl BO3HUKHOBEHUS JETOHALMU B
KOH/ICHCUPOBAHHBIX CpeflaX. Y MHOIUX B3PbIBYATBIX Be-
LIECTB OHA HAYMHAETCH TOJLKO I[PU ONPEAEJEHHBIX U
JIOCTaTOYHO CUJIbHBIX BO3AEHCTBUAX . TPOTHIOBBIE LIAIKY
(KMPIIMYMKY, OXOKKE HA MbLIO) MOKHO HO/KEUb, U OHK
OyAyT TopeThb, 4Yajis, Kak Iutoxue Jposa (maprusanbl
YaCTEHbKO HCIIOJIb30BAIN MX IS PACTONKU B CHIPYIO
norozy). JIJst TOro uToGbl TPOTUII CAECTOHUPOBAJ, HYKHO
NPUMEHNTDh yAapHOe BO3JAEHCTBHE — IIPOM3BECTH B3PbIB
CHavaJa B KallCIoJle-IeTOHaTope. YaapHad BOJHA 3TOTO
«ITPOBOKATOPa» B CBOIO OYEPEb 3aCTABUT CACTOHUPOBATDH
TPOTHJIOBYIO MIAIIKY. A B KaIcoJ1e-AeTOHATOPE COAEPKNT-
¢ Apyroe, ropasno 6oJee YyBCTBUTEIHHOE B3PHIBYATOE
BELIECTBO, KOTOPOE MOKET CJAETOHUPOBATH IIPU HEGO0JIb-
mom yzaape (rpemydas pryts). Ceiiuac yaiie TpUMEHSIOT
3JIEKTPOAETOHATOPDI, B KOTOPBIX HAXOJMUTCS CIELUATHOE
BEIECTBO — a3u/l CBUHIIA, JIETKO JIETOHUPYIOIee OT Harpe-
Ba (OT IIPOBOJIOYKH, 10 KOTOPOIi IIPOIIYCKAETCS TOK).

Ouenb MHOTOE B JIETOHALIMOHHBIX IIPOIIECCAX EIe OCTa-
eTcs 3araflouHbIM U KJleT CBOUX UcCJejgoBaTeelt.

B3prB-CnaCVITeI'Ib

Y napHble BOJIHBI U JICTOHAIIMOHHBIE TTPOIECCH UTPAIOT
BAKHYIO POJIb U TIPY SIZIEPHBIX B3PbIBaX. JTH B3PLIBHDIC
SIBJIEHUST CTAHYT TEMOH cJiefyioleill cTaTbi M3 <«B3PbIB-
HOIi» cepur. S yBepeH, 4TO KOr/a-HUOY/[b HACTAHET MOpa
rao6anu3aiy O0JIbIIMHCTBA 3¢MHBIX TOCY/IAPCTB U HABCET-
Jla UCYE3HET OMACHOCTD A/1€PHOI BOIHDI, a A/IepHbIE B3PbI-
BbI BHOBbD C YCIIEXOM OY/IYT IIPUMEHSITHCS B CAMBIX PA3HO-
06Pa3HBbIX MUPHBIX HEJIIX.

MosxeT 6bITh, UMEHHO sIIEPHbBIE B3PBIBBI CITACYT YeT0Be-
YeCTBO OT IJI06ATBHON KaTacTpodbl — CTOJTKHOBEHUS Ha-
el TIaHeThI ¢ aCTePOU/I0OM M KoMeTol. CIerna incTs
[lerTpa KOCMUYECKUX TIOJIETOB IMEHU MapiaJsia, BXO/Is-
mrero B coctaB NASA, yike pazpaboraJii MoJieJib alnapara,
MIPEIHA3HAYEHHOTO JIIs 9Tol 1esu. KopabJib-TiepexBat-
YUK Oy/JIeT UMETh 10 TECTU SIEPHBIX OOETOJOBOK, KOTO-
pble, TT0oYePEeIHO B3PHIBASICH HA TOBEPXHOCTH aCTEPOU/IA,
MPUAALYT UMITYJTbChI, TIEPEBOASIINE €T0 HA IPYTYIO TPAeK-
TOpHio, 6e30MACHYIO s 3eMJIN.

Onnoit U3 TepBbIX Ilesieil KopabJieii-epexBaTInKoB
MOJKeT cTaTh actepou/i Anoduc, KOTOPbIii 110 IpeBapu-
TeJqbHBIM pacyeram B 2029 ropy mpOJIETUT MUMO 3eMJIH
Ha pacctogHun okoJsio 37000 KM, 4TO TPUMEPHO COOTBET-
CTBYET BBICOTE TeocTallnOHapHOiT opOuThl. [1pm mocieny-
IONEM <«BU3WTE» OH CMOXKET TOJ[ JEHCTBUEM 3eMHOTO
TATOTEHNS W ynacTh Ha 3emuio. /lmameTp atoro actepon-
na oxono 400 kM, Macca TOpSAAKA 2-10%° kr. Dr0 MO-
6oJibllie, YeM BeChb aBCTPaJIMHCKUIl MaTepuk. Maciitalbl
KaTacTpo(bl HEBO3MOXKHO JIaXKe MPE/CTAaBUTh — BPSJL Jin
MOCJIe 9TOTO CMOYKET COXPAHUTHCS JKU3HD Ha 3eMJe.

Tak 4TO B3PBIB-BOUTEND, KOTOPBIA OBIBAET U B3PHIBOM-
PaGOTHUKOM, MOKET CTaThb W B3PbIBOM-CIIACUTEJIEM.

(lpogomxerne creqyer)



MHoxecTtBa Xionna

H.4OJT6UNJTNH

Bmecto nporsnora: BoCcnoMmnHaHune
O AaBHeEM nyrtewecrenn

B manexom 1968 rogy MHE TOCYaCTIMBUIIOCH COBEPIINTD
nyTenrecTBre B Kaprarpl ¢ MOUM yuuTeseM, BbIIAIONIUMCS
matemaTukoM bBbopucom Hukomaesuuem /lenone. B onun
MACMYPHDbIIi IeHb BO BpPEMsI ITPOTYJIKH 5 OKa3aJICs Ha cejljie
o BepmmHOi l'oBepsia. B crmyckasiieMcss Ha BOCTOK
mupke, B Merpax 100 Hmke cemia, OYPJIHJI MOIIHBI
MOTOK. ITO GbLT ucToK peku [IpyT. CrJoH, cOeraBimii Ha
I0T0-3a1a/1, ObICTPO YIIYyOJISSICh, IEPEXO/INJI B YIIETbE, U3
KOTOpOTo BbITeKkasa peuka ['oBepasaka. Hamo MHOI HaBU-
caJl unTeHcusHO TagBinuil (sres0 GbLIO B Havaste Masl)
cHe)XHUK. YacTo maziaBime ¢ OrpoMHON COCYJIbKU KalljIn
00PAa30BbIBAIN MOYTH HEMPEPBIBHYIO CTPYHKY. CHIbHbIH
BeTep, MOJIHUMABIIUICS € IOTO-3aIa/[HOTO IUPKA, CHOCUJI
9Ty CTPYHKY HA BOCTOUHBII CKJIOH 06Jie/IleHe0N IO~
KU TI0/T CHEXKHIKOM, OTKY/Ia BOJla yXo/uyia BHU3, K [IpyTy,
BriajaoniemMy B [lynaii. Ho kak ToJbKO BeTep Ha MTHOBe-
HUE CTHXaJ, BO/Ia BEPTUKAJbHO I1ajlajia Ha IJIOHIAJIKY,
HAKJIOHEHHYIO K 3amajy, U cTeKaJa B JIPyTylo CTOPOHY, K
loBepsisiHKe, KOTOpasi MHOTO HIDKE Bajana B Tucy, a ta
— B [lynaii. VI XoTg paHO WM TTO3/THO 9TU «BOCTOUYHBINY 1
«3alajIHblii» MOTOKU CJHMBAINCH B OMuH (BOJIM3H yCTbs
JlyHast), 10CTatouHo ObLIO B3TJIAHYTH Ha KapTy, YTOOBI
MOHATH, KaKasd pa3Has y HUX CKJAJbIBATAch Cyaboa.
Oco6eHHo Mopaskaao — HACKOJIBKO MOBe/leHNe CTPYIKH,
BBITEKABIIEH W3 CHEXHWKA, PAJUKATLHO 3aBUCEJO OT
JlyHOBEHUS BETpA.

HeckonbKo cfoB 0 KOMIMEKCHbIX Ynucrax

[Ipeske Bcero HaM MOHALOOMTCS KOE-4TO, COBCEM He-
MHOTO€, U3 TeOPUHI KOMILJIEKCHBIX Yncel. Mbl KOHCIIEKTUB-
HO TIPUBE/IEM JIMIIb caMble HeOOXOJAUMbIE CBeeHus. !

Komnaexcuvim wuciom z Ha3bIBAeTCs HMPOM3BOJIbHAS
napa BeuecrBeHHbIxX uncen (a,b) . Ilpu atom

(a) aBa koMmILIeKcHBIX uncia z = (a,b) u z’ =(a’,b’)
CUMTAIOTCS PABHBIMU TOT/Ia M TOJIBKO TOI/Ia, KOTJAa = a’
ub=>u;

(6) BemecTBEHHOE UNCTIO @ MPeCTaBgeT co6oil JacT-
HBII corydail KoMiiekcHoro uncia a = (a,0);

(B) c10’eHME W BBIMUTAHNE KOMILJIEKCHBIX YHCE OIIpe-
JIeISIeTCsl B TOYHOCTH KaK /IS BEKTOPOB 1O (hopMy.Ie

21 i22 = (621 ia2,b1 ib2),

(r) yMHOXKEHME KOMILIEKCHBIX 4vuces 3aaaercs ¢dop-

! Boaee n00pPOOHO 0 KOMNAEKCHBIX YUCAAX MOKHO NPOUUMAND,
nanpunep, ¢ cmamosx JI.C.ITonmpsaeuna <Komniexcuvie wucaas»
(«Keanm» No3 3a 1982 2.) u «Ocnosnas meopema arzebpors
(«Ksanm»> Ned 3a 1982 2.).

MyJION
2122 = (611,b1)(dz,b2) = (d102 - b1b2, a1b2 + b1az) .

OtMeTHM, 4TO ecsu 06a KOMILJIEKCHBIX UYMCJIA SBJISIOTCS
BeIlleCTBEHHbIMU, T.e. by = b, =0, To mpaBuIo0 yMHOXKe-
Hus () KOMILIEKCHBIX YKCEJ COBIAJaeT ¢ MPABHJIOM
YMHOKEHWS BEIECTBEHHBIX YHCE.

OGBIYHO KOMILIEKCHOE YICIIO (@,b) 3aliChIBAIOT B BUJE
JABywJieHa a + bi, vhae i — Tak Ha3blBaeMask MHUMASL
eounuyd, T.e. TAKOE <«HOBOE YHCJIO», HE SBJISIONIEECS
BEIIECTBEHHBIM, KBA/[PAT KOTOPOTO TI0 OIPEIEJEHUI0 Pa-
BeH —1. B aTom cuyuae, Harpumep, IpousBe/ileHue JABYX
KOMILIEKCHBIX YHCEJ COOTBETCTBYET [IPOU3BEAEHUIO COOT-
BETCTBYIOIIUX /[BYUYJIEHOB:

(611 + b1l) (LZ2 +b21) = 611612 + a1b2i + b1ia2 + b1b2i2 =

= (a1ay = byby) + (b +byay )i

Komriekchoe uncio z = a + bi MOXHO TpeACTaBUTDH

T0uKoil (a,b) Ha koopiunartHoil miockoctn (puc.1,a).

[Ipu aTOM CaMa KOOpJAMHATHAS TIJIOCKOCTD, KasK/las TOUKa

(a,b) KOTOPOIl OTOK/ECTBIEHA C KOMILIEKCHBIM UICJIOM
z = a + bi, Ha3bIBAETCA KOMILIEKCHON TLIOCKOCTBIO.

a) yn 6) Y4

¢ z=plcosp + ising)
Py oo IR

P

=W

>

0 a X O

Puc. 1

Tpuronomerpuueckas popma 3arucu KOMILJIEKCHOTO YHC-
a2 umeer By z = p(cos +isin¢). 3gecy ¢ ecrb yron
Mexkay ocblo Ox u BeKTOpoM Oz, a P — MO/IYJb
2| = Va* +b® wmcnma z, wm, 4TO TO Ke caMmoe, JIHMHA
sekropa Oz (puc.1,6).

W, wnakosel, HaMm TOHaJ06UTCS Wu3siHAsA (opmyJia
Myaspa:

2" = (p(cos ¢ +ising))" =p” (cosnd +isinmp). (1)
KopueM n-if crenenn u3 yncna z = p(cos ¢ +isin ¢p) HasbI-
BAETCS KOMILIEKCHOE YNCJI0, N-5 CTElIeHb KOTOPOTO paBHA
z. [lpyras ¢gopmysa MyaBpa jaer IpejcTaBieHne BCeX
KOpHEll n-ii CTeleHu:

Yz = %(cosw+isinwj,
n

n
k=0,1,..,n—-1.
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[IpuBenem Takke akr, BBITEKAONUNH U3 OCHOBHOU
TeopeMbl ajreGpbl: BCSIKUA MHOTOYJEH 7-i CTEeleHn ¢
KOMILIEKCHBIMU  KOa(ppunmentamn (B ToM uymcsae u ¢
BEIIECTBEHHBIMMI) MMeeT B 00/1aCTH KOMILJIEKCHBIX YHCeJI
POBHO 7 KOPHEH.

MyTewecTBMe cTPeko3bl TUXUM YTPOM

B omHO mpekpacHoe JieTHee THXOE yTPO MOTPbITYHbS-
CTPeKO3a, IPOCHYBIINCH BTOUKe 2y = Py (cos ¢y + isindy),
OTIIpaBUJIACh B IIyTelllecTBUE, lepeJsieTas U3 OAHOIO IIyHK-
Ta B ipyroil. byem nosarath, 4To 1MOCJIE IEPBOTO TepeJie-
Ta CTPEKO3a OKa3a/iach B TOUKE z, = zg , TIoCJie BTOPOTO —
BTOUKE z, = 27, T10CJIE TPETHErO — B TOUKE ..., IPABUJIBHO,
B TOUKEe z5 = z3 W Tak janee. M BooGuie, ecan mocJe
(n — 1) -ro mepesteta cTpeKo3a Gblia B TOUKE z,_; , TO IOCJIE
n-TO TepesieTa OHa OKKeTCs B TOuKe z, = z-_, . MHOXe-
CTBO

2 2
20,21 :Zo,...,zn :Zn_1,... (2)

TOUEK <«IIPU3EMJIEHNST» CTPEKO3bI Oy/IeM Ha3bIBATh OPOU-
moi.

Pacemotpum, uto mpejcraBisier coboit opbuta. fAchHo,
uTo HauatbHas Touka Zy = P (cosdy +isindy) ommo-
3HaA4YHO omnpejensier opoutry. Ilo ¢popmyse Myaspa apry-
MEHTBI TOUeK OPOUTHI CYTb @, 2¢, 22 $gsrer 2" Gy M T
Mopmymn Touek opOMTBI PaBHBI P, pg, pé,,,,,pg" u T.0.
OueBuiHO, 4TO OPOUTA JICKUT Ha OBICTPO PACKPYUUBAIO-

meiicss yxonsmeil B
s 6ECKOHEUHOCTD CITHPa-
. 0 au, ecam Py >1
& (puc.2). Ecam xe
2 py <1, To opbuta Je-
JKUT HA CIIUPAJHU, 3aK-
pyduBamoomeiicsa K
\ nymo. Ecau Touka z
JIEKUT HA €JIMHUYHON
OKPY’KHOCTH, T.€. €CJIN
Py =1, TO Bcsa opbuta
JIEXKWUT Ha 3TOM OKPYIK-
HOCTH.

Takum o6pasom,

ecJin |20| >1, 10 Op-

UM

Puc 2

6uta, 3ajaBaeMas popMyJioi z, = 22,1 , y6eraer Ha Gec-
KOHeyHOCTh. Ecsm sxe |20| <1, o, maobopor, opbura
ocraercsd ozpanuuennol. bosee Toro, B HalleM cJydae
OHa He TOKW/IAeT €JMHUYHBI KPYT W TPUTATHUBAETCS K
HYJTIO.

ITO OUeHb HATIOMUHAET pacipeieieHne 3eMHOI CYTIH 10
TaK Ha3bIBaeMbIM BOJIHBIM Oaccefinam. M3 Kypca reorpa-
¢um nzBectHO 0 OGacceiine pexn Boura, o Gacceiine o3epa
baiikan... YciaoBuas Junus, pasessionias OacceiiHbl
pek, ckaxkem Bonaru u [[ona, Ha3biBaeTcd BOOPA3/IEJIOM.
DNM30/], PAaCCKA3aHHbII B HAa4YaJie CTaTbU, POU3OIIE] HA
Bojtopasjiesie 6acceiinos IIpyra u Tucet (BripoueM, o6e oHu
BriazaoT B [lyHaii). 4

B caryyae utepanun z, = 25_1 Bce OpOUTBI, HAUUHATOTIU-
ecsl BHYTPU €IMHUYHOTO KPYTa, CTEKAIOTCA K HYJIO, B TO
BpeMs Kak OpOWUTBHI, HAYMHAIONIMECS BHE JTOTO KpPYTa,
CTEKAIOTCS K GECKOHEYHOCTH. EAMHUYHBIN KPYT SIBJISETCS
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6acceitnom «okeana Hysb», Bcst octasibHast 4acTh MJI0CKO-
CTH COCTaBJISIET Oacceill «OKeaHa BecKOHEeuHOCTb» .

Bopmopasgen Mexay STUMU OKeaHAMH TIPOXOJUT TI0
e/IMHIYHOMN OKPYsKHOCTH |2| = 1. Mesk 1y Toukoii, nexanieii
BHYTpH OacceliHa, W TOYKOH, JexKalleil Ha BoJopasedie,
UMeeTcs KauecTBEHHOEe pasjuuue. Y KaKIOW TOUKU z,
JIeKAIIell BHyTPU eIMHUYHOTO KPyTa, HEKOTOPasi ee OKpe-
CTHOCTH JIEKUT BHYTPU 3TOr0 Kpyra. [pyrumu cioBamu,
OpOUTBI, HAUNHAIONUECS B TOUYKAX, JIOCTATOYHO OJIU3KUX K
TOYKE 2, BHAJAIOT B TOT XK€ OKEaH, 4TO N OPOUTA TOUYKH
2z, . CoBceM mHaAue 06CTONT J1eJ10 Ha Bojtopas/este. [Ipons-
BOJIbHASI, CKOJIb YTOJHO MajleHbKas OKPECTHOCTh TOUKH,
JleKalleil Ha OKPYsKHOCTH |z| = 1, comepsKuT Kak TOUKH
BHYTPH, TaK M TOYKU CHAPYKU eIMHUIHOTO Kpyra. Takum
06pa3oM, PIOM ¢ JII060I TOUKOI BOIOpas3/iesa HaXoAsATCs
CKOJIb YTO/THO GJIN3KO TOYKHU, YbW OPOUTHI BIAJATOT B OJIUH
OKeaH, M TYT JKe PS/IOM CHJIAT TOUYKH, U3 KOTOPBIX BbITEKA-
10T OPOUTBI, BIAJIAIONINE B IPYTOI OKEaH.

VMeHHO HA 3Ty OCTPYIO UYBCTBUTEJIHHOCTH TIOBEJCHUS
opOUT B 3aBUCUMOCTU OT BbIOOpA HAYAJIBHOU TOUKU IIPU
OTIpe/IeIEHHBbIX yCea0oBUsAX oOpartus BuuManue B 1918 romy
dpaniyscknii Matematnk JKionua® . Matematuk b.Man-
JeabOPOT, TPOSIBUBIINI CePbe3HbIN MHTEpeC K paboTam
JKromma, Ha3Bas Takue «BOAOPA3EabI> B UECTh TIEPBOMC-
caenoBatesisi MuHoxkectsamu sKionmma. CripaBenBocTu
pajii, HAJI0 CKa3aTh, YTO He MeHee CEPbE3HbI BKJIA/L B 3TOI
o6acTr GBI c/ieTaH TaksKe JPYruM (PpaHIy3CKUM MaTe-
MmaTukoMm I1.MDaty. Pazymeercs, Bpsz i 6b1I0 GBI OTIPaB-
JTAaHHO KaK-TO 0cO60 HA3bIBATDH CTOJIb TTPOCTO YCTPOECHHBIN
Bofopasaen (nMeercss B By €IMHMYHAS OKPYIKHOCTD),
ecsiit ObI Bce 0OCTOSIIO CTOJIb TIPOCTO, KAK MOTJIO TIOKA3aTh-
cs1 na nepsbiil B3rJsi/. Celiyac Mbl YBUIMM, YTO 3TO COBCEM
He Tak.

N nopHaAncsa BeTtep...

PaccmoTtpum op6HTY CTPEKO3BI B CJydae, €CJU «IIyeT
HOCTOSHHBIN BETEP», T.€. «BeTep», UMEIOIIUHI IOCTOSHHbIE
HallpasleHue M CHIY. o y
Wrak, «Betep» — 3TO BEK- z"
TOp Ha IJIOCKOCTH, KOTO-
pBIT MOJKHO 3aJaBaThb

KOMILJIEKCHBIM YHUCJIOM C. » A,
KoHkperHO, MBI TIpeamno- (P(P
JlaraeM, 4TO CTPEKO3a BO 0 'f

BpeMsI CBOETO IIPbIKKA 13
TOUKI 2 B TOUKY 2> J0101-
HUTEJBHO «CHOCHUTCSI BET-  pyc 3
pOM» Ha BEKTOP, 33/laBae-

MBIii KOMILIEKCHBIM yncJioM ¢ (puc.3). [Ipyrumu cioBamu,
opb6uta 3ajsaercss popmy.ioii

z =z +c,taen=1,2, .. (3)

Jlerko BHWJIETH, YTO <IITHJIEBasg» opbuTa (2) ecTh yacT-
HBII C/Iyuaii «BeTpeHHoit» op6uTbl (3), COOTBETCTBY O

2 Tacmon Xwoaua (1893-1978) 6o epemst nepeoll Muposol
60UHbL NOAYUUL msKkenoe panenue. Ce0i0 3HAMEHUMYIO padomy
«Memyap o6 umepayuu payuOHAILHLIX DYHKYUL> OH HANUCAIL 6
zocnumaie 6 1918 200y 6 unmepeaie mexdy 06yMms 60Je3HEHHLIMU
onepayusimu.



snavenuio ¢ = 0. Tenepb st GUKCUPOBAHHOTO KOMILIEK-
CHOTO YHCJIa ¢, BOOOIIE TOBOPSI HE PABHOTO HYJIIO, PACCMOT-
puM op6uty, sagannyio dopmymoi (3).

HazoBeM TOUKy 2, 6ezaankoil, €CoM HAUMHAIOMIASCS B
Heil opbuta (3) y6eraer Ha GeckoneuHoctb. Ilog aTM
MOHMMAETCS cle/lyioliee: Kakoii Gbr GoIbInoil KpyT [z] < R
Ha [JIOCKOCTH HU B35ITh, CYIECTBYET HOMED R, 3aBHUCSIINI
or paauyca R (k = k(R)), TaKOW, YTO 6ce TOYKU 2, B
op6ure (3) ¢ HoMepamu n > k JieKaT BHE JJAaHHOTO KpyTa,
T.¢. |z > R npn n > k(R) . O603Ha4NM MHOXKECTBO BCEX
TOueK-Ger/IIHOK 11pu (pukcupoBanHoM ¢ uepes E, (ot
aHrmiickoro escape — y6erars). Hanpumep, B 4acTHOM
caydae ¢ = 0 MHOKeCTBO E[ COCTOUT U3 TOUEK, JEKAIIX
BHE €[JMHUYHOTO KPYTa.

Hanpotus, ecin op6ura (3), HaunHaomasicst B 2, , Bce
BPEMs 0CTaeTCs B Ipe/iesiaX Kakoro-1o (IycTb Jaske 04eHb
GOJIBIIIOr0) KpyTra, TO TOYKY 2, HA30BEM NJICHHUUEU.
MHO3KeCTBO BCeX TOUYEK-IIJIEHHUI] Oy/leM Ha3bIBATb NJeH-
HuimM 1 0003HAUATh Yepe3 P, . Kax Mbl yske Bujie/m, Koria
¢ = 0, njaeHHoe MHOXKeCTBO Fy — 5TO €AMHUYHBIA KPYr
{z:|2| <1} . Bee touku mnockocetu, nexaniue Bue enHmy-
HOTO KPYTa, SBJASIOTCS GersIHKAMU 1 COCTABJISAIOT ybezd-
1owee MHOKeCTBO Ej .

TunoTeTHYeCKN UMEETCST U TPEThsI BO3MOKHOCTD, KOT/Ia
op6uTa, ¢ O/HOI CTOPOHDI, BBIXO/HT 34 IIPE/IEJIbl JTI060T0
JIAHHOTO KPyra CKOJIb YTOJHO MHOTO pas, a C JIPYroii,
BO3BPAIIAETCS B OTOT KPYT CTOJIb ke MHOTO pa3. OmHako
B CHJTy «T€OPeMBI 0 OETJISTHKE» , KOTOPYIO MBI TOKAXKEM B
caemytonieM naparpade, TpeTuit ciaydail HeBO3MOKEH.

Wrak, mas GUKCHPOBAHHOTO KOMILIEKCHOTO YHCIA €
KasK/last TOUKa 2, IJIOCKOCTH SIBJISIETCS NGO GEryISHKOI,
6o TUIeHHUIEH. J[pyruMu cJioBaM#, BCSI TLTIOCKOCTb
pacrajaercst Ha aBa MHOKecTBa: P, n E, .

W3 TeopeMbl 0 GETJISTHKE JIETKO CJIEAYET, UTO €CJH Z —
TOYKa-GerJisiika, TO ee JIOCTaTOYHO MAJeHbKasi OKPeCT-
HOCTb COCTOUT JIMIIb U3 TOUEK-OErJISTHOK.

MHOKECTBO TOYEK IIOCKOCTH TaKHUX, Y4TO B KaxKI0W ee
OKPECTHOCTH CO/IEPIKATCS KAK IIJIEHHUI[bI, TAK U OETJISTHKH,
06pasyioT TPAHUIy MeKIy MHOXecTBamMu E. u P.. 910
MHO’KECTBO HasbIBaeTcst Muoxecmeom sKioaua J. . Mox-
HO TIOKa3aTh, YTO MHOKeCTBO JKI0JI1a COCTOUT TOJBKO U3
IIJICHHUIT.

[To onpenenenuto MmuoxectBa JKionua, mpu ¢ =0 MHO-
JKeCTBO J, eCTb eMHUYHAs OKPY’KHOCTB, HO mpu ¢ # 0
xapaxTep MHOKecTBa J, cepbesno mMensercs. Ha pucyike
4 mpusenennpl MuoxkectBa JKiomma J, TpPH Pa3IMIHBIX

a) 6) 6)

c=0,0+0¢
Puc. 4

c=-0,25+ 01 c=-0,5+0i

3HaYeHusix ¢. Mbl BUAUM, YTO C yBEJIUYEHHEM MOJIYJIS lc|
JMHUST «Bojopaszaenay sKionma cranoButcs Bce 06oJiee
CJIOYKHOI U M3JIOMAHHOIL.

YcnoBue y6eraHms opouTbl

Teopema o Gerasinke. [Tycms mouxa z, maxosd, umo
20| 2 [c| u |zo] > 2. 4)

Tozda opbuma z, =z>_| +c, HAMUHAIOWAACS. 6 MOUKe
2y, ybezaem na 6ecKoneunocmy, OpyzuUMu CA08AMU, MOYU-
Ka z, 26a8emcs 6e2aAanKoll.

IlokazatenbcTBO. [Ipesje BCero 3amMeTuM, 4yTo Hepa-
BeHcTBa (4) He ABJIAIOTCS HEOOXOANMBIM YCIOBHEM TOUKH-
Gerssiuku. Touka z, MOMKeET He Y/IOBJIETBOPSTDH YCJIOBUIO
(4), HO ecail KaKI-TO TOUKA IA
OpOUTDI yIOBJETBOPSIET HTO-
My YCJIOBMIO, TO opburta —C |2+l 2
y6eraetr Ha GECKOHEYHOCTH
M TOUKa Zy ABIACTCA Ger- Il |
JITHKOIA.

IIycth TOUKa z yAOBJIET- 0
Bopsier yeaosuio (4). Tak %
kak B (4) BTOpoOe HepaBeH- »
CTBO — CTpPOroe, TO puyc 5
|z| = 2 + €, rae € — Hexoro-
poe TOJIOKUTENbHOE YUCA0. B Culy HepaBeHCTBAa Tpey-
rosbhuka (puc.5), umeem

= e e ol ol

4

13 (4) u (5) nonyuaem
|22 +¢| 2|2 ~Ie| 2|2*| - |2l = (2| - 1)|2) = (1+€) 2] .

Wrtak, ecau ToYKa z yJaoBjaeTBopsier yciaousm (4), 1o
|22 + C| 2 (1 + 8)|Z| . Iloatomy, ecsm paccTostHEE OT TOYKH
2z, opouTeI 10 Havasma 0 mpeBocxoAuT 06a uncia || u 2:
|29| > max{|c],2} , To crenyromas Touka z; op6ursr oTCTONT
eme gaspiine. [IpudeMm koaddurmenT yaaneHuss Kaxabiit
pa3 me Memnbiie (DUKCHUPOBAHHOTO YucJaa 1+ €, CTPOro
npesocxogsmiero 1. Takum o6pasom, ecm z, > max {|c| ,2} ,
TO TOJIYYAIOIAsiCsT TT0CIe R WTepaIuii TouKa 2, OpPOUTHI
6y/1eT pacroJioKeHa oT HavaJla 1o Kpaitneii mepe B (1 + s)k
pas pasubie. Tak kak (1+ E)k MOHOTOHHO M HEOTPaHUYEH-
HO BO3pacTaeT IPU yBeJUYEHUH HOMepa R, TO U TOUKH
Oop6UTHI MOHOTOHHO T HEOTPAHNUEHHO YAAISIIOTCS OT Haua-
ga. Teopema mokasana.

Emte pas mofuepkHeM, 4TO Jajke €CJM TovKa 2, He
YJIOBJIETBOPSIET yeaosuio (4), HO MEpPBbIi 5Ke BO3MOKHBIN
BBIXOJ OPOUTBI z, = 72, 3a Ipeiesbl Kpyra pajuyca
max {\c ,2} rapaHTupyer y6eraHue JaHHOH OpPOUTHI Ha
6eCKOHEUHOCTD.

Yunpaknenust

1. Jdoxaxure, 4to ecau z € E,, TO y TOUKH z CYyIIECTBYET
okpecriocts U (z), conepxamasicst B E, .
2. [lokaxure, uto J, € P, .

HenopBunXHble TOYKMN

Mbl 3HaeM, 4TO NP HTEPAlMH z,,, =z +C OJHH
OopOUTHI yOeraioT Ha GECKOHEYHOCTh, TTPIYeM Takoe y6era-
HHe U/IeT MO0 PAacKpyYMBAIoONIelicss OT HadaJa KOOPJAMHAT
CIUpaJIu € TIOCTOSTHHOM TT0IIpaBKoil Ha «BeTep» c. [Ipyrue
OpPOUTBI «TYJSAIOT> B 06J1aCTH, KOTOPas OrpaHu4YeHa MHO-
skecTBOM yKionma. T OpOUTHI COCTOSAT U3 TOUEK-TLIEH-



12 KBAHT -

Hu1l. Cpeu TOUYEK-TIJIEHHUIL €CTh 0COObIE TOUKH. JTO — TaK
HA3bIBaeMble HENOOBUKHBIE TOUKU.

Touka z HasbIBaeTCsE Henodeuknotl st ynximn f(z)
ecmn z = f(z). Ilpu urepaun z,,4 = f (z,) op6ura He-
MO/BIDKHOM TOUKH OCTAETCST Ha MecTe: 2, = 2, IS TI000T0
HATYpaJbHOTO YKcyaa 7. B cyvae KBapaTHaHON QPyHKITNT
f(z)= 2% + ¢ HemoaBIKHAS TOYKA Z yIOBJIETBOPSIET yPaB-

Hennio 2° =z +¢ =0 Do ypaBHeHe UMeeT /iBa PelleHus
20 w0 (3necn mbr pUMEHsSeM BepXHHE WHICKCDHI,
MOTOMY YTO HIKHIE HCIIOIb3YIOTCS JIJISI HyMepaIluu TOYeK
B opbure).

Wrak, opbuTa HEMOABIIKHON TOUKM HUKY/1a He yOeraer,
T.e. KaXK/agd HeloABIKHAS TOYKA /IeHCTBUTEIbHO ABJISET-
s TIIeHHuIel. Mex /Iy TeM, HeOBUKHBIC TOUKT KBaJIpa-
TUYHOHM (DYHKIMM CYIIECTBEHHO Pa3JuyaioTcsl Ipyr OT
Jpyra B TOM, KakK BeXyT ce6si OpOUTbI, HAUMHAIONINECS
BOJIN3H 9TUX TOUYEK.

Pacemorpum ongare mpocreitmuii caydait: ¢ = 0. U3
YPaBHEHHS z = z° HAXOJMM JIBe HETO/BISKHBIC TOUKH:
A0 =9 , A =1, Mesx/ry HUMU UMeeTcs CyTeCcTBEHHOe

pasmune. Hemoasmknas Touka A9=0, kax Mbi yoKe
3HaeM, «IIPUTATHBAET» K cebe Jo6yio opouTy, HAunHAIO-
IIyI0Cst BHYTPH €IMHIYHOTO Kpyra. B To ske BpeMs ecJn
TOYKA Z JIOCTATOYHO OJIM3KO HAXOAUTCS K JIPYTOil HEMo/1-
Biknoit Touxe 2 =1, 1o paccTosiHue MesK/y 00pasoM 2>
1 HETIO/IBIMZKHOI TOUKOIT 1 60JIbIIIe, YeM MEXTy «Ipoo6pa-
som» 21t 1. Touka 2 =1 [pU UTEPAIAN z, = 2721 Kak Obl
OTTAJIKUBAET OT ceOsi OCMeJINBIIIECs ObLJIO TPUOIU3UTHCS
K Hedl Touku opburbl. Omuum opbutbl (ecian |20| >1)
y6eraior oT 2 =1 na Gecxkoneunocts. [pyrue op6utn
(ecan |z5| < 1) y6erawor or 2V =1 k apyroii nenoaumx-

noit touke 20 =0. Tperbu opOUTEI (|20| =1) pacmoJo-
JKE€HbI HA eIMHUYHON OKPY>KHOCTH.

B ob61iem caydyae HemoABUKHAS TOYKA 20 KBaJ[paTHy-
Hoil byHKUMN [ (z) HasbIBAeTCS NpumszusaOwetl, ecm
CyllecTByeT Takoe umcao € >0, uro Jibas op6ura,
HAUMHATOMIASICS B € -OKPECTHOCTH TOUKH 2\~ , CXOJMUTCS K
A [TpuTsaruBaonyo TOUKy 29 rakoke HaspiBaior ee
1 YCcmouuueoll HEeNOABUKHON TOYKOH, WMes B BHUJY, UTO
pu HEOOJBIIOM OTKJIOHEHUM TOYKU Z OT HETOABVWIKHOMN
touxn 2\*) ee op6uTa BCe PABHO CTPEMUTCS K HEIIOBIK-
HOU Touke. Takum 06pasoM, MPUTATHBAIONIAST TOYKA He
TOJIBKO caMa gBJSETCS IJICHHUIIEH, HO M HEKoTopas ce
OKPECTHOCTD TIOJTHOCTBIO COCTOUT U3 TOueK-TieHHuIl. OHa
JISSKUT BHYTPU ILICHHOTO MHOXXecTBa P., HO He Ha €ro
TPaHUIIE, T.€. NPUMSAUBAIOWAS TROUKA HE NPUHAOLCHKUM
mHoxecmey JKrwoaua J,. .

Henoasuwxknast Touxa 2\ byukiun f(z) —ommarxusa-
1owas, eciau cyuecTByeT Takoe € >0, 4To A J000M
TOYKH 2, YIAJEHHOW OT 2\’ He [jajiee 4eM Ha €, ee 06pa3

f(z) orcrout or AV nambme wem z: ‘(22 +c)—z(1)‘ >

> ‘z - 2(1)‘. OTTaJIKUBAIONAasi TOYKA HA3BIBAETCS TaKIKe
Heycmouuusoll. Jlaske HeGOBINOE OTIUYME HAYATHHON
TOYKH 2, OT HEYCTOWIMBOI TOUKH 2 npusoaut x cepo-
€3HOMY OTKJIOHEHUIO COOTBETCTBYIOIIEH OPOUTHI.

Iycrs 2% — Henoasmwkuas Touka QyHKiM f(z2).
WmeeTcsa BaKHDBIM KPUTEPUH, BBISCHSIIONNI, KaKoBa 3Ta

2008 /Nol

TOYKA: MPUTATUBAIONIAS WK OTTAJIKUBalomas. Mbl 11pe-
nosaraeM, uto Gynkims f (z) auddepeHimpyema B Touke
29 Bamernm, uTo mpon3BoIHAS DYHKIII OT KOMILIEKC-
HOTO apryMeHTa OTpe/lesIsIeTCsT aHATOTHYHO TOMY, KaK 3TO
JleaeTcsl JIIST BEN[eCTBEHHON (DYHKINM BeN[eCTBEHHOTO

apryMenra:
F2)-f()
F(e)= i )
50 550
XapakTep T0oBejieHust OPOUTHI B OKPECTHOCTH HEITO/IBUK-
HOW TOYKHM 3aBHCUT OT 3HAUEHUS IPOU3BOJIHON [ '(z) B
39TON TOYKE.

Teopema. Henodseusxnas mouxa PR PP Dynryuu

(2 <1 u

f(z) sasasemcs npumsizusaiowei, ecau

ommanikusarwel, ecau |f '(2)| >1.

3aMeTuM, 4YTO TPOM3BOHAS KBAJAPATHIHOH (DYHKINN
f(2) = 2* +¢ pasna f’(z) = 2z. B coorBeTcTBIM C HTHM
KpUTEPHEM, B XOPOIIO 3HAKOMOM HaM ciaydae ¢ = 0
Heo/BIDKHas Touka 2\") = ( NPUTATHBAONIAs, TaK Kak
f7(0)] =0 <1, a nenoxsuxknas Touka 2 =1 - orranxu-
Baiomast, Tak Kak | (1) =2>1.

Mbr He 6y/eM /I0Ka3bIBaThb ITOT BAXHBIH (akT /It
(byHKIINIT KOMIIJIEKCHOTO TTEPEMEHHOTO, HO TIOTBITAEMCS
0GBSICHUTD €0 B CJIydae BenlecTBeHHOM GyHkimn [ (x) ot
Berectsennoii nepemennoii x. Iycrs %) — nenoxpiknas

touka ynximn f(x), T.e. 20 = f (x(o)). Paccmorpum
rpaduxu aByx GyHkimil y =x 1 y = [ (x) B OKpecTHOCTH

neroasiknoit roukn 0 . Ilycrs |f ’(x(o) )‘ <1, U3 puCyH-

d) 6)
g -

y=1)

Y
Cd

i

e ——

i
i
1
i
i
i
X

=V

(0),.
(0 T

0 xg 2,270y

X
b frlaVy < ~f<fla™)=1

Puc. 6

KOoB 6,a n 6,0 BUIHO, UTO €CJAU TOUKA X, PACHOTOMKEHA
0
JIOCTATOYHO OJIN3KO K 20 , TO BBITEKAIOIIAs U3 Hee opouTa

0
X4t = [ (x,) MoHOTOHHO MpHOMIKAeTCS K 20

‘xo —x(o)‘ > ‘xn - x(o)‘ >

(0)
Xy — X7 >

YcnoBue «ToUKa X, PacIlosoXeHa JOCTATOYHO OJII3KO»
O3Hayaer: TOYKA X, PacCLOJIOKeHa B TOl OKPecTHOCTU
HEIO/IBUYKHOM TOYKM, T/le MPOU3BOJHAS Y/IOBJIETBOPSET

f/(x)<1.
Ecan e ‘f '(x(o) )‘ > 1, TO BbITEKAlOMas U3 TOUKM X,

opbuta
0)

HEPaBEHCTBY

PACIIOJIOKEHHOH B OKPECTHOCTH TOYKH 0
Xyt =1 (xn) KaKoe-To BpeMs OyeT yAaJIATbCS OT al

(puc.7,an7,6): ‘xo - x(o)‘ > ‘x1 — x(o)‘ > ... [puuem yna-



N =f(x
yp y=1(x) yp =[x
- y=x
A i i
e
A :
i f) > - \ >
0 izl 0 Tstck X5 X
1< £+ ™) <~
Puc. 7

JIEHWEe KaXK/I0ii cyieflyIonieil TOYKU X, ,; OPOUTLI 110 CPaB-
HEHUIO C X, OT HEIOJBUXXHOH TOYKU rapaHTHPOBAHO,
MmoKa opOuTa HAXOAMUTCS B OKPECTHOCTH HEMOJBUKHOI
TOYKH, T/Ie COXPaHSIeTCS HEePaBEHCTBO f’(x)|>1. Ho
KaK TOJIbKO OpPOUTA BBIXOJUT 3a IMPEJENbl TAKOW OKPeCT-
HOCTH, €€ IIOBe/[eHHEe CTaHOBHUTCS HE CTOJIb OJ[HO3HAu-
HBIM.

Yupasknenue 3. /lokaxkure, 4TO OTTAJTKUBAIONIAS HETIO[BUK-

HAsl TOUKA MTEPATOPA X, = X2 +C NPUHAJIEIKHT MHOKECTBY
Kiomma J, , 1.e. gexur Ha rpamune Muoxects P, u E, .

Camonopobue mHo)ecTBa JXionua

OGo3naunM KBaJpaTHYHylo (QYHKIMIO 22 +¢ uepes
f.(z). Hyctp U — MHOKECTBO TOYeK Ha KOMILIEKCHOIL
mockocty, depes f, (U) oGosnaunm o6pas 3TOro MHO-
xecrBa ipn Gynximn f, (). Jpyrumn ciaosamu, f, (U)
ecTb MHOXEeCTBO 06pa3oB BCeX TO4YeK zel :

fc (U) = UzeUfc (Z) :

ITocMoTpuM, 4TO INPOMCXOJUT CO 3HAKOMBIMH MHOMKE-
crBamu P, E,, J. . BosbmeM TOuKy z, € P, . Jlerko Bujersb,
uto Touka [, (2y) Takxke spasercs nnennnueii. /leiictsu-

TebHO, Op6uTa TOukN 2 = f, (Zy) coBmagaer ¢ op6uroii
TOYKU 2, CO CABUIOM HyMepaluu Ha exunuiy. Ilostomy

f.(P.) < P.. Bepno u obparnoe: P, c f,(P.). Takum

o6pasom, P. =f,(P.), T.e. mon peiicteuem pyukimn f,
MHOKeCTBO P, oroGpaskaercst Ha cebs. [lelicTBuTEIbHO,
paccMOTpuM 1poo6pasbl u = f, (zy) Toukm z, = u’ +c.
ITousitHO, UTO OHI 06a TAKIKE SBJISIOTCS TOUKAMU-TIJIEHHNU-
mamu. Tak Kak Kax0ds TOYKA-TUIEHHWIA 2, SBJSETCS
{. -o6pasom Touku-miennuisl, 0 P,  f, (P.) . B raknx
CJIy4asix TOBOPSIT, UTO MHOKECTBO P, UHBAPUAHINHO OTHO-
CUTEJNbHO OTOOpaKkeHust f, .

ITo Toii ke npuumnne y6eraioiniee MHOKeCTBO E, Takske
MHBAPUAHTHO OTHOCHTENbHO otoGpaskenus [, . OTtciona
cleflyer, 4TO TaK Kak Kaxaoe u3 MHOectB E, n P,
SIBJISIETCSI MHBAPHAHTHBIM OTHOCHTEIBHO OTOOpasKeHus [, |,
TO ¥ TPAHHIA MEXKIY HUMH, T.e. MHOKecTBO JKiomma [, |
TaKKe MHBAPUAHTHA OTHOCHTEJNBHO f, .

YcraHoB/ieHHAsT WHBapUAHTHOCTH MHOKecTBa JKiosma
OTHOCHUTEJIBHO [, TIOPOKIAET TTOBTOPSIEMOCTD, TOUHEE CXO-
skecTh, (popMmbl MHOKecTBa sKiosma B 1esioM ¢ hopmMaMu
Bce GoJiee u Gosiee mMeskux ero (parmentoB. Harmpumep,
casderka CepriHCKOTO, onucanHast B cratbe « rpa «Xaoc»

3

1 (paKTagbl» °, OTIMYATACH 3aMEYATETbHBIM CBONCTBOM:
aTa casaderka ObL1a nojo6Ha (J1aske romorernyna) Jo6on
73 CBOMX <«YETBEPTHHOK», KaKIas W3 KOTOPBIX ObLIa
JIMHENHO B/IBOe MeHbIle candeTrkn CepnmHcKoro. Yersep-
THHKA, B CBOIO 0¥epe/ib, 6blta mogobua (onars ¢ koaddu-
ueHToM nomobua 1,/2) «cBoeil» 4eTBEPTUHKE, U T.J. 10
6eckoHedHOCTH. CBOICTBO 11€JI0T0 OBITH TIOJJOOHBIM CBOEH
YaCTU HA3BIBAIOT CAMONOO0OUCM.

Bospmem na MHOXxecTBe yKionmma J, TOUKY z U IIyCTb
U c J, —unexoropas gyra, cojepskaias Touky z. Tak Kak
MHOKecTBO JKIiosma noj sefictBueM f, otobpaxaercs Ha
cebs1, to gyra U mepexoput B apyryio ayry f.(U),
cozepsKaLyio To4Ky f, (z) . Ecom 61 dynkims f, (z) Gblaa
JIMHEIHON OTHOCHUTEJIBHO Z, TO 1peobpas3oBanne f, ObLIO
6b1 1peoOpasoBanneM MOA06USI, KaK 3TO CJAYYUIOCH B
cayyvae canderku Ceprunckoro. OqHako Hama QyHKIHSA
f. (z) e numeiinas, a kBagparmuHas. IToaToMy cooTBeT-
cTByIOIe (DParMeHTbl He SBJSIOTCS MOJOOHBIMU JIPYT
npyry. TeMm He MeHee, OHU BO MHOTOM OY€HD CXOXKH MEKTY
co0oii.

Ha pucynke 8,6 npezcraien (B Tom ke macmirabe)
(pparmenT MHOXecTBa yKiosMa, OrpaHNIEeHHbBIN paMKOi Ha

a)

6) ) 2)

Puc. 8

pucyHke 8,a. @parMeHT, Bbl/leJIEHHBII PAMKOI HA PUCYH-
ke 8,0, yBesmueH Ha pucyHke 8,6. B cBoto ouepeib,
PHCYHOK 8,2 TIpEJICTaBJIsIeT YBeJamueHne (pparMeHTa, yKa-
3aHHOTO B paMKe Ha PHUCYHKe 8,6.

Urpa «Xaoc» n mHoxecTtBa JKionuma

B saxJuiouenne pacckaxxeMm, KaK MOXHO TOJydYaThb Ha
MOHHUTOPE KOMITbIOTepa n306paxkenne MmuoxkectBa sKoma
J. nns moboro 3nadenus c. Ilpemmaraemas mpomeaypa
MIOCTPOEHUSI €CTh TIOMPOCTY BEPCUST UTPhI «Xaoc», KOTO-
past Topo6HO U3JI0XKeHA /1Jist 60Jiee TIPOCTOI CUTYaIUH B
ynomsinyToit cratbe «rpa «Xaoc» u ppakraibis.

[laBaiiTe oTIIpaBUMCS M3 TPOM3BOJIBHON TOUKM-TIJIEHHI-

bl zp € P, (z, # PO Ty TEeTeCTBHE TTI0 OPOWTE «BBEPX»,

3 Cn. «Keanm» Nod 3a 1997 200.
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Hepexo/isi OT OJTHOTO MPoo6Pa3a K MPebIAYIeMY. Y TOUKH
z, uMelTCcsa aBa mnpoobpasa =tz , Takume, 4YTO
f.(2) = (+2)° +c = z, . BoiGepem ojun u3 Hix cayuai-
How 06pasoM U 0003HAYNM €To depe3 z_,. Y TOUKH Z_,
UMEIOTCST OIISATD /1Ba IIpoobpasa *z_, . BeibepeM cayuaiino
O[INH M3 JABYX MPO0OPa30B U 0603HAYNM €r0 Yepe3d Z_, .
[lBurasicb TakuM 06pasom 1o opOHUTe BBEPX U JeJias Ha
KaJK/IOM IIIare CJIyJYaitHbIil BBIGOD MEKIY ABYMS Ipoobpa-
3aMH, TIOJTy4aeM TT0CIeI0BATENbHOCTD Z_(, Z_y, Z_3,... MOX-
HO TI0Ka3aTb, YTO 3Ta CAYUAliHAs TOCJTeN0BATENTbHOCTD
TOYEK, OCTaBasICh BHYTPU MHOXKeCTBA P, , Mpu6JImKaeTcs
K MHOXecTBY sKiosma J,. . Bosee KoHKpeTHO, mocae0Ba-
TesbHOCTh {2_, } cuanT Ha CJI03KHO yCTpOeHHOi criupa,
KOTOPasi aCUMIITOTHYECKN HAMATBIBAETCS HA MHOKECTBO
Kioama J, . [loquepkueM, 4TO B CUJIY CIy4ailHOTO BBIGOpA
O/THOTO U3 IBYX IIPO06PA30B, IPOMCXO/ISIIETO HA KAXKOM
1iare, sTa mocJie[0BaTebHOCTb Touek {z_,} Gyzer namu-
3BIBATHCS Ha 6ce MHoxecmeo JKioaua. [loatomy Heckob-
KO TBICST TEPBBIX TOUEK MOCJaefoBaTeNbHOCTH {Z_, },
BbIBeJIEHHbIE HA 9KPAH KOMIIbIOTEPA, UIMUTUPYIOT MHOKe-
crBo sKromma. Tak kak HavasbHAsg TOYKA OPOUTHI MOKET
6bITb BBIOPAHA IOCTATOYHO JJaJieKo OT MHOXKecTBa yKioma
J, nauop6ura {z_,} cxonutest ko Muoxectsy YKiosua He
CJIMIIKOM OBICTPO, TO HECKOJBKO IMEPBBIX TOUEK OPOUTHI
CJIelyeT BbIOPOCUTD, 1a6bl He NCKaXKaTh KapTuHy. [pyras
HETTPUATHOCTb — OPOUTA PaCIPEAESeTCsS B0Jb MHOMKe-
ctBa yKio/ma He 04eHb PaBHOMEPHO: HEKOTOPBIE YYaCTKU
MPOSBJISIOTCS BeCbMa OTYETJINBO, HA JIPYTUX, HA060pOT,
€CTb «ITPOIICTTUHBI». UTOOBI 3aMMOJTHUTD 3TU TIPOTLIEIITH-
HBI B U300PAKEHNUU, HYKHO JUGO MO3BOJUTH MTPOTpPaMMe
JIOJITO-I0JIT0  paboTarh, Ju60, YUUTHIBAS CaMOIOI00ue
muoxectBa yKionna, «epecajutby Ha MPOILIENINHBI KyC-
ki KpuBoil JKiosma ¢ Ipyrux y»ke MPOsIBUBIINXCS yYaCT-
koB. [Tocnennuii moaxon vHamuoro addexruBueii. baaro-
Jlapsi eMy yiKe TIepBble HECKOJbKO TOYeK OpOUTHI JAioT
nszo6paskenne MHOKecTBa yKiosma, 6071ee OTUETINBOE, UeM
IIPH CTAHAAPTHOM TIOJIX0/I€ — COTHSI TBICSY TOUYEK OPOUTHI.

[IpeoiosieB aTh TPYTHOCTH, BBI Gy /1€Te BO3HATPASK/IEHDI:

2008 /Nol

BbI CMOJKETE CAMOCTOSITEIbHO 3HAKOMUTBCS C MUPOM HU3Y-
MHTEJIBbHBIX 1T0 KpacoTe U pasHoo6pasuio MHOKecTB JKio-
mua. Cyast o aCKU3aM 3THX MHOKECTB, KOTOPbIE JleJsia
cam sR10/ma «OT PyKu», aBTOP BPSJL I TIPE/ICTABIISI BCe
BEJINKOJIETTHE <I[aPCTBay MHOYKECTB, HOCSAIIUX TEMEPh €ro
UMS, & O HEKOTOPBIX TJIYOOKMX CBOHCTBAX OH Jaske He
nogo3peBasi. Hampumep, Bo BTOpoii nosioBuHe XX Beka
6bLT O6GHAPYIKEH <«B3PBIBHOI» Xapakrep Muoxects sKio-
muna. [laBaliTe TpuM 3aJJaHHOM HAIIPaBJCHUU <BETpa» ¢
6y1eM HellpepbIBHO yBeInunBath cuy |c|. [Toayyaromuecs
[IpU 3TOM MHOXKecTBa sKionma craHoBsTcs Bce 6ojiee u
60Jiee CJIOKHBIMU U aXypHbIME. OKa3bIBAETCSI, UTO IMPH
JIOCTHKEHNH HEKOTOPOTo 3HAYEHMsT MOJLY s |c| MHOKeCTBO
Kroma e3puisaemest, pasierasch IpH 9TOM Ha 6eCKOHeu-
HOE YMCJI0 OTAETBHBIX KycoukoB (puc.9). 3nauenne Moy-
g |c|, mpm KOTOPOM HPOMCXOANT B3PBIB, 3aBUCHUT OT
HampasJeHus: Bektopa ¢ . OTJIOKUB Ha IJIOCKOCTH BCe
3HAYEHWS ¢, TTPU KOTOPBIX MTPOUCXO/UT B3PHIB MHOXKECTBA
J., B.Mangeapb6poT TOTyunsa HOBOE MHOXKECTBO, €Ilie

Puc. 9

60Jiee CIIO’KHOE U BOCXUTHUTENbHOE, YeM MHOKecTBa sKio-
sua. Terepb 2TO MHOXKECTBO Ha3bIBAETCS HMMEHEM €ro
OTKpPBIBATEST — MHOMKecmeo Mandeavopoma. Ho ato —
TeMa JPyroil cTaTbu.

HAIIA OBJUOXKA

Mo3aunka 13
CHEeXMHOK

ATIEPBOII CTPAHUIIE OBJIOJKKHU N30BPAJKEHA
MO3auKa U3 TaK HasblBaeMbIX cHexunox Kox. Che-
skuHka Kox sBisercs ogHuM u3 (pakTajoB, 0 KOTOPBIX
MOJKHO TTPOYNTATh, Harpumep, B ctatbe H./lonbuanHa B
3TOM HOMeEpE KypHaJa.
[TocTpouTh CHEKUHKY MOYKHO CJIEAYIOIUM O6PA30OM.
BosbMeM paBHOCTOPOHHUIT TPEYTOJIBHUK, PA3ICTUM KaxK-
JlyI0 €ro CTOPOHY Ha TPH PaBHbIX OTPE3Ka U IIOCTPOUM Ha

CPEIHUX OTpe3KaX IMPABUJIbHbIE TPEYTOJIbHUKH BO BHE-
IIHIOIO CTOPOHY OT ucxozanoro. [loxyuum durypy, orpanu-
yernyio 12 orpeskamu. Pazesum Kask/iplit 13 9THUX OTPe3-
KOB Ha TPH YaCTU U BHOBD ITOCTPOUM HA CPETHUX OTPE3KaX
npaBuiIbHbIE TpeyroabHukn (puc.1).

[ToBTOpMM TY K€ OTeparyio ¢ OTPe3KaMH, OTPaAHNINBA-
IOIIIMI TIOJTyUeHHYI0 purypy, u T.1. B mpenese kax pa3s
noryunTest cHesknHKka Kox.

OTMeTHM, 9TO MepUMeTp CHEKMHKH GeCKOHEUEH, a TLIO-

1Ila/Ib KOHEYHAa U paBHa g Tomagn nCXO0/HOTIO TPEYTroJib-
HHUKa.

(MponornxerHme cm. Ha ¢. 29)
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JleB laBmnooBund JlaHpay

22 gHBaps 2008 rofa ucrosiHnaocs bbi CTO 1ET BEIMYANLLEMY
@usuKky-reopetuky XX Beka JIbBy [asuosudy JlaHaay.

llpennaraem BHUMAHWIO YNTATEEN OTPBLIBOK U3 KHUIMM
M.U.Karanosa «llikona JlaHaay: 4to 4 0 Hew [yMar» (KHura
BbIfyLLeHa W3AATENILCTBOM «TpoBaHT» B 1998 rogy). Asrop
KHUTU [TPUIHUMA/T CamMoe HErnoCPEeLCTBEHHOE y4acTue B XHU3HU
31041 LLIKOsIB.

JIpBa [laBUmOBUYA HUKOT/A HE MPUBJEKAJU MOJHbIE
YBJICUECHUST YUTATEIbCKON ayIUTOPUH: CHESKHDBIN UeJIOBEK,
TeJenartus, JeTaloliue Tapejaku u T.11. boabumuceTBo mo-
JOGHBIX yBJIEYEHUTT OH CYUTA HMHTEJJIUTEHTCKIM Cy€eBePH-
€M U OCTPO BbICMEHBAJI.

5l HeoHOKPATHO paccKasbIBaT 06 MPOHIMYECKOM OTHO-
nreHnn /lay K «TauHCTBEHHBIM» SIBJICHUSIM, M 9acTO CJIy-
nrarem oOMKaINCh 32 «TAWHCTBEHHOE» SIBJIEHUE, BBICKA-
3bIBaJIM yAWBJEHWE, WHOTAA Jake Tojo3peBain JIbBa
[laBunoBnua B orpaHmvyeHHocTu. /[leso, KOHeYHO, He B
orpaHnyeHHocTH. IloBbIlIIEHHBIII MHTEpeC K TaWHCTBEH-
HBIM, 3ara/loYHbIM Ipo6jeMaM, KaK IPaBUJO, CBI3aH C
TeM, YTO OObIYHbIE, €Ke/HEeBHbie MPOGJIEMbI CKYUYHEIOT,
TepSIoT cBexkecThb uto Jm. B Jlangay mopaskan neocsabe-
Balomuii ¢ rogaMu uHTEpeC K peatbHbIM (6OMBIIMM 1
MaJIbIM) 3aJa4aM, KOTOPbIe CTAaBUT W PelraeT (pUsnKa.

On pasroBapmBaJ 0 HayKke ¢ COTHAMH (u3mKoB. OHU
PaCCKasbIBAIN €My caMble PAa3JMYHble PaGoThI, OTINYAT0-
HIMECST TI0 TPYIHOCTH, TI0 TJIyOWHE, TI0 3HAYUTETHbHOCTH,
paboTbhI, OTHOCSIIUECS K CAaMBIM PasHbIM OOBEKTaM — K
TBEP/IBIM TeJIaM U K 2JIEMEHTAPHBIM YacTUIAM, K 3Be3/1aM
u K Ta3aM. Pab6ora BoicaymuBagach /lay, BbICIYITUBAJIACD
1 3aHMMaJIa MECTO B €ro (DaHTACTUYECKOH TaMATH B TOM U
TOJIBKO B TOM CJIydae, eCJIM OHA yIOBJIETBOPSLIA TPOCTOMY
OPUHIUITY: PaboTa MO/KHA Pa3bsICHUTD YTO-TO HEIOHST-
Hoe. BeckoneuHo paszbsacHSOMUMCS 1 6ECKOHEYHO CTaBsI-
IIMM HOBbIE 3araJIKU — TaKUM BUJeJ U ourymiaa mup [lay.
OcTpblil HHTEpPEC K PEHICHUIO PeaJbHbIX 3a/lay He OCTaB-
JISLTT MecTa IS 33/1a4 Ha[yMaHHbBIX, XOTs, OBITb MOJKET, 1
BechMa yBJeKaTesbHBIX. U eme: Jlanmay Bcera Tpe6oBa
pohecCHOHATLHOTO OTHOIIEHUS K HAayKe, He JTIOOUT InJie-
TaHToB. ETO pasapaxkasu GONTOBHS U BEPXOIJISICTBO,
KOTOPbIE, KaK IPAaBUJIO, COIPOBOXK/AJIN TIONBITKA pellie-
HUST «TAUHCTBEHHBIX> TPOGJIEM.

ToBopsa o Jlanmay, 4yacTo yHOMHUHAIOT O Te€HUAJIbHON
UHTYHULIUU, O <«jaape OGoxkbeM». [lap GoXKuil, KOHEYHO,
ObLI, HO OblLIa U €XKeJHEeBHAd, HeT, e)KedacHasd TUTAHU-
Yyeckas paboTa, YTOMJIIIONIAs, TpeGYIoImas OTJaul BCEro
ce6s1. S Bcrpeuasncs ¢ Jlay Beuepamu, mocJie pabovero
JTHS, KOTJa YCTAJIOCTh, YCYTyOJIeHHAs HEBO3MOKHOCTHIO
OTKJIIOUNTHCS, OblJIa BUAHA HEBOOPY KEHHBIM ry1azoM. OH
3a/lyMblBaJjIcs, BblIajlas U3 pasrosopa. OjHako Bcerja
Opas ce6st B PyKu W BKJouascs B Gecexy. Ilpm atom
OYEHb TIOMOTAJM CTAaHJAPTHBIE TEMBI — O CYACTBE, O
JIOOBU, O TOM, KaKOBBI JIOJIKHBI ObITh KEHCKHE TTPUYec-
KW U JKCHCKHUE TIJIATHS.

J1/]TlaHAay 3a paboroui (1959 r.)

