ISSN 01302221
AHBAPL/®EBPANL 2005 - Net

KBAH1
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Ha emerogHos cweanes NobWTeNed rMmNoBonoMoK, KOTopRA B aergeTe 2004 roga npoxogun B Tokwo, W300peTETENK pasHL
CTPEH NOKE3ENA GECATHY HOBLIX paIpafoTor. BONBUWHCTED WIDYLLES PECCMHTERD HE MATDTOEMSHWE B YCNOBMAX COBPEMEHHOM
NP0t LWUMEHHDND NPOMIBOOCTES © MCNOMNbIDEEHMEM BRACOHITIFSRIX TEXHONOTMA, Cpedn CNosHEE KOHCTEYELMEA KBK Gt TEpRnncE
TOMOBONOMKHA, KOTOPEIE BaIMAISNM CHOOM:HD, COCTORMA W3 ASTANSA NPOCTON KOREMIYPELMM, 43 W cEMUE AaTansd Geino Hessson,
Ho 3TW-To srpyliss i Bni3Eand Hasbonsussh wHTepac!

3HEToREM oCofeHHD NoHEEEMNScE MNoCEONOMES ANOHUA Xupokauy Weacaea nog Hazaaduen aYeteipe Mxe. OHE COCTOMT #3
EOOBoHEN © KPBILUKDH W HETHDEE GAMHAKCERE MNECTHHDE, No EopMe HENOMHHEIDIWKWE Byiay M. MNerko QorenaTRCA, Yo 3305848
EEEMNHCHESTCA B YRNEOKE MNEcTHHoE B kopoboqry. Ho casnats STo HenpooTo.

Ecnu Bal 38X0THTE KATOTOSWTE 3Ty WIRYLUKY, TO NOMHHTE, ST0 Heolx0OMMEIM yonoBwes yonexd GyaeTt ToMHOCTE B M3roToaENEHHA
Boex &8 uaCTal. TWETEN=HD NPOESpARTE BoE PA3MEDE! B NPOUSCeE paboTsl, 3T0 KACSETCA W TONWMHE] MATEQWANS, M BEMNF-#HHE]
NNSCTHH W Kopobodky. TanwwHa ecex QETENEA GOMKHE BiTh GAMHAROE0H W pAEHOA 4 ML TyEUe BoSMD MCNONE308STE OPrCTEKND,
HO MOHHO B3ATh ¥ TOHKMA NNOTHEA KEPTOH, CHMSH#TE NACTE, 3 38TEM BRICYLUATE WX N0 MpECcom.

aTwipe NMAcTUHE B opme ByKe M BLpasETa N0 paZMeRas, YHIIEHHEIM H3 pUCyHRE. KopoBodky canedTe w3 NATH JeTaned;
YETHPEE CTEHOK padsepo B8 ¥ 64 o« 4 mm 1 gossiura paamepon 60 x 60 x 4 s, Mocne CKNEMBAHWA NPOBEPETE DE3MAENE &6
BHYTREHHEM NpocTpaHCTEa: 64 % 60 & 60 M. HeolxogMmMan 4acTe MMEYILKK — KpeaLEE. © e NoM0E BRl Y3HAETE, NPEBRNEHD Nd
PEEHE MNCE0NOMEE — HHHD HE NPOCTO CNOHKATE YeTeipe Gykew M B KOpoBay, HO W NNOTHD 38KPETE 88, KPLILLKY CHNS@#TE M3 Tpex
vacTed pasMepann 68 x 66 x4, 595 x 595 x 4 v 200% 20 5 9 MM, HOTOpEE HANOEKTE APYT HA AQYTE NO WEHTPY QETANEA.
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Wmoctpauyms 1. HepHyckoro

Pa3roBopbl MU3NKOB
3a OOKannoM BMHa

A.PUTAMOHTU, A.BAPJTAMOB, A.B6Y3UH

O, BO3/106/1eHHBIV OTPOK,

BoszHecu [paroleHHbI KyOok,

Benwb cbiH 3eBca 1 Cemesiibi
Llan nroqam BUHO,

Y106b1 OHY 336bI/IN O CBOMX It OpecTAx.

Anken

BuHO SABISETCS OOHUM U3 BaXHEVILLIMX TIPU3HAKOB UBUJTN3ALuII B MUIPE.

(0] NMPOUCXoXxaAeH BNHa
n MmetToaax ero n3rotosneHumsda

UTo HOBOTO MOXXHO PAcCKa3aTb O BUHE IIOCJE TOTO, UTO
yoKe OBLJIO CKA3aHO 32 TBHICSYH JIET [TOITAMU, MTUCATESIMH,
JKyPHATHCTaMU 1 BHOJIoraMu (CIIenraIncTaMu o BUHO/(e-
qni0)? B snurpadax k crarbe MpUBEIEHbI CTPOKH, HATIU-
CaHHbIe C WHTEPBAJIOM B [IBE C ITOJIOBUHOI THICSIYU JIET:
TnepBbie TIpUHAAJEKAT OJHOMY U3 ,[IpeBHeIL/,IH_II/IX IIO3TOB
Halnell 1UBUIN3AINH, BTOPbIe — OJHOMY U3 MOy JISIPHEN-
VX TTcaTesiell COBpeMeHHO! 3araIHol auTepaTtypbl. Kak
JIETKO BUIETb, 002 BOCXBAJISIONINX BWHO KOMMEHTAPHS
SBJITTOTCS CBOETO poja MaHmdectaMu JIOOBH K 3eMJie,
TOYHee — K OJHOMY U3 ee Hanbosee 3HAYNMBIX IIJIOJOB,
KOTODBII TPY/I U TAJAHT YeJ0BeKa IPEBPAIIAIOT B BOJIIIES-
HBIIl HATIUTOK, MCIIOKOH BEKY MIPAIOIIUil 0CO6YIO POJIb B
€T0 JKM3HM.

[IpoucxoskaeHne BUHA TepsieTCS B JOUCTOPUYECKUX TIe-
mepax, T/le apXeoJOoTd M CETOAHS HAXOAST CJIEIbl ero
npousBozicTBa u norpebuenus. CorinacHo Berxomy 3aBe-
Ty, TIEPBBIM BUHOTPa/IapeM MOXXHO cuntath Host, KoTopbIit
He 320bLJT MOTPY3UTD Ha CBO KOBYET W BHHOTPAHYIO JIO3Y .
A eme 3a Tbicaueserus o poxaenus Mucyca Xpucra
YeJJOBeKYy OBLIN M3BECTHBI TIJIOABI BUHOTPAHON JIO3BI,
Ybell POJMHOM, BeposITHO, saBiseTcss Muaus. [1o ogHol n3
JIETE€H]T, JOCTOBEPHOCTH KOTOPOW TPY/IHO MPOBEPUTD, OT-
KPbITHE BUHA TIPOM3OIILIO TIPU ABOPE OJHOTO U3 TIPABUTE-
neit Ilepcun. IlpmaBopHas nama, BIaB B JeNpeccuio,
pelia OTPaBUTHCA U He HAllJIa JIYYIIero crnocoba, 4yeM
BBITUTD HAKOMUBIIYIOCS HA THE Ba3bl C BUHOTPA/IOM CTPaH-
HYIO JKUAKOCTb. Pe3yJsbTaT okasajcs HEOXKUIAHHBIM: ee
JIeTIPeCcCUIo KaK PYKOIl CHSJIO, a MpayHble MBICJTH CMEHU-
Juch OyHHBIM BeceabeM. JTOT ONBIT yKa3aJ Ha BeCesH-
TeJIbHOE CBOMCTBO HAIIUTKA, ¥ ONIPOOOBABIINI €T0 Ha cebe
IpaBUTEIb BBEJ BUHO B peryJsipHoe ymorpebiernne. C
3TOTO MOMEHTA HAYaJOCh BOCXOXK/EHNE BUHA BIJIOTH 10
POJIN CBSATI[EHHOTO HAMUTKA. Kak M3BeCTHO, BUHO SIBJISIETCS
00s13aTeTbHBIM aTPUGYTOM TAMHCTBA TIPUYACTHS B XPUCTH-

3.XeMuHrysn. CmMepTb nocne nonyaHs

AHCTBE, a IePEMOHMATIbHOE 6JIATOCTOBEHNE B €BPEHCKOM
o6psime Kiddush coseprmaercs wa BuHe u Ha xJje6e.
CoracHo apabGCcKuM JiereHiaMm, erie AjjaM 3HaJl BUHOTPa/l-
HyI0O JI03y, W WMEHHO BHUHOTPA/, a He s6JOKO, CTal
«3aIPETHBIM TLIIOJIOM> .

Uctopuvecku TNpeACTABJISETCS JOCTATOYHO JOCTOBEP-
HBIM, YTO TIEPBbIE METO/bI MOJy4YeHUsS BUHA OPOXKEHUEM
BUHOTPAIHOTO COKa OBLIN pa3zpaboTanbl B MecomoTaMuu 1
Erunre. Ilepecenenune okomo 2500 roga mo Hamiell apb
apwuiitieB u3 Mlnum Ha 3ana/i TpUBEJIO K PACIIPOCTPAHEHHTO
3TOM MPAKTUKU TIO JApeBHeMY MUpy. Tak, ¢ yBepEHHOCTHIO
MO>KHO TOBOPHTH 0 TTPOU3BOICTBe y:ke okoso 2000 roga 1o
Hamell 5pbl BuHa Ha Cunuannu (Bo3MOXKHO, Gaarogaps ee
KOJIOHU3ALUH IPEKAMI NI €TUITAHAMHA ), HECKOJIBKO I103-
JKE €T0 CTaJIH IPOM3BOANTh cabunsane (BCIIOMHNTE KapTH-
Hy «Iloxumenne caGUHAHOK» ) ¥ 9TpycKu (TPH ThICSYN JIeT
Has3ajl 3acesiBiine copeMennyio Tockany). M3BecTHO,
YTO JApPEBHUE NMPU3HABAIU OJIATOTBOPHBbIE CBOICTBA BUHA
Kak JIEKapCTBa, a TaK)Ke UCIOJIb30BATHN €r0 KaK aHTUCETI-
TUK — A7 Ae3nHdernn pad. B HEKOTOPBIX eTUeTcKuX
ranupycax Haii/leHbl OCHOBAaHHbIE HA BUHE MEIUIINHCKUE
PElenThl — Tak, [MImokpaT mpeAnuchiBaa BUHO KaK 1IPo-
TUBOBOCHAJUTENbHOE cpencTBo. O6palasich K JpeBHe-
PUMCKUM TI09TaM, BCIIOMHUM, 4To [oparuit u Beprummii
BO3HOCSIT XBaJy BUHY BO MHOTHX CBOUX NPOM3BE/ICHUSIX.
A B 42 roay no HatIel 3pbl TOSBJSIETCS TEPBOE ITPEKPACHOe
PYKOBO/ICTBO TI0 BUHOJIEJIHIO.

B nepBom crosieTun HOBOH apbl BUHOAeANE B PumMckoi
VMMIIEpUN TTOJIyvaeT mupoyvaiiiiee pacipoctpanenue. Jloc-
TATOYHO HAIIOMHUTH, YTO, OOPSICH C MEPENPOU3BOICTBOM
BWHaA, uMnepaTop /loMuIman 3anpeTuJ yBeJmueHue Iio-
majieil BUHOTPaIHUKOB Ha TeppuTopun VMiiepun u cokpa-
THJI HAMOJIOBUHY BUHOTPAJHUKN B npoBuHImAX. K 200
TOJIy HAUMHAETCS KPU3UC CETbCKOTO XO03SIMCTBA, KOTOPBIHI
yCyTy6JIsieTCst BAPBAPCKUMU BTOPIKEHUSIME, YTO TPUBOUT
K YIIa/IKy BUHO/IEJUST U 3aBEPIIAETCS MTOJTHBIM €T0 YHUYTO-
JKEHUEM ¢ TIOSIBJIEHWEM Ha MCTOPUYECKON apeHe MyCyJib-
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MaH (19 KOTOPBIX MOTpe6GIeHne aaKOroJs 3arpenieHo
Kopanom). B cpenneBekoBbe BHHOAEIMEM 3aHUMAIOTCS
CIIOpaANYECKHN B T€X UJIM MHBIX 3aMKaX NJIN MOHACTBIPDAX.
U tombko ¢ mpuxonoM Penmeccanca (1.e. maunmnag ¢ XVI
crosietnsi) EBpona BHOBb o6parmaercst K MacCOBOMY MPO-
M3BOJICTBY BUHA. lIporpecc B BUHOAEJNH, HAPSLY C pac-
IIBETOM UCKYCCTB U KYJbTYPbI (B COOTBETCTBHH C <OTIpeie-
JieHneM» XeMUHTYdMs1), TOBOPUT O PasBUTHE I[MBUJIN3A-
I ¥ 0CBOOOXKJIEHUN OT BapBapCTBa.

WurepecHo, uro 3aciyra uzo6perenus 604YeK s XpaHe-
HUS U IePEBO3KY BUHA IPUHAJICKUT TajljlaM. B aHTuuHON
I'penun u Pume BuHO cozmep:kanu B amdopax. JIio60mbiT-
HO, 4TO XOpolllee BUHO W TOT/Ia GbLIO HefeneBo — paba B
MOJIHOM PpaciiBeTe CUJI BIOJHE MOTJH OOMEHSTb BCETO
Juib Ha ofHy amdopy BuHa. 3ameHa amdop Ha 60YKU
BCKOpE MO3BOJINJIA TaK)Ke TIOHATDH, YTO JIEPEBO, U3 KOTOPO-
ro OBLIN CclelaHbl GOYKH, CIIOCOOHO YJIYUIIHTh BWHO,
npuaaBas eMy HOBBII apoMaT U BKyc. Temnepb mporieaypa
CO3pEBaHUs BUHA B 60YKAX B TeUeHUE TIPUMEPHO MOJTYTO-
pa-ZIByX JIeT ABJIAETCS HEOTHEMJIEMBIM 3TAIlOM B IIPOU3-
BOJICTBE BBICOKOKAYECTBEHHOTO HAIIUTKA.

CoBpeMenHad 9HOJIOTUS — HAyKa O BUHO/IEJIMH — BO3HUK-
JakHavasy XX CTOJIeTUs, IpU4eM B CBI3U C TPATHYeCKUMNU
QLTSI BUHOZEIUST COOBITHSMU: MAaCCOBBIE TIepPEMEITIEH ST Ha-
POJIOB TIPUBEJHN K TIOSBJECHWIO B MECTaX TPAJUITMOHHOTO
BUHOZEINA HENIPUBBIYHDBIX ITapa3uTOB N I‘I/I6€JII/I moa ux
BOSI[CﬁCTBI/IGM BUHOTPA/JIHBIX JIO3. C HEKOTOPBIMU U3 9TUX
Mapa3uToOB — TAKUMU, KaK MYYHUCTAST pOCa WJIH MEPOHOC-
mopa, — yAAaJoCh CIIPABUTHCS € TIOMOIIBIO TTPENAapaTos,
CO3JIaHHBIX Ha OCHOBE CEPBI W Me[U, OJHAKO TEeYaTbHO
3HaMeHuTas PUIJIOKCepa 0Ka3auaach HEBOCIIPUUMYNBOH K
necrunugaM. {as mobeapl HAJ Hell 9HOJIOTAM TPHUIILIOCH
BIIEPBBIE UCIIOIb30BATh FeHeTHUeCKNEe MeToIbl. [lesio BToM,
YTO TepeBe3eHHas B JaBHUE BpeMeHa IepecesieHIlaMu U3
EBporibl B AMepuKy BUHOTIpa/iHad J103a, BBUY U3MEHEHUS
BHEIIHUX YCJOBUH, OCTEIIEHHO Tepepoauach. B yactro-
CTH, €€ KOPHU MOKPBLIICH TTPOOKOBBIM CJIOEM, CIECJTABITIM
TaKyio J03y Heysa3BUMOl /i pusnokcepsl. [Toatomy st
CTIACEHUS JIYUTIINX COPTOB €BPOTNEHCKUX JIO3 9HOJIOTH CTAJN
MPUBUBATH K HUM JIO3BI 3aKaJCHHBIX aMEPUKAHCKIX POJI-
CTBEHHUKOB. VIX TIOTOMKU U SIBJSIIOTCSI OCHOBOW €BPOIIEH-
CKOTO BHHOTPaJapcTBa B HacTosIee BpeMs. CTapuHHBIE,
YICTO €BPOIEHCKHE J03bl BBIKUIN JUIIb B HECKOJbKUX
He6oubiux o6mactsax EBpornl: B Xepece n B Koapece, rae
necyaHag 1104Ba IIpeJIoTBpaTu/ia pa3BuTue (puiIoKcepsl, a
Takxke B pernoHe MoseJis, r/ie aHaJOTUYHYIO POJIb BBITIOJI-
HUJIM CJIAHIIEBbIE TTOUBDI.

Ceronust 6opp6a ¢ 60J1€3HIMU BUHOTPA/THO JIO3BI SIBJISI-
eTcd JaJieKo He TEePBOCTENeHHOW 3ajavell snoJoruu. B
HEKOTOPDBIX CAyYasX TaKMe Mapa3uThl OKA3bIBAIOTCS J1aske
nosiesubiMu. Harrpumep, B o61actu CotepHa Bo Dpannuu
YaCTble OCEHHNE TYyMaHbI CHOCOéCTByIOT BO3HUKHOBCHHUIO
Ha BUHOTPA/JHBIX KUCTSIX TaK Ha3bIBAeMOil 6JIAaTOPOIHON
mecenu. B Hanbosee MOpaskeHHBIX STO/IAX TaKas MJIeCeHb
BOupaer B cebst o 20% BJaru, TOBBIMIAS TEM CAMBIM
coJiep>kaHue B BUHOTPAJHOM COKe caxapa W IpujaBas
HoJly4aeMoMy BIOcJecTBUN BUHY «CoTepH» HEMOBTOPH-
MbIif BKYC, II03BOJIAIONUI €ro IIPEeKpacHo coueTaTb ¢
TaKUMHU JieJuKaTecaMu, Kak cblp «Pokdop» uin namrer
«@ya rpas.

2005/No

Cormacuo serenjie, BuHO «CoTepH» OBLIO OTKPBITO B
OIIMH W3 TOJIOB C OYEeHDb PAHHEH BECHOU W KapKUM JIETOM.
Bunorpaza cospen panbiiie 0OBIYHOTO, HO TYT HAYaJIUCh
MTOSK/IN, T ATO 3aCTABUJIO OTJIOKUTH HAYaI0 YOOPKU BUHOT-
pama. Y:xe depe3 HECKOJBKO JHEH BUHOTPAJ MOKPBIICS
TOW caMoil 6aroposHOl Tiecenbio. [IpeomoseB BroHE
MIOHSITHBIE COMHEHUST, BUHOJIEJIBI BCE K€ PEIIUJIUCh TTOTIPO-
60BaTh CIeJaTh BUHO U3 TAaKOTO BHHOrpajga. Pesysibrart
MIPEB30IIIeNl BCe OKHJAHWUS — apOMAThl IIOJYYUBIIETOCS
BUHA OKA3aJIMCh YAUBUTENbHBIMU. Ternepb 9T0 BUHO OYEHD
IIEHUTCS BO BceM Mupe. MHTepecHo, YTO BO MHOTOM CJIaBa
onHoro u3 ay4mux Bul o6nactu Corep — «Illato Mkem»
o0sI3aHa BEJMKOMY POCCHUCKOMY KHs310 KoHCTaHTHHY.
On 6bl1 cormaceH miaatuTh 3a 60ouky «lllato Mxem»
KOJIOCCATBbHYTO TT0 TeM BpeMeHaM cyMMy B 20000 ¢ppaHKOB.
Bes «pexmampr» kHsA3s1 KoHCTaHTHHA 3TO BWUHO MOJKET
OBITH W He 3aHSJI0 OBl IPOYHOTO TIEPBOTO MECTA B CIIUCKE
COTEPHOBCKUX BUH. A 3TO MIPUHOCUT HEMAJIO BJIAJETbIIaM
«Illato NkemM» — 11eHa GYTBIIKK TAaKOTO BUHA CETOMIHS HE
MaJiaeT HUXKe THICSYH €BPO.

[Tocne c6opa m OTKMMa BHHOTPAJa B BHHOTPAIHOM
cycJie HauMHaeTcst npoiece 6poskeHus. /leso B ToM, 4TO
BUHOTPAJHBIE ATOABI 06JAJAIOT YYJAECHBIM CBOWCTBOM:
JIOCTATOYHO MTOBPEJNTD UX KOXKUILY U OCTABUTDH €€ Ja’Ke Ha
HEKOTOPOE BpeMs B BUHOTPAJHOM COKe, KaK B HEM HAauH-
HAETCS €CTECTBEHHBIN TTpoIlece MpeoOpa3oBaHus caxapa B
criupr (6posxenue, pepMeHTanyst). ITOT MPOLECC MTPOUC-
XOIUT 6JIaro/Iapst COAEPIKANTIMCS B BUHOTPATHON KOKUTIE
aposkkam. (B HEKOTOPBIX Caydasx BUHOAEABI JOGABISIOT
B BUHOTPA/IHBIN COK JAPOKKN; Takas (hepMEeHTAIINS HA3bI-
BaeTcs MPUHYIUTETbHOI.) B 1porecce 6poskenns caxap
mpeo6pasyercst B 9TUJIOBBIH CIIUPT, YIJIEKUCIBIN Ta3, TJIH-
IIEPUH, YKCYCHYIO U MOJIOYHYTO KUCJOTBI U MHOTHE JpyTUe
BellecTBa. Mbl YNOMHHAEM JIUIIb CYIIECTBEHHbBIE [IJIS
JAJTbHENIIEero MOBECTBOBAHNUS aJleMeHThbI. OTHCHIBATD MOJ-
POGHOCTH CO3/IaHUST XOPOIIETO BUHA TaK JKe HeJIETo, KaK
MBITATHCS OMUCHIBATD JETANNA POXKICHUS XYIOKHUKOM
KapTUHbI WJIN [AdaBaTb HWHCTPYKIIUN TIO BBICEHECHUIO U3
TJIBIOBI MPaMopa CKYJbNTYpbl. OTpaHUYUMCS JIUIIH OMH-
CaHWeM TOTO, KaK HEKOTOpbie (DM3NYecKue SBJICHUS TIPO-
SIBJISIOT ce0sI B BUHOIEJTUY UJIN UCTIOTb3YIOTCS JIJIS CO3/1a-
HUA BHUHA.

BunorpagHas KOXUIIA COAEPIKUT B cebe IPOKIKY, Tpe-
obpasyiolire COK Kak B BUHO, TaK M B YKCYC, IpHUYEM
MIOCJIeTHWIT, €CJTH €TO JeliCTBIE He TIOAaBUTb, 6€3BO3BPAT-
HO ry6ut HanuToK. O/IH 9HOJIOT CKa3aJs, 4YTo Tocnoab bor
He TpeAroJaraj MpeBpalleHus BUHOTPATHOTO COKa B
BUHO: €CTECTBEHHBIM €0 KOHEUHBIM COCTOSTHHEM JOJIKEH
6bLa O6bI cTaTh yKcyc. OCTAaHOBHUTD 3TOT HEXKeJIaTebHBIiH
WCXOJl W HAIPaBUTHh TpoIecc (epMeHTAIm B HYXKHOE
PYCJIO SBJISETCS TIPEPOTATHBON YeI0OBEKaA.

COBpeMCHHbIe METOAbI q)epMeHTaHI/II/I, OCHOBaHHbIE Ha
TIOHUMaHUH1 MPOUCXOJANUX TIPU €€ TCUECHUN XUMUYIECKUX
MIPOIIECCOB M HA BBICOKUX TEXHOJIOTUSIX, /IAI0T HECPABHEH-
HO JIyuIline pe3yJbTaTbl, YeM KYCTapHO H3TOTOBJEHHOE
nomaiHee BUHO. Tak, HapuMep, CeroHs AJIs IOy YeH IS
BBICOKOKAYEeCTBEHHBIX BUH 9HOJIOTH TEPEXOMIT K ... HU3-
KOYPO’KaifHbIM COpTaM BUHOTpPaJa — JJsI TOTO YTOOBI
KOJIYECTBO MIUHEPATbHBIX BEIECTB C KBAAPATHOTO MeTpa
3eMJIN paCIIPeIesisSIoch Ha MeHbBIyIo Maccy sroj. Panee



OTJIAaBAJIOCH TIPEJIIOYTEHNE COPTAM JOCTATOYHO BBICOKHUX
J103 — 9TOGBI OBLTO y100Hee coOupaTh BUHOTPA/l, B HACTO-
siee Ke BpeMs JIJIsT CO3JaHus] BBICOKOKAYeCTBEHHBIX BIH
MCTOJB3YIOT HU3KUE JIO3BI — TIPU ATOM STOJBI MOJIYyYaroT
JIOTIOJTHUTENbHOE TETJIO OT MPOTPETOi COJHIIEM 3eMJIH.
Nuorpa ¢ 103 faxke 06pBIBAIOT TPO3/Ibs BAHOTPA/IA, OCTAB-
JISIST JIAITh He6GOJIbIoe UX KOJMYeCTBO. Pambiie geiicTBre
HEKeJIATeJbHBIX YKCYCHBIX JPOXKIKeH IMOIaBJSIOCh [10-
6aBJIeHNEM OTIPEIEJEHHBIX XUMUYECKUX KOMIOHEHTOB.
Ceroznnst Bce G6OJIbINE WCHOJB3YIOTCS aJbTePHATHBHbIE
MeTO/Ibl, OCHOBAHHDBIE HA UCIIOJIb30BAHUU TOHKUX (PUJIBT-
POB ¥ TJIY60KOTO OXJIaXKIEHHS.

Bposkenne sBiseTcss a9K30TePMUIECKUM TTPOIECCOM, T.€.
MPOTEKAET C BbIIeIEHNEM Teryia. B pe3yabrare mpu Kyc-
TapHOM, HEKOHTPOJUPYEMOM MU3TOTOBJECHUN BUHA TEMIIE-
parypa cycaa Moxer gocturath 40—42 °C. Ilpm atom
Jetyure 6JIaTOPOIHbIE APOMATHI TLIOIOB U IIBETOB, MTPUIA-
I0Ie HETIOBTOPUMYIO OKPACKy BWHY, TEPSIOTCS, U BUHO
CTAHOBWTCSI MAJIOBBIPA3UTEJbHBIM. PaHbIle A yMeHb-
MIEHWS TEMIIEPATYPBI cycya 6aKu ¢ HUM HAKPBIBAJIU MOK-
pBIME TpsnKamu. IIpoliecc mcrapeHust BOJbI TTO3BOJISLI
HECKOJIbKO TIOHU3UTH TEMIIEPATypy CycJja, HO, KOHEYHO,
Takoi MeTo] 6bL1 c1abo addekTHBHBIM. B coBpeMenHOM
MPOM3BO/ICTBE GPOKEHUE TPOBOJNTCS B CTAIBHBIX 6aKaX €
JIBOMHBIME CTEHKaMM — Haroo6ue tepMoca. Mex 1y cTeH-
KaM¥ TIOCTOSTHHO ITUPKYJINPYET XJIAJATEHT, YTO TI03BOJISIET
MOZIEP’KUBATH TEMIIEPATYPY CYCJIa JOCTATOYHO HU3KON —
He 6oJiee 18 °C — U cOXpaHATb TaKUM 06Pa30M HETOBTO-
puMblii apoMatT BuHA. [1maToif 3a 3TO OKa3bIBaeTCA 3HAUN-
TeJbHOE YyAJWHEHHUE Tporiecca OGpPoKeHus: BMecTo 7—8
JIHell B eCTECTBEHHBIX YCJIOBUSIX OH IIPU HU3KOI TeMItepa-
Type [AJUTCS [0 TpeX Helelb.

C momonbio TOHKON (PUIBTPAIME W OXJIAXKIEHUS OKa-
3BIBAETCS BO3MOKHBIM TaK)Ke OYMCTUTb BHHO OT YacTU
cyabUTOB, HO6ABIEHHBIX paHee JJs MOJABJEHUS KHUC-
JIOTHOCTU. B 3TOM mporiecce ncmosb3yiorest aBa dpaxkTopa.
[leso B TOM, 4TO TeMIlepaTypa 3aMep3aHus BUHA TOHUKA-
eTcsl OTHOCUTENbHO HyJist rpaaycos lleabcus na 0,5 rpa-
JIyca ¢ KaXK/JbIM JTOTIOJTHUTEJIbHBIM TPOTIEHTOM COJlEp:Ka-
HUS aJIKOTOJIsI, TaK 4TO BUHO, cojepskaiiee 12% cruupra,
3amepaaet ripu temmepatype oxoso —6 °C. B To e Bpems
cymbdUTBI 06Pa3yI0T OPraHMYECKUe KOMILJIEKCHI C COJIep-
JKalllUMHUCA B BHHE IICIITUIaMH. B cBomwo ouepenab, 9Th
KOMTIIJIEKCBI €ellle JI0 3aMep3aHus BUHA 00Pa3yioT MeJKHe
KPUCTAJJIBI, KOTOPBIE MOTYT OBITh OT(UIBTPOBAHEL.

XoJio[] MPUXOAUT BUHOETAM HA MOMOIIb U JJIST TIOBBI-
MIEHN OTHOCHUTEIBHOTO cojJiepskanust caxapa. [l atoro,
npex/Je 4YeM [aBUTb BUHOTPAJ, €ro MOAMOPaXKUBAIOT.
YacTb BOJBI OCTAETCSI B COCTOSIHUU JIb/IA, & B OCTABIIEMCS
COKe cojiepsKaHue caxapa nosbiniaercst (Tak Ha3biBaeMOe
ice-wine — Ascrpust, Tepmanusi). ITpOTHBOIIONOKHBIM
CTI0COOOM TIOBBITIEHUS CAXAPUCTOCTH SIBJISIETCS TO/BSIIH-
BaHME BUHOTPajAa /I M3TOTOBJEHHS JUKepHBIX (Tax
HasbiBaeMble passito — Uramust), myckatabix (Kpbim) u
APpYTUX BUH.

OnucanHble BKPATIE METOJBI OOBSICHSIOT, TIOYEMY CO-
BPEMEHHBIN BUHHBIN 3aBOJI Bce 60Jiee CTAHOBUTCS MOXO-
JKUM Ha MCCJIeIOBATEIbCKYIO JTab0PaTOPHUIO.

[lepeiizemM Temepb K ONMUCAHWIO HECKOJbKUX, C HaIIeit
TOYKU 3PEHUS] UHTEPECHBIX, (DU3NYECKUX SIBJIEHUIT, CBsI-

3aHHbIX C aAJKOIOJIbHbBIMM HaIIUTKaMM W UX HOTpeéﬂe-
HUEM.

Bunnbie ciaessi. I[loxpyxuB BuHO B 6OKaje, 4acTo
MOKHO Ha06II04aTh JIOOOIBITHOE ABJIEHNE — TaK Ha3bIBae-
MbI€ «BUHHBIC CJIE3DBI». HOKprBaH HpI/I BpaL[IeHI/H/I BHyT-
PEHHIOIO CTEHKY OOKajia TOHKOW IJIEHKOW, BHHO 3aTeM
MEJJIEHHO CTeKaeT BHU3 B (hOpMe OTAEIbHBIX TTOTOKOB.
BbITyer MHEHIE, YTO HAJIMYKE TAKUX «CJIE3» YKa3biBaeT Ha

BBICOKOE KaueCcTBO BUHA. VX JTO6ST MOKA3bIBATh U 06CY K-
JaTh 3a CTOJIOM KakK HAYMHAOMNE JIOOWTeNN, TaK U
MaCTHTble 3HATOKM BWHA, ITPOM3HOCS IIPH 3TOM CJIOBA
«TJIMIEPUH» M «KOPIYJEHTHOCTh> (KPErnocTn).

[Tpoananmusupyem (U3MYECKYIO MPUPOLY ITOTO SIBJIE-
uus. Hauwem c Toro, 4tro mang HaGIOMeHUS SIBJIEHWS
«BHUHHBIX CJIe3» B JOCTATOYHO KOHI[EHTPUPOBAHHOM BO/I-
HO-crUpTOBOM pactBope (Gosee 20%) HET HYKIbI [Aaxe
pacKayMBaTh WM BpamaTb GOKa: HEOOBIYHBIN apdeKT
KOHBEKITUM MAacChl B TAKOM PAaCTBOpE BBEPX IO CTEHKE B
q)opMe TIJIEHKN W TIPOTHUBOIIOTOKAa BHU3 B BU/E <«CJIE3»
HaOTI0JaeTCs JlaXke B HEMOABIKHOM 6oKase. B ruapoan-
HaMWKe 3TO sIBJIEHNe HasbiBaeTcsl adppextom MapaHTOHN
M 3aKJII0YAETCS B JIBUKEHUH IPAHUIILI KUAKOTO PACTBOPA
[IPOTUB HATIPaBJIEHHS AEHCTBHUS CHJIbI TsXKeCTH, 6Jaroza-
PS I3MEHEHUIO TI0 BBICOTE TIEHKHN K03 dUuilneHTa mosep-
XHOCTHOTO HATsDKeHUs. /le10 B TOM, UTO CITUPT MCIIapsIeT-
cs1 U3 TJIEHKU OXOTHee, 4eM Boga. Boma, B cBoto ouepesp,
uMeeT K03(PDUIMEHT TOBEPXHOCTHOTO HATSIXKEHUSI TOPa3-
no 6oubinuii, yeM cnupT. B pesysbrare HepaBHOMEpHOE
UCTIapeHNe CIIUPTA B IIJIEHKE HEOJHOPOIHON TOJIIUHBI
(B/10J1b TPAHUIIBI BUHHOI MOBEPXHOCTH B GOKaJIe) MPUBO-
JUT K BO3HMKHOBEHUIO I'PAJMEHTA €T0 KOHIIEHTpPAIUu U,
CJIe/JOBAaTeTbHO, K MOSIBJEHUIO TPaineHTa K03 uIimenTa
MOBEPXHOCTHOTO HATSIKEHUST. A 9TA HEOJJHOPOJAHOCTD TIPH-
BOJIUT K TIOSIBJIEHUIO CHJIbI, KOTOPAs TSHET IIJIEHKY BBEPX
0 cTeHKe GoKaJja.

CBolicTBa ABMKEHUS TPAHUIBI TaKOH TIJICHKU TIPU pPas-
JINYHBIX KOHIEHTPAIMIX CIUPTA ObLIA U3YYeHbI COBCEM
HenasHo, B 1992 rony, dpanmysckumu yueHbiMu DypHbE
n Kasza6a. OHu 06GHAPYXWJIN YIUBUTEJIbHYIO 3aBUCH-
MOCTb BEJTMYIHBI ITepeMeleHns TIeHKH L OT BpeMeH! t:

L(t)~ /Dt .
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I[bl ¥ IINHY ee cBOOOTHOTO Tpolera.

B cBoux axcrepuMenTax ¢paHIy3cKue yueHble 06Hapy-
JKUJIM UHTEPECHEHNTITYI0 3aBUCUMOCTD Koo dpuiinenTa aud-
dysun D ot cTenenu comepskaHus B pacTBOpe crimpra @
(puc.2). Kak yske 0TMeUYan0Ch, IIpH KOHIEHTPAIUSX CITUP-
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YTO €CJIU €r0 TIOBEPXHOCTD ObLIA MPEABAPUTEIBHO CMOYe-
ra). [lopasuresbHO, HO, BOMPEKN MHTYUTHBHOMY OKH/Ia-
HUIO, HawmboJblline 3HaueHus Koaddumnmenta D Oblin
MOJIYYEHBI /IS OTHOCUTEIBHO CJIA6bIX PACTBOPOB CIIUPTA,
XOTs1 UCTIapeHre B HUX U HJeT Me/TeHHee. 13 akcrepumen-
TAJBHOTO rpaduKa BUIHO, 4TO Koadpduiment D gocTuraer
MuHUMyMa pu @ = 0,9 U, Kak HU CTPAHHO, HE HCYE3aeT
mpu goctukennn 100%, T.e. gaxe YUCTBINA CIIUPT «Kapal-
KaeTcsl» BBEPX MO CTeHKe GoKasa. ABTOPBI UCCIEI0BAHMS
MPUIMUCATH 3TO SIBJIEHIE MOTJIONIEHNIO CIIUPTOM BOISHBIX
napoB M3 arMocdepbl, YTO MPUBOJAUT K TOSIBIEHUIO He-
60JIBIITIOTO  TpasineHTa Koa(duimeHTa MOBEPXHOCTHOTO
HaTspKeHust. CBOIO MPABOTY OHU TYT K€ U IMPOJEMOHCTPH-
pOBaJI, TIOBTOPUB U3MEPEHSI [IJIsT CIIUPTA B CYXOH aTMOC-
depe, rae koadpduiment D okazancs MEHBITHM 1O BEJIH-
YHEe U MOHOTOHHO YOBIBAIOIUM C POCTOM @ , 00paIasch
B HOJIb Tipu @ =1.

Temepb, KorJa Mbl OOBSICHIINA TPUIUHY YIIPSIMOTO Ka-
pabKaHbsl JOCTATOYHO KPEMKOTO AJTKOTOJbHOTO HAITMTKA
BBEPX 110 CTeHKe 6oKaJa, mepeiizeM K 06cy:KaeHuno o6pa-
30BaHUS «BUHHBIX cJ1e3» . [lepBoil, o4ueBUHOIT, €T0 mpuyn-

2005/No

HOI CJTYKUT CUJIA TSKECTH, KOTOPAsk IPOTUBOCTOUT CUJIAM
MOBEPXHOCTHOTO HATSKEHUS U CTPEMUTCS BEPHYTH yOe-
JKABIIYIO KUAKOCTb BHU3. OHAKO 32 TO, UTO 3TO BO3BPA-
TNIeHre MTPOMCXONUT HE OJJHOPOJIHO, a B popMe OT/IeTbHBIX
IIOTOKOB, OTBETCTBEHHA TaK Ha3bIBaeMast peJieeBCKasi Heyc-
TOIUnBOCTb. OODBSICHUM CYIHOCTb 3TOTO HEIMPOCTOTO $IB-
Jenus Ha pumepe. Korzga mo o3epy mpoxomuT Karep, oH
MOPO3KJAET BO3MYIIIEHNE TOBEPXHOCTU — BOJTHBI. OHAKO
€O BpeMeHEeM 9TH BOJTHBI 3aTYXalOT,  TOBEPXHOCTD BO3BPa-
I[aeTCs B CBOE TIEPBOHAYAIBHOE COCTOSTHIE. MOYKHO TIOKa-
3aTb, YTO €CJIU <«03€pPO TIePEBEPHYTb», T.€. €CJH CHIY
TSDKECTH HANPaBUTh HE B TJAYOMHY JKUIKOCTH, a OT ee
TIOBEPXHOCTHU BBEPX (npeanonaraﬂ, YTO IPpHU 3TOM KU/ -
KOCTD B COCY/Ie YIEPKUBAETCS KAaKMMHU-TO CUJTAMH, HATIPH-
Mep JaBJeHreM ), TO MaJieiinee OTKIOHEHNE TOBEPXHOCTH
OT TOPU3OHTAJBHON He 3aTyXaeT cO BPEMEHEM, a pa3pac-
TaeTcs B MIKBaJ, paspymas ee (mogymaiite, ouemMy peer
¢daar wa Betpy). MIMeHHO aTa HEYCTONYMBOCTD M OTBET-
CTBeHHA 32 06pa30BaHNe «BUHHBIX CJI€3»: TPAHUIA TJIEH-
KM, Kapabkaronieiicst BBepx corsacHo addexty Mapanro-
HU, OKa3bIBAETCS HEYCTONYUBOIL [0 OTHONIEHHUTO K MaJIbIM
BO3MYIIEHUsIM — GJarojapsi CJAy4YailHbIM HEOJHOPOIHOC-
TSIM Ha Helt 06pa3yioTcs Kalin, KOTOPbIE, BOBJIEKAS B CBOE
JBUKEHUE JKUIKOCTb U3 MPUJIETaoNuX 061acTell, CKaThl-
BAIOTCSI BHI3, OCTABJISIS HA CTEKJIe KPACUBBIE CJIEIBI.

Kak o6uapyxuan dypube u Kazaba, yem Gobliie B
pacTBope crmprTa, TeM ciaabee okasbiBaeTcs ahdext Ma-
PDaHTOHU, TeM MEHbIIe cepKUBaIiee 06pa3oBanne cJaes3
TIOBEPXHOCTHOE HATAXKEHHNE, TEM CUJIbHEE BUHO <«ILJIAYET»
U T€M MEHBINNM JIOJDKHO HAOIIOIAThCS PACCTOSTHUE MEXK-
ny notokamu. OJHAKO Ha OIbITE 3Ta 3aBUCUMOCTb OKa-
3BIBaeTCS BecbMa cJaboil U He TO3BOJISIET MCIOJIb30BATh
«BHUHHDBIE CJIE3Bl» [JISI CKOJb-HUOYIb JIOCTOBEPHOTO OI-
penesieHusT KPENOCTH BUHA <«BCJENMyIO», He TJSAS Ha
ITUKETKY.

Uro kacaercs TJUIEPUHA, TO COMEP’KAHUE ITOTO CJAM-
KOTO CIUPTa B BUHE OGBIYHO OYeHb HeBesnko (mopska
1-2%) M MPaKTUYECKN HE CKA3bIBAETCS HA €T0 KPEMOCTH
(X0Tst HECOMHEHHO BaMseT Ha BKyC BuHa). Omnpenesio-
MMM 3Ty XapaKTePUCTUKY BUHA OCTAETCSI OOBIYHDIN 3TH-
JIOBBIH CITMPT, CoJiep>KaHie KOTOPOTO W MHUTIETCS Ha TH-
KeTKe B KauecTBe KpenocTu. OTMEeTHM, 4TO BUHA C HU3KIM
co/iep>KaHNeM 3TUJIOBOTO CIIUPTA MeHee BSI3KM, Tak 4To,
MO-BUANMOMY, TJIUIIEPUH He ONpeeiseT Jake 1 BI3KOCTU
BuHa. [loaToMy HabmOeHNEe cCAMUX «BHUHHBIX CJIE3» MU
JlasKe Tpolecca NX TeYeHus He O3BOJISIET BCEPhE3 CYAUTD
0 COZlep:KaHWU B HEM TJIMIIEPHIHA.

OcBeTrjieHde BUHA M 3JEKTpoOcTaTuKa. Ilepes TeM Kak
pasjiuTh BWHO B OYTHLJIKH, €r0 HaA0 OCBETJIHTH, T.€.
yIJIUTh B3BECh MEIbYAMIIMX YACTHUI], KOTOPBIE OCTAJIHChH
mocJie mporiecca 6poskeHust BuHa. VIHTepecHo, 4To N3/jaBHa
JUIST 9TOM TIeJIM UCITOIb30BaJM GEJIKU SIUIT — TIeHa, ToJIyJa-
omascsa npu B36UTUU GeNKOB, M06ABJSIACH B MOJIOIOE
BuHO. IIpoTentbl Geqka B BUHE MPHOGPETAIOT MOJIOKU-
TeJIbeIfI 331.)5111, B pesyanaTe K HUM HpI/ITHI'I/IBaIOTCH
OTPUIIATETHHO 3aPSIKEHHbBIE YACTHUIIBI, OHU 06PA3YIOT CTy-
CTKH, KOTOPbIE 3aTEM M OCEAAIOT HA THO EMKOCTH C BUHOM.
Wcnosb3yercst 71s1 OCBETJIEHNS BUHA U TJIMHA — YACTUI[BI
ec B3BeCH MMEIOT OTPHIIATEIbHBIH 3apsii U TPUTATHBAIOT
MOJIOKUTEIBHO 3apsKEHHBIE TPUMECH.



Mo:xHO BOCIIOJIB30BAThCS U 60JIee «IPyObIM» METOJIOM —
nenTpudyrupoBanueM. B aToM cirydae yacTHIIbI € IIJIOTHO-
CTBIO, 6OJIbINel MJIOTHOCTH BUHA, 6YAYT OTOPOIIEHBI IPH
BpallleHIN Ha CTEeHKU. B cBoio odepeab, GoJee JieTKue
YJaCTHI[BI IpIMeceil co6epyTcs B LEeHTpe.

LLamnaHcKkoe u ero nysbipbku

B o6sactu llamnanb, kotopast HaxoauTtcst BO MpaHimn
B6m3M Topoja Peiimca, m3maBHa mnpoumsBoguau 6eJioe
BuHO. HuueMm, paBga, 0coO6eHHO HHTEPECHBIM 3TO BUHO C
BechMa c1aboii OKpacKoii He craBuioch. Hamporus, BuHO-
JleJTbl OueHb OBICTPO OOHAPYKIJIU, YTO NIAMAHCKUE BUHA
OYeHb TIJI0X0 COXPAHSIJINCH U CO3PEBAJIHN B 60UKAX, TT0ITO-
MY BO3HUKJIA UJes Cpas3y e pasJuBaTh €ro Mo Oy ThLIKaM.
Ho B GyTplikax GposkeHHWE He OCTAaHABJAWBAJIOCH, W B
pesyJbTaTe 3TOTO, IO AEHCTBUEM BBICOKOTO ABJICHUS
ra3oB OPOKEHMS, HEKOTOPbIe OYTHIIKH B3PBIBAJIUCH. B TO
BpeMs B orpeba, T/ie XPaHUIICh Oy THIJIKH IMaMIaHCKOTO,
3aXO/IUJIH, JIUTIb HAJIEB HA TOJIOBY CIEIUAJBHYIO JKeJe3-
HYIO MacKy — MHAa4ye MOKHO OBbLIO TOJYYHUTb CEepPbe3Hble
YBEUbsI OT JIETSIINX OCKOJIKOB cTeka. [lotom, mpaBaa, ata
npo6JeMa 6bla pelieHa My TeM UCTIOIb30BAHNS CIIEIATb-
HBIX TOJICTOCTEHHBIX GYTBITOK, CIIOCOOHBIX BBIJEPKUBATDH
6O0JIbIITHE ABJIEHUS.

OTIIOM COBPEMEHHOTO IMIAMIIAHCKOTO CIIPABEJINBO CUH-
taercss Genegukrunckuit monax Jlom Ilepunrbon (Dom
Perignon). Wmenno on B mepuox ¢ 1668 nmo 1715 rox
OTBeuaJI 32 BUHHbIH Torpe6 ab6arctBa u pa3paboTas MeTOI
CO3JIaHWS 9TOTO WUTPUCTOTO HATIMTKA.

JIT060TIBITHO, YTO IAMITAHCKOE cOpTa OPIOT OBLIO BIIEp-
Bble u3roToBNeHO B 1876 romy mo 3akady aHrJnYaH,
KOTODbIE, B OTJMYUE OT PPAHIy30B, B TO BPEMS TIPEAIIO-
YHUTAJIN CyXUe BUHA.

Crporo roBops, IMaMITAHCKUM UMeET MPABO HA3BIBATHCS
JIMIITb UTPUCTOE BUHO, MPOU3BOJAMMOE TI0 OIpeeIeHHOM
TEXHOJIOTUM UMEHHO BO (paHIry3ckoii mpoBuHnuu lam-
naHb. Bce ocTambHOE SBJSETCS TPOCTO UTPUCTHIM BUHOM
TOTO WJTM WHOTO THUTIA.

Urpucroe BUHO co3iaeTcss B pe3yabTare CHEAThHOTO
mpoitecca GPOKEHUS W B IPUHITUIIE MOXKET GbITh M3TOTOB-
JIEHO U3 JTT000TO TUTIA BUHOTPA/IA, OTHAKO OOBIYHO HCITOJIb-
3yeTcs BUHOTPa/ TOAbKO TpexX copToB: [Inno Hyap, ITuno
Memnbep u [llapaona, mpuyeM 6eJIbIM BUHOTPA/IOM SIBJISIET-
cst uib nocseanuii. Ecom na atukerke nanucano «Blanc
de Blanc» (Gemoe us 6es0ro), TO 3TO O3HAYAET, YTO
UTPHUCTOE BUHO M3roTOBJIeHO u3 yncroro Illapaons. Hax-
nuchk «Blanc de Noir» (6es10e u3 yepHoro)osnadaer, 4ro
[IapaoHa pu U3TOTOBJEHUN ATOTO HAITUTKA HE MCIT0Ib30-
Basoch. CytiecTByeT TakKe W pO30Boe IaMmnaHckoe. Ero
MOKHO WM3TOTOBHUTH ABYMS crioco6aMu: Jn6O <«IOJIpa-
BUTH» 6eJioe MIAMIIAHCKOe CYXUM KPAaCHBIM BUHOM, JHOO
MoJIepP>KaTh HEKOTOPOE BPeMs COK KPACHOTO BUHOTPA/A B
KOHTAKTE C €r0 KOKUIIEH, JUIIDb 3aTeM eT0 OT(PUIbTPOBATD
M HayaTh MPOIECC U3TOTOBJECHUS MTAMITAHCKOTO.

Mertog «Illamnanyas» (Champenoise). Eciu na stu-
KeTKe MMEeTCsI 9TO CJIOBO, TO 3HAIITE, YTO COOTBETCTBYIO-
Tlee UTPUCTOE BUHO GBLIO M3TOTOBJIEHO CJIEAYIONIUM CIIO-
coboM.

B nposuniuu llamMmans c60p BHHOTpasa MPOBOAUTCS
BPYYHYIO, 4TOOBI HE TIOBPEIUTD IPH COOPE SITOIbI KPACHOTO

BUHOTPA/JIa W COJEPIKAINIMECS B WX KOXKHIE APOKKU HeE
moTaJim B COK. Aroapl naBAT ABaXKabl. B mepByto maBky
usByekaioT 80% coKa, W TMOJyYeHHOE U3 HErO BIOCJE]-
CTBUHM IaMIiaickoe HazbiBaercs «Cuvees. [llammanckoe,
noJyueHnoe u3 octasmmxcst 20%, HaspiBaor <«Tailles
(JIy‘H_HI/Ie JO0Ma MIaMIaHCKUX BWH HE IIPOU3BOJAT €TO
BOOOIEe, a OTPAHWMYMBAIOTCS JHIIb IMPOU3BOJCTBOM
«Cuvee»).

Ectb HeCKOJIbKO c1T0CO60B HACBHITUTD BUHO YTJIEKHCJIBIM
rasoM. Meron «Illamnanyas» HaumHaercsi ¢ OOGBIYHOI
epmenTary 6e10T0 BUHA, KaK 3TO GBLIO OMUCAHO BBIIITE.
3aTeM BUHOIEJIBI CMENIUBAIOT B TOW WJIM MHOW KOMOUHA-
1Y 3TO BUHO C BUHAMHU IIPEABIAYIIUX YPOKAEB U Pa3Jin-
BaIoT 110 GyThiIKaM (CMech HOBOTO M CTApPOTO BUHA Ha3bl-
Baercst dosage). B kaxay1o u3 GyThIIOK 3aTeM 106aBISAIOT
HEMHOTO caxapa W JIPOK:Kell W 3aKpBIBAIOT BPEMEHHOM,
IoXO’el Ha MUBHYI0, TPOOKOil. B 3aBucHMOCTH OT KOJIH-
YyecTBa M0GABJIEHHOTO caxapa IMaMIaHCKoe OyIeT cylie
nin caaxe. Pasmuuaior copra 6pior (brut), ouenb cyxoe
(extra dry), cyxoe (sec), moaycyxoe (demi-sec), a Taksxke
MOJTyCJIAZIKOE U cIaKkoe. Temepb B OYTBLIKE HAYMHAETCS
mporecc BTOpUYHOI depmenTanuu. Bymyiee mammaHc-
KOe B TAaKOM COCTOSIHUU BBIAEPKUBAIOT HECKOJDBKO JIET:
OOBIYHO 10 TPeX, HO B 0COOBIX CJayvyasx u o mectu. Ilo
3aKOHY ITAMITAaHCKOE JOJIKHO TPOBECTH B OYTBLIKE He
MeHee OJHOTO TO/Ia.

Crenyronmuii mar 3akJar04aeTcss B OYNCTKE HAUTKA OT
nposkskeit. /11 3Toro 6y ThIIKY TTOMETIAIOT B CTIEIHAIbHbIE
STYeKH, T/1e UX KaXKbIH IeHb TPOBOPAUYNBAIOT HA Y€TBEPTD
o6opoTa, a takxe onemuory (#Ha 15° B ieHb) HaKJIOHAIOT
TaK, 4YTOGBI B KOHIIE KOHI[OB MEPTBBIE [POKIKHU OCEJN Ha
npoOKe.

[Tocnemnneit oneparueii sBsieTcst U36aBJIEHIE OT OCTAT-
KOB JIPO’K’KEN U 3aMeHe MPOOKY Ha TTOCTOSHHYI0. Tak Kak
IIAMIIAHCKOE K TOMY MOMEHTY YK€ OKa3bIBAETCSI TT€PECHI-
IIIEHHDBIM YTJEKUCJIBIM Ta30M, TO 3TOT IIPOIlecc HerpocT. B
OPpUTHUHAJIDHOM METO/IE «HlaMHaHya:s» €Tro MMPOM3BOJUT
VWCTUHHBIH BUPTY03, YMEIOMNN He CcoTpsicas OTKPBITh
OYTBIIKY 1 3aMEHUTH BPEMEHHYIO TPOOKY C JICKAIUMHU Ha
Hell aposk:KaMu Ha TocTosiHHyI0. CerogHs mpuMeHeHue
KPHUOTEHHO TEXHUKH CYIECTBEHHO YIIPOCTUJIO TIPOU3BO/I-
CTBO: TOPJIBIKO OYTBIIKU C JIPOKIKAMU MPOCTO 3aMOpa-
JKUBAIOT, BBIYUINAIOT U 3aKPbIBAIOT HOBOM MPOOKOIA.

Kaskprit 3HaeT, YTO UTPUCTOE BUHO TIPOJIAETCS B CIIEITH-
AJBHBIX, BBIIEPKUBAIONINX JOCTATOYHO BBICOKOE JaBJIe-
HUe OYTBLIKaX. JTO CBSI3aHO € GOJBIIUM KOJHMYECTBOM
YTJIEKUCJIOTO Ta3a, HAXO/AIIETOCS B TAKOM BHHE B MeTa-
CTa6MJIBHOM COCTOSTHUM W TOTOBOM BBICBOGOAUTCS TIPU
U3MEHECHUU BHEIIHUX yCJOBUH. ByTbuiky mamianckoro
MOKHO OTKPBITh TTO-Pa3HOMY, B 3aBHCUMOCTH OT TIeJiel,
YMEHHS W TeMIIepaMeHTa OTKPBIBAIONIETO: JHOO0, CJIErKa
BBIMTYCTUB Ta3 W3 TOPJBINIKA, MEIJIEHHO [aTh MPOOKe
BBIIITH W3 GYTBLIKM M Pas3jNThb HAUTOK 0e3 MOTephb IO
6okasam; sn6o, Haripumep B yectb HoBoro l'oga, Boimyc-
TUTb MPOOKY B MOTOJIOK ¥ PA3JUTh MOJOYTHIIKUA B BHIE
nenbl. VMenno tak Illymaxep, mo6eauB B oOvepenrHOM
3ae3ge «DopMyibl-1», yXUTPSIETCS PA3JIUTh B BUJE MTEHBI
MIOYTHU BCE COJEPXKUMOE OTPOMHON OYTBLIKH.

(Mponomxexue creqyer)



o104, 0 npaMom CUMCOH3

B.PbIXUK, b.COTHUYEHKO

O JTHA N3 CAMbBIX U3BECTHDBIX ITPAMBIX, CBA3AH-
HBIX C TPEYTOJbHUKOM U OKPYKHOCTBIO OTHOBPEMEH-
1o, 310 npsMass Cumcona.(Pobept CUMCOH — moTIan/c-
kit Mmarematuk, 1687—-1768.) Oma mosyyaercss Tak.

Hapucyem tpeyronbauk. OnuiieM 0KOJIO HETO OKPYXK-
HOCTh. Bo3bMeM Ha 3TOl OKpy»KkHOCTH JI06YI0 TOUKY (B
o6IeM ciydae — He B BEPIINHE JAHHOTO TPEYTOJbHUKA).
CrpoekTupyeM aTy TOYKY Ha KaxIyIo U3 IPSMBIX, COZep-
JKAIMX CTOPOHBI TpeyrosbHuKa. OKa3biBaeTcs, aTH MPO-
eKITNN JIesKaT Ha OJTHOUM TIPSIMOIl. JTa NMpsiMast U Ha3bIBaeT-
cs npsamoit Cumcona (puc.1).

[IpsiMas sTa 1aBHO MPOMUCAHA B MHOTOYNCJTIEHHBIX T€0-
MeTPHYEeCKIX 33JaYHIKaX. VI3BecTHBI pa3IndHbIe JoKa3a-
TeJbCTBA ee CylecTBoBaHMA. OHa He MPOCTO MHTEpecHa
cama 1o ce6e, HO UCIOJIb3YeTCs A1 PEMIECHIST HEKOTOPBIX
sagau (Hanpumep, B kuure B.B.IIpaconoBa «3amaun 110
IJIAHUMETPUU» eCcThb Jaxke naparpad, Tak U Ha3BaHHBIN

«IIpsamass Cumcona»). Mbl npuBejeM KHHEMaTHYECKOe
JIOKa3aTeqbCTBO ee cymecTBoBanus (B ayxe Hamei
TIpeAbIAYIeH CTaTbh —
cM. «KBant» Ne5 3a
2002 r.; cM. TakKxe
kaury: [0.U1.Jliobuy, .
JI.A Illop, «Kumema- ===
TUYECKUI METO/l B T€0-
MeTpHUYECKUX 3aja-
yax»). Mlcnonb3ys Ku-
HEMATUYECKU MEeTO[I,
MBI DEIUM W [JIpyTHe
3a/1a4¥, CBSI3aHHbBIE C
npsmoit CuMcoHa.
[IpuBeeM HEMHOTO MPOCTBIX TEOPETHUECKUX CBEIEHNN
n3 KuHemMaTuku. Ham morpebyercs NOHATHE YIJIOBOI
CKOPOCTH IBIXKYIIENCA IPAMOI, T.e. MPsIMOM, MeHSIOIei

Puc. 1




Unmoctpaymns E CunmHou

CBOE TIOJIOKEeHNe Ha TIJIOCKOCTH cO BpeMeHeM. BBezeM ero
TaKWUM JKe IMyTeM, KaK BBOANUTCS 0OBIYHOE TIOHSITHE CKOPO-
cru. CHavaia OIpeaesanuM YIJIOBOE MOJIOKEHHUE IBIKY-
Tielicss TPSMON: TIOJI YTJIOBBIM MOJIOKEHUEM MPsMOii Gy-
JleM IIOHUMAaTb YroJl MeK1y IpPsMOil U HEKOTOPO#l OCbhIO.
YTos 3TOT Beer/ja OTCYUTBHIBAETCSI OT OCH. B 3aBucHMOCTH
OT TOTO, KaK OTCYUTHIBaeTCst yroJi (IIPOTUB WK TI0 4aco-
BOii CTpeJsike), OH MOXKeT GbIThb KaK MOJOKUTETbHbIM, TaK
U OTPHUIATENbHBIM. 3aTeM BBOJIUTCS YIJIOBOE MepeMele-
HUe TIPSIMOIl B TeUeHNe 33JaHHOTO MPOMEXKYTKA BPEMEHU
KaK MpHUpaiieHne yriaa Mexay ABWXKYIIeHcs MpsMoil u
0CbIO; TIOTOM — CpeIHsSS YTJIOBAas CKOPOCTb IPsIMON B
TeueHNe 33JaHHOTO TNPOMEKYTKa BpPEMEHH; HAKOHEI[ —
MTHOBEHHASI YTJIOBAasl CKOPOCTb MPSIMOI, WM TIPOCTO ee
YTJIOBasi CKOPOCTD.

IToce aToro MbI 6yZieM TPAKTOBATD YTOJI MEXK/IY NPSIMBI-
MU KaK Pa3HOCTDb YTJIOB, KOTOPbIE 3TH MpPsIMble 00PasyioT
C 3aJJTaHHO OChI0. SICHO, UTO YTOJI MEK /Ty TPSIMBIMU MOXKET
OBITh KaK MOJIOKUTETbHBIM, TAK W OTPHUIIATETbHDBIM.

[lepexomauM k onpeznenenusM. [Tyctp qBmxymasics npsi-
Mast [ B MOMEHT BpEMEHU ¢, 3aHMMAET MOJIoKeHue /;, a B
MOMEHT BpeMeHu ¢, — nonaoxenue [, (puc.2 ). Ha stnx

L

Puc. 2

TIPpAMBIX BbI6epeM HaITpaBJIAIOINE €INHNYHbIE BEKTOPDI
€, U €, COOTBETCTBEHHO. BpI6GepeM Ha MJIOCKOCTH OCh X C
HAMIpaBJAOINUM €IUHUYHBIM BEKTOPOM ; Ha 3TON OCH.
OTJI0KUM BEKTOPBI €, €, oT Touku O Ha ocu x. Yrona

0 =Z (i,éi) OTIpe/ieJIIeT YII0BOE MOJIOKEHHEe NPsAMOil [
B MOMEHT ¢, a yToI ¢, = £ (i,§2) oTIpeJiesIsieT YTJI0BOe
MOJIOXKEHNE IPAMOii [ B MOMEHT ¢, . [Ipu aToM, Kak MbI yxe

JIOTOBOPHUJIHNCH, YTOJI @ = £ (i,é ) Oy/ieM CUUTATD IIOJI0KNU-
TEJIbHBIM, €CJIM TIOBOPOT OT BEKTOPA 1 /10 BEKTOpa € H/eT
MPOTUB YaCOBOW CTPEJKH, W OTPHUIATEJbHBIM, €CJU 3TOT
MOBOPOT MJIET MO YaCOBOU CTPEJIKE.

[Ipupamenue AQ yriaa @ B TeYeHHE ITPOMEKYTKA
BpeMeHu At =t, —t; ecTb pa3HOCTb @y — @ . OTHOLIEHUE

Ag
E Ha30BEM Cpe€AHEN YyTJTOBOU CKOPOCTDHIO 3a 3TOT IIPO-

MEXYTOK BpeMeHH. MTHOBEHHasl yIJIOBasi CKOPOCTD IIPs-
MOIl ecTb TIpelieJl 3TOr0 OTHOIIeHus 1npu At — 0, T.e.
npoussoanas ¢’ (f). Mbl GyseM o6o3HayaTh ee @, Kak
IPUHSATO B MEXAHUKE.

[Iyctp Terepb Ha pucynke 2 uepe3 [; u [, o6o3nadeHa
He JBIKYIIAsiCst psiMast [ B pagHble MOMEHTBI BDEMEHH, a
JIBe pasHble NpsIMble B OJMH M TOT JX€ MOMEHT BPEMEHH.
Toraa yrabl @ ¥ @, €cTb yIJbl 3TUX TPSMBIX C OCBIO X,

a UX Pa3HOCTDb U OyJeT OPUEHTHPOBAHHBIM YTJIOM MEXIY
npsaMbpiMu. 1Ipu aToM yros ot mepBoii 0 BTOPOH MPsIMOi
0603HAYMM KaK @y , @ YTOJ OT BTOPOH MPSMOIi JI0 TIepBOit
0603HAUNM KaK @1y . Torma @y = @y — @, 2 @5 = @) — @, .
OueBHUIHO, YTO @y = =@y .

[Tpomud depeHITpoBaB PaBEHCTBO @y = @5 — @ TIO BPE-
MEHHU, MTOJYYUM CKOPOCTb U3MEHEHUS YIJIa MEXK /LY TIPSIMbI-
MHI: @y = @y — @y . OTCIOZIA MMEEeM: ecqIM YTJI0BbIe CKOPO-
CTH JJaHHBIX MPSAMBIX OAMHAKOBBI, TO ¢y = 0. Ho Torga
YTOJ MEXKAy NPAMBIMU HOCTOSHHBIA, HE MEHSETCS CO
BpeMeHeM. BepHO m 06paTHOe yTBEPKIEHUE: €CJH YTOJ
MEX/1y NPAMBIMU CO BpeMeHeM He MEHSETCS, TO YTIJIOBbIe
CKOPOCTH 3THUX TIPSMBIX PABHBI.

AnanoruuubiM cooTHOLIEHUEM AQy = AQ, — AQ, cBg3a-
HBI MKy cOOOI YTJIOBBIE MepeMeNeHIsT NPSIMBIX AQ, ,
A@q unpupalienue yrjaaMexx1y HUMU AQ,, 32 HEKOTOPbII
IIPOMEKYTOK BpPEMEHN. Y 6eIUTECh B 3TOM CaMOCTOSITEJb-
HO. B masbHeiineM MbI TO3BOJIMM ce6e 3aIHChIBATD JTI060€e
U3 PaBeHCTB (Pyy = Py — @y, AQy = AQ, — AQ(, KOJIb CKO-
po BBIMOJHSAETCS oAHO 13 Hux. llompobuee: ecim
§y1 = @y — @, T0 AQy = A@y — Ay, 1 06partHo.

Eme onno. IlycTb B IJIOCKOCTH IBUKETCS MHOTOYTOJIb-
HUK, IpUYeM HU [JIUHBI €r0 CTOPOH, HU YTJIbI MEXKIY
CTOpPOHAMU He MeHsI0TcA. Toraa n3 ToJbKO YTO CKa3aHHOTO
CJIEYeT, YTO YIIOBBIE CKOPOCTH €T0 CTOPOH OJJMHAKOBHI. 1
3TH YTJOBBIE CKOPOCTH
MO’KHO Ha3BaTb YIJIOBOI
CKOPOCTBI0 MHOTOYTOJIb-
HUKA.

