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Unmocrpaums BXnebHukoBov

JleoHapn Junep

(K 300-netuio co aHA poxaeHns)

B.TUXOMUPOB

JXn3HeHHbIN NyTb

15 anpesist 1707 roga B ropose Basene (IIseiinapus) y
[Tayns diinepa u ero xxenbl Mapraputbl bpiokuep poju-
cs1 MAJIbYUK, KOTOpOro HazBasu Jleonapmom. B ciemyio-
IIIEM TO/Ly CeMbs Iepeexalia B iepeBHIo ProreH, Heroae-
Ky ot basens, rae [laynp Diisiep cras mactTopoM eBaHre-
JU4ecKoil pedOpMUCTCKON TepKBU. B MoJsoable TO/bI
[Taynp Iilnep 3anumascs MareMa-
THKOH TO PYKOBOJCTBOM fxo6a
Beprysin, crapiiero m3 marema-
TUKOB 3HAMEHUTOTO GepHYJIINEBC-
koro cemeiicrBa. Ilaynap u muan-
mmit 6par SIko6a — Uorann Bep-
HYJLJIU, CBITPABIIUIT GOJIBIIYIO POJIb
B sku3nu Jleonapja, — HeKOTOpOe
BpeMs JlaXke JKIJIN BMECTe B JIOME
Axoba. Damuaust bepuymnu eme
He Pa3 MOSIBUTCS B JJAHHOII CTaThe,
1 9yTb TIO3:Ke O Hell Gy/ieT paccKa-
3aHO TojipobHee.

B panmnem nerctBe Jleonapsa mo-
JIy4UJI HaYaJIbHbIE CBEJICHUS O Ma-
TEeMaTHKe OT CBOETO OTIA, a 3aTeM
€ro OTIPABUJIN B JJATHHCKYIO KO-
ay B Basese. Martemaruky tam He
npenogaBaaun. B 1720 ropy tpu-
HA/IATUIETHETO MATbYMKA [IPHHU-
MatoT Ha punocodcknii hakyabTeT
bBasesbckoro ynuBepcurera. Iii-
Jiep TIoJIy4aeT IUIIOM 06 OKOHYa-
HUW YHUBEPCUTETA U 3aTeM HEKOTO-
poe BpeMs nbitaerca (6e3 ycnexa) 3aHATh TaM JT0JKHOCTh
npodeccopa Joruku u mpasa. [loToM OH cTaHOBUTCS
CTYJICHTOM TEOJIOTHYECKOTO (haKyJbTeTa, BBIMOJIHSIS TI0-
JKeJIaHUe OTIA, KOTOPBIM MeuyTas HAlpaBUTh CbIHA 10
cBoeMy myTH. B mapasiesib ¢ 60rocioBHeM IOHOIIA CTAJ
CEepbe3H0 3aHUMETCS] MaTEMATHKOM.

Bor uTo oH 1ucas B cBoeM aBTo6HOrpaduieckoM oOuepKe:
«Bcxope s naiies BO3MOXKHOCTD ObITb IIPe/ICTABIEHHDBIM
3HaMenuToMy npodeccopy Moranny Bepnymmu. On 6bL1
JIefiCTBUTEIBHO OUEHDb 3aHAT, TI09TOMY HAOTPE3 OTKA3AJICS
JlaBaTh MHE YaCTHbIE YPOKH, HO 3aTO OH IPENOJAT MHE
BecbMa IEHHBIN COBET — HAayaThb CaMOCTOSITEJbHO YUTATh
6oJiee CJIIOKHBIE MaTeMaTHYeCKUe KHUTH, W3ydas UX Kak
MO3KHO 60Jiee TIPUJIEIKHO; B CJydae sKe TMPernsTCTBUN Win
3aTPYAHEHUN S MOJYYHJT pa3peliere cBOOOIHO MOCEMAaTh
€ro KaKIyIo cyO600Ty B TOCJIe06eeHHOe BpEMs, U OH

6J1aroKeJIaTeIbHO PAa3bsCHIJ MHE BCE, Yero s He MOT
MTOHSTD> .

B 1724 rony diinep 3amuiaer JuccepTaiuio, B KOTOPOit
CPaBHUBAET KOHIIEMIIK ecTecTBo3HaHus /lekapra u Hpto-
TOHA, ¥ MOJIy4aeT CTelleHb MarucTpa UCKyccTB. B aTo e
BpeMsI OH 3HAKOMHUTCS € IBYMsI YJeHaMu KjiaHa BepHyn
60stee MoJIozor0 TIoKOJIeHus — Hukomaem n Jlanumnmaom.

31ech, TOXKAIYH, YMECTHO JaTh KPaTKyIO CIPaBKY O
cemeiictBe bepnysim. Kopau atoro ce-
MelictBa Jiexkanun B [osmamamu, HO
BCJIEJICTBUE PEJUTHO3HBIX TIPEC/Ie/I0Ba-
HUI YacTh ceMelicTBa mepebpaiach B
Fepmannio, a 3atem B IlIBeifapuio.
Tam ocHOBaTe b pojia 3HAMEHUTBIX yUe-
upix — Hukosait Bepuymm (1623—
1708) — 6bL1 utenoM 6aseabcKoro Bol-
cokoro Cosera u Cypna. ¥ Huxkosas
6bLI0 4eTBepo chiHoBelt: ko6 (1654~
1705), crasimii ipodeccopom B Base-
ne, Morann (1667—1748), mpodeccop-
CTBOBaBINNiI B 'DOHUHTEHE W 3aTeM B
basese, u emie nBoe, HayKO# He 3aHU-
magimecsi. ¥ Moranna ObLIO TPoe CbI-
HOBe#, nBoe W3 KOTOPBIX, Hwukomait
(1695-1726) u Manuun (1700—1782),
CTaJM JApy3bsAMu Jiisepa.

WNoranu bepuysiu y6enun oria Jii-
Jlepa B TOM, YTO UCTUHHOE IIPU3BAHUE
Jleonapga — MaTeMaTuka u 4To He CJe-
JIYET TPEISITCTBOBATD €r0 CTPEMJICHUIO
CTaTb YYEHBIM, W OTeIl COTJIACHJICS C
atuM. B 1726 roay nossisgercs nepsast
ny6aukarus Jleonapga Odiinepa, TOCBSIIEHHAS TEOPUH
3ByKa. C TOr0 MOMEHTa Pa3yMHO MCYHCJSTH HAYAJO €ro
6ectipMepHOI TBOpPUECKOil 6Gmorpaduu.

Cmmcok TpynoB Jitsepa, coctaBiaeHHbrii B 1910 ronxy,
HacuUThIBaeT 886 HAMMEHOBAHWI PA3JTMYHBIX KHUT, CTATEH
u 3ameTok. B 1909 romy IlBeiiniapckoe o6iiecTBO ecre-
CTBOMCIIbITATEJIEH 3aJyMajo M3/aTh MOJHOe cobpaHue
counnenuii Jiisepa. IlepBoHavyabHO MPE/IIOIATANOCD,
qTo cobpanue OyJeT COCTOSATb M3 75 TOMOB, W OBLIO
HaMepeHHe 3aKOHYUTb M3/IaHUe K cepe/inHe BeKa, MMOTOM
NJTAHUPOBAJIOCH 3aBEPIINTb PAGOTY K TPEXCOTJIETHEMY
io6uero ditnepa. Ceituac TPeACTABISIETCS BO3MOYKHBIM
3aKOHUYUTD 3TOT orpoMHublil TpyA kK 2009 roxy — croJieruio
C ero Hayasa. YoKke BBILLIM U3 IledaTH 72 ToMa Hay4HbIX
pynos (29 mo mMatemaTnke, 33 MO MEXaHUKE M aCTPOHO-
vun n 10 o pusuKe) 1 4acTh U3 3aKTIOYUTENBHBIX BOCBMI



4 KBAHT -

TOMOB, TIOCBSAIIEHHBIX II€PEIICKe U PA3HOTO pojla 3aMeT-
kam. Co6Gpanne 6yjer BKIoYaTh B cebst opsiika 160000
crpanun! Hembicsmmo faxke BOOOpasuTh, Kak BCe 3TO
MOTJIO OBITh CO3/aHO 3a TIOJIBEKA OJHUM YEJOBEKOM,
KOTOpbI mocaegane 17 et 6oL moutn caenbiM (mogcyn-
TaHO, 4YTO, JIIS TOTO YTOOBI TPOCTO TEPENucaTbh TPYIbI
dilziepa 1pu exKe/[HEBHOI paboTe B TeueHue BOCbMU YaCoB,
norpebyercss 50 jier). MHe NpeACTaB/IseTcss, u4ToO eCJu
cob6parb Bce OIMyOJUKOBAHHOE BEJMYAWNIMMU TBOPIIAMU
Hameil Hayku, HaunHas ¢ Apxumesia n konuas Ilyankape
(uckmiouns, Bupouem, Komn), To nosyuutcss cobpanue
TPYZIOB, JIMIIb COIIOCTABUMOE TI0 Macmtaby ¢ TeM, YTO
OBLJIO CONESTHO OJTHUM DILTIePOM.

Hauano pasBuTusi MaTeMaTH4eCKOro ecTeCTBO3HAHMS
MPUIILJIOCH Ha CEMHA/IIATHIN BeK, BEK HCTUHHBIX TUTAHTOB.
HocraTtouno HasBaTh mMeHa lammmes, Kensepa, /lekapra,
®epma, Hpiorona, Jleitbuuiia u loiirenca. Bocemuaia-
TBIM BEK — BeK /IBYX TUTAHOB: Jdilnepa u Jlarpan:xa. B atom
BeKe MaTeMaTHKa Oblia KaKk HUKOT/Ia e/lHHa U Pa3BUBaIach
B TECHEHIINX CBA3SIX C €CTECTBO3HAHUEM.

B 1727 rony ditnep noayuaet npus [lapuskckoii Akaje-
MHH HAyK. JTa aKa[eMUsT €3KEr0/[HO 00bSIBIISLIA KOHKY PChI
Ha paGoThI 0 IIPUKJIAHOMY €CTeCTBO3HAHMIO. B TOT o/
Hasio ObLIO HANTH HAWIYYIIHA CI1oco6 PacIioIOsKEHM
MauThl Ha Kopabie. Benmkwit kopabiecTpouTesb Ajexceit
Huxomnaesuy KpblioB, MacTep SpKOTo U 3all0MUHAIONETO-
cs CJIOBa, TIPEKJIOHSISICH Tiepesi TeHmeM Oiiiepa,  Tak
BBIpA3mJl CBOE BOCXHUINEHME HTON WHIKEHEPHOI paboToii
Aiinepa (ona Gbuia omy6iukoBana B 1728 romy): «B
ropuctoii [lIBefinapun, w3 KOTOPOW 70 TOTO BpeMeHH
Dilnep He BBIE3XKAJT, OH, KOHEYHO, MMeJ CIy4Yall BUETb
Kopa6.JIb He MHaue Kak Ha KapTuHKax» (HO ¢ ToCcTaBIeHHON
3ajaveil crpaBuics). Jiep He MOJYUUJ TOTJA NEPBOTO
1pusa, KoTopblii focrascs IIvepy Byresy, ube numsa coxpa-
HUJIOCh B UCTOPUM KaK MMS <«OTIa MOPCKOI apXHUTEKTY-
pbi». B nanbheiiniem Jitep 12 pa3 npuHUMas yyacTue B
koHkypcax Ilapmxkckoit AkajeMun HayK M HEU3MEHHO
6paJi TIepBbIE TIPU3DI.

B 1725 rony 6parbst bepuyamn — Hukonait u /lanuma —
npubpin B Cankrt-IleTepOypr W 3aHSAJU JOJKHOCTH:
Hwuxoumait — mpodeccopa dusukn, a lanuna — mpodecco-
pa MareMmaruku. IJilsep nucan auunimy, uto y Hero
BO3HUKJIO KeJaHWe TaKKe OTIPABUTBCS B POCCHICKYIO
crosmniy. Jlanuui yepes HEKOTOpOe BpeMs M0 MPUOLITHN
coO0MIHIT JNJIEPY, YTO OTKPBLJIACH BAKAHCHUS a/IbIOHKTA TI0
¢usnonornu. Iilnep corgjamaercd npuexarb. Moranx
Bepuysin B €BSI3U € OTBHE3/10M TpexX MOJOJBIX JIIOJeil B
Poccuio nucai: «JIyurie HeCKOJIbKO IOTEPIETb OT CyPOBO-
ro KJUMara B CTpaHe JbJ/l0B, TJie IPUBETCTBYIOT My3, YeM
yMepeTb OT T0JI0/la B CTPaHe ¢ yMEPEHHbIM KJMMATOM, B
KOTOPOIl My3 MPEe3UPAIOT U OOMIKAIOTS .

ditnep npubsLr B Poccuio 17 mas 1727 roga u npo6bLI
tam 110 1741 rona, korja nepeexas B ['epmManuio, 4ToObI
cHOBa BepHyTbcd B 1766 romy.

Boino 661 HEMIOXO, ecai 6bI KTO-HUOY/Ib U3 UCTOPUKOB
COCTaBHJI PEECTp CoJlesTHHOTO DitepoM Ha 6xaro Poc-
cun. OH eziBa Jiu He B OJMHOYKY 06pabaTbiBaeT JaHHble
nepenucyu HacesgeHust Poccuu; muimeT y4eOHUKY I THM-
Hasuii; yropsiounBaer poccuiickyio Kaprorpaduio (oH
[ucas, 4To ero TpyJaMu poccuiickas reorpadus mnpuse-
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JleHa «T0pas/io B HauMCIIpaBHeEHIIee COCTOAHME, HEXesn
reorpadusl HEeMeIKOl 3eMJin» — KOMY M3 Hac He IOHSAT-
HO, KaKuUX (PaHTACTUYECKUX YCHUJIMN HTO MOTJIO MOTPe6O-
BaTh); MOMOTAeT OPTaHM30BaTh CJIyKOy MEp U BECOB;
3aHNMAETCST TPero/laBaHeM B MOPCKIX YUMUJNIAX Mare-
MaTHKHU, ACTPOHOMUU, OCHOB KOPaGJECTPOEHUS W yIIPaB-
JIEHNUsT KOpabJIsIMI; JTaeT 3aKJI0UeHHs TI0 IPOEeKTaM MOC-
TOB uepe3 HeBy, B TOM unciie 0 KyJIUOUHCKOM O/IHOAPOY-
HOM MOCTE; TIOCTOSSHHO BBICTYIAET C JOKJIQ[aMu; TTHUIIET
MOTIYJIAPHDbIE CTaTbu. JHJaep MOJArOTOBUJ K HAYYHOH U
[eIarOrMYecKOi  /1eATeTbHOCTH MHOTMX KPYIIHBIX PYyC-
CKHMX Y4YeHbIX, TakuX Kak akajemuku C.K.KoreabHukos,
C.A.Pymorckuit, M.E.TonoBun; Jitaep okasbiBaa 60Jib-
myio noaaep:xkky M.B.JlomoHOCOBY. IJTOT CHHCOK
HECKOHYaeM, W He Tak JeTKO CO00pasuTh, C AeSITeJbHOC-
THIO KOTO W3 HAIUX YYEHBIX 3a BCIO MCTOPUIO POCCHUIiC-
KOM HayKN MOKHO CPaBHUTH TOT WCHOJWHCKAW TPY/I,
KOTOPBIN OBbIT CcOBepiieH JiljepoM BO 06Jaro Harei
CTpaHbI.

JilJiep HUKOT/Ia He OTKA3bIBAJICS HU OT KaKoil paboThl U
HI OT KaKuX rnopyueHuii. [leppoHauasbHoO OH 3aHs17T BaKaH-
CHIO TI0 MeJIUINHE U J0OPOCOBECTHO MUCIIOJIHSLT CBOU 06sI-
3anHocTi. [lo mopydenunio Akajemun Hayk Jiijep Hamu-
can «PykoBojctBo k apudmeruke» (1738), cpirpasiee
BBIJIAIONYIOCS POJIb B MATeMaTUYECKOM IPOCBELICHUN B
Halllell cTpaHe, a TakKe IByXTOMHYIO MOHorpaduio «Mop-
cKast HayKay, uagannuyio B [lerep6ypre B 1749 romy.

Urto sxe KacaeTcs MOPYYeHUi, TO TPYAHO yAEPsKAThCS 1
se porutnpoBath A.C.IIymknHa, KOTOPBIH M1ca, 4To B
1740 rony, «xorma poauics MoanH AHTOHOBWY, HWMITe-
parpuna AuHa MoanHoBHA mocsana K Jilaepy NprKasa-
HUE COCTaBUTH TOPOCKOTI HOBOPOKJICHHOMY . JiiJiep cHava-
JIa OTKA3bIBAJICST, HO TIOTOM BBIHYK/1€H ObLI TOBUHOBATHCS.
OH 3aHAJICA TOPOCKOIIOM BMECTE C JIPYTUM aKa/[EMIKOM.
OHHM cOCTaBUJIM €T0 110 BCEM TIPABUJIAM aCTPOJIOTUHU, KaK
N06pOCOBECTHDBIE HEMIIBI, XOTSI U HE BEPUJIN €ii. 3aKJIioue-
HUe, BbIBEJEHHOE UMU, MCITYTaI0 060UX MaTEMATHKOB — 1
OHM TIOCJIAIM UMIIepaTpUlle PYroif TOPOCKOIl, B KOTOPOM
MPeICKa3bIBAIN HOBOPOSKIEHHOMY BCSIKHE OJIATOTTOTY IHS.
Diiep COXpPAaHWJ, OJHAKO K, MEPBBI M TOKA3BIBAJ €r0
K.T.PagymoBckomy, Korzga cyab6a HecqactHoro MoanHa
AHTOHOBUYA CBEPIITNIACDH>.

B IlerepOypre Ditep cosnan cBoto ceMbio. B 1733 romy
on xenmics Ha Exarepune I'senp. Omna 6bLia 104epbio
skuBonuciia pogoM u3 Illseiimapuu. ExaTtepmna poania
Jilyiepy TPUHAIIATD JleTell, HO JIIID TISITepO — TPU ChbIHA
U /IBe JI0UepU — MEePEKUJIN PaHHue rojpl. Jijaep o4eHb
JO6UT fereil, urpan ¢ HUMHU, yuusa ux. M paboran ne
npepbiBasicb. COBpeMEHHUKN BCIIOMUHAIOT, KaK OH IHCAJ
CBOU TPY/IbI, JIep:Ka HA KOJeHsIX pe6eHKa, KOTAa JIpyrue
JleTi pe3BUJNCh BOKpPYT Hero. [loromkm pnereit iinepa
WTPaJIi 3aMeTHYIO POJIb B poccuiicKoil Ky ibType XIX Beka.

B 1733 rony lanwun Bepuysin Bepuysica B basesb, n
Jilyiep 3aHsN NOJ0KeHue Beyliero matematka B Iletep-
Oyprckoii AkajieMuu HayK.

B 1735 roay y diinepa Havaauch mpobJeMbl CO 3/10PO-
BbEM: OH €/[Ba HE yMep OT JINXOPA/KH 1 HauaJl CJCITTHYTh.

B 1736 romy ObL1 3aBepllieH ero TPy/l M0 MEXaHUKe, B
KOTOpOI#1 BllepBble Jiijiep BbIpa3uJ HbIOTOHOBCKYIO /[MHA-
MUKY CPE/ICTBAMU MaTeMaTHyecKoro anaausa. C Toii mopol,
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cO6CTBEHHO, ¥ HAYaJIaCh COBPEMEHHAS 9Pa ATOI €CTEeCTBEH-
HO-HAYYHO! INCIUIIIMHBI.

K konity necsaruierust moJoxkenue B Poccuu ociokHm-
JIoCh, U Diljep MPUHST TpeJoKeHne mepeexaTb B bep-
JuH. 29 mMasg 1741 roga Jitjep yBOJIBHIETCS CO CIy>KOBI B
Poccun n mepeesskaer B Ilorcmam. V3Becten pacckas o
TOM, uTO TIepBoe BpeMs B ['epmanum Ditiep ObL1 HEOOBIYHO
MoJsigauB. Korzga oH ObLT CHPOIIeH O TPUYUHAX 3TOTO,
YUEHDBII OTBETUJ: «S mpuexas m3 cTpaHbl, TJC BEHaioT
TeX, KTO MHOTO Pa3roBapuBaeT».

[To moBojay TOroO, Kak xkujochb Jiyepy B [epmanum,
nuinyT pazaoe. OpHN — 4TO caM JUJEpP CUYUTAT ATH TO/IbI
JIUIIUMU B CBOEH JKU3HU, NHbIE PACCKA3bIBAIOT O TPYAHO-
CTSAX, KOTOPbIE OH UCIIbIThIBaT TaM (OoTHOIIeHUs Jilepa ¢
rkoposeM Opuapuxom 11 6611 nenrpoctbiMu) . Ho Tak mmm
nHave, BeJUKWH yUeHbIl Harmucasx B 3TH To/bl 380 KHUT 1
crareit o nuddepeHmaIbHOM HCYUCIECHIH, BapHaIOH-
HOM MCYNCJIEHNUH, pacyeTax IIaHeTapHBbIX OPOUT U TPaeK-
topun JIyHbI, 0 GAJJIUCTHKE, CTPOEHUN CY/IOB M O MHOTOM
WHOM eIlle.

OTMeTUM TpU BEJUKUX TPy/Ja Jiijepa, BHITIOJHECHHBIX B
lepmanuy, — OHU /10 HBIHEIITHETO BPEMEHH COXPAHUJIN CBOE
3HaueHne. ITO 3HAMEHUTBII MeMyap «MeTo 1 HaX0K/1eHUs
KPUBBIX JUHUH...», W3/aHublii B 1744 TOMy, B KOTOPOM
ObLIH 3aJI0KEHbI HAYaIa BapUAIIOHHOTO UCYUCJIEHUS, U
JIBa €ro 3HaMEHWTBIX TpyJa 1o aHaausy: «Bsegenue B
amamus» (1748) u «/Inddepennnanbioe ncynucienne»
(1755). B copokoBble Toabl JAaep CTAHOBUTCS UYJIEHOM
Jlonnouckoro Koposesckoro o6mectBa u Ilapmxckoit
Axamemun Hayk. B aTm ke TOABI OH TOJIyYaeT CBOIO
3HAMEHUTYI0 (DOPMYJIy, CBSI3BIBAIOINIYIO YHCJO BEPIIUH,
pebep u rpameil BBITYKJIOrO TOJIUIAPA, — OAUH U3 Hanbo-
Jiee U3BECTHBIX €T0 pe3yJibTaToB. B nepuoa mexay 1760 u
1762 romamu oH numer csBou <«llucbmMa K HeMeEIKOU
npuniecce...» (ux umcno pasusgercsa 234), B KOTOPbIX
[perojiaeT ypoku MaTeMaTHKU NpuHiiecce AHrajbt-/lec-
cayckoit — miemMmstnanile KopoJist @puapuxa [1. Bue Besko-
TO COMHEHUSsI, 3TO Hanbojee yCIelHOe B BOCEMHA/IIATOM
BeKe TOMYJISIpHOE W3/laHUe, TIOCBSIIIEHHOE HW3JI0KEHUIO
OCHOB MaTeMaTUKHN U €CTECTBO3HAHUS.

B Tepmanun Jiinep mpoxun 24 roga. W BepHymacs B
Poccuio. Tlocaeanuii nepuoj ero »Ku3Hu ObLT TaKiKe
HeoObIuaifHo mpoayKkTuBeH. OH U374 ABa ToMa «Anres-
poi» (1768—1769), Tpu TomMa «HTErpasbHOTO UCUHCIIE-
Husg» (1768-1770), tpu toma <«/lmontpuxu» (1760—
1771), tpu toma <«IlmceM K HeMeLKOil IpHHIECCE...»
(1768—1774), orpomuyio «Hosyio Teopuio JIyubr» (1772).

Ho B ati sxe TOABI €My J0BEJOCH TEPEHECTH TSIMKeJIble
ucnpltanug. B 1771 ropxy B jome OJitjepa ciuyunics
noxap. EMy yaasnoch criactuch ToIbK0 6J1aroiapsi repons-
MY €r0 CJYTH U COXPAHUTD JIUIIb MaTeMATUIeCKIe PYKOIH-
cu. Exarepuna 11 Bocmonamta matepuanbubiii yiep6. B
1776 rony ymepaa skena. VI B TOM ke TOJy OH MOJTHOCTBIO
smmmicst 3peaus. Ho on pa6otant 1o noceneii MUHYTHI.
18 centsiopss 1783 roma Diinep nposes mepen 06eoM
Tpy/ZHble Boryucyaenus. [loo6enas, moToM NOMPOCHI TIPH-
HEeCTU eMy BHYKa. BHe3aIrHo oH TouyBCcTBOBaJ ce6s Iy PHO.
Cxaszam: «4d ymupato», n, kak Hammcan sK.Konmgopce B
HekpoJiore, «...il cessa de calculate et de vivre» — on
nepecTtas BbIYUCTSATh U KUTh.

9UJEP 5

Hay4yHoe TBOpuYecTBO

Ham nipescrout aath Kpatkuii 0630p ailjepoBa TBOpUe-
cTBa, Kotopoe, 1o caoBaMm A.H.KppiioBa, «n3ymuTtesbHO
U B HayKe OeclipuMepHO» .

Craxy cHayaaa HECKOJIbKO OOIINX CJIOB. Diliepy A0Be-
JIoch pa3paboTarh MJIAHUPOBKY 3[AHUS U U3 OTAEJbHBIX
Kuprinyeil 1 6JI0KOB, CO3/IAHHBIX €ro Ipe/IleCTBeHHUKA-
MU, HayaTb CTPOUTEJIBCTBO TPAHIMO3HOIO CTPOEHUS, B
KOTOpPOM OGbe/MHEeHbl eCTeCTBO3HAHWE W MaTeMaThKa.
BosbmmHCTBO BeTBell MaTeMaTHuecKoi HayKu ObLIH JIHIIIb
TOJBKO 0003HAYEHBI — anre6pa, aHATUTHYECKas TeoMeT-
pus, TpuToHOMETpUs, AnddepeHnnaIbHOe N WHTETPab-
Hoe ncyncaeHns, AuddepernnaabHble ypaBHEHUS, MeXa-
HUKa W MHOTOE JIpyroe, N HIYTO He NMeJIO0 CUCTeMaTIIec-
KOro olycanud. Jiljiep Haydu1 BceX Hac IIOHUMAaHUIO CyTH
3TUX PA3/eJ0B MATEMATUKU M CO3/IaJl S3bIK, HA KOTOPOM
MBI U IOHBIHE BCE pagroBapuBaeM. Kak He IpuBeCTH 3/1eCh
cioBa Jlammaca: «Yurafite diiepa — OH yuuTesib BCEX
Hac». Ceifuac Mbl yke He yuTaeM OJiijiepa, HO €CJH
B3IJISIHYTb HA €70 TPY/bI, TO YOEXKIAEIIbCs, YTO YIeOHUKH,
110 KOTOPBIM YUMJIUCh HAIIM YYUTEJIS B [1€PBOI TOJOBUHE
XX Beka, — 3T0 TepepaboTKa 3INJIEPOBCKUX TEKCTOB.
Cefiuac Ha 3TO HACJIOMIOCh MHOTOE, CBSI3aHHOE C BIUSHIEM
naeit I'.Kanropa, HO ucTuHHAg CyTb OcCTajach B Halleil
HayKe MocJje TpyaoB Jitaepa ¢pakTndeckn 6e3 n3MeHEeHH.

Hawatp xots1 651 ¢ cuMBosnku. /{711 o603HaueHNs (HyH-
KITMOHAJIBbHON 3aBUCUMOCTH JUJIEp CTal YHOTPeOJIATh CHM-
Bost f(x) (¢ 1755 roga); ou BBea GyKkBY 3 jist 0603Ha-
uennst cymmupoBanust (1755); eMy ke NpUHA/JIEKAT
cumBoubl cos (1748) u tg (1753) anis TpuroHoMeTpHYec-
kux ¢yskuuit. Tpu ocHoBHBIX uuciaa — e, T U 1 —
MOJIYYMJIM CBOM MMEHA I0CJie TOrO, KaK UX CTaj yIOT-
pebasath Jittep: e — ¢ 1736 roga; T panbme (B 1706
rojy) BrepBsbie ynorpe6ua [[5KOHC, HO CHMBOJI 3aKpe-
MUJicd B JUTepaType Tocje Toro, Kak HaumHas ¢ 1736
TO/Ia €r0 TIOCTOSTHHO CTaJ WICIOJb30BaTh JHJep; CUMBOJ
1 Jitsep BBes B 1777 rony.

BriepBoie ¢ TBOpuecTBOM OJiljiepa MbI BCTpedaeMcsl B
IIKOJIbHBIE TO/IBI HA YPOKAX TeOMETPUH U Ha KPY>KKax. Mbl
y3HaeM, 4TO TOYKA MepecevYeHuss BbICOT, TOYKA Iepeceye-
HUS MeJVAH U IEHTP ONMMUCAHHOW OKPY>KHOCTH TPEYroJib-
nuka (puc.1) Jexar Ha OJHOH NPAMOIi, HazbIBAEMON
npsmoii Jiaepa (Biep-
Bble OHA MOSIBUJIACD Y
ditnepa B 1765 roxmy), a
TaK’Ke, 4TO CEPE/IMHDI CTO-
POH TpEYTOJbHUKA, OC-
HOBAHUS €T0 BBICOT U Ce-
PEITHBI OTPE3KOB OT Bep-
IIWH JI0 TOYKU TIepecede-
HUS BBICOT JIeXKaT HA OfT-
HOIl OKPY’KHOCTH, Ha3bl-
BAaeMOIi OKPYKHOCTBIO JIEBATH TOYCK, UJIU OKPY’KHOCTBIO
Jitnepa (puc.2). Pemag MHOTHE KPaCUBEHIINE reOMeTPH-
YecKue 3a/layi, Hepe/KO Mbl He JI0ra/IbIBaeMCs, YTO OHH
BIIEPBbIE TMOSBUJINCH B cCOUMHeHUSIX Jitjaepa. Hampumep,
Jilyiep HallleJ CBSA3b MEXK/Y PACCTOIHUEM P MeXxay 11eH-
TpaMM BIIMCAHHOI 1 OIIMCAHHON OKPYKHOCTEH U X pajiu-
ycamu v 1 R : p2 =R* -2Rr, OTKy/la cJIe/lyeT HepaBeH-
crBo Jitnepa: R = 2r .

Puc. 1
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B HIKOJIbHBIX KPYoK-
KaX MHOTO BpeMeHH
VAEASIOT TEOPUU Yu-
ces1. Teopus npesumo-
CTH HavaJsach ¢ UccJe-
nosanuit MepMma, ¢ ero
«MaJIOWl TeopeMbl»,
COTJIACHO KOTOPOIl
puac. 2 ecJM 4YUCJO0 d He Jie-
JUTCS Ha TIpoctoe umeao p, To umcao @’ =1 peerna
JlenuTes Ha p. Jiliep Halllesl st 3TOI TeopeMbl HeCKOIb-
KO Pa3JIMYHBIX [I0KA3aTeJbCTB U 0606IIUT ee Ha CJydaii,
Korja p B3auMHO Ipocto ¢ a. [loctimkenus IJiljepa B
06JIacTH TEOPHU YHCeJ TPYAHO TepeoleHuTh. IlomMumo
MHOJKECTBA JOKA3aHHBIX WM TEOpPEM, OH OCTaBWJ Oy.Iy-
IIUM TTOKOJICHUSIM GOJIBIIIOE YUCJIO «IKCIIEPUMEHTATHHBIX
HaOII0/ICHNI >, KOTOPbIE TIOTOM TIPEBPATUJINCH B CTPOTO
JIOKa3aHHble TeopeMbl. Tak 6bLJI0, HAIIPUMEP, C Pa3JioxKe-
HUEM B IPOCTYTO P06 KOPHS KBAJAPATHOTO U3 HATYPAJh-
HOTO 4HucJa, He gBJsgonierocsd kBajaparoMm. Ha umcien-
HBIX MpuMepax Iiliep oOHAPYKUBAET TEPUOUIHOCTD
HETPEPbIBHBIX APO06eil, IPeJCTAB/AIONNX TaKIe YHCJIA.
DakT nepnoanuHocTH GbLT M0Ka3aH Jlarpamxkem. ditrep
9KCIIEPUMEHTAIbHO IIPUINE] K KBaJPaTUYHOMY 3aKOHY
B3auMHOCTH. [lOKa3aTesbCTBO €ro — OJHO U3 BBICHIUX
noctskennii [aycca. B mepenmcke Jiiepa ¢ Xpucrna-
HOM [0/Ib16aX0OM MOKHO HalTH OOCYXKJCHHWE TpeX 3ame-
YaTeJbHBIX TPOGJEM TEOPUU YUCENT: BCSKOE HEUeTHOE
YHUCJIO €CTb CyMMa TPeX MPOCTBIX, YEeTHOE — CyMMa JIBYX
MPOCTBIX, HEYETHOE — CyMMa IPOCTOTO U Y/BOEHHOTO
KBaipaTa 1esoro uncaa (Iinep mpoBepua Ty TUIIOTE3Y
o 2500). ditnep passenumBaer runoresy Depma, co-

IJIaCHO KOTOPOW 4HCJIa BUIA 2% 41 - [pocTbie, 06HAPY-
KB, 4o 2°% +1 = 4294967297 = 641 (6700417 .

Ecou mpocMaTpuBaTh JI0ObIE MATEMATHUECKUE SHITHKJIO-
TeJIn, HUKTO He CPABHUTCS ¢ JUJIEPOM IO YUCIY 3a/ad,
QopMyT, TIOHATHIT, KOTOPbIE HOCAT UMS UX TTEPBOOTKPDI-
Batesnd. [IpuBeneM mpuMeponl.

Jilyiep SBUJICS OCHOBOIIOJIOKHUKOM Teopuu rpados,
pemus B 1736 oy 3aja4y o KeHurcbeprexknx mocrax (B
MaTeMAaTUYeCKO! IHIMKJIONEUI OHA U/ET 0] PyOPUKOit
diinepa 3amava). Ha pexe IIperesp, mporekaiomeil yepes

Puc. 3

ropoa Kenurc6epr m ombIBaiomeil jaBa oCTpPoBa, OBLIO
nocTpoeHo cemb MoctoB (puc. 3). diijep 3ajymMascsa Hajl
BOIIPOCOM: MOJKHO JIH OOOWTH BCE MOCTBI, TIPOMIS 1O
KaK/IOMY M3 HHUX TOJbBKO OJIUH Pa3, M BEPHYTbCS B
MCXO/IHYIO TOUKY? ITO — OJTUH U3 OY€Hb MHOTHX BOIIPOCOB,
Ha MEPBBIN B3I/ He UMEIONINX HIKAKOHN MPaKTHYECKO
M0JIb3bI, KOTOPBIE BBI3BIBAJIN JIOOOIBITCTBO Ditnepa. Emy
MPUHAJJIEKAT 3aMedaTesibHble cJioBa: «MaTteMaTka HU-
KOT'/Ia He IOCTUTJIa Obl TAKOW CTETIEHN COBEPIIEHCTBA, eCJIn
OBl JIpEBHUE HE MOCBATHIN CTOJBKO CHJI PA3BUTHIO BOTIPO-

2007 /Ne3

COB, KOTOPBIMU CETO/HSI MHOTHE MpEeHe6PEraioT n3-3a ux
MHIMOII 6ectiosie3nocty . HbrHe Teopus rpacdoB — o/iHa 13
aKTyanbHbIX obaacteit nayku. (diiaep gokasai, 9To rpad,
CBSI3aHHBIN C KEHUTCOEPTCKUMH MOCTAMHU, HEIb3s-TaKh
000HTH ¥ BEPHYTHCA B HCXOAHYIO TOUKY, HPOHIS IO
KasKZIoMy pe6py JIMIb OXHAYK/IBI. )

B 1740 roxy Oiinep nokasas cyliecTBOBaHWE TIpejiesia
IOCJIE/[OBATETBHOCTH

x, = S R =1n(n +1).

[ aroro mpenena, yacto o6o3Hauaemoro 6ykBoit C u
Ha3bIBAEMOTO MOCTOSHHOI Jitnepa, 6bLT MPUIYMaH aJro-
PUTM, TIO3BOJISIIONNN BBIYUCISATD €r0 € JIOOBIM YHCJIOM
3HaKOB. Bce KOHCTaHTBI Diijep BBIYHUCIST OOBIYHO C
6OJILIIAM YUCTIOM 3HaKoB. Hampumep,

C =0,577215664901532...

B 1743 rony Jitjsep ycTaHOBUJ PaBEHCTBA, CBSA3bIBAIO-
mge TpuroHoMerpuueckue (YHKIUM C II0KasaTeJbHOI
dbyHKIMER, 1, B yacTHOCTH, noayuns (opmyay e = —1.
Ira dpopmyaa Jilrepa MHOTOKPATHO MIPU3HABAIOCH KPa-
cuseiieii popmynoii Bo Bceii Matemaruke. [lomMuio, kakoe
rnorpscaiolee BIeYaTJIeHHe OHA IIPOM3BeJa Ha MeHs,
korza g yBuzes ee Buepsble. A.H.Kpbl1oB Buses B atoit
opmyte cuMBOJI eIMHCTBA BCeil MaTeMaTuKu, 160 B HEl
«—1 mpeacraBJsieT apuPMeTHKy, i — ajare6py, T — TeoMeT-
puio u e — aHaqusdy». Mopmyna IJitjepa Gazupyercs Ha
crepyomeM (PyHIaMEHTAJIbHOM PAaBEHCTBE, TaKXe IMpH-
HajiIeskameM emy: e =cosx +isinx .

Diiyep A0Ka3aa PaBEeHCTBO

(s)= > =T] (1—p_s) 1,

n21 P
rzie TIpousBe/ieHre 6epercsl o BCEM MPOCTBIM YHUCTIAM p.
ITO TOK/ECTBO, BEPHOE TIPY BEMECTBEHHON YacT S 60JIb-
el eIMHKIBI, ObLI0 HaliieHo Dittepom B 1737 rony. Ilo
CyTH flesia, Diep TeM caMbiM BBeJ (DYHKIINIO, BIOCTEI-
CTBUHM TIOJIYYUBIINYIO Ha3BaHue dzema-pynxuuu Pumana,
MIPOU3BeJIEHNE, TIPECTABIISIONIEE A3eTa-PyHKIINIO, HA3bI-

BalOT Mpou3BeleHneM Jiijaepa.
Jijiep TOAXOAUJ K MaTeMaTUUeCKUM MpobjeMam
MPOCTOMYIIHO, Kak Obl urpaioun. Emy ObLIO u3BECTHO

pasiioxkeHnue B psaJ CHHYyCa, OTKylda CJEAyeT, 4YTO

sinx_1_x2 + xt _
x 6 120 7
(yHKIMM HYJW B TOYKax kT, u Jilaep 6ECXUTPOCTHO
MpeJiCTaBJsgeT Ty Ke (PYHKIUIO B BHJE TPOM3BENCHUS,

siny O x2M x40
=0 -—m!--—g...

0 0 40
PackppiBasg cko6ku, OH mojgydaer (HOPMYJIbI s

C(2k), k=1. B wactnoctn,
1 1t
— =

i 1 1
—=—, )
Lo 6 . 90
1 BoOO1IE, 4MCIIO IIOCIEL0BATEABHOCTEH, NCCaCLOBAH-
HpIxX JilrepoM, Heobbruaitno Benko. Hampumep, on pac-

CMOTpeJI I0C/1e/[0BATeIbHOCTD YHCEe 2, , HA3BaHHBIX BIIOC-
JIeJICTBUM, B 4uecTb m3BecTHoro marematuka XIX Beka,

C npyroit CTOpoOHBI, y 3TOH

Kak OY/JTO 3TO MHOTOYJIEH:

M s

n
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yucaamu Kamananwa. Ot uucna — 2, 5, 14, 42... —
BO3HMKAIOT BO MHOTHX 3ajlauaXx. B yacTHOCTH, 1-€ 4nCJI0
Karanmana paBHO 4mcsy crmoco60B COETMHUTD HA OKPY:K-
HOCTH 21 TOYEK HETepeceKaoNMuMICcS XopJaMu. Jiiaep
. _(4n-2)111
Hamesa QopMyJay AasS HUX: 2z, = D
(4n -2)1111 =26 00 O.. L4n -2) (ymHOKEeHUE YnCET OT
2 110 4n — 2 <uepes verpipe» ). OH OYeHb TOPAUIC STOM
dopmyoi.

OrpoMeH BRI Jiijepa B MUPOKO TOHUMAEeMbIil MaTe-
MaTHYecKNi aHAIN3, Ky/Ja BKIOYAIOTCS BEIeCTBEHHBIN 1
KOMIIJIEKCHBIH aHAJIN3, Teopus AnddepeHInaIbHbIX ypaB-
HEHWI, BapuaIlmoHHoe ucuncienue, quddepeHimanbHas
reoMeTpHsl, YPaBHEHMs MaTeMaTuiecKoi ¢pusuku. HYucao
¢yHIaMeHTANTbHBIX TOHATHI 11 (DAKTOB aHan3a, KOTOpbIe
BIIEPBbIE TTOSABUINCH B COYMHEHUAX Jiljiepa, NCUUCISIOTCS
coTHAMU. BoT HeKoTOpbIe U3 HUX:

3iiJIepOBBI MHTETPAJBI — TO TaK Ha3bIBaeMble 6GeTa- 1
ramma-pyHKIuN, o6061IaoIme ToHITHe GHHOMHAIbHBIX
ko3 PuImenTos;

MOACTAaHOBKH Jilepa B WHTETPATHHOM NCUNCJICHUN —
MIO/ICTAHOBKY, MPHUBOJISIIIE K BO3SMOKHOCTI ITPOMHTET PH-

rae

poBaTbh BBIPa)KEeHUSA  BHJa J'R(x,y)dx, ruae

y=~ax’ +bx +c, a R(x,y) — orHomeHne ABYX MOJH-
HOMOB;

ypaBHeHue Jiijepa — BakHelilee HeOOXOIUMOE YCJIO-
BUE IKCTPpEMYMa B BapuallMOHHOM HUCYUCJICHUU;

yuciaa IJinepa E, — KoapPUIUEHTH TIpU — TpH
n!
PA3JIOKEHUU B CTEMEHHO#W psag (yHKIUU 07
t, -t c
e +e .
(cht = ———— — runep6oaMYECKUii KOCUHYC),0HH UIPa-

2
10T BaXHYIO POJIb B IIPUKJIATHOM aHAJIN3E;

dopmyast Jitnepa — HoOpMyJIbI IS PAITYCOB KPUBU3-
HbI HOPMaJIbHBIX CeueHull.

Bce ckazannoe 1 MHOTOe /Ipyroe, CBsI3aHHOE C UMEHEM
Jiisiepa, COCTABILIOT CYIECTBEHHEHIITYIO 10110 COBpEMEH-
HOTO MaTeMaTHYECKOro 0OPa30BaHUS.

JInyHoCTb

dityiep ObLT HEOOBIKHOBEHHO CBETJION, GJIArOpOIHON
JIUYHOCTBIO. JlyIlIeBHASI KPACOTa €ro OTPA3UIACH BO MHO-
JKecTBe ero 1moctynkoB. Tak, Jilaepy ynanoch Jokasarh
O/IHY KPACHBEHIITYIO TEOPEMY U3 TeOpHHU vuces, hopMy.iu-
pPOBKa KOTOpOi mnpuHajieskasa Depma. ITa Teopema
[JIACHT: MPOCMOE UUCAO NPeOCNA8UMO & 6ude CYMMbl
K8aodpamos 08Yx HAMYPAIbHbIX Yuces mozid U MoJbKO
moedd, Kozda npu desenuu Ha wemuoipe oHo daem eOuHUYY
(kax 5 nm 17). Mepma He Oy GIMKOBAJT JIOKA3aTEbCTBA,
HAIICAB JIUIIb B OHOM U3 THCEM, UTO OCHOBHAS U/IEST €T0
JTOKA3aTETbCTBA COCTOUT B METOJIE CITYCKA, MO3BOJISTIONIEM
U3 JIONYIIEHUsI, YTO [T HEKOTOPOTO IIPOCTOTO YKCIA BH/IA
4n + 1 3akjaI0UeHNe TeOpeMbl HEBEPHO, J0KA3aTh, YTO OHO
HEBEPHO U JIJIS1 MEHDIIIETO YHCJIA TOTO Ke Bujia. [locTymast
AHAJIOTUYHO, MBI MPUXOJUM K TOMY, YTO 3aKJIIOUYEHUE
TEOPEMbl HEBEPHO [IJIsI YUCJA 5, & 3HAYWUT, PUXO/UM K
POTHBOPEYHUIO, TOTOMY YTO OHO-TO MPEJACTABUMO B BHUJIE
CYMMBI JIBYX KBJ[patoB. Diljiep, Kejas yTBEPAUTH MPH-
oputer Mepma, K KOTOPOMY OH UCTIBITHIBAJ TJTyGoUaiitee
YBasKeHNe, TPUIYMAJT TOKA3aTeTbCTBO, COOTBETCTBYIOIIEE

OTMCAHHOMY TOJIBKO 4TO 3aMbicry Depma. Jitjiep nepesio-
kazaJs peaysbrar Mepma, 4TO ypaBHeHune X +y =2z B
IIEJIBIX YNCTaX HEPa3penmmMo, a oTOM JIOKa3aJll ATy Teope-
My IS TPETbUX CTENeHel M TeM CaMbIM IOBJUSJ Ha
WHTEpeC MaTeMaTUKOB K BeJUKOH Teopeme Depma.

Ilepenmcka diimepa cocTaBisieT HECKOJIBKO TBICSY TH-
ceM. IlouTtn Bce coBpeMeHHUKN Jiijiepa, MHTePeCOBABIIN-
ecsl MaTeMaTUKOW U eCTEeCTBO3HAHUEM, JIEJIUJIUCh C HUM
IJIOZIAMY CBOMX Pa3MbIIILJIEHUI, TTPOCUJIN BbICKA3aTh CBOE
Cy’K/eHue 10 WHTepecyiolM ux pobjeMaM U BCErJa
HaXO/INJIN OTKJUK U TOJJIEPIKKY.

Korpga Jlarpamsx 8 1759 rogy (emy 6bL10 Torza 23 rojga)
MOCBATHJ Diljiepa B CBOM MCCJIEIOBAHUST B HOBOW 00.J1aCTH
aHaJIN3a, KOTOPYIO 103Ke JJiep Ha30BeT 6APUAUUOHHBIM
ucuucienuem, Inaep cpasy ke OTBETHIT CBOEMY MOJIOIOMY
koJutere. «TBoe aHAIUTHYECKOE pellleHre M30TIepUMETPH-
YecKoil TTpo6JIeMbl, — MUCAT OH, — COJIEPIKUT, HACKOJIBKO
s BUXKY, BCe, UTO TOJIBKO MOKHO JKeJaTh B 3TOi 06J1acTH,
U S YPEe3BBIYANTHO Paji, YTO aTa TEOPUs, KOTOPO TOCJe
MOUX I€PBbBIX TOIbBITOK 5 3aHUMAJICSI €/[Ba JIU He OJIUH,
JIOBeJIeHa 10 BeJIMYANIIero CoBepIieHcTBa. BaXkHOCTb BOTI-
poca o6y iaa MeHd K TOMY, YTO s C TOMOIIBIO TBOETO
OCBEIIEHNUsT CaM BbIBEJT AHAJUTUYECKOE PelleHue; s, O/[Ha-
KO, PEIINJ CKPBIBATD 3TO, MOKA Thl HE OMYOJIMKYElNb CBOU
Pe3yJIbTaThl, TaK KaK sl HIKOUM 00Pa30M He X049y OTHUMATD
YacTh 3acJy:KeHHON To6oi ciaBbl». He ycraio Bocxu-
MaThCsl TAKUM TOPA3UTEJNbHBIM W MOYTH GecTpereieHT-
HBIM 6JIATOPOJICTBOM BEJIMKOTO YYEHOTO.