S me xouy, urto6Bl TIOAYMasu, OYATO PasTOBOPBLI O
cuactbe, 00BN ObLn juid Jlangay crioco60oM OTBJIEUYbCS
oT pa6oThl. ITO, MO-MOEMY, COBepIIeHHO He Tak. On mo-
HaCTOSIIEeMy TJIyOOKO, 51 ObI CKa3aJ BBICTPAJAHHO, WHTE-
PecoBaJICsS «BEUHBIMI TeMaMW». Ero BbICKa3bIBaHNS OBLIN
HeCTaH/apTHbl. MHOTHX OTIyTHBasa «TeopPU3NIecKasis>
sicHoCTh, ¢ Kotopoil [lay mbrtascst (1 yacto me G6e3
ycliexa) pelarb CJIOXKHBbIE 3a/a4il 4YeJOBEYECKUX B3an-
MoorHotenuit. On 6bu1 ray6oko y6exzeH, 4To B 60Jb-
IIMHCTBE CJy4aeB CJIOKHOCTb B3aUMOOTHOILIEHUIT HaJy-
manHa (OH BCerjia CTPOro pPasjimyall CJOBa «CJIOKHO» 1
«TPYIIHO» ), U TBITAJCS A06PAThCs /10 MATEPHATHCTHYEC-
KO CyIHOCTH KOH(JIMKTA, ecan TakoBoii 6b11. Ilo cBoe-
My TemmepameHnTy /[lay Obla mpocBeTHTeJEeM, W HE TOJb-
KO B HayKe, HO W B Xu3HU. OH cunTas, 4TO JIHOAEH HA/IO0
YUUTD SKkUTb. U yuui...

Jlanmay TpoXkus TPYAHYIO, HO, IO CYTH, CUYACTIUBYIO
sK13Hb. OH OblJI OKPYIKEH MPEJIaHHBIMU YYEHUKAMH, [1PH-
3HaHME M CJaBa JIOCTAJINCh eMy npu sku3uun. Emy ka-
3aJI0Chb €CTECTBEHHBIM — YEJOBEK JIO/DKEH ObITh CYaCT-
JUBBIM. Ecsm ThI HecyacTsMB, TO, MOHSB 3TO, THIATE]b-
HO TIPOAHAJIM3UPOBAB, 4TO MemaeT Tebe SKUTb W, TJIaB-
HOE, TI0JIyYaTh OT )KU3HU yIOBOJIbCTBIE, Thl 00s13aH (1MeH-
HO 00s13aH) J00UBATHCS CBOErO CYACTbsi, GOPOTHCS 3a
Hero.
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SAHAAYHUK «KBAHTA»

3agayu

10T pazgesn BEETCA y HAC U3 HOMEPA B HOMEP € MOMEHTA OCHOBAaHMS XXypHana. llybnukyembre B Hem
3aga4yn HeCTaHAapTHbl, HO /IS UX PeLUeHUs He TPebyeTcs 3HaHWU, BbIXOZALMX 33 PaMKU LUKO/TbHOM
nporpavmel. Hanbonee TpyaHble 3aga4yv OTMeYaroTcs 3Be3fo04Ykod. [locie ¢opmynvposku 3agayuv Mbl
06bIYHO YKa3bIBaeM, KTO HaM ee MPERNIONUI. Pazymeercs, He Bce 3T 3afayu rnybvKkyroTcs BriepBsle.

PelwueHns 3aga4 N3 3Toro Homepa creayer oTrnpasnaTe He rnosgHee 1 mas 2008 roga o agpecy: 119296
MockBa, JleHuHckmi npocnekt, 64-A, «KBaHT». Pewienns 3aay U3 pasHbIX HOMEPOB XYPHAaAa WU 10
Pa3HbIM rpeameTam (MatemaTvuke v QU3NKe) rnpucbiianTe B pasHbiX KoHBepTax. Ha koHBepTe B rpaghe
«Komy» Hanuwmrte: «3agaqyHuk «KeaHnta» Ne1-2008» n Homepa 3aha4y, peLueHnsi KOTopbIX Bbi rnocbliaere,
Harpumep «M2071» nmn «D2078». B rpaghe «OT KOro» gpamumuio n ums npocum nucates pazbopqmso. B
UCbMO BJIOXKUTE KOHBEPT C HalUCaHHbIM Ha HeM Baluvm agpecom v Heobxoanmbivi HA6op Mapok (B 3ToM
KOHBepTe BbI monyynte pe3ysibTatbl MpPOBEPKU PeLLEeHN).

YcnoBusi KaXxxgovi opurnHanbHou 3agayqu, rpesaraemMod 4718 nyoaKaymuu, MpUcsIIauTe B oT4ebHOM
KOHBEPTE B ABYX 3K3EMIISPax BMecTe ¢ BaLumm pelueHnem 31ovi 3a4a4u (Ha KOHBEPTE MoMeTbTe: «3afavyHuK
«KBaHTa», HoBas 3afa4a o gusnke» win «3agaqdHuk «KBaHra», HoBasi 3aga4a o MaTemMaTmnke»).

B Hayane ka)kgoro nucbmMa rpocuM YKa3blBaTb HOMEP LLUKOJIbI U KJ1ACC, B KOTOPOM Bbl y4utecs.

3apaun M2073, M2075 u M2078 nipeanaramvce Ha lll Bcepoccuvickovi onumnuage ro reoMeTpun MMeHmn

DN3NKE

N.@.LlapbirnHa.

3apgaun M2071-M2080, ©2078-P2087

M2071. YuusepcaabpiM unciom U (n) Ha30BeM MHHH-
MaJIbHOE HATypaJbHOE YHCJI0, 13 KOTOPOTO BBIUEPKUBAHI-
eM 1P MOKHO MOJIYYUTD JI060E HATYPATHHOE YHUCJIO OT
1 o n. Crombko 1udp MMeeT YncJio U(2008) ?
C.Bonuénxos

M2072. Haiigure (n+1)-o mudpy mocae 3amstoil B
JIECATUYHON 3armcu yucaa /999...99 .
[ —

2n eBITOK

A Anues

M2073. /laHbl 1Be OKPY>KHOCTH, TIEPECCKAIONINECs B TOU-
kax P u Q. Ilyctp C — npousBoJbHasl TOYKA OJHOW U3
OKpY>KHOCTel, oTaimuHast ot P u Q; toukn A u B — BTOpbIe
Touku Tepecederns npamMbix CP u CQ ¢ Apyroi okpy:x-
Hoctbio. Haiizimre reomeTpuyeckoe MeCTO HEHTPOB OIU-
CaHHBIX OKpY’)KHOCTEN TpeyroabHukoB ABC.

A. Bacaasckuil

M2074. Ilocerutenb 06XOUT 3aJbI MYy3€st 110 CJIeIYIOIe-
My npaBuiy. Haxo/sgcb B HEKOTOPOM 3asie, OH BbIGUpacT
Cpelu BCeX COCEeIHUX 3aJI0B TOT, KOTOPBIil /10 9TOr0 ObLI
MOCeIlleH UM MeHbIIlee YUCJIO0 Pa3, U MEePEXOAUT B Hero
(ec/m TaKMX COCEHUX 3aJI0B HECKOJBKO, TO OH TIEPEXOIUT
B 1060l 13 HuX). BepHo /i, 4TO TOCETUTENH Yepe3
HeKoTOpoe BpeMst 06oiizier Bee 3aibi? (V3BecTHO, YTO U3
M060T0 3a/1a My3est MOKHO TIPOITH B OG0 APYTOi 3a1.)

C.Boauénxos

M2075. Kaxkgoe pe6po BBIIYKJIOTO MHOTOTPAHHUKA Ia-
pAaJLIesIbHO MepeHecl Ha BEKTOP Tak, 4yTo pebpa o6paso-
BaJIM KapKac HOBOTO BBIMYKJIOTO MHOTOrpanHuka. O6s3a-
TEJIHO JIM OH PaBEH MCXOJHOMY?

A.3acaasckuil

M2076. Haiigure Bce dyukuun f: R — R, ynoBierBo-
patomue npu Bcex x # 0 U y paBeHCTBY

o )= () =14
3. Typesun

M2077. Haiiqure nauMeHblllee HaTypaJbHOE 4YHCIO R,
o6tajiaionee CJIeyIOMIUM CBOICTBOM: B JII000I Tab e
n X n, 3all0JTHEHHOU JIeCTBUTEIbHBIMU YHUCJIAMU, MOKHO
yBem4uTh He Gosiee k uucest Tak, YTOOBI CYMMBbI YHCE BO
BCEX CTPOKAX M CTOJOIAX CTAJU PABHBIMH.

I1. Ko:xesnukoe

M2078. Touku A’,B’,C’ — ocHOBaHUSI BBICOT OCTPO-
yroabHoTo Tpeyronabanka ABC. OKpPY;KHOCTDb € TIEHTPOM
B u paguycom BB’ nepecekator mpsimyto A’C’ B Toukax
Ku L (K u A naxongarcd 1o OJ/IHYy CTOPOHY OT TPSIMOi
BB’). Jlokaxute, 4TO TOYKA TepecedeHust mpsmMbix AK
u CL sexut Ha npsimoit BO, rae O — 1EHTP ONMUCAHHON
OKpYskHOCTH TpeyTosbHuka ABC.

B.IIpomacos

M2079. CyutecTByeT u Takast TpOHKA IIOTIAPHO B3aUMHO
MIPOCTBIX HATYPAJbHBIX YHCE X, Y, Z, OOJDBIINX 10'° , UTO
P y8 +2% pemures ma &t + y4 +249

B.Cendepos

M2080". IToc.ie10BaTeIbHOCTD BEKTOPOB {én} Ha TIJI0OCKO-
6 =(01), &=(0),
€,.9 =€, T €, npu n 21, OT10KNM OT Ha4aIa KOOPAU-
HAT BCE BEKTOPDI, SIBJISIONINECS CyMMaMU HECKOJBKUX
PA3JIMYHBIX BEKTOPOB M3 MOCJIEI0BATETHHOCTH {En} . Ho-

KaKuTe, 4TO MHOKECTBO KOHIIOB OTJIOJKEHHDBIX BEKTOPOB
COCTOUT M3 BCEX TOYEK C HEJbIMU HEOTpHUIlATE€JTbHbBIMN

CTU 3aJaHa YCJOBUAMU!



SAJAYHHUK

KOODAMHATAMH, JIeXKAI[IX BHYTPH HEKOTOPOH II0JIOCHI
MEXK/y lapaJ/lie/IbHbIMU IIPAMbIMU.
H. ITywxapes

®2078. 113 snucra danepnsl Bbipe3asn Kycok B (opme
IPSIMOYTOJILHOTO TpeyrobHuKa ¢ Kateramu 60 cm u 80 cm,
Macca 9Toro KycKa pas-
| | Ha 2 kr. Kycok danepbr
MOJIBECUJTH K TIOTOJIKY
IIPU [TOMOIIN JIBYX O/IU-
HaKOBBIX JIETKUX HUTEI,
paccTOsTHUE MEXK/IY TOY-
Puc 1 KaM¥ TPUKPETJIeHUSs
HUTEH K TIOTOJIKY PaBHO

100 c¢m (puc.1). Haligure cuibl HaTSHKEHUS HUTEN.
A.IlIpocmos

®2079. Kiun maccoit M ¢ yrjioM O TpPH OCHOBaHUU
HaXOAWTCS HA TJIAJAKOM TOPHM30HTATbHOM croJsie. Ha Ha-
KJIOHHOW TpaHW KJWHA
CTOUT TeJIeXKKA Maccoi
m, K Hell MpUBsI3aHa JeT-
Kasi HUTbh, 1epebpoIien-
Hast uepes OJI0K, 3aKpell-
JIEHHBIIT OCBIO B BEpIIH-
ne kauna (puc.2). Cso-
GO/THDIIT KOHEIl HUTH TIPH-
BsI3aH K cTeHe. Bravame
KJIMH YJIeP>KNBAIOT, 3aTeM OTIycKaoT. C KaKUM yCKOPEHH-
€M OH HAYHeT JIBUTATHCS ?

Puc. 2

P.Kaunos

®2080. /[Be Gobinme mapaJsiiebHbIe IACTUHDI ABUTAIOT
HABCTpeuy JPYT JAPYTY € OAMHAKOBBIMHU CKOPOCTSIMU 0 .
Mesxay maacTiHAMKM HAXOJUTCA OYeHb MaJICHbKUN YIIpy-
ruit mapuk. B TOT MOMeHT Korja ojHa W3 IJIACTHH
yJapseTcsa O HEro, pacCTosHue MeX1y IJIACTHUHAMHU CO-
crasyser L. Cunras yaapbl aGCOJTIOTHO YIIPYTUMU, HAW/IH-
T€ CKOPOCTb IIapUKa B TOT MOMEHT, KOI'/la PACCTOSHHE
MEXy TaacTuHamu coctaBut L /5. JlelicTBHeM CUJIBI
TsDKeCTH TIpeHe6pedb. CKOPOCTh IMapuKa mepe/l MepBbIM
yJapoM paBHa HY.JIO.

A. Il apuxos

®2081. B komHaTe, 3aN0JHEHHOI BO3/[yXOM, HAXOIUTCS
mycroit ky6uueckuii cocyn o6bemom 100 1. B crenke
COCyJa OTKPBIBAETCSI MAJEHBKOE OTBEPCTHE TLIONIA/IbIO
1em? g yepes 0,001 ¢ 3akpbiBaercsd. O1ieHUTE KOJTMYECTBO
MOJIEKYJI, TOMAaBIIMX B cOCyA 3a 3T0 BpeMs. OieHurte
TaK’Ke JIaBJeHre, KOTOPOe YCTAaHOBUTCS B cocyie. CTeHKn
COCY/Ia TETLJIO He MPOBOJIAT, TEIJIOEMKOCTHIO CTEHOK MOJK-
HO TIpeHeOpeyYb.

A.Iloemopos

®2082. MoJib resiust B COCy/ie PACIIUPSIETCS OT HAYAJIBHO-
ro o6bema V; =10 1 mo xoneuHoro o6bema V, =50 a1,
IIPU 9TOM JlaBJIeHHE ra3a B IIpoliecce MeHsIeTCsl Tak, UTO
pV? = const . Hauanbnas remneparyparasa T; = 300 K .
Haitzinre koneunyio temneparypy. Haiizinre taxske pato-
Ty Tasa B mpoiecce (ecau He TMOSYyUYUTCsS HARTH TOYHO,
nocyutaiite MPUGIIKEHHO) U MOJYYEHHOE B IPOIECCe

KOJIMYECTBO TEILJIOTHI.
P.l'asos
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®2083. K Garapeiike noaxmouaor amiepmerp (BooGie
roBOp#, TaK MOCTYNATh HE CJIeAyeT!) — OH MOKa3bIBaeT
cuny toka 1 A. IlapannenpbHo MOAKIIOUAIOT €lle OAUH
TAKOIl JKe aMIIeEPMETP — Tellepb OHU B CyMMe TIOKa3bIBAIOT
1,2 A. Cxosabko B cymme nokaxkyT 2008 takux >xe amriep-
METPOB, eCJIU UX TMOJKJIIOUNTD K 6aTapeiike mapaJiiesbHo?

T.Oxos

®2084. O1Ha 13 KBapAaTHBIX MJIACTHH IIOCKOTO KOH/IEH-
caTopa 3akperieHa, a BTopast MOJKeT CBOGO/THO CMETAThCS
mapaJijieTbHO, OCTaBasiCh Ha PacCTOSTHUM d OT TIEPBOW.
Macca moaBMIKHOW TJIacTUHBI M, IIOmIaAb KasKIOU U3
maactun S. Kongencarop sapsaniau o Hanpsbkenus U .
CaBuHeM Terepb TO/BUIKHYIO TLIACTUHY OTHOCUTETHHO
oJI03KeHus paBHOBecus. Haiijiure mmepros Masibix Koseba-
HUM 9TOUN IIJIACTUHBI. 3aBUCHUT JIMI OH OT TOrO, KaK MbI
cABUHYJN TacTuHy? Cuiia TSSKeCTH OTCYTCTBYET.
3.Pachaunos

®2085. Karymka nHAYKTUBHOCTBIO L U PE3UCTOP COIPO-
TUBJIEHNEM R COeIMHEHbI MapasjieqbHO, K BBIBOJAM Ife-
MIOYKU OYEHD /IABHO TIO/IKJIIOYEH BHEIIHWIT MICTOYHUK, TOK
B ero 1ienu paBeH [, . Tox B 1ienn nCTOUYHNKA 09eHDb GBICTPO
yBeJUUMBaiOT B 3 pasza. Kakoe KOJIMYECTBO TEIMJIOTHI
BBIICTTUTCS B PE3UCTOPE Tocsae 3Toro? Kakoil TOJTHBIH
3apsi/l TPOTEYET Yepe3 Pe3nucTop?

A.Bunvbepman

®2086. /[Be onMHAKOBBIE KATYIIKU WHIYKTUBHOCTH CO-
eJIMHEHDI MTOCJIeI0BAaTeTbHO. BBIBOIBI TIOJMyUnBIIECS Iie-
MTOYKY MO/IKJTIOYEHBI K 3BYKOBOMY T€HEPATOPY TOCIe/[0Ba-
TEJHPHO C HU3KOBOJBTHOW JIAMIIOYKOH [T (poHApUKA.
[TapannenbHO 0/1HOM N3 KaTyIIEK TTOAKIIOUAIOT KOH/eHC Ca-
TOP U HAYMHAIOT U3MEHSATH B IMUPOKUX TIpe/iesiaX YacToTy
rereparopa. Ha gacrore f = 600 I'ii nabsmogaercs deTkuit
MUHUMYM CBeueHHUs] HUTH HakaJja Jamrnoukn. Ha kakoif
yacrore (uacTorax) JaMiouka OyJeT TOpeTh spdye BCEro?

P.Cmapos

®2087. Hebompiast mI0CKOBBIMYKJIAS JHH3A OTIITAMIIO-
BaHa M3 TIPO3pavyHOil miactMaccbl. Mopma BBITYKJION
MMOBEPXHOCTH aKKypaTHO paccyuTana mnpu nomoin IBM,
oHa orsmyaercs ot cepuueckoii (cepuueckas moBepx-
HOCTb «COOMPAET» JIyUU MAPAJLIETBHOTO IyuKa B (hoKyce
TOJIBKO TIPUGIUBUTENBHO). [[HaMeTp TJI0CKOi TOBEPXHOC-
TH JUH3Bl 2 cM, ToumuHa Juu3bl 0,5 cm. Haiigure
okycuoe paccrosume suH3bl. Koaddunment mpesome-
HUS TTacTMacesl 1,5.

3.0uxos

PeweHunsa 3apay M2051-M2055,
®2063-9P2072

M2051. ITycmo a, b, ¢ > 0; (a+b—-c)(b+c—a)lc+a-
- b) = abc . /lokaxume, wmo a = b = c.

[Momoxxknmx=a+b—-—c,y=b+c—a,z=c+a—b. Tak
Kakx+y=2b>0,y+z=2¢>0,z+x=2a>0, 10 cCpesu
4yuces X, Y, z HET BYX OTPHUIIATEJbHBIX. KpoMe ToTO, 10
yeaoBuio xyz = abc > 0, 3HauuT, BCE TPU YUCTA X, Y, Z
MOJIOKUTEbHBI. MeeM:

xyz=Z;xx;yygzzﬁwlxy\/yizxyz,
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3HaK «>» IMpeBpAIIAeTcsl B PABEHCTBO TOJBKO MPHU X =

=y = z. Orcoaa a—sz_Tyzo I a—c=x;y:0,

T.e.a=b=c.
11.Kooxeenuros

M2052. a) Paccmompum oxpyxnocmos u ee xopdy AB.
Haiioume mnoxecmeo mouex M, naxooswuxcs om npsi-
Mmoti AB na paccmosimuu, pasHom 0aumne KACAmeavHol,
nposedennol uz mouku M K paccmampusaemoi OKpyKHo-
cmu.

Hoxasxume caedyouue ymsepixoenus

6) Jlns mobvix 06yx napaboa, ONUCAHHBIX OKOL0 0OHOU
OKPYKHOCIU U NEPeceKanouuxcs 8 demvipex moukKdax,
QUAZOHAIU <NAPAOOIUYECKOZO UETNBLPEXYZOILHUKAS> Nep-
nenduxyasprol (puc.1).

Puc. 1 b Puc. 2

6) Jlns n06v1x 08yx napabon, ONUCAHHBIX 0KOLO0 00HOU
OKPYKHOCU U NEPECEKAIOUUNCA 8 O8YX MOUKAX, OCU
napabon HaxaioHeHvl NOO OOHUM U MeM Ke Y2loM K
npamotl, npoxodswell uepes mouKu nepeceueHuus SMux
napatoxn (puc.2).

2) [ns nobvix mpex napa-
60, ONUCAHHBIX OKOLO 00-
HOU OKDYKHOCIU U MAKUX,
4mo a06vie 06e U3 Hux nepe-
CEKAIOMCSL 6 Uemvlpex mou-
Kax, Ouazonaiu <napado.iu-
YeCK020 UeCUY2ZOTOHUKA>
nepecexarmcs 6 00HOU MoU-
puc 3 ke (puc.3).

a) BeezeM cucteMy KoopamMHAT Tak, 4To6bl Toukn A, B u
nentp okpysknoctu C umesn koopanuarst (—a, 0), (a, 0),

(0, ¢). Torma paauyc okpyHocTH pasen R = Ja? +c*
Jlmna kacatenbroii u3 Toukn M (x, y) K OKpyKHOCTH
pasna VMC? - R? = \/xZ +(y—c)’ = R* . Takum o6pa-

30M, nckomoe I'MT 3zamaercss ypaBHEHHEM y2 =12+
2

+(y—c)2 ~R*e2y=x*-d*. Hpu ¢ = 0 (r.e. ecom
AB — auaMerp) ToJiydaeM Tapy KacaTeJIbHbIX B TOuKaxX A
u B. Ilpu ¢ # 0 mnoaydyaerca mapaboJia, Kacaromasics
OKpYKHOCTH B TouKax A u B (s10 03Havaer, 4to mapado.ia
U OKPY>KHOCTDb UMEIOT OOIIYIO KACaTeJbHYIO B TOUKe A U B
Touke B).

Herpynno mokaszath, 4To mapaboJia, Kacaiomasics: OKpPYsK-
HOCTU B JaHHBIX ToYKax A u B, equncrsenta. C oMOIIbIO

2008 /No

ATOr0 COOOPAKEHUS U TYHKTA a) PEIuM OCTAJIbHbIE MyH-
KTbl. O003HAYNM TOYKU KaCaHUS 1apaloJi ¢ OKPY>KHOCTHIO
AuB, CuD, EuF (cm. puc.1, 2, 3).
6) Ecim X — touka mepecedenuss mapaGoJi, TO AJHMHA
KacaTesbHOM 13 X K OKPY’KHOCTH paBHa, € OJHOIH CTOPO-
Hbl, paccroguuio or X 10 AB, ¢ Apyroif CTOpOHbI —
paccrosuuio ot X o CD, moatomy X JIe;KUT HA OJHON U3
JIBYX OFCCEKTPUC YTI0B Mexay mpsambivu AB n CD. [IBe
TOYKH TTepecedeHns mapaboJi JeskaT Ha OTHOH GHCCEKTpHCce
u 1Be — Ha Apyroil. Ocraercd 3aMeTUTh, YTO 3T OUCCEK-
TPUCHI TEPIEHANKY JISTPHBI.
B) Kax u B nyuxre 6), npsaMast, IpOXOsIIas uepes TOUKN
nepecevyenns napabos, — 6uccexkTpuca yriaa Mexay AB u
CD. Hyxuoe yrBepskiaenue cjegyer U3 TOIO, YTO OCHU
napa6oJi nepreHaukyaspabl AB u CD cOOTBETCTBEHHO.
r) JluaroHaau mIeCTHYroJbHUKa — OucceKTpuchl (BHYT-
pEHHMEe WM BHEIIHUE) TPEyroJbHUKa, 00PasoBaHHOTO
npambivu AB, CD, EF. Tlpu nagnexamem Boi6ope (tpu
BHYTpPEHHUE OUMCCEKTPUCH WM OJHA BHYTPEHHSS U [[BE
BHEITHKE) AaroHaan GyayT Mepecekarbest B OMHOM TOUKe.
D.Hunoe, 11. Kosxesnurxos

M2053. ITycmo n > 3. [Jokaxume, umo cywecmeyrom
uesvle OMAUUHBIE OM HYASL YUCAA Xy, Xy,...,X, MAKue,
4mo

X2y x, = (g Fag o x,) (X Fag e+ x,) X

X (X A ay L+, ).
ITpu 9eTHOM 7 JIOCTATOYHO B3SITh JIIOGOI HAGOP HEHYJIEBBIX
nesbix uncen A, = (xy,%y,...,x, ), CyMMa KOTOPbIX PaBHa
0. ITta KOHCTPYKIHUS, PadyMeeTcsi, He e[MHCTBEHHA: Ha-
IpUMep, MOKHO IOJOXUTD A, = (—8, —7,1,5).
IIyctp n wueuerno. Ecam cymecrByer na6bop
A, = (x(,2,,...,x,) , yIOBIETBOPSIONIHIT yCI0BUIO, TO CY-
mecrtByer u Habop A,.,. B camom pgese, cymma
k=x+xy+...+x, wue pasua 0, wu wHabop
Ay = (5x1,5x2,...,5xn,3k, -3k, 4k, —4k) c cyMMoOil Sk —
HCKOMBIH, TIOCKOMbKY HaGop (5x(,5x,...,5X,) yHoBIET-
BOpsET YCJIOBUIO u 3k (-3k)- 4k - (-4k) =
= (5k —3Rk)(5k + 3k)(5k — 4k)(5k + 4k). Ocraercst yka-
3arh IpuMepbl Ha6opoB As u A;:

Ay =(=2,-2,2,3,3) nmn As = (=6,-1,1,4,4),
Ay = (-8,-2,-2,3,4,4,7) wm A, = (-6,-6,-6,-1,4,5,7) .

[puiitn k Ha6opam As (1 cxo/HbIM 06pa3oM K HabopaMm
A5 ) MOKHO € TIOMOIIBIO CJEAYIONUX paccyskaenuii. /loc-
TaTOUHO HAWTH HysKHBIE HAOOPBI PAIlMOHANBHBIX yrcea (a
3areM JIOMHOKHTD MX Ha oOmuii sHamMenaren). IlycTp a,
b, ¢ — HEeHyJeBbIe palfOHaJIbHBbIE YKCJIA, S = d + b+ ¢,

(s—a)(s=b)(s—c) 1

b = —. ﬂOCTaTOLIHO HO]IOépaTb TaKoe
aoc

1 (s—x)(s+x)
HEHYJIeB0e. PAIMONAIBHOE X, HTO - T =1,
x-(—x
Ipeo6pasyem: s = (1— k) x? . Takum 06pasoM, J0CTaTOH-
HO moso6paTh Takue @, b, ¢, 4to 1 — k = r? mus HEHYJIEBOTO
PaIMOHAIBHOTO 7; HAIPUMEP, A0CTaTOYHO B3ATb k = —3.

Orciofja HeTpyaHO TIpuiiTM K Habopam (—2,3,3,—2,2),
11
(2727_3y_§y§j " T.II.




SAJAYHHUK

ABTOpAM HEHM3BECTHO, CIIPABEJINBO JU YTBEPIKIEHUE 3a-
maun g n = 3.
B.Cendepos, C.Toxapes

M2054. IIycmv P(x) =x* +x+1. Cywecmsyiom nu
HAMYPALvHbIle YUCAA X{,...,X,, k,...,k, maxue, umo

P(x)= x5, P(xy)=x%,..,Px,)=xab?
Pewume 3adauy oas cayuaes:

a)n=2;
6) n — NPOU3COLLHOE HEUeMHOE UUCILO;
6)n=4.

OrtBeT: HET BO BCeX MYHKTaX.
JlatmHCcKUME GYKBaMU BCIOy HUKe 0603HAYEHBI HATY-
paJbHbIE YHCJIA.
a) Iycts x>y,
rx+1=y", (1)
vV Hy+1=a". (2)
Tak kak y > 1 u y° -1 gemnres wa y> +y+1, TO
¥ 2>y —12 4% + y+1=1x". Caenosarenpro, 3 >
>m. Ho, mockombky y? < y? +y+1<(y+ 1)2, nMeeM
m # 2 . Takum o6pasom, m = 1. IlojcraBisis x U3 BTOporo
paBeHCTBA B MepBoe, BUANM, 4TO y geaut 3. lloaydumnn
y =3, 2 =13. Ho P(13) =183 He sABISCTICS CTCIECHBIO
TPOIKH.
Bor emie oxno pemienne. JleBas dacTb KakIoro U3 pa-
BerctB (1) u (2) au6o menurcd na 3, aM6GO UMeEeT BUIL
3k + 1. Tak Kak m W m HEYETHBI, TO TAKOH >Ke BUJ
UMEIOT W caMu uncia y u x. Ilpm atoMm ecam x menmtcs
Ha 3 (coorBercTBeHHO, uMeeT BUjA 3k + 1), TO P(x), a
3HauuT U y, umeet Bu 3k + 1 (COOTBETCTBEHHO, JETUTCS
Ha 3). 3waumt, omHo u3 umcen x, y (mampumep, x)
nesutest HAa 3, Apyroe — He gequtcs. Ho y2 +y+1 m5m
Ipy KakoM I1esioM y He geqntest Ha 9. [losywaem m = 1,
U, MOJICTABUB X U3 BTOPOTO PABEHCTBA B MEPBOE, BUIUM,
yto y nenut 3. IlporuBopeune.
ITO peleHre MOKHO € MTOMOTIbI0 MaJsIoil TeopeMbl Depma
U HEKOTOPBIX €ee CJeACTBUII 0606IIUTD HA CIydail MHOTO-
wrenos 277 4.+ x +1, e p — IPOU3BOJIbHOE HEUETHOE
IIPOCTOE YHCJIO.
6) Byxem paccyskaaTb Kak [P BTOPOM PelleHHH TTyHKTa
a). Bes orpaHuvenust OGIIHOCTH CYUTAsSA, YTO X JETUTCS
Ha 3, uMeeM: X, He Jeaurtcs Ha 3. C APyroil CTOpPoOHbI,
X3,X5,...,X, , Xy JAendrcsa Ha 3. IIporuBopeune.
ITo pelieHre HeTPYAHO 0000IUTD HA Caydail MHOTOYJIe-
HoB 277" 4+ ...+ x +1 U1 IPOM3BOIBHONO HEYETHOTO IIPO-
CTOTO P.
B) JlemMa. [TycTb n — npousBosbHOE YeTHOE yucao. Toraa
B CHCTeMe PABEHCTB 33/[a4u GOJIbIle IOJOBUHBI 13 TOKA3a-
TeJieil creneneit R,...,R, paBHbI 1.
JlokasarenbcTBO. Paccyskas aHAJTOTUYHO MYHKTY a) U
6e3 moTepu OOITHOCTH CUUTAsI, YTO UUCIA Xy, X,,...,X,
nendarcs Ha 3, umeeM: k =Ry =...=k,_; =1. Cueno-
BaTeJbHO, CHCTEMY MOJKHO NepenucaTb B BHJE

P(P(21)):zg,...,P(P(zm))=Z1r’” (rme

Z1=X1,

n
m=—- u
2
2y = X3,...). IlycTb s onpepeseHHOCTH

Zy = max{21,...,zm}. Hoxkaxem, uto 7 =1.
[Tpennonoxum nporusnoe. Mmeem 7 # 3. JlelicTBuTeib-
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wo, z =3k+1, P(z)=9k"+3, P(P(z))=9k"+4.
Ho unc/io 3 HecpaBHUMO € 4 10 MO0 9 HU IIPU KaKOM
neanom t. CuaeposBarteabno, 7 #3. Ilockoabky
y2 < y2 +y+l<(y+ 1)2, YETHBIM # OBITH He MOJKET.
3HAUUT, % = 5.

W3 ypaBHeHuil cucteMbl CJIeayer, 4To 2zy,2y...>1. Or-
cioma 227 > P(z); mockombky bynkmms P(t) ma to-

JOKUTENbHOU moJayocu BO3pacTaer, nmeem

2(2212)2 >P(22)2 P(P(4))=2 2 2.
824 > 8z} > z3, otkyna 8 > z, . Omnaxo z, (kaku z ) —

HeueTHoe ynco Buja 3k + 1. CregoBatesbHo, 2, =7 . Ho
zy £ 2y, 0TKya z; = 7. C Apyroii CTOpoHbl, U3 pPaBEeHCTBA

[Monyunnu

P(P(z))=24 =z caenyer, uto z aemur 3. Iomyuen-
HOE TIPOTUBOPEUNEe JOKA3bIBAET JIEMMY.

B cumy sieMMbl, MOXXHO MHepeIcaTh CUCTEMY DPAaBEHCTB
3agaun Ipu n = 4 B Buje P(P (P (P (x)))): X', mm
2%+ +27x21x +183 =« . CiemoBaTesibHO, X — JIeJII-
tenb 183, 6oabmnii 1 u He mendnuiica Ha 3 (HOCKOJIbe
zaBezomMo [ > 1). Orcioma x = 61. 3uayur, 4YHUCJIO
27 x21x61+183 po/KHO JelIuThbCcd Ha 61° , UJIN
27 %21+ 3 =570 — na 61. IIporuBopeune.

ABTOpaM HEM3BECTHO, CIPABE/IJNBO JIU YTBEPIK/CHUE 3a-
Jlauu JIJIs TPOU3BOJIBHOTO 4eTHOTO 7. HensBecTHO TakiKe,
CIIPaBEJIJINBO JIN B CJIy4ae 7 =4 ero ectecTBeHHOe 06001I1e-
Hute Ha MHOTOWIeHbl xP ™' +...+1, e p =3 — mpocroe
YHCJI0.

3ameuanus.

1. Ilpu nokasaTesnbCTBe JIEMMbI MbI MTOJYYUIN HEPABEH-

cTBO P (P (21 )) # zg . JIerko 1okasarb, 4TO OHO CIIpaBeLJIu-
BO TIPH JTIOOBIX IEJbIX 2y U Zy ; MOSKHO TaKXKe PacIpoCT-
paHUTb €ro Ha CIydall IPOU3BOIBHOTO MPOCTOTO p > 3.
2. YTBepx/eHne 3a7aun HeJIb3sl PACIPOCTPAHNUTD HA CJIY-
Yyail p = 2: yKe 1npu n = 2 9TO IIOKa3bIBACT CHCTEMA
paencts 2 + 1 = 3, 3+1=27. «JlybmupoBanuem»
[IpUMepa ero JIerko paclpocTPaHUTh Ha CJayyail J1o60ro
YEeTHOTO 7.
3. Mosker Jiu BooGe ypasuenue x” +...+1= y* umern
HeTPUBHUAJDbHBIE PEIIeHNS B HATYPaIbHbIX unciaax? OTBer
nonoxurenen: 3¢ +...+1=11 , 75+, +1=20". Opnna-
KO, COTJIacHO TJiy6oKoii Teopeme Tya, Ha 10601 Heoco6oi
KPUBOIL cTeneHn = 3 JIESKUT JIUIITb KOHETHOE YICJIO 1IEIBIX
TOYEK, OTKY/Ia CJAEJyeT, 4TO KasK/[0e U3 TaKUX ypaBHEeHUH
MOXKeT UMeTb JHIIb KOHeYHOe KOIUYeCTBO PEeIleHUI.
B.Cendepos, b.Dpenxun

M2055. Kiaemxu 6eckoneunoi 6npago Kaemuamou no-
JOCKU Nocaedogamesvio 3anymeposanvt uuciamu 0, 1,
2, ... B nexomopuix xaemxax aexam xamuu. Ecau na i-
i kaemre (i > 0) nexum poeHo i kamueil, mo paspewid-
emcsi CHAMb € Hee U PA3N0KUMb N0 00HOMY HA KAEMKU C
nomepamu i — 1, i — 2, ..., 0. Jlewa pacnpedenun 2006!
KaAMHel no KAeMKaAM, HAYUHAs C Nepeoll, makx, umobvl
MOXKHO OblI0 cOOpamv ux 6 Hyae, c0eads HecKoIbKo
onepayuii. Haiidoume munumanionolii Homep KAemku, Hd
KOMOPOU JeKUm KaMeHb.

OrtBert: 2010.
3ameTum cpasy, 4to B JI0OO0I MOMEHT BPEMEHH Ha KJIETKe



20 KBAHT -

¢ HoMepoM i > () siexxut He GoJiee i KaMHell; B TPOTUBHOM
cIy4ae WX KOJIMYECTBO HA ITOH KJETKE MOYKET TOJIbKO
BO3pACTaTh, M BCe KAMHU Ha HYJIEBOH KJIeTKe co6parh He
yaacTes.
JL11 TpOU3BOJIBHOTO HATYPAJIBHOTO R PACCMOTPUM MHOKe-
CTBO KJeToK ¢ Homepamu 0,1,...,k—1. Bpiacuum, kak
u3Mensercst o61ee KOJNIeCTBO KaMHell S, B 9THX KJIET-
Kax mpu Hamux oneparusax. [Tycrs Jlema caenan onepa-
uio ¢ i-it xkierkoit. Ecan ¢ < kR, To KaMHU MepeKJIa/(bIBa-
JIICH TOJIBKO B IIpe/iesIaX Halllero MHOXKEeCTBa KJIeTOK, 1 .Sy,
He m3MeHnJoch. Ecam e i>k, TO MO OJHOMY KaMHIO
MOSIBUJIOCH BO BCEX HAIKMX KJIETKAX, T.€. .S}, YBEJHYHIOCH
Ha k. 3Hauur, ocrartok OT JeseHuss S, Ha R ocraercs
HEM3MEHHBIM; B KOHIIE )K€ OH PABEH OCTATKY OT JeJI€HIs
2006! ma k.
3amerum, uyto 2006! menurca Ha Bce yucaa or 1 go 2006
(oueBuHO), a taxxke Ha 2007 = 3-669, 2008 =2-1004,
2009 =7-287 u 2010 =2-1005. /lokaskeM WHIYKIHEHl
mo 0<i<2009, uyro i-a KaeTKa BHayaje ObLIa MYCTA.
Basa npu i = 0 Bbiosngerca no ycjaosuio. Ilycrb Bce
kaerkn ot 0-if g0 (i—1)-it Gbum mycror. Torma umc/o
KaMHell Ha i-l KIeTKe OBIJIO PAaBHO CYMMapHOMY KOJIITHe-
CTBY KaMHell Ha KjaeTKax 0,...,1, T.e. IeJUJI0Ch Ha i + 1;
KpOMe TOT0, OHO He MPEBOCXO/UJI0 i. 3HAYUT, OHO OBLIO
HYJIEBBIM, 4TO 1 TPeGOBAIOCD.
C apyroii croponbi, 2006! He genurcs na 2011 (Tak Kak
2011 — 4ncJio MPOCTOE), MOITOMY OBIIEe YUCIO0 KaMHel Ha
kaerkax or 0 mo 2010 mMeeT HeHyJeBOH OCTATOK OT
nesienust Ha 2011; B yacTHOCTH, ATO YKUCJIO HE PABHO HYJTIO,
noaromy Ha 2010-ii KJIeTKe N3HAYAJBHO ObLIN KaMHHU.
3ameuanue. Pelienne 10O3BOJISIET BbISICHUTD, KAKOB Hau-
MEHBIIWI HOMEp 3aHSATONH KJETKW, eCJW HW3HadyaTbHOe
YUCJI0 KaMHel ObLIO paBHO n. VIMEHHO, 3TO HauMeHbIlee
HATYpaJbHOE YUCJIO R Takoe, 4TO 1 He AeJauTcs Ha k + 1.
Bosee Toro, m3 permeHuss JTETKO yBUAETH, KaK CJIEIYET
PA3JIOXKUTh 7 KaMHEH Ha KJIEeTKaX C IMOJOKUTETbHBIME
HOMepaMu TaK, 4TOObI UX MOXKHO ObLIO cOOpaTh B HYJIE.
Bynem packiaznbiBaTh KaMHU B KJETKHU 110 mopsiaky. Ha
i-10 KJIETKY 110J0knM Takoe (enHCTBeHHOEe!) KOIMYecTBO
KaMHeil @; <1, 4To6bl YUCIO0 @ + ...+ @; UMEJO TOT K€
octaTok ot jejenus Ha i + 1, uro u n. IIpenocrabisem
YUTATEJIO CAMOCTOSITEIBHO JIOKA3aTh, YTO MPH TaKOil pac-
KJaJIKe KaMHU coOpaTh B HyJIe y/IacTCs.

H.Bozdanos

®2063. Duzypry u3 mMemaiia 636ewuUsaAIOM Ha OUEHDb
MOUHBLX BECAX, UCNONLIYS 30J0MbIE 2UPLKU, — USMEPEH-
Has macca cocmasuna 47,98 2. Kozda 6030yx nod xoana-
Kom eecoe omxauanu do 0,1 ammocgheprozo dasnenus,
noayuuaocy npaxmuyecku mouro 49 2. Onpedesume no
IMUM OAHHBIM, U3 KAKOZO MEMALNd COeNdHd PuzypKa.

IInotHOCTD BO3/lyXa IIpU HOPMaJIbHbBIX YCJIOBUAX paBHaA
_pM _1-10>-29-107°

3 3
— = =12 .
P=Rr 83293 wr/ r/
OTHOHIQHI/IB I/I3MepeHHbIX MaccC rI/IpeK COCTaBJIdeT
p
1-01-
@290—0,192 Po _ 49 )
m Po—P - P 47,98
Po

2008 /No

Toraa a7 NCKOMO# MJIOTHOCTH MeTaJlyia MOJYyUnuM

Po - P 53 KF/M3_

0,023

Merann rtakoil ToTHOCTH HaiiTu He Tpocto... JIu6o
cdurypka mycroresnas, 160 B YCJIOBUH 33[auu ONIHOKA.
PasHocTb M3MepEHHbIX MacC JIJIST CILJIOMIHON MeTaJlTnyec-
KOl (DUTYPKU JOJIKHA OBITH COBCeM MaJioii, 6Gojpiie 1 T
pasHuIpl 118 50-rpaMMOBON (PUTYPKH — 3TO CJIHIIKOM
mHoro. Bor ecsm 6b1 ganuble B 3ajgaue Obid 47,98 T u
48 T, TorZIa MBI TOJTYYIHJIN ObI

1-0,12 =1,0004[ 1- 2| py = 2600 xr/n? .
Po Po

Taxast IJIOTHOCTb COOTBETCTBYET ATIOMUHUIO — 3TO pellle-

HUe BBIIVISLANUT Kya jydiie. JJoJKHO GbITh, aBTOP 33/1a4u

1 B CaMOM JieJie ommoCs. ..

KCTaTI/I, BE€C BO3/lyXa, BBITECCHEHHOTO TMPbKaMU, MOKHO HE

YUUTBIBATH — B PEIEHIEe BXOMUT OTHOIIEHUE My /M .
H.IIpocmos

D2064. /[ 1unnas monkas npo3paunas mpyoxa 3anoine-
HA 22UUEPUHOM, NOCPedune mpyoKu HAX00UMCS MAleHb-
Kuil 6030yunvLil nyvipex. Kozda mpybra eepmurxanona,
nY3vipex 6CNAbIBAC NPAKTMUYECKU ¢ NOCIMOSAHHOU CKOPO-
cmoto 1 cm/c. Coenaem mpyory 20pu30Mmanvuol, no-
dosxdem docmamouno 00120 — NOKA 6ce YCNOKOUMCS, a
nysvipex nepecmanem OJeueamocs. Tenepv paszzonum
mpyoxy 60016 ee ocu do ckopocmu 10 ¢,/ ¢ u npodosKuM
deuzamy ee ¢ amou cxopocmovio. Hatidoume cmewenue
nY3vIpoKd OMHOCUMENLHO €20 HAYUAJILHO20 NOJO0KEHUS.
Cuumamo cuay conpomueienus nPonoOPUUOHALLHOLU
CKOPOCMU NY3bIPLKA OMHOCUMETLHO KUOKOCTRUL.

Bynem cymrarp, 4to juamMerp Iy3bIpbKa BO MHOIO pa3s
MeHblIle IaMeTpa TPYOKH U YTO NPH IBUYKEHHUN Iy3bIPbKa
JKUJIKOCTD B TPYOKE IPAKTHYECKH HE TIEePEMEIINBAETCS.
Korza Tpy6Ka pacrosioxkeHa BepTUKAIbHO, B Hell BO3HU-
KaeT pacrpe/iesieHue JaBJCHUI — 4eM HIDKe, TeM GoJIbIie
nasyenue. [Ipw aToM Ha My3bIpeK JEHCTBYIOT CHJIBI CO
CTOPOHBI OKPY>KAIOIIEell BO/IbI — PacIpe/iesIeHue JaBIeHUI
Takoe, 4yTo Gy/Ib HA MecTe ITy3bIPbKa TaKas jKe KalleJbKa
BO/IbI, CHJIA TSKECTH Oblila Obl ypaBHOBENIEHA CUJIAME CO
CTOPOHBI OKpY’Katomel Boabl. Tak Mbl MOXKeM HaWTH
CYMMY 9THX CHJI — OHA PaBHa Mg, TJe M — Macca BOJbI B
oGbeMe Hatlero my3bipbka (IIpocTo cuia ApXumMe/ia, Hude-
r0 HEOXKUAAHHOTO). [IpH [BUKEHNH MY3bIPbKA CO CKOPO-
CTBIO ©; OHA YypaBHOBEINIEHA CHJIOW CONPOTHUBJIECHUS:
mg = ko;. Ecam Mbl IBUTAEM TOPU3OHTAJBHYIO TPYOKY
B/IOJIb €€ OCH C YCKOPEHUEM @, paclipe/ieJieHue JIaBJIeHus
HOJIYYHTCSI TAKMM, YTO KareJbKa Bojbl (BMeCTe ¢ OKpysKa-
folieii BoJ0ii) nMeeT Takoe ke yckopenue. Toraa cua co
CTOPOHBI OKPY’KaloIllelf BOJBI paBHA Md W B KaXK/IbI
MOMEHT MOYTH MOJHOCTBIO (CYMTaeM — MOJHOCTHIO, Macca
BO3/LYIIHOTO 11y3bIPbKa COBCEM MaJjia) ypaBHOBEIIeHa CH-
Jioit conporuBienusi: ko = kop/v; = mgofv, . B urore
MOJIYYUM COOTHOIIEHNE d = go/ov; . 3a MaJblil HHTepBaJI
BpeMeHH T HoJydaeMm

T
at=g—, uan Aa:iAx.
Y Y

CyMMUpYy$Sl M3MEHEHUs CKOPOCTH, IOJIYYUM CJIeBA U,



S3AJAYHHUK

cIpaBa CyMMUPOBAHUE JIaeT MOJTHOEe CMellleHne My3bIpbKa
otHOCHUTETbHO TPYOKH. OKOHYATENbHO HalieM

o= 0% 00101
g 10
CoBceM HEMHOTO ...

A.Iloemopos

®2065. Ha 21a0K0M 20pU3OHMATLHOM CIOJIE NOKOUNCSL
KU Maccoti M, ezo HAKIOHHAS NOBEPXHOCL COCMABLSL-
em yzon o ¢ 2opusonmom. Maaenvras waiba maccoi m
0BUKEMCS NO CMOJLY CO CKOPOCMBIO Ty U <BBE3KACN> HA
HAKJOHHYI0 NOBEPXHOCD KAUHA. CUumas, 4mo HaxI1oH-
HAS NOGEPXHOCTND UMEem NIAGHOE KOPOMKOE CONPSIKEHUEe
¢ 20pu3oHmMAnbIO, Haudume epems nodsema wabor 0o
sepxnezo ceoezo nonoxenus. Hatidume maxxe cnewenue
Kauna x amomy momenmy. Tpenus 6 cucmeme nem.

[Toripo6yeM peruTh Ty 33724y B «JI06», T.€. YKA3KEM BCe
CHJTBI, JIHiCTBYIONINE HA MIaii6y M Ha KJIUH B MPOIecce NX
ABroKeHust (10 HauBbBICIIEH TOYKM ), U YUTEM CBSI3H MEKLY
YCKOPEHUSIMU ITaii6bl OTHOCUTEIBHO MIJIOCKOCTH U OTHOCH-
TEJTHHO KJAWHA. DyJeM cuuTath, 4YTO CKOPOCTH IMaiiObI
OTHOCHUTEJbHO KJIMHA JUHEHHO yObIBaeT CO BpeMEHEM OT
Uy 70 HyJs, a CKOPOCTb KJMHA JHHEHHO BO3pacTaer OT
HyJIl 10 CKOpoCTH V, IIeHTpa MacC CHCTeMBI «Imaiba—
KJIUH», KOTOPYIO HAllJIeM 13 3aKOHA COXPAHEHUST UMITY b~
ca (o ropusoHTam):
__am _ Y%
S m+M A+n’

Kax HerpyaHO mojcunTarh, yCKOpeHHE IMail6bl OTHOCH-
TEJbHO KJWHA @ HAIPaBJEHO BHHU3 I0J] YyIJIOM O K
TOPHU30HTY M PaBHO

_g(n+1)sina

n+sin’ a
a yCKOpeHUe KJIMHAa OTHOCUTEJIbHO IIJIOCKOCTU HallPaBJIeHO
TOPU30HTAJIBHO W PABHO
A= gsinacosa
n+sin’a
PasnesnB u3MeHeHUs CKOPOCTEH Ha COOTBETCTBYIOIINE
VCKOPEHHUd, IOJYYUM CHJIbHO Pasnyaioluecs Mex/Ly
c060ii UCKOMbIE BpEMeHA!
-0y V
bh=—, thp =—.
—-a A
Ckopee Bcero, HEBEPHBI 06a pe3yibTaTta, 1 Bbe3/[ MailObl
Ha KJUH cJefyeT paccMaTpuBaTh Kak yjaap, B pe3dyJibraTe
KOTOPOTO KJIWH TOJy4YaeT UMITYJIbC, HAPABJIECHHDINH rOpH-
30HTa/bHO, a lailba u maockocTb (BMecre ¢ 3emiell B
1eJIOM) TIOJYYatoT KOMIIEHCUPYIONHE JAPYT JAPyra BepTH-
KaJIbHbIE COCTABJISIIONINE HAYAJIBHOTO UMITYJIbCA MANGObI.
IIyctp cpagy mocsie Bbe3ga mmaiiOpl Ha kKauH V U v —
CKOPOCTH KJIMHA W Ilaid-
6bI, a v; — CKOPOCTb IIafi-
6bl OTHOCHTEJHHO KJIITHA
(cm pucynok). Tak kak
pasMephl IIJIaBHOTO COMPSI-
JKeHNs KJIWHA MaJbl, TO
BpeMeHeM ero IIpoXoxK/e-
HUS MOXKHO TpeHeOpeyb.
Cunras Manoil U BBICOTY
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HOJHATHS MAKObI TTOC/IE Bbe3/1a, 3aluIeM 3aKOHbI COXPa-
HEHUst SHEPTUH U uMITyJibca (110 TOPU3OHTAIN):
) 2 2
mo MV® mo
20= 5 + 5 , moy = MV +m(V + o cosa),

nJamn

v =nV?+0*, vy =(n+1)V +0o cosa .
Kak BusHO M3 pHCYyHKa,
v? =V? +2Vo, cosa +of |

Pemras cucremy mocsieiHIX Tpex ypaBHEHUH, HaXOIUM

n &
v =10 V=1 1]1-

n+sin’a’ n+1

——cosa
n+sin” d

YdreM, 4TO OTHOCHUTEIbHAS CKOPOCTD MANRGbI YMEHbINAET-
¢ OT ©v; JI0 HyJiI C YCKOPEHUEM d;, a CKOPOCTb KJMHA
yBennuuBaerca ot Vogpo V. c yckopenuem A. Ecan
BpeMeHeM Bbe3/[a TpeHe6peyb, TO /ISl BDEMEHH JABIKEHIS
10 HAUBBICIIEH TOYKU I0JIyYyaeM

-0 V.-V
L=—t T=—.
—a A
[Tpeo6pazoBanmsi mafoT, pazymeeTcs, OJUHAKOBbLIE Bpe-
MeHa:
Y

b g(n+1)sina

n (n + sin? O() .

[lenTp Macc cucTeMbl ABUXKETCS C TTOCTOSTHHON CKOPOCTHIO
V., ero cmemenue 3a Bpema T noayuurca L =V, T . Ho
maii6a OTHOCHUTEbHO KJMWHA CMEIAETCsT 110 TOPU30HTATI
BIepel, 3HAYUT, KJIWH OTCTaeT OT IIeHTpa Macc W 3TO
OTCcTaBaHUe HY>KHO YUeCTb IPH pacyeTe CMenleHUsT KJINHA.
MpbI HalIM CKOPOCTH MIailObl BJIOJIb KJINHA TTOCJIE Bbhe3/a
vy, ee IIPOeKLUs Ha FOPU30HTA/Ib MEHSAeTCs PaBHOMEPHO
OT ©;CcOSO /IO HYJS, CMelleHue IMaiiObl OTHOCHTEJIbHO
KJIMHA 110 TOpU30HTaIH cocTasster s = 0,570, cosa . Tor-
Jla cMelleHre KJIMHa «Ha3a/[» OTHOCUTEJIBHO IEHTPA Macc
paBHO x = ms/(M +7m), U HOJHOE CMEIeHIe KJIHHA 110
ropusonTanu 3a Bpems T 6yaer L — x . MOKHO MTOJICTaBUTH
Terepb B (hOpPMYJIy 3alliCaHHble BbIIIE BbIpasKeHust st L
U X, HO MOXKHO 3TOTO W HE JleJlaTh — BCE PABHO KPACUBOI
(opmybl He TIOTYUUTCS. ..

I'.Ilanvkesuu

®2066. Tenesxku c maccamu m= 1 xzu M =2 xz ceazanwl
nezkuM ynpyeum wHypom oaunoi L = 0,3 m. Buauaze
meneKKU Henod8uKHvl, d WHYp noumu Hamanym. Jlez-
KOt meaiesxxe yoapom cooduaiom ckopocms vy = 2 mjc @
HANPABIEHUU COCOUNIIOULE-

M
20 ux wnypa (puc.1). Ye- v, M
pes Kaxoe epems npousoli- [] | I
dem yoap meneixex opyz o p 4
dpyea? Kecmxocmv wny-
pa k=20 H/n.
[TeHTp Macc TeresKeK BCe BPeMsI JIBIIKETCST CO CKOPOCTBIO
m
U, =0y —— .
b M +m
[Tepecsem B aTy cucteMy oTcuera. Touka IIHYpa, KOTOPast
L M

JICJTNT JUTHHY [IHYPa B OTHOIICHUN —— = — , KaK pa3 I eCTh

9 m
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- i U EeHTp Macc, U, — 9TO ee
4 M

el | cxopocrs (puc.2). Kecr-
| KOCTb KyCKa IIIHYpa JIJTH-
T HOU [, paBHa
Puc. 2 : ’
k, =ku=k(1+ﬁ),
L M

1 NIHYP OCTaHETCA HATAHYTbIM B TEUYCHHUE HWHTEPBaJla

BpeMeHNI
1 T T mM
'[1 = —n = — = =TI )
2 W [k k(M +m)
m

[Tocuie aTOTO NMTHYP Y3Ke He BJAUSET HA IBUKEHUE CUCTEMbI
(o ynapa ten — yk TO4HO!), Tesa elyT HABCTPEYy APYT
JIPyTa CO CKOPOCTSIMU Uy U U, , KOTOPBbIe MOSKHO HAHTH U3
ypaBHEHUI (MBI BCe elie HaX0/IMMCS B CHCTEeMe, CBSI3aHHON
¢ LEHTPOM MAacC), OMMCBIBAIONINX 3aKOHBI COXPAHEHH:I
UMITYJIbCA W 9HEPTUU:

muy = Mu,,

2 2 2 2
mup  Muj _m (e —w,)  Mu;
+ = +
2 2 2 2
MoHO, KOHEYHO, pPemarh 5Ty CHCTeMY, HO MOXKHO 1
BCTIOMHUTD, UTO OMHOCUMEAbHAS CKOPOCTh TeJ TOCHe
aGcomoTHo ynpyroro Jo6oBoro yaapa (a sto — Ham
cJiyyail) octaercs HeM3MEHHOIl, T.e. PaBHOH ¥y, a JJMHa
IHYpa B TOT MOMEHT, KOT/[a OH CTaHeT He HaTSHYT, paBHa
[. Torja noJiHoe BpeMsi 10 yaapa GyeT paBHO

t:T+L:T[ ﬂ+izo,7 C.
on k(M +m) v,
P. Anexcanopos

D2067. [[uxs menniosoi mawunsl, pabomaiouwell ¢ uoe-
AOHBIM 2d30M, COCIMOUM U3 08YX USOXOPUUECKUX YUACT-
KO8 U 06YX US0MEPMUUECKUX YUACTNKOE C OMHOUEHUCM
memnepamyp 1, : T, = 3. H3secmno, umo na yuacmxe
U0XOPUUECKO20 HAZPEBA-
HUs 2a3 noayuaem
CMONLKO JKe menad,
CKONIbKO HA YUaAcmKe u30-
mepMuecKozo pacuupe-
nus. Haitoume K11/ smo-
20 YuKJId.

A

IJTO — COBCEM TMpocTad
3azada. Pa6orbl Ha u30-
tepMax (1o aGCoIOTHOI
BEJIMYKHE) OTHOCATCS KaK
3:1 (ansa kaskporo masoro yvactka AV paBinenue Ha
«BepxHeii» uzorepme B 3 pasa Gouibine (CM. PHCYHOK).

v

—
1

1 2
Torna nonnas pa6ora B 1ukJie pasHa A, = Q — 3 Q= 3 Q.

3naunt, TepmoanaamMmyecknit KII/] pasen

_A_20/3 1

S0, 20 3
C.IIpocmos

2008 /No

®2068. IIpocmoii om-
Memp cocmoum u3 noc-
nedosamenvno coeou-
HeHHOLY MUTLIUAMNED-
Mempa ¢ moKom noJiHo-
20 omxionenus 1 MA,

— @7

bamapeiiku Hanpsixe- LI
nuem 1,5 B u nepemen-  pye 1 R,

H020 pe3ucmopa
(puc.1). Pezyaupys conpomugienue amozo pesucmopd,
Mbl NPOU3BOOUM <YCNAHOBKY HYIS> OMMempd — npu
3AMKHYMBIX 8bIGOOAX OMMEMPA CMPETKY NPUOOPA Ycma-
Hasueaem 6 kpaiimnee npasoe nojoxenue (<Hy b OMMem-
pa»). Ipu pasomknymolx 6bi800ax MOK HYLeB0U — MO
COOMEemcmayem <«6eckOHeUHOMY > USMEPIEMOMY CONPO-
mueaenuo. MoxHO AU npu nomouu Imozo npubopa
usMepumy ConpomusieHus pesucmopos R, nopsioxa
1 Om; 1 xOm; 1 MOM? Kaxoe conpomuenenue noxa-
JKem amom ommemp,
ecau K ez0 6ble00aM
ROOKIOUUMD NOLYNPO-
600HUKOBBLU O0U00,
80IbM-AMNEPHAS XA~
paxmepucmura Komo- 1
pozo npusedena na pu-
cynke 2?

T MANMN

i /

1.5

PaccmoTrpuM  cBsA3D
MEK/Iy TOKOM U HaTIps-
SKeHUeM, TPUJI0KEH-
HBIM K H3MepsIeMOMy
pesucropy. Brpouem,
e 00s13aTeJIbHO K Pe3UCTopy — K JI060MYy <«yCTPOii-
CTBY», IOJKJIIOYEHHOMY K Hallemy omMeTpy. Bujmno,
YTO 3TAa 3aBUCUMOCTH JuHeiiHas, npu U = 0 Tok paBeH
1 MA (MbI ero ycranosuau), ipu U = 1,5 B 1ok o6pa-
TUTCS B HOJIb. [losryyeHHast mpsMast mokasaHa Ha TOM JKe
pHUCYHKe, Ha KOTOPOM NpPHBEJEHA BOJbT-aMIIepHAs Xa-
pakTepHCcTHKa ANoJa. SICHO, 9TO TOUKA TepeceyeHus ABYX
KPUBBIX /IaeT HaM BO3MOXXHOCTb HAflTH OTBET: TaKol ke
TOK Yepe3 MPHOOP, KaKoW MBI MOJYIHJIN U3 Tpadura —
npumepno 0,4 MA mpu nHampsokenun 0,9 B, — Oynmer
TeYb NP HOJKJIUCHUN PE3UCTOPA CONPOTUBJICHUEM

_ 09B
0,4-107° A

0,5 1 1,5 UB
Puc. 2

=2,25 kOm .

A.Cmapos

®2069. B cxeme na pucyuxe 1 <zopusonmanvnass o6a-
mapeiika umeem nanpsikenue 1 B, mpu u3z uemwvipex
KOHOeHCamopos umerom oou-
HaKoBvle eMKOCmU, ad Noc-
aeonutl — 606oe 60JbULYIO. 4 L
Kaxum moxem Ovimv na- L |
npsxenue 6mopoil, <eepmu- U

KawHOU» bamapeiru, 4mo-
6vL xoms 6vt 00un KoHOeH-
camop 6 3moil cxeme Oc-
manics mezapskennvin? /lo
nooxaouenus 6amapeex 6ce KOHOEHCAMOPLL 3APSIKEHbL
He Ovlau.

Puc. 1
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! 3ajaya HecJI0KHad,
1

BA’KHO TOJIBKO He YILy-

C C

= 1;_2 CTUTDb KaKUX-1160 BO3-
—_ FH MO>KHBIX BapHaHTOB.
U, C U, = L2C Moo paccMaTpuBaTh
3—|_ 4 enumcTBeHHyl0 CcxeMmy
. (puc.2), Ho mpuaercs
VYUTBIBATh /IBa BO3-
MOKHBIX 3HAUCHUS M3-
BectHoro Hanpsprenua: Uy =1 B u Uy = -1 B . Ilpuarom
Mbl yuTeM <«IIepecTaHOBKY» KOH/EHCATOPOB 3 U 4; TO e
a1 u 4 n 2 u 4 nosyuuTcs aBTOMATUYeCKU, ¢ yIeTOM
noJisipaoctu Garapeiiku manpspkenunem U, . Wrak, mpn
He3apsDKEeHHOM KOHJIeHcaTope eMKOCThIo 2C MoTeHInasI
toukn B pasen Hysio (IprMeM Jasee 3a HOJIb TTOTEHIIHAT
«HUKHEN» Toukn), ¢, = U, , CyMMapHbIil 3apsi/| «HUK-
HUX» 0OKJIQJIOK KOH/IEHCATOPOB 3 1 4, a TaKKe «BEPXHUX»

00KJIaJIOK KOHJIeHCaTOpoB / 1 2 paBeH HYyJIO:

Orciona naxoqum Uy =U, =1 B . IIpu U, = -1 B noxy-
unm Uy = -1 B (nossiproctb o6paTHast).
3amnimeM ycJoBHe HYJIEBOTO 3apsifia KOHAeHcaTtopa 3.