[Tepeiinem Tenepnb k 4a-
CTHOMY cJly4alo, KOorja
[IBe TpPSMbIe BPAIAIOTCS
C OJIMHAKOBBIMU YTJIOBbI-
MU CKOPOCTSIMHU, HPUYEM
1IEHTPBI BpalleHus Helo/1-
BIDKHBI M JIeXKAT Ha 9TUX
npsaMbIx. Tounee: mpsMast
[, Bpamaercsi BOKpyT He-
HOJABIKHON TOUKHU A, Je-
JKale Ha npsaMoil [ ; mpsiMasi [, Bpamaercsi BOKPYT
HENOBUKHON Toukn B, nexameit va npsmoii I, (puc.3).
Ilycte oHm B MoMeHT f; mepecekasnch B Touke C;, a B
MOMEHT ¢, nepecekaiorcd B touke C, . SIcHO, 4TO 1pU 3TOM
A@, = Ap,. Tak kax mpsMble [, u [, BpamawTcs c
OZIMHAKOBBIMU CKOPOCTSIMH, TO YroJ @,; (Ha pucyHke 3
ato yriiel AC;B nu AC,B , paBHbIe O.) OCTAeTCsI TOCTOSTH-
HbIM. VM3 m1aHuMeTpMM M3BECTHO, 4TO Torza Touka C
nepeceyeHns JaHHbIX MPSAMBIX HAXOJUTCA Ha JyTe OKPYK-
HoCTH, TTpoxoasiieil yepe3 Toukn A u B. Ilycts Touka O
— 1eHTp 310 oKkpyxkHOCTH. Pannyc OC 310l OKPYKHOCTH
B IIpoliecce BpallleHus Iepemiesa u3 nosnoxenus OC; B
nosoxkernne OC, . O6osraunm yron C,0C; Kak AQ,:
£C,0C = AQpe . OueBHIHO BBINOJHEHHE DPaBEHCTBA

Puc. 3

1
A@, = Ag, = EA(pOC (10CTaTOYHO TTOCMOTPETh Ha PUCY-

HOK 3 ¥ yBU/IETD, UTO yIJbl AQ, AQ, BIUCAHHbIEC, a TPETUI
yros A@ge LeHTPaJbHbIH, U BCe OHU OIIUPAIOTCS Ha OJHY
uty ke ayry C,C,). 3anuiiem 570 PaBEHCTBO 4y Th HHAYE:

1
APac = APpc =5 APoc - (1



10 KBAHT -

Ho Ttorga

. . 1,
Qac =Ppc = E(Poc- 2)

OTH JBa paBeHcTBAa GYAYT CIIPABEIJUBBI HE TOJBKO IS
xopa AC u BC, HO u 17151 J1I060# XOP/IbI, TPOBEEHHON U3
MPOU3BOJIHHON HEMOABIKHON TOUKN K TaHHON OKPYKHO-
CTH B JABWXYIIYIOCS IO 3TON OKpy:KHOCTH TOUKy C:

1
AQgc = EA(pOC (3)
%1
. 1,
Prc = E(Poc - (4)

WNuave roBopst, yriaoBas CKOPOCTb XODPJAbI B [IBa pasa
MeHbBIIIe YTJIOBOW CKOPOCTH PaaUyca IPU YCJIOBUH, UYTO
XOpZla U PaJNyC <«yIHPAITCSI» B OJHY U Ty K€ TOUKY,
JBIDKYIIYIOCS TIO JaHHOH OKPYSKHOCTH, a JPYTOil KOHeI|
XOP/IbI HETTO/IBUIKEH.

B manbueiineM HaM MOHAZOOUTCS HEKas YUCTO TEXHU-
YyecKast JOTOBOPEHHOCTh. UTOOLI n36€3KaTh PacCMOTPEHUS
Pa3JNYIHbIX CJAYyYa€B, HE OTINYAIOINXCA TPUHIIUTINAJIbHO,
MbI 6y[[€M CUUTAaTb OAUHAKOBBIMU YTJbI MEKAY MTPAMbBIMUA,
KOTOPBIE OTJMYAIOTCS HA 1T, T/e 1 — Iesoe 9ncao. Kpome
TOTO, MbI 6y[[€M CYUTATb OJUHAKOBbIMU YTJIbI O U TT — o .
(O6e atn oroBOpeHHOCTH (UKCHPYIOT TO OOCTOSTENb-
CTBO, UTO B3aMMHOE ITOJIOJKEHNE ABYX MPSIMBIX TIPU 9TOM
OJIHO ¥ TO JKe.)

[Tepeiizem Tenepp K 3agauaM (HEKOTOPbIE U3 HUX B3SATHI
Y BBILIEYTIOMSIHYTHIX aBTOPOB).

3agaua 1 (ocuosuas). ITycmv mouka P aexum na
oxpyxnocmu ¢ yenmpon O, 0ONUCAHHOU OKOJ0 MPeY20.ib-
nuxa ABC, u P, Py, Py — npoexuyuu mouxu P na npamoie
BC, CA, AB (puc.4). [lo-
Kaxume, u4mo MOUKU
P, Py, Py nexxam na o0notl
npamou (unave zosops,
HYKHO OdoKazamv cyuje-
cmeoganue npamoi Cumco-
Ha, coomeemcmeyrou,ei
mouxe P u mpeyzonvHuxy
ABC).

[MokazateabctBo. [Iyctp
Toukn A, B, P HenoaBuk-
HbI, a Touka C ABMKETCS 110
okpykHOCTH. O603HAUNM
yrioBylo ckopocth paguyca OC Kak @pc, YIJIOBYIO
ckopocTb Xopabl AC KaK @4 , YIJIOBYIO CKOPOCTb XOP/bl

Puc. 4

] . ) 1.
BC xak ¢pe . Torna ¢ c = e = E‘POC'

Hanee, Tak kak yraol AP3P u AP, P npsMble, TO TOUKU
A, Py, Py, P jexkar Ha OKPY’KHOCTH ¢ quamerpoM AP. 13
HeNoJBIKHOCTH ToueK A, B, P u aBmwxkenus touku C
CTeyeT, YTO TOYKa P; HemoABIXXHA HA OKPYKHOCTH C
auamerpoM AP, a Touka P, IBUXKETCS IO TOH sKe OKPYyXK-
nocru. Torpa yriosble ckopoctu npsmbix APy, PP,
PP, pasubl. IIpamaga AP, u npamag AC — oznna u Ta e

npsmas. W Tak Kak @, :E(pOC’ T0 Qpp, = Qap, =

= ¢’AC = E(poc .

2005/No

AHaJIOTU4YHO [0Ka3bIBaeTcs, 4To Touku B, P, P, P
pacroJio;KeHbl Ha OKPYJKHOCTH ¢ fuaMeTpoM PB, npuuem
Touka P, gBmwxercda 1mo 3Todl oxpysknoctu. IIpu arom

BBITIOJIHSETCS PABEHCTBO Ppp = Ppc = E(boc .

OxasbIBaeTcs, 4To IpH ABUKeHnU Touky C 10 UCXOLHON
OKpyKHOCTH oTpe3ku P;P, u P3P, Bpamaiorcs ¢ oJuHa-
KOBLIMU YTJIOBBIMH CKODOCTSIMM, a TOT/la, KakK MblI yxKe
CKa3aJn BBINIE, YTOJ
MEXKIy HUMH He MeHs-
eTcs.

Temeps — mocsieTHMIHI
mar J0Ka3aTeJbCTBa.
ITycts B Kakoi-TO MO-
MeHT BpeMeHu Touka C A
nonaJia B Touky P. [Ipo-
CJIEJIB 32 COOTBETCTBY-
IOIIMU [IepeMelleHnsI-
Mu Touek P, u P, MbI
YBUJIUM, 4TO B 3TOT K€ MOMEHT U OHU MOHAAYT B TOUKY P
(puc.5). Ho Torga B 9TOT MOMEHT YTOJI MEKIY TIPSMBIMH
PP, n PyP okaxeTcd paBeH HyJo. A Tak Kak yToJ
MEJK/Iy OTHMHU MPSIMbIMH He MeHsieTcsl, To OH Bcerga (B
060§t MOMEHT BpeMeHn) paBeH Hy0. OTCIO/a, YIUThI-
Basl, YTO 3TH NPsIMble UMEIOT OOy TOUKY FPj, cleayert,
uyto Touku P, Py, P; nexar Ha oAHOI IpAMO.

[TonmyTHO TOJIy4eH pe3ysbTaT, KOTOPBII MOHAZO6UTCS
HaM II03Ke: yTJIOBasi CKOPOCTb MpsMoil Cumcona st
Tpeyronbunka ABC, BIMCAHHOTO B OKPY>KHOCTDb C II€HT-
pom O, paBHa IIOJIOBUHE YIIOBOI CKOPOCTU Q- pajuyca
OC, npoBeIeHHOTO B IBUXKYIIYIOCS 110 3TOU OKPYKHOCTH
touky C. O6o3HaunM psmyio CUMCOHA KaK § U 3aIuiieM

PUC P, P

Puc. 5

5TO COOTHOIIIEHNE TaK: ¢, = Et'poc . YuuThIiBast paBeHCTBO
(2) , MBI MOKEM HaIucaThb
) ) ) 1,
Os =0Pyc =Ppc = E(Poc ) (5)
1, COOTBETCTBEHHO,
1
AQ; = A9y e = APpe = EA(pOC . (6)

OCMBICTUM TTOJTyYEHHDIIT HAMU pe3yabTaT. Y Hac ObLIa
JlaHa OKPY’KHOCTb, BITUCAHHBIH B Hee TpeyroabHuk ABC,
HEKOTOpas TOYKa P Ha OKPY’KHOCTHU, OTJTMYHAS OT BEPIITH-
HBI 3TOTO TPeyTOoJIbHUKA. /[yt 310l KoHpuUryparuu 661710
JloKa3zaHo cymiecTBoBaHue npsimoit Cumcona. Metof, Ko-
TOPBII PUBEJI K 9TOMY PE3YIbTaTy, COCTOSIT B TOM, UTO MBI
Havya ¥l TepeMelarh 10 OKPYKHOCTH OJIHY U3 BEpITHH
JanHoro TpeyroabHuka (Bepmmuy C), OCTaBUB HETO/-
BIDKHBIMY JIBE J[PYTHE €TO BEPIIMHBI U BLIOPAHHYTIO TOUKY
P na oxpy:xHoctu. Pagymeercst, Tak Kak BEPIITHBI TPEY-
TOJTbHUKA COBEPIIEHHO PABHOIPABHBI, TO AHAJOTHYHBIN
PEe3yJIbTAT MBI TOJTyYUM, OCTABUB HETIOABIKHBIMU TOUKY P
u BepiHb A, C, HO TIepeMeIiast 1Mo 9ToH ke OKPYKHOCTH
BepuMHy B: ¢, = %(’pOB , Agg = %A(pOB . 1, ananoruyno,

. 1. 1
Oy == P04, A5 =5 A00, .
2 2

Ecmm tenepp mocJieoBaTeIbHO TIEPEMEIIATh BEPITIHBI
A, B, C tpeyroapanka ABC 10 OKpPYXHOCTH, OCTaBJISIS
TOYKy P u Apyrue JBe BEPIIUHBI HEMOJABWKHBIMHU, TO



yrioBoe TepeMenierne mpsiMmoii CuMcona GyzeT B UTOTE
PaBHO CyMMe TOCJIeIOBATEbHBIX TIepeMeTeH i :

A = (Ag; )A + (A, )B + (Mg, )c =

1
= E(A(pOA +AQop +Agoc), (7)

1, COOTBETCTBEHHO,

. 1. . .
o = E((pOA +Qop +Poc) . (8)

Temepb MOXXHO paccMOTPeTb HECKOTbKO BAaPHAHTOB.

1) IIyctp TOuKa P HemoABMKHA.

a) Ilyctb nipu HeMoABUWKHOIT Touke P Touka C Hemo-
BiwkHa (AQoe =0) u cropona AB, He Memsisi CBoOeil
JUTHHBI, CKOJIb3UT CBOMMU KOHIIAME A U B 110 OKPY>KHOCTH.
Torpa yrJosblie nepementienns paguycoB OA u OB oauHa-
KOBBI U PaBHBI YIJIOBOMY IepeMelIeHuIo CTOPOHBI AB, a
Takke TpeyroabHuka OAB: AQ,, = AQppg = AQ,p . U3
dopmyasl (7) moayuaem, uyto AQ; =A@y, = AQop =
=A@ ,p . Hoaromy @ = @4 = Qop = Pap -

6) IlycTb Ipu HEMOABMKHOM TOUKe P BECh TPEYTOJIBHUK
ABC (o603naynm ero kak T') Bpamiaercsi BOKPyT IeHTpa
OTIMICAaHHOW OKpYXHOCTH. Torza ero yrioBoe mepemere-
HIe TaKoe ’Ke, KaKk U YIJI0Boe TepeMeleHNe PajnycoB
JIAHHOW OKPY’KHOCTH, MPOBENEHHBIX B €r0 BEPIIUHBI, a
MOTOMY BBITTOJIHAETCA PABEHCTBO AQPr = AP, = AQpp =
= AQoc - VI3 pasencts (7) u (8) mpuxoanM K cJIe/Lyommm

3 . 3.
COOTHOIIEHUSAM: AQ, = EA(pT’ 0, ==¢r

2) Ilyctb Tpeyroabuuk ABC, Ha30BEM €ro TPeyroJbHH-
koM T', HEOJABIKEH, a TOUKA P IepeMentaercs 1o OKPY K-
HocTu. Kak 6yner mpu atoM BecTu ce6st mpsimasi CuMcoHa
JUIsL 3TOTO TpeyroJbHUKa? /19 oTBeTa Ha 3TOT BOMPOC
HOCTYIUM CJIEYIONTIM 06pa3oM.

OcTaBysst HEMOABUIKHOM TOYKY P, TOBEPHEM TPEYTOJIb-
HUK T Ha yroa A@, . Torma ero mpsmast CuMcoHa TOBep-
HeTCSI, KaK MBI TOJBKO UYTO MOKA3aJl, Ha YIroJ

(Agy), = gAcpT . loce aTOTO MIOBEPHEM Ha yTOT —AQs BCE:

u paguyc OP, u tpeyroabuuk T. Torga tpeyrojapHuk T
BEpHETCS B IIpeXkHee ToyoxeHne, paanyc OP noBepHeTcs
Ha Yyronl —A@p, W IOJIy4YaeM PaBEHCTBO AQ,p = —AQr,
oTKyla AQr = —AQpp. A 4TO Ipousoijier ¢ IpsAMOl
Cumcona? B pesyJsbTaTe BTOPOTO TIepeMeNieHNsT OHA TO-
BepHeTes Ha yroa (Agy), = (~A@y) . B urore aByx mocire-
JIOBATeIbHBIX TIepeMemnieHHuil (A(ps)1 u (A(ps)2 HCXOTHAST
npsimasi CuMcoHa IHOBepHeTcsl Ha yron AQ, = (A(ps)1 +

+ (A(ps)2 = %A(PT + (—A(pT) = %A(pT . N mosygaem taxoe

paBeHcTBo: AQg = _EA(pOP-

Wrak, mpm mepeMenieHNN TOUYKH P TI0 OKPYKHOCTH
TakoM, 4To paguyc OP moBopauuBaercs Ha yrosa AQqp ,
MPUXOJNM K PABEHCTBAM

1
A(ps = _EA(pOP ’ (9)
n, COOTBETCTBEHHO,
. 1.
Qs === Pop - (10)

2

TaxkuM 06pa3oM, MbI HAIJIA B JAHHOM CJydae yTJOBYIO
cKopocTh TipsMoit CHMCOHA, KOTJa W3BECTHA YTJIOBAs
ckopocTb paanyca OP.

PaccmoTpuM Tenepsd caeAyOMyIo 3a/a49y.

3agava 2. Yeawv mpeyzoavnuxa ABC, enucannozo 6
okpyxrHocmo ¢ yenmpom O, pasnvl o, B, y . loroxenue
mouku P wna oxpyxnocmu 3adamo yeziom AOP = §
(puc.6). Kaxue yeavl 0o6pasyem npsamas Cumcona 3mozo
mpeyzoivHUKA C €20 CIMOPOHAMU?

e

Puc. 6 Puc. 7

Pemenne. IlepemectuM Touky P B BepumHy A u npu-
MeM 3TO TOJIOXKEHNE KaK HavaibHoe. B atoM mososxkennn
tpeyrosbuuka ABC u touku P Touku B, C ocraiorcd Ha
CBOMX MECTax, 3aJaHHbIX ycaosueM (puc.7), a B Touke A
OKaXyTcsl TakxXe Toukn P; m P,. Ilpamoit CumcoHa s
6yner mpsmas AP, . Yribl, KoTtopble oHa o6pasyeT B
3TOM HAYaJbHOM IIOJIOKEHUH CO CTOPOHAMH TPEYTOJIb-
HUKa (MbI CHaé[[I/IM X AOTOJHUTEJbHBIM HYJIEBBIM WH-

JIEKCOM), PpaBHBI ((Ps,AB)O =90°-3, ((Ps,BC>O =90°,

((Ps,CA )0 =—(90°-v).

Bepuem tenepb Touky P B 3amaHHOe 1mosioxkeHue. [[is
aToro nosepheM pajuyc OP ua yron A@yp = —9. Torga
npamasgs Cumcona TOBEpHETCA Ha YroJd AQ, =

=- % AQpp = %8 . [oatomy yrJibt, KOTOpBIE OHA 06pa3yeT

B 3a/laHHOM YCJIOBUEM 3a/la4¥u II0JIOKEHUU, PpaBHbI

)

((psyAB> =§+900_B’ ((ps,BC) =g+900: ((pS,CA) =57

—(90°-y). Tak xax 90° = (at+p+7Y)/2, MOXHO TOMY

pe3yabTaty Tpuaath Oojiee CUMIATHYHYIO (HOpMY:
_d+a+B+y
2 )

_d+a—-B+y
((Ps,AB) = D) ,
( ) _ d—o— B +v
Os.ca D) .
3agava 3. Tpeyeoavruuxu
AB,C, u AyB,C, gnucanvi g
oxpyxnocms ¢ uenmpon O.
Ha smoii oxpyxnocmu pac-
noaoxewvl mouku P, u P,.
Hzeecmuvt yeav, xomopovie
06pasyom c Hexomopot hux-
CUPOBANHHOT 0CHIO PAJUYCHL
0annotl oKpyKHOCMU, NPO-
6e0eHHbIe 6 ePUUHBL 000UX
Mpey201bHUKOE U 68 YKAIAH-
note mouxu. Tpebyemcs naii-
mu yeon Mmexoy npsMoLMU

((ps,BC ) =
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Cumcona Osyx wougueypayuii: (P, ABC) u (P,
A,B,C,) (puc.8).

Pemenue. Ilycts o — yron Mmexay OA; u ochio, O, —
yroa mexay OA, uocbio, By — yroa mexay OB, u ocbio,
B, — yroa mexxay OB, u ocbio, Y, — yroa mexay OC,
1 0CbhIO, Y, — yrou mexay OC, u ocbio, 8; — yros MeXIy
OP, u ocbio, d, — yroa mexxagy OP, u ocbio.

[lepemectum Touku A, B;, C; B Touku A,, B,, C,
COOTBETCTBEHHO U TOUKy P B Touky P,. Torma pamuycsr,
NPOBE/IEHHBIE B 3TU TOUKH, TIOBEPHYTCS COOTBETCTBEHHO HA
YTJIBL Oy — O, By —PBys Yo — Y1, Oy — O . IIpu KaskaOM U3
Takux nepememenuii npamas Cumcona, coraacuo (7) u
(9), nosepuercss na yrast 0,5(c, —0y), 0,5(B, —By),
0,5(v, —v1), 0,5(8; —8,) . Besiesersue Takux nepemere-
Huii npsimast Cumcona nepsoii konduryparmu (s, ) copme-
crutest ¢ npsamoit Cumcona Bropoii koudurypaiun (s, ).
Corutacto popmynam (7) u (9), yrosr Mex /1y NpsSMbIME S
n S, HaXOAUTCA 10 hopmy.Jie

Qs,.5, = 05((“2 +By +,) - ((0‘1 + By +yp) + (8 - 52))) .
(10)

3ameuanue. IlomydeHHDIN yTOT MOKET 0Ka3aThCs 60JIb-
e 180° nsm menbmie 0°. B Takom ciyuae, corJiacHoO Halrei
JIOTOBOPEHHOCTH, MBI MOKE€M NMPHUGABJSATH MU BBIYUTATDH
o 180° u3 mosyueHHOTO pe3ysbTaTa, MOKa He MPUJIEM K
yraay B npomexkyTtke ot 0° 1o 180°.

3agaua 4. Xopda PQ onucanHoll OKpyKHOCMU mpey-
2oavnuxa ABC nepnenduxyaapua cmopone BC (puc.9).
Aoxaxume, umo npsamas Cumcona s kougpueypayuu (P,
ABC) napaaneivna nps-
moit AQ.

[oxkazareabctBo. Ilepe-
MECTUM BePIHUHY A B TOUKY
P u nmpumeM 3TO TIOJTOXKe-
HUe KaK HayaJabHoe. B atoM
MOJIO’KEHUH TPEYTrOJTbHUKA
ABC ero BepmmHa A coBma-
JIaeT ¢ Toukoi P, atouku B,
C, P, Q ocraioTcs Ha CBO-
UX MeCTax, 3aJ[aHHBIX yC-
nosueM (puc.10). B srom
cllyuyae B Touke P oKakyTCs
takoxe Touku P; u P, . CienoBare/bHo, IpsiMas s COBIIa-
JieT ¢ mpsiMoii AQ, nHave TOBOPS, 3TH MPsIMbIe 00PA3yIOT
yroJi 0°. Bynem tenepb mepeMeniaTh TOUKy A 1Mo OKpy>KHO-
CTH; TYCTb YTJIOBasi ckopocTh paamyca OA paBHA (g -

Puc. 9

. 1.
Torma ¢, = E(po 4 - Ho yrioBast ckopocTb Xopabl QA, Kak

Lr -'l"&’"”'

ﬁr“'——-&,r-

OBLJIO CKA3aHO paHbIIIE,
TaKKe paBHA IOJIOBUHE

YIJI0BOW CKOPOCTH pajiu-

yea OA: Qo4 = %(pOA .
[ToaTomy mpsiMas s 1 ps-
Masg AQ GyayTt ob6paso-
BbIBaTh yroJ 0° npu Jio-
6OM TT0JIOKEHIN TOYKHN A,
T.€. 6yAyT HapaJsiebHbl.

2005/No

3apaua 5. Yemupexyzorvnux ABCD enucan 6 okpyx-
nocmo. Ha mpu ezo cmoponwvt AB, AD, BC u3 mouxu P
IMOT OKPY KHOCIU ONYWeHbl nepnenduryiips. PP, PP,
PP; coomsemcmeenno. Haiidume yeon P,PP;.

Pemenue. Pacecmorpum zBa cayvas: 1) touxka P Haxo-
nutes Ha oxHou w3 ayr AD, DC, CB ; 2) Touka P
Haxoautest Ha ayre AB (Kax/aplii pas Iyru He cojepsKar
BEPIINH YEThIPEXYTOJbHUKA).

Cayuait 1 (puc.11). Orpesox PP, — 3T0 OTPE30K
npsmoit Cumcona tpeyronbuuka ABD, a otpe3ok PPy —
oTpe3ok mpssMoit CuMcoHa
tpeyronbauka ABC. Ilep-
BBI TPEYTOJbHUK IOJIydYa-
eTCcs U3 BTOPOTO IiepeMetie-
HueM Toukn C 110 OKPY>KHO-
CTH JI0 COBIA/ICHUSI ee C TOU-
Kol D, T.e. TOBOPOTOM pa-
nuyca OC ®Ha yroua
AQyc = £DOC . Ilpu Ta-
KOM TIOBOPOTE CTOPOHBI BTO-
poro Tpeyrombauka AC un
BC mnosopauuBaloTcss Ha
omunaakosbie yrasl: LZDAC = ZDBC = o.. Ha raxoii ke
yroa (cormacuo (6)) mosepuercsas u npsimag CuMcoHa.
CaietoBatesibno, ucKoMbId yroan PP Py Takke paBeH o .

Takoii sxe pe3yJsibTar MOJyunTCs, KOTJa TouKa P JexXuT
na ayre BC umu na ayre CD.

Cayuai 2 (puc.12). B atom cayyae yroan PP P; o6pa-
30BaH oTpe3kamMu npsMbix Cumcona tpeyroabHuka ABD
(orpesox PP, ) u tpeyroabunka BCD (orpesok P P;).
[pu nepementennn touku C B Touky D orpesok PPy (tak
e, Kak U B caydae 1)
[TOBOpAYMBAETCS HA YTOJI
o. Ilpu stom yroaxa
P, P P; npesparaercst B
Pa3BEPHYTBIH, U IpsIMble
Cumcona ongarb ke co-
BIIA/IATOT.

Wckombrii yron paseH
Terepb Pa3HOCTH pas3Bep-
HYTOTO yTJIa ¥ BIIUCAHHO-
ro yrja o, olMpalolie-
roca Ha ayry CD. Kax
MBI IOTOBOPUJINCH, TAKOW YTOJI MBI CYUTAEM OJMHAKOBBIM
C YIJIOM o .

ATy 3a7ja4y MOXXHO c(HOPMYJIUPOBATD B HECKOJBKO JIPY-
rom Bujge. Ilycrs mmunbl cropon BC, CD, DA, AB
BIIMCAHHOTO YeTbIpexyroyibHuka ABCD paBHbl @, d,
as, a; COOTBETCTBEHHO.
[TycTp, nanee, Touka P je-
KUT Ha JIyTe, KOTOPYIO CTSI-
THBAET O/IHA M3 CTOPOH de-
TBIPEXYTOJBHNKA, CKKEM
cropoHa DA. Ha croponbl
JIAHHOTO YeTbIPEXYTOJIbHU-
Ka CIPOEKTUpPYEM TOUKY P,
u myctb P — ee mpoekius
na cropouny DA, P, — na
cropony AB, P; — Ha cro-
pony BC, P, — Ha CTOPOHY  puc 13

Puc. 11

Puc. 12

|I'I|I_I| |




CD (puc.13). O603Ha4NM yTJIBI IPK BEPITMHAX YETHIPEX-
yronpuuka P PyP;P; Kak Oy, Oy, O3, O COOTBETCTBEH-
no. IIpu atoMm yros o, gomnoJnger yros P, aToro uerblpe-
xyroapHUKa 10 360°, a apyrue yriabl o; HPHHAJIEKAT
emy. Torma BepHa cBoeoOpasHasl «TeopeMa CHHYCOB», a
NMEHHO:

a,/sinoy = a,/sina, = as/sinaz = a,/sino, =2R,

rae R — paanyc JaHHON OKPY>KHOCTH.

3apgaua 6. 13 mouxu P onucannoii 0K0.10 mpeyzoivHuxa
ABC oxpyxnocmu nposedenvl Haxionuwvie PP, PP,
PPy na ezo cmoponvt 100 pagHoimu i 00UHAKOBO OPUCH-

MUPOGAHHIMU  Y2AAMU O
(puc.14). [Jdoxaxume, umo
mouku Py, Py, Py aexam
Ha 00not npamoil. Imo 0606-
wennas npamas Cumcoua.
C Hasoeem ee arvha-npanoii
Cumcona u 6ydem obosna-

uamo Kax S .
[oxa3sareabctBo. [Ipu pe-
IIEHWH 3TOi 3amaun Gymem
JefiCTBOBATD TaK JKe, KaK IIPU

fi peurenun 3agaun 1.

Touku A, P, P;, P, nexar
Ha OIHOW OKPY>KHOCTH, TIO-
- CKOJIbKY yrJibl AP,P , AP;P
Puc. 14 onmHakoBbI. [Ipu mepemerrie-
nuu touku C 110 JaHHOU OK-
PYKHOCTH TEPBbIC TPU TOYKUN HEMMOABUIKHDBI, a TOYKa P2
nepememaercst. Torza, coracuo (opmy.te (2), npu aTom
TePEMENICHNN BBITTOTHSACTCS PABEHCTBO Qpp = Qp, - Ho
npsmas AP, Ta ke caMasi, 4TO ¥ TpsiMast Ac. [Toatomy

MOXKHO 3aIICaTh TaK: Ppp =Pup = Puc -

TouyHo Tak ke TOUKHU é, P, P;, P, nexar Ha ofHOIl
OKPY>KHOCTH, ¥ TIpH TiepeMeIeHiy ToUKy C BBITOTHSIOTCS
paBeHCTBa Qpp = Ppc = Q¢ -

W3 mociegHuX IBYX PaBEHCTB CJEAYET, YTO YIJIOBBIE
ckopoctu orpeskos P3P, m P3P, pasubl. B MoMmenT,
korga Touka C coBmafaer ¢ TOYKOH P, 2T oTpe3kn
coBmaaoT, Gojee OOIMO — JIeKAT HA OJHOW TPSIMOI.
[ToatoMy oHM JiekaT Ha OAHON TPSAMON W MpU JTIOOOM
nosioxxeHnuu Touxku C.

3ameruM, uro npaMaa Py P, , kak u npamas PP, — 310
U eCTb MpsiMasi S, , TTO3TOMY MBI MOKEM HAIMCATH TaKoe
paBeHCTBO: Qg =Py = Ppc . OTCIONA CIIEAYET, YTO TIPH
nepemenienuy BepiuHbl C TpeyroibHuka A B C 1mo oKpysk-
HOCTH YTJIOBasl CKOPOCTb MPSMON S, HE 3aBHCHUT OT O .

3agava 7. /ns mouxu P u mpeyzonrvnuxa ABC nocm-
poenvt e npamvie Cumcona: aropa-npamnas s, u bema-
npamas sz (o> B ). [Joxaxume, umo yzon mexdy smumu
npsaMoiMu pasen o —p.

[okasareabcTBO. B mpeapiayeit 3aaue 6bLIO TOTyde-
HO PaBEHCTBO @, =@ c. Tak kak yrioBas cKOpOCTb
npsiMoit CHMCOHA He 3aBUCHT OT BeJIMUNHBI YTJIa HAKJIOHA,
TO MOKHO HaIMCaTb W TaKOE PaBEHCTBO: ('pS[S =0y c-
3uaunr, ¢, = ('psﬁ . Tak kax yrJioBble CKOPOCTH HPSIMBIX
So W Sg PABHBI, TO YTOJI MEXK/Y STUMH IIPAMBIMH OCTAETCsI
MOCTOSTHHBIM. J[JsT eT0 HaXO0XeHNS PACCMOTPUM TTOI0XKe-
Hue, mpu KoTopoM Touka C coBnagaet ¢ Toukoit P (puc.15).

"

"

PP, P KK

Puc. 15

B oroil ke TOuKe OKaxkyTCA Takke Toukm P, u P, —
OCHOBAHUS 0 -HAKJOHHBIX, TIPOBEJICHHBIX U3 TOYKU P Ha
cropoubl AC, BC Tpeyroibuuka, u touku K, u K; —
OCHOBaHUsI [} -HAKJIOHHBIX, MTPOBEJCHHBIX U3 TOUKN P Ha
atu ke cropounl. Ilpambre s, (PPy) u s3 (PKj)
nepecekaiorca B Touke P. W3 tpeyronbHunka PK3Pj
BUJIHO, 4TO yrost P3PK3 MexX/y IPsMBIMU S, U S3 PABEH
a-f.

3agava 8. Ilycmov mouxu P u Q aexam na okpyxnoc-
mu, onucannol 6oxpye mpeyzoavnuxa ABC. Jokaxume,
umo npu nepemeweruu mouxu C no OAHHOU OKPYKHOCU
mouxa nepeceyenus coomeemcmeyrouux npamvix Cumco-
HA Sp U So ONUCBIEACT OKPYHKHOCTD.

HoxazareabctBo. [lyctb Toukn P; u Q3 — IpOEKINH
T04eK P 1 Q Ha cTOpoHy AB COOTBETCTBEHHO, Sp U S —
npsimbie CMCOHA, COOTBET-
cTBytonme Toukam P u Q
(pasymeercst, T npsiMbIe
IIPOXOJAT uepe3 Touku Py u
Q3 COOTBETCTBEHHO; pHC.
16).

ITyctp, panee, yraosas
ckopoctb paguyca OC pas-
Ha @oc. Torma yriosbie
CKOPOCTH HPAMBIX Sp U S

paBHBI E(poc, MO3TOMY

yTol o MEXAy HHUMHU He
MeHnsercsi. [lockonbky TOU-
ku P; m Q3 npsameix Cum-
COHA HETIO/[BUIKHBI [P JIAH-
HOM TepeMetieHNN Toukn C, a yToJ o MeXIy HUMH He
MEHSIETCS, TO TOUKA TIePECEUCHUs IPAMBIX Sp U S Oyner
IepeMenIaThbesl 0 OKPYSKHOCTH, TIPOXOJSIIel uepes3 To4-
ku Py n Q.

3agaua 9. ITycmov 6 ycaosuu npedvldywei 3adauu
00NOHUMENLHO CKA3AHO, umo mouku P u Q duamempaiv-
HO npomueonosoxuul. [oxaxume, umo ompe3ox PyQs; —
duamemp OKpYKHOCMU, NO KOMOPOU nNepemMeuyaemcst mou-
xa nepeceuenus npamoix Cumcona sp u Sg .

Pemmre aTy 3aa4y caMOCTOSITENBHO.

3anaua 10. ITycmo 3adana xonpueypayus (P, ABC) u
nycmo P, Py, P; — npoexyuu mouxu P na npamwvie BC,
AC, AB coomsemcmeenno. H3 mouxu P nposedenw
maxxe nepnenduxyasapu. PK, PK,, PKs na xacame.v-
Hole K OAHHOU OKPYKHOCMU, NPOGeOeHHble COOMEem-
cmeenno uepes sepuunot A, B, C dannozo mpeyzoivHuxa
(na pucynxe 17 smu nepnenduxyiapvl u nepnenouxyis-

Puc. 16
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pv. PP, PP,, PP; ne
nokasauwt). Jloxaxu-
me nodobue mpeyzoio-
Huxkos ABC, KPP,
KyPiPy, KyPP,.

: [loka3aTeabCTBO.
[lokaxkeM, K mpumepy,
nmofobue TPEeyroJbHU-
koB ABC n K3PP
(cm. puc.17). Ilepeme-
CTUM TOYKY B B TOUKY
C, 0603Ha4NB ee HOBOE
nonoxkenue (st y106-
crBa) Kak B, (tem ca-

MbIM, Touka B; m touka C — omna u Ta »xe). Torma

TpeyroabHuk ABC BbIpOK1aeTcs B «TpeyroabHuky> ABC,

y KoToporo ziBe cropobl AC u AB; coBIaiaior, a «TPeTbs

ctroponas B,C umeer ny.ie-

Byio qimny (puc.18). Kpo-

Me Toro, ipsimas BC B nipe-

JIeJTBHOM TOJIOXKeHUN Ha-

¢ | IIpaBJeHa IO KacaTeJbHON

Ccq,.

Orpesox P, K3 Jexur Ha
npsamoit CuMcoHna <«Tpey-
roibHuka> ABC. Yroa
CAB pasBeH yTiry MeX/Iy Ka-
catesapHoit CK3 u npsmoit
BC (u pasen o). [Toaromy
f MOJKHO CUUTATDh, UTO «TPEY-
Puc. 18 roabHuK» ABC 1noay4ni-

ca n3 tpeyroabanka ABC
moBopoToM cTopoH AB n CB na yroa o. Ho Torna n yron

Meskay npsambimu Cumcona PPy n Py K3 1714 TpeyroibHu-

ka ABC un «tpeyronbanka» AB;C cOOTBETCTBEHHO PaBCH

o: LK3PP = o.

Tenepnb nepemectum Touky A B Touky B. Torma «Tpey-
ronbHuKy CAB; ob6parutcs B «tpeyroibuuks CBB, . [Ipn
aToM ctoponbl CA u BjA noBepuyTcs Ha yroJa ¥ . Ha aTot
e yroJi mopepHeTcs n ipsaMas Cumcona P, K3 «TpeyroJb-
nuka» CAB, 1.e. ZPK3P, =7.

Ho rorma tpeyrompauxku ABC u PPy P, 1mono6HBI IO
JBYM yIJIaM o U Y .

AHQJIOTIYHO JOKa3bIBaeTcsl MOJ06We TPEYTOJbHIKOB
KPP, n K,P,P; tpeyroabnuky ABC.

Puc. 17

Jlst caMoCTOSTEe Ib-

{*, HOIO pelleHNs MbI IIPEe/I-

JaraeM BaM TaKue 3a-
JTa4n.

Yupaxxnenus

1. [Tycrb Touka P jexxur
Ha OKPY>KHOCTH, OIICaH-
HOI BOKPYT TPEyTOJIbHUKA
ABC, u P, B, P -
TOYKH, CHMMETPUYHBIE TOY-
Ke P 0THOCUTENIbHO CTOPOH
AB, AC, BC TpeyroJibHIKA
ABC cootBerctBeHHO. /[lo-
Kaxure, 4T0 Touku Py, Py,

2005/No

P; nexar wa ogHOll mpsMOii, mpoxoasineil depe3 oproieHTp H
tpeyrosbunka ABC (puc.19).

2. ¥ rpeyrompaukos ABC; u AB,C,, BOHUCaHHBIX B JaHHYIO
OKPYKHOCTb, cToponbl BiCy n B,C, napasiesbhbl. Jlis touku P
Ha 3TOH OKPYKHOCTHU MOCTPOEHDI MpsiMbie CHMCOHA ATHX TPEYTOJIb-
HHUKOB. JIOKaKUTE, YTO OHU TTaPAJIIEJbHBI.

3. B gannyio oKpy>KHOCTb BIIMCAHbI Ba Tpeyrouabunka: A BC u
A,BC . Ha stoli ke OKPY>KHOCTH B3ATbl TOukn P, n P, . Ilpu atom
nyru AP, n A,P, pasubl. [lokaxknute, 4to mpsimble CHMCOHaA BYX
kouuryparmii ( P, AABC) u ( Py, Ay;BC ) napaiebHsi.

4. Tne pomxHa ObITH pAcIoJOXKEHAa TOYKa P, jexkamias Ha
OKPY>KHOCTH, OITICAHHOI OKOJI0 Tpeyrobanka ABC, 4To6bI IpsiMast
Cumcona koudwuryparun (P, ABC) coaepxana ctopony AB?

5. Yerbipexyroipuuk AjAyAzA; BIucan B OKPYsKHOCTD C I€HT-
poM O u TIOCTPOEHBI YeTbIpe mpsivble CUMCOHA Sy, Sy, S3, $; (1pst-
Mast §; ato mpsimast Cumcona st konduryparmu ( A, AyA3A, );
AHAJIOTUYHO 3a/IAl0TCS TIPSIMBIE Sy, S3, S; ). JOKaskuTe, 4TO yroJu
MEX/Iy /BYMS JIIOOBIMH IPSIMBIME U3 3THX YeTBIPEX PaBeH YTy
MeX/ly PajnycaMi, IPOBEJEHHBIMHI B COOTBETCTBYIOIINE BEPIIHHBI,

T.C. (pS,,S/ :(pOA],OA, .

6. ILatuyronbiag ssespa A;AyA3A,;As Brucana B OKPY>KHOCTD.
Toukn P, P, P3, P;, P; — nipoekitun To4k# P 3Toi OKPY>KHOCTH Ha
croponsl 3Be3nbl AsA,, A4As, AsA, AjAy, AyA3 cooTBeTCTBEH-
Ho. Haiizure yripl npu Bepmunax naruyronbauka P PPyP P .

JI1060TIBITHO 3aMETUTh, YTO aBTOPHI HAOJIOAAJIN 32 TIO0-
BeJienueM TpsiMoii CUMCOHA Ha KOMITBIOTEPE € TTOMOIIBIO
nporpammuoro makera Geometer Sketchpad. Mbr emorain
BOOYMIO YOEAUTHCS B HEKOTOPBIX PE3yJbTaTax, MOJydeH-
HbIX Ha Gymare. Hampumep:

1) Korza 1o OKpysKHOCTH JBMKETCS TOYKa P, To mpsaMast
CuMcoHa BpallaeTcst B CTOPOHY, MMPOTUBOMOJOKHYIO Bpa-
mennio paanyca OP;

2) B caydae, KOTJa BPAIaeTcss BECh TPEYTOJIBHUK,
npsimas CHMCOHA BpaliaeTcs B Ty K€ CTOPOHY, OOTOHSIS
€ro.

HO MbI yBI/IZICJII/I 1 TO, 4YTO HaM HeE HpI/IXOjII/UIO B FO]IOBy
npu «O6yMaxkHoi» pa6ore. OIWH U3 TAKUX TPUMEPOB —
NpYU BpallleHU! OAHOH M3 CTOpOH TpeyroabHuka ( u mpu
HETIOJIBUKHBIX TPETheil BEPIINHE TPEYTOJIHHUKA U TOUKE
P) npamas CuMcOHa MOKET BBIXOAMTH 32 MPEIEJIbI AaH-
HOM OKPYKHOCTH M HAXOJUTHCS TaM JOBOJBHO [OJITO.
[ToaToMy BO3HMKJIA TaKas 3ajaya.

VYupaxknenue 7. a) Ilpu kaxom ycaoBuu mpsmas Cumcona
ABJSETCA KacaTeJbHOW K JaHHOH Okpy:kHOocTH? (ABTOPBI 3HAIOT
OTBET TOJIbKO B YACTHBIX caydasx.) 6) CKOJbKO pa3 3a OxuH
MOBOPOT CTOpPOHBI TpsiMast CHMCOHA OKaskeTCsl KacaTeslbHOH K
IaHHOW oKpyskHOcTH? B) Kakoe mosoeHune 10 OTHONIEHHIO K
NaHHOI OKpy KHOCTH (TIepeceKaeTcs, He uMeeT OOIINX TOYEK) UMeeT
npsMast CHMCOHa B TPOMEsKYTKe MEXX/IY ABYMsI ITOCTIeI0BATEeTbHBIMI
MOMEHTaMH KacaHHs?

MpbI Tipe/iyiaraeM BaM 3a/[yMaThCs M HaJl TAKUM TTapaioK-
coM. IIpu aBMKeHUM TOUYKHU P 10 OKPYKHOCTHU C TIEHTPOM
O u HenoABMKHOM TpeyroabHuke ABC, BIMCAHHOM B 3Ty
OKPY’KHOCTH, YTJIOBAasg CKOPOCTh mpsiMmoit CuMcoHa BJIBOE
MeHbIIle yTI0Boi ckopoctu paanyca OP. Ecau ke Touka
P HemnoJBUKHA, a BpamaeTcs BOKPYT 1eHTpa O TpeyroJib-
auk ABC (c Toii 5Ke yTJI0BOii CKOPOCTBIO, ¢ KOTOPOii mepej
aTUM Bpamascs paguyc OP), To yraoBast CKOPOCTD MpPsi-
Moii CuMcoHa B TIoJITOpa pasa GoJblie YTJI0BOH CKOPOCTH
TpeyroJbHuKa. Beab UHTYUTUBHO Ka)eTcs, 4TO HeT pas-
HUIBI B TOM, YTO BPAMIAETCS: PAINyC UM TPEYTOJbHUK.



N3 UCTOPUU HAYRKHU

YHMBepcuTeTbl ABCTPUM

A.BACUJIBEB

3 BOCbMU TOCYJIAPCTBEHHBIX YHUBEPCUTE-

TOB ABCTPHH — YeTbIpe CTapeHINX. ITO YHUBEPCUTE-
o1 Berbt (1365 1.), Mnc6pyka (1569 r.), T'pama (1585 r.)
u 3anpudypra (1622 r.). Bee oHu ChITpasy BBIAAIONLYIOCS
POJIb B PA3BUTUY CBOWX ITPOBWHIIHIA U CTPAHBI B 1leJIoM. X
UCTOPUYECKUE TTYTH BO MHOTOM CXOXKH, XOTS MEX1Yy HUMU
BCET/la MMEJIUCh U CYIIeCTBEHHbIE Pa3Jnuns.

Yuusepcurer VHCO6pyKa IPOCTEKUBAET CBOIO UCTOPHIO
ot Me3yuTcKoi IIKOJBI, XOTS IpaBa YHUBEPCUTETA OH
nosryuusi ot umnepatopa Jleonosapaa I s B 1570 romy.
[Baxkabl 3aTeM 9TOT YHUBEPCHTET PACHYCKAJICS U COOU-
paJjicst BHOBB, Toka uMmnepaTop dpanir [ okoHuatebHO HE
3akpenus ero craryc. B nacroguee Bpema Koposesckuii
Hnunepamopcxuii JIeonoavda Dpanya ynusepcumem Hu-
c6pyKra HOCUT NMeHa 000WX UMIIEPATOPOB.

Yuusepcuret ['paria 00s13aH cBoeMy TpeoOPa30BaHMIIO U3
NesyuTckoro KoJienka BeJUKOMY TepIOTy TTPOBUHITUT
[reitepmapk Kapay, a Takske 6J1arOCKJOHHOCTH TAIBI
Cukcra V u umnepartopa Pynoabda I1. 3a cBoto 6oJee uem
YeTbIpexBeKoBylo ucropuio Kapia Dpanua ynusepcu-
mem I'paya He pa3 UCIIBITbIBAJ TPYAHbIE BpeMeHa U JlaXe
mpeo6pa3oBbIBasICS B Jnleil, moka B 1827 roay okoHva-
TeJIbHO He 06peJl YHUBEPCUTETCKOTO CTATyCa YKA30M UMIIe-
patopa ®panra I.

Yuusepcumem 3anvubypea BHOBb OTKPBII CBOU [BEPH
juiib B 1962 ropy, HO HOCUT UMS CBOETrO OCHOBATEJIS —
npunna-apxuenuckona [lapuca Jlonpona. B 1622 roxy
COCTOSITIOCH TOPKECTBEHHOE OTKPBITHE 3TOTO YHUBEPCUTE-
Ta, TPUYEM OH MOJH30BAJICS TOT/JA TEMU K€ UMIIEPCKUMI
NPUBUJIETUSMHU, 4TO ¥ yHUBepcuterol ['epmanuu, dpan-
1un u tamuu. Bpemennas annekcusi 3auapiioypra basa-
pueil BO BpeMeHa HalloJeOHOBCKUX BOIH IpuBesa K IpH-
OCTAHOBKE, a 3aTe€M U 3aKPBbITHIO 3TOTO YHUBEPCUTETA.

BesycaoBubIM J1iepoM cpenn aBCTPUICKUX YHUBEPCHU-
TETOB B 06JIACTH KYJIbTYPBI, HAYKH 1 06PA30BAHUS SIBJIS-
ercs Bencxuil ynueepcumem.

PasButne Berb! Kak MoJNTHIECKOTO, 9KOHOMUYIECKOTO 1
KyJbTypPHOTO TeHTpa Oyayiieil ABCTPHICKONH UMIepun
3aHUMAJIO T[EHTPAJbHOE MECTO B aMOWITMO3HBIX IIJIAHAX
repiora Pymonbda IV, u 12 mapra 1365 rojja oH caHKIIH-
OHHMPOBAJ OCHOBaHNE BEeHCKOTO YyHUBEpPCUTETA KaK TIEHTPa
MOJTOTOBKH CHEINATICTOB JOKTOPCKOTO YPOBHS 110 BCeM
«JI03BOJICHHBIM» JIUCIUIIIMHAM. IJTOT IPOEKT ObLI paTu-
¢urnuposan mnanoir Ypbanom V 18 wuions 1365 roxa,
KOTODBIH, OZIHAKO, HE MO3BOJIHJ OTKPBITh TEOJOTMYECKUI
dakyabrer. (IIpnumrHOi OTKa3a, BO3MOKHO, CTAJIO BMeIla-
TesJbcTBO MMIlepaTopa Kapaa IV, He esaBiiero KoHKy-
PEHIINH HEeJaBHO co3JaHHOMY IIpaskcKoMy yHHUBepCHTe-
1y.) Tombko B 1384 romy repriory Ans6pexry III yaamocs
pPaCIIUPUTh YHUBEPCHUTET 10 YeThIpeX (DaKyJbTETOB —
TEOJIOTUH, OPUCTIPYAeHIMH, Meauiunbl («Bbicne (da-

KYJIbTETBI») W USBSAIMHBIX HCKyccTB (Brmocsieactsuu Qa-
KyJbTeT puaocodun), mo o6pasy u mogo6uio Iapuxkcko-
TO YHUBEPCHUTETA.

B cootBercTBUUM ¢ reorpadudeckuM MPUHIUIIOM, CTY-
JIeHTbI BeHckoro yHuBepcuTeTa o/ pa3/ieisauch Ha YeTbl-
pe <«akajJieMuyecKkue Haluu» . ABCTpPUIICKas Hallus BKJIIO-
Yaja CTYy[EeHTOB C TePPUTOPUil, KOHTpoaupyeMbix [abc-
Oypramu, a takxe u3 Mramuu n [lBeiinmapun. Peiinckas
HAIMs MpeACTaBisiaa cTyAeHToB u3 basapuu, [lIBabum,
Dpankonnn, Hmwxrero Petina n 3amaguoit EBporbl. Ben-
repcKasi HalMsl BKJIOYaja HE TOJbKO BEHTPOB, HO M
crynentoB u3 boremmun, Mopasunu, Ilompmm u apyrux
caaBAHCKUX 3eMesib. Hakonerr, CakcoHcKasg Hamus ObLIa
npeacTasJeHa ctyaentamu u3 Ceseproit l'epmannm, Ckan-
nuHaBumM 1 bputanckux octpoBos. Takoe mogpaszesenne,
BBesernoe B 1384 roxy, coxpansuoch no0 1838 roja.

Crapefiimuii cpeZil TepMaHOA3bIYHBIX YHUBEPCHUTETOB,
Benckuii yHuBepcUTET Pa3BUBAJICSA OYEHb CTPEMUTEJILHO.
¥:xe B XV Beke oH Habupas HanboIbIIee YNCJTIO CTY IEHTOB
Bo Bcell CBsamenHoit Pumckoit umnepun. CTyIEeHTBI TOTO
BpeMeHN ObLIM CYIIECTBEHHO MOJIOKe HbIHemHuX. Ha
(bakyIbTET MBAMHBIX MCKYCCTB OHU TIOCTYIIAJIN B BO3pacTe
14—16 seT pm yCJIOBUM 3HAHUS JIATBIHU, HA KOTOPOW M
BeJIOCh ITperoaBanne. Vcrmomb3oBanne JaTbiHu B Tpodec-
CHOHAJBHOH [1eITeTHbHOCTH TOTO BPEMEHM, B YACTHOCTH B
MeUIAHE W TOPUCIIPYAEHIIUN, UMEJO TIyOGOKWe KOPHHU.
Emie ernmerckue 5 perbl ApeBHOCTH UCITOTb30BAIN OCOOBII
SI3BIK M TAHHYIO CUCTEMY 3HAKOB JIJIS1 3all[UThI CBOMX 3HAHUI
OoT HenocBAlmeHHbIX. Haxomnenue dyHgaMeHTaTbHBIX
3HAHUI HA (PaKyIbTETe USIIHBIX NCKYCCTB OBLIO HE06X0-
JIUMBIM [IJIST IOTTyCKa K O6YYEHHUIO HA OJJHOM M3 <«BBICIINX
(pakysnbreToB». JIumb Masag 4acTb CTYJEHTOB IOJIy4aJia
TaKoO# JIOMYCK, M Y COBCEM HEMHOTHE JOCTUTATH aKaje-
MUYEeCKHUX cTereHell. BoJbIMMHCTBO BBITYCKHUKOB Y/I0B-
JIETBOPSITACH CTETIEHbI0 6aKaTaBpa, uMest KOTOPYIO MOKHO
OBLIO TIPETEHIOBATh W HA CTENIEHb MAarucTpa B M3STIHBIX
UCKyCcCTBaX. MarucTpbl MU TPaBo M ObLIN 00S3aHbI B
TeueHNe JABYX JIeT TPenoaBaTh Ha cBoeM (dakryabrere. B
3TO JKe BpeMsI OHU MOTJI 06Y4aThCs Ha OJTHOM U3 «BBICIINX
(bakyIbTETOB», I/l TAKXKE MOKHO OBLIO TOCTUYD CTENEHEH
6akajaBpa, JUIEHIINATa U JOKTOPA.

Crpykrypa BeHnckoro ynuBepcutera, TUNUYHAS JS
Cpe/IHEBEKOBBIX YHUBepCcUTeTOB EBporbl, rep:kajiach Ha
CTPOTOI MepapXuH, XOTs U IPeyCMaTPUBaJIa BBIGOPHOCTD
pyKoOBoOAAIMUX opraHoB. Ha BepmmHe 3TON mUpaMubl
HaXOJMJICS PEKTOP, a BHU3Y, KaK W TMOJOXKEHO, ObLIH
crygentsl. Ctyaentsl Benckoro ynusepcurera, IpuHaie-
JKaBIINE K OJHON U3 «aKaJeMIYECKUX HAINI»> , BBIOWPAJH
cBoero mpokypatopa. IIpokyparopni, B cBOIO ouepeib,
n3bupayu pexropa. [loKTOpa W MaTUCTPBI COCTABJISIH
KOPIIYC KOKI0T0 (paKyIbTeTa M KAXK/BII CeMeCTp BhIOUpPa-
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JIU U3 CBOETO COCTaBa JeKaHOB. /lexaHbl (hakyabTETOB,
Hapsy ¢ MPOKYPATOPaMU «aKaJeMUYeCKUX Hallnii», BXO-
JUTA B COCTaB YYEHOTO COBETA, KOTOPBIN BO3TJIABJISI
pexrtop. [lyis pelteHns cTpaTernyecku Ba’KHBIX BOIPOCOB
YHUBEPCHUTETCKOM JKU3HU cobupasiach AccambJies — cobpa-
HUe BCeX TperojiaBaTesiell YHUBEPCUTeTA.

Benckuii yHuBepcurer, Kak u Jo60i €BpOTIEHCKIIT YHI-
BEPCUTET TOTO BPEMEHH, MOJIb30BAJICS BCEMU aKa/leMIyec-
KUMHU CBOGOJAMU ¥ TIPaBaMU. ABTOHOMUSI YHUBEPCUTETA
npefycMaTpuBada, Ipex/e BCero, He3aBUCUMOCTD OT TO-
cynapctBa u 1epkBu. COTpYAHUKH YHUBEPCUTETA ObLIN
0CBOOGOXKJIEHbI OT HAJOTOB U BOEHHOH cay:k6bpl. OHHU
MOYMHSINCH COOCTBEHHOH TOPUCAVKIINN, KOTOPYIO OCY-
MIECTBJISI PEKTOP. 3aIMCh B YHUBEPCUTETCKOM MaTPUKY JIe
OblJIa CBUIETETHCTBOM MPUHAIEKHOCTH K «Pecmybmke
MIKOJISTPOB> .

B nepuon a6comornsmMa Benckuil yHUBEpCUTET HCTIONDb-
30BaJICS JIJIST YKPETLJIEHUS eINHCTBA W 0ObeIMHEHMS UMTIe-
pun. IIpodeccopa, panee cBOGOIHBIE MpETIOAABATEH,
CTaJM TOJIy4aTh KadeZApbl U BCIOMOIIECTBOBAHUE OT IOCy-
napcrBa. B 1623—-1773 ronax mpenogaBanmne B Benckom
YHUBEPCUTETE KOHTPOJUPOBATIOCH OpAeHOM Me3yuTos, u
BCIIOMOTATeIbHAs POJIb PuIocodcKoro gakyabTera 6bLaa
JloBesieHa 10 KpaitHeir yepTbl. OTKPBITHS €CTECTBEHHBIX
HayK TOTO BPEMEHM MPAKTUYECKW HE HAXOAUJU MeCcTa B
y4eOHBIX TTPOTPaMMax, a MpernogaBaHue ObLIO OTOPBAHO OT
Hay4YHBIX HccaenoBaHnii. Torga ke, OJHAKO, PacIIBEJIO
6apodYHOe BeJnKoJienne yHuBepcureTa. EMy 6biim mpeno-
CTaBJICHBI HOBBIE POCKOTITHBIE 3/ITAHUS B CTOJIUIIE MMIIEPUH,
JIOKTOPCKHUE AMCCEPTAIUU CTIOHCUPOBAJINCH UIMIIEPATOPOM,
CHEKTAKJM CTYJeHYECKOTO TeaTpa MoJIb30BATICh yCIIEX0M
y IPOCBEINIEHHON Ty6THKH.

Brioth 10 HACTYIJIEHUS 3NIOXU MPOCBEIIEHUS TOCTYT B
YHUBEPCUTET ObLI BO3MOMKEH JIMIIb JJSI KaTOJIUKOB. B
roapl npasaenuss Mapun Tepesun u Moseda I1 Goum
HPEANPUHATDI PENIUTEIbHBIE IATU 10 0CJAa0JIeHUIO BJINS-
Hug 1epksu B yHuBepcurere. C 1778 roga nporecrantam
ObLJIN pa3penieHbl JOKTOPCKue crenenu, a B 1782 romy
umnepatop Mosed 11 paspemri JoKTopanTypy 10 10puc-
TPYAEHITNH U MeuInHe eBpesiM. TeM He MeHee, BILJIOTH 710
HavaJsa XX Beka BeHckuit yHuBepcuTeT 0CTaBaJICS OILIO-
TOM KaTOJMIIN3MA.

Benckas peBomonust 1848 rosia, B KOTOpO#t CTyZIEHTHI 1
BBINIYCKHUKH YHUBEPCUTETA ChITPAJIU IJIABHYIO POJIb, TIPH-
HecJa IOJITOXKAaHHble pepopMbl B 06pa30BaHUM U HAYY-
HBIX HCCJIe0BaHugX. VX ypoBeHb BO BCeX JUCIUILIMHAX
HeoObIYaitHO Bo3poc. Oco6eHHO OGOJIBIIMX YCIEXO0B MPO-
(eccopa n BocnuTaHHUKN BeHckoro yHuBepcurera J10cC-
TUTJIA B MEJUIHE, 9KOHOMHKE, CJIABUCTUKE, TEOPUH HUC-
KYyCCTB, XUMHH, (DU3NKe U MaTeMaTHKe.

Benckag mkosia GU3UKN MpecTaBIeHa MHOTHMU BbIIa-
fomuMucs yuenbiMu. Dusndecknii dpaxyabTeT Benckoro
yHuBepcurera 6b11 ocHoBan Kpucrnanom [lomrepom (1803—
1853). dusukam x0poino ussecteH 3G deKT, Ha3BaHHBII
ero uMeHeM. OH 3aKJII0YaeTCs B TOM, UTO YACTOTA KoJeba-
HU}, BOCIIPUHIMAEMBIX KaKUM-JU60 MPUEMHHUKOM, 3aBU-
CHUT OT CKOPOCTH, C KOTOPOI OTHOCUTEJIbHO HETO JIBUMKETCS
M3JIyYaTesib. 17103e(1)a Jommuara (1821—1895) cuenama
3HaMeHHTOU ero my6sukamusg <«O pasMepax MOJEKYJI

BO3ayXa». «Ywucmo JlomMuaray — 4mucio MOJIEKYJI B 1 CM3

2005/No

UeaThbHOTO Ta3a MPH HOPMAJbHLIX YCJIOBHUSX — WTpacT
(byHIAMEHTAJIBHYIO POJb B MOJIEKYJISIPHON TEOPUH Ta30B.
Jiogsur Boapuman (1844—1906) paszpaGoTan KHHETHIEC-
KyI0 TeOpHuIo Ta3oB, o6ocHOBaN «3akoH Credana—bobil-
MaHay IS M3JAYYAIONUX TeJ W BHEC OIpPeessSIONmii
BKJIQ/I B TEOPHUIO 2JIEKTPOMArHUTHBIX sIBJEHUH. Teomop
Omnmnoabuep (1841-1886) cunraercss KpynHeHRIUM Teope-
THKOM acTpoHomuu nocJe Kensepa. Ero mepy npunamie-
KaT PyHIaMeHTaIbHbIe TPYIbI « PyKOBOICTBO 10 Ompe/e-
JIEHWIO KOMETHBIX op6uT» n « Kanou sarmenniiy . Ousuk n
dunocod Ipuer Max (1838—1916) msBecTeH B TOUHBIX
HayKaX «4YHcJoM Maxay — OTHOIIEHHEM CKOPOCTHU T€UEHST
K CKOPOCTH 3ByKa B TOW Xe TOUYKe TOoTOKa. Dpuapux
Tazenopub (1874—1915) 6bL oiHUM U3 MTHOHEPOB (PU3UKH
HU3KUX TEMIIEPATYP, & CPE/IA €T0 MHOTOYNCJIEHHDIX YUeHN-
KOB — HoGeseBckuit aypear dpsun HIpéaunrep (Hobe-
nesckas npemus no ¢gusuke 1933 rozga).

Hapsnay co IlIpénunarepoM B CIIMCOK HOOENEBCKUX JIay-
pearoB, BBIYCKHUKOB W IperojaBareseil Benckoro yHu-
Bepcurera, Bxoaat PoGepr Bapanu (HoGenesckas npemust
no meaunune 1914 roga), I0mmyc Baruep-dyperr (HoGe-
JeBcKas npemus no Megunuue 1927 roga), Xanc Mumep
(HoGenesckas mpemusa mo xumuu 1930 roga), Kapa
Jlangmreitnep (HoGeeBckas npemus no megunune 1930
roga), Buxrop Tecc (HoGenesckas mnpemus 10 (usnke
1936 roma), Orro Jlesn (HoGeneBckast mpeMust o Mein-
mure 1936 roga), Konpag Jlopenn (Ho6eresckas npemusa
no meauuuue 1973 roga), @puapux don Xaitex (Hobe-
JIEBCKasl IpeMus 110 sKonomMuKe 1974 roga).

OpHNM "3 3HAMEHWTEWITNX BBITYCKHUKOB BeHckoro
yuusepcurera craa 3urmyng Opeiig (1856-1939). On
u3ydas MeIuiHy B BeHCKOM yHUBEpCUTETE ¥ TIOJTYYHJI
3/IeECh YYEHYIO CTeleHb IO HeipomaToJIOTHH, TJIABHBIM
HaTPaBJIEHUEM €T0 UCCJIEIOBAHNI CTATIO N3YUEHNE TICUX -
yeckux pacctpoiict. Teopust Dpeiiza o pasBuTHH HEBPO-
30B 3HAMEHOBAJA PAIUKAIBHO HOBBIH TTOAXO0]] K MOHUMA-
HUI0 GYHKITMOHUPOBAHKS MO3Tra. Ero Meto icuxoaHa m-
32 PACKPBLIT MHOTHE TTOGYIUTENbHbIE MOTUBBI YeI0BEYEC-
koit gearenbnoctu. B 1934 rony @peiifa aummam auien-
3UN Ha MPENo/IaBaHue, a mocjae aHHeKCuu ABcTpun (harim-
cTcKO# 'epmanueit oH OBl M3THAH U3 CTPAHDI.

B 1965 roxy Benckuii yHUBEPCHUTET MUPOKO OTIPA3IHO-
BaJs cBoe 600-n1etue. B 1975 rony B Benckom ynuBepcurere
MIPOIILIN leMOKpaTudecKue peopmbl. B HacTosIEe BpeMst
He TOJBbKO mpodeccopa U afMUHUCTPATOPBI, HO JaXKe 1
CTYZEHTBl YYaCTBYIOT B PENIEHUU KJIOYEBBIX MPO6JIeM
dyuknmonnposanust ynusepcutera. Ceituac Benckwii yuu-
BEPCHUTET COCTOUT U3 BOCBMHU (HPaKyJbTETOB — KATOJUYEC-
KOU TEOJIOTHH, TTPOTECTAHTCKON T€OJIOTUH, COIMMOJIOTUN 1
9KOHOMWKH, I0PUCIIPY/ICHITNN, METUTTUHBI, (PyH/IAMEHTAJTb-
HBIX U UHTETPUPOBAHHBIX UCCJIEIOBAHUN, TYMAHUTAPHBIX
HayK, (POpMaTbHBIX U €CTECTBEHHBIX HAayK. BricTpoe pas-
BUTHE BCEX HATIPABJICHWH NCCAEIOBAHNI COTTPOBOK/IAETCS
PE3KUM yBeJMYEHUEM YUCIA CTYICHTOB.
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3AMAYHUK

3agayu

«KBAHTA>

Jror pazgen BeAeTcs y Hac U3 HOMEPa B HOMEP ¢ MOMEHTa OCHOBaHNA XypHana. llybnukyemsie B
HeM 3a4a41 HeCTaHAapTHbI, HO A1 UX PeLLeHUS He TpebyeTcs 3HaHNM, BbIXOAALLUMX 38 PAMKU LUKO/TbHOM
nporpammsl. Hanbonee TpyaHble 3a4a4u OTMeYaroTcs 3Be3404koi. flocre ¢opmymipoBkn 3ama4u Mbl
00b14HO YKa3bIBaeM, KTO HaM ee NpeasIoxu. Pasymeercs, He Bce 3T 3aAayu ryb/mKyroTcs Briepsbie.

Pewerns 3aaay n3 3Toro Homepa ciiegyer oTrpassiaTe He rnosaHee 1anpesns 2005 roga no agpecy:
119296 MockBa, JleHnHCKuY pocreKT, 64-A, «KBaHT». PeLueHnsi 3a4a4 U3 pa3HbIX HOMEPOB XKYPHANAa N1
10 pa3HbIM rpegmeTam (MaTemMaTtuke U pusnKe) rnpucbiIanite B pasHbix KOHBepTax. Ha koHBepre B rpaghe
«Komy» Hanmwmre: «3agaqyHuk «Kesanra» Ne1-2005» n Homepa 3a[a4, peLeHus1 KOTopbix Bbl mocsiiaere,
Hanpumep «M1936» nm «@D1943». B rpagpe «OT KOro» gpamusiviio v UMS MPOCUM ucate pa3bopyuso. B
UCbMO BJIOXUTE KOHBEPT C HAMUCaHHbIM Ha HeM Baluvm agpecom v HeobxoaumMbiii Habop Mapok (B 3Tom
KOHBepTe Bbi riosyyunte pe3ysibTartsl [POBEPKU PELLEHN).

Ycnosus kaxxgovi opurvHaIbHOV 3a4a4qu, npeanaraemMoi 4ns nyenvkaynu, rpucsliasiTe B oT4eslb-
HOM KOHBEpPTE B ABYX 3K3eMIIIpax BMecTe ¢ Balumm pelueHmnem 31ov 3a4a4m (Ha KOHBEPTE MOMETbTE:
«3agaqyHuk «KBaHTa», HoOBasi 3a/1a4a o usnke» nn «3agayHnk «KeaHra», Hopasl 3agayqa rno Mmarema-
THKE»).

B Hayarne Kaxxgoro nucbMa rpocuM yKabiBaTe HOMEP LUKOJIbI U KJ1acC, B KOTOPOM Bbl yYuTecs.

DN3NKE

3apaun M1936—M1945, ®1943—P1952

M1936. Kakyioo HauMeHBIIYIO MWPHWHY [0JKHA WMETb
6eckoHeYHas ToJsoca 6yMaru, 4To6bl U3 Hee MOKHO OBLIO
BBIpe3aTh JI000W TPEYTOMBHUK TLIomaum 17

J.Ceménos (yuenux 11 xa.)

M1937. Oxpy:xuocru S;,S,,S3 IoIapHo KacaloTca Apyr
apyra saentanM o6pasom (puc.1). Iycrb A, B, C — Toukn
& kacanuga S u S,, S, u
—_ e S;, S, m S3 coorser-
% ¢ \.V,r’"f %\\\ crBerHo. IIpsmast AB mo-
I“‘a 1 7] % BTOpHO mepecexkaer S, u
_._([ |, 83 BToukax D u E coor-
f’f ™ _,l"' BercTBeHHO. IIpamasa DC
|I.|.I o ]l*\ /: IIOBTOPHO Tlepecekaer Ss
! e B TouKe F. /lokaxkure, 4TO
pN 3 ,./{ ADEF mpsiMOyTOJIbHBIIA.