Heob6bikHoBeHHast 1ieipocTh U GJIaropojicTBO Jiijepa
OTPa3nJINCh B M3BECTHOW IIIyTKe, Kacarolelcss caMoro
orpejieIeHUsT — KOTO CJelyeT CYUTAaTh MaTeMaTHKOM.
OrtipejieieHne MaTeMaTHKA, COTJIACHO 3TOM TITyTKE, MH/YK-
TuBHO. OCHOBaHUE WH/YKIINU COCTABJISET YTBEPKICHUE:
«Jiijiep — MaTeMaTHK» . U 1ajiee: MaTeMaTUKOM Ha3bIBAET-
Cs1 YEJIOBEK, KOTOPOT'O MATEMATUK HA3bIBAET MATEMATUKOM.
[1pu aTOM MOKHO GBITH TOYTH YBEPEHHBIM, UTO YEJOBEK,
C/IeJIaBIINI B MaTeMaTUKe YTO-TO CO/IepP:KaTeIbHOE, OyeT
MaTeMaTHUKOM B CMbICJIEe 3TOTo ornpejenenus. Ho ecam B
HaYaJbHON TTO3WIMK B3STh APYrOr0 MaTeMaTHKa, CIHCOK
MOJKET OKa3aTbCsl JJAJIEKO He TIOJTHBIM.

B samevatenpnoii kaure C.T.ITnnanknna «Pacckasbl o
(usuKax n MaTeMaTHKax» B raase 06 Jistepe (KOTOpyIo
S OYEHb PEKOMEH/IYIO YNTATETI0) PACCKA3BIBAETCS O TOM,
gro B 1899 rogy na o6iiem cobpanun [lerepGyprexoit
AxazieMun HayK OOCYIKIAJICS BOIIPOC O COOPYIKEHUU Tia-
marauka Jitiepy B Ilerep6ypre. Ilpotus atoro pemiu-
teabHo BbicTynua akagemuk H.A.Conun. He Oyay 1o-
BTOPSITh €r0 APTYMEHTBbI, MHE JIaKe TPY/IHO TTPE/ICTABUTD
cebe, 4TO Takoe ObLIO BO3MOKHO. S cuurTaio, 4To maMsT-
HUK Jiijiepy HYKeH IpeXK/le BCero HaM caMuM. B Harei
UCTOPUU OBLJIO TaK MHOTO CJIyYaeB, KOT/Aa TPOUCXOJINIIO
IJIyMJICHWE HAJl BEJUKUMH YYEHBIMH, CTOJBKO Pa3 WX
TPaBUJIN, THAJIU W3 CTPAHBI, a TO U MPOCTO YHUUYTOKAJM,
YTO MaMSATHUK OJHOMY M3 BeJIUYAHIINX TeHNEB YeoBeye-
cTBa, GJIarOpOJIHENIell U CBETJIOW JIMYHOCTH, KOTOPbIi
u3bpas Hally CTPAaHy W HAIl BEJUKUN TOpoj, 4TOObI B
HEM JXUTb W TJe eMy ObLIO CY)KJIEHO yYMEpETb, MPOCTO
neo6xoauM. IlycTh 9TOT NMaMATHUK CTAHET [PEIMETOM
Hailleil TOp0CTH.



Jlazep — 3aMevartenbHoe
OOCTVXEHMEe XX BEKa

1. KPIOKOB

BBepeHune

B XX Beke ycrexu pu3WKu U HAYKOEMKUX TEXHOJOTUI
MPUBEIN K JOCTHKEHUSAM, PAIMKAJbLHO MOBJUSBIINM Ha
JKU3HD 4eJIOBEYECKOTO O6IIeCTBA. DTO — CO3/[AHIE ATOM-
HOU GOMOBI, OBJIaJIeHNEe ATOMHOI SHEPTUEN € MOMOIIbIO
S/IEPHBIX PEaKTOpPOB U n3o6perenue tpausucropa. Cioma
JKe MOKHO 106aBuTh coszianue B 1960 romy mpuHInmm-
aJIbHO HOBOTO MCTOYHUKA CBETA — Jiazepa, 00JIa/Iaiolero
VAMBUTEJbHBIMUA CBOWCTBAMMU.

Jlazep crocoben ucIyckarb CBET ¢ OYeHb Y3KUM CIEKT-
poM (MOHOXPOMATHUYECKOE HM3JydeHHe) B BUJE HAIPaB-
JIEHHOTO TTyYKa. BbIcokas HAIpaBJIeHHOCTD MyYKa Ja3ep-
HOTO M3JIYYEHUs, T.e. Majoe yBeJUueHue TJIONaJn ceve-
HUS TIy4YKa TIPU YBEJUYECHUW JUCTAHINHN, HA KOTOPOE OH
PACIPOCTPAHSETCs, O3HAYAET, YTO IHEPTUIO M3JIyYeHUS
MOJKHO Tlepe/laBaTh Ha 3HAYUTEJbHbIE PACCTOSHISA U KOH-
IEHTPUPOBATH €€ C TIOMOIIbI0 (POKYCHUPOBAHUS MO/IXO/I4-
Ieil ONTUYECKON cucTeMoil. Ycrexu B pa3paboTKe Jase-
POB Pa3HbIX THUIIOB IO3BOJIMJIN [OJYYUTb 3HAYUTEJIbHDIE
9HEPruy U MOIIHOCTH JIA3€PHOTO U3JIYyUYCHHUS.

CraHOBSITCS PEAJbHOCTBIO W TIpe/lanue 06 ApXuMese,
CKUTAONEM PUMCKHT (PJI0T cHOKYCHPOBAHHBIMU COJI-
HEYHBIMH JydaMu, u aHTacTndeckne onncanus [.Yam-
gca u A.Toscroro. [lelicTBUTEIbHO, B HACTOSIIEE BPEMS
B CIITA cosmaeTcs MOITHBIN XUMUYECKUH Jia3ep, pa3Mme-
maeMblii Ha camoJiete «bouHr-747». C mIOMOIIBIO 3TOML
CUCTEMBI TIPE/IOJAraeTcsd YHUUYTOXKATD OaJJTUCTUYECKIE
pakeTbl Ha B3jere Ha paccrogHuu okoJsio 100 muab. B
OOBIYHOI JKU3HU JTa3€Pbl TAKXKE MOJYYaiOT MIMPOKOE Pac-
npocrpanenne. OHM IPUMEHSIOTCS B MeAUIUHE, B IIPO-
MbIIIeHHOCTH (IIpeIM3noHHas pe3ka U cBapka), B HO-
Belimux ycrpoiictBax ssextponuku (DVD mpourpsisa-
TEJIM, KOMIIBIOTEPBI), B CUCTEMAX BOJIOKOHHO-ONTHYECKON
CBSI3W U B JIa3€PHOM IIIOY.

Ho, mosxauyii, riaBHble TPUMEHEHWS — 3TO HAy4YHbBIE
uccaeoBanns. BbIcoOKkWe HaydHble Pe3yJbTaTbl OTMeYa-
forcst HoGesieBckUMU TIpeMUSIMU, U WX TIPUCYIK/ICHIE SB-
JISIETCSI OTIPe/IeJIEHHBbIM TTOKa3aTeeM BaKHOCTH PaGOTBHI.
B 1964 rogy Y.Taync, H.I'.Bacos u A.M.IIpoxopos
6bLu Harpaxkaensl HoGemneBckoii nipemueii 1o dusnke 3a
BKJAJ B cozjanue Jaszepa. C Tex I1Op IOYTH TPeTh
HoGeneBckux mpemuii o (usnke mpuCysKJATICh 32 pa-
60TbI, CBSI3aHHDBIE C VCIIOJb30BAHIEM JIA3€POB.

Hayunoe npumenenue J1a3epoB B 3HAUUTEJbHON crele-
HU CBSI3AHO C TEM, YTO M3JyUeHHE MOXKET ObITh COCPEIO-
TOYEHO B BECbMa y3KOM JMamia3oHe JIJIUH BOJIH, WHBIMU
CJIOBAMHU, OHO BBICOKO MOHOXPOMATHYHO U TIPECTABJISCT

co60il YPE3BbIYAITHO Y3KYIO CIIEKTPAJIBHYIO JUHUIO. ITO
obecTieurBaeT UCKIIOUYNTENBbHO BBICOKYIO TOUHOCTD CITEKT-
PaJIbHBIX U3MEPEHUil, YTO, B CBOIO 04Yepe/ib, OUeHb BaXKHO
[T U3YUYCHUS CTPOCHUS BEIIECTBA.

C npyToii CTOPOHBI, Ja3epHOE UBIYYeHUE MOXKET OBITh
COCPEIOTOYEHO B BeCbMa KOPOTKOMW BCIIBIIIIKE — MMITYJIb-
ce. ITO MO3BOJSET TOJYYUTHh BBICOKYIO TTHMKOBYIO MOTII-
HocTh uaayuenus (sHeprus, jeJeHHas Ha WHTEPBAT Bpe-
MEHH, B KOTOPOM OHa COCPE0TOYEHA).

3a cyeT BBICOKOHM HAIPABJICHHOCTH CBETOBOTO ITyYKa
MOKHO C(OKycHpOBaTh U3JIy4YeHUE B TMSATHE, Pa3MepbI
KOTOPOro GJIU3KH K JIJIMHE BOJIHBI JIA3€PHOTO U3JTyUeHHUS.
B pesynbrate ymaercss COCPEOTOYUTD OTPOMHYIO MOIII-
HOCTDb M3JIy4eHUS] B MaJIOM 0OGbeMe BEIeCTBa U TOJYIUTD
OYeHb BBICOKME TeMIIepaTypbl — MOPSAAKA MUJJIMOHOB
IPaLyCoB.

TakuM o6pa3oM, Ha KOPOTKUE MPOMEKYTOK BPEMEHH
JIA3ePHOTO MIMITYJIbCA MOXKHO Peajn3oBaTh B JabopaTop-
HBIX YCJIOBUSIX COCTOSTHUS BellecTBa, OJM3KUE K TEM, 4TO
UMETOT MECTO TIPW SIZIEPHOM B3PbIBE WJIM BOJU3H acTpO-
busnyeckux 00bekToB (3Be3/Ibl, YePHbIE JbIPDI).

MosKHO 3aJ]aTh BOIIPOC: T/Ie CaMO€ XOJIOJHOE MECTO B
mupe? Bo3MOXHDBIE OTBeT — B TJIyOMHAX KoOCMoOca —
Gyner HeBepeH. Camble Hu3KKe Temieparypbl (OT/nya0-
necs Ha MUJUIMOHHBIE JIOJM TPajyca OT aOCOJIOTHOTO
HyJIs1) TIOJyYaloTcs, Kak 9TO He yAMBUTEIBHO, TOXKE C
[IOMOIIBIO JIA3€POB.

[leqo B TOM, 4TO JIa3epHBIH CBET CIMOCOOEH COOOIATDH
JIBUZKeHne atoMaM. MOMKHO Tak moso6paTh B3auMOJIei-
CTBUE JIA3ePHOIO CBeTa C aTOMOM, YTO €ro [BUKEHHE
3aMe/IJINTCS U OH OCTAHOBUTCA. YIA€TCS CO3/IaTh IEJIYT0
CUCTEMY TaKWX <«OCTAaHOBJICHHBIX» aTOMOB. [lO0CKOJIBKY
TeMIlepaTypa oIlpe/ieiseTcsl CKOPOCTSMU JIBMJKCHUS, Ta-
Kas cucrema Oymer 06JiaJlaTh CBEPXHU3KOU TeMIepary-
poii. BemecTBo Tipu cTOTb HU3KWX TeMIlepaTypax Tepe-
XO[UT B 0CO60E COCTOSIHWE — TaK Ha3bIBACMbIil 603e-
unwmennosckull konoerncam. OTMETHM, 4TO UCCJIE0BA-
HUS B 9TOiT 06J1acTi Toske ObLN yroctoenbl HoGemeBekoii
[IPEMUN.

B mpeasiaraemoit BHUMaHWIO YnTaTeJel cTaThbe, U3Jara-
€TCsl KpaTKasi UCTOPUST CO3JaHMs Jazepa, 0OCYKIAAT0TCS
MIPUHIUT JIefICTBUST U OCOGEHHOCTH JIasepa, Iepeuncis-
I0TCSI HEKOTOPBIE THUIIBI JIA3EPOB € YKa3aHWeM uX 00JacTh
npumenennsi. Oco6oe BHUMaHUE YEISIeTcs JazepaM, CIio-
COGHBIM T'€HEPHPOBATH UMITYJIbCHI YJIbTPAKOPOTKOM [IJIH-
TEJTHHOCTH, U TTPUMEHEHUSIM, CBI3aHHBIM C 3TOW OCOOEH-
HOCTBIO JTa3€pPOB.



MpuHUMN pencTBus nasepa

Wcropug co3manus jazepa TECHO CBS3aHA ¢ MCTOPUEH
pamno. C MOMEHTa MOSBJICHHUS TE€HEPATOPOB PAJMOBOJH
6bLIO SICHO, YTO OHM TNPUHIUIUATIBHO OTJIUYAIOTCS OT
HUCTOYHUKOB CBETa He TOJbKO JJIMHOU BoJiHbI. [leno B
TOM, YTO WM3JIy4aeMbIil CBeT OOBIYHBIX HCTOUYHIKOB CBETA
— taknx Kak CoJIHIle, Ta30HAINIOJHEHHDIE JIAMIIBI U JIaM-
bl HAKAJUBAHUS — OOYCJIOBJIEH COBOKYITHOCTBIO HE3ABH-
CUMBIX, T.€. HECOTJIACOBAHHBIX MEXAY COOOM, TIPOIIeCCOB
UCITYCKAHUS CBETa KaxKbIM aToMOM (MOJIEKYJION) n3Jy-
yaforero Tesa. HampoTns, paanoBOJHBI 06YCJIOBJIEHBI
eIMHO00PA3HbIM, CTPOWHBIM [BIIKEHHEM 3JIEKTPOHOB B
BUJ/IE DJEKTPUUECKUX TOKOB. VIHBIME CJIOBaMU, U3JIyde-
HUE, UCITyCKaeMoe IMepe/laTiIuKoM PaJMOBOJIH, SBJSETCS
B BBICIIIE CTEIIEHN KO2EPeHmMMHbIM, YTO 03HAYAET COTIACOo-
BAaHHOCTb B MPOCTPAHCTBE U BO BPEMEHU aAMILIUTY/bI U
dasbl kosebanuii B BosHe. Bbicokas crernenb KOrepeHT-
HOCTU O6YCJIOBJIEHA TEM, YTO [IJISI TIOJYUYEeHUs PAHOBOJIH
UCIIOJIb3YIOTCSI TEHEPATOPbI, KOTOpPbIe CIIOCOGHBI CO37a-
BaTh HenpepbiBHble (Ha MPOTSHKEHUH PabOThl TeHepaTo-
pa) KoJseGanust B Buje cuHycou/bl. OQUeBUIHO, UTO BCe
MepUO/IbI CHHYCON/BI COTJIACOBAHBI MEKIY co6oii. [IpmH-
IUTMHaJbHas 0CO6EHHOCTD Jla3epa COCTOUT B TOM, UTO OH
TaK)Ke SBJISETCS TEHEepPaToOpoM, B KOTOPOM HCITyCKaHWe
CBeTa OT/IeNbHBIMEI aToMaMu (MOJIEKyTaM1) TIPOMCXO/THT,
B OTJINYHE OT OGBIYHBIX HCTOYHUKOB CBETA, CTPOTO COTJIa-
coBanno. O6pa3Ho u3sayveHre 0ObIYHOrO UCTOYHUKA CBE-
TAa MOJKHO IIPE/ICTABUTh cebe KaK PEBYIIYIO TOJILY Ha
CTa[MOHe, a W3JydeHue Jazepa — Kak Ty JKe TOJILY, HO
OIOIIYIO0 B YHUCOH.

leHepatop /7€KTPOMATHUTHBIX BOJIH BKJIIOYAeT KOJie-
6areIbHYI0 CHCTEMY C UCTOYHUKOM JHEPTUU [IJIsT CBOETO
BO36YKIEHIS, KOTOPAsT OTIPEIE/ISIET TIEPHO/ W YacTOTy, 1
NOAOXKUMETLHYI0 06pamuyio c6s3v. VI3BecTHO, UTO B
J060#  KoJieGaTeIbHOI cucTeMe, TPEIOCTaBICHHON ca-
Moii cebe, KoJieGaHUsI 3aTyXaloT M3-32 HEeM30EKHBIX T10-
Tepb. /1y oJIydeHns HellpepPhIBHBIX KoJileGannit Heo6Xo-
JIIMO CKOMITEHCUPOBaTh 3Tu 1otepu. [losoxurenbHas
oOparHasi CBsI3b 03HAYAET, YTO HEKOTOPAs YaCTh SHEPTUN
KOJIeOAHUN BBIBOAUTCS HAPYKY, YCUJIUBAETCS U BHOBD
BO3BpAIIaeTcs B KOJIe6aTebHYIO CHCTEMY B HYKHOIT hase.
Ecsu ara BosBpariennas aHeprus paBHa CyMMe 9HEPIHH,
TepsieMOil B KoJie6aTeJbHOI cHCTeMe, W 9HEeprHHu, BbIBe-
JIEHHOWl Hapy’Ky, TO B KoJebaTeJabHOH cucteMe GymIyT
TIO/IIeP>KUBATHCST HETIPEpPBIBHbBIEC, He3aTyXalolne Koaeba-
Hus. Vrtak, a1 paboTsl reHeparopa Tpe6yeTrcsl yeuaeHne
1 TIOJIOJKUTETbHAsT 06paTHAs CBSI3b.

Passutne ¢usmkn XX Beka NPUBEIO K OCO3HAHUIO
daxTa, 4TO aTOMBI U MOJIEKYJbl SBJSIOTCS CUCTEMaMU
KOJIeOAHUI C OTIpe/leJIeHHbIMI YaCTOTAMU, XAPAKTEPHBI-
MU JIJIT KQKOTO BHUJA ATOMOB U MOJIEKYJI, U CIIOCOOHDI
[OTJIONIATh WJIN UCITYCKATh 3JEKTPOMATHUTHDIE BOJIHBI C
atumu yactoramu. Coryacuo mozenan bopa, atu 4acToTb
COOTBETCTBYIOT [I€PEX0/[aM MEK/Y OIIPe/IeJIEHHbIMU dHEP-
reTHYeCKUME COCTOSTHUSME (YPOBHSAMHI) aTOMa € HCIyC-
KaHUeM WJIU ToTJIolieHreM topinn (KBaHTa) W3JIydeHus,
IIpUYeM 4acToTa M, COOTBETCTBEHHO, [IJITHA BOJHBI OTIpe-
JIeJITIOTCST PAa3HOCThIO dHepruil aTux cocrosHnii. Takwe
KBAHTBI M3JTyUeHUS TTONTYIIIIN Ha3BaHWe pomonog. A.DiH-
nITeiiH ommcas B3amMojielicTBue (otoHa ¢ atoMoM. /[lis
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Puc. 1. []ByXypoBHeBas KBaHTOBAaA CHCTEMA

MIPOCTOTBI PACCMATPUBAJINCH /IBA YPOBHS C SHEPTUSIMHU
E,, coorBercrBylomieil ocHOBHOMY cocroguuio, u E,,
COOTBETCTBYIONIEH BO30y)KaeHHOMY coctostimio (puc.1).
I[Ipu B3ammopeiicTBUUM ¢ (HOTOHOM C BSHeprued
v =E,-E, toe h — nocrosunas Ilmanmka, a v —
YacToTa CBeTa, aTOM MePEXO/UT U3 OCHOBHOTO COCTOSTHUS
B BO30Y K/IEHHOE € TIOTJIoleHreM (poToHa (cMm. puc. 1, a).
W3 B036y:KI€EHHOTO COCTOSIHUSI ATOM MOXKET BO3BPATHUTD-
Cs1 B OCHOBHOE COCTOsTHIE C McnycKkanueM ¢dorona. Taxoit
nporecc DUHINTENH HA3BAT CROHMAHHLIM U3NLYUEeHUEM
(eM. puc. 1, 6), HOCKOJBbKY OH IPOUCXOUT caM 1o cebe ¢
oTIpejieJieHHON BepositTHOCThbI0. Ho IitHIITelH mpe/noo-
SKIJI, 9TO B OCHOBHOE COCTOSTHHE aTOM MOSKET TepeiTH u
oJ1 IelicTBUEM BHelTHero (poToHa. DTOT Mpoiiece DITHII-
TeitH HasBa @by Koennoim usayuenuem (em. puc. 1, 6).
[Tpruem wmcmyckaeMprii (DOTOH B TOYHOCTH W/ICHTHUEH
TOMY, KOTOPBI ero BbI3biBaeT (4acrtora, HampaBJeHuE,
nossipusarus). Takum 06pa3oM, BMECTO OAHOTO POTOHA
[OJIy4yaloTCsl [[BA TOYHO TakuX >ke. B ciaydae mHorux
ATOMOB BO3HUKAET MPUHIUIINAIbHAS BO3MOXKHOCTD «Pas-
MHOKEeHUsT» (POTOHOB, T.e. YCUJIEHUS CBETa, B3aMMO/Ieii-
CTBYIOIIIETO C COOTBETCTBYIOIEH CUCTEMOIT aTOMOB. JTO —
KJIIOUEBOIl MOMEHT JIJIsI Pean3allui Jia3epa.

OpmHako, (OTOHBI BBIHYKAEHHOTO WM3JYUCHUS TaKKe
TIOTJTOTIAIOTCST ATOMAMH, HAXOASIINMUCS B OCHOBHOM CO-
crosgaun. [lns paGoTbl reHeparopa HeO6GXOAUMO, UYTOObBI
yCuJieHne TpeBbIaso norepu (morsomieHue u yxomn ¢Gpo-
TOHOB 3a NPEJEJbl U3 TydaeMoil cpeapr). Ho B 0OBIMHBIX
YCJIOBUSAX TOTJOIIEHNE MPEBOCXOUT ycusenue. IIpwan-
Ha B TOM, 4TO YHUCJIO (DOTOHOB, UCIYCKAEMbBIX B Pe3YJIbTa-
Te BBIHYKJEHHOTO U3JIy4eHUs, U YHCJO IOTJIOMIAeMbIX
(oToHOB OIIpenengIOTCS YUCIOM ATOMOB, HAXOSIIUXCS
Ha COOTBETCTBYIOIINX YPOBHSX, T.€. HACEJIEHHOCTHIO YPOB-
Heil. B ycJIOBUSAX TEIIOBOrO paBHOBECHS 3aBUCHMOCTH
HACEJICHHOCTEH OT TeMIIepaTypbl OMHUChIBaeTcs: (hopMy-
Jso11 bosbiimana

_E-E
n, =me * |

e n, uom HACEJIEHHOCTH BEPXHEr0 U HIDKHETO
yposHeil ¢ suepruamu E, un E; coorserctBenno, T —
abcoutioTHast Temieparypa, k — mocrosinnas bosbimana.
N3 sroit popMyJibl BUIHO, YTO [PU MOBBIIIEHHN TEMIIE-
paTypbl PaCTeT HACEJEHHOCTb BEPXHETO YPOBHSI, XOTsI
OHa TeM MeHbIle, 4eM OOJIbIlIe €ro 9HEPrus, T.e. 4eM
BBIIIIC OH PaCIOJIOKEH HaJ[ OCHOBHBIM ypoBHeM. OHAKO
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HACEJEHHOCTb BEPXHEr0 yPOBHS OCTAeTCd MeHbIlle Hace-
JeHHOCTH HUkHero. COOTBETCTBEHHO, IIPU TEIJIOBOM PaB-
HOBecHH HorJomnenue (GoToHOB ¢ aHeprueil v = E, — E,
OyJZieT TIPEeBAJUPOBATh HAJ BBIHYKICHHBIM W3JyYCHHUEM.
OTMeTHM, 4YTO TIOMUMO AaTOMOB, YKa3aHHbBIE MPOIECCHI
MOTYT TaKyKe MPOUCXO/JUTH B MOJIEKYJAX, MOHAX, MOJY-
MIPOBO/IHUKAX.

[lns Toro 4TOoObI TOJYYUTHh YCUJIEHUE 34 CYET BBIHYK-
JICHHOTO M3Jy4eHUs, HeoOXOAUMO, YTOObI HACEJECHHOCTD
BEPXHEro YPOBHS IIPEBOCXO/IIIA HACEJEHHOCTb HUKHETO.
Tpebyercsi BbIBECTH CUCTEMY U3 TEILIOBOTO PABHOBECHS
MyTeM HEKOTOPOTrO BHEIIHETO BO3/EWUCTBUS TaK, YTOOBI
HACEeJeHHOCTb BEPXHEro yPOBHSA OKasajach BblllIe Hace-
JICHHOCTH HUXKHEro. Takoe cOCTOSIHUE Ha3bIBAETCS UH-
6EPCHOU HACEJIeHHOCMbIO, a BEILIeCTBO, B KOTOPOM OHA
HOJIYYaeTCs, — aKMuUeHot cpedotl.

BriepBble mHBepCcHas HACEJTEHHOCTb B MOJIEKYJIAX aM-
MHUaKa W TeHePaIs 3JeKTPOMATHUTHBIX BOJIH C TIOMOIIBIO
BBIHYSK/IEHHOTO U3JIy4YeHus ObLIN MOJTyY€eHbI B a0/ a-
nasone uvactor Y.Tayucom (CIIIA), H.T.BacoBbiM u
A.M.TIpoxoposbiM (CCCP). Cosmanubiii umu 1pu6op
HOJIYYIJ Ha3BaHUE Ma3epd, NI MOJEKYIAPHO20 2eHepd-
mopa. Bckope nocie aroro T.Maiiman (CITA) cosznan
npu6op, paboTaONINil B BUMMOM [HATIA30HE, — Jd3ep.

PaccmorpuM Ha 1pumepe 11epBOTro Jia3depa, UCHO0Jb3YI0-
IIETO KPUCTAJT PyOMHA, KaK MOSKHO OCYIIECTBUTD UHBEP-
CHYIO HaceJeHHOCTh. [Ipw aToM OoTMETHM, 4YTO B peasib-
HBIX BEIECTBAX IHEPTETHUECKUE YPOBHU OOBIYHO UMEIOT
HEKOTOPYIO IUPHUHY, T.e. UM COOTBETCTBYET HEKOTOPBIN
paz6poc sHeprum. COOTBETCTBEHHO, TEPEXOJbI MEXKIY
TAKMMU MTUPOKUMHU YPOBHIME TTPOUCXOIAT HE HA (DUKCH-
POBAHHON YacToTe V, a ¢ HEKOTOPBIM PazépoCOM YacTo-
Tl AV, T.e. B BHUJE CIEKTPaJbHBIX JuHU. Bomee Toro,
MHOTHE YIINPEHHbIE YPOBHU MOTYT CJUBATHCS, 00pasys
HIMPOKUE 30HBI AHEPrUM. ITO MPOSBJLETCA B IIMPOKUX
[10JI0CaX CIEKTPOB U3JIy4YEHUS U TIOTJIONCHUS.

Kpucramnn py6buna mpezcraBiser co60il KpUCTALINIEC-
Kyio okuch amomutns ( Al,O5 KOpyHI) ¢ MaJoi npume-
cpio noHoB xpoma (He Gostee 5%), KOTOPBIE M MPUAAIOT
py6uHy po3oBbiit 1BeT. CHEKTPOCKOMUYECKUE WCCJIEI0-
BaHUS TIOKA3aJM, YTO HTU MOHBI UMEIOT CUCTEMY JHepre-
TUYECKUX COCTOSTHWI, YTPOIIeHHas cXeMa KOTOPOH TI0-
KazaHa Ha pucyHke 2. PyOuWH morJiomnaer CBeT B OYEHD
MIMPOKO# TIOJI0CE CHHE-3eJeHO 06/1acTH CIeKTpa W MC-
nyckaer cger (JIIOMUHECIIEHIINSA) B BUJIE IOBOJBHO Y3KON
CHEKTPAJbHON JIMHUU C MaKCUMyMOM Ha JIJIMHE BOJIHbBI
694,3 uMm. Ilpu atom addexTuBHOCTD TIpOIIECCa Iepe/a-
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Puc. 2. YnpouiyeHHas cxema yposHeu pybuHa
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Y SHEPTUU IOTJIONIEHHOTO CBETAa CBETY JIIOMHHECIIEHIINN
0Ka3aJ1ach OYeHb BBICOKOI — MPAKTHYECKU KaKIbIi (ho-
TOH TIOTJIOIIEHHOTO CBeTa MpeBpamniaercss B (hOTOH JIOMU-
HECIIEHIIUU. IDTOT TIPOIIECC MPOUCXOIUT CJEAYIONUM 00-
pasom (cM. puc.2). Ilocae moraomenns cBera IPOUCXO-
JIUT TIEPEX0/] W3 OCHOBHOTO COCTOSHUS [ B IMHPOKYIO
06J1aCTh 9HEPTUi BO3OYXKAeHUS 2, M3 KOTOPOIi 3Ta sHEP-
rusi OBICTPO TEepe/laeTcsl Ha JIOBOJIbHO Y3KHW YPOBEHD 3.
ITO TaK HA3bIBAEMBI 0€3bI3JIyYyaTeJIbHbBIN TIepexo/l, T0-
CKOJIbKY OH He COINPOBOXKIAETCS HUCITyCKAHUEM CBeTa.
Bo36y:k/1eHHbIE HOHBI XPOMa MOTYT HaXOAUTbhCs (GKUTD)
B COCTOSIHUU 3 JIOBOJIBHO [IOJITO, OKOJIO 3 MC, TpeK[e
YeM BO3BPATATCS B OCHOBHOE COCTOSIHWIE C UCITYCKAaHWEM
orona moMuHecHeHIMU. DTO TaK Ha3bIBAEMbIIl MeTa-
cTaOUIbHBII TTEPEXOI.

Takum 06pa3oM, TTPU OCBENIEHUN KPUCTAJIAa PyOUHA
CUHEe-3eJIEHbIM CBETOM TTPOUCXOUT 06eIHEHNE OCHOBHOTO
YPOBHS | ¢ HAKOILTEHNEeM BO36Y>K/IeHHBIX HOHOB Ha YPOBHE
3. Eciam WHTEHCWMBHOCTH BO30YKIAIONIETO CBETA /10CTa-
TOYHO BBICOKA, TO HACEJEHHOCTb YPOBHS 3 MOYKET OKa-
3aTbcs OOJIbINEH, YeM HaceJeHHOCTb ypoBHA . Bo3HuK-
HET MHBEPCHAS HACEJEHHOCTb, HYJKHAs JUJIsI TIOJTYYeHUs
yCuJieHust. Ta CXeMa MOoJydeHusi MHBEPCHOU HACEJIEHHO-
CTH Ha3bIBaeTCsl TPEXYPOBHEBOII cucremoii. Ee Hemocrat-
KOM sIBJIIeTCsl HeOOXOAMMOCTb MepeBoJa C OCHOBHOTO
YPOBHsI 60Jiee MOJOBUHBI YACTHI[, YTO TPeOyeT BBICOKOI
MHTEHCUBHOCTH BO30ysKaaomero uaaydenns (py6un oc-
BEIAJICS ¢ TIOMOIIBI0 MOTIHO# MMITYJIbCHOIT JIAMITbI).

Bonee achdexTrBHON SABISETCS YETHIPEXYPOBHEBAS CH-
cTeMa CO3/JaHUsT WHBEPCHOU HACEJEHHOCTH, M300pasKeH-
Hasg Ha pucyHke 3. MeX1y OCHOBHBIM U METACTaOWIb-
HBbIM YPOBHSIMU HAXO/HUTCS IOTIOJHUTENbHBIN YPOBEHD 4,
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Puc. 3. YervipexypoBHeBas cucreMa Co3[aHus MHBEPC-
HOW HacesieHHOCT!

€ KOTOPOTO TIPOUCXOUT GBICTPBII Mepexo/i Ha OCHOBHOI
ypoBeHb. Ecim aTOT 0110THUTEIbHBINH YPOBEHD PACIIOJIO-
SKEH JIOCTATOYHO BBICOKO HaJ/l OCHOBHBIM, TO, COIJIACHO
opmyne BosbprMaHa, ero HaceJeHHOCTb OY/ET HEBBICO-
Ka ¥ Ui [I0JIy4YeHus UHBepCHON HaceJeHHOCTH 110 OTHO-
IIeHUI0 K HeMy IoTpeOyeTcs MEeHbINas HaceJeHHOCTDb Me-
TacTa6NJIBHOTO YPOBHS. JTO, B CBOIO OUEpe/b, IIPUBEIET
K YMEHBIIEHUIO MOIIHOCTH Bo36y»kaamomero csera (Ha-
kauxu). CoBpeMeHHbIEe Jazepbl paGoTaioT, KaK MPaBuJIo,
110 TaKOil YeTbIpexXypOBHEBOI cXxeMe HaKauKU.

Wrak, MbI IMeeM MHBEPCHYIO HACEJEHHOCTD, HEOOXO/IH-
MYIO JIJIS1 TIOJIyYeHUS] YCUJICHUS 32 CYET BbIHYSK/IEHHOIO
naayderns. Ho nis renepannu tpebyeTcs ele MOT0KI-
TesbHas o6paTHas cBA3b. [l ee ocyTiecTBIEHNS HEOOXO-



JIIMO BO3BPATHUTb B AKTHUBHYIO CPEJIy U3JyYEHUE B HYXK-
HOIl (hasze. DTO MOKHO CJI€JIaTh C TOMOIIBIO 3€PKAJ.
Ilyctb cpefla ¢ WHBEPCHOI HaceJaeHHOCTbIO (aKTUBHAS
cpefla) MMeer JUIMHY [, TOr[a Tpu MPOXOJKIACHUH depe3
Hee CBETa C MHTEHCHUBHOCTBHIO IO MHTEHCHUBHOCTD 6yz[eT
pacTH B TeOMeTpuIecKoii nporpeccun: [ = Ioeal,rz[e a -
Koo DUIMEHT, XaPaKTEePU3YIOMUI POCT WHTEHCUBHOCTH
3a cyer ycuienusi. IToMecTuM Tenepb aKTHBHYIO CPELy
MEXK/y ABYMsSI MapaJiiebHBIMU 3epKaaMu ¢ Koahduim-
entamu otpaskenuss R, u R, (puc. 4, a). Tlocmorpum,
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Puc. 4. Cxema co3[aHms romoXUTE IbHOV 0OPaTHOM CBA3M C [TOMOLLb IO
ABYX 1apansiesibHbIX 3€PKas. a) PacrionoxeHne 36€pkasn v akTUBHOM
cpennl, 6) cxema obxona cBETOM MyTv MeXay 3€pkanamu, B) CTosqme
BOJIHbI B PE30HATOPE

KaK M3MEHHUTCs MHTEHCUBHOCTD CBeTa I, I1ocjie IOJIHOTO
o6xoma mytn Mexay 3epkagamu (puc.4,6) u3 Toukn A.
ITocsie aByx orpaskeHuii U JBONHOIO IIPOXOMKJACHUS CJIOS
aKTHBHOI cpe/ibl MHTeHCHBHOCTH craner [yRiR,e™ . Te-
Hepalus NOJIydaeTcd NpH YCJIOBHU, YTO MHTEHCUBHOCTD
BO3BPAIICHHOIO CBeTa He MEHbIIe HayaJ bHONH MHTEHCHB-
HOCTH, T.e. €CJI IOR1R262°” = I, rae 3HaK PaBEHCTBA
o3HauaeT ycJoBHe 1opora renepanun. OObIYHO BenunHA
al <1, crenosarenvio, e =1-a, Torma ycaosue To-

pora reseparuy npuHnMaer Bug RR, (1-2al)=1.
OnHaKo HAJI0 WMETHh B BU/Y, YTO MPHU MOCJIEI0BATEb-
HBIX 00X0/IaX BOJIHBI CTaHYT WHTepdepupoBaTh. Pesyib-
TaT WHTep@EpeHInn 3aBUCUT OT paszHocTu a3 Tocse
OTPaXKEHUI, KOTOPask ONPE/EJIAeTCS PACCTOSTHIEM MEXK/IY
3eprasaMu. /lyig TeX BOJH, JAJMHBI KOTOPBIX 11€J0€ YUCJI0
pa3 yKJIAIbIBAIOTCS Ha JIJIMHE MEX/Y 3epKajaMu, UHTep-
depenius npuBeeT K CIA0KEHUIO AMILIUTY/] BOJH, T.€. K
KOHCTPYKTHBHOIT nHTepdepentnu (puc.4,6). ViMenuo aus
3TUX BOJIH CMOJKET BBITIOJTHATHCS YCJIOBUE ITOPOTa TeHe-
parmu. HampoTuB, BOJIHBI ¢ ApYroil IJIMHOI OyAyT Oc-
gabsatees. TakuMm o6pas3oM, cnucTeMa IBYX Mapasiesb-
HBIX 3€pPKaJ SIBJISETCS PE30HAMOpPOM, TIPIUEM PE30HAHC-
HbIE JUIMHBI BOJH Ape; ONPEENSIOTCS PACCTOSTHUEM MeK-
Ay 3epKallaMit: nh,, /2= L, rie L — paccrostue Mexy
3epKasaMu, a n — 1eyaoe 4ncao. CoOTBETCTBYIOIINE Yac-
TOTBI V,, = n¢/(2L) HasbiBAOTCA MOOAMU ONMUUECKO20
pesonamopa. llockombky A < L, cymiecTByeT MHOKe-
CTBO MOJI, IPUYEM YACTOTHBIH WHTEPBAJ MEKIY COCETHU-

Mi MoJaMu paseH Av = ¢/(2L). OTMeTnM, 4To UCIOIb30-
BaThb CHCTEMY /IBYX TapaJlJIebHBIX 3€PKaJ B KauecTBe
pe3oHaTopa 3JIeKTPOMATHUTHBIX BOJH MPEJIOXKUT U TIPO-
nemoHctpuposan A.M.ITpoxopos. B onTtuke cucrema IByX
3epkaJi u3BectHa Kak unrepdepomerp Mabpu—Ilepo. On
UCTOJb3YeTcsT B KadecTBe MPUOGOPA C BBICOKUM CIIEKT-
PaJIbHBIM pa3penieHneM — 3a CYeT MHOTOJY4YeBOH WHTEp-
depeniun UMb y3KUEe JUHUHM TPOXOJAT 4Yepe3 HeTo.
Pesonatop sazepa vacto HasbiBaioT pezonaropom Dab-
pu—Ilepo.

OO6bIYHO B Jla3epax PACCTOSIHIE MEXK/Y 3epKajaMu Co-
CTaBJisteT 0K0JI0 1 M, U MEKMO/IOBBIII MHTEPBAJ OKa3bIBa-
eTCsI 3HAYUTEJbHO MEHbBIIE IIUPUHDLI JUHUU YCHJIECHWS
aKkTUBHOHN cpenbl. [loaToMy yciioBHe TeHepalu BBINOJI-
HSIETCS IS MHOTUX MOJ[, YaCTOTBI KOTOPBIX MOMAaioT B
JITHWIO YCUJIEHUs, KaK MOKa3aHo Ha pPHCyHKe S>. BaskHo,

I THupuna aunuy
|

Mooui
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TUHUY YCUTEHUS

Puc. 5. JlnHng ycuneHns akTmBHO Cpessl v MOkl Pe30HATOPd, KOTOPbIE
VYMELYaNOTCA B IPEAECSIAX LLUMPUHbI JIIHVIN

YTO BOJHBI BCEX MOJI PACIPOCTPAHSIOTCS B OHOM Ha-
MpaBJAeHUN — NEePHeHJANKYJISIPHOM IIJIOCKOCTH 3epKaJl.
IT0 OODBSACHSET BBICOKYIO HATPABJIEHHOCTH TYYKa U3JY-
YeHUs Ja3epa.

Wtak, ¢ 1moMOIIbIO pe30HATOPAa MOKHO OCYIIECTBUTD
[IOJIOKUTENbHYIO OOPATHYIO CBSI3b M IOJYYUTb TeHEpa-
M0 Ha ONTHYeCKUX vacTtoTax. [lockosbKy ycioBue ca-
MOBO3OY K/IEHUST MOJKET BBITIOJHATHCS JIJIsl MHOTHX MOJI,
Jlazep /laeT U3JydeHre Ha MHOTUX 9KBU/IUCTAHTHO PacIio-
JIOKEHHBIX, T.€. HaXO/AINXCS Ha OJMHAKOBBIX PACCTOSI-
HUSX JPYT OT ApPYyra, dactorax. Takoil peskuM paboTb
Jlazepa Ha3bIBAETCST MHO20M000601 zenepayuet. 11upuna
JIMTHUU CIIEKTPa B OJHOM MO/Ie UYPEe3BBIYANIHO MaJjia, TOTO-
MY YTO NP MHOTOJY4YeBOH WHTEP(EPEHIINN U YCUICHIH
MIPOUCXOIUT OGOCTPEHIE 3ABUCUMOCTH PE3YJIbTHPYIOIIEl
AMILIUTYIBI OT JIJIHHBI BOJIHBI. /[Jis1 TOrO 4TOObI OJIYIUTh
Jla3epHOe U3JIyYeHHe BLICOKOI MOHOXPOMATHYHOCTH, HAJIO
3aCTaBUTD JIa3ep IeHEePUPOBATH M3Jy4YeHHE JIHIIb HA OJI-
Hoil Moze. Takoil pexum paGoThl Jiazepa Ha3bIBAETCS
00HOMO0060U zenepayueti. C 1EJIbI0 JOCTHKEHUST 3TOTO
peXXuMa B PE30HATOP BBOJAT CIEIUAIBHOE YCTPONUCTBO —
ele /[Ba 3epKaja ¢ MaJbIMH KO3 (UIIMEHTAMU OTpaske-
HUS ¥ PAcCTOSTHUEM Meskay HuMu, MeHbimmM L. [Tomyuya-
eTcs JIOTIOJHUTEJNbHBI Pe30HATOP ¢ OOJIBITMM HHTEpBa-
JIOM MeXIy ero MojamMu. VIX pe3oHaHChl HAKJIa/[bIBAIOTCS
JIPYT Ha JpyTa, W TeHepanus IPONCXO/NT JUMNIb Ha CO-
BIAJIAIONINX pe3oHaHcaX. YacTOTHBIM MHTEpPBAT MEXK/y
HUMU MOKET ObITh CDABHUMDBIM C NIMPUHOW JUHUU yCUJIe-
HUS. DTO YCTPOWUCTBO HA3bIBAIOT celekmopom mod. OHO
MIO3BOJISIET TIOJYYUTb eHepaIUIo JIUIb Ha OJIHOHI Moje C
BBICOKOII MOHOXPOMATHYHOCTHIO JIA3€PHOTO U3JIyUYEHUS.

OnHaKo CNOCOOHOCTD Jlazepa MCIYCKATh M3JIyuyeHre Ha
MHOTUX 9KBW/IMCTAHTHBIX YacTOTaX IMO3BOJISIET TOJIyYaTh



12 KBAHT -

Jla3€epHOE N3JIy4y€eHUE B BU/IC I1IP€3BI)I‘1I3.I'/JIHO KOPOTKUX M-
IIyJIbCOB, a TaKXe€ CO03JaBaTb HCKJJIIOYUTE/JbHO TOYHbIE
gacel. Ho 06 aTom 6YIICT PaCCKa3aHO JdaJiblIeE.

Tunbl nasepos

ITocne cosmanns MepBHIX Ja3epoOB Ha pyOMHE HAYaIach
MHTEHCUBHAS W BeCcbMa IIJIOJIOTBOPHAsI paboTa Mo co3ja-
HUIO U WCCJE/JOBAaHWIO HOBLIX THIIOB JIa3epOB. Y KakKeM
HEKOTOPbIE M3 HUX, MOJYYUBIINE IMHUPOKOE PACIPOCTpa-
HeHMe.

Jlazepsl Ha JIOMHHECIHEHTHBIX KPHCTaJJaX, CTEKJax
U pacTBopax Kpacureseii. Hapsny ¢ pyOmHOM UCIOJb-
3YIOTCSI M JIPyTHe KPUCTaJLbl, Hanpumep candup (Kpuc-
TaJIMIeCKasi OKMCh aJIOMUHKS ¢ HOHaMu TuTana). OTin-
YUTETbHON 0COOEHHOCTBIO ATOTO JTa3epa SIBJSCTCS UCKJIIO-
YUTEJTBHO TMPOKAsS MOJI0CA YCUICHUSA. JTa 0COOEHHOCTD
KpaiiHe Ba’kHa /IS TeHEepaIy MpeJeJbHO KOPOTKUX MM-
MyJIbCOB JTAa3€PHOTO W3JIyIEHHUS.

Vcnosb3yioTest Takske CTeKJa ¢ IPUMechbio HEKOTOPBIX
3JIEMEHTOB B BH/IC MOHOB, HAIIPUMEP HEKOTOPBIX PEIKO-
3eMEJIbHBIX 3JIEMEHTOB. /[OCTOMHCTBOM 3TUX MaTepHAJIOB
SIBJISIETCSI TO, YTO OHU O6GJIAZIAIOT BBICOKMM OITHYECKUM
KauecTBOM (OTCYTCTBUE BCAKUX BKJIOUEHWH, 4acTo MPH-
CYTCTBYIOIIMX B KPUCTAJLIAX ), M3 HUX MOKHO U3TOTABJIN-
BaThb JIETAJH Jla3epa IPAKTUIECKU JTIOObIX Pa3MepPOB.

Takoke oka3asochb BO3MOKHBIM MCIIOJIb30BATb PACTBO-
pPbl HEKOTOPBIX JIIOMUHECIUPYIOMNX Kpacurtesei. JJe-
MEHTOM JIazepa B 3TOM CJydae SIBJISETCS He CTEPKEHb C
OTHOJITPOBAHHBIMI TOPIIAMH, a KIOBETa — IMJINHAPHYEC-
Kast TpyOKa € IIOCKOIAPAIeTbHBIMUA OKOIITKAMI, 3aTI0I-
HEHHas PacTBOPOM Kpacutess. BaxHON 0COOEHHOCTHIO
3TUX KpacuTeJiell SABJSAETCS OYeHb OOJIbINask MUPHUHA T10-
Jochl yeuenns (tak ke, kak u'y candupa). Baarogaps
3TOMY VJIaJIOCh CO3/IaTh HOBDBIM THI Ja3epa C IJIaBHOU
1epecTpoiKoil JIIMHbI BOJHBI u3JaydeHus. B cospemen-
HBIX JIa3epax Pe30HaTOp YacTo IIPE/CTaBIsAeT coOoi He
TOJIBKO JI[Ba 3epKaJa, HO U JIOBOJBHO CJIOXKHYIO OITHYEC-
KYIO CUCTeMY MEX/y HUMHU. Bplllie ToBOpMJIoCh O cesek-
Tope MoJ. Tak BOT, ecTM B PE30HATOP TTOMETIAETCS €eIe
YCTPOMCTBO, OCHOBaHHOE Ha siBeHun ducnepcuu (mpu-
3Ma Wi An(PaKIMOHHAs PEIIeTKa) M OTKJIOHSIONIee
JYYH B 3aBUCHMOCTH OT JJIWHBI BOJHBI, TO Hapajiesb-
HOCTD 3epKaJ 00ecredynBaeTcs JUIIb s Y3Koi 00J1acTu
JUTUH BOJTH, TIPUYEM €€ MOXKHO TIJIAaBHO MEHSATD HAKJIOHOM
onHoro u3 3epkaJi. Ilosmyuaercst Tak HasbIBaeMbIil cesex-
muenvlil. pezonamop. B pesynbraTe Jazep CTAaHOBUTCS
HNCTOYHUKOM M3JIy4eHUsI C O4YeHb Y3KOH CIeKTpaJbHOM
JUHUEH, JAJMHY BOJIHBI KOTOPOW MOXKHO IIJIABHO peryJiu-
poBatb. Takue Jla3epbl UTPAIOT BAKHYIO POJIb B CIIEKTPO-
CKOIIMH.