¢A =0, ¢5 :an CU1+C(U1_UO)+2C(_U0):O’
3

U1=§ 0, U1=i1,5 B.

Tenepdp 3anmuineM ycJaoBHe HyJIEBOTO 3apsiia KOHEHCATO-
pal:

Puc. 2

b4 =Up, ¢5=U; +U,,
CU - (U +Uy)+C(-U,)+2C(-U; -U;y) =0,
Uy —U, —2U, - 2U, =0,
U, = -U, = -1 B (nossiproctb o6paTHast).

W, nakonerit, 3anuiieM ycJaoBre HYJIEBOTO 3apsjia KOH/CH-
caropa 2:

b5 =Up, 04 =U; U,

2, .25

U1 =
3 3
I/ITaK, BOT BO3MOJKHbBIE HaIIPpAKEHUA «BepTI/IKaJIbHOﬁ»

Garapeiiku: % B;1B;1,5B.

UO —U1 +U0 —2U1 :O, 2U0 :3U1,

3.Paghaunos

®2070. Ha odunaxosvie mopouddivivie Cepoeunuru,
coenanmvle u3 Mamepuad ¢ 6OIbUOLU MAZHUHOLU NPOHIU-
Uaemocmvio, HAMOMAHbL TMOHKUM NPOBOOOM KAMYULKU,
00Ha U3 Hux codepxum 6060e 6GObUE GUMKO8, UEM
Opyzas. Kamywra ¢ meHouwum 4uciom 6umxog umeem
undyxkmusnocms 0,5 I'n. Kamywxu coedunenvt napai-
JACALHO, K 6b1600aAM Kamy-
wex npucoeouHenvl KO-

dencamop — eMKOCMbIO
1 3 3 L 10 mxD u 6amapeiixa na-

npsikenuem 6 B ¢ euympen-
HUM  CONPOMUBLEHUEM
10 Om (cem. pucynox). Koz-

«KBAHTA» 23

da moKu 6 yenu npaKxmuuecku nepecmaiu UsMeHsImvCs,
bamapetixy omxouarom. Hailoume maxcumaivroe 3na-
uenue 3apsoa xondencamopa. Kaxoe xoauuecmeo men.io-
mol gvldeumcst 6 ka0l Kamyuike nocie OmKI0UeHUs.
bamapetixu? IIposod, KOMOPLIM HAMOMANL KAMYUWKU,
uMeem OueHv MAJIeHbKOe CONPOMUBICHUE.

Brnauvase o xarymkax. ITycrb MHIYKTUBHOCTD KATYLIKU C
MEHDBIITUM YUCJIOM BUTKOB paBHA L, TOT/la MHAYKTUBHOCTD
«JIBOMHOI» KaTyIIKu B 4 pasa 6oJbllie U cocTaBisieT 4L.
O0603HaunM MaJjoe COMPOTUBJICHNE KyCKa ITPOBO/IA, KOTO-
PBbIM HaMOTaHa MeHblIlas Karylllka, 4epes3 7, COIPOTUBJIe-
HUE <«JIBOWHOI» KaTyIIKW BJBOe OOJIbIIE U PaBHO 27.
[Toce Toro kKak TOKM B IIE€NM TPAKTUYECKHW MEPECTAIOT
naMensaTbesd, JJC caMOMHAYKIINKA KaTylIeK CTaHOBSITCS
HYJEBBIMU W TOJHBIH TOK B Ilemu OGaTapeiiku paBeH
Tyg =6 B/10 OM = 0,6 A | Mesxy KaTynikaMu 5TOT TOK
pacripe/iesisieTcs B OTHOTIIEHUH, OMPeIesIsIeMOM COTIPOTHB-
JIeHUsIMU OOMOTOK, T.€. Yepe3 MAJIYIO KaTYIIKy TeUeT BBOe
GOJIbIINIT TOK, YeM depe3 «/Boiinyio». Takum o6pasom,
TOK TIepBO#l Katymky paBet 21 = 0,4 A, a TOK «IBOHHOII»
katymku pasedH [ = 0,2 A. Konzgencarop npu atoMm He
sapsikeH (ero HampspkeHue GbLIo 6bl HYJEBBIM MIPU Ujle-
AJIbHBIX KaTyIIKaX, a B HallleM CJIy4yae OHO PaBHO HaJIeHUIO
HAIIPSPKEHUS Ha CONPOTUBJIEHUAX IIPOBO/IOB, KOTOPLIMU
HAMOTaHbl KaTylIKK). MaKCUMaJabHbIA 3apsiji KOHIEHCA-
TOpa MOJYYUTCS B TOT MOMEHT, KOT/Ia 3apspKAIoNIAil ero
TOK TIepBbIil pa3 cTaneT HyaeBbiM (IS NICATBHBIX KaTy-
ek Takue MOMEHTBI HACTyHaJu Obl [BAXK/IbI B TEUEHHE
KaskJI0TO Teprojia KoJaeOaHuil — B HAIlleM caydae Koseba-
HUS MeIJICHHO 3aTYXAal0T U CaMblil GOJIBbINOI 3apsij] MOJTy-
YaeTcsl IMEHHO B IEPBbIA Takoil MoMeHT). IIpeneGpexem
3aTyXaHUeM 3a BpeMsl OJIHOTO Tlepro/a Kosebanuii (cornpo-
TUBJIEHHE TIPOBOJIOB 110 YCJA0BHIO Maio), DJC uHayKinu
KaTyIlIeK BCe BPeMs O/[THAKOBbI, I3MeHEeHHs TOKOB 06paT-
HO IPOINOPHUUOHATBHBI UHIYKTUBHOCTSAM KaTylIeK — TOK
yepe3 KaTylIKy MHAYKTHBHOCTbIO L MeHsercs B 4 pasa
OBICTpEe, OH CMEHUT 3HAK JI0 TOTO, KaK BTOPOI TOK yIaJieT
Jio HyJsisg. CyMMapHbBIi TOK CTaHeT HyJIEBbIM TP 3HAUYCHUH
TOKa KaXXJOW Karymku J, ompenesisseMOM ypaBHEHUEM
4(0,2-J)=0,4+J,orxynaJ =0,08 A. MakcumaIbHbIif
3aps/i KOH/J[EHCATOpa OIpee M U3 3aKOHA COXPaHEHUS
srepruu (BbIIeJEHUEM Teria 3a HeGOJIbIION WHTEepBaI
BpEMEHU npeHeGperaem):
2 2 2 2 2
L££L+4L£—:Ll—+4Li—+9ﬂ,
2 2 2 2 2C
OTKYy/1a

Q,, = IJ7,2LC =1,2-107 Ku.

OGutee KOJIMYECTBO TENJIOTHI, BBIICTHBIIEECS B CHCTEME
nocJie OTKJIIOUeHHsT GaTapeiiku, HaflTH COBCEM MPOCTO —
5TO CyMMapHasi SHEPIUsl KaTylIeK CPasy I0c/Ie OTKJIIoYue-
wnst: W, = L(21) /2 +4L1%)2 =0,08 [l . Hammoro
CJI0KHEE MOCUNTATD, KaK HTO TEIJIO PACTIPEIETUTCS MEXKTY
KarymkamMu. B cxeMe OZHOBPEMEHHO MPOUCXO/SAT JBa
PasHBIX TIPOIECCa — MOHEMHOTY 3aTyXaeT <«KOJbIIEBOi»
TOK B KOHTYPE, OOPa3OBaHHOM JBYMsl KaTylIKaMu, M
MeJIJIEHHO 3aTyXaloT KOJIe6aHusl B KOHTYPE U3 KOH/IEHCATO-
pa U IByX KaTyIIIeK , BKIIOUEHHBIX TAPAJLIETbHO. B «K0JIb-

LEBOM» IpoLecce pacxoxyercsa sueprus W, = 5LT 2 /2 =
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=0,008 /'x , B <«KoJeb6aTeJlbHOM» — OCTaJbHbIE
W, =0,072 [Ixx . B nepBoM u3 1poreccoB TOKHM KaTyllek
OJITMHAKOBBI, OTHOIIIEHNE KOJUYECTB TETLJIOTHI OTIPeIe/IsSeT-
¢ OTHOLIEHUEeM collpoTuBJenuil karyumek. Torpa B oau-
HapHOW Karymke Bbyteasercss W, /3=3-107 Ik, B
«/BoitHOi» — mpumepo 6-107 Ik . B koueGareapHom
Ipoliecce TOKHM KaTyIIeK ONpe/esIAoTCsl OTHOIIEHNEM HH-
QYKTUBHOCTEH, T.e. 4epe3 OJMHAPHYIO KaTYIIKy TedueT B
KasK/IBIIif MOMEHT BUeTBepO 60JbImit TOK. C y4eToM OTHO-
IIEHTST COTIPOTHUBJICHUI TIPOBOIOB MOJTYUNTCS OTHOIICHUE
8:1 B mo/b3y oAuUHAPHOI KaTylIKM, B Heil BblIEJUTCS
8W,/9 = 0,064 [I:k , B «IBOWHOI> KATYIKe BBIAETUTCS

W,/9 =0,008 /I)x . Byzem cuutarh, 4t0 B OJMHAPHON
KaTyIIKe BCETO BbIeaNI0Ch 4yTh Menble 0,07 [Ix, a B
«JIBOITHOI» B cymMe Bbijesnaoch mpumepro 0,015 JIx.
Koneuno, 310 0BOJIBHO Ipy6asi OlleHKa, HEJNb3sT TPOCTO
CyMMUPOBATh KOJUYECTBA TEIJIOTHI, BBIJIEIAIONINECS B
KaXJIOM W3 TIPOIIECCOB, HO 3TO BCE JKe Jydlle, 4YeM
HUYETO. ..

A. 3unvbepman

®2071. Ha 08yx 00unaxosvlx 1ezKux npyKunax xecm-
KOCMYIO R, NPUKPENIEHHBIY K NOMOIKY, GUCII 00UHAKO-
evle epy3vl maccoi M. Ha odun u3 zpy306 axxypammo
CMABSAM ZPY3UK MACCOU M, @ NOCIe MO20, KAK KOAeOaAHUs
npexpamsmcs, Oblcmpo nepeHocsm pY3ux Ha Opyeoi
2py3. Yepes xaxoe epems epy3v. nopasusaiomcesa? A uepes
Kaxoe spems CKOpOCmu 2py306 enepsvie 6yYOym Hanpas-
Jenvl 8 00HY CMOPOHY?

Kaskaprit 13 MasgTHUKOB TIOCJIE TepeHoca Tpysuka 6yner
COBepIIaTh rapMoHNUecKue Kosebanns. YacToTs! Koeba-
HUIl pa3HbIe:

B

AMILJINTY/IbI — O/IMHAKOBDBIE 1 PaBHDbIE X = 7 OTcunrhl-

Bas KOOp/IMHATDI OT IIOJIOKEHHNA PpaBHOBECUA HEHATPYIKEH-

A
]

s 4

Xy 2

HOTO MasITHUKA, TIOTy4nM rpa UKy U3MEHEHUS KOOPMHAT
co Bpemernem (cM. pucyHok). IlopaBHAIOTCSA TPy3bl B
MOMEHT {; , IJI1 KOTOPOI'O —X, COS Wyt = —Xx sin wyt; . Ilpu
9TOM

cos Wty = sin Wy,
nam

s
Wity + Wyt :E, 4 =

(w1+u&

i)

2008 /No

CxkopocTu rpy30B BIepBble GyAyT HANPABJEHLI B OJHY
CTOPOHY, KaK TOJIbKO OJIMH U3 HUX N3MEHUT HallpaBJIeHHe
ABIsKeHns. Tak Kak wy > W), TMEPBBIM 3TO C/EIAET TPY3,
C KOTOPOTO CHSJIM TPY3WK Maccoil m, 4Yepe3 IMOJIOBUHY
nepuosia cBoux Kosebanmit. Mraxk,

SR i R
o [k Vk
M

®2072. Kopnyc ceemousyuarowezo 0uoda omumamno-
san u3 npospaunoi naacmmaccol (puc.1). Ha oonom ezo
KoHue chopmuposana
AUH3A, USAYUAIOWAS
obaacmo npeocmas.isi-
em Kpyxox ouamem-
pom 2 mm. Ouenume
duamemp c6emiozo
nAmMHA Hd dIKpane, pac- 8 MM
NOJOKEHHOM HA OCU U3~ Puc. 1

AYUEHUS. HA PACCmOost-

Huu 20 cm om ouoda. Ompakenusmu ceema 6HYymMpu
NAACMMACCOB8020 KOPNYCA MOKHO npenedpets.

A.Tpy3soe

5 MM

[Ipu pelieHnH 9TON 3a/a4u HaM NPUJAETCS CJeJaTh He-
CKOJIBKO JIONYyIeHN. ByieM cunTarh, 4To [EHTP U3J1yda-
IOIIEH TIOBEPXHOCTU HAXOIUTCS B TJIABHOM (DOKYCe JIMH3bI,
1.e. F =8 mM. Ilyctb K09 DUIMEHT NPETOMIICHUS TLIAC-
TMAcChl paBeH 7= 1,5, Tor/ia pajinyc KPUBU3HBI chepuuec-
KOii oBepxHOCTH cocTaBysier R = F(n—1) = 4 mm . Hentp
U3JTyYaloliell OBEPXHOCTH MOC/Ie PEJOMIECHNUS IACT Ta-
PaJLTeIbHBIH IIy4OK CBETa, €r0 PAuycC 7, = 2,5 MM . [laab-
e npoBouM Beruucaenus (puc.2). Orpesok I'D umeer

[+

B 20
133
A 51°
O 39° D
1 [+]

O f
b B :
Puc. 2

amay 0,9 MM, pacXoMMOCTb MydyKa MocJie JUH3BI OTpe-
JlesisTeTcsl XOJI0M «CaMOro HeBbIToJHOro> jyua bB. [lns
yTJia majileHns ero K Hopmasu — paauycy OB — pacuer gaet
13°. Torga yroj mnpejoMJIeHHus COCTaBUT IpuMepHo 20°.
[Tpu aToM J1yy wer moj yriaoM 19° K riaBHOI OITHYECKOi
ocH JINH3bI 1 HA paccTogHny 20 ¢M OT Hee OTOI/IET OT ITOH
ocu emie Ha 20 cM-tg19° = 7 cm . TakoB u Oyner paanyc
MATHA Ha 9KpaHe. IHTepecHo, YTO N3MEPEHHDBIN B TPSIMOM
9KCIIEPUMEHTE CO CBETOMOJIOM PAINYC TSATHA OBLI UyTh
60JIbITIEe 5 CM — JIJIST TAKOTO TPYOOTO pacyeTa COBIA/IEHIE
xopoiliee.

A.Ceemaos



KMII

3a0a4u

1. [aHbl 6 nerknx 1 6 TaXenblX MOHeT. 10 BHelHeMy
BMLY OHW HepasNuMyMMbl. 3a OLHO B3BELUMBAHWE MPO
nNoboe MHOXECTBO MOHET MOXHO Y3HaTb, CKOJIbKO B HEM
TAXENbIX MOHeT. Kak 3a [Ba B3BELUMBAHWS HaWTW [OBe
MOHeTbI, OHa M3 KOTOPbIX flerkas, a apyrasa taxenaqa?
A.LllJaroBasos

2. Bacs 3agyman Tpu HaTypanbHbIX Y1cna. [nsa Kaxaom
napbl YXACEN OH Hallen Pa3HOCTb MEXAY UX MPON3BeaeHN-
emM 1 cymmon. OKasanocb, Y4TO OfHa M3 3T1X pa3HOCTeMN
oTpuuaTtenbHa, a Apyras nojoxutenbHa. Kakos 3HaK
TpeTben pasHoOCTU?

b.@peHkmH

3 . B NPAMOYTrOJIbHOM TPeYrosibHMKE O4VH KaTeT BABOe
ONHHee ppyroro. PaspexbTe ero Ha 5 O4WMHAKOBbLIX
TPeyronbHMKOB.

P.Capbaiu

D711 334341 [IPEAHAZHAYEHbI PEXAE BCEro yyaumcd 6 — 8
KJ1aCCOB.

4. Ong Kakmx HaTypasbHbIX Y1Cen X 1 ) BbIMONTHAETCA
PaBeHCTBO

142" +22 4. 427 =3V7

B.CeHnepos

5 . B cTpaHe, kaxabin XuTtenb KOTOpown nnbo pbiLapb,
nmbo mxel, (pblLapW, Kak W3BECTHO, BCErAa roBOPST
npaBAy, a JKeLbl — BPYT), 3a KPyribiM CTONOM cobpanach
KoMnaHus 13 19 abopureHos. Kaxabii 13 coOpaBLUMXCA
3asBuUn, 4to oba ero cocega — mxelbl. Paspasuncs
CKaHAaJsl, B pesynbTate KOTOPOro 4acTb KOMMaHWM MoKm-
Hyfa 3acTonbe.
[Mocne 3Toro Kaxablt M3 OCTaBLUNXCA C YAOBAETBOPEHMEM
0ObABMN, YTO Tenepb 0Da ero cocefla — PbiLAPW.
— I B camoM fiene, cpenm Bac Tenepb Hi OOHOTO Jixewa,
— COrnacuncs C HUMM NOCNEOHNIN 13 NOKMAABLUMX KOMMa-
HUMIO.
TeM BpemMeHem «OTLeneHLbI» OpraH13oBann HOBOE CO-
OpaHve 1 BHOBb 3a KpyrbiM cTofioM. Kaxapsiv 13 cuas-
LWMX 33 3TUM CTOJIOM MPOW3HEC, YTO CPeam ero cocenen
POBHO OAMH PbILAPb.
CKONbKO 4enoBek OoCTalMcCb CUMAETb Ha CBOMX MecTax
nocsie packona KomnaHmm?

BJleyko

VIITIIOCTpaUnA .1 PULLLYKOBOMU
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2008 /No

Ronkypc numenn A.Il.CaBuHa

«MaTtemaTnka 6—8»

Mbi 3aBepLiaem o4epenHON KOHKYPC 10 PeLUeHUI0 MaTeMaTuyeckux 3agay Ans yqawmxca 6-8
Kn1accoB. PellerHns 3aA4a4 BbICbIIANTE B TEHEHNE MecaLa I10d1e 10/1yYEeHNS 3TOr0 HOMEPAa XKYpPHana ro
aapecy: 119296 MockBa, JleHnHckui npocnekt, 64-A, «KBaHT» (¢ nmomertkoui «KoHkypc «Matematvika
6-8»). He 3abygbTe yka3aTb UMs, KJIacc M JOMALLUHNI aapec.

Kak n npexxae, Mbl rpUBeTCTBYEM yHacTUe B KOHKYPCE HE TOJIbKO OTAE/IbHbIX LUKO/IbHUKOB, HO U
MaTremMaTn4eckmx Kpy>KKoB. PykoBoguTesiev KpyXKoB rpoCuM yKa3aTb 3/1€KTPOHHbIV aAPeC N KOHTaKT-
HbIVI TeneghoH. 1o Tpaguumnm, KpYyXXKKU-MobeanTeIn 3a04HOro KOHKYPCa MPUITIALLIAIOTC Ha UHATBHBI

OYHBIVI TYPHUP.

16. Mpn Kakmx HaTypanbHbIX 77 > 2 MOXHO 3anuncaTtb B
OfHY CTPOKY 4mcna oT 1 4o 7 TaK, YTobbl cpeam nobbIX
Tpex ymcen, 3anmcaHHbIX NoApsa, OOHO U3 HUX ObINo He
MeHbLUe CyMMbl ABYX OpYrux?

WAKy M4

17. HavauTe BCe HaTypalbHble CTENEHU MPOCTbIX YMCeN,
npeacraBrMble B BUOE CYyMMbI ABYX KyOOB HaTypasbHbIX
qyncer.

B.CeHnepos

18. Touky D, nexallyio BHYTPU OCTPOYroOfibHOrO Tpey-
ronbHuka ABC, oTpasvnm CUMMETPUYHO OTHOCUTENbHO
Tpex ero ctopoH AB, BC, CA. Oka3anoch, 4TO COOTBETCTBY-
oLMe Tpu HoBble ToYKK C;, A, By NexXaT Ha OKPY>XHOCTK,
OMMCaHHOM BOKPYT TpeyrofbHuKa ABC 3aTeM Ha YepTexe
ocTaBunn Toukn A, B, Gy, a BCe OCTallbHOe CTepnu.
Boccranosute tpeyronsHuk ABC MO 3TUM TPEM TOYKaM.

ClIBOpsHMHOB

19. Yucnoeas nocnefoBaTenbHOCTb 7y, £, 7 , .. CTPOUTCA
cnenyouM obpasom:

3f, +4/5F2 + 4
M=
2

[okaxuTe, 4TO BCe 4MCna 3TOM NocsiegoBaTebHOCTU —
uenble.

=012 .

BJleljko

20. HaTypanbHble 4Mcna X Uy TakoBbl, 4TO xy + 1
ABNAETCSH KBAAPATOM LLENoro yncna. JokaxuTe, YTo Han-
0eTca HaTypanbHOe YUCNIo Z Takoe, YTo Yucna yz + 1,
zx + 1, a Takke yncno xy + yz + zx + 1 asnaortcd
KBagpaTamMu LenblX Ymcen.

B.lTponzBonos

[1pr3pak JleoHapOo

N.AKyJin4d

[TyCTb TOT, KTO HE MAatemartvik, He YUTaeT MEHS.
JleoHappo na BuvH4n. Hay4Has nposa

ONTBICAYENETNA OTLAENSAET HAC OT BEJINKOIO JTEOHAP-

00 Oa BuH4M, HO 4enoBe4ecTBO M MO Cen AeHb
HeYCTaHHO WLLET OTBET Ha BOMPOC: KTO Xe OH Obln Takomn?
XynoxHuk? M3obpetatens? dunocod? eHm, HaMmHOro
onepeayBLUNIA CBOE BpeMms, WM BOODLLEe MOCNaHHMK
MHOMNaHETHOro pasyma?

CBuaeTeNbCTBAMU HEYBAOAIOWIEr0 MHTepeca K 3TOMy
TUTaHy 3N0xM Bo3poxaeHmsa ABNAIOTCA HafenaBLlas MHO-
ro wyma kHura (a 3atem un unbm) «Kog ga BuHum», a
Takxe yBnekaTeflbHas KoMnbloTepHas urpa . OHa npsmo-

! Cn., nanpumep, www.1980-games.com/us/ reflexion-games,/
reflexion-others/026.php uru www.1980-games.com/us/reflexion-
games /reflexion-others /debout.php

TakM HacblleHa 3afayamMu, rofIoBOSIOMKAMU U MPOYMMU
3aTPYOHEHUAMU, HYTO ENAET ee Ype3BblHaHO TPYAHOM, HO
1 BECbMa VHTEPEeCHOW.

OfHa 13 33434 3TOW UIpbl U ABMNACh OTAPaBHOW TOYKOM
NCTOPWM, KOTOPYIO Mbl Ceyac M3noxum. Mtak, agaH knet-
4aTbl KBagpaT pasMepoM 5x 5 KNeTok, Kaxaas KneTtka
KOTOPOro MOXeT ObITb Nbo Genon, nnbo YepHon (nep-
BOHa4asnbHO BCe KNeTKM Besible, XOTS 3TO U HeCyLL|eCTBEH-
HO). Pa3pellaeTca BbiOpaTh nobylo KneTky v ofHOBpe-
MEHHO MepeKpacuTb B MPOTUBOMOOXHbIN LIBET ee caMy
N BCE KNETKM, UMetoLLe C Hel ObLLyIo CTOPOHY (Mbl 1X
OynemM HasbiBaTb cocefigMu). TpebyeTcs 3a HeCKONbKO
TakMxX Omnepaumn nepekpacutb BCe KeTkM KBagpaTa B
NPOTMBOMOMOXHbIN LBET.

Tpy&HO CKa3aTb, NPUIOXMA NN PYKY K 3TOM 3ada4e caM
JleoHappo fa BuH4M, HO BMoJfIHE BO3MOXHO, 4TO da. Bo



BCAKOM CJly4ae, MoXoxe Ha To. YK
OYeHb... HO 0D 3TOM Mo3xe.

be3ycnoBHO, MHOrVe mnosnb30-
BaTeNIM KOMMbIOTEPHOW UMPbI pe-
Wann ronoBOSIOMKY «MEeTOAOM
TbiKa», LIeNKas MbllWbO MO pa3-
NUYHBIM  KJIeTKaM MO BeneHunto
Oywn. Ho Mbl nocrapaemcd no-
OOUTN K €Ny Hay4HO.

[na Havana HaszoBeM nepekpa-
LUINBAHME KaKOWM-NMOO KneTkn (n
OHOBPEMEHHO BCeX ee cocenen
Mo CTOPOHE) XO4OM B 3Ty K/IETKY.

MycTb Mbl COenann Kakoe-To Ko-
NNYECTBO XOL0B B Kakme-To KNeT-

K1 1 0obUnncb CBOero, nepekpa-

CMB BCe KNETKM KBagpaTta B Mpo-
TMBOMOJIOXHbIM LBET. PaCCMOTPUM
nobyio kneTky. Mpun Kaxxaom xome /
B Hee caMy unu B Mobyto cocen-
HIOIO C Hel KeTKy OHa MeHseT
uget. CnefioBaTeNibHO, €CIIV B UTOre
KneTKa nosly4una npoT1MBOMNOnoX-
HbIA LIBET, CYMMapHOe Y1CIo XO-
[0B B 3Ty KJIeTKy W BCe cocefHMe
C Hew KNeTKM AONKHO OblTb He-
YeTHbIM. [Mpn 3TOM 0YepegHOCTsL
XO[0B, O4eBUAHO, HE UMEeT HU-
Kakoro 3Ha4yeHWs — OT nepecTa-
HOBKM CllaraeMbix cymma (a Tem
Donee YeTHOCTb) HE MeHSEeTCA.

Mopa3mMbICNvB, MOXHO caenatb
elle OAMH, He MeHee BaxkHbI BbIBOM; €C/IN B KaKyto-NMbo
KNeTKy ObINo CAenaHo He MeHblle ABYX XOO0B, TO, YMeHb-
LUNB KONMNYEeCTBO XOO0B B 3Ty KNETKY Ha 2, Mbl NpuaeM K
TaKoMy e pe3ynbTaTy. 3aKOH YEeTHOCTW MPOSBAAeTCa U
30ecb. Ho ecnin Tak, TO, yMeHbLas YACIO XOA0B B KaXKayto
KNeTKy Ha 2 10 Tex nop, Noka 3T0 BO3MOXHO, Mbl JOBEAEM
KONMMYeCTBO XOOOB B KaxAaylo KNeTky [0 04HOro Wnmu
BOOOLLE J0O HM 0gHOro. ApyrMu ClIOBaMu, eCsi BO3MOX-
HO C MOMOLLIbIO HEKOTOPOro Habopa XOA40B B HEKOTOPbIE
KNeTKM [OCTUYb XKeNaemMoro pesynbtata, TO TOro e
MOXHO [00UTbCA, caenaB B Kaxmylo Knetky #He bosee
ofHoro xopna. Takow BbIBOA, MO3BONAET HaM pa3fenuTb
KNeTKM Ha [Be KaTeropuu: B KOTopble Obin caenaH Xof,
(eOMHCTBEHHBIN!) 1 B KOTOpble He ObiNO coenaHo Xofda.
MNoceMy OaBanTe OTMETUM KIeTKW, B KOTOpble Hado cae-
naTb XOA, W NogyMaem, KakuM yCJIOBUAM AOMXKHA YI0B-
NeTBOPSATb MOSTyHYEHHAst KOHDUIypaums.

3aMeTM, YTO C KaX[0W OTMEYeHHOM KNETKON 005S3aHO
COCeCTBOBATb YETHOE HYNCNO OTMEYEHHbIX KNeTok (T.e.
WM HWA OAHOW, WX [Be, WNN YeTbipe), a C Kaxmaow
HEOTMEYEHHOM KNETKOW — HeYeTHOe YNCNO OTMEYEHHbIX
Knetok (T.e. N ofHa, UK Tpw). HecoMHeHHO, BOMNbLLINH-
CTBO YMTaTENen CornacaTcs ¢ 3TiM be3 konebaHnn, a ans
TeX, KTO COMHeBaeTCsl, MosiCHMM noapobHee.

PaccMmoTpuM ntobyto HeoTmeyveHHyro knetky A. C Hew
COCeACTBYET HEYETHOE YMCIO OTMEYEHHbIX KNeTok. Tak Kak
Npv xomde B Mobylo Takylo COCefHIo KeTky knetka A
NOMEHSET LIBET, TO NOCSIe BCEX XOA0B OHa MNOMEHseT LBeT
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HeYeTHoe Y1csIo pas, N B UTOTe ee LBeT CTaHeT NpoTUBO-
MONOXHbIM NCXOLHOMY.

Tenepb paccMOTpUM ToOYI0 ormeveHHyro knetky B. C
HeWn CocefCTBYET YeTHOEe YMCSIO OTMEYEHHbIX KNeToK. Tak
Kak npwu xofie B oYt Takyto COCeAHIO KNeTKy Knetka B
MOMeHSIET LIBET, TO NMOC/e BCEX XOLOB B COCEAHME OTMe-
YeHHble KMIETKM OHa MOMEHSAET LBET YeTHOE YMCIIO pPas.
noC K TOMY Xe OHa OAMH Pa3 MOMEHSET LBET NPV XO4e
B camy kneTky B Taknm obpa3om, B UTOre ee LIBET CTaHeT
NMPOTUBOMOJIOXHbBIM UCXOLHOMY.

Y10 X, HaM ydanochk NPeobpasoBaTh «ANMHAMUYECKYIOY»
3apady (rae KneTky To 1 AeNo MeHsIoT LBET) B «CTaTuyec-
KNM» BapWaHT, r4e Hy>XHO BCEro vLb OTMETUTb HEKOTO-
pble KNeTkM [OCKM onpefeneHHbIM 00pa3oM: YTOObI C
KaXOoV OTMEYeHHOW KIeTKOW COCeACTBOBaNoO YeTHoe
YMCO OTMEYEHHbIX KIeTOK, a C KaXXA0W HeOTMeYeHHOoW —
HeYeTHOEe YUCITO OTMEYEHHbIX KJIETOK.

Mpuctynum.  [ng kBagpaTta 5x5 pelleHve rmMeertcs
(pnc.1, oTMeYeHHble KNeTKM OKpallieHbl B KPacHbIN LBET).
C NOMOLLbIO MOBOPOTOB U OTPAXEHWU MOXHO MONy4YnTb
elle TpU peLleHns, HO CaMOe MHTEePeCcHOe, YTO OpYyrnx
pelleHnn HeT! Yxe 3TOo MO3BONSET NPeanofioXuTb, YTO
BENMKWMIM JleoHapao Mor ObITh NMpUYacTeH K Takom 3aaade
— Beflb UHTYUTMBHO KAXETCS, YTO PeLLEHME [OMXKHO OblTh
«bonee CUMMETPUYHBIMY, HY XOTs Obl OTHOCUTENbHO
BEPTUKANbHOW U FOPU3OHTAIbHOW OCEW.

PasymeeTcq, Mbl He CTaHEM OrpaHN4MBaTLCA KBAAPATOM
5x5, a «notporaemM» KBafpatbl 11X 1 W ANa Opyrix /.
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Puc. 7

Mpn HebonbWwKX 77 3TO MOXHO chenate 6e3 ocoboro
TpyZa. Mpole Bcero nony4mtb OTBET Ana 7 = 1 — 3T0
NpPOCTO efMHCTBEHHAaA OTMe4YeHHad knetka. [py n = 2
MMeeM YeTbipe 3aKpalleHHble KNEeTKM, U peLleHme Toxe
eOVHCTBEHHOEe. 3Ha4YeHune 1= 3 AaeT KPacMBYIO KOHUry-
paLMio, ONATb-TaKN eAMHCTBEHHYIO (pUC.2).

Puc. 2

HeoXnoaHHylo pocchinb  PasfnyHbIX KOHMUIypaLmin
nopoxpaaet n = 4. CyuiectByeT NaTb MNPUHUMMNMANBHO
Pa3fnyHbIX CNOCObOB OTMETUTL KNeTkn (puc.3).

_ Sl L
|

Puc. 3

MNepBble ABa 13 HNX C MOMOLLbIO MOBOPOTOB U1 OTpaxe-
HWW «Pa3[BaMBAIOTCA», @ OCTaNIbHbIE TPU «pacHeTBePSIOT-
ca». Ntoro, nonyyaetcs 16 cnocobos. BecbMa «Bbinaaato-
WMM» pe3ynbTaT Ha (DOHE OCTaNbHbIX Y>XKe PacCMOTPeH-
HbIX /2.

[anee peleHvsa BnioTb 40 /7 = 8 elle yaanocb Nopo-
OpaTtb BpyUHylo (OTMETMM, KCTaTuW, YTO 334a4a ANs KBag-
pata 8x 8, T.e. CODCTBEHHO LaxMaTHOM AOCKM, Obina
npeanoxeHa B KOHKypce «MaTtemaTuka 6—8» TekyLero
y4ebHoro roaa (3agaya 5) — Tak 4TO 3a0HO Mbl PeLLNIIN
n ee). Mpwn 3ToM ObIN OOHapPYKeHbl BeECbMa CMMMNATUY-
Hble, obnafaoLLye BbICOKOW CTeneHbio CUMMETPUM KOH-
cdurypaumn (puncd).

Y>Ke Ha 3TOM 3Tane, HECMOTPS Ha LOCTUTHYTbIE yCIexu,
NOSBUAVCE CMYTHbIE MPayHble NpeaYyBCTBUSA. BO-nepBbiX,
He YAanoCh HallynaTb HUKAKMX «00LLMX» CrOCOOOB OTMe-
TUTb KNeTkn TpebyeMbiM CNocobom. HeyaadHom okasa-
JINCb U MOMbITKM MUCMOb30BaTh HaWAEHHble pe3ynbTaThl
AN MEHbLUNX /7 NPV NMoucke pelleHun ans 06nbLwmx .
MNpaBAa, KoOHMUrypauma ang 7 = 8, Kak Nerko 3aMeTuTb,
nony4yaeTcs Kak Obl JOMONHEHMEM «KaMMbl» K KOHDUIY-

Puc. 4

2008 /No

paumu ansg N7 = 6, HO 3TOT yCrnex CIULKOM CKpomeH (1
BbISIBSIEH OH Oblfl, YCTHO CKa3aTb, 3a4HUM YNCTIOM).
Y10 genatb? MpULLNocs NOCTaBUTb Ha Cy>KOy AOCTUXe-
HWNSi COBPEMEHHOW BbIYNCITUTENBHOM TEXHWNKW 1 MOPYYUTb
KOMMblOTepY NOMCKaTb, 415 KaKMX eLLe /7 MOXHO OTMETUTb
knetkn (a 3a04HO MOACHNTATb KONMMYECTBO CrocoboB 3TO
coenatb ANg Kaxmaoro /7). boapo CTapToBas, KOMMbIOTEP
nobpanca Tonbko Ao /7= 28, NOCKOJbKY C AaNlbHENLLIM
POCTOM /7 OH Ha4YMHaeT AymMaTb 6e300XHO Aonro. Tem He
MeHee, aHaN13 Pe3ynbTaToOB OKa3asCs HACTONbKO Nopasu-
TeNbHbIM, YTO NPeANOIoKEHKE O MPUYACTHOCTU Aa BUHYK
K paccMaTpMBaeMOWM 3afa4e TONbKO YKpenunock. lMocyau-
Te camMu. Bo-nepBbIX, KOMMbOTEP NOATBEPAN €ANHCTBEH-
HOCTb pelleHua ons n==6, 7 1 8. bonee T0ro, BbIACHUIOCh,
YTO peLleHre CyLlecTByeT A1 BCeX PACCMOTPEHHbIX 7,
npudem ona n =10, 12, 13, 15, 18, 20, 21, 22, 25, 26, 27 v
28 oHO eguHcTBeHHo. CnepoBaTeflbHO, OHO obnajaet
CMMETPYEN OTHOCUTENTbHO BCEX OCEN CMMETPUM CaMOW
nockn (MHave NoABMAMCH Obl AONONHUTENbHbIE peLleHIs,
NoJly4eHHble MOBOPOTaMK U OTpaxeHuamn). [anee, ans
n = 17 (kak n ons M3BecTHoro Ham 77 = 5) nmeetca 4
pewenHus, ana n = 14 n 24 nmeetcs 16 peleHnn, ans
n = 114uncno peweHnn gocturaet 64, ana 1= 9 1 16 oHo
paBHO 256. A fanblle — NpsMO-Taky MOTPSCAIOLLMIA B3MIET:
npy 1= 23 YUCNO PeLLEHUI Pe3KO «MpbiraeT» Ao 16384,
a gna n=19 — po 65536. OTMeTUM, 4YTO Kaxxgoe U3
durypupytouinx 3necb vucen (1, 4, 16, 64, 256, 16384 n
65536) ABNSETCA LeNoM HeoTpULLATENbHOM CTEMNEHbIO YeT-
BepkU. [1py 3TOM Ha CBET y>Xe NOABNATCA 1 KOHPUrypa-
UM, He obnagatolimMe H1U OCeBOW, HU MOBOPOTHOM CUM-
MeTpuren (XoTa oTAenbHble MX dparMeHTbl MoryT ObiTb
CUMMETPUYHbI). Hanpumep, BOT Kak BbIMAOWNT OAWH WX
BO3MOXHbIX pe3ynbTaToB Ang gockn 19x19 (puc5).
daHTacmaropusi kKakas-to! Takoro poga pe3yfbTaThl
NPOCTO OLIAPALLMBAIOT, I HAYMHAET Ka3aTbCs, YTO rae-To
PSOOM HeCbILUHOW TeHblO MPOXOAMUT BOCCTaBLUMM 13
rnyOuVHbl BekoB npu3pak JleoHapno. Heyxenn oH npen-
YyBCTBOBAN HeYTO MomdobHoe (OTCyTCTBME KOMMbloTepa
reHuo, Kak M3BEeCTHO, He nomexa)? Tak MM nHade, Ho To,

H | N

Puc. 5
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4TO Mbl UMeeM, 3acTaBnsaeT chopmynmpoBaTb ABa 6e30T-
BETHbIX MOKa BOMpPOCa.

Bonpoc 1. Ansa noboro nn /7 MOXHO OTMEeTUTb Tpebye-
MbIM 0Opa3oM KNeTku KBafpata 77X n?

Bonpoc 2. Eciiv Aa, To BCeraa v Konm4ecTBo cnocobos,
KOTOPbIMM MOXHO 3TO CAENaTb, ABMASETCA Lelon HeoTpu-
LaTeNbHOW CTeneHbio Ywmcna 4?

Y710 X, «MPOBanMBLUMCLY» C KBaZApaTOM, Mornpodyem
NOCTYNUTb U3MI0ONEHHBIM METOLOM OTEeHeCTBEHHOTO nep-
CoHaxa pena Llykaps: BuibHYTH KyAa-to B CTOPOHY.
PaccmMoTpuM He KBagpaT, @ MPAMOYTOfbHUK Pa3MepoMm
m X n Knetok. Yto OyaeT Ans Hero nNpu peLieH Ton xe
3aga4m?

Mocne 3anycka KOMMbtoTepa Ha BClO MOLLb Oblnv nony-
YeHbl pe3ynbTaTthl ANA BCeX AOCOK pa3MepoM BMOTb 40
20 x50 (manblue onsaTb Ha4anMUcb NpPobneMbl CO Bpeme-
HeM). Pe3ynbTaTbl OKa3anucb He MeHee yamBuTeNbHbI. Bo-
nepBblX, NO-NPEXHEMY /78 BCEX NPOBEPEHHbLIX MPAMOY-
FONbHNKOB peLleHre CyLLeCTBYeT, NpuyeM Ans OoMbLUNH-
cTtBa 13 HUX (He MeHee 70%) OHO e4UHCTBEHHO. Mpw 3TOM
ObINV BbIsIBNIEHbI ABa 3Ha4YeHWs /m =12 1 18, Ans KOTOPbIX
peLleHme efMHCTBEHHO MpU J71060M (13 PaCCMOTPEHHbIX)
3Ha4YeHUn N Hy a ecnn Konm4ecTBO peLleHni He eauH-
CTBEHHO, TO B HEKOTOPbIX CITy4afx OHO YXe He fBNSeTCs
CTeneHblo HYETBEPKM, HO SIBMSETCA CTEMEHbIO ABOMKN. Tak
4TO BOMPOCOB TOMbKO [00aBUNOCh.

Bonpoc 3. [ns nobbIXx N1 /M U N7 MOXHO OTMETUTb
TpebyembiM 06pPa3oM KNETKM NPAMOYTrofibHNKA /17X 17 7?

Bonpoc 4. Ecnu fa, To BCceraa nm Konm4ectBo cnocobos,
KOTOPbIMM MOXHO 3TO CAeNaTh, ABMASETCA Lelon HeoTpu-
LaTeNbHOWM CTeneHblo Ymcna 2?
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Bonpoc 5. CyliectByeT v Takoe /7, 4To Ons nodoro 1
peLleHve eqUHCTBEHHO?

MNocne Takoro ©e30TBETHOrO yaapa 3afada nepeluna B
cTaguio «pasbpop 1 LWwaTaHns». Ya3BeHHoe camoniobuve
TpeboBano OTBETHbIX AEUCTBUN. bblnu NpeanpUHATL MHO-
rOKpaTHble NMOMbITKM MCCNefoBaTh He KBaApaT M He nps-
MOYTOMbHWIK, a /700y PUIypy, KOTOPYIO MOXHO Bbipe-
3aTb U3 KnetyaTorn Bymaru (B TOM 4Yncrie U C ablpkamu),
npuyeM C eAMHCTBEHHOW LeNblo: HauTW xo7d Obl ofHYy
urypy, KneTkn KOTOPOW Hesb35 OTMETUTL TpebyeMbiM
obpazom.

YuTatenb HaBepHsKa yXe A0rafasncs, Y4to nomy4mnocs
B pe3ynbTaTte: Takux huryp obHapyxeHo He Obino! Mioboe
CaMOe 3aKOBbIPNCTOe HarPOMOXAEHME KIeTOK, KOTopoe
TOMbKO MOrNO M300pecT BocnaneHHoe BoobpakeHue,
MO3BOJIANO MNOC/E HEKOTOPbIX MyYeHUI [OOUTLCSH HY>KHOW
«pa3mMeTkm». O KoNn4ecTBe peLLeHni peyb 30ecCh, KOHeY-
HO, He Wna — He [0 Toro Kak-to Obino. Ocraetcs
nocnefHn BONpocC.

Bonpoc 6. CyulectByeT nn xorg 6kl ogHa durypa,
KOTOPYIO MOXHO Bblpe3aTb M3 Knetyaton bymaru (Bos-
MOXHO, C AblpKamu), KNeTKM KOTOPOW Hemnb3s OTMETUTb
TpebyembiM 0bpasom?

ABTOp Oyaet GnarofgapeH YMTaTeNaM, KOTOpble Nposic-
HAT XOTS Obl YaCTb MOCTABSIEHHbIX BOMPOCOB. HO Ha BCAKMM
cnyyar npegynpexpaaem (nbo npoeepeHo Ha cebe): He
NCKITIOYEHO, YTO B MPOLECCe pa3gyMuiA y BacC MOsSBUTCSH
OLLyLLIEHWNE, YTO rae-TO COBCEM PALOM HAaXOAUTCA Mpu-
3pak JleoHapao fa BYHYM, KOTOPbLINM CMOTPUT Ha Bac w1
COYYBCTBEHHO YnblOaeTcst. Toub-B-TOYb Kak [>KOKOHAa.

Mo3anka 13 CHEeXMHOK

(Hayano cm. Ha ¢ 14)

Tenepb GyjieM CTPOUTD He OJIHY, & MHOTO CHEXXUHOK. [[1st
HavyaJga 3aMOCTUM TLJIOCKOCTb MPABUIbHBIMU TPEYTOIbHI-
KaMHU ¥ TeCTHYTOJbHIKAMH, KaK MOKa3aHo HA PUCYHKE 2.
3aTeM B KaKJOM U3 IIECTUYTOJbHUKOB MPOBEIAEM TPH
JMaroHasn. B pesysbraTe MIOCKOCTb OyAeT IOKPBITA
GOJIBIINMH TIPABUJIBHBIME TPEYTOAbHUKaMU (3aKpacuM nx
B KPACHBIN 1IBET), MAJCHbKUMU TIPABUJIBHBIMU TPEYTOJIb-
HrKamMu (3aKpacuM MX B CUHUH 1IBET) M PABHOGEIPEHHBIMI
TPEYTOJIbHUKAMU C YTJIOM
120° (ocraBum ux GeJibl-
mu). Haunem cTpouth
cuesknakn Kox u3 Beex
MPaBUJIbHBIX TPEYrOJib-
HUKOB. Kax BuUIHO W13
pucyHka 3, mocje Tep-
BOU UTEPAIHU OT KasKI0-
ro 6eJIoro TPeyroJbHUKA
OCTaHyTCSl He3aKpallleH-
HBIMU 4 TIOZOGHBIX €My
BTPOE MEHbBIIUX Tpey-
roabuuka. Ha BTOpoOit
uTepanuu ¢ 9TUMU Ma-

JIEHBKUMHU TPEYTOJbHUKAMNI
IPOM30IileT To >Xe caMoe M
1.71. Takum o6pa3om, KpacHble
U CHHWE CHEKWHKH He OyIyT

repecekarbest U B Ipe-
neqe 3aroJIHAT I10-
YTH BCIO TIJIOCKOCTD.
[Tocsennee yTBep:K-
JIeHne 03HAYaeT, 4To
maotmaab 6eJsoit yac-
TU ILJIOCKOCTH CTpe-
MUTCS K HYJIIO, XOTS
CYIIIECTBYIOT TOYKH,
KOTOPbIe HUKOT'/Ia He
OyZyT OKpAIlleHbI.

Mosanka Ha pu-
CyHKe 4 mosydaetcs
rnocje Tpex wurepa-
Uil.

A.3acraeckuil

Puc. 4



Tpw acce
Ha (OU3n4yeckme
TeMbl

P.BUHOKYP

TparwquKMﬁ MUl HEBECOMOCTU

B msBectHoM pomane JKioms Bepna «M3 mymku Ha Jlynys
KOCMHUYECKHe ITyTelIeCTBeHHUKHU, JIETSINe B OTPOMHOM ap-
THJIJIEPUICKOM CHApsi/ie, STKOObI Oy TUJIH COCTOSIHIE HEBECOMO-
CTH B MOMEHT, KOT/la CHaps/| IiepeceKas IEHTD MPUTSKeHus
mMexay Jlywoir m 3emmeit. (Peub mma o TOYKe, TAE CHJIBI
NIPUTSKEHNUs, co3naBaemble JIyHOI m 3emuieil, OJIMHAKOBBI U
NPOTUBOIOJIOKHO HANpPaB/ieHbl.) W3BeCcTHbI aMepuKaHCKuii
dusnk-sxcnepnmentarop Pobept Byxa yxasan, uto Ha caMoM
JleJie COCTOSTHUE HEBECOMOCTH JIOJIKHO OBbLIO YCTAHOBUTBHCS TP
BBIXO/Ie CHapsi/ia u3 arMocdepbl 3eMn. DTOT 3Ke BbIBO/L C/IeJIaH
1 B KHHUTe «3aHuMaTesbHas PU3nKa» 3aMeyaTeIbHOTO TOILY IS -
pusaropa nayku fAxosa Ilepesbmana.

Poman Bunokyp Gvin asmopom unmepectvix nyoiukayutl 6 nauem
swypnane 6 80-e 20001 npoutnozo eexa. Ceiiuac o xusem ¢ CIIIA, no
xonmaxma c kypuaom ne mepsem. (Ipum. ped.)

JKionp Bepn ynycTua u3 Buiy, UTO €CJIM TEJO U €ro OIopa
JIBIKYTCST B IPOCTPAHCTBE C OIMHAKOBBIMU YCKOPEHUSIME, CO00-
IIA€MbIMU TOJIBKO T'PABUTAIIMOHHBIMU CUJAMU, TO JaBUTH APYT
Ha apyra onu He MoryT. (VMeercs B BUy yCKOpeHue BO BHEITHEH
cUCTeMe OTCYeTa, HAlPUMEP OTHOCHUTEJbHO HEHTpa 3eMJIH HJIn
Counnia.) [ToaToMy Kak TOJIbKO Ha CHapsijl HEPECTaIn JAeHCTBO-
BaTh ITOPOXOBBIE Ta3bl, BBITAJIKMBAIOIINE €T0 M3 OpPYAMHHOTO
CTBOJIA, U CONPOTHBJICHNE BO3myxa (110cie BbIXOAa U3 3eMHON
atMocdepbl), Bce NpeMeTbl BHYTPU CHAPSAAA JOJIKHDBI CTATh
HEBECOMBIMU. DT HETPABUTAIIMOHHDIE CUJIbI JABJIEHUS TOPOXO-
BBIX TA30B U CONPOTHBJIEHUS BO3/yXa JEHCTBOBAIM TOJIBKO HA
CHapsi/i, TaK 4TO MOKA BCE OHM MJIM MX PABHO/CHCTBYIOIAS HE
PAaBHbI HYJTIO, YCKOPEHUe CHAPSIIA OTJHYHO OT YCKOPEHUsT HaXo-
JISITIIXCST B HEM TIPEJIMETOB.

OnHako coCTOsIHNE HEBECOMOCTH MOIJIO BO3HUKHYTb BHYTPHU
CcHapsijia elie paHble. /lelicTBUTEIbHO, pacCMOTPHUM HerpaBUTa-
IIUOHHBIE CUJIBI, IeHCTBYIOIIIE HA CHAPS/ /IO ¥ TIOCJIe €T0 BbLJIeTa
13 NyHmKH. BHYTpH cTBOJIA HA ABMIKYIIMICS CHAPSI]| JeUCTBYeET
CHUJIa IaBJIEHUS TTIOPOXOBBIX T'a30B, KOTOPOI MPOTUBO/IEHCTBYIOT
CUJIa TPEHUS CHAPSA/a O CTEHKU CTBOJIA M CUJIA CONMPOTHBJIEHUS
Bozayxa. Ilpu aTOM cuia JaBieHusi MOPOXOBBIX Ta30B CyTile-
CTBEHHO MPEBOCXOIUT CUJIBI COTIPOTHBJIEHUS BO3IyXa, 6aarojia-
psl ueMy CHapsiji yCKOpsieTcsl B HalpasJjieHnn asukenus. [locme
BBLJIETA U3 CTBOJIA HA CHAPS/| JAEHCTBYET JIMIIb O/IHA HETPaBUTA-
IUOHHAS CUJIA — CUJIA CONPOTUBJIEHHUS BO3/IyXa, HATIPABJIEHHAS
MIPOTUB JIBUJKEHUST CHApsijia. 3HAYUT, PABHOJENCTBYIOIIAS He-
IPABUTAIIMOHHBIX CHJI U3MEHUJIA CBOE HATIPABJICHHE TTOCJIE BBIXO-
na cHapsija u3 crBosia. [lostomy B Kakoii-To MOMeHT, Korja
CHAPSI/I ellle HAXO/UJICS B TYIIKe, 9Ta PABHOAEHCTBYIONast Oblia
paBHA HYJIIO W HAa CHApPS/ [efiCTBOBAJA TOJBKO CUJIA TSXKECTH,
YTO ¥ COOTBETCTBYET YCJOBUIO HEBECOMOCTH.

K coxanennio, KocMUyecKue Iy TeleCTBeHHUKN He CMOTJIN Obl
OIIYTUTD COCTOSTHUE HEBECOMOCTH 10 HpUYnie ruGennm u3-3a
THTaHTCKUX MIePErpy30K MPU pa3roHe cHapsiia
B OPYJINHHOM CTBOJIE. ..

Brpouem, 1o muenuio noara ropst Cesepsi-
HuHa, TBOpuecTBO yK10/1s1 BepHa He moiexuT
KPUTHYECKOMY HAYYHOMY QHAJIHU3Y:

...On npedckasan nodeodnvie cyoa

H xopabau, nivisyuwue ¢ agupe.

On anmacmuunei ecex hanmacmos

6 Mupe

H nomomy — ene nawezo cyoa.

B KkoHIle KOHIIOB, HUKTO He GbIBA€T BCET/Ia 1
aGCOJIIOTHO TIPaB, M TO MOXKHO T10Ka3aTh Ha
npuMepe Bce TOW Ke (PU3NYecKoii 3ajau.
ITomumo TPaBUTAITMOHHBIX CHJI CO CTOPOHDI
Coutita, JIyHBI U [PYTHUX KOCMHYECKUX TUTaH-
TOB Ha CHAPSI/L U TIPEAMET BHYTPH HeEro jieii-
CTBYeT B3aHMHAsI CHJIA HPUTSDKEHNsI, KOTOPast
MaJla M3-32 CPAaBHUTEIbHO HEGOJIBIINX MAace
3TUX TeJI U HpaKTH4ecku HeourytuMa. OfHAKO
n3-3a 91010 ahdekra abCOMOTHOE COCTOSIHIE
HEBECOMOCTH HE MOTIJIO GbITb JIOCTUTHYTO.

MwuHyc aBe pbIObl U OTKpPbITME MO3UTPOHA

Hac 6b110 Tpoe Ha poidasike — [[xoH, [Toa
u s, Tappuc. Tem3a 3/1ecb 3001IyeT MyKaMH,
MJIOTBOH, yrpsaAMu u yrJelikoil. [ynass mo
6epery, Bbl MOXKeTe BUJIETb UX I[eJIbIe CTal, HO
MONMaTh UX Ha KPIOYOK He TaKk MpocTo. Bpemst
o, a poiba He Jjouiaach. M rtorga Ion
pacckasan Ham ¢ /[skoHOM 006 o/1HO# MaTeMa-
THYECKOU 3a/1aue, KOTOPYIO OH pelias B POK-



JIECTBEHCKOM KOHKYpPCe, OpPraHu30BaHHOM KeMOpU/KCKUM CTYy-
JIEHYECKNM OOGIIECTBOM:

Tpu pbibaka yJerauch crarb, He IMOJeUB yjaoBa. B yac noun
IIPOCHYJICS OJIMH M3 HHUX U yeXaJs JIOMOIl, B3sIB ¢ co60il TpeThb
yaoBa. IIpu geseskke Ha TpU paBHBIE YaCTU Y HETO OKa3asach
JIIITHSIST PbI6a, KOTOPYIO OH BRIOPOCKT B peky. B aBa yaca Houn
IIPOCHYJICST BTOPOIl PhIGAK U, He 3Hast, YTO OJMH U3 €ro KOMIIa-
HBOHOB y’Ke yeXaJl, CHOBA Pa3/IeJIIJI YJIOB HA TPH PABHBIE YACTHU.
VY Hero Toxe ocranach JUIIHAS pblfa, KOTOPYIO OH BIOPOCHIL B
peky. B Tpu HOun mpocHyJicst TpeTuil ppiGaK U HPOJEIAL Ty JKe
OTIepaIio, MO/EJUB YJOB HA TPOUX U BBIGPOCUB <JIUIIHIOIO»
pbIGy. CKOJIBKO PBHI6 BBITOBHJIM PBIGAKH?

Mpr ¢ /[>KOHOM [ocTaiy KapaHjanl 1 OymMary ¥ TOJy4HIn
o6uiee penrenue 3agaun: pbibaxu noiimasm (27N — 2) pbi6bl, e
N — nenoe yncso. [Ipu N = 1 ara ¢popmyia gaet 25 pbib, a npu
N =2 nosrygaeTtcst, 4To pbI6aKky moiMasu 52 peiObl. Mbl pemnmJin,
41O 25 pbI6 — Hanbosee peasbHOE YHCJI0, HO OKA3aa0Ch, uto [Tos
NPEIOKUI APYTOE pentenne: Munyc ase poiéol (mpu N =0). Mot
¢ JI>KOHOM [IPY’KHO paccMesiinchb. B cBoe BpeMs CMesuINCh 1
YJIEHBI JKIOPH KOHKYPCA, YBU/EB TaKOe HEOOBIYHOE pelIeHHE.

Mesxy TeM, MbI IOFMaJIN JINIIb OHY PbIOY Ha TpOUX, GOJIbIIe
KJeBa He ObLIO, W MbI pazbpennch mo Gepery, Wia Xopoiree
MeCTO KaK/Iblil B OT/IEIbHOCTU. BIipoueM, yjaua HAM He COTYT-
crBoBasia. [lepBbiM BepHyJics J[PKOH, BCIIOMHHB, YTO €My HAJIO
BO3BPAIIATHCS JIOMOI paHbllle APYTUX. Pelns B3rysgHy Th HAIIOC-
JIeJOK Ha paHee IIONMAaHHYIO PbIOy, OH BBbITAIUJ €€ U3 BeApa.
Heoxumanno ppi6a BbIPBAIACH U3 €T0 PYK U HBIPHYJA B PEKY.
Oropuennblii /[>KOH peIm BO3MECTHTD 3Ty 0011yIo notepio. On
c6eras B COCeJHUI TPAKTHP, 3aHAT Yy TPAKTHPIINKA HOXOXKYIO
PBIGY U3 CBEKETO yI0Ba, GPOCUII €€ B HAIIE BEPO U YEXAT TOMOIT
He mpormasch (kak ucturHblii anrnyanun). Cregyer 3aMeTuTb,
YTO TPAKTHPIIUK TTIOCTABHJI YCJIOBUE, YTOOBI €My BIIOCJEACTBUI
BEPHYJIM He JieHbru, a pbiOy. 3arem nossuics [losa, n ¢ HUM
IIPOM30IILIA TaKasl )Ke HCTOPHS — OH TOXKe 3a/[0/DKaJ TPAKTUPIIU-
Ky ozHy pbiOy. IToToM 9TO CIyunsioch co MHOIT, Korga [[XKoH 1
ITox ysxe yexamm.

BerperuBimich Ha CcJIeAyIomuil JieHb, MBI BBISICHIJIN, YTO
IIPOM30LLIO, U JOJTO CMESINCh, TaKk KaK B Pe3y/bTaTe MbI
MOUMaJI POBHO MUHYC JiB€ PBIObI: OJIHY BBIJIOBHJIN B CAMOM
HayaJse PbIOAJIKH, a TPH PHIObI HAM TIPEJICTOSIIO TIOIMATDh, YTOOI
BEPHYTDb [IOJT TPAKTHPIINKY. HempuBbruHOe MareMaTHdecKoe
pellleHre 0Ka3aloCh BIIOJHE PEaJbHbIM...

@ammnus ITosna 6pita Iupak, a ero cnernuansbHOCTBIO Oblaa
teopernueckas dpusnka. Omuaskapl [upak, pemas ypaBHEHUsI,
OIUCHIBAIOIINE /IBUKEHNUE 2JIEKTPOHA, OGHAPY KU OTPUIIATED-
HbIC PEIICHUS TaM, Ijie 0GbIYHO PACCMATPHUBAINCH TOJIBKO HOJIO-
JKUTEJIbHbIE 3HAUYeHNsT. BCIIOMHUB 3a/laqy <O MUHYC JIBYX Dbi-
6ax», OH He MpeHeOPer ATUM CJydyaeM, a MPe/IIOJOKUI, YTO Y
9JIEKTPOHA €CTh JBOIHIK, BO BCEM TTOJOOHBIN 2JIEKTPOHY, HO C
IIOJIOXKUTE/IbHBIM 2JIEKTPUUECKUM 3apsiIOM BMECTO OTPUIATeIb-
HOTO.

Takast sneMeHTapHas yacTuia Oblia BCKOpe OOGHApYsKeHA
HKCIIEPUMEHTAJIBHO, W ee Ha3BaJM MO3UTPOHOM. BrocsencTBum
HBOﬁHHKH—aHTanCTHHbI 6bI]II/I OTKDPBITBI ITOYTH Yy BCEX IJIEMEH-
TapHBIX YACTHII.

OGBbeMHbIN B3pbIB HaA, TYHryccKowm Tawnrom

B nnrepecnoii crarbe JIbBa /Ibrxno «TyHrycckas katacrpoda:
HOBAas TUIIOTE3a», HAlleYaTaHHOH B JKypHase «Bectauk» B 1997
rofy, g yBujesa 3HakoMoe uMs — Muxana luxkynun, uinen
KOMHUCCHUY TI0 ndyuennio TyHIyccKoro MeteopuTa ipu AKajieMum
nayk CCCP.

Korga-to B 6biBIei crpane COBETOB HayKa acCOIMUPOBAIACDH
C POMAHTHKOI, a (PU3UKU CUUTAIICH BECbMa YBaXKaeMbIM COCJIO-
BueM. MoJioziexkb 3aunTbiBasiach pomanom /lanuuiaa [panuna
«Uny ua rpody», a ¢pororpadun JitHITelTHA CTAIN 06I3aTEb-

HbIM aTpuGyToM JoMa U Ha padore.

Kauaem, xauaem, xauwaem 3adupa semep
¢honapu naod 2010601l
lazaem, wazaem, wazaem eeceivill NApeHs
no eecenmell MOCMOBOU.
Jlucmaem, aucmaem, rucmaem, yueOHUKx Guauxu
aucmaem na xody.
He 3uaem, ne 3naem, we 3naem, umo s
no yauue 6caed 3a num udy,

— 3ByuaJsa MecHs M0 PaJfio U3 PernpopyKTOPOB...