Puc 1 H.Pydaxoe
M1938. /{71 n106bIX yKCceT Xy,...,X, JAOKaKHUTEe HEPaBCH-
CTBO
AR EN
max {x,..., %, —x —...—x,} =2 ———
2n -1
H.Ocunos

M1939. Beprmiabl 50 MpSMOYTOJTBHUKOB PA3ETUIA OK-

py:xuoctb Ha 200 paBHbIX ayT. JloKaskwte, 4TO Cpeau

IPSMOYTOJbHUKOB HAlyTCs /1Ba PaBHBIX.
B.IIpoussonos

M1940. Ilycrb @ — narypasabHoe uucao. Jokakure, 4To

ypasrenne X(x+a) =y’

a) mpu a = 1, 2, 4 He UMeeT pEIIeHUH B HATYPATbHBIX

qHCIax;

6) mpu J11060M IPYrOM HATYPAJbHOM @ UMEET WX.
B.Cendepos

M1941. Ha nitockocTu sKuin 44 BeceJibIX YMKa, TOYEUHBIX
n Herrpo3pavyHbiX. [Tocse mocemenus miaockoctTn Myp3u-
KOM UYMIKU Pa3JIeTEJUCh U PACCEJUCh HA TIJIOCKOCTU TaK,
YTO KaXX/[bIil u3 HUX BuauT poBHO 10 npyrux. /lokaxure,
47O TIocerienne Myp3uKoM TIJIOCKOCTH YMEHbBIITUIO KO-
YeCTBO MPOXKUBAIOIINX HA HEH BECEJbIX YMMKEN.
I'.T'anvnepun, B.Cendepos

M1942. Buyrtpu ocrporo yrja c BepmuuHOoit O [MaHbI
Touku A n B. Bunabgapanbiii map MoKeT rmonactb u3 A B
B, orpasuBmmch 160 OT OJHOU CTOPOHBI yTJa B TOYKE
M, m6o ot gpyroii B Touke N. JloKaxkxute, 4TO ecjm
OA = OB, 1o touku O, A, B, M, N jnexar Ha OIHOU
OKPY>KHOCTH.

A.3acaasckuil

M1943. Ilo kpyry paccTaBjieHO HECKOJIbKO Kop3uH (He
Menblre Tpex). IlepBoHaYaIbHO B OAHON M3 HUX JIEXKHUT
0IHO SI6JIOKO, a OCTaJbHble KOP3WHbBI MycThl. [lamee mHe-
ONIHOKPATHO TIPOMEJBIBAIOT — cJedyloniee: U3 KaKoli-
Jn60 KOP3WHBI BBIHUMAIOT S6JOKO, a B3aMEH KJIAAYT MO
OIHOMY S6JIOKY B KaXXAyl0 W3 JBYX COCEIHUX C Hei
Kop3uH. IIpu KakoM KOJIMYecTBe KOP3UH MOKHO JOOUTD-
cs TOTO, 4TOOBI BO BCEX KOP3MHAX sI6JIOK CTAJIO TTOPOB-
ny?
. Axynuy

M1944. KpaapaTHbIil CTOJ TJIOMIAAN 5 MOXKHO MTOKPBITH B
YeThIPe CJI0S MATHIO KBAAPATHBIMU cai(eTKaMu, TI0MA/Ib
KaXkJIol 13 KOTOPbIX paBHa 4. Kak ato cuenatn?
Canderku paspeniaercs epernOaTh.

B.IIpoussosos

M1945. Besikuii i 0CTPOYTOJIBHBIN TPEYTOJIBHUK MOKHO
PAacCIiOJIOKUTh B TIPOCTPAHCTBE TaK, YTO €r0 BEPIIUHBI
OKaXKyTCs

a) Ha pe6pax Kakoro-HuGY /b Ky6a, BBIXOAANUMX U3 OJHON
€r0 BEepHINHDI;
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6) Ha AMArOHAMAX TPaHell Kakoro-HuOy b Ky6a, BIXO/Is-
IUX U3 OJTHON €ro BEepITUHBI?
C./Isopsnunos, B.Cendepos

®1943. [lo ropu3oHTATILHOMY CTOJY CKOJIB3UT MJIOCKHUiL
JucT aHepbl, Ha KOTOPOM HAPUCOBAHA CHCTEMa KOOPIH-
Hat xy. B maHHBII MOMEHT CKOPOCTh TOYKH A ¢ KOOpAMHA-
tamu (1; 3) mampasieHa BAOJb OCH X M paBHa 1 M/c.
Ckopoctb Toukn b ¢ koopaunaramu (2; 1) cocraBaser B
TOT XK€ MOMEHT yroJ 45° ¢ ocbio x. [71e HaXoAATCS TOYKU
JINCTA, CKOPOCTU KOTOPBIX TI0 BEJMYNHE HE TIPEBOCXOISIT
1cem/c?

A.Ilenmposg

®1944. B cucreme Ha pucyHKe 2 Bce OJIOKUA OJNHAKOBBI,
MX MAacCChl MPAKTUYECKU COCPEAOTOUYEHBI B TOHKUX OCSX.
Haiigure yckopenus 6JI0KOB ITOCJIE TOTO,
KaK Mbl MepepekeM HUTb B TOUKe A.
Huru cunrarh HEpaCTSIKUMBIMU 1 OYEHD
nerkumu. CBO6OHbBIE KYCKY HUTETT Bep-
THKAJbHDI.

A. 3unvbepmnan

®1945. Ha ropus3oHTaJbHOM TJIaIKOM
CTOJIe TTIOKOUTCST KJUH Maccoit M ¢ yr-
JioM o TTpu ocHoBaHuu. Ha Hero Haes-
JKAeT CO CKOPOCTBIO ¥ MAJEHbKOE TeJIO
Maccoil m W HAaYWHAET TIOJHUMAThCS
BBEpX 10 KauHy (yaapa mpu aTtoM He
MPOUCXO/IUT — Y OCHOBAHUS KJUHA C/Ie-
JIaH ILTaBHBIA «Bbe3n»). Ilpm kaxoi
Puc 2 BbICOTE KJWHa H MajeHbKoe TeJo To/I-

HuMeTrcd 10 HeMy Ha camblil Bepx? C
KaKOH CKOPOCTHIO OY/IET IBUTATHCS KJIWH MOCJE TOTO, KakK
MaJIeHbKOE TEeJIO €T0 MOKUHET?

A.Iloemopos

®1946. B cocyie 110/ TOPIIHEM HAXOJUTCSI MOJIb TEJIHUS.
MensieHHO HarpeBaeM ras, Ipu 3TOM €ro 00beM yBeJTNIn-
BaeTcsl, OJHAKO YACTOTA y/apOB YACTHUI] O HETOJBIKHOE
JIHO cocyZia ocraeTcs HewmaMeHHOH. Haiinwre Ttemmoem-
KOCTb Ta3a B TaKOM IIpoIiecce.

3.Paghaunos

®1947. B jierkoM TOHKOCTEHHOM COCY[e Mbl HarpeBaeM
TIpy TIOMOINK KUIsATHAbHUKA 1 suTp Boabl. TemmepaTtypa
nocturaet 60 °C n HuKak gaJbiie He pacteT. Ham Hagoeso,
7 MBI BBIKJIIOUaeM HarpeBaTesb. 3a nepsbie 20 cekyH/ Boia
ocTeIBaeT Ha 2 rpagyca. Ha ymaxoBke KUTSTHIBHIKA OBLIO
Hamucano: «d00 Bart, caenano B Kurae». CKOJIbBKO BaTT
COJIEPKUT «KUTAUCKUHN BATT» ?

O.IIpocmos

®1948. Tpu ToHKNE MJIACTUHBI B BU/IE KPYTOB AUAMETPOM
D pacnosioskeHbl apaJiebHo APYT APYTY, PACCTOSHUE
meskay cocepnumu mactuiamu d (d < D). Cpennsist
IJIACTHHA PABHOMEPHO 3apsiPKeHa MO TTOBEPXHOCTH 3apsi-
noM 2Q, KpaliHue — TOXe PaBHOMEPHO, HO 3apsiaMu
MIPOTHBOIIOJIOXKHOTO 3HaKa mo —Q kaxkzaas. Haiigure mo-
TEHI[UAJBI IIEHTPOB MJIACTUH. J[pyTUX TeJs psIoM HeET.
A.Iloemopos

d1949. MocTUK 13 YEThIPEX PE3UCTOPOB MOAKIIOUEH K
Gatapeiike. K qumaronaam MOCTHKA TTOAKIIOYIIN TIOCJIE/I0-

2005/ No

BaTeJIbHO COeMHEHHBIE APYTYI0 6aTapeiiKy — ee HAIpsiKe-
HUe n3BecTHO U cocTaBsieT 12 B — u ammepmertp. [lokasa-
Hus pu6opa npu aToM coctasuau S MA. Ilocse Toro, Kax
MbI TIOMEHSIJIN MECTAMU BBIBO/IbI GaTapeiiky HalPsKEHUEM
12 B, Tok 4epes aMmiepMeTp TTOMEHSIT HallpaBJIeHue U CTasl
paBsen 35 MA. [loToM moOMeHSITH MecTaMu 6aTapeiiku — TOK
aMIIepMeTpa ymaji Ao HyJst. UTo mokaskeT mpubop, ecJu
oftHy U3 GaTapeek Terepb BKJIOUUTH «HA060poT> (11ome-
HSTh MECTaMU BBIBOJIbI)?

P. Anexcandpos

®1950. I3 Kycka TOHKOTO MPOBOJA, MMEIONIETO COMPO-
tuBnenne v = 100 Om, cpenanm KBaJpaTHBII KOHTYp U
OXBATUJIN WM JJTMHHBIN COJIEHOUJI, TI0 KOTOPOMY TIPOITyC-
KaloT U3MEHSIONUNCS CO BpPEMEHEM T10 JIMHEHHOMY 3aKOHY
ToK. Tok B KOHType coctaBu 1ipu atoM [ = 5 MA. Kaxkoe
HaIpsKeHWe TOKAXKET BOJbTMETP, BKJIOYEHHBIH BMECTO
o/lHO¥ 13 cTopoH KBaapara? Urto 6y/eT MoKa3biBaTh 3TOT
BOJIBTMETP B JIPYTOM CJIyuae — ecJii CTOPOHY KBA[PATHOTO
KOHTypa He yOupaTh, a MPOCTO TOJAKIIOYUTD BOJBTMETD
KOPOTKUMU TTPOBOJAMHU K KOHIIaM 3Tol cToponbi? Compo-
tuBJjeHue BoabTMeTpa R = 1000 OmMm.

A.Cmapos

®1951. OauHaKOBbIE KOHIEHCATOPBI eMKOCThIo C KasK-
JIbIl COEIMHSIOT TIOCJIEIOBATENbHO, a KpallHUuEe BBIBOJIBI
MOJNIYUUBIIENHCS TETTOUKH I

I
MNOAKJIIOYA0T K 3a3KUMaM i, 1
IIOCJIEI0BATEJbHO COEIH-
HEHHBbIX GarapeeKk Hamps-
sxkeaneM U caeBan 2U crmpa-
Ba (puc.3). Hemuoro mo-
JIOKaB, MEX/y ToukaMu A
u b BKJIIOYAIOT KaTYIIKY
WHIyKTUBHOCTBIO L. Haii-
JIUTe MaKCUMAJIbHOE 3HAUYEHNE CUJIBI TOKA Yepe3 KaTyIIKY .
Haiignre Tak:xe MakcuMaJsibHbIE 3aPSi/Ibl KOHAEHCATOPOB.
ConporuB/ieHre TPOBOJOB cUuTaTh MajibiM (HO He Hy.Je-
BbiM!). Barapeiiku, KoHJEHCATOPbI M KaTYIIKy CYUTAaTh
nacaJbHbIMU.

Puc. 3

3.Paghaunos

®1952. B dpoxyce 60b110T0 MapaboIUnIeCcKOTO OTpasKaTe-
JIST HAXOUTCSI TOYEYHBIN MCTOYHUK PAJMOBOJH YaCTOTOMN
f = 1000 MTm, auamerp mapaGoOJHYECKOrO OTPasKaTeJist
D =6 M. 3-3a qudpakimm cucteMa U3aydaeT pacxo/s-
miicss MydoK BoJiH. Ha CKOJBKO HYKHO OTO/JBUHYTDH
HCTOYHUK BJIOJIb OCH TapaboJion/ia, 4TOObI PacXOIMMOCTD
MyYKa YBEJUYUIACh TPUMEPHO B TPU pa3a?

3.Boanos

lMonpaBka n 3ameyaHune

HoBass dopmymupoBka 3amgaun M1935: «Bce rpanm
TeTpaspa — mo06HbIe TPEYTOIbHUKY. BepHO /in , 4To OHI
PaBHBI? »

IIpu pemenun 3amaun M1934 paspermaercs cUuTaTh,
YTO YHCJA B3aMMHO TTPOCTBI B COBOKYITHOCTH.




SAJAYHHUK

PeweHnsa 3apay M1916-M1920,
®1928-D1937

M1916. Pasnocmoponnuil mpeyzoivHux paspesan na 25
PABHOCMOPOHHUX MPEY2ZONLHUKOS, AU 00UN U3 KOMO-
polx umeem omauunyo om 1 niowads. Kaxyw?

Ortser: 25.

[Tomenstem popMyTMPOBKY 3a/]a41 HA SKBUBAJECHTHYIO, HO
60s1ee yIOOHYIO 7SI M3JT0KEHUST PEIIEHII:

Wcxoaublit paBHOCTOPOHHUI TPEYTOJIBHUK A pasdpesaH Ha
25 PaBHOCTOPOHHUX TPEYTOJbHUKOB, TOJBKO Y OJJHOTO U3
KOTOPBIX — 0603HAUYUM €ro A; — [JUHA CTOPOHBI k # 1.
Tpebyercst Haiitu k.

Ecim pmiHa cTOpOHBI KAaKOTO-1160 PABHOCTOPOHHETO TPE-
YTOJIBHUKA €CTb I[eJI0e YUCIO ¢, TO 3TOT TPEYTOJbHUK
MOKHO pa3pesaTh Ha @° PaBHOCTOPOHHUX TPEYTOIbHU-
KOB, Y KQKJIOTO W3 KOTOPBIX [IJITHA CTOPOHBI 1.

XoTs GBI K O/THO¥ CTOPOHE TPEYTOJbHIUKA A HE TPUMBIKAET
TPEYTOJBbHUK A(, a 3HAYUT, IPUMBIKAIOT TOJIBKO TPEYTOJIb-
HUKW CO CTOpOoHaMu 1, T.e. JIJTMHA CTOPOHBI A — TeJioe

il V3]

ARKRRXN

yucao n. TOYHO Tak XKe MOXKHO pPacCyIuTb, YTO JJIMHA
CTOPOHBI TPEYTOJbHUKA A; — 1es0e unco k. [locse yero
MOSKHO 3aIICATh PABEHCTBO n° — k2 = 24 . DTO 1e104mnc-
JIECHHOEe ypaBHEHHWe, ¢ y4eToM Toro, uto R #1, umeer
TOJIBKO O/IHO Y/IOBJIETBOPSIOINee HAC pelieHue: n =7, k =
=5. Y 3TOro pemeHust BO3MOKHBI JiBa Bortomenust (cM.
pucynok). Ha Bompoc «kakyio?» orseyaem: 25.
B.IIpoussonos

M1917. O namypanrvnolx wucrax a, p, g U36eCMHO, UMO
ap + 1 deaumcs na q, aq + 1 deaumcs na p. Joxaxume,
pPq

2(p+a)

OuesBnano, p u ¢ B3auMuo 1pocTbl (ecau d — ux o6t
JIeIUTEb, TO OH SBJSETCS TaKyKe JeJUTeJeM 4YHucja
ap + 1, a caegoBaTesibHO, U yucaa ap + 1 — ap = 1).
[Toatomy wmcisio ap + aq + 1, KoTopoe JenuTcd U Ha P, U
Ha ¢, JeJUTCS HA UX TPOU3BeleHUe pg. 3HAUMT,

ymo a >

a(p+q)zpg—1, orkyna 2a(p+q)> pq (nesas uactp
pPq

2(p+q)
A.Tonosanos

yBemuuniacbHa a(p+q)>1),u a > . Born Bce.

M1918. K dsym oxpysxnocmam nposedenst obuue Gie-
wHue Kacameavuole, 00HA U3 KOTMOPLIX KACAEMCSL OKPYHK-
Hocmetl 6 moukax A u B. Bunvsponoiil wap, evinyuerHolil
u3 mouxku A, ompaszuicia om 6mopol KAcAmenvHOU U
nonaxn 6 mouxy B. [Joxaxume, umo xopool, evicexaemuvle
€20 mpaexmopuel Ha OKpYKHOCMAX, PAGHDL.
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[l paBHBIX OKPY’KHOCTEH yTBEpXK/JEHNEe OYeBU/HO, T0-
aTOMY GyJIeM CYWTaTh, YTO KacaTeJbHbIE MEePeceKaloTCs B
touke C. Ilyctp A’, B’ — touku, cumMmerpuunbie A, B
OTHOCHUTEJIbHO BTOPOH KacaTeJabHOH; [,,7, — LEHTp U
pajuyc OKpPY’KHOCTH, Ipoxopsuieit uepes A; I,, 7, —
MEHTP W PaJNyC OKPYXXHOCTH, TPOXoJsiiell depe3 B’ .
YTBep:kAeHue 3a/1a4 9KBUBAJEHTHO PABEHCTBY KacaTeJlb-
HBIX, IPOBEJICHHDBIX U3 TOYEK A K OKPYKHOCTHU C I[EHTPOM
I}, ¥ pauycoM 7, U U3 TOYKU B’ K OKPY>KHOCTH C LIeHTPOM
1, n paguycom 7, . KBajgpat nepBoil KacaTeJIbHOH paBeH

Al} =1 = AC* + CI} —# = 2AC - CI, cos £3C/2 =

2AC- B’Ccos £3C/2
cos £C/2

OueBnIHO, TO K€ BBIpAKEHUE MOJTYINTCS U JIJIS KBapaTa
BTOPO# KacaTeJTbHOM.

= AC?>+B'C* -

A.3acnasckuil

M1919. Jlokaxxume, umo 4ucso

a) 2004 +1,

6) 2004* —1

He A6A51eMCs. 6MOPoll uau 60Jee 6blCOKOU Yeaol cmene-
HOI0 HAMYPATLHOZO YUCLA HU NPU KAKOM HAMYPAILHOM X.
a) IIpeanonosxkum, uro 2004* +1 = y” .

[ycts p = 2. Torna (y—1)(y +1) =2004", a=167",
b<12%, 2=|a—b/2167% —12" 2155

[ycte p=>3. Torma 1+...+ Y’ me pmemmres ma 2,
y—124", y" >2048" >2004" +1 npu n > 5, ciegoBa-
Tenbno, p<5. Ecim y—1:167, 10 1+..+y" ' =
= p(mod 167) , ciemoBarensro, y—12167%, y” > v >
>10000" > 2004* +1, caenosateabno, y-—1=4%-3%.
Hanee, mockosbky y—1:3, us (y— 1)2 - (y2 +y+ 1) =
= -3y caeayer, 4T0 y? + y + 1 geanTcst Ha 3 U He AE/THTCS
Ha 9.

Mycrsp=3. Torma y —1=4"-3"", y* + y +1=3-167";
3(y—1)=12°, 9(y—-1) > +y+1, T.e. 144°>
> 3-167" . (Bor erme 0HO J0Ka3aTeIbCTBO — OCHOBAHHOE

He Ha OI[eHKaX C TOMOIbI0 HEPABEHCTB, 4 HAa CPABHEHIISIX
o moxymo. Ilpn x >4 seBast yacTb paBeHCTBa

(473 +1) 447 3 1223167

umeer Bug 27m+3. Ho 167% = (9k—4)" =9/ +4 nu6o
9/ +2 (Tak Kak X He IeJUTCS Ha 3), CJeI0BATEJbHO,

3167 #27m+3.)

Ilycrb p > 3. Torpa y—1=12%, y >12°, y” > (105)x >
> 2004 +1.

6) p # 2, IOCKOJIbKY y2 +1 He JeauTCS HU HA 3, HU Ha 4.
lanee — 1og06HO0 a).

3aMeTnM elre, 4YTO HU YUCJIO0 BUIA y2 + y +1, au yucJsao
Bua y* +...+1, Tae y € Z, ne Moxer geantbes Ha 167.
Besakuit mpocToit gesmresb yucsaa y2 + y +1, OT/IMYHBIHI
ot 3, umeet Buj 61 + 1, a BCAKWI TPOCTOH JeTUTeIb YIcaa
y4 +...+1,ormnyubiii ot 5, —Bug 10n+ 1, rae n € N. 9to
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nokazano B ctatbe B.CenmepoBa n A.CrnmBaka «Mamasg
teopema Mepma» («Ksaur» Ne3 3a 2000 r.).
A.Bacuaves, B.Cendepos

M1920. Cywecmsyiom iu maxue deicmeumenvhvle X,
umo wucaa ctgx u ctg 2004x oba uyeavie?

JlokaxkeM, 4TO TaKUX X He CyIIeCTBYeT.

Jemma 1. Ilycmo ctgx payuonaren, n — namypaivroe
yucao. Tozoa aubo nx = mk, 20e k — yenoe uucio, 1u6o
ctgnx pavuonane.

T
Hoxa3zareasctBo. [Ipu x = El , TIe [ — 1esioe, yTBEpIKI€-

s
Hue oveBuaHO. IlycTb xigl . 3aMeTuM, 4TO B 3TOM
ciay4ae ctg2x ompeneneH, U, KpoMe TOTO, AJs JIOGOTO
HATYPaJbHOTO 7 OTIPEeJEeHO XOTs OBl OJHO M3 YHCeJ

ctgnx u ctg(n+1)x. B camom gene, B mpoTnBHOM

caydae yncao X =(n+1)x —nx 6bl10 GBI KPaTHO T, U

ctg x e 6611 Gb1 OTIpesieien. /lanee, o603naunB @ = ctg x
2

BUMM, YTO 4ncjI0 ctg2x = paIMOHAIBHO.

[lokaskem Temepb JieMMy 1o MHAyKIuu. baza: n = 1, 2.
Nunpyknunonnsiit nepexos. Ilycts n > 3 u nys Bcex kR < n
YTBEPIK/IEHUE CIPaBEAINBO. 3HAUUT, Ju60 ctg (n - Z)x

6o ctg(n—1)x — pannonanpuoe yncio. Ecin ctgnx
oTipesiesieH, TO B MEPBOM CJIydae MOJCTaBUM B PABEHCTBO

-1
ctg(y + z) _ ctgyctgz
ctgy +ctgz
ancaa y =(n—2)x, z = 2x, BO BTOPOM CJIydae — UHCJIa

y=(n-1)x, z=x. B o6oux ciydasx HOJIy4HM CIIpaBa
parmoHaiIbHOe uncsao. JleMma gokasaHa.

Jdemma 2. ITycmo ctgx — pauuonaﬂbuoe yucao, ctgx
— yenoe. Tozda ctg 2x =

ZloxasaTeJleTBO 0603Ha‘{I/IB r=ctgx, ¢ =ctgx, no-

-1
,wm r=ctc? +1. Orcoma J1erko
’

noyants, uro ¢ +1=d*, rae d — nenoe, a 3HauwT, ¢ =
=0.

Tenepnb pemum 3amauy. Ilockonbky ctg2004x ompene-
JeH, To ompexnenensl m yuciaa ctg1002x wm ctgd01x.
Bceaencreue nemmor 1, ctg1002x u ctg 501x panmonasb-
ubl. I3 panmonasbaoctu ctg1002x mo nemme 2 cuenyer,

JYYUM C =

yrto ctg2004x =0, 1.e. 2004x :g+nk, k — 1enoe.

3uauut, ctg1002x = +1. BesepcrBue geMMbl 2 3TO TPOTH-
BOPEUHT palnuoHaJbHOCTH ctg501x .

3amevanus
1. C momomibio popmyabl MyaBpa JIETKO JOKa3aTh CJeIy-
IOIIIIe PABEHCTBA:

COs n(p n-2

ctg" - Cctg" 2o+ Cletg"o-...+ A,
sin” @

Tae
n

A =(-1)> upu n deTHOM,

n+3

A=(-1)? nctge upn n HeveTHOM,

2005/Nel
sin n(p =Cletg" ' o-Cletg" o+ Coctg" o—...+ B,
sin” @
rae
n+2
B=(-1)7 nctg upu n yernom,

n+3
2

B=(-1)? 1pu n HeyerHoM.

Tk
Otcionanpu x # — , re k € Z , 1erko Bbipa3uthb ctgnx
n

yepe3 ctgx .

2. CrpaBeyinBa cJefyiomas Teopema.

Teopema. ITycmv ctgxe Z, ctgnxeZ, 20e n > 1.
Tozoa ctgx e{~1, 0, 1}.

Pemrenve sagaum sBssieTcsl, MO CYIIECTBY, I0OKA3aTeJb-
CTBOM 3TOHl TEOpeMBbl AJs CJIy4as n 4k (ke N).
[ToxoxUME pacCcyKIeHUSIMU HETPY/IHO J0KA3aTh €€ U JIJIst
cJrydast TPOU3BOJHHOTO YETHOTO 72, OTINPAsICh IPH 3TOM Ha
caenyioniee BAKHOE yTBEPIKIEHHUE.

IIpepnoxenue. [Tycmv cosx — payuoraivHoe 4ucio,

k
omauyHoe om O,t%,ti. Tozoa x ¢7n npu kleZ.

ITO MMpeAJIOJKEHNE [TOMYCKa€ET pPa3JIMYHbIC [JOKa3aTEJb-

CTBa, B TOM YHCJIE OMUPAIOIIEEcs JUIb HAa WHIYKIUIO.
1+ cos2x

1—cos2x
JIO)KEHUSI cpasdy cJeayer, 4To MpU X =

k mk
2 nz (ke Z) uncno ctg” x (a sHaunr, U 4KCIO

ctg x ) MppaInuoHaJIbHO.

s caydast HEIeTHOTO 7 TOJyIeHHOe aBTOpaMU JI0Ka3a-
TEJbCTBO TEOPEMBI HEIJIEMEHTAPHO IO CPeACTBAM U JI0-
BOJIBHO CJIOKHO.

3. YTBepkIeHNE TeOPEMBI OCTAETCSI CIPABEAINBBIM TIPH
3aMeHe B ee (POPMYJINPOBKE KOTAHTEHCOB TAaHTEHCAMU. JTO
MOKHO [I0Ka3aTb aHaJormyHo. Kpome Toro, B camoMm
CIOKHOM ciaydae (HEUETHOro 7) Halli YTBEPKICHHS O
TaHTEHCAX M KOTAaHTEHCaX IOJy4aroTcs APYT U3 JIpyTa ¢

2
Bcnencrue PaBEHCTBa Ctg X = N3 9TOro npea-

—n(lme Z),
m

0L
MOMOIIBIO 3aMEHBI Y = — — X .
H.Bozdanos, B.Cendepos

®1928. [Ipososoxa uzoznyma 6 opme oKpyKHOCMU U
saguxcuposana (puc.1). Boow nee moxem Osuzamocs
Manenvras Oycunkd, na KOMoOpyYo Oeucmeyiom Cuvl
MOABKO CO CMOPOHBL NPOBO-
A0KU. Bdoaw npsamotl npogo-
A0KU OYCUHKA OBUNKEMCSL
PAGHOMEPHO, 4 NPU 08UKe-
HUU N0 KPUBOIAUHCTUHOMY YHud-
CMKY B03HUKAEM CULA Mpe-
HUSL CKOAbKEHUs. ¢ KOIDPu-
yuenmom W = 0,05. B na-
YUATLHOLL MOMEHM OYCUHKA
Haxodunacy 6 mouke A u
umenda ckopocmnv vy =1 m/c.
Haiioume, xaxoii 6ydem cxo- ¢ 1

pocms 6ycunK, K020a OHd 6 NePEvLil Pa3 CHOBA OKAKEMCSL
6 ucx00Hot mouxe A.

ITycmv menepv npososoka umeem opmy nAOCKOU 3AMK-
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nymot xpueoi (puc.2). Haii-
dume 6 ImMoM cAyudae CKO-
pocms 6ycunku, xKozdda ond 6
nepeuill pas CHOBA OKAXKEMCSL
6 ucxoonoii mouxe B.

3anuieM BTopoi 3aKkoH Hbio-
TOHA [IJIT TOPMOXKEHUsS G6y-
CUHKH HAa MAJIOM Y4acTKe Mpo-
BOJIOKY C PaJILyCOM KPUBU3-
HbI R:

2
Puc. 2 dov [
m— =—um-—.
dt R
[Tyctb @ — yraoBoil myThb OYCHHKH, TOTJa €0 MaJioe
TIpupalieHne CoOCTaBJIACT

v
do =|o|dt = —dt
9=lo R

)

re  — yrjiaoBas CKOpocTb 6ycuHKH. OTMETHM, YTO 3HAK
MOJLyJIsi COOTBETCTBYET OIPE/IEJEHUIO YTJI0BOTo myTH (a He
nepemenienns). Vckmouas R M3 NPUBEJEHHBIX ypaBHE-
HUH, IOJyYuM

dv
— =-udo,
v
OTKy 2
v=0ye .

[Tpm BBIUMCICHUN YTJIOBOTO IYTH @ CJIEIyeT CKIAIbIBATD
BCE YTJIOBBIE OTKJIOHEHUS BEKTOPa CKOPOCTH OyCUHKH 6e3
ydeTa HalrpaBJIeHus OTKIOHeHus . 1o 3a/laHHBIM pHCyHKaM
HaXOJINM, YTO BEKTOP CKOPOCTH OYCHHKH TMPONIET, COOT-
BETCTBEHHO, yTJIOBbIE ITyTH @ = 2T U @, = 137, npexae
yeM OyCHHKA CHOBA OKaKeTCS B UCXOMHOU Touke. OTciona
HAXOIUM

v =0ye M =0,73 M/c, v, = ™” =0,13 m/c.
A.Yyonosckuti

®1929. Ha zopu3onmanvHo pacnoioxenHulli 0mpe3ox
NPAKmMuLeck HepacmsaKuUMou numu 0aunoi L nanuzano
N odunaxosvix 6ycunox, Komopuvie Mozym CKOIb3UMb NO
Hemy 6e3 mpenus, ynpyzo yoapasce Opyz o opyza u o
Mmecma 3axpenienus Konyos numu. Iloanas xkunemuuec-
Kas suepeus 6ycunox pasna E. Hatidume cuny namsxe-
Hus numu. Konyvl numu npuxpenaenvt x 08Yym ynpyeum
MACCUBHBIM MENAM, 83AUMOOCUCEUs IMUX me. Opye ¢
opyzom u ¢ Opyeumu meaamnu npernebpexumo maro. Cura
maxecmu Omcymcmeyem.

[Ipu s060BOM yaape OAMHAKOBBIX YIPYTUX IITApPOB OHU
0OMEHUBAIOTCS CKOpPOCTAMU. [109TOMY MOKHO CUUTATD,
470 GYCUHKH TTPOCTO «ITPOCKAKUBAIOT» APYT CKBO3b JPYTa,
Kak OyATO Kaxkast OyCUHKA JIETaeT OT OJHOTO KOHIIA HUTH
JI0 IPyTOTO, HE MEHSS CKOPOCTH, a IPYTUX OYCUHOK HET
BoBce. Ecmi 6ycmHKa uMeeT CKOpPOCTh v, OHA TIPH yIape O
MacCCHBHOE TEJIO TIepelaeT eMy UMITYJIbC 2mov. 3a 60JIbIIon
uHTepBaJ BpeMenu T BpIOpaHHas 6YCHHKA TIPOJIETHT pac-
crosiaue vT, mpou3Beada oT /(2L) yaapoB 06 OJTHO MACCHB-
Hoe Tesio. TakuM o6pas3oM, MaccUBHOe Tesio 32 BpeMs T
MOJIYYUT OT OJHOI GYCHHKY UMITYJIbC
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CyMMUpYS UMITYJIbCHI, TIepe/iaBaeMble BCeMH OyCUHKAMI,
U pa3/le/IuB Ha JJINTeIbHOCTb MHTepBaJla BpeMenu, HailjjeM
CUJLy, JeHCTBYIOIIYIO Ha MaCCUBHOE TeJlo:

poxmo T/l 2E
T L~

C Takoil Mo BeJMUYMHE CUJIOH U GyleT HATSHYTA HUTD.
B orBer He momama mMacca 6yCHHKM M YUCJIO GYCHHOK —

Ba)KHA TOJIBKO WX TOJIHAS KHHETHYECKAst SHEPTHS.
3.Paghaunos

®1930. Bupesannviii us aucma anepvt npamoyzonvHoLil
MpeyzoNbHUK C MEHLUUM OCPLIM Y2J0M O, PACNOJO0KEH
Ha 2opuszonmanvroi nogepxnocmu (puc.1). Ymobwr no-
BEPHYMb MPEY20IbHUK OMHOCUMENLHO 3AKPENIAEHHO
BEPMUKALLHOU OCU, NPOxXodsuell yepe3 eepuuny A, K
mpeyzoibHUKY HEOOX00UMO NPULOKUMb MUHUMATLHYIO
20PUIOHMATLHYIO CULY ; i
F,, a umobv noseprnymo ]
€20 OMHOCUMENLHO 3AK-
peniennol 6epMmuKaibHol
ocu, npoxodswel uepes
sepwuny B, nompebyem- 4
CA MUHUMATOHAS 20PU30OH-
manavnaa cura Fg. Ka-
KY10 MUHUMATOHYIO 20PU-
30HMAILHYIO CULY HEOOX00UMO NPUTLOKUMND K MPEY2Z0Tb-
HUKY, MoObL NOGEPHYMb €20 OTMHOCUMENLHO 3AKPENIeH-
HOU BEPMUKANLHOU OCU, NPOXOOsuell uepe3 SepuiuHy
npamozo yeaa C? Cuumaiime, umo mpeyzoivHuK RPUKu-
MAEMCA K 20PUSOHMALLHOU NOBEPXHOCTIU PAGHOMEPHO NO
scell naowalu.

Puc. 1

OuYeBHIHO, YTO MEXIY TPEYTOJIHHUKOM U TIOBEPXHOCTHIO
€CTb TPEHHE, TIOCKOJIbKY B TPOTHBHOM CJIyYae JJIsI TOBOPO-
Ta TpeyroJbHUKAa Tpe6oBanach Obl GECKOHEUHO Majas
TOPU30HTAIbHAS CUJIA. TPEyroJbHUK MOYKHO MTOBEPHYTH
BOKPYT BEPTUKAIBHON OCH, TPOXOJSIIEl Yepe3 BEPITHHY
A, ecam MOMEHT TIOBOpaYMBatonieil cuabl 6yeT 60JbIIe,
YeM MOMEHT CHJIbI TPEHWsI OTHOCUTENbHO 3TO# ocu. [lpu
9TOM MOBOPAYMBAIONIAS cuia GyIeT MUHUMAJIbHOI, eCJn
OHa MMeeT MAaKCUMAJIbHOE TLIEY0, T.€. TPUJIOKEHA K BEP-
IIWHE JAPYTOTO OCTPOTO YTJIA U HAINIPaBJIEHA TIePIeHNKY-
JspHo runotenyse (puc.2).
[losTOMYy AJIS MHUHUMATD-
HOW rOPU30HTAJIBHOM CHUJIBI,
KOTOPasi MOXKET TIOBEPHYTh
TPEyTOJbHUK BOKDPYT Bep-
IITTHBI A, cTIpaBeiInBo Co-
OTHOIIIEHE 4

FAI = MTpAa

|r-

Puc. 2

rae | — pmmna runorenyssl, M., 4 — neiicTByfomuii Ha
TpeyroabHuK ABC MOMEHT CHUJIbI TPEHUSI OTHOCHUTEJIbHO
ocH, Ipoxo/siiei yepe3 Bepuiniy A. AHaJIOTHYHbBIE COOT-
HOIIIEHUST MOXKHO HAIMCATb AJS Cuibl Fp !

FBl = MT]’)B
W 711 MCKOMOIH cuatbl F :

Feleoso= M, ¢
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(B mocJiesiHEM PaBEHCTBE WMCIOJb30BAHO TO OOCTOSITE/b-
CTBO, YTO ILJIEYO CHJbI Fp JIOJUKHO PaBHSTBCS JITMHE
katera AC). Tak kak cuibl F, u Fp [aHbl B YCJIOBUHU, TO
MoMeHTbl M, 4 u M., p HaM U3BECTHDI, U, CJEIOBATE/b-
HO, [IJI HaXOXKIeHWs Cuibl F, HeoOXOAUMO CBsI3aTh
MOMEHT CHJIbI TPEHUA OTHOCUTEJIbHO BEPIINHDI C ¢ MOMeH-
TaMU CHUJI TPEHUSI OTHOCHUTEIbHO Bepiint A u B.

Ty CBSI3b B MPUHIMAIIE MOKHO YCTAHOBHUTD <«YECTHO»,
BBIYHCJISISI MOMEHTBI CUJT Tperusi. [lJist 5Toro Heo6X0anMo
pasOuTh TPEYTOJIbHUK HAa MAJble 3JIEMEHTBI U ITPOCYMMU-
pOBaTb MOMEHTBI CHJI TPEHHUS, KOTOPbIE IEHCTBYIOT Ha
KaX/blil a1eMenT. IIpu 9TOM, MOCKOJIBKY CHJIA TPEHUS,
JelicTBylomas Ha KaK/Abli aj1eMeHT Maccoll Am U paBHas
UAmg , HampaBJIeHa MO KACATETbHON K OKPYIKHOCTH, TIO
KOTOPOIT 3TOT 3JIEMEHT MOBOPAYMBAETCST, TO CUJIbI TPEHUSI,
JEliCTBYIONINE HA Pa3Hble JIEMEHTBI TPEYTOJbHUKA, Me-
I0OT pa3Hbl€ HallpaBJEHUA, U CyMMaprIﬁ MOMECHT CHJI
TPEHNUS HE CBOJAUTCS K Mpom3BejeHno Wwmgl,, , rae L, —
PACCTOSIHIE OT OCH BPAIEHHsI 10 TleHTpa TsxKecTH. Taknum
06pa3oM, BBIYKCJIEHIE MOMEHTOB CUJT TPEHHUST IIPEICTABJISI-
er co60il OCTATOYHO CJIOKHYIO MaTEMATHYECKYTO 3a/[a4y .
[TorrpoGyeM cBSI3aTh MOMEHTBI CHJI TPEHHSI OTHOCHTETBHO
Pas3HBIX OCell, NCIO0JIb3Ys1 cooOpaskest moo6us. Tak Kak
MOMEHT CHJIBI TPEHHsI IPOMOPINOHAJIEH CUJIE TPEHHS U ee
TJievy, a CuJia TpeHust IporopimoHaibaa macce (1, cieo-
BaTEJbHO, TUIONAJM) TPEYTOJbHUKA, TO MOMEHT CHUJIbI
TPEHNUS MPOTIOPIINOHATEH KyOy JUHEHHOTO pa3Mepa Tpey-
TOJIbHUKA, HAapuMep — KyOy JJTWHBI TUTIOTEHY3bI:

M = K[?,

rae Koadduiment mponopnuoHaabHOCTH K 3aBUCHT OT
ko3 durmenta TpeHus, TOJMUHDI U MJIOTHOCTH MaTepHa-
Jla TPEYTOJIbHUKA, a TaKyKe OT yrja MPH TOil BepIInHe,
OTHOCUTEJIBHO KOTOPO#T BBIYUCJISIETCS MOMEHT. VICTIO b3y I
JBe TiepBbie (POPMYJIbI, MOKHO 3aIHCATDH

K () =F—2A, K(E—a):F—f,
l 2 l

rae K(o) u K(m/2-o0) — koapuimentsl 1pomnopiuo-
HaJILHOCTH JIJISI MOMEHTOB CHJI TPEHUSI OTHOCUTETHHO OCEH,

TIPOXOAAINX Yepe3 BepiTuHbl A u B.
Haiinem temepb MOMEHT CHJIBI TPEHHSI OTHOCUTETHHO BeEp-
mmHel C. [lng atoro omyctum mnepneHankyasp CD u3
jy  BCPIIMHBI C Ha TUTIOTEHY-
o 3y (puc.3). dror nepruen-
IUKYJAP JeJUT TPEYTOJIb-
Huk ABC Ha aBa mpsiMoy-
TOJBbHBIX TPEYroJbHUKA
ADC wu BDC. Tloatomy
JIefiCTBYIONINIT Ha Tpey-
roabHuk ABC MOMEHT
CUJIBI TPEHWS OTHOCHTEJIbHO BEPIIMHBI MPSMOTO YyTJa
CKJTA/IBIBAETCS M3 MOMEHTOB CHUJI TPEHUS, IEHCTBYIOIINX
Ha tpeyroabHuku ADC n BDC, oTHOCUTEJHbHO BepIIu-

Hol C:

A
Puc. 3

MC = M1C +M2C .

Taxk kax TpeyroabHuK ADC nogo6er TpeyroabHuKy ABC
n LACD =m/2— 0o, TO AefiCTBYIONNI HA TPEyTOJbHUK
ADC MOMEHT CUJIBI TPEHUSI OTHOCHUTEJbHO BepiuHbl C

2005/ No

MOXHO 3aIlliucaTb B BU/IE
M =K(n/2-a) - AC® = K(n/2-a)l® cos’ a.

Anasnoruuno HailieM feiictBylomuil Ha TpeyrobHuk BDC
MOMEHT CUJIbl TPEHUSA OTHOCUTEIbHO Bepuuubl C:

Mye = K(a)- BC* = K (o)’ sin’ ot

TaxkuM 06pa3oM, MOMEHT CHJIBI TPEHUS OTHOCHTEJILHO
BepunHbl C paBeH

M = Fylsin® o0+ Fyl cos® o .
Tenepb MOXXHO HaliTh cuay Fi:

Fglcoso = Fylsin® o+ Fglcos® o,
HIIH

Fp = Fsin? atg o+ Fy cos” o .

C.Mypasves

®1931. Amomvt copma A semsam 6doaw ocu CC yuauno-
puueckozo xKauara paouycom R u cmanxuearomcs ¢
npaxmuuecku Henod8u)XHolMuU amomamu copma B. Kune-
muueckas Inepzust Amomos A pagna nopozosou, max 4mo
npu yewmpaivnom yoape obpasyemcs moaexyia AB,
Komopas daee 0suxemcs co ckopocmuio v. Ilpu nHeyen-
mpaivHom yoape peaxyusi ne udem, m.e. Amomwl CMAaIKu-
saromes ynpyeo. 3a KaKoe MUMHUMAILHOE BPeMs. NOCJle
CMOLKHOBENUS AMOMbL cOpma B cmozym om ocu yurunopa
nonacmv na cmemKy Kanaia?

PaccMOTpuM HELEHTPaJbHBIA yjgap atoMoB (cM. puCy-
Hok). IIposenem uepes nentpst atoMmoB A u B ocb Oy, a
TIePIEH/INKYISIPHO €if Yepe3 TOUKYy KacaHusi aTOMOB — OCh
Ox. Ilyctp o — yroa mexay ocamu CC u Ox. B cucteme
koopauHat Oxy 1mpo-
EKITMST UMITYJIbCca aTo-
Ma A Ha ocb Ox mocte
CTOJIKHOBEHUS HE W3-
MEHUTCS, TI03TOMY JIO-
CTaTOYHO PacCMOTpPETh L
IeHTPaJbHbIH yaap
atoMa A, IBUXKYIIe-
rocs Bosb ocu Oy, ¢
HETOJBUKHBIM aTo-
MOM B.

[Mentp Macc craaxu-
BAIONMMUXCSI aTOMOB
ABuwxercest BAosb ocu Oy co cKopocTbio v, =vsina . B
cucTeMe IeHTpa Macc aToM B 10 CTOJKHOBEHUS TTepeMeIia-
etcs mpotuB ocu Oy €O CKOPOCTHIO —vsSinol, a Tocse
CTOJIKHOBEHUS IBMXKETCS CO CKOPOCTBIO ©Sin o . Bepaemcs
B cucrtemy orcuera Oxy. B Hell atom B uMeeT cKOpoCTb
Up, = 2vsino . [Ipoekuns aToit CKOPOCTH Ha pajHaIbHOe
HarnpasJienne Or paBHa

Up, = Up, COSOL = 20sinoLcos o = vsin 20,

[TousiTHO, YTO MaKCUMaJIbHOE 3HAYEHUE HTON MPOEKIIUU
paBHo v. CjieioBaTeIbHO, KCKOMOE BPEMS COCTABJISIET

i=R

o B.Cno6odanun

®1932. Tepmodunamuueckuti yux.i, cocmoswui u3 08Yyx
usobap u 08yx uU30X0p, NPoGOOAM ¢ NOPYuel zeaus.
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Kaxum moxem Goimo
MAKCUMATbHOE 3HaAYe-
nue KII/[ amozo yuxaa,
ecau MAKCUMALbHAS
memnepamypa 6 yux.ie
cocmaensem 2Ty, a mu-
Humaivnas pasua T,?

Bopi6epeM TPOU3BOJIB-
HYIO TOYKY Ha H30TepMe

Ty 1 0603HAYNM JaBJIe-

_ » HUe 1 06beM rasa B 9TOi
1 T—’ V, V¥ Touke p; m V) cOOTBeET-

h cTBeHHO (CM. PUCYHOK).

[Tyctp MakcuMasbHOE 3HaUeHUe JaBIEHUS B IIUKJIE COCTa-
But ap;. (Slcuo, uro 1< x <2.) Torna MakCUMAJbHBII

2
o6beM O6yzer paBeH — V; . Paccunraem pa6oty rasa B aToM
x

IHUKJIE:
2
A = (xpy _P1)(;V1 _‘/1)

1 TI0JTy4aeMoe KOJIMYECTBO TemaoThl (remii — o1H0aTOM-
HBIi Ta3):

2 3
0 =A453+AU;3 = xp (_‘/1 - VJ+§VR(2T0 -T).
x
Yurem eme, 4TO
p1‘/1 = VRTO .
Torpa KII/] mukia 6yner paBeH

2
(x=1)] = -1
_ X
2 3
x| —=1|+_
X 2
Mpbr Bugum, uto 3uauenune KIIJ/[ ne 3aBucut oT BbIGOpA
HavyaJIbHOH TOYKH IIMKJIA, & 3aBUCUT TOJBKO OT OTHOIIIEHUS

’Y]:

Q>

— pmax

X . IloaToMy HaM 1OCTATOYHO UCCAEA0BATH (DYHK-

min
o 1 (x) Ha MaKCHMYM.
BosbMeM Mpom3BOAHYIO OT 3TOM (DYHKITUY 11O X W TPUPAB-
HsieM ee HYJI10. [Tocsie mpocThIX Tpeo6pa3oBaHmil Oy IiM
ypaBHEHUE

22 +8x-14=0.

IMoxxoadAnee pemenne aToro ypaBHeHus: X =+/30 —4 .
[MousitHO, uto ipn x =1 wnpu x = 2 KII/l 6yzer oueHb
MaJi. 3HAYHT, MbI HAIILJIN UMeHHO MakcuMyM. IIpn ykasan-

1
HoM 3HaveHuu x KII/] mpumepHOo paBen TR
Pasymeercst, nipu anammse QyHKIun 1 (x) Ha MaKCHMyM
MOKHO 060iiTHCh U 6e3 npousBoanoil. Ilompobyiite cae-
JIATb 3TO CAMOCTOSITEJIHHO.

A. Huxnos

D1933. Jupuxabav 3asuc nad 20pucmoti Mecmnocmuio.
H3-3a ecmecmeennoii uonusauuu y 6030yxa umeemcs
HeKomopas nposooumMocmy. B pesyavmame siexmpuuec-
Kuil 3apsd Oupuxabis ymenvuidemcs 6 06a paszda 3a
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Kaxovie T =10 mun. Haiioume ydenvroe conpomugienue
6030yxd.

Sapﬁm LII/IpI/DKaé]IH 3aBUCUT OT BpEMEHU CJIEAYIOIUM 06pa-
30M:
_ —t/t
q - qO ' 2 / ’
rae qo — HavyaJIbHbII 3apAan. ﬂI/IpI/DKaé]Ib Pa3pAKaeTCA
TOKOM

_dq _1In2
dt T

Mo:xHO TOKa3aTh, YTO B TPOM3BOJIBHON TOUKE TTPOBOJISI-
IIeil cpesibl CIpaBe/l/InBa CJAEAYIONasi CBSI3b MEK/IY TIO0T-
HOCTBIO TOKA J, HATIPSIXKEHHOCTDIO 3JIEKTPUUECKOTO oIS E
U YJeJTbHBIM COTPOTHBJIECHUEM CPEbl P :

I=

J=—.
p
JleticTBUTEIBHO, BO3bMEM MAaJCHbKWHI MUAWH/P ATUHON L
U TLIOMIAIbI0 OCHOBAHUS S, PACIOJNOKEHHBIN BJOTh CUJIO-
BOH JimHNY ToJ1s1. Hampsiskenne Mesx 1y TOpIiaMu IUJINHAPA
U = EL, ero conporusienne R =pL/S . lloatomy

I U EL E

]’ = =" ——= .
S RS (pL/S)S »p

OKpY’KUM MBICJEHHO IUPUKAOTH 3aMKHYTOI TIOBEPXHOC-

TBIO, PACTIOJIOKEHHON BOIM3N qupkabysi. Uepes Masiblii

JIEMEHT ASk ATOM ITOBEPXHOCTU UAET TOK

. E
Al = j,AS, = ?kASk :

rae E;, — HanpsDKeHHOCTD 3JIeKTPUIEeCKOTO TOJIs, epIieH-
QUKYJSIpHAsT 3TOMy ajeMeHTy. CyMMHpOBaHHE IO BCeM
aJIeMEHTaM JjaeT

1
Y Al = BZ ELASy,

[Tockonbky ZAIk =1, a 1o teopeme 'aycca ZEASk =

_4q
=210
0
r=-1~

Ep
CpaBHUB 3TO BbIPayKEHNE C MOJYUECHHBIM paHee BbIPasKe-
HieM st [, HaiileM HCKOMOe yeJbHOe CONPOTHBICHIE:

T -10" Om- M.

A.Yyonosckuil

p=801n2

d1934. B cxeme na pucymxe emxocmu KOHOEHCAMOPOS
paenvt C = 10 mxD u 3C, conpomueienus pe3ucmopos
paenvt R =1 xOm u 3R.

Hanpaixenue ucmounu- i
ka U pasnomepno yee- R
AUMUBACTNCS OM 1Y 00 3C
U, = 100 B 3a epems 0 C=
T = 1 u. Hawidume xonu- () 3R
4ecmeo mMmeniomol, 6ol
deausuwieecs 3a Mo spe- 3C=/

MA 8 KAKOOM U3 pe3uc- c

mopos.
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Hamps:kenme mcTouHNKA BO3PACTaeT OYeHb MEJICHHO —
HACTOJBKO MEJIJIEHHO, YTO TOKU Yepe3 Pe3UCTOPHI MOTyva-
IOTCA O4YE€Hb MaJIbIMH, MaJIbIMN 6y]lyT N HaIIpAXKEHUA
MEXK/Ty BBIBOJIAMU KaK/[OTO U3 Pe3UCTOPOB. VIHBIMHU cJI0Ba-
MU, HAIIPSKEHUS KOHIEHCATOPOB YCIIEBAIOT BEIPABHIBATD-
ca (xapakTepHoe BpeMsl MepepacripeieieHust 3apsioB B
1INy, COCTOSAIIEH M3 pe3ucTopa CONpOTHBJIeHUEM R n
KOH/IeHcaTopa eMKOCTbIo C, cocTaB/isgeT Mpu6IM3UTeIbHO
HECKOJIBKO pa3 1o mpoussenermio RC =10°-107 ¢ =
=0,01 ¢c), a TOK uYepe3 PE3UCTOP CONPOTUBJIEHHEM R
MOJIy4aeTcsl TaKuM 3Ke, Kak ecaum Gbl 06a pe3ucTopa
OKa3aJuch 3aMKHYTbIMH (T.e. WX COINPOTUBJEHHS IS
PpacdyeToB TOKOB B IHIE€NNW MOXHO CYHHUTATbH HyJIeBbIMI/I).
3apsibl KOHJIEHCATOPOB YBEJIMYNBAIOTCS CO BPEMEHEM 110
JIMHEIHOMY 3aKOHY; 3HAUUT, TOKHU MOJYYArOTCS MOCTOSH-
HbIMH. TOK Yepe3 UCTOYHUK, a 3HAYUT, W Yepe3 Pe3nCTOp
COMPOTHUBJIEHNEM R, MOXKXHO ONPEIENUTD TaK:
-5
I:2CU0 :2-10 -1OOA:§ KA
T 3600 9

Jlerko BHIETb, YTO TNpHU Iepepaclpe/ie/eHU 3apsi/ioB
koHzeHcatopos eMKocTsiMu C 1 3C TOK 4yepe3 pes3nucTop
conportuseareM 3R pasen mnososune Toka I (TOK ncTou-
HUKAa PA3BETBJASETCS MEXIY 3TUMH KOHJEHCATOPAMU B
oTHOTIeHNN 1:3 — KOHIEHCATOPHI COeTMHEHBI TTapaJlieTb-
HO, TaK KaK Pe3uCTOPDI Mbl 3aMEHWJIN TIEPEMBIYKAMU U TOK
yepe3 «HIDKHUI» KOHAeHCAaTOP eMKOoCThbio C TaKoii ke, Kak
1 uepes «BEPXHUIi» aHAJOTMYHbIN KOHeHcaTop). Ternepnb
MOKHO HalTH KOJMYECTBO TEIJIOTbI, BbIJEJUBIIEECS B
pe3ucTope CONpOTUBJICHUEM R:

Q, =I*Rt = % MK JTK .

MortHOCTD B pesucTope conpoTuBeHneM 3R cocraBJsier
0,75 OT MONIIHOCTH B PE3UCTOPE COMPOTHUBJIEHUEM R,
TI0O9TOMY B HEM BBIJCJIUTCA KOJINIECTBO TETJTIOTDI

0, = (0,51’ 3Rv=" PRe= sl

P.Aznexcandpos

®1935. 13 001020 KycKa HUXPOMOBOT NPOGOLOKYU CRAS-
AU NPAMOY20JbHbIUL MPEY20ibHUK ¢ Kamemamu 3d u
4a.K mpem cmoponam amozo mpeyzoivHura noocoeou-
HUAU HeOObwUe NO PAIMEPAM BOJLMMEMPbL MAK, UMO
coeduHumenbHble NPOBOOA U CMOPOHLL MPEY20LbHUKA
obpasyiom keadpamuvl (cm. pucynox). Bes xoncmpyx-
Yust Haxooumcst 6 00HOU NAOCKOCIU, NePReHOUKYISIPHO
KOMOPOTl Hanpasieno o0nopoonoe maznummoe noae. Hiu-
QYyKyus noast usMensames co ckopocmuio AB/At =k > 0.
Conpomusaenust 601b-
mmempoe HAMHO20
borvwe conpomus.e-
. HUT CINOPOH Mpey20.ib-
Huxa. Hatdume noxa-
3aHUSL BOSLMMEMPOS.

Hirh

A

I 1C unayKIIMK B IPO-
BOJIOYHOM TPEYTOJIb-
HOM KOHTYPE «HaIIPaB-
JieHa» TIPOTUB YaCOBOM
CTPEJKU ¥ paBHA

& = 6ka’ [Iyctp co-

2005/ No

TIPOTHUBJIEHUSI CTOPOH TpeyroJabHUKA paBHbl 3R, 4R u SR.
Torma Tok B TPEYTOJbHUKE PaBEH
B é ka
3R+4R+5R 2R

1 HaIlpaBJleH IIPOTHUB 4acoBOM cTpeJiku. ToKU uepes BOJIbT-
MeTpbl Hamuoro menble I. 9 /1C unaykuuu B KOHType B
BUJle KBaJpaTa co CTOPOHOIi 3¢ paBHa &, = 9ka* n «Ha-
IpaBJIeHa» IPOTHB 9acoBoil cTpesku. Ilo BTopoMy mpasu-
ay Kupxroda ans atoro Kontypa,

61 :U1—3R1

C yderoMm BbIpaxkeHMil 1 & U | HaXOAUM NOKa3aHUs
BOJIbTMETpa Vj:

U, =& +3RI ——k 2
AHaJIOrMYHO HaXOAMM IIOKa3aHusA BOJIbTMETPOB V, U Vj:

35, -
U2 = 18kd2, U3 = 7ka2
B.Yusunées

®1936. B uenu na pucynre 1 kamywxu uHOyKmusHoCmu
00UHAKOBYL, U UX MOXKHO cuumamo udedasvrvimu. Conpo-
MUBACHUS BOSILIMMEMPOE
00UHAKOBYL, U UX MOXKHO
CUUMAmMs YUCMO AKMUB-
noinu (<omuveckumus ). C~>
Amnaumyoa eapmonuuec- (\D
K020 HANDSLHKEHUS UCTNOY-
Hukxa cocmasasem Uy, a
4aACMOmy 3mozo HANPSA-  p,. 7

JKEHUS MOXKHO MEHAMD 8

wupoxux npedenax. Kaxumu mozym 6oimv MAKCUMATb-
Hble NOKA3AHUS KAKOA020 U3 eosvmmempos? Umo npu
amom 6ydem noxazvieamy Opyzol 60ALMMEMP?

[ToCTPOMM BEKTOPHYIO IHarpaM-
My, HauMHas ¢ BEKTOpa, 1300pa-
JKalonero Hanpskenue U, 1ipa-
Boro BosbT™MeTpa (puc.2). Tok
yepes 1ocJIe/10BaTe IbHyI0 I1eroy-
Ky, COJEPKAILYI0 3TOT BOJBT-
METp ¥ MPaBYIO KaTyIIKy WHIYK-
TUBHOCTH, PaBeH

[Fy= X, T

i

OG603HauMB O YTOJ MEX/IY BEK-
TOpaMy, M306PaKAONIMHI Ha-
npsokenns U; m U, cooTset-

CTBYIOIIMX BOJIbTMETPOB, HaliieM n m""'
CYMMY TpeX BEKTOPOB: Puc 2 ~ Pl
2 . 2
Us = Ul = (3U;)" + (Uy sin o — U cos @)
Orcioza
U,
U1 = 0

2
cosa  sina



SAJAYHHUK

MaxkcumasbHoe 3Hadenue Uy MOJy4uTCs B CJaydae, KOTaa
MUHUMAJIEH 3HaMEeHATe b, JTO OY/IET, KOT/a BhIPAKEHUE B
CKOOKaxX 06paTUTCsS B HOJIb:

1 1 U,

= ’0(2450’U1max:
coso.  sina 3

B sTtoM ciyuyae BepxHUIl BOJbTMETP IIOKaXKeT

2

MaxcnmasbHOe MoKa3aHie BEPXHEro BOJIbTMETPA 0Ty da-

eTcsl Ha OYeHb HU3KUX YacTorax u cocrapister Uy . Iloxa-

3aHNe HIDKHETO BOJBTMETPA MPU 9TOM OJIH3KO K HYJIIO.
A.3unvbepman

®1937. Onmuueckas cucmema, coCMOsUASL U3 OBYX
MOHKUX OB80SIKOBBINYKAbIX JUH3 C 00UHAKOBBIMU PAOUYCA-
MU KPUBU3HBL NOBEPXHOCIE, U3MEHsIem Oud-
Memp nadaouw,ezo Ha cucmemy nyuKa napai-
AENbHBIX AYyuel 6 Y pa3, 0CMmAeasis NYuox
nNApaAIebHbIM NOCIEe NPOXOKOEHUs cucme-
mol. Ecau nepemecmums aun3vl U3 6030yxa 6
2UUepuUn, mo 0be AUH3bL OCMAHYMCSA COOUPa-
OUWUMU, HO UX (POKYCHBLE PACCTNOAHUS YBETU-
yamca ¢ o u P pas. Kaxdas uz nuns
cocmasiend u3 06Yx 00UHAKOBHLX NLOCKOBbL-
nYyKALLX Aun3. Ux pasusiu u noioeunku pas-
Holx auns coedunuiu emecme (CM. pucynox).
Bo ckxoavko pas yeeruuumcs goxycuoe pac-
cmosnue maxot KOMROIUMHOU JUH3bL, eClU ee nepemec-
mumo u3 6030yxa 6 AUYyepun?

IIycte Dy u D, — onTu4ecKkue CUJIbI BYX UCXOIHbBIX JTUH3,
1 p)

D — onTmueckas cuja KOMIIO3UTHOW JTH3bI. DOKyCHbBIE

pacCTOSTHUS JIMH3 CBSI3aHBI C UX ONTUYECKUMU CHJIAMU

«<KBAHTA»> 25
06paTHO MPOMOPITMOHAILHON 3aBUCUMOCTBIO!
1 1 1
Pi = _’ I72 = _’ F =—_.
D, D, D

U3 ycnosuii F'=oF n F/ =pF BbIpasuM ONTHYECKUE
CHUJIbI JIMH3 B JKUJKOCTU:
DD p D
o p
[lunamMeTp MpPOXOASIIETO Yepe3 ONTHYECKYI0 CHUCTeMYy U3
JIBYX JIMH3 ITy4YKa IapaJsjesbHbIX Jydyell u3MeHuTcs B Y
pas, ecJiu JUH3bI UMEIOT 06IIyI0 TOUKY (okyca (Tesecko-
[UYECKAs CHCTEMA) U UX ONTHYECKUE CUJIBI OTJINYAIOTCS B
Y pas. Iloatomy 3amnuiem
D _ Y uiam D, _ Y
D, D,
Y JIMH3BI ¢ MEHbIIEH ONTUYECKON CUJIOW MPHU MTOMENIEHUN
B omrtudeckn 6oJjiee TIOTHYIO CPeNy OITHYECKas CUJIa
u3MeHsieTcss B 60JIblliee YUCJIO0 Pas3, MOITOMY U3 YCJIOBU
B>a crexyer D, < Dy, T.c.
Dy =y>1.
p)
Ecaum smH3BI TPUJIOKEHD! OZ[HA K APYTOH, TO UX ONTHYeC-

KHe CUJIBI CKJIAABbIBAIOTCSI. B KauecTBe JTMH3 MOXKHO pac-
CMaTpuBaTb MOJIOBUHKU NCXOAHbIX JINH3, CJI€J0BaTEJIbHO,

D1+D2y D’:DHDé,
2 2

IloacraBasas BeIpaskeHus aasa D] u D) W NCHOIb3ys
cooTHouenue Mexay Dy u D,, Haxoqum

F' D _D+D, _ aB(y+1)
F D" D{+D, o+Py
A.Qyonosckuil

D:

HoBbI npuem Ha 3a04HOe oTaeneHue
Manoro mexmara

Bouee 25 set mpu MexaHUKO-MaTeMaTiHueckoM (dakyabretre Moc-
KOBCKOTO TOCYJapCcTBeHHOro yHHBepcuTera uM. M.B.Jlomonocosa
paboraer MaJiblii MexaHuKo-MaTeMaTnieckuii paky.mbrer (MMMD).
3a rofibl CBOErO CyLIeCTBOBAHUS 3a04HOE OT/ejeHue MaJjoro Mex-
MaTa Bbimyctuso cBbime 10000 ywammxcs, MHOTHe H3 KOTOPBIX
CTaJM CTYJeHTaMH MeXMara 1 Jpyrux ¢akyapretoB MIY.

OcHOBHBIE 3a1aun Mausoro mexmarta — npﬂoémelme ITKOJIbHUKOB
K MaTeMaTHKe, yriayGJeHne UX 3HAHUI B paMKaX IIKOJBHOI 1po-
TpaMMbl U paclIpeHne MaTeMaTIH4ecKoro Kpyro3opa..

B 2005 romy 3aouroe omdenenue Majoro mexmara OGBSIBISET
mpueM yvamuxcst B 8 u 9 kuaccest Ha 2005,/06 yueGubiit rog. Ha
3a04HOE OT/le/IeHe [PUHUMAKOTCS yuamuecss u3 Poccuu (B TOM
uucae u npokusaonme B Mockse), crpan CHT u lpuGantuxu.

Cy1iecTByeT BO3MOXKHOCTb OGydYeHHsI HECKOJbKUX YUEHUKOB U3
o/tHOI KOJIBI 110 popMe «KosekTuBHbI yuernks . I'pymma pa6o-
TaeT 110/ PYKOBO/ICTBOM IIPEIO/IABATEISI I MOKET BKJIIOYATH B Ce0sl
He Gostee 15 yuyammxcst. Kak mpaBuso, MaTeprasbl METOAMIECKIX
pa3paboTOK M3Y4aIOTCsl TAKIMH I'PYTIIaMU BO BpeMst (haKyIbTaTHB-
ubix (KpykKoBbix) 3amstuil. [pymma «Kosektusubiii yueHnk»
oOyudaercss Kak OAMH ydamuiicsi, T.e. O(OPMJISIET 10 KaXK/JIOMYy
3a[[aHI0 00HY PAGOTy M OIJIAYMBaeT O0ydeHHe Beeil IPYIIbl Kak
o0yueHne 001020 y4alerocs.

3auncaenne B 8 n9 knaccepl (Kak 11 MHANBUIY IbHBIX, TAK W J1IST
KOJJIEKTHBHBIX YUYCHUKOB) IPOM3BOIUTCS HA KOHKYPCHOI OCHOBE 10
pe3ysvmamam GvlNOAHEHUS NPUBLOCHHOU HUKE SCMYNUMENbHOU
padomot.

OGyyeHne Ha 3a04HOM oOT/lesieHuH 1taTHoe. VIHdopmanus o6
YCJOBUSAX OILIAaThl Oy/JeT BbICJAHA YYAIMMCS, 3a4NCJIEHHBIM Ha
3ao0uHoe otziesienne, ocenpio 2005 rosa, mMocse MPOBEPKH BCTYIIH-
TeJbHbIX pabor. Cefiyac CTOMMOCTD HPOBEPKH OJHOTO 3a/IaHUS
cocrasasier (B 3aBucumoctu ot Kiaacca) 100—-120 py6., ognaxo B
2005 /06 yueGHOM rojty OHa MOKET ObITh HEMHOTO TTOBbIIeHa (32 T/
yualuiics BoioJHseT 6—8 3astannii) . IIIKOIbHUKH, YCIIEINTHO 3aK0H-
yuBine o6ydyeHNe HA 320YHOM OT/EJEeHHHU, IIOTydaloT CBHUIETE/b-
cTBa 06 OKOHYAHHU MaJoro Mexmara.

JKenatonue ocTynmuTh Ha 3a04HOE OT/EJeHne Majioro Mexmara
(kak B 8, Tak u B 9 Kaacc) AOLKHBI He nosduee 30 mas 2005 zoda
(nna rpynn «KosnektusHbiil yaeHux — ne nosounee 20 cenmsabpsa
2005 200a) BbICIATD B HALLL A/[PEC NPOCbLM NUCLMOM PEIIEHUS 33184
BCTYTIUTEJIbHON paGoThl (Ipu 9TOM He 06A3aTENBHO [MOJIKHDBI GbITH
PelIeHb! Bee 3a1aun). Berynurenphyio pa6oTy HeO6GXOAMMO BBITIOJ-
HUTDb B WKOJbHOU mempaou 6 KAemKy. 3alucbiBaTb PEIIEHHUs B
TeTpagb CJeJyeT B TOM MOpPs/IKe, B KOTOPOM 33/la4d UAYT BO
BCTynuTe bHONH pabore. Ha 006/105KKy TeTpaju HakJjeiite JHCT
GyMaru co CJIEAYOIUMI TaHHDIMHU:

(Mpogonxexme cMm. Ha ¢. 34)
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3aga4u

1 . Y NpofasLia ecTb 3 copTa 3e1eHoro Yas. leta kynmn no
HEeCKOJIbKO rpaMMOB Kaxaoro copta. [1poaaseL, 3amMeTtus,
4TO ecnn Bbl OH MOMEHSN MecTaMu Niobble ABa LIeHHMKa,
a MeTa Kynun Takom e ToBap, To lNeTe npuWwnocb Obl
3annatitb bonblie geHer. MOXeT N Takoe ClyYnTbCa?
Ll KamHuH

2. a) MoxHO nn, ucnonbaya kaxayo ns 10 umdp no
OLHOMY pasy, 3anucaTb HaTypanbHOe  4YUCo W ero
KBagpar?