ITosynpoBoaHuKOBBIE Jla3epbl. VIHBEpCHYIO HaceseH-
HOCTb MOXKHO TaK’Ke TIOJTyYaThb B 30HAX MOJIYIPOBOTHIU-
KOB C IIOMOINIBIO 3JEKTPUYECKOT0 ToKa. B pesysbrare
BO3HIKAET BBIHYK/JCHHOE N3JIyUeHNE HA UBAYUAMETOHBIX
nepexodax nosyuposojuuka. IlosBumucy noaynposoo-
HUKOBbLE 1a3epul, MM, KaK UX Tellepb HA3bIBAIOT, JAd3ep-
Hole Quodvl. ITU JTa3epbl HEIOCPEICTBEHHO TPeobpasyioT
AJIEKTPUYECKUI TOK B JTa3€PHOE U3JIYyYEHUE C OUCHD BBICO-
kuM KIT/I, npessimaomum 50%. Kpome toro, ux orjm-
4aloT BecbMa MaJible pasMepbl (IIOpsKa MUJIUMETPA).
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Baaronapss atuM 0OCOGEHHOCTSIM OHM HAIILIH IIHPOKOE
npumenenne (nasepupie npunreper, CD u DVD cucre-
MbI, YKa3Ku U Jp.). 3a paGoThl MO CO3/aHUIO JTa3ePOB
atoro tuna poccuiickuit ¢pusuk K.U.Andepos B 2000
rony Obl1 HarpakaeH HoGemeBckoil mpemueit. B HacTos-
Imee BpeMsI 9TH JIa3epbl YacTO MCIHOJIb3YIOTCST KaK MCTOU-
HUKN HaKa4YKN JAPYTUX TBEP/OTETbHBIX JIa3epOB, B UaCT-
HOCTH BOJIOKOHHBIX Jia3epoB. B pesysbrare ObLin co3ja-
HBI JIOCTATOYHO KOMITAKTHBIE U 3(PEKTUBHDBIC Ja3epHbIE
YCTaHOBKM C MOIIHOCTBIO JIA3ePHOTO M3Jy4YeHHs /10 [le-
cATKOB KuioBarT. OHU HAYMHAIOT HAXOIUTH BCe GOJIbliiee
IpUMeHeHNe B aBTOMOOWIbHOW U aBUAIMOHHO ITIPOMBIIII-
JIEHHOCTH.

Bousokonubie jazeppl. BaxHO OoTMETHTH, UTO pa3Bu-
THE COBPEMEHHO! ONTHKH MPHUBEJO K MOSBJICHIIO HOBOTO
YCTPOMCTBA, & UMEHHO BOJOKOHHLIX €6emo600os (onmu-
YeCKUX 60I0KOM), OCHOBAHHBIX Ha SIBJIECHUU TOJHOTO
BHYTPEHHero oTpaskenus. Ha pucynke 6 mosicHAroTCS
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Puc. 6. Onrmnyeckoe BOSIOKHO

0COGEHHOCTH OITHYECKOTO BOJIOKHA. OHO TpecTaBJisieT
co6oli TOHKYI0 HUTH (cep/IeBrHa) U3 OHOTO COPTA CTEK-
Jla, OKPY/KEHHYIO CTEKJIOM JIPyroro copra. IlokasaTesib
[IPEJIOMJICHUSI CTEKJIa CEPALEBUHbI HECKOJbKO GOJIbIle
MoKasareJisi pesioMJeHust 06oJ0ukn. B pesysbrare cBer,
PACIIPOCTPAHSIONIMICS B Cep/IleBUHE, UCIBITHIBAET II0JI-
HOE BHYTPEHHee OTpasKeHHWe Ha TpaHuile CepjlleBHHA-
000JI0YKa U TPAKTHYeCKH 6e3 TOTepPb MOYKET MPOXOANUTH
OTPOMHBIE PACCTOSIHUS 10 JECATKOB M COTEH KUJIOMETPOB.
Ha sT0M OCHOBaHa BOJIOKOHHO-ONTHYECKAS CBA3D, JUHUH
KOTOPOH y’Ke TOKPHLIN BeCh 3eMHOM TIap.

EcJiit B CTEKJIO CepAIIEBUHBI BBOJSATCS JTIOMUHECITUPYIO-
mue 106aBku (MOHBI PEAKO3EMEIbHBIX 3IEMEHTOB), TO
[IPU COOTBETCTBYIOIIEM BO30YK/ICHUN HCTOYHHKOM Ha-
KAuKU B CEP/IIIEBUHE MOKET MOJYYUTHCS aKTHBHAS Cpe-
Ja. TakuM UCTOYHUKOM HaKauKK OOBIYHO SIBJISIETCST U3JTY-
YyeHHe JiazepHoro juoja. Ilosydaercss BOJOKOHHBIN Jia-
3ep, KOTOPbII UMEET Psiji OYe€Hb BasKHBIX IPEHMYIIECTB.
[TocKOJIbKY M3JIydeHHE PACIIPOCTPAHSETCS TI0 CBETOBO/LY,
ero maru6 He BJuseT Ha pabory Jsasepa. He tpebyercs
TOYHAs HACTPOWKA 3epKas Ha MapasileIbHOCTb, ¥ Jia3ep
[IPAKTUYECKH HE YYBCTBUTEJEH K BHENIHUM MeXaHUYec-
KUM Bo3zjeiictBusaM. MOXKHO CBEpHYTb BOJIOKHO B KaTylll-
Ky, 4YTO JleJlaeT Jia3ep BechbMa KOMIAKTHbIM. Ilo cyiie-
CTBY, aKTHBHAsl cpeJla BOJIOKOHHOTO Jla3epa MPeICTaBIsi-
er co60il NMUIMHADP AUaMeTPOM B HECKOJbKO MHUKPOMET-
POB U JIJIMHOM /10 HECKOJIbKMX METPOB. JTO 03HAYAET, YTO
TEIJI0, KOTOPOE BbIAEISeTCS B aKTUBHOI cpeje IpH ee
HaKadyke, IepejaeTcss B MaTepuasl BHEITHeH 060JI0YKN
yepe3 6OJIBIINYI0 MOBEPXHOCTb U B 3HAYUTEJNbHBIH 06BEM
(quamerp 060/I0YKKM B JIECATKM pa3 GoJbLIE JHaMETPa
cepanesunbr). Takum 06pasoM, CyIIECTBEHHO O6Ierdaet-
¢S TEIJIOOTBOJ. BOJIOKOHHBIE JIaszepbl, B OTJUYHE OT



TPAJAMIIMOHHBIX TBEP/AOTEJNbHBIX JA3epOB, He TPeGyIOT
BO/IHOTO OXJIAKEHUS.

TazoBbie sazepsl. B aTnx Jsazepax akTWUBHAs cpeja
TTOJTyYaeTCsT TIPU 3JIEKTPUYECKOM paspsjie B Ta3aX HU3KO-
ro jgamjenusi. [aBHas 0COOEHHOCTb ATUX JIa3€POB — B
V3KUX JIMHUSX JA3€PHOTO IEPeXojia, 4TO CIOCOOCTBYET
TTOJTYYeHHUIO YPE3BbIYATHO BBICOKON MOHOXPOMATHYHOCTH
JIa3epHOTO M3JIyueHus. Ygaercs 1oJydyarb JUHUK Jiasep-
HOTO M3JIy4eHMs] HIMPUHON JIUIIb B HECKOJbKO Tepil.
[TockosibKy YacToTa J1a3epHOrO M3JAYYEHUS COCTABJISET
v=10"-10"” T 11, CTelleHb MOHOXPOMATUYHOCTH JIOCTH-
raeT BeJIMUMHBI Av/v =107, Baarogapst aToit ocoben-
HOCTH Ta30BbIe JIa3epPbl HAXO/SAT TPUMEHEHNE B MPEIU3N-
OHHOW METPOJIOTUM W CHUCTEMAaX KOHTPOJIS, B JIA3€PHBIX
TUPOCKOTIaX W CBEPXTOYHBIX OMTHUYECKUX YaCaX.

Oco6bIM THIIOM JIA3€POB SIBJISIOTCS JIA3ePbl yIbTPAKO-
porkux nmnybcos (YKI). Vx onumcanue 3acayKuBaer
OTAETHLHOTO paccKasa.

Jlazepbl yNbTPakopoTKNX UMIMYNbCOB

3aMeyaTeJbHbIM JIOCTUKEHUEM JIa3epPHON HAayKU cTajia
reHepalysl U3JydyeHus B BUJI€ MMITYJIbCOB YJbTPAKOPOT-
KOIl [iuTesbHOCTH, GJIU3KON K DyHIaMeHTAIbHOMY IIpe-
JleJly — TepHojy CBETOBOW BOJHbBI. VIHbIMU cjoBamu,
VJIA€TCST COCPEJIOTOUNTH CBET B WHTEpPBaJie BPEMEHU TI0-
psiiKa Jmib Heckoabkux hemrocexyng (1 de =107 ¢).
TpynHo npezgcraBuTh cebe KPaTKOCTh (DEMTOCEKYH/IBI —
onHa (eMToCeKyHIa OTHOCHTCS K CEKyH/E, KaK OjiHa
CeKyH/a oTHocuTcss K 32 mmuimmoHam JieT. CBer, CKo-
pPOCTH pacIpoCTpaHeHusI KOTOPOTO, KaK M3BECTHO, MAKCH-
MaJIbHO BO3MOKHAs B Mpupoje, npoxoaut 3a 1 ¢gc pac-
crosuue B 0,3 MM (3aMeTuM, 4TO TOJIMHA YeJOBeUeC-
KOTO BOJIOCA OKOJIO 40 MKM).

3aueM Ke HYKHBI CTOJIb KOPOTKUE UMITYJIbCBI Ja3ep-
Horo uamaydenus? OHOI U3 IPUYNUH CTPEMJIEHUS COKpa-
aTh JIJIUTEJbHOCTb CBETOBBIX BCIIBIIIEK SIBJSETCS WX
UCIIOJIb30BAHUE [IJIST M3yU€eHUsST ObICTPO MPOTEKAIONIUX STB-
sennii. Takas BCIbBINTKA TIO3BOJISIET «3aMOPO3UTh» JIBU-
JKeHne 06beKTa B MHTEPBAJIE, PABHOM MTPO/IOJEKUTETHHOC-
TH BCIBINIKA, U MPOU3BECTH «MTHOBEHHOE» hoTorpadu-
poBanue. B OGBIYHBIX YCJIOBHSAX Hake camble ObICTPBIE
OOBEKTBI HE MOTYT 3aMETHO CMECTUTBCS 32 CTOJb KOPOT-
ke BpeMeHa. Ho B MHUKpoOMHpE aTOMOB, MOJEKYJ WU
3JICKTPOHOB B TBEP/IbIX TEJIAX CYIIECTBEHHYIO POJIb UTPa-
10T TIepeMelienns B MaciiTabax MUKPO- U HAHOMETPOB.
[Tostomy jaus1 umccienoBanuii JBUXKEHUNT B MHUKPOMHPE
HYKHO BpeMeHHOe paspellienne B [Malia3oHe KO- U
demrocekyn/. Jlazeppr YKW kak pa3 m paior Takyio
BO3MOKHOCTB. HesmapoMm mszo6perenue JiazepoB demroce-
KYH/IHBIX MMITYJIbCOB CPaBHUJIM C M300peTeHHEM MUKPO-
ckora. B wactHOCTH, MCTIOJB30BaHNE TAaKUX JA3€POB TI0-
3BOJIMJIO HEMOCPEJCTBEHHO <«HAOJI0/IaTh» TMPOIECChl 00-
pa3oBaHUs W pa3pylieHuss MOJEeKyJa. DTH MPOIECCH TTPO-
TEKAIOT 32 BpeMeHa JIECATKOB M COTeH (PEeMTOCEKYH/I, U /10
nosiaenus jgazepoB Y KU cBemennst 06 atux rpoieccax
MOJIYYAJUCh TOJBKO TI0 Pe3yJbTaTaM KOCBEHHBIX KCIIE-
PUMEHTOB.

WccaenoBanust GbICTPO MPOTEKAIONUX SBJIEHUN € T0-
Motbio JazepoB Y KU mpoBoagTest 1o cienyionieir MeTo-
auke. JlocTaToOuyHO MHTEHCUBHDBIH J1a3epHbId MMIIYJbC C

OTIpe/IeJIEHHOW JITMHOW BOJIHBI BBI3BIBAET B UCCJIEYEMOM
obOpasile KaKhe-TO U3MEHEHHS B COCTOSIHUM MOJIEKY.JI.
OTUM U3MEHEHUSIM COOTBETCTBYIOT M3MEHEHHBIE CITEKTPBI
TTOTJIONIEHNS, KOTOPble MOKHO 3aperucTpupoBaTrh C TO-
MOTIBIO JIPYTOTO MMITYyJIbCA HA JPYTOH JIJINHE BOJHDBI (B
06J1aCTH CIIEKTPA TIOTJIONMEHNs ). VI3MEHAS 3a/1ePIKKY MEXK-
oy otuMu uMIityabcamu (Bo30yKIAIOMEro u 30HANPYIO-
Ero), MOYKHO TIPOCJEIUTh, KaK TPOMCXOAUT BO3Bpaliie-
HUE MOJIEKYJI B IEPBOHAYATHHOE COCTOSIHUE WJIH B IPYTOE
KoHeuHoe cocTosgHue. Tak 6bLIn MccIe/J0BaHbl, B YaCTHO-
CTH, PEAKIINU B PACTBOPAX BPO/Ie TEePErpyIIMPOBKHA MO-
JIEKYJT PACTBOPUTEJIT BOKPYT Pearupyronmx MOJIEKY.JI,
MePEXO/Ibl JEKTPOHA UM MTPOTOHA U3 OJIHON YacTh GOJIb-
MION MOJIEKYJIBI B JIPYTYIO.

Yanochb M3y4MTh JIeTaJd OYeHb BAXKHBIX IPOIECCOB
B3aUMO/IEHCTBUSI CBeTa C¢ OHOJIOTHYECKUMHU OOBEKTaMHU.
[Ipexxe Bcero, aro (orocuHTE3 — OCHOBA JKU3HM Ha
3emyie M paboTa CBETOYYBCTBUTEJHHBIX KJETOK TJIa3a.
bmaromaps yabTpakopoTKON JNUTESbHOCTH WMITYJIbCOB
OBLJIO YCTAHOBJIEHO, KaK MPOUCXO/SAT caMble MEPBbIE Ta-
MBI XMMUYECKIX PEAKITHii, CJIeyIONX 3a MOTJIONEeHneM
(otoHOB. AHamOTMYHO OB M3yUeHBI MHOTHE TOHKUE
SIBJIEHUST, UCCJIE0BATD KOTOPbIE MHBIME CIIOCOOAMHU 3aT-
PYAHUTEJIBHO UJIK IIOIIPOCTY HEBO3MOKHO.

Bonee toro, dheMTocekyHaHAS JIUTEIbHOCTD UMITYJIbCA
U3JIyYeHUs J1aeT BO3MOXKHOCTb BO3/IEHICTBOBATD M3BHE HA
OBICTPOTIPOTEKAIOIINE TTPOIECChl (DOTOXUMHUU U, TEM Ca-
MbIM, M3MEHSTb XO/ 3TUX XUMUYECKUX peakmuii. Ecam
BTOPOIl UMITYJIbC MIMEET [IOCTATOYHO BBICOKYIO MHTEHCHB-
HOCTb M HYKHYIO JIJTMHY BOJIHBI, TO €ro BO3jlelicTBHE B
Olpe/ieIEHHbII MOMEHT MOJKET TIPUBECTH K 06Pa30BAHUIO
JIDYTUX TPOAYKTOB XMUMHUUYECKON peakinu. VHbIMEU cjo-
BaMH, TaKUM CHOCOOOM MOKHO 3aCTaBUTb XMMUYECKYIO
peaxIuio mpoTeKaTh Mo JAPyroMy KaHaiay. JTa W aHajo-
TUYHBIE OTNEpaIiy TOJYYUIN Ha3BaHUuEe <«(EeMTOXUMUU.
OTrmeruM, 4TO 3a paGoThl B 00JIACTU HMCCJENOBAHUN XU-
MUYECKUX PEAKINI ¢ MOMOIIbIO (PEeMTOCEKYH/IHBIX Ja3e-
POB aMepMKAHCKUI yUYeHBIH EeTruIeTCKOro IPOUCXOK/Ie-
uust A.3eseitn B 1999 roxy mosyunsn HoGesneBckyio mpe-
MUIO 110 XUMUN.

Boina Ttakke m3ydeHa AMHAMUKA 2JEKTPOHOB B TIOJIY-
MIPOBOJIHUKOBBIX MaTepuajax. ITO JaeT BO3MOXKHOCTD
paspabarpiBath 00Jiee COBEPIIEHHBIE ONTOIJIEKTPOHHBIE
ycTpoiicTBa i GBICTPOTO YIIPABJEHUS CUTHAJIOB, YTO
TpebyeTcst /1Jisi KOMIIBIOTEPOB U TeJeKOMMYHUKAIIHA.

Kopotkas [auTesbHOCTD UMITYJIbCA JTa3€PHOTO U3JIY-
YeHus: MPOSIBJISIETCS U B Apyroit obmactu. [lpu coxpaiie-
HUU BPEMEHHOro WHTEpBaJia, B KOTOPOM COCPEIOTOYEHA
9HEPrus, IMOoJydyaeTcsl BO3pacTaHUEe MOIIHOCTH, a IIpH
(oxycupoBaHUM U3JIYYEHUS — MHTEHCHUBHOCTH. Bbicokas
MHTEHCUBHOCTb (PyHIAMEHTATbHO U3MeHseT onTuky. Orm-
TUKA ABJISETCS, 110 CYIECTBY, YU€HHEM O TOM, KaK 3JeK-
TPOHBI OTKJIMKAIOTCS Ha cBeT. Bce onTmueckue cBOMCTBA
BEIIECTB SIBJISIOTCS CJIE/ICTBUEM B3aWMOJIENICTBUS CBETA C
3JIEKTPOHAMU B MaTepuajie. B cBeTOBOIl BOJIHE 3JIEKTPH-
YecKre W MAarHUTHBIE TMOJISI COBEPIIAIOT KoJeGaHUS Tep-
MEHAUKYJISPHO JPYT JIPYTY U K HANPABJIEHUIO PACIPOCT-
panenusi. Cujia cO CTOPOHBI 3JEKTPUYECKOTO TIOJIS 3ac-
TaBJISIET HJIEKTPOH KOJIeGAThCS € TOMH K€ YacTOTOH, HO He
o6s3aresibHo ¢ (asoil cBeToBOIl Bosbl. B 3aBucumoctn
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OT TOTO KaK 3JIEKTPOH CBSI3aH C aTOMaMU MaTepuaJia, ero
KoJieGaHUsT MOTYT OTCTABaTh WJIM ONEPEKATb KOJeOAHUS
B cBeTOBOI BoJiHe. Kojebmomnuecs: 3J1eKTPOHbI, B CBOIO
ouepe/ib, MCIYCKAIOT 3JeKTPOMArHUTHBIE BOJIHBI Ha TOM
JKe YacToTe, HO ¢ M3MeHeHHOi ¢azoii. VX cioxenue u
ompefiesiseT TO, KaK CBETOBas BOJHA PACIPOCTPAHSETCS
4yepe3 MaTepuasl M, TeM CaMbIM, COOOTIAET COOTBETCTBYIO-
e eMy ONnThYecKue cBoiicTBa (Hampumep, IMOKa3aTesb
IpeIoMIeHns). B Kiaccuueckoil onTuke aMILJINTY/IbI KO-
Jeb6aHull JOCTATOYHO MaJbl, W OITUYECKUE CBOICTBA Ma-
TEPUAJIOB TPAKTUYECKU HE B3aBUCSAT OT MHTEHCUBHOCTH
cBeta. Ho Tpw BBICOKMX WHTEHCUBHOCTSIX, TIPUCYIINX
JIa3€PHOMY CBETY, TaKasl 3aBUCUMOCTb HAYMHAET TIPOSIB-
JIATBCST — TOJIYUAETCST HeJAUHEUNAsT ONMUKA.

CpaBHHTETHHO HEGOBINAS SHEPTUS JTA3EPHOTO U3JTyde-
HUS B HECKOJBKO JDKOYJIEH, <«COCPeJOTOYeHHAs» B He-
CKOJIbKIX (DeMTOCEKYH/IaX, /IaeT UMIYJIbCHYIO MOIHOCTD
nopsiaka merasarra (1 IIBr =10" Br). B macrosmee
BpeMs CO3/IaHbl JIa3epHble YCTAHOBKHU C TaKOH MOIIHOC-
ThI0. VX M3aydeHne MOXHO c(POKYCHPOBATH U MOJYIUTDH
MHTEHCUBHOCTD 0K00 102! BT/ em? . OrpomMHas BeJn4In-
HAa WHTEHCUBHOCTH TIPOSBJISETCS B YHUKAJIbHBIX CBON-
CTBaX M3JIy4yeHusi. XOPOIIO U3BECTHO, UYTO CBET OKa3bIBa-
€T JaBJIeHne Ha OTPAKAONLYI0 WJIM TOTJIONAIIYIO T0-
BepXHOCTh. Bemmunna 3TOTO AaBaeHNS OTpeAessIeTcs MH-
TEHCUBHOCTBIO M OOBIYHO KpaiiHe Masa. B nHavame XX
Beka A.H.J/leGeseB 1poBesi UCKJIIOUUTENTHHO TOHKHUE IKC-
[epUMEeHTbI, 4TOObI OGHAPYIKUTDH 9TO [[ABJEHUE OT CAMBIX
SIPKUX B TO BpeMsi OOBIYHBIX NCTOYHNKOB. Ho npu uHTEH-
cusnoctu  10%! BT/CM2 aBJIeHUe cBeTa JIOCTUTaeT
300 I'6ap, uto mpeBocxoauT paBienne B rentpe CouHial
Takoe jgaBsenue Hapsiy ¢ Apyrumu addexTamMu B3anMo-
JIENCTBUS CBETa C BEIEeCTBOM B MPUHIUIIE IAI0T BO3MOXK-
HOCTb YCKOPSATH BELIECTBO /10 1()229 . Pasymeercs, Berie-
CTBO IIPM ATOM IIpeBpallaeTcs B IJIa3My, a CaMO B3anMO-
JIENCTBUE TIPOJIOJIKAETCS MEHee JIJIUTETbHOCTH WMMITYJIb-
ca, T.e. HECKOJTbKUX (heMTOCEKYH/I.

Takum o6pasom, Jazepbl Y KU 1o3BoJistioT co3jiaBaTh
9KCTpeMasibHble (PU3MUECKue YyCJIOBUSI, MOJOOHBIE TEM,
YTO MOTYT OBITb B HeJApaxX 3Be3J WU BOJU3U <UePHBIX
IBIp», a TakyKe TPU SAEPHBIX B3pbiBax. V3BecTHO, YTO
KOHKPETHOW BeJTMIMHE WHTEHCUBHOCTU CBETA CO-
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npUOIMIKAIOTCS K CKOPOCTH CBETa, W MarHUTHOE I10Je
HauMHAeT UTrPaTh CYIIECTBEHHYIO poJib (zeiicTByer cuia
Jlopenna). CTaHOBATCSA 3HAYNTENBHBIME PEJATHBUCTCKIE
adexTpr, HATIPUMED yBEJMUYEHWE MACCHI B 3aBUCUMOCTH
ot ckopoctu. OHO BimseT u Ha a3y, W Ha aMILIUTYLy
KoJIe6aHUl. DIEKTPOH YiKe TepensiydaeT He TOJbKO Ha
YacTOTe CBETA, HO M HA MHOTMX TapMOHUKAaX 3TOW YacTo-
tol. [log fmeficTBMEM CUJIbI MAarHUTHOTO TOJIS Ha AJIEKT-
POH TPOMCXOJUT TAKOE MCKPUBJIEHUE €r0 TPAeKTOPHH,
YTO OH TIOJIy4YaeT 3HAYMTEJbHBbIH MMITYyJIbC B HallpaBJie-
HAM CBETOBOIO IIyuyKa. PeXuM B3auMOJICHCTBUSI CTOJIb
MHTEHCUBHOIO CBETA C BEIIECTBOM HA3bIBACTCS Peasmu-
gucmcekou onmuxou. Ee cae/ICTBUAME ABJISAETCS BO3MOX-
HOCTb T'€HepallMK BBICHINX T'aPMOHUK JIA3ePHOIO M3JIyve-
HUS BIJIOTH JIO MSITKOTO PEHTTEHA U BO3MOKHOCTD YCKO-
PEHUS 2JIEKTPOHOB /IO SHEPTHHl B JIECATKU METasIeKTPOH-
BOJIBT.

MpuHUMN pencTBus nasepa
YyNbTPaKoOPOTKNX UMMYNbCOB

Kax sxe ymaercst mosiyyaTb CTOJIb KOPOTKUE U MOIIHBIE
UMITYJIbCBI Jla3epHOro wuaJaydenus? (OxaspIBaercs, Ipe-
JIeIbHO KOPOTKYIO [IJINTEIbHOCTD MMIIYJIbCA CBETA, IPH-
GJIMKAIONIYIOCS K [IEPHO/Y CBETOBOW BOJIHBI, MOKHO II0-
JyduTh 6s1arosiapsi BOJTHOBOII 1pupojie cBera. V3BecTHO,
YTO CJIOJKEHWE /IBYX BOJIH € OJIU3KUME YACTOTAME TTPUBO-
JWT K SIBJIEHWIO, KOTOpOe HasbIBaeTcsl 6ueHmeM Koseba-
it (puc.7). Ilepnoa Guenuii onpeensiercss pasHoCTbIO
4acToT. B onTukKe cBETOBbIE BOJHBI XapaKTEPU3YIOTCS He
aMIIITY/IOH, & UHMeNncusHocmovio, KOTOpast onpe/iessier-
Csl KBA/[PATOM AMILIUTY/IbI, YCPEAHEHHDBIM I10 IEPUOLY
BOJIHBL. B ciiyyae CBETOBBIX BOJIH MX CJIOKEHHE IIPUBO-
JIUT K TIEPUOJINIECKOMY U3MEHEHUIO NHTeHCHBHOCTH. [Ipu
cJI0KeHuu Tpex u 6oJiee BOJH C OJUHAKOBOI PasHOCTHIO
YaCTOT MEX/Iy COCEIHUME BOJHAMU Pe3yJIbTaT yKe Oyjer
3aBuCeTb OT coorHomlenus ¢da3. Eciau aMrinTyabl Bcex
BOJIH COBIIQJIAIOT, CJIOXKEHWE TIPUBENET K O0OPA30BAHUIO
SPKO BbIPaKEHHOTO MakcuMyMa. Ha pucynke 8 mokasan
pesyJIbTaT CJI0KEHHs AT BOJIH ¢ YacToTaMmu [y, 2f,, 3f;,
4fs Sfy 1 dasamu, obecreunBaOUUMU COBIAJeHHE HX
aAMILIUTY/I.
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Puc. 8. Pe3ysibTar CI0XKeHus rnsam BOJIH

N3 maTeMaTUKM M3BECTHO, YTO MEPHOANYECKYIO (DYHK-
IIUI0 TTPOU3BOJIbHOM (DOPMBI MOKHO TIPE/ICTABUTD B BUJIE
pana Dypbe, T.e. CyMMON CUHYCOW/T C 3KBU/IUCTAHTHBIMU
yacroramu. Cama Maremarudeckass omnepanusi (aHanns
Dypbe) 3aKI0YAETCA B BBIYUCIEHUN AMILIUTY/ CUHYCO-
uJi, Ha KOTOpbIe PACKJAJbIBAETCS Nepuojnyeckas PyHK-
mus. OTciofa cieyeT, 4TO MOXKHO IIPOBECTH OOPATHYIO
ollepalnio, T.€. CJOKUTb BOJHBI C COOTBETCTBYIOIMMU
aMILTUTYIaMK M 9actoTamMy (CHHTE3) U MOJYYUTh [EPUO-
JIMYECKYIO I0CJIeI0BATeIbHOCTb UMILYJIbCOB, MPUYEM HUX
dopma, a 3HAYNT, W JIUTETBHOCTD GYIYT ONPENETATHCS
YHUCJIOM CJIO’KEHHBIX BOJIH. VIHBIME cJ10BaMM, MOXKHO IIPO-
BECTH CWHTE3 MEPHOAMYECKON ITOCTIe/0BATEIbHOCTH UM-
IIyJbCOB MYTEM CJIOJKEHUA MHOTUX HEIIPEPBIBHDBIX BOJIH.

Kak 6b1710 cKazaHo Bblllle, pe30HATOP Jasdepa 06.J1a/1aeT
HaGoOpOM MOJI C PAaBHOYJAJIEHHBIMU YacToTamu. lenepa-
U TPOUCXOJUT HA MOJIAX, TOMAJAIONNX B MOJOCY YCH-
JIeHUsT AKTUBHOW Cpe/bl, U Ja3ep CIocoOeH W3JIy4arb
MHOTO BOJIH HA 9THX 4acTOTaX. JTO OOCTOSITENbCTBO SIB-
JIIETCS KJIIOUEBDIM IS TIOJIyYeHHS UMITYJIbCOB YJIbTPaKO-
porkoit gumureapHoctu. Jlazep YKU no cymiectBy sBid-
€TCS CUHTE3aTOPOM, B KOTOPOM IIOJIy4aeTcsl JOCTaTOYHO
MHOTO BOJIH C HY>KHBIMH 9acTOTaMu, (asaMu W aMILIATY-
npamu. U3 dpopmys mpeo6pasoBanns Dypbe cieayer, 9To
JUIST TIOJTY9E€HUST UMITYJIbCA UIUTEbHOCTBIO T TpebyeTcs,
4TOOBI PA3HOCTh MEXK/y MAKCUMAJTHHOH U MUHUMAJbHOIM
vacroramu (mupuHa crektpa) AV oTBeyasa COOTHOIIE-
Huo T-Av =1. 9To 03Havaer, HAPUMEP, 4TO JJIS TOJY-
YeHNsT MMITyJIbca JUnTeabHOCThI0 10 e Tpebyercs -
puHa crextpa naaydenns nopsaka 100 am. B macrosmee
BpeMA UMEIOTCA aKTUBHbIE CPpe/ibl C OTPOMHDBIMU IMUPHUHA-
MU 10JOChl ycuiaenus. Tak, xpucrama camndupa uMeer
nosiocy ycuaenus ot 650 aM g0 1000 HM, YTO B NPUHIH-
1€ MO3BOJISET MOJIYyYaTh JAJIUTEJbHOCTD UMITYJIbCa KOpOYe
4 de.

Mpbl BUziesN, YTO € HMOMOIIBIO CEJIEKTOPA MO MOXKHO
3actaBuThb Jiazep paboraTb JuIIb Ha ofHON Moje. Ho
Terepb, HANPOTHB, €ro HY’XXHO 3acTaBUTh paboTaTh Ha
MHOJKECTBE MO/, HONAJJAIoIUX B 1oJ0cy ycuuenus. Ilpu
JUTHHE PEe30HATOpa OK0JI0 1 M B MOJIOCY yCHJIeHUS camndu-
pa TOMaaloT OKOJI0O MUJINOHA MOjA. Takmm o6pasoM,
Jlazep, paboTalouil ¢ aKTUBHOW CPeoi C JOCTaTOYHO
GOJIBIION TMUPUHON TTOJOCHI YCUJIEHUST, CIIOCOOEH UCITyC-

KaTb OOJIbIIIOE YHCJIO BOJH C IKBHUHUCTaHTHBIMH YaCTOTa-

MU, CJIO’KEHUE KOTOPBIX MOKET JlaTh UMITYJIbC C JIJINTEb-
HOCTBIO, OTIPEJEISIEMbIM COOTHOTEHEM T-Av = 1.
[laBaiiTe paccMOTPUM H3JlyuyeHHe, KOTOpOe I10JIydaet-
cs B pe3yJbTare CJAOXKEHUs GOJBIIOr0 YUCTa BOJTH. ITO
YAOOGHO cliesiaTh ¢ MOMOIIbI0 KoMIbioTepa. IlycTh Kak-
Jas BOJIHA OMUCHIBAETCS BBIpa’keHUueM
A(t) = Ay sin (ot + ¢), tne Ay — amminTyza, W — Hac-
tora, ¢ — dasa (tounee — Hauambhas dasza). Caoxum
100 Bosm ¢ paBHBIMU aMILIUTYZaMU U C 4YacTOTaMH,
OTJIMYAIONIMMICS Ha OTIPe/ieJIeHHbIN WHTepBaa Aw, TO-
ayaum A(t) = Z4y sin (w+nAw) + ¢,) (3neco n npoe-
raer 3nauenus or 1 mo 100). daza KakgAOH M3 BOJH
nyctb Gy/IeT OIpe/Ie/IeHHOI, HO CAydailHOW BEJTMYNHON B
unrepsaze (0;77) . IIocKOIbKY CBET XapaKTepU3yeTcs WH-
TEHCUBHOCTbBIO, KOTOPasl IIPONOPIUOHATIbHA KBa[paTy aM-
TJINTY/IbI BOJTHBI, PE3YJIbTAT CJIOKEHUS BO3BEJEM B KBa/I-
par. Takum 06pa3oM, MbI TIOJyUYUM M3MEHEHNEe WHTEHCHB-
Hoctu Bo Bpemenu. Ha pucynke 9,4 npuBeseH mpumep
Takoro cjoskenns. OH, 1O CYIIECTBY, MOJEJIUPYET MHO-
TOMOJIOBOE M3JIydyeHHe MPU yCJOBUHU, YTO B PE30HATOPE
OTCYTCTBYET KaKoe Jin60 yCTPOUCTBO, peryaupyioiiee dhasbi
Moa (pexum cBOGOAHON TeHepaiun). Mbl BUAMM, YTO
U3MEHEeHMe MHTEHCHBHOCTU CO BPEMEHEM IIpe/ICTaBJiger
co6oii HaGop ciyyailHBIX BBIOPOCOB WHTEHCUBHOCTH OT
HYJIS /10 HEKOTOPOH MaKCUMAaJbHOH BEJMYUHDI, IIPUYEM
9TO HM3MEHEHWe MOBTOpsieTcst ¢ tepuogoM T = 217 Aw.
ITO TaK Ha3bIBAEMbIE (DAYKMYAUUOHHBLE UMNYIbCHL MHO-
TOMOJIOBOTO JIa3epHOTO wu3Jayderus. OTMETHM, 4YTO WX
JUTUTEJILHOCTD OTIPEIeNISIeTCs MUPUHON CIIEKTPa, 0XBATbI-
BATOIIEro BCE MOJIBI, T.€. MOXKET OBbITb OYeHb MAJOM.
Ternepb momo6HBIM 06PA30OM CJIOKUM T€ K€ BOJIHBI, HO
C BIIOJIHE OTpe/iesieHHbIMU (pa3aMu, HAIPUMEP PaBHBIMU
nymo (puc.9,6). BMecTo XaoTHYeCKOTO M3MEHEeHHsl WMH-
TEHCUBHOCTA BO BPEMEHHU Telepb IMOJIydaeTcs IepUuo/Iu-
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Puc. 9. [pymepsl CIOXeHus CTa BOJIH C PAaBHbIMU aMIITY.AaMU M
yacroramu, OTIMYAIOLUMMUCA HA [TOCTOSHHBIA MHTEpBas: a) @assl
pacripenesierbl CryyariHbiM 06pazom, 6) @asbl MOHOCTbI0 COMTIaco-
BaHbl
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uecKasi MOCJEI0BATEJbHOCT OAMHOYHBIX Ha @)
Hepro/ie UMITYJIbCOB, JITUTEJbHOCTD KOTOPBIX 3,01
oIIpe/ie/IeTcs MUPHHON CHEeKTpa.
3HA4NT, 4TOOBI TTOTYINTh TeHeparmio Y KU

B pe3yJbTaTe CJIOXKEHHs MHOTHX MOJ, Heo0- ,

O -

,

XO/IMMO, 9TOOBI UX (Pa3bl ObLITH COTJIACOBAHBDI.
ITO yJaeTcs cliesaTh B peskuMe paboThl Jia3e-
pa, KOTOpPDLLl HAa3blBACTCA CUHXPOHUIAUUECHU
Mm00. Jlyist ero ycrenmHoil peanusanuu moTpe-
60BAICh MHOTOJIETHHE U HACTONYUBbIE WUC-
cJIeIOBaHus J1a3epoB. 3/1eCh MbI Ja/IUM yIIPO-
IeHHoe OODbsICHEHNE OCHOBHOTO IPUHIIHUIIA
CUHXPOHU3AIUU MOJ.

O6parute BHUMaHHWE HA TO, YTO PUCYHKU
9,a n 9,6 uMeroT pasHble MacmTalbl 110 OCH &)
opauHat. [Ipu coryacoBanubIx hazax MHTEH-
CUBHOCTD TIOJIYYAIOIIETOCS OJMHOYHOTO WM-
MyJIhca B OTPOMHOE YUCJTO Pa3 MPEBOCXOUT
MHTEHCUBHOCTD (DJIYKTYAITMOHHBIX UMITYJIBCOB.

Tenepp cnoBa o6paTumMcs K CxeMe B3auMO-
neiictBus uzsnydenns ¢ poronamu (em. puc.1).
W3 nee caemyer, 4To 1pu HOIJIONIEHUH CBETa
MIPOUCXOUT O6eHEHNE HIDKHETO YPOBHS. 3Ha-
YUT, MOIJIONIEHUE CTAHET YMEHbIIATbCS 10
Mepe YBEJMUEHUs] MHTeHCUBHOCTH cBeta (dmca
otonos). B ciydae OOBIMHBIX MCTOYHUKOB
CBeTAa MX WHTEHCUBHOCTD CJMIITKOM MaJia, 4TO-
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661 Takoil adpdexrt mposBisiaca. lnsg mazep- 0
HOTO W3JIyYeHHsT M3MeHeHWe KoaddummenTta
HPOIYCKAHUS B 3aBUCHMOCTH OT WHTEHCHBHO-
¢t — oObryHbIN A deKT HeMuHelHON onTH-
ku. BerecrBa, ciocoOHble U3MEHATb CBOIL
KO3 PUIMEHT MOTJIoNeHNnd B 3aBUCUMOCTH OT MHTEHCHB-
HOCTH, HA3bIBAIOTCS NPOCEEMALIOUUMUCS NOZJLOMUMENS-
Mu. BOT ¢ UX TIOMOIIBIO M y/IaeTcs OCYIIECTBUTD COTJIACO-
BaHne a3, KOTOpPOe HA3BIBAIOT CUHXPOHU3AUUE MO0, 1
oJty4uThb rerepanuio Y KN,

Ecau cioft Takoro morioTHTENS BBEIEH B PE30HATOP
Jaszepa, TO yCUJIeHHe B HeM Oy/JeT PaBHO YCHJIEHHIO B
AKTHBHOMW Cpejile MUHYC IOTJIONIEHHE B TIPOCBETISIONIEM-
csi norjorutese. Ilpu BbINOJHEHUN YCJIOBHS CaMOBO3-
Gy aenust (mosmpiii Koaddunument ycuaenns 6oJpiie 1)
HayHeTCs reHepalys Ha MHOTHX MOJax ¢ o6pa3oBaHueM
ayxryanmonnsix nmiysabcoB. IlockosbKy morsomenue
YMEHBIIIAETCSA C POCTOM HHTEHCHBHOCTH, Hambosee WH-
TEHCHUBHbBIC (DIIYKTyallMOHHBIC WMITYJbChI OYIyT YCHJIH-
BaTbCs CHUJbHEe MeHee WHTCHCHBHBIX, W 3TOT IIPOIecC
6yzeT pasBuUBaThCs 110 aKkcroHeHTe. Ha prucynke 10 moka-
3aH IMPOIECC TAaKOTO Pa3BUTHS, TOJTYUEHHDIH ITyTeM KOM-
IBIOTEPHOTO MOJIeTNPOBaHus. V3myuenne, cocrosmiee n3
(pIyKTYyaInOHHBIX UMITYJIbCOB, TIOCJIEI0BATETBHO MPOITYC-
KaeTcst yepe3 akTHBHYIO cpejly. BujiHo, Kak npoucxoauT
(opmupoBane 0JJMHOYHOTO HA NEPUOJIE CIEAOBAHUS UM-
MyJIbCA, YTO W CBH/IETEJbCTBYET O CHMHXPOHU3AIMU MOJI.
[To cymiecTBy, J1asep «IIpe/IIOYUTACT» KOHIIEHTPHPOBATDH
SHEPrHI0 B TAKOM HMITYJIbCE, M TE€M CaMbIM JOCTHTAeTCs
CAMOCUHXPOHUIAUUSL MOO.

CBoiicTBaMH TIPOCBETJISIONINXCS TIOTJIOTHTENIeH 0671a-
JIAI0T PACTBOPBI HEKOTOPBIX KpacuTesie, KOTopble 1 ObLIN
ucnoJsb3osanbl B Jjazepax YKWM. Ho y nux umerorcs
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Puc. 10. KomriblorepHoe MOZeNpoBaHM1e rMpoLecca GopmMmupoBarHus YKV B nasepe ¢
TIPOCBETIIAIOLLVIMCA  [101710TUTESIEM

ollpejiesieHnble HeJOCTaTKU. A MMEHHO, II0cje Bo3ell-
CTBUSI MHTEHCUBHDBIM MMITYJIBCOM 3TO COCTOSTHUE OCTAETCS
B TEYEHHWE HEKOTOPOTO BPEMEHU TMOCJ€e MTPOXOXKICHUS
umnyJbca (910 BpeMs Tpe6yercst Ui TOTo, YToObI CHOBA
BOCCTAHOBHJIACH IE€PBOHAYAJIbHAS HACEJEHHOCTh OCHOB-
HOTO YPOBHS). ITO O3HAYaAeT, YTO TIOCJE IIPOXOK/IEHUS
MHTEHCUBHOTO MMITYJIbCA 32 HUM MOXET <IPOCKOYHUTH»>
MeHee MHTEHCHBHDBIN, M CTPOIHAs KapTHHA BbIIEJCHUS
omuaouHoro Y KW wapymures. /[t mpeoosieHust aToro
HesocTatka ObIT M300peTeH MCKYCCTBEHHBIN TTPOCBETJIS-
IOIUICS TTOTJIOTUTENb, OCHOBAHHBIN HA JIPYTOM SIBJICHUN
HesmHelHON ontukn — addexre camoghoxycuposku. On
OCHOBAH Ha 3aBUCUMOCTH II0Ka3aTeJis IIPeJOMJICHUS 11POo-
3pPavHOrO BelecTBa OT MHTEHCHUBHOCTU MPOXO/ISIIETO ue-
pe3 Hero csera: n =mny +nyl, rae n, — IloKasaTesb
TpeJIOMJICHUST [JIsT cIa0bIX WHTEHCHBHOCTEH, a n, —
K03 PUIMEHT /s ONpe/IeIeHHOTO BeIecTBa. ITOT A-
(ext mposBasercs JauNib TTPpU OOJBITMX WHTEHCUBHOC-
TSX, XapaKTePHBIX /IS U3JIy9eHUs Ja3epoB.

IIyctb yepes cioif BelecTBa PacIpOCTPAHAETCS, Kak
rokaszaHo Ha pucyHke 11,a¢, mydok JiazepHOTO H3JIyye-
HUS, UHTEHCUBHOCTH KOTOPOTO MaKCUMaJbHa B IIEHTPE U
crajiaeT 1o HyJs Ha Kpasgx. Toraa, ecau n, >0, nosay-
YUTCS UCKPUBJEHUE BOJHOBOTO (PPOHTA, W JIy4d CTAHyT
OTKJIOHATbCA K OCH ITyyka. VIHbIMM cJ0BaMu, IpH Jl0CTa-
TOYHON MHTEHCHBHOCTH IJIOCKOIIAPAJIJIEIbHbBIN CJION 11PO-
3PAYHOTO BEIECTBA TIPEBPATUTCS B COOUPATONIYIO JIUH3Y,
MpUYEM ee OITHYecKas cuyia OyJeT 3aBUCETh OT MaKCH-



a) Jyuu na exode

HUsmenenue unmenHcusHocmu
no cevenHuro nyuKd

Boanoeoit ¢pporm

Cpeda ¢ n, >0

Jyuu na evixode

BUCHT OT YacTOTBI, BOJHBI Pa3HBIX MOJ OYAyT
PaCHPOCTPAHATBCS C PA3HbIMU CKOPOCTAMHU, U
corylacoBanme a3 Hapymmres. Kak yke yKasbl-

BaJIOCh, JJTUTEJIBLHOCTD UMITYJIbCA CBSI3aHA C TITHU-
puHoii ciekTpa: T-Av =1. [lycTh Tenepb Takoii
UMTIIYJIbC TMTUPOKUM CIIEKTPOM PACITPOCTPAHSIETCS
B cpefie, obsafaonieil aucrepcueii. 3a cyeT pas-
JUYHAS B CKOPOCTSIX pacipocTpaHeHus ¢opma
UMITYJIbCa U3MEHsSeTCs. Pa3imuHble 4acTOThl Kak
OBl <UAYyT He B HOTY». Te BOJIHBI, /ST KOTOPBIX
oKasaTesb IpejoMJieHuss 6oJibllle, HAYUHAIOT

0) Iyuox ¢ evicoxoil Auappazma

OTCTaBaTh OT TeX, JJId KOTOPLIX OH MeHbIne. B
UHMEHCUBHOCTABIO

S N e peayJibTaTe MIPOUCXO/IUT YBEJNYEeHUE IJINTETbHO-
—> CTH HUMIIyJbCa — OH <pacllibiBaercsy». Kpome
TOTO, Ha mepeHeM (PPOHTE UMITYJIbCA OKAKYTCS
__________________________________________________________ “ Te Y4acTOTbI, /IJIT KOTOPBIX CKOPOCTDH PaCIpoCTpa-
e 1_ HEHMS BbIlIe, a Ha XBOCTe MMIIyJbca — [
ITyuox ¢ manoil KOTOPBIX OHa HIKe. [loatomy B mpemenax yBe-
Cpeda ¢ n,> 0 UHMEHCUEHOCTRDIO JIMYEHHOW JIJTUTEJBHOCTH TIOJyYaeTcsl JIMHEeHoe

Puc. 11 a) Sppext camo@okycmposki, 6) CamMoGBOKyCUpOBKa B COYETaHMI C

Aanagparmori

MaJIbHOW MHTEHCUBHOCTU B IIyuke. IIycTb Tenepnp 3a aTum
cnoeM pacnogaraercs auadgparma (puc.11,6). Jlerko Bu-
JI€Tb, 4YTO IIpH BBICOKOW MHTEHCUBHOCTU B IIy4YKe CBET
I[eJTUKOM TIPOHi/ieT depe3 auadparMy, a Ipu HU3KOH WH-
TEHCUBHOCTH Oy/eT YacTHYHO 3ajepkaH efo. Takmm 06-
pasoM, adderT camoOKyCUPOBKYI B coueTanun ¢ auad-
parMoii fieficTByeT 1OM00HO IIPOCBETJISIONIEMYCST MOTJI0-
TUTEJIIO.

OHAKO TIOJYYEHHIO TIPEJIETbHO KOPOTKUX HUMITYJIbCOB
MIPETISITCTBYET €ellle OJHO 06CTOSATENbCTBO. /[leso B TOM,
YTO BENIECTBA, Yepe3 KOTOPbIE PacIPOCTPAHSETCS CBET,
06sa1aloT ducnepcuedl, T.e. 3aBUCHMOCTDBIO MOKA3ATeJIst
[PEJOMJICHUS OT JJIMHBI BOJHBI (4acToThl). JTO MPUBO-
JIUT K Pa3HOll CKOPOCTH PaclpoCTpaHeHUs CBeTa ¢ Ppas-
HOU wyacToToil. IIpu mpoxoskieHnn cBeTa depes3 BellecTBO
CKOPOCTb OIpEJEeNsieTcss Kak pa3osasi cKOpocmy:
Opas = C/ n., HOCKOJIbe [IOKasaTesb IIPEeJIOMJICHUS N 3a-

a)Ea S,

Puc. 12, S¢@ekT aucnepcun. a) HadvasibHas @Gopma MUMITY/IbCa,
6) UMIYIIbC 0CEe MPOXOXACHIS (/105 BELYECTBA, ObIaAaloILero [uc-
nepcues

n3MeHeHHe JacTOTBl OT BPEMEHN, T.e. JacTOTHAas
Moy anuda. Pucynok 12 uimoctpupyer Takoe
n3MeHeHne (POpPMBI UMITYJIbCa, NPHUEM OHO Oy-
Jer TeM Gosiblie, yeM GoJiblie JIIMHA YT B JIUCIIEPTUPY-
Iomelt cpeze.