3umoii 1969 roma 4, Toraa TperbekypcHUK MOCKOBCKOrO
(PU3NKO-TeXHNUECKOTO NHCTUTYTA, MONA Ha IPakTuKy B MHCTH-
tyT dusukn 3emun, rae Muxamt Hukysns 3asefosan abopa-
Topueii. Sl yxe ycresa mpoynTaTbh €ro ¢ COABTOPAMHU CTATHIO O
MoztespoBanun Tyurycckoro B3pbiBa. [lo muennio [lukysmina,
OTPOMHOE KOCMHYECKOE TeJIO BOILIO B atMmocdepy 3emun w,
rpoJietas HaJl Talroii ¢ GOJIBIIOI CKOPOCTBIO, CO3/1aJI0 Y/IaPHYIO
BO3JIYIIHYIO BOJIHY, TOBAJUBINYIO JepeBbs. B akcrepumente,
MIOCTABJIEHHBIM /IJIST IPOBEPKH TUIIOTE3bI, POJIb IEPEBHEB UI'PAJIH
MJIACTMACCOBbBIE MOJIEJIN, BOTKHYTbIE B TIECOK, a JUJIST CO3/IaHUS
YJapHO! BOJIHBI HCIIOJIb30BAJICS IIHYPOBOI B3PBIBHOH 3apsif,
MIOJIOTO HATSHYTHIN HAJl HUMU — BJIOJIb [IPE/IIONATAeMON TPaeK-
TOPHU KOCMUYECKOTO TIPHUIIEJbIIa. B KOHIE MTHYPOBOTO 3apsiia
ObLJI TIPUKPETLIeH HeOOJIbINoi chepuyecKuii 3apsii, UMATHPYIO-
IIMIT B3PHIB METEOPUTA B KOHEYHOI TOYKE 1oJIeTa. JKCIIEPUMEHT
MoKaszas, 4to (hopMa 30HbI, T/ie TIACTMACCOBbIE MOJENU GbLIN
MOBaJIeHbl, COOTBETCTBYIOT peayibHOil Kaprtuhe B TyHrycckoit
Tafire.

Opmnako cam IlukysuH Obl1 HE OYEHb Y/IOBJETBOPEH 3THM
HAYYHBIM ycrieXoM. «EcCTb ¥ fipyrie rumores3bl, — CKa3aa OH. —
Ecsin XoTuTe, NpUXOUTE JI€JATh JAUIIOM TI0 9TOI TeMe. A moKa
yuTaiiTe W gymMaiite — MOXKeT TOSIBUTCS CBOsS ujaes. Toabko
rnomMHute npuHimn OKKaMa: 4yeM Ipolle TIUIoTe3a, TeM OHa
Hazexkneit. Koe-xro, Hanpumep, npezamnoJiaraet, yto B 1908 roxy
HaJ[ TalTOil B30PBAJICS MHOTIJIAHETHBIN KOCMUYECKUIT KOPaOJib» .
ITorom Hukynnu ynTas Halmeil rpyme Kypc M0 TEOPHU B3PbIBA.
B wuione 1969 roma on monpocms Hamero corjacusi, 4ToObl
MepeHecTH dK3aMeH Ha Hejleio panbiine. «Paju 60ora, u3BUHUTE
32 HeyJ06CTBO, — TOBOPHUJI OH CMYIIEHHO, — OJHAKO y MeHs
JIeHiCTBUTEIBHO BasKHAS TIPUUNHAy . [IpramnHoit okasarach Tpya-
Has omneparusi, cpady nocye Kotopoit Iuxkymn ckonvancs. Emy
ObLIO TOTAA 42 TONA.

Mbl ycrean o6CyAiuTb ¢ HUM HECKOJBKO HOBBIX THIIOTE3 U
OCTAaHOBMJIMCH Ha Wee OOBEMHOIO B3PbIBA TIBLIN B BO3/yXeE.
JlaBHO WM3BECTHO, YTO IPHU PACHbLICHUNM B BO3JyXe OBICTPO
CTOpAoNMNX MEJKUX YaCTHI[ — YTOJbHON TbIIM B IIAXTax,
MYYHOH MBLJIM HA MEJbHUIAX, CAXaPHOIl MyIPbl Ha KOH(ETHBIX
dabpukax u gaxkxe KaMEHHOH MBLJIN B KAMEHOJOMHSIX U CTPOS-
HIMXCS TOPHBIX TYHHEJSIX — HEPEJKO CJIyYaJUCh TaK HasbIBac-
Mble 00beMHbIe B3PbIBbI. Dusudeckuii apdeKT coCTOuT B cery-
I0TIEM.

[TockoJsibKy OTHOIIIEHUE TIONIAM MOBEPXHOCTH K 00bEMY Y
MBIJIMHOK HAMHOTO GO0JIbIIE, YeM Y TOTO K€ BElIeCTBa, CKAaTOro
B KOMOK, IBIJTMHKHM MOTYT ObICTPO HMPOTPETHCS 3JIEKTPUYECKUM
Pa3psZIOM UJIM BCIIBIIIKON TJIAMEHHU JIO TeMIIepaTypPbl BOCILIaMe-
Henus. IIpu mocTatouHOM KOJIMYECTBE KHCJIOPOJA CTOpAHUE
MIPOUCXO/UT TIOYTH MTHOBEHHO U T03TOMY 1OJJ06HO B3pbIBYy. C
JIPYTOii CTOPOHBI, Garoaapst 6OIbIIOI CyMMapHOiT TTOBEPXHOCTH
JIBIDKYTIASICS TIBLIb CPABHUTEBHO JIETKO dJIEKTPU3YETCST TPeHi-
€M YACTHI[ O BO3/YyX M MEXIy CO0O0il, M0ITOMY BEPOSITHOCTH
AJIEKTPUYECKUX PA3PSIOB JOBOJBHO BEJMKA.

ITpeamonaraercsi, uro TyHrycckuit MeTeOpuT ObLI CpPABHHU-
TEJIbHO MAJIOit KOMETOIi, TPOCMOTPEHHON ACTPOHOMAMU 1 COCTO-

(TpogonxeHue cm. Ha c.34)



KAJEMJTOCKOII «<KBAHTA»

.5 UCCIIELH0BAIT OCTPOYMHO HAVACHHYIO...Q00pMYJTy /18 KO-
JIMYECTBA, MM [Paayca, TeraoTbl B XugKUx CMECSX...

leopr PuxmaH

C rTOKOVIHBIM PO PUXMaHOM [EN1aN QU3nKo-xummyeckme
OlbIThI /151 UICCIEAOBAHNS [PAAYCA TEI/I0TbI, KOTOPbIL HA CEOs
BOLAA MPUHVIMAET OT [10IALUEHHbIX B HEV MUHEPA/IOB, Mpexae
PACKATIEHHBIX.

Mwuxamn JlTomoHOCOB

Hudero He 3Has o [pupode TersaoTbl, MOXHO [MOCTPOUTEL
FIOTTHYIO CUCTEMY TEPMOMETPIY, CITi CMELUIMBATL TOPSYYIO U
XOJIOf[HYIO BOAY M B Ka4eCTBE TEpMOCKONa [10/1b30BaThCH
HALLIAMY TEI/I0BbIMI OLLYILEHUSMA.

Yunsam TomcoH (KenbBuH)

Aaxe 6e3 romMoLm TePMOMETPOB Mbl MOXEM Y/IOBUTH
CTpeMIeHne TernaoThl NEPEFABATLCH OT Kakoro-mbo bosee
rOPAYEro Tef1a k 6osIee X0I04HbIM OKPYXAIOLMIM TE/IaM [0 TEX
710p, 110Ka OHa He by.aeT PacrpeneseHa MeXay H1UMU TaK, YTo
HI O[HO U3 HUX He byReT bosiee CKIIoHHO 3abupates TenIoTy
OT OCTasIbHBIX.

[xo3ed bnak

BHelHee BO34eVICTBIE, BbIBOAALLEE CHC TeMy U3 TEPMOLU-
HaMUYeCKOro paBHOBECHIA, BbI3bIBAET B Hevi r1poLeccsl, crpe-
MALMECT OC/IabUTh PE3V/IbTaTtbl 3TOI0 BO34EVICTBUA.

Axpu Jle LLaTenbe

A Taxk Jid XOPOIIO 3HAKOMO @w
TEMNIOBOE PABHOBECUE =

Paszymeetcs, xopowo! Begp TennoBble ABAEHNA HaYMHAIOT
N3y4aTbCs B LLUKOSIE OAHMMM 13 nepBbix. M 33 NOMeLLEeHHbIMN
30ecb PparMeHTaMm 13 HayYHbIX TPYLOB CPa3y yrafbiBaloTcs
33a4M Ha MCMONb30BaHWE ypaBHEHWUs TemnnoBoro OanaHca
nnm nabopatopHble paboTbl MO HAXOXAEHWIO TeMMepaTypbl
CMeLLMBaeMbIX XuakocTen. la v B obvxone Mbl MOCTOSIHHO
CTankmBaemcsi TMbo C onpefeneHneM TemMnepaTypbl HaLlero
Tena C MNOMOLLbIO TpafyCHMKa, NMBO C MPUroTOBJIEHNEM
BaHHbl KOMMOPTHOW TemnepaTypbl — [ANS Yero MeLlaem
ropsyyto Bogy C XONofHow, Nnbo ¢ fobaBneHnem B 0bxura-
oL Yal MK KOe MOMOKa — He AOXMAAACh UX OCTbIBAHMS.
B obuem, TennoBoe paBHOBeCMe — 3TO TaK HarnsgHo ©
npocro!

OpHako yxe B CTapLumx Kfnaccax, npyv 3HakKOMCTBe C 3aKO-
HaMV TepMOAMHAaMWKK, 3Ta MPOCTOTa MepecTaeT Ka3aTbCs
cTonb o4eBMAHOM. Kak Bbl OTHeceTeCb, Hampumep, K vaee
«TennoBoW CMepTV BceneHHoM», K KOTOPOW [OMXKHO ObiNo Obl
NpVBECTW BCeobLLiee CTpemieHne K BbIpaBHMBAHMIO TeMmnepa-
Typbl? OKa3blBaeTcsi, BCE MOMbITKM OObACHWUTbL, MOYEMY 3TOTO
HEe MPOM30LLNIO 3a HEBOODPA3MMO AOMryi0 NCTOPUIO HaLEero
MMUpPO30aHNsA, Obinu TLWETHBIMWU A0 CO3AaHMS O0LLen Teopun
OTHOCUTENbHOCTW.

Ewe ogHVM MpYMEpPOM HETPUBMANBHOCTY MOHATAS TEPMO-
[AVHaMUYeCKOro paBHOBECUS 1 ero rnyboKon CBA3M C Apyru-
MW pa3genamMu Haykm Cy>XUT npuBedeHHbI B 3nurpade
npyHumn Jle Latenbe. C vHOW ero OpMynMpOBKOW Bbl
BCTPETUTECH, HAMPUMep, MPU N3Y4EeHWWU 3NEeKTPOMArHUTHOM
NHOYKLUMU UIU XUMUYECKMX MPOLLECCOB, YTO MOATBEPAUT €ro
CNPaBeaNMBOCTb U 3@ PaMKaMu TEMNOBbIX ABIEHWNN.

Henb3s 0bOMTU BHWMaHWEM W Npobnembl, BO3HMKLIME Y
Knaccu4eckor TepMogMHAMUKKA NpK nepexoae K UccrneaoBa-
HMIO OTKPbITbIX CUCTEM M HEPABHOBECHbIX NMPOLECCOB, MpoTe-
KaloLMX Kak B XXMBOW, Tak M B HeXWBOW npupode. Benb
BO3HWKHOBEHME Pa3HOODPa3HEeNLLMX CTPYKTYP, MX «CamMoop-
raHM3aumsa», B KOHEYHOM CYeTe CaMO MOSABMIEHME XU3HN He
COrNacyloTcs C yCTOABLUMMUCS NPeACTaBAEHVAMM O paspyLLe-
HUW BCEro CTPOMHOrO M yNOPALOYEHHOrO MpW 3BOMIOLMM K
PaBHOBECHbIM, XaOTUYECKNM COCTOSHUAM.

BoT kak ganeko MOryT mpvBeCTV Hac pa3MbllUNeHNs Hapg,
BpoAe Obl HEXUTPLIMU BOMpOocamu. [103ToMy, 06ayMbIiBas MX,

He ynyctmTe 3a BHeLLIHeM He3aMblCI0BaTOCTbIO FJ'Iy6OKOI'O X
cofepxaHus.

Bonpocbl 1 3apaumn

1. MNoyemy kanopvMmeTpbl AenalT M3 MeTanna, a He 13
crekna?

2. BepHo 11, 4TO Npu TennoobmeHe dHeprvis Bceraa nepe-
XOAMT OT Ten C OonblUer BHYTPEHHEN SHepruer K Tenam c
MeHbLUeN BHYTPEHHEW 3Heprnein?

3. HopmanbHasa TemnepaTypa 4enoBeyeckoro Tefla OKomo
37 °C. Ot4ero xe HaM He XONIOAHO NpW TemMmepaType Bo3ay-
xa 25 °C v o4eHb xapko npu 37 °C?

4. MoyemMy B O4eHb XapKylo Morofdy HeT CMbICNia ObMaxu-
BaTbCA BeepoM?

5. Kak BnuseT BeTep Ha NoOKasaHWs TepMOMETPa B MOPO3-
HbI fleHb? PaccMoTpuTe iBa Cyvas: a) TePMOMETP HaXO4WT-
cs B TeHW; 6) TepMOMETP OCBELLEH COMHEYHBIMU JTyHaMMU.

6. Ecnn y Bac MMeloTcs ABa HenporpagyMpoBaHHbIX TepMo-
MeTpa, TO KaK ornpefenuTb, Kakor 13 HUX HarpeT bonblue?

7. B >xapkyto norofy B TeHV OAMH TEPMOMETP KNaayT B NyXY,
a Apyrow KnagyT Ha ckamerky 1 MofMBatloT BOAOW U3 TOM Xe
ny>xn. Kakon 13 TepMOMETPOB MOKa3sbiBaeT Oonee BbICOKYIO
Temnepatypy?

8. MOXHO N1 JoBeCTV BOAY A0 KUMeHus, nogorpesas ee
CTOrpagycHbIM NapoM Mpuv HOPMasbHOM aTMOC(EPHOM [aB-
neHumn?

9. bonbLon cocyn € KUNAYeHOW BOAOW, B KOTOPOM MaBaeT
CTakaH C CbIpOW BOAOW, CTaBAT Ha HarpesaTesb. Yepes Heko-
TOpoe BpeMA BoJa B CTakaHe 3akumnaeT paHblue, 4eM B COCye.
Kak 3T0 06bACHNTL?

10. MOXHO N BCKUNATUTL BOLY B OYMaXKHOM CTaKaH4mMKe?

11. Otkyna Gepetcs 3Heprvs, nNoaaepXmBatoLlas KuneHune
BObI B HYaVHMKe B TeYEHME HECKOMbKIMX CeKYHT, NMOCse CHATUSA
YaMHMKa C razoBOWV MANUTbI?

12. Ha ognHakoBble MAUTKM NOCTaBUNM [Be OAMHAaKOBble
KacTpIionn C paBHbIMW KONMYeCTBaMK BOAbI MPWY O[HOW 1 TOW
Xe TeMnepaType. Hepes HeKOTopoe BpeMs B MeEPBYIO KaCTpio-
IO JONNAN HEMHOTO BOAbI M3 KMMALLEro YanHuKa. B kakon 13
KacTptofib Bofa 3aKWMNUT OblcTpee?

13. B xonogHyto Body OMycKaloT HarpeTbiv B KMNALLEN BOAE



MeTannm4eckni Opycok. B kakoMm cnyvae Bofda Harpeetcs
Oonblue: ecnin BPyCoK antoMUHUEBBIN UM CBUHLIOBBIN? OObe-
Mbl OPYCKOB OLMHAKOBbI.

14. MenHbIn Kyounk A nmeet Temnepatypy 200 °C, Takue
e MefHble Kyouku Bu Cumetot Temnepatypy O °C. MyTtem
TennoobMeHa MeXZy HWMMK HY>XHO OXnafuTb KyOuk A [o
Temnepatypbl 50 °C v HarpeTb 3a c4eT 3T0ro kyowkn Bun C
no Temnepatypbl 75 °C . Bo3MOXHO nv 310? TennoobmeHom
Mexay Kybrkamum 1 BO3OyxXoM npeHebpeyb.

15. lMoyemy nen [ofiblle He TaeT, eI ero 3aBepHyTb B
MOKpYIO rasety?

16. 3ayeM B norpebax B XONOOHYyl norody PsAOM C
0BOLLaMK CTaBAT OofblUMe eMKOCTU C BOLOWN?

17. Ecm B Bomy npw Temnepatype O °C OpocuTb Kycok
nbAa npu Temnepatype —22 °C, nponsonaeT 3aMeTHoe yBe-
fIN4eHmne Maccol Nbaa. Kpncranavsaums Bofbl CONPOBOXAAeT-
€A BblAeneHeM 3HaYUTeNbHOro KONMYeCTBa TeNoTbl, MoYeMy
>Ke Mpu 3TOM BOAA He HarpeBaeTtcs?

18. Mpy NoOMeLLEHNN B NepeoXNaxXAeHHY0 Boy HeOOMbLLIO-
ro KpucTanivka nbda BoAa HEMEeLJIeHHO HavMHaeT 3amep-
3aTb. Kakylo TemnepaTypy AOMKHa Obina Obl MMETb nepeox-
naxkaeHHas Bopfa, YTOoObl LEeNMKOM MpeBpaTuTbCs B nen?
TennoeMKoCTb BOAbI CHUTATb HE 3aBUCALLEN OT TeMnepaTypbl.

19. B cocyae HaxoAATCA B TeNIOBOM PaBHOBECUM flef, 1 BOAa
OLHOWM 1 TOW e Maccbl. Yepes cocyq nponyckaloT nap npu
Temnepatype 100 °C 1 B TOM Xe konmyecTBe. Kakas ycTtaHo-
BUTCS KOHeYHas TeMnepaTypa? MoTepsmMu Tenna npeHebpeyb.

MukpoonbIT

locTaBbTe PAAOM TPW BMECTUTENbHBIX COCYAa: C ropsyen
BOAOW — CJ1eBa, C XOJIOAHOWM BOAOM — CMpaBa W CO CMeChlo
ropsiver N XonoAHoV BoAdbl — B LeHTpe. Moaep>kas npasyto 1
NEBYIO PYKN B COOTBETCTBYIOLLMX EMKOCTAX HECKONBKO MUHYT,
OHOBPEMEHHO OMYyCTUTE UX B LLEHTPaNbHbIN cocya. Onuiumnte
BalLW OLLYLLIEeHUs 1N MNOCTapanTecb X OObACHUTD.

JoGonbITHO, YTO...

..TensioM [MNaToH c4MTas TO, YTO OCTAETCA OT OMHA B HaKaseH-
HbIX Teflax, Korga nnamsa notyleHo; bakoH nonaran tennoty
«PaCLUMPAIOLLMMCS OBVXKEHMEM»; MO MHeHWIo Facceram, Ten-
10 W XONOA — Pa3Hble MaTepuu, Npu4em XoJiog, COCTOUT W13
«OCTPbIX» aTOMOB B (POpMe TeTPasApa; lanunem xe y4un, 4to
XOMOL, He ABJIAETCA «MONOXUTENbHbIM Ka4eCTBOM», a eCTb
BCEro NVb OTCYTCTBME Terna.

..3KCNepUMEHT, OnrcaHHbIV B « MuKpoonbITe», Obin npose-
neH euwe B XVII Beke aHrmmmcknum dunocodom [IKoHOM
Jlokkom Ans [loka3aTenbCTBa CyObEKTMBHOCTL YeNoBEYEeCKMX
owyueHnn. Ho, nomMmmo rnocockoro 3Ha4eHns, onbiT
HaBCerAa 3akpbll BO3MOXHOCTb MCMONb30BaTh Halle Teno B
KayecTBe TepMOMETPUYeCKoro npubopa 1 Aatb C ero Nomo-
LWblO OnpefernieHvie TemnepaTtypbi.

..paboTa PruxmaHa «Pa3mblLLfieHNe O KONMYECTBE TeMoThl,
KOTOPOE AOMXKHO MOMyYaTbCa NPW CMELLMBAHWUM XXMAKOCTEN,
VMEIOLLMX OnpefefieHHble rPagycbl TENAOThbI», LOMOXEHHas
1M B 1744 ropy B lNeTepbyprckont AkagemMmnm Hayk, Nosioxmnna
Ha4ano TOYHbIM KONMYECTBEHHBIM pacdeTaM B 0bnacTu Tenno-
TEXHWKW. XOTA CaM PUXMaH He pasrpaHuymMBan MoOHATUA
«TemMnepatypa» 1 «TennoTa», eMy yaanoch BblBeCTV hopmyny
0519 onpefeneHvs TemnepaTtypbl CMecu OLHOPOLHbBIX XXNOKO-
CTen W 3KCNepUMEHTANIbHO MCCNeAoBaTh BAUSIHME Ha Tenso-
obMeH TemMnepaTypbl, hOPMbl U NOBEPXHOCTU Tef, a Takxke
CKOPOCTW OBVXEHNS OXNaXXAaloLwen cpempbl.

..0MbITbl PxmaHa nosTopun B 1772 rogy WBeAcknin usmk
MoraHH Bunbke, BBEALUMI 3aTeM eANHULY M3MEPEHNS KOMN-
yecTBa TenioTbl. OHa nerna B OCHOBY COBPEMEHHOIO onpefe-

JIEeHUA Kaiopuu, NpaBaa 3TO Ha3BaHWe BO3HUKJIIO NLWb B 1852
rogy Bo @paHumn. C nosBneHveM AXKOyNnsa kanopus crana
BbITECHATLCS M3 HAaYYHOrO ynoTpebneHus, 0OfHaKo OHa A0 CUX
nop B XOAY, HanpuMMep, Npn oLeHKe SHepreTn4eckomn LleHHO-
CTV NPOAYKTOB MUTAHUA.

..HECMOTPSA Ha JONry0 NyTaHWLY B ONpefeneHnn TennoBbIX
MOHATUM 1 UCNONb30BaHMe MUMUYECKON MaTepranbHOM CyLL -
HocT — Tennopopa, K XIX Beky Obin 3anoxeH yHAaMeHT
TepMOMETPUM — pa3fdena hU3MKK, U3y4HaloLlero Crocobsbl
V3MEpPeHNs TemMnepaTypsbl, N KanopuMeTpuy — CyMMbl MeTO-
0B V3MepEeHNs pa3fn4HbIX TennoBbiX 3PdeKToB.

..[laBHO M3BECTHblE TEMOBble ABMNEHUS OSIMTeNIbHOEe Bpems
npefcraBany obnacTbio, CoOBepLIEHHO 000COBNEHHOM OT AB-
NeHUN MexaHnyeckux. HeyaMBUTENbHbI MO3TOMY MOMbITKM
y4eHbIX HANTWN CBA3b TEMOTbI C MEXAHWKOW, TPAKTYS, CKaXeM,
TemMnepaTypy Kak aHanor [aBfieHWs B CMOLWHOM cCpefe.
MofobHO TOMY Kak MexaHWU4ecKoe paBHOBECKE B Takol cpefe
0bpa3syeTcst Npu BbIpaBHWBaHWN AABEHNI, TEMIOBOE PABHO-
Becue TpebyeT paBeHCTBa Temnepatyp.

..MOHATVIE TENNIOBOIO PaBHOBECKS, Yepes KOTopoe B hu13mKe
NPUXOAAT K MOHATUIO TeMrepaTypbl, MOXHO XapaKTepr30oBaTb
KaK OMHaMun4eckoe paBHOBECVE, KOrfa MpoLecchl Moneky-
NApHOro Macwraba nayT BeCbMa MHTEHCUMBHO, HO BCE Makpo-
CKoMmMyeckre NpoLecchl NpekpaLLatoTcs.

..NMepBbIM MPVMEPOM MpoLecca YCTaHOBNEHUSA TEMI0BOro
paBHOBeCUs, KOrAa Tenyo nepefnaeTcs oT Oonee XxaoT4YecKom
CUCTeMbl K Donee ynopsgodeHHoOM, Obino BpoyHOBCKOe ABU-
XeHue. ManeHbkue YacTuLbl NPUMECH B XKNMIAKOCTL 0bpasyioT
CUCTEMY, CXOXYIO C MAeaNbHbIM ra3oM 4acTul, XOTS U He
B3aVIMOJEVCTBYIOLLMX MEXAY COOOM, HO UCMbITbIBAIOLLMX Ael-
CTBYE MOMeKy XWAKOCTK, B KOTOPOW OHW MaBaloT.

..B Harpetom nname B OAHOM MecTe MOryT ObITb [Be
TemnepaTtypbl. Kaxnas 13 BXOAALLMX B COCTaB NAa3mbl CUCTEM
— 3/1eKTPOHbI 1 MOHbI — HAaXOAMWTCS CamMa Mo cebe B TEMNOBOM
paBHoBecuM. TOTOK Temna Mexay WMOHaMK W 31eKTpoHaMM
TEM He MeHee CyLLEeCTBYeT, HO OH O4eHb CNab, 1 TemnepaTypsbl
BbIPABHWBAIOTCA CPAaBHUTENBHO MEeLJIEHHO.

..OMbITHas MpoBepka MepPBOro 3akoHa TePMOAMHAMVKM He
OOMH Pa3 NpoBOAMNAch B CNeLmanbHbIX KanopumeTpax, rae
1M3MepsAnacb TemnoTa, BblAensemMas B MpoLeccax Xu3Hepes-
TeNbHOCTM Pa3MYHBIMK CyLLECTBaMM — OT MbILLUV [0 YenoBe-
Ka. Kak oka3anocb, OHa MOMHOCTbIO COOTBETCTBOBAA SHEPIUN,
MOrMOLWEHHOW BMeCTe C MUTaTeNlbHbIMY BellecTBamMu. ITO
oTpULAN0 MAe O TOM, YTO OPraHM3Mbl MOMYT SABASTHCA
HE3aBUCKMMbIMM  UCTOYHMKAMM  Kakoro-nvbo HOBOro BuWAa
3Hepr1u, a B KOHEYHOM UTOre MPUBENO K NPefACTaBAEHMIO O
KMBbIX OpraHM3Max kak o0 OTKPbITbIX TEPMOAMHAMMNYECKMNX
cMcTeMax, Janekmx OT COCTOSIHWUA PaBHOBeCKS.

YT1o ymtath B «KBaHTe» o Tennosom paBHOBeCcUn

(nybrmkaLpm nocaeqHIx yier)

1. «Koctpbl B none u pycckas baHa» — 2002, Ne 1, c. 37;

2. «TennoBble cBoMcTBa Boap» — 2002, N2 3, c. 10;

3. «ObpaTVMble U HeODOPaTUMblE MPOLLECCHI B TEPMOANHAMUKE» —
2003, MpunoxeHne N2 4, c. 44;

4. «[pe HaWTW MPOLUNOrofHIo0 3umy?» — 2004, TMpunoxerve
Ne 4, c. 69;

5. «TennoemKoCTb paBHOBECHbIX TenoBbIX npoteccos» — 2005,
Ne 3, c. 44,

6. «Tenno u xonok: dusnka n buonorns» — 2006, MpunoxeHwe
Ne 6, ¢. 100;

7. «Kanempockon «KBaHta» — 2004, Ne 3, c. 32; 2007, N2 1, c. 32;

8. «PaboTa rasa npu nepexome M3 HayanbHOrO COCTOSHUS B
KoHe4Hoe» — 2007, Ne 3, c. 43;

9. «Temnepatypa» — 2007, MpunoxeHne No5.
Marepuan nogroroBui A.JleoHoBuY
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ABINEil B OCHOBHOM M3 yIJIMCTOrO XOHApHUTa. MOTJIO IIPOn30iiTh
BoT ut0. KoMera, ¢ ee HEGOIBIIMM TBEPADBIM SIPOM U OGHEMIC-
TBIM HbLJIEBBIM 11JIEII(HOM, MOJIOT0O BOILIA B 3eMHYIO arMocdepy
U1 BbI3BaJia HOHa‘{aﬂy cBeyeHue OéﬂaKOB B 30HE [[]II/IHOﬁ OKOJIO
THICSYM KMJIOMETPOB, Hab o aeMoe psaaoM ceuzereseii. O6nako
YIJIACTON TIBLIM, BBITSIHYBINEECS BAOJIb TPAEKTOPHH JBIYKEHNS,
MO/ IEHCTBUEM 3EMHOTO TATOTEHMS OIMYCKaJoCh BCE HIDKE 1
HIJKEe, IIOKa He JOCTHUIJIO IIJIOTHBIX CJIOEB aTMOC(bepI)I, rae
KHCJIOpO/la ysKe ObLIO JI0CTATOYHO /sl GBICTPOTO CrOpaHusl.
Pouib reToHaTOpa MOT ChITPaTh 3JIeKTPHYECKUIT pa3ps/] B aTMOC-
depe (marmpumep, mMoamus). Ilocse B3pbIBa OCTATKN HEGECHOTO
Tejqa ymaaul Ha 3eMJI0 B BHUJE 4YepHOH IbLIM, cojepsKalieil
YIJIMCTBIA XOHPUT.

2008 /No

O6bemuas, 1K BakyyMHasi, 60M6a JaBHO UMEETCSI B BOCHHDIX
apceHaJsiax, HO IMPOKO He TpuMensiercst (CyIecTBYIOT ompe/e-
JICHHBIE MEK/yHAPOJIHBIE COTJIamieHuss Ha ator cuer).llpu ee
HIePBUYHOIl JeTOHAINH BbLIessIeTcsl 00JIaKO B3PbIBUATOIO e,
3aTeKarollee B 1meJu, okombl n y6eskumia. [lorom (cekyHs yepes
JIBA/IIIATD) cpabaTbiBaeT BTOPOIT IETOHATOP, U 06JIAKO B3PBIBACT-
cs1 TI0 BCEMY CBOeMY OObeMy.

Nurepecno, uro runoresa JIbBa [IbIXHO IO CyIIECTBY TOKe
6asupyercst Ha ujee o6beMHOrO B3pbiBa. OjHAKO B €ro Moje-
Ji1 HeoOXOAUMO OJJHOBDEMEHHOe HaJMyMe [BYX DPeIKHUX sBJjle-
HUIT — HeGECHOTo TeJsa, MPHHECIIET0 KOCMIYeCKHe YacTHIbI, I
GOJIBIIIOTO Ta30BOTO BbIOpOca M3 Heap 3emuu. BeposTHOCTb
TaKOro coBlajleHus Kpaiine mana. Tak 4To rumoresa IbLIEBOIO
B3pbIBA B HIDKHUX CJOSIX arMocdepbl mpejcTaBisercs: 6oJiee
HAJICKHOI.

Tema c
BapuaLngMm

B.3MLLUTEUH

CTPYKTYPA KYPCA ®U3NKN NHOTI'TA HAITIOMWHAET MYV-
3pikasbhbie (opmbl. [Ipoctbie TeMbl (HAPOJHBIE MOTHBDI)
KOMIIO3UTOP Pa3BOPAUYNBACT BApUAIMAMHU, U B PE3YJIbTATE MOJIY-
yaercs, K npumepy, opkecrposas cuMdonus. [IpocTpie mKo/Ib-
uple 3agaun (MOyunTe bHBIE CaMH MO cebe) JEeMOHCTPUPYIOT
ujen, Jexkalme B OCHOBE (PYH/IAMEHTAIbHBIX (DU3UYECKUX TEO-
puii. Bor npumep Takoro poja.

Tema - 3apauya 35
(«COopHMK 3aaa4 no usnke» ATl.PbiMkeBu4a, 1992 r.)

Paccmosinue s neobxodumo npoexamv Ha a00Ke mydd u
06pammo odun pas no pexe, CKOPOCMb meueHus Komopot 0y, d
dpyeoii pas no ozepy. Cropocmv A00KU OMHOCUMEILHO 600bL
o6a pasza v, . [lokaxume, umo noezdxa myoa u 06pamuo no
peke scezoa 3anumaem 6ovwe GpeMeHu, uem no 03epy.

MpepBapuTenbHbIV aHanNu3

ITepBast (1 BIOJIHE €CTECTBEHHAST) PEAKIINS HA YCIOBHE 3a/1aul
— BpeMEHA PaBHBI: BBIUTPBIN BPEMEHH IIPU JBIDKEHHH IO
TEUEHUTO KOMIIEHCHPYETCS TToTepeil BpeMeHn Ha 0OPATHOM Iy TH.
Bonee ray6oknii anamus (un, 11 GUSKOHOMUCTOB, BBIPAsKe-
HUe JINIA MPENO/IaBaTess) MOKa3bIBa€ET, YTO BCE HE TAK MPOCTO.
Kowmmencanns, KoHeyHO, WMeeTcs, HO He mosiHasd. K aromy
BBIBO/Iy MOKHO HPHUITH, MCXO/SI U3 KaYeCTBEHHDBIX COOGpasKe-
HUI, KOTOPbIE CTOUT 3AIOMHHUTb: MX MOXHO Oy/leT IPUMEHHUTb
IIPU PeIICHUH JIPYTUX 3a/au.
1) ITpudadum napamempam 3adauu OOnYcmumvle 3HAUCHUSL,
npu KOmopux omeem
o v CMANOBUMCSL OUEBUOHBIM.

B namem ciaydae npu

- » Ozepo 4 S
_—— - » > Uy Karep, [BHXKY-
Up 7Y, é’ﬂ Yy MMICS 1O peKe, HUKOT-
Pexa 14 ye pepuercst B nexon-
Puc. 1 uptii myukt (puc.1).

MO3KHO TIPEIION0KHUTD, YTO U MIPU JAPYTUX 3HAYCHUSX CKOPOC-
Teit BpeMsl /IBIKeHUsI B peke OyjieT 6oJibllle, YeM B O3epe.

2) Cpasnum epemena 6030€ticmeus pa3udnbX QaKmopos.

B nameii 3ajaue BpeMs [BMXKEHUS IPOTUB TEYEHUS 3aBEIOMO
6outbliie, 4eM 110 Teuernio. Taxum o6pasom, (axTop, Meraronmit
JIBIDKEHUIO, JIECTBYeT [oJiblile, 4eM (haKTOp ITOMOTAIOMNIHIA.
Cuaietyer, O4E€BU/IHO, OXKHU/IATh, YTO Memratomuii ¢Gaktop Oyaer
HpeBaJII/IpOBaTI) Ha/Z IIOMOTraloIuuM.

PewleHune 3apaun
Bpems aBukenunst B o3epe paBHO
25
o

t

J

BpeM;{ JIBIDKEHUS B PEKE COCTaBJIAET

s s 2v,s 2s
t2 = n + ~ = 5 5 = 5
U+, U T, U -1, 0,
Z)JT -
v

BI/IHHO, YTO BpeEMA IBUIKEHUA B PEKE 6OJII)IH6, TaK KaK YUCJIUTEJIN
obenx ¢)OpMyJI O/IMHAKOBbI, B TO BpPEMA KaK 3HaME€HATEJIb BTOpOﬁ
3aB€IOMO MeHbllle 3HaMeHaTeJ A HepBOﬁ.

Bapuauum Ha Temy 3apaum 35

PaceMoTpuM KOHCTPYKIIUIO TPHOOPA JIJIST OTIpe/IeJIeH s CKOPO-
CTH JIBUKEHUS JIOJKH OTHOCUTEIHHO Bo/ibl. [Tpubop mipeacrapis-
eT coboii KeCTKoe OCHOBaHUe,

Ha KOTOPOM PacIIo/Iaralorcst uc- <T ”
TOYHMK 3ByKa M OTpa)kaTelb | ,
(puc.2). [lns usmepenuii npu- | s |

60p 3aKpeIvIsioT Ha Koplyce
JIOJIKM CHAPYXKU TaK, 4TOObI BO
BpeMSI JIBUKEHUS TIPUOOP He YBJIEKAJ BOJY.

W3amepsiercst BpeMst, 32 KOTOPOE 3BYKOBOIl MMITYJIbC PacIpoc-
TPaHSeTCs OT MCTOYHMKA JI0 OTPa’karesis M BO3BpAIlaeTCsd K
ncrounuky. Ilo aTomy BpeMeHM JIETKO BBIYMCJSETCS CKOPOCTD
JIBIKEHMS JIO/IKH OTHOCHUTEJIbHO BO/bI. IIpm aToM Heo6XoamMo
VUUTBIBATH CJeAyIoliee 06CToATeNbCTBO. [leso B TOM, 4TO pac-
MIPOCTPAHEHHUE 3BYKa HMMEET BAXKHYI0O OCOOCHHOCTH: CKOPOCTD
3BYKa OTHOCHTEJIBHO CPe/lbl, B KOTOPOIl OH PacipocTpaHseTcs,
He 3aBUCHUT OT CKOPOCTH UCTOYHHKA 3ByKa. (DTUM pacrnpocrpa-
HEeHME 3BYKa CYIIECTBEHHO OTJINYACTCS, HAIIPUMED, OT JABUKCHIS
OCKOJIKOB Pa3opBaBIlieiics TpaHAThl: €CJU B MOMEHT B3PbIBa
rpaHara /[BUrajach, CKOPOCTb OCKOJIKOB OTHOCHUTEJIBHO I'PAHATDI
CYMMUPYETCSI CO CKOPOCTHIO rpaHathl.) C yueToM 3Toro 06¢Tos-
TEJIbCTBA B CHCTEME OTCUETA, CBSI3aHHOI ¢ MPHOOPOM, CKOPOCTH

Puc. 2



3ByKa Oy/eT paBHa vy, — 0, (0,, — CKOPOCTb 3ByKa OTHOCUTE/Ib-
HO BOJBI), KOTJa 3BYK PACIPOCTPAHAETCS OT HUCTOYHHKA K
oTpaskaTesio, U U,, +0, TPU PACIPOCTPAHEHUU B 0OPATHOM
HarpaBjeHnn. Ho Tora coBepIeHHO SICHO, YTO BpPeMs MEXKIy
U3JIy4e€HHEM ¥ TIPUEMOM 3BYKOBOTO HMITYJIbCA OIPEAC/SETCS
GopMy ol 17151 BpeMEH! JABUMKEHUS JIOIKU B PEKe ¢ 3aMeH0il v,
Ha Oy, M U, HA 0!

3Has paccTtodanue s MexX/1y HCTOYHUKOM 3BYKa U OTpaskaTeJ/leM 1
OIIpee/INB BpeEMA t2 , MbI JIET'KO OIIpe/ieJisIeM NCKOMOE 3HaYeHne
CKOPOCTH JIOJIKU:

Yeaoxnum 3agady. Ilonpo6yem onpeenTsb CKOPOCTD JIOJIKH,
eca BeauunHa s He ussectHa (uam mamensiercs). Pemienune
MOXKHO IOJIYYUTb, €CIN IIPOU3BECTU HM3MEPEHHE BPEMEHH [0
TOTO, KaK JIOJIKa Hayaja JBUTAThCA. ITO BPEMS ONpe/esaeTcs
opmyToil I BpeMeHN JIBIJKEHUS JIOJKU B 03€PE C COOTBET-
CTBYIOIIEH 3aMeHOi:

2
f = O—S
3B
W3 aByx nocaeannx opMyJ MOKHO HCKJIIOUUTD S U, TAaKUM

06p3.30M, PEmNuTh MOCTABJICHHYIO 3a/laqy:

A MOXXHO JIM HAiTH CKOPOCTb JIOJAKHU, €CJH H3MEepeHHs B
YCJIOBHUSAX HENOABMKHOM JIOJKU
He mpoBezienbl? [Ipeamonoxnm
TaK)Ke, 4TO OIyCTUTb HPHOOP,
L cKaxeM, B IBIUKYIIYIOCS BMECTe
C JIO/IKOH BaHHY W OIIPE/EJIUTD
t, toxe mempsa. (Hampumep,
.. ecJaM BOJIa TIPOTEKAeT CKBO3b
JIOJIKY M BaHHY, KaK CKBO3b pe-
1eTo, — CTPaHHas KOHCTPYK-
1y, He pasaa Ju?) OKasbiBa-
eTcsi, W TaKylo 3aJady MOXKHO
pemuthb. /st aTOrO HEO6XO/U-
— MO Pa3BepHyTb MIPUOOP TepIieH-
N B B JUKYJISIPHO ABMKEHUIO JIOJKU 1
puac. 3 IIPOM3BECTH BTOPOE H3MepeHue
BPEMEHU PACIIPOCTPAHEHUS 3BY-
Ka. SIcHO, YTO NPUHATDHII 3BYKOBOI UMITYJIbC PACIPOCTPAHSJICS
B/IOJIb PaBHBIX CTOPOH TPEYrOJbHMKA, KaK 3TO MOKAa3aHO Ha
pucynke 3. Jlerko paccunrarb BpeMs pacipocrpanenus fs . Kax
BU/THO M3 PHUCYHKA,

2 2
t t
(UJI 53) * Sz - (US 53) ’
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OTKYy/Zla IoJydaeM

CpaBuuBas BpeMeHa t, u 3, HAXOIUM
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Orciofia n OTPEIeNISIETCsST CKOPOCTD JIOIKI:

«auraTtopoM» JABUIKENUS, TAKUM 06Pa30M, SIBJISIETCST OTHOIIIE-
HIUe BpeMeH I, u t3.

Bpsia sin pacemoTperubiii TpuGop MOXKET ObITh JeCTBUTE b
HO WCHOJIB30BAH [T OTpeeeHust CKOPOCTH KOpalJist WJIn
camouiera. CylecTByIoT GoJiee TIPOCTbIe U HAJIEIKHbIE CPEJCTBA
JUTS pereHust Tol ke 3agaun. U Tem He Menee, miest ycTpoii-
CTBa OKa3bIBAETCS IJIOAOTBOPHOI. OHa MMeeT MPsSMOoe OTHOTIIIe-
HUE K PEBOJIOIMOHHOMY IPeoGpPa3oBaHMI0 KJIACCHYECKON (u-
3UKH — CO3/IaHWIO TEOPUHM OTHOCUTEJIbHOCTU. BripodyeMm, peub
IIPH HTOM TOH/IET 0 HEOOBIYHOII JIOKE, TIBIBYIIEH 110 HEOObI-
HOMY 03€py.

Teopus Makcsenna. NMnasaHne 3emnu B 3cpupe

Bo Bropoii nososune XIX Beka B MCTOPUM HAYKU IIPOU3OIII-
JIO 3HaMeHaTeJibHOe coObithe. B pesysbrate cosdianusi Makc-
BEJIJIOM TEOPUU JJIEKTPOMArHETH3MA ObLIA TEOPETUYECKH TIPE]i-
CKa3aHa BO3MOXKHOCTb W3JIYUEHUST DJEKTPOMATHUTHBIX BOJIH,
TP 9TOM OBLIM YKA3aHbI MX CBOICTBA ¥ YCJOBUS M3JTyUEHUSI.
Taxsxe OBLIO TOKA3aHO, YTO YACTHBIM CJIydaeM W3JIyIeHHS
sBJIIeTCSL BUMMBIN cBeT. Pacuerbl MakcBesia GbLn TOATBED-
JKIeHbl ombiTamMu lepria. B wacTHOCTH, BBISCHUJIOCH, YTO, B
TIOJTHOM COOTBETCTBUH C OOIIMMH CBOHCTBAMU BOJIHOBBIX IIPO-
IIECCOB, CKOPOCTb PACIPOCTPAHEHUST 3JIEKTPOMATHUTHOH BOJI-
ubl (cBeTa) He 3aBUCUT OT CKOPOCTH JBUYKEHUS HMCTOUHUKA
U3JIyYeHs] OTHOCUTEIbHO cpesbl. C IPYyroii CTOPOHDI, U pacye-
TBI ¥ 9KCIEPUMEHTBI TTOKA3aJH, YTO CBET MOKET PacIpocTpa-
HATBCA B BakyyMe. Mcxomsa m3 atoro, MakcBesul MPUXOIUT K
3akmouenuio (eJIMHCTBEHHO BO3ZMOKHOMY, C €TO TOUKH 3pe-
HUSI): TO, YTO MbI CYUMTAEM IYCTOTOIl, HA CAMOM JleJie YIpyras
cpema. MakcBesr Ha3biBaeT ee abupoM. DPUp 3aropHIeT BCIO
Bcesennylo. On urpaer AJs cBeTa Ty K€ POJb, U4TO M BOJA
JUISL 3ByKa: 3BYK — pacllpocTpaHeHue KoJieOaHuil BOJbI, a CBeT
— acupa.

Ho mouemy ke Mbl He 3aMevyaeM TIPUCYTCTBUST 9TOI CpPe/IbI?
OTBeT MpOCT: YaCTHUIIbI, U3 KOTOPBIX COCTOUT 3UP, HACTOJIBKO
MaJibl, YTO OHHU CBOGOJHO TPOXOJAT CKBO3b JIOOGOE TEsNo, a
CJIeZIOBATEIbHO, U CKBO3b JIATYMK M3MEPHUTENbHOTO Tpudopa. A
KaK K€ TOT/la YCTaHOBUTDb (hakT cylectBoBanus aupa? Mak-
CBEJIJ IPE/IJIaTaeT UIeio, CYyTh KOTOPOIl paccMaTpUBaIach HAMI
B PCIICHMU 33/Jauu 35 U B BapHallugX Ha TeMy 3TOil 3a/a4i.
VcTOUHNK 3BYyKA 3aMeHsIeTCS] HCTOYHUKOM CBETA, a B KAuecTBe
JIOJIKU WCIIOJIb3YETCsT Hallla TlaHeTa 3eMJisl, KOTopasi HeceTcst
1o cBoeil opéure Bokpyr CoJHIla, T.e. CKBO3b aHp, CO CKOPO-
crpio 30 kM /c.

Wpess atoro ombita Oblia peasusoBana MaliKeabCOHOM U
MopJsm B 1887 rozy. ¥YBbl, pesysbTaT dKCHEPUMEHTA OKA3aJICs
OTPHIATEIBHBIM — JBMKeHHe 3eMJIH OTHOCHUTEJIbHO aupa 06-
Hapyxeno me Obio (i3 =¢,). VIMEHHO OTpHIATEJbHBIA pe-
3yJbTaT onbita Maijikesbcona u Mopsn Gbll OJ{HOI U3 OCHOB-
HBIX TIPEIIOCHIIOK J/IJIST TIepecMOTpa OCHOB KJIACCHYECKOil Me-
XaHUKH W 3HAYUTEJBHO CIIOCOOGCTBOBAJ NPH3HAHUIO CIEINAb-
HOI TEOPUU OTHOCUTEJIHHOCTH.

BripoueM, 1O yiKe COBCEM JPYyTasi UCTOPUSI.



OU3UYECKHUN ®AKYJIDBTATHUB

He npeHebpexem
TPEHVEM
KavyeHus...

A.CTACEHKO

BTE[IEHI/IE TbICAY JIET TPEHME BblJIO CAMBIM 3HAKO-
MBIM U BMeCTe C TEM BecbMa 3arajiouHbiM sBjexueM. Ot
noGpiBanus orast (ReTaHHbI 9 hEKT) 10 3aMEHBI BOJOUYEHHS
rpy30B (T/1e TpeHne BBICTYMAET KaK BPeAHbIH (hakTop) KaueHueM
IIPOLILTIO, BEPOSITHO, MHOTO BpeMeHH. Bo BCSKOM ciydae, M300-
peTeHue KoJsieca MPU3HACTCS BeINYaiiliell TeXHUYeCcKol peBoJIo-
I7eil 4eIoBeuecTBa.

KommyecTBennoe ommcanme Tpernst (Kak U Bce HaydHBIE
TEOPMHU) HAYANOCH TPUGTU3UTENBHO TPU BEKA TOMY Hasaj,
IPOI/A MyTh OT (DEHOMEHOJIOTHYECKUX COOTHOMICHUIT IO cOBpe-
MEHHOH MOJIEKYISIPHO-MEXaHNIeCKOH TeOpuH.

B 1699 rony T'miboM AMOHTOH OITyGJIMKOBAJ PE3yJIbTAThI
CBOMX 9KCIIEPHMEHTOB U C(POPMYIUPOBAJ 3aKOH TPEHUS B BUJIE
IIPONOPIMOHATBHOCT Meskly Tanrenimanbioii (F) n mop-
mamboit  (F,) cHiaMi B3auMOEHCTBHS CONPHKACAIONIHXCS
TBEPAbIX TeJI:

F, = kF, . (1)

IIpomnrno 6osee Bocbmuzecsiti Jet, u lllapab Kynon nmoarsepaun
(1781 r.) 3axoH AMOHTOHA, HO BBEJ B HETO JOIOJHHUTEJIbHOE
cJaraemoe:

F, = kF, +F, . (2)

IT10 OBLT CYIIECTBEHHDII IIAr B TIOHUMAHUM SIBJEHUS: HOBOE
caaraemoe [, TOAYEPKUBAJIO, YTO TPUTSIKEHHE COMPHKACAIO-
HIUXCS TeJ CYNIECTBYeT Jake O6e3 BHEIIHEH TPUKuMAaromei
CHUJIBI: Tesla Kak Obl <«IPUJIUIMAIOT» YT K APYTY, He Oyayuu
CMa3aHbl KaKUM-JII00 KieeM. ITa JIONOJHATENbHAS CHJIA CTaJIa
Ha3bIBaThCs cUoit aaresnn (OT JTATUHCKOTO «IPUJIMIAHEE» ), a
HOBOe BbIpakenue s F; HasBasm 3akoHoM AMonTOHa—Ky-
JIOHA.

Ceituac 110601 IMTKOJTBHUK 3HAET ATOT 3aKOH, TI0 KpaiiHeil mepe
B Buge (1), n KoapUIMEHT MPONOPINOHATLHOCTH R YBEPEHHO
Ha3bIBaeT «K0A(PUIMEHTOM TPEHUS CKOJbXKeHusi». Ho ombit
MOKA3BIBAET, YTO HYKHO TPIIOKUTD KACATETBHYIO K MJIOCKOCTH
CONPUKOCHOBEHNST CHJTY HE TOJIBKO JIJIST TOTO, YTOOBI CIBUHYTD C
MecTa KUY, JeKamuil Ha crose. J{yis KadeHus: uJIimH/pa mo
CTOJIy TOJKe HY>KHA CHJIa — IIPaB/ia, CyIECTBEHHO MEHbIIas, YeM
B CJAydYae KUpnudya. DTy CUJIy 10 AHAJOTUN HA3BAIU <CHUJIOMH
TPeHHs KaueHusi». KyJIOH NMpesious BbIpaskeHne U JIJIsT 9TOM
CHUJIBI:

" - 3

31ech @ — paguyc MUJINHAPA, a KoddPUINEHT A , aHAJTOTHIHO
CJIydalo TPEHUSI CKOJIbXKEeHUs, ObLI Has3BaH <«KO3(DUIIEHTOM
Tpenus Kauenus». Ho ecau k B Boipaxenusx (1) u (2) apaserca
GespasMepHbiM, TO A B Bbipakenun (3), Kak JIETKO BUJETb,
HUMEET Ty K€ Pa3MepHOCTb, YTO U PAJUYC @, T.€. PA3MEPHOCTb
JUTVHBL.

[Tonnmanue GuU3MYECKON TTPUYUHDBI B3aUMO/IEHCTBUS COIPH-

KACAIONUXCS TeJT MPUXOJNJIO TIOCTEIIEHHO C Pa3BUTHEM IIPe/i-
CTaBJICHUIT O MOJIEKYJ/IIPHOM CTPOEHHH BelleCTBa. BhIACHUIOCH,
YTO TIOTEHIMAIbHAS YHEPTHS MPUTSKEHUST IBYX IJEKTPOHENT-
PATBHBIX MOJIEKYJI IPYT K JAPYTY PACTET C YMEHbIIIEHIEM PACCTO-
STHUST MEXK/Ty HUMU 0GPATHO TIPOIIOPIIMOHAIBHO MIECTOH CTeNneHn
9TOTO PACCTOSTHUS. 3HAYNT, CUJIA IPUTSIKEHNST 06PaTHO MIPOTIOP-
IIHOHAJIbHA CE/IBMOM CTETIEHN ITOTO JKe paccTosaust. Komneurno, B
KOH/IEHCHPOBAHHOM COCTOSIHUU KasK/Jasi MOJIEKyJa B3auMo/ieii-
CTBYET CO MHOTHMHU JIPYTHMHU, IIPUYEM Pe3yIbTHPYIOMIAs CUIa CO
CTOPOHBI ATUX JAPYTUX MOJIEKYJI Pas3jnyHa B I1yGUHE BElecTBa
1 y ToBepXHOCTU. VIHTYUTHBHO SICHO, YTO BOJIU3H TOBEPXHOCTH
JTOJIKHO CYIIIECTBOBATD HEHACHIIIEHHOE T10JIE TTPUTSIKEHUST — KTO
He HaOMolad, KaK Jake HA BEPTHUKAJIBHBIX IMOJUPOBAHHBIX
MIOBEPXHOCTAX TIKA(OB cO BpeMeHEeM 00pa3yeTcsl CJI0i TOHKOI
TIBLJTH.

IIpsiMble M3MepeHUsT TOKA3aJH, YTO CUJIA B3aMMOEHCTBHS
(npuUTSKEHUST) IBYX JUAJIEKTPUYECKUX TeJsl JeHCTBUTENbHO 06-
PATHO TTPONOPINOHATBHA CEIbMON CTEIIEHN PACCTOSTHUS MEXKILY
HUMHU. JTO OYEHDb PE3KAS 3aBUCHMOCTD: CTOUT YMEHBIUTD 3a30D
MEJK/Iy TeJIAMU /10 pa3Mepa JInaMeTpa aToMa, Kak CHJia IpUTsKe-
HUST yMEHBIIUTCS Ha iBa nopsiakal MubiMu coBamut, «GeCKOHeY-
HOCTb» HACTyHaeT yiKe Ha PACCTOSHUU TIOPS/IKa pPa3MepoB
MOJIEKY.JI.

TaxuM 06pa3oM ObLIO MOHATO, YTO U TPEHUE CKOJbKEHUS U
TpeHHe KayeHusl UMEIOT OJIHY H Ty e (DU3MUEeCKYI0 IPUPOJY —
9JIEKTPOMArHUTHOE B3aNMO/IeHICTBHE IEMEHTOB, COCTABJISIONINX
tBepaoe teso. I[IpaBaa, mo6oIbITHO, YTO COMYTCTBYIOIINE KOA(-
utmenTobl, HECMOTPS HA MOYTH OJMHAKOBYIO CJIOBECHYIO (hop-
MYJIIDOBKY, UMEIOT pa3Hble Pa3MEpHOCTH.

OpHaKo 1mopa MoroBopuTh 0 GU3NIECKIX CBOWCTBAX COIMPUKA-
CAIONINXCS TBEP/IbIX TeJ U 0 (DU3NUECKUX BEJMUMHAX, UX XapaK-
tepusytomux. [Ipex/e BCero paccMoTpuM Modyb ynpyzocmiu.
On onpezensiercs cuaenyiomuM o6pa3oM. BoszbMeM IMJIMHAD
JUTMHOM [ 1 TIJTIOTIA/IBIO TIOTIEPEYHOTO CeUeHNsT S M PACTSHEM ero
(nmu cozxmeM) oceBoit cuioit F, IIpu 9TOM €ro JIJIMHA Y BETUIUTCS
(unn ymenbuures) Ha Al . ECTECTBEHHO MPE/IIOIOKUTD, UTO
9TO M3MEHEHME JIIMHBI TIPONOPIMOHATIBHO cuye F 1 o6paTHO
MIPOIOPIUOHAJIBHO TLIOMAN cedenus S, a KoaUIMeHT mpo-
MOPIUOHATLHOCTH U ecTh (06paTHBIT) MOAYJIb YIPYTOCTH:

Al _1F

I ES°
Arot Mmoayab E BBen msectn ger waszax (1807 r.) anrsmiickmii
yuenblit Tomac IOur. 113 ¢popmyisl BugHO, 4TO ecau opMaabHO

F
noyoxutb Al =1, 10 E :E. OTO O3HAYAEeT, YTO MOJYJIb

YIPYIOCTH €CThb MeXaHHYecKoe Hanpspkenue (Cuia Ha eMHAILY
IJI0MA/MM), KOTOPOE [OJDKHO YBEIMIUTh (yMEHBIIUTD) [JIMHY
cTepsKHs B iBa pasa. OTCIo/ia sKe BUIHA U PA3MEPHOCTD MOJLYJIst
YIPYTOCTH:

[E]=T5 =1la .
[S]

OKCIIEPUMEHTBI CO CTEPXKHSAMHU TOATBEPIKAAIOT JIMHEHHYIO
3aBHCUMOCTDb MEX/Iy OTHOCUTEbHON sehopMarineil u HarpsKe-
nueM. Ho pacTsHyTb cTepsKeHb BBO€E HE MOJYIHUTCS — Pa3Be YTo
ecs oH Gy/leT pe3anHOBbIii. Ellle paHbIiie cTep:KeHb «MoTeyers —
HauHyTcs HeoOpatumble nedopmanuu. CooTBeTcTBYIOIlee Ha-
NpsoKeHne Tak M Ha3blBaeTcs — npeden mexyuecmu O W,
KOHEYHO, TOXKe M3MepsieTcs B ITacKasIx. B rabimile mpuBeieHb
s3HaueHus E u O [/ HecKoJbKMX Merasnos. Ilycrp Bac me
yauBsgeT pa3dpoC YMCJIEHHBIX 3HAYEHUil: pasHble CIOCOObI
06paboTKM, pasHble CHPABOYHUKH... V1 aTOT pasbpoc BIOJHE
OTIPAB/IBIBAET MIPUOJIVKEHHBIE COOTHOIIEHNST, K TIOMCKY KOTOPBIX
MbI U TIPUCTYIIHIM.

[F]_H



O®U3BUYECKUN OAKYJILTATHUB

Tabruya
ETTa |o,MIa |d, /2,8 ¥ Yocos Yoren
AsoMuHHII 70 21-30 1,5 10,36-0,46] 0,59 |1,14-1,66

Memp 112-130(33-333 | 1,3 | 0,55-1,7 (0,96—1,11{1,79-1,83
CBuHern 16 5-10 1,8 10,1-0,14| 0,137 -
Momi6en 330  [330—415| 1,4 2,8-3,3 2,8 -
Cramp 190-200 {230-310( 1,25 | 1,7-1,9 | 1,6-1,7 -
Kpemmunit  [110—166 120 1,4 1,12 1,42 |1,14—1,23

Jlnsa navana o6CyANM TaKoil BOIIPOC: KaK OLCHUTH NOGEPXHO-
CMHYI0 NIOMHOCNG IHEeP2uY aAre3un Y, T.e. SHepruio, Mpuxo-
JALIYIOCS Ha eJUHUILy Iiomaau. Ilpumem, uTo ona 10o/KHA Kak-
TO 3aBHCETb OT KoadduimenTta ynpyroctu E, ot «koaddunnen-
Ta Msrkocti» O (mpefesn TEKy4yecTH) W OT XapaKTepHOro
PacCTOSIHUSL TOPSI/IKA AnamMeTpa MoJiekyJnl d, (cMernerne Ha
9TO PACCTOSIHUE BCEX CJIOEB CTEPHKHSA U IIPUBO/IUT K Y/IBOCHUIO €I0
aunbl). W3 coo6paskeHnii pasMEPHOCT MOYKHO IIPE/JIOKHUTH

3aBUCUMOCTDb BHU/la
Yy~ dM VEG .

Buzno, uro 3gech ob6a xoaddunnenta E M G TpeNCTaBJIEHbI
PABHOIIPABHO, Yepe3 UX Cpe/lHee TeOMETPUYECKOe 3HAYeHHe.

CpaBHUM TIPETIOKEHHY 10 opMyJTy ¢ GoJiee TIPOCTOl TeOPETH-

YECKON 3aBUCUMOCTBIO, MPUHATON TOYTH TOJBEKA HA3a/1:
_E (1,3A
yTeop 2 A P
3rmech 2A — xapaxTepHblil TIEpPHOL PEIICTKH TBEPIOTO TEJIA,
1,3A — xapaxrtepHoe paccTosiHue, Ha KOTOPOM JIeHCTBYIOT CHIIbI
MIPUTSIKEHUS, HY & YICJIO «ITH» TOSBUJIOCH, KOHEUHO, N3-34 TOTO,
YTO B PACCMOTPEHHOI MOJIEJTH MOJIEKYJIbI CYUTAIOTCS IAPUKAMH,
a T/ie KPYTJIo, TaM U «Ih».

B ra6miie JaHbl paccyuTaHHbIE IO COOTBETCTBYIONHM (HOPMY-
JIaM 3HaYeHUA Y U Yreop , @ TAKKE DKCIEPUMEHTATIHLHO H3MepeH-
HbBIC BHAYCHUS Yaen (KOTOPBIE yIAT0Ch OGHAPY/KUTD B JIUTEPA-
Type). BupHo, 4to Hama oneHka Y JOBOJbHO OIU3Ka U K
TEOPETUYECKUM UM K 9KCIIEPUMEHTATbHBIM 3HAYEHUSIM.

WTax, Mbl OJIYYNJIH ITPABIONOO00HYTO OIIEHKY /TSI TIOBEPXHO-
CTHOM IIJIOTHOCTU 9HEPTUU aATe3un Y U, CJIeJOBATEIbHO, nogep-

2
] =0,856-10""E .

- Y [T
XHOCMHOU NJAOMHOCMU CUJIbl a[IT€3NN ]; ~— ~~EOC . A kako-

BBl CaMW 9HEPTUS U CUJIa? "

OueBUTHO, UTO /IS HTOTO BEJAUYMHDbL Y U [, HYKHO YMHOKUTD
Ha HEKOTOPYIO TLION[Aa[b KOHTaKTa colmpukacaomuxcs Ter. Ho
Kak ee HaiiTn? Bexapb, mampuMep, AMA KUpIMYa, JEXKAIIeTo Ha
crosie, uouMas IJIONA/lb KOHTAKTA PAaBHA IIPOU3BEJCHUIO €ro
JUIMHBI HA IIMPHHY, 3 HA CAMOM OH COIIPHKACAETCS CO CTOJIOM
BCETO JINIIb B HECKOIBKHX «IISITHAX» (JI0CTaTOYHO TPEX) — B Tex
MecTax, rje ObLIH caMble GoJIbIe GYTOPKH IEPOXOBATOCTH.
ITH IATHA U NPUHAMN Ha ce0st BCIo HArpysky. M TyT omarsb
IIPUXOAUT Ha IOMOIIb IIpesiesl TEKyUeCTH: IPIKIMAIONIas CUia
6y/eT ypaBHOBEIIEHA CUION YIPYTOCTH AeOPMIPOBAHHBIX 6y-
TOPKOB, TIJIONAJb KOHTaKTa § KOTOPBIX MOXKHO OICHWUTD W3
COOTHOTICHUS

F, =mg ~ s0.