C Tokapes

©) A MOXHO N NPK TeX e YCIIOBUAX 3anmcaTb KBagpaTt
1 KyO OHOro 1 TOro Xe HaTypanbHOro Yncna?
U Akyrmd

. [lerg: YcnewHo nn Tbl BbICTYMAN Ha1COpeBHOBaHMﬂX?

Bacs: A Tbl pelun cam. MeHsi oboluna 5, " HacTb cnopr-

CMEeHOB, 3aTO A OCTaBWI1 No3aau _,I-}O 4HaCTb.

[lers: A 41O Takoe 17?
Bacsa: DTo HeKoTopoe HaTypanbHoe Ymcno, bonbliee 2.
[Ters: O, no3gpasnsio! Tebe yaanocb 3aHATb NPU30BOE
TpeTbe MecTo!
He ownbcsa nu Meta?

A. XKykoB

D1 334341 MPEAHA3HAYEHbI TTPEXAE BCEro yyqammc 6 — 8
K/1aCCOB.

4. BunbaApaHbIV CTON MMeeT hopMy NPAMOYTrOfIbHOro
TpeyronbHMKa. /13 To4KM Ha r1MnoTeHy3e nepneHankKynap-
HO el BbINYCTUAM LWap, KOTOPbIM yaapuincs o asa bopTa u
BEPHYNCA Ha rMmnoTeHy3y. [lokaxuTe, 4TO AnMHa Takoro
MyTW He 3aBUCKT OT TouKK cTapTa. (LLap oTpaxaeTcs oT
OopTOB MO 3aKOHY: «Yrof NafeHns paBeH yriy oTpaxe-
HNE».)

LLKanuHuH

5. MHOIMM M3BECTHa KOMMbloTepHas urpa «Canep».
MpennonoXmM, B HEKOTOpbIX KNeTkax kBagpaTa 9x9
CTOAT HEBUANMbIE MUHbI. Kpome Toro, B KaXKaom KneTke
(na>ke B TOM, roe eCTb MMHA) 3anmncaHo odLLee KonM4ecTBo
MWH B COCeHMX C Hem knetkax. CocefHUMWN Ha30BeM
KINeTKN, nMeloLLie obLLYyI0 CTOPOHY WUNU BEPLLUMHY.
MOXHO N MO 3TUM YUCNaM ONpPeaeNnUTb PacrnonoxeHue
BCEX MUH?

JlVIBaHoB, A.KaHesb-besios

[# Cory MRS |

bres  Creascs
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Ronkypc nmenn A.Il.CaBuHa

«MaTemaTnka 0—8»

Ml 3eBepiiiaem o4epeqHovi KOHKYPC 10 PELLIEHMIO MATEMATUYECKMX 38434 418 y4aLymxcsa 6—8 K/1accos.
PeLueHns 3a4a4 BbICbIIaNTE B TEYEHME MECALA OC/e OJTyHeHUS ITOr0 HOMEPa XypHana o agpecy:
119296 Mocksa, JleHnHCkv rpocriekT, 64-A, «KBaHT» (¢ nomerkori «KoHkypc «Maremarvka 6—8»). He
3a6yabTe yKkazatb VMS, KNacc v JOMALLIH 34/0eC.

Kak v rpexae, Mbl rpuBETCTBYEM YH4aCTUE B KOHKYPCE HE TOJIbKO OTAE/IbHBIX LUKOIbHUKOB, HO U
MareMarn4eckiX KpyXKoB. PYKOBOANTENEM KPYXKOB MPOCUM yKa3aTb /1EKTDOHHBIV dApPec 1/ KOHTaKT-
HbIV TeneqoH. 10 ToaauLmy, KpyXKu-rnobenquTesin 3a04HOro KOHKYPCA MPUITIaLLIIOTCS Ha OUHATTbHbIV

OYHBIVI TYPHUP.

16. HampuTe BCe Takme HaTypanbHble YACA )1 HeHyTe-
Bble LMPPbI X, 4TO

XX ... XX = yz .
B.CeHnepos

17. Y nnockow 3amMKHYTOW [OeCSTU3BEHHOW JIOMaHOM
ABCDEFGHKLA coBnafatoT cepefuHbl nap 3seHbeB AL 1
FG, BCwn GH, CDw HK, DEw KL. [lokaxuTe, 4TO cepefHbl
3BeHbeB £F 1 LA TakXKe COBMagatoT.

UAKy Y

18. NMycts HOL(a, b) v HOK(a, b) — cootsetctBeHHO
HanbonbLUMA OBWMI AennTenb U HanMeHbllee obLlee
KpaTHOe HaTypasbHbIX Ynicen @ n b. [JokaxuTe, 4To ecin
BbIMOJIHAETCA pPaBeHCTBO

HOK (a, b)
———<=a-b,
HOL (., b)
TO
HOK (a, b) = HOA? (a, b) .
AXykos

19. Kakoe HamnbonbLlee Y1Co KNeToK LWaxMaTHOW JocC-
KW MOXHO OTMEeTUTb, 4YTODbl He HalJoCb HWM OAHOMo
TYNOYrofbHOro TPeyrofibHMKa C BepLUMHAMU B LIEHTPax
OTMEYEHHbIX KNeToK?

UAKy Y

20. MnockocCTb pasfeneHa BepTUKanbHbIMU 1 FOPU30H-
TaNbHbIMU NPAMbIMU Ha 6ECKOHEYHOE YNCNO OOMHAKOBbIX
KBafpaToB. B Kax[oM KBagpaTe 3anmMcaHo HaTypanbHoe
YUCNO, MPUYEM KaXKOOEe YMUCIO 77 3aMMCcaHO POBHO B 77
kneTkax (7.e. BCEro Ha [oCKe oAHa eAMHNLA, OBe ABOVIKM,
TPU TPOVKX U T.4.). N KaxOon napbl COCEAHNX KNEeTOK
NOACUYUTLIBAETCA PA3HOCTb (MO abConoTHOM BeNNYMNHE)
MeXIy uMcnamm B 3TUX KneTkax (cocegHumu Oynoem
CYUTaTb KNETKM, UMeloLLIMe ODLLYIO CTOPOHY). Kakoe Hau-
MeHbllee 3Ha4YeHne MOXET MPUHUMATb HanmbonbLLas 13
3TUX pa3HoOCTeN?

UAKy Y

[To4emy HeT peLleHnn?

(Yronok natukiIacCHUKa)

A.3ANYUK

ACCMOTPM HECKOJIbKO MPUEMOB PACCYX[E-
HWUI, NO3BONSIOLLMX OTBETUTb Ha BOMPOC, MOYeMy TOT
nnn MHoM umdpoBor pebyc He UMeeT pelleHUI.!
HanomHuMm, 410 B UMMPOBBLIX pebycax ofMHaKoBble
OyKBbl 3aMEHSIOTCH OAMHAKOBLIMU LMdPaMK, pasHble
OykBbl — pa3HbiMU UMdpamn. MepBylo OYKBY Henb3s
3aMeHSATb HyJfem.

7 pe6 Vbl B3STbI 13 KHUM A.W.3avymka « Y1cioBas Mo3amka»
(M., 2003).

Uccnepyem nocnepHiolo ungpy

Pebyc
MMoC + MNHYC = 52743

He VIMeeT peLUeHUI, NOCKOMbKY Kaxaoe 13 dyucen MMOC
n MWHYC okaH4mBaeTcs Ha ogHy v Ty Xe umdpy C, a
3HaAYMT, UX CyMMa LOSKHA OblTb YeTHOWM, HO Yncno 52743
— HeyeTHOe.
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YnpaxkHeHue 1. [TodeMy He UMeeT peLleHnin pebyc

BUPAX + TAPAX + MUNPAX + CTPAX + TUPAX =
= 3847527

Nccnepyem nepeyto ungpy
B pebyce
OPT + TOP + POT = 471

nepsble undpbl O, T, P TpexaHa4HbIX YMcen pasnnyHbl 1 He
paBHbl Hymo, nostoMmy O +T+P 2 1+2+3 =6, a
3To Donblie, YeM LMdpa B paspsae coteH Yncna 471,

YnpaxkHeHue 2. Pazfenutcs nu Haueno (6e3 octatka) 4mcio
AJITEBPA Ha vncno AMODEMA?

Uccnepyem nepByto 1 NocieaHIO0 Lindpbl
B pebyce
CEB-6 =BEC
undpa C aBnseTca nocnefHen LUUMPON YeTHoro Yncna
BEC. MockonbKy OHa, K TOMYy e, OTnn4Ha oT Hyna (C —
nepsasa undpa 4ncna CEB), To C=2. Ho Torga 4ncno

CEB-6 [OOMKHO ObITh YeTblpex3HayHbIM, U pebyc pelie-
HWW He UMeeT.

YnpaxHeHune 3
[lonro TaHeTca ypok,
A Ha 8 MmHOoXy [IPOK.
3aKNo4UTENbHBLIV aKKOpA, —
Y mMeHsa B otBeTe KOP/,.
OTa npaBAa Wnu Het?
Mockopee fan OTBeT.
Nccnepyem pennmoctb
B neBou Yactu pebyca
OPT + TOP + POT = 974
CTOWT YNCNO, KpaTHoe 3. [1encTBUTENBHO,
OPT+ TOP + POT=0-100+P-10 + T+ T-100 +
+0-10+P+P-100+0-10 + T=
=120-0 +1M-P+102-T.

2005/ No

e
-0

Kaxxoe 13 cnaraembix B mocnegHen cyMmMe ennTcs Ha 3.
Yuecno xe 974 Ha 3 He JennTcs, NO3TOMY paccMmaTprBae-
MbIl1 PedyC He UMeeT peLLeHni.

YnpaxkHeHue 4. VimveeT nu pelleHne pebdyc

BOOA + KOOA + MOJOA + COJA = 180147

OueHVIBaeM BENIUYUHDI
B nesow YacTtu pebyca
NCK + KCN + VKC = 3102

CTOUT CyMMa TPeX Yucern, Kaxka0e 13 KOTopbIX He OorbLie
1000. 3Ha4u1T, X CyMMa He bonblie 3000, noaTomy pebdyc
He MMeeT peLLeHWN.

YnpaxHeHue 5. Moyemy aBa cnegyowmx pebyca He MMeIoT
peLueHn:

a) KT + TUK = 202;

6) NOAKA + KOJIOOKA > 9990000 ?

Mpeo6Gpa3oBbiBaeM U OLLeHUBAEM
Mpexae YeM OTBETUTb Ha BOMPOC, nodemy pebyc
KOT + TOK = 858
He nMeeT peLIJEHI/II;I, 3anmuiem ero B paBHOCKMIIbHOM BUMAeE:
KOT + TOK = 101- (K + T)+20-0 = 808 + 50,
nnnm
101-(K + T-8)=10-(5-2-0).

MpaBas 4acTb NOCNEfHEro PaBeHCTBa He PaBHa HYJTIO U Ha
101 He penuTcs. MO3TOMY UCXOAHbIN Pedyc peLleHu He
MeeT.

YnpaxHeHus

6. [loyeMy He MMeIOT peLleHuI cnedyiolye aBa pebyca:

a) JOK + J0OJ1 + IOM = 1200;

©6) OJA + BOOA = 2000?

7. a) Pazpenutcs nv Ha 1000 cymma BAP + AMBAP?

©) Paszgenutcs nn Ha 101 pasHocts KATAP — KAPAT?

8. a) Hammytca nm gBa Takux uicna TYM um MIY, uto
T'YM + 99.9=MIY?

©) Hamgytca nu gBa Takux umcna FTAM wm MAT, 4to
FTAM + 99.8 = MAT ?
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bynaBa

C.BAPJIAMOB

K AK U3BECTHO, TNITEPBOJIA — 3TO HE TOJIbBKO TEOMET-
TpUUecKasi KpUBasi, 3aJjaBaeMasi Ollpe/leIEHHbIM COOTHOIIIe-
HIEM MKy KOOPANHATAMHU, HO M JIUTEPATYPHBII IIPUEM, T03BO-
JISTIONIWI SIPKO M 06PA3HO IMepelaTh SMOIIMOHATBHOE OTHONIEHHE
ropopsmero (MuImymero) K TOMy, 0 4eM OH paccKasbiBaeT. OT
NPUMEHEHUS ITOTO IpHeMa, TIPaB/a, YacTo CTPAJAcT 3APaBbIil
cmpica. Kak 3710poBo, coryacutech, B pasroBope 3By4HT dpasa:
«Cro JsieT He BHUAENUCH!» A BOT HECKOJBKO KJACCHYECKHX
npumMepoB runepbos. Y Torons «...peakas nTunA AOJETUT 0
cepeaunnl [[Henpay. Oaun u3 aurepatypHbix repoes O’ l'enpy,
npe6biBasi B IIJIOXOM HACTPOEHHH, TaK MHYJ HOTOI MOPOCEHKA,
YTO TOT TTOJIETEJT, ONlepesKast 3ByK COGCTBEHHOTO BU3Ta. A B OZIHOM
U3 CKa30K MOry4uii 6oratpipb OpocuJs BBepx OyJaBy, KOTOpas
BEpHYyJIaCh Ha MECTO... TOJbKO yepe3 40 nueii!

[Tocnennsist runep6oJia Jieria B OCHOBY 3aJIa4yM, MPEJaras-
nreiicst Ha ogHOM u3 TypHUpPOB I0HBIX (pu3uKoB. B aToil 3amaue
HY>KHO OBLJIO OIIEHUTD MapaMeTpbl 3HAMEHUTOTO GPOCKA U M0J0-
6paTb MaTepHaJ JJIS U3TOTOBJIEHUS HOAXOsMell Oy IaBbl.

Copoxk JHell — 9T0 60JIbIITe, YeM JIYHHBIH MeCSII, CJIe0BATEb-
HO, CKa3o4Hast OyJiaBa BblJIeTesa 3a IPelesibl 3eMHOI aTMocde-
PbI CO CKOPOCTHIO, UyTh MEHbINEH BTOPOH KOCMHUYECKOH, W 3a
BpeMsI [oJIeTa yAaJIsIach OT 3eMJIU Ha PacCTOsIHNE, G0Ibliee YeM
paccrosiaue ot Jlyusl po 3emun. Kocmuueckas dasa mosera
GyJraBbl — caMmas IpOCTasl YacTb 3a/1a4d, HO He camasl MHTepec-
Hasi. A BOT pa3roH OyJaBbl OT HYJIEBOIl JI0 HY>KHOI CKOPOCTH U
ee HoJeT B arMocdepe IIPeJACTABJAIOT UHTePeC U AOCTOIHBI
JIETATTBHOTO PACCMOTPEHHS.

CoBpeMeHHbBIE PaKeThl B HaUaJbHOU (hase mMmoseTa B MJIOTHOM
aTMocdepe IBIDKYTCS Me/IJIEHHO, ITOCTEIeHHO YBEJHYNBast CKO-
POCTD, ¥ TPHOOPETAIOT MAKCUMAJIbHYIO CKOPOCTD Y Ke BHE aTMOC-
eppl. B orymmume or paxer, GynaBa He ¥MMeJa DPEAKTHBHOTO
nBuraressi. Pasron 6vJaBbl OT HVJIEBOH CKODOCTH MDOMCXOIMJ

 ay

PucyHok B.babaesa

Ha OTpe3Ke IyTH, JJIMHA KOTOPOTO CPABHMMA € POCTOM 6OraThl-
psl, MOITOMY MAKCHMAJbHYIO CKOPOCTb OyJaBa HMMeJa B TOT
MOMEHT, Korja 60TaTbIpb BBIIYCKAJ ee U3 PyK, T.e. He OYeHb
BbBICOKO Ha/l II0BEPXHOCTbIO 3eMJu. B nasbhelineM ee ckopocTb
Ha IyTH BBEPX TOJBKO YMEHbIIAIACh, HO COXPAHUJIA BEJMYUHY
nopsaka 11 kM /¢ Ha Boicote 100 kM (Ha 5TOM BBICOTE Y3Ke MOKHO
npene6peus conporusaenueM armocdepnr). M3 Kakoro xe mMare-
puasa 6blaa U3roToBJjeHa GyJaBa U KaKOBbI ObLIN ee pa3Mepbl,
€cJIi OHA TIPEO/I0JIesIa COIPOTUBJIEHNE TOJIIIM 3eMHOI aTMocde-
PbI TOJIbKO 32 CYET HayaJbHOH KHHETHYECKOi sHeprum?

Ecau 6b1 He GbLJI0 CONPOTUBJIEHNUS TIPU JIBMKEHUH B BO3/yXe€,
TO HoAbeM Ha Boicoty 100 KM cooTBeTCTBOBAJ Obl YMEHBUICHHUIO
CKOPOCTH, KOTOPOE JIETKO OI[eHUTb, CYUTAs, YTO HA 3TOM IIyTH
6yJ1aBa IBUTaJach ¢ MOCTOSTHHBIM ycKopenueM. COrJIacHO 3aKo-
HY COXpaHeHUsI MeXaHMYeCKO!l SHEpTui,

MgH +%M0§, :%Mvg,

VI3 2TOr0 COOTHOIIEHWS CJeyeT, 4YTO HadaJbHas CKOPOCTb
OynaBbl g, Ao/KHA Oblia ObiThb Beero Ha 1% GoJblie, ueMm
cKOpocTh vy Ha BbicoTe H = 100 kM. lHbIMU cjioBaMu, BJAUSHU-
€M TPaBUTAINY Ha Iy TH OyJIaBbl Yepe3 aTMocdepy MOXKHO CMEJIO
npene6peub. HabuonaresbHble yuTaTe M, KOHEYHO JKe, He Pa3
BU/IEJIN, KaK B HOYHOM HebGe CKBO3b aTMOC(epy INpOJIeTAT U
cropaiot Mmeteoputbi. CKOPOCTH OTHOCUTETHHO BO3IyXa Y METEO-
PHUTOB — MPUIIEIbIIEB U3 KOCMOCA — COCTABJSIOT IECSITKH KHJIO-
MeTPOB B CeKyHIy. 3apa-
Hee IpeaylnpejuM duTare-
Jieil, 4TO Halllk OIIEeHKHU CKO-
poctu 6yJIaBbl TOKe IPUBe-
IyT K BeJUYHHE MOpPSAKA
10 kM /c. Takoit ckopocTu
MIBIKEHIST TaCTHI] BO3YXa
(aTOMOB ¥ MOHOB KHCJIOPO-
JIa ¥ a30Ta) TPU Xa0THYeC-
KOM JIBIJKEHUH COOTBET-
CTBYET TEMIIEPATYPA OKOJIO
10° rpazaycos. [laxe ecan
IPUHATH TeMIepaTypy Ha
MOPSIIOK MeHbIIeil, T.e.
10 rpazycos, T0 Bce pas-
HO TOJIy4aeTcsl OTHIO/b He MaJo. Tak 4To HauaJbHOH TEeII0BOI
JHEPTHEN BO3/AyXa, OUEBU/IHO, MOKHO MPEHEOPEUD.

PaccMOTpHUM yIIPOLIEHHYIO MEXAHUYECKYIO MOJIEJb [IBUKEH S
IJIOTHOTO NpeJMeTa B BO3AYNIHOW cpene. Ilpeanonoxum, uto
OysaBa umeer opmy mapa paauycom R u maccoit M. Ilycrb
OyJiaBa He pa3pyllaeTcs npu 1poJere yepes armocdepy. Ore-
HUM TOTE€PH KMHETUYECKOIl sHepruu OyJIaBbl U M3MEHEHVe NM-
nmyJibca GyJaBbl, CBSI3AHHBIE C €€ [[BU)KEHHEM B BO3JyXe.

Ecam 3a masnoe BpeMss At OyJjaBa B BO3JyXe IIPOILLIA IyTb
b = vAt , TO B ABVIKEHUE MPUIIES BO3/YX, KOTOPBIil /10 IpoJieTa
6y.1aBbI HAXOAM/ICS B 06beMe, MpUMepHO pasHoM TRH . Drot
BO3/yX He TOJBKO TPHOGPeJ KUHETUYECKYIO SHEPTUIO, HO U
MOJIYYNJT UMITYJIbC, HATIPABJIEHHDII B CTOPOHY JABUKeHUs GyJia-
BBI. [IpeacTaBuM ABMIKEHHUE BO3/yXa B BH/E KOJBIEBOW CTPYH,
cpbiBaoneiics ¢ GymaBbl-mapa. Takas cTpys XapaKTepu3yercst
CKOPOCTDBIO U YIJIOM, KOTOPbIil CKOPOCTb 06pasyeT ¢ HalpaBJie-
HUeM JBMWXeHus OyJaBbl. Ilpum JasbHeiinieM ABMKEHHH 2Ta
CTPYsI CO3/IaeT 3BYKOBbIE BOJHBI B BO3/yX€e, U B KOHIIE KOHIIOB
BCST TIOJTy4eHHAsT BO3[YXOM MEXAHUYECKAS] U TETIOBAsT JHEPTHSI
MePeXOUT B 9HEPIHIO XA0THYECKOTO [BIKEHUST MOJIEKYJT BO3/LY -
xa (B TEIIOBYIO SHEPIHUIO).

Ha pucynke nokasana sta camast KOJIbIleBasi CTPYsl, CPbIBAIO-
MAsICs ¢ mMapa, HO ee pa3Mepbl, KOHEYHO, HEMPOTOPIHOHAIBHO
BesMKH. [[BUIKeHME BO3[yXa MOJKHO ONMCHIBATH TAKOW CTpyeit
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TOJIBKO B HEMOCPEACTBEHHOI 6J30CTH OT Tiapa. Biasu ot mapa
¢opmupyercs 3BykoBas BoJsiHa, uMeromias GpopMy Konyca Maxa

0.
¢ yraom B ~ arcsin—22  CiykaTne Bo3ayXa IPH HAGCTAaHUM €r0
0

Ha IIap MPOUCXO/INT MO TaK HA3bIBAEMOI «yIapHOil aauabares .
Ecsin paccMaTpuBaTh JBUKEHNE B CHCTEME OTCYETA, CBSI3aHHOIM
¢ 6yJIaBOil, TO JABJIEHHE CXKATOTO BO3/yXa BOJIHM3H OBEPXHOCTH
OyJiaBbl B cepejiHe Haberawoniero Ha OyJiaBy IOTOKA PaBHO
JIMHAMIYECKOMY JIABJICHUIO TIOTOKA BO3/[yXa pvz/2 (3pecp p —
MJIOTHOCTD BO3yXa [0 mpoJieTa 6ymrasbl). B koubnesoit crpye
B0o3yX (MJIM TO, BO UTO OH MPEBPATHJICS MOCJE CIKATHS) UMEET
IJIOTHOCTD, GOJIBIIYIO MJIOTHOCTU BO3/yXa, U3 KOTOPOTO Gbliaa
copmupoBana ata cTpys. Xapakrep JBUKCHUS BO3/lyXa BOJIU3N
11apa TaKkoB, YTO CKOPOCTH €r0 YacTHUIl UMEIOT COCTaBJSIONINE
B/IOJTb HAIIPABJIEHHUST IBUKEHHS IAPA, CPABHIMbBIE CO CKOPOCTBIO
mapa. VccrenoBanne cTpyu IpeAcTaBiseT cO60H OTAENbHYIO
MHTEPECHYIO 33/1a4y, OJIHAKO HaM HYJKHO OLEHUTb TOPMOJKEHUE
OyJIaBbI.

WNrak, macca Bosayxa Am = anQUAt [pUILIa B IBUKEHUE CO
CKOPOCTBIO %, HATIPABJIEHIE KOTOPOil COCTABJISIET C HAIIPABJIECHHU-
eM ckopocTH 6yJaBbl yroa 90° — ¢ . 3amuiieM 3aKOH COXpaHe-
HUA UMILYJIbCA:

Muv, = Muv, + pnR*vAtusin o

1 3aKOH COXpaHEHUA SHEPruun:

v

2
rie Q — 3TO TeloBas dHEPTUsi, NMPUOOPETEHHAs CXKATOW U
pasorpetoil TopIyell BO3JyXa, a TaK)Ke HEPTUS H3JIy4eHUS
pasorperoro Boszyxa. Ilpi Temmeparypax mopska 10% — 10° K
U3JIy4eHre COCTABJISET MAJIYIO JI0JI0, U UM MOKHO TIpeHeOpeyb.
CxopocTt xaomuyeckozo ABUKEHUST YaCTUIL B KOJIbIEBOI CTpye
BOJIM3H IIapa UMEIOT TOT JKe TIOPSIJIOK BEJIMYUHBI, YTO K CKOPOCTD
HaAnpasiennozo NBxKeHus 4actuil . C yueToM aToro 3anuiieMm

2 2
:M%+an20Atu7+Q,

2
B u
O ~ ZpnR*vAt — .
2 2
Ortcioga ciexyer
2 2
v vy 7
d_m24L
2 2 4
OHOBPEMEHHOE BBITIOJHEHIE 000MX 3aKOHOB COXPaHeHUsT 06yc-
JIABJINBAET OIpe/le/IeHHYIO CBSI3b MEX/y U, ¢ U Sin o :

M

4 .
u=—ovsina .
7

K coxkasienuio, He Tak IPOCTO YCTAHOBUTH BEJUYUHY YIJa O .
Hac unrepecyer nepeziaya uMIryibca Bo3ayxy. Oxapaxrepusyem
ee «yCpeJHEHHBIM» YTJIOM O , KOTOPBIi, 04eBUIHO, MeHbIe 90°,
HO cpaBHuM ¢ 30 — 45°. [[/1s OlleHKH TOTEPU UMITYJIbCA HIapOM
JIOCTATOYHO BbIOPATh KAKYIO-HUOY/b KOHKPETHYIO BEJUYUHY
yraa o , Hanpumep 30°. Torga nosayvaem

2
Uu=-0.
7
Bocnosnb3yeMcsl 3aKOHOM COXPAHEHUSI UMITYJbCa JJISI 3TOTO
COOTHOLIEHUST MEXIY CKOPOCTSIMH © M ¢ W HOJIy4uM, UTO
HavaJdbHAsT ¥y M KOHEYHAs ¥, CKOPOCTH OYJIaBBI CBSI3AHBI APYT
C JIPYroM TakK:

1
My, = Muv, + —pnR*vAtv
7
NubiMn CJIOBaMU, U3MEHEHUE CKOPOCTU 6yJIaBbI OIIUCBhIBAECTCA
COOTHOIIIEeHueM

Am
02 _01 :_07_M.
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TaxuM 06pa3oM, CKOPOCTb GyJIaBbI TP IIPOXOXKIAEeHNN aTMocde-
Pbl MEHSIETCSI B COOTBETCTBUM C ypaBHEHUEM

KoHeuHasi ckopocTb Ha BbIXoje M3 arMocdepbl 3aBUCUT OT
HOJIHOI Macchl Bo3ayXa mi, NpuBeeHHol B apuxenue. (3ame-
TUM, YTO MbI TIOJYYHJIN 3aBUCUMOCTb CKOPOCTU OyJIaBbl OT JABYX
Macc, KoTopast OUeHb HAIIOMUHAET pellieHue ypaBHeHus Melep-
CKOTO It pakeTbl. ToJbKO TaM (QUTypUPYIOT HauyaJbHas U
KOHEYHasi Macchbl PAKeTbl, a 3/iecb — Macca OyJiaBbl M Macca
BO3/AyXa.) DTy MOJHYIO MAacCy MOKHO JIEFKO OLEHUTD:

m = TER2 Parm ,
g
TOTQ

_ TMg _ 7Mg
Uokoen = 0o€ » W Ty = Ungoen®

[Tosyyennasi ¢popMyJIa MO3BOJISET OIEHUTh HAYAIBHYIO CKO-
pocTb GyJIaBbl B 3aBUCHMOCTH OT ee pajuyca u maccol. [Ipearno-
JIOKUM, 4TO OyJiaBa c/iesiaHa U3 0O6eJIHEHHOTO ypaHa M MOKPBITa
MPOYHOI TEPMOCTONUKOI 0060/104KOi. YpaH 006/a/jaeT BecbMa
BBICOKOI MIOTHOCTBIO: P = 19040 KI‘/M3 . Boipasum maccy 6y-
JIaBBI Yepe3 IJIOTHOCTDb M /IS HAaYaJbHOH CKOPOCTH HOJIyUUM

9 = UQKOCMeZSPRg ’
U3 a10i1 hOpMyJIBI BUAHO, YTO YeM 6OJIbIIIEe PAANYC OYJIaBbl, TEM
MeHbllle MOJKeT ObiTh ee HaudasibHas ckopoctb. (C apyroi
CTOPOHBI, OyJIaBa — 3TO OPY’KHE, U /I 60TaThIpst Macca GyIaBbl
HE JI0J5KHA GbITh MasieHbKOM. ) TTycTb pagnyc ypaHoBoii Gy 1aBbl
paBen 5 cM. Torza srta GyJnaBa OyleT MMETb Maccy NOPSAKA
10 kr ¥ nproGpeTeT HAYAJbHYIO CKOPOCTb OKOJIO 34 KM /¢, UTO
MIPUMEPHO B TPU pasa (oJibliie BTOPOHl KOCMUYECKONH CKOPOCTH.
ITO MHOTOBATO Ja’Ke [/ YeMIHOHOB MUPA IO TOJKAHHIO Spa
WM METAHUIO MOJIOTA HA JAJbHOCTD.

OuenuM Ttenepb cuny F, ¢ KOTOpoil 6orarbipb pasroHsLI
OyJiaBy, U JiaBJeHUE, KOTOPOE OKA3bIBAJIOCh HA MaTepuas GyJia-
Bbl. IIycTb pocT 6oratbipst 2 MeTpa. DTO 3HAUUT, YTO PA3TOHHBII

myTh GyJaBbl L He mipesbiiiaetr 3 MeTpoB. [10CKOIbKY
2
0,
FL=M=ZX
2 )
IoJay4Ynm

F=2-10° H.

Eciu pacnpezgenuTb Takylo CHJIY 10 IUIONIIQJN IIONEPEYHOIO
CedyeHHs LIapa, TO HOJIYUUTCS cpejiHee JlaBJIeHIe

p=25-10" Tla.

ITO [aByieHne 3HAYUTETBHO GOJIbINE TIPejiesia TPOYHOCTH ypaHa
6 ~3-10° IMa. Tax uro, CKOpee Bcero, ypaHoBasi OyJiaBa BO
BpeMs 6pPOCKa MPOCTO MPOCOUNJIACH ObI MEXKY MaJblaMu 6ora-
TbIPA.

Bor rak: HavaJ M MBI ¢ TIPENOJIOKEHNs, 4TO OyJiaBa MmpoJeTe-
Jia yepe3 arMocdepy u IpruoGpesia Ha BBIXO/[E B KOCMOC TIPHMeED-
HO BTOPYIO KOCMIYECKYI0 CKOPOCTD, a BBISICHIIN, YTO Pa30THATD
ee /10 Hy’KHOIl CKOPOCTH HEBO3MOSKHO I10 IIPUYUHE HEJOCTATOU-
HOH TIPOYHOCTH. 3aTO TTOTYYHUJIN OIeHKH BEJTUINH /IS CKOPOCTH
npumepno 30 kM /¢ u maccsl: mopsaka 10 kr. Tema Takoit Macchbr
1 ¢ TAKUMH CKOPOCTSIMU JEHCTBUTEIBHO IIONIALAI0T B aTMochepy
3eMJ, HO TOJIbKO HE C ee IIOBEPXHOCTHU, a U3 KOCMOCa, — 3TO
KpYIIHbIE JKeJie3Hble MeTeOpHThbl. [Ipu BepPTHUKAJIBHOM Ma/eHUN
yepe3 aTMocdepy TaKoil METEOPUT y TIOBepXHOCTH 3eMJu Gyer
UMeTb CKOPOCTb 0K0JI0 5 KM/ ¢. UTo GyneT mnocJie yjapa Takoro
«MOJIOTKa» 110 3eMJie — 3TO yXKe Apyrasi UCTopus!



IIMKOJA B

Yron naneHus
DaBeH..

A.CTACEHKO

.. CTOUT Jmib BbIHECTY HaM 1104 OTKPbLITOE
3Be3qHoe Hebo
[TosHbIV BO[OK COCYL, KaK Ceqac Xe B HeM OTPA3ATCH
3Be3fbl Hebec u Jly4n 3aCBEPKalT Ha I7aau
3€pKasIbHOM.

Jlykpeumn. O npupofae Bellen

Y KTO JKE HE 3HAET, UEMY PABEH YTOJI TAJEHUWAA,

— KOHEYHO, YTIJIy OTpaKeHusi. A ellle Koe-4To U3BECTHO U O
MPeJIOMJIEHUN CBeTa. BCIOMHUM MocTpoeHue Jiydei, KOTopoe
npeioxkua Xpucrtuad [ofirene — rosuanjckuii Gpusmk, mexa-
HUK, MaTeMaTHK U aCTPOHOM.

ITycth Ha TJIOCKYIO TPAHUILY JABYX CPeJl, HAIPUMep BO3AYX—
BO/Ia, aJAl0T apaJliejbHble Jyun cBera mog yraom o (puc.1)
U JIy4 @ IOCTUTaeT IPAHMIIBI B MOMEHT BpeMeHH ¢ = () B Touke A.
Vuactok ¢ponta magaouieii BoHbl (IJIOCKOCTD, TIEPICHNKY-
agpHas aydam) o6osznaunmM AC. UTo6bl JOCTUTHYTH MOBEPXHO-
CTH pasjieia B Touke B, nyu b nosoken npoiitu myTh CB 3a BpeMst

CB
t= —, Ile ¥y — CKOPOCTb CBETa B IIEPBOU Cpe/e...

Puc. 2

W tyr Tioiirenc BBes o4yeHb IIOAOTBOPHOe moHsitie. OH
IPEAJIOXKIT KAyl TOUKY IOBEPXHOCTU pasjesa, 0 KOTOPOH
JIONIEJI TIQJIAIONIHIA JIyY, T.e. IePBUYHAS BOJIHA, CUUTATH MUCTOY-
HUKOM CepUYecKoil 6MmopuuHoil 601Hbl. 3HAUUT, NOKA Jy4 b
nobupasicst 10 MOBEPXHOCTH, TOYKA A W3Jaydasa BTOPUYHBIE
BOJIHBI — KOHEYHO, U B IEPBYI0, U BO BTOpY10 cpey. Ho ckopoctn
3TOIl BTOPUYHOW BOJIHBI B JIBYX Cpe/laX Pa3JuyuHbl — IIyCTb,
HAIIPHMED, ¥y > Uy , KAK 9TO IMEET MECTO B CJIy4ae Iapbl BO3LYX—
BOJIa. A UMEHHO, 32 BpeMs ¢ BTOpHYHAsI BOJIHA MPOWIET PaccTo-
sune Al =ot B mepBoii cpene u AF =ov,t — BO BTODOIi.
[Tostomy Ha pucyHke 1 MBI NPOBeJIN OKPY>KHOCTH Pa3HBIX
IaMeTpoB, a yepe3 I 1 F 0603HAUNIM TOYKU KacaHust (POHTOB
OTPasKEHHOI ¥ mpestoMaeHHoll BosH, Kotopbie (HpoHTHI) TOKE
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HePHEeHUKYISPHBl COOTBETCTBYIONMM JiyyaMm. U3 paBeHCTBa
cropon tpeyronbinkoB ABC u ABI 7erko NOHSATb, 4TO YroJ
OTpPaKeHUsT O PABEH yIJy TMAJCHUS o . A s ompeneeHus
yraa npejomyenus B nannmeM (yuutbiBas, uto CB = Al)
Al AF CB _ABsino _ ABsinf

)

t
2] (%)) Yy & (%))

OTKYy/la CJIe/lyeT U3BECTHBIN 3aKOH MPEJOMJIEHUS
sino. v,
sinff v,
YuurpiBasi, 4To, 10 ONpeAeJeHNI0, KOADPUITMEHT MTPEJTOMICHUS
cpefibl 06PATHO IMPOTIOPIMOHANEH CKOPOCTU PACIIPOCTPAHEHHS
CBETA B ATOIi Cpe/ie, TIPe/IbIAYIee COOTHOIIEHNE MOYKHO 3aIUCaTh
B Bujie
sina. _ ny
sinff - n
rjae n — K03 PUIUEHT IIPeJIOMIEHHS BTOPOI CpeJibl 110 OTHOIIIe-
HUIO K TIEPBOII.

Kasasocp 6b1, Bce sicno. Ho BaymaeMcsi B CMBICJT IPUBE/IEH-
HBIX BbllIe c10B. IIpexzie Bcero — 4To aTo 3a mouka A, KOTOpas
yMeeT M3JIy4aThb BTOpUYHbIE BOJHBI? B (usuke Touek He cyiie-
ctByeT. ECTb 2JIEKTPOHDBI, Spa, aTOMBI, MOJIEKYJbL... Bce atn
UACTHI[bl UMEIOT KOHeuHble pa3Mepbl. Hanpumep, Anamerp Moute-
KyJIbl BObI d cocTaBsier Heckouabko anrerpeM (1 A = 10710 m).
IIpaBna, cpenHsis ATMHA BOJTHBI BUIIMOTO HaMU CBETA B THICATY
pa3 Gombme: A ~ 0,5 mxm = 5000 A. IlostoMy B mpenesax
OJ/IHOH MOJIEKYJIBI 3JIEKTPUUYECKOe I MAaTHUTHOE OJIS Hajaoneit
(nepBUYHO) BOJHBI MOKHO CYUTATH OJHOPOAHBIMH, XOTS,
KOHEYHO, U3MEHSIIONIUMHUCS BO BPEMEHH € KOJOCCATbHOIN 4acTo-
TOn

’
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C 3700l 4acTOTOM 3JEKTPUUECKOE TM0JI€ BBIHYIKIAET KOJE6ATHCS
AJIEKTPOHHDbIE O06GJIAKA MOJIEKYJ OTHOCHTEJBHO sijiep. Takum
00pa3oM, Kak/as MOJIEKYJa IMPEBPAIlaeTcss B 3JEMEHTAPHYIO
aHTeHHy, KOTOpas 1 06si3aHa N3/ 1y4aTh (BTOPUYHYIO) BOJIHY TON
JKe YacToThl, 4TO W mnajgafomas. Ho, Kak M3BeCTHO, JUHENHHO
KOJIEOTIONIMICS TUTIOJIh HUYEro He U3JIyYaeT B/I0JIb JIHHUU CBOUX
KoJieOaHMil, TaK e, KaK U IPSMOJINHEiHAS AHTCHHA He U3JIydaeT
BJ10JIb cBoeil oceBoil innuu. [lo cexpery ckaxeM gaske GoJblie:
MJIOTHOCTb TIOTOKA 3JIEKTPOMArHUTHOI SHEPIUU OT [IUIIOJST MJIN
JMHeRHoN anTernb! (JarpaMMa HalpaB/JIeHHOCTH) IIPOIIOPIHO-
HambHa sin @, rae @ — YroJ Mex/y HalpaBienueM KoJeGanuit
sapsaga (uaM ToKa) M JMHMER HaGIIOAEHUS.

Ha pucynke 2 usobpaskeHa OT/eJbHAST MOJIEKYJIa-UII0Ib U
KauecTBEHHO MOKa3aHa [arpaMMa HAIlPAaBJIEHHOCTH ee U3Jyde-
mus. (ITogpo6Hee 06 TOM MOKHO TPOYMTATh, HATIPUMEP, B
nemasueit cratbe A.Cracenko «He6o cunee, CosHile KpacHoe»
B «KBanrte» Nel 3a 2003 r. — ITpum. ped.)

Tenepp npeacTaBuM, Y4TO MaJAIOIUii CBET TMHEHHO 101APU30-
BaH, a MMEHHO — €TO 3JEKTPHYECKMH BEKTOp FEj JEKHT B
IJIOCKOCTH TlajleHusi. 3Hauut, B 9Toll ke maockoctu Oyper
Jexath M BeKTop E,, mpenomienHoii Boanbl. M BoT TyT
BO3HUKAeT MHTEPECHBIN Bompoc. [laBaiite mogbepeM yroJi naje-
HUS TaKUM, YTOObI HAIIPaBJEeHHE OTPAXXEHHOTO Jyya ObLIO

b4
HEPICHIUKYJISIPHBIM [PEJIOMJICHHOMY Jydy: T—o —f=—.
2
i , T
3HauuT, npu aToM f§ = 5 o = 5 o . [ToncraBus ato 3HaueHNE
yrJjla IPeJOMJICHUS B 3aKOH IIPEJIOMJICHUA, [TOJIyYUM

sin o oo =n
o5
sin| ——a
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(Mpogonxerme cMm. Ha ¢. 34)
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KAJENJAOCKOIl «s KBAHTA»

..Heé 06)/C/705/7M5’a"6’7 J1n 3/1eK TpMV@CKMﬂ qbﬂ/OM,ﬂ... BO3HUK-
HOBEeHUE U 1o44EPXKaHNE MarHUTHbIX covicTB?

I>xambatTncTa bekkapua

CYLYeCTBYET BENYanLLee CXOACTBO MEXAY XeIe30M i
KENE3HBIMU TENIAMU, C OLHOU CTOPOHBI, Y1 TesIamu, 31eKTpu-
YeCcKUMU 10 CBOEN MPUPOLE, C [PYIrou.

®paHu, InnHyc

.MarHuTHas CTpesika OTKIIOHAETCA OT CBOErO 10/I0XKEHUS
PaBHOBECHS 1104 AENCTBUEM BOJILTANYECKOro arnnapara ..
3TOT 3DPEKT rPOSABAAETCS, KOAA KOHTYP 3aMKHYT...

XaHc dpcren

B 3aBucumocTt ot Haripas/ieHVIS, B KOTOPOM [1POrTyCKanT TOK
Yepes crivpalsib, OHa AEVICTBUTESIBHO C CHITON TTPUTAMNBAETCA
I OTTAJIKUBAEeTCA 10JII0COM MarHuia...

ArZpe Amnep

BCrioMHUM, Harpymep, 1eKTPOANMHAMNYECKOE B3aMOLEN -
CTBUE MEXAY MAarHUTOM 1 rPOBOAHUKOM C TOKOM. Habronae-
MOE€ FBJIEHNE 3aBUCUT 34ECh TOJIbKO OT OTHOCUTE/IbHOMO [BUXE-
HUS [IPOBOAHVIKE M MArHUTA...

AnbbepT DHWTENH

A Tak JI1 XOPOIIO 3HAKOFpI BaM
TOKMN N MATHANTDI =

Yto 0611eT0 MEK /Y IPUIUTAHUEM JIETKUX MTPEIMETOB K
HATEPTOMY SHTAPIO W MPUTSKEHUEM KeJIe3HbIX ONMUJIOK K
Maruuty? SBieHus, 3HakoMmble ¢ TIJ1yGOKOH JIPEBHOCTH,
XOTS ¥ PA3JIMYAJINCD 10 HA3BAHUSAM, JIOJITOE BPEMSI TIPe/I-
CTABJSJIUCH «copoandamMusy . OHAKO MEPEXO0/T OT TPOCTHIX
HAGMIOEHNI K HAYYHBIM 9KCIIEPUMEHTAM BBISIBUJI U HEMA-
JIbIe Pa3JNuus MEKIy 3JIeKTPUYECTBOM W MarHETU3MOM.
Cropbl CTOPOHHUKOB TJIyGOKOTO X €IMHCTBA W YYECHBIX,
MIPU3BIBABIINX HE CMENIMBATh UX JAPYT C JPYroM, OBLIH
pa3pelieHsl ¢ osiBiaeHneM B Hauasne XIX Beka HaJesKHbBIX
UCTOYHUKOB TIOCTOSTHHOTO TOKa. C UX MOMOIIBIO yAaJTI0Ch
MOCTABUTH MEJAYI0 CEPUI0 OJIECTAIIMX OIBITOB, MPUBE/-
MIUX, HAKOHEIl, K OTKPBITUIO ITyGOKO# B3aMMOCBSI3H SIBJIE-
HUHN, OTPaKAeMOl B TMOHITUU «IJTEKTPOMATHETU3M» .

Oxasayoch, 4TO 9JIEKTPUUECKIE TOKU MOTYT TIOPOKIATh
MarauTHbIE 9 HEKTDI, a MATHUTBI, B CBOIO O4Yepe/lb, CIIO-
COGHBI BBI3bIBATh CHJIbI, JedcTBYyomue Ha Toku. U1 ato
OpPUBEJIO K TOMY, YTO HE 3aMEIJINJIN SIBUTHCS HA CBET
3JIEKTPOMATHUTHBIE ABUTATEJN W TEHEPATOPHI, 3JT€KTPOU3-
MepUTeIbHbIE MTPUOOPHI M MOIIHBIE 3JEKTPOMATHUTH — U
«3I10Xa Mapay Havyaja yCTYIATh «3T0Xe 3JIeKTPUIECTBAY,
BOWCTUHY U3MEHUBIIIEN MUD U OTIpe/IeTUBIIEN JUIIO COBPe-
MEHHOI ITUBUIH3AIUH.

Ho dynnamenTaabHble OTKPBITHS B 9JIEKTPOMarHeTH3Me
0Ka3aJIMCh HE MCUEPTIAHBI TO3ATIPOILIBIM cTOIeTreM. Pas-
BUTHE UJIEW €IMHCTBA CUJI TIPUPOIbI BHI3BAJIO MEPECMOTP
MHOTUX YKOPEHUBIIMXCSI TOHATUH W TIOPOAMJIO HOBYIO
¢usnvecKyio KapTUHy MUPA, ¢ KOTOPOi MbI Bouin B X X1
BEK.

Uto x, monpobyeM 4yTh-4yTh IIPOJABUHYTHCS B TIOHMMA-
HUWM 3TOH KapTHHDI, HAYaB C BBISCHEHUS <POJCTBCHHBIX
OTHOIIICHUIT» MEXIY TOKAMU ¥ MarHUTaMH.

Bonpocbl 1 3apaun

. Kyna mampaBien BeKTOp MArHUTHOH WHAYKIMU B
Ke A, nexarieil Ha GucceKTpuce yria, 06pPa30BaHHOTO
kamn Iy u I, , n306pa>keHHbIMU HA PUCYHKe?

. Kuporusonososxubim Bepinaam A u C pom6a AKCD
3 OIHOPOTHO TIPOBOJIOKH TO/IBE/IEHBI TIPOBO/IA OT UCTOY-

HUKa Toka. KakoBa Maruur-

Hasl MHAYKIUS B IIEHTPE POM-

6a? Kak Oymer Hampas/eH f
BEKTOP MArHUTHOM MH/IYKI[H
B 3TOIi TOUKE, €CJIN BETBH POM-
6a AKC cpenatb n3 MejHOI
MpoBOJIOKH, a BeTBb ADC —
U3 aJIOMUHHMEBOH TOTO Ke
cedeHus?

3. K nambosiee yjajeHHBIM JIpyT OT JApyTa BepIINHAM
KyOM4ecKOro Kapkaca, M3TOTOBJIEHHOTO W3 OJHODPO/HON
MIPOBOJIOKH, ITO/IBOIUTCS TIOCTOSTHHOE HampsiKeHNe. UeMmy
paBHA MH/AYKIUS MAarHUTHOTO MHOJIS B IleHTpe Kyba 1pn
IPOTEKAHUY 10 €ro peGpaM TOKOB?

4. Tlo nByM OJMHAKOBBIM IIPOBOJIOYHBIM KPYTOBBIM
MPOBO/IHUKAM, MMEIOMUM OOMNN I[EHTP M PACHOJIOKEH-
HBIM B TIE€PIIEH/INKYJISIPHBIX IJIOCKOCTSIX, TEKYT OJANHAKO-
Bble TOKM. MOJysab BeKTOpa MarHUTHOW WH/IYKIIMU B
o61eM 1ieHTpe paBeH B. Kakoil 6yzer MarHuTHAs WHIYK-
IS B TOI JKe TOUKe, ecJIu \

NPEeXXHUH TOK Tmoljger / IR
TOJIBKO 10 OJHOMY IPO- ___ 4 [ . ';____\ .
BOJIHUKY? ¥e)

3. Tok I, Tekymuii 1o
IPOBO/LY, COTHYTOMY B OKPY’KHOCTb PAJIycoM R, co3maeT
B ee I€HTPe MarHUTHOe IM0Jie, a0COJIOTHAS BEJMYMHA
MHAYKINKA KoToporo paBHa B. Kakoil cramer MHIyKINS
HoJIsL B IleHTpe noJyokpyskHoctu O, ecau npoBoj Oyier
UMETh BUJ, TTOKA3aHHBIN Ha PUCYHKe?

6. Ha riiockoii ri1a/ikoit TOBEpXHOCTH JIEXKUT TPOBOTHUK
U3 MATKOTO poBoja. Kakyio ¢popMy npumer npoBoJ, ecan
HPOIYCTUTD MO HEMY JOCTATOYHO CHJIbHBIN TOK?

7. Kak 6yayT B3auMo/ieiicTBOBaTh MEXAY c060il BUTKH
COJIEHOU/IA, €CJIM [I0 HUM TIOTEYET: a) TOCTOSHHbIN TOK; 6)
MepeMeHHbI TOK?

8. Ilo AByM ’KeCTKHM He3aKpEeIJICHHBIM NPSIMOJIHHEH-
HBIM TIPOBO/IaM, CKPENUBAIONIUMCS 10/l IPSIMBIM YTJIOM,
npornyckaior Toku Iy u I, . Kax 6yieT MEHATbCSI B3BaUMHOE
PAaCIIOJIOXKEHIE TIPOBOJIOB CPa3y MOCJIe BKJIIOUEHNUS TOKOB?
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9. Kak pacrnosiosxkutcst He60J1b-
1Iast MarHUTHASE CTPEJIKA, TIOMe-
HIeHHAS B I[EHTPE IJIOTHO HAMO-
TAHHOW KATYITKH, MOAKIIOYEH-
HOHM K MCTOYHHUKY TOKa?

10. /st yero B KaTymIKax co-

s MPOTUBJICHUS WCIOJb3YIOT OU-
PuUISpHYI0 HAMOTKY — HAMaTbI-
BaIOT HA CTEP>KEHDb IIPOBO/I, CJIO-
JKEHHBIN B/[BOE TaK, 4TO 06a €ro
KOHI[A OKa3bIBAIOTCS PSIOM?

10. TpoMooTBO GBI COEIMHEH C 3eMJIEN TTPU TOMOIIN
TOHKOCTEHHO# Merasmmueckoil TpyOku. [Touemy mocsie
yaapa MOJHUE TPYyOKa MTHOBEHHO MTPEBPATHIACH B KPYT-
JIBIH CTEPXKEHD?

12. YUto GyjieT NPOMCXOJUTH C PAMKOII C TOKOM, HOMe-
HIEHHOW B MAarHUTHbIE TIOJIS,
u3006paKeHHbIE HA PUCYHKE?

13. IIpoBoJIOUHOE KOJIBIO
€ TOKOM CBOGOJIHO TTO/BETIIE-
HO Ha MATKUX MOJBOJSIINX
MPOBO/IAX U OXBATBIBAET TIOCEPEJNHE TOPU30HTAJIbHBIIH
MUJIMHAPUYECKHUH TTOCTOSHHBIN MarHuT. UTo mpousoiier
C KOJIBIIOM, €CJIN M3MEHHUTDb Ha-
[paBJieHNe TOKA B HEM HA IIPO-
TUBOMOJIOKHOE?

14. CBepxI1poBosiiiiee KOJib-
1[0 C TOKOM «IIAPUT» B MArHUT-
HOM TI0JIe TaK, KaK IIOKa3aHO Ha
pucytke. B kakyto cropony Te-
N YeT TOK 110 GamKaiieil k unTa-
TEJII0 CTOPOHE KOJIbI[a?

15. Kak u3rotoBuTh 3J71€KTPO-
MaTHUT, TOJABEMHYIO CHJIY KOTOPOTO MOKHO OBLIO OB
peryJupoBarh?

16. MOKHO JIU TTOCTPOUTDH CUJILHBINH 3JIEKTPOMAarHur,
€CJIM TIOCTABJIEHO YCJIOBUE, YTOOBI TOK B HEM OBLJI CPABHU-
TEJIbHO MaJIblii?

a) 6)
+
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MukpoonbIT

[Tona6mrofaiiTe 3a BO3AYUTHBIME MPOBOJAMU, THTAIO-
UMY JIBUTATEJb BaroHa TpoJuteiibyca, WK 3a peJbcaMu
JIETCKOM 2JIEKTPUUYECKOH JKesie3Hoi Joporu. Kak B3aumo-
JIEHCTBYIOT MEXK/y cO60il TPOBO/IA NI PEIbCHI, KOT/IA 10
HUM TIPOTEKAIOT TOKHU?

JTloGonbITHO, YTO...

...BIIEPBbIE MarHUTHDIE 1eHICTBUS 3JIEKTPUUECKOTO TOKA
HabGmonam B cepenune XVIII Bexa amepukanen dpau-
KJIMH 1 uTajibsHel] bekkapua 1pn u3y4yeHUH paspsiioB
MOJIHUHU WJIH JIeiIeHCKOl Ganku (Tpoo6pas COBPEMEHHO-
ro KoujeHcaropa). [osske dpaniys Aparo omucasn cay-
Yaii, KoT/Jia yJJapuBIIas B JJOM MOJIHUS CUJIbHO HAMarHu-

THJIA B HEM CTaJIbHbIE HOXKH, BUJIKH U [PYTHE TIPEIMETDI.

...B 1759 rogy mpodeccop dusuku Ilerepbyprckoii
aKaJ[eMu HayK DIMHYC pa3paboTas MepByio MaTeMaTH-
YeCKYIO TEOPHIO JEKTPUUYECKUX ¥ MATHUTHBIX SIBJIEHUII,
MIOJIOKWB B €€ OCHOBY TIpe/ICTaBieHne 00 0COOBIX <«KU/I-

KOCTSIX», M30BITOK MU HEJOCTATOK KOTOPBIX BBI3BIBAET
2JIEKTPU3AINIO UJIN HAMATHUYUBAHUE TeJ.

...3HAMEHUTBIN ONBIT JPCTe/Ia TIO0 BO3/IENCTBUIO HJIEKT-
PUYECKOTO TOKA HA MAarHUTHYIO CTPEJIKY, TIPUBEANTUN K
BO3HUKHOBEHUIO HOBOI 061acTi (PUBUKH — 3JIEKTPOMArHe-
THU3Ma, OTPAKAJ XapPaKTEePHYIO [/ YYEHOTO Uei0 B3au-
MOCBSI3U Pa3JIMIHBIX MPUPOAHBIX TIpolieccoB. Tak, emie B
1821 romy mM 6b171a BBICKA3aHA MBICJIb, YTO CBET MIPE/ICTAB-
JisieT co60i AJIEKTPOMArHUTHOE SIBJIEHUE.

...yKe dYepe3 TPHU Mecslla T0cCJe BBIXOJa OpOIIIOpPD
IpcTea ¢ ONMCAHUEM eT0 OTKPBITHS PpaHITy3cKue Pu3n-
xu buo n CaBap akcnepuMeHTaJbHO YCTAHOBUJIN 3aKOH
efcTBUA TOKA Ha MarHUTHBIN moJioc. VX cooteuecTBeH
Huk Jlammac npuja 3aKoHy MaTeMatundeckyio ¢hopmy,
KOTOPOil TOT 10 cux 10p urypupyer B yueOHUK
pusnuxn.

...AMTIep, MPOBEAIINI OTPOMHOE KOJNIECTBO OIBITOB MO
3JIEKTPOMArHETU3MY , OGHAPY KU, B TOM YKCJIE, BJUSHUE TIO-
Jist 3eMJTH Ha TIPOBOTHUKY C TOKOM M OTKPBLJI MAaTHUTHBIN 3(h-
eKT KaTyIIKK C TOKOM — COJICHOW/IA, YTO MTO3BOJIHIIO MY
CYHTATh TAKyI0 KATYIIKYy 3KBUBAJIEHTOM IIOCTOSIHHOTO
Martura.

...TIBITasiCb HAWTW 3aKOH, OIMCHIBAIOIINI B3anMO/IEi-
CTBUE TOKOB, AMITep OnupaJics Ha TpeTuii 3aKkoH HbioTo-
Ha, He TOJI03PEBasl, YTO OTKPHLJI HOBBIN TUT CUJ, OTJINY-
HBIIl OT y)Ke W3BECTHBIX IeHTPaIbHBIX. [losemuka 1Mo
3TOMY TOBOJY TIOCTAaBHJIAa TPOOIEMY BBITIOJHEHUST 3aKOHA
COXpaHeHUs] UMITYJIbCA B AJEKTPOJAMHAMUKE.

...CITMCOK UCTOYHUKOB MATrHUTHOTO TI0JIST, B KOTOPBIH CO
BpeMeH AMIiepa BXOIUIN TTOCTOSTHHBIE MATHUTBI U AJIEKT-
pudeckue TOKH, ObLT qomosHeH dusnkoit XX Beka: oHa
BKJIIOYHUJIA B HETO dJIeMEHTAaPHbIE YaCTUIIbI, 00JagaioNne
CcOOCTBEHHBIM MarHUTHBIM MOMEHTOM.

...JIelicTBUe MarHUTHOTO TIOJIS Ha 3JIEKTPOJIUT, Yepes
KOTOPBIH TIPOIYCKAIOT TOK, BBI3BIBAET, TAaK K€, KaK U B
METAJJINYEeCKUX TPOBO/IAaX, TOSIBJIEHNE aMIIEPOBBIX CHJI.
ITO UCTOJIB3YIOT B MATHUTOTU/IPOIUHAMUYECKUX CeTapa-
TOpax MpU pa3eJeHny MaTePUAJIOB 10 WX CBOHCTBAM U B
9JIEKTPOMATHUTHBIX HACOCAX [IJs TEePeKauyKu, B YaCTHO-
CTH, KWJIKOTO HATPUS, CJIY)KAIIero TETJIOHOCUTENEM B
ATOMHBIX PEaKTOpax.

...9JIeMEeHTAapHOe PACCMOTPEHNE B3aMMOJENCTBUS Mar-
HUTA ¢ BUTKOM TOKa MPUBOJIUT K HETTPHEMJIEMOCTH TTOHSI-
TS «3Pupay — HEKOH TUIIOTETHYECKON BCETPOHUKATOIITEH
cpeibl, 3aIoJHAIIEl TPOCTPAaHCTBO. VIMEHHO C 3TOTO
paccMOTpeHHUsI HauyWHAJ ach camas IepBas pabora Io
TEOPUU OTHOCUTENBHOCTH JWHINTENHA, PEINTETBHO OTKA-
3aBIIIETOCS OT MpejicTaBJeHuit 06 aupe.

Y1o untaTtb B «KBaHTE» O TOKax U MarHmTax

(nybauxayuu nociednux rem)
. «Ocroposxkno: maruutHoe nose» — 1999, Ne3, c.41;
. «Eme pas o maruutnoii cuses — 2000, Ne3, ¢.38;
. «Kameiimockon «Kantas — 2000, Ne5, ¢.32;
. «Marnurnsie giaenus» — 2001, Ne4, c.45;
. «Kro-to nmpubmmxaercsa?» — 2001, Ne3, ¢.37;
. «HoBas ramaktuka u Bce ee nojsi» — 2004, Nel, ¢.27;
. «Jlerko it 6pITh KBapaTHOl pamMKoii?» — 2004, Ne3, ¢.39;
. «Marunutnoe nosie> — 2004, Ne4, c.47.

Mamepuan nodzomosu.

A.Jleonosuy
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(Hayasno cm. Ha ¢ 31)

ITOT 0OCOGEHHBIN YTroJI TTaJIeHus Ha3bIBaeTcs yrioM bpiocrepa.

Uto >xe mosydaercs — eCJaH BCe MOJIEKYJbl BTOPOW Cpejbl,
nomasiiMe B 06JIACTb MPEJOMJIECHHOTO Jiydya, KOJeOTIoTes B
HampasjeHnu O = 0., TO HUKAKOrO M3JIydeHHs B HAIIPABJIEHUN
OTPa’KEHHOTO0 Jyya ObITb He MOXKeT? BoT BaM u «yroJs nageHust
paBeH yriy oTpaskenusi»! Bes aneprus yiia Bo BTOpYIo Cpejy.

Ho kax sxe B TaKOM CJIyuae Mbl B I€HICTBUTEIbHOCTU HAGII0[aeM
oTpaxkeHubole Jyyn? JleJo B TOM, 4YTO MAJAIONIMI CBET HE
00513aTeJIbHO TTOJIIPU30BAH B TIOCKOCTH NajieHust. OGbIYHO B HEM
IIPUCYTCTBYIOT 1 KoJleGanus BekTopa Fy, B epHeHHKyIapHOil
mmockocTn (Tak Ha3bIBaGMBI XAOTHYECKH, WJIM €CTECTBEHHO
MOMAPU30OBAHHBIN CBET). A 3Ty COCTABIAIONLYIO MOJEKYJIbI BTO-
POl cpe/ibl Nepeu3IyyaloT B HAPaBJACHUU OTPAXEHHOTO Jydya
naxe B ciaydae yraa bBpiocrepa. Kpome Toro, orpaxaroniue
MIOBEPXHOCTU He 0053aTEJbHO BCE PACHOJIOXKEHBI TOJ YIJIOM
Bpioctepa 1o otHOMmEHWIO K MajgaoneMy cBety (B caydae pacce-
SIHHOTO CBETa 3TO HEBO3MOXKHO JIaXKe JIJIsi OJJHOM IMJIOCKOCTH).

Yron Bpilocrepa odyenb MHTEpeceH /s dKCIEPUMEHTATOPA.
JlelicTBUTEIHHO, €CJU TOJSIPU30BAHHBIN B MJIOCKOCTU TIaIeHUS
JIyd HaIllpaBUTb Ha IJIOCKOCTb [UAJEKTPUKA U U3MEPHUTb yTOJI
MaJleHus, IPU KOTOPOM HCYE3HET OTPAsKEHHbBIH JIyY, TO MOXKHO 110
dopmyse tg o = n cpasy onpeneautb KoaduImenT MpesToMIIe-
Hust cpeabl. U cpenatb aTO MOXKHO, Ja’Ke €CJU JH3JEKTPHUK
HETPO3pavyeH U B HEM HEBO3MOXKHO HAGJI0/IaTh TIPEJOMJIIEHHbBII
JIyy.

A Kak c/ies1aTh 3TOT Ha/lal0uil JIyY I1I0CKONOJISPU30BAHHBIM ?
Ternepb sICHO, Kak: HY’KHO XaOTHYECKU TOJISPU3OBAHHBIN Jy4
Ipe/BAPUTEIbHO OTPA3UTD 10/ yTJIOM Bplocrepa ot niacTuHku
13 JIM3JEKTPUKA — IIPU 3TOM B OTPA’KEHHOM JIyye OCTaHETCS
TOJIBKO OJIHO HATIpaBJeHHe KoJeGanuii BekTopa Ey .

Wrak, KTO ’Ke OTpakaeT 1 NpeJoMJISAET 1yun cBeta? Bo BesakoM
cydae AcHO, uto #e naockocmv AB (em. puc.1). U me ogun

2005/ No

TOJIBKO MOBEPXHOCTHBIN ¢JIOH MoJsieky. [Ijst Toro 4To6bl «Imo-
HSATH», 9TO TOPa MPEJOMUTHCSI, A0 Ty [OJIKEH <OIIy-
IaTh» BELIECTBO Ha TJyOMHY, MO KpaiiHeil Mepe, CPAaBHUMYIO C
€ro [IJIUHOW BOJIHBI, T.e. OXBATUTH THICSYN CJIOEB MOJEKYI.
(ITonsTHO, 4TO MMeETCS B BUJY JJIMHA BOJHBI BO BTOPON cpejie.
Ecan nocaennsst nmeet KoahPUIMEHT pegoMaeHus # > 1, To
Ay =Aq/n <Ay, HO MO MOPAAKY BEJUYMHBI 06E AJIUHBI BOJHBI
CPaBHUMBI. )

Tenepb MOKHO YTOUHUTD M OINpEEJNEHUE «3ePKaJbHOI» MO-
BEPXHOCTH, YIOMHYTOH B amurpade JIykpenus: ee mepoxopa-
TOCTU JOJI)KHDBI 6bITb MHOTO MeHbIIIEe JJINHbI BOJTHDBI )\.1 IIazgaroIme-
ro ngayuenns. (OTMETHM, UTO 3/16Ch UJET PeYb O ANJIECKTPUKAX;
B cJiydyae TPOBOJHHUKOB, B KOTOPBIX MMEIOTCSI CBOOO/IHbBIE DJIEK-
TPOHBI, MPOIECCHI TPEJOMJICHUS W OTPasKEHHs HMEIOT CBOM
0COGEHHOCTH.)

Hakower, 4to Takoe BOOOTIe MapaJlIeJbHbIe MAJAIOTIIE «TyIn
a n b»? YUro6bl 511 nyur GbLIN HapaJlieJbHbI, J0JKEH MagaTh
JIOCTATOYHO TMHPOKHHA My4oK cBeTa. Mbl yiKke 3HaeM, KaKoii: ero
U pUuHaA NOJIKHA 6bITb MHOTO 6OJIb]H€ JAJINHDBI BOJIHDI.

B pesymbrate Bcex pacCysKAE€HWH MBI TPUXOJUM K IETIOYKE
HEpPaBEHCTB

AC> M >d .

Ha TIpaKTUKE AUaMETp IIy4YKa B OJAWH MUJIJIMMETD BIIOJIHE
YIIOBJIETBOPHUT 3TUM HEPABEHCTBAM.

OpHako, Kak /1aJieKo MbI yIIJIA OT FeOMEeTPUIECKON KapTUHKU
pucyHKa 1: okasbBaeTcsl, He CYIIECTBYET HH <ILJIOCKOCTH»
OoTpaskeHus, HU «Jaydeil». Ho He Ha/j0 paccTpanBarbest — reoMer-
pHUYecKas ONTHKA BCe PABHO TPAKTHYECKU I0JIE3HA, KOT/a MbI
HMeeM JIeJI0 ¢ MaKpOCcKomndeckumu resiamu (OKyJisipamu, 06bek-
TUBAMU, TEJNECKOMAMH...), PA3MePbl KOTOPBIX MHOTO GOJble
JUIMHBL BOJHBL. A (DU3NUIECKYIO ONTHKY MOXKHO M3Y4UTH, HOCTY-
B B COOTBETCTBYIONIMI WHCTUTYT UJIHM YHUBEPCUTET. Hero Bam
U JKeJaeM.