Takum o6pasom, IpU MHOTOKDPATHBIX IPOXO/AX UM-
IyJibca 4Yepe3 aKTUBHYIO CPeIy B pe3oHaTope Oy[eTr Iio-
JIyyaTbCs YBeJIMYEHUE INTEJIbHOCTH UMITyJIbca. [y KoMm-
TIEHCAIMH 3TOTO CJIE0BAJI0 GbI MPOMYCTUTD TAKOW Y/IJTH-
HEHHbIH MMIIyJIbC 4epe3 CJOoil BelecTBa € AucCIepcHeit
[IPOTUBOIIOJIOKHOTO 3HaKa. Torga oTcraBlIMe 4YacTOTbI
cMoryi 6Bl HarHATD YIIEAITEe BIepes, W UMITYyJIbC CHOBA
NpuHSAA Obl MEPBOHAYATBHYIO (DOPMY € MUHUMAJbHOM
JATeTbHOCTBI0. OTHAKO B NIPHPO/IE HET BEIIECTB C HYXK-
HOIl OTpUIIATEeJbHON [Aucriepcueil. 3aMedaTebHbIM J0C-
TICKeHneM B paspabotke sazepoB Y KU sBumoch cosma-
HUE CIEeINAIbHOTO YCTPOICTBA, 00J1a/Iai0IIero oTpulia-
TeabHON nucnepcueii. OHO OCHOBAHO HA pacipocTpae-
HUU CBeTa C PA3HbIMU /JIMHAMU BOJIH MO Pa3HbIM IIyTSIM,
YTO MOXKHO C/leJIaTh € HOMOIIbIO IPU3M WM JAupaKiu-
oHHbIX pemieTok. Ha pucynke 13 mokasaHo, Kak Iapa
PU3M MOJKET CKOMIICHCHPOBATD JIUCHEPCUIO0 aKTUBHON
cpeapl. [Tog6opoM paccTosHUS MEKIy TPU3MaMH, a TaK-
’Ke TIepeMellleHneM OJHOW W3 HHUX BJAOJb ONCCEKTPHCHI

/_\
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Puc. 13, Cucrema napsl rMprsMm 418 KOMIeHCALMI AUCIepcin



18 KBAHT -

Puc. 14. Cxema nazepa YKV

yIJa OTKJIOHEHUS MOKHO MOA06paTh Hy)KHOE JJIs KOM-
[EeHCAIMN 3HAYEHUE JUCTIEPCHN.

B pesyJbrate Jasep, reHepupylommnii GpeMToceKyH/-
HbIE UMITYJIbCBI 3 CYET CHHXPOHMU3AIMN MOJ|, TPUHUMAET
BU/I, TOKa3aHHbBIN Ha pucyHke 14. [IyJok 3enenoro cBera
Jlazepa HaKauKh, paboTalOIEro B HEIPEPBIBHOM PEKIME,
(oxycupyercs mmnsoit (1) wepes sepkano (2) B Kpuc-
taan candupa (3) AIg JOCTHKEHUS HYKHOTO YPOBHS

2007 /Ne3

WHBEPCHON HAaCeJEHHOCTH U ycuyeHusi. Pezonatop ob6pa-
30BaH 4eTBIPbMS 3epKasaMu — AByMs miaockumu (5 u 6)
Ha KOHIIAX pe3oHaTopa W ABYyMs BorHyTbiMH (2 u 4),
(boxycupyronmMu Ta3epHbIil CBET B KpUCTAJLI candupa.
[lns obecnieuenust adpderra caMoDOKyCUPOBKH B CaMOM
kpucramie candupa seogutcs anadparma (7), a ansa
KOMIIeHcaImy auctepenu — napa npusm (8).

[Tpu TmiarenbuoM moa6ope 371€MEHTOB Jia3epa U OINTH-
MaJIbHOI HACTPOUKE YAETCS MOJYydYaTb UMITYJIbChI [IJIH-
TeNTbHOCTBIO 10 5 ¢de. YacToTa cie[oBaHUS UMITYJIbCOB
OTIpe/IesISIeTCsST ONTHYECKON J[IJIMHON MeXKIy 3epKajgamn
pe3oHaTopa 1 06bIYHO cocTaBJsieT okoJio 80 MT. /nuna
BOJIHBI MAKCUMyMa crieKTpa rmpuxoantest na 750 um (kpac-
HBI cBer). Hamo ckasaTh, dTO HYKHBIA [T paGOThI
gazepa addeKT ToJaydaeTcs JUIb TTPU OTPAHNYEHHON
cpesiHell BBIXOIHON MOIIHOCTH, KOTOpasi OObIYHO MeHee
1 Br. 9T0 03HavaeT, 4TO 3HEPIHs B OJIMNHOYHOM WMITYJIb-
ce e npesocxoaut 10 u/lx.

(lpogomxenne creqyer)

N3 NCTOPUU HAYRKHU

byreHBUNb

A.BACUJIBEB

YU AHTYAH JIE BYTEHBWJLJTb (1729 — 1811) ITPO-

CJIABUJICST HEe MATEMATHKOW, XOTs I0]] BIUSHUEM

[’ Anam6epa on B 1752 rojy 1 HAImCag TPAKTAT
110 MHTErpajJbHOMY HCYUCJIEHWIO, HelpeB30H/IeHHbIl 10
SICHOCTH W TJIyOuHe u3JjoxkeHus. B aroii padore ObLiu
pasButbl uzen Jlonuramns, chopMyInpoBaHHBIE MMOJYBe-
KOM paHee. 3/1eChb TakKe ObLIN U3JI0KEHBI HOBEWIINe
npeacraBiaeHns anddepeHnnaaTbHOT0 WCINCTIEHUS, YTO
TIpUBeJI0 K TIpu3Hanuio byrewBusyis He Toabko Harmmo-
HaJbHON akazsemueil Hayk MDpannun, Ho 1 KoposeBckum
o6miectBoM Anrimu. B 1756 roxy Byremsuian omy6m-
KOBaJ BTOPOI TOM CBOMX MaTeMaTHYeCKUX M3BICKAHUII,
OJTHAKO HA ITOM €ro Kapbepa MaTeMAaTUKa 3aBEPIINJIACD.

ByrenBusib 1mposkus HeoObIYAWHO SPKYIO KU3Hb. B
1754 romy oH mocTynua Ha CJaysKOy B apMUIO U CPASKAJICS
3a He3aBMCHUMOCTb (paHIly3cKuX KoJionuit B Kanase.
UYepes ceMb JIeT OH meperes Ha (DIOTCKYIO cay:k6y U B
1764 rony ocHoBas paHIly3cKyio KoJoHWI0 Ha Masbau-
Bax.

B 1766 rony mpasutenbctBo Mpannum nopyunio By-
TEHBUJLITIO OPTaHMU3AIINIo TTEPBOTO (DPAHITY3CKOTO KPYTroc-
BETHOTO TryTemecTBus. llepio myTermecTBust ObLT TOMCK
HOBBIX 3eMeJslb, O/THAKO y caMoro ByreHBmIs He OBLIO
KaKOTO-TO OTIpe/IeJIEeHHOTO MHEHNUS O CYIIeCTBOBAHUN He-
n3BeCTHOro KOHTHHEeHTA. C OJHOW CTOPOHBI, KaK OH IH-
caJsi, TPYAHO IPEATONOKUTD TAKOe OOUJIIE MAJIBIX OCTPO-

BOB B I0:KHOI 4acTn THXoro okeana 6e3 HATMYUS 10KHOTO
koHTHHEeHTa. C APYToil CTOPOHDBI, OH TOJIATAM, YTO €CJIU
6bl Takas 3eMJisl CYI[eCTBOBAJa, TO OHA yKe ObLia Obl
otkpbiTa. B Hosi6pe 1766 roga ByrenBusiib oTipaBuics B
IyTb ¥ 4epe3 HEKOTOpoe BpeMs BCTpeTuscss B Puo-je-
sKaneiipo co cBoMM BCIOMOraTeJbHBIM CY/HOM, Ha KOTO-
poMm Haxouics 6oTaHnk KoMMepcoH. JToT 6OTAaHHUK OT-
KPBLJT pacTeHne ¢ SPKO-KPACHBIMU TIIIOTHBIME JINCTHSIMHU.
B decTh BeTpeun ¢ HaYaTHHUKOM SKCIIEAMIIMNA OH Ha3BaJ
9TO pactenue OyremBusieeit. B toskHoit wactm Tuxoro
oKeaHa ByTeHBUJLIL OTKPBLI TEJbIH Psiji reorpaduaecKnx
00BEKTOB, BKJIOYAs TPOJUB W OCTPOB, BIOCTEICTBUU
Ha3BaHHBIE €TO UMECHEM.

Kpyrocsetnoe myreriectBue ciesano byrenBuiiis 3ua-
MEHUTBIM, OH CTaJ IIePBbIM (PaHIly30M, OGOTHYBIIUM
3eMHo#l map. [1o Bo3Bparienun Ha pojiuty OH ObLT Ha3Ha-
4yeH JUuHbIM cekpertapeM Jlogosuka XV. C 1779 o 1782
rojJi ByreuBusiib yyactBoBas B onepanusax GppaHity3ckoro
¢aora iporus anranvan B CeBepHoit Amepuke. Bo Bpe-
Mst Bemmkoii dpaniysckoil peBosonun oH Gexasg W3
[Tapm:ka n o6ocHOBaJICS Ha cBoelt ycaap6e B Hopmananu.
HecmoTpst Ha CBOTO TMUPOKO U3BECTHYTO TIPUBEPKEHHOCTD
posinaMy, ByreHBu/LIb U36€XKaN perpeccuii, a ¢ TPUXo-
JoM K Biactu HamosieoHa OBLT yZIOCTOEH CEHATOPCTBA U
yieHcTBa B opaene Ilodernoro Jlernona.
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Jror pasaen Befercs y Hac U3 HOMePa B HOMEP ¢ MOMEHTa OCHOBAaHNA XXypHana. llybnukyembie B
HeM 337341 HeCTaH[apPTHbI, HO [UTS MX PELUeHUS He TPebyeTcs 3HaHNV, BbIXOASLUNX 3a PAMKU LUKO/TbHOM
nporpammbl. Hanborsee TpyaHble 3a4a4M OTMeEYaroTcs 3Be3404K0i. [loaie gopmynnpoBku 3a8a4u Mbl
06bI4HO yKa3bIBaeM, KTO HaM ee MpeasIoxms. Pasymeercs, He Bce 3Tu 3a[a4v MnyonukyoTcs Brepssle.

PeLueHus 3a[a4 N3 3T0ro HOMepa CIEAYET OTNPaB/ATbL He no3aHee 1 ceHTabps 2007 roga no aapecy:
119296 MockBa, JleHuHCKkui npocrekT, 64-A, «KBaHT». PeLueHus 3a4a4 13 pasHbIX HOMEPOB XKYPHAaNAa U
110 Pa3HbIM rpegmeTam (MaTemaTuke v Qou3nKke) npucbIIanTe B pasHbix KOHBEpTax. Ha koHBepTe B rpage
«Komy» Hannwmre: «3agayHnk «KeaHra» Ne3-2007» u Homepa 3a4aY, peLueHnsi KoTopbiX Bel roceinaere,
Hanpumep «M2041» nmm «D2048». B rpagpe «OT KOro» gpamumviio v UMs MpPocuM nucate pa3bopyuso.
B nucbMo BIIOXKUTE KOHBEPT C HalMCaHHbIM Ha HeM Balumm agpecom v HeobxoaumMbiii Habop Mapok (B
3TOM KOHBEpTE Bbl rony4ure pesysibTatsl MPOBEPKU PELLIEHN).

YcrnoBus kaxxaovi opurnHanbHod 3aaayu, npeaiaraeMos 415 nyenukaumm, rnpucsIiante B oTg4eslb-
HOM KOHBEpTe B ABYX 3K3eMI/Ispax BMecTe ¢ Bawmm peleHnem 31ovi 3a4a4m (Ha KOHBEPTE MOMeETbTe:
«3agayHnk «KBaHTa», HoBasi 3afaya rno gusunke» nim «3agavyHmk «KsaHra», HoBas 3agadqa rno mMarema-
THKE»).

B Hayane Kaxxgoro nuceMa rpocrm yKasbiBaTb HOMEP LLUKOJIbI M KJ1acc, B KOTOpOM Bbl y4yurecs.

3agayn M2042 n M2045 npegnaramice Ha lll stane XXXIII Bcepoccuvickori onmmnuagbl LWKOIbHUKOB
no maremarvike, 3agayv M2041, M2044, M2047, M2049 - Ha XXVIIl TypHupe roposos.

3apaun @2050, P2053- 2056 npeanaramice Ha MockoBcKovi pu3nyecKkovi oNmMmMnaae 3Toro roga.

DN3NKE

3apaun M2041-M2050, ©2048-d2057

M2041. Kakoe HamMeHbIllee YMCIO0 Jajeil HY>KHO MocTa-
BUTD Ha IaXMaTHON 1ocKe 8 X 8 , 4T0ObI BCe Gerble KJIeTKI
OKa3aJIiCh 10/ O0EM 3TUX JIaeii?

P.2Kenooapos

s
M2042. /Toxaxkure, yto 11pu () < x < — BBIIIOJHEHO Hepa-
BEHCTBO 2

(tg x)sm Tt (ctg x)msx >2.
H.Azaxanos

M2043. MoKHO JT1 CKOHCTPYHPOBATD TaKOi HAa60P « KOHDII
MAapKeTYNK» U3 YeThIPeX OJAMHAKOBBIX MHOTOYTOJbHUKOB U
KBAJIpAaTUKA, 4TOOBI U3 BCEX IISATH JleTajieil MOXKHO ObLIO
CJIOKUTb KBAApaT, a M3 TPeX OJUHAKOBBIX JeTajell —
PABHOCTOPOHHMIT TPEYTOJTHHUK?

O.Heuaesa

M2044. TTyctb f(x) — HEKOTOPbI MHOTOUJIEH HEHYIEBOI

crerenn. Moxer Jim 0Ka3atbest, 4to ypasHenne f(x) =a

1pyu JT060M 3HAYEHUU ¢ MMEEeT YeTHOE YNCJIO PEIieHnii?
11. Kosxxeenuxos

M2045. Ha nocke 3amucano uyncao 111...11. JIBoe urpa-
—

99 epuHUIL
0T B cjeayolyio urpy. Wrpoku XomsaTr mo ouepe/,

npuyeM 3a X0/[ pa3perniaercs Ju6o 3arucatb HOJb BMECTO
O/IHOI M3 eIMHUI], KPOMe TIePBOil W MOCJeHel, JTr60
creperb oiuH U3 HyJeil. [IpourpeiBaer Tot, mocsie xoma
KOTOpOro uncyo Oyaer neautbest Ha 11. KTo BeIurpbIBaet
MpU TIPaBUJIBHON UTpe?

M. Mypawrun

M2046. Myxa cesia B TI0JIIeHb Ha CEKYHIHYIO CTPEJIKY
YacoB M pelIna e3/nThb, HPUAEPKUBASACDH CJIELYIONETO

[IpaBUJIa: €CJU OJIHA CTPEJKA OOTOHSET JPYTyi0 U MyXa
CU/IUT Ha OJTHOIH U3 9THX CTPEJIOK, TO OHA MepecaskuBaeT-
cs Ha jipyry1o. CKoJIbKO 060POTOB C/le1aeT MyXa K 10JIy-
HOYM?

Doavkaop

M2047. N3 touku T, jexkaiieil BHyTpU TPEYTOJbHUKA
ABC, croponunl AB, BC, CA Buaubl noja yrjom 120°
Kaxaas. /lokaskute, 4TO NpsMble, CUMMETPUYHbBIE IP-
mbiM AT, BT, CT orunocurenbto npsimbix BC, CA, AB
COOTBETCTBEHHO, TIEPECEKAIOTCS B OJIHON TOUKE.
A.3acnascruil

M2048. Haiigute takoe Han6GoJibiee HATypaibHoe k, 4TO
HaiijleTcst HaTypajibHoe n > 1, 17151 KOTOPOro Kask/ioe U3

wncen nyn’,...,n" MPEJICTAaBUMO B BH/IE 22+ y2 +1,raex,

Y — leJIble YncJIa.
B.Cendepos

M2049. Ot npaBUIbHOTO OKTasapa ¢ pe6poM 1 oTpesann
6 yTJOB — MUPaAMHUIOK C KBaJ[PATHBIM OCHOBAHUEM U
pe6pom 1 /3. Iloayduicss MHOrOrpaHHUK, TPAHI KOTOPOTO
— KBAJIPAThl U IPABUJIbHbIE MIECTUYTOJbHUKU. MOKHO Jin
KONMSIMHM TaKOTO MHOTOTPAHHHWKA 3aMOCTUTb MPOCTPaH-
CTBO?

A.Kanenw

M2050. B oxHOKpyroBoM TypHupe 1o Boseiitoay (6e3
HUYBKX) y4acTBOBaJIO 2" KOMaH/[, IpuyeM KoMaH/1a « dem-
MMMOH» 3aHdJa IepBoe MecTo. HasoBeM KoMaH/y n10x01,
ecii oHa Boiurpaia y «Hemnuonas. OPrkoOMUTET TJIAHU-
pPyeT MPOBECTH TYPHUP IO OJUMITUHCKOI cUCTEME U TIPe/I-
[0JIaraeT, YTO BCE BCTPEUM 3aKOHYATCS TaK JKe, Kak B
MpeAbIAYIeM TypHUpE. /loKaskuTe, 9To MOXKHO TaK COCTa-
BUTh paciiicaHue, 4To «YeMImoH» OIsTh moGeauT, Mpu-
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uyeM Bce IUIOXHMe KOMaHjbl mpourpaior (M mpekparsrt
yuacTue) yke B TepBbIX JBYX Typax.
b. ®penxun, JI.Ocmpoymosa

®2048. MarepuaibHas TOYKa ABUIKETCSI C TTOCTOSTHHBIM
yckopenneM. Ee koopaunater B HavaabHbiii moment (0, 0,
0), uepes 1 cexynmay mocsie navana asmwkennsa (1, 1, 2),
eme uepes cekynay (2, 3,4). Kaxoi
YTOJ COCTABJISIET BEKTOP HAYaJbHOI
CKOPOCTH TOYKHU C BEKTOPOM €€ YCKOpe-
HUs?

A.Survbepmnan

®2049. B cucreme (puc.1) tpenma
HeT. Maccor rpy30B Ha jJeBoM OJ0ke M
u 2M, wa npaBoM GJioke — 2M u 4M.
Haiiaure yckopeHue caMoro Jierkoro
rpy3a Mpu JIBWKEHUHU.

A.Bbaoxos

®2050. Crapsij, JeTeBITHi BEPTHKATb-

HO, B30pBAJICsS B BepXHell TOUKN CBOeit

TPAEeKTOPUH, PACHABIINCh HA TPU OC-

Puc. 1 KOJIKa C MaccaMu my =2m, my = 3m U

ms = 4m , KOTOPbIE TOJIETE]N B Pa3HbIe

CTOPOHBI C OJJMHAKOBBIMU HAYATBHBIMU CKOpOCTsMu. Ue-

pe3 HEeKOTOpPOe BpeMs II0CJe B3PbIBA PACCTOSIHUE MEXKIY

OCKOJIKAMU C MacCaMH 7, U 1M, OKA3aJ0Ch PaBHbIM L.

Uemy OBLIO PABHO B ITOT MOMEHT PACCTOSHUE MEXKIY

OCKOJIKAMH C MaccaMu My W M3, €CJAH HHU OJWH W3

OCKOJIKOB €llle He JIOCTUT 3eMJn? BiusHuem Bo3myxa n
Maccoli B3phIBUATOTO BEIECTBA CHapsiJa MpeHe6peyb.

A Axyma

@®2051. [lo ropu3oHTaJILHOMY CTOJIy KaTHTCS 6e3 IIpo-
CKaJIb3bIBAHUS BeJIOCHIIe/[HOE Kosleco. Ero auamerp 1 M,
Macca 1 xr, ckopoctb ieHTpa 1 M,/ c. B HeKOTOpbBIit MOMEHT
K KOJIeCY TIPUKJIEUJICS MJICHBKUI KYCOYEK JKBAYKH Mac-
coif 2 T, neskasmmii Ha crose. CKOPOCTD IIEHTpa KoJieca
Tenepb MeHsAeTca. OIeHnTe OTININe MUHUMALLHOU CKOPO-
CTH KOJIeCa OT €TO HAUAbHOU CKOPOCTH.

P.Koznecos

®2052. OxHOPOHOE TIJIOCKOE TEJNO BPAIIAETCS OTHOCH-
TEJHHO BEPTUKAJIBHO OCH, JIEXKAIllell B IJOCKOCTH TeJa
(puc.2). Teso packpyTu/n A0 yraoBoi
i ckopoctn ), ¥ ormyctuan. Ha teso
JICHCTBYET CUJIA COMTPOTUBJICHUS BO3/LY-
Xa Takas, 4TO M30BITOUHOE JABJIEHIE
MIPOMOPIIMOHATHHO CKOPOCTH ¥ YYaCTKa
nosepxHoctu ¢ Koaddpunmentom k (1.e.
AF = kASv ). Macca tesna M, ero <I1o-
nepeuHast> 1omaab S. CKoJIbKo 060-
POTOB COBEPIINT TEJIO /IO TIOJHOU OCTa-

HOBKH?
A.Kucenees

Puc 2 ®2053. Ha cToj1e cTOUT BepTUKAIBHBII

TETLJION30TMPOBAHHDBIN ITUJINHIPIUCCKUI
cocy/1, B KOTOPbIi Berasaenbl Ba nopuias (puc.3). Bepx-
HUH TTOPIIIEHD — TSKEJbIH, TETIOHETTPOHUIIAEMbBIN T MOKET
JBUTAThCd B lunn/pe 6e3 Tpenus. Huxuuii nopiienn —
JIETKUI ¥ TeIJIONPOBOAIINI, HO MeX/y HUM U CTeHKaMU

2007 /Ne3

cocy/ia CyIIeCTBYeT TpeHue. B KaK- |

N0if 13 yacTell cocyla HAXOMUTCSA MO oo eleer s =%
V MoJelf NAeaJbHOTO OJHOATOMHOTO |i «.t.* |1
rasza. Brauase cucrema HaxoquaacbB |0 LT e - .
TEIJIOBOM paBHOBecuu, a o6e vactu [-, .~ R
cocysfa umen Borcory L. Ilotom cu- |7, St I
cTeMy MeJIJIEHHO Harpesu, coolmus |- -.: et
eit kosmuecTBO TeryoThl AQ. Ha
Kakyio BenuunHy AT uU3MEHHJIACDH
TeMIiepaTypa ra3oB, ecJii HUKHUN TOPIIEHb IPH 9TOM He
caBunyJica ¢ Mecra? IIpu KakoM HauMeHbIIeM 3HAYCHUH
cuJibl TpeHus F Mesx/ly HUKHUM TOPITHEM U CTEHKAMU 9TO
BOo3MOkHO? Kaxkosa reroeMkoctb cucteMbl C B 9TOM
nporiecce? TemIoeMKOCTbIO CTEHOK cOCy/la UM TOPITHEH
npere6peyb.

nc. 3

/l. Bazun, M.Cemenoe

®2054. Haj v MoJsiAMH Hj1eaJIbHOTO OJHOATOMHOIO ra3a
[IPOBO/ISAT LIUKJINYECKHiT Ipoiiecc, rpaduk KOTOPOTo U3006-
paxxen Ha pV-mmarpam-

e (puc.4). Iluka cocro- 74
UT U3 BepTuKanbHoro (1—  Rpgf-------
2) W TOPHW3OHTAJbHOTO
(3—1) yyacTkoB 1 “Ject-
nuip” (2—3) us n cryne-
HEK, Ha KayKJIOi U3 KOTO-
pbIX jaBjeHue u obbeMm  plo_____ 3
raza M3MeHsIOTCs B O/IHO d
u TO Ke uncyo pas. Ot-
HOIIEHNEe MAKCHMAJTbHOTO
JIaBJIeHUsT Tasa K MUHU-
MaJbHOMY paBHO R, OT-
HOIIIEHIe MaKCHMaJbHOTO 06beMa K MUHUMAJbHOMY TaK-
ske paBHo k. Haiigure KIT/] rerioBoit mammmebl, paboTa-
IOIIEN 110 JAHHOMY TTHKJTY.

v, RV, V
Puc. 4

O.Illgedoe

d2055. Dexrpuueckas nemnb (pUC.5) COCTOUT U3 UAEATD-
Hoit Garapeiiku ¢ I/IC U, , naeasbHOTO amrepMerpa u
YeTbIpeX OJMHAKOBBIX He-

JIMHEWHBIX 3JIEMEHTOB, [/ i =
KaK/IOr0 U3 KOTOPBIX, B OT- [/,
Jmune oT 3akoHa OMa, CBSI3b
CUTBI TOKA I 1 HATIPSKEHWS
U wumeer Bupg I = aU? .
A !

Kakoil Tox I, 1okasbiBaer

amrepmeTp? Puc 5
/. Xapabaose

®2056. Tpuaiarh OAMHAKOBBIX PE3UCTOPOB COMPOTUBJIE-
HueM R Kask/Iblii COeIMHEHbI MEKITy COOOM B IIPOCTPAHCTBE
TaK, 4TO OHU ABJIAIOTCS peOPAMU BBIYKJIOTO MTPABUIBHOTO
muororpannnka (puc.6): a) nagnaTurpannunka (MKocas-
pa); 6) meemaguaturpannuka (gomexasapa). Kakoe co-



3ADAYHUK

[pOTUBJIEHIE OY/IEeT MPEJCTABJSATD ONUCAHHAS BBIIIE CUC-
TeMa a) wian 6), eC/IM NOAK/IIOUUTHCS K IIape ee Hanboee
yaaneHHpix BepmnH? CKOJIbKO Pa3HbIX 3HAYEHUH COIpPO-
TUBJIEHUS MOKHO GYJIET TOJTyYUTh B CJIyYae a) U B CJyvae
6), eC/IM TIOAKIIOUUTHCS K BCEBO3MOKHDIM [TapaM BePIINH
3TUX MHOTOI'DAHHUKOB?
Cnpaexa: rpann ukocasjpa — 210 20 NpaBUIbHBIX TPEy-
TOTBHUKOB, B KaXXA0oW u3 12 BepImMH CXOAATCS TI0
5 TPEYTOJbHUKOB; TpaHu Jo/eKadipa — 370 12 mpaBuiib-
HBIX MATHYTOJBHIKOB, B KaXK/101 13 20 BepITHH CXOIATCS
110 3 IATUYTOJbHUKA.

C.Kpomos

®2057. Kongencatop emkoctbio C U JiBe OJMHAKOBBIE
KaTyIIKN WHYKTUBHOCTBIO L KaykJasi COe/IMHEHDI apaJi-
JIEJIbHO W TIOJIKJTIOUEHBbI K BHENTHeW 1ienm. B HekoTopbIit
MOMEHT KOHJ/IEHCATOP He 3apsKeH, a TOKW KaTyTIeK PaBHBI
I u 2I. B aror MOMeHT oueHb OBICTPO MapasiesbHO
MOJIKJTIOYAIOT ellle MATh TaKUX JKe KaTyIIeK, a BHEITHIO
1enb oTKJuaT. Haiijure MakcuMaabHOe 3HAUeHUE 3a-
psjia KOHJIEHCATOPA U MAKCUMAJIbHOE 3HAUEHUE CHUJTbI TOKA
yepes Katyuiky Homep 7 (IOCJeHsA U3 TTOIKIIOUEHHBIX
KaTylek). JJIeMeHTbI el CYUTAlTe M/1eaJbHbIMU.
3.Paghaunos

PeweHuns 3apay M2021-M2025,
®2033-D2042

M2021. B 3are naxooumcsi KOMNAHUs U3 N 4eJl06eK,
cpedu Komopuix ecmv napuvl 3uaxomvix. HMasecmmno, umo
ecau 6 3ane ocmanemcs 98 uenosex, mo ux 6cezod MoXKHO
6ydem pazbumv na 49 nap suaxomvix. Kaxoe naumeno-
wee wuca0 nap IHAKOMbLX MOZA0 6biMb 8 MAKOU KOMNA-
Huu, ecau: a) n=99; 6) n = 100?

OrTgert: a) 99; 6) 150.
Ecmu nog nexkoroporo yenoBeka A B KOMIAHUM HaiifeTcst
97 He 3HAKOMbBIX C HUM Jojeil, To0 A u stu 97 udenoBek
o6pasyior Tpymnny u3 98 yesoBeK, KOTOPYIO HEJNb3sT pas-
6uthb Ha 49 map 3HAKOMbBIX, — MNpOTHBOpeure. TakuM
06pa3oM, y Kaxk/I0ro yesioBeKa B KOMITaHuu He GoJiee 96 He
3HAKOMBIX C HHUM JIIOJIEH, W CJeloBaTesJbHO, HE MeHee
n — 97 3aakomMbIX. [loaToMy KOTMUECTBO TTap 3HAKOMbBIX He
menee 7(n—97)/2, uto npun = 99 u n = 100 pasuo 99 u
150 cooTBeTCTBEHHO.
Ocraetcs npusectn mpuMepbl. Paccaum moieit mo Kpyry
Ha PaBHOM PACCTOSHWM JIPYT OT Jpyra.
s 99 desoBek 1MycTh /BOE 3HAKOMbI, €CJU OHU COCE/N
(t.e. cunar psagom 3a crosom). Ecim 3an MoKy 0K
4eJIOBEK, TO OCTABIINXCS MOKHO Pa3OUTh HA Iapbl COCe-
JIei.
Mg 100 uenoBexk Ay, A,,..., Ajgy ILYCTb 3HAKOMBI CH/ISI-
1K€ ps/I0M M KPOME TOTO IIyCTb UMEIOTCS 11apbl «/aMeT-
pajbHO IMPOTUBOIOJOMXKHBIX» 3HAKOMBIX A — A5y, Ay —
— Asy,..., A5y — Ajgo - Eciain 3as1 nokunysin Ba yesoBeka ¢
HOMEpaMM Pa3HOI YETHOCTH, TO OCTABIIUXCS MOYKHO pas-
6uTDb Ha apel coce/ieil. [TycTh 3aJ MOKUHY N /[Ba 4eT0BEKa
¢ HOMepaM¥ OJTHOH YeTHOCTH, [T OTIPe/IeJIeHHOCTH A; n
Aypyy, THe k<25. Torma BbibepeM Iapy 3HAaKOMBIX
Ay — Asy , a ocraBimxcst 96 yes0BeK MOKHO Pa3OUTh Ha
mmapbl cocefieil.

11. Koxeenuxos
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M2022. /lana okpyxrnocmo, mouxka A na neil u mouxa M
enympu nee. Paccmampusaiomesi xopdvr BC, npoxods-
wue uepes M. Joxaxume, umo oKpyKHocmu, npoxoos-
wue uepes cepeduivi CMOPOH BCEEO3MOKHBIX MPEY20.ib-
nuxoe ABC, xacaromcs (uxcuposannotl OKpyKHocmu.

[Tyctp O — 1eHTp JaHHOH OKPYKHOCTH W, O — IEeHTp
OKPY>KHOCTH W, ITpoxo/diieil yepes cepeaunnt A’, B’,C’
cropoH Tpeyrosbuuka ABC,
G — TouKa TepeceyeHns Me-
auan tpeyrojabHuka ABC
(cm. pucynoxk). O6osnaunm
yepe3 R u R’ paauycobl
OKPY’KHOCTEH ) 1 W COOT-
BeTcTBeHHO. Tak Kak
OA’ L BC, to A’ nexur
Ha (puKCUpOBaHHOI) OK-
pyskHoctu Y ¢ AuaMeTpoM
OM. Tlpu romorerun h c
1eHTpoM B A 1 koadduim-
erroM 2 /3 touka A’ nepexogur B G, moaromy G JIekutT
Ha (DUKCHPOBAHHON OKPY)KHOCTH Y; — o6pase Y TIpu
roMoreTun .

Tpeyroabuuk A’B’C’ nonyvaercs u3 rpeyroybinka ABC
romMoteTtreil ¢ meHtpom G u kKoaddummentom —1,/2,
nostomy R’ = R/2 ,aTouka O’ taxosa, uto OG = 2GO’ .
ITO 03HAYAeT, YTO IPU TOMOTETHU fy ¢ IeHTpoM B O 1
koapdunmentom 3 /2 Touka G nepexoaut B O’ , HoaTOMY
O’ nexxuT Ha PUKCUPOBAHHON OKPY:KHOCTH Y, — o6pase
Y, TIpM TOMOTEeTHH 7 .

Wrak, paanychbl BCEBO3MOKHBIX OKPY;KHOCTEH ) paBHBI
R /2, a nx MeHTPHI JiesKaT Ha (PUKCHPOBAHHON OKPYKHO-
CTH Y, c ieHTpoM O, U paamycoM 7. 3HAUUT, OKPY>KHOCTH
W' KacalTcst OKPYKHOCTH ¢ 1eHTpoM O, 1 Pajnycom
R/2 + 7 (aTakxke npu R/2 # r Kacaiorcst OKPYKHOCTH
¢ nentpom O, u pamuycom |[R/2— 7).

11. Koxeénukxos

M2023. [Tycmw a, b, ¢ — omauunwvie om nyis yeavie Yucid,
cymma Komopuvix pasna nyuo. [oxaxume, umo:

a) (ab)’ +(bc)’ +(ca)’ deaumesna (ab)* + (be)* +(ca)’ ;
6) a"+b" +c" deaumcs na a' +b* +ct npu mo6om
HaAMypaivHom n, oaiouem npu oesenHuu na 3 ocmamox 1;
6) (ab)" +(bc)" +(ca)" desumcs na (ab)’ +(be)* + (ca)’
npu 1o60M HAMYPATLHOM N, dalouem npu desenuu Ha 3
ocmamox 2.

Beexem o6osuauenus: A, =a" +b" +c", B, =(ab)" +
#(be)" +(ca)’ s, = (x+9)" +(-x)' +(-y)" e ne N.
Jlemma 1. Muorousiex s, JeauTcst Ha 2+ Xy + yz (nenu-
MoCTb s, Ha MHOrousien P (x, y) 3jech u Huske o3HauaerT,
uto 11pu J106bIX X,y € Z umeem s, = P(x, y)l(x, y), rae
l € Z) B TOYHOCTH €CJIM N HE JeJuTCs Ha 3.
JlokazateabcTBo. nmeeM ;1 42 + xy + y*, s, x% + xy +
+ y? . OTCI0O/1a BCJIE/ICTBHE JIETKO [I0KA3bIBAEMOTO TOK/Ie-
cTBa
Spag = (x2 +xy+y2)sn+1 +ay(x+y)s,, rne ne N,
(D

caeyer, uto S, ¢ x% + xy + y° 1pu moGOM 1, He e sIeM-
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cs1 Ha 3.
[Ipennooxum, 4To CyIecTBYeT TAKOE 7, YTO 72 IEJTUTCS Ha

3 us, memures na x” + xy + y°. Torma seaeacrsue ()

2 2
s3 = 3xy(x +y) memurces ma x° +xy +y° . Ionaras x =
=1, y = 2, noy4aeM NpoTHBOpPEYHE.
Jlemma 2. Ecim n upu jejeHun Ha 3 JaeT B OCTaTKe

2
2 2

cauanny, 1o S, ACJIUTCA Ha (x + Xy + Yy ) .
JloKa3aTeIbCTBO MIPOBOAUTCS € MOMOIIBIO ToxkAecTBa ( ()
u JeMMbl 1.
(3amerum, uTO JIeMMa 2 JJa€T TOUHOE YCJIOBUE. ITO JIETKO
JIOKa3aThb C TOMOIIBIO TTPOU3BOTHON W KOMILIEKCHDBIX UU-
ceut. TaxuM sxe 06pa3oM JJOKA3bIBAETCS, UTO S, JIEJNTCS Ha

3
(x2 + xy +y2) b opu n = 1.)

A2

6) Iosoxum B temme 2 x = a, y = b. Tak kak A, = 72 ,

p) A
a A22 =4 (a2 +ab + b2) , T0 A, jesmTes Ha 74 O603Ha-

ynM d = HOZ[(|a|,|b|,|c|) = (|a|,|b|,|c|) , U IIyCTh YHCJIO 2
BXO/INT B pasJiokenue d B crenienu o . Torma B A, mBoiika
BXO/IUT B CTENIEHN 40 +1,aB A, pu n =4 — B CTeNeHN
Bzna+124a+1. Okonuarenpno: A, penutcst Ha A, .

B) W3 nemmbr 1 ciemyer, uto npu mo6oM k=0 umciao

2
Aspyy RemaTesa Ha Ay, OTKYZA Ajpyy = Agpeq +2Bgpy
pemurcsi na Ay = 24, . U3 nyHkTa 6) caemyer, uto Agy, 4

pemurcs Ha A, . 3uaunt, 2By, nemutces na A, = 2B,
oTkyna By ., neaurcd nHa B, .

a) JlaJiuM HEmoCPe/ICTBEHHOE [J0KAa3aTeIbCTBO ATOTO YacT-
HOTO CJIydasi yTBepIKAeHus MyHKTa B). VMeeMm

((ab)® +...)((ab)’ +..) =
= ((ab)s + )+ a*b*c? (a (6% +c%)+ )

Hanee,

a(b3 +c3)+... = a(—a)(b2 —bc+c2)+... =

= (_az (b2 +c2)—...)+ abc(a+...).

[TockoabKy cymMMa B IHOCJTEIHUX CKOOKAX paBHA HY.JIIO,
JIeIUMOCTD JIOKa3aHa.
N3 aTOr0 IPOCTOTO paccysKeHnus u poINJINCh TOCTENEHHO
Bce MyHKTHI 3a7aun M2023.

B.IIpoussonos, B.Cendepos

M2024. Cywecmeyem au 8vlnyKIAvlil MHO20Y20/IbHUK, 6
KOMOPOM KAKOask CMOPOHA PASHA KAKOU-MO QUAzOHAIU,
a Ka;xoas 0uazonaiv pasna Kaxol-mo cmopone?

OrtBer: HerT.

[Ipeamono:xmM TpoTUBHOE,
n mycTb AB — Hanbobas
CTOPOHA MHOTOYTOJIbHUKA,
CD — naumeHblias auaro-
Hasb, E — Takad Bepuinna,
4yT0 TOouKa E 1 orpe3ok AB
JIeKAT TI0 pasHble CTOPO-
Hpl ot npamoit CD (cm.
pucynok). Tak kak
AE < AB w BE<AB,

2007 /Ne3

To LZAEB > 60° . C gapyroii ctopoHbl, Tak kKak DE > CD
u CE>2CD, 10 /CED < 60° . [IpotuBopeune.
b. DOpenxun

M2025*. Hamyparonvie uucaa a, b, ¢, d ob6pasyiom
B03PACAIOUYIO APUDMEMUUECKYIO NPOZPECCUIO.

a) Jloxkaxume, 4mo 015 1106020 HeUEMHO20 N NPOU3Gede-
Hue abed Moxem oKa3amvcs n-ii Cmenenvio HAMmypPAaiLHo-
20 uUcad.

0) [okaxume, umo npoussedenue abcd ne moxem OGvimo
K68AOPAMOM HAMYPANLHOZ0 YUCAA.

a) Ilycrp t mewerno. BymeM mckath mporpeccuio B Buje
1.2%.3Y2.2%.3Y,3.2%.3Y, 4.27.3Y  Haiigem y > 0
takoe, 4T0 4y +1:¢. [Is1 3TOTO JOCTATOYHO IOJIOKHUTH

1
y:%(t—ﬂ npu t=1(mod4) wu y=2(3t_1) pn

t = 3(mod4) .

[anee MOXHO B3SITh X = 3y.

6) Bes OorpaHuYeHusT OGIITHOCTI 6y/1€M CYUTATD, YTO UJIEHbI
MpoOTpeccu B3aUMHO MHPOCTBI B COBOKYIHOCTH:
HO/(a,b,¢c,d) = (a,b,c,d) =1.

Herpynmo nokasatb, 4To Kaxayio apudMeTudecKyio mpo-
IPECCHIO, YIOBJIETBOPAIOILYIO YCAOBUSAM IIYHKTA G), MOK-
HO TIPEJICTABUTD B OJIHOM W3 CJEIYIOUINX BH/IOB:

- y2 R S
+ 322 , 2 yz, 22, 61>
+ 622 , yz, 22° , 3t2,

rae x,y,z,te N .
PaccMmorpum niepBblii ciyvaii. V13 cuctemMbr

2y% = &% + 22,
2% =y +1°
1MeeM
2yt)” = 2(xz)” = 6% — 2%y,
OTKy 12

(2 (u2 -0 ))2 +4uto? = (22t2 + x2y? )2,

rae u = yt, v = xz. [lonydaem
u — P +0' =B*, tne w,o,BeN, uzv. (1)
Paccmorpum BTopoil cayuvail. 113 cucrembl
3x% + 22 = 4y,
yz +3t2 = 2
umeem 12 +t? = y? . Tak kak (a,b,c,d) =1, To uncno x
neuerno, (x, y) =1. Otciona
(y+t,y—0)=1, y+t=u*, y—t =127,

rae u,v € N . Ilepenucas BTopoe paBeHCTBO CHCTEMBI B
BHIE

(y+0) ~(y+0)(y-t)+(y-t) = 2

U C/IeJIaB 3aMeHy, Mbl OmsATh npuxoaum K (1).
Tpetuii cay4aili aHAaJOTHYEH BTOPOMY.
JlokaskeM, uto (1) HEBO3MOKHO.
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Jlatunckumu GykBamMu Mbl OyjieM 0603HAYaTh B JIOKA3a-
TEJIbCTBE HATYPAJbHBIE YHCJIA.

Bes orpanwyenuss oOmHoCcTH OyJeM CUYUTATh U > 0,
(u, v) = 1. llepermmenm (1) B BUIE

(u2 - 02)2 +(uv)’ = B?. (2)

IIycrp u, © — mneuveruble uucaa. Ilockonbky

(u2 - uv) = 1, cymiecTByIioT m u ntakue, uto (m, n) =1,

2 2

o 2 2
mu n — pa3Hou YETHOCTHU, U — O =2mn, uo=m —n .

[Tosmyuaem

2 2
m* —m*n® +n =(m2—n2) + (mn)” =

= (uv)2 +

Mbr nosyunan paseHctBo Buzga (2), B JeBoii wactu
KOTOPOTO CTOSIT YNCJIA PA3HON YEeTHOCTU M W 7.

IIycrb u, v — uncaa pasnoii vernoctu. byem cuurarh, 4TO
u nederno (c/yvaii HedeTHOro © anasornyen). CylecTBy-
10T M W N TaK#e, 4To (m, n) =1, mu n — pa3Hoil YeTHOCTH,
W —ov* =m? -n*, uo = 2mn. [Ipu stom m wHeueTHO,
MOCKOJBKY B TMPOTUBHOM cJaydyae Oblao Ol

1=u’ =-n’ = -1(mod4) . O6osnauus v, = %, noJIyya-

eM uv, =mn . VI3 3TOro paBeHCTBA JIETKO BBIBECTH, UTO
cymectByIoT a, b, ¢, d takue, uto u = ac, v, =bd , m =
=ad, n=bc. Hockonbkry (u, vy) =1, 710 (@, b) = (c, d) =1.
3 HeyeTHOCTH YUCE U, M CJIEYeT, UTO d, C, . HEYETHBI.
3Ha4NT, BCJIEACTBIE YETHOCTH 7, yncio b yetno. IToxcras-
assg u = ac, v =2, =2bd, m=ad, n = bc B paBeHCTBO

u? —ov* =m* —n*, nonyuaem

(@* +b°)c* = (* + 407 )d” .
O6osuaunm [ = (a® + b%, a* + 4b* [TockosbKy 3a’' 1,
3b°:1, (a,b)=1,710 3i[.Ilpul=3 6bL10 GBI a’ +b*:3,
orkyga a'3, bi3 — B nporusopeunn ¢ (a,b)=1.
Orciona d*'a®> +b*, ¢*id® +4b*.

Tanee, mockonbky (¢, d) = 1,10 a® +b*: d*, a* +4b* i ¢* .

Monyanmn [ = 1.

Crenosarenbo, a +b> = d*, a* +(2b)" = ¢* . Tlockou-
Ky (a,b) =1, a ueserno, 10 (a,2b) =1. 3nauur, cyue-

CTBYIOT u; m vy Takue, uto (u, o) =1, w w v — umcna

2 2

pasnoii uvernoctu, a =u; —o;, b=uwo,. [oncraBmuss

rocJie/IHe JiBa paBeHCTBa B a’ +b> =d? , TIOJIyYaeMm

up —utol + o =d* . Tpuarom wo, =b < 2bd = v < uv,

OTKy/la U0y <UD .

Taxum o6pa3oM, yTBep:K/ICHNE JOKA3aHO METO/IOM CITyCKA.
3ameuanus

1. $IcHo, uTO yTBepIK/IeHNE IyHKTa 6) CHPABE/INBO U JUIsI
nporpeccuii ¢ pannoHaibHbiMu (HO yiKe He 00s13aTeIbHO
IEJIBIMU ) TIOJIOKUTENbHBIMI YieHaMu. OJHAKO Ha Tpo-
IPECCHU ¢ IMPOU3BOJBHBIMU IeibiMu  (He 00s13aTeIbHO
MOJIOKUTEIBHBIMI ) YJIEHAME 9TO YTBEPIKIEHUE PACIIPOCT-
pPaHUTb HEJDb3sl. ITO IIOKA3bIBAET IIPHUMED IPOTPeccuii
Bujga —m, —n, n, m, rune n€ N .

2. Pesyubrar myHkTa 6) — 060o6iietne reopembl Depma, 1mo

«KBAHTA»
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KOTOPOU He CYuecmeyem wemulpex pa3uttovly Keaopd-
MO8 HAMYPALLHBLY YUCET, COCMABASIIOUUX apudhmemu-
UecKy10 npozpeccuio.

PaccmoTpuM BOTIPOC O HEMOCTOSTHHBIX apu(pMETHYECKUX
nporpeccusx Bupa a>, b>, ¢?, rae abyce N,
(a,b,¢) =1. Jlerko nokasarb, uto Taknx nporpeccuii (u
Jaske mporpeccuil Buga a®, b*, ¢*) GeCKOHEYHO MHOTO
(06a yTBEpKIEHHA [MOKA3BIBAIOTCS TMOYTH OJMHAKOBO).
Beckoneuno Muoro u mporpecenii Buga a’, b%, ¢?, yxe B
caydae a = 1.

CytectByeT u mporpeccust a', 't npua=1,b=13,
¢ = 239. MoxHO [10Ka3aTh, YTO W TAaKUX IPOTPECCHI
6eckonedno MHOTO (110 3TOMY TOBOAY CM., HalpHUMeEp,
kauTy B.Ceprnuackoro «O peleHn YpaBHEHUH B 11€JbIX
uncsaax», ¢.69-71, www.math.ru). Oanako nporpeccuit
Buga a’, b?, ¢* He cymectByer, 510 TOXe JOKA3BIBACTCS
METO/IOM CITycKa. B wacTHOCTH, He CyIIecTBYET MpOrpec-
cuii at, b, ct.

3. Pacemorpum apudmernieckyio mporpeccuio a, b, ¢ u3
PA3JINYHBIX HATYPAJbHBIX umces. Tem e croco6oM, 4To
U BBIIlIe, JIETKO J0KA3aTh, 4TO MPOU3BejeHne abc MOKeT
0Ka3aThCst JII0O0I HATYPAJIbHOU CTENEHbIO, He KPATHOI 3.
HaMeTHM J0Ka3aTeIbeTBO TOTO, YTO PABEHCTBO abe = e
BBITIOJTHATBCST HE MOJKET.