Takum 06pa3oM, sHEPTHUS U CUJIA TPUJIUIIAHIS COTPUKACAIONIX-
cs Test GyIyT TOPSIIKA

/ /E
ys ~ F, EdM u K, ~F,—.
() (o}

[omyuaercs yygoBuiHas cusia, Ha 1—2 nopsjka GoJiblie Ipu-
skumaroriieit?! Ho yemy ske TyT yAMBJSTBCS: Be/ib YTOOBI PacTsi-
HYTb CTEPJKEHDb B JIBa pas3a, T.€. CMECTUTb COCE/IHUE CJIOU JIPYT
OTHOCHUTEJIBHO JIPYTa HAa MEKATOMHOE PACCTOSIHUE, HYKHA Oblia

ObI TIJIOTHOCTH CUJIBI TTOPSI/I-
Ka MOV JISI IOnra
E ~10"" H/M? . D10 03ma-
Yaer, YTo /IS yIBOCHNUS JIJIN-
HBI TIPOBOJIOKM CEYCHUEM
1 mm? =107% M? norpeGosa-
nach Obl cujla HOPAAKa F,=mg
10" 1075 H =10 H. e
[Touemy oxe BO3MOXKHO Ka-
YeHue IUJINH/IPA 1O MIJI0CKO-
CTH, C KOTOPOH OH, Ka3aJoch
6b1, cpoccsi? A Bce zeno 6
npaeuie poviudaza — Besb 1M1~
pUHA KOHTAaKTHOH MOJOCKHU
2a, (cM. PUCYHOK) MHOTO
MeHbllle pajnyca nuanHapa. Ha pucynke nzo6paykeHa CHIBHO
NIpeyBeIMYeHHAS T10J10ca KOHTAKTa, 00Pa30BaBIIasiCs B PE3yJib-
tate jgedopManuu HMAMHIPA MO/ JEHCTBUEM IPHXKUMATOIIei
cuJbl, Hapumep ero Beca F, = mg . Tam e ycJI0BHO ITOKa3aHbl
MATHA KOHTAKTa, CyMMapHas IJI0Ia/lb KOTOPBIX MHOTO MEHbIIIe
BUAUMOI TwIom@amu 2d.l , v JIOKaJbHbIE CUJIbI AAre3UH B 9TUX
nartuax. [lox peiictBuem cusbl F , IPUIOKEHHOI K OCH ITUINH-
Jlpa, BO3HUKAET MOMEHT OTHOCHUTEJIbHO TOUYKH A, CTPeMSIIMiics
pas3opBaThb JIOKaJbHbIE clafiku. B MOMeHT oTpbiBa nMeeM

y
a,<a

a.
EJJZF;‘CIC,I/UII/I FK:]:a;~

A mockombky d./a <1, cuna tpenus Kauenusi F, MHOTO
MeHbIIle pe3yJabTUpyIolieil F, Cus ajre3un B JIOKAJTbHDBIX TIST-
Hax.

Wrtak, ocramoch ONEHUTh OTHOMmeHuWe d,/a . Temepb y mac
JIOCTATOYHO OCHOBAHWI IMPEJIOJarath, 4TO 3/1eCh JIOJIKHBI WI-
patb posb Moayb IOura E, Bec uuaunapa mg = mzapg (MbI
NPUHAIN €To JJIMHY paBHOI paamycy). Bomee toro, scHo, 4to
yeM GoJibllie Bec M 4eM MeHbline MoayJab HOura, Tem GoJbiieit
OyieT MUPUHA BUAMMOI KOHTAKTHON MOJIOCHI. 3HAYHT, MO/YJIb
IOnra fo/IKEeH CTOATH T/le-TO B 3HaMeHarteJse, a BeC — B UNCJIN-
Tese:

nwlapy
A, ~ 4| ———=
E
[ToacraBus Boipakenus pias F, n a, B popmyny aasa F ., us

a

cootHomenus (3) HaiizeM K03(h@UIMEHT TPEHUS KaueHHs:

)\_FKaN\/f/m‘?pg_ [’ g
" F, oV E NV o

[Tpumem caenytomune XapakTepHble 3HAUEHUS: P ~ 10° KI‘/ M
g =10 M/c2 , 0~ 100 MITa = 10° ITa . /lns paauyca mummmH-
pa BbIOepeM 3HAUEHUS U3 <UYeJOBEUEeCKOH MPAKTHKH»:

a -~ (1 02 - 1) M . Torga nosyynm

2 Y 43
A~ ull 110)8 1 1OM~(10*5—10*2) M.

B sutepatype yKasbIBAIOTCS TAKHME 3HAYCHUS: JJIST METAJLIOB
(Hanpumep, cTabHOIl NUINHAP KATUTCS 110 CTAAbHON TIO/I0K-
ke) A =(1-2)-107 M ; npu aABmwKeHun aromobuis (Harpu-

-4
Mep, o ckopoctbio 80 kM/4 ) mo acambry A =2-107" M ; g
nepesa 1o iepeBy A =(5-6)-107 m.

Taxum 06pa3oM, Hallla OIEHOYHAS TEOPUSI HE TAaK YK MJIOXA.
Tem GoJiee 4TO BHENIHNE YCJIOBUS BJNSIOT HA BEJTUYUHY TPEHUSI
KaueHnsl HUUyTh HE MeHbIIe, YeM IPUPOJA TPYIIMXCS TeT.



MATEMATUYECKUN KPYXKOK

Opuramu
N NOCTPOEHUS

A.TTETPYHUH

Moemy cbiHy Hukogumy

I_l PEACTABDBTE CEBE, UTO Bbl CUIUTE HA YPOKE 1 BAM

CKYYHO-CKYYHO M OYE€HD XOUETCS 3aHATbCS T€OMETPUYECKH-
MU TTOCTPOEHUSIMI: HAUEePTUTDb, HAIIPUMeEpP, TPEYTOJIbHUK, HAUTH
B HeM ILIEHTPbI BIIMCAHHON M ONUCAHHON OKPYXKHOCTell 1 opTo-
IIEeHTP, TPOBECTH TPsMYIo Jiljepa u Bce Takoe. Ho Bot Geza:
LUPKYJb U JUHEHKA OCTaBJEHbI JOMa.

Bor B takoii cutyainuu, HaBepHoe, oKazaiuch 15 jer Haza/ Ba
opuramucra, utaabguer, beneserro CkumMeMu u aroHer; XaMmsaKu
Xypzura. (OpuramucrtaMu Ha3bIBAIOT JIOJACH, YBICKAIOIUXCS
JIPEBHUM SANOHCKUM HCKYCCTBOM OpuUzaMu — CKJA/IbIBAHUEM U3
sgucrta GyMaru pasJIMYHbIX 3BepylieK, NTH4ek, (POHAPUKOB n
T.O0.) Bapyr ux ocenser: «A Beib CKJIAJKa JuCTa OyMaru — 310
npsimasi». Harpumep, ecsim B3Tb Ha JIMCTKE OTPE30K U COTHYTD
JIICT TaK, YTOOBI KOHIIBI OTPE3Ka COEJANHIIINCD, & TIOTOM pasrJa-
JINTH JINCT aKKypaTHEHbKO Ha TMapre, TO Teperué obpasyer
CPEeIMHHBII TEPNEeHNKY AP K UCXoaHoMy otpesky (puc.1,a).
OG6bIuHOE OCTPOEHUE CPEAMHHOrO TieprenHaukyaspa (puc.1,6)
jounnee. Jlast Hero tpeGyercss U IUPKYJIb W sHelika (opHOi

6)

/'I "
Puc. 1

JMHEHKONH He 060H/IeNbes), a TYT HUKAKUX WHCTPYMEHTOB He
HaJIo.

YUTo6bI TIPOIOJIKUTD, UM MPHUIILJIOCH TPUIYMAaTh HAGOP TPABUII
JUISL 3TOTO HOBOTO THIA TIocTpoeHuii. Hanpumep, npu 0ObIYHbBIX
MIOCTPOEHUSX C TOMOIIBIO TIUPKYJST W JUHEHKH Pa3periaercs
JleJIaTh TaKue Oorepariim:

1. ITpoBectn mpsMyTo yepes JiBe JaHHbIe TOUKH.

2. ITocTpouTh OKPY’KHOCTD C IAHHBIM IIEHTPOM U Pa/IIyCOM.

3. Haiitn TOUKy repeceuenus: ABYX NAHHBIX MPSIMBIX, TOUKY
repeceyeHust MpsIMON ¢ OKPYJKHOCTBIO WMJIM JIBYX OKPYIKHOC-
Teit. !

Uro-To 1o106H0e HY>kHO ObL10 M Benenerro ¢ Xamsaxu. [l
3TOr0 OHM MATEMATUYECKU OMUCAJU TIPUEMbI, KOTOPBIMH [ABHO
MOJIb30BAJIUCH OPUTaMUCTBI. BOT 311 npaBu.a.

MpaBuna cknapbiBaHUSA

Mpr GysneM TOBOPHTDB, YTO TIpgMas 3a/laHa, €CJU Ha JIUCTe
HUMeeTcsl COOTBeTCTBYIoas ckaaaka. Ha pucynkax nanee ckiaj-
KU [TOKa3aHbl IIYHKTUPOM.

I Taxue mouru nepeceuenus cywecmeyiom me ecezdd, NPAGUILO
ymeepikdaem moavKo, 4MoO ecau maxKdas MOUKA ecmo, MO ee <MOKHO>
Hatimu.

1. [TycTb 3aambl 1BE TOUKH A 1 B, TOT/1a JTNCT MOKHO CJIOKUTD
Tak, 4TO JaHHbBIE JBE TOYKM OyAyT Ha ckaaake (puc.2).

2. TlycTb 3aaHbl JIBE TOUKH, TOT/IA JTUCT MOYKHO CJOKHUTD TaK,
4TO OJIHA TOUKA TEPEiiIET B APYryio
(puc.3).

Puc. 2 Puc. 3

3. Ilyctp 3aganpl aBe mpsiMble [ W m, TOTIA JIHCT MOYKHO
CJIOKUTD TaK, YTO OJHA TIpsaMas nepedizer B apyryo (puc.4).

0) |

m

Puc. 4

4. Ilycrp 3amanbl npsmas [ n Touka A, TOTAA JHCT MOKHO
CJIOKUTb TaK, YTO TOYKA MOIAJET HAa CKJIAJKY, a HpsMas
nepeiizer B ce6st (T.e. JTMHUS CKIAKN Oy €T eii IepHeHanKy Isp-
na) (puc.5).

A P

e
=

TN

B

Puc. 5 Puc. 6

5. IlycTb 3ajanbl IpaMast p U aBe Toukn A u B, Toraa Jauct
MOJKHO 2 CJIOKUTH TaK, 4TO TOUKa A MomajieT Ha CKAKy, a B —
Ha npsimyio p (puc.6).

6. IlycTb 3a1anbl BE NPAMbIE p U ¢ 1 B¢ Toukn A u B, Toraa
JINCT MOKHO 2 CJIOKHUTD TaK, 4TO ToYKa A Tonaer Ha IpsaMyio p,

a Touka B momager Ha npsamyio g (puc.7).

E *A 1;
: TN
.-'.? E q /—‘\

Puc. 7 Puc. 8

P

7. IlycTb 3azaHbl /Be NIpsAMble p U ¢ U TouKa A, Torjga Juct
MOKHO CJIOKHUTb TaK, YTO TOYKAa A MOIaJeT Ha NpsSMYIO p, a
npsMag ¢ mupeiiger B ceba (r.e. JmHMS ckaagku Oyaer el
neprenaukyaspna) (puc.8).

2 Taxas cxaadxa cywecmsyem ne 6cezod, npasuio ymeepioaem
MOILKO, MO eCU MAKAsL CKAAOKA eCMb, MO ee <MOKHO» HAUMU.
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ITocrennee — ceapMoe — MpaBWJIO JOOGABUJ IO3XKe APYTOI
sanoHckuii opuramuct Kocupo Xaropu, 3amerus, uto benenerro
¢ Xamsakn 3a6bLIH €r0 BKIIOYHTD. JTY TIOCIEAHIO0 CKIA/KY, KAK
1 HEKOTOpble JPyTHe M3 3TOro Ha6opa, MOXKHO TOJYYHTh Kak
pesyJbTaT MOCIE0BATEJbHOIO MPUMEHEHUSA OCTAJbHBIX, T.C.
JUUIST MaTeMaTHKa OHA HUYero He o0aBJsieT, HO OPUTaMUCTDL He
MHYT GyMary 3ps.

Ynpaknenusa

1. Kakne mocTpoeHUs NMPKYJeM M JIMHEHKOH COOTBETCTBYIOT
ckaagkam 1—5u 77

2. Yepes Touxy A BHe npsiMoil [ mpoBejnTe npsaMyio [, mapas-
JIEJIbHYIO JIAHHOMU, C IOMOIIbBIO NEPEUYNCAEHHDIX BbIIIE MPABUII.

3. C nomomibio MpaBusI OpUraMy MOCTPOiiTe KBajpar.

4. Pasnenmte mannblii oTpesok AB: a) Ha 2 paBHble yacTh; 6) Ha
3 paBHbIe YaCTH; B) HA 7 PABHBIX YaCTEN.

MNocTpoeHne crubaHnem

Terepb MOXKHO HACJAXK/1ATHCS U 3AHUMATDCS JIIOOBIMHI ITOCTPO-
eansmMu. Hanpumep, Takumu:

Ecin 3a/1aH TPOU3BOJIBHBIN TPEYTOIBHUK, TO €10 OUCCeKmpu-
Cbl, & CTAJIO OBITD, U UCHMP €20 6NUCAHHOU OKPYKHOCTNU MOFKHO
HalTH, NPUMEHUB TPABUJIO 3 KO BCEM IIapaM €ro CTOPOH.

Cpedunnvie nepneHOUKYAapbL 1 UEHMP ONUCAHHOU OKPYHKHO-
cmu MOKHO HalTH, NPUMEHMB IIPaBUJIO 2 KO BCEM IapaM ero
Bepiui. Ilocse 9TOro MOKHO HANTH Meduanvl 1 uenmp msxe-
cmu, TPUMEHNB IpaBuyo 1 K Kak/10#l BeplInHe B Mape ¢ yxe
HaliIeHHOIl BbIlIE CepeinHON MPOTUBOIIOIOKHON CTOPOHBI.

Buvicomvt 1 opmoyenmp jerde scero Haiitu, npuMeHuB I1paBU-
JI0 4 K KaXKJI0H BepIInHe B Iape ¢ IIPOTUBOIOJIOKHON CTOPOHOI.

[lanee MOXHO yOeMUTHCS, YTO OPTOIEHTP, HEHTP TSKECTH U
L[EHTP OMUCAHHON OKPYKHOCTH JICHCTBUTEIBHO JICKAT HA OJIHOMN
IIPSIMOM, TIPUMEHUB 1paBuJIo 1 K /11060ii 1ape u3 aTuX ToueK. Jra
IpsiMasi Ha3bIBACTCS IMPSMOIl Jitjiepa TPeyroJbHUKA.

KoneuHo, cru6ast JHUCTOK, HEBO3MOKHO IOCTPOUTH OKPYK-
HOCTb, HO, OKa3bIBaeTCs, BEPHO cJexyiolee: JIOOYIO TOYKY,
KOTOPYIO Y/Ia€TCs MOCTPOUTDH C MOMOIIBIO IIUPKYJIS ¥ JMHEHKH,
MOKHO TIOCTPOUTD crubanusMu. UToObl J0KA3aTh 9TO, 10CTATOY-
HO HPEbSBUTD ITOCTPOEHUE /IBYX THIIOB TOYEK:

1) Touku mepeceveHus OKPY/KHOCTH € HPSAMOH, €CJanm Mpo
OKPY>KHOCTb U3BECTHO TOJIBKO MECTOIOJIOKEHUE IIEHTPa U O/IHA
TOUYKa Ha Hell.

2) Touku Tiepecevenist [BYX OKPYKHOCTEH, eCIi PO KasKLyio
OKPY>KHOCTb U3BECTHO TOJIBKO MECTOIOJIOKEHNE I[eHTpa U O/lHA
TOYKa Ha Hel.

[TepBoe MOXXHO cienarb, IIPUMEHUB MPaBUJIO S, B3sB 3a A
LIEHTP OKPY’KHOCTH, 32 B — TOYKYy Ha OKPY>KHOCTH, a 3a p —
JIaHHYI0 npaMylo. Bropoe caesnaTth ciosknee, KOPOTKOi Tocie-
JIOBATeIbHOCTH CTUGaHuil MHe HaiiTu He ypasoch. Ho Takyio
10CJIE/IOBATEIBHOCTD MOKHO TOJIYYHTD, MOKa3aB, YTO C [OMO-
MbI0 CruGaHuii MOKHO MOCTPOUTH UHMBEPCUI0 TOUYKH OTHOCH-
TEJIbHO OKPY’KHOCTH, €CJIN TIPO OKPYXKHOCTb M3BECTHO TOJILKO
MECTOIOJIOJKEHHE 1IeHTPa U IOJIOXKEHHE OJHOI TOouKu Ha Heil.
ITorom, npuMeHMB WMHBEPCHIO, KOTOpas IIEPEBOJMT O/HY U3
JIByX JIAaHHDBIX OKPY’KHOCTCH B HPSIMYIO, CBECTH 3aJlauy K IIpe-
JIBITYTIeH.

Yupaxkuenne 5. IlocTpoiiTe MHBEPCHIO TOYKH OTHOCHTEJIBHO
OKPY’KHOCTH, 33JJaHHOI MECTOIOJIOKEHUSIMU TIEHTPA W OJTHOI TOUKH
Ha HeW.

Taxmm 06pa3oM, Bce TTOCTPOEHHS TOUEK INPKY.IEM I THHEHKOT
MOXKHO OCYIIECTBUTD € IIOMOIIbIO crubanuii. OKasblBaeTcs Ipu
3TOM, YTO CrHOGAHMSMH MOXKHO IOCTPOUTH TOYKH, KOTOPDIC
HEBO3MOXKHO TTOCTPOUTD C TTOMOINBIO IIUPKYJIA U JHHEHKH. JIasa
IIpuMepa MpuBe/ieM /IBe 33/[aull Ha MOCTPOEHNe, KOTOpPbIe N3Be-
CTHBI y3Ke 6oJiee JBYX TBICSY JIET, HO TOJIbKO B [IEPBOIl II0JI0BHHE

XIX Beka Gbl1a 0Ka3aHa HEBO3MOKHOCTD PEIIEHUST KasK/I0# 13
HUX C IIOMOIIbIO IUPKYJIS U JNHEeHKH.

Tpucekuusa yrna

3apmava 1. Pasdeaume Oannvlil y2ou HA Mpu pasHvle 4dcmu.

Bor pemtenne, npeanoskennoe Xucacu A6a.

ITycTb yrou sazal AByMS CKJIAJKaMu p U ¢, 0003HAUUM Yepe3
A Bepuuny yraa (puc.9). CHavasa IpoBeieM MOArOTOBUTEb-
Hoe noctpoerne. Ham Hy»kHO: 1) BOCCTaBUTD epHEHANKYIAD [
K g uepes A (nmpaBuio 4); 2) oTMeTHTD Ha [ TPOU3BOJIBHO TOYKY
B 1 BOCCTaBUTDb CpeINHHDBIN NEPIeHAUKYIAp ¢’ K oTpe3ky AB
(mpasuiio 2).

Tenepb Bce TOTOBO 114
raasuoit ckaagku. Cio-
JKUM JINCT TakK, 4ToObl A
nonanaHa ¢, aB —Hap
(mpaBuso 6). Ilpm stom
o6paz A’ Bepmmubr A
JISDKET Ha TEePBYI0 TPUCEK-
TPHCY HAIero yrJa, a To4-
xa C ma mepeceuennn q’ ¢
HOBOH CKJIagKoil Oyner
JieskaThb Ha BTOpoil. Takum
o6pasoM, ayun AA” u AC
Oy/LyT IeNTD YTOJ HA TPH
paBHbBIE YaCTH.

Jlokaxkem »T0. Ilo cBolicTBaM BBIIOJIHEHHBIX CKJIA/OK,
BC=AC=CA’=CB’, atakxe A'B=AA"= AB’ . Tlostomy
pasubl TpeyroyabHukn AB’C u ACA’, HO TOT/1a paBHbBI U yTJIbI,
OTMEYCHHbBIE Jy»KKaMU Ha pUCyHKe 9.

YpBoeHune ky6a

Mbl He Gy/ieM B/IaBaTbCS B JiereHIapHble TOPOGHOCTH UCTO-
puu aToi 3a1aun. HarmoMHUM JINIIb, 4TO PEYb UJIET O TOCTPOEHUN
pe6pa Ky6a, o60beM KOTOpPOro BiiBoe 0oJiblle 06beMa JIaHHOTO
Ky6a ¢ peGpoM @, T.e. OTpe3Kka av2 .

3amava 2. [locmpoiime déa ompesxa ¢ omuowenuem OJIuH

2.

Bot pemenune, xoTtopoe G
npeaaoxun [lerep Meccep.

CHayasia 1oCTpOUM KBa/l-
patr ABCD (puc.10), pasae- N

JIEHHBIH Ha 3 paBHbIC YacTH D .
CKJIAJKaMU p U ¢, Napal- /
JenbibiMu ctopore AB (em.
ynpaskaenusi 3 u 4). Tenepp  E $--—- Lo—-mnnmv e F
CJIOKHUM JINCT TakK, YTOOBI S
Touka B momnana B Touky B’ g’ J
na cropone AD, a Touka X — /
B Touky X’ Ha orpe3ke EF. / p
Bosmosknoctb ocymiecTBUTh /
TaKyI0 CKJIAJIKy I[PeyCMOT- J o
pena npasusiom 6. Torza A I B
DB’ Puc. 10

=73
B’A
JefictBuTenvio, nyctb /B’BA = o, a BX = 1. Torga (1mo-

s s
ckoabKy ZAB'B = 5-a= ZGB’'B = 5~ ) ZEB'X’ =2a.
Tak kak qllp, a X'X||B'B, to £ZXX'F =a .Ilostomy
EX’=sin2a, FX’=ctga. Orcioga noiyyaem, 4to

sin2a +ctga = EF = 3.

[Tonoxum ¢t =ctga. Torga sin2a = , 1 MBI II0JIy4aeM

t2
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ypaBHEHUE OTHOCUTEJIbHO [:
2t
14t
otkya 2 —3t2 +3t-3=0, (t—1)3 =2, t=32+1. llanee,
AB’=3tga, DB’=3-3tga, n

DB :H&:Ctga_1=§/§.
AB’ 3tga

+t=3,

Ha aTOM CIIUCOK «HEBO3MOKHBIX MOCTPOCHUIT» HEe KOHUACTCS.
IIpn momomm ckJIaAbIBaHII MOXKHO TaKKe TTOCTPOUTHh HEKOTO-
pble Apyrue OOBEeKTbI, KOTOPble He IIOAAAI0TCS MOCTPOCHUIO
LUpKyJeM U JuHeiikoii. Hampumep, npaBu/IbHBIA CeMHYTOJIb-
HUK.

2008 /No

B uem ke nmpuynna? Kakoe 13 ONMMCAHHBIX MPaBUJI 06aBJIsSeT
HOBbBIE BO3MOKHOCTH? UTOObBI 3TO TOHSATD, JOCTATOYHO MOCTPO-
UTb CKJAJIKY B KQXKJIOM M3 IpaBu 1 —7 ¢ IOMOIIbIO HUPKYJIS U
sunelikn. PemmB ynpaxknenue 1, BbI yBUANUTE, YTO JIOBOJIHBHO
JIETKO TIOCTPOUTH BCE MPsIMble CKJIAJ0K B mpaBuiax 1—5 u 7.
Crasio ObITb, JIONOJHUTEbHBIC BO3MOKHOCTH CKPBITHI B IIPABU-
sie HoMep 6. He yinuBuTE/IbHO, YTO OCHOBHOI 11T B TOCTPOCHUSX
TPUCEKIINH YTJIa U YABOEHNN Ky6a ObLI C/lelaH ¢ IpUMeHeHneM
VMEHHO 3TOTO IpaBUJA.

[Tpuunna, okasbiBaeTcs, B CJACLYIONIEM: YTOODbI HAWTH MPSAMYIO
cru6a B mpaBusie 6, TpeGyeTcs DEIINTb ypaBHeHHe TPeTbeil
CTENeHM, TOrJa Kak B KaX/JOM M3 I[OCTPOCHUH C IOMOIIBIO
IMPKYJS W JIMHEHKNW pemnrafjorcss ypaBHeHus Toabko 1 m 2
crernereit. JIroOUTEISIM TEOMETPHM Mbl PEKOMEH/IyeM YOeIUThCs
B 3TOM.

IIPAKTUKYM ABUTYPHUEHTA

oTa
«MPOCTEeHbKaA»
KNHemMaTuKa

B.TPOSIHOBCKUU

CAMOM [IEJIE, ECJIN TTOKEPTBOBATH OBCYKIEHUEM

HEOOXO/IMMBIX TIEPBOHAYAIBHBIX TIOHATHI 1 PE3YJIbTATOB, TO
B KHHEMATHKE BCe SICHO W TIOHSATHO: CKOPOCTH U, BPEMSI JIBUXKe-
HUS ¢ 1 TIPOW/ICHHDII TTyTh § CBSI3aHbI U3BECTHBIM COOTHOIIEHHEM
v = s/t. HackosbKo Bce IIPOCTO, Bbl CMOXKeTe OLIEHUTH, PelInB
JUIST PA3MUHKH TaKylo 33/a4y.

3agava 1. Koavuo paduycom R cocmoum u3 06yx noaosunox,
6 KOmopuix ckopocmu 36yxa v; u vy (0, < vy, 01 onpedenen-
nocmu). ITo 00HOMY U3 CMBIKOE NOJOBUHOK KOAbUA YOaApUAU
monomouxom. Haiidume epemss T om momenma ydapa 0o
MOMEHMA 6CmMpeyu 36YKOGHLY GOJIH.

[Tpeskie yeM 4yuTaTh TpEAJIaracMoe pelieHne, MOoIbITalTech
pelIuTh 3ajady caMocTosiTeqbHO. B uacTHOCTH, moyMmaiirte,
M0Y€eMYy CKOPOCTDb 3BYKa B PA3HbBIX BENECTBAX pa3Hasi, uto OyIeT
¢ «ObBICTPOiT» BOJIHOII MOCJE TOTO, KaK OHA IepecevyeT IPAHUILy
MOJIOBMHOK TOMyKoJIet, Tae (IpuMepHo) TIpoM3oieT BeTpeda
3BYKOBBIX BOJIH. B cilydae yCIENHOTO CaMOCTOSITETBHOTO peliie-
HUS 32/1a4U BCe-TaKW B3IVITHUTE HA IPE/JIaraeMoe pellenie.
Bo3MoskHO, 06CysK/IeHe HEKOTOPBIX BOIIPOCOB BaM ITPHUTOIUTCS
B Oyy1em.

Pemenune. SIcto, uTo BcTpeva BOJIH IIPOU3OIJIET T/Ie-TO Ha TOi
13 TIOJIOBUHOK KOJIbIA, B KOTOPOI CKOPOCTDb 3ByKa Menbiie. [Ipu
riepexo/ie BOJTHBI M3 O/THOW CPEIbI B IPYTYIO J0JKHA M3MEHUTHCS
CKOPOCTb BOJTHBI, B COOTBETCTBHM CO CBOIMCTBAMU HOBOH CPe/bI
(cxopocTh pacmpocTpaHeHuss BOTHBI B CPEIE — 9TO CKOPOCTD
PacIpoCTpaHeHus yupyrux jaedopMaiiuii).

[t 3ancn ypaBHEHUI HAJI0, TIPEsK/ie BCEro, BBeCTH 0603Ha-
yennsi. Bocnosab3yemcs pucynkoM 1. Kpome ckopocTteli Ha HeM
MOKA3aHbI BPEMs [BISKEHUST ¢ «OBICTPOI» BOJHBI OT TOYKH
crapra JI0 cepeinHbl KoJbia ([0 TpaHuIbl pasjena cpef ¢

PA3HBIMU CKOPOCTSMU
BOJIH), BpeMsd JABuxkenus T
«MEIJIEHHONU » BOJHbBI 10
Berpeun BogiH (T.e. MCKO-
Moe BpeMsI) U BpeMs JIBU-
skeanst T — t ObIBIIEH «ObI-
CTpPOii» BOJHBI B JIPYTOil
cpelie, Ky/ia Tora/iaeT BoJi-
Ha MoCJie TIepeceveH st rpa-

Cmapm

v,

T
~. Dunuue

HHUIIBI CPE/I. , ‘*
Hepeako 3amauy ymaer- ' _/ -1

¢ HAYaTh PEIIaTh, JeJsiast 1 0,

He TO, YTO HYKHO, a TO, )

4TO BUAHO cpasy. Boc-

II0JIb3yeMCsI 3TUM cIoco00M peleHus. Jlerko HaiflTi MyTb «Obl-
CTPOii» BOJIHBI OT TOYKM CTapTa JO CEPEUHbI KOJIbIA: JJINHA
nosiyKoJiblia paBia TR . IIpocto HaxoauTcst u BpeMs ¢, 3aTpa-
YeHHOE Ha TPOXOKJeHUe 9Toro mytu: ¢ =TR/v; . Jlna toro
4TOOBI MTPUOIUBNTHCS K OTBETY Ha BOMPOC 33/1a4d, HAJO XOTS
Obl «BCTaBUTb» HMCKOMYIO BEJMYMHY B KaKoe-HUOY/b ypaB-
Henune. MOJXKHO, HampuMep, 3alicaTb BEJUYUHY IIyTH JBYX
BOJIH B TIPABOM IIOJIYKOJIbII€, BBIPA3UB €€ 4Yepe3 CKOPOCTH U
BpeMeHa JIBUKEHUI Kax/0il u3 BoJH (<«Me/yieHHOI» U GbIB-

el «6bIcTpoit»): TR = 0,7 + v, (T — ¢) . B utore umeem cuc-
TeMy JIBYX YDaBHEHHWIl C JBYMSI HEM3BECTHDIMHU:

TR
t=—, MR=0,T+0,(T-1).
Y
He coMHeBaroch, 4TO Bbl GBICTPEHBKO PEIIUTE HTY CUCTEMY U
MOJIyYnTe KAaKOW-HUOY/Tb OJIMH 13 MTPUBEACHHBIX OTBETOB WJIH UM

110/I0OHBII OTBET:

DT = TIR(v; + vy) 6 T = nR(v, — ;) :
0 010,
D) T = TR (0 — vy) T = TR (0; + vy) .
4o, 00y

Ha sK3aMeHe OTBETOB [/l CaMONIPOBEPKM OGBIYHO HE JIAMOT,
MO9TOMY HAJ0 y’Ke TIPU TMOATOTOBKE K HK3aMEHY HAyYHTHCS
NPOBEpTh ce6s XOTsE Gbl KOCBEHHO.

KoneuHo, BbI 3HA€TE O TOM, UTO TPEK/E BCETO OTBET JIOJKEH
ObITb BEPEH TI0 pasMepHOCTH. HaumHaeM NpPOBEPATH OTBETDI
TakuM 00pPa3oM U B MEepBOM ke u3 Hux (a) Haxomnm:

M- M/C
c=—""=m,
M/c
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4yero He MOKeT ObITb. BepHasi pasMepHOCTb HE TapaHTHUpyer
IIPaBUJIBHOCTD OTBETA, & BOT HEBEPHAS Pa3MEPHOCTDb TapaHTUDPY-
€T HelIPaBUJILHOCTD OTBETA. TaK 4TO MepBbIil U3 OTBETOB 3aBE/10-
MO HeBepeH.

[lymaro, f71s1 Bac He COCTAaBUT TPYy/a IPOBEPUTH OCTATbHBIE
OTBETBI U YOEUTLCS B TOM, YTO OHHM IO Pa3MEPHOCTU BEPHDI.
O/lHAaKO HUKAKUX rapaHTii BEPHOCTH OTBETA BbI €llle He T0JIy-
yusn. BozbmeM, Hatpumep, BTopoii otser (6). XoTst OH BepeH 1mo
Pa3MEepHOCTH, HO NIPU Uy < 0y TOJy4aeTcss OTPUIlATEIbHOE Bpe-
M$, 4ero ObITb He JOJ/LKHO. VI, moskasyiicta, He Ha/l0 BbIITHCDI-
BaTh MOJOGHBIN OTBET TI0 MOJLYJIIO, TAK KAaK MOJYJIb CYIIEeCTBYeT
He /ST TOTO, YTOOBI Che/laTh HeKeJIATebHbI MIHYC 1 06JI1aro-
pakuBaTh Koe-uTo HeOsaropogHoe. Tak 4To M BTOPOH OTBET
HEBEPEH.

Tpernil oTBET <«IPOXOAMUT» MO PAa3MEPHOCTH U 10 3HAKY, HO
BCE-TaK! BbI3bIBAET COMHEHUA: IIPU PaBEHCTBE CKOPOCTEl BpeMs
JIO BCTPEUN OKA3bIBAETCS PABHBIM HYJIIO. SICHO, U4TO 3TOTO ObITH
He MOKET — BOJIHBI MTHOBEHHO BCTPETUTHCS HE CMOTYT. Y BbI, U
TPETHil OTBET HEBEPEH, TIOCKOJIbKY OH HEBEPEH B IIPOBEPSIEMOM
YacTHOM cJrydae. Takast IpoBepKa — JJist KaKoTo-Jm60 M3BECTHO-
TO YaCTHOTO CJIydast — TakyKe JIOJDKHA ObITh B BallleM apceHaJie.

Hakonetlr, yeTBepTbIil OTBET BEPEH 110 PA3MEPHOCTH, TTOJIOKU-
TEJICH 1 TIPU PABEHCTBE CKOPOCTEI JIaeT BIIOJIHE Pa3yMHbI OTBET:
2TR/v . A HACKOJIBKO BepeH AToT oTBeT? Kak JIErko NOHATD, pu
PaBeHCTBE CKOPOCTEN BOJHBI JOJIKHBI BCTPETUTHCS Y NIPOTHUBO-
MIOJIO’KHOTO CTBIKA M KaXK/Jas U3 HUX IPOI/IET 0 BCTPEYH IIYTh
TR co ckopocTbio v. Takoe asukenue tpedyer Bpemsi TR/v ,
YTO B/[BOE MEHDIIIE [TOJIYUYNBIIETOCs. SHAYUT, U YeTBEPTDIii OTBET
Hegepen (OH He JaeT B YaCTHOM CJTy9ae TO, UTO MOJIKHO OBITh B
HTOM CJIy4ae OUEBUJIHO).

PaccmoTpum erie oJiiH OTBET:

TR (v + vy)

20,0y

ITOT OTBET BEpeH 10 PA3MEPHOCTH, TIOJOKUTETEH, B YACTHOM
cJIydae paBEHCTBA CKOPOCTEW J/laeT MPABUJIBHBINA DPe3yJIbTaT.
Bostee TOro, MbI MOJKEM C/eJaTh €Ie OJHY HPOBEPKY: JIJIs
MpEeTBHOTO caydast. IIpenctaBbTe, 4TO CKOPOCTh 0y OYEHb
Besuka. Torza JieBoe MOJIYKOJIBIIO BOJIHA MPOCKAKMBAET MIHO-
BEHHO, BpeMEeHeM ¢ MOKHO TpeHeGpedb, a BpPeMs 0 BCTPEYn
JOIKHO paBHATHCs TR/(20,) . Tosyuntes i TaKoil pesy.ibrar
n3 nocsaennero orseta? [Iposepum. ITocMoTpum, ¥TO TIpPOHMCXO-
JIAT, KOTJIa 0y CTAaHOBUTHCA MHOTO Gosbuie 0y (T.e. v > vy ):
TR(v +0,) TR(1+(0y/0)) ™R

T = = ~
20,0y 20, 20,

KaK M JOJDKHO ObITb.

BobiBosi, KOTOpPBINI HamparmBaeTcss IOCJe BCEX ITPOBEPOK,
MOKHO C(POPMYJINPOBATD CJAEAYIONMM 06PA3OM: €CTh OCHOBAHMUS
HaJIeSITBCS HA TO, YTO TIOCJETHUN 3 OTBETOB SIBJISICTCS BEPHDBIM.

3aKOHYMB Pa3MUHKY, MepeiijieM K OCHOBHOI YacTH TPEHUPOB-
K. PaccMOTpUM BasKHbBIN BOIPOC — NPABULO CJOKEHUS CKOPO-
cmetl W CBSI3AHHDBIN C HUM Pe3YJIbTATUBHBIN CIOCOO PeIIeHUs
JIOCTAaTOYHO CJIOXKHBIX 3aja4.

Haunewm ¢ npumMepa, KOTOpbIii uiIocTpupyer pucyHok 2. Ha
PUCYHKE yKa3aHbl CKOPOCTH TPeX TeJ — JIeBYIIKU, IOHONIA ¥
BaroHa. Kax BBI s;ymaeTe, OTHOCHTEJIBHO KAKNUX CHCTEM OTCUeTa
yKazaHa Kakaasg 13 ckopocteit? Moskere i Bbl HalTH CKO-

> €
=5kMu v, =10kMH

L)

- -
v, v, = 60 km/y

Puc. 2

POCTb KaXKJ0OTO W3 TeJ OTHOCUTETbHO 3eMyn? I[IpaBuibHbBIE
OTBETbl Ha 3a/laHHbIC BOHPOCI)I O4Y€BU/IHDI. CKOpOCTI/I JIIO[IteI
3a/1aHbl OTHOCUTEJIbHO BaroHa, CKOPOCTb BaroHa yKasaHa OTHO-
cutenbHO 3eMau. CKOpOCTb JIEBYITKH OTHOCUTETHHO 3€MJIH
pasua 65 KM /4, CKOPOCTb I0HOMIHN cocTaBjsieT 5O KM /4.

ITOT NPUMEDP — HAIOMUHAHKE O TOM, Y4TO CKOpocTU (BEKTOp-
HbIe BEJUYMHDBI) CKIAJBIBAIOTCS MO MPABUIY CJIOKEHUSA BEKTO-
pos (110 mapasiesorpamMmy

wmn Tpeyroabuuky). B o6- ¥ %

1eM BHJIe Pe3yJabTaT MOYKHO : i

¢opMyIMPOBATD CJIE/YIOIIIM \r"
0

o6pasoM. Ilycrtb ecTb Henoj-
BIDKHAsl CHCTEMa OTCUeTa,
MIPE/ICTABJICHHAS HA PHUCYH- x*
ke 3 cucremoil koopamHar
6€e3 MITPUXOB, U MOJBIKHAS Puc 3

cucreMa, 1oMeYeHHas MITpH-

XaMHI, CKOPOCTh TeJa B TOJBIDKHON CHCTEME p’, CKOPOCTH
Tesla B HENMOJBIIKHOI cUCTEME ¥, CKOPOCTb TOJIBMIKHOI CHCTe-
MBI OTHOCUTEJIbHO HENOABMKHOI #. IIpaBuio cioxxenust cko-
pocreil u ero ciaexnctBue — GopMyJa AJs pacdeTa CKOPOCTH
Tesia B HMOJBIXKHOI CHCTEME OTCYeTa — TaKOBbI:

=W

O=u+9, 0 =0-1.

3agaua 2. Duexmpuuxa edem npsaMOIUNEUHO CO CKOPOCTNDIO
0,4 m/c omnocumenvro 3emau. Yenosex udem nonepex 6azonda
co cxopocmuio 0,3 m,/c omnocumenvno eazond. Haiidume cxo-
pPOCMb Ue08eKA OMHOCUMENLHO 3eMIIUL.

Pemenune. 3a1aya, KOHEYHO, «MeuTa ABOEYHUKA», HO U B Hell
€CTb TIO/[BO/IHBIN KaMeHb.

Paccmorpum pucynok 4 (Bug Baroma ceepxy). Ha arom
PHUCYHKe BH/IHO, YTO UCKOMAsi CKOPOCTD SIBJISIETCST THITOTENY30it
TPEYTOJIbHUKA C KaTeTaMH, OJUH M3 KOTOPBIX 3TO CKOPOCTD
YeJOBeKa OTHOCHUTEJBHO Noe3fa Oy =0, =0,3 M/c (ara
CKOPOCTb HUTpaeT POJIb
CKOpoCTH Tesla ©’ OTHO-
CHUTEJNDbHO TOJBHXHON |4 =4
CHCTEMBI OTCUETA), BTO-
poii — CKOpPOCTb TIOe3[a
OTHOCHUTEJNHBHO 3€eMJU
Oy, =0, = 0,4 M/c (ama 1€ 4
CKOPOCTb UTPAeT POJIb CKOPOCTH ¥ TMO/BUIKHOH CHCTEMbBI OTHO-
CUTEJIBHO HEMOABMKHON cuctempr). Takum 06pa3oM, BEJTMYMHA
CKOPOCTH YeJIOBEKA OTHOCUTEJIbHO 3eMJM PaBHAa Uy = 0,5 M/c
(oHa urpaer poJib CKOPOCTH TeJia OTHOCUTENBHO HEMOABUKHOI
CHCTEMBI V).

OO0bIYHO aOGUTYPUEHTBI OTPAHNYUBAIOTCS HAXOXKICHIEM BEJIH-
YUHBI CKOPOCTHU, B JJAHHOM CJIy4yae 0., . HO CKOpOCTh — BEKTOP,
7 HA/I0 OXapaKTepH30BaTh HAIllpaBJjeHne ckopoctu. Kak mpasu-
JIO, IOCTATOYHO HAWTH KaKy0-J100 TPUTOHOMETPHUECKYIO dyH-
KIMIO OJIHOTO M3 YAOOGHBIX YIryIoB. B aTOIl 3a/1aue MOKHO HailTh
TAHTEHC yTJIa MEK/IY UCKOMOI CKOPOCTBIO M CKOPOCTBIO TI0e3/1a:

tgB=22=0,75.
I
Bot Ha arot HO[[BO[[HbIﬁ KaMEHb (HaHpaBJIeHI/Ie CKOpOCTI/I) n HE
Ha/l0 HaJIeTaTb. HqueM, JlasKe e€CJin B yCJIOBUM 3a/la4ynl HUYETro
HE TOBOPUTCA O HAXOXK/IECHUUN HallPpaBJICHNUA CKOPOCTH (I/I B OTBETE
HET HTOTO), BaM BCE PABHO HAJ0 HAlTH 5Ty XapaKTEPHCTHKY
BeKTOpHOfI BeJIMYMHDbBI, TaK KaK WHWHad€ BbI, KaK MI/IHI/IMyM7
OCTaBJIdA€TE OCHOBaHUE [JId TIPUINPKH.

Temnepb paccMOTPUM BasKHYIO 33/1a4y, njiesi peIieHunsi KOTOPOil
(Kak 1 pesyJbTaT PElieHns) UCIOAb3YeTCs JOCTATOYHO 4acTo.
3amavya 3. Msu aemum z0pu30HMAILHO CO CKOPOCMBIO Ty
U Hanemaem no HOPMAIU HA MACCUBHYIO CMEHKY, KOMOpas
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dsusxemcs emy mascmpeuy co ckopocmwvio .. Haidoume cxo-
pocme  MAud nocjae OMCKOKd, eCAU HUKAKUX Nomepb Hem.
(Tpaexmopus maua ¢ moil 3adave cuUMAEMCH 6Ce GPEMS.
NPAMOSUHETUNOT. )

Pemenne. Ilpexze Bcero 3amerum, 4uTO BCTpevarolnieecs B
yC]IOBI/II/I 3a/la4yu IOHATHE «HOPMaJb» O3Ha4YaeT HepHeH[[I/IKyJIﬂp
K IJIOCKOCTH B JIAHHO¥ TOYKE WJIM TePHEHNKYIAP K KacaTesb-
HOI TIJIOCKOCTH B JIAHHOW TOUKe MOBepXHOCTU. B aToll 3amave
CKa3aHO, YTO CTEHA — MAaCCUBHAs. JTO O3HAYAET, YTO €€ CKOPOCTD
[IpU COy/lapeHuN NpakTuuecku He MeHsercs. [lanee. Ha nepsbiii
B3IJISA/l, M3-32 BCTPEYHOTO [IBUKEHMS TEJ PE3yJbTHPYIONAs
CKOPOCTDb Msiua JIOJKHA GbITh PaBHA CyMMe CKOPOCTEl, HO 3To,
Kak Mbl ceifuac y6enumesi, He Tak. [IpuyeM aTo He CBSI3aHO €
norepsamu (X, MO YCJAOBUIO, U HET).

[lns1 perienns 3a/1aun HY>KHbI njien. Bbl MOJKeTe OCTaHOBUTDCS
U TIOyMaTh, TIPeK/le YeM YNTATh /1AJIbIIIe.

[TepBas uzes npocra: 1es1ecoo6pasHo NepeiiTn B IBUKYILYIOCS
cucTeMy KOOpAMHAT. Mbl HEOJHOKPATHO OyJeM IOCTyHaTb Ta-
KUM 00pa30M, 3TOT IIPUEM JIJIsT BaC JIOJIKEH CTaTh CTAHIaPTHDBIM.
Bropas nzes, koropast okaspIBaeTcs 1MOJIE3HOH B IaHHOI 3a/1a4e
n Gyarosiapsi KOTOpoil yZI06HO NepeiiTi B NOJABIKHYIO CUCTEMY
KOOP/JIMHAT, COCTOMUT B cieayomeM. Ilpeacrasbre cebe, yTO
CTeHa Hero/[BUKHA. B aTOM ciryyae CKOPOCTb MSya OTHOCHTEJIb-
HO CTEHbI JI0 U TI0CJIe y/1apa 110 BeJrudKHe oHa U Ta ke (BEKTOPbI
CKOpoCTell 10 M Tocae yaapa OTIMYAloTCs JUIIb 3HaKoM). B
OTCyTCTBI/Ie IOTEPb HE MEHACTCA 110 BEJIMYMHE CKOPOCTb MAYa U
OTHOCHUTEJIbHO JIBIDKYIIEiCS cTeHbl. Ternepb Hajlo BbIGPATh Y1006~
HYIO TIOJIBUIKHYIO cucTeMy KoopuHaT. CBSI3bIBaTh ee ¢ MIUOM He
CTOUT, TaK KaK MAY MEHAET Ha-
IIpaBJieHuE ABUKEHUA, a BOT CBA-

— .
v, , 3aThb ee CO CTEHOIl, KoTopas He
Y MeHsIeT HU HATIPABJICHUS JIBUKE-
HUA, HU BEJINYUHDI CKOPOCTH,
YA06HO.

PaccMoTpuM prCyHOK S 1 BOC-
MOJIb3YEMCST JIBYMsST YKA3aHHbI-
MU WJIeSIMH, a TaKKe MPaBUJIOM
CJIOKEHHUS CKOpOCTeil U cJiefl-
cTBueM u3 Hero. Haiigem cko-
pPOCTH Msi4a OTHOCHTEJHHO CTe-
HbI (T.€. CKOPOCTD B OABUKHOI crcTeMe) 10 yaapa (HauyaJbHYIO
CKOPOCTb):

Puc. 5

O = +(_UM) - (+UC) .

B aroii dopmysie 3HaKM B CKOOKaX CBSI3aHBI ¢ OpHeEHTaIneit
BEKTOPOB OTHOCHUTEJIHHO HETOJBMIKHOI CHCTEMbI KOOP/MHAT,
3HAKH IIepei CKOOKAMHU — 3TO 3HAKHU, CTOSIINE B UCIIOJIb3yeMOIl
dopmyne caoxenus ckopocteil. [lanee HaiijieM CKOPOCTb MsTda
OTHOCHTEJIBHO CTeHBI TocJie yaapa (KOHEYHYI0 CKOPOCTD):

o=

’ —_—
MK Oy = Oy T 0.

Haxkomnerr, mo npaBuy cJI0KeHHUsI CKOPOCTEH MOJTyINM NCKOMbBIN
pe3yJabTar, T.e. KOHEYHYIO CKOPOCTb MA4Ya B HEHO[[BI/I)I{HOfl
CHCTEMe OTCYeTa!

Oy = 0c + (vM + vc) =v, + 20, .

Vcmop3yeM paccMOTpeHHBIE Wen Ha TIPEMepe ele OJHOMN
3a1aun.

3agaua 4. Qymboaucm yodapui no nNOKOUSUEMYCS MAUY.
Ckxopocmv nozu 60 6pems yoapa npaxkmuuecku nOCMOSHHA
u pasua Oy . Hatidume seununy cmapmogoi ckopocmu Maud.

Pemenune. Hazneroch, Bbl y3HAIM B 9TOH 3a/aue TOJIBKO YTO
PCIICHHYIO 33/1a4y 3 ¢ HyJIEBOIl HayaJbHOWU CKOPOCTDBIO Ms4a U
CKOpOCTBbIO HOTH (yT6OIMCTa B KauecTBE CKOPOCTH CTEHDI.
[Tosb3ysich TOTyYeHHBIM paHee Pe3yJIbTaToOM, Cpasy IHIIeM

2008 /No

VICKOMBII OTBET:
O = 0+ 204, = 20, .

[l TOro 4TOGBI MOYNPAKHATHCS B PEIICHUN 3a/1a4 € UCTIOJIb-
30BaHUeM IIepexo/la B IOJBIDKHYIO CHCTeMYy, MoKkeTe HalTu
CTapTOBYIO CKOPOCTb MsYa «4YeCTHO», He UCIIOJIb3Ysl pe3yJibTaT
petreHnst TpeablIyTell 3a/aqm.

I{OHG‘IHO7 nujiesa nepexo/a B IMOABMUIKHYIO CHCTEMY OTCUETa
MIPUMEHNMA He TOJIBKO TIPH JIBUKEHIH TeJT BJIOJIb OJIHON MTPSIMOIA,
HO U B 6oJiee CJIOXKHBIX CIydasix.

3amaua 5. Touka 1 deuxemcs 6doav ocu 0x K Hawary
Koopdunam u3 noaoxenus X, = 10 cm co ckopocmyvio v =
= 2 cm/c . Touka 2 dsuxemcs e6doav ocu 0y K Hauary
KOOpOUHAmM u3 NOJNOKEHUs Y, = 5 CM CO CKOPOCMbIO Uy =
=4 cm/c. Bempemamca au mouxu? Ecau mem, mo Kaxkoeo
MUHUMATILHOE PACCMOSHUE MeKOY HUMU?

Pemenune. Paccmorpum Ba crioco6a pelienusi JaHHOW 3a-
Jlaun.

Hepswiii cnoco6. Kaxigas U3 TOYEK ABUKETCS CTPOTO MO
CcBOEIL OocCH, IOITOMY BCTPETUTHCA OHU MOIYT TOJBKO B HaydaJjie
koopauuar. «Bcerperntbesi» B paHHoOM caydae (GopManibHO 03-
HavaeT OJHOBPEMEHHOE MOMAJaHNe TOYeK B HAYATI0 KOOPJAMHAT.
Haiinem BpeMs ABWIKeHUS KakAoW u3 Todek. [lyg aToro Ham
HAJIO 3aMNCaTh U3MEHEHNE BO Bpe-

MeHHU TeKyleil KoopauHathl Kaxk- ¥ ’[‘

J0il 13 TOeK, a 3areM mpupas- 2

HSTH 5TO 3HAYCHUE HYJIIO, TAK KaK N

B UHTEPECYIONINIA HAC MOMEHT TOY- N

KI1 NONAJAIOT B HAYal10 KOOpAH-  g,Y BT

HAT. %
Koopaunara 1epBoii TOUKH e

(puc.6) paBHOMEPHO YOBIBAET BO < R N

BPEMEHU OT X [0 HyJId, II09TOMY 0 L 1 X

MOXKHO 3alucarb X =X, — ol .
Wcnoapsysa ycaosue x = 0, Haii-
JeM t; =5 ¢ . AHAJIOTUYHO, U3 YPABHEHUSI ¥ = Y, — Ot U yCJIO-
Busti y = 0 mosmyyaem &, =1,25 ¢. Urtak, TOUKM ABUXKYTCS JIO
Havasla KOOP/MHAT PasHoe BPeMs M BCTPETUTHCS HE MOTYT.
[l HaxXooK/IeHUST MUHUMAJIBHOTO PACCTOSTHUS MEXK/Y TOUKa-
MU 3aITUIIEM 3HAUEHUE STOTO PACCTOSHUSI B 0611eM Buzie (paccro-
SIHME § MEK/y TOUKAMK MMOKa3aHo Ha PUCYHKE 6 MyHKTUPOM):

s=Ax’ +y? = \/(xH - v1t)2 + (Y, - vzt)Z .

MuHUMYM 3TOTO BbIPasKEHUSI MOKHO HaliT, ucnobayst audde-
PEHIUPOBaHIE, HO MOKHO U 3JIEMEHTAPHBIM CIIOCOGOM, KaK MbI
u ceaeM. [IpeoGpasyeM BbIpaskeHHUe JIJIsT PACCTOSIHUS CJIE/IYI0-
KM 00Pa3oM:

Puc. 6

s= \/(xi + yg) =2t (o, + 0oy,) + (012 + v%)tz =

2 2 Xy T Yy Oy + 00y | 2
=NU O[Ty T AT 5 T
T+ 03 o + 05

ITon xopueMm mnpuGaBUM U BBIYTEM OJHY U Ty JK€ BEJIUYHHY
2
A= 01Xy + DYy o
- 02 +02 " BbI/ICJIUM TIOJIHBIM KBa/IpaT PA3HOCTU
1 2

JABYX BeJMuuH (BPEMEHU M BCIOMOTATENbHON BeUUMHbBL A):

2 2
X, + 01X, + 0
s=yJoR+od [TutIn gy g op YFe T 22y"+t2=

v + 03 v + 0
2 2 2 2
_ [02 + ?)'2 t— 01Xy + DYy 01Xy, + DYy + Xy + Yu
- 1 2 2 2 2 2 2 2
v + 0y v + 0y o + 0y



KOJMJAJEKINNA

rOMTOBOJMOMOK

IlepBas u3 cxo0OK 1O/ GOJIBIIUM KOPHEM — HEOTPHIIATEJIbHOE
BbIpa’keHune, BCe OCTaJbHOE — IOCTOAHHDbIE BEJIMYNHDI, HOQTOMY
MUHUMYM DACCTOSIHUSI JIOCTUTAETCST B TOT MOMEHT, KOT/Ia UMEeT
MECTO PaBEHCTBO

_ Ot + Ol Oty + OoYu

t :0,T.e.t:

2 2 2, 2
o + 05 o T 0

ITo 3TOMy BpeMEHN MOKHO HEIoCpe/ICTBEHHO HalTH MUHUMAJIb-
HOoe 3HavyeHne PAcCTOsSHUS Mexay Toukamu. Ho mpoire 3ame-
THUTb, 4YTO AJA HaﬁlleHHOI‘O MOMEHTa I1ocJie/iHee IIpou3BeeHne
KOpHEH maeT

0L Yt = 200X, 9, + V3%, _ 019 — 0o,
N
OO6paTuTe BHUMaHME Ha cJelyioniee o6CTosATe bCcTBO. Haii-
JIEHHOE MUHUMAJIbHOE PACCTOSTHIE MEXK/Y TOYKAMH PABHO HY.JTIO
TOJIBKO TOT/IA, KOT/IA Uiy, — U, = 0. B ycaoBusax 3agaqu 570 He
TaK, 3HAYUT, TOUKK He Berperstest (OTBET Ha TEpPBbIi BOMPOC
3a/1a4il MOYKHO OBLIO ObI IOJYYUTh 1 TaKUM 06PasoM).
Bmopoii cnoco6. BpiGepeM B KauecTBe HEMOABIIKHON CHCTEMBI
oTcueTa 3ajJlaHHyt0 cucreMy KoopauHaT xOy, a B KauecTBe
noaBwKHON cuctembl X0Y —
CHCTEMY, CBSI3AHHYIO C IIEPBBIM
y,  TEJIOM, KOTOPOE JIBUTACTCS BOJIb
ocu Ox. B aroit cucteme Havato
KOOD/IMHAT COBMECTHUM C IIep-
BBIM TeJioM, ochb 0.X IOABUIKHOI
CHCTEMbI HAIPaBUM IO CKOPOC-
TH TIEPBOTO TeJa, T.e. HaBCTpe-
4y ocu Ox, ocb 0Y 1moaBuKHOI
cucreMbl HarpaBuM 1o ocu Oy
{  HemomBWKHOI cuctemsr (puc.7).
[Iepeiinem B cucremy otcdera,
7 CBSI3aHHYIO C IIEPBBIM TeJIOM. B
Puc. 7 9TOH cHcTeMe IepBoe TeJso Io-
KOUTCSI, & BTOPOeE TeJI0 pulbJin-
JKAeTCs K HEMY €O CKOPOCTSIMH Uy U U . VIcKOMOe MUHUMAaJIbHOE
PACCTOSHUE S — 3TO PACCTOSHUE OT IIEPBOTO Tedta /1o Toukn A. Kax
MOXKHO YBH/IETb Ha PUCYHKe,

s = ~ 6,7 cM .

2 2
07 +0;

AY

s v v
I= , L=y, tga, tga=-1, cosa=
cos o v,

CobupaeM Bce ¥ HAXOAUM

X0y — Yu¥y

[2 2 7
vy + 0,

KaKk M B IpeabLyIieM criocobe pemenus. [losydatomniefics 3HaK
TI03BOJISIET YBUJIETD «TIepel» WM «3a» MepBON TOYKOHN MpOIeT
BTOpas TOYKA.

S =

YupaxkHenus

1. Kmur ¢ yrmom [y OCHOBaHUSI €/IeT TOPH3OHTAJILHO CO
CKOPOCTBIO ¥ , CTepskeHb MokeT (CBOGOIHO) TepeMeIaThes TOIbKO
BeprukaabHo (puc.8). Haiigure cKOpOCTb CTEPIKHS.

2. YesioBek UET BOJb TPAMBAitHbIX TTyTeil. Kask/pie ceMb MUHYT
ero OOroHsieT TpaMmBail, Kax-
JIble TISATh MUHYT €My HaBCTpe-
4y IpoxoJuT TpamBail. Haiinn-

v
Te UHTEPBAJI ABUKEHUS MEK/ K
p y ¢
TpaMBasiMu.
3. Paccrosaue mexay rpe6-
HAMHI BOJH B MOpe A=35M. Puc 8

IIpu BeTpeuHoM /IBUIKEHUU Ka-

Tepa 3a Bpemsi T=1c BosHDBI yzapsiorcest o Kopryc k =4 pasa, a
TIPY TOIyTHOM JIBYKEHUH 3a TO ke BpeMs — k, = 2 pasa. Haiinure
CKOPOCTH KaTepa U BOJIH, CYNTAsl UX IIOCTOSTHHBIMH OTHOCHTEJIBHO
Gepera.

4. Illapux HasleTaeT Ha MACCHBHYIO CTEHKY CO CKOPOCTBIO ¥y, TIOJ
yrjaoM o k HopMasn. CTeHKa eJieT HaBCTpedy IIApHKY CO CKOPOCTHIO
v.. Haiigure BemmumHy CKOpPOCTH LIApUKA Uy, U yTOJ B 9TOH
CKOPOCTU C HOPMAJblo K
CTEHKE TII0CJe OTCKOKA.
ITorepn Her.

5. Topreny, umeiomyio
cKopocTh o, =100 M/,
BBIITYCKAIOT U3 TOYKH A B
MOMEHT, KOTJa Kopalib  p,- 9
MPOTUBHUKA HAXOJUTCS B
TOYKe B M JBUraeTcsi HEU3MEHHBIM KYPCOM CO CKOPOCTBIO
0, =50 kM/4 mog yraom B=30° (puc.9). Haiiaute yron a, npn
KOTOPOM TOpIIe/[a TIOPA3UT I[eJIb.

CraTpg HammcaHa 1o MartepnaigaM Kanrn «Knnematnka. [Ipakti-
yeckoe I10co6ue 110 PelIeHHIo 33jad I CTaplIeKJIacCHUKOB I
abutypuentos». (Aprop-cocrasuresib B.M.Tposuosckuii. M.: W3-
nateapctso PJIJI, 2007.)

KOAJEKIOHNA TOJOBOJMNOMOK

HEHTO-HEHTO-nMpaMVIJJ,a

(Ha4aso cm. Ha 4-vi ¢. 0brioxku)

lFonososiomka «IlenTo-TieHTO-TIMpaMu/ia> 3aKJII0YAETCS B TOM,
4TOOBI COOPATH TTMPAMU/LY U3 IAPUKOB, 00bEJANHEHHBIX B TPYII-
mpl. KoHeuHo, 00be/IMHATD MAapUKH B TPYIIIBI MOMKHO ThICSYa-
MU CHOCOG0B, ¥ KasK/Iblil pa3 Gy/IeT MOoJydaThcsi HOBasi FOJIOBO-
jgomka. Ho m3o6peraresin WTPYIIEK CTPEMSITCS TIPUIYyMBIBATDH
TOJIOBOJIOMKU € KaKUMH-HUGY/Ib OCOGEHHOCTSIMI, KOTOPbIE BbI-
Jlesisiin Obl UX U3 TPOU3BOJIBHO COCTABJIEHHBIX BAPUAHTOB.

Kak pas atnmum kadecTBaMM XOPOIIO TPOAYMAHHOHW KOHCT-
pykimn o6sajaer rosoposioMka luanbt [TacXuHoil, BbITyCKHE-
116l MOCKOBCKOTO TOCY/IapCTBEHHOTO MHCTUTYTA CTAJIN U CILJIa-
BoB. Ha3BaHue TOJTOBOJIOMKM TOBOPUT O TOM, YTO B TIHPaMUE
JIOJPKHO OBITh TSITh CJIOEB M YTO KAXK/Asl JIETaJb KOHCTPYKITHN

COCTOWT U3 TIATH TapukoB. [Ipu aToM feranym pasuble u oT/IYA-
I0TCSI B3aMMHBIM PACIIOJIOKEHNEM TapUKOB. JTO HE IepBast
urpymka [luanbl, e npuaymMaHo GoJiee JIeCsTKAa PasJMyHbIX
TOJIOBOJIOMOK M3 MIAPUKOB. TO YTO OHA IPEAIIOYUTAET KOHCT-
DPYKIIMHE H3 IIAPUKOB, OObsiCHsieTcsl odyeHb rpocto. [lapukn
MO’KHO KYTIUTb TOTOBBIMH, CKJIENBATh X B TPYIIIBI HETPYIHO, a
UTPYIIKKA TIOJYYaloTCsl O4eHb KpacuBbiMu. Jlydiie Bcero st
ITUX Iesiell TOAXO/AT MAPUKH OT ILJIACTMACCOBBIX 6YyC, KOTO-
pBIMH yKpamaioT HoBorojnue enku. [ cemu geraseil Bam
MOHA06UTCST 35 MIAPUKOB.

lFosmoBosomka «llenro-nenTo-nupamugas TpyJHa B pelleHUH,
noaToMy Ha pucyHke (cM. 4-10 ¢. 06I0KKH) JlaHa MOJACKAa3Ka —
OTMEeYeHO pacrosioxenue jgetamn nomep 7. C Hee W HaunHaiTe
TTOCTPOEHNE TTHPAMU/IBI.