(Ha4asno cm. Ha ¢. 25)

1) davuus, nma ydamerocss (1 KOJTEKTUBHBIX yYEHUKOB —
@D.1.0O. pykoBoaurenss u aadaBUTHBIN CIUCOK YYaIIUXCS — He
6osree 15 uenoBex)

2) Kuacc (8 2005,/06 yue6HOM romy)

3) TloHbIN HOMANTHUN aAPeC ¢ yKa3anuem undexcd noumosozo
omoenenust

4) damuus, WMsA, OTYECTBO POAMTEJNel, MecTo mX paGoThl W
JOTBKHOCTD (MObK0 05 UHOUSUOYANDHBLY YUCHUKOS)

5) Daexrponnblii agpec (ecau oH ecThb), MO KOTOpoMy ¢ Bamm
MOYKHO CBSI3aThCST

6) Otkyna Bol ysuaan o nabope Ha 3a04HOE OT/EJEHNE

Hamr azgpec: 119992 I'CII-2, Mockea, Jlenuncxue zopvi, MI'Y,
mexmam, MMM D.

Beuepnee omdenenue Majioro Mexmara MpUTJIANIAET HA 3AHSTHS
mo cy660TaM BceX JKeJAIONMX IMKOJbHUKOB 6 — 11 kiaccoB u3
Mocksbl 1 6mkHero IToMOCKOBbA.

Cupasku no tesedony 939-39-43.

Bouiee moipo6ryio nrdopmaiio o Majiom MexmMarte MOKHO HAiTH
B Unrepuere mo azapecy: http:/ /mmmf.math.msu.su

BerynurensHast paGorta

1. Iloe3n, aBUTAIONUIICA C HMOCTOSIHHOI CKOPOCTBIO, IIPOXOIUT
MuMo cToj16a 3a 22 ¢, a uepes MocT JAuuHoi 180 M — 3a 32 ¢ (Bpemsa
MIPOXOXKIEHNUS] Yepe3 MOCT — 3TO BPEMsI OT MOMEHTa, KOT/a T0e3]I
HaynMHaeT Bbe3’kKaTb Ha MOCT, /0 MOMEHTa, KOT/a IOCJIeTHUI BarOH
nokugaer Moct). Haiiure Ay 1moessa u ero cKOpocTb.

2. Haiimute Bce 3HAYEHUS X, YIOBJIETBOPSIOIINE HEPABEHCTBY

2

x
>
x—1_0'

3. Tpuanarp yT6OJBHBIX KOMAaH[ TPOBOJSAT TEPBEHCTBO IO
KPYTOBOH cucteMe B OfMH Kpyr (3TO 3HAYMT, UTO Kaskaasd KOMaH/a
JIOJDKHA CBITPaTh € KaKAOW 1o oaHoMy pasy). Jlokaxkure, 4To B
J060if MOMEHT BpeMEHH HaiJ[yTCsl [[B€ KOMAaHbI, CBITPaBIINE K
9TOMY MOMEHTY OJMHAKOBOE YUCJIO MaTyeil.

4. B xBasipate otMeueHO nsaTh Touek. O0sS3aTeIbHO JIN CPE/IN ATHX
TOYEK HAWIyTCs JBE, PACCTOSIHUE MEX/Ty KOTOPBIMU HeE TIPEBBINIAeT
IIOJIOBUHDBI AUaroHaJin KBa/:[paTa?

5. B tpeyrosibHIKe COBIAAIOT IIEHTPHI BIIMCAHHON U OMHMCAHHOI
OKpYy>KHOCTel. [loKaskuTe, 4YTO HTOT TPEYTOJbHUK PABHOCTOPOHHHUIA.

6. Bepro i, 4To J11060€ TSTH3HAYHOE YHCJIO GOJIbIIe ITPOU3Be/Ie-
Hus ero nudp?

7. Tpu roBapuma Kymuau joaky. [lepBblil 3aniatusi TpeTb OT
CYMMBI, YIJIAUEHHOH ABYMS APYTHMHU TOBAPUIAMM, BTOPOW — 4ert-
BEPTb OT CYyMMbI, YIJIAYEHHOW [BYMSI €ro TOBAPUINAMM, a TPETHil
sarmratist 1320 py6. CkosbKko cromsia JroaKa?

8. B rpeyrosnpuuxe ABC nposesenst 6uccekrpucst yrios A u C.
OG603HAYNM OCHOBAHUSI TEPNEH/NKYJISIPOB, OMYIIEHHBIX HAa 3TH
OHCCeKTPUCHI U3 ToukK B, yepe3 P u Q cooTBercTBeHHO. JlOKaskuTe,
yTo oTpe3ok PQ napasesnen cropore AC.

9. Ha gocke 6bL10 Hanucano 5 uncesi. CIOKUB KasK/0€ U3 3THX
unces ¢ KaxabiM, momyunsn 10 cymm: 0, 2, 4, 4, 6, 8, 9, 11, 13, 15.
Kakue umcsia ObLn HammmcaHbl Ha JJOCKe?

10. Hexoropoe KOJMYECTBO MOHET PA3JIOKEHO B TPH KYUYKH.
Maubuuk Jlema, o6Jagaronii HeOrpaHUYEHHBIM 3aIIaCOM MOHET,
MOJKET 3a OJIMH XO0J[ 0O B3ATb U3 KX/I0H Ky4YKH 110 O/IHOil MOHeTe
(IIpu ycJI0BUH, YTO BO BCEX TPEX KydKaX ecTb XOTS Gbl 1O OJHOI
MoHeTe), 160 106aBUTh U3 CBOUX 3aIacoB K JI0G0I KyYKe CTOJIBKO
MOHET, CKOJIbKO B Hell yke ecTb. [lokaskuTe, YTO 32 HECKOJIDKO XO/I0B
Jlema MokeT JOGUTHCS TOTO, YTO BCE TPU KYUYKU MCUYE3HYT.



MATEMATUYECKUUN KPYXOK

Kak nocTpouTb
MapafoKCalbHbIV
npumep

1.CAMOBOJI, M.ATIlTEJIbBBAYM,
A.XKYKOB

H AMATEMATNYECKUX OJINMMIINATAX UHOTI'IA BCTPE-

YaloTCS 33/1a4u ¢ apajJioKcanbHoil popmMyanpoBkoii. Tak,
Ha OJIHOHW W3 3A0YHBIX OJHMMIHMA/ OblLIa IpeJOKeHa TaKas
3aj1aya.

3amaua 1. Odun uesosex KAXKObLL MECSAY, 3ANUCHIBATL CEOU
00x00 u pacxod. Boamoxno u, 4umobuvl 3a 1100vie Nsims UOYuUxX
noodpsi0 mecsiues ezo 06Ul pacxo npesviuldi 00X00, d 8 ueJoM
3a 200 ezo 00x00 npesvicus pacxod? [1]

C mnepBOro B3ryIS[a KasKETCsi, YTO TAKOTO HE MOXKET ObIThb.
OjHaKo 1OC/Ie HEKOTOPOro OGAYyMBIBAHUS Y/AA€TCSI HOCTPOUTD
[IPUMEP, Y/OBJIETBOPSIONINI YCIOBHIO 3a/1aUH.

IIycTb eskeMecsiaHOe CAJIb0 — PasHOCTD J[OXO0/a U PAcXoa —
MpPUHIMaeT TOJIbKO JBa 3HaueHus: x > 0 u y < 0. Iloctpoum
YUCJIOBYIO IIOCJIE0BATEIBHOCTD, PACIIO/IArast B CTPOKY YHCJIA X
U y TakuM 0Gpa3oM, 4ToObl Ha JI060M OTpe3Ke JIMHBI 5
BCTPEYAJIOCH TOJBKO OJHO 3HAYEHHE Y, HAIPUMED

X, X, X, X, Yy, x, X, X, X, ¢y, X, X.

HManee norpeGyeM, 4yTOObI CyMMa YHCEJ Ha OTPE3KE JJUHBI O
6bl1a oTpumaresnbHoil: y + 4x < 0, a cymma Bcex 12 wienos
MOCJIeZI0BATENbHOCTY — MO0k uTenbHOI: 2y + 10x > 0. OTciona
HOJIy4aeM

—3x <y < —4x.

[loctaToyHO B3STH, CKaxkeM, X = 2, y = —9.

B paso6panHoii 3a/1aue peyb 1112 O TIPOMEKYTKe BpeMeHH B 1
rojl. A CKOJIbKO BOOOIE BPEMEHU MOKET JIJIUTHCS ONUCAHHAS
cutyanus? B cBsI3u ¢ 9TUM pacCMOTPUM Takyio 3a7ady.

3anava 2 (110 MoTuBaM o1HOM u3 3axau XIX Mexk1yHapoAHOM
MaTeMaruueckoil omummuansl [2]). B nexomopoii nociedosa-
MEALHOCU OCUCMEUINESLHBLY YUCE CYMMA JH00bIX ceMu udy-
WUX NOOPSIO YUAEHO OMPUYAMETLHA, A CYMMA 00X 0OUHHAO-
yamu udywux noopsi0 4ieHo08 NOJ0KUMESbHA.

a) Kaxoe naubonvuiee xoiuuecmeo uienos moxem 6oimv 6
Maxoil noc.1e0o8amerbHOCu?

6) ITocmpoiime nocaedosamenvrnocmo u3s 16 wucen ¢ yxazamn-
HbLM CBOUCNBOM.

Pemrarb nyHKT 6) 9TOH 3344l TAKKE MOKHO METOIOM 10160~
pa, XOTS 3/IeCh yKe HAJI0 POSIBUTH HEKOTOPYIO JI0JII0 n306peTa-
TeJbHOCTH. HO MOKHO MOOUTH K €r0 PEelieHnio U COBEPIIEHHO
CTAHAPTHO.

Hanpumep, naBaiite HaiijjleM TOCJIe0BATEIBHOCTD YHCEJ
X, Xyt Xy, TOAUMHSIONMIXCS YCIOBHSIM:

X+ Xy ...+ X, ==,
Xy + X3 +...+ x5 = b,

Xyg + Xy +...+ X6 =—b,
Xyt Xy +...+ Xy =4,
x2+x3+...+x12 =d,

X+ X7 + ...+ 25 =a,

rje napamMerpbl ¢ U b — HEKOTOPbIE IIOJIOKUTEIbHbIE YHCIIA.
Ynpaxnenue 1. Pemute cucreMy 3THX yPaBHEHHIA.

Tor, KTO TOBO3WTCS € 3TOH CHCTEMOIl, CMOKET OIIEHUTD
TPYJIOEMKOCTb JaHHOTO crioco6a. Huzke MbI MOKaKeM APYroi
€c110c06, MO3BOJISTIONIHIT CYIIECTBEHHO YIIPOCTHTD IIOUCK PUMepa
K sagade 2,6). Ho mpexnae masaiite paséepeMcsi B pemieHun
[YHKTAa a) — OHO HaM TIOJICKa’KeT HAIPABJIEHHE MOUCKA.

Paccmorpum GoJsiee 0o6uryio 1mocTaHoBKy Bompoca. Ilyctp B
CTPOKY BBINICAHO M dnces. HazoBeM CyMMy ¢ MAYIIHX TTOAPSI
qycesl 3TOH cTpoku g-cymmoii. IlociemoBaresbHOCTD, J00ast
n-cyMMa KOTOPOI UMeeT OJIMH 3HaK, a Jiobas k-cyMmmMa — J[pyToii
3HaK, HasoseM {n, k} -rocJen0BaTEIBHOCTDIO.

3amava 3. Joxaxume, umo 4ucio m SbINUCAHHLIX UJIEHO8
{n, k} -nocaedosamervrocmu ne npesviuaem sesuuunvi n + k —
—d — 1, 20e d — naubovwuti 06wl desumenv duces n u k.

IIpesk/ie BCero 3aMeTHM, YTO YWCJa 7 U kK He MOTYT GBITH
kpatHbt ApyT Apyry (y6eautecs B aTom). CHavaia MbI JOKaKEM,
4TO He cymectByer {n, R} -IOC/IE10BATEIBHOCTH U3 M UHCE,
ecoum>n+k—d-—1.

IIpeaAroioKuM, HAILIACh HYKHAsI CTPOKa u3 n + k — d yuceur.
Boi6epem u3 urces n 1 k MeHbliee — mMyCcTb 9T0 Gy I€T, HATTPUMED,
k. Boruepxues nepsoie R ynces. Toraa B CTpOKe U3 OCTABIINXCS
n — d auces Bce k-CyMMBI O-IIPEKHEMY UMEIOT OJINH 3HAK, a BCE
(n — k)-cymmpr umeror apyroit smak (o6aymaiite mociennee
YTBEPIKAEHUE, PACCYIKIAst METOIOM OT TPOTUBHOTO) . [TOCKOMBKY

n—d=m-k) +k-d,

10 Mbl OT {1, R} -nocnesoBarensbrocrn nepenun Kk {n -k, k}-
noce0BaTebHOCTH. [IOBTOPSS 3TOT CIYCK JAajiblie, Mbl 6yaeM
HOJyyaTh yMEHbIIAIONMECS M0 JJIMHE T10CJAeJ0BaTeIbHOCTH B
cootBeTcTBUM ¢ Hemoukoit {m k} — {n,k} > {ny,k}— ..
.= {n,k}, rae onno us uncen n; wam kB KOHIlE KOHIOB
oKkakeTcsi paBHbIM d, a japyroe — KpaTHbiM eMy. Ho aTo
HEBO3MOKHO — TIPOTHBOPEUHE.

SIcHo, YTO ecJu He CyIIEeCTBYeT CTPOKH M3 1 + k — d uncel,
YIOBJETBOPSIONIEii YCJIOBUIO, TO HEJb3sl BbIIHCAaTh M 6oJee
JUIMHHYIO TaKylo CTPOKY.

ITpumep ¢ KosmmdecTBOM 12 + k — d — 1 4I€HOB MOCIE0BATE -
HOCTH BO3MOsKeH. Mbl 6y/ieM HCKaTb ero Cpej TAKUX MOCIe/10-
BaTeNbHOCTEll, YIeHbl KOTOPHIX MOIYT HPMHUMATh TOJbBKO JBa
3HAUEHUS X M ¥, BEJMYMHDBI KOTOPBIX MbI I100epeM MO3Ke.
«IlyreBogHOI 3Be3/10i» HaM Gy/IET CIYXKUTb IETOYKA Hap Yuce
(n,k) = (ny, k) = (ny,ky) > ... > (n;, k) 13 npeabLaymmx pac-
cysk/IeHuii. YUuTbIBas ee BasKHOCTD /s JaJbHeHIIero, Ha30BeM
3Ty LENOYKY onpedeasioweil. ITa elloyKa PeaansyeT 3HaMeH -
TbII aropuT™ EBKJIN/A /1719 HAX 0K AeHUST HanOO0JIbIero 0611ero
aemarens d uucen n u k. B camom nene, d =|n; — k| . Ceiiuac,
OJIHaKO, Mbl MCIOJb3YeM 3Ty IENOUKY B HHBIX LEAAX — /s
KOHCTPYMPOBaHUs Hy>KHOH HaM MOC/Ie0BaTEAbHOCTH, IPUYEM,
cosflaBasi 3Ty MOCJEA0BATEJIbHOCTb, MbI Oy[eM JBUraTbCsl OT
KOHI[a onpe/eisionleil 11enoykn K ee Havaly.

Cuauaiia, pacriosiaras mapoit uncest (ny, k) , nocrpoum nocJie-
JI0BATETBbHOCTD

X, Xy ooy X, Yy Xy only X, X (x)
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KosamdectBo ymces x cieBa OT BEJTMYMHBI Y TaKoe K€, KaK "

n —1, ecn, R >mn
CIIpaBa, U PABHO
' k=1, ecn, n; >k

ITo amanoruu ¢ TMpeapIAyINM, GyIeM Ha3biBaTh KOHEUHYIO
I0C/IeIOBATEIbHOCTD BBIMMCAHHBIX B CTPOKY uncea [p, ql-
TI0C/IeIOBATEIbHOCTBIO, €CJIN JI06ast ee YacTh, COCTaBICHHAS U3
P NOAPAJ MAYIIUX YIEHOB, COACPIKUT OJHO U TO K€ KOJIMIECTBO
OYyKB y, a Jr00asi ee 4acTb, COCTABJECHHAS U3 ¢ MOJAPS/ UAYIIUX
4JIEHOB, TaKsKe COAEPKUT OJHO U TO e KOJMYECTBO OYKB i (5TH
KOJIMYECTBA MOTYT OTJIMYaTbes). OUEBHHO, MOCJAEH0BATEb-
Hocts () sBastercst [ny, k| -nocaenoBarensuoctbo: mobas ce
4acTb, COCTAaBACHHAS W3 7 W K WAYMMX MOAPS/ UJEHOB,
COJIEPKUT POBHO Ofiy OYKBY y. JlalHoe onpe/esenne B HeKOTO-
POM CMBICJE XapaKTepU3yeT 00HOPOOHOCMb paclpee/eHus
GYKB y B 10CJIE/I0BATEIbHOCTH.

Otnpasagsack or 6a3oBoii mocmenosatenbioctn (), nanee
6yjeM HapaluBaThb KOJMYECTBO 4JEHOB MOCJEI0BaTENbHOCTH,
PYKOBOJICTBYSICh CJEAYIONUM MPABUJIOM. IIPEAIIoNoKIM, ysKe
nocrpoena [n;, k;| -11oc/e10BaTeIBHOCTD CHMBOJIOB X 1 ¥, COOT-
BETCTBYIOIIAst [Tape ucen (n;, k;) M3 ONpe/ie/Isioneii [enoyKi.
3amerun, 4to mapa uncea (n;, k) Moraa GbITb IOJIyYeHA U3
upeapiaymeii napst (n,_y, ki) ABosko: 6o n; =n;_ — k4,
aubo R =k —n_y .

Pas6epem mepBbIil cydaii (BTOpoii paccMaTpuBaeTcst aHaso-
rudno). JIns HapaluMBaHus CTPOKH CHMBOJIOB 3apUKCHPYEM ee
nepsble k;_; cumBosioB u gomnmmeM ux (nmpomy6auposas) K
cTpoke c1eBa. J{OKaxkeM, 4To B pe3y IbTaTe NOLYInTest [n,_y, k|-
OCJIE[0BATENBHOCT .

Jlo6as 4acTb BHOBb IMOJy4EHHOH I10CJI€J0BATEbHOCTH, CO-
craBnennas us k_; =k, noApAA MAYNMX YJIEHOB, KaKk W B
HpebIAyIeii M0CIe/10BaTeIbHOCTH, COAEPKUT OJHO U TO JXKe
KOJIMYeCTBO GYKB y. J106y10 4acTh HOBOHU MOCJ/IE[0BATEIbHOCTH,
COCTaBJEHHYI0 M3 7;_ = n; + k;_{ TOAPAA HAYIMX YJIEHOB,
MO3KHO NPEACTaBUTDh COCTOAIIEH M3 JABYX yacTeii: mpaBoii moj-
CTPOKHU U3 7; CUMBOJIOB I JIeBOiT TIOACTPOKHI U3 R;_; CUMBOJIOB.
Kasxoas n3 5tux noacTpok uMeer (PUKCMPOBAHHOE KOJMYECTBO
GYKB ¥, TIOSTOMY | BCSI 4aCTbh UMeeT (PMKCHPOBAHHOE KOTHYECTBO
OYKB ¥y, r/ie Obl MbI €€ HU B3SLJIH.

Pemmm Teneps 3agaqy 2,6).

[Mockoasky (7,11) = (7,4) — (3,4), 10 Ha mepBoM miare
aJITOPUTMA CTPOUM HOCJAEA0BATENbHOCTD

X, X, Y, X, X.
Ha BTOPOM MHIare moJjyvaeM IMocJjae10BaTCJbHOCTD
X, X, Y, X, X, X, ¥, X, X,
a Ha TPETbEM —
X, X, Y, X, X, X, Y, X, X, Y, X, X, X, Y, X, X.

HOCKOJIbe CymMMa JTIO0BIX CceMU NAYmMAX noApAaA 4JIEHOB JOJIXK-
Ha ObITh OTpI/IHaTeJIbIIOfI, a CyMMa JIOOBIX OJ/IMHHaJIaTn —
HOJIO}KI/ITBJIbIIOﬁ, TO JOJIKHBI BBINIOJTHATHCA HEpPpaBEHCTBA!:

2y +5x <0, 5x>y> 8x
OTKyga —— -——X.
3y +8c>0, VT2 3
MoskHO B3sTb, Hanpumep, x = 5, y = —13.

[l 060CHOBaHMST KOPPEKTHOCTH MPUBEJECHHOTO BBIIIE aJIro-
pUTMa OCTAJOCh yOeIUTbCS B TOM, YTO CHUCTEMA HEPABEHCTB,
HAKJIQJ[bIBAEMBIX B OOIIEM CJiydae Ha 3HAYEHUS BEJUUUH X U Y,
Bcerja copMecTHa. lIpejaraeM unTaTesnsM cjiesaTh 9TO CaMo-
CTOSITEJIBHO, BBITIOJIHUB CJIEJYIOIIee YIPasKHEHHE.

Yunpaxuenue 2. IlycTtb B pe3y/bTaTe U3JI0KEHHOTO BBIIIE aJro-
pPHUTMa MOCTPOEHA MOCIEI0BATETBHOCTD U3 CUMBOJIOB X 1 i. O6o3Ha-
YHM Yepe3 d KOJMYeCcTBO GYKB y B JIIOGOI ee 4acTH, COCTaBIEHHON
13 N WYX TOAPSI/ 4JIeHOB, Yepe3 b — KOmdecTBO OYKB ¢ B 000
€e 4acTH, COCTABJEHHON M3 k MIYINX MOAPs 4ieHoB. JJokaxkuTe,

2005/ No

YTO CHCTeMa HepaBeHCTB
ay+(n-a)x >0,
by +(k-b)x <0,
TaK ke, KaK M CHCTeMa HEPABEHCTB
ay+(n-a)x <0,
by +(k—b)x >0,
COBMeCTHa.

Yupaxknenne 3. [Ipo HexkoTopylo Tocjen0BaTeIbHOCTD W3 23
JIEfICTBUTEIBHBIX YHCEJT W3BECTHO, YTO B Hell cymma Jio6bix 10
3aNMCAHHBIX TIOJPS/l YHCes] OTpPHIATeTbHA, a CyMMa JIOGBIX R
3aIMCaHHbIX TMO/PSI/L YHCE TOJOXKUTeNbHA. YeMy paBHO kR, ecim
KOJIMYECTBO 4YJIEHOB B 3TOH MOCJIEZOBATEJbHOCTH MaKCHUMAJIbHO
Bo3MOkHOe? IlpuBenuTe pumep.

Ynpaxknenne 4. /{711 mocie10BaTeIbHOCTH JIeHCTBUTEIbHBIX UH-
ceJl, 3alUCAHHBIX B CTPOUKY, BBIIOJIHSIOTCS CJeAyIONINe YCIOBUA:
CyMMa JIIOOBIX 7 WAYMUX TIO/PS/] YJIEHOB OTPHUIIATEIbHA, a CyMMa
JIOGBIX R WYX TIPS/l YJIEHOB HOJIOXKHUTEIbHA. VI3BECTHO, 4TO
MaKCHMaJIbHOE YICJIO 4WIEHOB TIocleioBaresbuocT pasuo 30. Haii-
JNTEe MAaKCHMYM BO3MOXHOI pasnocti |k — n| . IIpuesure mpumep,
Y/I0BJIETBOPSIIOMUIT YCJIOBHIO 33/1a4N.

3apaua 4. ITpo unmezpupyemyio pynxyuro f (x) na ompesxe
[0; c] ussecmmo, umo a0boli onpedenennviii unmezpan no

ompesKy OAUNbL N NOJOKUMENEH, d N0 OMpe3Ky OAUNHbL M
m

ompuuyamenen, ¢ >m>n>0. [lycmp — = q._ HecoKkpamumas
n

Opobv, m.e. p, q — 63AUMHO NPOCMbIE HAMYPANLHBIE UUCA.

m
Joxaxume, umo c<m+mn——.
q

O6osnaunm d = m_ ﬁ, tak 4rto n = pd, m = qd. lpeamnoo-
q
KUM, 4TO C =M +n e (p+qg-1)d. Ina moboro nary-
q

kd
paJsbHoro k trakoro, uto kd < ¢, o6o3nauum S, = j f(x)dx
(k-1)d

U PacCMOTPHUM YHCJOBYIO TIOCJIe/I0BATEIbHOCTD, COCTOSIIIYIO U3
p+q— 1unenos: S, .S, ..., Sp+!l—1 .
B COOTBETCTBUHM C YCJOBHEM 3ajJaud 3Ta II0CJIe[0BATEJIbHOCTD
00.J1a/1aeT CJeAYIONMMI CBONCTBAMU:

1) cymMMa JIoGbIX TOAPSL UAYIHX P ee YJICHOB TT0J0KHTEIbHA;

2) cyMmMa JToGBIX TOAPAI UAYIINX ¢ €€ YICHOB OTPHUIATEIbHA.
B cootBercTBUM ¢ pe3yabTaToM 3aaun 3, Takas MOCJe10BATE b=
HOCTb He MOJXKET COJep:Karb GoJibllie 4eM p + ¢ — 2 UJIEeHOB.
[Toyuennoe mpoTuBOpeYre 3aBepIlaeT JA0KA3aTEIbCTBO.

HecnoxxHo npoBeputnb, 410

Yupaxunenue 5. IIpo sajannyio na orpeske [0;23] ¢yHkiuio
f(x) usBectHO, YTO MOGON ONpPE/EJEHHBII UHTETPAS OT HEE MO
orpe3ky AauHbl 10 mosokuTeIeH, a Mo OTpe3Ky AJNHBL 16 oTpuia-
tesen. Moxker Jm Takoe ObIThb? Kak wu3MeHHTCST OTBeT, ecJiun
x €[0;24] ?

Iodckaska. Bocnosb3yiiTech pe3yibratoM yupaxkueHus 3. Dyu-
KIWio f (x) MOXKHO ONMpeenTh Kak CTYIIeHYaTyI0, IPUHUMAIONLY IO
TOJIDKO [[Ba 3HaueHus 7 U —29.

Vupaxuenue 6. Cyiectsyer i HerlpepbIBHas PyHKIHs y = [ («x)
Takas, 4To JI0060ii OIIpe/ie/IeHHbIN HHTETPaJI OT (DYHKIIUH 110 OTPE3KY
n = 3 oTpUIIATeJIeH, a 110 OTPE3KY 7 = 5 MOJIOKUTEJIeH ?

Jluteparypa
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NPARKTUKYM ABUTYPHUEHTA

CnoXkeH e
CKOpPOCTeM

B.YUNBUJIEB

STOM CTATBHE HA ITPMMEPAX PEIIEHNA KOHKPETHBIX

3a7lad paccMaTpPUBAETCS MPABUJIO CJIOKEHUS CKOpOCTeil.
ITO IPABUJIO YCTAHABIMBAET CBSI3b MEK/Y CKOPOCTSIMU OJIHOW U
TOI JKe MaTepUaJbHON TOUKHU B Pa3HBIX CHCTEMAX OTCUETA.

Hanomuum, 4to Kaskgas cucreMa OTCYeTa JKECTKO CBsS3aHa C
HEKOTOPbIM TEJOM OTCYETAa M YTO [JABUKEHUE MaTepHaJIbHOﬁ
TOYKHU BBITJAIUT IMO-PA3HOMY B PA3JMYHBIX CUCTEMaX OTCUETA.

ITyctb ectpb Be cucteMbl oTcyeta S u S’ , ABUXKYIIHECS APYT
otHocuTesbHO apyra. [lockosbKy aBUKEeHME W TIOKOW OTHOCH-
TEJIbHDbI, JOTOBOPUMCA HaA3bIBATb CUCTEMY S HeHOL[BI/DKHOIjI, a
cuctemy S’ — mgBwKymieiicst. [IBICKeHWE MAaTEPUAIBHON TOUKH
M OTHOCHUTEJIBHO CUCTEMBI S HA3BIBAIOT AGCOJIOTHDBIM JIBUKEHH-
€M, a OTHOCHTEJIBHO CHCTEMBI S’ —OTHOCHUTEJbHBIM [[BUKEHUEM.
CxopocTb TOUKu M OTHOCUTEJbHO CUCTEMBI .S HAa3bIBAIOT, COOT-
BETCTBEHHO, a0COIOTHOI CKOPOCTBIO, & OTHOCUTEJNBbHO CUCTEMbI
S’ — oTHOCHTEJIbHOI CKOPOCTBIO. /1151 Gosiee 06Pa3HOTO MPeICTaB-
JIEHWST MOKHO TIPUHSTH, HAIPUMED, 32 CUCTEMY S KOMHATY, 3a
cucreMy S’ — BO3AYIIHBIN MAPHK, JETSIUI ¢ BpallleHueM, a 3a
TOYKy M — MypaBbs, MOJ3YIIETO IO IAPUKY.

BBenem emnie moHsTHE MEPEHOCHON CKOPOCTH. JTO CKOPOCTDH
TOH TOYKH CHCTEMBI S’ OTHOCHTEJIBHO CHCTEMBI .S, Yepe3 KOTo-
PyIO IIPOXOANT B JAHHBIH MOMeHT Touka M. B namem npumepe
3TO CKOPOCTb OTHOCUTETHHO KOMHATBI TON TOYKHU BO3IYITHOTO
MIapuKa, Yepe3 KOTOPYIO TPOIMOJI3aeT MypaBell B JaHHBIH MO-
MEHT.

B 10601t MOMeHT BpeMeHU abCOIOTHAS T,

\6e » OTHOCHTETbHAS

O,y U TlepeHocHas o

ep CKOPOCTH CBA3aHDBI COOTHONIEHUEM

OTH

Ua6e

= +9

OTH 1ep -

ITO M eCTb NMPABUJIO CJIOKEHUS CKOPOCTEii.

ClesaeM [[Ba TIOJIE3HBIX 3aMeYaHVS.

1) TlepeHocHasi CKOPOCTb B 06IIEM CJyYae He eCTh CKOPOCTh
cucrempl S’ orHocutenbHo S! [leficTBUTENBHO, TIPU ABUKEHUH
BO3/IYIIHOTO NIAPUKA C BPAIleHNEM CKOPOCTH BCEX TOYEK ITapuKa
OTHOCUTEJHHO KOMHATBI PA3JUYHbI, U TOBOPUTb O CKOPOCTH
mapuka (cucrempl S’ ) oTHOCHTEaBHO KOMHATBI (crcTeMBbI S)
6ecempicienno. Toabpko mpu moctynareapnoM (6e3 Bpamenus)
JBUKEeHUH S’ CKOPOCTb BCEX TOUEK CHUCTEMbI S’ OTHOCUTEJBHO
S (nmepeHocHasi CKOPOCTb) OJHA Ta K€ — €€ U Ha3bIBAIOT
CKOPOCTBIO CUCTEMBI S’ OTHOCHUTEJBHO CHCTEMBI S.

2) CooTHOIIEHWE MEXKITY TPEMS CKOPOCTSMH — YUCTO KHHEMA-
THYECKOE COOTHOIICHUE, HUKAK He CBS3aHHOE C MHEPINAJIbHOC-
TBIO UJIM HEMHEPIMATbHOCTDIO ciicteM Su S”, 1.e. Su S’ moryr
6bITh 06e HEMHEPIUATHHBIMH.

- Tenmepp — KOHKpeTHBbIE
3a/1aui.

3amaua 1. Ilo nanybe
menioxodd, 08UXYuezocs
omuocumenvro bepeza co
ckopocmuio u = 15 xm/u,
udem naccaxxup co ckopoc-
Puc 1 moio vy =u/3 ommuocu-

mevHO NaY6vl 6 HANPABACHUU, COCMABLAIOWEM Yol o, = 60°
¢ npodoavHol ocvio mennoxoda (puc.1). Hatidume cxopocmo
naccaxxupa omuocumevno oepeza.

Bo3bMeM 32 HEMO/ABIDKHYIO CUCTEMY OTcYeTa Geper, 3a ABUXKY-
HIIyIoCs CHCTeMY OTcueTa — Tersioxoz. Torza ¢, — OTHOCHTEIb-
Hasi CKOPOCTb, # — IepeHocHas -
ckopocTh. CKOpoCTh ¥ macca- .-f'ﬂ‘:.l
JKIPA OTHOCHTEJIBHO Gepera 6y- - !
JieT abCoJIIOTHON CKOPOCTBIO. = “(\'\

ITo mpaBusly CJOMKEHHSI CKO- s gy
pocreil (puc.2), e 2

D=0y +u.
Wcnomnb3yst TeopeMbl KOCHHYCOB U CHHYCOB, HaXOJUM MOAYJb

CKOPOCTH U IaCCaXkupa OTHOCUTEJIbHO 6epera " yroJ B MEXAYy
3TO CKOPOCTbBIO M OCbhIO TEIJIOXO/a:

7
vz\/u2+v§—2voucosoa=%z13 KM/

sinﬁ:ﬁsinml\/gzo,%, B=19°.
v 2\N7

3apgaua 2. B xomname spawaemcsi OUCK ¢ Y2J10801 CKOPOCIMbIO
® 60xkpyz Henodsuxrot ocu O, npoxodsawell uepes ueHmp
Jucka nepneHouKyispHoO ezo NJ0CKO- .
cmu. Ilo Oducky edoav ezo paduyca ; ,.-'*
noa3em XKYK co CKOPOCMbIo vy OMHO- f
cumenvto oucxa (puc.3). Hatidume l,.'"l
MOOYIb CKOPOCIU KYKA OTHOCUINE -
HO KOMHAMbL 8 MOMEHM, K020a KYK
Haxooumcsi 6 mouxe A oucka ma pac-
cmosinuu R om ocu O.

3a HEIIOJBIKHYIO CHCTEMY OTCUeTa
€CTeCTBEHHO B3STb KOMHATY, a 3a /IBU-
xymyiocs — auck. Torjga ¢y —orHocH-
TeJbHAsA cKopocThb. IlepenocHoit cko-
POCTBIO Ty, OyAET CKOPOCTD TOUKH A p -
JICKA OTHOCHTEJIBHO KOMHATBI. IJTa
CKOPOCTDH HalpaBJIeHa HePIEHNKY ISIPHO PaANalbHOMY Hallpas-
nennio OA n paBHa

Upep = OR .
CKOpOCTb ¥ JKyKa OTHOCHUTEJNbHO KOMHATBI €CThb aGCOJIOTHASI
CKOPOCTb. b
ITo mpaButy ciokeHus cKopo- Fi //_3
creii (puc.4), .-"II i
- - I _II

V=7 + miep -

Wrak, MOLyJb CKOPOCTH XKYyKa
OTHOCHUTEJbHO KOMHATbl PaBEH

_ 2 2 _ [2. 2p2
v—\/vo+vncp—\/vo+mR .

3apava 3. Paduyc epawaro-
weticss naanemot v = 2000 xm.
Cropocmv mouex sxeamopania-  Puc. 4
nemwvt v; = 0,6 xm/c. B naocko-
cmu sxkeamopa no opéume paduycon R = 3000 xm dsuxemcs
CNYMHUK 6 CINOPOHY EPAWEHUS NIAHEMbL CO CKOPOCIBIO Uy =
=2 xm/c. Haildume cxopocms cnymnuka omHocumeibHo nid-
Hemot.

3a HeNmoJBIIKHOTO CHCTEMY OTCUETA IPUMEM CHCTEMY, B KOTO-
poil 3a1aHbl CKOPOCTU vy U 0, . B kauecTBe aBuKy1LIelics cucTeMbl
oTcYeTa BO3bMEM ILIaHeTy. AGCOIOTHAs CKOPOCTb CIyTHHKA
3aJlaHa W paBHa ©v,. HaMm Hago HaAWTH CKOPOCTH CIIyTHUKA
OTHOCHTEJIBHO IJIAHETBI, T.€. OTHOCHTEJBHYIO CKOPOCTD gy -



KBAHT -

ITycTp B HEKOTOPDBIIT MO-
MEHT BpeMEeHHU CIyTHUK
MPOXO/NT uepe3 TOuKy M,
JKECTKO CBSI3aHHYIO C TLJIa-
HETOU MBICTIEHHBIM CTEeP3K-
nem OM (puc.5). Cko-
pocTth Touku M B Hemom-
BUJKHOM CHUCTEME OTcYeTa
U ecTb IepeHoCHasT CKO-
poctb Tyep . Haiiziem ee.

YrjoBasi CKOPOCTDb Bpa-
HIeHUsI TJIAHEeThl PaBHA

Puc. 5 Yy

IepeHocHada CKOpoCTb —

Upep = OR =0y — .

ITo mpaButy cnoxenust ckopocreit (cM. puc.5),

2 = Ogm t Uncp .

BuanM, 4T0 OTHOCHUTEJIbHAS CKOPOCTh CIIYTHUKA COHAIPABJIEHA
¢ a6CoJIOTHOl CKOPOCThIO T, M pasHa (110 Mozyi0)

Ooon = U2 — z)uep

=vz—v1£=1,1 KM/C |
r
3aMeTnM, UTO OTBET Uy, = Uy — 01 = 1,4 xM/c (koTOpBIi He-
PeKo TaloT aGUTYPUEHTBI) HEBEPEH, TaK KaK M3-3a BPAIlleHHsI
IUTAHETHI [IEPEHOCHAs! CKOPOCTh HE PAaBHA 0y .
3amava 4. Ilo deym xoavyesvim dopozam paduycom R,
ACHKAUUM 6 00HOU NAOCKOCIU, J8uXymcs agmomoburu Ay u
Ay co cxopocmamu v =0v=20 xm/u u vy = 20 (puc.6).
Pasmepvr asmomobuiei
MAL MO CPAGHEHUIO €
R. B mnexomopwui mo-
MeHm asmoMoOULU HA-
xodunucy 6 mouxkax M u
C na paccmosnuu R,/ 2
i dpyz om Opyea. 1) Haii-
dume cKopocmy asmo-
moburs Ay, 6 cucmeme
omcuema, CeA3AMHOU C
asmomobunem A; 6 smom momenm. 2) Haiidume cxopocmo
asmomobunsi Ay 6 cucmeme omcuemd, C8A3AMHOU ¢ ABMOMOOU-
nem Ay, kozda Ay oxaxemcs 6 mouke D.
3a HENO/BIKHYIO CHCTEMY OTCYeTa Bo3bMeM jopory. Cko-
poctb aBroMoGuIIst Ay B 3TOH cucTeMe oTcyeTa ecTb abCOTIOTHAS
cKkopocTb. O603HAUNM YePe3 T ase U Opase AOCOTIOTHBIE CKOPO-
cti agromMo6uns A, mipu ipoxoxaennu um touek C u D (puc.7).
CorJracHo yCJIOBHIO 3a/1a4H,

Puc. 6

Ucabe = UDase = 02 = 2v.

JIBIUKYIIYIOCS] CUCTEMY OTCUETA JKECTKO CBSIZKEM € aBTOMOGHJIEM
A, . SlcHo, uTO 3Ta cucTeMa BpaiaeTcs BOKpYT ocu O ¢ yrjIoBoit
1

I’y

Puc. 7 b

2005/ No

CKOPOCTbIO

[TepenocHble CKOPOCTH IPH IPOXOXK/IEHUH aBTOMOGHJIeM Ay
Touek C u D 0603HaINM Tgyy, U Tpyep - MOAyIM oTHX
CKODPOCTEil PaBHbI

U nep =0)~OC=%(R +£)=—v

Ubmep :m~OD=3(R+£+2Rj:Zv.
R 2 2

Ham majgo HaiiTH OTHOCHTENBHBIE CKOPOCTH Tpgry M Tp o
aBroMo6unst A, B ABIDKYIIEHCS CHCTEME OTCYeTa IIPU IIPOXOXK-
aenun uM toyek C u D.

I[To mpaButy cioxenus ckopocreit (cM. puc.7),

Ocaée = Pcom + 0 mep Opase = Pnom T Up nep -+

Ckopoctu apromobuns A, orHocuteabHO aBroMmoOuns A; npu
npoxoxaeanu touek C m [ coHampaBJieHbI CO CKOPOCTSMHU
(orHOCHTENBHO JOPOrK) aBTOMOOKASA Ay B 5TUX TOUKAX U PABHbBI

Ucorn = OC a6e _vCrIcp =20 _%U = 0,5() =10 KM/‘—[,

7
Upom = Upace T UDnep = 20 +§v =5,50=110 xm/u.

3anxaua 5. Bo epems zpada asmomobuss edem co CKopocmvio
u = 25 km/u no zopuzonmanvroi dopoze. Oona u3 zpadun
ydapsiemcst 0 nepednee
(semposoe) cmexao as-
MoMOOUNS, HAKIOHEHHOE
nod yenom o = 30°
6EPMUKANU, U OMCKAKU-
saem zopU3OHMAILHO 6
Hanpasienuu  06UNKeHus
asmomoburs (puc.8).
Cuumas, umo yoap epa-
Qunbl 0 cmex10 abcoom-
HO Ynpyauil u 4mo CcKo-
pocmo epaduruvl Henocpeo-
cmeenno neped yoapom GepmuxdaivHd, Haludume CKOpocmb
epadunwvi: 1) do ydapa; 2) nocae ydapa.

3a HENO/BIKHYIO CHCTEMY OTCYETa BO3bBMEM JIOPOTY, a 3a
JBIDKYILYIOCS] CHCTEMY OTCYe-
Ta — aBroMo6uab. Hano naii-
TH CKOPOCTH 0y W Uy T'pajiu-
HBI OTHOCHTEJIBHO JIOPOTH [0
U [OCJIe yapa, T.e. abCoJTioT-
HbIe CKOpOCTH rpajgunbl. Ilo
YCJIOBHIO 33/1a4¥ CKOPOCTD
HalnpaBJeHA BEPTUKAJbHO
BHU3, & CKOPOCTb Ty — TOPHU-
sonTtanbio (puc.9).

Cpasy nocJge yaapa a6coslOTHAasE CKOPOCTb TPAJMHbI Oy, ee
OTHOCHTEJIbHASI CKOPOCTD Ty, M MEPEHOCHASA CKOPOCTH (CKO-

Puc. 8

Puc. 9

POCTb aBTOMOGUIISA) @i CBS3aHbl PABEHCTBOM

Oy = Oy +1 .
ITocKOMBKY CKOPOCTH Ty W @ TOPHU3OHTAJIBHBI, TO CKOPOCTD
094y TOXKE TOPH30HTAJIbHA, MPHYEM

Uy = Uggpy T U .

OtnocuTeIbHass CKOPOCTD Ty, COCTABJAET € HOpMaJbio AB
K TIOBEPXHOCTH CTEKJa HeKOTOPBIA yros 3 — yroJ oTpakeHus.
W3 quHaMuKu U3BECTHO, YTO IIPU YIIPYTOM Y/iape O II0BEPXHOCTb



NPAKTHUKYM

HEIO/BMKHOTO MACCHUBHOTO TeJla YroJI TaJeHVs] pPaBeH YIJy
OTPAKEHUSI, & MOJIYJIM CKOPOCTEN MaJIeHusI U OTPAsKEHUST PABHBI.
IToaToMy CKOPOCTb IPajiNHbI OTHOCUTEILHO aBTOMOOUIIS HEIIOC-
PEACTBEHHO MEPEA YAAPOM Ty, COCTABJISET TOXKE YroJa P ¢
HOPMAJIBIO K TOBEPXHOCTH CTEKJIA M PABHA [0 MOJYJIIO CKOPOCTH
nocJie yaapa:

Oto2n = O202m -

YcTaHOBUM CBSI3b MEXK/Y CKOPOCTSIME Tepea yaapoM. A6co-
JIIOTHASE CKOPOCTb ¥y , OTHOCHUTEJIbHASI CKOPOCTh Tyypy W TIEPE-
HOCHasT CKOPOCTb % CBSI3aHBI PABEHCTBOM

O =01y T U.

U3 reomerpun pucyHKa 9 Jierko mokasatb, 4yto P =0 u 4TO
CKOPOCTD Ty gryy COCTABJSIET C TOPH3OHTOM yroa 2 .

Wcnonbsya pucyHok 9, HaXoJuUM CKOPOCTH TPAJUHbI [0 U
mocJie yaapa:

oy = utg 2B = utg 20 = u\/3 =~ 43 xm/u ,
u
=—+
cos 2P

= u(L+1)=3u=75 KM/4 |
cos 20

3anmaua 6. Jlenwma noumosozo mpancnopmepa 0suxemcs ¢

NOCMOSIHHOT CKOPOCMYbIO U, HAX00SCHL 8 00HOU NJIOCKOCMU C

20PUZOHINATLHOT NOBEPXHOC-

muto cmoaa. Ha aenmy nonada-

em neborvwas Kopooxd, 0eu-

T 2A6WASCS NO COLY CO CKOPOC-

’5‘:& movto v/2 , Hanpasiennol nood
iE

Uy =V TU=Vpgpyy T U u=

—_—n

yerom o (cosa = 1/9)
xpaio aenmor (puc.10). Koag-
Puc. 10 Gunuenm mpenus cKOIbIKEHUS
MeKOY KOpoOKOU u AeHmoil W .
1) Yemy pasna ckopocmo xkopobxu (no Mo0y.uio) OMHOCUMENbHO
JenmuL 8 Haud.ie 0suxenus no aenme? 2) [pu kaxoii munumano-
HOU wupume aenmol KOpooKa He npeodoseem JeHmy?
Y106HO0 32 HEMOJBIDKHYIO CHCTEMY OTCYETa B3SATb CTOJI, a 32
ABIDKYIILYIOCS CHCTEMY OTCYeTa — JieHTy. Toraa cKopocThb JTeHTHI
5TO MEPEHOCHAS CKOPOCTD Uy, , TPHUCM

Orlcp =0.

B nauane JABUIKEHUA 110 JIEHTE€ CKOPOCTb KOpOéKI/I OTHOCHUTEJbHO
CTOJIa €CTh a6COJIIOTHAS CKOPOCTb 536c , paBHas CKOPOCTHU K0p06-
K1 OTHOCUTEJIbHO CTOJIa 0 BbeE3Jla Ha JICHTY, ITOITOMY

_Z)
va60_5~

CKOpOCTb KOpO6KI/I OTHOCHUTEJIbHO JIEHTDI B HadaJie ABUKEHUA 110
JIEHTE €CTb OTHOCHTEJ/IbHasd

= o CKOPOCTb Ty -
Ls ||._\_\_\_\_".
| e [To mpaBumy ciaoxeHust
\ S ckopocreit (puc.11),
11 T
[N A H-H'."\- 6'6 = 5 + 5 .
I.-" -:.I r 'r-\-\"h abe OTH nep

ez cnonbays TeopeMy KOCH-
puc. 11 HYCOB JIJISI TPEYTOJIbHUKA U3

BEKTOPOB CKOPOCTeH, MoJTydaem

2 _ 2 2 o
Vo = Uncp + Va6e — zvncpvaﬁc cos (1 80° - 0(‘) .

C yueroM BBIPaXKEHUI IS Uyep U Upe, YEPE3 O MOCJE YIPOIIE-
HUI HAXOJUM CKOPOCTb KOPOOKU OTHOCHUTEJLHO JIEHTBI B HAUaJIe
JBIDKEHUS 110 JICHTE!

ABUTYPHUEHTA 39

[l71s1 oTBeTa Ha BTOPOIT BONIPOC yI06HO MEPEHTH B NHEPIINATb-
HYIO CHCTEMY OTCYETa, CBS3aHHYIO ¢ JeHTOH. OTHOCHTEJbHO
JIEHTBI KOPOOKa UMeeT HAYaIbHYI0 CKOPOCTb O, , HAIIPABJIEH-
HYI0 HOJ HEKOTOPbIM YTJIOM Y K Kpaio JIEHTBI, H JBUXKETCS
MPSMOJIMHEHO 1 paBHO3aMe/JIEHHO ¢ yckopeHueM g . [Ipm
Tpe6GOBAHUY MUHUMAJbHOCTH IIMPUHBI d JIEHTBI KOPOOKA OCTAHO-
BUTCS HA JIEHTE Y IIPOTHBOIOJIOXKHOTO Kpasl JIEHTBI, PO 110

JIEHTE IIyTh

d

siny

s =
ﬂ]ISI PaBHO3aMEJJIEHHOTO ABUKEHUA 110 JIEHTE MOKHO 3allucCaTb

0(2)TH = zugs .

W3 nocnegHux ABYX PAaBEHCTB, C YYETOM MOJYYCHHOTO paHee
BBIPAKCHUSA NI O, Y€pPe3 U, HaXOJUM

_ 49 o’ siny

T2
ITo Treopeme CHHYCOB [IJIs1 TPEYTOJbHUKA U3 BEKTOPOB CKOPOCTEIA,

siny _ Usse

sin(180°-a) o

’
OTH

sin (180° — o) = sin & = V1 — cos? o = %

OTCIOLIa, C y‘IeTOM Bpra)KeIII/II/I A Uaéc
HO]Iy‘IaeM
45

siny =——.
Y=

TTojacraBuB 3HauYeHHe Siny B BbIpakeHwe st d, HAXOAUM
MUHUMAJIbHYIO NIMPUHY JEHTDI:

2
d_ﬁv_

© 54 g

rae

n o qepes o,

OTH

Yupaxuenus

1. Ilo mpamosmueiinomy yuyactky CD [BIDKETCSI TeIIOBO3 CO
ckopocTbio v (puc.12). ABTOMOOH.Ib ABMKETCS CO CKOPOCTBIO 0 /4
0 JIOpoTe B BHUJIE AYTH OKPY’KHOCTH paamycoM R. PaccrosHue ot
LEHTPA OKPYIKHOCTH /10 »kese3Hoit goporn OK = 2R. B Hekortopbrii
MOMEHT BPEMEHH TEIJIOBO3 OKa3aJscs B Touke K, a aBTOMOGUIb — B
Touke A. Halizinte B 3TOT MOMEHT CKOPOCTb TETLIOBO3a OTHOCHTETBHO
aBTOMOGHJIst (CHCTEMBI OTCYe- . o
Ta, CBSI3aHHOH € aBTOMOGH- L

sem). PasMeppl TemmoBosa n fh‘! L
aBTOMOOUJIST MAJIBI IO CPABHE- : z
HHUIO ¢ R. !_: 1

2. Wper rpas, u aBTOMO- e

OB €/IET CO CKOPOCTBIO U =
=29 KM/ 110 TOPU3OHTAJIb-
Holt opore. OiHA U3 rpaJH
yapsieTcst O CTEKJIO 3a/[HET0
OKHa aBTOMOGWJISI, HAKJIOHEH-
Hoe mnox yraom B = 30° k
TOPH30HTY, M OTCKaKUBaer ro-  A1c 12

PHU30HTAJBHO B HATIPABJIECHUN,

MTPOTHBOTIOIOKHOM JIBIDKEHHIO aBTOMOOmsg. Cuutasi, 4ro yaap
TPAJIIHBI O CTEKJIO A0COTIOTHO YIPYTUH U YTO €€ CKOPOCTb HETTOCPET-
CTBEHHO Tepe/l yIapoM BepTUKAJbHA, HAHANTE CKOPOCTb TPAJNHBI:
1) no ymapa; 2) nocJse yzaapa.

3. Jlenta ropM3OHTAJBHOTO TPOTyapa HIMPHHONU d JBUIKETCS C
MTOCTOSIHHOI cKopocThio v. Ha sienTy monazaer maiiba, ABUraBIIa-
SICS1 C TOPU30HTAJIBHOI CKOPOCTDIO 30, HAIIPABJIEHHOI IO/l YTJIOM O
(cosa = 2/3) k kpaio sentni. 1) Uemy paBHa cKOpocTb maii6er (mo
MO/IyJII0) OTHOCHTEJILHO TPOTyapa B HavaJje JABMKEHHS MO TPOTya-
py? 2) [Ipn KakoM MaKCMMaJabHOM K02(D(PUIIMEHTE TPEHMS CKOJTbKE-
HUST MEXY Maii6oil U TPOTyapoM mraitba mpeooieeT TpoTyap?

{



BAPUAHTDI

MaTepuans! BCTyNATeNbHbIX
3k3ameHoB 2004 rona

MOCKOBCKMW rOCYyAaPCTBEHHbIV YHUBEPCUTET
nm.M.B.JTomoHoOCOBa

MATEMATUKA
[11Cb MeHHbII 3K3aMeH

BapumaHt 1

(MEXaHUKO-MATEMATINHECKIUL PaKYILTET, ONMMIINAAA
«AbuTypneHT-2004», Mapr)

1. Haiigure cymmy Tanrencos Bcex X € (=T T) Takux, 4To
sin2x +5cos2x = 3.
2. Pemnmnte HEPaBEHCTBO

log, 32 +2x-1 log, 9
3 < )S(x2+x) L

3. Haiiaute Bce BO3MO’KHBIE 3HAUEHHUSI CyMMbI yObIBaomeil
apu@MeTHyecKoil Tporpeccun

6m —m” -9 6m —m* —12 (~10)
ay = 2 , Ay = 2 PRERES) - 9

6m —m 6m —m
rJie m — HeKOTOpoe 11eJI0e YHUCJIO.

4. B BoiykjoM verbipexyrosibiauke KLMN puaronanun KM
u LN nepnengukyasapubl ctopoHaMm MN u KL cooTBeTCTBEH-
HO, a jajuHa cropoHbl KN paBHa 44/3 . Ha cropone KN
pacmiosiokena touka A tak, uto LLAK = ZMAN . W3BecTtHO,
yro LMKN — ZKNL =15° . Haiigure quuHy Jgomanoit LAM
u Tromaab uderbipexyronpuuka KLMN, ecm LA : AM =
=1:43.

5. Haiiure Bce 3HaueHusl mapamerpa @, HPU KaKJOM U3
KOTOPBIX ypaBHEHUE

arctg ((Sa ~1)sin? x - (3513 —a®+3a- 1)sin x+
+ tg(ax —an))—ax +an =0

uMeeT POBHO TPHU pelleHHUs.

6. /{ana cdepa paguyca 1 ¢ nenrpom B touke O. 13 toukn A,
Jgexxarieil BHe cdepbl, HpoBejieHbl yeTbipe Jjyda. [lepsbrit ayu
IepeceKaeT MOBEPXHOCTD cepbl MOCJIeJ0BATENBHO B TOUKax B
n C;, BTopoii — B Toukax B, u C,, tperuii — B Toukax Bs u Cs,
yerBeprblii — B Toukax B; u C,. Ilpsmsie BB, u CC,
nepecekalorcs B Touke E, npamble B3B; u C3C; — B Touke F.
Haiigure o6bem nupamuabl OAEF, eciu AO =2, EO = FO =
=3, a yroa mMexay rpausmu AOE u AOF pasen 30°.

BapwuaHTt 2

(MEXaHUKO-MATEMATNHECKIULT DAKyIbTET)
1. Pemure HepaBeHCTBO

log, (2 — x) —logg (2 — x)
logg x — logg x

<log,9.
2. Pemmite HepaBeHCTBO
2
(xz +x+1) —2|x3 +a° +x|—3x2

10x2 =17x - 6

20,

3. Bommykubiit Mmuororpanank ABCDFE wMeeT TiATh IpaHeii:
CDF, ABE, BCFE, ADFE u ABCD. Pe6po AB napaJijieJibHO
pe6py CD. Touku K m L pacroJioXeHbl COOTBETCTBEHHO Ha
pebpax AD u BC rak, 4to otpe3ok KL AeuT NJonanb rpaHu
ABCD mnomnonam. Touka M sBasietrcst cepeamuoit pe6pa EF u
BepinHoit mupamuzist MABCD, o6beM KoTopoit pasen 6. Haii-
nute o6bem mupamuiapl EKLF, eciu u3BecTHO, 49TO 006beM
mHororpananka ABCDFE pasen 19.

4. Pemute ypaBHeHMe

NJ=3sin2x = -2sin2x —sinx +cosx —1.

3. Jlopora Ipoxo/uT mocjaeoBareibHo yepe3 nyHkTol A, B, C
un D. Paccrosinue ot A no B pasuo 24 kM. I3 A B D BbIexas ¢
IIOCTOSIHHON CKOPOCTBIO aBTOMOOUIb. OJHOBPEMEHHO C HUM U3
B B D oTHpaBUJINCh C HOCTOSTHHBIMEI CKOPOCTSIMU BEJIOCHIIEIUCT
n Mororukauct. Korga aBTOMOGHIIb JIOTHAJ BEJOCHUIIEANCTA,
MOTOLUKJIUCT O0roHsI uxX Ha 6 kM. B mynkre C aBTOMOGUJID
JIOTHAJ MOTOLUKJINCTA U, Joexas 0 D, cpady moexas o6paTtHoO
B A, BCTPETUBIINCH C BEJOCHIIEZUCTOM BO BTOpoii pa3 B C.
Haiinure paccrosuue mexay B n C, eciin U3BECTHO, YTO BPeMs
OT HavaJa ABIDKEHUS O MOMEHTA IIOBTOPHOI BCTPEUH aBTOMO-
6uJIs 1 BEJIOCUIIEANCTA B 1BA pa3a 00JIblIle, UeM BpeMs OT HauaJla
JIBVKEHHMST /10 TOTO MOMEHTA, KOT/1a aBTOMOOMJIb BIIEPBBIE JIOTHAJ
MOTOIIMKJIUCTA.

6. B ocTpoyrosbaOM TpeyrosibHuKe ABC BBICOTBI IePECEeKAI0T-
ca B Touke H, a meamanol B Touke O. buccexrpuca yria A
IpOXOJNUT uepe3 cepeauny orpeska OH. Haitanre mromanb
tpeyroabauka ABC, ecim BC =2, a pasnoctb yrJyioB B u C paBHa
30°.

BapuaHT 3

(Ghaky b TeT BbIYUCTATESIBHON MATEMATLIKU U KMOEDHETIKY,
onumnnaaa «Abutypuent-2004», anpesns)

1. Yerbipe uncaa a@;, dy, dz 1 d; oOPa3ylOT B YKA3aHHOM
MOPSIIKE TeOMETPUYECKYIO TIporpeccuio. Ecim k HuM npu6aBuTh
6, 7, 6 1 1 COOTBETCTBEHHO, TO TOJyYaTCs YKCaa, 00pa3yiomue
B TOM e mopsjke apudmerndeckyo mnporpeccuto. Haiigure
yucaa ap, dy, dz U dy .

2. PemuTe HepaBeHCTBA

1
22 —5x+7

3. Haiigure Bce 1eJsbie 72, TP KOTOPBIX CHPABEJINBO PABEH-

CTBO

<5x—-2%-5.

2
5”+4—”1+13:11_81/1_8n.
n+

4. PemuTe HepaBeHCTBO

9logs x +36 <

<4 [—8 cos® m(47 - 8x) + 8 cos n(474; 82) + 7J log,x.

45

3. B mapamnenorpamme ABCD yron mesxay auaronaasmu AC
u BD pasen 30°. UsBectno otuomenne AC:BD =2: J3.
Touka B, cumMerpuuHa Bepiiune B orHocuTebHO npsiMoit AC,
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a touka C; cummerpnuna BepurHe C OTHOCHTEIBLHO MPSAMOIL
BD. Haiigure otHomenue mJomajeil tpeyroapunka ABCy n
napaJesorpaMma ABCD.

6. ITpu Bcex 3HAUEHMSX IIapaMeTpa ¢ PelIuTe ypaBHEHHe

lx =3 - (1-2a)a* + (3~ 4a)x +6a 4=
= sin(jx — 3|+ 6a - 4) —sin((i —2a)x* - (3 —4a)x) :
BapuaHT 4
(QaKyIbTET BbIYHCITIATEIbHOM MATeMATIKU 1 KNOEPHETMKI)

1. Pemute ypaBuenme
( 7 — 43 — 3cos (arctg (2«/5)) +%Jx — 9853 _g pF
+
2. Pemnre HEpaBEHCTBO
2t -4

V15 +2x — &2

3. Pemmire ypaBHenue

2 cos? (E— 4xj —sin (Sx —S—TE) =1,
4 16

4. OKpPY>XHOCTD C IIEHTPOM B TOUYKe M KacaeTcs CTOPOH yriia
AOB B Toukax A u B. Bropast oKpy>KHOCTb C IIEHTPOM B TOUYKe
N xacaercsa orpeska OA, nyda BA u npojo/KeHHUs] CTOPOHBI
yraa OB 3a touky O. Ussectno, uro ON : OM = 12 : 13.
Haiigure oTHOIIEHHE PAJNYCOB OKPY>KHOCTEI].

5. Jlusi Kaxk[0ro 3HA4YeHWs TapaMeTpa ¢ HaiiuTe YHCJIO0
peleHuit ypaBHeHui

2 1 a8 472 o 4aes5=0.
167 8* 4* 2%

6. B ocnosanum mnpsmoii npusmsl ABCDAB,C{D; nexur
pasroGokas tpaneius ABCD ( AD || BC ). Uepes Touky B,
poBejieHa TIockocTh P, nepecekatotiast pe6po AD B touke K,
a pe6po CD — B Touke N. IIpsambie AA; u CC, 3Ta IJIOCKOCTD
nepecekaerT B Toukax L m M cooTBeTCTBeHHO. VI3BeCcTHO, 4TO
DN :DC=3:4, BC=DKu KN > DN. O6beM MHOTOIDaHHUKA
ABCNKLBM oraocutcs k o6bemy npusmsl ABCDA,B,C D,
Kak 49 : 144. Haiigute oTHOmeHNe fuuHBI oTpe3ka DK x ainHe
orpe3ka AD.

2|x|—2.

BapuaHT 5

(@u3m4eckui GakynbTer, onmMnana «AbutypueHT-2004»,
Mapr,)
1. Pemute ypaBHeHUE

65111(x+£)cos3—n—3005x—1 =0.
8 8

2. Pemmmite cucteMy HEpPaBEHCTB

2

2

_2<—
x°—-x-2

<-1.
3. Pemnre HepaBeHCTBO
logs, (x2 +3x+ 2)3 +log, (x2 —3x+ 2) <2.

4. Oxpysxkuoctd ¢ nentpom O Brnmcana B AABC, AB = 4,
BC =35, AC = 6. IIpambie AO, BO u CO nepecekaioT CTOPOHbBI
BC, AC n AB B Toukax K, L u M cootBerctBenno. Haiigure
oTHolenue muomaam ABMK x nuomaan ACKL .

3. Pemnre cucremy ypaBHeHWi

21—2y|+2x+3-2y=12\/§,

2-"+2-y|+2J‘—33-2-y:0.

6. B tpeyroabnuke ABC panbl cropoust AB = 5, BC = 6,
AC = 7. Tpu OKpPYXXHOCTH IIOIIAPHO KacaloTcs ApPYyT Jpyra
BHemHNUM oO6pa3oM B Toukax A, B u C. Haiigure paauyc
HanGOJIbIIeN OKPYKHOCTH.

7. Jlns KaxxJoro 3Ha4YeHUs IapaMeTpa ¢ peliuTe ypaBHeHue

logs (x - Sa) +4 (log (x — 3a))log, x — 8logj x = 0.
x

8. B npaBusabnoil TpeyroabHoit npusme ABCABC
(AA || BB, || CCy) AA; : AB =4 : 3. Ha GokoBbIx peGpax AA, ,
BB, u CC; B3sarel Toukn K, L u M cOOTBETCTBEHHO TaK, 4TO
AK : KAy =3:1, BL=LB;, CM : MC, =1: 3 . Haiiaute 1By~
rpannblit yroa mexay mnockoctamu KLM u ABC.

BapuaHT 6
(usngeckuyi gakynbrer)

1. Pemmre ypaBHeHHE
sin x sin4x 4 sin Sxsin 2x —cos3x =0 .
2. Pemnte HEpaBEHCTBO
e —1]
-5
e 1]
3. Pemmute HepaBeHCTBO
log, ((2 -2x - x2) (x+ 2)) -

— logg (4 + 42 + 2%) (8x +16)) +1> 0.

<-1.

4. B okpy:xHOCTH € paguycoM 4 uyepe3 Touky D nuamerpa BC
(BD : DC =5 : 3) nposenena xopaa EF, nepueHanKkyasapHas K
aToMy nuamerpy. Haiinure paamyc OKpy’>KHOCTH, Kacalouieics
orpeskos BD, DF u nyru BF.

5. Pemmte cucreMy ypaBHEHHi

3.2 _ ox -2y =24 - x,
25 42 2x — 2y =2x + 8.

6. B rpanenuu BCDE (CD||BE) BC 1L BE, CD = 10,
BE = 14, LN — cpennas munug (touxka L — wa cropone BC).
[Ipsamas, npoxoasgmas yepe3 TOUKy B 1 nepHneHANKYIsIpHAs K
cropone DE, nepecekaetr orpe3ok LN B Touke M, LM : MN =
= 2 : 1. Haiigure nnomanp tpanemnun BCDE.

7. Ilpu KakuX 3HAYEHUSIX TapaMeTpa d ypaBHEHUE

(1 + sin (3ax))V5mx — x* =0

UMEET POBHO O Pa3JIMYHBIX KOPHEii?

8. B mpasusbHoil TpeyroJbhoii nupamuzge SLMN, c Bepiiu-
Hoit S, nposesnena Meguana MP Ttpeyroabnuka SMN u ganb
LM = 2, SL = 6. Uepe3 cepeauny K pe6pa SM nposejieHa
npsimast KE, napaJenbHas pe6py LN. Uepes touky L 1pose-
JleHa TpsaMast, epecekaomias npsimbie MP nu KE B Toukax A n
B cootrBerctBenno. Haiiaure aminy orpeska AB.

BapuaHnt 7

(BCTyrmTeIb HBIV SK3amer 471 nobequrenedi Il v 1V 31anos
Bcepoccnickort ommmnnaasl, QakysibTeTsl — XUMUYECKIY,
HAYK O Matepuanax, buosnorn4eckny, QyHAAMEHTAsIbHOM

MELNLMHBI, BUOUHXXEHEPUN 1 BUOMHPOPMATHIKY,
[104BOBELECHMS, M€OrPaguyeckuii)’

1. Pemure ypaBHenue

x—-2=x-2.

! Ha xaxdon Gaxyrvmeme npednazaruco Kaxue-mo 6 u3 7 3adau.
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2. Pemmte ypaBHeHMe

cosdx +2cos’ x =1,
3. Pemmnte HEpaBEeHCTBO

log g5 (x +1) —log j5 (x = 1) > logs 4.
4. TIpm KaXJOM 3HAUYEHUM NapaMeTpa ¢ PElIuTe CUCTEMY
22+ 4y? = 842,
xy = 2d°.

3. Touka D sexut Ha OKPYKHOCTH, OIMCAHHOII OKOJIO Hpa-
BusbHOTO TpeyroiabHuka ABC. [lnuna orpe3ka BD pasna 1, a
qinHa otpeska AD pasna 3. Haligute ammny orpeska DC.

6. Haiiure Bce mapbl HATYyPAJIbHBIX YKces R U [, yI0BIETBOPS-
IOTIUX YCJIOBHSIM:

1) k u [ umeror o6umit eablil geaurenns, 6omabmuii 4;

2)53<k<l

3) k+1<119.