[TIyctp omno Bbinosnsercs. IlpeacraBum mporpeccuio B
OJTHOM U3 TPEX BU/IOB:

. 3 3 3
+ X7, Yy, z
+ 2x3, yd, 47°
+ 428 , y3 , 223 ,

rae x,y,z€ N .

B mnepBom ciydae umeem 420 = 2y3, BO BTOPOM
2% +22% = y? (rpermit cayuait amanormuen Bropomy).
O/iHaKO JI0OKAa3aHO, YTO TIEPBOE PABEHCTBO BBIOJHSIETCS
JINTIb TIPH X = § = z, BTOPOE — BBIMOJHITHCS BOOOIIIE He
MOJKET. ITO YTBEPsK/eHNE dKBUBAJEHTHO CJEAYIOIIEMY.
Teopema. 2 = B3 - eINHCTBEHHOE TIPEe/ICTaBJICHIC
qucsa 2 B BU/Ie CyMMbI KyOOB JIBYX PAIlMOHAJIbHDBIX YHCEJ.
W3 atoro riy6b0KOro u Ba)KHOTO IPEJIOKEHUsT JIEerKo
MIOJIYYAIOTCS TAKUe YTBEPKICHUS.

Caeacreue 1. Ypasuenne x° +1 = y2 nMeeT B HaTypaJb-
HBIX YHC/IaX e[MHCTBeHHOe petnenue: (2, 3).

CaencrBue 2. Hu ipu kakom n > 1 cymma 13 +... +n° ne
aBJigercss KyOOM HaTypaJbHOTO YHUCJA.

Caxeactsue 3. Hu nipu kakom 7 > 1 cymma 12 +... + n* e
aBJigercss KyOOM HaTypaJbHOTO YHUCJA.

Jlerko moxasathb, 4TO cJae[cTBUS 1 M 2 9KBUBAJIEHTHDBI, 1
BBIBECTH CJIEJICTBUE 3 U3 CJIECACTBUA 2.

YrBepskeHne caeacTBIs 1 6bLIO XOPOIIO H3BECTHO MTKOJIb-
HUKaM y’Ke B MaTeMaTHYeCKUX KPY KKaX OKOJIO MOJyBeKa
nHazaja. Illupoko pacnpoctpaneHo y6ex/eHue, YTO 3TO
YTBEPIK/IEHUE HE WMEET 3JeMEHTAPHOTO JI0KA3aTeabCTBA.
(9t0 ybexaenne OTpasuaoCch, HAPUMEP, B POCCUICKOM
W3aHUN IIEHHOW U cojiep:KaTebHol Kaurn Yapabaa Tpurra
«3alaun ¢ M3IMUHKOIT».) OJHaKo B AeHCTBUTENBHOCTI
Jlaske TPUBEJEHHAs BbIllle TeopeMa uMeer aGCOJIOTHO
seMeHTapHoe (XOTS JOCTATOYHO CJI0KHOE U BEChMa JIJINH-
HOe) /I0Ka3aTeJbCTBO.
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OrMeTuM, 4TO CIIpaBe/IINBO ropasio 6oJee obiiee, HeKe-
Ju caezncrsue 1,
Ipeanosxkenne. Cucrema uncen (3, 2, 2, 3) — equHCTBEH-
Hoe pemenne ypasHenus x’ —z' =1 B HaTypaJabHBIX
ypcaax, 6oapmux 1.
K o6cyskmennio aToit T/Iy6OKO HETPUBUAIBHON TEOPEMbI
MbI HaMePEHbI BCKOPE BEPHYTBHCS B HAIIEM JKypHAJIE.
Bosspamasics k caenctsuam 2 u 3, OTMETHM, YTO ypaBHe-
HUE B HATYPAJbHBIX YUCTAX P+ +a%= y2 UMEET POB-
HO JIBa PEIIEHMS: (1, 1) n (24, 70) . VI3BecTHbI pasinuHbie
JTIOKa3aTebCcTBa 3TOTo hakta. OHAKO BCe OHU HedJIeMeH-
TapHBbI.
C cymmamm xe ? +...+n’ neno o6erout TIO-/IPYTOMY .
Jlerko nokasarb, 4yTO Jro0as Takas CyMMa — TOUYHBIHA
KBa/[paT; HECKOJDbKO CJOXKHEE — YTO CPEIM TaKUX CyMM
6EeCKOHEYHO MHOTO YeTBEPTHIX cTereHeil. Eciau ke BbI
JIOKQ)KeTe, uTo Mpu 7 > 1 BOCbMBIX CTeIeHEeN CPe/iun TAKUX
CyMM HET, — 3HAYHUT, Bbl XOPOIIO MOHSJIN PeIleHre 9TOi
sagaun (1mo-BugMMOMy, caMOil TPy/IHOM 3a1aun B «3agad-
nuke «Ksanrta» no maremaruxe 8 2006 roxy).
B.Cendepos

3

®2033. [1o npsmoii dopoze bexum Kpoaux, ezo CKopocms
nocmosinna u pasua v =2 m/c. Kpoaruxa samewaem auca
— OHA HAXOOUMCS 6 IMOM MOMEHM HaA paccmosiHuu L =
=40 m om dopozu (Kpoiux 6 Imom MOMEHM MmAaKKe
naxooumcs na paccmosuu L om aucwl). Jluca 6pocaem-
Cs 6 NOZOHIO, ee CKOPOCMb PASHA NO 6eJUUUHE CKOPOCTNU
K xpoauxa. Ha xaxom mumnu-

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

MANLHOM  PACCMOSAHUU OM
KPOJUKA AUCA CMOXKEMm OKd-
3amucs uepes epems t =40 c
nocse navaia nozonu? Cuu-
mamov 1UCY U KPOAUKA MAThe-
PUATDHBIMU TROUKAMU.

JI Kpousnk 3a 40 cexynm ybe-

skt Ha 80 MEeTpPOB, UMEHHO B
3Ty TOUKY 1 JI0JKHA GeskaTh Jmca (cM. pucyHok). Haiigem
paccTosiHie MKy yYacTHUKaMu 3abera:

[ =+40% +80> M—80 M = 9,44 M.

HCHO, YTO €CJIN Yy JIMCbl BpEMEHUN 6yaeT HOéOI[I)H_[e, TO OHa
CMOJKET HOlIOépaTbC}I K KPOJIMKY CKOJIb YIrO/IHO 6JIN3KO. ..

3. Pagpaunos

®2034. Ilo znadkoi zopu-
30HMANLHOU NOBEPXHOCTRU
NOOCMABKU CKOALIUM  Md-
JIEHbKAsL 2AHMENbKA, COCMO-
AUAS U3 OUEHD TNOHKOZO JIe2-
K020 CMepKenbka OAUNOU 5 CM U 08YX MANCHOKUX MACCUG-
nolx wapuxoe na xonyax (puc.1). Cxopocmo eanmenvku
nanpasienda 600> CmepxKus u cocmagisem 2 M/c.
Cockonv3nye ¢ Kkpas nodcmasku, eanmenvka npodoaKd-
em deusxenue. Ouenume wuci0 060pPOMOs, KOMOPoe OHa
U cosepuum, naods ¢ 6vlco-

E mot 30 M.
l,

*—o >

Puc. 7

«Ilepepanii» mapuk ras-
TEJbKU TPOCKOUYUT Kpai

B

Puc. 2

2007 /Ne3

MO/ICTaBKM M Cpa3y HauHeT HaOUpaTh BEPTHKAIbHYIO CKO-
POCTb, HANPaBJEHHYIO BHU3, MO/ JeHCTBUEM CHJIBI TSIKe-
cru (puc.2). 3a To Masoe BpeMs, TOKa K KPaio MObe/eT
BTOPOIi MAapUK, FraHTeJbKa He YCIeeT 3aMeTHO MOBEPHY Th-
csl, TOITOMY
v, =gl = g£ = 10~wM/C =0,25m/c
0, 2

(kcTaTi, MOYKHO OIEHUTDb M YTOJI HOBOPOTA FaHTEIbKH 3a
ato Bpems: O = 0,50, (L/o,)/L =1/16 pax=4°). Vrio-
Bas CKOPOCTb BpallleHUs jlajiee He M3MEHSEeTCsl, OHa CO-
craBisier W= 0,/L, W 3a BpeMs MajieHus ¢ BbIcOTbl H =
= 30 M raHTe/JbKa MOBEPHETCS Ha YTOJ

¢:wt:%‘3 /27Hz12,3pa11.

ITO MOYTH 2 TOJHBIX 060pOTa.
A.Iloemopos

®2035. IIposodumcs pacuem 6pocka Kammus wepes mom-
KY10 sepmukxdaivhyio cmenxy. Pacuem noxasan, umo npu
6pocanuu nod yeaom 30° K 20pU3OHMY MUHUMANOHAS
cxopocmw cocmasnsiem 100 m/c, a npu 6pocke noo yziom
60° docmamourno 40 m/c. Kaxoii ckopocmu moxem xea-
mumo, ecau paspeueno nodoumu K cmenxe nobiuxe?
Bpocok npouseodsm ¢ nosepxnocmu 3emu.

3amuieM ypaBHEHHE TPAeKTOPUH, MPOXOSIIel dYepes
BEPXHIOIO TOYKY CTEHDI:
2
H=Ltga-—95
2y cos” d

rae H — BbicoTa cTenbl, I — paccTosiHue OT TOUYKU OpocKa
JI0 HIDKHEH TOYKHW CTEHBI, ¥, — HadaJIbHas CKOPOCTHb
KaMHs, o — yroa 6pocka. Mbr 6pocaeM 06a pa3a u3 0/IHOi
TOYKH, HaXOJMIIEHCs Ha YPOBHE TOBEPXHOCTH 3eMJIH,
CKOPOCTH W YTJIBI JIJIST 9TUX CJIyYaeB JaHbl B YCJIOBUH
3agaun. [logcraBiss 3a/jaHHbIe 3HAYEHUS, TIOJIyYaeM ITpo-
CTYIO CHCTEMY YpaBHEeHM

1017
H=Ltg30°-—— =
8 2-100% cos® 30°°
2
H = Ltg60° - 101

2-40% cos® 60°

Orciofa JieTko HallTw BbICOTY cTeHbl: H = 45 M. [las
TAKOIl CTEHBI CKOPOCTb «OJIMIKHET0» OGPOCKA COCTABJISET
npumepno 30 M/ c. Her cMbIcsia cuuTarh TOUHEE — ITaHHbIE
B YCJIOBUU SIBHO OKPYTJIEHBI.

3.11pocmoe

®2036. Ha 22adxoil 20pu30HmMaibHOU NOBEPXHOCU HA-
xodumcs ysxas xopobxa daunou L = 0,2 m u maccoi
M = 100 2, nocpedune xopobxu noxoumcs MaieHvKull
wapux maccoti m = 10 2. Kopobxre ydapom npuodaiom
cxopocmy v = 10 cM,/ ¢ napaiieavbHo ee OAUHHOU CMOPOHE.
HTapux mosxem 06uzamvcs moavko 0046 KOPoOKU, yoa-
pascy abconommno ynpyzo o ee mopust. CKovko ydapos
npousoudem 3a nepeyro MUHYmMy nocae Hauald 08UKeHUs
kopobku? Haiioume cmewenue kopobxu 3a 3mo epems.

[TepBorii yaap mpousoiinet yepes 1 cekyH/y. 3aMeTuM, 4To
pu a6COJIIOTHO YIIPYToM JIOGOBOM yiape ABYX TeJ OCTa-
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eTcs HeM3MEHHON NX OTHOCHTEIbHASA CKOPOCTH (3TO JIETKO
JIOKa3aTh, a 3HATH ATOT (DAKT IMOJIE3HO, MHOTHE 3a/1a4u
CTAHOBATCA TPOIIE. ..). Torga KasKablii CIeaylomui yjap
OyJIeT TPOUCXO/INTH Yepe3 2 CEeKYH/IbI TIOCJIe TIPE/IbITyTIe-
ro. 3a ocraBimecst 59 ceKyH/l Tpousoiiser 29 yaapos, u
eire cexkynay Oyner «6e3ypapHoes IBUKEHUE.

Haiinem cxopocTh KOpOOKH IOCJe MEPBOTO yaapa, BOC-
I10JIb30BaBHIINCHb 3aKOHaMU COXPaHEHUS UMITYJIbCa U OHEP-
I'nn

mo* mu12 Mu%

+

2 2 2
YureMm, uro M = 10m, Torja oJHO BO3MOKHOE 3HAaueHUeE
CKOPOCTH KOPOOKHU OYIET Uy, = 20/11, BTOpoe — uyy =0 .
ITocsie TepBOTO yaapa MOTydYaeTcsl TEPBOe 3HAYEHNeE,
MOCJIe BTOPOTO CKOPOCTH IO/KHA H3MEHUTHCST, HO CyMMap-
Hble UMITYJIbC U QHEPTUST CUCTEMBI OCTAIOTCST IPESKHIMHU, &
BO3MOYKHBIE PeIIeHis yPaBHEHU T MBI yKe MepedncImin,
HOJTOMY KOPOOKa II0CJIe BTOPOTO y/Japa OCTAHOBHUTCS.
3aTeM BCce CHOBA MOBTOPHUTCS. 3a /B CEKYH/bI KOPOOKa
npoesier paccrosuue uy,L/v =2L/11=2/55 M, crenyio-
Hye /iBe CEKyH/[bl OHa He jasuraercs. Torza cmeleHue
KOPOOKH 32 MIUHYTY COCTaBHUT

2L, L _29L

S 4+ = =22 205 M.
11 1 11

mo = muy + Mu, n

l
A.Illapuxos

®2037. B cocyode nocmosiniozo 06sema Haxooumest CMecs
zeaust u xucaopoda. Cuecwv nazpesaiom om 300 K do
400 K, npu 3mom noaosund amomos zejust noKuodiom
cocyo uepe3 oueHv MeaKUe MPewunvl 8 CMeHKdx, d
dasaenue zaza ocmaemcsi npexuum. Bo cxoavko pas
UMEHSICTNCS. NPU IMOM NAOMHOCIS cMecu? Moab Kucio-
poda umeem maccy 32 2z, moav zeaus — 4 2.

ITO coBceM mpocTad 3ajada. IlycTh KosmdecTBa Tems u
KHCIOPO/Jia BHAYaJe PaBHBI Vy U V, COOTBETCTBEHHO.
O61mee KOMMUECTBO BENIECTBA B CHCTEME IIOCJTIE Harpesa
JIOJLKHO cocTaBaaTh 0,5V +V,. llockoabKy naBieHme
rasa He M3MEHsETCS,

(Vi +V,) T = (0,50, +V,) T3,

OTKy/a Vy =V, . MTak, KoJn4yecTBo aTOMOB rejiisl BHavaJsIe
OBLJIO PABHO KOJMYECTBY MOJEKYJ Kucjaopoja. OO6beMm
CMECH IIpU Harpe€BaHUM HE U3MEHUJICA, TOTJa OTHOIIIEHUE
IJIOTHOCTEH OYyZeT paBHO
Py _ 0,5M; +M,

Py M;+M,

_0,5-4+32 _17
O 4+32 18
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®2038. C nopuyueil zeauss nPoOU3BOOSIM YUKJULECKULL
npoyecc — pacwuperue zd3d npu NOCMOSIHHOM 0deeHUl,
3amem oxaaxoenue 2a3da nPU HEUIMEHHOM €20 00BeMe U,
Haxomeuy, cxamue 2aza 6e3 no0soda menia cHapyKu 0o
HauaIvHo20 dasaeHus. Mosxem s mepmMoouHamMuueckull
KII/T maxozo wyuxaa oxazamuvcs 6ovwe 50%?

Pa6ora B nukse pasHa (cM. PUCYHOK)
A=p (V,=Vj)= A4,

rae Ay — pabora rasa nmpu aanabaTHueckoM paclIipeHun
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or V; no V, (ras B nau- P4
HOM TIporiecce aanabartu-
YecKH CKMMaeTcs, moato- P !
MY COOTBETCTBYTOIIIEE CJIa- i

raemoe Gepercs CO 3Ha- E

KOM «MHHYC» ). E

Terto ra3 moJy4yaer ToJib- i R
KO Ha ydacTke uzo6apu- Vv, v, V
YyecKoro pacimpenusi. le-

JIii — O/IHOATOMHBIII Ta3, TI09TOMY I0JIydeHHOe Ha u306ape
KOJIMYECTBO TEIJIOTHI COCTABJISIET

C,pAV
_ _ P
Q = VCpAT = T

=2,5p, (V2 —V1):

rae C, = 2,5R — monstpHast TENI0eMKOCTD OJHOATOMHOTO
rasa IpH IOCTOSIHHOM JIaBJEHNH.
Tepmomunamuueckuit KIT/I ganHoTo 1MuKk/Ia

A _p(V -Vi) - 4

LA Rl bt I S
0 25m(V,-V) 25

u, tem Gosee, Menbiie 50%.
A.3unvbepman

®2039. Cmpenounvie sorvmmempuvl 6blCOK020 KAACCA
MOUHOCU UMEIOM, KAK NPABUTO, OUCHb HU3IKOE CONpO-
musJienue, U 6KJII0UAMYb UX 8 Yens 0Jis U3MepeHus Hanpsi-
JKEeHUsL 80 MHOZUX CAYUAAX NPOCO HEOONYCMUMO —
CAUWKOM CULHO NPU IMOM USMEHUMCS PEKUM CXeMbl
(nanpsikenue mexoy uccaedyemvimu MoUKamu npu noo-
KAIOUEHHOM 8OJlbmMempe cmanem coscem opyeum). [lns
usmepenus manpsikenuil nopsoxa 5 B npedaazaemcs
UCTIONL30BAMb CXeMY, COCMOAUYIO U3 MOUYHOZO 60JLbM-
mempa V. — npeden usmepenuti 10 B, conpomusnenue
npubopa 1000 On, xaacc mounocmu 0,2, m.e. nozpeut-
nocmo He npesocxodum 0,29 om MaxcumMaiviozo 3ua-
YeHUs WKAAbL, U MuKpoamnepmempd A — mox nojinozo
omxaonenuss 100 mxA, conpomuenenue npubopa
1000 Om, xaacc mounocmu 2,5, m.e. nozpeuwrHocmv He
npesviuaem 2,5% 0m MAKCUMAAOHOZO 3HAYEHUS €20
wxanvt. K mouxam A u b 4
cxemol (e, pucymox ) nooxuo-
uawm usmMepsemoe HanpsiKe-
Hue, mexdy mouxamu B u T CA)
BKA0UAIOM  PezYyuUpyembiii
UCTNOUHUK HANPAKEHUSL — Jd-
6opamopnwlii 610K nuUmManus,
Hanpsxenue Komopozo Mox-
HO 0UeHb NAAGHO USMEHIAMD 8 CV)
wupoxux npedenax. Ilpu us-
Mepenuu HanpsKenue ucmoy-
HUKA NAABHO UBMEHSIOM, 00- Fo ol
OUBASICHO MUHUMATLHO20 MOKA

uepes Muxpoamnepmemp. 3a pe3yiomam NPUHUMAION
NOKA3aHue 60JbMMEMpPd NPU <HYJEE0M» MOKe uepes
muxpoamnepmemp. bydem cuumamo, 4mo MUHUMANOHDLI
MoK, Y6epeHHo urcupyemvlii MUKpOAMNePMemMpoM, co-
cmasasiem 2 mxA. Onpedesume nozpeuwHocms usmepeHull
NOAYUUBULCZOCS <BOJLIMMEMPA> U €20 CONPOMUBIEHUE.

o—
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[TorpemHocTb n3MepeHMs HAPSIKEHUS CKJI/IbIBACTCS U3
HETOYHOCTHU BOJIbTMETPA U HETOUHOCTH OTIpeziesieHnsT «6a-
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JIaHCa» HaIpsDKeHWid. IlepBasi MOrPeITHOCTb COCTaBJISET
0,2% OT MakCUMaJbHOTO 3HAYEHUS IIKAJTBI BOJBTMETPA,
T.e. 0,02 B, BTOpas paBHa Mpon3BeIeHIIO COMTPOTUBICHUS
MHUKpOaMIIepMeTpa U MUHUMAJIBHOTO TOKA Yepe3 Hero,
KOTOPBIL MBI MOXXeM 3adUKCHpPOBATL, T.e€.
10° OM-2-10% A =0,002 B, 4TO Ha HOPSIOK MeHbIIE
TIePBOTO BKJIQJ[a B TOTPENTHOCTb m3Mepenmii. [lorper-
HOCTh MHUKpPOAMIIEpMETpPA Ha Ppe3yJbTaT He BJUSET —
MUKpOaMIIepMETP BOOOIe MOT Obl MMETh TOJIBKO OJIHO
«HyJieBOe» 3HaveHune Ha Iikase. Bcero mouyvaercs 1o-
rpemrHocts He Gostee 0,022 B, uTto cocTaBiisieT mpuMepHO
0,2% OT MakCUMAJbHOTO 3HAYEHUS TITKAJIBI MPUOOPa, — B
pesyJbTaTe MbI IPAKTHYECKH Peajn3yeM KJACC TOUHOCTU
Hairero BosbT™Merpa, T.e. 0,2%. «BxoaHoii» TOK Hairero
BOJIbTMETPA HE TIPEBBITIAET 2 MKA, MO3TOMY COIPOTHUBJIE-
HIHE TTOTy9aeTcst PABHBIM O B/(Z 1070 A) =2,5-10° Om,
YTO BO MHOTO pa3 IIPEBBINIAET CONPOTUBJIEHNE OOBIYHBIX
«CTPEJIOYHBIX» BOJIBTMETPOB Ha IaHHOE 3HAUEHIIE N3MePsI-
emoro Hanpsikenust! IIpu TakoM criocob6e nusMepenuit yaa-
ercss oOBeAUMHUTH TOYHOCTH mpubGopa (BosbTMETpa) M
BBICOKYIO UYBCTBUTEIBHOCTh MUKPOAMIIEPMETPA.

3. Xumpoe

®2040. [laparrenrvno 8xa0UenbL KAMYWKU € UHOYK-
muenocmamu 1 I'n u 2 I'n, pesucmop conpomueieruem
100 Om u xoundencamop emxocmovio 100 mxdD. K uenu
NOOKI0UAIOM GHEWNUL UCTNOUHUK HANPSIKEHUS, U NOCTLe
HECKONbKUX NePeKIOUeHUll IJIeMEHMOE 6 HeKOmOpblil
MOMEHM uepe3 KAMmyuKu npomexaiom pasuvle no 6eJudi-
ne moxu 0,2 A, auepes peaucmop 6 3mom Momenm mevem
mox 0,1 A. Samem enewnuil ucmounux OmrIIOUAION,
npedocmasasns NapariesbHyo ueny camoil cede. Haiiou-
me noAHbLIL 3apsid, KOMOpwill nocje 3mozo npomeuem
uepes peucmop, d Mmaxke NoJHoe KoJIUUecmeo mensio-
mol, KOMOPOe 8blOeAUMCSL 8 pe3ucmope. IJeMenmvl yenu
cuumamo uoearoHbLMU.

O603HaYNM HAPABJIEHNS 1 BEJMYNHBI TOKOB HA «CKeJle-
Te» 1elH B HaYa IbHbIi MOMEHT (CM. pUCYHOK): [; — yepe3
KaTYNIKY WH/[YKTHUBHOCTHIO
2L = 2 T'm, I, 4yepes
KaTYHIKY UH/yKTUBHOCTBIO
L u I — depe3 pesucrop
conporuBjgeHueM R =
=100 Om. Hauunag ¢ aro-
ro momenta J/[C uHIyK-
MU KaTymIeK Bce BpeMs
OJMHAKOBBI, a 3HAUNT, M N3MEHEHUST MarHUTHOTO TTOTOKA
kartyulek pasubl Apyr apyry. Torga npu rtoxe J uepes
KaTyLIKy UHAYKTUBHOCTBIO 2L TOK Yepe3 KaTyLIKy UH/IYK-
TUBHOCTBIO L Gyjier paBen (HalpaBJeHUs] TOKOB-CTPEIOK
ocragum Tpeskaumn) 21, + 1, —2J, u uepes GoJbiioe
BpeMs ATOT TOK craHer pasHbiM J (K aTOMy BpeMeHM
KOH/ieHcaTop Gy/IeT OKOHYATETbHO Pa3PsiKeH U TOK Yepe3
pesucrop ynauer o uyqs). Orcioga J = (2[1 + 12)/3.

B ycsoBum 3ajjaun He cKas3aHo, Ky/Ja TeKyT HadyajbHble
Toku. OuUeBUHO, YTO HYKHO PACCMOTPETb /[Ba CJIydas —
TOKH HarpasJensl B ony cropony (I; = —I,) u B pasubie
CTOPOHDBI (11 = 12). [Ipn sToM HampaBJsieHue TOKa uyepes
pesucTop A Hac HecyliiecTBenHo. Torja B nepBoM cayydae
J=1,/3, Bo BrOpoM cuaydae J =1;, T.e. TOKH 4epe3

2007 /Ne3

KaTyIIKN TI0CJIe JJTUTETbHBIX N3MEHEeHW BepHYTCST K Ha-
YaJIbHbIM 3HAYEHUSIM.

Ternepb MOKHO 3aKOHYHTH pelieHue 3agadn. B mio6oit
MoMmeHT Bpemenu I/|C wmHAyKIMM 060N U3 KaTyliek
paBHA HANPSKEHUIO HA PE3UCTOPE, T.€.

2LAI, = RIAt = RAqy, .

ITpu cymmuposanuu noxyuntes B aesoit wactn 2L (J — 1)
B InpaBoil yactu Rqp . Oxonuaresbno, [/ I[1E€PBOrO
cJTyyast IPOMIe/MIil uepes pesucTop 3apsai 6yaeT paBeH

4L,

|ag| = =2,67-107 Ku |

JJIA BTOPOTo cJay4dad 3apda/l MOJYUUTCA HYJIEBbIM.
bamanc 3Hepr1/1f/’1 JJIA TIEPBOTO CJaydad Aa€T KOJNYECTBO
TEIIJIOTbI

ALI} CI’R?

= + —
3

Z[JIH BTOpPOTro cJydasd SHEPrun KaTylIeK B HavyaIbHbIN

MOMEHT M B KOHII€ OJMHAKOBbI, OCTAa€TCA TOJIbBKO BTOPOE
CJlaraemoe, T.e.

W, =0,0583 JI .

_ CI’R?

W,
2 2

=0,005 [Ix .
A.Cmapos

D2041. Hcmounux nepemennozo HANPAKeHU GKAIOUEH
mexdy mouxamu A u B yenu (cm. pucynox). Ipu xaxoi
4acmome UCMOUHUKA AMNAUMYOAd HANPSKEHUS, UIMe-
PEHN020 MeKAY MOUKAMU :
B u I', 6ydem posno ¢ 10 J_
pas Goavuwe amnaumyov
nanpaxenus ucmounuxa? 4 r
Kondencamopv umeiom p
emkocmu C = 10 mxD, B
Kamywxku — unoyKmueHo-
cmu L =1 I'n. T

Toxu yepes mepByio 1 BTopyio L C-TIeoYKN OJMHAKOBDI,
HaINpsKeHNs KOH/IeHCATOPpa U KaTyIIKN B KOK/I0H 1ermouKe
nportuBodasubl. OTCO/IA CTEYET, YTO HATIPSIKEHIE MEXK-
ny ToukamMu B u I’ paBHO cyMMe MOjyJieil HanpsiKeHUH
KaTyIIKN 1 KOHJIeHcaTopa, a Mex/y Toukamu A u b — ux
pasnoctu. Torzga

U +U, =10(U, =U,), um 9U, = 11U, .

Ecnu HalIpAKEHNE Ha KaTylUIKe 60]11)]]_[6, 4yeM Ha KOH/IEH-

caTope, TO

Il = l,
wC

1 JIAA 9aCTOThI TToJIydYaeM

1 1 (%)
N =—=1255,6 I'lr,
W, ‘/9LC 349,6 ¢!, nm fi o 11

Ho ectp u BTOpasd BO3MOJKXHOCTb, KOTJa HallpAKeHune
KOH/ZIeHCaTOpa 60JIbIIIE 110 BeJIM4nHe, 4YeM HallpAKeHue
KaTyIIKH. B arom CJlydae 4aCTOTa paBHa

9

= =286 ¢! -
1LC ¢, wmm f, =455 I'1.

B nepBom ciyuae yacTtoTa Bblllle PE30HAHCHON YacTOTbI

Qb:



BADAYHHUK

nocsieoBaresbioro LC-kontypa (oHa paBHA IMPUMEPHO
50,3 T11), BO BTOPOM CJIydyae — HIKe.
d.A3s06

®2042. Ha 21a0Kx0il 20pu30HMAILHOU NOSEPXHOCTIU HA-

xodumcs epy3 maccoti M = 2 ke, k €20 60KOBbIM CIEHKAM

npuxieenvl 0ée 00UHAKOBVIE NPYKUHLL KECMKOCMBIO

k = 100 H/m xaxdas

(puc.1). Odna us npyxun

A npuxpensiena KoHuoM K cme-

0000000r e, KoMely, Opyeoll NPY KUl

Mol nepemewyaem no 20pu-

Puc 1 soumanu. Koopdumnama

mouxu A npu 3Mom usMens-

emcs no 3axony x =0,02cos20t (6 amoii ¢hopmyae

epems t usmepsiemcs 6 cexynoax, Koopoumama x — @

mempax). Haiidume amniumydy woaebanuil epysa Ha
amotl yacmome.

YcranoBuBImmecs KoJje6aHUS TPy3a MPOUCXOIAT € dac-
TOTOI BBIHYSKJAIOMEH ciabl w= 20 ¢, Ha Tpy3 JeHcT-
Byer cuna k(x—y)-ky

M A (puc.2), yckopenue rpysa

! ! 5 ONpejesiercs 9TOI CHUJIOI.

| Y x [l ymporienusi BbraucJie-
HUI TI0JIaraeM JJTUHbBI MpY-

Puc. 2 JKUH B HeJ1Ie(hOPMUPOBAHHOM

MNobeguTtenn KoHKypca
«3afavyHnK «KBaHTa»
2006 roga

/76',0506' MECTO 3aHAJIN

No MaTeMaTnke
Hukmnbukmi EereqHmy — T. KpacHomap, Lkona 73;
no u3suke
[lex [TaBesn — 1. KpacHoApCK, wKona 145,
[lacryxoB Brnagumvp —
n. KpacHoe-Ha-Bonre Koctpomckor obn., Lwkosa.
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MOJIOJKEHUN PABHBIMU HYJIIO — BBIPAMKEHUS TOJIy4atoTCS
MIOTIPOIIIE, a JIOTIOJHUTETbHbIE CUJIBI, TIOCTOSTHHBIE 110 BEJIN-
YuHe, Ha KOJIeGAHUS C YaCTOTON () BJIUSHUS He OKa3bIBa-
ior. Koopaunara rpysa y(t) onpejessieTcsi n3 ypaBHEHIsI

My” = 2ky + kx .
Ecim sanmcath y = Ay cos(wt + ¢) , TO HOTydnM

~MAy’ cos (Gt + )+ 2kAy cos (ot + ¢) = 0,02k cos wt .

Jlna maxoxkaenns casura gas — yraa ¢ — pacemorpum
MOMEHT BpeMeHH t;, juisi Kotoporo wt = Tf2. Ecamn
YacTOTA OTJIMYHA OT PE3OHAHCHOIT, TO TToTy4aeM sind = 0 .
Bosbmem ¢ =0. Torma amnimryma kojgeGaHWii Tpysa
Oy/JleT paBHA

0,02k
Ay = —"——— =-0,0033 .
2k - Mo’
AMILIHTY/Ia HA JJAHHON YacTOTe MOJIYYUJIACh OTPUIATEb-
HOIT — KoJieGaHus Tpy3a TPOTUBOMA3HBI KoJEeOAHUSIM

Toukn A. MOKHO TOJYYUTh <«HOPMAJbHYIO», TOJOXKHU-
TEJHHYIO aMILTUTYy KoJeOaHul, ecu HEMHOTO BEPHYTh-
s Ha3aj| v B3ATH 3nauenne ¢ = T0. J[jg MenbIei 4acTOTh
(nske pesonancHoit) kome6anus rpysa GyayT MPOUCXO-
[uTh B (asze ¢ BHIHYXIAIONUMEI KOJCOAHUSAMU KOHIA
MPYIKUHBI.

M.Yuumenes

B TOopoO€Ee MeCTO 3aHsITn

MO MaTeMaTtumke
banavi EBreHm — Knprusus, r. buwkek, ®MJI;
no gusuke
®Ges Oner — YkpaunHa, . [IHenpoa3epXXmHCK, nuuen 1,
AbnpaxmarHos Braavmyp — . Bonrorpan, nviuen 3.

TPETbe MecCTO 3aHs/In

Mo MaTeMaTunke
Fcur Anekcevi — cT. CTapoHukecTebnneBckas KpacHomapckoro Kp., Wwkona 55,
Kaposcku Ceprevi — Crapbin Ockon, Wwkona 22;
no usmke
Bacunesuy Braaumyp — 1. ApMaBup, Wwkona 9,
Tperybos Habs — r. ApmaBup, Wwkona 9.

I706e,ane/m, 3aHsABLUME 11epBble MecTa 10 MaTeMaTuke U ¢M3I4Ke, Harpa>xaartcss KOMIT/IeKTaMU XKYPHasia
“Keant” 3a Bropoe nonyrogue 2007 roja.



3agayu

1. Mpoteccop Mymbym-lniomMbym 3anofo3pun, 4To
HEeKOTOPbIe CTYAEHTbI CMAT Ha ero nekumnn. Ytobbl ycTaHo-
BUTb 4ncrio 6e300pa3HMKOB, OH He3adonro 4O Havana
NeKUMM CKPbITHO YCTAaHOBMI XParnoOMETPbl BO BCEX Yriax
ayauTopun, npeactaBnsiowen cobon NpaBUbHbINA LIeC-
TUYrONbHUK C ASIMHOW CTOPOHbI 4. Kaxabln xpanomeTp
YNaBNMBAET KONMYECTBO CMALLMX HA PACCTOAHMNN, He npe-
BblLLAlOLLEM 4. [Tocne nekLmm 0Kasanock, 4To BCe Xpano-
MeTpbl B CyMMe 3adumkcmpoBanu 7 cnsuwmx. CKofibKo
CTYOEeHTOB CMano Ha nekummn?

K. KaunbxaHos

2. [naroHann pa3spesann YeTblpexyrofbHUK Ha Tpey-
FOfIbHWKM, KOTOPble NMonepeMeHHO OKPaLLeHbl B KPaCHbI
1N CUHUI LBETa. VI3BECTHO, YTO CyMMa Mowafaen KpacHbIX
TPeyrofbHMKOB paBHa CyMMe niollagen CUHmX. [lokaxm-
Te, YTO KaKas-To AMaroHanb YeTblpexyronbHMKa AennT ero
nnoLaab nononam.

B. [lpou3ssorios

3 . BepHo nu, 4To NKoOOe HaTypanbHoe YMCno, Aensie-
ecst Ha 9, 0TIMYaeTca OT HEKOTOPOro HaTypabHOro YmMcna
/1 Ha CYyMMY LM@P 3TOro vmcna 7?

n. Akyrmd

3 3a8a4m PeAHAa3HaYeHb! ripexge Bcero y4Yalyyrmcsa 6 — 8
K/1aCCOB.

4. OpHaxabl PU3KK, KynuB caxap 1 Konbdacy, pewmn
MPOBEPUTL MX BEC Ha YalleyHblX BeCaX, CJly4anHo obHa-
PY>XeHHbIX B Mara3nHe. Caxap Ha NeBoM Yallke BECOB OH
ypaBHOBECWN rMper 8 K Ha NMpaBon Yallike, a konbacy Ha
NpaBoOW Yallke ypaBHOBECWUI TMpen 2 KI Ha NeBOV Yallke.
KakoBo >e Bbifo ero yavBneHve, Korgaa, npuas 4OMOon u
NpOBEPMB BEC KaXA0ro TOBapa Ha BbICOKOTOYHbIX 3/1eKT-
POHHbIX Becax, OH O0OHapyXwf, 4To obWMA Bec ero
nokynku 6onblue 10 kmnorpamMmos. MNpu 3ToM konbaca
oKasanach Taxernee caxapa. «Ara, Becbl Obliv HepaBHon-
neyHblel» — pewmn ¢ursmk. CKONbKO B TakoM Clyyae
BecsAT konbaca 1 caxap, ecnv BeC KaX4oro ToBapa Bblpa-
aeTcs LenbiM KOMMYeCTBOM KMIOrPaMMOB?

[. [anbriepuH

5 « B ot4eTe ®paHuy3ckon AkageMmm Hayk 3a 1733 rog
cpedm NpoYMX pesynbTaToB M AOCTVXKEHUI YKa3blBaETCH,
4TO KOTAa Hekoe Teno MOAHOCUTCS ONM3KO K NnLy, OHO
«BbI3bIBAET TaKMe Xe OLyLeHWs), Kak ecnn Obl HAaTOMK-
HYTbCS Ha HEBUOMMYIO NayTUHY». O KakoM (puU3n4eckom
3pdekTe naeT 3gecb peys?

C Kporos

Unmocrpaymsg .1 pyykoBovi
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C.4ABOPAHUHOB

YNCA MO OPYT TONA KAK BCE. HEMTOXO. HOPMAJIBHO.

Bbinn, KoHe4Ho, U npobnembl. Ero m3 HavanbHOW
LUKOSbI B MATbIA KJ1acC He XOTenu nepeBoauTb. BepHee,
BCE XOTenu, a y4uTenb MaTeMaTuKm He xoten. M3-3a
TabnuMUbl YMHOXeHUs 3To Obiio. Hukak oHa Tonuky He
JaBanacb. Bce oH Mor no mMatemMatuke, a YyMHOXaTb — Hy
He MoJly4anoch.

N BOT B CaMbll MOCNeAHNIN AeHb y4ebHoro roga, Koraoa
rofoBble OLEHKW BCE MOMyYunv, a TONUK He MNoJyvums,
Haw VBaH lNeTpoBMY Bbi3Ban KilokBMHa B OMyCTEBLUYIO
y4MTEeNbCKYIO, YTODLI AaTb eMy 3afaHune Ha NeTo.

Mbl C pebsTamm He Cnewwnnn PacxoanTbCs No LOMaM U
XOann Tonwka B Halwem knacce. Bot, HakoHeu, Tons
nokKasascs Ha nopore.

— Hy, 410 Tam? Kak BOMpoOC pelmnca? — noytyi Xopom

Mbl 0OPATUNNCE K HEMY.

— [a noka He pelwmncs.. BepHee, MHe Hafo peLlunTb
OLHY 3a7a4y...

— Kakyio? PacckasbiBan! Kakyto 3agady yumtenb Tebe
3agan?

— CmoTpen-cMoTpen Ha MeHa VIBaH eTpoBuYy, — Havarn
Tonuk, — B34bIXan-B3abixas, a MOTOM rOBOPUT: «BOT eCTb
VHTepecHasa 3agdada. BosbMu-ka Tol, Tong, 2000 noywimx
noapsia HatypanbHbix Yncen 1, 2, ..., 2000. Kaxxgoe 13 Hi1x
MOXHO Ha cebs YMHOXWTb. DTO Ha3bIBAETCA — BbI4NCIUTb
KBaZpart. Tak BOT, paccmoTpu Bce 311 2000 kBagpaTos. A
CKa3aTb Tbl MHe JOJIKEH, Y CKOMIbKMX MOSyYeHHbIX KBaf-
paToB UMbpa OeCATKOB He4veTHas. J1eTo He Tonbko And
TOro, 4T00bI M#AY roHATb! CrnpaBuLbCs C paboton —
nongellb B NATbIM KNAcC. A HET — Ha BTOPOW rogy.
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— A TyT >Xe B yMe NPWKWHYN, — TOPEeCTHO 3aK/Io4un
Tons, — KaHWKyNbl ANATCA MOYTW CTO AHeW, TaK YTO MHe
KaxkAbl AeHb Haflo OyOeT HaxoOuTb ABaALaTh Npoun3Be-
neHun!

Mbi Bce monyanu: yncino 2000 Bnevatnano. [1Be Tbicayum
kBagpaTtoB! Ckonbko Oymarn ynaet! M ot 3Toro 3aBunceno
Oynyulee Hauwero apyra! fcHoe Aeno, HAKTO 13 Hac STOMyY
He obpanoBancs. Pebsata B knacce Obinn Apy>XHble, y HaC
Takas Obina KnaccHas dytbonbHas KoMaHOa — YeMm1oH
pavioHa (cpedu Hawero BO3pacTa, KOHeYHo), Tonuk —
BpaTapb. Henb3d Ham Takoro gpyra 1epatb. Tonmka Hago
Obino cnacatb. KOHeYHo, NpoLLe BCEro KaXxaoMy B3sTb Ha
cebsa 200 ymcen n HanT Ux KBagpaTbl. Ho 1 3To paboTa
Hemarsas.

— A KOMMblOTep Ha 410? — nogan ronoc XXopa-HoyT-
Oyk. Y Halero nonysawmtHuka kKpome dytbona Obina
ele CTpacTb — KOMMbIOTEP M BCE, HTO C HNAM CBA3aHO. —
Hanuwem nporpammy, M KOMMbIOTEP Ham BCe MOCHU-
TaeT.

— KTO MHOro cumtaet, ToT Mano gymaeT, — OTO3BasICH
BaHs-TeopeTuk. OH TOXe BCerga C HaMK B Haller KOMaH-
ne. Tonbko 3anacHow.

— Ha camom pene Bce npocto! — 3a3BeHen ero ronoc B
knacce. — Ecnm B3aTb BCe Ynana ot 1 o 2000, To cpeau
H1X 1000 HeveTHbIX. KBadpaT HeYeTHOro Ymcna OKaH4u-
BaETCSA HEYETHOM LM(PON, 3HAYUT, Cpean BCeX KBaAPaToOB
1000 OynyT okaH4MBaTLCS HeyeTHOW Umdpown. Bee!

— Mpurdem TyT nocnefHss umdpal — HAbPOCUAUCH Mbl
Ha BaHto. — BeyHo Tbl BCe nepenytaelws! MBaH [MeTpoBumy
CnpalwmBaeT o nNpegnocnegHen umgpe!

— Ha, — CKOH(Y3UICA Hall TeopeTnk, — A MocheLlns.
OO6bI4HO B 3afadax cnpaluMBatoT o nocnenHer umdpe, a
TyT peyb MaeT o NpeanocienHen, o Lmdpe A4ecsTkoB. 10
nocnoxHee.. — OH BbIlWeN K AOCKE W B3N MeJl.

— Myctb p — nocnegHss umMdpa B 4eCATUYHOM 3anmcn
HaTypanbHOro 4mucna 7. Torga n + p YeTHoe Y1Cno, a
4YNCNO N7 — p OKAHYMBAETCHA HYNIeM W MO3TOMY AenuTCH
Ha 10. CnegoBatenbHO, NPOV3BEOEHWE 3TUX OBYX YMCen
(n+ p)(n—p)=n* - p* nenutca Ha 20. OTciopa cnefy-
eT, 4T0, BO-MePBbIX, NOCNeAHMEe UMdpbI Yucen n° n p?
COBMafaloT 1, BO BTOPbIX, npefnocnegHe undpsl (Te.
KOMMYECTBO [ecATKoB) nmbo obe 4YeTHble, nMbo obe
HeyeTHble. Hac MHTepecyeT HeYeTHoe KOMMYeCTBO OecAT-
KOB 4Mcna n?. 3Ha4WT, HaJo NMOCMOTPeTh, Y KBaJpaToB
KaKUX LMDP KOMMYECTBO OeCATKOB HEYETHO.

TyT Haw nony3aWwnTHUK [eTa He yAep>Xancs, U Ha
JlOCKe MTHOBEHHO (Tak OH MOPOW BbICTPENMBaN MsaY Ha
NOSIOBUHY hyTOOMBHOrO MOMS MPOTUBHMKA) MOSBUMAChH
Takaa 3anuce:

0°=00, ¥ =01, 22=04, 3°=09, 42 =16,
52=25,6°=36, 77=49, 8 =64, 9 =81.
Mocne 3Toro Men nepeLuen K HallemMy NpaBoMy KpanHe-
My Kone:
- Cpem/l OTUX OeCATU Yncen 4Ynmaio eCATKOB He4YeTHO
LWL Y 42 =16 1 6% = 36. MocneaHss undpa B Kaxxaom
M3 3TX ABYX CJlyHaeB PaBHa 0. CJ'Ie):I,OBaTeJ'IbHO, caienoBa-

TelbHO.. — OH 33JyMarcs, HO TyT Ha MOMOLLb MApuLlen
Hall LeHTpanbHbIM Hamadalowmm Baca, nmoctaBmBLUMNA

2007 /Ne3

nocnenHion TOUKY B NTOrMYecKor KoMOUHALMKM, HadaTon
BaHel-TeopeTukoM:

— ..CnepoBaTenbHO, YNCO OeCATKOB B 3anMCK KBaapa-
Ta NOBOro YUCna /° HeYeTHO NWLLb Toraa, KOraa YUco
1 OKaH4MBaeTca umdbpon p = 4 unu p = 6. Taknx Ymcen
B KaXXAOM pecATke ABa. CnefosatenbHO, cpeay KBagpa-
ToB 12,2%,...,2000% nsTtas yacTb, Te. yeTblpecta, UMeLoT
HeyeTHYIo undpy oecatkos. Ypa! 3afada peweHal OteeT B
TBOEN, Tonuk, 3agjadve (UMM Hawewn 3amade?) Takow: 13
2000 kBafpaToB MAOYLIWMX MOOPSAL HaTypamnbHbIX YMCen
400 VMeloT B CBOEM 3amnmncu HeYeTHYI0 LmMdpy AeCATKOB.

Tons KnokBUH cnepBa 0bpagoBancs, a NnotoM Mnpu-
YHbIJ:

— Y 60NbHO CIIOXHOE peLleHne, HauHy PacckasbiBaTb,
3anyTalocb. A NpoLle ecTb peLleHne?

TyT HacTan Yyepep Hallero HeBo3MyTMoro lMawmn-lpar-
MaTuKa. He B ero npasunax Obino yBNeKaTbCs pasHbIMU
hyTOONbHBIMK TPIOKAMK, OH OTAABan NpPeanoyTeHe cu-
noBbIM npriemMaM. OBbIYHO OH OWN Y Hac odMHHaOLATU-
MeTpOoBble.

— [a 4To TYT paccyXpatb, N8 BCAKAX TaM 77 U p
ypaBHeHua cocTaBndaTe! [Mpole peluaem 3agady! MNpaktn-
vecku! Buomte, Ha CTeHe BMCUT Tabnuua? — OH nokasan
Ha MOXenTeBLWW NMUCT BaTMaHa. — B Hel npuBeneHsbl
KBagpathbl CTa Lenbix Yucen ot 140 100. Y ckonbkmx cpeam
3TUX KBaApaToOB LMdpa OecATKOB HeveTHaa? B mepBom
0ecaTke ABa TakmMX KBagpaTa, BO BTOPOM TOXe [Ba:
142 =196 n 16% =256, B TpeTbeM AecsTke ToxXe ABa:

24% =196 1 167 = 256, v Tak ganee. Bcero 20 Hy>HbIX
HaM KBaApaToB Cpedu MepBbiX CTa. W Tak B Kaxaow
CnefyloLLen CoTHe, MOTOMY HTO Undpa AeCATKOB KBagpa-
Ta HaTypallbHOrO Y1C1a 3aBUCUT TONMBKO OT MOC/ELHMX
OBYX LMP 3TOro HaTypasnbHOro Ymcna. Bcero B aguatm
coTHAX UmeeM 20 x 20 = 400 Hy>XHbIX HaM KBa4paToB C
HeYeTHOM LUMdPOoN OeCcaTKOoB.