Kemaem ycrnexal

A.Karunun



NHOOPMANINA

Manbin mexmaTt Mly

Bosee 25 ner mpnm MexaHWKO-MareMaTHueckoM akyJ/bTeTe
MockoBckoro rocyzaperBentoro yuusepcutera (MIY) um.
M.B.JIomonocoBa paGoTaeT IMIKOJIA IOHbIX MaTeMaTHKoB — Ma-
JIBI MexaHuKo-MaTeMatmdecknii daxyaprer (MMM®). Oc-
HOBHBIE 3aj/aun Majoro Mexmara — yruay6JeHne 3HAHUN 110
TEMaM IIIKOJIbHOTO KypCa U PACIIMpPEeHNe MaTeMaTU4eCKOTo Kpy-
ro3opa II0 pas/esaM MaTeMaTHKH, He BXO/SIINM B IMPOTPaMMy
cpeJiHell TIKOJIbI.

MauJiblii MEXMaT COCTOMUT U3 JIBYX OT/ICJCHUI: BeYepHero u
3aouHoro. Ha BeuepreM orzesreHnn paGoTaloT KPY>KKH IO MaTe-
MaTHKe /IS IKOJIbHUKOB 6—11 kitaccoB, a aug yyanmxes 9—11
KJIACCOB OPTaHU30BaHbI €lIe U JEKINN. 3aHgaTns GeciiaTHble 1
IIPOXOJIAT 110 cy660TaM, BO BTOPOIt noJsioBuHe [HA. O0yueHne Ha
3204YHOM OT/IEJICHUH OCYIIecTBJsgercs 1o nepenucke. HIkoabHu-
KM BBINOJIHAIOT 33/laHUS 110 PACCHLIAEMbIM UM METOJANYECKUM
paspaboTkaM MaJoro Mexmara 1 BBICBLIAIOT UX JJIsT IPOBEPKH.

B 2008 roay 3aounoe orzeserne Masoro mexmara 00bsIBJISIeT
npueM yuamuxcst Ha 2008 /09 yuebubiii rog B 8 u 9 kiacesl, a
TaKsKe Ha HeroJHblii Kypc oOyuenns B 10 u 11 kaaccent. [Ipuan-
MaloTcs yvanuecss u3 Poccun (B TOM 4nc/Ie U TPOKUBAIOIINE B
Mockse), crpan CHT u IlpuGantuku.

OGyueHne Ha 3a04HOM OT/iesIeHnN IatHoe. MHbopmarus 06
YCJIOBUSIX OILIATBI OY/IET BBICTAHA YUAIIUMCS, 3aUMCIEHHBIM HA
3aounoe ornenenue, ocenbio 2008 roma. B 2007 /08 yueGrom
roJy TIJIaTa 3a OJTHO 33/IaHUe COCTABJISIET, B 3aBUCHMOCTH OT TOTO
HACKOJIBKO YCIENHO GbLIA BBITOJIHEHA BCTYMUTEIbHAS PaboTa,
140 — 280 py6. (maa «Kosexrushoro yuenuxas — 280 pyo6),
omHako B 2008 /09 yueGHOM To/ly OHA MOKET OBITh MOBbIIIEHA.
3a roj yuyamuiics BoinosHger 6—9 3azannii.

Cy1iecTByeT BO3MOKHOCTb OOYYEHHsI HECKOJbKUX YUYEHUKOB
13 OJHOH MKoJIBI 0 (hopMe «KosmeKTHBHbBIN yaeHHK». [pymma
paboTaeT 1071 PyKOBOJICTBOM IIPENO/IABATE IS M MOXKET BKJIIOYATDh
B cebs ne Gosee 15 yuamuxcss u3 oanoil mapasienu. Kak
IIPABUJIO, TPYIIIBI U3YUAIOT MaTePHAJIbl METOJIUECKIX pa3pabo-
TOK BO BpeMst (hakyIbTaTuBHBIX (KPY/KKOBBIX) 3aHaTuii. [pyrma
«KosektuBHDI yueHUK> 00ydaeTcs KaKk OJMH yJaluiics, T.e.
oopMIIsIeT o KaKIOMY 3aJaHUI0 00HY PabOTy U OIJIAYNBAET
o6yueHne Bceil IPyMIbI Kak o6ydeHue 001020 y4alerocs.

[TkobHUKH, TIpOIIE/Ine TOAHbIH Kype o0yuenust (Tpex-
WJIM YETBIPEXJIETHUI) M YCIENHO 3aKOHYMBINME OOydeHMEe Ha
3a0uHOM orzesiennn (¢ UTOroBOH OLEHKOH «XOPOWIO» MK
«OTJIMYHO» ), MOJTYYAIOT CBUETEJbCTBA 00 OKOHYaHUM Masoro
MexMara.

3auucsenue /I MHAUBUYAJbHBIX YYECHUKOB ITPOU3BOIUTCS
HA KOHKYPCHOU OCHOGE 110 Pe3yJIbTaTaM BbIIIOJHEHUS [TPUBE/ICH-
HOI HIDKe BCTYHNHUTEJbHON paboThl. Kemaonime MDOCTyNUTH
JIOJDKHBI e no3dnee 30 anpens 2008 z00a BbICIATD B HAII ajipec
NUCLMOM NI NO 3AEKMPOHHOU Noume pelieHus 3ajad BCTyIIH-
TebHON paboThl (TIpM 9TOM He 063aTeqBHO JOJKHBI OBITh
petennt Bee 3a1aun). [Ipu OTCBLIKE MO TIOYTE BCTYIUTEIbHYIO
paboTy HeOOXOUMO BBITIOJHUTD 6 WKOIbHOU Mempadu 6 Kiem-
Ky. 3aIlChIBATh PEIIEHUS B TETPaIb CJIEAyeT B TOM TOPSIIKE, B
KOTOPOM 3a/lauil UayT BO BerynurTesbHoll padore. Ha 060Ky
TETPA/M CJIE/IyeT HAKJIEHTh JUCT OyMaru co CJeAYIONMMI JaH-
HBIMU:

1) @aMuaus, UMs, OTYECTBO yYAI[EroCs

2) Kuacce (¢ 2008,/09 yueGrom 200y)

3) Tlommbrii foMamHKit aPEC ¢ yKazanuem undexcd noumoso-
20 omoeaenus

4) DJEKTPOHHDIHN ajipec, 110 KOTOPOMY € BAMU MOKHO CBSI3aTh-
cst (ecm oH ecTb)

5) Otkyza Bbl y3HaMu 0 HAGOPE HA 3a04HOE OT/EJICHUE

BerynuTesnbhblie paboTbl 06PATHO HE BBICHLIAIOTCS.

I'pynmam «KosieKTHBHBIN yYeHUK» He MY KHO BBIIOJHATDH
BCTYTIUTEIBHYIO PAOOTy, HEOOGXOAUMO JIUIh He no3duee 15
cenmsibpsi 2008 200a BbICJAATD NUCOMOM WA 1O 3LEKINPOHHOU
noyme Taxue JaHHbIE:

1) damuaus, UMs, OTYECTBO PYKOBOIUTES TPYIIIIDI

2) @amuiuu, ¥MeHa M orTdyectBa ydauuxcs (He Gosee 15
YeIoBeK) B al(aBUTHOM TIOPSIIKE

3) Knace (6 2008,/09 yuebuom 200y)

4) Tlonmbri agpec pykoBoauTenss rpymmbl (110 KOTOpoMy
CIIeJTyeT BBICBLIATD 3a[aHus) C YKA3AHUEM UHOEKCA NOUMOBOZ0
omoesienus

5) DJIEKTPOHHbIIT aipec, 110 KOTOPOMY € BAMU MOKHO CBSI3aTh-
cs (ecm oH ectb)

6) OTKyza Bbl y3HAIN 0 HAGOPE HA 3A04HOE OT/EJCHUE.

Hauw noumosuwiii adpec: 119991 Mocksa, I'CII-1, Bopo6GbeBbr
ropbi, MI'Y, mexmar, MMM®D

Saexmponnvie adpeca:

BeuepHee oTaesenne — mmmf_v@math.msu.su

3aouHoe orjesenue — zaoch@.math.msu.su

Tenegpon Ons cnpasox: (495) 939-39-43

Haw catime ¢ Humepueme: http,/ /mmmf.math.msu.su

BctynurenbHasa paboTa

1. Bouik noGeskas 3a 3aiilieM 10 KOJIbIIEBOI /Iopore, YBU/IEB
ero Ha 1 /3 kpyra Brepeau ce6si. CkopocTh 3aiilia, KOTopblil B
TOT K€ MOMEHT IIOMYaJsIcs Mpo4yb OT Boska, 5 Kpyros B yac.
Cxopoctp Boska 7 xpyroB B wac. Uepes kakoe BpeMs IocJie
Havasa ABIKeHns Bouk poronnt 3aiia?

2. Jloxkaskure, uto umeao 11...1 + 22...2 + +99...9, B
KOTOPOM Kaskioe caaraemoe coctout u3 2008 mudp, mennres va
9.

3. Pemmte HepaBeHCTBO x? (xz - 1) (xz +12 20,

4. B Boinykubix uerbipexyroibuukax ABCD u  AB,C\D,
BBINIOJIHSAIOTCS paBeHcTBa AB = A\By, BC = B|C,, CD = C,D, ,
DA = DjA; . Kpome TOro, U3BECTHO, YTO HaWMEHbIIIask CTOPOHA
geTbIpexyrosbinka ABCD pasna Han6oblell CTOpOHe YeTbIpeX-
yrosnbuuka A;BC,D; . Bepro s, 4ro yerbipexyrosibanku ABCD
u ABC,D; pasubi (1Be pUTYPHI HA3BIBAIOTCA PABHBIME, €CJIU
UX MOYKHO COBMECTHTD HAJIOKEHHEeM)?

5. IlepeMeHHbIE X{, X»,..., X{g9 MOTYT TIPUHUMATH 3HaUeHUsT ()
mwin 1. OG6osHauuM yepe3 S CYMMy XyXpXg + XyXpdy + ...
oo F XggXggXigg (B CyMMy BXOZAT IO OAHOMY pasdy Bee cjarae-
Mble BUIA XXX, TAC 1<i<j<k<100). Moxer qm S
PaBHATBCA 57

6. ITo kpyry paccrasiennt nudpst 1, 2, 3, ..., 9 B 1pon3BoJib-
HoM nopsiake (kaskaast imdpa Berpedaercs oauH pas). Kaxbie
TpH 1UQPDI, CTOAIIUE TIOAPS/] MO YacOBOH CTpesKe, 00pasyioT
Tpex3HauHoe 4yucjao. Yemy paBHa CyMMa BCeX JEBSITH TaKUX
yncesn? YKaXnuTe BCe BO3MOXKHbBIE BAaPUAHTHI.

7. Haiiute Bce pemenust peGyca, B KOTOPOM OJIMHAKOBBIMU
OykBamu 3amudpoBanbl OJIMHAKOBbIE UMPDI, PA3HBIMU — Pa3-
HbIeE!

. BATOH
BATOH

COCTAB
8. B Boinyksaom yerbipexyrosbhuke ABCD usBecTHbl Tpu
yraa: ZA =60°, £B =40°, £C =120°; nu3BecTHO TaKsKe, 4TO
croponbl CD u AD pasubl. [lokaxure, uto BC + CD = AB.
9. Pemute cucremy ypaBHEHUI

(x+y)2+(x+2)2+(y+2)2=1,

1(9c+y)=1(ac+z)=1 y+2z).

6 3 2(
10. HeckosbKo /Ipy3eil penmin yCTpOUTh TYPHUP IO WIPe B
«KaMeHb-HOXKHHIBI-OyMary». Kaxaplii cpIrpas ¢ KaskIbIM TI0
OJTHOMY TOEANHKY. 3a ToGeqy B KKIOM MOEIMHKE UTPOKY
HAYUCJISIIOCH OJIHO OYKO, 3 MOPAsKEHUE O/IHO OUYKO BBIYUTATIOCH,
a HUYbSI YMCJI0 HAGPAHHBIX OYKOB He n3MeHsma. OKa3anoch, 4To
O/INH M3 YYaCTHUKOB HaGpast +7 OYKOB, a Apyroii HaGpana —2
ouka. BepHo Ju, 4TO XOTs1 OBl O/[HA UTPA HA TYPHUPE 3aBEPIITH-
Jlach BHUYBIO?



BAPUAHTDI

MaTepurasbl BCTynTeNbHbIX
3k3amMeHoB 200/ roaa

MOCKOBCKMM FOCYOaPCTBEHHbIN YHUBEPCUTET
M. M.B.JlomoHocCoBa

MATEMATUKA
Tucvmennoitl sx3amen

BapunaHTt 1
(ormamnmana «/lomoHocos-2007»)

1. Boruncomre (sin o — cosa ) (sinP — cosB), ecom sin (a +B) =
=0,8u cos(a—PB)=0,3.
2. Pemmute ypaBHeHUE

2 =\
2(“1 ) — (23/;) .
3. Kakue 3HayeHus MOKET IIPUHUMATDH BbIpasKeHue

logb“bso (b1b2 "'bGO) ,
rae by, b,,... — reoMerpuuecKasi mporpeccus?
4. Pemute HepaBeHCTBO

\/8—x—\2x—1\<1
Je+7 201"

5. Ha cropone AB tpeyrossanka ABC B3sita Takast Touka D),
YTO OKPY’KHOCTD, poxo/smas yepes Toukn A, C n D, xacaetcs
npsimoit BC. Haiinure AD, ecim AC =9, BC =12 u CD = 6.

6. Harypasbubie uncaa a, b u ¢ takossl, uto HOK (a,b) =60
u HOK (¢,¢) =270 (HOK(x,y) — naumenbuee obuiee Kpat-
Hoe wncesr x u y). Haitomre HOK (b, ¢) .

7. Onpenenure, 1M0Ji KAKUM YIJIOM BU/IHO M3 Havyaja KOOP/H-
Har (T.e. BHYTPH KAaKOTO HAUMEHbIIErO yTrjia ¢ BEPUIMHON B
touke(0, 0) moMemaercsi) MHOKECTBO, 3a[JaHHOE Ha KOOPJIH-
HATHOM TIJIOCKOCTH HEPABEHCTBOM

14’ +xy+y* +14x +2y +4<0.

8. I'panm AByrpaHHOTO yTJa IepecekaioT GOKOBYIO TOBEpX-
HOCTD IUJIMHPA PAIUYCOM 5, 06pasysi ¢ ero ocbio yrisl B 70°
n 80°, a pe6po ABYTPAaHHOTO YTIJa MEPIEHANKYJISPHO 9TOH 0CH
n ynaneno ot Hee na paccrosuue 11. Haiimure o6beM yactu
IIJIMH/IPA, PACTIOJIOKEHHON BHYTPHU JIBYTPAHHOTO YTJIA.

9. Haiignure Bce 3HaYeHUS X € (O; T[] ,  VIOBJIETBOPSIONITIE
YPaBHEHUIO

tgxtg2x tg 3a| +|tg x + tg2x| = tg3x .

10. B reueHue 4eTBEpTH YUYHMTEb II0 TICHUIO CTABUJ JIETSIM
onleHKN «1», «2», «3», «4» u «5». Cpeanee apudmernyeckoe
Bcex olleHoK BoBoukM okaszajoch paBHbIM B TouHOCTH 3,5. U
TOrJIA, IO TIPEJJIOKEHNI0 BOBOUKH, yuuTe b 3aMEHU O/JIHY €ro
OIIEHKY «4» Mapoil OIEHOK «3» u «5». [lokaxkure, 4TO OT 3TOTO
cpe/iHas olieHKa BoBouknu 1mo nenuto yseauuusach. Haiigure
HanOoJIbIIee BO3MOYKHOE €€ 3HAa4YeHUe II0C/Ie TAKOW 3aMEHbI:

a) OJ[HOI1 OLeHKH <4»;

6) BCEX €ro OLEHOK «4».

BapuaHt 2

(MEXaHIKO-MATEMATUYECKMLT (DaKy/IbTeT)

1. Yuntens massan Ilere marypasbHOE WHCIO ¥ MOMPOCHIT
HAlTH CyMMY €ro JIorapiudMOB 110 OCHOBaHMSM 3 1 75. OmHAKO

ITeTst no ommbKe He CI0KUI ATU JIoTapu@Mbl, a TIEPEMHOMKUI UX,
MOJIYYUB HEBEPHBIN OTBET, KOTOPBIH OKA3aJCs B/BOE MEHbIIe
BepHoro. Kaxoe 4ncyio Ha3BaJ eMy y4UTesb?
2. I'pacduxn PyHKImit
f(x)=2x" -2x -1 1 g(x)=-5x"+2x+3
repeceKaioTcs B IByX Toukax. Haiininre koaddurments @ u b B

yPaBHEHUH NPSIMOil ¥ = ax + b, IpoXo/isiiiieil uepes Te 5Ke TOUKH.
3. Pemmte ypaBHeHHE

3cosx|3sin x + cos x| = sin x |cos x — 3sin af .

4. Toukn A, B n C jiexaT Ha OKPYKHOCTH pajiyca 2 ¢ IIeHTPOM
O, a rouka K — Ha npsMoii, Kacaorieiicss 3Toif OKPYy>KHOCTU B
Ttouke B, mpmuem ZAKC = 46° , a nommabt otpe3koB AK, BK, CK
06pasyIoT BO3PACTAIOILYI0 TeOMETPHYECKYO Iiporpeccuio (B yKa-
3anHoM nopsake). Haiigure yron AKO u paccrosaue Mexy
toukamut A u C. Kaxoit u3 yrios 6osbire: ACK nmn AOK?

5. Haiianre nanGosibiiiee 3HaUeHNE BBIPAKEHUS

V=1 =2) + 7 -p) (1= 0) + J(x - 5) (s - 7)

npu X € [—2; 3] it ye[0;11].

6. [IBa xomyca umeloT OOLIYIO BepUIMHY U €JMHCTBEHHYIO
o611y10 06pasyIontyio, KOTOpas COCTABISAET C UX OCSIMHU YTJIBI B
30° u 45° . JIByrpaHHBIi yros PacoIOKeH TaK, YTO KasK/1asi ero
Tpanb KacaeTcs Kax/[0ro U3 KOHYCOB TI0 Pa3HbIM 06Pa3yIoNnM.
Haiigure Besmunny storo yria.

BapuaHT 3

(@aKkyIbTeT BbIYUCIINTENIbHON MATEMATUKM U KMOEPHETHKM,
onumnuana «AbutypueHr-2007», anpess)

1. Pemmre ypaBHuenue

—4 cos® x + 2sin 2x + cos x -0
sinx —1
2. Pemnre HEpaBEHCTBO
x+3 9x-7

35x—2 —4>5- 35x—2 .

3. B aByX ofiMHAKOBBIX cocyzax o0beMoM 10 30 J1 KasK/Iblii
conmep:xutest Bcero 30 a1 crmpra. llepsbrii cocyn mommBaioT
JI0BEpPXy BOJOH W MOJYYEHHOH CMEChbIO JOHOJHSIOT BTOPOH
cOCy/l, 3aTeM 13 BTOPOTO COCY/ia OTJIMBAIOT B IIEPBbIil 12 j1 HOBOI
cMecr. CKOJIBKO CcIMpTa OBLIO MEPBOHAYATBHO B KasKJIOM COCY-
Jle, ecJI BO BTOPOM COCY/Ie OKa3aJoCh Ha 2 JI CIIMPTa MEHbIIE,
yeM B IIePBOM?

4. B npsamoyrosbHOM paBHOGepeHHOM Tpeyrosbauke ABC ¢
npsaMbIM yrioMm C poseziensl 6rccekrpuca AM u meauana BN,
nepecekaiommuecst B Touke K. Hafinnure niomaab JaHHOTO Tpey-
rosbHuka, ecou AK =2+ V2

5. Haiinre MUHIMAIbHOE U MaKCUMAIbHOE 3HAYEHUSA (DYHK-
jingait

- ) ( ST[j
Yy = sSin X + ,/SIn x—'rg .

6. Hekoropas mpsimas KacaeTcs ABYX cdep, pacCTOsHIe
MEXK/y IHeHTpaMu KOTOpbIX paBHO 5. IlepBoii cdepbr pammyca



46 KBAHT -

J3 ¢ meHTpoM B Touke O; ara mpsimas Kacaetcs B Touke K, a
BTOPOiT chepnr paauyca 2 ¢ nentpoM B Touke O, arta mpsiMast
Kacaercd B Touke L, mpuueM KL = 276 . UYemy paBeH JByTpaH-
HBII yroJs, pe6poM KOTOPOTO siBJsieTcst npsiMast KL, onHa u3
rpaneii cogepxut Touky O, a apyras — touxy O, ?

BapuaHT 4
(Ghaky/IbTeT BHIYUCTINTENILHON MATEMATUKI U KNOEPHETMKIT)

1. Haiiure Bce pereHusi ypaBHeHUs

)

n 181 cos2N
2sin(x+—) sin(3x+—):cos4x+2 3
25 25

T 4T
IIPUHA/IIEKAIINE OTPE3KY —m;? .
2. Pemnre HEPaBEHCTBO
logs (2x + 3) —1
l0g,,, (2 - x) > M
logs (x +2)

3. B rtpeyrosmpuuke ABC touka D sBiseTCs OCHOBaHHEM
BBICOTDI, OIyIIeHHOH 13 Toukn A Ha cropony BC. OKpysKHOCTD
JAuaMerpa 243 NIPOXO/UT Yepe3 TOYKM B m D u Kacaercsa
BHEITHUM 06Pa3oM OKPY>KHOCTH, OIIMCAHHOI OKOJIO TPEYTOJIbHHU-
ka ACD. UsBectHo, uto AC = 4\/§, a BesmunHa yriaa ABC
pasna 30°. Haiigure pumny croponnt BC.

4. Haiiute Bce mapsl e/ibix uncest (X ¥) , yoBaeropsionie
CHCTeMe HepaBeHCTB

x -y < =25,
X% - y <8
dx+y<1.

3. lana rpeyrosbhas npusma ABCABCy (AA, || BB, || CC,).
Ha pe6pe CC; BbiGpana touka D. Ceuenue, poxo/siiee yepes
toukn A, By wm D, pequT npusMy Ha /JBa MHOTOIDAHHUKA,
ABCDB,; u BAACD , ornoiienne 00beMOB KOTOPBIX PABHO
13:17. B kakom orHomenun touka D pemut pebpo CC; ?

6. Kaxue snauenns moxer npuauMats sin (o +B +Y), ecan
IpU 5TUX O,[3,y MHOrOYJIeH OT X

af 2352y m + sin® B+ cos’ y
ABJIAECTCA KBa/I[paTOM HEKOTOPOIO MHOro4JieHa OTHOCUTEJJIbHO x?
BapuaHt 5
(usndeckmi gakysbrer)

1. Pemure ypaBHeHue
sin 5x —sin3x _ "
2sin x o
2. Pemnte ypaBHeHue

(VB) " +5-37 ~ 14
49— 7"

=0.

3. Pemure ypaBuenue

Je=2-2x+2=2x-5-3x-1.

4. OxpysxHOCTh pagnyca 2, Bnucannasg B AKLM | kacaercs
cropoubl LM B Touke N. Otpesox KN saBisgercs Meananoi
tpeyrosbinka u KN= 8. Haiiaure mnomans AKLM .

d. Pemure nepaBenctso

2 2 x—1
log,,(x —4) +log2m>0.

6. B AKLM wuepe3 Touky N BbicOTbI KN TIpOBe/IeHbBI IPSIMBbIE,
nepreHuKyasapuble croponam KL u KM u nepecekalolue ux B

2008 /No

Toukax A n B coorBetcTBeHHO. OTpe3ok AB paBeH a, a paanyc
onucanHoit oxkono AKLM oxpysxkHoctn paBeH R. Haiigure
mnontaab AKLM .

7. Jlns Kask/10r0 3HaveHns @ u3 mpomeskyTka (—3; 0) maiigute
YUCJIO PA3JIMYHBIX PEIICHUN YPaBHEHUS

/ 2
(2x2—5ax+2a2) x—;zO.

8. Cepa pannyca (1/2) V17 xacaeres Beex CTOPOH IIPABUIb-
Horo ALMN . Touka S takosa, uTo 1maockoctu SLM, SMN u
SNL xacatorcst cepnl. Paccrosnue or Toykn S 10 TJIOCKOCTH
LMN pasno 8. Haiijiure o6beM niupamujibl SLMN.

BapunaHt 6

(@akynbTeTbI, XUMUYECKIY, HAYK O MATEPUANIAX,
bronoruyeckmni, QyHAAMEHTATbHON MELULIMHBI,
OUIOMHXEHEPIIN 11 BUOMHGOPMATUKM, [EOrPadUYeckiy,
rcuxonoru)

1. Pemmre ypaBHeHHE
(= 7|2+ 6)JAx +23 =0.

2. Pemure HEpaBEHCTBO

2 +hx+4 _\/x2+8x+16
2% +12 x+4 ’

3. B npsimoyrosibHOM Tpeyrosibiuke DEF Ha TUIIOTEHY3Y
omymieHbl _Menamana DM wu Bpicota DQ. U3BectHO, uTO

17
MD = - n sin ZDMQ = % . Haitzure kareTs! TpeyrosbHu-

ka DEF.

4. TonoxkutesbHble uncaa by, by, bs, by, by 06pasyior reomerpu-
4ecKyTo Mporpeccuio, a uncaa bs,6b;,27b; — apudmerndeckyio.
Haiigure sHamenaresnb nporpeccun by, by, b3, by, bs .

5. Hpsmas [ npoxosut yepes touku (=3;2) u (1;1) xoopau-
HatHOil rrockoctu. Ilpsamast I npoxoaut uepes Touxy (—5; 4)
U TEpHeHANKYISpHa psaMoil [ . Haliaure KoOpaMHATBI TOUKH
nepeceveHus NpsaMbix L u [ .

6. Pemure ypaBHeHue

108 o5 + (0052 x + sin’ x)— 2sin? x + 5sin2x =0,

7. 3a 2005 rox uncsao KHUT B (oHE OUOJIMOTEKH MTOCETKA
yBesmmunsioch Ha 0,4%, a 3a 2006 rox — Ha 0,8%, ocraBumch pu
sroM Menbie 50 Teicsiu. Ha cKoibKO KHUT yBeamunicss poH[
6ubsmotekn moceska 3a 2006 ron?

8. Haiisute Bce 3HaueHWs mapaMeTrpa @, TPU KaKIOM U3
KOTOPbBIX Cpe/l KOPHEil ypaBHeHst

ax* +(a+4)x+a+1=0

HNMEETCA POBHO OJAWH OTpHIIaTeJTbeIﬁ.
BapuaHr 7

(Chaky b TeTBI. F€OrPAPUIECKIY, TOYBOBEAEHUS 1 (AKYJIbTET
71064716 HbIX POLECCOB)

1. Pemmre ypaBHEHHE

|lx =1 -7]=10.
2. Perure HEPaBEHCTBO
! +x < ! +9
\/x2 -7 \/x2 -7 )

3. CymMa nososkuTebHON GeckoHeuHO yObIBalollell reomer-
pudeckoil mporpeccuut B 4 pasza GoJibliie ee BToporo wiecHa. Bo
CKOJIBKO pa3 BTOPOIl YJIeH MEHBIIe TIePBOro?

4. Pemmre ypaBHeHHE

sin® 11x = cos® 17x .



d. Pemmre HepaBeHCcTBO
log? 16 + 21og? 16 + 4log, 16* >0 .
6. Pemure cucremy
x+y+ay=7,
{xz + y2 +xy =13.

7. Haiiqute Bce 3HaueHUs IlapaMeTpa d, IIpu KaXIO0M Hu3
KOTOPbIX CHCTEMa

(5-2V6) +(5+2V6) —5a=y—|y|-8,

x*—(a-4)y=0
NMEET CANHCTBCHHOC DEIICHUE.

8. Ilepumetp paBHoGeipentoro Tpeyroabinka ABC pasen 18.
UYepes cepenuny D ocnoBanusi AB 1poBejieHa npsiMasi, repece-
katomas cropony BC B Touke K 1 IeJIsIas TIoMaab TPEYrob-
nuka ABC B otHouenun 5:2, 1ipu atom yroa ADK pasen 135° .
Haiigure mnonanp tpeyroapuuka ABC.

BapuaHt 8
(reosnorndeckuii gaxysibTer)

1. Pemnre HepaBeHCTBO

|t =12 < —=

12-x "

2. Pemmre ypaBHeHnue

cos2x +sinx 1
— = —COoSX.
COS X 2

3. Pemute HepaBeHCTBO
V2 g (3 =72 +6) 0.

4. Tlnomanp uerbipexyroabHuka ABCD pasHa 9, paanyc
BITMCAHHOI B HETrO OKPY’KHOCTU paBen 1, a 1uibl ctopon AB 1
BC paBHBI 3 U 5 COOTBETCTBEHHO. UeMy paBHbBI JJIMHBI CTOPOH
AD u CD?

d. Pemure HepaBeHCTBO

x2-2x
o s 52|
(1) 2x—1 <1.

2
6. CymMmMa IepBbIX IIATHaJAL[ATU 4JIEHOB apH(MeTHYecKoit
IIPOTPECCUH, COCTOSINEH U3 HATYpPaAJbHbIX unces, 6oJbiine 337,
Ho Mmenbie 393. Uemy paBeH BOCBMOI YJieH 3TOIl IIpOrpeccuu,
€CJIN U3BECTHO, YTO OH KPaTeH 4YeTbIpeM?
7. Yucna x, y, z TAaKOBDBI, YTO
x+1=z+y,
xy+22 +14-72=0.
TTpu KakuX 3Havenusx z cymma x° + y° Makcnmambia? Haiim-
Te 3TO MaKCUMaJlbHOe 3HauyeHHe.
8. B xaxom oruomennu aenut o6bem kyba ABCDA,;BC,Dy ,
rne AA; || BB || CCy || DDy, miockocTb, TPOXOSINas depe3
sepunny A u nenrtpser rpaneit 4 BC,Dy u B,C,CB ?

BapuaHt 9

(GhaKy b T€TbI: COLMONIOrMYECKUI 1 (DUIIONIOrMYECcKIL)
1. Pemmure ypasHenue
—x - 3J-x =10.
2. Pemmre HepaBeHCTBO
(-2 (- 5)(x-8)
(x+2)(x+5)(x+8)

3. Oaun paGounit 6pUrajibl, COCTOSIIEN U3 5 YEJTOBEK, TPOU3-
BOJIUT B cpejiHeM 14 jietasieit B yac, puveM Kask/blii u3 pabounx

MPOM3BONT B Yac I1eJI0e YNCJ/IO0 JIeTasell, He mpespimaioriee 16.
CKOJIBKO JleTajiell B 4ac MOXKET JleJlaTh IIPU 3THX YCJOBHSAX
pabounii ¢ camMoil HU3KOI MTPOU3BOAUTETBHOCTHIO?

4. Pemmre cucremy

x? =2y -3=0,
yP+2x-3=0.

5. Pemire ypasnenne

5cos(2x+E)=4sin[ﬂT—xj—1.
3 6

6. ITepumerp Tpeyronbanka ABC pasen 36, a JI0mmab paBHa
60. Haiigure cropoust AB u AC, ecaiu BC = 10.
7. Pemute HepaBeHCTBO

log 2x% +9x + 21) 2 log ., (x* - x).

(a+3) (

8. Ilpu KakuX 3HAYEHUSX ¢ ypaBHEHHe

J16-x? =c+x
nMeeT eJMHCTBEHHOE pemeHMe?
BapuaHt 10
(5KOHOMMYECKINVT QOaKYIIbTET, OTAETEHNE SKOHOMYIKM)
1. I[JIH KaX/JI0TO 3Ha4Y€HUA X, YAOBJIETBOPAIOIIETO yCJOBUIO
x%— || -42=0,

HafII[HTe BCe€ 4ucJa Yy, MJid KOTOPbIX BbIIOJTHEHO HEPABEHCTBO

—7Jy? =10y +34 = 4x +7 .

2. Haiizinte Bce pellleHUs] ypaBHEHHUS
cos3x =sinx ,
Y/IOBJIETBOPSIONINE OJHOBPEMEHHO /[BYM HEPABEHCTBAM:
sinx >0, cosx<0.

3. Pemnre HEpaBeHCTBO
2 3" X x-3
x* = log, (?J—log3 (5 ) log;s (125-25 )<o.

4. Bpurajie rpy3YnKoB BblJleJIeHa HEKOTOPas CyMMa JieHer Ha
pasrpysky 6ap:ku, oJHaKo 3 yesoBeka 3a6oJsie U B paboTe He
yuactBoBasin. OcraBiiyecss BbITIOJTHUIN 33JjaHue, 3apaboTaB
Kkl Ha 1,5 Thicsun pyO6sieit GoJibliie, 4eM B caydae paboTbi
B cocTaBe MoJiHoil 6purazbl. OmpeesnTe BblleTeHHYT0 OpHUraie
CyMMy JI€HEeT, ecJqu S5%-ii c6op 3a ee OGAHKOBCKHUI TEPEBO/I
obotresicst paboTOATENIO AOTIOJTHUTENTBHO B BEJIMIUHY, HAXO/IS-
mytocs B npegesiax ot 1,2 no 1,6 teicau pyo6Jeii.

5. Buyrpu tpeyrombiuka ABC Bssita Touka K Tak, 4TO
tpeyroabunk ABK — paBHOcTOpoHHHU#. V3BecTHo, uTO paccto-
sgHne oT ToYKH K [0 HEeHTpa OKPY’KHOCTH, OMHUCAHHONW OKOJIO
tpeyrosbuuka ABC, paBHo 6 n Besmumna yria ACB paBHa

5
arcsin ﬁ . Haitpure nmmny croponnt AB.

6. HaiiiuTe Bce 3HAYEHUS ¢, IPU KOTOPBIX (DYHKIINS

f(x) =|2 = x| x + arcsin (%)

He SIBJISIETCSI MOHOTOHHO BO3PACTAIONIENl Ha OTPe3Ke YHUCJIOBOI
0CH, KOTOPBIil COEANHSIET KOPHHU KBA/IPATHOTO TPEX4JeHa

©* —(a® —8a+14)x +(a” - 6a+6)(8 - 2a).

7. B ocHoBanuu nupamu/ipl SABCD sie;XUT napajiiesiorpamMm
ABCD, ue sBasiiontuiicst pom6om. Bepurtunbt A, B u C pacrioJio-
JKEHbI Ha HEKOTOPOIi chepe Tak, uTo npsmMas AD poXouT yepe3
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1eHtp atoil cepol. Bepumna S, Takske Jexarias Ha JaHHON
cepe, paBHOyzsaseHa OT KOHIOB jauaroHamun AC OCHOBaHUS.
Haiinre HanGoibiiiee BO3MOKHOE 3HaUeHe 00beMa MHPaMU/Ibl,

ecim AC = 2\/5 , BD = 2.
BapuaHT 11
(MOCKOBCKASA LLIKOSIG SKOHOMMKI)

1. PemnTe HEepaBeHCTBO

Vil -3x+2<x-1.

2. Pemmte ypaBHeHUE
log(fzwsx) (3sinx —cos2x)=0.
1 x 1
3. Pemnte HepaBeHCTBO [— — —|>|= — —|.
10 5] |4 2
4. Pemmte ypaBHeHUE

4.25%% —923.5% y15=0.

5. s mepesoskn 90 T rpysa 3aTpe6OBAIN HEKOTOPOE KOJIH-
YeCTBO O/IMHAKOBBIX IPY30BUKOB. B CBA3M ¢ TEM 4TO Ha KAXK/IYIO
MaiuHy norpysusan Ha 0,75 T MeHblle, JOHOJHUTETHHO ObLIO
3aTpe6oBaHo elle 4 rpy3oBuKa. Ha CKOJIbKO TIPOIEHTOB YBEJIH-
YUJIOCH YUCJIO TPY30BUKOB 10 CPABHEHUIO C TIEPBOHAYAJIBHON
3asIBKOI1 ?

6. Haiiziure Bce 1e/10unCIeHHbIE PEIIEHNS] YPABHEHUST

22 —14x +4y* +32y +88=0 .

7. JlmaroHaJii BIIMCAHHOTO B OKPY>KHOCTD YeThIPEXYTOJTbHIKA
ABCD mnepecekaiorcs B Touke E. Haliiure nepumMeTp u 01
tpeyroabuuka ABC, ecoim BC = CD =6, AB=7u CE = 3.

8. TIpu Kakux 3HAYEHUSIX MapaMeTpa d ypaBHEHWe

165 — 3.3+ Lo 4o+ _ (4—4a)-2"" —a* +2a-1=0
HUMEET TP PA3JINYHBIX KOPHS?
BapuaHTt 12
(UIHCTUTYT CTpaH A3 1 Agpuki)
1. Pemmre HepaBeHCTBO
lx+3[(x-1-3)<0.

2. @epMep TOMYYMJ KpPeAUT B GaHKE IO/ OIPE/EJCHHDIN
IIPOIEHT roIoBbIX. Uepes roj pepmep B cUET MOramieHns Kpem-

Ta BEPHYJ B GaHK 6 YyacThb OT Beei CYMMbI, KOTOPYIO OH /IOJI’KEH

6bLT 6aHKY K 3TOMY BpEMEHH. A elle depes TOJ B CYET TI0JIHOTO
noraimienust kpeanta (epmep BHec B GaHk cymmy, Ha 20%
IIPEBBIIIAIONIYIO BeJMUMHY TIOJIYYeHHOTo KpeauTa. Kakos mpo-
LIEHT TOJIOBBIX 110 KPEJNUTY B JaHHOM GaHKe?

3. Pemmnre HepaBeHCTBO
lo lo M
g % 84 10

4. Pemure ypaBHeHue

\/x2+y2—4x—2y+1+ \/6x+2y—x2—y2—9+

+ \/x+y_1:2\/x—y+1sin2+651112§,

3. B rpeyrospauke ABC mpoBesieHa mpsiMasi, MepeceKaioniast
croponbl AB u BC B Toukax P u Q coorsercrBento. Vssectho,
uro AB = 3, AC=4/5 , JUIMHA MeJMaHbl, MPOBEJICHHON U3
BepummHbl A K ctopone BC, paBHa V6 u JUINHBI OTPE3KOB AP,

PQ, OC pasubl Mexky coboii. Haiigure miuny orpeska PQ.
6. Haiiute Bce 3HaueHHWs TapaMeTrpa d, TP KaKIOM U3

2008 /No

KOTOPBIX MHOXKECTBO PEIICHUN HepaBEHCTBA
6x° + 4a’ + 6ax — 3x — 24a + 35 < 0

COMIEPIKUT XOTSI ObI OJTHO 11€JI0€ YUCJIO.

7. Onpegenure, kakasg u3 AByx nupamu SABC wim QKNM
uMeeT MeHbInii 00beM, ecu unHbl pedep SA, SB, SC u OK,
ON, MN pasubi 2, a giunbi pebep AB, BC,ACu KN, KM, QM

paBHbBI \/§ .
BapuaHr 13
(GhaKysIbTET roCyAapPCTBEHHOIO YITPABIIEHMS)

1. Ha Besorpexe, nmeromeM ¢GopMy OKPY’KHOCTH, U3 JIAMET-
PATbHO IPOTUBOIOIOKHBIX TOUEK OHOBPEMEHHO CTapTYIOT JBa
BesjocuneucTa co ckopocrsimu 775 u 800 MeTpoB B MUHYTY
cooTBeTcTBeHHO. CKOJIbKO MOJIHBIX KPYroB IIPOCJET IEepPBbIit
BEJIOCHIIENCT K MOMEHTY, KOT/Ja €ro JIOTOHHUT BTOPOH, ecsn
JIIMHA BeJOTPeKa PaBHa YeTBEPTH KHJIOMETpa?

2. Pemute ypaBHeHUe

. 1 1 1( . 1
sinx ——|——| = =|sinx +—|.
4‘ 2 3( 4)

3. [lnaronab pa3dUBaET BBIMYKJIbII YCTBIPEXYTOJIBHUK HA /IBA
PaBHBIX TPEYTOJbHUKA CO CTOPOHaMu JymHON 5, 12 un 13.
Haiiziure pajyc HauMeHbIlero Kpyra, B KOTOPbIil MOKHO HOMe-
CTUTH TAKOW YETBIPEXYTOJBHUK.

4. Pemnre HEpaBeHCTBO

\(log, x)2 -2 >log, % -1,

5. Topo/i aIMMHUCTPATHBHO TIO/IE/IeH Ha TISITh YacTell: 3ara/-
HYIO, CEBEpHYIO, BOCTOYHYIO, I03KHYIO U IleHTpabHylo. Cpennss
1IeHa JIN3EJIbHOTO TOILIMBA 10 OEH303aIPABOYHBIM CTAHIIMSAM B
BOCTOYHOM paiioHe cocrtaBJsier 18 py6sieii 3a UTp, B 3ana/HOM
— 18 py6uieii 35 Korieek, B ienTpasibioM — 20 py6ieii ¢ HOJATHHOIM,
B ceBepHOM paiione — 17 pyG6Jieii ¢ 4eTBEPTHIO COOTBETCTBEHHO,
B IOKHOM pailoHe IleHa COBIAJaeT CO CpefHel IeHOH 110 BCceM
6eH303arpaBKaM ropojia. V3BecTHO, 4TO B LIEHTPAJbHOI yacTn
6eH303aIPABOYHBIX CTAHIMI B MOJTOpA pasa GoJiblle, YeM B
3aI1a/IHOI, a HA BOCTOKe — Ha TpeThb GOJIbIlle, 4yeM Ha 3amaje. Bo
CKOJIbKO pa3 (GeH303alpPaBOYHbBIX CTAHIMI B CEBEPHOM paiioHe
MEHbIIIe, YeM Ha BOCTOKE, €CJIM CPE/IHAS IleHa JAM3TOIIMBA 110
3aIPABOYHBIM CTAHIUAM ropoja cocraBisger 18 py6ueii 60
Kolleex?

6. Haiiznre 3Hadenust ¢ u b Takue, TTPU KOTOPBIX CUCTEMA

|bx| = |y| = 2a,
(x-b) +4° = d*
UMeeT POBHO TPH PeIeHus.

7. OO0uiecTBO PHIGOJOBOB U OXOTHUKOB, JIBE TPETH YJIEHOB
KOTOPOTO — PBIOOJIOBBI, a OJlHA TPETb — OXOTHUKH, PEIINJIO
nepens6parb npasienue. I[pe/ceaaresb o6IecTBa MOATOTOBUI
1poekT cocrasa npassenns uz 100 yenosek. Kakoe nanGosibiiee
YUCJA0 OXOTHUKOB MOJKHO OBLIO BKJIOYUTH B IPOEKT COCTaBa
npasJjienust, 4ToObl 32 HETO IMPOTOJOCOBAJIO 60Jiee MOJOBUHBI
YJIeHOB OOIIECTBA, €CJIM M3BECTHO, YTO 32 MPOEKT IPOroJI0CyeT
CTOJIBKO TIPOIEHTOB PHIOOJIOBOB, CKOJIBKO PBIGOJOBOB B TIPEJIJIO-
JKEHHOM TIPOEKTE, W CTOJIBKO IPOIEHTOB OT YUCJA OXOTHUKOB,
CKOJIBKO B HEM OXOTHHUKOB?

BapuaHt 14
(BOMOHUTENILHbIVI HAOOP HA M1aTHbIE 0OPA30BATE bHbBIE
MPOrPaMMBbl 4719 aOUTYPUEHTOB (DaKy/ibTETOB MEXAHUKO-
MaTeMaT4eCcKoro, BbIYUCITIUTENIbHON MAaTEMATUKU 1
KNOEPHETUKY, XUMINYECKOro, OUOTIOMYECKOro, MoYBOBEAEHMS),
reorpagu4eckoro, Hayk o0 Marepuanax, @yHaaMeHTa bHOM
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MELUILIMHBI, [ICUXONIONAY, BUOMHXEHEPMI U
bronHdopmaTky, MOCKOBCKOM 1LIKO/TbI SKOHOMMKI)

1. Pemmure ypaBHeHue

q
gy -5\ lgy =3.

2. Pemute ypaBHeHue

3x:1.

cos® x + sin
3. Ha koop/uHATHOI ILIOCKOCTH PACIoOIOKeH KBajgpar. /lBe
ero Bepumbl uMeror Koopaunatel (45— 5) u (=6; 5) . Haiigure
KOOD/IHHATBI J[BYX JIPYTHX €rO BEPIINH.
4. Peuure HepaBeHcTBO
1 11 1

IEDER
3% -2.9%4<07

5. Ocuosannem mupaMu/ipl SABCD CIy»XKUT IPSIMOYTOJIbHUK
ABCD, mnomaip kotoporo paBaa Q. Pebpo SA neprieHgnky-
JISPHO TIJIOCKOCTH OCHOBaHusi, a pe6pa SB u SD HaKJIOHEHbI K
Heil oy yriamu § u Y. Haiigure o6beM nmupamu/ib.

6. Pemnre HepaBeHCTBO

(arcsin X - E) lg (xz + 3) >0
6 25

7. OKOJIO OKPYKHOCTH pajuyca R omucaHa paBHOOGOYHAs
Tpanenus. Ilomaab yeTbIpexyroabHUKa, BepIITHAMU KOTOPOTO
CJIy’KaT TOYKU KACAHWS OKPYXKHOCTH U TpAarelyu, paBHA S.
Hafignre ntomanb Tpamermm.

8. K necarnunoii 3amucu mesnoro yucsaa n # (0 npunmcantu
cipaBa Kakyio-to nngdpy. K mnosyuusiieMycss HOBOMY 4YHCITY
mpu6aBIIM KBaJIpaT Yucia 7, a noroM Bbruan 3. [Tosyuniaocs
yrcao 14n. Kakoe uncso n 6puio B3sATO U Kakas 1nudpa Oblia
TIpuIncaHa’?

DPUNINKA
@uzndeckmi pakysbTer

3adauu ycmmnozo axzamena

1. /IBa TOHKUX KECTKUX CTEPIKHS JTMHON L KaK/blil Bpalia-
I0TCS BOKPYT HenoABWXKHBIX Touek O; u O, B miockoctu
pucynka 1. PaccrosiHue Mexay aTuMu Toukamu pasno /. Haii-

JIUTE MOJYJb CKOPOCTH

O, nemwkenns toukn C mepe-
CEUeHMST 3TUX CTep KHEN
h B BJIOJIb TIEPBOTO CTEPIKHS B

“ TOT MOMEHT, KOT/Ia YroJi
MEX/Iy CTEPSKHSIMH paBeH
0, o o, yron CO,0, pasen B,
a CKOpPOCTU CBOOOJHBIX
" KOHIIOB CTEpPIKHEH paBHbI
1

Puc. 1 W n . 3
2. HenoaBusKHBIN KJIMH

C YIJIOM O TIPU OCHOBaHMHU MMeeT IJIa/IKY0 HUXKHIOIO U IIePOX0-
BaTyI0 BEPXHIOIO YaCcTH CBOEH HAKJOHHON 1ockoct. Ha Bepx-
Hell 4acTW KJIMHA yAepP>KUBAIOT TOHKWI OHOPOJHBIN >KeCTKII
CTepsKeHb MacCOi 7, PACIOJIOKEHHBIH B IJIOCKOCTH PUCYHKA 2.
Koadduiuent tpeHus Mexay CTepsKHeM H BepXHell dacTblo
kauHa paBeH M. Ilocse TOro Kak cTep:KeHb OTIYCKAlOT, OH
HAYMHAET MMOCTYIIATEJbHO CKOJIb3UTD 10 KJAWHY. Haitjure makcu-
MaJIbHOE 3HAYEHUE CUJIbI HATS-
m JKEHUMST CTEPXKHS B IIpoliecce
ero JBmxenns. Bansnuem Bo3-

o) JlyXa npeneGpeub.
3. K BeprukasbpHoil creHe
o OJTHIM KOHI[OM IIAPHUPHO TIPH-
KpeIJIeH OJHOPOJIHDIH TsixKe-
Puc. 2 JIBIH JKeCTKWIl CTepyKeHb, Ha

JIPYTOM KOHIIE KOTOPOTO
MOJIBEIIIEH TPY3, KaK I10-
Ka3aHo Ha pHCyHKe 3.
Crepskenb yjaepupaior A
B FTOPU30HTAIBHOM I10JIO-
SKEHUU JIETKON JKeCTKOMN
MPOBOJIOKOI, TPUKpeI- 7 ]
JIEHHOWl K HeMy Ha pac-
crostiun [ = 30 cm or
mapuupa. /{pyroii koHer
IIPOBOJIOKH IIPUKPEIUIEH  p, - 3

K CTeHe TaK, YTO MPOBO-

JIOKA U CTEP;KEHD JIeXKAT B OHON BEPTUKAJIbLHON TJIOCKOCTH. Ha
KaKOM PacCTOSTHUHM /2 OT MapHUpa J0JKHA ObITh IPUKPETLIeHa K
cTeHe MPOBOJIOKA, YTOObI ee abco-
JIIOTHOE Y/IJTMHEHWe ObLIO MUHU-
MaJIbHBIM ? TpeHreM B IapHupe mnpe-
HeGpeyb.

4. Ha rnaagkoM ropuzoHTaIbHOM
cToJIe JIeKaT OJMHAKOBbIE TPY3bI
MaJIbIX Pa3MEPOB, PACIOJIOKEHHbIE
B BepIINHAX [PABUJIBHOTO 1-yTOJIb-
HUKa. Macca Kaxoro rpysa pas-
Ha m. ['py3pl coeqmHEHBI MEXIy
€060l OAMHAKOBBIMHU JIETKUMU TIPY-
JKUHAMHI KecTKOCTbio k. I'pysbr
CMEIAIOT OT TIOJIOJKEHUl PaBHOBe-
CHsl Ha OJIMHAKOBDIE DACCTOSIHUSL  p,, - 4
TaK, KaK MOKa3aHO Ha PHUCYHKE 4.

ITocsie atoro Tpysbpl OJHOBpEMEHHO OTIycKaioT. Onpenpesnure
Mepuoji MaJbIX KosebGanuii rpy3oB. CumurtaTb, 4TO MpH KoJeba-
HUSX OCH TPYKUH OCTAIOTCST TIPSIMOJUHEITHBIMI.

5. Ha pucynke 5 mokasama 3aBICUMOCTb BHYTPEHHE dHEPTHn

U usiea/ibHOTO rasa, muc-

HOJb3yeMOro B Kaue- U’K/%[m
cTBe paboyero Belie- 5 9
CTBa TEIJIOBOTO JIBUTA-
TeJIsE, OT KOJUYECTBA
TermoTel Q, KOTOpOe 4
ra3 TMOJTyYHJI ¢ MOMEH-
Ta | Havasa IMKIA |- 3
2—3—1. Haiijure KII/]
5TOTO UK. 2
6. B mmmmnape mop 1
MOPUIHEM HAXOAUTCS 1 3
CMeCh BO3/IyXa, HaChl- d
H[EHHOTO BOASAHOTO >
mapa M BOJABI B CKOH- 0 1 2 3 4 Ox/lx
JIEHCHPOBAHHOM COCTO- Puc 5

sHun. Macca BoJibl paB-

Ha Macce BOJSAHOro mnapa. Ecam uM3oTepMUyYecKd YMEHbIIMTD
o0beM cMecu B R = 2 pasa, ee /laBJjeHHe yBeJUYUTCS B 7 =
= 1,5 pasa. Bo ckoJIbKO pa3 U3MEHUTCS JlaBJEHNUEe CMECH, eCJn
ee 00beM He YMEHbIIAaTb, a YBEJNYUBATD TIPU TOIl XKe TeMIiepa-
Type /10 TeX 110P, T0Ka BCS BOJA HE MCHAPUTCS?

7. Uerbipe He3apsKeHHbIE OIMHAKO-

BbIe MeTAaJIMYecKue TIJIaCTUHBI, TLJIO- | d |
a/1b KaXK/I0M 13 KOTOPBIX .S, pacioJio-
JKEHDBI B BO3/LyXe Ha MAJIOM PACCTOSHUN
d mapassesbHO JIPYT JAPYTY Tak, Kak
nmokasano Ha pucynke 6. Buyrpennum
[JIACTUHAM COOOIIIJIN PAaBHbIE 10 MO-
JLyJII0, HO TIPOTUBOIIOJIOKHBIE 110 3HAKY
3aps/bl. 3areM BHENIHHE I1JIaCTHHbBI
COEJIMHUITA MEXK/Y co60ii uepes3 pesuc-
TOp, CcONpoTUBJAeHne Kortoporo R. B Puc 6
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pesyJbTaTe B 9TOM PE3UCTOPE BbIICINIOCHh KOJTUYECTBO TEILIOTbI
Q. IlpeneGperag ussydeHuneM, orpeeIuTe MOLYJIb ¢ 3aps/IOB
BHYTPEHHUX IJIACTHH.

8. Metanmueckuii cTepsKeHb, OJIH KOHEIl KOTOPOTo MapHUP-
HO 3aKkperieH B Touke O, BpamaioT ¢ TaKOH MOCTOSTHHOMN YTIOBOH
CKOPOCTBIO ), YTO OH 00Pasy-
€T C BEePTUKAJIBIO TIOCTOSTHHDIIN
yroax o (puc.7). Ipyroii Ko-
Hell CTepIKHA KacaeTcs MPOoBO-
aseii nosmycdepsl. Lentp no-
sycdepbl COBIAJACT € TOYKOIA
O. Pagnyc nmonycdepst R. Bes
cucTeMa HaXOAUTCA B OJJTHOPO/I-
HOM BEPTUKAJIbHOM MAarHUTHOM
roJie, MHYKIUS KOTOporo B.
K monycdepe moaxsiouen pe-
3UCTOP C JIOCTATOYHO OOJIBIIUM COTPOTUBJICHUEM 7. JIpyroit
KOHeI[ pesnucTopa IMoJKIIoueH K crep:kHIo B Touke O. Haiinure
MOIIHOCTD P, BBIIEJISIONLYIOCS B PE3UCTOPE.

9. K neanpHoil KaTylIKe MHIYKTUBHOCTH, 3AIIYHTHPOBAHHON
PE3UCTOPOM COIIPOTUBJICHHEM R, MOJKJIIOYAIOT Ha BpeMsa T
HCTOYHWK C MaJIbIM BHYTPEeHHMM corporuBienueM u I/C & .
IIpu aTOM 32 BpeMs OJIKIIOYEHUST MCTOUHUKA 1 BPEMS T10CJIE €T0
OTKJIIOYEHUS B PE3UCTOPE BBIJIEAIOTCS OJJMHAKOBbIE KOJIMYECTBA
teriotel. Haitiure unayKkTuBnocTb KaTymxu L.

10. OmnTHyeckast cucreMa COCTOUT U3 TOHKOW coOuparoei
smn3bl JI ¢ GOKyCHBIM paccTosiiueM F 1 IJIOCKOro 3epKaJa 3,
IIJIOCKOCTb KOTOPOTO TepIHEeH/IUKYISIPHA TJIaBHOH ONTHYECKON
ocu JIMH3bl. Mexay JnH-

3 C AN 3011 U 3ePKAJIOM HAXO/IUT-
'I‘ F cs CTeszeHb C, pacnoJio-
........................ - JKEHHBIH TIePIeHIAKY JISP-
e d HO TJIABHOW OITHYECKOMN

<€ T OCHU JIMH3bI TaK, KaK II0Ka-
WV 3aHo Ha pucynke 8. Pac-

Puc. 8 CTOSTHIE OT CTEpP’KHA J10

JINH3bI PaBHO d, TIpUYeM
d > F. Haiiute paccTosiHIe X MEXK/Iy JUH30U 1 3ePKAJIOM, TIPH
KOTOPOM OTHOIIIEHNE PA3MEPOB [BYX JIEHCTBUTEIBHBIX H300Da-
SKEHWIT CTEpyKHSI paBHO R >1.

CD&Kyﬂb TeT BbIYUCTINTESILHON MaTematvki v /(M6€,0H€TMKM

3adauu ycmnozo 3x3amena

1. TsKeI0 HArpYKEHHYIO JIOZKY TOATSATHBAIOT K IPUCTAHN C
TIOMOIIIBIO BEPEBKH, NEPEKUHYTON Yepe3 POJHK, HAXOAANMiics
Ha BbICOTE /i Hajl ypoBHeM BoAbl. 110 KaKOMy 3aKOHY J0JDKHA

F, MCHATBCA CO BpeMeHeM
_ ¥ cuna F(t), kotopyo myx-
HO [IPUKJIA/IBIBATD K BEPEB-
Ke, 4TOOBI IO/IEPIKUBATD
h CKOPOCTb JIBIKEHUSI JIOJI-

Yo KNI B BOJE MOCTOSAHHON M
—> .
- paBuoii v, ? B Mowment
| a—

B Bpemenn ¢ = (0 JoaKa aBU-
Puc 9 JKETCsL CO CKOPOCTBIO Ty ,

cuJa, ¢ KOTOPO#l TAHYT 3a
BEpeBKy, paBHa Fy, a paccTosiHue OT JIOAKM JIO TIPUCTAHU
coctassisier [y (puc.9). ComporusJiente BO/bl CYUTATD TIPOTIOP-
IIMOHATHHBIM CKOPOCTH JIOJKH.

2. TlpaBasg yaia pbIYaKHBIX BECOB HAXOIUTCS MOJ| MEJIKUM
MOPOCSIINM JIOXK/IEM, a JIeBasl YKPbITa OT Hero HaBecoM. Kaxas
yalmra MpeCTaBJsseT COO0H TOHKOCTEHHYIO IHJINHIPHIECKYIO
eMKOCTb ¢ rtota/pio aua S = 0,05 M? U BBICOTOI 6opruka h =
=1 MM. VIHTeHCHBHOCTb PAaBHOMEPHO TA/IAIONIETO 0K/ TaKo-
Ba, 4TO JI0K/leBasl BOJA IIEJMKOM 3alOJIHSeT NpeBapUTe]bHO

2008 /No

OTIOPOKHEHHYI0 Janry BecoB 3a BpeMs T =30 c. Kakoit Mmaccer
M TUPIO HY)KHO IOJIOXKUTb HA JIEBYIO Yallly BECOB, YTOObI
YPaBHOBECUTb BECbl B CJIydae, KOT/A IIpaBasi yallla 3aloJiHeHa
JTOXK/IEBOI BOJION /10 KpaeB? Karmm 1ok /s majaloT BepTUKATIHHO
co ckopoctbio © = 3 M/c. Ilnornoers Boapl p =10° Kr/M3 .
YckopeHne cBO60/THOTO TTA/ICHUS TPUHATD PABHBIM g = 10 M/ .
CoynapeHnue KareJb ¢ BOJIOW B yallle CYUTATh HEYIPYTHM.

3. PasBuBasg MakcuMaJbHYIO MOIIHOCTb JIBUTATEJs, aBTOOYC
JIBUKETCST TI0 TOPU30HTAJIBHOMY YUYACTKYy IOCCE € TTOCTOSTHHOIM
ckopocTbio ¥y . Korma aBroGyc 1pum HEM3MEHHOI MOIHOCTH
JIBUTATENIST BDHE3’KaeT Ha IMOJbeM € YIJIOM HakJoHa Oy, ero
ckopocTb majgaer g0 v . C Kakoil CKOpPOCTbIO U, aBTOOYC
Oy/IeT MPeoJIoJIeBATh TIOABEM C YIJIOM HaKJIOHa O, <Oy Tpu
TOII ’Ke MOIIHOCTH, pa3BuBaeMoil asuraresem? [Ipockanb3biBa-
HUe BeIylnX KoJiec aBroOyca Ha BCEX y4acTKaX II0cce OTCYT-
crByer. Cuiy corporusJie-
HUSI BO3/yXa CYUTATh IPO-
TOPINOHAJBHON CKOPOCTH
aBro0yca.

4. JIBa OJMHAKOBDBIX IHa-
pHUKa TO/IBEIIEHBI HA HeBe-
COMDBIX HEPACTSIKUMbIX HU-
TSAX, KaK MOKa3aHO HA pU-
cynke 10. Cuiibl HaTSIKEHUS
BepxHell M cpejHeil HUTEH
T, u T, nsBecrunl. Haitaute
cuity HatspkeHust T3 HUDKHEH HUTH, ecjii OHa FOPU30HTAJIbHA.

5. Tonkocrennblii crakan BMecTHMOCTbIO V) =200 e’ u
maccoit m = 100 1 morpy»kaioT B BOAY, JepiKa ero JHOM BBEpX.
Ha xakoii ray6une 7 npenocraBieHHDIH caMOMy cebe CTakaH
nepecTaHeT BCILIbIBaTh? ATMocdepHoe JaBIeHne p, = 10° Ila,
ILIOTHOCTD BOABI P = 102 Kr/ M® | TemIepaTypa BoJIbl He MeHseT-
¢ ¢ rayOuHOl. YcKopeHue CBOOOJHOTO TaJIeHus TPUHSTD
pasubiMm g =10 M/c2 . Paamepamu crakana 1Mo CpaBHEHUIO C
rryGUHOHN €ro TOTrpPY’KeHUs, JaBJIeHHEM IapoB BOJbI, a TaK¥Ke
00bEMOM CTEHOK CTaKaHa MmpeHe6peyb.