7. Ha o6oxkoBbix pe6pax SA, SB u SC 4eTbIpexyroJbHOI
nupamuibl SABCD, ocaoBanne ABCD KoToOpoii ecTb KBajipar,
B34ATBI COOTBeTcTBeHHO Toukum A, B um C; Ttak, 4ro
SA :SA=3:7, SB:SB=2:7 n SC, :S5C=4:9. Ilnoc-
KOCTb, Npoxojsimias yeped touku A, B; m C;, mepecekaer
pe6po SD B touke D;. Haiigure ortnomenue SD;:SD u
otHomeHne o6beMa mupamMuzinl SABC;D; x o6beMy IHpaMUbL
SABCD.

BapuaHT 8
(XUMUHECKILT QPaKYSIbTET U PaKYIbTET HayK O MaTepranax)
1. Pemnre HepaBeHCTBO
10 + 3x — &7 <1
22 -3x+2

2. Pemute ypaBHeHUe
Jli+sinx =1-2sinx.

3. Pemnmnte HEpaBeHCTBO
Jlogs x +3 = Jlogs x — 2 < Jlogs x — 1.

4. U3BectHo, uto Tpaneims ABCD pasnoGesipennas, BC || AD
u BC > AD. Tpaneuus ECDA takxe paBHOGeipeHHAS, TPUYEM
AE | DC w AE > DC. Haiigute BE, ecau M3BeCTHO, 4TO
kocunyc cymMmbl yriaoB CDE w BDA pasen 1,/3, a DE =7.

5. lan xy6 EFGHEF\GH, ¢ nnunoii pe6pa, pasHoii 2. Ha
pe6pax EH nu HH, B3atbl Touku A u B taxue, uro EA /AH =
=2, HB/BH, =1/2. Yepes toukun A, B, G; mpoBeaeHa mioc-
koctb. Haitznre paccrosinue ot Touku E 0 9TOH MJIOCKOCTH.

6. Haiiaure Bce 3HaueHus mapaMeTpoB ¢ U b, IpU KOTOPBIX
cpein KOpHeH ypaBHEHUS

(:051/2x+(a2 —ab+b? —3)2 -
- (4a2—4—b2+2ab)(x+1)-2x=0

€CTb /[1Ba pa3JIMYHbIX KOPHA C PaBHbIMU a0COJIIOTHBIMU BEJINYH-
HaMHu.

BapuaHt 9

(6rI010rM4eCKIgi PaKyIbTET, BaKyIbTeT QyHAAMEHTASTbHOM
MEAULINHBI, aKy IbTET OUONHXEHEDPM 1 BUOMHGBOPMATLIKM)

1. Pemmre ypaBHeHHE

Jr+2=]x-1].

2005/ No

2. Pemmite ypaBHeHue

sin xsin 3x = cos 2x cos 4x .

3. B paBHOGOYHOII Tpareruu ¢ ocHOBaHUsIMU 1 U 4 pactoJio-
JKEHbI JIBe OKPY>KHOCTHU, KaXXJash U3 KOTOPBIX KacaeTcs APYTroi
OKPY’KHOCTH, ABYX OOKOBBIX CTOPOH U OJHOTO M3 OCHOBAHMHIA.
Haiizure mtomaipb Tparemun.

4. Pemute HepaBeHCTBO

)

log, (4" =5-2%%2 +24) -

! 5.3
-1 p 221*2—7-2H+—)2—.
o8 2( 2)7 2

)
5. B map paauyca 4 BuncaHa HpaBHJIbHAS IIECTHYTOJbHAS

nupamMuia ¢ BeIcOTOl 6, a B Hee BImcan Bropoil map. Haiigure
pajuyc BTOPOroO Iapa.

BapwnaHt 10
(chakysibTerT IoYBOBELEHMS)

1. Haiigure nauGosbliee U HaMMeHbIlee 3HAYEHUST (PYHKIIUH
y:2x2 —3x mpu xe[—1;3].
2. Pemmite ypaBHeHMe

[5Sx+1|+7x+2=0.
3. Pemute ypaBHeHUE
\/xz +5x +4 —\/xz -—x-6= —\/2962 +4x -2
4. Peunte HepaBEeHCTBO

logys (2 = 3) = x 1.

3. Haiijiure Bce 3HaUeHUsI X, YIOBIETBOPSIONIIE HEPABEHCTBY
0 <x <7 u gBagoNMeECcs PENIeHUSIMU YPABHEHUS

6. B okpy:KHOCTDb pajiyca S BMcaH KBajapar. Ha okpyxHOCTH
OTMEYEHA TOYKA, PACCTOSIHIE OT KOTOPOil /{0 O/{HOH M3 BEpIINH
KBajipaTa paBHO 6. Haiisiure paccTrosiHust OT 3TOU TOYKH /[0 TPEX
JPYTUX BEPIINH KBa[para.

7. Joxaxure, 410 rpaduk QyHKIUH
2

x°+5x

=4x +logy | ——

Y & [xz + 3x - 4]

HMEEeT HEeHTp CUMMETPpUN, n IIafII[HTe KOOpJANHATDbI (JC, y) aToro
IIEHTPpa CUMMETPUN.

BapwaHT 11
(reorpaguyeckusi gakysbrer)

1. Peunte HepaBeHCTBO

6
V¥ - 64 >0 .
x -3
2. Pemmite ypaBHEeHMe
sin 3x

sin x +sin 2x

3. Ilynktet A u B coexunennl aByms jgoporamu. Ilepsas
Jlopora pas/iesieHa apoMHOii iepernpaBoii ¢ oguuM napomModM. Ha
BTOPOH jlopore mpensATcTBUi HeT. IlepenpaBa Ha mapome 3aHu-

Maer 5 vaca. [Tapom pa6oraet 6e3 nepepbiBoB. V3 nynkra A mo

NepBOil JIopore Bble3:KaeT aBTOMOOUJIb, CKOPOCTb [BUKEHHS
Kotoporo 1o gopore paBua 60 kM /4. OJHOBpPEMEHHO C HUM U3
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MyHKTa B 10 TOI JKe Jopore BbIE3)KaeT TPAKTOP CO CKOPOCTHIO
20 kM /4. ABTOMOOUJIb Ge3 3a/IePKKH TIEPETPABJISIETCS] TADOMOM
U BCTpeYaeT TPAKTop, oxkujatonuii mapom. Ilocse npubpitus B
NYHKT B aBToMo6u/b 6€3 OCTAHOBKHM BO3BPAIAETCS MO BTOPOI
Jlopore u IpuObIBaeT B MyHKT A Ha 15 MUHYT paHbIile TPAKTOPA,

1
3aTpaTuB Ha OOPATHBII IIyTh HA 5 Haca 6oJIblle, YeM Ha IIyThb U3

A B B. Haiigure:

a) pasHOCTh MEXy AJMHAMHU BTOPOU M TEpBOil MOpOT, He
YUHUTBIBAs JIJINHY TeperpaBbl;

6) JUIMHY BTODPOI JIOPOTH, €CJIM U3BECTHO, UTO, TI0eXaB 06part-
HO TI0 NepBOW [opore, aBTOMOOWJb TPHOBLI Obl B IMYHKT A
O/IHOBPEMEHHO C TPaKTOPOM.

4. B BoinykJjom yerbipexyroabuuke ABCD touku K, L, M,
N — cepegunnl cropon AB, BC, CD, DA coOTBETCTBEHHO.
Otpesku KM u LN mnepecekaiorcs B Touke E. Ilmomann
yerpipexyroJbHukoB AKEN, BKEL v DNEM pasubl 6, 6 1 12
cooTBeTcTBeHHO. Hailigure:

a) mromanpb yerbipexyrobiuka CMEL;

6) orpesok CD, ecin AB = 5
5. [Ipy KakWX 3HAYEHUSAX MapaMeTpa d CHcTeMa
lx—al+|y—a+|la+1-a|+|a+1-y| =2,
y+2lx-5=6
nMeeT eJMHCTBEHHOe pellieHe?
6. Cxonbko 1nudp comaep:KUTCS B JACCATUYHON 3anucu

99991-ro wsiewa mocaemoBaTesbHOCTH &, , ecau dy =0,
dyyy = 2a, +1024, 1g2=10,301029...?

BapuaHT 12

(reosiormnyeckuii gaky/ibTer)

1. PemuTe nHepaBeHCTBO
x =2
R
2. Kakue 3HayeHUs MOXKET NPUHUMATH Sin X, ecqu

sin(x+£):—l?
3 2

s4—x2,

3. Pemnre HepaBeHCTBO
Vadl —x* <x+21.

4. B tpeyronpuuke ABC yroa B npsMoit, Touka M JeXXUT HA
ctropone AC, npuuem AM : MC = 1:3v3 . Beanuuna yria
ABM pasua m/6, BM = 6. Haiigure Bennuuny yria BAC u
PACCTOSIHIE MEXKIY LeHTPAMH OKDY’KHOCTei, ONHCAHHBIX BOK-
pyr tpeyronbuukos BCM u BAM.

5. Pemure HEpaBeHCTBO

logs_ (> = 10x +25) = 2logy_, (4x - x* +5)+2<0.

6. [[Be TPYIIIBI re0JI0rOB UCCJAEAYIOT MAPIIPYT, MPOXO/SIIIIA
ot nyHkTa A depe3 nyHKT B no nynkra C. IlepBas rpymnma
MPOXOJMT BeChb MapuIpyT 3a 2 s, a Bropag — 3a 3. Paccros-
Hue Mexnay A m B BaBoe menblie paccrosnusa mexay B u C.
CxopocTH ABIKEHHs Py Ha yyacTkax AB 1 BC MOCTOSTHHBI,
HO Ha y4yacTtke AB ckopocT 06euX I'PYyIIl B 72 pa3 MEHbIIIE, YeM
ux ckopoctu Ha yyactke BC. I'pynnbl BbIXOAAT 0/JHOBPEMEHHO
u3 A n C naBcrpeuy Apyr apyry. Eciu nepBas rpyiina BbIXOANUT
u3 A, a sropas u3 C, To onu Bctpevaiorcs B B. Ecan ke nepBas
BbixoguT 3 C, a BTOpas u3 A, TO OHUM BCTPEUAIOTCSI B IYHKTE
D. Kakyio 4acTb OT JJIMHBI BCETO MaplIpyTa COCTaBJISIET pac-
crostaue Mexxay B u D? Uemy paBHO 3Hauenue m?

7. Pemmre cucreMy ypaBHEHWUI

siny 1
cos(x+y) 2’
cosy 1

cos(x+y) 2
8. Y nmupamugpr SABC ocHoBaHWeM SIBJISIETCS MPABUJIbHBIN

tpeyrobuuk ABC co croponoii 2+/2 . Pe6pa SB u SC pasHbl,
map Kacaercs CTOPOH OCHOBaHus, miaockoctu rpanu SBC, a

3V2

takke pe6pa SA. UeMmy paBeH pajauyc mapa, ecin SA = - ?

BapuaHT 13
(gunonoruqeckmi @akysibTer)
1. Ilpn kakux 3HAUeHUSX MapaMeTpa d ypaBHeHUe

2a -1 _

2+ 0

He VMeeT pelrenuii?
2. Pemmnte ypaBHEHME

4 cos? 3x—4cos(3x—§)—1= 0.
3. Pemure ypaBHeHUe
(x+4)(«? +4) =5-2"" —16(2)" |

4. VI3 Toukn M Ha IIJIOCKOCTD O OIyIIeH nepreHaukyasp MH
JUINHBL +/3 ¥ NPOBE/IEHbI JIBE HAKJOHHbBIC, COCTABJSIONINE C
MepHeHAnKyIsIpoM yrabl 1o 60°. Yrom Mexay HaKJOHHBIMEI
pasen 120°.

a) Haiigure paccrosinue Mesx/y ocHOBaHUSAMEU A U B HaKJIOH-
HBIX.

6) Ha orpeske AB Kak Ha KaTeTe B IJIOCKOCTH O TOCTPOCH
npsaMoyroabHbiil Tpeyroabank ABC (yron A upsimoii). Haiiaure
o6bem mupamuipt MABC, 3uast, uto cosZ BMC = —% .

3. Kpunrrorpaduveckast 1aboparopust oIy dnia 3a[aHie pac-
mudpoBaTh TPU TEKCTA OJIMHAKOBOTO oO6bema. Kanuran ViBaHoB
Ha pacmu@poBKy IIepBOTO U BTOPOTO TEKCTOB B CYMME 3aTPaTHJI
40,5 mMunyT, a Ha pacmudpPoBKy BTOPOTO M TpeTbero — 37,5
MunyT. OKa3aJoch TakKe, YTO BTOPOH TEKCT OH pacmu@poBbl-
BaJI C TAKOIi K€ CKOPOCTHIO, KaK B CPEHEM TIE€PBBIN U TPEeTUil. 3a
Kakoe BpeMs KaluTaH VIBaHOB BBINOJHUJ 3aJaHue?

6. [lana cucrema ypaBHEHWI

y=alx-3d,
|1 = b=y
a) Tlpu KakWX 3HAYCHUAX MAPAMETPOB ¢ W b 3Ta CcucTEeMa
OTHOCHUTEJbHO HEU3BECTHBIX X U Y MMeeT GECKOHEYHO MHOTO
perrenuii?
6) Ha miockoctn Oxy n306pasute MHOKECTBO TOYEK, KOOP/IH-

HATbl KOTOPbIX TAKOBbI, YTO CUCTEMAa OTHOCUTEJbHO HEU3BECT-
HBIX d 1 b umeer POBHO TpHU pENIEHUA.

BapuaHT 14
(5KOHOMMYECKMI QOaKYIIbTET, OTAETIEHNE IKOHOMMKM)

1. Boluncaure npoussejeHNe BCEX OTPUIATEJNbHBIX KOPHEN
ypaBHEeHUs

33 1 13n
2 4 =2/5x tg—.
2sin —1?5 \/§x 4
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2. Pemmte HEPaBEHCTBO

1+ 2sin? 4mx - log, (1 1x — 4x% - 7) < cos8mx .
3

3. Okpy:xHOCTD, nepecekatoniast 6oxosbie cropoust AC u CB
paBHOOGeipeHHOr0 TpeyroabHiKka ACB B Toukax P u Q cooTseT-
CTBEHHO, SBJISIETCST ONMUCAHHOW OK0JIO0 TpeyroabHuka ABQ. Or-
pe3ku AQ u BP nepecekaiorcs B Touke D Tax, uto AQ : AD =
4 : 3. Haitgute niomanb tpeyronbauka DQB, ecan mI0maib
tpeyrosabiuka PQC pasna 3.

4. Pemmnte HEpaBEHCTBO

2
422 +20x+25 (x +2x + 1) +

log .3 (2x +5) log

2
+ log(li . )(x —x—2)20.
3 3x+9
3. ITapom rpy3omnomgbeMuocTsio 109 TOHH MEPEBO3UT [PKUTIBI 1
rpy3oBuku. KoimuecTBo MEpeBO3MMBIX HA IIApOME IPY30BHKOB
He Meree yeM Ha 20% IPEBOCXOIUT KOJUYECTBO TTEPEBO3UMBIX
JUKUTIOB. Bec M cTOMMOCTD TI€PEBO3KU OJJHOTO /KU COCTABIIS-
10T 3 ToHHbl 1 600 py6ueit, rpysoBuka — 5 ToHH u 700 py6.eit
coorBercTBeHHO. Ompe/ennre HanGOJBIIYI0 BO3ZMOXKHYIO CyM-
MapHYyIO CTOUMOCTD MEPEBO3KHU BCEX JKUIIOB W I'PY30BUKOB TIPH
JAHHBIX YCJIOBHSIX.
6. Haiinute HanboJiblllee 3HaUEHKE TIapaMeTpa w, IPU KOTO-
POM HMeeT pelieHne CUCTeMa
. .9 2x 2x
4sin? y — w = 16 sin’ - +9ctg? ==,
(nz cos? 3x - 2m® — 72) yz =
=2n’ (1 + yz)sin 3x.

7. B npaBusbHYI0 TPEYTOIBHYIO HHPAMULY C BBICOTON A :%

7 CTOPOHON OCHOBaHUS d = +/15 BJIOKEHBI MATH MAPOB OJ[IHA-

KOBOTO paznyca. OJUH U3 MapoB KacaeTcss OCHOBAHUS ITHPaMHU-
bl B ero meHTpe. Kakablil 3 Tpex ApyTruUX IMIapOB KacaeTcs
CBO€lt 6OKOBOI IPaHU MUPAMU/IBI, TPUUYEM TOYKA KACAHUS JIEKHUT
Ha arodeMe U JIeJIUT ee B OTHOIIeHu! 1 : 2, cuutasi OT BEPIIMHBI.
IIaTeiit map kacaercs Bcex yerbIpex ImapoB. Haiinanurte pagmyc
IapoB.

BapuaHT 15
( BbicLuas 1Kosa 6M3H6’Ca)

1. Pemnre HEepaBeHCTBO

2. Pemmite ypaBHeHME

logs (3sin x) + log, (cosx) =1.
3
3. Pemute cucreMy ypaBHEHUil
Jr+1+3y-2=1,
x+y—-20=0.

4. Haiiqnre nepumerp tpeyrosibiuka ABC, eciy M3BECTHBI
koopunatel ero sepimn A (=3;5), B(3;-3) u troukn M (6;1),
sBasIoNIeiicst cepeauHoil ctoponst BC.

5. CKOJIBKO BpEMEHNU B T€YEHUE CYTOK Ha JJEKTPOHHOM Ta0JI0
BOK3AJIbHBIX YaCOB, KOTOPBIE TOKA3bIBAIOT BPEMS B [HANIA30HE OT
00:00 1o 23:59, npucytcTByer X0Ts1 ObI ojiHa 1udpa 3?

6. Haiiiire Bce mapbl 1eJIbIX HEOTPUIIATEIbHBIX YHACE]T (k; m) ,
ABJAOIUXCA PELUICHUAMU YPaBHEHUA

2k? + 7k = 2mk + 3m + 36 .

2005/ No

7. Haiigure nauGosibiiiee 3HaueHWe BbIpakeHUs 3x — 2y Ha
MHOJKECTBE MEePEMEHHBIX X, ¥, YJOBJIETBOPSIONIUX YCJIOBUIO

4% + y* =16

8. Haiiqure Bce snauenus napamerpa p € [—4;4], npu xoro-
PbIX HEpPaBEHCTBO

(P=2)((x+1)(p-3)+2x)>0
BBITIOJIHSIETCST TIPH 066X X =0 .
BapuaHT 16
(@akynbrer ncuxonorvi)
1. Pemute ypaBHeHme
4% —12-2 -1=0.
2. Pemnmnte HEPaBEHCTBO

log . (x;—2) <1,
22-10

3. Pemmure ypaBHenue

x/ﬁcosxctgx+«/§cosx+ Sctgx =0

W HaiiuTe CyMMY €ro pasJIMYHbIX KOPHEH, NPUHAIIEKANNX
orpesky [—m; m].

4. OxpyskHOCTDb pajuyca 3 NPOXOJUT yepe3 BepiinHbl A u B
IpsIMOyTOJIbHOTO TpeyronbHuka ABC ¢ xatetoM AB = 5. Ilps-
Mag CD xacaercst aToil OKpy:kHOCTH B Touke D. Haiinure
BesmunHy yriaa ABD wn pauny Broporo kateta AC, ecom yuy DA
peaut yroa CDB nomnomnaM.

5. Haiiiute Bce 3HaueHmsT mapameTpa d, NMPU KaXKIOM W3
KOTOPBIX ypaBHEHUE

|x2 —5|x|| =a(x+4)
HMeeT POBHO TPH Pa3JMYHBIX KOPHS.

BapwaHt 17

(UHCTITYT CTPaH A3 1 Agpukit)
1. Pemte HepaBeHCTBO

(x+3)Va? -25<0.

2. Pemute ypaBHeHUE

3

sin® x —cos® x = 1.

3. Pemute cucreMy ypaBHeHUil

22+ = xyz,
vyt + 2% = xyz,
22+ a? = aye.

4. Pemute ypaBHeHUe
(2 logy (22 +1) - x) (1og2 (2 +27)- 2) -8,

3. JIBe OKPYKHOCTH PAIyCOB V2 u2 nepecexaTcs IpyT ¢
JIPYTOM, PACCTOSTHUE MEXK/Y WX IeHTPAMHU PABHO J3 +1. Haii-
JIUTE OTHOIIEHKE MJIONAAM KPYra, BIMCAHHOTO B OOLIYIO YacTb
KPYTrOB, OTPAaHMYEHHBIX 3THMU OKPYKHOCTSIMH, K TLIOMAJN
o6miell yacTi.

6. Haiigure nanGoJsibiiiee U HaMMeHbIIlee 3HAYEHUS BbIpaXKe-

y2 w?
HUS “— +—,

25 144 €CJIn BeJIMYUHbI X, Y, zZ, @ YAOBJIETBOPAIOT
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cucreme
2+ 420 +4y-20=0,
22 +w? - 2w—-143 =0,
xw+yz—x+w+2z-6120.

BapuaHT 18
(coymonoruyeckni ¢aky/ibTer)
1. Pemnre HepaBeHCTBO

x2+8x+15<
2 +7x+14

2. Pemmire ypaBHeHUE
m
=

3. Honyastprocts mpoaykra A 3a 2002 rox Bbipocsa ma 20%,
B cJaenyionieM roay cumsmiack Ha 10%, a B komme 2004 romga
CpaBHSJIAch ¢ HomyJsipHocTbio mpoaykra b. IlomysasprocTb
npoaykra b B 2002 roay cuususach na 20%, 3areM Ha MPOTSIKe-
HUH OJTHOTO T0O/la He M3MeHsITach, a 3a 2004 ro Beipoc.ia Ha 40%.
Kak namenunsach nmomynspaoctsb npoaykra A 3a 2004 rox, ecan
B Havase 2002 roga oHa cocraBisija 2,/3 OT HOINYJSPHOCTH
npoaykra b?

4. B rpeyroabuuke ABC yroa npu Bepuute B pasen 1/3, a
JUTHHBI OTPE3KOB, COEAMHSIONHX 1eHTp O BIUCAHHON OKPYKHO-
ctu ¢ BepumHamu A u C, paBubl 4 u 6 cootBeTcTBeHHO. Haiigute
paanyc OKpY’KHOCTH, BIHCAHHOH B TpeyroabHUK ABC.

3. Tpu yucsa, SABJISIONIHECS JJIHHAMEI peGep IPSIMOYTOJIBHOTO
napaJiiesieniire/ia ¢ AMaronabio 6, 06pas3yor apudMeTnIecKyIo
nporpeccuio. KyObl atux uncen Toxxe o6pasyor apudmerunyec-
Kylo nporpeccuio. Haiinure atu uncia.

6. [lng Kask[IOro TOJIOKUTEJbHOTO 3HAUEHUSI TapaMeTpa ¢
u3o6pasure MHOXKeCTBO Tex nap (b, @) , JuIst KaxK/10il 13 KOTOPBIX
ypaBHeHue

4sin? 3x —2sin(2x —g)— 4eos’ (x —m) = tggctg

bx2+ax—2+c:0

HNMEET /[IBa Pa3JIMYHbIX OTPUIIATEJIbHbIX KOPHA, U YKAKUTE BCE
3HAQUYCHUA MapaMeTpa d, IPpU KaXX/0M M3 KOTOPbIX MHOXKECTBO
COOTBETCTBYIOIINX 3HAQYEHUN COCTOUT M3 ABYX HeENEpeCeKalo-
MUXCA MHTEPBAJIOB.

BapuaHT 19
(@aKkyIbTET rOCY.A3PCTBEHHOIO YIPABIEHHS)

1. Tect, KOTOPBIN [OKEH MPOWTU UCIIBITYEMBIH, COCTOUT W3
26 BoOmpocoB. 3a KaXX/blii HEBEPHBIH OTBET y WCIIBITYEMOTO
BBIUUTAETCS TISITh OUKOB, a 332 KaK/Iblil TPaBUJIbHbII — HAYKMCJIS-
eTcst BoceMb O4YKOB. VICIbITyeMblit /1aJl OTBETHI Ha BCE BOIIPOCHI.
Ha ckoJbKO BOIPOCOB OH OTBETHJI IPABUJIBHO, €CJU B HTOTE
CyMMa IOJIy4YeHHBIX UM OYKOB OKa3aJachb PaBHOH HYJO?

2. Pemre ypaBHeHue

sin2x —2cos4x +sinbx = 2.

3. ﬂ]II/IHbI TpeX CTOPOH YETbIPEXYTOJIbHUKA, BIIMCAHHOTO B
OKPYXHOCTb pajnyca 2+/2 , oammakosbl i pasubl 2. Haiigure
JUINHY 4eTBepTOil CTOPOHBDI.

4. Kommanus mpeuioskuia 350 cBOUM CJryKalllM BBITIOJHUTH
CBEPXYPOUHYIO paGoTy, MpUYeM KasKJOMY MYKUMHE IMpejJiara-
JIOCh B Bu/ie Bo3HarpaxkaeHus 20 10/1apoB, a KaKJI0W KEHITIHE
— 16 ponnapos 30 1eHTOB. Bee JKEHIUHDBI COTTACUJINCH C ATHM
NPEJIOKEHNEM, & YacTb MYXKUMH OTKazasnach. OO6mas cymma
BBIMIJIAYEHHOTO BO3HArpaXkieHust coctaBuiaa 5705 [10J1apoB.

KaxoBa cymMMa BO3HAIPAXK/IE€HHs, BBIIJIAYEHHOTO BCEM JKEHIIN-
Ham?
5. Hafimnute Bce 3HAYeHUSX X, yAOBIETBOPSIOININE HEPABEH-

CTBY
min (log3 (3x +5),Va” —x —2) <2,

6. KakoBo MMHHMMAJbHOE YHCJIO THPb, HEOOXOAMMBIX IS
TOTO, 4TOOBI B3BECUTD JII000H rpy3 Maccoii ot 1 10 39 kuorpam-
MOB Ha pbluaKHbIX (YalIeuHbIX) BECAX, €CJIM U3BECTHO, YTO ITOT
IPY3 MOKET BECUTh TOJBKO IEJ0€ YIC/JI0 KHIOTPaMMOB?

7. Ha niockoctn Oxy HaiiguTe Ham6obliee pacCTOSHIE
MEJK/Ly TAKMMI ABYMsI TOYKaMH ¢ KOOPAUHATAMHU (X, ), 4TO X U
Y ABJISIOTCS MEJBIMU YHUCJIAMH U yIOBJETBOPAIOT yPABHEHUIO

FESN O
y X Xy
PUINKA

Dusmyecknin dakynbTtet
3aA4a4Ym yCTHOro 3K3amMeHa

1. Ilo ropu3oOHTAJbHOI IIIOCKOCTH CKOJIb3UT KBaJpaTHAs
miactuia ABCD. B HeKOTOpbIil MOMEHT CKOPOCTH BepIIuH A 1
B oxasajucb HepreHjnKyJISApHbIMU JIPYT JPYry, & CKOPOCTb
sepmmubl C GblIa paBHA © U COCTABIIA C BeKTOpoM CD yrou,
taurenc Koroporo pasen 0,5. Haiigute ckopocth TOukum M,
aBJigonieiics cepeinHoil orpeska AB, B 3TOT MOMEHT BpeMEHH.

2. ABTOMOGHJIb MAccoil 7 CO BCEMHU BEIYNIMMU KOJECAMH,
CTOSINI HA TPAMOJIMHEHOM TOPU30HTAIBHOM y4acTKe JOPOTH,
HaunMHaeT JABuxKeHue. [Ipu aToM ABUTaTE/b PA3BUBACT ITOCTOSH-
nyio momuoctb N. Koadduiment tpenus koJec o g1opory U .
IIpene6perasi CUJION COMPOTHBJIEHHS [BUKEHHIO aBTOMOOWJIS,
HalinTe 3aBUCUMOCTD €r0 CKOPOCTH O OT BPEMEHH.

3. Ha ramagkoii niockoctu, o6pasyiolieil ¢ TOPU3OHTOM yTOJI
o, JIeKUT JUIMHHAS JJ0CKa Maccoil M, ynupalomasncs HUKHUM
TOPIIOM B JIETKYIO TIPY>KMHY, BTOPOii KOHeIl KOTOPOii 3aKpeIieH
(puc.1). Ha gocke naxo-
IUTCS KyOMK Maccoil m,
KOTOPDBIN € HOMOIIBIO Ha-
paJIJIeJbHON JIOCKE HUTH
MEeJIJIEHHO U PaBHOMEPHO
nepememiaioT BBepX. Ocu
MPY>KUHBI M JIOCKU, HUTb  Pyc 7
1 LEeHTp Macc Ky6uka Ha-

XOJIATCS B OJHON BEPTHKAJIbHOI nuockoctu. IIpu KakoMm Koag-
¢unmente TpeHuss W KyO6umKa O JOCKy OH Oy/eT cOBeplIaTh
rapMOHMYECKHE KOJIeGAHUST IOCJTe BHE3ATHOTO 0OPbIBA HUTH?

4. Yepe3 kpaH, BMOHTHPOBAaHHbBI B JHO IMJMH/PA, OCb
KOTOPOTO TOPH30HTAJbHA, 3aKadaJl HEKOTOpPOe KOJIYeCTBO
resiusi. [Ipu aTOM nopieHb B MUJIMHAPE MEPEMENIACs, TPeo/I0-
JieBas JieficTBue BHelHero arMocepHOTo JaBJeHUS Py U CHIY
CYyXOro TPEHHSI O CTEHKH IMJMH/Jpa. 3aTeM KpaH 3aKpblIu, a
TEeMIEepaTypy ra3a U3MEHUJIH TaK, 4TO €ro 06beM yCTAHOBUJICS
paBupiM V. Kakoe kosmuectBO TemsioTbl Q HY3KHO COOGIIUTD
ragy, 4roObl pacCcTOSHUE MEXAY JAHOM IUJIMHIPA U HOPIIHEM
yBeJIMYMI0Ch Ha AL, ecam mJomajb cedeHus HopiHsa S, a
BEJIMMIHA CHJIbL CyXOTO TPEHUsT CKOMIbKeHust F, ?

5. Mexy AHOM NUIMHADA U TJIAJKAM TOPIIHEM TIPH TEMIIe-
parype T, =111 K cozpepxurca cMmech reius U KPUITOHA €
OTHOCHTEJIbHOI BJaskHOCTBbIO @ = 0,5 . Il10THOCTD Tesns B n =
= 2 pa3a MeHblIle IJIOTHOCTH KpunToHa. Och IUINH/PA TOPU30H-
TaJdbHa. BHe 1MIMH/ApA [aBJeHUE PABHO HOPMAJbHOMY aTMOC-
¢eprnomy. Temneparypa KuIleHHS KPHUIITOHA [IPH HOPMAJbHOM
atMocdepHoM faBienun paia T, = 121 K . MoJisipHble Macchbl re-
JIust M KpunToHa paBubl M. =4 1/Moab u M, =84 1,/Moub.
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Ha cxoibko HY’>XHO MOHM3UTH TEMIEpPaTypy CMecH, 4TOObI Ha
CTEeHKaX IHUJUHApa BbiMajga poca? Cyutarh, 4YTO JaBJeHUE
HACBIIIEHHBIX TAPOB KPUIITOHA JIMHEHHO 3aBUCUT OT €10 a6COJIOT-
HOH TeMIepaTyphl.

6. Ha paccrositnum 2R oT 1ieHTpa 3aKperieHHOT0 H30JIMPOBaH-
HOTO TIPOBOJIAIIETO Iapa paguycoM R yaep>KuUBaioOT MOJOXKU-
TeJIbHBI TOYCUHBIN 3apsan 2Q. 3apsn camoro mapa paBeH Q.
Kaxky1o cKopocTb v MOKET IPHOOPECTH 3JIEKTPOH, HAYMHAIOTIIH
cBoe JBUIKeHMe W3 6eCKOHEYHO YJAaJeHHOU OT Iapa TOYKH, K
MOMEHTY TOTIa/IaHus Ha Tmap?

7. Tonkoe mpoBojdiee KOJbIIO PAJAUYCOM 7 HAXOJUTCS B
TOPU3OHTAJbHOM OJHOPOJHOM MAarHMTHOM II0JIi€ C HH[[yKHI/IefI
B, IepIeHUKYJISPHON T1I0C-
koctu Kousbua (puc.2). Ton-
KU TOABUKHBIA TPOBOJTHUK
OA, umeronuii Maccy m u co-
npoTuBJieHne R, oJHUM KOH-
IIOM TMApHUPHO 3aKperJieH B
nenrpe kosbua (rouka O), a
apyrum (Touka A) CKOb3UT 110
koJsibily. Hailigure 3axon, 1o
KOTOPOMY [IOJDKHA U3MEHSTHCS
co BpemeneM I /[C ucrounmuka
HAIPSKEHUS, TTO/IKJIIOYEHHOTO
K Touke O U KOJbILy, 4TOOBI
Puc. 2 MPOBO/IHIK BPAIIAJICS C TOCTO-

AHHOM yTJIOBOI CKOPOCTBIO ( .
ConpoTuBJIEHUEM KOJIbI[A ¥ KOHTAKTOB, MHAYKTHBHOCTBIO KOH-
Typa, M0 KOTOPOMY IPOTEKAeT TOK, W TPEHUEM IpeHeOpeyb.
Harmpasiienne BeKTOpa YCKOPeHUs: CBOOOHOTO TaJleHusi § yKa-
3aHO HA PUCYHKE.

8. Kosbiio pasmycoM @ W3 TOHKOW MEIHOW IPOBOJIOKH,
uMelolee COMPOTHBJeHNE R, yAepKUBAIOT B OJHOPOJIHOM Mar-

HUTHOM II0JI€, JHUHUUN

i1 4 UHAYKINIKA KOTOPOTO IIep-
1 MEeH/UKYJISIPHBI [IJI0CKO-
3T ctu koJiblia. [Ipoekius

|

B BexTOpa MHAYKIINK Ha
0Cb KOJIbl[a U3MEHAETCS
CO BPEMEHEM C IIepHuo-

L] +

W

— I, k ' aoM T 110 3aKoHy, U300-
PakeHHOMY Ha PHCYHKe
Puc. 3 3. Ilpene6Gperas wuH-

JNYKTUBHOCTBIO KOJIBIIA,
Hali[uTe CPEeAHIO TEMJOBYIO MOIIHOCTb, BBIAEJSIIONIYIOCS B
KOJIbLIE.

9. Toueunblil UCTOYHUK CBeTa PACIOJOYKEH Ha TJIABHOU OII-
THYECKOU ocu Ha paccrossuuu d = 30 ¢cM OT TOHKOU cobupaio-
Imeil JJMH3bI, ONTHYeCKas cUjIa Kotopoit D = 5 autp. namerp
suH3bl b = 1 cM. Ha Kakoe paccrostHue Ax CMeCTHTCSI U300-
pakKeHUue MCTOYHUKA, €CJU MEXK/y HUM U JIMH30H TIePIeHINKY-
JIIPHO €€ TJIABHOIl ONTHYECKOIl OCH TOMECTUTb CTEKJSHHYIO
IJIACTHHKY TOJIIMHON /2 = 15 ¢M ¢ mokasaTteseM IPeJOMJIEHHs
n=1,57?

10. Ha ropu3oHTaIbHYIO OBEPXHOCTD CTEKJIA HAJUT TOHKUI
CJI0i1 TPO3PAYHON JKUKOCTH C TOKa3aTeseM npejomiaenus n. Ha
JKUJIKOCTD CBEPXY TI0J] YIJIOM ¢ K BEPTHKAJN TaJJaeT TapaJiiesb-
HBbIf MYYOK CBeTa C JJIMHOI BOMHDBI A . JKHAKOCTD MeisIeHHO
ucnapsiercsi. B HEKOTOPbII MOMEHT HHTEHCHUBHOCTD OTPAXKEHHO-
IO CBeTa CTAHOBUTCS MAKCHMAJbHOMU, a 3aTeM yObIBAaeT W BHOBb
CTAHOBUTCSI MAKCHUMAJbHOW Yepe3 NPOMEXKYTOK BPEMEHH T .
Haiinure ckopocTh 0, ¢ KOTOPOH yMeHBbIIAeTCs TOJIIUHA CJOS
KUJKOCTH 13-32 UCTIAPEHUSI.

2005/ No

DakynbTeT BbIMUCINTENIbHOW MaTEMATUKM
N KNbepHeTUKN

3a4a41 YCTHOro 3K3amMeHa

1. Y3HaB 0 roToBsIeMCsl HANAJCHUU HEIPUSTENs, PEHIeTKY
BOPOT 3aMKa Hayaju OMYyCKaTb C MOCTOSTHHOW CKOPOCTBIO U =
= 0,2 m/c. Masbuuk, urpasummii Ha paccrosiuuu [ = 20 M or
BOPOT, B TOT XXe MOMeHT Gpocuicst 6exkath K BoporaMm. CHavaa
OH JIBUTAJICSI PABHOYCKOPEHHO, a 3aTeM, HaGpaB MaKCHUMaJbHYIO
CKOpOCTb ¥y = 2,5 M/c, — paBHOMepHO. C KaKMM MUHUMAJb-
HBIM YCKOPEHUEM i, MOT PA3TOHSATHCS MAJTbYHK, YTOOBI YCIIETH
npobeskaTh IO/ PENIeTKO BOPOT B MOJHBIA POCT, €CJIu B
HavyaJ bHBII MOMEHT HIDKHWH Kpall pemeTKH HaXOAWJCS Ha
paccrosann H = 3 M oT noBepxHocTH 3eMmyan? Poct Mambumka
h=1mM.

2. IIpu mosimBe calo0BOTO yUaCTKA HAKOHEYHHK BOJOTIPOBO/HO-
TO IIIJIaHTa PACIIOJIOKIIN Ha BbicoTe 2= 0,8 M Ha/1 TOBEPXHOCTHIO
3eMJIM, HalpaBUB CTPYI0 BOJABI BBepX moj yriaom o = 30° k
ropusonty. Haiiziute Maccy m BoAbI, cojiep:Kalieiicss B OTpe3Ke
CTPYM OT HAKOHEYHWKA IIJAHTa 10 ToBepxXHOCTH 3eMn. CKo-
pocTh BOABI, Gblonieil u3 mwianra, ¥y =6 M/c, BHyTpeHHee
ceucHMe HaKOHEUHWKa MaanTa S =3 cM?, TJIOTHOCTb BOJBI
p=10° Kl‘/M3 . Ycko-
penne cBOOOIHOTO Ta/jie-
HUA TPUHATH PaBHBIM
g=10 M/ .

3. Haropusonranbnoii
JIOCKe, UMEIOTIEN ITIPSIMO-
YTOJIbHBIN yCTYII BBICO-
Toit H =10 cM, pacmona- ki ¥
raeTcsi BIUIOTHYIO K yC-
TYNY OJHOPOJHBIA IU-
JMHAp pagmycom R = p, - 4
=25 cm (puc. 4). JTocky
HAYMHAIOT IBUTATH C HEKOTOPBIM YCKOPEHUEM ¢, HAIIPABJIEHHBIM
BIpaBo. KakoBo MakcuMabHO BO3MOKHOE 3HAYEHWE YCKOPEHHS
Aoy , IPU KOTOPOM IIUJIMHAP HE
Oy/ieT HMOAHUMATBHCS HA YCTYI?
Bce moBepxHocTH TJaakue. Yc-
KOpeHHe CBOGOIHOTO TaJeHUs
g=938 M/ ¢,

4. OpHOPOAHBIN CTEpXKeHb
MOJKET Bpamarbcsi 6e3 TpeHus
BOKPYT TOPHU30HTAJbHOW OCH,
IPOXO/sIIell Yepe3 ero KOHEIl
(puc. 5). K apyromy Komity crep-
skHs npusoxkena cunaa (F), Ha-
NpaBJIeHHAas TOPM30HTAJbHO U
NepHeHNKYJISIpHAs OCH Bpallle-
nus crepxkus. Ilog peifictBueM
3TOUW CWJIbI CTEPKEHb OTKJOHEH Puc. 5
OT BEPTUKAJHU HA Yro o = 45° .

Kakoit yron B cocrasJsier ¢ Beprukasbio cusia (R), nefictByio-
mast Ha CTEP’KEHb CO CTOPOHBI OCH?

5. Topusonranbhas TpyOKa cedenueM S, OTKPBITast C IBYX
KOHIIOB, 3aKperiena Henoasmwkno (puc. 6). B melt maxoaarcs
J[BA TOPIITHS, OJNH U3 KOTOPBIX COEJMHEH TPYKUHOI KeCTKOC-
TBIO R C HEMOJABHMIKHOI CTEHKO. B MCXOMHOM COCTOSTHUY /1aBJIe-
HHUE BO3/lyXa MEX/y ITOPII-

HSIMH PaBHO aTMOC(HEPHOMY %

JIABJIEHUIO Py , IPYKHHA He Py Do
nehOpMHUPOBAHA 1 PACCTOSI- Do

HUE MEXAY IMMOPUIHAMUI pPaB- i

1o [. TIpaBbIii TOPITEHb Me/I-
JICHHO TlepeMecT/IN Blipao ¢ 6
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b I Ha paccrosinue [. Kakoe
! JlaBJIEHUE BO3/[yXa Py yc-
¥ T TAHOBUJIOCh IIPH 3TOM
Mexay nopurHaMu? Tem-
neparypy BO3jyXa Cuu-
TaTh MOCTOSIHHOMU, TPEHU-
eM TpeHe6peyb.

6.Hay ngeanbubiM oj1-
HOATOMHBIM Ta30M MPO-
BOJISAT TIpoliecc, uzobpa-
1 SKeHHBI Ha PHUCYHKe 7.

Haiigure pa6ory A, co-
BEPIIAEMYIO Ta30M B 3TOM IpOIECcce, ecJii Ha yyacTke 2 — 3 ra3
MOJIyYaeT KoJmuecTBo Termnotbl Q3 = 200 /Ixx . O6bem rasa B
TouKax 2 u 4 OJUH ¥ TOT 3Ke, aBJeHUe Ta3a B TOUKe 2 B /IBa pa3a
6oJbllie JIaBJIEHUS Ta3a B TOUKe .

7. Ha pucynke 8 mso6paxkenpl pV-gamarpaMmbl JBYX IIPO-
[[ECCOB, MPOBOJMUMBIX HAJ OJHUM U TEM K€ U/IeaJbHBIM OJIHO-
aTOMHBIM ra3oM. Macca rasa, ydacTBYIOIIETO B IIpoliecce
1 — 2, B k = 2 pasa GoJbllle, 4eM Macca Taza, ¢ KOTOPBIM
npoBojuTcs tpoiiecc 3 — 4. Temmeparypa B Touke | paBHa

TeMIiepatype B Touke 3, a
TeMreparypa B TOuke 2
paBHa TeMIlepaType B TOY-
ke 4. Haiigure otHomenue
7 KOJIMYECTB TEILJIOTHI, TO-
JIy‘{aeMbIX Ta30M B IIponec-
=y cax 1 —2mu 3 — 4.
8. B rensiounsonmpoBan-
P HOM I[UJTMH/PUYECKOM CO-
cy/lle IO/ TIOPIIHEM Mac-
COW ™ HaXOAWTCS Ueasb-
HBII OJJHOATOMHBIN Tras3.
Paccrosnue mexay mopi-
HeM 1 JHOM cocyjaa x. Ha kakoe paccrosHue Ax OIyCTUTCS
HOPIIEHb, €CJIM CBEPXY MOJIOKUTH Ha HEro rpys Maccoii Am ?
Cuyurath, 4T0 Am < m , HayaJdbHOE U KOHEYHOE IIOJIOKEHUS
HOPIIHS SBJSIOTCS TOJIOKCHUSMU PAaBHOBECHUSI, TPEHUE IOPIII-
HSI O CTEHKU cocy/la npeHe6pexnuMo Maso. ArMocdepHoe /1aB-
JIeHWe He YYUTHIBATD.

9. HenpoBogsiiast Tpy6Ka, OTKPbITasi ¢ 060UX KOHIIOB, PacIio-
JIO’KE€HA TOPU3OHTAJIBHO. B TpyOKe HAaXOAATCS /IBa METAJINYEC-
KUX MOPITHS TJI0MAAbI0 S KaKIbIil, CIIOCOOHBIE TIEPEMETAThCS
6e3 tpenus. [IpocTpaHcTBO MEXY TOPIIHSAME 3aM0JHEHO BO3-
JIyXOM IpH aTMOC(EPHOM JIaBJIEHIH, TPUYEM PACCTOSTHUE MEK /Y
HOPIIHSIMI MaJIO 110 CPaBHEHUIO ¢ UX AuamerpoM. Bo ckoJbko
pa3 n yMEHDBIIUTCS PACCTOSTHUE MEXK/Y HMOPIIHSMU, €CJId 3aps-
JIUTh WX PA3HOMMEHHbIMHU 3apsgamMu g u —qg? Temmeparypa
BO3/[yXa MOCTOsIHHA. ATMOC(epPHOe JJaBjieHne Py . DJIeKTpruec-
KO€ T10JIe MEK/1y TIOPIITHSAMH CYUTATDH OJJHOPOJHBIM. DJIEKTpHYeC-
Kasl TOCTOSIHHAsl paBHa £ .

10. Ha ropuszoHTaibHO HEMTPOBO/ISIIIEN IIEPOXOBATO TOBEPX-
HOCTH 3aKpeIJieH MaJIeHbKW IapuK, MMeoNuii 3apsy g. Ma-
JIeHbKUI OPYCOK Maccoil m, HeCylMi Takoil JKe 10 3HaKy U
BEJIMUMHE 3aPsi/l, TOMEIAIOT HA 3TY TIOBEPXHOCTD HA PACCTOSIHUT
[y OT 3aKkpemieHHOrO 3apsKEHHOTo Imapuka. Kaxoil myTb [
poiizieT 6PYyCOK JI0 OCTAHOBKH, ECJIN €r0 OTIYCTUTH 63 HaYaib-
Holt ckopocTu? Koaddunnent rpernst Mesxry 6pycKoM 1 HOBEPX-
HOCTBIO W , JIEKTPUYECKAS TOCTOSTHHAS €y, YCKOpEHHE cBOOO/I-
HOTO TAJIEHUs g.

11. TenepaTop MOCTOSTHHOTO TOKA COEAMHEH C MOTpPeOHUTEIEM
(nmoesnoil Harpy3koi) JmHHMell 3JMeKTpoNepesadn, MMEomelt
comporuieane R = 10 Om. I/[C renepatopa & = 500 B, ero
momtaocTh P = 10 kBr. Onpenennte oTHOIIEHWE 1| MOITHOCTH,
BbIJIEJIIEMOIT B T0JIE3HON HATPy3Ke, K MOIHOCTH TeHepaTopa.
BHYTpeHHUM CONPOTHBJIEHUEM TeHepaTtopa npeHe6peyb.

-

Puc. 7

A
' .

4
L

Puc. 8

12. MaJjieHbKWil MapuK Maccoi R T~
m, Hecyllel IMOJOXUTEJTbHBIN 3a- // B AN
PS¢, TIO/(BETEH HA HUTH JJTMHOM r® \\

[ n nomemen B ogHopopHoe Mar- ! \
HUTHOE ToJie ¢ UHAYKIuell B, Ha- l' i
MPaBJIEHHON TOPU30HTAIBHO OT HAC | ll
(puc. 9). Coo6umuB WapuKy HeKo- /
TOPYIO CKOPOCTb, HAllPaBJIeHUE KO-
TOPOH TI0KAa3aHO HA PHUCYHKE, €ro
MPUBOJAT B JBIKEHME MO0 OKPYXK- ~
HOCTH B BEDTUKAJIBHOMN IIOCKOCTH,  p, - g
NEePUEHANKYJIAPHON MAarHuTHOMY

MO0 W COBINQJAIONIell ¢ TJIOCKOCTbIO pucyHKa. IIpm kaxoit
MUHUMAJBHON CKOPOCTH Oy, IApUKa B HIDKHEHl TOYKe OH
CMOKET COBEPIIHUTD MOJHBIH 060pOT?

13. Ha moBepXHOCTh 3€pPKaJbHOTO IIapa MaJaioT ABa mapa-
JIEJIBHBIX JIy4a CBeTa, JeXKallue B IJIOCKOCTH, MPOXOJsIleit
yepes uentp mapa (puc. 10).

Paccrosinue mexay myyamu a = — Fi
L

-
év

=1 cm. U3BecTHO, 4TO TIpU OT-
PaKEHUU OT ITOBEPXHOCTHU Tapa
OJIVIH M3 JIy4yell OTKJIAHSETCS OT
[epBOHAYAJTBHOTO HAITPABJIECHHUST
Ha yroa o = 90°, a gpyroit — Ha
yroa B = 60°. Haiiaute paguyc

mapa R.
14. B rouie crekia ¢ mokasa-
TejaeM mnpejomseHuss n = 1,5

umeetcs cepuieckas mojocTb,
3amosiHeHHast BosgyxoM (puc.  p,- 1p

11). JIyu cBeTa, pacupocTpans-

I01Uiics B CTEKJe, MalaeT Ha MOJIOCTh HA MAJIOM PACCTOSIHUU d
ot ocu OO’ , TPOXOAIIEH Yepe3 MEHTP MOJOCTH MapasIeTbHO
aydy. Ha kakom paccro-

auuu b oT 3TON Ocu Ha- o
XOAUTCA TOYKa BbBIXO/Jda

JIy4a M3 T0JI0CTH? Y TJIbl & &
Na/IEHNUS U IPEJIOMIIEHNUS >
CUUTATh MaJIbIMU. ,,l 2

15. IlnockomapaJj-  ===%==
JieJIbHAas TJIACTHHKA TOJI- &
munoil d = 1 MM usro- #
TOBJIEHA U3 TIPO3PAYHON
TJIACTMACCHI C TOKa3aTe- #

JieM TIpeJIOMJIEHUs] n = &

=1,5. Usrubasa nnactud-  Pyc 77

Ky, efl mpugaor ¢opmy,

n306paKeHHYI0 Ha pHUCcyHKe 12, T[e IM0Ka3aHo IoIepevyHoe
cevyeHye TJIACTUHKY. [lepreHAnKyISIpPHO TOPIYY TJIACTUHKH Ha
HEro majaer B IJIOCKOCTH

PHCYHKA TapaJseJbHbIH »
nmyuok csera. Ompememure
MHHUMAJBHO JIOIYCTHUMBII "
paguyc KpHMBH3HBI R,
n3ruba IJIACTUHKH, IIPU
KOTOpPOM cBeT He Oyuer FPuc 12

BBIXOJUTb U3 TLIACTUHKU

4yepe3 ee 60OKOBYIO MOBEPXHOCTD. Pa/iiyc KpUBU3HBI OTIpe/ieisieT-
ca no BHemHe# (IO OTHONIEHWIO K HANMpPABJICHUIO U3rH6a)
TIOBEPXHOCTHU MJIACTUHKU.

16. [[Be mapaJiiesbHble APYT APYTY MeTAJLJIMYeCKue MIacTH-
HBI, PACCTOSTHHE MEKIY KOTOpbIMU d = 1 cM MHOTO MeHbIIe UX
pa3MepoB, MOJAKJIIOYEHbl K MCTOYHUKY C Hampspkenuem U =
=12,5 B (puc. 13). CHavama TOJOXKUTENBHO 3apsKEHHYIO
IJTACTHHY O0JTy4aloT CBETOM YacTOTO# Vy =7 - 10" T, a 3atem
— CBETOM YacTOTOWH V, =4 - 10" Ti . Ha KaKylo BeJTUYUHY Al

&

1
1
i
[
n
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M3MEHSIETCSI MUHUMAJIbHOE PACCTOSTHUE,
Ha KOTOpoe POTONIEKTPOHBI MOTYT IIPH-
6IM3UTHCS K TIOBEPXHOCTH OTPHUIIATE b=
HO 3apsDKEHHOW IIJIACTUHBI, HPHU W3-
MeHEHUHM YacTOTbl CBeTa OT Vi [0
v, ? YacToTa cBeTa, COOTBETCTBYIONIAS
- KpacHoii rpanuie ¢poroadpdexra, MeHb-
1Ie 9acTOThI Vi . DJEeMEHTaPHBIN 3apsI

e=16-10"" Ku, nocrosuuas [nan-
ka h=6,63-10"" JI-c.

Puc. 13

XrMuyeckum dakynoTet
[TMCbMEHHbBIVI IK3ameH
BapumaHTt 1

1. Copmyaupyiite 3akon asekrposansa Dapajes.

2. Uto Takoe «MHepIUaIbHAs CUCTEMA OTCYETa» ?

b B 3. MarIII/ITHbHZI IIOTOK,
Y IPOHM3bIBAIONINIT TPOBO-
y, JUSIIIUI KOHTYD, U3MEHSI-
eTcs CO BpEMEHEM Tak,
1 KaK MOKa3aHo Ha PHCYH-
ke 14. B xakom mpome-
JKYTKE BPEMEHHU CHJIa
TOKa B KOHTYype MaKCH-
MaJibHa?

4. Tlocrpoiire nuzo6pa-
SKeHne cBeTsIelics: Tou-
KU .S B TOHKOH paccemnBa-
omeii smusze (puc.15).

3. Bo ckoJbKO pa3 uaMeHnioch 6bi (yBEJIUUUIOCH UM YMEHb-
IIUJIOCH) aBJEHUE NEATbHOTO Ta3a B JaHHOM 00beMe, ecan Gbl
CKOPOCTh KaKJON MOJIEKYJIbI Ta3a yBeJW4Ynaach B 2 pasa?

6. bpycok maccoit m = 2 xr
CKOJIb3UT 110 TOPU30HTAJIBHON

— |
'_“.

Puc. 14

e

*

Puc. 15 Puc. 16

MMOBEPXHOCTH 1O/ fieiicTBueM cubl F =10 H, nanpapiennoii moz
yraom o =45° x ropusonty (puc.16). Haiigure ycxopenne
6pycka. Koadgdunuent tpenus p = 0,2 . Yckopenue cBo6OHO-
rO MajleHus NPUHATH paBHBIM g = 10 M/c2 .

7. Haiigute nepuoj oO6paiieHus: 3JeKTPOHOB B aTOMe TeJius,
CUUTAsI, 4TO JBA DJIEKTPOHA JABHXKYTCS PABHOMEDHO O OKPY’KHO-
CTH BOKPYT HETIOJBIKHOTO sI/Ipa, HAXO/SICh IPH 9TOM HA MPOTH-
BOTIOJIOXKHBIX KOHI[AX OJIHOTO J[uamerpa. Pamuyc okpyskHOCTH
IPUHATD PAaBHBIM R. 3apsj aJleKTpOHaA e, ero Macca m.

8. [lepeBstanbiit ky6 ¢ pe6pom @ = 0,1 M maBaer Tak, 4To HA
JIBE TPETH CBOETO 00'beMa MOTPY3KeH B BoAy. Kakyio MUHUMAJTb-
HY10 pabOTy HA/I0 COBEPIIUTD, YTOOBI TIOJTHOCTBIO TOTPY3UTh Ky6

B Boay? IlnoTHOCTD BoAbI p = 103 KI‘/M3 , YyCKOpeHue CBOGOHO-

ro MajleHust NPUHATH paBHbIM g = 10 M/c2 .

9. B npouecce pacimupenusi o6beM H1eaTbHOTO ra3a yBeJInyun-
Baercsi ot V; =2 1o V, =3 11, a faBJjenue JUHENHO yObIBaeT
or p; = 600 kIla 1o p, =400 kIla. IIpu atom raz mosyvaer ot
HarpeBatesst KoandecTBO TemaoThl Q = 1 x/[>x. Haiigurte usme-
HeHMe BHyTpeHHel sHepruu rasa.

2005/ No

10. Konzgencarop emkoc- |1
thio C = 3 MKD 10/ICOETN- i
HEH K UCTOYHUKY TIOCTOSH-
Horo toka ¢ IDC & =
= 100 B. 3arem mepekJio-
yareib [l mepeBOUTCS C
KOHTaKTa ! Ha KOHTaKkT 2
(puc.17). Haiigure xo/u-
YeCTBO TEIJIOTHI, BbIJIEJIHB-
Ieecsi B pe3MCTOPE COTIPO- :I
tuBsennemM Ry =200 Om B
npoiecce MOJHOW pa3psi-
k1 KoHIeHcartopa. Corpo-
tuienne Ry, = 100 Om. ComnporuBiieHreM POBOJOB MpeHes6-
peub.

Puc. 17

BapwuaHTt 2

1. Cdopmynupyiite Tperuii 3akon HpioToHa.

2. [laiiTe ornpe/ieJieHne TOHITUS «MAarHUTHBIN TTOTOK> .

3. Cuna ToKa, TPOTEKAIONIETO Yepe3 PEe3UCTOP, MMEION[Hil
conporuBienne R = 10 Om, MeHseTcsT 1O TapMOHUYECKOMY
3aKOHYy, Tpe/cTaBieHHOMY Ha pucyHke 18. Kakoe kosnmdectBo
TEMOTHI BBIACIACT- 0
cs B pesucTope 3a
OJIMH TepuoJ| nu3Me-
HEHUI TOKa B 3TOM
caydae?

4. Tlnockuit KoH-
JIEHCATOP TOJKJIO-
4YeH K moJiocam 6a-
Tapeu C TMOCTOSTHHOI /|
J/C. Bo ckoabko
pas usmenurcs (yse-
JIMYUTCS WM YMEHb-
MUTCA) BHEPTrUs
AJIEKTPUYECKOTO TI0JIS BHYTPU KOHJIEHCATOPA, €CJU PACCTOSTHUE
MeK/y OOKJIaJIKaM¥ KOH/EHCATOPa yBEJUYHUTh B 2 pa3a’?

3. CocTosiHre HEKOTOPOTO KOJMYECTBA H/IeaJbHOTO Ta3a n3Me-
HSIJIOCH B COOTBETCTBUU ¢ VT-IuarpaMMoil, peJCcTaBIeHHON Ha
pucyske 19. 3o06pasure 3TOT ke mpolecc Ha pV-auarpamme.

6. Karon dorosnementa o6aydyaercss MOHOXPOMATHYECKUM
JKEJITBIM CBETOM C JIJTMHOMN
BosiHBl ) = 600 uM. 3a
HEKOTOpOe BpeMs (HoToaJe-
MCHT IIOTJIOTUJI SHEPTUIO
W =107 Ox. Haitaute
YHCJO MOTJIOMEHHBIX MPH
stom ¢otonos. Ilocrosn-
nHag Ilmanka h=6,6X !
x107% I - ¢ . CkopocTb .~ i
cBeTa B BakyyMe ¢ = ]
=3-10° w/c. P 19

7. lllapuk majsaer c BbI-
corsl H = 10 M 6e3 nHavasbHoii ckopocti. IIpene6Gperas cormpo-
THBJIEHHEM BO3/lyXa, HAWAUTE CPEJHIOI0 CKOPOCTb Teja Ha
BTOPOIi TOJIOBUHE MYTH. Y CKOpPEHHE CBOGOIHOTO MAJICHUS MPH-
HATb paBHbIM g = 10 M/C2 .

8. Kakoe MaxkcuMaJbHOE KOJIMYECTBO BOJbBI, B3STOH IIpu
Temieparype t; = 35 °C, MoeT ObITb OXJIKJEHO /10 TeMIlepa-
typol t = 10 °C, ecam oxJax/eHne TPON3BOANTD TTOTPYXKEeHNEM
m = 20 r absa, oXJaxkAeHHOro 10 ¢, = —20 °C ? Ilorepu Tema
He Y4YMTBIBATh. Y/eJbHas TENJOTa IJaBJEeHUS JbJa

A =33-10" JIx/xr,
¢ =4200 [ix/(kr-K), ypeapnas TennoeMKOCTb JbAa
¢, =2100 Ix/(xr-K).
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L& 9. Ilpenmer momeleH Tepes
B paccewBaIoIell TUH30M TTepIieH-
JIUKYJISIPHO I'JIABHOM ONITHYECKO#
OCH JIMH3bI HA PACCTOSTHUM, PaB-
HOM J[BOITHOMY (DOKYCHOMY pac-
crosgumio. Onpeziesure yBeJu-
yeHue, JaBaeMoe JIMH30M.

10. /IBa ofMHAKOBBIX pe3WC-
Topa conporuByienueM R =8 Om
KasK/Iblil COeIMHEHBI apaJlie/b-
HO M TIO/IKJIIOYEHDbI K aKKyMYJisi-
topHoii 6atapee (puc.20). IIpu

©
R
1
| IS |
R
|
| M|

Puc. 20

3TOM BOJIBTMETP, MOJAKJIOUEHHBIH K MMOJI0CAM NCTOYHHUKA, TIOKA-
3piBaer Hanpspkenne Uy =12 B. Ecam ogaun u3 pe3uctopon
OTKJIIOYUTD, TO BOJbTMETp Hokaxker U, =16 B. Onpexesnure
BHyTpeHHee COHpOTI/IBJIeHI/Ie 6aTape1/1. BOJIbTMeTp CYUTAThb u/jae-
AJIbHBIM.

y6ruxayuio nodzomosuru B.Benune, I1. Bopodun,
B.Boponuwn, E.I'puzopves,/l./lenucos, A.3omees,

H. Hnosenxos, H./léswun, H./Tomos, I'.Medsedes,
A.Ilasnuxos, B.Ilangepos, B.Ilozoxes, M.ITomanos,
A.Paseyaun, U.Cepeees, A.Crxaanxkun, B.Ywaros,
M. Dedomos, E.Xaiinos, C.Yecnokos, O.Illanvieuna,
B.1Iledpun

OTBETbHbI, YKA3AHUA, PEIIEHNA

KOHKYPC «MATEMATUKA 6-8»
(cm. «Keanm» No4 3a 2004 2.)

1. IIponymMepyemM MOHETBI OT Havaja psifia K KOHILY. Pasgenmum ux
Ha 5 KyueK CJeyiomuM o6pasoM:

WP EVURH: I 1l 111 v W
QoD 0 QOO0 O QOO
modep Mo 1235 4 36T 8 1011

[TepBbIM B3BeNTMBaHWEM CPABHUM BEC BTOPOW WM YETBEPTOH Kydek
(moner 4 n 8).

1. Ecsin Becbl OKa3aJuch B PABHOBECHH, TO B3BelIBaeMble MOHe-
TBI — HacTodlme, U (aJbIIUBbIe MOHETBI HAXOJATCS BCell TPoii-
KOH B KaKoOii-TO U3 ocTaBIINXCs Ky4ek. [loaToMy BTOpPBIM B3BeIN-
BaHNEM CPaBHUM BeC TIEPBOW M TPEThell KyueK.

a) Ecsiu Bec mepBoil u TpeThell KyueKk OfMHAKOB, TO (pasbIINBbIE
MOHeTbI — B TisAToit Kyuke (9, 10 m 11).

6) Ecom Bec mepBoil n TpeTbeil Kyuek He OJMHAKOB, TO (PasbIIn-
Bble MOHETBI — B 60Jiee TSIKeJON KydKe.

2. Ecui Becbl Ipu II€pBOM B3BEUINBAHUU HE OKA3aIUCh B PABHO-
Becun, T0 GoJsiee TspKeTas MoHeTa (e/IMHCTBEHHAA B KyYKe) —
danpmmBasg. PaccMoTpuM carydaii, korga ato Monerta 4 (cayuvai,
Korfa pajgblnBas MoHeTa 8, PacCMaTpUBAETCsl aHaJOTHYHO).
Torzma po MoHeTs! ¢ HOMepoM 1 u ¢ HoMepamu ¢ 7 1o 11 MOkHO
yYTBep:K/aTh, YTO OHH HacTosmue. I10aToMy BTOPBIM B3BelINBAHU-
€M CpaBHUM Bec MOHeT 2 u 6.

a) Ecm ux Bec 0JMHaKOB, TO OHM HacTOAIMNE, W (PajJbIIMBbIE MO-
HeTbl 3, 4 1 5.

6) Ecim monera 2 okasasiach Tskesei, TO GhaablinBbie MOHETHI
2,3 u4.

B) Ecau MoHeTa 2 oKasajach Jierde, To (pajablinBbie MOHETHI 4, 5
u 6.

Takum 06pa3oM, ABYX B3BEMINBAHUIT JOCTATOYHO, YTOOBI HAUTH
Bce (paJIbIIMBBIE MOHETBI, & OJIHOTO, OYEBU/HO, HEJJOCTATOYHO.

2. UccaemyeM oCTaTKU W HEJJOCTATKU, KOTOPBIE MOJYYAIOTCS TIPU
Jesennn uncen Bufa 2% ma 9, re k — MPOM3BOIBHOE HATYPAJIh-
HOE YHCJIO.

Upicna 2' 1 2% MMeIOT, COOTBETCTBEHHO, OCTATKH 2 I 4, a 4HCio
2% umeer Hemoctatok (—1), ITOCKOJIBKY 2 =9-1. U3 ocJae/iHe-
ro ¢akra cjefyer, 4To /g IPOU3BOJBHOIO HATYPAIbHOTO N

n
20 = (2°) = (9-1)" =94 +(-1)",
rge A - HEKOTOpOE IIeJI0e YHNCJIO.
OTCIOE[ZI TaKXe CJIeIYIOT PaBEHCTBa

2 22,94 +2 (1) 22 = 4.9A+4- ()"

Buano, uto wncio 2% umeer memocratox (—1) 1pu JleJieHun Ha 9

TOJIBKO B TOM cJiydae, ecim kR = 3n, rae n Hedetnoe. Ho cpenn
Yicesl TAKOTO BU/IA TOJIBKO OJIHO Tpoctoe: k = 3.

Urtak, uncao 2” +1 mesmurest Ha 9 TOJIBKO MPH TIPOCTOM p = 3.
3. IlpoBeas mpsiMyto, oTMeyaeM

Ha Hell ¢ TIOMOIIBIO IUPKYJIS TOU-

ku A u B (puc.1). B cepennne =
orpeska AB (touxe O) BoccTas- . I
JsgeM neprieHanKyassp MN, npu
9TOM MBI TIOJIb3YeMCS LUPKYJIEM C } o
MIOCTOSIHHBIM PACTBOPOM, TaK 4TO

AM = MB = AB. /

Ha npoposkenny eprieHanKy Jisi- ul
pa Gepem Touky C, coeluHSEM ee 1 W3 i
¢ Toukamut A u B # TIpOBONM 1
6uccexrpucy yriaa CAB.

Touka D mepeceuenust aToit Guc-

cektpucel ¢ npsimMoit BC, a Takxke 1

TOYKU A 1 B ABJIAIOTCS BepllinHa- ::":h"

MU HCKOMOTO TpeyrojbHuka. [eit-  pyc 7

CTBHUTEJBHO, MMOCKOIBbKY AACB

paBuoGeapentbiit, o0 LCAB = ZCBA . Tlo cBOiiCTBY GUCCEKTPH-

i

col, ZDAB = %ACAB = %ACBA .
Iockompky 90° > ZCBO > ZMBO = 60°, To B AADB yras A

u B octpple. OcTpbIM fABJISeTCS TaKKe U yroa D :
4D =180° - (LA + £ZB) < 180° — (60° + 30°) = 90°.
4. BocriosbdyeMcst TOXK/IECTBOM
(u2 + 02)(x2 + y2) = (ux —oy)* + (vx + uy)’
C y4eToM ycJIOBHUS 33/1a4M OTCIOJA MOTydaeM
(u2+02)(x2+y2)=8. ()

BO3MOKHBI Wb CJIEAYIONINe BAPUAHTHI:

a) OIMH W3 COMHOXKUTeNel B yeBoit wactu (* ) 1, a apyroii 8;

6) OJIMH M3 COMHOHUTeJieil B JeBoit wactn (* ) 2, a JIpyTOii 4.
HecJIoskHO yOeUThCs, UTO B KasKJOM M3 3THX BAPMAHTOB OJIHA U3
TIepeMEHHBIX X, Y, U, O PaBHA HYJIO.