MomHuTe, ViBaH MNeTpoBMY roBOpPUII, HTO MaTemMaThKa —
3TO MCKYCCTBO M30eraTb BbIMMCNEHUA? Tak 41O TBOE
neTHee 3afaHue, Tond, — lNalua noBepHyncs K KoKBUHY,
— He Ha TabnvLy YMHOXEHWS, He Ha BbIYUCTIEHWUS [BYX
ThICSY KBAApPaTOB, a Ha.. B O0LIEM, Ha MaTemMaTuky!

Tons KnokByH GnarononyyHo nepelen B NAThIN Knacc.
JleToM y Hero, Kak 1 y Bcex Hac, OblNo MHOTO BpemeHU
ons dyrtoona. Ja, obs3aTensHO Hado elle CKasaTtb, YTO
nocne 31oro cyiy4as Tonsa KIOKBUH YBNEKCS He TONbKO
dytbonom, Ho K anrebpor C reomeTpuen, U Teopuen
dmcen. Tabnuuy YMHOXeHUS, KOHEYHO, Bbly4M-TakK, NPo
3TO W rOBOPWUTL Heyero. A Kpome TOro, CTan YmTaTtb
BCAKME MaTemMaTmyeckme KHUXKW, B OfIUMMMAaZax y4da-
CTBOBaTb WM JaXe Moanmcanca Ha Mrsnko-maremMartmnyec-
K >xypHan. Mpo dyTbon Mbl ToxXe He 3abbiBanu. Tak
4TO CO BpemMeHem Hawy OML — busmko-maTemaTyec-
Kyt LUKOMY — JIIOOM 3HaloWMe 1 MOoH1MaloLLVe TOSK B
Hayke W criopTe CTann HasblBaTb yTOONBHO-MaTEMaTU-
4eCKOW LLUKOMOW.



C nontoca —
Ha MOJOC

A.CTACEHKO

— Her HUKakux COMHEHM! — BOCKITMKHYT [ IEHaPBaH.
— ...Mbl HALLJIV KITIOY K PELLEHMIO [104TI BCEN 3arankul, 1
E€ANHCTBEHHBIM HENIBECTHBLIM TENEPL ABIAETCA OJIOTA...

Kionb BepH

KAK M3BECTHO, JIETU KATIUTAHA TPAHTA PEIIJIN [IPOJA-
TH, TIPOILJIBIT, TIPOCKAKATD BOKPYT 3eMJIM B/IOJb TPU/IIATH
cexbMoll mapamtenu 10xHoi muporsl (6= —37°). A BoT 6bLI
caydail, xorga OOIIECTBO MO PACHPOCTPAHEHUIO ITMHTBIHHOB
(Penguin Distribution Society) pacmopsiauiaocs, Hao6opor,
600.J1b MepuOUana JOCTABUTD TIAPTHIO CBOUX JIIOGUMBIX CYIICCTB
¢ I0’KHOTO TIOJTIOCA HA CEBEPHBIl «B TeUeHHEe COPOKA BOCHMU
qacoB» (Kak Mmosiaraercsi mpu BCSKOM CEPHE3HOM PaCIopsiKe-
uun). Koneuno, takoe TpeGoBaHWE MOYKHO OBLIO BBIIOJHUTH
TOJIBKO TIPU MOMOTIH JeTatesibHoro anmnapara. Keraru, tpeGye-
Masi TIPH 9TOM CKOPOCTD IOJIETa Uy HE TaK YK BEJIIKA — PA3/IeIIM
JuaHy Mepuauana (MM moTyOKpysKHOCTH 3eMJm) Ha BpeMs,
pPaBHOE JIBYM CyTKaM:

o TR _314-6400-10° m
Y 2.24-3600 c

3aMeTuM, YTO B CKa3aHHOM BDIIIE YIKE CO/IEPIKUTCS HaMeK Ha
cucremy koopaunar (puc.1): reorpaduueckas mupora 6 orcuu-
ThiBaercs or skBaropa (rae 0, =0 ) u gocTuraer Ha momocax
saavennit Oy =90° u 65 = -90°. A wumHmeKc « B » y CKOpPOCTH
YKasbIBaeT Ha TO, YTO 3Ta CKOPOCTb HAIIPaBJEHA CTPOTO MO
MepH/INany, BJOJb KOTOPOTO H3MEHSETCS TOJBKO yroi 0, a
A noarora ¢ ocraercd 1o-
CTOSTHHOM. OTO 3HAYWT,
4TO HET COCTaBJIAIONEN
CKOPOCTH, HATIPABJIEHHOM
B/IOJIb TIapaJjiienu, T.e.
vy = 0. Takum o6paszom,
MepBbIil caMOJIET BCe Bpe-
Ms HaXOJUTCS B IJIOCKO-
CTH, Bpallafolieics BmMe-
cre ¢ 3emJei.

Ho nouemy «11epBblii» ?
A J1eJ10 B TOM, 4TO MOTpe-
6OBAJIOCH TIEPEMECTUTD U
BTOPYIO TIAPTHIO TTHHIBH-
HOB C I03KHOTO Ha CeBep-
HbBIH TOJII0C 3a Te Ke 48
Puc. 1 4acoB, HO B IIJIOCKOCTH,

HETIOABIKHON  OMHOCU-
MesvHo 36€30, — B KayeCTBE KOHTPOJBHOTO o6pasiia: Majio Jin
YTO JyMAIOT TMHTBUHBI O 3Be3zax u o Couie!

[TockoJbKy 3eMJist BpalllaeTcsl «C 3amajia Ha BOCTOK», OTHOCH-
TEJIbHO 3eMJIM BTOPOU CaMoJieT JOJKEH BCe BPEMsl JIETEeTb Ha
3amaj, Tak 4To 1O NPHOBITUM Ha JAPYroil mosoc yroa ¢
usmenutes Ha 2 - 360° = 720° (Bcnomuum — 3a J1Boe ¢yTok). Ho
5TO 3HAYWT, YTO Ha BTOpOH camoser armocdepa (Koropas
BpalaeTcs BMecTe ¢ 3emeii) 6YIeT «yTh» BCe CUIIbHEE IO Mepe
mpubIMKEHNsT K 9KBATOPY, T/le JUHEHHAsT CKOPOCTh JOCTHTAeT

~116 M/c = 420 wm/u .

3HA4YCHUA

2MR 23,14 6400-10° M

Ud) =0 =—F— =

T 24-3600 c
— B mosITOpa pasa 6osbine ckopoctn 3Byka! Tyt yox He o6oiiTich
6e3 MCTPeOUTENTS NN CBEPX3BYKOBOTO aBHanaiitiepa.

Wrax, nBa caMojeTa OJHOBPEMEHHO OTIPABUIUCH C I0KHOIO
0JTI0CA Ha CEBEPHBIN BJIOJIb, HATIPHMEP, HYJIEBOIO MEPH/IMAHA,
rre ¢ =0 (uro moxker GbITh pyHAAMEHTANbHEE HyJIs!). Bars-
HyB Ha KapTy WK TI00yC, MOXKHO Cpasy TPeACKa3aTh, TPAHNIIBI
KaKUX CTpaH IlepecedeT IepBblil camosieT. A BOT HITypMaHy
BTOPOTO CaMoJIeTa IPUJIETCS MOAYyMaTh O IPE/ICTOSICH TPAeKTO-
pun mosera, 4To6bl cOOGIMHUTL 06 3TOM 3apaHee Ha3eMHBIM
aucnerdepam (Bo u3GeskaHue MEKAYHAPOIHBIX KOH(JIMKTOB).
ITomymaem u Mbl.

Ecim MepuionaibHast CKOPOCTb CaMoJieTa Ug HOCTOSIHHA, TO

IIMPOTA er0 MECTOHAX0K/IeH s TPOIIOPIMOHAIbHA BpeMenn (puc.
2.a):

= 460 Mm/c

e:-9oo+%ﬁt=90°§—1 , (+)

N
rae ty =2 CyTOK — BpeMsi HPHUOBITHS HA CEBEPHDINH MOJIOC.
Moskno y6emutbest, uto mpu t = 0 mmeem O = -90°, a npnu

a) e/\ 6) ¢ N

N N
90° 720° p--===-==mmm-mm-

3600173 i

—90° S 0 S
-90° 0 90°

>
0
Puc. 2

t =ty moaydaeM By = +90°. EctecTBenHo, uTo depes cyTKn oba
camoJieTa JIOJIKHBI OJIHOBPEMEHHO repecedn akBatop (0, =0) B
O/IHO#T U TOIl ke Touke (TyT BasKHO HE CTOJKHYTHCS), HO MOJ|
Pa3HbIMK YIJIaMU: TepBbIi moj yriaoMm 90° , a BTOPOil 1oJ| yrjioMm

Y%
arctg — = arctgz =14° . Tak 4TO ec/M CTapTOBaTh C I0KHOIO
9

&
MOJII0CA BJOJb HYJEBOTO MEPHIMAHa, TO YKa3aHHOe CcOObITHE
npousoiiger nan I'Buneiickum samusom (M. KapTy um rao6yc).
W 1npu 3TOM CKOPOCTb BTOPOTO CaMoJieTa OTHOCUTEJIbHO 3eMJIN

OyzieT paBHA -
[2, 2 / Y / 1
Vg +0g =0 [T+ = | =0 /1+—.
e C] e 0, e 16

A g mo60ro 3HAYEHUST MIMPOTHI, KAaK JIETKO MOKa3aTh, CKO-
pOCTb BTOPOTO caMoJieTa paBHA

v =g\l +16c0s> 0 = 1, }cos2 G+% .

Ho 4to6bl HaiiTn TPAEKTOPHUIO 1OJIeTa, HYKHO CBSA3ATb /10JITOTY
¢ WHMPOTOH, T.e. YCTAHOBHUTb 3aBUCHMOCTb O(9), mmm, Kak
TOBOPAT yYEHbIE, <«UCKJIIOUNTh BpeMmst» B (opmyne (). B
JIAHHOM CJIydae 9TO OUeHb [IPOCTO: 3eMJIsi BPAIAETCS € TOCTOSTH-
HOIT yTrJI0BOM cKOpocTbio Q , 3Hauut, yroa ¢ po/oKeH ObiTh
[IPOIOPIUOHAIEH BPEMEHH:

o =Qt = 2n t.
T
Haiizem otciona ¢ u mopctaBuM B opmyry (# ):

L =90°(L-1)="l-90°.
ty 2T 360° 4

0 =90°

(MpogonxeHune cm. Ha c.34)
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.51 HALAESA/ICA, HTO I1YTeM MCII0/Tb30BAHUS IIEKTPUYECKOU MH-
AYKUMM 3EMHOIO MAarHeTvsMa MHE yAacTcsd CKOHCTRYHPOBATH
S/IEKTPNHECKYIO MALLIMHY.

Mankn ®apagen

B 71106041 TOYKE Lenu 5 BKITOYAK0 UHAYKTUPYIOLLYIO KATYLUKY,
Yyepe3 KOTOpyIto POXOaUT TOK OT UCTOYHMKA ToKa. [anee s
[TOMELLAIO HAANIEXALLMM 0OPAa30M BTOPYIO KATYLUKY, B KOTOPOK
nepBas MHAyKTMpyer Tok. Oba KoHLa 3TOu BTOPOM KaTyLUKu
COEAUHSIOTCA POBOAOM, 00Pa3ys Lierb, COBEPLIEHHO OTAESb-
HYKO OT 11ePBOY.

Masen Abno4kos

A Tak JI1 XOPOIIO 3HAKO

..[18PEMEHHBIV TOK — 3TO B3J0P, HE uMeroLmy byayLyero. 5 He
TO/IbKO HE XOYYy OCMATPUBATh [BUraTe b NEPEMEHHOIO TOKA, HO
U IbILLIATE O HEM.

Tomac DamcoH

A oxupgar.. HoBOro BO306HOB/IeHMS 6opbbbl Mexzay nepe-
MEHHBIM ¥ [TOCTOSIHHBIM TOKOM. 5 BUXY BOIMOXHOCTb PEBAHILIA
/151 [TOCTOSIHHOIO TOKa, KOTOPLIL MHOTOMY Hay4UTCS Y TEXHUKM
[1ePEMEHHOIO TOKA.

Mwuixaun Oonneo-[obpoBonbCkim

BaM

NEPEMEHHbIN TOK &

PazymeeTcs, a — Bellb B KaX[OM [1IOMe eCTb PO3eTKu, B
KOTOpble Mbl BK/O4aeM BCIO Hally AOMALLUHIO TEXHWUKY U
OCBeTUTESIbHbIE MPUOOPbI, KMTAIOLLMECH» NepeMeHHbIM TO-
KOM HanpsxeHveM 220 BOMbT. B LWKOMAbHbIX MacTepPCKMX
NMEIOTCSl CTaHKM — K HUM TOXe noaBefeH nepemMeHHbIn
TOK, TONbKO OOfee BbICOKOro HanpsixxeHus. Bo Bcex M1Kpo-
panoHax CToAT OyakM C HagnucaMu «Tp-p», B KOTOPbIX
HaXxoAATCA TpaHCopMaTopbl, NMpeobpasylollve nepemMeH-
HbII TOK; BAOSIb AOPOr M MO feCHbIM MPOCeKaM MPOTHY-
NCb IVIHAW 3neKTponepeaaqn onaTh Xe nepemMeHHOro ToKa.
MWAANOHBI 1 MUNAIMOHBI FeHepPaTopoB, TPaHCOPMATOPOB,
3NeKTpoABMraTenen BO BCEM MUpe MPOU3BOAAT, nepenator
N NCMOMb3YIOT 3MeKTPUYeckylo 3Heprnio bnaropaps 0co-
OeHHOCTAM 3TOro BWOa TOKa, ODHapyKeHHbIM ©e3 Manoro
OBEeCT NeT Ha3ag.

KpynHenwmnm yyqeHbin XIX Beka lepmaH [enbmronbl, ro-
BOPWII, YTO [0 Tex Mop Mnoka foau Nonb3yloTcs Gnaramm
3NeKTPUYEeCTBa, OHW BCerda byayT ¢ GnarofapHOCTbio BCMO-
MUHaTL nms Dapages. ABneHMe 3neKTPOMArHUTHOM WH-
OyKUMM — yHOaMeHTaNlbHOe Hay4HOe OTKpbITMe, COoBep-
LeHHoe aHrmuncknmM dusmkom Manknom @apageem, —
Nerno B OCHOBY COBPEMEHHOM TEXHMYECKOW LMBUAN3ALIMM
N KapAMHanbHO Npeobpasniio oKpy>KaloLLMA Hac MUP.

[onre OecaTmneTia WM akTUBHbIE MOUCKM HaunyuLlemn
peanu3aLmm 3Toro OTKPbITUS — BMOTb A0 OTHasiHHOM Gopb-
Obl Mexay CTOPOHHMKAMM MOCTOSIHHOMO W1 MPUBEpPIKeHLIa-
MW NepemMeHHoro Toka. MpaBaa, HavaBLlasca bonee cTa net
Ha3ag «BOWHa» [AaBHO 3aKOH4YMMACh TECHbIM W MIOAO0TBOP-
HbIM B3aMMOLEWNCTBMEM, KOrOga HegocCTaTky OLHOro 13 BU-
JIOB TOKA KOMMEHCUPYIOTCA JOCTOMHCTBAMM APYroro.

He cnemyeT, ogHako, yMaTb, 4TO BCe pelleHus husnyec-
KNX BOMPOCOB 3MEKTPOIHEPreTUKM U SMEKTPOCBA3N COCTON-
NNCb B MPOLLIOM, @ HblHE OCTaNoCh NMNLLb TEXHUYECKOe WX
ycoBeplUeHCcTBOBaHMe. MacwTtabbl Npon3BOACTBa M pac-
npeaeneHvs 3Heprnn, nepexon K anbTepHaTUBHbIM ee W1C-
TOYHMKAM, COBpPEMEHHble CpeacTBa KOMMYHMKALMM [0C-
TAMK Takoro pybexa, 4YTo MOSBUMMCL HOBble MPOGEMBI,
CBf3aHHblE C HAAEXHOCTbIO M Oe30MacHOCTbio paboThbl M-
FAHTCKUX, OXBAaTbIBAOWMX LeNble KOHTUHEeHTbl cucTeM. A
3TO TpebyeT HeTPaAMLIMOHHbLIX CNOCODOB yNpaBneHUs UM,
NPUBNEYEHNS HECTaHOAPTHbLIX Hay4YHbIX MOAXOAOB, HaMpu-
Mep TeopWK Xaoca WM TEOPUU CETEN.

Ho noka nonpobyem BbIACHWUTb, Y4TO HaM MW3BECTHO O
CaMbIX MPOCTbIX CBOMCTBAX MepeMeHHOro ToKa.

Bonpocbl 1 3agaun

1. MpoBOAHMK B BMAE KOMbLA ABMXETCS OT OQHOrO KOHLA
MOMNOCOBOr0 MarHuTa, PacrnonoXeHHOro BAOMb €ero ocw
CUMMETPUU, K ApYro-

My. YTO MPOUCXOAUT C —
NHOYKUMOHHBIM TOKOM  _ — ] N _~
B KonbLe?

2. bynet nu npoxo- -

ONTb TOK 4epes 3/eKT-
PONNTUYECKYIO BaHHY C MEAHbIM KyNmOpPOCOM, eciiv ee nog-
KIIOYUTb K UCTOYHKKY NepeMeHHOro HanpsxeHns? CraHeT
N BbIOENATHCSA Ha 3nekTpodax Medb?

3. lMo4yemMy KOpOTKOe 3aMblKaHWe KOHOEeHCaTopa B Lenw
MNepeMEHHOr0 TOKa PaBHOCUMBHO TOMY, YTO €ro emKoCTb
CTaHOBUTCS OeCKoHeYHO 6osbLIoN?

4. Y10 nofpa3symMeBaeTca nopg, nepemMeHHbIM TOKOM HyJfie-
BOW 4acCTOTbI?

5. [MpoBOOHMK pa3mMelleH Mexay MofcamMy CUMbHOMO
JyroobpasHoro MarHmTa. Y1o Oyaet npomcxodmThb C NPOBOA-
HWKOM, eCi MpOMyCTUTb Yepe3 Hero nepemMeHHbI ToK
NPOMbILIAEHHOW YacTOTbI?

6. [Ins Yero cepebpaT NpoBoA, UAOYLIMA Ha N3rOTOBMEHME
KOPOTKOBOSHOBbLIX W YNbTPaKOPOTKOBOSIHOBbIX KOHTYPHbIX
KaTyLek?

7. B konebaTtenbHbI KOHTYP MOCnefoBaTeNlbHO BKJTIOYEH
NCTOYHUK cuHycomaansHon SOC NOCTOSHHOM aMnaUTyabl.
MpeHebperass BHYTPEHHVMM COMPOTUMBNEHUEM WCTOYHMIKA,
OLeHNTE HanpsXeHUs Ha KaTylike WHOYKTMBHOCTM WM Ha
KOHOeHCaTope Npu O4eHb MasbIX U
o4eHb DOMbLIMX YacTOTax Mo CPaB-
HEHWMIO C COOCTBEHHOM YaCTOTOW KOH-
Typa. J, J,

8. [lee oOMHaKoBble Nammnbl M-
TAlOTCA OT WUCTOYHMKA NepeMeHHOro
TOKa, Kak MokasaHo Ha cxewme. MNpwn
HeKOTOpOW 4YacToTe Hakan namn
OAMHaKkoB. Kak M3MeHWTCH Hakan,
eCnM YacToTy: a) YBEeNUYAUTb;
0) yMeHbLWUTL?

9. Ha Kakoe Hanps>eHne Halo PacCcyUTbIBaTL N30NATOPbI
NVHWW Nepefayn, ecnn AencTBytoLlee HanpsxkeHne 430 kB?

10. Cxema C waeanbHbIM AMOAOM, M300paxeHHas Ha
pUCYHKe, BKIOYEHa B CeTb MEepeMeHHOro Toka. B kakmx
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npegenax W3MeHSeTCa HanpsXxeHue Mexay Todkamu A
n B?

11. KaTywka MHOYKTMBHOCTM A 3aMKHYyTa Ha BOJIbTMETP, a
KaTywwka BNoaKo4YeHa K UCTOYHMKY NepeMeHHOro ToKa, Kak
MOKa3aHo Ha pUCyHKe. MI3MeHUTCA N HanpsXKeHne, MHOYLUN-
pyemoe B KaTtylke A TOKOM, MAYWWUM B KaTylike B, ecnu
MexXay HUMW NPONOXWTb OOMbLIOM MeaHbINA INCT?

12. Mpy peMOoHTe NOHKMXAIOLLEro TpaHCOPMaToOpa Pa3Mo-
Tanu ero nepBUYHYIO ODMOTKY U BKJIIOYMIIM ee KOHLbl B
CeTeBYIO PO3eTKy. B pesynbTtaTte neperopenn npenoxpaHurte-
nn, XOTs TpaHcdopmaTop Obln paccHMTaH Ha CeTeBOe Hanps-
XeHue. Kak 370 00bACHUTL?

13. Otyero Hanu4ymMe O4YeHb BBLICOKOrO HanpsXeHus BO
BTOPWYHOM OOMOTKE MOBbILIAOLIErO TpaHChopMaTopa He
NPUBOAUT K OONbLWMM MOTEPSM SHEPTMW Ha BblAeNeHune
Ternna B camon obmoTke?

14. lNovemy TpaHCPOPMATOP BbIXOAUT U3 CTPOS, €CIN XOTS
Obl OIMH BUTOK 0OMOTKM 3aMKHETCSH HaKOPOTKO?

15. B 4eM npuryrHa rygeHns Harpy>XeHHoro TpaHchopma-
Topa? KakoBa 4acToTa 3TOro 3ByKa, eCsiv TpaHCpopMaTop
BKJIIOYEH B CETb MPOMbILLINIEHHOW YacTOTbI?

16. KBagpaTtHas paMka paBHOMEPHO BpaLLIAeTCs C YrI0BOW
CKOPOCTbIO (W B OAHOPOAHOM MarHWTHOM Mone, nepreHamn-
KyNSipHOM OCK BpaLLeHns. KOHLLbl paMKK BCe BpemMs OCTaloT-
Cs NPUCOeOMHEHHBIMM K KaTyLUKe VHAYKTUBHOCTbIO L OMU-
Yeck/M COMPOTUBIIEHMEM LIEMM MOXHO npeHebpeyb. B ka-
KOM MONoXeHun pamku: a) DOC nHAYKUMK B HE MaKCu-
ManbHa; ©) cuna Toka B Hel MakCMManbHa?

MukpoonbIT

Bam HaBepHsika Npmxodmnocb HabniofaTh, Kak B TeaTpax
N KWHO3anax MocTeneHHO BKIIOYAOT OCBeLLeHMe, YTODbI He
CnenuTb 3pUTenen pesknm nepexoLom OT TEMHOTbI K CBETY.
3TOo MOXHO cAenatb C nomolulplo nmbo peoctata, NMbO
LpOccens — KaTyLUKM MHIAYKTUBHOCTM C O4eHb MaslbIM COMpo-
TUBNeHveM. Kakor 13 cnocoboB Bbl Obl BbIOpann?

JIlo6onbITHO, YTO...

..81831rogy ®apagen co3gan nepsbli 0bpaseL, OTAUYHOMO
oT GaTapeu reHepaTopa 31eKTPU4eckoro Toka, npaBha ero
NOCTOSIHHOE HanpsiXXeHe ObINo 04eHb HU3KMM, a dhdeKkTnB-
HOCTb Npubopa — BecbMa Masou. Ho yxe vepes rof, paH-
Ly3CKM n3obpetaTenb MNKCU CKOHCTPYMPOBAN MaLUWHy, B
KOTopow ToK BO30yXAancs BpalleHriemM NpoBOIOYHOW NeTn
B Mose NMOCTOAHHOro MarHuTa, T.e. reHepaTop nepemMeHHoro
Toka. O cune nofy4aemoro C ero NOMOLLLbIO TOKa CBUAETENb-
CTBOBa/IM OMbITbl C XMMUYECKMM Pa3foXeHVeM BeLlecTa U
obpa3zoBaHMeM UCKp.

..poccuickme ydeHble JleHu 1 Akobu elle B cepegumHe XIX
Beka [oKa3zanu obpaTMMOCTb MarHUTO3NEKTPUYECKUX Ma-
LUMH: reHepaTop MOXeT ObITb 0bpalleH B 3neKTpoABUraTeNlb
M HaobOPOT. DTOM «B3aMMO3aMEHSEMOCTbIO» MOMb3YIOTCS,
Hanpumep, B TMAPOAKKYMYVPYIOLWMX CTaHLMAX, HaKa4vBas
BOOY [BUWraTensMu HacocoB B OaccerHbl npu m30bITKe

NPOWM3BOACTBA SHEPINN U «CpabaTbiBas» BOAY Yepes Te xXe
YCTPOWMCTBA, HO YXe B Ka4yeCTBe reHepaTopoB, B YacCbl MMKO-
BOW Harpysku.

..MefHbI ONCK, MOMELLEHHbIM B Mone BpaLlatoLlerocs
MOCTOAAHHOrO MarHuTa, Cam MNpuUXoAuT BO BpalleHMe. ITO
ABneHue, oTKpbiToe Aparo B 1824 roay 1 o6bscHeHHOe 3aTeM
dapageem Kak CnefacTsme NosBAEHUS UHAYKUMOHHbBIX TOKOB
B OWCKE, B3fJ1 Ha BOOPYXEHWE 3MeKTPOTeXHUK [onmnso-
[106pOBONbCKINM, CO30ABLUMIA Ha €r0 OCHOBE ACUHXPOHHbIN
OBUratenb TpexdasHoro Toka, MPOM3BEeALNM MOOJIMHHYIO
TEXHNYECKYIO PEBOSIOLMIO M LIMPOKO MCMOMb3yeMbIN U MO
cen OeHb.

..NepBble NPaKTUYeCK/ NPUMEHSBLLIMECS TpaHChopMaTopbI
ObInNu NpeanoXeHbl «OTLLOM PYCCKOro cBeTa» A0M04KOBbIM,
nepewenlM C MOCTOSIHHOTO Ha MNEpPEeMEHHbIN ToK Ans
obecrnevyeHnsi paBHOMEPHOrO CropaHus YrofibHbIX 3M1EKTPO-
JIOB B CBOMX [yroBblX «cCBe4vax». AOM0OYKOB e BrepBble
NCNOMb30Bas B LENsxX NepeMeHHOro Toka KOHAeHCaTop.

..K KoHUy XIX Beka DancoHom Obina ogep>kaHa nobena Haf
CTOPOHHVIKaMW Fa30BOro OCBELLEHMS, BCEMU CUIaMU MbITaB-
LWVMWCS He ONYCTUTb BHeAPeHWE 3NeKTprUYeCcKoro oceellle-
HWMS. Ho BCKOpe caM DAMCOH 3aHAN HeMnpUMUPYMYO NO3M-
LMIO MO OTHOLLEHMIO K MCMOSMb30BAHMIO NePEMEHHOro TOKa,
nyras BCEBO3MOXHbIMU OMACHOCTAMW ero NMpUMeHEeHUs, U
Oaxke NPeanoXnn NPUHATb 3aKOH O ero 3anpeLleHunm.

.00 1891 rofa cTpounuUch 3MeKTPOCTaHLLMKM TOSIbKO NMOCTO-
AHHOrO TOKa. O4HAKO NperMyLLLEeCTBA NepeMeHHOro ToKa npu
NPOM3BOACTBE U Nepefaye 3MeKTPOIHEPT UM NPYBEN K TOMY,
4yto yxe B 1896 rogy Ha Hwarapckom sopgonage B CLUA
BCTYNWMa B CTPOV MMOPO3MEKTPOCTaHUMSA C TpeMs TypbuHa-
MU NePEMEHHOr0 TOKa MO 5 ThbICAY OWAAUHBIX CUI KaXKaas.

..CUIbl B3aVIMOAENCTBIS TOKOB B MPUPOAe peako AoCTUra-
0T OONbLIOM BEMNYNHBI, OAHAKO B TEXHMKE MIPaloT OCHOB-
HYylO pOnb — Kak, Hanpumep, B reHepatopax Toka wan
3NeKTpoMoTopax. B otnudme ot 3Tux cun, bonee MoLllHble
KYyJIOHOBCKME CUJIbl MOYTU HUKAK HE MPOSBASIOTCA B TEXHUKE
13-338 HEBO3MOXHOCTU CO30aHMA 0OCTaTOYHO DOSbLLIMX 31eK-
TPOCTaTUYeCKMX 3apsAoB.

..MpV MNpOTEeKaHWX MO MNPOBOAAM MEPEMEHHbIN TOK He
pacnpenenseTcs PaBHOMEPHO MO KX CeYeHMIO, a8 COCPenoTo-
YeH B OCHOBHOM BOMM3M NOBEPXHOCTM — 3TO IBMEHNE HOCUT
Ha3BaHWe cKnH-abdekTa (OT aHr. skin — koxa). Tak, npu
yactoTe 50 repu, B MeHOM MPOBOJHVKE ryOuHa NPOHMUKHO-
BEHUS TOKa COCTaBMSET MPUMEPHO 9 MUIIVMMETPOB; Mpw
YBENMYEHNW YaCTOTbl 3Ta rMyOMHA YMEHbLLIAETCS, YTO NPUBO-
ONT K BO3PACTaHMIO COMPOTUBIIEHNS.

Yrto ymntaTtb B «KBaHTE» O nepemMeHHOM TOKe

(rybnuvkaumm nocreqHx rer)

1. «2pPekTnBHOE HaNpsXXeHVe B LLenn NepemMeHHOoro Toka» —
2001, Ne3, c. 40;

2. «[1pocTble onbIThl € NepemMeHHbIM TokoMm» — 2002, Mpwusio-
xeHne Ne4, c. 72;

3. «[IBa Konbla B OOHOM MarHuTHOM none» — 2003, Ne3,
c. 38;

4. «B uenun nepemeHHoro toka» — 2004, Ne1, c. 29;

5. «KaTywka, Bpalarowasca B MarHMtHoM none» — 2004,
Ned, c. 17;

6. «MarHuUTHbIM NOTOK CBepxnNpoBodHMKa» — 2004, N24, c. 38;

7. «Kanenpockon «KeaHTa» — 2005, N°1, c. 32;

8. «KaTywKkn MHOYKTUBHOCTM B 3MeKTpUYeCcKMX Lenax» —
2005, No4, c. 42;

9. «3aKOH 311eKTPOMarHUTHOM nHaykumm» — 2006, N25, c. 36.

Marepunas nogrorosusi A.JleoHoBuY
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(Hayvano cm. Ha c.31)

Mol y4IH 3/1€Ch, UTO TIOJHOE BPEMST TIOJIETa PABHO JIBYM CYTKaM,
T.e. ty =27, a 2m=180°. A MOkHO, HA060POT, ¢ BHIPA3UTDH
yepes @ (puc.2,6) — KOMy 4UTO HPaBUTCH:

b = 360°+40 .

Ocranoch B3sTh KapTy uau rao0yc, HaHecTn Ha HuX (KapaH-
JIallioM, Ha BCSKMH CJIydail) TpaeKTopuu 0GOMX CaMOJIETOB M
CPOYHO COOGIIUTH B COOTBETCTBYIOIIHME [UCIIETYEPCKHE CITYKODI
0 CBOMX HAMEPEHMSX — He TOJBKO O KoopauHatax 8 u ¢, Ho u
0 BpeMeHn mpoJteta ¢t Hajx ux crpanamu (13 popmyanr ().

TakuM 06pa3oM, TPAaeKTOPHsl BTOPOTO caMoJieTa B CHCTeMe

2007 /Ne3

KOOPJIMHAT, CBSI3AHHON ¢ 3eMJIeil, MOoX0Ka Ha «CIHPAJb, HABU-
TyIo Ha cepy». JII060IBITHO, YTO B TIPSIMOYTOJIBHON KapTorpa-
duueckoii mpoexnnn Mepkatopa (06 9TOM 3aMeYaTeTHHOM yue-
HOM pacckasbiBatoch B «Kpante» Ne6 3a 2006 1.) sTa mpamas
MIPOTIOPIIHOHAIBHOCTD MEK/Y IMHUPOTON U JOJTOTON /aBasia Obl
MPSIMYIO JIMHUIO, YTO OY€Hb YJOGHO /IJIST HABUTAIIH.

W TyT mTypMan BToporo camoJsiera mojyMaJs: HHTePecHo, Ha/l
KaKNMH CTpaHaMU MBI ITpoJieTesn Obl, ecam 6ol (B Hapymienue
UHCTPYKIMN ) BCE BPEMS JIEPIKAJIU TIOCTOAHHYIO CKOPOCTb MOJIeTa
otHocuTebHO 3eMun? Ho pelenne aToil 3a1aun OH TIpeIocTa-
BHJT 60pTOBOMy KOMIIBIOTEPY, 4 Mbl — YHUTATEJIIO.

OT npocToro —
K CITOXKHOMY

B.3MLLUTEUH

HUMAHMIO UNTATENEN TPEJIATAIOTCS /IBE, KABAJIOCh
Obl CTaHJapTHBIE, 3a/aun K TeMe <«ljeanbHblit raz». B 3a-
Jladax MCIIOJb3YIOTCS OOBIYHBIC 3JIEMEHTBI <KOHCTPYKTOPA»:
BepTHKAJIbHASA TPYOKa, 3amMasHHas ¢ OJHOI CTOPOHDBI; CTOJOHMK
JKUJIKOCTH, OTJCJSTIONNI BO3AYyX B TPYyOKe OT OKpYyKaromieil
Cpejibl; OTKPBITHIN cOCy/T ¢ KuKocThio. [Ipeamaraercs uccaeso-
BaTb IIOBe/leHUe TaKOI'0 <«KOHCTPYKTOpa» Ipu HarpeBanuu. 11
BBISICHSETCS, UTO IIPU OIIPe/IeIeHHBIX YCJIOBUAX CUTYallHs BbIXO-
JIIT 32 PAMKHU CTAHJAPTHOI 1 HAGJII0aeTCsl KAUeCTBEHHOE N3Me-
HeHHe Xapakrepa (DU3MIeCKOro Ipolecca.
3amaua 1. B sepmuxanvnot mpybre, 3andsHHOU céepxy
(puc.1), cmorbux pmymu evicomoi h omdensem obaacmo
mpyoxu evicomou H, 3anoinennyio 6030yxom, om oxpyxaio-
wetl cpedovi npu memnepamype Ty .

Buewnee dasienue cocmasisiem
Hy mm pm.cm. Onpedenume cme-
wenue cmoabuxa pmymu x npu

nosviuenuu memnepamypvt 0o T.
Beenem 6e3pasmepiibie KOOP/IH-
HATy W TeMIIepaTypy:

x T
x E=—n1=—.
H T
Paccmotpum jBa ciayuas.
a) Eccom H + h < L, 10 npu
M3MEHEHUN TeMIIepaTypbl JlaBJie-

HHe BHYTPH TPYOKU HE MEHSETCS.
ITo ypaBHeHHIO M300apUYECKOrO

e

Puc. 1

Ipolecca,
Ww_Vv

y
T, T
WJIM, TIOCKOJIbKY ceueHue TPYOKH MOCTOSIHHO,
H H+x
T, T
B 6€3paSM€prIX HepeMeHHbIX ATO ypaBHeHI/Ie HpI/IMeT BuU/1
T=1+&,rme -1<&<0.

6) Echu H + h = L, To 4YacTb PTYTU TPU MHOBBIIEHUN
TEMIEPATYPbl BbLIINBACTCS U3 TPYOKH, U JIaBJICHUE TaM M3MEHsI-

ercsa. U3 YpaBHEHUA COCTOAHUA U/A€aJbHOTO Irada CJAEAYET
Voro _Vp H (Hy—-h) (H+x)(Hy—(h-x))

L, T T, T
B 6e3pasmepHOM BH/IE 9TO BBITVISJUT TaK:

T=é(1+§)(§0 +&), tne & =H°T_h

[TockosbKy B cocrosinmm paBHoBecust 1 < Hy, to &, >0 .

Ha rpaduke Ha pucyHke 2 npe/icTaBJIe€Hbl Pe3yJbTAThl pac-
uyetoB. B ciywae 6) (naBienne B TpyOKe MEHSETCSA) 3aBUCH-
Moctb T(§) — kBagparnunas GyHkius, rpaduk KOTOPOil —

w 6)

Puc. 2

napabosia, Tmepecekaonas ochb (e3pa3MepPHbIX KOOPIMHAT B
toukax & =-§) u &=—1. [Ipu aTOM MOKHO BBIIEIUTDH JBE
TpymIbl apaGosi, OTBEYAloNX yeaoBusaM & >1 u &) <1.

3nadenusiMm & < () COOTBETCTBYET TIOBBINIEHNE YPOBHSI PTYTH
PN TIOHWKEHHN TeMIIepatypbl rasa B TpyOke. [luist atoro He-
00XO/IMM KOHTAKT PTYTH B TPYOKE C PTYTHIO B COCY/I€ C OTKPBI-
10l moBepxHocTbio (puc.3).

W3 rpacdukoB BHAHO, YTO IpH
& <1 wusoGapuueckas (cayuait
a)) m memszobapuueckas (corydaii
6)) 3aBUCHMOCTH Pa3JIMYAIOTCS Cy-
IIeCTBEHHO. Meskay TeM, Kade-
CTBEHHOE pasjnyue CUTYaluu,
CBSI3aHHOE C BO3MOYKHOCTBIO HEO/I-
HO3HAYHON 3aBUCHMOCTHU TIOJIOKE-

HUSI TOBEPXHOCTH PTYTH OT TeM- ’i'_
neparypbl, He HaOmogaercs. OG- h
nactb HeopHo3HauHocTH (1 1 2)
HAXOMUTCST BHE OGJACTH JIOMYCTHU-
MBIX 3HAUeHHI 6e3pa3MepHbIX Ia-
pamerpos (T>0, &> —1). Puc. 3

B




3anaua 2. B sepmukanvioti mpyo-

, ke, sanasmnoi cnusy (puc.4), cmox-
6ux pmymu evicomoti h omoensem
obracmv mpyoxu evicomou H, 3a-

NOJHEHNYI0 B030YXOM, OM OKPYHKAIO-

wet cpedvi npu memnepamype Ty .

Buewmnee dasaenue cocmasnsiem

H Hy wm pm.cm. Onpedenume cueue-
Hue cmoabuKa pmymu X npu nogoi-
wenuu memnepamypot 0o T.

[Ipy HArpeBaHMH YaCTb PTYTU Bbl-
JmBaercsi U3 TpyOKku. V3 ypaBHeHUs
COCTOSIHHIST H/IEAJIBHOTO Ta3a CJe/IyeT

H(Hy+h) (H+x)(Hy+(h-x))

T, T T, T

B 6e3paszmepHOM BHIE TIOJTyYaeM
1 _Hy+h
T—EO(1+E)(E0 &), e & i
Ha pucynke 5 npezcrasiennt rpaduxn sapucumoctn T(€) st
cayyaeB &y =2, § =25 u § =3.

(7 N
1,3511

1,31

1,254 ¢

1,051

1

o A
IR 4

0 0,5 1 1,5
Puc. 5

Pacuer n rpaduueckiie pecTaBIeHUs IeMOHCTPUPYIOT BasK-
HOe OOGCTOSITENbCTBO: HAJNUYNE MAKCHMAJBHOI TeMIepaTypbl
raza. TaxnM o6pa3oM, TMOSBJIAETCS BO3MOKHOCTD C(HOPMYJIHPO-
BaTh 3a/1a4y [OMCKA MUHUMAJIbHOIN TeMIIepaTypbl, IIPU KOTOPOI
JKUJIKOCTD BBLIBETCS U3 TPYOKH. 3aaduy ¢ TAKUM COZIepKaieM
(HECOMHEHHO, «OJMMITMAIHOTO> YPOBHSI) MOKHO HaliTw B psajie
3a/laUHUKOB, a Takxke B kypHame <«Kpaut» (cm., Hampumep,
cratbio Jl.AnexcannpoBa «[a3oBble 3aKOHBI U MeXaHHUYECKOE
pasuoBecue» B «Ksanre» Ne8 3a 1990 r.).

Toukam mapa6osibl T(§) OTBEYAIOT COCTOSHHS PABHOBECHS.
Haurrame MakcHMaIbHOI TeMIIEPATyPhl O3HAYAET, YTO TIPH 6OJb-
IIMX 3HAYEHUSAX T paBHOBecus ObITb He Moxker. IIpm Harpesa-
HIM Ta3a YPOBEHDb PTYTH MOBBIIIAETCsI. EC/n 0CTaHOBUTD HATPEB
IIpHU TeMIepaType, KOTOpas He JOCTHIJIA YKAa3aHHOTO MAaKCH-
MaJIbHOTO 3HAYEHHs, TIPEKPATUTCS M JBIDKEHHE YPOBHS PTYTH.
MakcuMasbHOMY 3HAYEHWIO PABHOBECHOI TeMIlepaTypbl COOT-
BETCTBYET OIIpe/ieJieHNHoe 3Hauenne ypoBHs pTyTu. IIpu ckosb
YTOJIHO MAJIOM TIOBBINIEHUH TeMIEPATyPhbl TTOCJIe TOCTUKEHMS
MaKCHMAJBbHOTO 3HAYEHHS PTYTh BBLINBACTCS CAMdA.

Bosuukaer, ognako, Taxoil Bopoc. COCTOSHUSIM PaBHOBECHS
OTBEYAIOT 6Ce TOUKHM KPUBOW MEXAHUYECKOTO PABHOBECHUSI, & MbI
TOBOPHM TOJIbKO O TOW €e YacTH, KOTOpasi COOTBETCTBYET TOBDI-
[MIEHUI0 TeMIEPATypbl 00 JOCTHKEHHST MaKCHMAJIbHOTO 3Hade-
nus. [Touemy? IlapajiokcaabHOCTD CUTYAIUU COCTOUT B TOM, YTO

JIPyroil BeTBHU TapaGoJibl COOTBETCTBYET MOHUKEHUE YPOBHSI
PTYTH NIPH nOGbluteHu TeMeparypbl. Booliie, Kak aTo ciemyer
13 PUCYHKA 5, JTI0O0MY 3HAUEHHIO TEMIIEPATYPbl, HE MPEBbIIIA-
0TEMY MaKCHMAJIbHOE, COOTBETCTBYET HE OJIHO, a 06d TTOJIOKe-
HUST YPOBHS PTYTH.

[lnst Toro uToGBl pazoOpaThest B 9TOI CTPAHHOI CUTYyaIlui,
MOCTPOMM TpauK 3aBUCUMOCTHU JIaBJEHHUS] HA TPAHUIE JKUIKO-
CTH ¥ Ta3a OT MOJIOXKEHUs 3To Tpanuiibl. /laBienne co cTOpOHBI
skugKocTH (PTYTH) PaBHO

Ppr =H0 +(h_x)~
ﬂaB]IeHI/Ie CO CTOPOHDBI I'a3da OIIPEAECJIATCA Ia30BbIM 3aKOHOM
(Hy+h)H p.(H +x)
T, T

BBojag, xax u pamblire, Ge3pasMepHble mapaMeTpbl T U &, a

TaksKe 6e3pasMepHoe JaBieHne O = P (HaOMHUM, 4TO JlaBJe-
HUE U3MEPSIeTCs B MM PT.CT.), TIOJYYUM
&1
5. =0 3 =§ -¢
0 .
T+ E o

I'paduxy aTUX 3aBUCUMOCTEN JJIST PA3JIHIHBIX (PUKCHPOBAHHBIX
TeMIepatyp MpejcraBiensl Ha pucynke 6 (3mech &) =2,
1,=105, 1, =11, 1, =1,15). Usorepmam 7, 2 u 3 coorser-
CTBYIOT TEMIIEPATYPhl HIDKE W BBINIE MaKCHMAJIbHON COOTBET-
CTBEHHO: Ty > Ty, > Ty >T3. COCTOSHUS PaBHOBECHN OTpee-
JISIIOTCS TOYKamu riepecedenust rpadukos. I[Ipu moBbluieHnn

3N

91
1,81

1,61

[lasnenue
1,4+ pmymu

1,21

1 + + + + —
0 0,2 0,4 0,6 0,8 1 &
Puc. 6

TeMIeparypbl Toukn cOsskaiores. KpuBast 1 He uMeeT Tovyex
nepeceyeHns. ITO 3HAUUT, YTO MIPH TeMIepaType Ty paBHOBecHe
HepocT kMo, Hanmmumne ABYX Touek nepecedeHust npu T < T .o
03HAYAEeT, UTO CYIIECTBYIOT /[Be TOUKH paBHOBecus. [loBbImennio
KOOP/IMHATDI TPAHUIIBI JKUJIKOCTb — Ta3 MPU 3aJaHHOI TeMIiepa-
TYpe COOTBETCTBYET CHMKEHHE [IABJICHUS KaK CO CTOPOHDI JKUJI-
KOCTH, TaK ¥ CO CTOPOHbBI raza. OJHAKO XapaKTep CHUMKEHUs
JIaBJICHUS] TIPH TIepexojie 4epes <HIKHIoo» (Toukn A u B) u
«sepxuoo» (C m D) TOUKM paBHOBECHS Pa3JMY¥eH: TPH MPO-
XOXKAECHUN «HM)KHUX» TOYEK /[aBJIEHUE B JKN/IKOCTHU CTAHOBUTCA
6oJIblIle IaBJIeHUs ra3a, a MPU MPOXOXK/IEHIHN «BEPXHUX» TOUEK
— Hao60POT. ITO O3HAUAET, YTO «HIKHUM» TOUKAM COOTBETCTBY-
€T YCTOHUMBOE, a <«BEPXHUM» — HEYCTOHUYMBOE TOJIOMKEHNE
pPaBHOBeCHSI.

[Tonoxxenune HeyCTONYMBOrO paBHOBECHS! BIIOJIHE JOCTHKHIMO.
Ecsm Mexy *KMIKOCTBIO U a30M BCTABUTH TOHKUIT TOPIIEHD 1
U3MEPSITH YCUJHE, KOTOPBIM HEOOXOIUMO Y/IEPIKUBATH TIOPIIEHD,
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TO OKaXKeTcs, YTO KaK B YCTOIYMBOM, TaK M B HEYCTOUYNBOM
MOJIOSKEHUH 3TO YCHUJIME TPHUKJAJAbIBATh He HyKHO. O/HAKO
JOOGUTBCS TOTO, YTOOBI PTYTh IPH TIOBBIICHUH TEMIEPATYPbI
cama onycxanacy (B COOTBETCTBHU CO BTOPOI BETBBIO Mapalo-
JIbl), HEBO3MOKHO. Haxoasch B «BEpXHEM» I0JI0KEHUN PABHO-

2007 /Ne3

BecHsi, PTYThb JOO CAMOIIPOU3BOJIBHO BBLIBETCS U3 TPYOKH TIPH
TIOBBIIIEHUN TEMIIEPATYPbI, JTHOO Tepeii/ieT B MOJI0KeHNe YCTO-
ynBOro paBHOBecus (151 uero HeoOXOMMO COeIMHEHNE C Pe3ep-
BYapoM SKHJIKOCTH, PACIIOJOKEHHBIM CBEPXY).

Pa3zmepHOCTH
... NPaBUmo
KBAHTOBaHWA bopa

r-6AKYHUH

H 1 1J1 KOTO HE CEKPET, UTO HE JIIOBY 1O KOHIETIIIIO

COBpeMenHoil (U3NKU MOXKHO KOPPEKTHO OODBICHUTD B
MIKOJBHBIX TepMUHAX. VIHOT[a CUTyaInst CKJIaJbIBACTCS €Ie
CJI0JKHEe — BBIYNCJIECHUST HOCST 3JIEMEHTAPHBINA XapaKTep, O/Ha-
KO TOHSITh MOTHBAIIMIO KJACCUKOB COBCeM HempocTo. Taxk, Ha-
mpumep, obcrout naeno ¢ dopmysoit bopa s KBaHTOBAHUS
HHEPTETHYCCKUX YPOBHEH B aToMe BOaopoga. Ita dopmysia
6€e3yCJIOBHO JIOCTOIHA TOTO, 4YTOOBbI OGPATUTDH HA Hee BHUMaHUeE,
MTOCKOJIBKY TI03BOJISIET YCTAHOBUTD CBSI3b MEK/IY 3aKOHAMH KJIAC-
CHYeCKOl MeXaHWKH ¥ KBAHTOBbIMHU ujesiMu. BoJiee Toro, ona
SIBJISICTCST TIPEKPACHBIM TPUMEPOM TOTO, KaK HETPUBUATBHBIN
AKCTIEPUMEHTAIBHBIN PE3YJIbTAT HATSIAHO OOBSICHIETCS C TIOMO-
IO TEOPUH.