6. CajioBbIii HACOC, PACIIONIOKEHHDBIH B CKBAKIHE Ha TJIyOHHE
h, TOaeT BOY Ha MOBEPXHOCTH 3€MJIM TTO TLIAHTY TLIOMIA/IHIO
ceuennd S. Kakyio momuoctb N pasBuBaeT Hacoc, €cjim M3Bec-
THO, YTO OH HAIIOJIHSIET BOJOII Belpo o6beMoM V 3a BpeMs T ?
[TnotHOCTD BOJBI P, YCKOPEHHUE CBOOOJHOTO TA/EHUS ¢ .

7. K moronky mnoxosmeiics KaOuHbl JudTa HA IPY>KUHE
JKECTKOCTDIO R TIO/[BETIIeHA TUPST MACCOi 7. B HEKOTOPBIT MOMEHT
BpeMeHH (T HAUMHAET JIBUTAThCS BBEPX C TIOCTOSHHDBIM YCKO-
pernem «a. Kakoii mytp s mpoiiger kabuna Jjudra K TOMY
MOMEHTY, KOT/Ja [IJIMHA TPYKUHBI JOCTUTHET MaKCUMAaJIbHOTO
3HaueHUS ?

8. B kocmuueckuii Kopabiib, COBEPIIAIONIMNA MeKITJIAHETHBIT
repeJieT, MonajJ MeTeOpUT, MPOOUBIINI B KOPIyce MaJIeHbKOe
OTBEPCTHE, Yepe3 KOTOPOE HApYsKy CTaj BBIXOJAUTb BO3/IyX.
O6mbem kopabas V =1000 M° | HAYABHOE JABJICHIE BO3/IyXa B
HeM pg = 10° Tla, temreparypa t = 27 °C . Uepe3s kaxkoe BpeMsi
T TI0CJI€e TONa/IaHKis MEeTEOpHTa JIaBJIeHne BO3/yXa B KopalJe
YMEHBIIUTCA Ha Ap = 10° Ia , €CJau ILJIOUAJb OTBEPCTUS
S=1cm>? Mounsipras Macca Bozgyxa M =
=29 r/MoJib, yHUBEpCAJIbHASA Ta30Bas I10-
crosnast R=8,3 Jlsk/(momb - K) . Ipu pe-
MIEHUN yYeCTb, 9T0 Ap <K py; TeMmepaTypy
BO3/{yXa BHYTPHU KOPAOJIs CYUTATD TOCTOSH-
HOIi, a Mpolecc CTeueHus Bo3/lyXa — KBa3u-
PABHOBECHDBIM.

9. B 3aKpbITOM IUJINHAPUYECKOM COCY/IE
10/{ HEBECOMBIM TOHKUM ITOPIIHEM HaXO/UT-
cs OIUH MOJIb W/ICATBHOTO OJHOATOMHOTO
rasa ipu Temmiepatype T, = 300 K (puc.11).
B npocrpancTse Haz nopiiHeM cosgan Baky- AP4C 17

Puc. 10
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yM. Ilopmiens ynepsxuBaercsi B paBHOBECHM IPY’KUHOI, TTOMe-
IEHHOI Mesk/y MOpIIHeM U KPBIIIKONH HUJINH/pa, IIpUYeM
MIpy>KnHa He /1e)OPMUPOBAHA, €CJIN TOPIIEHb PACIIOJIAraeTes y
mHa mmHapa. Kakoe kosmdectBo TermoThl Q HYSKHO €0006-
IUTL Tazy, 4toObl ero ob6beM yBeanuusiacs B n = 1,5paza?
YHuBepcanbHas rasosas mocrosuas R = 8,3 Jixk/(momn - K) .
TeroeMKOCTBIO cocy/la U TEII00OMEHOM € OKpYJKalolleil cpe-
JIoii TIpeHeGpeyb.

10. B 3akpbITOM € OJHOTO KOHIA IMJIMHAPUYECKOM COCY/IC
HAXOJISATCA /IBA TOHKUX MOPIIHS, CIIOCOGHBIX IepeMerarhest 6e3
TPEHUS U Pas/eIgIoNX
IIPOCTPAHCTBO BHYTPH CO-
cyla Ha JBa OTCeKa

(puc.12). B neBom orceke

AT RAL 3aKJIOYEH BOISHON map

| IIPH JIABJICHUN P, a B IIpa-

! L L ! BOM — BO3/IyX IIPU TOM K€

Puc. 12 JIABJIEHUM, IIPUYEM JIJIH-

HBI OTCEKOB O/IMHAKOBbI 1 paBHbl L. [IpaBblii mopiienb MeIeHHO

nepe/IBUHYJIN BJIeBO Ha paccrosiHue [. Ha xakoe paccrosinme x

CMECTUTCSI TIPX 3TOM JIeBbIN mopiieHb? TemrepaTypy mapa u

BO3/IyXa CYUTATD IIOCTOSHHOI. /laB/ieH1e HACBIIIIEHHOTO BO/ISTHO-
TO T1apa 1pU 3TOil TeMIepaType paBHO 2p.

11. TlacTHHBI MIJIOCKOTO BO3/YNIHOTO KOHIEHCATOPA PACTIOJIO-
JKEHBI TOPU30HTAJIbHO. BepXHsIs MIacTHHA c/ie/1aHa MOIBUKHOMN
U HAXOJUTCST B HAUAJTBHOM COCTOSTHUH Ha BbicoTe i = 1 MM Ha
HWDKHEH TIJIacTHHOI, KoTopas 3akperieHa. Kowzencarop 3aps-
qun 1o pazuoctu norerrmanios U = 1000 B, orksmounim ot
HCTOYHUKA 1 OCBOOO/IMJIN BEPXHIOI I1acTuHy. Kakyto ckopocTb
IIPHOGPETET TI/IAI0NIAs IJIACTUHA K MOMEHTY CONPUKOCHOBEHUS
¢ HIDKHeW Tactunoii? Macca Bepxueil mactunbl m = 4,4 T,
mromaab Kakaoi miaactuaer S = 0,01 M , JIEKTpUYeCKas T0-
crosmast g = 8,85-107'2 @/m. ConpoTupieHneM BO3IyXa
npeHeOpeub. YcKopeHue cBOOOAHOrO HajgeHus g =10 M/ ¢t

12. DKpan 2JeKTPOHHO-JIYy4eBON TPYOKH Npe/CTaBIsieT co00it
IIPSIMOYTOJIBHUK € JuaroHanbio d = 51 ¢M U COOTHOIIEHHEM
ctopoH 3:4. Cuia ToKa B ajieKTpoHHOM Jyde I = 0,5 MA.
[Ipenroso:kuM, 4TO BCe 3JIEKTPOHDI JIyda, TOTABIINe HA 3KPaH,
OCTAIOTCS HA HEM, PACIPEIEJISIACh 110 ero TOBEPXHOCTH PAaBHO-
MepHo. Yepe3 Kakoe BpeMsl T TI0OCJ€ BKJIOYEHUS YCTPOHCTBa
HAIPSIKEHHOCTD  9JIEKTPUYECKOTO T0JIsi BOJIU3M TTOBEPXHOCTH
JKpaHa JIOCTUTHET 110 BeJIMYNHE HATIPSSKEHHOCTH 110151 Ha TOBEPX-
HOCTH YEJIMHEHHOTO Me-
TAJJIMYECKOTO IIapa pa-
K quycom R = 10 cm, 3a-
R =—C, A ==C, POKCHHOTO [0 MOTCHIU-
ana ¢ =3 kB? Ouexr-
pudeckas IMOCTOSAHHASA
g, =8,85-10" @ /M.

13. B uenu, usob6pa-
SKeHHOI Ha pucynke 13,
ko4 K B Te4eHHe JTUTEJbHOrO BPEMEHH HAXO/IJICS B 3aMKHY-
TOM COCTOSIHUM. B HEKOTOPBIT MOMEHT KJIOY PA3OMKHY.JIH.
Kakoe kosmuectBO TemaoTbl Q BBIIEIMIOCH B CXEMe IOCJIe
atoro? EMKocTH KOHJIeHCa-
topoB C; =1 Mk® u
2y =2 Mr®, comporusJe-
Hue pesucropa R =4 Owm,
IJIC ucrounuxka & =108,
€ro BHyTpEHHee COIPOTHB-
genne r = 1 Owm.

14. Jlng usmepenus rem-
nepatypbl ¢ cobpana cxe-
Ma, COCTOSIIAs U3 YeTbIpex
PE3UCTOPOB U TOJIKJIIOYEH-
Has K ucrounuky ¢ dJAC U

6% 2,0 0° o
00 0, :°°o°
° 0®° o
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Puc. 13

oy oy

Puc. 14

U MaJIbIM BHyTpeHHnM conpotusiaerneM (puc.14). Temmeparyp-
Hble K03((UIMEHTDI CONPOTUBJIEHUS PE3NCTOPOB TONAPHO PaB-
HBI U COCTABJIAIOT O4 M Oy COOTBETCTBCHHO, & CONPOTHUBJICHUS
Bcex peaucropoB 1npu Temmeparype 0 °C  omgmnakosbl. Kak
3aBucut Hanpsbkerue Uy, Mexay Toukamu / 1 2 OT TeMIIepary-
pbi? CunTath, 4TO B ANATTA30HE U3MEPSIEMBIX TeMIepatyp Oyt < 1
n oyt <1,

135. [lBa mapasuiesIbHbIX METAIMYECKIX CTEPIKHST PACIIOIOKE-
HbI HAa PACCTOSIHUM [ IPYT OT APYra B IJIOCKOCTH, IEPIEH/IUKY-
JISIPHOH O/THOPO/THOMY
MArHUTHOMY IIOJIIO C WH-
aykiueit B (puc.15). o, 0,
CrepskHu coetmHeHpl He- €| R, Q| r <«<—I|R, |1
MTOJIBUKHBIM  TTPOBO/IHU-
KOM COIPOTHBJICHIEM R.
/lBa ApyTUX IIPOBO/IHUKA
cornporuBseHusiMu Ry u - Puc 75
R, waxopgarcs cieBa u
cIpasa OT HENOBIKHOTO TIPOBOHUKA 1 CKOJIB3AT 10 CTEPXKHAM
B OJIHY U Ty K€ CTOPOHY CO CKOPOCTAMHU ©; U 0, . Kaxoii Tok [
TeueT 10 HEMO/BUKHOMY MTPOBOJHNKY ? COIPOTHBIIEHNE CTEP:K-
Hell TpeHeOPEsKUMO MaJIo.

16. Ilenb, n3o6paskennas na pucyuke 16, cocToUT U3 KOH/EH-
caTopa, KaTyHIKM HHAyKTHUBHOCTH, ucroununka ¢ DAC & n
npeHe6pesKuMO  MaJIbIM
BHYTPEHHUM COTIPOTHBJIC- L
HUeM, a Takxke KJaova K.
B HayajbHBII MOMEHT _
BPEMEHH KJIIOY PasOMK- = =C
HYT, a KOHJIEHCATOP 3a-
PSPKEH 10 HAIPSDKEHUS
U, c nossipHOCTBIO, YKa-
3aHHOI Ha pucynke. Ka-
KOT0 MaKCUMaJIbHOTO 3HA-
yenust U ,, MOXeET [0CTHYDL HANpS’KEHHE Ha KOHJEHCATOpe
rocJie 3aMbIkanus KJaoya? ColpoTHBIEHIEM KATYIIKU U COE/IH-
HUTEJbHBIX TTPOBO/IOB MTpeHeGpeyb.

17. Onrnueckas cxema, n3o6pakeHHas Ha pucyHke 17, cocro-
WT 13 HEIIPO3PAYHOro 9KpaHa ¢ MaJeHbKuM oTBepceTreM O u AByX
miockux 3epkan  n 2. JIyd csera
npoxoauT depe3 otsepcte O,
oTpakaercst or 3epkayn ! u 2 un O
BBIXOJUT 06PATHO Yepe3 TO OT-
BepcTue, IMpUYeM yroJi HajleHus
Jlyya Ha 3epkasio ! paseH O , a
rmocJie OTpasKeHusl OT 3epkaja 2
JIyd pacipocTpaHseTcs mnapaJ-
JesbHO 3epkany /. Korza sepka-
JIO 1 CMECTUJIH BJIEBO TTapaJLyieb-
HO caMOMy ceGe Ha paccToSHUE
dy, ny4 mepecran monajgarb B
oreepcrue O. Ha kakoe paccros-
Hue dy HYKHO CMECTHTH TapaJ-
JIEJIBHO caMoMy cebe 3epKajio 2,
4yToObI JIy4 CHOBA IOTAJ B 3TO
otBepctue? Pasmep orBepcTus
IPeHeOPEsKIMO MaJl.

18. OmnTuyeckuii ckanep mHpeAcCTaBJseT cOOO0N MPABUIBHYIO
MIECTUTPAHHYIO IIPU3MY C 3€PKAJIbHOI TTOBEPXHOCTHIO, Bpallaio-
1ryiocst BOKpyT cBoii ocu O (puc.18). [llupuna Kaskaoil rpatHu a.
CHusy Ha cKaHep I1a/laeT BePTUKAJIbHBIN CBETOBOI JIy4, TPOJI0JI-
JKeHne KOTOPOTo TPOXO/UT HA PACCTOSIHUU /2 OT OCU Bpalile-
HUS CKaHepa. PsoM co ckaHepoM BEepTHKAJIbHO PacloJIOsKeHa
TOHKasl cobuparonias JmH3a 6oJblioro auamerpa. MokycHoe
paccTosiHue JIMH3bI paBHO F, a ee TJaBHAs OITHYECKAs OCh
IIPOXO/IUT Yepe3 OCh BpallleHus cKaHepa. B npasoii hokasbHOI

Puc. 16

2
Puc. 77
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IIJIOCKOCTH JIMH3bI PacIio-
JIOKEH ILIUPOKUIL 3KpaH,
HUXKHUW Kpail KOTOPOro
HAXO/IUTCS Ha ONTHYECKOM
ocu JsmH3bL. Onpenpesnnte
nny d orpe3ka, KOTO-
pblii 3aMeTaeT Ha IKpaHe
CBETOBOH JIy4, OTpaKeH-
HBII OT TOBEPXHOCTH CKa-
v Hepa.
19. Onrnueckas cucre-
Ma COCTOMT U3 /IBYX OJIH-
HaKOBBIX TOHKHUX coGupa-
OMUX JIMH3 ¢ POKYCHBIM
paccroguueM F kaskaas. JIMH3bI pacnoJioxKeHbl Ha PacCTOSHUN
L npyr ot apyra (F < L < 2F) TaK, 4To UX TJIaBHbIE OIITHYECKHE
ocu coBnagaioT. CaeBa OT CHCTEMbBI Ha pacCTOSTHUN 2F 0T J1eBOit
JINH3bI HAXO/IUTCST TOUEUHBIN HCTOUHUK cBeTa. Ha kakoe paccto-
sguue h cMectutcs M3006paskeHre MCTOYHHMKA, JaBaeMOe 3TON
CHCTEMOI, ecJIn TIPaByIO JUH3Y C/ABUHYTD MEPIEH/INKYJISPHO ee
ONTUYECKOHN ocM BHW3 Ha paccTosgHue H?

20. WnrepdepeHonHas KapTuHa «Kojblia Hbiotonas Ha-
6J110/1aeTCs B OTPAKEHHOM MOHOXPOMATHYECKOM CBETE C JIIMHOMN
BostHBI A = (0,63 MxM. MHTepdepeniinsg Bo3HUKAET B 3a110JIHEH-
HOM GE€H30JI0M TOHKOM 3a30p€e MEXK/y BBIITYKJIOH TOBEPXHOCTHIO
IIJIOCKOBDBIITYKJION JIMH3bI U IJIOCKOH CTEKJIAHHOMN IJIACTUHKOIA.
Haiijute paauyc r neporo (BHYTPEHHEr0) TEMHOTO KOJIbIIA,
eci PaJyC KPHUBM3HBI MoBepxHocTH JuH3bI R = 10 M, a
TTOKA3aTesN TIPEJOMJICHUST JIUH3bI U TIJIACTUHKYM OJMHAKOBBI 1
IIPEBBINIAIOT TI0Ka3aTeb mpesaoMiaenns Gensosa n = 1,5. Cser
aJiaeT 110 HOPMaJi K IJIaCTHHKE.
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Puc. 18

Xumumdeckmi @akynibrer
Tucomennolil Ix3amen
Bapuant 1

1. Chopmysupyiite 3akon sekTposnsa Dapajes.

2. Uro Takoe cucrema orcuera?

3. ITpoTOH ABU3KETCA B 3JIEKTPUYECKOM U MATHUTHOM TIOJISIX 10
npsaMoil smHun. KakoBa CKOPOCTb NPOTOHA, €CJU WHILYKITHS
MarauTHOro noJst B = 50 mTur, a Hanpsi;KeHHOCTD AIEKTPHIECKO-
ro nons E =10" B/m ?

4. Ha ToHKy10 pacceuBalollylo JIuH3y IajaeT Jyd cBeTra /, X0o1
npeJoMIeHHOro B auuze syda 2 ussecren (puc.19). Jlunsy
3aMEHIJIN Ha COOMPAIONLYTO
C TeMH >Ke IOJIOXKEHUSIMH
(dokycos. Tlocrpoiite xoj
Jyyda 1 mocJje npeJsioMJeHus
B 3TOI JIMH3e.

! 2 5. B Gasnone naxoaurcs
JIByXaTOMHBIH u/ieaJbHbIN
Puc 19 ra3. Ilpm marpeBanum rasa

ero a6CcoJIOTHas TeMIepa-

Typa YBEJUUYUIACH B [IBA Pa3a, a MOJOBUHA MOJEKYJT JUCCOIMH-
posana (pacnanach Ha atombl). Bo CKOJIBKO pa3 M3MEHHJIOCH
(yBeMYUIOCh MM YMEHBITNIOCh) JaBICHHE ra3a B GaioHe?
6. Ilo AByCKaTHOIi KpbIIIe BAOIb HOBEPXHOCTH AB COCKaIb3bI-
Baer cocyabka (puc.20).

A KakoBa CKOPOCTb COCY.JTb-

KHI Uy BMOMEHT OTPbIBA OT

B nosepxHoctn AB, ecau

paccrosiie ot ToukH B 10

TOUKH COYJAPEHUs C TI0-

o BepXHOCTbIO Kpbin BC

C pasHO [, a CKOpOCTb CO-
CYJIBKH TP/l COyapeHH-

Puc. 20

2008 /No

eM B n pa3 OoJpiie vy ? - [
Cuurarth yroa o usBect-
HBIM, COTIPOTHBJIEHUEM BO3-
JyXa npeHe6pedb.

7. Ha nierkoii guasiekTpu-
YeCKOW HUTU B OJTHOPOTHOM
MarHuTHOM I10JIe TIO/[BEIeH
MaJIEHbKHH TOJIOXKHUTENHHO
3apsKEeHHBII mapuk
(puc.21). Mlapuk OTKJIOHUIN OT MOJOYKEHUSA PABHOBECUS TaK,
YTO HUTH CTaJa FOPU3OHTAIBHON, 1 oTmyctian. Haiimure cury
HATSDKEHHST HUTU TIPH ITPOXO’KJEHUH MAPHKOM HIKHETO T10J10-
skeHust. VIHAyKIs MarHUTHOTO TI0JIs1 paBHAa B 1 HampasieHa
MEePIEeHINKY/ISIPHO  TTOCKOCTH JIBUXKEHUsT Tapuka. Macca u
3apsi/l apuKa m U ¢ COOTBETCTBEHHO, /IIMHA HUTH [.

8. IIpu HOpMAJIBHOM Ta/IeHUN HA ANMPAKINOHHYIO PEIIETKY
MMydYKa CBeTa OT TeJHi-HeOHOBOTO Ja3epa C JJWHOH BOJIHBI
A =633 uM  nHaba01aETCA
Bcero k = 7 mudpaximon-
HBIX MakcuMyMoB. Kaxos
nepuon d ganHoi audpax- K
UOHHOU PeleTKn? 1

9. B nienu, cxema KoTOpoii
n306pakeHa Ha PUCyHKe 22, i
COIIPOTUBJICHUE PE3UCTOPOB |
R = 4 OM, BHyTpeHHee CO-  pPyc 20
NMPOTHBJEHNE HCTOYHUKA
Toka ¥ = 2 OM. Bo CKOJIbKO pa3 M3MEHUTCS S9HEPTHS dJIeKTPUYIec-
KOTO TIOJIST KOH/IEHCATOpa MOcJe 3aMbIKaHus KJoda K?

10. Ha rnaaxoil Topu3oHTANb-

HOM MOBEPXHOCTH HAXOIUTCS KJIHH,

umetommit maccy M = 0,64 kr '?\

(puc.23). O rIaaKkyo HaKJIOHHYIO m !
O—>-

Puc. 27

MOBEPXHOCTh KJUHA yAapseTcs
mapuk maccoit m = 0,15 kr, jeres-
il Topr3oHTanbuo. Kaknum mou-
5KeH ObITb YroJl KJAWMHA o , 4TOObI
MapuK OTCKOYUJ BEPTUKAJIBHO
BBepX? Yaap cumurarh abcomorno AuC 23

YIPYTUM.

BapunaHTt 2

1. ChopmysmpyiiTe 3aKOHBI TIPEJTOMIIEHHS CBETA.

2. Yro Takoe pe3oHaHC?

3. Maruutubplii IIOTOK uepe3 IHOBEPXHOCTb, OIPAHMYEHHYIO
IIPOBOJAILMM KOHTYPOM, MEHSETCs TaK, KaK II0Ka3aHO Ha PUCYH-
ke 24. Ilocrpoiite rpaduk 3saBucumoctu oT BpeMeHu I/IC,
UHYLIIUPYeMO#l B 3TOM

A

KOHTYpe. ®,B6

4. JlBa oMHAKOBBIX
OpycKa HaxoJsATCS Ha 2
HAKJOHHOI IIJIOCKOCTH / \ /
Ha OJHOM YpOBHE. 1 / \ /
Bpyckam coo6uiaior \
OJIMHAKOBBIE HadaJb- 0 \ tz
HbIe cxogocm BJI0JIb Ha- \ / ’
KJOHHO#W IJIOCKOCTH: -1
TepBOMY — BHU3, K OC- \ /
HOBAHWIO HAKJOHHON -2
IJIOCKOCTH, BTOPOMY —

0 4 8 12 16 20
Puc. 24

B IIPOTUBOIOJIOKHOM
HaITpaBJICHIH, K BepIIN-
He 1ockoctu. Kaxoii
13 6pycKOB GyieT UMeTh GOMBIYIO CKOPOCTD, KOT/IA OHU OKaXKYT-
¢Sy OCHOBaHMS HAKJIOHHOI 1ockoctn? Cunrarb, 4yTo K03 du-
IIIIEHT TPEHNSA Mexay 6pycKaMu U MOBEpXHOCTbIO W < tgd .
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3. B cepennie HEMOABIIKHO 3aKPETICHHOTO TOPU3OHTAIBHOTO
IUJIMHPUYECKOTO COCY/Ia, OTKPBITOTO C OJIHOI CTOPOHbI, HAX0-
JINTCS TOHKUH TTOPIIeHb. B 3aKpbITOil YacTh UJINHAPA — BO3/LYX.
Kakyio MUHUMQJIbHYIO CHJIy CJlelyeT NMPHUJIOXKHUTb K IIOPIIHIO,
4TOOBI ME/IJICHHO BBITAIINTH €r0 M3 IMUInHApa? ATMocdepHoe
JlaBJIeHHEe P, = 10° Ia . Ilnomaap monepeyHoro cevyeHus Iu-
mmapa S =4 em?. Temmneparypy cuntarb nocrosinnoit. Tpenu-
eM TipeHe6peyb. Bo3ayX MOJKHO CUMTATD M/IEAJbHBIM Ta30M.

6. Barapest coctouT u3 yeTbIpexX KOH/IEHCATOPOB, COEIMHEH-
HBIX TaK, KaK IIOKa3aHO Ha pHUCyHKe 25. Bo ckoJsbko pas

. M3MEHUTCH 3JIEKTPOEM-
C 3¢ kocTh Garapen (yBesu-
H H YUTCS WM yMEHBITHTCS )

o—d K L o IIpyU 3aMbIKaHUU KJO4Ya
3C w K?
Il
I

a

7. Jlns pasMopaskuBa-
HIS BOJIOTIPOBO/THOM TPY-
ObI, B KOTOPOIl 3aMep3iia
BO/IQ, TIPUMEHUJIN AJIEKT-
puveckuil HarpeBaTesib. HarpeBaTesib TOKITIOUNIN K MCTOYHU-
Ky HanpspokenueMm U = 220 B. Kakum 10/3KHO GbITH COIPOTHUB-
JleHue HarpeBaTeJist, 4ToObl 3a BpeMsi T = 1 MUH OH pPacTarinBa
m =1 Kr 1ba? Y4ecTb, 4TO IOTepPU TEILIA COCTABJIAIOT R = 40%.
VienpHas Tersora IaBiaeHus abga A = 3,3-10° JUK/Kr .

8. Crepsxenp jumHoit [ = 1 M onmpaercss Ha MO U HA CTEHY.
HuskHuil KOHeI[ CTePyKHS CKOJIB3UT 110 TI0JTY, YAAJISASCH OT CTEHDI,
a BepXHUIl CKOJIb3UT 110 cTeHe BHU3. HaiiuTe myTh, npoiiienHbIi
toukoii C, Jjexkaliell Ha cepeJiiHe CTEPIXKHS, MPU JABIKEHIH
CTEP:KHS OT BEPTUKAJBHOTO /10 TOPU3OHTAIHHOTO TIOJIOKEHNUS.

Puc. 25

OTBETHI,

KOHKYPC «MATEMATUKA 6—8»
(cem. «Keanms Nod 3a 2007 2.)

1. 3anymepyeM MOHETBHI CJieBa HAIIPABO B/OJb TOPH3OHTATIBHOTO
oTpeska, Ha KotopoMm onu Jexar: 1, 2, ..., 99, 100. CxBunem Bce
YETHBIC MOHETbI BHI3, a [OTOM «U30THEM» J[BA MOJYYEHHBIX IO-
PU3OHTAJIBHBIX OTPE3Ka ¢ MOHeTaMU Tak, uToObl BepxHue (Heuer-

OO®-

00 - @@

Puc. 1

Hble) MOHETBI PACMOJIOKUINCh BAOJIb BEPXHEi YacTH OKPYsKHOC-
™, a Hwkaue (vetHpie) — Baosb HmkHeit (puc.1). B atom ciry-
yae MOObIE JIBE COCEJHHE MOHETbI OTJIMUYAIOTCS 110 BECY MeHee,
yem Ha 0,02 rpamma.

Puc 2 Puc. 3

9. B merntu, cxema KOTOPOi R,
npuBeseHa Ha pHUCyHKe 26, > :I—

PE3UCTOPHI UMEIOT COTTPOTHB-
aennsi R =100 Om u
R2 =200 Om. AMHI[I/ITyl[a UO cosmt
O/IBE/IEHHOTO  HATIPSIKEHUST

U, =20 B . Kakoe xoJive- _%
CTBO TEILJIOTHI BbIJIEJISIETCS B R,

nerm 3a BpemMsa T=1 Mun? pac. 26

Ilepuon konebanuit nanpsixenns ' << T. Juozabl cuntath uje-

AJIbHBIMU.

10. Touxwuii crepskenb AB pacro/ioskeH mog yriaom d = 45° x
IJIABHOM onTuueckoil ocu cobupatomeil aunsbl (puc.27). Iog
KaKHIM yTJIOM [3 K ocH pac-

MOJIOJKEHO JIEHCTBUTEbHOE

n306paskeHne CTepKHs, Ja- B

BaeMoe JH30#? DoxycHoe /{'

paccroanue JauHspl F = 4 r r
=20 cMm. Paccrosguue ot Hux-

HETO KOHIIA CTEPIKHS JI0 JINH-

31 d = 60 cm.

Puc. 27

Iy6auxavuio nodzomosuau A.Bezynuy, C.Boaowun,
B.Boponun, E.I'puzopves, /l./lenucos, A.3omees,
B.Kopones, T./Iyxawenxo, I'.Medsedes, B.Ilangepos,
B.Ilozoxes, A.Paseyarun, U.Cepeees, A.Cxasnxum,
B.Yuwaxos, E.Xaiinos, C.Yecnoxos, E.ITuxun, b.11ledpun

YKA33AHUNA, PEIIEHU A

2. a) Cm. puc.2. Hecnoxuo c
yOeauThCST B TOM, YTO €CJIN TIPH
repeceveHnn Tpex Kpyros o6pa-
3yioTcst 6 obJacteit, To Haiigercs
KPYT, COJep Kaliii poBHO 3 00-
gactn. Jliob6as cymma, Gosblias
15 u cocTaBJieHHAST U3 YHCEJ OT
1 o 6, Tpebyer HAINYUS B KaXK-
JIOM Kpyre He MeHee 4 o6JacTeii.
6) Cm. puc.3 (oaun u3 Kpyros A
MIOJTHOCTBIO COJIEPKUTCS B JIPY- Puc 4
roMm).
B) Cm. puc.4. B muoroyrossnnkax ACEFLGHK, ABDLFHK,
BCEGLK cymma ymcen paBHa 16.
3. 3ammureM [oKa3bIBaeMOe HEPABEHCTBO B BH/EC
1 1 1 1 201
J— + [

—+—+—+—+
r q p n m mnpqr

<2

CymMa /1po6eil B JIeBOIT yacTH MaKCHMaJbHA JIMIIh B TOM CJydYae,
KOorJa p, ¢, ¥, m, n IPUHAMAIOT MIUHIMAJbHO BO3MOXKHbBIC 3HAUE-
HUS, TO eCTh BbIGmpaioTcst u3 MuokectBa {1, 3, 5, 7, 9}. Torma B
1+1+1+1+E:232,
3 5 7 9 945

4. TpaauiuonHoe pelieHne OCHOBAHO HA CBOIWCTBE CpejHeil Jin-
HUW TpeyroJibHuKa. MbI MpHUBEJEM JIPYroe pelieHue, MCHOoJb3yTo-
mee naeo mromaan. Ilyers Tou-
Ka M e/t 1onosaM CTOpoHy
AB, a Touka N — cropony CD
yerbipexyrosbiuka ABCD u
nyctb MN e/t nomnosaM aua-
ronanb AC B Touke K (puc.5).
Tak Kak B 4eTHIPEXYTOJIbHUKE Puc. 5

1
JIeBOI 9acTU CTOUT BbIpaXK€Hune I+
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MCNA pnaronanb MN pennt AC nonojiaM, TO ILIONA/b Tpe-
yrosbuuka MCN pasHa momaau rpeyroabanka NAM. Ho nio-
maan TpeyroibHukoB MCN nu M DN paBHBbI, 3HAYUT, PaBHbI I1J10-
maau Tpeyronbankos NAM u MDN, T.e. MN | AD. Ananoruy-
no nposepsieM, uto MN || BC. 3nauur, AD | BC.

5. Moskno. Pemenne atoil 3aaun usJjuoxeHo B cratbe V. AxyJiu-
ya «IIpuspax Jleonapno».

KANENJOCKOM «KBAHTA»
BOﬂpOCbI nu 3agadyv

1. Béubimas TemmIonpoBoHOCTh MeTalIa crioco6eTByeT 6oJee Gbi-
CTPOMY BbIpaBHUBaHUIO TeMnepaTypr; yAeJibHasA TEIJIOEMKOCTb
MeTaJlJIa MeHbIIIe, YeM Y CTeKJa; METAJLT U3JIydaeT HapyKy MeHb-
e Teirjaa, 4eM CTEKJIO. Bce BMecTe 3TO MOBBIIIAET TOYHOCTD U3-
MEepEeHUi.

2. Her, He Bcerga. JHEPTUs MPH TEMIO0OMEHE TIEPEXOUT OT TEJ
¢ GoJiee BBICOKOI TeMIlepaTypoil K TesaM ¢ 6ojiee HU3KOIL Temire-
parypoii.

3. Teno yenoBeKka HEMPEPBIBHO BBIJCJSET TETJIO, KOTOPOE OT/IAeT-
cs1 OKpyJKaloleMy Bo3ayxy. IIpu temmepatype Bosayxa, OJH3KOI
K 37 °C, mpolecc TeryooT/[auu 3aMe/JISIeTCs], U B TeJie HaKaIlIu-
BaeTcst M30bITOYHAST BHYTPEHHSISI SHEPTHSI.

4. Ecim teMnepaTypa BO3/yXa BBIIIE TEMIIEPATYPbI HAIIETO TeJa,
BETep, CO3/1aBaeMblil BeepoM, Oy/IeT OIYIIaThCsl KaK ropsidee bl-
XaHue n 6y/1eT HE OTHHUMATDL TEILIo, a yBe]’II/I‘{I/IBaTb ero nepe;[aqy
TeJLy.

5. Huxkaxoro Biusnus Ha nokasanns tepmMomerpa B tenn (ecam
OH CyX) BeTep OKa3aTb He MOKeT. Ecim ke TepMOMeTp OCBeneH
COJIHEYHDBIMH JIYYaMHU, [IPU BETPE €ro MOKA3aHUs YMEHbIIATCS.

6. Haso 3aBepuyTtbh 06a TepmMomeTpa BMecTe, 4TOObI N36€KaTh I0-
Tepb Tellla HapyXy. BoJiee HArpeTsiM OBLI TOT M3 TEPMOMETPOB,
YbU TIOKa3aHUuA 6yZIyT YMEHbIIATDHCA.

7. Tot, 4ro JEKUT B JIyXKe.

8. Her, nesb3sst. Kak TosbKO TeMIlepaTypbl BOJbI U T1apa CPaBH:-
I0TCS, TIepefiaya TeTJia OT Tapa K BOJE TPEKPATUTCS.

9. Bojga B cocy/ie oKkasasach MeperpeToi, T.e. HATPETON BbIIIE
TeMIIePATyPbl KHIIEHHsI, TAK KaK IIPH ee MPeBAPUTESbHOM KHILs-
YyeHuun mu3 Hee 6])1.]1 U3THaH BO3AYyX.

10. /la, MOXXHO, MTOCKOJIbKY TeMIIeparypa KHIISAIIel BOAbI 3HAUN-
TEJbHO HMIKE TEMIIEPATYPbI BOCIIJIAMEHEHNA 6yMaFI/I.

11. /IHO ¥ HMIKHUE YACTU CTEHOK YailHMKA, CONPUKACABIIMECS C
[JIAMEHeM TOPEeJIKH, UMeIoT (GoJiee BBICOKYIO TEMIIEpPATypy, YeM
Kunsmas B HeM Boga. [loaTomy mepespava Temsia Boje MPOIOJIKA-
eTCsI elle KaKoe-TO BPEMsT 1 TIOCJIe CHSTHUS YaifHUKa ¢ TUTHTHI.

12. Boza 3akunuT npakTtHuecku ojHoBpeMenHO. Tounee, ecin
y4ecCTb, 4TO BO BpeMdA Ilepe/IMBaHUA KUIIATOK YCIleeT HECKOJIbKO
OXJIQIUTBCS, TO /IS JIOBCJICHUS €T0 CHOBA JI0 TeMIepaTypbl KuIe-
HUST TOTPEGYETCsT IOMOTHUTEbHAST 9HEPTHsI, TI09TOMY B TI€PBOM
KacTpioJie BO/A 3aKUIHUT HECKOJIBKO IIO3XKeE.

13. Bouble Harpeercst aJIOMHHHEBBII OPYCOK, TaK KaK TeIJIOeM-
KOCTb TeJsia TeM 60JIbllie, YeM GOJIbIe TIPOU3BE/ICHUE MJIOTHOCTH
BEIIECTBA Ha €T0 yAEIbHYIO TEII0eMKOCTh (06paTuTech K COoOT-
BETCTBYIOIMM TabuIuIaMm).

14. [la, Bo3moskno. [lpuBens B koutakt Kyoukn A u B, no6bemMcst
BblpaBHUBaHus ux temueparyp. Ioayunm: A — 100 °C, B —

100 °C, C — 0 °C . IlocTynmB 3aTeM TOYHO TaK Ke ¢ KyOUKaMu
Aun C, umeem: A — 50 °C, B— 100 °C, C — 50 °C. Hakouner,
MPOU3BO/IST TeII00OMeH Mekay KyOukamu B u C, OKOHYATETHHO
nmoayynm: A — 50 °C, B— 75°C, C— 75 °C.

15. OO6bruno Boga, 00pa3yoMascs TP TAsTHUH JIbJ[A, CPA3y CTe-
kaer. Korga sxe JieJi 3aBepHYT B MOKPYIO I'a3eTy, TEILIO H3BHE
JIOJDKHO TIPOTH uepes3 CJION 3a/lepyKaHHOl Ta3eToil BO/bl, 1109TO-
MY €TO IOCTYTJIEHHE KO JIbY 3aME/JISETCS.

16. IIpu o6paszoBaHuN JIb/la BBICBOOOKIAETCS JOBOJHHO MHOTO
Teria, 6Jaroaps 4eMy 3a/lepsKUBaeTcs JasbHelllee OXJIasKcHUe
BO3/yXa B 10orpebe, a 3TO MPeJOoXPAHSIET OBOIIN OT 3aMEP3aHIs.

2008/ Nl

17. BpigenuBieecs pu KPUCTAJLIN3ANN BO/IbI TEILJIO UET Ha
HarpeBaHue JibJa.
18. [lns cocraBiieHusl ypaBHEHHUS TEIJIOBOrO OajiaHca BaM TOHA-
J06STCS BCETO JIMITD TaGJIMYHbIC 3HAUYCHUS Y/ICTbHOU TEIJIOThI
KPUCTAJLIM3AIMN BOJBL U ee Y/eJbHOH TeIlIoeMKocTh. X oTHO-
LIeHue JIacT UCKOMYIO TeMmiiepaTtypy: npuMepuo —79 °C.
19. Pacyer 10 ypaBHEHHIO TEMJIOBOTO 6ajiaHCca MPUBOAUT K TEM-
neparype, passoit 100 °C.

MukpoonsiT
OpHa ¥ Ta ke BOJIa MPECTaBJ/IsACTCS TPaBoil pyKe Topsyeil, a Jie-
BOI pyke — XouofHOi! OHAKO Yepe3 HEKOTOpoe BpeMs PyKH
[IPUBBIKAIOT K TeMIlEpaType BOAbI B Cpe/lHell eMKOCTH, T.e. IIpu-
XO/ISIT B TEILIOBOE PABHOBECHE CO CPEIOil, W OIIYIIEHUsT BbIPABHU-
BalOTCS.

OPUTAMW NTMOCTPOEHUA

1. 9Tn mocTpoeHus jocTaToyHO oueBMAHbI. Hampumep, mocrpoe-
HIe W3 MPABIJIA 5 IUPKYJIEM U JHHEHKOI MOKHO OCYIIECTBUTH
Tak: U3 TOUYKN A OmycTuTh
neprenukyaap AA” na
upsimyto p (puc.6), nposec-
TH OKPY’KHOCTb PaJNyCOM
AA’ W 3aTeM NPOBECTH Ka-
caresibiyio p’ K 9TOil OK-
PY>KHOCTH M3 TOUKH B.

2. U3 toukn A omycture
HEPIEeH/IUKY AP ¢ Ha 1ps-
myio [ (cknaaka 4), a sarem
(cHoBa ckaazska 4) Boc-
CTaBbTe NEPIEHANKYJISAP B Touke A K q.

3. Bosbmute IpousBOJIbHBIH 0TPe30K AB, BOCCTaBbTe HEpPICH/N-
kyqsp B Touke A (ckianka 4), sarem nocrpoiite Touky C (ckaa-
Ka 3) Ha 9TOM nepreHauKyspe. /lanbHeiilee oueBHUIHO.

4. a) Cxumazmka 1. 6) Bospmure BHe npsiMoit AB Touxky P n npo-
BeJUTE Yepe3 Hee NMPAMYIO, IapalieJbHylo AB, a 3aTeM Ha Heil
oTMeTbTe 0Tpe30K PQ u pasjiesute ero Ha 4 paBHble 4acTH
(cxamamka 1, mpUMeHEHHAsT TPIIK/IBI).

IIposennte mpsmeie AX; n BP P
(puc.7). Ilpambie RX, u RX; ne.
oTpe3ok AB na 3 paBHble HacCTU.

5. Mbl npuBe/ieM JIMIb HOCTPOEHHS
oCTaBJIsAsE 000CHOBAHUE YUTATEJIIO.
IIycte O — 1eHTp OKPY>KHOCTH

!

Puc. 6

R

A Y, Y, B
Puc. 7 Puc. 8

(puc.8), F — touka ma Heii, P — Touka BHe oKpyskHocTH. IlocT-
pouM TOYKy P’ , MHBEPCHYIO TOUKe P OTHOCHTEJIBHO OKPY>KHOC-
. [IpoBogum (mesass cooTBeTCTBYIONYO CKIaAKY) npsvbie PO,
PF, PK u Bo Bcex cJydyasiX HaXOJUM TOYKHU IepeceyeHus ux ¢
OKpY>KHOCTbIO. 3areM rpoBoauM npsimpie FG u EH, HK u GL.
IIycts M u N — toukn ux nepecedenus. [Ipsamaa MN nepecexa-
er PO B Touke P’ . Ilomymalite, Kak 3TO JJOKa3aTb.

Ilocrpoiite Takue Toukn P’ g ToOuku P, jeskaieil BHyTPH OK-
py»xHOCTH. Kak BHMM, JMCTOK OKa’KeTCs TIOCJ]e TAKOTO TIOCTpPOe-
HUS U3PSTHO TOMSTBIM.
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OTA «[MPOCTEHbKAfA» KWHEMATUKA
ity

1. v, = o, tgP. 2. 1= =58¢c.
t+1,
ANE +k -4 ANE +Ek -2
3. UKZMZS w/c, 0,1:0?172):10 Mfc.
2t 2t )
Oy SIN O
4. vy = \/UI.ZLIH +4.vumvc coso + 402 | tgP = o cosa 120,
>. d = arcsin&1I1l3 =~ 14,5°.
0,

MOCKOBCKWU rOCY4APCTBEHHbIA YHUBEPCUTET
M. M.B.JIOMOHOCOBA
MATEMATVKA
BapunaHt 1

1. -0,5. 2.0; Y10° . 3. 30.

4. [—7; — ;) U l:%, 2) . Vkasanue. IKBUBaJEHTHOE HEPABEHCTBO
NB—x —x+7
——————— < (0 paBHOCHJIBHO CcHCTeME
Nx+7 =22 -1
(8—x)—(x+72) <0
x+7-(2x-1)
8§—x20,
x+720.

)

(Boipaskenne Vu —o mpu u 20, v=0 mmeer TOT JKe 3HaK,
UTO U BBIPAKEHUE U — V).
3. 10. Yxasanue. Tpeyronvuuku ABC u CBD 1opo6ubI ¢ K0a(-
durnmentom moxobus 3,/ 2.
6. 540, 108. N3 pasencrs

HOK (a,b) = 60 = 2° 3.5, HOK(a,c)=270=2-3"-5
caesyer, uto uncao b kpatno 22 u umcio ¢ kpaTHO 3% (rax Kax
a He xpato i 22, mu 3°), a mckomoe wncao HOK (b,¢) me-
murest Ha 2%+ 3% 1, B TO ke BpeMsi, caMo SIBJISIETCS JleJIHTeNeM
ancia HOK (60,270) = 22 3% 5. MostoMy oHO paBHO J1GO
2%.3%.5 =540, mu6o 22.3% =108 . [lepBoe u3 aTnX 3HAYEHUIT
peaymsyercst ipu @ = 1, b = 22.3.5, ¢=2-3%.5, a Bropoe —
npua=235, b= 22.3, ¢=2-3°, npraeM o6a Habopa yaA0BJIETBO-
PAIOT BCEM YCJIOBUSIM 3a/lauH.

7 T
7. arctg§ - Z . MHOecTBO, 3a/laHHOE HEPABEHCTBOM

14x? +xy+y° +14x + 2y +4 <0,

He TepecekaeTcsl ¢ BepTHKaIbHOI mpsiMoil x = 0 (unadye mpu He-
KOTOPOM ¥ BBINOJIHAIOCH OBl HEPABEHCTBO Y2 +4<0).
Haiinem Bce 3nadeHus R, 1IpH Kak[OM U3 KOTOPBIX MHOXKECTBO
[IepPeCeKAeTCsl ¢ HEBEPTHKAJIbHOI TPSIMOIT i = kX! HEPABEHCTBO

0> 1422 + ka? + K22 +14x + 2kx + 4 =
= (k2+k+14)x2+2(k+7)x+4

HMeeT perieHne Tor/la M TOJbKO TOT/A, KOr/a
7
(k+7) —4(k2 +k+14)> 0, t.e. mpu 1<k <3

JlanHoe MHOXKECTBO He MMeeT TOYeK B IepBOil 4eTBepTH, nHade
npn x,y =0 mosydnsoch 6bl IIPOTUBOPEYNE:

0> 14> +xy+y° +14x + 2y + 42 4 .

3HAUNUT, 3TO MHOXKECTBO IEJHMKOM PACIIOJIONKEHO B TPeTbeil yeT-
BepTH U IepeceKaeTcss B TOYHOCTH TeMH JIy4aMHU, BBIXOSIINMHI 13
Havyasa KOOPAWHAT, KOTOPbIE COOTBETCTBYIOT yIJaM

T 7
e|T+—; T+ arctg— | .
¢ [ 4 &3)

8. 275m(tg20° +tg10°) . Myctp
TpaHu O ¥ [3 ABYIpaHHOTO
yIJIa IIepeceKaloT oCh IUINHIPA
B TOuKaxX A n B, a ILJIOCKOCTb
Y, mpoxojgsiias uepe3 pe6po
yrJa HepHeHANKYJISPHO OCH,
nepecekaer ee B Touke C
(puc.9; Bug c60ky).

Torga ecom mockoctn A’ u

B’ mpoxoxar uepes Touku A u
B napasrensio Y, 10 06beM
MUJIUHPA MEXKY MJIOCKOCTSIMU
o’ u Y paseH ero o6bemy
MEX/IY IJIOCKOCTSMH O U Y@
JIEICTBUTENBHO, U30BITOUHAS
YacTb MOCJIEHEro obbeMa HaJl Puc 9

MePBbIM, HAXOJSIIASCS C OJTHOI

CTOPOHBI OT TJIOCKOCTH O , cuMMeTpuuHa (OTHOCHTENTBHO TOYKH
A, B Iy LIEHTPAJIbHOH CUMMETPHH CaMUX ILJIOCKOCTell o, o' u
MOBEPXHOCTH IMJIMHAPA) €ro HeJOCTAIONIeil YacTu, HaXOAsIencs
C JIPYTOil CTOPOHBI OT Hee.

AHaJIOTH4HO, 060BbeM IUJIMHAPA MEXIY IJIoCKocTaME 7 m Y pa-
BeH ero 00beMy MeX/y IIOCKOCTSIME 3 1 Y .

IToaromy yacTb HMUAMH/PA, JEKAN[As MEXKIY IIOCKOCTIMEI O U
B, mMeer TOT ke O6DBEM, UTO U TIPSMON IUJIMH/IDP C OCHOBAHUSIMIM,
PacCIoJIOKEHHbIMU B IIJIOCKOCTAX O U (', mpuueM BbICOTA MOC-
JIe[HeTO paBHA

h=AB = AC + BC = (11ctg70° +11ctg 80°) = 11(tg20° + tg10°)
(Flle 3HaK ITIOC WJIM MUHYC 3aBUCHUT OT TOI'O, KaK PacCIIOJIOJKEHDI

rpaHn O u (3 — [0 pPa3Hble CTOPOHBI OT IJIOCKOCTH Y HJIHU 110

o/uy), a sHauut, ero obbeM pasen 5°T0: = 275T(tg 20° + tg10°) .
T m2T

9. 0<x< E, X = g, E, . Ykasanue. V13 ycioBus caenyer He-

pasencTBo tg3x =0 . Kpome Toro, mpu Bcex JOMYCTUMbIX X

tg3x =tgaxtg2xtg3x +tgx +tg2x |
Taknum 06pazoM, JlaHHOE ypaBHEHHE PABHOCUIBHO CHCTEME
|tg x tg2x tg x| +|tg x + tg 24| =
=tgrtg2xtg3x +(tgxr+tg2x), &
tg3x 20
tgxtg2xtg3x 20,
S tgr+tg2x 20,
tg3x 2 0.
Ocranocp naiitu ee pemrenne na npomexxyrke (0;7] .
PaceMoTpuM siBa corydast:

) {tg3x=0, x="un=1,..,6

1
= 6 & X =,
tgx+tg2x 20 tgx +tg2x > 0 3

N

3

tg3x > 0, tg3x > 0,
2) qtgxtg2x >0, < <tgx =20, @0<x<g_
tgx+tg2x 20 tg2x 20

2 8
10. a) 3§ ; 6) Sﬁ' a) IlycTh MCXOMHOE YHMCI0 OIIEHOK PABHO

n ¥ cpeanee nX 3Havenue pasho 3,5. Torma n > 1 (unave eaun-
CTBeHHas MCXO/IHAs OlleHKa OKa3aJgach Obl PaBHON «3,5») W moc-
Jle 3aMeHbl OJTHON OLEHKU <«4» TMapoil OIEHOK «3» U «3» HOBOE
cpejiHee 3HAYeHUE BCEX OIIEHOK PABHO

3,on+4 0,5
=2 =35 !
fly =3 g5

> 3,5,
1

npiaem f(n) < f(2) = 3% . Ilocnegnee 3HaueHue J0CTUTAETCS
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1pu 7 = 2, KOTJla UCXO/IHbIE OIIEHKH — 9TO «3» U «4»: TOrja cra-

3+4
poe cpe/iHee 3HaueHue OIEHOK paBHO = 3,5 , 4 HOBO€ paBHO
3+3+5 -3 g .
3 3

6) TlycTb cpesim UCXOMHBIX OLEHOK J0JIS OIEHOK, OTJMYHBIX OT
«4», paBHa X, a cpeJHee MX 3HaueHue paBHo ¢ = 1. Torma obmiee
cpesiHee 3HaUeHNE BCEX OIEHOK PaBHO

ax+4(1-x)=35=>x = 0.5 >0,
d—a

a TocJie 3aMeHbl KasK/[Ol OIIEHKU «4» TIapoil OIIEHOK «3» U «5»
HOBOE Cpe/iHee 3HaueHKMe BCEX OIEHOK PaBHO

0,5
3,5-1+4(1—x)_7,5—4x_7’5_4'4—61_
te(t-x) — 2-x  , 05
4—a
28-7,5a 17,5 1 8
_ y D9 — < 1)=3—
75-2a 2 8520 JW=9=37

—-x
> 0 ). Iocaeanee 3HaueHue JOCTUTAET-

2
(rak xax 7,5—-2a =
4—a
cs pu @ = 1, Korjja UCXO/IHbIe OLIEHKU — 3TO «4», «4», «4»,

<<4>>y «4» m «1»: Torma CTapoe cpe/iHee 3HaueHne OIlEHOK paB-

HO 1+5:4 = 3,5, a HOBOE PaBHO w :3i .
6 1" 1
BapuaHt 2
1. 15.
1
2. y= —;X + 7 Yxaszanue. Ecin (x, y) — mobas U3 TOUEK Ie-

peceuennda JaHHbIX Fpa(l)I/IKOB, T.€. penieHne CUCTEMbI

y=20>=20x-1, y=-5x2+2x+3, 10 5y + 2y = —6x + 1.
n 1 3

3. 3 —Earctgg +m, nelZ. Ykasanue. Eciu

3sinx +cosx =0, To sinx =0 u cosx =0 . AHaJOrNYHO, U3
paBencTBa cosx — 3sinx =0 ciegoBano 661 sinx =0 u
cosx =0, uro HeBO3MOXKHO. V3 CKa3aHHOTO CJIE/YET, YTO ypaB-
HEHUEe PABHOCUJIBHO CHCTEMe
3cosx (3sinx + cosx) = £sinx (cosx — 3sin x),
sinxcosx > 0,
peliasi KOTOpyio MoJiydaeM OTBET.
4. 23° 4sin67°; ogunaxossl. 3 nepasencts AK < BK < CK
caenyer, yTo orpe3ok KC mepecekaer OKPYKHOCTb B Touke A’
a IPOJIOJKEHNE OTpe3Ka
, kKA~ Brouke C’
(puc.10), npuyem B cury
TEOPEMBI O KacaTeJbHOI 1
CeKyIIelt, a TakXXe B CHIY
CBOIICTBA reOMeTPUYECKOi
MIPOTPECCHU UMeeM

KA’-KC = KB* =
= KA-KC = KA’ = KA .

TToatomy TpeyroJbHUKI
KAO u KA’O pasusr (1o
TpeM cTopoHam), a Kosib ckopo LAKC = 46° # 0°, touku A’, C’
cumMeTpuynbl Toukam A, C otHOCHTebHO TIpsiMoit KO 1

ZAKO = %AAKC =23°.

Puc. 10

[anee, CC’ L KO , noatomy ZAC’C = L ZAKO = 67° u 1o
TeOpeMe CHHYCOB TOJIydaeM 2

AC =2-2sin ZAC’C = 4sin67° .
Haxkoner, 110 ¢BONCTBY BIMCAHHOTO Yrjia MMeeM

ZAOC =2/ZAC'C = - 2/£AKO = n— LAKC ,
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caenoBatenabHo, Touku K, A, O, C nexxar Ha OJHOH OKPY’KHOCTH,
a 3HaunT, Brucanubie B Hee yriabl ACK u AOK paBHbI.

3. 3. Vkasanue. TlepeMHOXUB TOAKOPEHHDIE BBIPAYKEHMUSI, MOJY-
aum wepasenctso —(x —1)° (y —7)* (y - x)2 > (. IToatomy oana
n3 cko6ok paBHa Hymo. Ocranoch paccMOTpeTh caydan x = 1,

=7 =y.
Y nx=y 3

6. 2arccos (\/E - 1)5. UYepes Touky K, nexantyio Ha ob6meil o6pa-
3ylolieil KOHYCOB U y/JalleHHyI0 OT UX BepmuHbl O Ha paccTosTHue
1 (puc.11), nposenem
MEPIEH/NKYJISIP K 9TOi
o6pasyrolneii, KOTopblii A
nepecekaeT ocH KOHY-
coB B Toukax A n B.
Tlycte A” u B’ — upo-
€KI[N TOCJEeJHUX TOUeK
Ha OJIHy U3 TpaHeil IBy-
rpannoro yrua, semmun- A’
HY KOTOPOTro 0603HAYUM

2¢ . Torpa mus nap Puc 17

PaBHBIX HPSIMOYTOJIb-

ubix TpeyroapinkoB AOK, AOA” u BOK, BOB’ umeeMm

OA’=OB =OK =1,

x=AA"= AK = OK tg30° =

o

&=

y=BB =BK = OKtg45° =1,

a U3 IPSIMOYroJbHOro Tpeyrojbiuka ABC umeeM

22=A’B’=AC=wl(x+y)2—(y—x)2 =2Jxy,

OTKY/Ia TOJIydYaeM
1 1 ;
Sous =§~(x+y)~1, Soun = 5~22'\/1—22 = Jxy(1-xy) .

Vron mesxay maockoctsimu OAB u OA’B’ pasen ¢, nosromy

Soas _ Nxy(1-xy) _ (\5_1)3 '

cos =
Soas xr+y
BapuaHt 3
1. —E+Hn, nelZ.
2 3
2. (g, Z} . Yxasanue. Ilockonbky dx=7 o X7 3 , y1106HO
59 Sx—2 Sx =2
x+3
BDBIIIOJIHUTD 3aMeHy ¢ = .
Sx -2

3. B nepBom cocyne 66110 20 1 crimpra, Bo BTopoM — 10 J1.
26 +1742

4. 1 . Yrazanue. Tlo Teopeme Menesas A5 mpsMoit
BN u tpeyrosbunka ACM nosydaeMm AR MB CN =1,
KM BC NA

otkysa KM = 2.

2
Se Ymin = %’ Ymax = V6 =2 . Vxasanue. BBuny nepuosiy-

noctd GyHKIMK y = y(x) ¢ meprogoM 27T JOCTATOYHO PAacCMOT-

Tt
petb ee Ha mpoMexyTke 0 < x < o Hockombky y(x) 20, dyn-

Kuust () AOCTHTaeT MUHMMAJTIBHOTO M MAKCHMAJIBHOTO 3Haue-
HUT IIpu TE€X JKe X, IMPpU KOTOPbIX TPUHUMAECT MUHUMAJIbHOE N
MaKCHMa/IbHOe 3HAYeHnsi COOTBeTcTBenHo Gynkums y” (x), T.e.

2 . . STT . . STU
i (x)=51nx+51n x+€ +2 Sin x Sin x+€ =

=2$11](x+577'[)c0557n+ 2 [sin? x+5—n —sinzﬂ[.
12 12 12 12

Tt
Hanee, g mo6oro x e [0; E} BBIIIOJIHSAETCS PABEHCTBO
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; 5T
yl (x) = yz (g — x) , cjaegoBaTeJbHO, AJIAd HaXOXACHUA HalMEHb-

1Iero u HanGOJIbIIET0 3HAYCHUI (QYHKITHN y2 (x) mocrarouno
m
pacemotpets Jmiib X € | 0; — | . Ha atom orpeske 3navenus

sin [.X +Ej MOHOTOHHO BO3pPacTaloT. CJIeJIOBaTeJIbHO, MOHOTOH-

Ho Bospactaer i y° (x).

6. 30°. PaccmorpuMm /Be meprieHAnKYyIsipHble mpsimoii KL mroc-
kocti: 7, comepxkantyio touky O, n P, | mpoxozsinyio uepe3
O, (puc.12). Iockoan-
ky K n L — Toukn Kaca-
Hust, KeP u Le .
3amernm, uto P u P
mapasuensusl. [Iycte Of
— mpoekius Tourn Oy

na %, a O — npoek-
Puc 12 st Toukn O, Ha mioc-
koctb P . Torpa
00 | KL, 0,05 || KL , 0,0, = 0,05 = KL . Otpesox 0,04
nexut B mwiaockocru Py, 3naunr, O,0; L KL | mosromy
0,05 L O30, , taxk uto 0;050,0{ — NPAMOYTOJbHUK C JAMATOHA-
apio O,0, . Torma us tpeyronbanka 0,050, ciaexyer 0,05 =1.
Tak kak O;K L KL, OJK L KL, to o = ZO,KO; — nnockuit
YroJI AByTpaHHoro yria ¢ peébpom KL, ofHa U3 rpaHeii KOToporo
cogepskut touky Oy, a gpyrag — O, . Tenepb n3 TpeyroJbHu-
ka OKOj, rie OK =+/3, O3K = O,L =2, 110 TeopeMe KoCH-

3 o
HYCOB IIOJIyyaeM cOos0O = 5 otkyzma o =30°.

BapunaHr 4
191 131m 3 1
BV iyl | -—1].
! 200 200 2 ( 2 jU[ 2 }
3. 95 4 (5520); (<5 21).

Vi3
5. 3 : 7. lyerb | — pumnaa 60K0BOrO pebpa Mpu3Mbl, kR — Paccrosi-
uue Mesxy npsmbivu BB, u CC;, h — paccrosinve Mesy mpsi-
Moit AA; u maockocteio CC{BB; (puc.13). Torga mromaap ma-
pamrenorpamma CC BB, paBHa
S = kI, a o6beM 11pU3MBI

ABCAB,C; paBen V = %Sh .

Ecmm 2:O(,To CD=al,
1
DC, = (1—-a)l, miomaap tpa-

neriun CDBB,; paBHa
1 1
E(O(l +)k= %S . TToatomy

o6bem npamuzipl ABCDB,

loa+1 o+1
paert =y~ Sh=mg V-

puc 13 Takum o6pasom, 3ajiaHHOE OT-
Horternne 06beMOB PABHO

o+1

3 a+1 13 CD a 3

a T, " 2-a 17 Y T Gp T ima 7
U 1

V3 . .
6. iT . Vrasanue. JlanHbIil MHOTOYJIEH 4-11 CTEIIEHU MOXKET

. 2
6bITb KBQ/IPaTOM TOJIBKO MHOTOUJIEHA 2-if CTENeHW BHAA X~ +d .
TakuM 06pa3oM, COIIACHO YCJIOBHIO,

af 42302 4 21710B _ cosy +sin? B+ cos? y= at + 2ax? + a?,

YTO PaBHOCHJIbBHO CHUCTEME

25sma — 2a,

J2I75B _ cosy = 0,

sin?B+cos’y = a.
Us pasencrsa 2P = cosy caeayer 2P <1 re. sinB>1.
Takum o6pasom, sinf3 =1, snaunt, cosy =1. I[loatomy us cucre-

2 . 1
MbI BbITeKaerT a> =2, a > 0, Tak uto a =2 u sino = 5

Jlamee, Tak Kak B:g+ 2k, y=2m, kne Z , noaydaeM

sin (a +B+y):sin(a+g)=cosa:i§_
BapuaHt 5

1. T—T+Tm, neZ .
2

4. 1632 5. (-20)U(2+e). 6. aR.

7. Ecmm -3 < g < -2, TO OJIHO pelenue,
ecan -2 < g < —1, TO /IBa pelieHus,
ecim —1 < g < (0, TO TPU pelIeHus.

2. log;5. 3.3

Vxasanue. Otmernm, 4yTo x = = — KOpeHb JJAHHOTO ypaBHEHUS

a

upu Beex a € (=3; 0) . KopHu kBasipaTHOTO TpexujieHa X; = 2a ,
a 2

Xy = % AOJKHBL YJOBJIETBOPATD yCJIOBUIO x 2= . YyurbiBaga

2
ente BO3MOKHbIe coBnajgenus (1 = —; X, = 2a ), noxyyaeM OT-
a

BeT.
8. 3243 . Yxasanue. Eciu cepa kacaercst cropon ALMN
(puc.14), To ee nentp HaxoauTCs Ha nepnenankyspe OH K
mrockoctn LMN, mpoxo-
nameM depes 1entp H
OKPY’KHOCTH, BIIMCAHHON
B ALMN (reomerpuuec-
KOM MecTe TOUeK, PaBHO-
VAaJeHHBIX OT CTOPOH
TPEYTOIbHIKA) .