Pacemorpum corywait w = 0. Torga us (= ) caemyer

v? =4, v? =1,
60

X2:y2:1 x2:y2:4’

a MCXO/IHbIE YPpaBHEHUA 3a/la¥U 3allUITYTCA TaK:

vy = -2,
vx = 2.
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OrTciofia mosryyaeM BO3MOKHbBIE PelIeHus (x, Y, u, v):
1,-1,0,2), (-1,1,0,-2), (2,-2,0, 1), (-2, 2,0, -1).
[nsa cayyas v = (0 aHAJTOTHYHO TIOJTydYaeM
1,1,2,0), (-1, -1,-2,0), (2,2, 1,0), (-2, -2, -1, 0).

Emnte 8 permennii HaiizieM 3aMeTUB, YTO MCXO/(Hble YPaBHEHUS He
U3MEHSTCS, eCJI MOMEHSITh MeCTaMU MepeMeHHbIe ¥ U X, a TaKXKe
nepeMenHbie v U Y. COOTBETCTBEHHO MOJIy4YaeM

(0, 2,1, -1), (0, =2, =1, 1), (0, 1, 2, =2), (0, —1, =2, 2),
(2,0,1, 1), (2,0, -1, -1), (1, 0, 2, 2), (-1, 0, =2, -2).

Wrak, 3amaya umeer 16 perenuii.

5. a) Omeem: 3n+[n/2].

JlokaskeM cHayvaJa, 4TO MEHBIIErO YMCJIA XOA0B TOYHO OyIeT He-
moctatouro. O4YeBHUHO, YTO B KAKOW-TO MOMEHT TIEPEKJIAJKH Mep-
BBl cTepykeHb Gyer mycT. To ske BepHO U JIJIT BTOPOTO CTEPIK-
us. IIycTh ISt OIpeIeTeHHOCTH BHAYAJE OITYCTOIIAETCS EePBBIN.
K atomy MOMeHTY KpacHbIe KOJIbIIA CeJAT He MeHee 7 XO/0B.
HO HU OHO U3 3TUX KOJIEIl B 9TOT MOMEHT HE HAaXO/UTCSI Ha TOM
MecTe, TI0cJie KOTOPOTO OHO y3Ke He GyJleT MEeHsSITh CBOE IOJI0Ke-
HU€, Be/[b TPETUI CTEPKEHb B KOHIE [OJIKEH OKa3aThCsl MYCThIM,
a 13 BTOPOTO ellle He YILJIO caMoe HipkHee KoJblio. CiiesoBaresib-
HO, KpacHbIe CIIEAIOT ellle He MeHee 1 XOJ0B.

TTocMOTpHM, CKOJIBKO XOJI0B HaBEPHSKA CEJIA0T CHHHE KOJIbIIA.
Bo-1epBbIX, 5T OMYCTOIIEHNsT BTOPOTO CTEPIKHS OHU CXOJAT He
MeHee 7 pa3, BO-BTOPBIX, TakK Kak [n,/2] u3 HUX MOJKHBI Bep-
HYTbCsI Ha 9TOT CTEP)KEHb, TO CHHUE KOJIbIIa CXOAAT ele [n,/2]
pas.

Urax, B mpoliecce mepekJgajku OyeT cieJlaHo He MeHee n + n +
+n+[n/2]=3n+[n/2] xonos.

IToxaxeM Temepb, Kak YJOXHUTbCA B 3TO YHUCIO X00B. O603Ha-
4uM uepe3 (X) HanMeHbliee LeJ0e YiC/I0, GOJbllee UM PABHOE
x. TlepexJapiBaHue OJJHOTO KOJIbIIA C i-TO CTEPKHS Ha j-it 060-
sHaunM uepes (i, j), Torma k(i, j) Gyner o3Havath, 4TO ONMEpAIS
(i, j) nosropsiercss k pas.

[Tapy onepanmii (1, 3) (2, 3) mosTopsiem [n,/2] pa3. B cayyae
HEYeTHOTO 7 JiesiaeM emie oanH pas nepekaaaxy (1, 3). Iloka
KpacHble Koabla cxoqun (n/2) pas, a cutue [n,/2] pas. Ha
MEPBOM CTEPIKHE HAXOMATCS [,/ 2] KpacHBIX KOJEI, Ha BTOPOM
<n/2> CHHUX, Ha TPEThEM pacroJaraioTcs n KoJel. VX 1sera ue-
peayioTcs, IpuYeM 4yepe/ioBalHne HaunHaeTcsl ¢ KpacHoro (cumras
cuusy). Beero cienano n xonos.

[lastee ciygan 4eTHOTO U HEYETHOTO 7 HEMHOTO OTJIMYaioTcs. Pas-
6epeM MX OTAEJIBHO.

ITyctp n gerHo. IlepekajipiBaeM BCe KOJIBIIA CO BTOPOTO CTEPIKHS
Ha tpetuit. 310 n,/2 x010B. Temnepb GyneMm 6paTb KOJbIA HOOUeE-
PENHO TO C TEPBOTO CTEPIKHS, TO C TPETHETO U KJACTh WX HA BTO-
poil 10 Tex Top, TMOKa Ha HEM He CTaHeT 7 KOJeIl. ITO 3aiiMeT
ere 7 X0/0B. ITocsre aTOTO MepBBIN CTEPIKEHb IMyCT, BTOPOH 3a-
MIOJIHEH HY)KHBIM HaM 06pasoM, a Ha TpeTbeM KOJIbla YepeayioT-
cs1, IPUYEM YepeIOBaHIe HAYMHAETCS ¢ KPACHOTO M 3aKAHYNBAET-
ca cuauM koabioM. [lemaem (3, 1) n pas — Bot u Bce. O6mee
KOJIMYECTBO XO[0B: n+n/2+n+n=3n+ [n/2].

IIyctb n neuyerno. IlepexsazbiBaeM Bce KOJbIla ¢ HEPBOrO CTEPXK-
Hs Ha Tperuil. Jto [n,/2] xonoB. Temnepn Oysem Gparbh KOJbIA
MTOOYEPETHO TO CO BTOPOTO CTEPIKHSI, TO C TPETHETO U KJIACTh MX
Ha TIEPBBIN [0 TeX TOp, MOKa Ha HEM He CTaHeT 7 KOJIEIl. JTO
eme 7 xo/0B. Ilocse aTOro mepsblil CTEP)KeHDb 3all0JHEH HYKHBIM
HaM 06pasoM, BTOPOIl IyCT, a Ha TPETbeM KOJIbIIA YepeyloTcs,
MpUYeM YepeioBaHie HauMHAETCS U 3aKaHYMBAETCS KPaCHBIM
koabioM. [lemaem (3, 2) n pas — roroso! CuemaHo Kak pas
3n +[n/2] xonos.

6) Omeem: nna mo6oOro n.

IIperbsaBUM TaKoil aJrOpuTM TepPeKJIaaKi, TIPH KOTOPOM Ha JIo-
60M cTepskHE B JI0601 MOMEHT Gy/IeT pacroJiaratbcs He 6oJiee n

2005/ No

KoJienr. Bot ator AJITOPUTM:

n(2,3) n(1,2) n(3,1)

(n-1)(23) (n-1)(1,2) (n-1)(31)

2(2, 3) 2(1,2) 2(3,1)
23 1) G
IDTOT METO/ MO3BOJISIET IOCTUYb pe3yJibTaTa 3a Sn(n + 1)/2 XO/IOB.

W3Becren, ojiHaKo, croco6 MPUNATH K TIeI 3a 4n + <n/2> XOJIOB.
OH IPOMJIIIOCTPUPOBAH HA PHCYHKe 2 g n = 4. JKCIepUMeHT

o ] ] &

= 8
J;

= =

N B -

—

Puc. 2

MTOKAa3bIBaeT, YTO U 3TO He caMblil kpaTuaiimnii myTh. Kakoe Hau-
MEHbIIIee YHCJIO XO/I0B TpeOyeTcsl OCYNIeCTBUTD B OOIIEM CJrydyae —
HEM3BECTHO.

MOYEMY HET PELLIEHUIA?

1. Ykasanue. llocnenuss mudpa CyMMbI YHCeJI, CTOSIUX B Jie-
BOH YacTH paBEHCTBA, JAOJIKHA JEJUTHCS Ha S.

2. Ecin femMoe U IeJIUTeNb COCTOST U3 OAMHAKOBOTO KOJIMYe-
crBa 1P, TpUYEM B CTapIlIeM paspsjie Y HUX CTOSIT OJMHAKO-
Bble IH(PBI, TO MEJTOUUCIEHHBIM YACTHBIM MOJKeT ObITh TOJBKO 1.
Ho uucaa AJITEBPA u AIIOMEMA He paBHBI IpyT ApYTY.

3. Yxazanue. Undpa [l B croBe KOP/I paBHa HeHyeBoit moce-
nueit mudpe yncta 8-K . Ho torga unciao JJPOK -8 momkHo
OBITH TSATU3HAYHBIM,

4. Yxazanue. CymMy 4mces B JIeBOW yacTu peGyca 3amuiniTe B
Buzie 100-(BO + KO + MO + CO) +4- JIA , U3 KOTOPOTO CJIe/y-
eT, 4uTo oHa jeanTcd Ha 4. Uucnao xxe 18014 Ha 4 He mesnTcs.

3. a) Yxasanue. Mockoapky KUT =102, TUK =102, 10
KUT + TUK > 204 .

6) Yxasanue. lockompky KOJIOIKA < 9878695 ,

JIOKA <£98765, to KOJTO/KA + JIOAKA < 9977460 .

6. a) 3amumem ncxoxHoe paseHcTso B Buge 30- /1O +

+ (K+J+M)=30-40, orxyza K+ JI + M = 30-(40- 1O).
TlocsieHee HEBO3MOMKHO.

6) Iluppa B Moxer GbITb paBHOI TOJIBKO 1, HO paBEHCTBO
O/IA -2 =1000 HEBO3MOXHO.

7. a) Her.

6) Yxasanue.

KATAP — KAPAT = TAP — PAT =
= 100-T+10-A+P — (100-P +10-A +T) = 99-(T — P).

8. a) Her.
6) Yrasanue. Tlposepbre, Moxer i 6bitb M < 9, a T > 1.
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KANEMOQOCKON «<KBAHTA»
BOﬂpOCbI u 3agadyn

1. Ecim TOKu paBHBI, TO BEKTOP MAarHUTHOH MHIYKIUH paBeH
HyJo; ecau Iy > I, , TO BeKTOp MarHUTONH MHIYKIMU TIepIeH/N-
KyJISIpEH TIJIOCKOCTH PUCYHKA U HAINIPABJIEH OT YUTATEJNS; €CJU

I, < I, , To ero HampaBJieHHe — IIPOTHBOIOJIOKHOE.

2. B nepBoM ciydae, B CHJIy CUMMETPHM, MarHUTHAS MH/YKITUS
PaBHa HYJIIO; BO BTOPOM CJiy4ae€ BEKTOD MaFIII/ITIIOﬁ VHAYKIUU
MEePIEeHINKYISIPEH TIOCKOCTH PUCYHKA W HANPABJIEH K YUTATEJIO.
3. [uns moboro pe6pa Ky6a MOKHO HAlITH B COOTBETCTBYIOIIEH
JINATOHAJBHON TIJIOCKOCTU JIPYToe NapaJijieibHoe eMy pe6po, B
KOTOPOM TeYeT TAKOii JKe 110 HAIIPABJEHUIO U CHJIe TOK. JTH TOKH
CO3/1aI0T B TIEHTpe Ky6a paBHbIE W ITPOTUBOIOJOKHO HAIIPABJIEH-
HbIe MAarHUTHBIE TIOJISA, TIOATOMY Pe3yJIbTUPYIONIash WHAYKIUS Mar-
HUTHOTO 110Jis1 Oy/IeT paBHA HYJIIO.

4. IlockoJbKy B 00IieM I[eHTpe IPOBOAHUKOB BEKTOPbI MarHUT-
HOW MHIYKIIMU, CO3/laBaeMble TOKAMU 10 OT/IEJbHOCTH, PaBHBI 110
MOJIYJTI0O ¥ B3aNMHO TEPHEH/NKYISPHDI, TO BEJTMYMHA KaXXIO0TO U3
HUX paBHa B/«/E

5. Tox B GeckoHEYHOM IIPSIMOM IIPOBO/Ie He BHOCHT BKJIAJa B Mar-
HUTHOeE TIosTe B Touke O, Jeskanieil Ha ocu mpoBoja. Toxk, Teky-
MU T0 TOJYOKPYKHOCTH, CO3/Ia€T TOJie B IBa pa3a MEHbIIeil Be-
JINYUHBI, YeM KPYroBoil Tok, T.e. B /2.

6. IIpoBox mpumeT HOPMY OKPYIKHOCTH.

7. B o6oux ciyyasix BUTKU COJIEHOUA GyIyT TPUTSITUBATHCS
APYT K IPYTY.

8. IIpoBoma GyayT pa3BopaunBaThCs TaK, YTOOBI TOKHU ObLIN Ha-
IIpaBJIeHbl B O{HY CTOPOHY, U NMPUTATUBATHCA APYT K APYTY.

9. ToponmaabHas KaTyIIKa CO37ae€T B CBOEM IEHTPE TaKoe JKe TI0
BUJIy TIOJIe, KaK ¥ OJUH BUTOK ¢ TokoM. [loaToMy MarHWTHas
CTpeJIKa Pa3BepHETCS HePIEH/MKYJISIPHO IIJIOCKOCTH TOPOU/A.

10. IMosyuatoTcst pacmoOKEHHbIE PSIIOM Beé OOMOTKHU, TOKH B
KOTODPBIX ITPOTHBOTIONIOKHBI, 1 MarHUTHDBIE TIOJISI 3THX TOKOB B3a-
UMHO YHUYTOXKAIOTCS.

11. Tokn, Tekymme o TpyOKe, HapasiesbHbl U IPUTATUBAIOTCS
APYT K JIPYTY.

12. B cayuae a) paMKa pa3BepHETCS MEPHEHUKYIAPHO TJIOCKO-
CTHM PHCYHKa; B CJIy4asX 6) M B) paMKa PasBepHETCS TaKUM JKe
06pa3oM U TIpH 3TOM BTSHETCSI B 00J1aCTh G0Jiee CHIIBHOTO TOJIS.
13. Kosbno cockouut ¢ mMaruurta, pa3sepHercs Ha 180° u cHOBa
HaJ/IEHEeTCST Ha HETO JIPYTOil CTOPOHOII.

14. Yro6bl aMIepOBBI CUJIBI MOTJIM yIE€P’KUBATH KOJIBIO, TOK IO
ero GJMKaliiiell K YNTaTeio CTOPOHe J0J/UKEH TeUb ClipaBa HaJle-
Bo (MJIM 1O YACOBOM CTPEsIKe, €CIM CMOTPETb CBEPXY).

15. TlocseoBaTelbHO ¢ MATHUTOM MOKHO BKJIIOYUTH PEOCTAT N
c/iesaTh BBIIBUKHON CeplIeuHIK.

16. [la, Moxxno. [[JisT 3TOTO HYKHO CIeTaTh OOJIBINOE YHCJIO BUT-
KOB M3 TOHKOIl MPOBOJIOKU.

Mukpooribir

B o6oux CJIy4dadX II0 IMapaJuleJIbHbIM JApYT APYTY IIPOBO/aM NJIA
peJjibCaM TEKYT IIOCTOAHHBIE U ITPOTUBOIIOJIOKHO HAIlpaBJIEHHBIE
TOKH, TTOSTOMY OHHM OTTAJKHUBAIOTCA.

KAK MOCTPOUTb MAPAAOKCAJbHbIA NMPUMEP
1.y =2y =24 =%5 = Xg = Xg =
=Xg =Xy = Xy = X3 = X5 = Xy =24+ 3D,
X3 =2X7 = Xy9 = Xy =—da—8b .
2. PaccMoTtpum nepByto cucteMy (BTopasi paccMaTpuBaeTcsl aHa-
normano). Ecm o # B, tae o = 1—2, B= 1—g , TO OHA 3KBU-

BaJIeHTHA /[BOITHOMY HepaBeHCTBY Px >y > oax . Ecam B> o, TO
3TO YCJIOBWE BBIMOJIHSIETCS IPU BCEX MOJIOXKHUTENbHBIX X U HEKO-

TOPBIX ¥; €CJM ke f3 < 0L, TO OHO BBIMOJIHSIETCS MPH BCEX OTPHU-
IATEJbHBIX X ¥ HEKOTOPBIX .
TTokaxewm, uto ciyuaii o = HeBo3MOKeH. [IpeqmoOIOKUM TIPO-

n a
THUBHOE, TOT/Jla % = E . B cayuae B3aumuo npocteix n u k, a < n,

b < k mocresitiee paBeHCTBO HEBO3MOXKHO. PaccMOTpuM cJrydaii,

KOT/Ia yncja n u k He B3auMHO mpocThl. Ilycts n = a +ay ,
n_a+a _a a_a _n

k=b+b, . Torna — = L=2 orkyma — === To-

k b+b b b b k

CKOJIBKY YHCJIO 1 IeJIUTCSI Ha d, TO 7 2 2d , W d +dy 2 2a , OT-

Kyna a; 2 a . [IoCcKObKY 4nc/Io n IeJUTCs HA 4y, TO n > 24, ,
wm a+a; 2 2a;, OTKyila a > @; . 3HA4UT, d = da .
AHAJIOTHYHO JIOKa3bIBaeTcst, 4to b = by .

Torma ucxoaHas cucreMa HEPaBEHCTB 3aIlMIIETCS TaK:

y+x>0,

{ y+x<0,
YTO HEBO3MOIKHO.
3. Yucaa n u k He MOTyT GBITH B3aUMHO TIPOCTBIME, B IIPOTHBHOM
cJlydae BBITIOJHAJIOCH Gbl paBeHcTBO (cM. 3amady 3 B TekcTe cTa-
tu) 23 =10 + k — 2, otkyaa k = 15, Ho Torga uucaa n u k He
B3aMMHO MPOCTHI.
Iyctb d > 1 — wanGoapmmit o6mmii aesmreas (HOJL) uncen n u
k. Torna23=10+k—d -1,k —d = 14. Nmeem: d =
= HOA(10, k — d) = HOJA(10, 14) = 2. 3nayur, 23 =10 + k —
-2-1, k=16.
C OMOIIBIO M3JI0KEHHOTO B CTaThe aJTOPUTMa CTPOMM TIOCJIEI0-
BaTeJIbHOCTD

X, X, X, Y, X, X, X, X, X, Y, X, X, X, Y, X, X, X, X, X, Y, X, X, X.
CocraBuUM COOTBETCTBYIOILYIO CHCTEMY HEpaBEHCTB:

13x +3y >0,

2y +8x < 0.
J1J1s1 TOCTPOEHUST MOC/IeI0BATETHHOCTH MOYKHO B3STh, HAIIPUMEP,
x=7uy=-29.
4. Tlockopky n+ k —d — 1 =30, To n + k = 31 + d. HauGoup-
muit o6muit qeutesns d He MOXKeT ObITh GoJibiie 1, B TPOTHBHOM
cayyae 31 moskno mesmtbest Ha d, u torga d = 31, n = k, 4ero
HE MOJKET OBITb.
Eciu d =1, to n + k = 32. Toraa ¢ momortnbio mepe6opa moJIy-
ynM: max |k — n| = 29 — 3 = 26.
3. Takoe MoeT GBITb TOJBKO B TOM cJay4ae, ecin (pyHknus [ (x)
ompenenena Ha orpeske [0; 23].
6. Takue ¢yuxnun cymecrByior. Hanpumep,

-6, 0<x<1{
180x — 186, 1<x <1,
12, 1,11<x <19,
—-180x +354, 1,9<x<2,
-6, 2<x<3
f@)=1_¢ 3< x <4,
180x — 726, 4<x<4,1,
12, 4,1< x<4,9,
—180x +894, 4,9<x<),
-6, 5<x<6.
CNOXXEHUE CKOPOCTEN

1. OTHOCHUTE/IbHASL CKOPOCTb PaBHa v /2 M COHAIIpaBJIeHA CO CKO-
POCTBIO TEILTIOBO3A.

2.1) vy =350 km/u; 2) v, =29 KM/u.

2
3.1 o, =014 2) W :@v—.
2 gd



52 KBAHT -

MOCKOBCKWUW FrOCYBAPCTBEHHbIN YHUBEPCUTET
MM.M.B.JIOMOHOCOBA

Maremarka
BapuaHT1
1
1.5 2 [V2-5)U(t+e).
21 11
3. 5 T, Vkaszanue. Uto6bt uncia dy,ds,...,d, 00Pa30BbI-

BaJI yObIBaIOUIyIo apudg-

METHYECKYIO [IPOTPECCHIO,

HEeOOXOMMO W JJOCTATOY-

HO, 4TOOBI €€ Pa3HOCTb

d = ay — a4 w HaTypaib-

HO€ 1 YIOBJETBOPSLIN CHU-

creme d <0, a,—a; =

=(n-1)d, r.e. m* -

-6m<0, ...,Gm—m2 =

=3n-4. Orkyna am6o

(m-3Y =1, n=4,

Puc. 3 6o (m— 3)2 =4,
n=3.

4. «/g(«/g +1) , 3(3 +\/§) Vxazanue. Touku L u M nexar Ha

okpysxuoctn ¢ quamerpoM KN (puc.3). Ilycts L’ — Touka, cuM-

MerpuyHas Touke L otHocureabno KN, ZKNL = o . Torga

ZMKN =o0+15°, ZLKN = ZL’KN =90° -, ZL'KM =

=105°. Ilo Teopeme cunycoB, L'M = L'A+ AM =

= KN -sin ZL'KM = 6 (V3 +1), npmsem L'A = LA =6,

AM =342 . Iycrs KA = x, AN = y. Umeem x+y=4V3,

xy=LA-AM = 6/3 . U3 aroit crcTeMbr HaXOJMM, 4TO

X = 3\/5—3, Y :3+\/§, AO = 3—\/§A W3 TpeyrospHuKa

1
AOM 110 TeopeMe KOCHHYCOB HaXo/uM, 4to cos ZMAO = — ,

ZMAO = 45°, otkyna ZLAM = 90°. Ocranoch 3aMeTUTb, YTO

Skimn = Saxr + Syan + Spam -

3. (—1; - 1} U {%, %) U (1 1) . Yxasanue. YpaBHeHue paBHO-

;
2 4 3 2
CUJIBHO CHCTeMe

(3a - 1)sin® x — (3a - 1)(a2 + 1)sinx =0,
n
lax — am| < .
2
1
Ecmma =0 wm a= 3 » CHcTeMa mieer 6ECKOHEYHO MHOTO pellle-

. 1
nuil. Ilpu a # 0, a # — nonydyaem cucremy
sinx =0,
i
o -7 < ==
2|a
UMEIONIYI0 POBHO TPH PEIIeHNUs
TOT/ZIa M TOJBKO TOT/[a, KOTrJa
1

1<—<2.
2|d

)

35
6. % Vxaszanue. Paccmor-

puM cevenue cepbl ILIOCKO-
croio B,B,C,C, (puc.4).
[Iyctb M — BTOpas Touka Ime-
pecedeHHsT OKPY>KHOCTeH, OIu-
CaHHDBIX OKOJIO TPEYroJbHUKOB
ABB, n EC,B, . 13 nenoukn

2005/ No

PaBEHCTB
ZAMB, = 180° — ZAB\B, =
= ZC,BB, = 180° — ZC,C,B, = ZEC,B, =180° — ZEMB,

cjenyet, yTo Touka M sexut Ha orpeake AE. Ilo Teopeme o pa-

BEHCTBE TTPOM3Be/IeHNII OTPE3KOB CeKyInX,

AM - AE = AB,- AC, = (AO —7)(AO +7) = AO* —+* =3
(snecy r = 1 — paqmyc cepnr). Touno tak xe EM - EA =
= EO* -7 =8 . Orcioma AE® = AE(AM + EM) = 11 . Anazo-

riano mostyqaem AF? =11,
I'panu AOE n AOF paBHBI TIO TPEM CTOPOHAM W UMEIOT TIJIOMIA/h

140

S = 3 Ocrtanoch Haiitnn BbicotTy rpanu OEA, a 3aTeM BbICO-
Ty HUPaMUJbI I ee 06beM.

BapuaHT 2

1. (6;1)U(2).
2. (- =2-3]U(-0.3 -2+ B)U{1}U (2 + ).
3. 13. Yxasanue. Bocnoabayiitech TeM, 4TO BBICOTA MTUPAMUJIBI
MABCD paBHa cpeHeMy apu(pMeTHYECKOMY BBICOT MUPAMUL
EABLK w FCDKL.
m n+l T T
4. —+ (1) —+mn, —+ (-
T e, ()
3aMeHO#l y = sinx — cosx HpuBeANTe ypaBHEHHUE K BULY

3(y” —1) =2(s" ~1) - (y +1).

3. 16 kM. VM306pasum rpaduKu [ABHIKEHUST aBTOMOGHINCTA
AEFGH (puc.5), senocunegucta BEJH u motonmkmicra BIF.
Tax xak AABF ~ AEIF, ABEI ~ ABJF u AFHJ ~ ACHB , 7o,
o6o3HaunB KL = x, COOTBETCTBEHHO IMOJIyYaeM

AL:x~2?4:4x:LM, FJ:Gé—x:S it BC=8-8—x=16.

X 4x
2\/§ +1 . Meananst AM u
J15

BL penarca Toukoit O B OTHO-

+ T
" 3 +mn, neZ. Yrkazanue.

i f

s

6.

2

n
A N

Puc. 5 Puc. 6

nreHnn 2:1, T03TOMY MPOEKINH 3TUX MeauaH — oTpe3kn KL u
NM (puc.6) — menarcs npoekusaMu Toukn O B TaKOM K€ OTHO-
menun. pyrumu ciaoBamu, O — TOUYKA MepecevyeHust MpsIMbIX 7
u 7y, IepHeHaAuKyaapubix orpeskaM KL u NM cOOTBETCTBEHHO
U JIeJSIIUX 9TH OTPE3KH B OT-
HoIlleHnn 2:1, cuuTas OT TOYeK
K u N coorBerctBenno. Ho Tta-
KHUM JKe CBOWCTBOM 00Jiajiaer
TOYKa, JiesKalas Ha OTpe3Ke
HO’ (rpe O’ — ueHTp OK-
PY’KHOCTH, OIMCAHHOI OKOJIO
tpeyrosbuuka ABC) n jesst-
masg ero B oTHomenun 2:1, cun-
tast ot Toukn H. CiemoBareib-
HO, TouKka O JIEXKUT HA OTpPE3Ke
HO" u HO: 00" =2:1.
Buiccextpuca yriaa A nepeceka- — Puc 7




OTBETHI,

€T ONMMCAHHYI0O OKPYXKHOCTb B Takoit Touke P, uto ayru BP u PC
paBHbl (110 TeopeMe O BIMCAHHOM yTJie, CM. PUC.7), T.e. Pauyc
O’P mpoxoaut yepe3 cepeauny M cropounst BC. 13 nogobus
TpeyroibHUKoOB noaydaem O'P: AH =2:1, AH:O'M =
=2:1=>0O'P:0'M =4 . Tpeyrompauxk ABC oCTpOYTOJIbHBII 110
YCJIOBHUIO, T03TOMY Touka O’ JISKUT BHYTPH TPEYTOJbHUKA, a
touka M — na paguyce O’P = R . Ilonoxxum ZMO’C =

= /Z/BAC = o, Torga

O’M =0O’C-coso.= Rcosa,
OTKy /2
o’p R
" O'M  Rcosa
Ecmu f u B+30° — yrast B u C TpeyrobHUKA, TO

% = cos o = cos (150° — 2B) .

:>cosa:1,
4

OKOHYATEJNBHO MOJIyIaeM
1 BC 2 1
SABCZ*BC'[. 3+ )
2 sin o

Jis

-sin Bj -sin (B +30°) =

BapuaHT 3

1. 2, 4, 8, 16.

2. {2;3}. Vrasanue. 3amena: t = x> —~5x+7 >0 .

3. —15. Ykazanue. IlockoabKy KBaJpaTHBII KOPEHDb M3 HATYpPaJIb-
HOTO YHCJa MOXET ObITh JTHOO 1EJTBIM YHUCJIOM, JUGO UPPaINo-
HAJIbHBIM, TO IIPH LieJabIX 1 unucao 11-8v1-8n aBaserca uim

5n° +4n +13

1eJbIM, WJIN UPppallMOHAJIbHbIM, a YUCJIO0 ——  — PpPallio-
n+1
HaJJbHoe, T.e. JO0JIKHO 6bITh 11€JIbIM. HOCKOJII)Ky
5n° +4n +13 14
o T P osn—1+ ,
n+1 n+1

yncsao n + 1 — genurenb yucaa 14, npudyeM 1-8n >0, oTKyna
n<0.

Takum o6pazom, uncyio n + 1 MOKET IPUHUMATD OJTHO U3 CJELy-
fomux 3uavennit: £1; —2; —7; —14. Ocraercss HEMOCPEACTBEHHON
MPOBEPKO YOEAUTHCS, UTO TOJBKO 7 = —15 yIOBIETBOPSIET ypaB-
HEHUIO.

1
4. {4; Z} . Vrazanue. Mocne 3amennt y = logy x| t =

n(47 - 8x)
OST, \t\ <1, BcxXoaHOE HEPABEHCTBO NIPUHUMAET BU/L
9y” +4(86* -8t =7)y+36<0,

npuueM JUCKPUMUHAHT D 3TOTO KBaJPaTHOTO OTHOCUTETBHO Y
TpexdseHa

%: 64(t+1)(t—2)(2t—1)° <0

upu |¢ <1.

I/ITaK, penieHnda JaHHOTO HEPAaBEHCTBA IOJYyYaloTCA U3 CUCTEMbBI
D=0,

Y= —g(sﬁ -8t-7).

5
3. n nm (CymIeCTBYIOT /[Ba Pa3/INYHBIX TPEYTOJbHUKA

AB(C,).

[Tyctp O — ToOuKa TepeceyeHus AUaroHajell nmapaJjiesorpaMma
ABCD. Tak kax no ycqaosuio 3agaun AC : BD =2 : V3, a ana-
TOHAJIM TTapaJiiesiorpaMMa TouKoil O JIeIITcs TOonoJIaM, MoJ0KIM
AO =CO =2au BO =DO = \/§a . Torpa mnomanp mapaJie-
snorpamma ABCD paBHa

Sascp = 2/3a* .

YKA3AHUA,

PEIIEHHAA

BosmosxHbI 1Ba corydas.

1 cayuaii (puc.8). Yron AOB
pasen 30°. Ilo Teopeme KoCH-
HycoB u3 tpeyroabuuka AOB,
AB = a. IlockoJsbKy crpase/i-
JINBO PaBEHCTBO

AO* = AB* + BO*, yron T
ABO upsamoii, yron OAB pa- B
BeH 60°. Tak kak Touka B, puc. 8

CUMMETpPHYHA TOYKe B oTHOCH-

tesbuo mpsimoit AC, to ABj =a uw LCAB; = 60°.

W3 pasencrsa TpeyroapuukoB ABO u CDO ciaepyer, 4To yrosa
CDO npsamoit u Touka C; jexut Ha npsMoit CD, a Touka D aB-
ssgercst cepennHoii orpeska CC .

B tpeyronpunke ACC; orpesok OD siBiisieTcst cpe/iHeil JUHUENL.
3uaunr, AC, =2-OD =2\3a, n £CAC, = 2COD = 30°. Yron

B,AC; pasen pasuocru yrios CAB; u CAC,, t.e. paBen 30°.
2

Urax, mromaap Tpeyroypinka ABjCy paBHa , & OTHOIIIe-

HUe TIOIA/Ieil TPeyroJbHIKa f'

AB,C; n napaJjenorpaMmma
1
ABCD paBHO e
2 cayuai (puc.9). Yroa
AOB pasen 150°.
Paccyxas, kak B mepBoM
ciIydae, MOJIyduTe, YTO TLIO-

NEYS

maab AAB,C; paBHa > 7

a OTHOIIEHME TJIOMIA/IEl Tpe-

)
yroapHuka ABC; u napanenorpamma ABCD pasBHo — .

6. Ilpn a € (—; 0) U |:%, + oo) pelenuii HeT;

npu a €| 0; i /Ba pemeHus: x =1+2 a ;
1-2a
npu a = —— 3 TPU pelIeHus: xr=2+3 n x=1+412;
[3—[ 1)
pH a € ;g YeTbIpe peleHus:

4
i \/—Sa +12a —

x=1%2 a—f
21 \/1— 1

Tpu pemteHus: x = —1, x =3, x = 5; 0pu a € (g 5) JIBa pelile-

2(a—1)—-8a* +12a -3

HHHZX=1—24/ a , X =
1-2a 2a -1

Vxasanue. Tlepenumenm pannoe ypashenue B suzie f (u) = f(v) ,
rae f(¢f)=t-sint:

u=lx-3+6a-4, v=~1-2a)x* - (3-4a)x

Oyuxuust f(¢) crporo Bospacraer. B camom gene, aus ¢ < t,
nMeeM

ft,)-f(t)=t,—t —(sint, —sint;) >0,

TaK Kak PP
- +
sint, —sint; = 2sin2—Lcos2—' <
2 2
- - ty—t
SZsinitZz)acostz-th1 <2‘ Lob <22 =t -4

B CHJLy HepaseHCTBa |sino < |of mpu o #0.
Orcioza nosrydaeM
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(2a-1)x? = (4a—=3)x +|x 3| +6a-4=0 .
Wrak, 3agaua cBesach K pelleHuIo /I BceX 3HaUeHHI Iapamerpa
@ 3TOTO ypaBHEHMUS.

BapuaHT 4
3-+/31 V23 -1

1. R. 2. (—3;—2]U|: 5 5

" }U[z;s).

3. 6 +2nk, ke Z . Yrxaszanue. YpasHenue npeoOpasyercsi K

BUY

. ST
) 57 ) sin|3x——|=1,
sin SX—E —-sin8x =2 < 16

sin8x = —1.

4. 65:144. Yxasanue. llyctb E — TOuKa, B KOTOPOil OKPY’XKHOCTD
c nieaTpoM N Kacaetcs npssmoit BO, D — Touka TepecedyeHus
npsameix OM u AB
(puc.10). /{okaxwute, uTO
tpeyroapuuku OEN u
BDO paBHbI.

Tornma, ecmu MB =1,
NE =7, ON =a, OM =
= b, TO B TpeyroJbHUKe
OBD umeem OB = a,

OD =v,.

M3 npsaMoyrosbHOTrO TpEy-
rompauka OBM nosydaeM
n = Vb2 - a? , a U3 I0/10-
6us tpeyrosbHIKOoB OBD nu OMB cienyeT paBeHCTBO

OB OD a _n

oM 0B "% b a

Orciofia ICKOMOE OTHOIIEHNE PABHO

n_b|b*
n a\d®

) )
3. llpu a e| —; ~3 OJTHO pellleHre; IpH d = ~1 [[Ba perile-

Puc. 10

HUS; TIPA d € (—%; —1) TPU pellleHnsd; NP a € [—1; 1- \/5) ZiBa

pelienns; pi @ = 1 —+/2 0IHO pelcHne; NPy d € (1 -2 5)

JIBa pellleHusd; 1npu da € [5; + oo) O/IHO pelleHue.
Vxasanue. Bomonuns sameny t = 27", ¢ > 0, mosyuum
2"~ —(a+8)t* +(4-2a)t —a* +4a+5=0.
PaccmoTpuM ypaBHenune Kak

KBA/[PATHOE OTHOCHUTEJBHO Tepe-
MEHHOH a:

a? +(t2+2t—4)a—
2+ B +82 -4t -5=0.

Ero puckpuMmHaHT npejcraBiser
co060I0 TIOJIHBII KBaJ[paT:

D=9(¢ —2)2,

nostomy méo a =t> —t -1,
m6o a = -2t> —t+5. Jlus toro
4TOGbI TIOJyYUTh OTBET, J0CTa-
TOYHO U3YYMTh B3AUMHOE PacIo-
JokeHne TpadpUKOB MOTyYeHHbIX
KBa[PaTHBIX TPEXYJEHOB Ha
nnockoctu (¢ @) B o6ractu ¢ >
>0 (puc.11). Ilpu sTOM HaM UH-

Puc. 11

2005/ No

TEpeCHBI TOUKH TlepecedeHns TpaduKoB ¢ 0CbIo OpAMHAT
A(0;=1), B(0;5), Bepunna mepBoii mapa6oIb! C(%; - %) ,a

Tak)ke o6IIasi TouKa mapabos D(\/E; 1 —\/5) .

ITockobKy 3aBHCHMOCTD MEXKIY TEPEMEHHBIMU X W ¢, 3a/laBaeMast
paBeHCTBOM ¢ = 27" | B3aUMHO OJHO3HAYHAsI, MCXO/AHAS 3a/aua
NP KaK/IOM 3HAUEHWU d MMEET CTOJBKO PelleHuii, CKOJbKO 06-
IIUX ToYek ¢ mapabosamMu B obmactu ¢ > () UMeeT COOTBETCTBYIO-
nrasi mpsiMasi, mapaJiiebHast
ocu abeIce.

6. 1: 2. Ykasanue. Ilnoc-
KOCTb P TIepeceKaeT IJIoC-
KocTh ocHoBaHug ABCD 10
npsvoit KN (puc.12). Ilycrb
BC =DK =a, AK = b. Tax
kak AD > BC, npamasgs KN
nepecekaet npsimyio BC B
Touke E, Jnexaineil Ha 1po-
nosxenuu orpeska BC 3a touxky C. CuenoBaresbHo, Touka M
JeskuT Mexxy toukamu C u C (puc.13). Tak kak KN > DN,

AT
Vh i

.I'.
Puc. 12

to ZNDK > ZNKD . B " o
PaBHOGOKOI Tpamerqi

Z/BAD = Z/ADC , nosromy Y [
ZBAK + ZAKN > n . Cre- ! s

noBaresibHO, ipsiMmasg KN 1re-

Ay = [
pecekaer npsiMyio AB B He- . B G ->
KOTOpO# Touke I, meskarteit Lk £
Ha MPOJIOJIKEHUN OTPe3Ka T, =~

AB 3a touky A. Iloatomy :
TOUKa L JIeKUT MEeXK/y TOU- i
kamu A u Ay . Takum o6pa- F
30M, IIOCKOCTh P oTcekaer
or npusmel ABCDA,B,C{D,
mecturpadink ABCNKLB/M |, rpaHsiMil KOTOPOTO SIBJISIIOTCST
nBa msatuyroabanka ABCNK u LBIMNK ¢ o6mum pe6pom KN,
JIBa NPSIMOYTOJIbHBIX TpeyroibHuka ALK u CMN, nBe npsamoy-
rosbabie Tpanermun ABBL w CBBM .

ITycts BbIcOTa Tpamennun ABCD pasua h, a pauna 60K0BOToO pe6-
pa mpsmoit npusmbl (T.e. ee Bbicota) pasHa [. Beipasure uepes a,
b, h n | o6bembr ipu3Mbl U MHOTOTpanHka ABCNKLBM , 3a-
MEeTHB, 4TO 3TOT MHOTOTDAHHUK ITOJIYYAeTCsI M3 TPEYTOJbHOH IH-
pamuanpl BBEF <«oTpe3anueM» TpeyrosabHbIX mmpamuj LAKF u
MCEN. 3areM 3anuinTe OTHOIIEHHE 00BEMOB U MOJIYUUTE TOCJTE
YIIPOIIEeHUH, 4TO

35a +ab —36b* = 0 & (a - b)(35a +36b) = 0,

otkyna a = b.

Puc. 13

BapuaHTt 5
. E+(—1)"arcsin%+nn, neZ.2. [1_25;0]U 1;1+\/§].

<|

4
C(VE=2UEL U HU(ZE) . 4611,

53) (7 B
. [5’2)’ (5 10g23,2+log23)4

6. 35/2. YVrkasanue. Jloxaxu-
T€, YTO GOJIbIIAS OKPYXHOCTD
npoxoaut yepe3 Touku A u C
(puc.14), mpuuem LABC =

w

[}

= OLT+B , rie o= £0,0,05 ,
B = £0,0,04 , Tax uTO

AC
0;A = = :

Y a+p

2sin— 2
i 3 cos

Puc. 14
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_ 3a+9a +4

2
ypaBHeHI/Ie PaBHOCUJbHO TaKOMY:

7.x>0nmpua=0, x npu a # 0 . Ykasanue.

log3 (x —3a)-logix=0.

8 arccosi = arctgz Yxazanue. 1lyctb UCKOMBIH AByrpaH-
' Vi3 3 '

HBII YyrOJI paBeH @, TOTAA Sagza COS® = Spypc - 1lomoxus
BC = 3a, BbluncinTe MI0MAAb PAaBHOGEIPEHHOTO TPEYTOTbHIKA
KLM (KL = LM).

BapuraHT 6
1. %(2n+1), g(2n+1), neZ. 2. (-5-10)U(37).
3. (-2-1++2). 4 -3+24. 5. [”;/E;_S;‘/E].

6. 96. Yxasanue. Ilycts DH — BbIcOTa Tpameruu, A — ocHoBa-

HHE TIepIeHNKyIsApa, omyleHHoro u3 Toukn B wa DE (puc.15).
ITonb3ysich mogo6uemM Tpey-
rospHuKOB MAN n BAE, no-
JIy4nTE, YTO

EY
2 7

AN =ZAE | AE =--DE |
7 10

[ 1l I¥

U3 HOﬂOéI/IH TPpeyToJIbHUKOB

‘f-f"'f/ DHE u BAE cnenyer, uto
i = 56

AE = 2
DE

Orciona HaxoauMm, uro DE =

=480 . Hakonen, DH =~DE? - HE*> = 8 . Jlanbneiimee sicio.

7. [_ﬁ - i) U (%, %} . Yxasanue. Ilockoapky x = 0 u x =351

Puc. 15

" 10
— KOPHHU [TaHHOTO ypaBHEHUsI, HEOOXOIUMO BBISICHUTD, MPH KAKUX
a ypasHenne sin3ax +1=0 uMeer poBHO 3 KOpHs Ha MHTEpBaJe
(0; 5m) . Paccmotpure otaenbHo caydan @ > 0 ma < 0.

14

8. =5 Wckomoii nipsgMoii, nmpoxo/siieil yepe3 Touky L u mepe-

cexatonieil mpsaMoie MP u KE, aBisgercs IUHUS IepecedeHns
miockocreit LMP n LKE.
Ilo ycnoBuro LN || KE,
noaroMy npamass LN Taxxke
MIPUHA/ITIEXKUT TIIIOCKOCTH
LKE (puc.16).
IInockocts LNKE nepece-
kaer nupamugy SLMN no
ANKL , B xotopom NK —
memmana ASMN (touxa K
— cepeauna pebpa SM).
IInockocts LM P niepeceka-
et rpaub SMN 110 Apyroit
meauane MP. Ilyctp A —
Puc 16 TOYKa IepecevyeHuss Mmeanan
ASMN (A npunamiexut
u TpeTbeil Meanane — anodeme SF) = LA — uckomas mpsMas,
nepecekatonas npsamyio KE B Touke B.

KA 1
Hanee: AKAB ~ ANAL , AN = 5 (o cBoiicTBy MeauaHbI
AB 1 1
NK) =>a =3 = AB =5LA . o ycnosuio LM = 2, SL = 6,

torga LA uwaxogum B u3BectHoM ASFL : AF = %SF =

= %\/5N2 - FN? = %\/ﬁ (SF — memnana ASMN ), LF =43,

cos LSFL = (o Teopeme KocunycoB B ASFL ) =

1
V3435

214
3

= LA =

(1o teopeme xocunycos BAAFL) = AB = 14/3 .

Bapuant7
1.23. 2. g(2n+1), neZ. 3. (13). 4 (2a,a), (-2a,—a).

3. 2 wm 4. Yxasanue. PaccMOTpHTe TPH BO3MOMKHBIX CJIydast
pacrnosioxkenus Toukn D Ha okpysxknoctn (Mexay A u B, Mexay
Bu Cumexny CuA).

6. (54, 60), (54;63), (55 60), (56;63). Yrasanue. IlockoIbKy
[—k>5u k+[<119, moayunm, uto k < 57. Ocranoch pac-
cMoTpeTb cayvan kR = 54, k = 55, k = 56, k = 57.

7. 12:13, 220 - 1911. Tycrs %zx, a Vesep = 1. Torma
Vsasc = Vspep = Vscpa = Vspas :% )
VSAlB1C1 :g‘%'gv&mc :gégé’
Vseep, :%'g'x'VSBCD:%'g'x'%Y
Vscp,4, :g'x';VSCDA:g'x'%'%Y
Vsp,a,8, :x'g'%VSDAB:x'g'%'%~

Hmeem

Vsase, + Vsepa, = Vsasen = Vsaen, + Vspas »

OTKYy/1a
l.i.é(2+xj_l.x.2(é+§j
2 7 9\7 2 7\9 7))
12 v 220
T.€. x=§, SABCD T Y91y -
BapuaHT 8
1. (—oo = 1JU (5 2) U[4; + o) . 2. mn, neZ.
7
2. /-
3. 5\g;+oo 4. 14/3.

2
3. 2\/1—71 . Yxasanue. Ilycte D — Touka nepeceyeHus cekyliei

mwiockocty ¢ upsmoit EjE . Haitinre o6bem nupamust ADEF,
oMb TpeyroabHuka ADF, a 3ateM BbicoTy nupaMuabl ADF,
OTYIIEHHYIO 13 BepIINHbI E.

7 4
6. (L2), (-,-2), (iﬁ; $ﬁ) .
Vkasanue. Tepenumem ypastenne tak: f(x)+ A? = Bg(x) , rae
f(x)=+ecosx, A=da*-ab+b* -3, B=4a*—4-b*+2ab,
g(x)=(x+1)-2%.
@ynxnus Jcosx uernas, a g(x) taxosa, uto g(x)# g(-x)

mpu mobom x > (. CymiecTBoBaHMe pelleHni, Y/I0BIeTBOPSIONIX
YCJIOBUIO, O3HAYAET, YTO MMEET pelleHne CHCTeMa

{f(x) + A% = Bg(x),
f(-x)+ A* = Bg(~x).

Ho torma B(g(x)-g(-x))=0, r.e. B =0, a smaunt, u A = 0.
OCTaﬂOCb PEUINTD MMOJYYEHHYIO CUCTEMY OTHOCUTEJIbHO d N b

BapwvaHT 9
+
1. 3_\/§. 2. E(271+1), 1(271+1), neZ.
2 2 10
15
3. 3«/5. 4. (_”?O)U[log29+2\/ﬁ;+m)
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3
3. 5(\/3 - 1) . Yxasanue. Ilyctp x — 60K0oBOEe pe6po, O — YTrOJ

HaKJIOHA ero K IJIOCKOCTH OCHOBAaHWS MHpaMujibl, R — pammyc
BITIICAaHHOTO Mmapa. IIpoBens cevenne mupamMuabpl yepe3 60KOBOe
pe6po U BBICOTY, HAl/INTe U3 TEOPEMbI CHHYCOB JIJISI TTOJIy4€HHOTO
B CEYEHUU TPEyro/IbHUKA, 4To x = 2+/3 . Pajuyc Brmcannoro
11apa paBeH paJuycy OKPYKHOCTH, BIMCAHHOIH B TPEyTOJIbHUK,
SIBJIAIOMUIICS ceueHneM MUPaMUbI MIJI0CKOCTDIO, MPOXO/SIIeil ue-
pe3 ee anoeMy U BBICOTY.

BapuraHT 10

| ©

1
1. Ymax = 9, Ymin =5 - 2. _5 . 3. —4.

3
4. |log, —;1].
[ 08> b }
7. (-2 - 8) . Ykasanue. Abcuncca Xy UEHTPA CUMMETPHU Tpa-

5.0, 3m/4. 6.8, V2, 72.

duxa GyHKIHN [0/UKHA OBITH IIEHTPOM CHUMMETPUH ee 006J1acTn
omnpesesenus. TakuM o6pa3oM, IIEHTPOM CHUMMETPUN MOKET OBITh
TOJIBKO TOYKa (xo, y(xo)) , UYTO HEOOXOANMO MTPOBEPHTD.

BapuaHTt 11

1. {2} U{2}U(3; + ).
3. a) 60 xM; 6) 195,/2 kM. Vrasanue. Ilycts | — pnuna nepsoit

noporu, l, — jauHa BTOPOIl joporu, s — paccrosuue ot A 10 me-
pernipaBbl. Toraa

2. g(Gni1), nelZ.

s 1_L-s

-2 )

60 2 20

Lh-s L, 1 1 s
4=t

60 60 4 2 20

L_ho 1,1

60 60 2 2

a) U3 nocseanero ypaBHeHus cpasy CJeAyer, 9to by — I =60 kM.
6) CkJaibiBasi HEPABEHCTBO CO BTOPBIM YPABHEHUEM, TTOJIYYUM
l 1.1
2>
60 4 30
a C y4eTOM TPeTbero ypaBHeHus umeeM [ < 75 .
[lomosiHUTEIBHOE YCJIOBUE JaeT elle OJHO ypaBHEHHE:
1 s 1 s
—t+—=t+-+—,
220 2 60
s
T.e. t = 30" rae t — BpeMs, 3aTpavyeHHOe aBTOMOGUJIEM Ha TYTh
OT TIepenpaBbl 10 MyHKTa B 1 06paTHO, TJTIOC BPEMS OXKH/IAHS
nM mapoma. [TockosbKy aBTOMOGHIIb OTIIpaBuJCsS B B ot mepe-
MIpaBbl OJTHOBPEMEHHO C OTIJIBITHEM MapoMa, a TapOM TIOSIBJISIETCS
Ha Gepery 4epes KaXKIbIil 4ac, TOo ¢ — HATypaJbHOE YNCJO, HE
L-s L—-s I 75 5 .
421 <L <= == y 6mmxaiimee K
60 30 30 30 2
aToMy uucay, T.e. t < 3. Y6enurech, uro t # 3, t # 2. Ocraer-

MeHbIIee 4eM 2

cs1 € IUHCTBEHHAsT BO3MOKHOCTD ¢ = 1, 1o Torga s = 30. Ocrasoch
Haiiti [, , MOJIB3YsICh BTOPBHIM YPABHEHUEM CHCTEMBI U PE3YJIbTa-
TOM TIYHKTA d.

5
4. a) 12; 6) 5 Vxasanue. dokaxure, uto KLMN — mapaie-

sgorpamm, a AB | NL | CD , tak uro ABCD — Tparmenusi ¢ 0CHO-
Banusamu AB u CD u cpepneii munueii LN.
5. 2, 16 /3. Yxasanue. 3averum, uto |t —a|+|a+1-¢ 21 npn
J060M ¢, TIpUYeM PaBEHCTBO BO3MOXKHO JIHMIIb ipu @ <t < a+1.
ITosToMy JaHHas cucTeMa PaBHOCHJIbHA TAKOM:
lx—al+]a+1-2x]=1,
ly —al+la+1-y| =1,
y+2x-5=6.

2005/ No

Ilocnemnss cucreMa nMeeT €IMHCTBEHHOE penienne Torjia u ToJib-
KO TOorJa, KOrjga MMeeT €JMHCTBEHHOE pelleHrue CucreMa

a<x<a+l,

ST
2
Paccemorpure caydan < a <6 ua <35.
6. 30103. Yxasanue. Jloxaxure, uto a, = 2'° (2"'1 - 1), TaK 4TO
P — 9100000 _ 510
99991 .

UYucso mudp B AeCATUUHON 3aIICH HATYPAIbHOTO YUCJA 7 COBIA-
maet ¢ uncaoM [lgn]+1. Ouennte [1g dgggqq] -

BapuaHTt 12

. [V5:2). 2. -1 1/20 8. {=2103U[0;21] . 4. arctg3; 10.

1
B [1;2)A 6.§,m=3.

7. [E+2nm;ﬁ+2nkj, (—E+2nm;ﬁ+2nkj, kmeZ .
4 4 4 4

Yxasanue. I3 cucteMsl ciemyer, 4To sinx = —cosy , T.e. JHO6O

3n 3m
x+y= > + 27n , 9TO HEBO3MOXKHO, JHO0 X — Y = > +2mn . Te-

mepb U3 BTOPOTO yPaBHEHHS MOTydaeM V2cosy =sin2y .
8. 1. Vkasanue. Ilnockocts ABC mepecekaet cdepy 10 OKPYXK-

HOCTH, BIUcaHHoi B AABC . .
K]
Ilycts D — cepennna pebpa M
"'ll i
3k H|
|

pe6pa AC co cdepoii.

ITockompky SAD — mioc- A IE

KOCTb CUMMETPHU JAHHON II'

MUpaMuzibl, TeHTp mapa O | il
TIPUHA/TIEXKUT ATOH TIIOCKO-

ctu. Takum o6pas3oM, UCKO-

MBIM PaIyCOM Iapa siBJsi-

eTcs paanyc R OKPY>KHOCTH, e S
MpOXo/IsTIeil yepe3 Toukn D, puc. 17

K u E (puc.17).

[lasee BOCTOJIb3YHTECH TEM, UTO AK? = AE- AD , U Haliure
SD =KS , yron o u OD.

BC, a K — Touka KacaHUs

BapuaHTt 13

T omn
"4+ = neZ.

aul® .
1. (= 5]u[7,+ ) L

3. —4. Yxasanue. llpuBennrte ypaBHEHNE K BULY

(x+4)(x2 +4) = —[21;4 +5][2x;4 _1}

IIpn x = —4 paBeHCTBO CIIpaBe/JINBO, a IPU X # —4 JeBas u
rpaBasi 4acTH MUMEIOT pa3Hble 3HAKU.
4. a) 6; 6) 3\/3 . Vxasanue. Jloxaxure, uto Touku A, B u H ne-
JKaT Ha OJHOH MPSMOI.
J. 58,5 mMuH.
2 x2
6. 2a) (£1;,3); 6) 0<y<;c—2 mpu x > 0 u —E<y<0 npu
x <0.

2. (-1)

BapuaHTt 14

1 5 3
1. —. 2. {—; =. Yrasanue. VicxoaHnoe HepaBeHCTBO
NE) 4’2
mpeo6pasyercsi K CJIeAYIONEMY BUIY:
sin? 4mx - (1 - logs (1 1 — 4x® - 7)) <0 .

3. 9/2. Ilo cBoiictBy orpeskos cexyumux (puc.18), AC-PC =
= BC-QC , orkyna PC = QC. CaenoBatesabno, PQ || AB , no-
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L atoMmy APQB — paBHOGOKas Tparme-
nust. 3 mopobuit ACPQ ~ ACAB n
APQD ~ ABAD cuenyetr paBeHCTBO

€O _PO_OD_AQ0-4D 1

5 o CB AB AD  AD 3"
OTHolleHne mJomaieit TpeyroabHu-
z xkoB PBQ u PCQ paBHO
LF] SPQB:@:iC_1:2,
Spco CO  CO
TaKk uto Spop =2 Spco =6 .
Y AHaJIOTUYHO,
A i Sobs _ 3
Spop 4’
Puc. 18 3 9

nostomy Sopp = ZSPQB =5

i (—g;—sz(z; 3.

5. 17100 py6ueii. IIycts X — KOJMYECTBO MEPEBO3UMBIX [[PKUTIOB,
Y — KOJINYeCTBO Tpy30BUKOB. Torgaa
3x + 5y <109,
6x

> 2%
¥=75

rae x,y € N . TpeGyercst HaiiTu MakcuMyM GyHKIHT
s=6x+7y.

s—Ty
[Tockombry x = e npeo6pasyeM NCXOAHYIO CHCTEMY:

s—=Ty
3T+5yS109’ s 218 — s
& —<y<
> 8s5-7y 12 3

5 6

Orcioga s <174,4, t.e. s <174 .

[Tpu s = 174 u3 HepaBeHCTBA TIOIYYUM 14% <y< 14% , T.e. 11e-

JIBIX pelleHuil HeT. TOT e pe3ysbTaT gaeT IPOBepKa A § =

=173, s = 172. Hakownemn, n1s s = 171 aHaJOTUYHbBIE pacCysKie-
_171-105 "

6. —14. V13 HepaBeHCTBA MEXK/Y CPEHUM apH(pMETHUECKUM I
CpelHUM TeOMETPUYECKUM I0JIy4aeM

HUSI IPUBOJIAT K LIEJBIM YncjaaM y = 15 u x

16sin2 2% 4 9ctg? 2% _
7 7

9

2x 9

2
= 1GSin2—x+

-9>2 1631n2—-72—9:15.
SiIl2 —x 7 Sin2 _JC
7 7
PaBeHCTBO 3/1€Ch TOCTHTAETCS TIPU YCJIOBHH
1651n22—x: 92x <:>sin22—x=§. (*)
sin? = 7 4
Taxum o6pasom,
2x 2x

w = 4sin2y—1651n27—9ctg27 < 4sin2y—15.

Paccmorpum Bropoe ypasuenue cuctembl ipu y # 0 . Ilocae ne-
JIEHUST Ha nzyz U 3aMeHbI ¢ = sin 3x, t\ <1, umeeMm

2
g(t)zt2+2(1+1Jt+72+n =0.

y2 TC2

HockoubKy BepumuHa napaGoust — rpadura g(t) — umeer abe-

1
nucey ty = —[1 + —2] < —1, ycJoBHe CyllecTBOBaHUS KOPHS
Y

g(t) ma orpeske [-1;1] (eanmHCTBEHHOrO HA HTOM MHOKECTBE)
3aITICHIBAETCS] B BHJE

{g(—1) <0,
g(1)20

U IIPUBOJUT K OrpaHuuenuio |y| < r

.2 m
Torma 4sin® y <1, mpudyeM PaBeHCTBO TOCTUraeTCs MpH |y| = 5

U TIOJIy4eHHas BbIlle OLleHKa JJIA @ AaeT maxw < —14 .
m
IToxaxem, uro stor MakcumyM pasen —14. Ilpu y = ig KBaJl-

paTHBIH Tpex4JIeH
g(t) = (¢ +1) +%(t+1)

nMeeT KopeHb t = —1. Otciona
. n 2mk
sindx=-1eoxr=-——+—
6 3
Ocrasoch 3aMeTUuThb, YTO CPE/IM HANJIEHHBIX 3HAUEHUN X eCTb Ta-

KKe, IPU KOTOPBIX BBIMOJHSAEeTCS paBenctso (*). Hampumep,
n

, ke Z.

ecan k=2, 10 X, =

7. 1/6. Uenrp O msgroro mapa paBHOY/JaJeH OT IEHTPOB IIapoB,
Kacaiomuxcsi G0KOBbIX rpaneil mupamuibl SABC ¢ BepimuHoi S
U, CJIeJOBATEJbHO, JIESKUT Ha B
BbicoTe SH 9TOil TUpaMu/bl.

IIycts D — cepequna BC, E —

TOYKa KacaHWs mapa m 60KOBOI

rpauu SBC. B rouke H nepece-

KaIOTCSl MeJMaHbl PAaBHOCTOPOH- H
Hero TpeyrojbHuka ABC — oc-
HoBanusa mupamuzbl (puc.19),
II09TOMY

1 1 . n 5
HD =—-AD = —asin—=— .
3 3 3 2
Paccmorpum cevenne SAD
(puc.20). O6osnaunm yepes O; u O, HEHTPHI MApPOB, Kacalo-
MIUXCST OCHOBaHUSI U GOKOBOW TPaHW COOTBETCTBEHHO. V3 mpsimMo-

YTOJIBHOTO TpeyroJbHuka SHD

5
5

Puc.19 C

SD =+SH? + HD? =

Corracno yCJIOBUIO 3a/la4H,

2 V5

ED =—=SD =—, oTKyJa
3 y oA A

HD =ED. Ilostomy mps- Puc20

MOYTOJIbHbBIE TPEyTOJbHUKI
OHD u O,ED pasusl. Crenosareasio, ZO,DH = ZO,DE |
OD = O,D u pasubl Tpeyronbaukn OOD u O0,D . 3Hauwr,
£0,DO = £0,DO . Ho torna ZHDO = ZEDO , n Mbl TIoJIy4a-
eM paBeHcTBO Tpeyroapnnkos OHD n OED (1o aByM cTtopoHam
u yray). Orciona cnegyer OE 1L SD , tak uro toukn O, O, u E
JieskaT Ha OHOW TIPSIMOM.
Temneps 1o cBoiicTBy 6uccekrpucsl OD B Tpeyroabauke SHD
nMeeM

SO SD 3 2

OH _HD 2’ OTKy/1a OH—SSH—
C apyroii croponsr, OH = 3r. Iloatomy » = 1 /6.

1
5
BapuaHT 15

1. [0, YU (L + o).
3.(26; - 6); (-9; 29) . Vrasanue. Tlocse samenst u = Yx +1,

2. g+2nn, neZ .



58 KBAHT -

v =3y —2 mnepexomnMm K cucreme
u+ov=1,

{ua +0° =19,
4. 32.
5. 8 u 15 MuH. 3aHyMepyeM YeTbIpe MO3UIuK TaGJI0 cJeBa Harpa-
Bo. B mepBoit nosurmu mudpa 3 He nogBigeTca HHKOrAa. Bo BTo-
poit nosumuu mudpa 4 IPHCYTCTBYeT B TeUueHNE TPeX ITOJIHBIX 4Ya-
coB, HaunHatomuxcsa ¢ 03:00, 13:00 u 23:00. Ocraerca 21 yac, B
TedyeHNe KaskJ0To W3 KOTOPBIX Iudpa 3 MO OJHOMY pasy 3aHHMa-
eT TpeTbio NMo3unuio Tabso B Tevenne 10 MUHYT, a B TeyeHue oc-
TalbHBIX 50 MUHYT Ka)/I0TO 4aca 5 pa3 poBHO 1o 1 MHUHyTe 3aHH-
MaeT MocJIe[HIO0, YeTBepTyio, No3uIimio Tabno. B pesyabraTe 06-
Imee BpeMs IPUCYTCTBUS IHPPLI 3 HAa TabJ0 paBHO

3u+21%x10 mun + 21 x5 X1 Mud = 8 4 15 MuH .
6. (9 9). Yrasanue. YpabHeHHEe PABHOCHIBHO TAKOMY:

42
2k+3°

CuegoBaresbHo, uncjao 2k + 3 — penuresb 42. Tak uto 3HaMeHa-
TeJb MOKET TIPUHUMATh TOJIBKO TpH 3Havenus: 3, 7, 21.

7. 10. Ilyctp x = 2cost, y = 4sint . Torga Boipaskenue u =

= 3x — 2y IPUBOIUTCSA K BUIY

m=k+2-

u =6cost —8sint = 10(%cost—§sint) = 10sin (¢ - ¢),

rae ¢ = arcsin§ .

MaxkcumanbHoe 3Havenne ¥ paBHo 10, oHO mocTHTaeTcs, HaNpH-
T

Mep, 1pu t :(p_i .

8. [—4; 1] U (3; 4] . Ecm p > 2, To u3 ncxopHOrOo HepaBeHCTBa MO-
JIYYaeTcs JIMHeITHOe HePAaBEHCTBO

(p-Dx+p-3>0.
ITo yc10BMIO OHO JIOJPKHO BBITOJHSITHCS TIPH JIOObIX x = 0, B 4a-
craoctu mpu x = 0. Otciona p > 3. C apyroil CTOPOHBI, fACHO,
YTO TIPH p > 3 HEPABEHCTBO AEHCTBUTEIHHO CIIPABEINBO TS
Bcex x >0 . Takum o6pasom, 3<p <4 .
OueBu/IHO, TIPU p = 2 UCXO/JHOE HEPABEHCTBO HE BBIMOJHEHO HU
JUIS KaKUX 3HAYeHUH x.
Ilpn p < 2 HepaBeHCTBO TpuHAMaeT Bug (p—1)x+p—3<0.
Ecim p >1, imueiinas pynkums f(x) = (p—1)x + p — 3 Bospac-
Taer, moaTOMy Uit Beex X 2 0 Hepasencto f(x) <0 BbiIOJ-
HsATbCsL He MoxeT. Ecmp =1, 10 f(x)=p-3=-2<0 pua
BCEX X, B TOM umcje U aust x = 0 .
Hakorer, a1a p < 1 nuneiiHas QyHKINSA f(x) = (p - 1)x +p-3
y6biBaer 1 npu x = 0 npunuMaer suavenne [ (0)=p—-3<0.
3uaunt, mpu X = 0 HepaBeHCTBO TeM GOJiee BBIIOJTHSIETCS.

BapuaHT 16

1. log, (6++37). 2. [-1:2)U(56]U(8 +) .

3. g+nn, %+2nn, nelZ; En
5 225
4. in—; ——. 3.0; 1.
arcs1n6 TN
BapwaHt 17

1. (- -5). 2. nn,—g+nk, nkeZ.

3. (0;0;0); (222); (2-2-2); (-22-2); (-2-22).
Vxasanue. Borauras mepsoe ypaBHEHHe CICTeMbI I3 BTOPOTO, a
3aTeM M3 TPEThETo, MePeXONM K PABHOCIIBHOI CHCTeMe

2 +y2 = xyz,
2-xt= 0,

2-y?=0.

2005/ No

4. log, (8 + \/ﬁ) . ¥Yxasanue. Tlocne mpeoOpa3oBaHmii BBEUTE
HOBYIO TlepeMeHHyto ¢ = log, (2“ + 1) -x.
3n(3+v2 -3 -6)
Tn-6(v3+1)
4201 , /601

6. 3600 T 30 - Yxazanue. JlanHas cuctema mpeo6pasyercs K

BUY

(x+1) +(y+2)° =25,
2+ (w-1) =144,
(x+1)(w-1)+2z(y +2) 2 60.

CyutecTBy1oT Takue yriasl @ u ¥, yto x +1=3cos@,
y+2=3sing, z=12cosy, w—-1=12siny .
TTocJie 3aMeHbI TIEpEMEHHBIX B HEPABEHCTBE CHCTEMBI TIOJIYIUM

sin(p+y) 21, re. p+y= g+ 2nn . CymMa, KOTOpyIo Tpedyercst

OILIEHUTDH, 3allUCbhIBACTCS TaK:
2 . w? 4201 1

A= ———+—cos —ésin
T 5 144 3600 6 S0 T 5NNe

Ho rtoraa

1 4 1
—Cos@ ——sin@ = cos(p+a), rae o= arccosg.

6 B 30
BapraHTt18 Py d
n Tmk
5 — 4 —
1. [-5-3].2. #g+ 5, keZ.
500
3. Boipocaa na 5 % .

4 @ v Haii
VTR xasanue. Haligure

yron AOC. VckoMmblil paguyc —
BbIcoTa TpeyroabHuka AOC.