Ewe B 1885 roay mBeiinapckuit yunresnb ¢pusukn . Baabmep
YCTAaHOBWIT, 9TO 9aCTOThI (MJIM JIJTHHBI BOJIH) BCEX CTIEKTPATbHBIX
JHUI Bogopoja B o61act Bugumoro csera (cepus Banbmepa)
MOJKHO OIMCATh OJ{HOM JJ0BOJIBHO TIPOCTOit hopmyJioii. Heckoub-
KO TI03Ke B CIIEKTPe BOIOPO/Ia ObLIN OGHAPY>KEHbI CePUH JIMHUIT
B o6mactu yabTpadmosnera (cepus Jlalimama) m B o6aacTu
nndpaxpacuoro maayuenuss (cepus I[lamena m ap. cepum),
OTuChIBaeMble aHaJOrmIHbIME  (popmynamu. OKa3agoch, UTO
JUUIST BCEX 9THX JIMHUHN mpuroia obmas Gopmysia, Ha3biBaeMast
dopmynoit Barbmepa — Punbepra:

1 1 1
Y Rl=z= ]
n
rae A — JJIMHA BOJIHBI W3JIyYeHusd, R=1,097-107 M-

nocrosinHast PunGepra, a n; u n;, — 1esble yncyaa. Jra GopmyJia
SBJIAJIACH B TO BpeMs HAy4HOW 3arajikoil.

BK/IIOYUTD B TEOPETHYECKYIO MOAENb KBaHTOBble (I1esbie)
Yucaa, ONMMpasich Ha <IIAHETapHYyo» Mojenab Pesepdopaa,
ynansocs Humbcy Bopy B 1913 romy. C dopmanbHOil TOUKH
3peHus, HOBbI€ KBAHTOBbIE BBIYMCJIEHHS TIPOCTDI, TAK KaK B HUX
HCIIOJIb3YIOTCS TOJIBKO ajreGpanyeckue 1npeo6pasoBanust 6a3o-
BbIX 3aKkoHOB. OJHAKO BCe HE TaK IPOCTO C KBAHTOBAHWEM
MOMEHTA UMITYJIbCa, MCIOJIb30BAHHBIM BopoM [1s1 0O bsICHEHMS
¢opmyspt Banmbmepa — Pupbepra. Boibop aroit dpusmueckoit
BEJIMYUHBI [IJIsT KBAHTOBAHMUS JIAJIEKO He TpuBuaseH. bosee Toro,
MOMEHT MMIIYJIbCa He M3YdaioT B 1iKoje (passe 4To dakyabra-
THBHO), W BO MHOTOM 5TO CO3/IaeT METOAMYCCKUE TPYAHOCTH.
3/1ech MBI PaCCMOTPUM, KaK TUIOTEe3y Bopa MOKHO 000CHOBATbH
C Pa3MEPHOCTHON TOYKHU 3PEHUS, KOTOPAs ABJISETCS MMOJIE3HOU 1
IIPH PEIIeHNH IPYTUX 3a/a4.

Haunem ¢ BBesieHUSI OCHOBHBIX BeJIMYMH. DHEPIHUIO N3JIydae-
MbIX (DOTOHOB MOKHO PACCMaTPUBATDL KaK PE3yJIbTaT Mepexo/ia
2JIEKTPOHA C OJTHOTO YHEPTETHYECKOTO YPOBHS Ha JPYTOIl:

)

hc
£¢=hv=T=En[—E,,k

rme h — mocrosimnas Ilmanka, V — 4Yactota U3JIYYeHHs, ¢ —
CKOpOCTD cBeTa, a kE, — aHeprus n-ro yposus. B Hauem ciaydae
aHeprust E 3JeKTpoHa, ABMIXKYIIETOCS TIO KPYTOBOM opgnTe,

CKJIQJIBIBAETCSI U3 KHUHETHUYECKOM SHEepruu, paBHOfI T, u

MOTEHINAJIbHON SHePruy IPUTSKeHUs 2JIeKTPOHA K S/IpY, PaB-
2

4Tigr
% _mo? e

2 4mgyr
IT0 ypaBHEHWE COJEPIKUT [[BE HEM3BECTHDBIE BEJMUYMHBI: CKO-
POCTH 3JIEKTPOHA ¥ U pajuyc opburtel 7. O[HY U3 HUX MOKHO
UCKJIOYUTD [IPU [OMOIIU YPABHEHUsI [[BUKEHUS 3JIEKTPOHA 110
opo6ure

mo* B e
ro Amgg?
Torga nosyuaem
.
E(r)=- :
8Tigyr

CpaBHHUM Pa3HOCTb SHEPTHIl AJIEKTPOHA HA OPOUTAX C PA/Ny-
camMu 1 U 7 :
e (1 1

_81'[% NN

E[—Ekz

¢ sHeprueil GoToHA, 3aNHMCaHHOH ¢ ToMoIIbio popMypl Batbme-
pa — PunGepra:
Eq):hV:hE:hCR iz—iz
A ny ny,
BuanM, 9to HEOOXOAMMO BBe/leHNE HOBOI TUIIOTE3bI LIS TOTO,
94TOObI YCTAHOBUTD CBSI3b KBAHTOBBIX UHCEN 7; H 1), C COOTBET-
CTBYIONIUMHU PAJIycaMu OPOUT 7; U 7, .
I'mmotesa, mpensoxkennas Bopom B 1913 romy, 3aksiodaercst
B KBAaHTOBAHIH MOMEHTA NMITYJIbCA BPAIIAIONIETOCS 0 KPYTOBOIT
opbuTe 2JIE€KTPOHA:

h
mor =n— .

21
Wcropudeckoii cripaBelyIMBOCTH pajiil, OTMETHM, 4TO 1 710 Bopa
MPEeITPUHUMAJIACH TIONMBITKM KBAHTOBAHUS (PUBNYECKUX BEJIH-
YUH, CBS3aHHBIX C OPOUTAJIBHBIM JBIKeHNEM. TeM He Memee,
reHuasbHasg MHTYnIMs Bopa cobirpasa pemamonyyio poJb.

PacemoTpuM BoTIpoc ¢ pa3MepHOCTHOH TOUKHM 3peHUs, He

BbIOUpaAs 3apaHee, KaKylo BeJMUYNHY HYKHO KBAHTOBATb. 3alli-
meM GoJiee o6liee yCJa0BUE KBAHTOBAHUS B BU/IC

%P = nC,,

rame a,B3,Cy — HEKOTOpbIE MOCTOSHHBIE. 3aMETUM, UTO CJIydail
a =2 u B=0 Beler K KBAHTOBAHMIO dHEPrHU, BbIGOp O =1 1
B =0 xapakrTepuayeT UMIIyJbC, a KOMOMHaImst o =1 u B =1
COOTBETCTBYET MOMEHTY HMILYJIbCA.
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I/ITaK, MbI [OJYYUJIN CHUCTEMY TpPEX ypaBHeHI/Iﬁ C TpemAa
HEN3BECTHbBIMU O, 7, n U TpeMA IMOCTOAHHBIMU G,B,CO .

e
E(r)=-

") 8Tigyr’
mo’ e’

ro dmgr?’

%P =nC, .

Wckmovyas mepeMeHHble © W 7, HalJeM 3aBUCUMOCTb 9HEPTUN

ajeKktpona E (r(n)) = E, oT KBaHTOBOIO 4YuCJIa N:

_a 2
e e’ 2B-a ( 1 )2[5—0(
n— = P ~ | — .
47T = n
% 4migym (Cyn)a
1
Jlns mosyyenus sapucuMmoctn E, ~ — , HeoGX0MMO TIPe/IIo-
n
JIOKUTD, 4TO
1+a
PB-a=1, nm B(a)= 5

OueBH/IHO, B paMKaX Pa3MEPHOCTHOTO TOJXO0/a MbI OXKHU/IaeM
YBUJIETD 1leJible 3HaUeHus O U 3, 4To 06ecrieynBaeTcs HeYeTHbI-

MU 3HaUeHusAMK uKca o © o =1,3,5,... Oanaxo Bpi6op 0 =B =1
MOKHO WHTEPIPETHPOBATh B TEPMHUHAX COXPAHEHHS MOMEHTa
HUMITYJIbCA HJIEKTPOHA. ITO BAKHBII apryMeHT, TTOCKOJbKY CO-
XpaHeHne MOMEHTa UMITYJIbCa OPOUTATBHOTO [BISKEHUS B TTOJIE
HBIOTOHOBCKUX UJIU KYJIOHOBCKHX CILJI SIBJISIETCSI OCHOBOII OImca-
HUS HEKPYTOBBIX Tpaekropuii. Cam Bop 3aTpoHyJ1 5TOT Bompoc
TOJBKO KOCBEHHO, yKa3aB Ha BO3MOMKHOCTB COTIOCTABJICHIS
KPYTOBOH ¥ 3JITUIITHYECKON OPOUT JIEKTPOHA € 33/IaHHOI 9HEeP-
rueil mocpeAcTBOM BhIGOpa pajmyca Kpyrosoii o6ursl. C apyroit
CTOPOHBI, MOMEHT WMITyJIbCa MMEET PasMEPHOCTb MOCTOSHHOI
[Tnanka h:

rp =rmov=Cumn ,

riae C* =mC0 :27 — TIIOCTOAHHAA, KOTOpasaA COOTBETCTBYET
Tt

ypaBHEHUIO, OlUCbIBaloleMy rumoresy bopa.

ECTeCTBeHHOy yHI/IBepcaJII)HaSI IIOCTOAHHAA h JOJIKHa y‘laCTBO-
BaTh B yPaBHEHUHU, ONMUCHIBAIOIIEM U3JIyUYeHIE B COOTBETCTBHIU C
dynnamenTanibubiMu uaesyvu [Lnanka. BajkHo, 4To BO BpeMeHa
Tlnanka 1 Bopa mocrosiHHas /2 Bee ellie ocTaBajach MarmyecKoi
BEJINYNHOMN, Tpeéyfomeﬁ WHTEpPIpeTalnnu, 1 MOJEeJb KBAaHTOBA-
Hust Bopa crasa ere OJIHUM IIaroM B 3TOM HAIPaBJIEHUH.

MATEMATHUYECKHUHN KPYXOK

Junep
/I TeEOMETPUS

A.3ACJTABCKUU

J_l EOHAP/[ DMJIEP BbLJI OJJTHUM 13 CAMBIX PABHOCTO-
POHHUX MaTeMaTHKOB BceX BpeMeH. Pasymeercsi, He ocra-
Jlach 06IeJIeHHOI BHUMAaHUEM DilJiepa U dJIeMEeHTAPHAS TeOMeT-
pusi. B aroit crarbe GyayT OnmcaHbl OCHOBHBIE PE3YJIbTATBHI,
CBsSI3aHHBIE ¢ IMeHeM Jiijepa, W MPUBEJEHDbI IPUMePhI NCTI0JIb-
3YIOHIMX 3TU PE3yJbTaTbl 3a/1a4, KOTOPbIE NPEAJIaraauch Ha
reoMerpuyeckoii onmmnuaze nmenn .M . Hlapoiruna. Crenyer,
BIIPOYEM, CKA3aTh, YTO HEJIb34 JJOCTOBEPHO YTBEPK/aTh HU TOTO,
YTO yKasaHHbIC Pe3yJbTaTbl IPUHA/IEKAT IIeJUKOM Jiliepy, Hi
TOTO, YTO /IOCTIKEHUS Diljiepa B TeOMETPUH 3THUMU pPe3yJbTaTa-
MU OI'DaHNYNBAIOTCA.

Mpsimas Snnepa

Teopema 1. ITycmv ABC — npou3eonvnviil mpeyzonvHuK,
M — ezo yenmp msxecmu (mouxa nepeceuenus meduarn), O —
uenmp onucannoii oxpyxnocmu, H — opmouenmp (mouxa
nepecewenus. ¢vicom). Touxa M aexum na ompesxe OH u
OM : MH =1:2.

HoxkazareabctBo. Ilycts Ay, By, C) — cepesnHbl OTPE3KOB
BC, CA, AB (puc.1). Toraa rpeyroasank AyByCy romorernuen

1
tpeyrobauky ABC ¢ nentpom M u koadduimeHTom — 5 [Tpu

9TOM TOMOTETUH TOUKA H TIepeXO/IUT B OPTOLEHTP TPEYTOJbHIKA
AyByCy — Touky O.

[Ipsamas, wa xotopoil se- C
skat toukn O, M, H, na3bi-
BaeTCs NPAMOL Jiepd Tpe-
YTOJIbHUKA.

3apgaua 1. B ocmpoyzo.iv-
HOM HepasHOCMOPOHHEM
mpeyz0avHuKe ommemuiu 4
MOUKU: YEHMPL BNUCAHHOU
U ONUCAHHOTU OKPYHKHOCME, O
uenmp msxecmu (mouxa
nepeceuenus Meoudan) u op-
mouyenmp (mouxa nepece- H
uenus evicom). 3amem cam
mpeyzonvnux cmepau. Oxa- 4 B
3A10CH, UMO HEBOIMOKHO Co
YCmanoeumy, Kakomy uen-  Puc 1
MpYy COOMBEMCMEYEM KaAK-
das uz ommeuennovix mouex. Haidume yenvr mpeyzoivruKd.

OrtBer. TpeyroybHUK, Y/IOBJIETBOPSIONINI YCJOBUIO 3a/1a4M,

1
PaBHOOE/IPEHHDIN € yTJIaMU ITPU OCHOBAHWMH, PAaBHBIMU arccos 1

Pemenmne. [Tyctb ABC — ucxoanbiii TpeyrosibHuk. Ecim Touka
I (ueHTp BIOMCAHHOI OKPY)KHOCTH) HE JIEKHUT HA €ro MpPsMOii
iljiepa, TO MOKHO OJHO3HAUHO YCTAaHOBHUTb POJIb KaskKJOH u3
Touek B Tpeyrosapnuke ABC. OTMeTnM, uTO 9Ta NpsAMas IPOX0-
uT He 6oJiee 4eM uepe3 OJIHY BEPIIMHY TPeyTOJbHUKA, TaK 4TO
MOXKHO CUMTATh, HAIIPUMED, 4To Touku A u B He JjieskaT Ha Heil.

Tak kax LOBA = ZHBC = n_ ZC , To BI siBasitetcst GUCCEKT-

pucoit yrina HBO. 3unauur, Touka I sexur Ha orpeske OH,
npudem OI = 2IH (unaue poJib TOUYEK YCTAHABIUBAETCS OJIHO-
snauno). ITo cBoicTBY GrcceKTpuCh! mostydaeM, uto BO = 2BH.
Paccyxpas ananormuno, HaxomuMm, 4to AO = 2AH. Taxnm
obpasoM, AH = BH = R/2, riie R — pajuyc ornmcasHoii 0K0JI0
TPEyToJbHUKA OKPYKHOCTH. 3aMeTHM Telepb, 4TO M3 TOMOTe-
THH, YKa3aHHOI B [[OKAa3aTeJIbCTBE TEOPEMBI 1, cieqyeT Takke,
yro AH =20A, (u atn orpeskn mapaanenbubl). [TorATHO Tak-
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ke, 4rto OAy = RcosZA . Ilostomy AH =2RcosZA, u

NG

1
cos LA = e To4yHO TaK Ke JJOKa3bIBaeTcs, 4To COS LB =

OKpYy>HOCTb dinepa

Teopema 2. Cepedunvt cmopon mpeyzoivnuxd, O0CHOBAHUS.
€20 8bICOM U CePeuUnbL OMPE3KO8, COCOUNSIIOUUX OPOUEHM]P C
BEPUUHAMU, JeKAM HA OOHOU OKPYKHOCTI.

HMoxkazareanctBo. [Iycts Ay, By, Cy — cepeuHbl CTOPOH Tpe-
yroabuuka, Ay, B;,C; — ocHoBanusi ero Boicot, Ay, B,,C,

cepeunbl orpe3koB AH,
C BH, CH (puc.2). TTockob-
Ky AyBy, 4By, ABy,
AyB, — cpennue munuu Tpe-
yroapankoB ABC, ABH,
AHC, BHC cooTBeTcTBeH-
C, "o, AyByA,B, npsAMO-
B, A, YTOJBHUK, T.e. TOUKH Ay,
By, Ay, B, jexar Ha OK-
PY’KHOCTH, IHAMETPAMHU KO-
TOPOW SBJSIOTCS OTPE3KN
H AyAy u ByB,. Tak xkax
A, A LAA A, = ZByBB, = 90°,
E touku Ay, By taxxe jexar
A B na atoit okpyxnoctu. Ta-
KUM 00Pa3oM, OKPY>KHOCTH
AgAjAy n ByB B, cosnajia-
10T. AHAJIOTHYHO JIoKa3biBaeTcst, uTo okpyskHocth CyCiCy Tak-
JKe COBIA/IaeT C HIMH.

YKasaHHas OKPY’KHOCTb Ha3bIBAETCHA OKPYKHOCINBIO JUnepd
WIH OKPYHKHOCMBIO 0egsimu moyex TPEYTOJbHHUKA.

W3 Teopembr 2 cpasy cJemyer, 4TO OKPY’KHOCTb OJiijepa,

TFOMOTETHYHA OIMCAHHOH OKPY>KHOCTH TPEYTOJbHUKA OTHOCH-
1 1

TesqbHO Touek M u H ¢ xoapdurmentamn Tomy

Puc 2

COOTBET-

CTBEHHO.

3anaua 2. Ha naockocmu danor mpu npsmvie 1,13, o6pa-
3yrougue mpeyeosvHuK, u ommeuenda mouxa O — ueHmp onucam-
HOU OKPYKHOCIU 3M020 MPeyzoivHuKd. /s npouzeonvHoll
mouxu X niockocmu 0603nauum wepes X; mouxy, cummempu-
ny1o mouxe X omuocumenvHo npamoi I;.

a) Joxasxume, umo 0as npouzsosvroi mouku M npsamovie,
coedunsiioujue cepedunvi ompesxoge 0,0y, u MM,, 0,03 u
M,Ms, O;0; u M3;M,, nepecexaiomcs 6 00HOl mouxe.

6) T'de moxem aexamp sma mouka nepeceuenus?

Pemenue. ITokaxkeM, 4To 9TH IIPSIMble IIepECEKAIOTCSI B TOUKe,
Jesxareil Ha okpyskHocTH Jitnepa. [Ilyctb ABC — TpeyrosbHUK,
o6pasoBaHnbIil TpaMbIME [; , H — ero opTotientp. Torma cepen-
upl orpe3koB 0,0, , 0,05, O30; coBHajalOT ¢ cepeiuHAMU

A

O

Puc. 3 O1
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orpeskoB AH, BH, CH (8 panbueiimem GygaeM 0603HaYaTh UX
Ay, By, Cy) u, crano GbITb, JIeXKaT Ha OKPYKHOCTH Diliepa
tpeyrosabunka ABC. [leficTBUTENBbHO, CTOPOHBI TPEyrOJbHUKA
0,0,05 mnapaniesbHbl CPeHUM JUHUSM TpeyrosabHuka ABC u
B/IBOE GOJIbIIIE UX, MOCKOJIbKY TIEPEBOJISATCS /IPYT B IPYTra rOMOo-
tetueii ¢ enTpoM B O un xoaddunuentom 2. CienoBaTesbHO,
tpeyrosbink O;0,03 1EeHTPATbHO CUMMETPUYEH TPEYTOJIbHUKY
ABC. 3naunt, npsimas, npoxossiias yepes C u cepenuny 0,0, ,
napaJiiesibHa mpsaMoil, npoxozsiieii uepes Oz u cepeauity AB,
T.€. COBIA/AET C BbICOTOI Tpeyrosbuuka ABC, a H gaBnsgercsa
nenTpom romoretnu tpeyroabinkos ABC n A4B,C; (puc.3).

[Iyctp, manee, M — mpoumsBoJbHasg Touka, D — cepenmnHa
MM, (puc. 4). Torga

m1:(m1+m2)/2 A
u, Tak Kak M,0; u
M,0, nojayuamoTcs

JIPYT U3 JIpyra MOBOpPO-
TOoM BOKpYT Touku C Ha

nBa yraa C, BeKTOp
DC, of6pasyer ¢ Kax-
JIBIM U3 HUX YTOJ, PaB-
weiii yrmy C. Kpowme

toro, MOy n M,0,
nepexogsatr 8 MO npu

CUMMETPUN OTHOCUTEJIb-

O
Ho AB u AC cootBet- pnc. 4 1

cTBerHo, mostomy DC, u MO 06pasyioT paBHbIE YTJIbI C
6uccexpucoit yria C (a 3HauuT, paBHbIE YIJIbI U ¢ GUCCEKTPUCON
yraa C; B tpeyrosbuuke A4BCy).

ITpoBenst aHAIOTUYHBIE PACCYKICHUS IS IBYX APYTHX cepe-
JIIH, TPUXO/IUM K BBIBOJLY, UTO MpsiMble, coequnstionue A , By,
C, c cepeguHaMU CTOPOH TpeyroibHUKa M M,M;, cuMMeT-
PUYHBI OTHOCHTEbHO OuccekTpuc tpeyrosabunka ABC; tps-
MbIM, TIpoxo/snum yepe3 Ay, By, C; u napanienpubim OM.
B 3aksouenne BocmoJib3yemcst cieyiolieil U3BeCTHOH Teope-
MOH ITAHUMETPUU: TPOIKA MPSMbBIX, BBIXOAAINX U3 BepHINH
TPEYTOJIbHIUKA, TIepecekaeTcss B OJHOI TOUYKe, PACIOJIOXKEHHOI
HAa OIIMCAHHOI OKOJIO 9TOTO TPEYTOJbHUKA OKPY>KHOCTH, TOTAA I
TOJIDKO TOT/IA, KOT/IA IIPSMbIE, CHMMETPUYHDIE JJAHHBIM OTHOCH-
TEJbHO OHCCEKTPHUC COOTBETCTBYIOMIUX YIJIOB, IIapaJljesIbHbI.
(HecaoskHOe  IOKA3aTEIbCTBO HCIOJIB3YET TPOCTON  MOACYET
YTJIOB. )

CorJylacHO 3TOii TeopeMe, TPOHKA IPSAMbIX B Hallleil 3ajaue
repeceKaeTcst Ha OMUCAHHOW OKOJIO TpeyroybHuka A;BC; ok-
PY’KHOCTH, T.e. Ha OKPY’KHOCTH Jillepa HCXOJHOTO TPEYTOJIb-
HUKA.

OxkpyskHOCTD Jilepa 00J1a/1aeT TaKKe PSIZIOM BECbMa KPACHUBBIX,
B TOM 4YHCJIe U HedJeMeHTapHbIX cBoiicTB. Hanmpumep, Bce onucan-
HbI€ OKOJIO TPEYTOJIbHIKA PABHOCTOPOHHUE THIIEPOOJIbI TIPOXO/SAT
yepes ero OPTOIEHTP, a MX IEHTPDI JIeKaT Ha OKPYXKHOCTH Jilrepa.
DTO MO3BOJISIET MTHOBEHHO PENINTD CJIEAYIONIYIO 3a/1ady.

3apava 3. Janvt uemoipe mouxu A, B, C, D. Touxu A, B,,C, D,
— opmouenmpu. mpeyzoavnuxoe BCD, CDA, DAB, ABC. Touxu
Ay, By, Cy, D, —opmouenmpo. mpeyzoivnuxos B,C,D;, C/DiA,,
DAB,, ABC;, u m.0. [okxaxume, umo 6ce OKPYKHOCMU,
npoxodsugue uepes cepedunvl CMOPOH MAKUX MPEeY20lbHUKOS,
nepecexaromecs 6 00HOU MOUKe.

Pemenue. [IpoBes paBHOCTOPOHHIOWO rUNIEPOOTY Yepe3 TOUKH A,
B, C, D, nmoxydnM, 4TO BCe yKa3aHHbIE B 3ajlade TOUKH JieKaT Ha
9TOi1 runepbosie, a Bce OKPYKHOCTU TIPOXO/IST Yepe3 ee HEeHTp.

OtMmeruM, 4YTO 3ajaya JIOIyCKAaeT M 3JeMEeHTapHOe pelieHue.
HaiianTe ero camMocTosiTesIbHO.
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dopmynbl dunepa

Teopema 3. ITycmov O, I — yenmpol onucanno u nNUCAnHOl
oxpyKHocmel mpeyeorvnuxa, R, v — ux paduycor. Tozda

OI’ = R?> = 2Rr .

ITO PaBEHCTBO HA3bIBaeTCs opmy.aoll Jirepa.
[oxa3zatenbctBo. [Iposesem npsimyio yepe3 I u Bepumny C
tpeyrosbinka ABC u Haiimem BTOpyio Touky C’ mepecedeHust
9TOIi MpAMOH ¢ ommcannoit 0kono ABC oxpyskaocTbIO (pHC.5).
Taxxak C’A = C'B, ZAIB = i— (LA + £B)/2 = (Tt+ £C)/2
n LAC'B=m-ZC, C’ — MeHTP OKPYKHOCTH, OMUCAHHOI
oKoJ0 TpeyrombauKa AlB.
C 3nauur, I1C’'=C'B =

=2R sinZTC . C npyroi
cropoubl, JC =r7r siniC .

CieoBareIbHO,
R*-0OI?=CI-C'I =2Rr.

T [Monbsysch (opmynoii
) Diiziepa, MOXKHO [I0Ka3aTh

/ teopemy Iloncene st tpe-
A B YTOJIbHUKA.

Teopema 4. IIycmv Oan

C' mpeyzorvnux ABC. H3 npo-

U360LHOU MOUKU C’ HA €20

ONUCANHOT OKPYHKHOCTU NPOBEIEM KACAMEbHVIE K BNUCAHNOU

OKPYHKHOCIU MpeyzoavHuKa u Haidem smopvie mouxu A’, B’

ux nepeceuenusi ¢ onucannoll oxpyxuocmoio. Tozda npsmas
A'B’ maxike xacaemcs. 6nuUCAnHoll OKpPYKHOCMIL.

[MoxkazarenabcTBo. Ilpennonoxum nporuBHoe. Hampumep,
nyctb A’B’ He mepecekaeT BIHUCAHHYIO OKPYKHOCTDh TPEYTOJIb-
nnka ABC. Byaem yseimunsarb yroa A’C’B’ tak, uToObI
mpaMasi C’] ocTtaBasiach ero 6uccexrpucoii. Torga paccrosine
or I no npsimpix C’A” m C’B’ OyAeT yBeJIMYUBATLCS, a JI0
npsiMoit A’B’ — yMEHbIIAThCS, ¥ B KAKOH-TO MOMEHT OKPYJK-
HOCTb € HeHTpoM [ U pajauycoM 7’ >7 OKa)KeTcs BIMCAHHON B
tpeyroibuuk A’B’C’ . Ho us dopmybl Jilnepa ciefyer, uTo
PAJINYChl BIIMCAHHBIX OKPY KHOCTel Tpeyroabinka ABCu A’B’C’
pasubl. [IpormBopeune. Coiyuait, korqa A’B’ mepecekaer BIu-
CAHHYIO OKPY’KHOCTb, PACCMATPHBAETCST AHATOTHUYHO.

Ananorn dopmyJibl Diijiepa BepHbl W [ BHEBINCAHHDBIX
OKPYKHOCTEI, KACAIONMXCS OJHON CTOPOHBI TPEYTOJbHUKA W
IIPOJIOJDKEHNH ABYX APYTUX cropoH. Hampumep, ecam oKpysk-
HOCTb C IIeHTpoM [, W pajuycoMm 7, Kacaercsi CTOpoHbl AB u
nponosskenuii cropon AC, BC, To

OI*> = R* + 2Rr. .

JlokasaTesbCTBO COBEPIIEHHO aHAO-
THYHO [IOKA3aTeJIbCTBY TEOPEMbI 3
(nmpoBeanTe €ro  CaMOCTOSITEJBHO).
Pasymeercs:, /LI BHEBIINCAHHDIX OK-
PY’KHOCTel! BepeH 1 aHaJIOT TeOPEMbI
[Tonceune.

3anava 4. /[ee oxpyxnocmu paou-
yca 1 nepecexaromcs 6 mouxax X, Y,
paccmosnue mMex0y KomopvLMu max-
xKe pasnwo 1. U3 mouxu C 00mnoi
OKPYKHOCINU NPOGEDEHBL KACAMENb-
nvie CA, CB « dpyeotl. IIpsmas CB
B8MOPUUHO Nepecexaem nepeyio OK-
pyxnocmov 6 mouke A’. Haiioume
paccmosmue AA’.

Pemenue. Ilyctb O — LeHTP OK-
PY’KHOCTH, Ha KOTOPOM JIEXKUT TOUKA

Puc. 5

C, O'— uenrp apyroit okpyxnoctn (puc.6). Ilockoabky
OO’ = /3 , namHHbIe OKPYKHOCTH SIBJISIOTCS ONUCAHHON 1 BHe-
BIcanHoit /st tpeyrosnbinka CA’B’, roge B’ — Bropasi Touka
nepecedenns npsamoit CA ¢ mepsoii okpy»kHocTbio. IlycTp mps-
Masi A’B’ xacaercst BTopoil okpysknoctu B Touke C’. Torza
LA’OA = LAO'C” + % £ZC'O’'B =

= 2/ABC’ + LC'AB = ZCB’A’ + % LCA'B’ |

LO'A'O = LO'A'B’ + ZB'A’O = g - £LC'O'A" + 5“ - 4BCA =
= Ti— ZBCA - % ZCA'B" = ZCB’A" + % ZCA'B’ .

Tak kak O’A = OA’ , 0 AO’A’O — paBHOGeipeHHas TpATIelus,
u AA’ =00 =4/3.

3agaua 5. I[Tycmo I — uenmp cghepol, nucannoii ¢ mempadsop
ABCD, A’, B’, C’, D" — yenmpuol chep, onucannvlx oxo.io
mempasdpos IBCD, ICDA, IDBA, IABC coomeemcmeenHo.
Hoxaxume, umo cghepa, onucannas oxonro ABCD, ueruxom
Jaexum enympu cghepol, onucannoil oxoaro A’B’'C’D’.

Pemenne. Ilycte R, r — pagnycbl ONMCAHHON U BIMCAHHOI
cep Terpasgpa ABCD, O — neHtp onucannoii chepst ABCD,
L — 1eHTp ommcaHHON OKpy:KHOCTH TpeyroubHuka ABC, H —
npoexnus I na mnockoctb ABC. V13 ycioBus ciejtyer, 4To TOYKu
O u D’ nexar Ha nepleHAnKysape K maockoctu ABC, npoxo-
pauieMm vyepes L, noaromy npamble OD’ n [H napaJijiesibHbl.
Kpome toro, D’A = D’I (kak pammycsl cdepbl, OMUCAHHOL
okoso IABC), OA =R, IH =r.

JIBask/Ibl TIPUMEHNM TEOPEMY KOCHHYCOB — K TPeyTOJbHUKAM
AD'O u OD'I :

R*=D'A*>+ D’O? —2D’A- D’O cos ZAD'O ,
O’ =D'I* + D’O? =2D’I - D’O cos ZID'O .
Brorunrag us IIEPBOrO paBE€HCTBa BTOPOE, MOJYyYUM
RY_0I? = 2D’O(D’Acos ZAD'O — D’I cos ZID’O).

CaenoBatenbao, D’O = (R2 - Or? )/(27) . AHAJIOTHYHO JI0Ka-
3pIBaercsi, 4to u touku A’, B’, C’ ypasensr ot Toukn O Ha
tTakoe ke paccroguue. Taxum o6paszom, chepbr ABCD n
A’B’C’D’ kouieHTpruHbl (T.e. UX IEHTPHI COBNAJAIOT) U
D’O =p — pamuyc chepsi, onmcantoit okoao A'B'C’D’ .

[oxkaxem, uto p > R . /s atoro mposeseM miockoctb DOI .
Omna nepecekaeT OIMUCAHHYIO U BIUCAHHYIO C(DEPBHI TI0 OKPYIKHO-
craM ¢ nentpamu O, [ n pagmycamu R, 7, a TeTpasap — 1O
HEKOTOPOMY TPeyroJibHuKy. Bepiimua D 3TOro TpeyroJbHUKA
JIESKUT HA GOJIBINEH OKPYIKHOCTH, & U3 IBYX APYTHX BEPIINH 110
Kpaifieil Mepe oHa JIEXKUT BHYTPH 3TOil OKpy»kHOCTH. Kpome
TOTO, MEHbBINAsT OKPY’KHOCTb IEJUKOM JIEKUT BHYTPH 3TOTO
TPeyroJIbHUKA U BHYTPpH Gouibliieit okpyskHocTu. [Toaromy, ecan
nposectu yepes D xopapt DX, u DY, Goublieit OKPY>KHOCTH,
Kacalolieiicss MeHblIliel, TO MeHbINas OKPYXKHOCTb OKAXKeTCst
CTPOTO BHYTPH TpeyroabHnka DX,Y, . AHAJIOTHYHO JJOKa3aTe b-
cTBY Teopembl [ToHceJIe TToTyYaeM, 4To CyIecTByeT TPEYTOJabHIK
DX’Y’, BuucaHHblii B OOJIbIIYI0 OKDPY>KHOCTb U OIMCAHHBII
OKOJIO HEKOTOPOIT OKPYIKHOCTH € 1IeHTPOM I U paguycom 7’ > 7,
LIS KOTOpOTO 110 (hopmy.ie Dityepa Ol = R? - 2Ry’ . CiesioBa-
TesbHO, 1 = (RZ - OIZ)/(ZR) >7.

[Tonaruo Taxxke, 4ro P >r’ .

Teopema 3. ITycmv O, R — yenmp u paduyc onucannori 0ko.io
mpeyeorvruka ABC okpy:xnocmu; P — npouseonvnas mouxa
snympu mpeyzorvnuxa; Ay, By, C; — npoexyuu P na npsmvie
BC, CA, AB; S, S — naowadu mpeyzoavnuxos ABC u A;B\C;.

Tozda )
S 1[1_013 J

S 4 R>
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ITO COOTHOIIEHUE TaK)Ke HasblBaeTcs (opmy./iol Jiiepa.

[MoxazarenscrBo. Ilyctp A,, B,, C, — Bropble TOYKH
nepecedenns npsMbix AP, BP, CP c¢ onncanHo#l OKPY>KHOCTHIO
TPEeyroJbHUKA ABC

C (puc.7).

B, Tak Kaxk uyeTbIpexyroJib-
nuk BC,PA; — Brmcanmbiii,

‘ £ZPCA; = ZCBP =
= ZCC,B, . Amnajornumo,
% " A, ZPCiB, = ZCCyty ,asma-
\‘ A qur, LACB) = LA,B,C, .
‘\”' Takum o6pasoM, cooTBeT-
) q"v/{ CTBYIOIINE YTJIBI TPEYTOJIb-
AA/A nnkos A BC, n A,B,C,
"W PaBHBI, T.e. 3TH TPEYTOJIb-
C, HUKHU TOJOGHBI, N IS UX
pac. 7 momazeii Sy, S, BBITIOJ-

HSIETCSI PaBEHCTBO

Sy _ AG - BG
Sy 40, BC,

C apyroii croponsl, Tak kak tpeyrospHukn ABC u A,B,C,

KOJJAJERIINA

2007 /Ne3

BIIMICAHBI B O[[Hy OprX(HOCTb, TO
Sy _ AB,y - ACy - B)Gy
S AB-AC-BC

Kpome TOro, n3 BHHCAHHOCTH 4eTbIpexyroibHUKOB BCiPA,
ACPB;  mnoayuaem  AC; = PBsin B = PB- AC/(2R) ,
B,C, = PA- BC/(2R) , a u3 noso6usi Tpeyronbuukos PA,B, u
PBA —

A,B, PB,
AB  PA

B pesysbrate nmeem

S, AC, BC, A,B, PBPAPB, PB-PB, R>-OP?

S TAC BC AB 2R2R PA  4RZ  4R® -

OTMeTHM, 4TO ey CYUTATD IJI0IA/b TPEYTOJbHIKA TTOJ0KH-
TEeJIbHON MJIM OTPULIATEJILHON, B 3aBHUCUMOCTU OT €r0 OpPHEHTa-
mun, 1o Bopmysa Diiepa Oyner BepHa IS JI000H TOYKH
IJIOCKOCTH. B yacTHOCTH, ecam TouKa P JeXnuT Ha ONHCAHHOMN
OKPY’KHOCTH Tpeyrobiuka ABC, TO 1mJ0ma/ib TPeyroabHuKa,
00pa30BaHHOTO ee MPOoeKIusgMu, Oy/eT paBHa HYJIO, T.e. 9TH
MIPOEKIIUY JIeXKAT Ha OJHOH HpsMOil. JTa mpsiMasi Ha3bIBAeTCS
npamoti Cumcona.

TOMOBOJOMOK

KapaHpalwlam TecHO

(Ha4ano cm. Ha 2-11 ¢. 0br1oxki)

S Harara BriepBble 3anHTEpPECOBAJICS TIPEJAMETHBIMU TOJIO-
Bosiomkamu B 1990 rogy u Hukorza me ObLT Ha BCEMHUPHBIX
BCTpevyax maobperaresieil Tog10BOOMOK. 11oaTOMy OH HUKakK He
MOT IIPEJII0JIaraTh, YTO CPeu COTEH HOBBIX UTPYIIEK €ro «Pencil
Case» Gymer naszBam Jydiieil rosoBosiomkoit 2001 roma. Y
JIPyTuX nzobpetaresieii OH BU/IeJ UTPYIIKH, ClIeJaHHbIe TOPA3/I0
n3sIHee W KpacuBee, TPyAHee B PelIeHUN NN OPUTHHAJIbHEE B
MIOCTaHOBKe 3a/1aur. TeM He MeHee, TTo6e/1a J/1u ObLIa 3aCTyKeH-
HOII.

MexiyHapo/iHoe JKIOpU MPUCYAUJIO €My TJIABHBIA TPH3 3a
JIydlllee COYETaHNe KAauecTB, KOTOPBIE IIEHIATCS B 9TOM HEOObIU-
HOM JKaHpe M300peTaTesbCTBA.

Imu Harara mpujyMas MpoCcTyiO 3a/ady, MOHSTHYIO Jayke
pebenKy, XOTsI PELIUTh ee MOJKET He KasK/Iblil B3pOcblil. B To e
BpeMS OHA 10 CHJIaM | JeTsIM. VITpyIIka COCTOMUT M3 4eThIpex
OJIMHAKOBBIX [IETATEH U OYeHb TIPOCTA TI0 YCTPOICTBY.

HaHOMHI/IM, 4YTO 3aJada COCTOUT B TOM, ‘{TOéI)I TIEPEJIOKUTD
YeTbIpe Kapamjaia u3 ool KOpoOOUKU B IPYTYIO, TIPUKJIEEH-
HYIO K TIepBOil JoHbIIIKOM. [lmomaan o6enx Kopo6oueK omHa-
KOBbI, a (popMbl — pasHble. B aTOM 1 coctouT 0COOEHHOCTDH U
TPYAHOCTD PEIIEHUST TOJIOBOJIOMK.

Yro6bl BaM ObLJIO MPOIE U3FOTOBUTH UIPYIIKY 110 (doTorpa-
¢un B kypHaje, Ha JHO BTOPOIl KOPOOOUKH ITTOJOKEH JIMCTOK
KJIeT4aToi GyMaru, MOBTOPSIONNT (JOpMYy JTHA U KOHTYD KapaH-
nama (Bce Kapangamm oguHAKOBbIe). [10 MAGIOHY BBI JIETKO
BBIpEXKeTe JIeTaau yA00HOTO /7T BAC Pa3Mepa, a 3aTeM pacKkpa-
cure ux. «Pencil Case», nokazannpiit na ¢ororpadusix, caeran
camuM uzo6perareseM Jdaun Harata u3 jpeBecHO-BOJOKHUCTOI
mAUTHl ToJUHON 9 MM. Pa3mepbl ero roJi0BOJIOMKH
180 X 45 % 20 MM .

Ha mepBblil B3Iyl MOXKET MOKA3aTbCs, YTO IPU YKJIAJIKE B

KOPOGOYKY 4YeThIpeX Kapamjaiiei He o6s3aTebHo TyMaTh, KaKk
9TO czenarb. [loCTaTOuHO PA3HBIMU CIOCOGAMU  CJIYYaiHBIM
06pasoM yKJIA/JbIBATD KapaH/ANIN KaK MOXHO TEeCHee JPYr K
npyry. 3anacuTech TeprieHneM, u 3aada OyaeT perenal
3a 4To ke Tora HArpauau Urpymniky? OuH U3 4JIeHOB KIOPH
3armaccst 9THM CaMbIM TepIeHHeM W YJOXWJI KapaHJalld B
KOpoOOuKy 3a yac. /[pyroii ke o6paTn/j BHUMaHUE Ha TO, YTO BCE
KapaH/ali OMHAKOBbIE 1 CHUMMETPUYHBIE U KOPOOOUKA TOIKE
o6aagaer cummerpueii (lleHTpasbHoil). 3HauuT, perenue, cKo-
pee Bcero, TOJKHO ObITh CHMMETPHYHBIM — TOYHEe, IIeHTPATbHO-
cumMerpnyHbiM. Cule/tysi 9TOil JIOTHKE, OH PEIINT 33/ady 3a...
MUHYTY.
A.Kanunun



JABOPATOPUA

Pe3oHaHC npoTMB
Pe30HaHCa

B.MAUEP

3YUEHUE PESOHAHCA BCET/IA COIIPOBOK/IAETCA AP-

KUMHU UCTOPUYECKMMHU MPUMEPAMH, TTOKA3bIBAIONIMMHI, Ha-
CKOJIBKO OTIACHO 3TO siBjieHne. [loueMy-To dalie BCero BCIOMMU-
HAIOT MOCTBI U MapIIUPYIOMUX 110 HUM coJiiaT: «OO6bIuHO faxe
HEeGOJIBITION OTPSI/I COJIIAT, TOAXOAS K MOCTYy, MpeKpaiiaer
MapIUIMpOBKY U HJIET He B HOTY. ECJIM PUTM COJIJIATCKUX 1IAaroB
COBMAAET ¢ COGCTBEHHON YaCTOTOI MOCTA, TO BO3MOKHO JayKe
ero paspyuenue. Takoil ciayuail B JeliCTBUTEJBHOCTH UM
mecro B 1831 r. B Mamnuecrepe, xorzga 60 yesoBek paspyummin
Bpayronckmnit mogsecHolt MocT uepes peky Vpsesb. Anamornd-
HBIi coyyail umes mecrto takke B 1868 r., xorma B Uartame
PYXHYJI MOCT Ha OMOPAaX MpH IIPOXOXKIAEHNN 0Tpsiia Bputanckoit
MOpcKoii niexotel. Ho HamboJiee Tparumdyeckasi Karacrpoda mpo-
uzomnma B 1850 r., Korma AHMKepCKHUIl MOABECHON MOCT ObLT
paspyliieH 6aTajboOHOM (PPAHILY3CKON IEeXOTbl YUCJEHHOCTHIO
500 venoBek. Paspymienubiii MOCT yBJIeK Jiofeil 3a co6oil B
yimeabe, u noru6sao 226 uenosex» (u3 kaurn P.Bumona «Koe-
Garns» ). Kpome Toro, Ha ypokax GU3HKN HEPEKO MOKA3BIBAIOT
abdeKTHbIE IeMOHCTPAIMOHHDIE OTBITBI TI0 PE30HAHCHOMY BO3-
Oysxaennio Kosebanuii. [10aToMy Kas/blii 13 BaC XOPOIIO 3HAET,
YTO TAKOE PE30HAHC, W TBEPJO TOMHUT, YTO TPU COBIAJECHUN
YaCcTOTHI BHEIIHEH CHJIBI € YacTOTOW COOCTBEHHBIX KOJIeOAHMIT
CHCTEMBl AMILIUTY/Ia BBIHYKJIEHHBIX KOJeGAHUN BO3pacTaeT
HACTOJIBKO, YTO JTO MOXKET MPUBECTH K KATACTPOPUUECKUM
MOCJIE/ICTBUSIM. A BOT MBICJIb O TOM, 4TO 3 (PEKTUBHBIM CPEJI-
CcTBOM 6OPBHOBI € HEXKEJTATETHbHBIM PE30HAHCOM SIBJISIETCS CaMO
SIBJIEHIE PE30HAHCA, MHOTHM TPE/ICTABJISIETCS HEOXKU/TAHHON U B
3HAYUTEJBHON Mepe TapaioKCcaIbHOIN.

[ToripoGyeM pas3o6parbesi € TEOPHEH M MOCTaBUTL TIPOCTHIE
OTIBITBI TI0 PE30HAHCHOI 6OpblE C PE30HAHCOM.

Pesonancuoe aemunguposanue kKoxebanuid. [lycts na npy-
JKUHE JKeCTKOCThIOo K TIo/[BelieHo Tesio 1 Maccoit M, a K HeMy Ha
MIPY’KUHE JKECTKOCTBIO R TIO/IBEIIEHO TeJ0 2 MEHbIIEeH Macchl m
(puc.1). TlapantenbHo NPyKUHAM BBEEM KOOPAMHATHYIO OCh
x, Ha Koropoit ToukamMu O u O’ 0603HAYUM [OJOKEHUS
paBHOBecHs aTux Tedt. Jlomyctum, 4to Ha 6oJiee MaCCUBHOE TEJIO
JIeWCTBYeT TapMOHIYECKast BBIHYIKAAIONAs CHJIA f , TIPOEKITHUS
AX  KoTopoil Ha och x u3MeHsercs
1o 3akony f = fysinwt . Tor-
Jla 00a Tesia COBEPIIAIOT BbI-
HY>K/ICHHbIE KOJIeGaHUs.

Ecin B Hexoropblit MOMeHT
MepBoe TEJIO CMECTHJIOCh U3
MOJIOKEHUS PaBHOBECUS Ha
BesmuuHy X, TO BTOpOE TEJIO
CMeIIaeTcst Ha BEJTMYUHY X TaK,
YTO JITMHA [ IPYKUHBI MEK/LY
TeJlaMu uaMensercs Ha X — x.
[Ipu stom no 3akony I'yka Ha
BTOPOE TEJIO CO CTOPOHBI Iep-

BOTO ICHCTBYET CIIa [y , TIPO-

eKIIMsI KOTOPOIi Ha OCb X PaBHA

«KBAHTA»

fo1 = k(X — x) . Ha iepBoe Te10 o CTOPOHBI BepXHeil IIPysKHHbI
JleficTByeT CHIa f;, a o CTOPOHBI HIKHeI — HalpaBJIeHHast B Ty
JKe CTOPOHY CHJIA f;,, TPHYEM TPOEKINH STHX CHJ DaBHbI
fi=-KX u f;, =-k(X —x) coorBerctsenno. B pesyabrare

BTOpOfI 3akon Hbiorona s IIepBOro u BTOPOro TeJ B IIPOCKIUAX
Ha OCb X MOJXHO 3alucaTb CJIeAyIOoInM 06pasoM:

2
M(fi—t)z(z—KX—k(X—x)+fosinwt,
d’x
m—s=k(X —x).
dt2 ( )

Tax xax o6a Tesla COBEpIIAIOT BBIHY K/CHHbIE KOIe6AHNUA, T.€.
KOJIEGJIIOTCS € 9aCTOTOH BBIHY KIAIOMIEH CITIBI (), PEIIeHNEe ATOI
CHCTEeMbI ypaBHEHUI OyeM HCKaTb B BHJE

X=Asinwt u x=asinwt .