Ha aroii xxe npamoit OH
0 JIPYTYIO CTOPOHY OT
miockoctn LMN Haxo-
JUTCS Takas Todka S, 4To
mwiockoctu SLM, SMN n
SNL xacatorcs cdepbl.
JleificTBUTEBHO, €CTh
mnockoctb SMN Kacaetcs
ctepot, To OD L MN u
OD 1 SD . Ecim 3agaupl ALMN u pamyc cdepbl, TO B TIpsi-
mMoyrosibHoM ASOD wusBectibl OD u DH, 3Ha4YUT, W3BECTHA T'H-
norenysa SO. Taxas e runorenysa SO Oyzer u B IByX JPYTruX
QHAJIOTMYHBIX TPEYTOJbHUKAX, CBSA3AHHBIX C ILTIOCKOCTAMU SLM
n SNL.

Taxum o6pasom, mupamuga SLMN siBisieTcs: TPaBUIIBHOM.

Puc. 14

BapuaHT 6
23
1. -4 L 16 2. (—w;—G)U[—Zﬁ; —4)U{—2}.
91 44
3. 1ud4. 4. 3 ; 3. 3. | ——;—.
" B ( 17 17)

6. arctg>+2mm, ne Z . Yrazanue. YpaBHeHUe PABHOCHIbHO
cucreMe

—2sin? x + 5sin 2x = 0,

0<cosx <1.

7. 251. Yxasanue. llyctb n — yncao KHUT B (onzie GUOIMOTEKN
Ha Havyasno 2005 roxa. Torga k xoniy 2005 rojga 4mcjo KHAT PaB-
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Hsaaoch 1,004n = ﬁn , a k koHiry 2006 roza cocraBJisiio
1,008523%71 = 6356251 n, npuueM 00a MOJIYYeHHBIX BbIPAKEHMUS

— nesouncyaennble. [lostomy umncsao n gennrcs Ha 522 una 5° ,
a 3HAYNT, U Ha 5%.2=31250. Tlo yeaosuio n < 50000, Tak 4yro

n = 31250.
2+2\/§}
3

8. (-1;,0] U{

2ax2+(a+4)x+(a+1)=04:>4x+1:0<:>x=—Z

. Ecom a =0, 10

)

noatoMy a = 0 y/0BJIeTBOpPSIET TPeGOBAHUIO 3a/adM.
Ecmn a # 0, To nac uHTepecyIoT TOJBKO TPH CIydas:
1) ypaBsHeHHe UMEET POBHO OAMH KOPEHbB, T.€.

+ 2413

D=04:>(a+4)2—4a(a+1)=0<:>a=2—T’

Ipu4veM 3TOT KOPEHb OTpUIlATEJIEH, T.€.

a+4 2+ 213
<0oa=—F"7—;
2a 3

2) ypaBHeHHe UMeeT JiBa KOPHs Pa3HbIX 3HAKOB, T.e. CBOOOIHBIH
YJIEH NIPUBEAEHHOTO KBAJAPAaTHOTO YpaBHEHUA OTPUIIATE/IEH (OTKY‘
na caepyer Hepasencrso D > 0), T.e.

a—” <0e -1<a<0;
2a
3) osMH KOpeHb paBeH Hy.JTo, T.€.
a+1l=0sa=-1,

a BTOPOIT, pPaBHbI PN 9TOM 3, OTPHUIIATE]IEH, YTO HEBO3MOXKHO.
Cob6upas Bce HaiiJileHHbIe 3HaYeHUs @, MOTydaeM OTBeT.

BapuaHt 7
1.-16;18. 2. (= —V7)U(7:9]. 3. B 2 pasa.
T 114 11 ™
4be —+—, —+—, nkeZ.
56 728 1276 MRS

3. {%} U (8 + ) . Yrasanue. Tocne samensr ¢ = log, 16 Hepa-

BEHCTBO MPUBOJUTCS K BUIY P+82+161>0.
6. (1,3),(3,1). Yrasanue. 3amenoit u = x + y, v = xy cucreMa
HPUBOJUTCS K BUALY

u+ov=17,

W —v=13.

7. 2; 4. Yxaszanue. I3 paBeHcTBa

x 1 _
6-266) - (5+246)

CJIielyeT, 4To eCJiM Iapa (x; y) YAOBJIETBOPAET CUCTEME, TO IIapa

(5+26 )’x

(—]C; y) — TOJKe penieHue CuCTeMbl.
HOSTOMy €CJIN penieHne eINHCTBEHHO, TO X = Oun

y—lyl+5a-10 =0,
(a-4)y =0,
OTKy/la TIOJyqaeM JiBa BO3MOYKHBIX 3Hauenns ¢ = 2 u a = 4. Ipo-

BEpKa ITOKa3bIBA€T, 4YTO 06a 3HAUEHUS YAOBJIETBOPAIOT yCJIOBUIO.
8. 12.

BapuaHt 8
1. [9,12). 2. (—1)’“r1 arcsin% +mm,neZ.
3. [-2)U[26]. 4. 4;6.

5. (2—J§;3—ﬁ}u[3+ﬁ; +°°).
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6. 24. Yrazanue. CyMMa IIepBBIX IATHAALATH YIECHOB apudmern-
yeckoil nporpeccun {a,} — aro uucao S5 =154y, xparnoe 60.

7. max (xz + yz) =8, jgocTuraercs npu z = 3.
VI3 famnHOil CHCTEMBI CJIELYeT, UTO YUCJIA X U —Y SIBJISTIOTCSI KOP-
HAMU ypaBHEHUS

= (z-1)t+( -7z +14)=0.
10 YpaBHEHUE MMEET pEIIeHNA TOr/la U TOJIbKO TOr/la, KOorJa

1
JIUCKPUMUHAHT TpexuJieHa HeoTpHIlaTeseH, T.e. 3 <z<5.

Mckomas cymma

E
x2+y2=(x—y)2+2xy: '
i,
= (217 -2( =72 +14) =
H
= —(2-6)+9, Y
[}

[IPU 9THX 3HAYEHUSIX Z BO3-
pacraer, Tak 4TO

max(x2 +y2): f(5)=8.
8.1:2 Ilycrb Ku L
(puc.15) — ueHtpsl rpaneii
ABC\Dy uw BC,CB pan-
HOTO Ky6a ¢ pe6pOM JIJIITHBI
a, G — cepenuna pebpa
CC, . Touka K npunaje-
SKUT TIOCKOCTH, TIPOXO/ISI-
meil yepes BepiinHy A u
mpsimyto CC; . OGo3Haunm
dyepe3 E TOUKY Tepeceyenust

1
mpsimbix AK u CC; . Tak xak C,K = ECA ,t0 GE=CC=a.

Touxku E u L npunaanexar rpaun B,C,CB , c/le1oBare/bHO, IIps-
mast EL nepecekaer pe6pa B/C; nu BC B Toukax, KOTOpbie 060-
sraunm depe3 P, u N. U3 tpeyroasnukoB ELG u ECN maxoanm
PC, EC 2 1 2
———=—+—+-=—, CN =2C,P,, tak uto C,\P, = —a , =Za.
LG  EG 3 i =g CN=3a
Ilyctp M, — touxa nepecedenus npamoit PK c pebpom A Dy,

1
torga AM, = ga. Wrak, ceyenne xy6a, 0 KOTOPOM IOBOPUTCS B

ycJIoBHN 3ajaun, — detblpexyroabHuk ANP, M . Tlockosbky,
oueBugaHo, PN = M{A u PN || M{A, to ANPM; — nmapamie-
JIOTPaMM.

Oo6o3naunm yepesa M u N; mpoekiuto Toukun M; Ha pe6po AD
u npoeknnio N Ha B,C; coorBerctBerno. O6beM V' MHOTOrpaH-
nnka ABBAIM{PN pasen o6beMy TIPSIMOYTOJBHOTO TMapaJiiese-
nunega ABBIAIMNN{M; , IOCKOJIbKY TIOJy4aeTcsi U3 MOCJTe/He-
ro oObeMa BbruntanueM oGbema tmpamubl M{AMN u gobasie-
HHEM PaBHOTO BblYTeHHOMY oObema mupamuapl NM(N P, . 3Ha-

13
unr, V = ga . Takum o6pasom, oTHOIIEHNE 06BEMOB, Ha KOTO-

pbie jiequtes Aanubiii Ky6, pasao 1: 2.

BapuaHt 9
1. —25. 2. (=oo; =8)U(-5; —2)U[0; +00).
3.6,7, .., 14, 4 (1 1), (-33).
5. -2 om e arcsin%—g+ Tk, n ke Z . Yrazanue. 3a-

Tt
MeHOfI S§ = sin (x + g) ypaBHBHI/IB NPpUBOJIUM K BI/I[[y
5(1—23): 4s —1.

6. AB = AC = 13.
7. (= =7]U (-4 -3)U(-2 0)U (L + ) . Yrasanue. Tax xax

lgu —1gov TOro e 3HaKa, uto U ¥ — v upu u , v >0, UcxoxHOE
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HEPABEHCTBO PABHOCUJBHO CUCTEME

(2x2+9x—21)—(x2—x)20
(x+3)* -1 ’
222 +9x +21> 0,
x2—x>0,
(x+3)° >0.
8. c=—4V2, 4 <c<4. Tpadux nesoii yacru
y<0,
y=—16-2" @{x2+y2:42

HCXOJIHOTO YPABHEHUS €CTh HIDKHSAS TOJTYOKPY/KHOCTD C IIEHTPOM
B Hauaje KoopauHar u pamuycom 4 (puc.16), a rpaduk npasoii
YacTu y = x + ¢ — npsiMasd,
yn B nepeceKaiomas ocb Op/Iu-
+ HaT B TOYKE C MO/ YTJIOM
o =45°. Jrtu rpadpuku
UMEIOT POBHO OJ(HY OOIIYIO
TOYKY TOrJa U TOJbKO TOT-
[la, Korjia mpsMast y = x +
+ ¢ m60o COBIALAET C Tpsi-
MOit ¥y = x — 42, mmbo
JIESKUT MEXK/Y IIPAMbIMU
y=x+4uy=x—4 (ne
BKJII0YAst MOCJIE/IHION),

4y »

T.e. KOTa ¢ = —4/2 wu

Puc. 16 “4<c<4
BapunaHt 10
31 ST
1. pux=-7 y=>5. 2. I+2Tl71, §+2Tk, nkeZ.

3. (—oo; logs 5) U (%, log, 3) . Yxasanue. HepaBenctso mpeoGpa-
3yercsd K BUJY
(x —log, 3)(x —logs 5)(2x - 3) <0 .

5. 1043 .

6. ae (3 — ﬁ,%j U (5;10] . MocraTouHo paccMoTpeTh (QYHKIHIO

4. 27 Toicsu py6Jeil.

a
fi(x) = x-|x - 2| (xoncranra arcsinE IPUBHOCHUT JIIIb OrPa-

HUY€HUA Ha MHOKECTBO [JOITYyCTUMbIX 3HAYCHUN ITapaMeTpa:
la] <10).

Dyuknuus .
2

x“—2x npumx 22,
—x“+2x mpux<2
BO3PACTAET HA KAKJIOM 13 MHOKECTB (—oo; 1], [2; +eo).
Kopuu sanHoro B ycjoBuM KBa/IPaTHOrO TpeXuJieHa ¢ rapamer-
POM paBHBI Xy = a>—6a+6, x,=8-2a. Cpasy ke HUCKJIIOYNM
CHUTYaInIio, KOr/la OTPE30K C KOHIIAMU B X{ U Xy BBIPOKIAETCS B
TOYKY:

a,—-6a+6=8-2a < a =2+.6 .

@yukuus f; (X) MOHOTOHHO BO3PAaCcTaeT Ha OTPE3Ke UICJIOBOI
OCH, COEJIMHSIONIEM TOYKH X; U X, TOT/[@ U TOJBKO TOT/, KOT-
JIa YKa3aHHBIH OTPE30K IEJUKOM TIPHHA/ICSKUT JHGO0 MEePBOMY
MPOMEKYTKY BO3pACTaHusi, JTHGO BTOPOMY, TaK 9UTO CJIEIyeT pac-
CMOTPETH JlBa CJIyuast:

{a2 —-6a+6<1,
a)

@ZSaSS;
8-2a<1 5

2 _ >
6) a 6a+6_2’@a£3—\/§,
8§—-2a=22

[[JI?I IIOTYYE€HUA OTBETA OCTAJOCh MCKJIIOUYUTH U3 MHOKECTBA

la| <10, a # 2+6 maiinermsie B crydasx a) u 6) sHaveHus.

7. 2. Ilnockoctp napamnenorpamma ABCD npoxoauT yepes
1eaTp O cdepbl, TOCKOJIbKY 10 YCIOBHIO ToOUuKa O TIPUHAICKUT
npsimoit AD. CuieioBaTesibHO, B
ceyeHU cepbl IOIYIAETCST OK-
PYXKHOCTD pajiyca R, paBHOro
pazuycy cdepsl, ¢ IEHTPOM B
TOH ke Touke. Tak Kak amaro-
HAJIM TapaJiiesorpaMMa CBsiza-
HbI cooTHOonieHneM AC > BD,
to yron ABC — Ty1oli, 3Ha4uT,
To4Ka [ JIeKUT BHYTPH OKPYXK-
wocru (puc.17).

O6osnaunm AB = a, BC = b,
LACB = ZCAD = a [Mapas- Puc 17
Jenpuble psmoie AD u BC ot-

CEeKaloT OT OKPY’KHOCTU PaBHbIE JYTH, TI0ITOMY

1
LBAC=%(TI—4(X)=%[—2(}, LABC:E(T[+2a)=g+a.

ITo Teopeme cunycos g tpeyroabuuka ABC mosydaem

a=2Rsina, b= 2Rsin(§—2uj = 2Rcos2a

B3

(T
AC =2Rsin| —+0a |=2Rcosd , T.e. cosO = — .
2 R
Torna
a® = 4R*sin’ a = 4R* 12,
2
2 6
b’ = 4R* (2cos’ a 1) = 4R2(—2—1j :
R
JIJIMHBI CTOPOH MapajIeIorpaMMa U €ro JIUATOHAJ CBS3aHbBI
dopmy.ioit
2(a® +b*)= AC* + BD”, 1.e. @’ +b* =8
TTOACTAB/ISAS B 9TO PABEHCTBO BBIPAKCHUS IS @’ W b*, nocae
YHIPOIIEHUIl TToTyyaeM ypaBHEHUe

4
2R" ~17R* +36 =0 & R 9
5.

Takum o6pasom, R =2 umu R = . 3Hauenue R = 2 He 10/X0-

3
V2
JIUT, TOCKOJIBKY B 3TOM ciydae ¢ = b = 2, r.e. ABCD — pom0,
YTO MUCKJIIOYEHO YCJIOBHEM 3a/lauM.

s R=—

senorpamma ABCD paBHa

meem a =+/6, b= V2 Torga miomaasb mapas-

Sapen =28 ,pc = absin ZABC = ab% =202

[lanee, BepumHa MHpaMubl S O YCJIOBHIO PaBHOYAJIEHA OT
KoH1oB jmaroHamn AC, cjenoBarebHO, S TPUHAIEKHUT MJI0CKO-
ctu P, oproronanbnoil k AC u mpoxozdileil yepes cepeiuty
aToro orpeska. Ilimockoctb P comepkuT HeHtp cdepbl, Kpome
TOTO OHA TIEPIECHANKYJISAPHA IJIOCKOCTH HapaJienorpamma. Craso
6bith, P nepecekaer cepy 1o OKpyskHOCTH paauyca R ¢ 1eHT-
poM B Touke O. Bepimna § HaXo[uTCs HA 9TOH OKPY>KHOCTH, I10-
aTOMy HambGobImil 06beM MUPaMU/IBI JJOCTUTAETCs B CIydae, KOT-
Jla ee BbICOTA IIPUHIMAET MaKCHMAJIbHO BO3MOXKHOE 3HA4YeHHeE,
T.e. KOr/ia MpOoeKIus Touku S Ha miaockoctb ABCD monajaer B
1eHTp cdeppl. TakuM o6pasoM, HaM6OIIbIIEe 3HAUCHIE BBICOTBI
TMIpaMU/Ibl PaBHO R, a MaKCHMaJbHBIN 00beM MHUPaMIJIbl PAaBeH
Vi 1 Supep - R=2.

max =
3
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Bapuant 17

5
1. {1JU[2 +e) . 2. g+2rrn,neZ. 3.2 4.1 5.20%.

6. (12, —4); (2, —4); (10; —2); (4 -2); (10; =6); (4 —6) .
Viasanue. YpaBHenue IpUBOIUTCSA K BUIY

(x=7) +4(y+4) =25.

7.25; Z\/@ . Yxasanue. Tpeyrompuuku ABC u BEC 1no-
TOOHBI.

8. ae(0;)U (L 4)U(45). Yrasanue. Ilycrs ¢ =2% (¢ > 0),
TOr/[a JJAHHOE ypaBHEHHE HPUBOJAUTCS K BULY

t'—6t° +8 +2(a—1)t—(a—-1) =0 &
& (t2—3t+t—a+1)(t2—3t—t+a—1):0_

Takum o6pasom, TpeGyeTcs HalTU Bce 3HAYEHUS Iapamerpa d,
IIPY KOTOPBIX /ABa KBAJAPATHLIX TpexXuJeHa

?-2—a+1lu t’?—4t+a—1

HNMEIT B COBOKYIIHOCTH TPH PA3JNYHBIX ITOJOKUTEJIbHBIX KOPHS.
Bapuanrt 12

. {-3}U[-24]. 2. 20% 3. [-4-2)U (5 10].

1 4
4. (4; 1; iarccosE - arctgg + ZTWJ , ne Z . Yrkaszanue. 113 neo-

TPUIATEIBHOCTU TIOKOPEHHbBIX BbIPAJKECHUII MEPBBIX JBYX Pajii-
KaJIOB cJaexyer, 4to x = 4, y = 1.

5. 2J10 = 5. Vkasanue. Vicniombsys bOpMy.Ty TS MeIHAHDI,
naiianre BC W npuMeHuTe TeopeMy KOCHHYCOB K TPEYTOJbHUKY
PBOQ.

6. ae(27). Yrkasanue. HeoOXOANMBIM U JOCTATOUHBIM yCJIO-
BUEM CYHIECTBOBaHMs PEHIeHUit KBaJPaTHOrO OTHOCHTEJbHO @ He-
PaBeHCTBa SIBJISETCS

(3x —12)” = 4(6x” - 3x +35)> 0,

T.C.
8 8
2-——=<x< 2+
V15 V15
HO]Iy‘IeHHOMy MHTEPBaAJy HPUHAAJEKAT BCETO IIATH IEJAbIX 3HA4€-
HUR X, JJIS1 KaXK/I0TO M3 KOTOPBIX HAJ0 HANTH COOTBETCTBYIOIINE
3Ha4YeHUd IapaMerpa d.

J77

3
7. Vokmn = BT <Vsupc = n [upamuna SABC — npasuiib-

Hast, TaK KaK ee OCHOBAaHHE — PABHOCTOPOHHMUIT TPEYTOJBHUK
ABC, a 60xoBble peOpa UMEIOT PaBHYIO [JUHY. JIeTKO BBIYUCIIS-

ercst ee 00beM, OH PaBeH

3
Vsape = Z :

[lns Boramcaenus o6bema nupamupl QKMN HCnobp3yeM mpueM,
CBSI3QHHDIH € JOCTPaMBAaHMEM TeTPasdpa [0 HapaJliesenune/a.
ITpoBenem depes kaxkaoe peGpPO MUPAME/IBI IIJIOCKOCTD MapaJ-
JIEJTBHO TIPOTUBOIIOJIOKHOMY ee pe6py. [losyuennbie Tpu mapbl
MapaJJIETBbHBIX TIJIOCKOCTEH 06pa3yIoT MapaJiiesenuie/]
QENFLKPM, muaroHamssMu TpaHell KOTOPOTO SIBJSIOTCS peGpa
ucxoguoro terpasapa (puc.18). C apyroii cTOPOHDBI, TETPasp
MOJIyYaeTcss OTCEYEHNEM OT MapaJlJieseluie/[a YeTbIPEX TPEyTroJib-
HBIX THPaMU/l, TTPUMBIKAIOMUX K rpausaM QKMN, o6beM Kax/ 01
13 KOTOPBIX PaBeH OJHON ImecToil o6beMa V mapaJesenumnesa.
Takum o6pasoM, 06beM HCXOJHOTO TETPAdIpa PaBeH

1
V, ==V.
OKMN =3

2008/ Nl

Puc. 18

[naronamn KN 1 QM TpOTHBONOJIOKHBIX I'PaHel MapaJiesernn-
1ejia paBHbI, CJEA0BATEIbHO, napaJienorpaMmbl EKPN u
QLMF — npssMOYTrOJIbHUKH. AHAJIOTUYHO, MPSIMOYTOJIbHUKAMU
ABJISIIOTCS Tpanu ¢ paBubiMu auaronanamu QK n MN. Tperbs
rnapa rpaseil — mapaJuiesiorpaMmbl ¢ auaroHanasamu QN = 2,

KM =+/3 u cTopoHaMI, JUIMHBI KOTOPBIX 0603HAYNM Uepe3 d 1
b. Ecin oy u3 aTHX rpameil IPHHATH 32 OCHOBaHKeE, TO pe6po,
ofliiee JIJisi CMEXKHBIX TIPSIMOYTOJIbHBIX T'PaHeii, — BbICOTA MapaJ-
nenermnena. O6osHaunM ero AyuHy vepes c. [lyctb @ — yrou
MeXx/ly AuaroHajasMu ocHoBanusas EQFN, torpa

V = Spomy :%QN'EFsinq) =c/3sin .

Yucaa a, b v ¢ cBg3anbl ypasHeHusMu (mepBble JBa BbIPAXKAIOT
teopemy I[lugparopa, mocaeaiee — paBeHCTBO MapaJlieaorpaMma)

a* +c? = 4,
b’ +c% =3,

2(a2+b2)=4+3,

N

OTKyZa d 3 b c
T =-,b=—, c=—".
YA 2 2 2

W3 tpeyrombuuka OEN, rae O — Touka nepeceuenus EF u ON,

1
a EN = a, o TeopeMe KOCHHYCOB TOJy4aeM COSQ = ——= |
p y y o NG|

Ji
INER
1 c . \/ﬁ

I/I»[‘al(, VQKA‘WN = gv = 7'SII1¢ = ﬁ

3
Bapuanrt 13

sin ¢ =

1.15. 2. (-1)" arcsin% + T, (—1)k+1 arcsin% + Tk, nkeZ .
13

3. DR Vxasanue. TpeyroibHUK CO CTOPOHAMHU 3a/IaHHOM JIJTMHbI

— IPSIMOYTOJIbHBIN. [103TOMY BO3MOSKHDBI JIMIIL 4 CUTyalllu, OTBE-
yalouye yCJaA0BUAM 3a/a4i: B ABYX U3 HUX JMArOHAJIbIO BbIILYKJO-
IO YeTbIPEeXYTrOJIbHUKA ABJAETCA I'MIIOTEeHY3a, B JABYX OCTaBIIMXCS
— II00YEPE/IHO KaxK/blil KaTeT.

1
1 By
4. [0§ 47&} Ul 42164 | Viasanue. Econ t = log, x, T0

JlaHHOEe HEpPaBEHCTBO IPUHUMAET BUJL N2 -2>2-3.

S. KousmuectBO GeH303apaBOYHBIX CTAHIMIT B CEBEPHOM U BOC-

TOYHOM pailoHaX OJMHAKOBO.
2

2
6. (a b):[tt”;t], e t# 0, mbo (@ b)=[tt_2;t], rze
lt > 2. 7.49

Bapuant 14
1. 1000000000. Yxaszanue. Boimosuure sameny [ = \/Igy .

T
2. ™, 57t 21k , n,k € Z . Jlerko yrajiplBaloTcst pelenus

. s .
sinx =1, T.€. x=§+2T[k,I/I sinx =0, t.e. x =Tn. Ecan xe

cosx #0 u sinx #0, 10 cos x +sin® x < cos® x +sin’x =1.

3. (-6, =5) u (45), (415) u (14;5), (-16; =5) u (-6; —15).
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Ilyctp y = ax + b —
ypaBHEeHUE TPSMOit [,
MIPOXOJISAIIel Yepes JaH-
Hble Toukn A u B
(puc.19). Torma

-S=4a+b, _ 4
S=—6a+b T

1moaToMy mpsiMast [ mepe-
CEeKAaeT OCU KOOPJUHAT
mojt yriom 45° .

Ecmm A u B — KoHIIbI
JIMATOHAJIA KBAJpaTa, TO
€ro CTOPOHBI MapaJLIeIb-
HBI OCSIM KOOPJIMHAT, TO-

=
d
s

Te--Ten-n

Puc. 19

9TOMY OCTaBIIMECA BEPHINHBI PACIIOJIOKEHDI B TOYKAX M = (4, 5)

u N = (—6; —5) . Ecom )xe A m B — cocegHme BepIIMHbBI KBaJpa-
Ta, TO JMATOHAJIN KBAJIpaTa MapajuleIbHbl OCSM KOOPIUHAT 1
paBubl 110 20, IpuyYeM KBaJpaT MOXKHO PACIIOJIOKUTH B JIOOOH U3
JIBYX TIOJIYIIJIOCKOCTE!, Ha KOTOpPbIe TpsiMast | IeJIUT TIOCKOCTb.
COOTBETCTBEHHO, IOJIy4aeM KOOPDAMHATHI OCTABIINXCS BEpPIIMH!

mbo C = (4; 15) u D= (14; 5), mbo E = (—16; —5) n
F = (-6; -15) .

e
4. [-2,0). 3. §Q2 tgdtgy.

4 1 4
6. —g; 5 V) g; 1]. Yrasanue. Tockombry uncaa lgu wu — 1,

. T 1
a TaksKe 4JucJja arcsin x — g nx — 5 HUMEIOT O/IMHAKOBbIEC 3HAKH,

HEPaBEHCTBO PAaBHOCHUJbHO CUCTEME

x| <1
7. % [Ipsamoyronbubie Tpeyronbuuku MNK u HCD
(puc.20) nmogo6usr, Tak kak y nux £ZN = ZC (yrubl co B3aUMHO
B C
a

S H NS

Puc. 20
TNEPHNEHANKY JIAPHBIMHI CTOpOHaMI/I). HOSTOMy
2R a+b b_(ZR)2

— = =a+ ,
2h 2R 2h

a IJIola/b TaHHOTO YETbIPEXYTOJIbHUKA CO B3aUMHO IE€PIEHANKY-
JIAPDHBIMU /IMalrOHAJIAAIMA paBHA

1 S
S=--2h-2R=2h=—
2 R
OTKY/Ia TIIOMA/Ib TPareun ¢ ocHoBanusMu 2a u 2b (1o cBoiicTBy
KacaTeJbHBIX) W BBICOTOH 2R paBHa

2 4
2R2d+2b:2R(2R) :8R .
2 2h S

8. 1u6,2u7,3u6,4u3, 1u22wm-2u9.
Oo6osnauum npunucannyio nudpy vepes k. Torpa ecaun n > 0, To

(10n + k) +n* -3 =14n |

OTKy/1a h=-n®+4n+3 nnpu n =1, 2, 3, 4 noaydaem k = 6,
7,6, 3, anpu n =35 nMeeM k:7—(n—2)2 <0.
Ecmn sxe n < 0, To

(10n — k) +n* =3 =14n,

orkyga k=n’>—4n—3 unpun=—1, -2 nonyuaem k =2, 9, a

npu n < -3 umMeem k:(n—2)2—7<9.

OU3NKA

Qu3ndeckuii @akynsTer

1. OGosnaunm paccrosiaue Mesxay toukamu O; u C yepes x. I1o
PACCTOSHUE JIOJDKHO Y/IOBJIETBOPATH COOTHONIEHUIO

h = xcosB+asinPetg(m— a— P), orkyza

hsin(a +B)
r=——,
Sin o
B TeueHne Masoro mpoMeKyTKa BPeMEHH T, HauMHast ¢ 3aaHHO-
T'O MOMEHTA, 3aBUCHUMOCTb BEJNYMNHDI yIJIa B OT BpEMEHU HUMEET
Bug B(t) =B —w1/L. Ilpu sToM Beanuuna yria O H3MEHSETCS
1o 3axony o (1) =0 + (u; +u, )t /L . Ilo oupesesienuio, Mosy.ib
ckopocti aBwkenus Toukn C Baosb crepskis O;C pasen Mojy-

JIIO TIEPBOII IPOU3BOIHON KOOPAUHATEL X 110 BpeMeHu. CueioBa-
TEJIbHO, MOJYJIb UCKOMON CKOPOCTU 3a/IaHHOI TOYKHM paBeH

uy sin @ cos (@ +PB) — (uy +uy)cosa sin (@ +B)

v=x"=h — .
Lsin“a

2. Ilpu pemrennu 3a7a9u Oy/leM CUNTATh, YTO KJIMH HETO/BIDKEH
OTHOCHTEIbHO JIAGOPATOPHON CHCTEMBI OTCYeTa, 0Ch X KOTOPOU
napaJiieibHa CTEPIKHIO U HAlpaBJjieHa BHU3 MO KJIWHY. B TOT MO-
MEHT KOT/Ia Ha IJIQJIKON MOBEPXHOCTH KJMHA OKA3bIBAETCS YaCTh
cTepskHS Maccoit Bm, e 0 < B <1, Ha Hee BAOIb ocn X [ieii-
CTBYET COCTABJISIIONIAs CUJIbI TSDKECTH Bmgsin O M cuja HatsKe-
HUSI CO CTOPOHBI BEPXHEN YacTU CTEPIKHSI, HANPABJIEHHAS MPOTH-
BomoJokHO ocit X, i pasras T (B) . 3armieM ypasHeHue JBIKe-
HUS HIDKHEH YacTh CTEPIKHS BIOJb ocu X:

Bma = Pmgsina —-T(B) ,

Irjie @ — ycKopenue Jo6oii TOYKH CTep:KHS BAOJIb ocH X, TaK Kak
CTepsKeHb TBep/blil U JBIKETCS TOCTyNaTebHo. B paccMarTpuBsae-
MBIl MOMEHT Ha BEPXHIOIO YaCTh CTEPIKHS BJOJb OCH X Hapsity C
cocrasustomeii cuupt Tsoxect (1—B)mgsino co cTOpoHbI KIMHA
JIefiCTBYeT HAIPABJEHHAS MPOTUBOIOJIOXKHO ocl X CHJIa CYXOro
Tpenust ckoupkennst (1 —B)mgcosa , a co CTOPOHbI HIDKHEH da-
CTH CTepKHs JeiCTByeT HampaBicHHas BAOTb ocn X CHja HaTs-
skenust T (B) . YpaBHeHUe ABUKEHUsI 9TOIl 4aCTU CTEPKHS B LPO-
eKkIuu Ha ocb X uUMeeT BUJL

(1-B)ma = (1-B)mgsina+T (B) - p(1—B)mgcosa .
Pelltast COBMECTHO COCTABJICHHBIC YPaBHEHHS, TOJTyYacM

T =B(1-B)wngcosa.

BujHo, uTo cusia HaTSKEHUST CTEPXKHS B CEYEHUH, KOTOPOE HAXO-
JINTCST HA TPAHUIE MEXK/IY TJIAJKON ¥ IIEPOXOBATON YaCTSIMU KJIU-
Ha, 3aBUCUT OT 3Ha4yeHUs Koadpduimenta B. [Jlokaxkure camocro-
SITETbHO, YTO OHA OyeT MakcHMasbHoil mpu B = 0,5, T.e. Korga
OJIHA TIOJIOBUHA CTEPKHS OKAXKETCS HA TJIQ/IKON HUXKHEH JacTu

KJIMHA, & JIPyrasi MOJIOBIMHA — Ha €ro IIepOX0oBaToil BepXHeil vac-
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TH. B TakoM ciydae
Tax = 0,25umg cosa .

3. Ilyctp M — macca rpysa, m — Macca CTep:KHs, a L — ero jju-
na (puc.21). O6osnaunm vepes F cuiy, AeHCTBYIONIYIO Ha CTep-

Puc. 21

JKEHb CO CTOPOHbBI ITPOBOJIOKU. 3anmuireM ycJjioBrU€e paBHOBECUA
CTEPIKHA:

Flsina = (M +0,5m) gL .
Iockoabky K =ltga, To
(M +0,5m) gL
hcosa

o saxony I'yka yammnenne npososoku pasuo Al = Fly/(ES),
rie E — momyab Oura, S — miomaap momnepevHoro cedenus, a [
— pmna HefeopMupoBanmoil mpoBosokn. CoriacHo o6o3nade-
HuAM Ha pucyrke, ([ +Al)sina = A . Ilo ycioBnio 3azadn mpo-
BOJIOKA JKECTKasl, CJIe/I0BATEJNbHO, HYXKHO cuuTarh, uto Al < [, a
OTOMY

(2M +m)gLl,

Al = =
(ly + Al) ES sin 2a

(2M +m)gL
ES'sin 2a

U3 aToro BbIpa)KeHHs SICHO, YTO MHHUMAJIBHBIM Y/JIMHEHUE JKEeCT-
KOl mpoBoJioky Gyzer ipu sin20 = 1, t.e. npu o = 45°. Takum
06pa3oM, NCKOMOE PACCTOSTHIE
h=1=30cMm-

4. Tlocsie 0JJTHOBPEMEHHOTO OTILYCKAHUSI TPY30B, CMEIIEHHBIX OT
MOJIO’KEHNIT paBHOBECHS Ha OJMHAKOBbIE PACCTOSHMS, IIEHTP Macc
paccMaTprBaeMOil CHCTEMBI, COBIAJAIONINI € HEHTPOM N-yTOJIbHH-
Ka, T.e. Touka O Ha pUCYHKe
22, JIOJIKEH OCTaBaTbCs HEIO/I-
BKHBIM. [Ipn atoM Ha Kask/bIil
13 TPY30B, KOTJA OHU CMEIEeHbI
OT CBOUX HOJIOKEHUil paBHOBe-
CHs Ha PAcCTOsIHUE X, OYyayT
JlelicTBOBATh B MPUKPEILICH-
Hble K HEMY TIPYIKHHBI.
Ha pucyHke nososxenne paBHO-
BecHs i-TO Tpy3a 0603HAYEHO
mdpoit 0.
ITo ycmoBuio 3aja4un Tpy3bl CO-
BEPIIAIOT MaJible KOJeGaHus, a
puc. 22 OCH TIPY’KHH OCTAIOTCS IIPSMO-

suHeiinbiMu. [loatomy corsiacHo
3axony ['yka MOyJb CHJIBI YIIPYTOCTH KasKIO# HPYKUHBI pa-
Bern F =FkAl | rpe Al — ypiunenue npyskunbl. Vcnosbsyst 06o-

3HAUYEHUs] HA PHCYHKe, mouaydnM, uyro Al = 2x cosP , npuuem
B=1-a, rne o =21/n.

PaBrozeiicTByIOIIAs BCeX CHJI, JeHCTBYIONNX Ha KaXXAbII Ipys,
HAIpaBJIeHa B/OJIb MPSIMOIl, COeUHSIONIEN 9TOT IPY3 € TOUKOI
O. Moy atoii pasHojeiicTByomeil pasen 2F cosB . Cuenosa-
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TEeJIbHO, yPaBHEHUE J[BIDKECHUS JI0O0TO U3 TPY30B B IPOEKINU HA
YKa3aHHYIO [psIMYI0, Harpumep Ha ocb X IS 1-TO TPy3a, MOYKHO
IIpe/ICTaBUTb B BU/IE
-2)n

n

mx” = -2F cosP = —4kx cos’ (n

PemrenieM aToro ypaBHEHUs, KaK U3BECTHO, SIBJSETCS TapMOHMU-
yeckas (OYHKIWS, MEepUoJ] KOTOPOH paBeH

renfy (w5 - i

3. Tlo ycaoBuio 3aj1aun Ha yyacTke /—2 ras IoJiydiJ1 OT Harpesa-
TeJIsT KOJIMYECTBO TeTIoThI {Qjy , paBHOE TIPHPAIIEHHIO €r0 BHYT-
penneit sueprun AUy, , 1.e. Qpy = AUy =4 x]Ix. CienoBa-
TesbHO, mporecc /—2 — m3oxopHbiil. Ha ygactke 2—3 ras ne 06-
MEHUBAJICS TEIJIOM C OKPY’KAIOMUMH TeJaMH, T.e. mpomecc 2—3 —
ajuabatnbiii. Ha yuactke 3—7 BHYTpEHHSsISI 9HEprus rasa ocrasa-
Jlach HEM3MEHHOH, T.e. 3TO m3orepMmuueckuii mporuecc. Ha atom
y4YacTKe a3 OT/aJ HarpeBaTeJio KOJMYCCTBO TEILJIOTHI, MOLYJIb
kotoporo paBen Qs =3 x/[x. Ilo onpenenenmio KII/[ mukra
paBeH

QS1
n=1-=3L-0,25
O

12

6. IIpu pemrennu 3aaun Oy/ieM CUUTATH, YTO TEMIIEPATYpa, IPH
KOTOPOIl TIPOBOIUTCS OMBIT, CYNIECTBEHHO MEHbIIe KPUTHYECKOH
TeMmIepaTypbl Bojibl. TOT/Ia MJIOTHOCTh HACBINIEHHOTO TIapa MOYKHO
CYNTATh MHOTO MEHbIIET TIOTHOCTH BOJIBI B CKOHIEHCUPOBAHHOM
COCTOSTHHM, a TOTOMY OOBEMOM BOJIBI TIO CPABHEHMIO ¢ 0GHEMOM
napa MOXHO npeHe6peub. ByjeM Takske cuuTarh, 4TO ypaBHEHUS
COCTOSTHUSI CYXOTO BO3/yXa M MapoB BO/bI BILIOTh JI0 TOUKH Ha-
CBITEHNST COBIA/IAIOT € yPaBHEHNUEM COCTOSIHUS WJIEATbHOTO Tasa.
Ec/m paBnenve mapa B HAYATBHOM COCTOSIHUH P, , @ JaBJEHUE
BO3/lyXa Xp, , TO HAYAJAbHOE JABJEHUE CMECH B IUIUHJPE Oy-
zer py = (1+x)p, . Iocse H30TEPMUYECKOTO YMEHDLIEHHS 06be-
Ma COTJIACHO YCJIOBMIO 3a/lauil JIABJEHIe CMECH BO3PACTaeT B 1
pas u craHoBuTCsS paBHbIM 1Py = (1+kx)p, =n(1+x)p, . Cae-
JIOBATEJBHO,

x:Z_;zLa Po = 2Py -
Macca Bo/IbI B HAUaJbHOM COCTOSHUM GblTa paBHA Macce Tapa,
3HAUNT, BCS BOJIA MCIAPHTCS, €CH 0OGBEM CMECH YBEJHUUTCH B
nBa pasza. IIpn 5TOM KOHEYHOE JaBJIEHUE TOJ[ MOPITHEM CTaHeT
PaBHBIM

pl( :pll +0’5xpll = 175p|l .

Pemrag coBMecTHO ABa MOCJEHUX YPAaBHEHNUS, TTOTyYaeM OTBET:

Pe_0,75.

Po
7. Iloce coo6uieHNs BHYTPEHHUM TIJIACTHHAM IPOTHBOIOIOKHBIX
110 3HAKY 3aps/10B, MOJYJHN KOTOPBIX PABHBI ¢, NMPH PA30MKHYTDIX
BHEIIHNX IJIACTHHAX 3JIEKTPOCTATHYECKAsT SHEPIUsl CUCTEMbl CTa-
HeT paBHOI

‘/V()_Ev

rne C =¢,S/d — eMKOCTb IJIOCKOrO KOH/IEHCATOpa, 06pasoBal-
HOTO BHYTPEHHUMH IJIACTHHAME, & € — 2JEKTPHYECKAsH MOCTOSIH-
nast. ITocse coequnenust BHENTHNX ILJTACTHH UX HOTEHI[HAJBI J10JI-
JKHBI CTaTh OJMHAKOBBIME. [Ipu aTOM Ha OOpAIeHHbIX APYT K
JIPYTY MOBEPXHOCTSIX BHYTPEHHUX ILJIACTHH OCTAHYTCS PABHbIE 110
MO/IyJII0, HO TIPOTHBOIIOJIOXKHDIE 10 3HAKY 3apsi/ibl. IIycTb MO/yJib
9TUX 3apsIOB paBeH (;, a MOYJIb 3apsiioB Ha BHENIHUX ITOBEPX-
HOCTSX 9TUX IUIACTUH PaBeH ¢, . COrJIacHO 3aKOHY COXPaHEeHUs
3apsijia, JI0JGKHO BBIIOJIHSITHCS COOTHOIIEHHE ¢ = ¢y + Gy . IIpu
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9TOM MOJYJIb PA3HOCTH IOTEHINAJIOB MEK/y BHYTPEHHHMH ILJIAC-
tunamu craser pasubim Uy = ¢/C , a MOJyJIb Pa3HOCTH MOTEHIIU-
aJIoB MeXJy KpaitHeil u GapKaiiieil Kk Hell BHyTPeHHel MIacTu-
woit Gyner pasen U, = ¢,/C . I10CKOMIbKY BHENIHUE TLITACTUHBI CO-
e/IMHEHbI MeX/ly OG0, Pa3HOCTb IOTEHIHAI0B MEK/1y HUMH yC-
TAHOBHUTCSI PABHOI HYJIIO, T.e. B KOHEYHOM COCTOSTHHUU JIOJKHO
BBITIOTHATBCST cootHOmenne 2U, —U; = 0 . CrenoBaresbHo,

G =2q/3,a g, =q/3 . Illpu 910M BJIEKTPOCTATHUECKAS SHEPIUS
cucreMbl Oy/ieT paBHa

Y

“ 2c 2 3C
ITo ycsoBuIio 3asayn moTepsMH 9HEPruu HA U3JydeHue, MMeBIIee
MEeCTO IpU ITIepepaciipe/ieJieHHn 3apsijioB 10 IIPOBOJHUKAM CHCTe-
MBI, cyexyeT npere6peun. [loaTomy corslacHO 3aKOHY COXpPaHEHHS
9HEPIun,
2

q
-w,-w, =1
Q=W -We=1%¢c

W3 aroro coorHomeHus cjaenyer, 4To MoAyJib 3apsA/l0B BHYTPEH-

HUX IJIACTUH paBE€H
_ [603¢,
q=, T

8. [Ipu BpaleHnn MeTaIJIMYECKOTO CTEPIKHS BOKPYT BEPTHKAIb-
HOIT OcM Ha CBOOO/IHBIE HOCHTEJIH 3apsi/ia, UMEIONHecss B HEM, CO
CTOPOHDbI MarHuTHOTO I10JIA }IeﬁCTByeT MarHmuTHada COCTaBJIAIONIIaA
cunl Jlopenna. /leiicTBue 3TON CHJIBI MOXKHO Y4€CTb, CUUTAs, 4TO
Ha CBOGO/IHBIE HOCUTEJN 3apsijia IeCTBYIOT CTOPOHHUE CHJIBI,
I/IC KOTOPBIX MOKHO BBIYUCJUTD 1O 3aKOHY 3JIEKTPOMAarHUTHOI
I/IHZIyKTH/II/I.

Jlna Boraucaenns J/IC yurteM, 4TO 32 Masoe BpeMsl T CTEP>KEHb
«3ameTaeTry miaomaab AS = 0,5RoT, rae v = wRsin 0 — CKO-
POCTb JBIDKEHHS KOHIIA CTEPsKHS, Kacatomerocs momaycdepst. [To-
STOMy MOJIy]Ib N3MEHEHNA MAarHuTHOI'O ITOTOKa 4Y€epe3 3Ty TIOBEPX-
HOCTDb 3a YKa3aHHOE BpeMs paBeH

A® = BASsina = 0,50BR?1sin’ a .
CrenoBaresbHo, Moy b nckoMoil O /1C MHAYKIMK paBeH

&= % = 0,5BR?wsin’ a -

Cuia TOKa, MPOTEKAOIIETO Yepe3 Pe3ncTOp, COTJIACHO 3aKOHY
Owma pasHa I = &/r | a BBIENAIOMAACA B HEM MONIHOCTD TI0 3a-
xony [Dxoyns—Jlenna cocrasisier

2 254, 2 4
_ 67 _0,25B°R'w’sin” a

r r '

P=1rr

9. Ilocko/bKy BHYTPEHHHUM CONPOTHUBJICHHEM MCTOYHMKA TOKa I10
YCIIOBUIO 3a/[aui CllelyeT IIpeHe6peub, B PE3UCTOPE B TeYeHHe
BpeMeHH T BBIJICJIUTCS KOJMYECTBO TEIJIOTbI Q) = EZT/R. [Tpn
5TOM MOJIyJIb CKOPOCTH HapacTaHus CUJIbI TOKA Yepes3 KaTyIIKy
OCTaeTcs TIOCTOSTHHBIM U y/ioBJeTBopseT yciaosuio & = I'L . Ilo-
STOMY B MOMEHT OTKJIIOYEHH: MCTOYHMKA CHJIA TOKA Yepes3 KaTyll-
Ky pasHa I(T)=6T/L . Iocae OTK/IIOYCHNS HCTOYHHUKA BCSI 9HEP-
IS MarHUTHOTO HOJISA, CO3/IaHHOTO TOKaMU B KaTyIIKe, IIpeoOpa-
syetcst B Koamdectso Temnorst Q, = 0,5L1° (1), KoTopoe Bbliess-
ercs B pesucrope. Ilo ycnosuto sagaun Q) = Q,, T.e.

gt 0,56%?
R L

CJIe,/_LOBaTE./IbHO, UCKOMasA UHAYKTUBHOCTb KaTYIIKU paBHa
L=0,5Rt.

B 3axJiodyenue ciaeayerT OTMETUTD, YTO IOJTYYEHHBIH OTBET He 3a-
pucut ot IJ/IC nucrounuka.

10. Ha pucynke 23 mokasaHo IOCTPOEHHE ABYX JeHiCTBUTEIbHBIX
nzoGpaxkenuii crepykust. {1 HAXOKAEHUST U300PaXKEHUsT CTEPIKHS

=
™)

Puc. 23

B IJIOCKOM 3epKaJie Mbl BOCIOJIb30BAJIUCH TEM, YTO TO M300pa-
JKEHHeE MOJTyJaeTcst 3a 3ePKAOM Ha PACCTOSIHUM, PABHOM PacCTo-
SHUIO MEXK/Iy TIPEJAMETOM U 3€PKaJIOM, a €ro pasMep PaBeH pasMe-
py upexamera. [l nmoctpoenust n3o0paxkeHust i caMOro CTepsKHs
U u300paKeHnst fy OTpakeHusi CTEPIKHs B 3ePKaJjie JUH30M Mbl
HCHOJIb30BAJIH CBOHCTBO JIyueil, MPOXOJSIINX B/IOJIb MOOOYHBIX
OITHYECKUX OCeil TOHKOI JIMH3bI, U CBOWCTBO JIydya, NMaJlafolero
Ha cOOMPAIONILYIO JIMH3Y MAPAJLIETbHO ee TJIABHOIl ONTHYeCKOi
ocu. VI3 pucyHka ciejuyer, uto
h b _ fi
—:£, g 2la-d)+d =4
H d 1
mpuyeM, corjgacuo ¢GopmyJie TOHKON JIMH3DI,
T 1 1 1 1
—=—t—=—+—.
F d f d f
V3 MpUBE/IEHHBIX COOTHOIIEHUIT MOTYYaeTCsl, YTO

poh_df _di-F _,x-F
“n dfy d-F “d-F’

nJan
(k+1)(d - F)=2(x-F).
Pemrag TocJjie/Hee ypaBHEHUE, HAXOJAUM MCKOMOE PAaCCTOAHUE!:
x=0,5((k+1)d - (k-1)F).
(Da/(yﬂb TET BbIYUC/TNTE/IbLHON MATeMAaTUKU U KM5E,OHE’TMKM

Iy — ot + R
(lp — vot)

[
1. F(t)= F,—=
! J2+n ly = vt

2. m=pShl 1+ |=50,5r.
gt

(vg - 012 )sin [oF}

1
3. 02=7( u2+4v§—u), e u = -
2 v, sin 0y

5. hzﬂ(pVO—m):mM.

pgm
pV V2 am
6. N=—|gh+ . . s= .
e Y 2k
=2V M e 0 = 2RT; (n* 1) = 6225 Jlx .
po S V2RT

/
10. x=§ npu [ <L, x:l—% npu L<I<3L/2, x=L npu

2L > [>3L/2.
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g, SU?

11. v =,[2gh+——— = 0,2 m/c.
m
2
12. Tzzé(éil;@:BSMKc.
2 2
3. 0= re B 2132107 1.
2 (R+7)

14. U, = 1U(ot1 —ay)t. 15 :M.
2 RR, +R(R +Ry)

16. U, =26 -Uy upn Uy <&, Uy, =Uy ipu Uy 26 .

_ sina__ 18. d = Ftg30° = =

17. dy = d, -5

19. h:HzF_L. 20. v = }\—Rz2MM,
3F-L n

Xummyeckmyi @akynbrer

BapuaHt 1

3. 0= % =2.10° wm/c. 4. Cm. puc.24.

5. JlaByienne yBesmumioch B 3 pasa.
%3

r 7 F

,
N

N~

/ | R >0

1 ’
Puc. 24
2¢glsina
6. v = 127_1 . 7. T =3mg — gBy2gl .

8. 3A<d <4\, wm 1,9 mxm < d < 2,5 MM (MakcuMasbHbII
HopAA0K AuPakImy paBeH 3).

2
. W _ (3R+271 056
W, (2R+7)
10. ctgo = /M_m _7
M 8
BapuaHT 2
3. Cwm. puc.25.
4. Bémbiryio ckopoctb GylieT UMeTb MePBblil OPYCOK.
SBA
2
1
0 >
2 6 10 | 14 | 18 |tc
-1
-2

2008/ Nol
5. F. =%=20H,
4

6. EMKOCTD yBeanunTcs B 3 Pasa.

1-k)U?
7. R=UZRUT _sa6, 8. 5= _08u.

m 4

Ui (R + Ry)T (d-F)tga

9. =——= =90 /Ix . 10. tgf=—-—"""—=2.
Q ARR, A 8P F
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IMAXMATHAA CTPAHHUYEKA

KoroHa otnrasunacb

HA POOMHY LLAXMAT

B cenrsi6pe 2007 rosa B Mexuxko cocto-
SIICA  OvepeJHOH YeMIIMOHAT MHpa [0
maxmaraM, Kak ¥ aBa roja nasaju, BO-
ceMb CHIBHEHIIINX IPOCCMeicTepoB mia-
HETHI CPA3AJIHCH 32 KOPOHY B JIBYXKPYro-
BoM TypHHpe. B mrore 15-m mo cuery
YeMIIMOHOM MHpa cran BumBanaras
Awanj, 2-3-e Mecta pasaemum Braman-
vip Kpamuuk, norepasmmmit cBoii THTYT,
u Bopuc Temsdang.

Bor utorn typaupa: 1. B.Anarsg (Uu-
jusi) — 9 oukos us 14, 2—3, B.Tenabdana
(Uspauns) u B.Kpamuuk (Poccus) — 8,
4. I1.JTexo (Benrpus1) — 7, 3. I1. Ceuanep
(Poccus) — 6,5, 6—7. JI.Aporsin (Apme-
mns) u A.Moposesna (Poccusi) — 6,
8. A.I'pumyx (Poccus) — 5,5.

YeMIIMOHCKOE 3BAHME B TPETHIl pa3 3a
BCIO MCTODUIO PA3bilPhIBATIOCH B Mar4de-
TYpHHpe 10 Kpyrosoif cucreme. Tpamm-
IS ONPEIE/IATh YeMIIMOHA B MaT4e BOep-
Bble ObuTa HapymeHa B 1948 roxy, mocie
cMepTH AslexuHa. Torga Ha BepUIHHY
Oummma nogusics Borsunank. Bropoit
paa Maru-TypHHp cocrosuacs B 2005 rogy,
Korja [rpoHsolnio Uﬁ'heﬂﬂﬂelﬂie maxmar-
HOTO MHpA — B TeYeHHe IATHAIUATH JIeT
CYIIECTBOBAJH JIBE CHCTEMBI, BA YEMIIH-
oHa ¥ T.4. OIHAKO /IO KOHI|A BBINOJIHUTD
sagaawy DPUJIE ne ypanocs — B Can-
Jlynce noGenun Tonajos, Ho B TypHHpe
se urpas Kpamunk. Cnycrs rog npomen
noeaunok Tomanos — Kpamauk, poccus-
HMH B35Jl BEPX M CTaJl a6COJIOTHBIM YeM-
ITHOHOM MHPpA.

Eme mnepex craprom B Can-Jlynce
OU/E npunsiia pemenne H CIeAyOIHIT
YeMIHOHAT NPOBECTH MO KPYTOBOM CHCTe-
me. Bcekope 610 0OBSBIEHO, 4TO OH
npoizer B croauie Mekcuku. B Hero
cpa3ay JomycKascs yeMiuos mupa Kpam-
HHK M TPH rpoccMeiicrepa, Jyuuine B
Aprentnne: Ananz, Ceusinep m Mopose-
Bu4. Bropas deTBepKa BHINIIA U3 IPETEH-
aeHTcKOro or6opa. B mHem ywacTBOBaim
saugpmme 5—8-e Mecra B Can-Jlyuce
(Jlexo, Anamc, Kacenoxano u IOmut
Ioarap) u 12 nobemuresneit Ky6ka mupa
(pambIne 5TOT TYPHHUD HA3BIBAJICS YEMITH-
onarom Mupa ®UJIE). Jlerom 2007 roga
B Oymicte 16 rpoccMelicTepoB B iBa aTama
paspirpaju MOCAeHHE YETHIPE IIyTEBKH,
KoTOpbIe goctaauch obnagaremo Ky6ka
Mupa Apousany, a rakxke Jleko, I'ennpdan-
ay u I'pumyky. 3a 6oproM oOcCTaaHCh
mHorme Kopuden, HanpuMep — BO3Bpa-
THBIIHiics B maxMarel Kamckuit, wemnn-
onnl Mupa ®UJIE Ilonomapes i KacbmM-
JKAHOB, HOPBeXCKul ByHAepkuna Kapi-
ceH, cuibHeas xerupaa B mupe los-
rap u zp.

Mrak, B MaTue-TypHIpE OBLIO IBa KPY-
ra, mo ceMb Typos B Kaxjom. Ilocie

y6eauTeIbHOI MOGe/BI B 5-M TyPE ¢AHHO-
AuYHBIM Juepom ctan Ananz. B arake
Mapiuanna on HPOSIBUI [IPHHIMITHATb-
HOCTB, 3a0paJl IeIKy 1 0TOHJ BCe HACKO-
KH YEePHBIX.

Ananp — Ceupaep

Wcnanckas naprus

1.e4e52. 2f3 @c63. LDb5ab 4.
fad 265, 0-0 Le76, Hel b5 7.
£.b30-08.c3d59. ed & :d510. A e
Q:e511. B:e5c612. Eel £.d613.g3
& 15 14, d4d & d7 15. L e3 EBfe8 16.
ad2 Lgi 17. We2 L5 18. el
B e7. Hosuuka. Ee sxpanu or Geabix, a
npuMeHnH yephbie. 19. @ f3 Awnang
OTBETHJI MTHOBEHHO, BH/IHO, GBIJT TOTOB K
TakoMy ToBopory cobbrruii. 19... & g
20. @h4 HEae821. ¥ d2h622. ¥ d3g6
23. &.di &h3 24. L63 g5 25. 2g2
L £526. Wdl 2627, ad 2e428. ab
ab. Jlunns <a» BCKpbBITA, W TSIKEIBIC
¢urypnl Gesbix HPOPLIBAIOTCS 1O Heii,
HUKaKo# kontpurpsl CBumiiepy noiy-
yuTh He ymanock. 29. Ea6 ¥ b7 30.
¥al Lc8 31. Ha8 Lb8 32. &Let
A f6. Besplil ¢epab HECKOJBKO OTBJEK-
csl, W YepHBIE MOIJIH BOCIIOJIb30BATHCS
atum — 32... Q:f2] 33. ©2:f2 H:el 34.
a el ¥h3!

33. B:e7 B:e7 34. ¥a3. Teuepn
Awnarnji npopbiBaetcs na ¢pepsesom dian-
re W OJHOBPEMEHHO OepeT Ha MpHIENT
HeIpHATeNbCKoro kopoust. 34... B d7 35.
Ba5 £a7 36. Qe3 Wc737. 215 c5
38. 4:h6+ 2 h7 39. & :g5. Yepnne
CIaIACh.

Octpas cxBatka B 11-M Type AHang —
MoposeBHY NpHBesa K HEOOBIYHOMY CO-
OTHOTNIEHAIO CHJI: TIPOXO/IHbIE TeNKH Ge-
JIBIX PBa/JIACh BIIEPEN B IEHTPE B Ha
¢epaeBoM dpianre, a IPOXO/IHbIE YEPHBIX
— ma koposesckoM. Ho pacwer Bumm
oKasajcs TayoKe...

Ananx — MopoaeBuy

CunmmaHcKkas 3alguTa

1.edc52. 2f3d63.dded 4. 2:d4
Af65 Qc3ab66.f3e57. 2b3 Leb
8. fL.e3 2bd79.g4 2b6 10. g5 2 hd
11. ¥ d2 Bc812.0-0-0 Le7 13. Egi
0-0 14. b1 Wc7 15. ¥f2 Qc4 16.
&ochd Lich17. 2d5 L:d518. B:d5
f519. gf B:f620. te2 Qf421. & :fd
H:f4 22, Bd3 ¥d7 23. @cl EcfS.
IMoka manchl CTOPOH IIPHMEPHO PABHEL.
Ho ec/H KOHS IepecTaBHTD B IIEHTP [0C-
KH — Ha d5, mepeBec Gesbrx OyJeT OYeBH-
nen. Tak uro mian Ananza sicen. 24. a3l
©2h825. 2a2 ¥h3 26. Eg3 ¥hS 27.
¥ g2 B h4 28. h3 ¥ h6. Uepusie rposuo
BBICTPOM/INCH HA KOPOJeBcKoM hiianre,
HO Kag ycH..'lHTb [IO3HLKIO, HE BHAHO.
Besnwie o cyrmi gaByma ¢urypaMu ciep-
XKHBaloT ux aktueHOCTH 29. B b3 b3 30.
@b4sBh531. ¥f1 Bh432. Wg2 BHhS
33. @:a6 &£ h434. BEgs L1635, We2

E :h3 36. B :b5 & d8 37. B b8 # f6. Ka-
xercst, MoposeBuuy yaaioch HaTaIHTb
KOe-KaKyio UTpy, Ho AHaH/I TPOJIOJIKAET
AeilcTBOBATH OUeHb sHepriuHo. 38, A b4
E:f3 39. @ d5. Cnycra 15 xo/108 3aMbIl-
ceJ1 6esbrx ocymectsuics! 39... ¥ £7 40.
®a6hd4l. Bg2h442, ¥:d6 L e743.
t:ed B :b8 44. ¥ :b8+ 2 h7 45. ¥c7
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Amanji BOJIPY3WII a/Ibi0 Ha €5, u Mo-
PO3EBHY OCTAHOBWJ Hachl. Ilpu BagTHn
Gestoit IabH CACAYET CMEPTEIbHAS IaX-
BUNKaA ¢ g4, a mpu orcrymneHuu ¢epss
Gejast nemika <e» JIOCTHTaeT Lejn. ITy
KpacHBYI0 JHarpaMMy MOMXHO CHHTATh
BAKJIIOYHTEIBHON B YEMIIHOHATE.

B 1995 roay Amanp amaupoBas B 1o-
eqnHke 3a kopony c¢ Kacmaposem, u
Iume B AecAToi maptuu appu cymen
nepeJoMuTh X0/ Gope6el. B 1998 roay B
MaT4e Ha 3BaHHe yeMinoHa Mupa OU/E
¢ Kaproseim Auang 6611 6;130K K io6e-
Jie, HO TOr/ia He MOBE3/10, 3TOT THTYJ OH
3aBoeBasl CHycTs JBa roja. B reuenue
pecsitia sier Anang ne yerynan Kpammu-
Ky B Typuupax, B 2000 romxy nMerHo eMy,
a He Baagumupy, 6bUI0 CHavaga Ipeaio-
’eHo cpa3uTbes ¢ KacnmaposeiM B MaTye
3a KopoHy (yciaopusi GblIH He OYeHb
sicHble, W Bumm orkasamca). M, maxo-
HEll, CIPABEUIBOCTD BOCTOPIKECTBOBA-
na — AHAHJI 3aBOEBAJ CAMYIO IJIABHYIO B
CBOEl JKH3HH 30JI0TYI0 MeJallb.

Tenepp wepe3 roj Hac KAET HOBBII
MaT4y 3a KOpPOHYy — Mexay 14-m u 15-m
yemimonamu Mupa. B 2008 roxy gosken
COCTOATHCA TaKXKe MaTy Mexkay Becen-
oM TomanoseiM u obnamarensem KyGka
mupa laroit Kamckum — ero moGeaurens
B OYepeHOM MaTde 3a KOPOHY BCTPETHT-
cs ¢ nobexuresieM Marda AHanjg—Kpam-
HuK. B gampHeiimeM THTYI KOPO/ISA BHOBb
Gyzer onpeaenarbes B MaTyax. OuH roz
— poseirpeimt Ky6ka mmpa, apyroii —
YEeMIIHOH OTCTaHBaeT CBOe 3BaHHe B MaTye
¢ o6nagarenem Ky6ka.

E.Tux
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CnoxuTb nupaMuay 13 o6blYHbIX LLAPUKOB
He npeacTaBnseT HUKkakoro Tpyaa. Ecnu xe
LIAPUKN COEANHUTL (CKNEUTb) B rpynnbl, TO
cbopka nupamuabl NPEBPAaLLAETCa B TPYAHYHO

3apauy.
. ABTOp npeanaraemMont BHUMaHuo
W [0 yuTaTenemn rofioBONOMKIM — MOCKBUYKA
— Y Y T r— LI [vnaHa MacxuHa. B HasBaHum ee
E| ‘Q t HID | m Q”m[ roNOBONMOMKW OBaXXObl MOBTOPEHHOE

NaTUHCKOE CMOBO «NEHTO» (NATb) 03HaYaeT,
YTO B NUpamMuae NaTb CIOEB W Kaxaas
"

eTanb COCTOUT U3 NATH Wapukos. Bece

ONOMKa AOBOMLHO |

MocKombKy
PELLEHI, Ha pucCyHke AaH

yAHa B
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