5. /3, /3, 2/3.

6. Cm. puc.21; (0; 2¢].

Puc21

BapuaHT 19

10, 2. %+ pez. o30S,
42

4. 2445 ponnapoB. Ykazanue. Ilyctb m — 4ncIo My>KYdH, COTJIa-

CUBIIUXCS C MPEIJIOKEHNEM KOMIIAHWH, 72 — YUCJIO0 MY>KYHH, OT-
Ka3aBIINXCS OT MPEJI0KEHUST KOMIIAHUH, @ — YHCJO >KEHIINH.
W3 ycsoBug nosyyaeMm cucremy

m+n+w = 350,
20m +16,3w = 5705,
m,n,w € N,

oTkyzna 37m =163n . EMHCTBEHHO BO3MOYKHBIMU SBJISIOTCS 3Ha-
yenust m = 163, n = 37.

5. (—%; - 1}U [2; 3) . Vrasanue.

Nt —x -2 <2,
{3x+5 >0,
22 —x-220,
{log3 (3x+5) < 2.

min(10g3 (3x +5),Vx? —x—2) <2e

6. Yernipe. Hanpumep, ato rupu maccoit 1, 3, 9, 27 kr. Jlerko
MIPOBEPHTD, YTO C TIOMOIIBIO YeThIpeX TUPh, MMeoMuX Maccy 1,
3, 9, 27 KT, MOXHO B3BeCHTD J1060ii Tpy3 BecoM oT 1 10 39 KT,
€cJii TUPH KJIACTh He TOJHKO Ha CBOOOMHYIO YAIlKy BECOB, HO U
Ha YallKy C IPy30M.
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JlokaskeM, UTO HeJIb3st OGONTHCH TPeMst THUPSIMH, Macca KOTOPBIX
coorBerctBento A, Bu C, rne A< B < C . JleficTBUTEJIbHO, C
MOMOIIIBIO TPEX TAKUX TUPbh MOXKHO B3BeCHTDb He GoJiee 14 passmy-
HBIX Tpy3oB Maccoit: A, B, C,A+ B, A+ C,B+C,B— A,
C-A, C-B,A+B+C,C+B-A, C+A-B,A+B-C,
C-B- A

7. 2465 . Bamerum, uro x =0 u y # 0 u ecau napa (%, yp)
SIBJISIETCS] PENIEHUEM JAHHOTO yPABHEHUsI, TO I mapbl (—xy, ) ,

(=x0, = %) » (%, — ¥y) TaKKe SBISIOTCS €TO PEIICHHUSIMHU.
[TockoMbKy TIO YCJIOBHIO X 1 y — Ie/Ible UHca, W3 paBeHcTBa

b -y =15 2x+y)(2x-y) =15

caenyer, 4to 002 MHOKHUTEJISI B JIEBOH YaCTH MOCJEIHEr0 ypaBHe-
HUST SIBJISIIOTCSI eJIUTeIIMu dncaa 15.

B cuity ceanHoro BbIlIE 3aMeYaHUsl JOCTATOYHO PACCMOTPETDH
x,y € N . [lna tTakux unces 2x + y > 2x — y >0, moatomy 1pu-
XO/JIMM K JIByM CHCTEMaM:

2x+y =15, 2x+y =9,
2 -y =1 2 —y = 3.
Orciofa oy4aeM
x =4, x =2,
y=7 {y=1.

Bcero ke MCX0OMHOE YpaBHEHHE UMEET BOCEMb IEJTOYHCIEHHBIX
pelennif, onn 3agaorces mapamn (4, £7), (+2, £1) co Bcepos-
MOXHDBIMU COYETAaHUAMU 3HAKOB. CpeﬂI/I COOTBeTCTByIOH.H/IX TOYEK
Ha KOOPJAMHATHON 1Iockocti Oxy Hawbosee yIaJeHbl APYT OT
JIpyra TOUKH (4, 7) u (—4, — 7) 6o (—4, 7) u (4, — 7) .

@usnka
Dusmyeckmm hakynbTeT

1. Bynem, Kak 9T0 OGBIYHO ¥ /IeJTA€TCs TP PelleHn i MOT00HbIX
3a/lavd, CYUTATD IJIACTUHY TBEP/IbIM TEJIOM. IIo YCJIOBUIO 3a/iavuu
TaHTEHC YIJIa O MEXIy BEKTOPOM CKOpPOCTH ¥ BepmuHbI C 1
croponoii kBagpara CD (puc.22, 23) pasen 0,5, a mIacTHHa JBU-
Ketcst 110 TutockocTu. ClleoBaTeslbHO, CKOPOCTH BCEX TOUYEK IIa-

I

?:_

=

Ir j:-"i”'

o=
Puc22 -

CTUHBI apaJLTeIbHbl TJIOCKOCTH, yroa BCM paBeH o H CKO-
poctb BepunHbl C nepnenaukyasgpHa npsmoit M C. Kpome Toro,
TakK Kak junHa npsamMoil M C pomkHa ObITh HEM3MEHHOH, TO UCKO-
Masi CKOPOCTb Tp; TepreHaAnKyJspHa mpsmoit MC u o6pasyer co
CcTOpOHOI AB yron o .

[Iyctp BekTOp CKOpPOCTH Op BepUIMHBI B 06pasyeT co CTOPOHOI
AB yrona B . Iockoasky BC = const, BekTOp 0 MOXeT OBITH Ha-
IIpaBJIeH TOJBKO TaK, KaK IIOKa3aHo Ha pUCYyHKax 22 u 23, npu-
4yeM B 060HX ciIydyadx vsino =ovgsinf n 0 <P <m/2.

[To ycaoBuio 3aaun cKopocTu BeplinH A 1 B B3aWMHO TepIIeH-
JMUKYJISAPHBI, 03ToMy yron AKE mexnay npsamoit AK u nepuenan-

P M: &

il

;c.;j_ﬂ.ﬂ”

]

Puc23

KyJisipoM KE, OmyIIeHHBIM U3 KOHIIA BEKTOPA CKOPOCTU BEPIINHBI
A na cropony AB, paBen f . ITockonsky AM = MB = const, To
v, sinf = vg cosP = vy cosa .

YuurbiBas, 4yTo mpoeknuu ckopocteil BepmuH A n C Ha coeanHs-
foryo X npsamMyio AC TOKHBI ObITh OMHAKOBBIMU (AC =

= const), a yron FAK B nepsom ciyuae —m/4, a BO BIOpOM
cayvae P+ m/4 , moayuaem

04 cos(BF m/4) = vcos (o +m/4) .

ITockombKy sino = 1/\/3, a cosa = 2/\/3 , M3 TIPEIBIAYTINX CO-
OTHOIIIEHWI CJIEyeT, 9TO

cosf cosf 1

v\/gsin26 - U\/g(cosﬁisinﬁ) ’

%4 =% sinf

a moToMy
. . 20—
cos?B £ cosPsinP = sin’p, wm tg*BFtgf-1=0.
Petnast riocJiejiiee ypaBHEHHE, TTOJIyYaeM

NEES! o S5Ft

th:T, " Oy _Zth_Tv'
Pemenne aToii 3a/1aun MOKHO CYIIECTBEHHO YIIPOCTHTD, €CJIU BOC-
II0JIb30BAaTbCA IIOHATUEM MFIIOBeIIIIOﬁ OCH BpallleHu:A.
Ilo ycnoBHIO 3a/1auM CKOPOCTH PA3HBIX TOUYEK TMJIACTHHBI KOMILIA-
HapHbI, HO HE TapaJIIeJbHbI IPYT APYTY, CJIeI0BATEIbHO, JBUKE-
HUEe TIJTACTHHDBI MOKHO TIPE/ICTABUTH KAaK CYMMY BpAalIaTeJIbHOTO
JIBIDKEHUS BOKPYT HEKOTOPOH OCH, IepIeHIUKYISIPHOH TOpU30H-
TAJIbHOW TIJIOCKOCTH, 110 KOTOPOM /IBUKETCS TIJIACTUHA, U JIBUKe-
HUS 9TON OCH C HEKOTOPOH CKOPOCTbBIO, TapaJijieJbHON yKazaHHON
miaockocTu. [loaToMy ecim B KauecTBe OCH BpallleHUsI BbIGPATh
TaK Ha3bIBAEMYIO MIHOBEHHYIO OCh Bpamenus (0ch, CKOPOCTb KO-
TOPO#i B JAHHBIII MOMEHT BPEMEHU PaBHA HYJIO), TO BEJINYMHA
JINHEITHOHN CKOPOCTH MTPOM3BOJIBHON TOYKH TITACTHHBI Gy/IeT paBHA
MTPOU3BEIEHUIO YTJIOBOI CKOPOCTH HA PAaJNyC BPAIIEHUS JTaHHOMN
TOYKH U HAIpaBJIeHa MePIeHuKYJISPHO aToMy paauycy. U3 cka-
3aHHOT'O cJjelyeT, YTO MIHOBEHHAas OCb BpallleHUA JOJIKHaA ITPOXO0-
JINTH Yepe3 TOUYKY TepeceyeHus MepreH/INKYISIpOB K BEKTOpaM
CKODPOCTEil TOUEK TITACTHHBI, JIEXKAINX B OHOI TOPU30HTAJIbHOMN
miaockocTH. IlockosnbKy ckopocTu BepmiuH A u B B3auMHO IIep-
MEHJAUKYJISIPHBI, TO W MEPIEHUKYJISIPBI K 9TUM CKOPOCTIM JIOJIK-
HBI TIepeceKaThCsl MO/ MPSIMBIM YTJIOM, CJIe/I0OBATETbHO, TOYKA Tie-
peceveHns 3THX TEPHEeHNKYJISPOB JOKHA COBIAAATD C OHOM
U3 TOYEK OKPY’KHOCTH, JMAMETPOM KOTOPOI SIBJISETCS CTOPOHA
AB. Ha pucynke 24 nmyHKTHpPHOIl JUHHEH NOKa3aH IePIeHIUKY-
JIIp K BeKTOpY ckopocTu Touku C. BuaHo, 4TO 3TOT TepneHInKy-
JISIp TIepeceKaeT MOCTPOEHHYIO OKPYKHOCTD B JBYX TOouKax. Ta-
KM 06pa3oM, MTHOBEHHAST OCh BPAIIEHUSI TPOXOAUT 60 depe3
touky Oy, su6o uepe3 Touky O, , a yrjaoBasi CKOPOCTb BpAIIEHUS
KBajipata pasHa Jm6o oy = v/O,C, mi6o ®, = v/O,C .




IlycTh fyTMHA CTOPOHBI KBAJI-
para pasua 2a. Ilo ycioBuio
3a/1au¥l, BEKTOp O CKOPOCTH
Bepiuabl C 06pa3yer ¢ BeK-
topom CD Takoif yromx o,
gro tgo = 0,5, mosromy mep-
MEHUKY AP K O Tepecekaer
cropony AB B Touke M (ara
TOYKA COBIIAJIAET C CePeTMHON
croponsl AB). Torzma

MC = 2a/coso. = J5a,
! OC=MC+a n

W T 0,C = MC —a . Cnenosa-
TEJIbHO, JINHEHHAsT CKOPOCTD
TOuKM M HampaBJieHa TepIeH-
JuKyasapHo otpesky MC, a ee
Puc24 U BeJIMYNHA paBHA

S s e U G L Y
M, \/§+1 4 M, \/3_1 4 ’

YTO COBHA/IAET € MOJYYEHHBIM PAHEE PE3YJbTATOM.
2. Kak 06br4H0, Oy/ieM CUMTATh CHCTEMY OTCYeTa, HEIO/BIDKHYIO
OTHOCHTEJILHO OPOTH, WHEPIHUAILHON. [[0CKOJIbKY aBTOMOGUIIb
JBUSKETCS TI0 TOPH30HTAJIBHOMY YUACTKY [OPOTH M BCE €ro KoJeca
SIBJIIOTCS. BEYIIUMHU, TO BHE 3aBUCHMOCTHU OT IOJIOKEHUS IEHTPa
TSDKECTH aBTOMOGHJISL €70 CUJIa TATU U TAHTEHIINAJIbHAS COCTABJIS-
I01ast CUJTbI PEAKINK JJOPOTH, HA3bIBaeMast OGBIYHO CHJION CyXOTo
TPEHUs, JIOJUKHBI GbITh CBSA3aHbI COOTHOleHNeM F, < wmg , rae g
— yCKOpeHHe CBOGO/IHOTO Ta/IeHUsI.
Tak Kak aBTOMOOGUJIb [IBUKETCS MPSMOJMHERHO, ero yCKOpEeHne
pasHo a(t) = F,(t)/m . Cuntas, 4T0 MOUIHOCTD J{BHTATEJIS OJTHO-
CTBIO TIEPE/IAeTCs Ha KOJIEC, MOJKHO YTBEPIK/AATh, UTO T10CJE
BKJIOUEHHUS JIBUTATEIsl KOJIeca HEKOTOPoe BpeMsi T GYy/IyT CKOJIb-
3UTH MO JOPOTE, a TOTOMY BEJUYMHA CHJIbI TATH Gy/eT paBHa
F,(t £ 1) =pmg, T.e. B TedeHue npoMexxyTka spemenn 0 <t <7
yCKOpeHHe aBToMOGHJIsE Gy/IeT PaBHO Mg, a ero CKOpocTh Gyzer
U3MEHSIThCS 110 3aKkoHy ©(t) = ugt . Haunnas ¢ MoMeHTa BpeMeHH
N N
t=t=— =2
Epg  mp’g*’
CKOJIbKEHHE KOJIeC IPEKPATUTCS, a [OTOMY BEJUYMHA CUJIbI TATH
Gyner ynoBaerBopsTh yeaosnio F, (t 2 1) < umg . CaepoBares-
HO, MpHpaIeHne KUHETHIECKON SHEPIUH aBTOMOGHUIIA [TOJIKHO
ObITb paBHO paGoTe [(BUTATEJsI, T.€. IPH ¢ > T JIOJIKHO BBINOJ-
HSITBCSI COOTHOIIEHHE

i1 o

mo’ (t)  mo* (1)
2 2

TloxctaBmsist B aTO BbIpa’K€HUEe 3HAYEHUA T U U(‘C) , IOoJIyqyaeM

(t-1)N =

Hgt Hp,OStST:_ZZ,
mu’g

np, T<t

3. Bynem cunrtaTh HaKJOHHYIO MJIOCKOCTH HEMO/IBUKHOI OTHOCH-
TEJIbHO HEKOTOPOIl WHEPINATbHOW CHCTEMBI OTCYeTa, a KyOuK 1
JTIOCKY — TBePJBbIMU TesaMu. I10J0KIM, 4TO cHla CyXOTO TPEHHS
CKOJIB)KEHUST HE 3aBUCUT OT OTHOCUTEIBHON CKOPOCTHU JIBHKEHUS
B3aUMO/IEHICTBYIOIINX TeJl M PABHA MAKCHUMAJbHOMY 3HAYEHUIO
CHUJTBI CyXOTO TPEHUS MOKOS MEXIy HUMH. YYHUTBIBasi, YTO OCh
MIPY>KUHBI W JOCKH, HUTb M IIEHTP Macc KyOWKa JieXKaT B OJHOM
BEPTUKATBHON TIJIOCKOCTH, a KyOUK JABUIKETCS PABHOMEDPHO, MOK-
HO CYUTATh, YTO JOCKA /10 OGPBIBA HUTH MOKOUJIACH, KyOWK [BU-
rajicst TIOCTYTIATeIbHO, CUJIA HATSKeHUsT HUTH OblTa HalpaBJeHa

KBAHT -

2005/ No

BBEPX NapaJlJeJbHO HAKJIOHHOH IIIOCKOCTH W PaBHA

T =mg(sino + pcosa),
rje g — yckopenue cBo6oHoro mnagenus. ITocse o6pbiBa HUTH
Ky6uK 6yJeT CKOJb3UThb BBEpPX MO JOCKe 70 TeX Iop, TTOoKa 3a
cueT paboTHI CHJIbI TSDKECTH U CHJIBI TPEHUSI CO CTOPOHBI JJOCKH
€ro CKOpOCTb He CTAaHeT PaBHOI Hy.0. BrjaoTh 70 9TOro MoMeHra
spemenu (¢ = 0) medpopManust IPYKUHBI JOJIKHA OCTABATHCS He-
U3MEHHOM, a focka — ToKosimeiicss (gelicTByomas co cTopoHbl
KyOUKa Ha JIOCKY CHJIa CyXOTO TPEHUs CKOJbXXEHHs He M3MeHseT-
cs1). [ocse ocTaHOBKM KyGHKa He TOJbKO BeJMYMHA, HO M Ha-
IIpaBJieHne CUJIbI TPeHHst Gy/yT N3MEHSThCsI, a ITOTOMY JIOCKa He
CMO>KeT OCTaBaThCs HETIO/[BIKHOI.
ITo ycnosuio 3agaun Ky6uK mocse o6pbIBa HATH /I0JDKEH COBep-
maTh rapMonndeckue KoseGanusi. CireoBaTesbHO, MeXaHUYECKast
9Heprust KyOuKa, JOCKU W IIPYXKUHBI [OCJe BO3HUKHOBEHNUS KOJIe-
6aHMil 10JDKHA OCTaBaThCs Hem3MeHHOI. Tak MoeT GBITb TOJBKO
B TOM CJIydae, €CJi KyOHK OCTaeTcsl HeMOABMKHBIM OTHOCUTEIHHO
nocku. IToatoMy ypaBHeHMsI ABUKeHUs KyOUKa M JIOCKU B IIPOEK-
1IN Ha OCb X, HAIIPABJEHHYIO BHU3 IapaJlje/IbHO HaKJIOHHOI
IIJIOCKOCTH, 71T MOMEHTOB BpeMeHH ¢ > ( mMMeoT B

mx” = mgsino - F,, (), Mx” = —kx+ Mgsino+ F,, (t),

rae x” — TPOEKINsT YCKOpeHus KyOuKa 1 JOCKU Ha OCh X, Haya-
JIO KOTOPO#i COOTBETCTBYET MOJIOKEHNIO HEKOTOPOil (PUKCHPOBaH-
HOU TOYKHU [OCKHU 1pu HepedopMupoBanHoil npyskute. CKa/bi-
Basl TIOYWIEHHO TIOCJIE/THIE [IBA YPABHEHHUSI, MOJIYIaeM

(M +m)x” = (M +m)gsino— kx ,
bimici
M =-k = ™ gsi
(M +m)ay’=—kx;, THe X = x — gsino .
Pemrenite 5T0ro ypaBHeHNUs uMeeT BUA X (f) = —Acoswt , T1e aM-
MInTya Kosrebanuit A paBHA MO0 Pa3HOCTH BeJWUuH aedop-

Manuii Ipy>KuHbI 0 06pbIBA HATH U B Te MOMEHTBI, KOT/A TI0C/Ie
ee 06pbIBA YCKOpEHNE KyO6UKa CTAaHOBUTCS PABHBIM HYJIIO:

_M+m M sin o — umcoso T

gsind——— ¢ =

A -
k k’

a yrJjoBasi yacToTa KoJe6anuii paBHa

/ k
W=, [—".
M+m

W3 moJry4eHHBIX BBIpAKEHUIT TTOJydaeM, 4TO YCKOpeHHe KyOnKa
IIPY TAPMOHUYECKHUX KOJIeGaHUSIX Oy/leT N3MEHSIThCS 0 3aKOHY

x” = xf'= Ao’ cost

a TIOTOMY BeJIMYMHA JENCTBYIONIell Ha KyOUK CHJIbI TPEHUS CO CTO-
poHBI IocKku OyJieT paBHA

‘FTP (t)‘ =m|x” + gsinof = m‘A(D2 cos ot + gsina] .

C]Ie[[OBaTe]H)HO, KyéI/IK 6y/1€T coBeplIaTb TapMOHHUYECKHE KoJe6a-
HHUA T10CJIe OéprBa HUTH, €CJIN BEJIMYNHa CUJIbl TPEHUA ITOKOSA 6y—
JIeT HEe MEHbIIe YeM gSiIlOL + A(,l)2 . yL[I/ITI)IBaf{, 4TO MaKCHUMaJIb-
Hasd BeJIMYMHA CUJIbI CYXOro TPEeHHUs ITOKOS paBHa WmMg Ccoso ,
TocJie IMpoOCThIX aﬂreépaH‘ICCKI/IX npeoépa3OBaHH171 II0JIy4nUM, 4TO
HNCKOMO€ 3HaYeHue KOS(b(i)I/IL[HEHTa TpEHUA Ky6I/IKa O JIOCKY HOJIZK-
HO YJOBJIETBOPATH HEPABEHCTBY

2m
21 1+— |tga .
wz 1+ 2 )eg

4. TIpearosIoKIM, 4TO IMJIHH/AP HOKOUTCS OTHOCUTEJBHO Jabopa-
TOPHOI CHCTEMBI OTCYETA, M ATy CHCTeMYy Oy/leM CYMTATb WHEPIU-
aspHOH. Kpome Toro, GyzeM cuuTaTh, 4TO M3MEHEHHe TeMIepary-
PBI TeJsus IPOMCXO/UT TaK, YTO IOPIIEHDb ITepeMelaeTcsi OYeHb
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Me/IJIEHHO U JIaBJIeHUe BO BCeX TOYKaX BHYTPHU IIMJIMH/PA U3MeHs-
eTcsl OJIMHAKOBBIM 06pa3oM. Ecuii resmii mocse 3aKkauyki OXJIax-
nasu (TepBblil crydaii), To ero 06beM MOT TOJbKO YMEHbIIATHCS,
a TIOPIIEeHD JBUTAJCS K AHY HUIMHAPA, IPEOL0JEBas CUILY CYXOTO
Tpenusi. CieoBaTesIbHO, B 9TOM CJIyyae /laBjeHue reiust B 11H-
JIMHJpE Tiepe/l HarpeBaHueM He MOTJIO OBITh MEHBIIE

pi=po = Fp /S . Ecm sxe ras npeasapuresibio narpesau (Bro-
poii ciyuaii), TO HAPABJIEHNE CUJIbI CYXOTO TPEHHUs, JeHCTBYIO-
Iieil Ha TTOPIIeHDb, COBMAAAJO C HANPABJIEHUEM CHJIBI atMocdep-
HOTO JIaBJIEHHsI, @ IOTOMY JlaBJIeHHe B IIMJMH/PE BCe BpeMsl OCTa-
BAJIOCh PABHBIM P, = Py + Fy /S . W3 ckazannoro fcHO, 4TO B
HepBOM cjiydae o0beM Tesns IPH HarpeBaHuu He Gy/eT n3Me-
HATbCS, TIOKA ero JiaBJjieHne He CTaHeT PaBHBIM p, . Bo BTOpoM
JKe caydae o6beM TesTs OJKEH HauyaTh YBEJUYNBATHCS, KaK
TOJIBKO €r0 CTaJM HarpeBarh, NPHUYEM JaBJieHue Tesusi OyaeT oc-
TaBaTbCs HEM3MEHHBIM M PABHBIM Py .

[Tyctp abcomoTHAsS TeMIepaTypa reJust Ipu JaBJeHun p; 1 o6be-
me V, pasua T, mpu gaBiaenun p, u o6beme V, paBHa T), a
npu yBeJnmdeHnn o6beMa resinst Ha BeJuduHy SAL cTaja paBHOI
Ts . Tlonarast, 94T0 KOJIUYIECTBO MOJIEH Teaust V B IUJIWHAPE HEU3-
MEHHO M B MHTEPECYIOIIeM /lhana3oHe TeMIeparyp U JaBJIeHnit
reJnii mouMHseTcs ypaBHeHuto Kuaneifipona—MenjeneeBa, MOX-
HO 3aImucarb

piVo = VRT,, p,Vy =VRT, u p,(Vy + SAL) = VRT;,

rae R — yHuBepcasbHas Ta30Bast MOCTOSTHHAS.

Kak u3BecTHO, resinil sIBISETCS] OJJHOATOMHBIM Ta3oM, MO3TOMY
ero BHYTPEHHsIsT aHeprus mpu TeMmneparype T paBHa 1,5vRT .
ITockosibKy B HEPBOM CJlydae TeJsIMil Ha/[0 HArpeBaTb OT TeMIIEpPa-
Typbl He MeHblieit 17 0 TeMneparypel T, M30XOPHYECKH, MOJBO-
JIIMOE K HEMY KOJIMYECTBO TEIJIOTBI OY/IeT YBEJINYMBATD TOJHKO
€ro BHYTPEHHIOIO HEPTHIO:

0, =1,5vR(T, - T) .

Harpesanue sxe requst ot temneparypsl 1, 10 temneparypor T3
GyleT IpoucxouTh n3obapuyecku. CiegoBaTebHO, OyeT He
TOJIbKO YBEJMYNBATHCS BHYTPEHHSISI SHEPTHUS TeJUsi, HO OH ellle
6yzieT coBepinaTh paboTy 1o pacimpennio. [loatomy

Oy = 1,5vR(T3 —Tz) +vR(T3 —Tz) = 2,5VR(T3 —T2) .
Pemas coBMecTHO IpuBejieHHbIE YPAaBHEHUS, TTOTY4YUM

O =3Vy Fyp /S, Oy =25(pyS +F,, )AL .

Wrak, nckoMoe KOIMYECTBO TEIIOThI (), B 3aBUCUMOCTU OT TOTO
KakuM 00pa3oM 00beM resus TOcJe 3aKaYKH ero B IJINH/D YC-
TAHOBMJICSI PaBHBIM V), JOJDKHO y/IOBJIETBOPSTH HEPABEHCTBY

2,5(pyS + Fp )AL < Q < 2,5(pyS + F, )AL + 3V, F,, /S

5. Ilpu pemrerun 3amaun 6yseM, Kak 0ObIYHO, CUUTATh, YTO TIOBe-
JleHVe TeJnst U KPUIITOHA BILJIOTH JI0 TOUKYW HACBHIIIEHUS TOUNHSI-
eTca ypasHeHnio Kianeiipona—MenemneeBa, a oXJIaxk/eHue cMe-
CH TIPOMCXO/IUT CTOJIb Me/IJIEHHO, YTO CO/IePXKUMOe IIUJINH/pa BCe
BpeMsl HaXO/JUTCS B COCTOSIHUU TEPMOJMHAMUYECKOTO PaBHOBE-
cusi. Kpome toro, 6yieM cunuTarh, 4YTO B MUJUHIPE CYIIECTBYIOT
TaKue yCJOBUsI, IPH KOTOPBIX KPUITOH HAYMHAET KOHIAEHCUPO-
BaTbCs, KaK TOJIbKO €ro MapluajJbHOe JaBjeHHe CTAaHOBUTCS PaB-
HBIM JIaBJEHUIO Py, €ro HaChIIeHHbIX MapoB. OTMeTHM, uTo, T10-
CKOJIbKY KPUITOH B Ta3000pa3HOM COCTOSIHUU B IIUJIMH/PE HAXO-
JINTCS TIPU TEMIIEPAType SIBHO HUKE KPUTHUYECKOH

(Tp = 210 K), ero ciietyer HasbiBaTh napoM, B TO BpeMs Kak
remit (T, = 5K ) cienyer HaspIBaTh Ta3oM.

CorusacHo ypaBHeHuio Kianeiipona—MenzesneeBa, MJIOTHOCTb P;
COCTaBJISTIONIEN CMeCH, HAXO/SIIENCS B Ta3000pPa3HOM COCTOSIHUH,
ee MoJisipHast Macca M; , abGcomotHas Temneparypa I; n mapuu-

aJIbHOE JIABJIEHNE P; JOJIKHBI YIOBJIETBOPSITH YPABHEHHIO
pM,; = p;RT;,
e R — yHuBepcasibHasi razoBasi mocTostHHast. CJe/l0BaTe/bHO,

n :&: pl(MK .

pl' pl'Ml'
CyMMa TTapiuaibHBIX JaBJEHUN Teus U KPUIITOHA TPH J060it
TeMIlepaType paBHa BHeNIHeMy aTMoc(epHOMY JaBJEHHIO p, a To-
TOMY TapIUaJbHOE JaBJIeHUe KPUIITOHA PABHO

npM.,

pe(li) = aM, M,

ecm T; 2T, , tne T, — abcomoTHas TeMmeparypa, IpH KOTOPOii
rapbl KPUNTOHA CTAHOBSITCSI HACBIIEHHBIMH.

Tak Kak OTHOCUTEJbHAS BJIAKHOCTH Fa30MAaPOBOI CMECH IIPU TeM-
neparype 1{ paBHa (¢ W KPUNITOH IIPU HOPMAaJbHOM aTMocdep-
HOM [JIaBJICHUW KWIIUT TIPH TemrepaTtype I, , TOJKHBI BBITOJIHSATD-

Csa COOTHOMIEHUA

Px (T1) = Py y (T1)’pI<H (TK) =p ua pg (TZ) = Pxu (TZ):

puyeM
Pen (T;) = a +bT; .

Pemas coBmMecTHO IIpuBe/IeHHbIE YpaBHEHUA, IIOJIydaeM

T1_T2: nMr(1_(p)

T _T1 (pM|<_nMr(1_(p) .

K

C]Ie[[OBaTeJIbHO, Ha CTEHKaX IUWJINH/Apa AOJIXKHa IMOABUTbBCA pOCa,
€CJIM TEMIIEPATYpPYy CMECU ITOHU3UTDb Ha

(TK - T1)(1 - (p)nMr
oM, - M, (1-0)

AT =T,-T, = ~1K.

6. TIpeanososkuM, 94TO MIApP TTOKOUTCSI OTHOCHTENBHO HEKOTOPOIT
MHEPINATBHOI CHCTEMbI OTCYETA, & 9JIEKTPOH JABUXKETCS B BaKyy-
Me, U TIpeHeOpeKeM TIOTEPSIMI SHEPTUH IJIEKTPOHA HA U3JIydeHne
(T.e. GyzeM cuMTaTh, YTO YCKOPEHUE HIEKTPOHA JOCTaTOUHO
MaJs10). IIpn Ipu6IMKEeHUN 2JIEKTPOHA K MIapy, B CUJY SBJICHUS
9JIEKTPOCTATHYECKON MH/YKIMHU, 0JKHO MPOUCXOJUTH Iepepact-
pelesienne 3apsiia Ha mape. IIycTp BesandynHa 3apsija, Haxo7siie-
rocst Ha JIOCTATOYHO MAJIOM yYacTKe TTOBEPXHOCTH IMIapa, paBHA
Ag; . Tlo ycJoBHIO 3a/1auu 1Iap W30JMPOBAH, & €r0 3apsijl PaBeH
Q, moaromy B 060N MOMEHT BPEMEHU ZA%‘ 110 BCEM Y4acTKaM
MMOBEPXHOCTH 1apa paBHa Q.

ByneMm, Kak 0ObIYHO, CYUTATH, YTO TOTEHI[HAJ 3JEKTPOCTATHYIEC-
KOTO TIOJIsI, CO3/[ABAEMOTO TIOKOSIIIIUMCST TOY€YHBIM 3apsiZIoM ¢ B
6eCKOHEUHO yaJeHHON OT Hero TOYKe, paBeH HyJio. Torzga mo-
TEHIMAJ AJIEKTPOCTATHYECKOTO MOJISI HA PACCTOSIHUU 7 OT TOUey-
HOTO 3apsifia Gy/leT paBeH

_ g
dmegr’

o(r)

rie € — aJekTpuyeckas rnocrosinHas. CoryacHO MPUHIIUIY CY-
MEePIO3UIIH, TIOTEHIINAJ, CO3/[ABAEMbIIl CUCTEMON TOUEUHBIX 3a-
PSIOB B IaHHOH TOUYKe, paBeH CyMMe IOTEeHIINAJOB, CO3/1aBaeMbIX
KaXX/[bIM U3 3THX 3apsi/I0B MOPO3Hb B aToil Touke. CienoBaTesib-
HO, MOTEHIIHAJ [EHTPA mapa, 00yCJIOBJIEHHBINH ero H30BITOUHBIM
3apsI/IOM U TOUEUHBIM 3apsi/oM 2Q, HAXO/SIIMCS OT IEHTPa
nrapa Ha paccTosiHuu 2R, paBeH

_ 20 .y Mg _ 0
4mey - 2R 4dnegR - 2megR -

¢

Taxum sxe GyzieT MOTeHIHAI U JI000i TOUKN MOBEPXHOCTH IIapa.
Kaxk m3BecTHO, KyJIOHOBCKOE CTAIlMOHAPHOE IOJIE SBJISIETCS KOH-
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cepBaTuBHbIM. Cile/joBaTeIbHO, paboTa CUJI TAKOTO MO Haj TIe-
peMeIaloNuMcsT B HeM 3JIEKTPOHOM He 3aBHCHT OT BHJIA TPAEKTO-
pHuH, a onpejessgercs JUMb IOJ0XeHneM HadalbHOW I KOHEYHOH
touek. IlockosbKy 3aps[ 9/eKTPOHA OTPHUIIATeIeH, 3JeKTPOCTaTH-
YecKkoe ToJie Mapa M TOYeYHOTO 3apsijia IPHU TOJIeTe 3JeKTPOHA K
Iapy COBEPHINT HaJ| 3JEKTPOHOM IOJIOXKHUTENbHYIO paboTy

A =e@, Tie e — MOy b 3apsjia ajekTpoHa. OTclofla Ha OCHOBA-
HUU 3aKOHA M3MEHEHUS KMHETUYECKON 9HEpruu cJjeayer, 4Tto uc-
KOMasi CKOPOCTb 3JI€KTPOHA MAcCOil /m TIPH ero MojjIeTe K MOBepX-
HOCTH IIapa J0JDKHA Y/OBJIETBOPSTh HEPABEHCTBY

eQ

< ).
negRm

7. Ilockonbky poBogHUK OA TOHKHUIT W BpalaeTcs ¢ YriaoBOI
CKOPOCTBIO (® BOKPYT OCH KOJIbIIA, CKOPOCTb YTIOPSIZI0YEHHOTO
JIBUZKEHUsT CBOOOMHBIX HOCUTENEN 3apsijia B 9TOM TPOBOJHUKE OT-
HOCHUTEJILHO a6opaTopHoil cuctembl oTcyera (cuntaeMm ee unep-
IMaIbHOIT) MOYKHO MPECTaBUTh B BUJE CYMMBbI JIByX BEKTOPOB,
OJIMH 13 KOTOPBIX MEPIEHINKYISIPEH OCH TPOBOJHUKA, a BTOPOI
HATIpaBJIeH BAOJb 9TOi ocH. SIcHO, uTO 06a 3TH BEKTOpA JIeXKaT B
BEPTUKAJBHOH IJIOCKOCTH, B KOTOPOi PACIOJIOKEHO KOJIBIIO.
Besmunna neprienuKyJISIpHOI cocTaBJistiolell yKka3aHHOH CKOPO-
CTH paBHA CKOPOCTH JIBUKEHUST TOW TOYKHM TPOBOJIHUKA, B KOTO-
POl B TaHHBIIT MOMEHT HAXOMUTCS CBOGOIHBIN HOCUTE/b 3apsijia,
T.e. Uy = WF, TJE 7; — Pajuyc BpalleHus WHTEpPeCyIoleil TOUKu
npoBoaarka OA. V3-3a HAIMYUSA 3TON COCTABJSIONIEN CBOOOIHbBIE
HOCHTEJIM 3apsi/la UCTIBITBIBAIOT JelicTBUE cuJibl JIopeHIa, paBHOI
Fy; = qv, B, oKBUBaJI€HTHOE JEHCTBIIO CTOPOHHETO JIEKTPUYIEC-
KOTO TIOJISI, BEJIMUNHA HATIPSIXKEHHOCTH KOTOPOTO paBHA

F

E1(r.):%:mri34

1
OTciofia BUAHO, YTO BEJNYMHA HATIPSIKEHHOCTH CTOPOHHETO 2JIEK-
TPUUYECKOTO TOJIST TIPSIMO MPOMOPIUOHAIBHA YAAJIEHUIO PaccMaT-
pUBaeMoii TOUYKHM ITPOBOIHUKA OT OCH BpAIIEHUsT U He 3aBUCUT OT
BpeMenn (yr/ioBasg CKOPOCTh BpallleHns M MHAYKIMSA MarHATHOTO
TOJIST TIOCTOSTHHBL) . BinsiHue 9TOro CTOPOHHETO MO Ha CUITY
TOKA B I[eNd, KaK OOBIYHO, yUTEM, OIPE/IEeUB JHEPTETHUECKYIO
XapaKTePUCTUKY 3TOTO TOJIS
— ero J/IC. Ilo ompenee-
nuio, Besmunna J/C paBHa
MO/LyJII0 OTHOIIEHHsT paGOTbI
CHJI CTOPOHHETO TIOJIST Ha/|
MPOGHBIM 3aPsIIOM TIPU €ro
repeMeIieHuy B/I0JIb pac-

i CMATPUBAEMOTO YUYACTKA IETH

T K Be€JIMUYMHE 3TOTO 3apda/jaa.
i} w= .':IL”. ...................... BI‘ﬂII/ITI)IBaSIy YTO HAIIPpAYKEH-

HOCTb CTOPOHHUX CHUJI Ha-
Puc25

MpaBJieHa BJOJb OCU TIPOBO/I-
HUKa, MOJyynM, 4to BesmynHa J/]C Ha 0CTATOYHO MAJIOM ydac-
TKe TIPOBOJIHUKA JJMHON A7 paBHa

Ay = M = wBrAr = (DB(AT)2

q

ITockonbky asmHa poBogHuka OA paBHa 7, OH COCTOUT W3
N =7/Ar TakuX y4acTKOB, a OTOMY BeJIMYMHA MHTEPeCyIomleit
"ac J/IC paBHa

N 2 N 2
& = lim Y &; = 0B lim — Y i = wBr” lim 1”2\,1\1: wBr
Noe = N—eo Pl n—e AN 2

Hasmuue mpoJoibHOM cocTaBIsioNIell CKOPOCTH YIOPSI0YEHHOTO
JIBIDKEHHsI HOCHTeJIEl 3apsijia, T.e. MPOTeKaHue TOKa 10 MPOBO/I-
HUKY, HaXOJAIIEMYCA B MAarHUTHOM II0JIE, OéyC]IaBIII/IBaeT IIOAB-
Jgenue cu Amnepa. Ilo ycaosuio sagaun nposoguuk OA Bpamma-
€TCsl ¢ MOCTOSIHHOH YTJIOBOH CKOPOCTBIO OTHOCUTEIBbHO HHEPIIN-

2005/ No

aJsbHON cucteMbl oTcueTa. Cie[oBaTelbHO, CYyMMBI €HCTBYOMNX
Ha Hero cua (CHJIBI TAYKECTH, peaKIIMM OCH M CHJIBI AMIiepa) W uX
MOMEHTOB OTHOCHUTEJ/JIbHO HIOéOﬁ OCH JOJI’)KHBI 6bITb PaBHbI HYJIIO.
Yro6b! yrnpocTuTh pelienne 3ajaun, GyjeM pPacCUUTbIBATD Jlei-
CTBYIOIIIE HAa MTPOBOJHUK MOMEHTBI CHJI OTHOCHUTEJIBHO OCH Bpa-
nieHusi. B TOT MOMEHT BpeMeHH ¢, KOTZa MTPOBOJHHUK 06pasyer ¢
FOPU3OHTAJIBHBIM JIUAMETPOM KOJIbIIA yroa o = ot (puc.25), mo-
MEHT CUJIbI TSKECTH, JIEHCTBYIONIEN HA MaJIbIil OTPE30K ITPOBO/I-
HUKa JJIUHON Ay , HAXOJSIIMICS OT OCH BPAIIEHWS HA PacCTOsI-
HUW 7;, paBeH

gmcosa.

gmcosotA i(Ar)z,

TaK KaK Macca TaKoro orpeska paBHa Am; = mAr/r . Cienosa-
TEJIbHO, OOIIUIT MOMEHT CHJI TSIXKECTH PaBeH

gmr Cos O
nfrYi- .

YuurpeiBag, uto npoBoAHUK OA JBUXKETCS B BEPTUKAJIBHON TLIOC-
KOCTH, TEePIeHUKYISPHON JTMHUSM WHAYKIUU MarHUTHOTO IOJIS,
Ha OCHOBAHWHU 3aKOHA AMIepa MOKHO yTBEPKIaTh, YTO HA i-if
YUYaCTOK IIPOBOJIHUKA AJUHON Ar [elficTByeT cuia

AFy,;(t) = 1(£)ArB |

AM; = r,gAm; coso. = 7,
r

_ _ gmcosoc
M, =Y AM; = 7r lim

rae I(t) — cuia TOKa, TEKYLLEro 10 PACCMATPHBAEMOMY YYACTKY
IPOBOJHNKA B MOMEHT BpEMeHH f.

[ToBTOPSAS MOYTH JOCJIOBHO PACCY’KIEHUS, IPUBEIITIE K BHIUIIC-
JIEHUIO MOMEHTa CHUJI TAXKeCTUu, n y‘II/ITbIBaﬂ, YTO cuJja AMHepa Ha-
IpaBJieHa MepHeHANKYISIPHO OCH ITPOBOIHUKA U MHIYKIIMH Mar-
HITHOTO TOJIs, MOKHO TI0Ka3aTh, YTO BeJIIYIHA MOMEHTa CHJ AM-
mepa, JIeHCTBYIONNMX Ha TPoBOAHIK OA OTHOCHTENBHO OCH Bpa-
mienusd, paBHa

M, =0,5Br*I(t).

HOCKOJII)Ky CyMMa MOMEHTOB CHJI AMHepa n CUJI TAXKECTH OTHOCH-
T€JIbHO OCH BpallleHuA [10JKHaA OBITh paBHa HYJI0, CWJIa TOKa, Te-
Kyuiero 1o mpoBOJHUKY, NOJIKHA U3MEHATHCA IO 3aKOHY

I(t) = 9 cos ot ,
Br

MPUYEM TOK ATOT HAINPABJIEH TaK, KAaK YKA3aHO HA PUCYHKE.
Cornacno 3akony Oma, uckomasi 9/1C ucTounnka HanpsKeHus
JIOJKHA OBITH PaBHA

Bor? Rmg
+

2
8. CorulacHo mpuBeJieHHOMY B ycJIOBUU TpaduKy, B TeUEHHE IIPO-
MeskyTKoB BpeMeHn 0 <t <27/3 u 2T/3 <t < T NpOEKIHUs BeK-
TOpa WHAYKI[NH OJHOPO/HOTO BHEITHETO MAarHUTHOTO TI0JIT Ha OCh
KOJIbIla PaBHOMEPHO M3MeHseTca Ha Beanuuny 2B, . Ha ocnosa-
HHHN 3aKOHa SJIGKTPOMaFIII/ITIIOﬁ UHAYKIUU MOJKHO YTBEPIK/1aTb,
YTO B TeyeHHe BpeMeHU T; = 2T/3 B KoJIblle AE€HCTBYIOT CTOPOH-
HUe 2JIeKTpHYecKe cuibl, BeamanHa J/]C KOTOpPBIX paBHA

2B, 3ma’B
& =mna® 220 = 0
T T
a B OCTaBINYIOCS YacThb nepuoja T, = 1/3 Bemmunua dC uHIyK-
I[UN paBHa

E(t)=6 +RI(t) = cos 0t .

2B, 6na’B,

& =ma? 220 = 0
Ty T

B coorBerctBuu ¢ 3akonom OMa, B TedeHue IepBOil U BTOPOIi da-

cTell mepro/jia CUIa TOKa B KOJIbIle PaBHa, COOTBETCTBEHHO,

a II0TOMY, COIJIaCHO 3aKOHY II)KOy]ISI_]IBHL[a, B KOJIbII€ 3a Ilepu-
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Ol JOJIJKHO BBIAEJIATbCA KOJHNYECTBO TEITJIOTHI
Q = (I{7, + Iin,)R.

HOCKO]Ibe CpeHAA 3a Mepruo/l TernjoBasd MOIIHOCTb paBHa OTHO-
MIEHUIO KOJIMYECTBA TEIJIOThI, BbIAEJUBIIETOCA 3a MEPpUO/, K IJIN-
TEJIbHOCTU MEepuo/a, MoJaydaeM, 4YTO UCKOMaA CPeaHAA TEIJIOBad
MOIITHOCTb paBHa

O 18n%a"B]
T  RT?

9. Ilo ycJoBHIo 33/1a4n OTHOIIEHUe JuaMeTpa b JMH3bI K PaccTo-
SAHUTIO d, Ha KOTOpOM HaXOJUTCA OT Hee TO‘-IG‘-IIIbeI HNCTOYHUK S,
CyImeCTBEHHO M€HbIIIEe €JUHUIIbI, IIO3TOMY MOKHO CHUTATb, YTO
BC€ JIy4Hn OT 3TOro UCTOYHHUKa, IIPOXOoAAlINe Yepe3 JUH3Y, 06pa—
SyIOT C ee FJIaBIIOﬁ OHTI/I‘{eCKOfI OCbIO MaJible yI‘JIbI, T.€. BbBIIIOJIHA-
eTCsI TaK HasbIBaeMoe mapakcuasibHoe mpubmamxenne. CiemoBa-
TE€JIbHO, BCe MIpolleline CKBO3b JMH3Y Jy4YHn [JOJIXKHBI II€epece-
KaTbCAa B OL[HOfI TOYKe, co3/1aBasd [[efICTBPITeHbHOB TOYEYHOE 1/1306-
paXkeHUe MCTOYHHKA, HAXOASAIeecs, COrIacHo (pOpMyJe TOHKOM
JIMH3bI, HA p'chCTOSIIII/II/I

__4d
dD -1

OT ee TJIABHOM IocKocTH (MBI YU/, YTO MCTOYHUK HAXOMUTCSI
nepe/; gnH30i1 Ha paccrosinun d = 30 cM, GosblireM ee (HOKYCHO-
ro paccrosmuss F = D' =20 cM).

I[Tocste yCTaHOBKM MJIACTHHKH BCE MAJAIONINE HA JHH3Y Jy4YH, 32
MCKJTIOYEHNEM JIy4a, MIYNIEro BIOJb TJABHON ONTHYECKOH OCH
JIMH3BI, OYYT MCIBITHI-

f

_ i BaTb IIpeJioMJIeHne B
il P nactunke. Ha pucyn-
o + e Bk Ke 26 mokasaH X0/ O/i-
e 3 - HOTO U3 Jydeii, o6pasy-
"':"J':"' TV 17T romux ¢ TU1aBHOM ontu-
’ : # YyecKoil ocbio JMH3bI JI
2 i yroa o . ITocne npe-
r: JIOMJIEHUS Ha HepeaHeit
- h 5 ¥ TPaHM TJIACTHHKU 3TOT
Puc6 Jyq 6yJeT pacrpocTpa-

HATBCS B ILJIACTUHKE
HOJL YIJIOM [ K IepreHAuKYJIsIPYy, BOCCTABJEHHOMY B TOUKe I1ajie-
HUS K TOBEPXHOCTH TJIACTHHKU. YUYHUTBIBAsS, UTO MJACTHHKA SIBJIS-
eTCsI TIJIOCKO TIapaJlJieJbHOI 1 110 06€ CTOPOHBI OT Hee HaXO/HUTCS
OJlHAa U Ta ’XKe CPe/ia, Ha OCHOBAHHU 3aKOHA IIPEJIOMJICHUS MOJIY-
YHM, 4TO IOCJI€ IIPOXOXKAEHUS ITAaCTUHKY HallpaBJeHue paclpoc-
TPaHeHUsI Jy4ya He M3MEHUTCS, HO OH CMECTHTCSI Ha PacCTOsTHHE

§ . 3 pucyHka BUAHO, 4TO

h o .
3= COSBsm(oc—B),

TIprU 3TOM TOYKa 51 nepecevyeHud 1nmpoAoJIKEHUA BbIXOAAIIETO U3
TJIAaCTUHKY Jiyda C TJIABHON ONTHUYECKOH OChIO JIMH3BI CMECTUTCS K
JINH3€e OTHOCUTETbHO MCTOYHUKA S Ha paccroganue

_ & _sin(a—p)

S8 =— -
sina.  sinocosf

h=(1-ctgotgB)h .

V13 aTOTO BBIPQsKEHUsI BU/IHO, YTO TIPOIOJIKEHUS JIydel, BbIXO/s-
HIMX U3 UCTOYHUKA TIOJ] Pa3HBIMU yrJjaMu, OyIyT NepeceKkaTb
TJIaBHYIO OIITUYECKYIO OCb JIMH3bI, BOOéU.Ie TOBOPA, B pa3HbIX TOY-
Kax, a MoToMy M300paskeHue UCTOUHNKA, (POPMHUPYEMOTO JIMH3OI1,
NpU HAJIMYUK TIepe]] Hell TI0CKOapaJiie/IbHON MIACTHHKH Gyer
MPEICTABJATh OO0 HE TOUYKY, & HEKOTOPDI OTPE30K MPSIMOIi.
OjHako y4yuTbIBasl, 4TO /I MaJbIX YIJIOB sino = tgo = o0 u
sinf = tgf = o/n , B paccMaTpuBaeMOM CJIydae IOJy4UM

SS; =(1-ctgatgB)h ~(1-B/a)h = (1—n’1)h ;

T.e. TIPOJIOJUKEHUS BCEX JIydeil, BBIXOASAIINX U3 TJIACTUHKU U T10-
HaJAloNMX Ha JUH3Y, IePecekaloTcs B OJHON TouKe S;, HaXo/s-
mieficst mepes| INH30H Ha PacCTOSHUHI

dy=d-SS=d-(t-n"")h.

WN3o6paskenne aToit TOUKH, COTJIACHO POPMYyJie TOHKOH JIMH3BI,
JIOJKHO HAXOJUTLCSA OT JIMH3BI HA PAaCCTOSHUU

=

d.D -1
Taxum 06pa30M, H306pa}KeHI/Ie HNCTOYHUKaA YAAJUTCA OT rJIAaBHOI
IIJIOCKOCTH JIMH3bI Ha pacCTOAHUE

(n=1)h
(dD-1)n—(n-1)hD)(dD - 1)

Ax=f1—f=( =40 c™ .
10. 113 ycyioBuS 3a/1a4n CJIEAYET, YTO YYACTOK BepXHEN TPAHUIIBI
SKUIKOCTH, OCBEIIAeMBIil CBETOM, HY>KHO CUMTATH TOPU30HTAIb-
HbIM, a U3MEHEeHNuEe NHTEH-
CUBHOCTH CBeTa 00YCJIOBJIe-
HO WHTepdEepeHIeil CBeTo-
BBIX ITYYKOB, OTPa’KEHHDIX
oT rpanuI xxkujakoctu. Ha
pucyHKe 27 TIOKa3aH XOJ
JIBYX JIy4eil Tajatoniero i
myyka. Yacrtp myya f, mc-
IIbITaB HpeJIOMJIeIII/Ie Ha
BepXHell IrpaHuile KUJAKOCTU
B Touke A mop yriom f3, Puc27

MajIaeT Ha TPAHUILY KI/I-

KOCTb—CTEKJIO B TOUYKe B U T0CJe YaCTUYHOTO OTPAXKEHUST OT
CTEKJIa, UCIIbITaB l'[peJIOMIIeHI/Ie Ha BerIIefI FpaIII/ILIe, BbBIXO/IUT U3
skugkocT B Touke C. Jlyu 2, majaoniuii Ha BEPXHIO T'PAHUILY
SKUIKOCTH B TouKe C, MCIBITHIBAET YACTHYHOE OTPaKeHHEe OT ITOM
rpauuiibl. OCHOBBIBASICH HA 3aKOHAX OTPAYKEHUS U TPEJTOMJIEHUS
CBeTa, MOKHO MOKa3aTh, YTO BBIXOMSNIAS U3 JKUIKOCTA YaCTh
MEePBOTO JIy4a U OTPa’kKeHHAs OT BePXHEll IDAHUIIBI YaCThb BTOPOTO
Jyda OYZyT pacrpoCTPaHSATLCS B OJHOM U TOM JKe HalpaBJEeHUN
(roz yrIoM O K BepTHKAJIM) W MOTYT HHTep(heprpOBAaTh.
TTockoIbKY HAMTBIH CJIOW KUAKOCTU TOHKHMA, CJEYeT CUYUTATD,
YTO Pa3HOCTDb (ha3 HaAJATAIONINXCS JTyveil He 3aBUCHT OT BPEMEHH,
T.e. 9TU JIyuu KorepeHTHbIe. [103TOMY B Te MOMEHTHI BpeMEHH,
KOr/J1a HaOI0MaeTCSI MAKCUMYM WHTEHCUBHOCTH OTPASKEHHOTO CBe-
Ta, ONTUYECKAs PA3HOCTb XO0/1a HAJATAIONMXCS JIydell JOJIKHA
OBITH KpaTHA I[eJIOMY YHCJY JJUH BOJH ), Ta/alolero Ha
MOBEPXHOCTD JKUJAKOCTH cBeTa. IIpu BBIYMCIEHUHN PA3HOCTH XO0/a
yuYTeM, UTO TIPU OTPAKEHUN CBETA OT ONTHYECKU 00JIee MIOTHOI
Cpe[[bl HpOI/ICXOjII/IT «HOTepS{ IIOJIOBUHDBI JJWUHDbI BOJIHBI» . ECJII/I Xe
OTpaskeHue MPOUCXOAUT OT ONTUYECKH MeHee TJIOTHOW CPe/bl, TO
yKa3aHHOe sBJIEeHNe oTcyTcTBYeT. CiieoBaTeslbHO, eCIi MoKa3a-
TeJb 7y TPEJOMJIEHHUST CTEKJA GOJIbINE 72, TO PA3HOCTb XO/a 3TUX
Jydeil paBHA

8, = AB+BC—-CD = 2’”3 —2htgPBsina = 2hn® —sin’ o
COS

I, .7 A

le

Tak Kak sino = nsinf . [Ipu 7y <7 pasHOCTb XO[a COCTABJSIET
- A
8, = 2h/n? —sin® a -5

TIpn MakcMMaJbHON WHTEHCHBHOCTH & = RA , rte B — MOPSIIOK
uHTePPEPEHIIMOHHOTO MaKCHMyMa. [TOCKOJIbKY 3a BPeMsI T TOJI-
IUHA CJI0A yMeHbInaeTcs Ha Ak = 0T, a MopsaoK uHTepdepen-
UM YMEHbIIAETCS Ha eMHUILY, TO

2otn? —sino = A .

Taxum 06p330M, CpelHAA CKOPOCTb YMEHbIIEHUS TOJIIUHDBI CJI0A
JKUJIKOCTH BHE 3aBUCHUMOCTU OT COOTHOMIEHUA MEX/AY IIOKa3aTeJ -
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MU TIpEJIOMJIEHUA JKUJKOCTU U CTEKJla paBHaA

A

21n? —sin’ o

0=

<DaKyaneT BbIYUCIIUTENIbHOM MAaTEMATUKM U KI/I6epHeTl/IKl/I

%

min =T T N
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2. m= (vosmoc+\/vo sin oc+29h):1,44 KT .
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H(2R - H)
3. max = gﬁ

1. a = 0,625 m/c? .

~ 13,1 m/c? .

4. B = arctg [%tg ocj = arctg% =~ 26°34".

kL |pt (kLY 3
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10. |=——— ] npu —— >wmg , [ =0 apu
4meyloumg 0 4meyl2 wg P
7
= < wmg .
47'580[0 Hng
21272 2
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XrMumyecknm akynbteT

BapuaHT1

3. B unreppane 0 <t <1c. 4. Cm. puc.28.
3. YBesqmumaoch 6bl B 4 pasa.

6. a= E(cosa+usin06)—ug =22 m/c?.
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4. YMenbmurcst B 2 pasa.
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MMAXMATHAA CTPAHHUYKA

Coseracni

BYHOEPKMHI

Hecarnii sepnvon mirpa Bopae Crac-
ciHll — BETopoll BEYHOCPHHEL CPLIE Iax-
MIITHHIX KOPHLIER M EMECTE © TEM IE[nsi
COBSTCRH MLANMATHMEA BYHACDRALL.

Cpemn neawsnx orpoeen O naccicril
fiL TWEpDLIM, ETD C CAMOTD HAHATE ©
BILBTH S B IGLHIH KOJHIHBD X 0am-
cd noa omeEoll ZAaMEATeNLILY TRese-
pon, T diaxsarsis Bopee noasasoMm-
cA B 3 0T B gerceos qoeee B Kinposcxoil
ofifEacTH, Pie oF o)isaace ¢ rpyanal
aeredi, EnBeseHEEE 13 Gnognapore Je-
memrpaa. Hipa cpasy ynressa saanom-
B, NpHdeM ey GcOGCHEHO  HPABILIECH
s, Hemme e pmesense o dyayimes
CHMETHYECHH 0T LASAM CTIIL YeMITHO-
Mt~ mpaEsodi n scaeil, Hasepeos, npo-
ABNTL Ce0H 38 mAXMATHOl mockoll wa-
JAetinERE Bopa wor 8 Sie panbde, Ho
OoMemaTs podima: nea 1942 roa, m fun
HE A0 PR il

CIyeTa Ana rofa, [0ce BOappaie Has
M1 ABAEYALEN, HETepec Bopuc & Baess-
TaM we yrac, H g 196 Coaccenil enep-
Ehie nepecTymia mapar Seanopagerem
Jeopma muoeepoE. JeEATHACTHER MaTh-
WYTEH CPELEY IMHIAN B i uﬁﬁlﬁnlrm
EnmsaanE. Maneswewit, xyneauead, me-
ORI O E RN SO TEHHERIE B CKDOME LI,
OH HHKOTAR He CHHMAEA chocl aenesof
K TOUKE, Doagises e s odelrpannal
EVPHAIHCTAME, — €00 COHECTEEHEOM
FGLJOLAE TEN AECE,

[leperay BacTapHHEOM CIEBCCKODD CTAA
J:L'n..'mnup Fax. HKai AR MATHCT- 10K -
THE, 0N W MPCoTes MAcTeporwil py-
G, WO Gessaperes OOfe NETMiTh,
noHaMan X, ofnagan Bscoxodl apyvan-
fEel HoB OfLEaCTH NEJArOrHEN Gaayhcson-
HD ST MACTET0M.

Crnecrni FADE T fiaLy T[N Dax-
MATAM, B &K [MOAMCTIUL, YTO MAALSRE
PO EACAMH He OTRASKAThCN OF A0CKA,
NQEEeM BTHMEHAR 600 HE PACCEHBARNCL.
HH.EI‘II‘H,J o “ﬂﬂfﬂ!ﬂl’llﬂ.‘l‘h. CLHRCES  HE
XAPAKTEPHAA A0d QeTedi, DOXCHA3ANS
CIEGUOY, W70 OF HMeET 000 ¢ BRaay[HLL-
HEM ARICHACH. [IpaBZa. OMACEACH, W70
TPEAMSPEGE VEMEHINE UEAXMATIMN OT-
PEANTCA HA HANYECHEM PAIENTHE ML
Wika, Fak OGHpORLY SREATIN, OTTIpLE-
JAN MAMLYHEA BA KATOK, CHM YT GO
nnasarh, Hirepes & canpry, Eoropas o8
npeBAn Bopicy, COXPAITHICH ¥ HETO 16
BOHY HIEHE 0 OEIpCOoRHO CRITaN k-
HYE POAL B 670 OGECMATHON KapLepe,

Bopiee jEran yoexn OyEmLibHn Ha
ran3an: v 12 on yae EAEUIIIAT B MACTEPAE,
& 16 — MesciysapoiEl Mactep, as 18—
BEMIIBGH HHPE CPETH oEomed, Mesy:
BN IPOCCMERICTED 1 DPETERRENT
HE EIBNMEATHYH KOPBOHY.

Ho Mel safegonn Bnepe, BepEesca B
nacaenoenmse roass, B 1947 Coacowmil =
VERCTHIEE N0rwfiiEaE D0 EEcROrD Nef-
pepcTm. Poceon, o 1549 —  uesnmoun
JlenmHrpaga cpean meoapHERos. B oo
Typap Cracckmii chrpao maprms, o
goTopoll HAUHHARTCA Boe ClOpHNEN €0
npHEne e,

Coaccxnll — ABTOHIMO0E
Jenmmwrpan, 1949
Tpanared fepaensd raqfiar

1.d4d5 2 cdide 3. &3 &6 4 3
3 5. Loed of 6. 0-0 a6 7. %e2 b3 8.
b3 &6 & cdod? Tepusie orcram
N [REANATION W, OPESKLE UeM oENIETh
NCTHEAAKY A30IAPOESHEYH DEMEY, Hi
caegonu onipoceTs sona: 9, b4 10,
Eadcd 11. Bdl &Aed 12, od 0-0. 10,
Bdl AT .H-:r_l}':l;un.l.nn EHAMANIA
10... & &7,

11, ed @bd. Kowes gvame Geoo
nofitn 1wa &%, wrodnl nofucrpes naha-
nEATRCH OT (Enae I EHGET CADMGL, TETDEFI\
Coaccemll NpoBoInT Exaccireckrll mpo-
[PhIE B IREETRE

12, d5! & bod5. Faa 12... & :d5 owenn
cicenno 13, & p5, o 12,8 FdS cpoosy
npHoTpHeseT esty 13, a3, 13, & g3l
e 14, & 06 gl 15, & :d5 & d5 16
daod5 ed 17, & dd. Yeprne fecnosmom-
mhr: rpoaer 18, W5 o oma 17, &d7
caemyer 18, Bel Ba7 19, E acl 0-0 2.
Wt 17, 816 18, & f5 h5 18, g 451
t:d5 20, B :e7+ & g8 21, W6, Yep-
e cnaanes, [lEmmm CIfIMERE, FULIKK-
TPHPYIMIKE AETHEHYE: ACPY I[PH HAIH-
SEH IESRHHEANTOR el adls, [lapa-
b mor i roparrLeA B omsrEsd neaxas
e, @ nEas U naceeieay emE He ACToans-
ance 13

B nenos wrpa Coacckore nommeane
Slx fuina BeCKOALKD CYNOBATA, OH CTA-
PANCH  APACTIOBATE CTPOEO 0 OCMOT-
PHTCALIY, OTEAINBATICA OT Manedmeno
KR, SACTO P iaran e, « 8 canm-
KoM BCpAA B HCERIORCMOCTL ORI
HEIX SaEnmnam, = noaames mapan Creac-
ckHll, — Wrpad B 4OpEBAALHLS UERXMA-
Thie! METOMAEING, BO CYO0 @ CEYIN, B
MOPE MAPTARX NOYTH BT L0 TAKTHRRHS .

B 1952 rogy, noreysersomam, T -
™A ¢ JaroM GOALme He TPHBOCHT @y
monkan, Cosecn BETVINILY B HOEKIE

TEOQEECKHN C0M03 — © ONBTHEIM TPeme-
pos Ascrcamapos Toaymes,

Toaym adaagan yiueETensmdl Tarri-
YECHGH IPROCTRE, BIDGPeTaTEInI TR
ROBAT, MO MEnoIHOCHTE COIEpHT-
KM CHPTPRGE, [0 MEHAOERE X0
fopbdsl, OpHIVMERLT BEBAPHEIE A0SV
KH, BOUED PACCTAINAD HENAIAMBIE CETH,
H nmocae BeckOIBREY MecADEE PAloTL B
NoXGIKEM  cTIe aanrpan @ Lh-neral
Creaccriil.

[MeppuM CONMECTHHME  KPEOIENHAEH
Cnacesors o Ty s cTaT KpyInsil Ty p-
nap B BymapecTe, m gomopnl one or-
npasianck & 1953 roay. Jesnarpagcruil
ayar meacryman fsecrame. Toayin pes-
med oodeEITenes M AABKCRAT 3BAHHE
HESETY PTG M cseficTepis, o Coac-
ciEll pasgenan 4—0-¢ Mmecta u cTad
T T POUTITRM  MACTETEM .

Oicenin 1954 B JleHHErpage coCTOE-
CH YRR GREPEINONG SEMIRnLE T
CCCP. e poropuill CRACCHONS IV CTHAH
fiem omhopa, 0 CODOEYTHOCTH VCTEX0E,
M, K&k rosopirTe, OH BOTHCTL D GIfME-
AT JIONETINE: SR TPEThHE MECTO | NE-
e s deiiean. 3a SopTos OCTAAHCH TRKHE
CHABITKE HIPHIKH, KK 'ﬁ-:uma.'p:nmrﬂ,
Gonecapecenil w [Nomyracecrnit. Bor
oy B paarposon, yaanesmmx Coac-
CEHM B STOM TYRHEEDE.

Caaccsnii = Jypaxon

JMewamrpag, 1954
CHIRIARECEAS FANIHTR

l.edeld 2f3db 3. died 4. @ odd
@f65 Rclab b, LgdiechT. Wi hE
B LAhd Lel. B dumane Bagcwncs
arpan mporen Coaccxoro  [Terpocar
B... & bd7 9. 0-0-0 & e51 10, el g5 11,
g3 & d7, u napries aaEoIILAACE -
upen., 9, 0-0-0 el 10, Le? @ b,
Toamee npepnapareasaoe: 10, & d7,
11, @ :eb be 12, o3l Bpesesnan sepran
OEEIKH, COROAMINLA TROTHOHHEY 0Nc-
posidopr. 12..de 13. Bhed 80 14,
Ldi EbS 15, Lgd AdE 16, el
ad? 17, & edl @ b6 18. B 6] & df
19, & el Bed 20, Bgdl f6 2. & efid
£ocef 22, ¥ ref+ D hE23, A b3 8 :hE
24, wed whi 25 Bd1 &4d5 26, b3
b, ¥ denny mMmiEHAY OMEA B SHILI-
maae, wo npe 12, Beld dwnms oe Gsr
il ok cTpesarrenes. X7, & db & a2+
28, &b2 @bd. 29. @6l HhE Man
X ogf 30. or:f6+ SrgB 3. Bd7. 30,
W@ d7. Yepunie coaamcs,

o Oeiwe DOCHEIHe: BRICTYILIEHIE
Bopaca nepen ero conepmenmIeTeEs,
hHEATY “EMIDIGHATA CTPRHEl OH e
NPEIaIeT 10T pybes,

E M



MHaekc:
70465 - no kaTanory "Pocneyats”
26040 - no kaTanory "MNpecca Poccua”

YHBepCcuUTeTkl Mpa Ha MOHeTax 1 baHKHOTax

K woBunefHmm AETaM CTAPEAWWE BBCTPWACKMX YHUBEPCHTETOB GaHK ABCTDHH BRINYCTHN CNEUWENbHEIE
cepebpanbe MoseTol: k B00-neTuo yrueeponTeTa Benbl (50 ascTpuAcK: Wwnnwiros, 1965 1),
¥ 400-netwo yaueepowuTara MHcBpyka (50 wwnnwaroa, 1970 r.), k 350-neTuio yHuBepokTaTa 3ansubypra
(50 wwunruxros, 1972 r) v Kk 400-netui yaveepcuteTa Mpaua (500 wwnnuHros, 1985 r).
MNoptper 3urmyHaa Ppedga npeactasned Ha BaHkHoTe QOCTOMHETBOM B 50 ABCTRWACKHX WHNNWHIOE,
a waoBpamerna masHoro kopnyca BeHokoro yHWBEPCUTETE ypawaeT BaHkHoTy
nAocTouscTeom 8 1000 umnnuum
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