IlopcraBisass BTOpble NPOM3BO/HBIE 3TUX BBIPAYKEHUN 110 Bpe-
MeHHI

2 dZ
d—}z( = —WAsin &f u —j; = —w’asin W
dt dt
B ypaBHEHUS [[BUKEHHsI, MOCJT€E COKPAIEHUsT HA Sin Wt MmoJy-
qaeMm
~-MWA+KA+k(A-a)-f,=0
—mu)za—k(A—a)zo.

W3 BTOpOro ypaBHeHus cJiejlyer, 4YTo aMIIUTy/1a KoJaeOaHuit

)

nepBoro teima A = (1—mwz/k)a obpartiaercsi B HOJIb, KOT/a
4acTOTa ) BBIHYK/EHHBIX KOJIe6aHUil paBHA 4acToTe COOCTBEH-

HBIX KOJIeGAHUI BTOPOTO TeJia, T.e. W= \/k/m = ) . 13 mepBoro
ypaBHEHUS ToJIydaeM, uTo B caydae A = 0 amniury/a Kosaeba-
HUI BTOPOTO TeJjia paBHA d = — fy /R , npudyem KoJieGaHUsT 3TOr0
TeJTa MPOUCXOAT 110 TAPMOHUYECKOMY 3aKOHY

x = —Esinwt = &sin(wt + 7.

k k

Takum o6pasom, mpu A = 0, T.e. mpu X = Asinwt = 0 , Jeii-
CTBYIOI[Ast CO CTOPOHBI BTOPOTO TeJia Ha TEPBOE CHJIA

fio =—k(X —x) = kx =—fysinwt = fysin(wt + 7

paBHa 110 BeJIMYKMHE U TPOTUBOIOJIOXKHA 110 (Da3e BbIHYKIAtoIIei
cusie f, moaToMy TepBoe TeJo Boobiie He KoJebaercs!

IIpuGop aust IKCHEPUMEHTAIbHON NpOBepKU Teopuu. Hau-
HeM ¢ KOHCTpyKimu npuGopa. OkasbiBaercsi, B HEM BOBCe He
00513aT€JIbHO UCTIOIb30BATh OObIYHbBIE TTHJINHPUYECKUE TIPYIKH-
Hpl. Topaszio mporie 1MocTpouTb NpuOOP HAa OCHOBE IJIOCKUX
MPYKUH — TPYKUHSIMUX TIOJOCOK, paboTaomnx Ha uarub.
[lanee, 1751 BO3OY K/IEHUST BBIHYKJEHHBIX KOJIeOaHuUIl pe/iara-
€TCsI BOCIOJIb30BATHCS JIEKTPO/[BUTATENIEM C INCOATAHCOM, TIOJI-
KJIIOYEHHBIM K PEryJMpyeMOMY MCTOYHHMKY TOKA. JTO ITO3BOJIHUT
[IJIABHO MEHATb CKOPOCTb BPAICHUS Baja M, CJIEA0BATEJbHO,
YACTOTY BBIHYK/IAIOIIEH CUJIbI, CO3/IaBAeMOii HecOaTaHCUPOBAH-
HOHl HarpysKoi Ha BaJy.

BHenHmii BUL peKOMeH/LyeMOoro Ipu6opa cxeMaTnyeckn u3o0-
pakeH Ha pucyHke 2. OJI1H 13 KOHIIOB YIIPYTOii 110JI0cKu 1 3akar
B JIallKe IITaTHBA, a HA J[PYTOM KOHIIE PACIOJIOKEH MUKPOIJIEK-
Tpogasuratenb 2. Ha Bamy aBuraTtesnst HaXOAWTCS IIKUB 3,
KOTOPBI coe/luHeH maccukoM 4 co mkuBoM 5. Ha mikuBe 5 Ha
HEKOTOPOM PACCTOSIHUM OT OCH BPAIIEHNs 3aKpeIieH aucbamanc
6. B HanpaBjsoNMX MOJOCKHA € BO3MOKHOCTBIO TI€PEMETIeHUs
PACIIOJIOKEH MPYKUHHDBIN MasgTHUK 7, Ha KOHIIE KOTOPOTO 3aK-
perien Jierkuii rpys 8.
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Puc. 2

Yupyryio nosnocky pasmepoMm 4 x 20 x 300 mm s1ydiie Bcero
N3TOTOBUTH M3 BHHHUILIACTA. MUKPO2JEKTPOABUrATEIb MOXKHO
B3SITH JIIOOOTO THIIA, JHUIIb Obl HATIPSPKEHUE MUTAHUST €10 ObLIO
4,5 B uim 9 B. K ynpyroit mosocke MUKpPOJIBUTATENb TPUKPeE-
IIUTE KECTSHBIM XOMYTHUKOM mun usoJienrtoit. IIkus, pacroso-
SKEHHDII Ha BaJy JBUTATEJIS, /I0JKEH UMETDh JUaMeTp TOps/IiKa
10 mm. Bropoit mkuB anamerpoM 50 MM 3aKperte Ha JopaJe-
BOIl CTOlKe Tak, 4TOObI PACCTOSTHHE MEK/Y OCSMU BpAIleHHS
IMIKMBOB COCTABJISJIO NpUMEpHO 75 MM. Ha atoMm mkuBe Ha
paccTostHUI 15 MM OT €ro ocm pacHoJOXKHTe IUCOANAHC, B
KauecTBe KOTOPOTO MOKHO HCIIOJIb30BATH BUHT TOJIXO/SIIEN
JUINHBI C TaliKo# 1 KOHTpraiikoil. [Ipy>KiHHbBIN MasgTHUK pasMe-
poMm 0,28 x 5 x 380 MM , BBIIOJHAONMI POJIb PE30HAHCHOTO
nemripepa, HETPYAHO M3TOTOBUTH M3 CTAJbHON IPYSKUHBI OT
MeXaHnueckoro GyanmiabHuKa. Ha KoHIle TPy KUHbBI PACILIIONTH-
TE OTPE30K [II0PaseBONl TPYOKH TakK, 4TOOBI MOJYUYHJICS IPY3UK
pa3mepoM 2 X 6 x 6 MM . [IpyxuHy MagTHUKA IIPOIyCTUTE Ye-
pes JiBe JopaJieBble HAlPaBJISIONINE, KOTOPbIE BBIIOJHEHBI B
dopmMe 00:KMMOK M PaCIIONOXKEHbI Ha YHpyTroil mosocke. [lis
MIUTAHUS AJEKTPO/IBUTATENISI MOYKHO MCIOJIb30BATh UMEIOMINICS
B JIOGOM ITIKOJBbHOM Kabuuere (PU3NKU PEryJUpYyeMblil 10 Ha-
MIPSKEHUIO NCTOYHUK MOCTOSHHOTO TOKA.

IKcnepHMeHTaJbHOE HCCJe0BaHue. YIPYIYIO IMOJOCKY C
MHKPO2JIEKTPOABUTATEIEM 3aKpelnuTe B JAlKe IITATHBA TaK,
4TO6BI JI/INHA ee paboyeil yacTu cocTaBJsiia mpuMepio 210 mMm.
Jlmuny nemndepa caenaiite MUHIMAJIbHONR. /[[BUTATEJIb TO/IKJTIO-
YUTE K PETYJUPYEMOMY TI0 HAIPSIKEHUIO UCTOYHUKY.

[Tocrenenno yBesqmuuBaiite HanpspkeHue nutanus. O6parure
BHUMaHME HA TO, YTO IJIOXO cOATaHCUPOBAHHDIN JBUTATE/Ib
HAYMHAET 3aMeTHO Kose6aThbest. 1Ipoosskast moBbImaTh Hatpsi-
JKeHue TuTanus, jgo6eiitech pesonanca. IIpu atom ammuTy/a
KOJIe6aHMIl IBUTATE/IS HA YIIPYTOM OCHOBAHHUHN PE3KO BO3pacTaeT
TaK, uTo pazMax KosebGanuii cocrasser okoso 40 mm (puc.3,a).

3aTeM 1IaBHO BbIBUTaAlTE feMTidep g0 AamHbl 150—160 MMm.
Bor yBusiute, uto Koseba-
HUS IBUTATEJIS TPAKTIYEC-
KU [IPEKpaIaioTcs, a pas-
Max KoJsieGanuii gemrde-
pa gocturaet 100—120 MM
(puc.3,6).

JlanbHeiiniee BbIJIBUIKE-
Hue aemndepa /10 AJTUHBI
210—220 MM TpUBOIUT K
BO306HOBJIEHNIO KoJieba-
HUIl JBUTATENS, TIPUYEM
X pasMax cocTaBJser
Puc 3 20-30 MM, a pazmax Ko-
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nebanuii femidepa ymMeHbiiaercs mpuMepHo 10 40 mm (puc.3,6).

[TpuBeneHHbIE 3/1eCh IKCIIEPUMEHTAIbHBIE PE3YJIbTAThI JaHbI
JUIS YKA3aHHBIX BBIIIE [apaMeTPOB KoJeGATEeJbHONH CHUCTEMBI.
Chenano 310 i TOTO, YTOOBI BaM Jerde ObLIO MPOIYMATh
KOHCTPYKIIHIO COOCTBEHHOTO MPUGOpA M COMOCTABUTD TIOJIydae-
MbI€ Pe3yJIbTaTbl C YCJIOBUSIMH HKCIIEPUMEHTA.

O6cyskenue pe3yabTaToB. [JTaBHBIM 5JIEMEHTOM HCCJIe/Lye-
MOt K0J1e6aTeTbHON CHCTEMBI SIBJISIETCS YIIPYTasd BAHUILIACTOBASI
nostocka. [TapameTpnl ee OTHIO/b He KPUTHYHDI: MBI H3TOTOBUJIN
10 JIecsITKa MTPUOOPOB, TIO0GHBIX ONMCAHHOMY, U XOTSI B KAXK/IOM
13 HUX MCIOJIb30BAIMCh Pa3Hble JBUraTeJ U Pa3Hble YIPyrue
3JIEMEHTBI, BCe OHU IIpeKkpacHo pabdotasu. [loatomy B oTCyTCTBHE
BUHUILTACTA B KAyecTBe IIPY>KMHHOIO MasATHHKA Bbl MOXKeTe
MCTIOJIb30BATh, HANPUMeEpP, IJACTMACCOBYIO YYEHHUYECKYIO JIH-
HEHKy, ecin oHa 00J1a/JaeT IOCTATOYHOI THOKOCTBIO M YIIPYTrOC-
TbIO, 3aKpeNnuB ee H30JIEHTOH Ha TO/CTaBKE W3 JEPEBSHHBIX
OPYCKOB.

ClesaB peKOMEH/IOBAHHBIH NPHOOpP, AETANbHO HCCIemyiiTe
HabJo/1aeMble aBJeHUs. B HeO0IbINoii cTaThe HEBO3ZMOXKHO /1aTh
MOAPOOHOE OIUCAHIE BCETO HHTEPECHOTO. Y KaXKeM TOJbKO, YTO
MIOMHUMO M3THOHBIX KOJIEOAHUIT YIPYTOil TTOJOCKH /IBUTATED C
JCOATAHCOM JIETKO BO30YSK/IAET ellle U KPYTHJIbHbIE KOTeOaHusT,
KOTOpbIE, KCTaTH, TaKxkKe MOKHO JemidupoBarb. [l atoro
HYKHO JIeMIIpUPYIONNI MagTHUK 3aKPEIHUTh ¢ BO3MOXKHOCTDHIO
N3MEHEHUS ero JUIMHbBI IePIEH/NKYJISPHO YIPYTroil IoJocKe
BO3Jie ee KOHI@A. IIpM JOCTHKEHMH pe30HaHCa KPYTHJIbHBIX
KoJiebaHmii OPYCOK C JIBUraTeJieM BeCbMa MHTEHCUBHO IpbIraer
110 CTOJIy, a IIPH JIOCTATOYHO XOPOIIeM JeMI(PUPOBAHIM UX —
OCTAHABJ/IMBAETCS M CTOUT KAK BKOTIAHHDIN.

W nocnepnee. MoskHO JiH 3apanee Topo0PaTh JETKUIT MasTHHK
Tak, 4toObl OH JeMidupoBast KojgebGaHuss maccuHoro? [ls
OTBETA Ha 3TOT BOINPOC Oy/IeM PacCy’kK/1aTb TakK.

[Tyctp Ha KOHIE 3aKpEIJIEHHOI TOPU30HTAJIBHO YIPYTOH 110-
JIOCKM BHCUT TPY3 MAccOil m, MPH 9TOM MAKCHUMAaJbHBIN U3THG
nosnocku pasen i (puc.4).

Torpa peiictBylomas Ha

I'Py3 CHJIa TSXKECTH MO MO-

JIyJIIO PaBHA CHJIE YIPYTO- h
CTH, KOTOPYIO B IEPBOM

PUGINKEHIN MOYKHO CUH- m J
TaTh IMPONOPLUUOHANIBHON 5~ 4

u3ruly noJocku: mg = kh,

rae k — JKeCTKOCTb MJIOCKOi mpy»KuHbl. YacToTta cOOCTBEHHBIX
KoJ1e6anmii 06CYKIAeMOI CUCTEMBI 3a/1a€TCST M3BECTHOM (hopMy-

Joi W= /k/m . IlopcTaBysist clofja 3HAUYCHHE JKECTKOCTH R 13
IpeabIAYLIEro PABEHCTBA, II0JIydaeM

w=2.

h
Takum 06pa3oM, 4acToTa COOCTBEHHBIX KOJIeOaHWIl TPy3a, BUCS-
1[ero Ha KOHIIEe PaCIOJIOKEHHOH TOPU30HTAJIBHO ILIIOCKOH TIPY-
JKUHBI, OGPATHO IPONOPINOHAIbHA KOPHIO KBAJPATHOMY U3
BEJMYNHBI MAKCUMAJIbHOTO N3TH0A MPYIKIHBI.

Tenepb MOHATHO, Kak 10100path TpeOyeMblil Mo TTapaMeTpam
nemndep. [l 3TOro Hy>KHO U3MEPUTb, HA CKOJIbKO N3rnbaercs
MIPOKasl ILIOCKAs IPYXKUHA IOJ JAefCTBUEM CHUJIbI TSXKECTH
9JIEKTPO/IBUTATE/SI. 3aTeM c/eJaTh Y3KYI0 TOHKYIO HPY)KHHKY
IIPOM3BOJIBHOI JAJINHBI — XOTsI Obl U3 GPOH30BOIT NN JIATYHHOI
(osbru. Hakowner, 3akpenutb Ha KOHIE JAeMIIpupyIonieii mpy-
JKUHKI TAaKOU Tpy3, YTOOLI OHA M3THOAIACh POBHO HACTOJDKO,
HACKOJIBKO M30THYTAa OCHOBHAs MPY)KWHA, KOJIeGAHUS KOTOPOI
HY>KHO AeMII(pIpOBaTh.

KpacuBo, ussmniio u... HEOKHUIAHHO.
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PaboTa rasa
npu nepexoae w3
HaYyaNbHOro
COCTOAHMS B
KOHe4YyHoe

B.MOXXAEB

BECKOHE‘{HO MAJIASA PABOTA A , COBEPIIIAEMAS TA-
30M IIpU GECKOHEYHO MAJOM KBa3HCTATHYECKOM pacIIupe-
HUH, B KOTOPOM ero o6beM yBennuuBaercs Ha dV, paBHa

8A = pdV (1)

rlle p — BHyTpEeHHe JlaBJIeHne Ta3a. B ciayvae KBa3ucTaTHyecKnx
IIPOIIECCOB, KOT/AA JI0O0E COCTOSTHUE Tas3a SIBJSETCS PaBHOBEC-
HBIM, BHYTPEHHEE /aBJICHHE p PABHO BHEIIHEMY /aBJICHUIO.
TosbKO TOT/ZIA COCTOSIHME Ta3a MOKET ObITb OMUCAHO JBYMS
napamerpamu p u V., i TOJIbKO Tor/ia umeet eMbict popmya (1).

KBasucrarinueckue Iporecchl, B CTPOrOM CMBICTIE 3TOTO CJIOBA,
HUKOTJa He PeaTusdyiorTcsi B TPUPOJE, HO K HUM BO3MOKHO
MOJIONTH CKOJIb YTOAHO GJM3K0. MHOTHE peasbHbIe MPOIEeCCh
MOKHO CYUTATD TPUOIN3UTENBHO KBA3UCTATHYECKUMHE C TOW HJIH
MHOHN CTENEeHbIO TPUOJIMKEHMS .

Urob6bt oT a/1ieMeHTapHOil paboTbl OA mepeiitu K pabote A s
KOHEYHOrO IMPOoIlecca, HATIPUMED IIPU Mepexo/ie U3 HAYaIbHOTO
COCTOSTHUSI Ta3a ¢ 00beMOM V; B KOHEYHOE COCTOSTHIE C 0GBEMOM
V5, HaJIo IPOCYMMUPOBATD AJIEMEHTAPHbIE PAGOTDI, UJIH BbIUUC-
JIUTh UHTETPAI:

v,
A= [pdv. (2)
v,
Taxoe BbIUKCIEHNE BO3MOKHO TOJIBKO TOT/A, KOT/J[A JaBJIEHHE
sBJsIeTCs olpejesieHHON (dyHKuueir o6bema. Mexay TeM, co-
[JIACHO YPAaBHEHWIO COCTOSIHUSI WM/I€aJbHOTO rasa, [aBJeHue p
3aBUCHUT HE TOJIbKO OT V, HO 1 OT TEMIIEPATYPbl T. Menssa B Xo/ze
IIpoIecca Pa3JIMYHBIM 06PA30M TEMIIEPATYPY ra3a, MOKHO Iiepe-
BECTH €ro U3 Ha4yaAbHOI'O COCTOSIHUSA B KOHEUYHOEe OeCYUCAEHHbBIM
KOJINYeCTBOM crioco60B. KaxoMy u3 aTux croco60B COOTBET-
crByer cBost Gynkuust p = p (V) u cBoe 3HaUeHNE MHTErPAIa B
dopmye (2). Takum o6pazom, pabora raza A He OMpeesIeTCs
3a/laHUEM €ro Ha4yaJIbHOI'O 1 KOHEYHOT'O cocrtogaunii. Ee Bemmunna
3aBHCHUT OT crocoGa (M myTH) nepexojia raza U3 HaYaJbHOTO
COCTOSTHUST B KOHEYHOE.

[lns rpaduyeckoro npeacTaBieHust paboTbhl 0OBIYHO UCTIOJb-
3yeTcst KOOpAMHATHAS TI0CKOCTh pV . CocTosiHne rasza Ha TAKON
IJIOCKOCTH 3a/Ia€TCsl TOYKOil, TPHYEM 10 TOPU30HTATbHOM OCH
OTKJIabIBaeTcst 00beM V, a 1Mo BEPTHKAJBHOW — JABJIEHUE P.
Korya ra3 cosepiaer KBasuCTaTHYECKUiT IIPOIECC, TOUKA, H300-
PasKaIoNias ero COCTOSIHKE, OIMCBIBAET HA TJIOCKOCTH 'V Helpe-
PBIBHYIO JINHUIO.

ITycTh Ta3 KBa3WCTATHYECKN TMEPEXOIUT W3 COCTOSHUS | B

cocTogHue 2 BJIOJb KPUBOIL
1M?2 (puc.1). Dra kpusas co-
OTBETCTBYET OTIPe/IeIEHHOI 3a-
BUCUMOCTH JIaBJIEHUS OT 0Obe-
Ma U OJTHO3HAYHO OTIPe/IeJISTET
paboTy Taza — OHa YUCJIEHHO
PAaBHA IO/ KPHBOJINHEI-
Hoit rtpamenuu [M2V,V| .
Ecnu raz 3acraButh nepexo-
JIITh M3 TOTO K€ HAYATBHOTO B E—
B TO K€ KOHEUHOE COCTOSTHUE
B/IOJTb JAPYTOil KPHUBOH, Ha-
npumep /N2, ToO COOTBETCTBY-
omas pa6ota u306pasuTCs JPYroil IIOMIAJbI0, a HMEHHO
IN2V,V, .

Ecam raz o6paTuMbIM HyTeM IEPEXOJUT U3 COCTOSTHUS 2 B
cocrosinue 1 BoJib KpuBoit 2M 1w 2N 1, To, oueBuiHo, paboTa
YHUCJIEHHO PABHA TEM JKe TIOMIAJSIM, HO €O 3HaKoM Munyc. Ha
MaTeMaTHYeCKOM SI3bIKE 9TO O3HAYAET, YTO B HTOM CJIydae Ta3
COBEPIIUJ OTPUIATEIBHYIO PaboTy, a ¢ (PU3NYECKOH TOYKM
3pEeHUsI — YTO He ra3 coBepuinJ paboTy, a Haj razoMm OblLia
copepuicHa pa6oTa HEKOTOPbIMH o
BHENTHUMU CHJIAMH. P 1

A rerniepb nepeiijieM K pa3zbopy
KOHKPETHBIX 32/1a4.

3amaua 1. Moav udeaivrozo
2asa cosepwaem Kpyzo60tl npo-
uecc (samxnymoitl yuri), u3o6- 3! 9
paxennviii na pucynxe 2. Yuac- H
mox 1—2 — uzomepma npu mem- i N
nepamype T;, npouyecc 2-3 — 0 Vv, vV, V
usobapa, nepexod 3—1 — usoxo- Puc 2
pa. Omuowenue 06vemos
Vy/Vi = a . Onpederume: 1) pabomy zasa na xaxdom yuacmie;
2) pabomy, cosepuiennyio 2a3om é Kpyzo080M npoyecce.

Ha yuactke 1 —2 ¢BSI3b MEX/y JaBJIEHHEM Taza p U 06beMOM
V umeet Bu[
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_RT,

=5
rae R — yHusepcasbHas rasobas IoctoshHas. PaGora rasa B
9TOM TIporiecce, cormacuo dopmyJte (2), pasHa

Vy Vv,
A1z=deV=RT1 d—V:Rﬂln&:Rﬂlna.
Vi Wi v Vi

ITockoabky O >1, T0 Ay >0, T.e. ra3 coBepiiaer paGory.
Ha m3o6ape 2—3 mgaBJieHne ra3a OCTaeTcss HEU3MEHHDIM:

RT;

a paGora paBHa
v,

T - -1
A23:R : jdV:R]] hob :—RE(L j
V2 g v, a
Tosywaetcst, ato Ayz <0, T.e. HaJ ra30M coBepiraeTcs: paboTa.
Ha usoxope 3—1 o6bem rasa He usmensiercst, T.e. dV = 0,
03TOMY paboTa paBHA HYJIIO:

A31 = 0 .
B aTom CJIygae HM Ta30M, HU Ha/l Ta30M paéOTa HE COBEPIIAECTCA.

OueBuHO, 4TO paboTa rasa B JaHHOM KPYTOBOM IIpoOliecce
OyzieT paBHa

AKP :A12+A23 +A31 :Rﬂ(lna—%)



44 KBAHT -

Ha pucynke 2 sta pabora 4nCJIEHHO PABHA ILIONA/ BbIIEJIECH-

Hoit uryper 1—2-3.
3amava 2. Moav zeaus pacuupsemcs u3 HAUdIbHOZ0 COCMO-
anus 1 0o Koneunozo cocmosnus 3 ¢ déyx npoueccax (puc.3).
Crauana pacuupenue udem é npo-

M yecce 1—2 ¢ nocmosnmnoi menioem-

P 3
xocmwio C =2R (R — ynusep-
CANvHaAs 2d308ds NOCMOAHNHAS).
Bamen za3 pacwupsemcs 6 npo-
yecce 2—3, xozda ezo dasaenue p
nPSAMO NPONOPYUOHAILHO 00BeMY

> V. Haiioume pabomy, cosepuien-
0 Vo uyio 2asom 6 npoyecce 1-2, ecau 6
puc. 3 npoyecce 2=3 on cosepuun pao-

my A. Temnepamypol Hauaiviozo
(1) u xoneunozo (3) cocmosnuii pagnol.

ITockosIbKy TeMIEpaTypbl Tasa B HAYAJbHOM M KOHEYHOM
COCTOSTHUSIX OJIMHAKOBBI, TIEPEXO/I U3 COCTOSIHNS | B COCTOSIHUE
3 MPOMCXOANT € COXpaHeHWeM BHYTpeHHeil sHepruu rasa. Ilo
[EepBOMY HavaJy TepMOIMHAMUKI, B 9TOM CJydYae CyMMapHOe
MO/IBEJICHHOE K a3y KOJIMYECTBO TEILIOTHI MOJHOCTBIO HIET Ha
paboTy, COBepIIeHHYI0 Ta3oM. Bocmosb3yemcsi aTuM 00CTOSI-
TEJIbCTBOM M Haii/leM KOJIMYECTBO TETJIOTHI, MO/Be/IeHHOE K Ta3y
Ha yvactkax /=2 u 2-3.

OG6o3Ha4YnM COCTOSTHIE Ta3a B TOUKe 3 uepe3 p3, Vi u T3, a
B Touke 2 — uepe3 py, Vo m T,. PaGory raza A na yyacrke
2-3 BbIpasuM vepes 1uomaab tpanemun 23 VsV, (puc.4):

A 1
’ A= (ps+p)(Va-Va).

p

V3 momobusi TpeyroJibHUKOB
03Vy u 02V, sanuriem

ps_ Vs
P P Vo
s YuurbBadg, uto p3V3 = RT;

0 V, ViV u p,Vy, = RT,, u3 coBMecTHO-
puac. 4 r0 pemIeHus TPeabIIYIIHX

JIByX ypaBHeHMIi HaiijjeM

2A

T3 - TZ = ? B

Teneps MbI MOJKeM 3ammcaTh MOABE/ICHHOE K Ta3y KOJIMIECTBO
TEILJIOThI Ha ydacTke [—2:

2CA
Q1 =C(T2_T3):_?
7 Ha y4JacTke 2—3:
Oz =Cv(T3—T2)+A=2CI;A +A,

3
rne Cy = 5 R — MOJISIpHAst TEIJIOEMKOCTD TeJIUs P TTOCTOSTH-

HOM oObeMe.
B cooTBeTcTBUU ¢ TIEPBBIM HAYAJIOM TEPMONHAMUKH,

O+ Oy =4, + 4,

rae Aj; — unckomas paGora rasa mna ydacrtke [—2. Torma
OKOHYATEJIBHO TOJTYIUM
A =0p+0y;3—A= 72(CV c)a = §A
) R 2

3apmava 3. Ha pucynxe 5 noxasan xpyz060ti npouecc 01 V
MOJell 2e/Uust, COCMOAUUL U3 D8YX YUACMKOE JUHEIIHOT 3A8UCU-
mocmu dagaenus p om obsema V u 00noi uzobapwl. H3ssecmmno,
umo na uzobape 3—1 nao zasom Gviia cosepwena padoma A
(A > 0), a memnepamypa zasa ymenvwunrdacy 6 0 =4 pasa.
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Cocmosmus 2 u 3 npumadare- 4
sam oonotl usomepme. Touxu 1
u 2 na ouazpamme pV aexam na
npsMoil, npoxodswel uepes Ha-
uano koopounam. Onpedenume: 14
1) memnepamypy 2asa 6 mouxe /
1; 2) pa6omy zasa 3a wuxa. /

OO6o3HauNM TeMIepaTypy re- /
aus B Touke [ uyepe3 Tj, Torma ()
TeMIiepaTypa TeJusd B TOuke 3
oyner Tz =al;. PaGora wuan
ra3oM Ha n3o0ape paBHA

n
o

<V

A=p (V3 =V})=VR(T; - T) =VR(a - 1)T; .

Orciona
A A

T=7:7
""VR(@-1) VR

[lepeiinem ko Bropomy Bompocy. Pa6ory 3a muka A, Gyaem
MCKATh Yepe3 IUIONa/[b TpeyroabHuKa 123:

1
Ay = E(Pz —P1)(V3 - V1)~
[l mzobapudeckoro rnpoiecca Vo~ T, HOITOMY
Vs =V =V (a-1).

[TockosbKy TOukM / 1 2 JIexKaT Ha IPSIMOIL, POXO/AIIeil Yyepes
HA4aJI0 KOOP/MHAT, TO

Y
P2 v, Pr.
C npyroii CTOPOHBI, TOUKN 2 1 3 Jie)KaT HA U30TEPMeE, MTOITOMY
Vo = psVs.

YuureiBas, 4T0 Py = pP3, HAXOAUM
Vs
P = 7 P = Ja P1 -
1
ITocste TIO/ICTAaHOBKH B BbIpaKE€HUE JIA paéOTbI 3a [MUKJI HOJIy‘lI/IM
1
Au = §p1v1 (\/a - 1)(0 - 1) =

(a-1)4_a
2 2
3amava 4. Moaw zenus cosepuwaem pabomy A 6 3amKHymom
uuxae (puc.6), cocmosugem us aduabamot 1-2, usomepmor 2—3
u uzobapvr 3—1. Hatidume pabomy, cosepuiennyio zeauem 6
uzomepmMuyecKkom npoyecce,
eCcaU  PA3HOCINL  meMnepamyp  p
MeK0Y MAKCUMATLHOU U MUHU-
manvrol 6 yuxae pasna AT .
OueBn/IHO, YTO MaKCHUMAaJib-
Has TeMIepaTypa reJiis B K-
Jie 6y et B Touke 1. O603HAYNM
aTy TeMnepatypy depes3 T; . Mu-
HUMaJbHAs TeMIlepaTypa rasa
Gyner Ha usorepme 2—3, o6o- 0
3HaunM ee uepe3 1,3 . CoryiacHo  pyc 6
YCJIOBUIO 33/1a4H,

= %\)RT1 (\/6—1)(0 -1)=

<V

T, — Ty = AT .

[li1s1 KpyroBoro 1poriecca, B COOTBETCTBUHU C IIePBbIM HAUaJIOM
TePMOAMHAMUKH, CyMMapHOe IIO/iBe/leHHOe K Tasy KOJNYeCTBO
TETJIOThI PaBHO paboTe ras3a, COBEPIIECHHO UM B JJAHHOM 3aMK-



NPAKTUKYM

HYTOM IIUKJIE:

Oy + Oy + 03 = A

Terto, nosBesenHoe Ha ajnadarte /—2, paBHO HYJIO:

Q12 =0.

Ha usorepme 2—3 BHYTPEHHSS 9HEPrHs IeJINS OCTACTCS] HEM3MeH-
HOI, ¥ MO/IBEJIEHHOE TETJIO PaBHO paboTe rasa:

Qo3 = Ayz .
IIpu H306apdeckoM mporecce 3—1 MOABEACHHOE K Ta3y TEIIo
HJIeT HA YBe/TIUeHHe ero BHyTPeHHeH sHepruy i Ha paGoTy rasa:

Q31 = Cy (T; = Tyg) + p3y (Vi = V3) = (Cyy + R)AT .
OKOHYATENBHO TIOTYUIM
Ay +(Cy +R)AT = A .

Ortciofa HalizieM pa6oTy Tesust Ha nsorepme 2—3:

Ay = A=(Cy + R)AT = A~ RAT

3anaua 5. [Todsusxviil nopwes Maccoll m, nodeeueniviil Ha
npyKune, oesum o6sem OMKAUAHHOZO BEPMUKAIDHOZ0 YUIUHO-
pa na dse wacmu (puc.7). B nonoxenuu pasnosecus evicoma
HUXHeU 4acmu WuIuHopd pasua

Hy, a yoaunenue npyxunve npu
amom cocmaeasem X,. B mnux-

HIOI0 4dCMb YUAUHOPA BNPHICKUBA-

tom v moaetl 600vl. ITocae mozo

Kax 6csi 600d UCNAPULACL, NOP-
weHv nepemecmuics 66epx Ha ee-

‘l’g aununy x=0xy, (a=3/2),

Ho Haiioume: 1) ycmanosusuyiocs
memnepamypy napa; 2) pabomy,
coseputennyio napom. Tennroomeo-

Puc 7 oM uepe3 cmenKu yuauHopd npe-

neépeus.
SaHI/I]_HeM yCJI0BHE MEXaHNYECKOTO0 paBHOBECHS IMOPIIHA 10
BIIPBICKUBAHUS BOJBL:

mg = kxy ,

rae k — IKeCcTKOCTb IIPYJKUHDBI. ITocne HCIlapeHuss BOAbI N
YCTAaHOBJIEHNA HOBOTI'O paBHOBECHUA TMOPIIHA 06beM Iapa 6y11€T

V, = (Hy +0xg) S,

rze .S — JI0Ia/b BHYTPEHHET0 MOIIEPEYHOT0 CeYeH IS IUIUHIPA.
[laBrerue napa npu atoM GyeT paBHO

_mg +kxy (0 —1)  omg
" S s
PaccMarprBas nap Kak HjeasibHblil ras, u3 ypaBHEHUS COCTOSI-
HUS Haii/leM TeMIeparypy mapa:
7 o= PV _ amg (Hy +ax;)
" VR VR

Pa6ota, coBepiieHHas TApOM, TO¥/IeT HAa TIPUPAIIEHHE TTOTeH-
[UATBHOI HHEPTUU TOPIIHS ¥ TPYKUHBI. ECJM OTCUNTHIBATDH
[OTEHIIMAJIbHYI0 SHEPrHI0 IIOPIIHS OT €ro IOJOKEHHS IIpU
OTCYTCTBUU BOJIbI B IIMJIMH/PE, TO CyMMapHas HMOTEHIIMAJIbHAS
SHEpPrus MOPIIHA U HPYKUHBI B HAYAJIbHBII MOMEHT PaBHA

ka? _ mgx

LV1:
2 2

ITorentuanbnas SHEPTrud B KOHEYHOM COCTOAHUU COCTaABJIAET

= 7’“3 (0 - 1)2 + mgox, = P9 *) (GZ i 1) .
B gaxy

W
2 2
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PaGora nmapa paBHa U3MEHEHUIO MMOTEHIIMAIBHON SHEPTHH:
2
a‘mgx, 9
Ay =W, =W, =729 . =§mgx0_

3anaua 6. Kaxyo maxcumaronyo pabomy mMoxHo nOIYUumo
om nepuoduuecku deticmeyowel menjiooll Mawunsl, Hazpesa-
meniem Komopoi cayxum my =1Kz 60061 NPU HAUATLHOU MeEM-
nepamype T; = 373 K, a xonodurvrnuxom — my =1 k2 1wda npu
memnepamype T, = 273 K, k momenmy, xozda pacmaem eeco
2e0d? Yemy 6ydem pasna memnepamypa 600vl HAzZpesames 6
amom momenm? Yoenvnas, menioma niasienus ivod ¢ =
=80 xKaun/xz. 3a6UCUMOCTNBIO MENJOEMKOCINU G0ObL O MEM-
nepamypuv npenebpeyn.

Pat6ota, coBepriaeMas 060l TEMJIOBON MANTHHON B 3aMKHY-
TOM IIMKJIE, [0 TIEPBOMY HAYaJLy TEPMOIMHAMHUKH PaBHA

A:Q1—Q2,

rae O — KOJMYECTBO TEIJIOTBI, MO/IBEAEHHOE K PaboueMy Temry
3a UK, 2 Qy — OTBeJIeHHOe KOJNUeCTBO TenaoTbl. Koaddurm-
ent nosiesnoro jeiictsust (KIT/[) TemyioBoil Malmubl paBeH

_9-9% _ . O
n= =1- .
O O
MakcuMaabiyio paGoTy MOYKHO TTOJAYYUTh (TEOPETUUECKH ), eCIH
TerioBas Mammua Oyzer pa6orarb no ruxay Kapmo. KIT
mukTa Kapro 3aBucnt Tombko ot Temmepatyp 1y u T, marpesa-
TeJIS W XOJOANIbHAKA:
NN
Ti I~

CpasuamBas nBa Beipaskennd amas KIIJ, naiigem, uto s nukJa
Kapno

Q_h

QO T

B Hnamem ciay4ae KoamuectBO Tersiotel Oy, OTBEJEHHOE OT
pa6ouero Tesia U INepeJaHHOE XOJIOJUJIbHUKY, OyneT MATH Ha
IJIABJIEHNE JIbJIa, ¥ TeMIleparypa XoJjojuiapHuka 1, Oyaer
ocTaBaThCsl ocTosAHHON (MOKa He pacTaeT Bech JieA) W PaBHON
273 K. A Bot Temmeparypa Harpesatess (ropsiaas Boga) Gymer
YMEHDBIIIATHCS TI0CJIE KaXK/J0r0 IIMKJIa, U K MOMEHTY, KOr/a Jie/
pacraer, TeMIepaTypa BOJ/bI HarpeBatess Gy/eT 3aMEeTHO MeHb-
me HavasbHOH, paBHoit 373 K. Crmemosaresbho, Temmepartypa
HarpeBateJisi OyJieT TlepeMEeHHOI BeJNYnHON.

[IycTb B HEKOTOPBIH TPOU3BOJIbHBII MOMEHT BPEMEHU TeMIle-
parypa HarpeBaTesist 6pia T, a 3a GECKOHEUHO MaJjioe BPeMst
paGoThI TETJIOBOI MaIMHbl OHA yMeHbimaach Ha dT. Koanue-
CTBO TEIJIOTHI, TEepe/JaHHOe paGoueMy TeJTy 3a 9TO BPeMsi, PaBHO

dQy = —c;mdT ,

rae ¢, — yAeJbHad TEILJIOEMKOCTb BO/IbI. KommuectBo TEILI0ThI,
IepelaHHoe XOJI0AUJIbHUKY, COCTAaBJISACT

dQ2 = qdmz y

rae dm, — GeCKOHEYHO MAJloe KOJIMYECTBO PACTASIBIIETO JIbJA.
Bocrnosb3oBaBimcs cootHomenneM Mexkay Q u T st 1k
Kapwno, nosyuanm

gdm, _ T,

cmdT T

[Tocsre pasaenienus nepeMeHHbIX T U M, 9TO ypaBHeHue Gyner
UMETb BUJL

dr _ _ qdm,

T el
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ITpounTerpupyemM o0e 4acTu JAHHOTO yPaBHEHMUS:

T, m

K dT q 2
T g L

T, CMyly 0

rae TK — KOHEYHadA TeMIiepaTypa BO/Ibl B HarpenaTese K MOMEH-

Ty, KOrla BeCb Jie/l pacTaeT. Ilocie MHTETrpupoOBaHusA I1OJIyUYUM

In Lo o __am ,
n cymTy
OTKy/la HaiieM
T =T exp| -—1"2 | =278 3 K .
Ty

Tenepb MBI MOXKEM OIpeEeJUTh CyMMapHOe KOJIMYECTBO TeTll-
JIOTBI, IIOJIYYCHHOE OT HarpeBaTesst K MOMEHTY ITOJIHOTO TasHUSA
JIbJia:

Q1 = Gy (T1 - TK) .

CyMMapHOe KOJIMYEeCTBO TETJIOTHI, TIepe/lanHoe TIPH 3TOM XOJI0-
JIJIBHUKY, PAaBHO

Q) =qm, .
Cue1oBaTesIbHO, OT TEIJIOBOIT MAIIMHBI MOSKHO ITOJIYYHTH MAKCHU-
MaJbHYIO PaboTy

Amax = Q1 - Q2 = Gy (T1 - TK) —qmy = 61,5 k/lx .

Yupaxknenust

1. Mousp resms, pacumpsisach B nponecce 1—2 (puc.8), rae ero
JIaBJICHNE p MEHSeTCsl NPSIMO IIPOHOPIMOHAIBHO ero o6bemy V/,
coBepmraer pabory A. W3 cocrosuus 2 resmit pacmmpsercs B
mporiecce 2—3, B KOTOPOM €T0 TENJIOEMKOCTb OCTAETCST TIOCTOSTHHOI
n paBuoit C = R/2. Kakyio pa6oTy COBepIIUT rejmii B Ipoiecce

2007 /Ne3
A
A P 1
P 2
3
1 ,I
//, 3 ,//
J s 2
’ s / S
0 v 0 v
Puc. 8 Puc. 9

2-3, ecau temneparypbl Hadaabioro (1) u xoneunoro (3) cocros-
HUI paBHBI?

2. Iyk ot V- MoJielt renst COCTONT U3 IBYX Y9acTKOB JTHHEHHO
3aBUCUMOCTH JIaBJaeHus p ot oobema V u oguoii uzoxopsr (puc.9).
B usoxopuueckom nporiecce 1—2 ot ra3a 6bLIO OTBEIEHO KOJIUYECTBO
temtotel Q (Q > 0), m ero Temmeparypa yMeHbIINJIACh B 4 pasa.
TemnepaTypbl B cocTosTHEAX 2 11 3 paBHbI. Touku / 1 3 Ha AmarpamMmMe
pV nexar Ha NpsAMOIL, IPOXOAA- A
el yepes Hayaao KoopauHar. 1) P
Haiinure Temneparypy 7; B TOu- 1
ke 1. 2) Haiizure paGoty rasa 3a
LUK

3. Mouib Tesust coBepiiaer pa-
60Ty A B 3aMKHYTOM IIHKJE, CO-
cTosIeM 13 n3006apbl 1—2, n30x0-
pbl 2—3 1 ajmabaTHyeckoro mpo-
mecca 3—1 (pI/IC.10). CKOJIBKO
Teria GbLTO TIO/IBE/IEHO K Ta3y B
n300apMYECKOM TIPOIECCe, €CsIn
PA3HOCTb MaKCHMAJIbHOW M MHHUMAJBHOH TeMIepaTyp TeJus B
uukie papia AT ?

>
0 vV
Puc. 10

MDopmynbl
reOMeTpUi
MNOMOTatoT

anrebpe

B.MUPOLUNH

IMKOJIbBHOM KYPCE MATEMATUKU ITPUBOAATCA TP
(hopmy.bl, TIO3BOJISAIONINE HAXOUTD:
a) PaCCTOSTHUE MESK/ly TOUYKAME ¢ KOOPJMHATAMU X; U X, Ha
YICJIOBOI MPSIMOIi: 9TO MOJYJIb UX PA3HOCTH, T.€. d = \xz - x;
6) paccrosinme Mesky Toukamu (X4 9y) u (X9 9,) wucmoBoit

2 2
mrockoctn: d = \/(xz —x) (o —w)
B) PpAaCCTOAHME OT TOYKU (xo; yo) 10 TIPAMOM, 3aJJaHHON

|ax, + by, + |

Va? +b?

ypaBuenneMm ax +by +c=0: d =

HOBOJII)HO YacTO YJAa€TCs HCIOJIb30BaTb 9TH q)OpMyI[bI npu
pemeHnn a]II‘eépaI/I‘-IECKI/IX 3aay. HJIH 9TOro, Kak IIpaBu.JoO,
HYXHO HCTOJIKOBATh [JaHHOE aﬂreépaI/IquKoe BbIpasKeHne KaK
paccrtoanue namn CymMmmy paCCTOHHI/II‘/JI /10 HEKOTOPBIX TOYEK WJIN
NPpAMDIX. C Takumun 3a/ladyaMi Mbl 1 COéHpaEMCH BacC II03HaKO-
MUTb.

CyMMa paccTosHUmn

3apava 1. Haiidume munumym svipaxenus

[(e9) = (=3 + (g =4 + "+ 0"

Pemenne. /[aHHOe BbIpaskeHMe TIPEJICTABISET CYMMY PacCTo-
SHuit 0T HeKoTopoil ToukK M (x; i) KOOpAMHATHOM ILJIOCKOCTH 10
nByx touek: K (3;4) U Hayaja KoOp/MHAT O(O; 0) .

Wcnonb3ys n3BecTHOE «HEPABEHCTBO TPEYTOJbHUKAY», TOJY-
4y1M, 4TO cyMMa pacctosinnit MK + MO ne MoskeT ObITb MEHbIIIe
paccroguusg KO, npuyeM MUHUMYM JIOCTHTACTCS i JIIOOOM
Toukn M, nexkameit Ha orpeske KO. Utak, MK + MO = OK =
=35.

OrBer: 5.

3ameuanue. [lns TOUeK, JeKAMNUX HAa KOOPJAMHATHON ocH,

HEPABEHCTBO MOXET OBbITb 3alMCAHO B Buie |x —a|+|x—b|=
=la-ble(x—a)(x-0)<0.
3anava 2 (MTY, mexmar). Haidume munumym svipasxenus

flay)=J(x=27 + (=37 +|r—y].
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Pemenune. Munumanpioe 3Ha-
YeHIe BTOPOTO CJIaraeMoro JI0CTH-
raercsi Ha MPSIMO, 3a/IaHHOI ypaB-
| HenumeM y = x. B arom ciyuae
0 X~ BTOpOE ClaraeMoe PaBHO HY.IO.
OcTrajoch MHHUMHU3UPOBATDH TIEP-
BOE CJlaraeMoe, KOTOpPOe ecTb pac-
CTOSIHHE OT HEKOTOPOH TOUKH (1} ¥)
Puc 1 1o Toukn M (2;3) (puc.1).

Haiinem na npsiMoit y = x TOuky,
HauMeree yanentyio ot Touku M (2;3) . 910 Gyzer ochoBanue
P nepnenukysspa, IpoBeieHHOTo 13 Touku M Ha npamyo. V1
paCCTOHHI/Ie Gy/leT PaBHO PACCTOSIHUIO OT TOYKU M 0 MPSIMOIL:
-3 _

SRR

CyMMa IByX cjaraeMbIX GyJZleT TaKoii sKe.

JlokaskeM, 4TO HaiijieHHOEe 3HaueHue Oy/eT JeiiCTBUTETHHO
nanvenbimM. ITyets |x — y| = a, a >0 . Umeem

) 344

y-x=a {y:x+a
& a>0.

t-yl=a o {
Yy—x=-a y=x-a,
JlanHas COBOKYIHOCTD 3a/1a€T Hapy MPSMDBIX, HapajJieJbHbIX
npAMOIL ¥ = X, Tepecekaionux och opaunat B Toukax (0;a) u
(0; —d). B aroM ciyyae MMHUMYM IIEPBOTO CJIATaeMOTO €CTb
A paccrosiue 0T TOUKH
il oy (2,3) mo Gmmxkaiimeit u3
VI MPAMBIX Y = X + a nanm y =
=X — a. JTO PACCTOsIHUE
paBHO JynHe oTpe3ka M Q
0 71 (puc. 2).

OueBHHO, YTO BBITOJI-
HEHO HepaBEeHCTBO a >
> MP + MQ, otkyna
MP<a-MQ<a+MOQ.
Ecsm xe Touka Q mexxut
MeXxay Toukamu M u P, To B 3TOM cJjlydae u BoBce a > MP —
-MQ & MP <a+ MQ , 4to 1 Tpe6GOBAJIOCH /JOKA3aTh.

1

Puc. 2

OTtBer: /5

3azaua 3 (MI'Y, mexmar). Haiidume naumenvuiee 3navenue

GvIPAKEHUS. \/(x 2P +(y-3) + |l +y| -
Pemenne. Pemum sty 3agauy nogo6HO npeabyayiieii. O60o-

+(y=3) +]a| +]y| . Pac-
CMOTPUM /Ba IOCJAeAHUX caaraembiX. [lyers |x| +|y| =a, a 2 0.

Ecom a =0, T0
=0,
x+y=0<:>{x
y=0.

OcTajioch HAlTH 3HAYEHUE JAHHOTO BBIPAKEHUS:
f(0,0) =413.

Ecan a > 0, To ypasuenue |x| +|y| = a sagaer na koopaunar-

snauum cuavana [ (x,y) = \/(x - 2)2

HOM TIJTOCKOCTH KBa/IPAT € BEPIINHAMHU B TOUKAX (0;4), (0; - a),

Y MQ: 3)-  (40), (-4;0). Haiinem na ykasan-
3 y HOM KBaJ[pate TOUKy, HauMeHee y/la-
; JenHyio ot Touku M (2;3).
B4 Ecimm 0<a <1, TO Takoil TOY-
L4 > Koii Gy zter Beprmna kBazpata (0;a)
N 2 (puc. 3). Ho 1o HepaBeHcTBy Tpe-
— yroabunuka cymma f(x,y)=
— =2 +(a-3)* +a Borom cy-
Puc. 3 yae Gy/ieT 60JIbIIle, YeM PACCTOSTHUE

ot touxn M (2;3) 1o navama koopiu- Y M(2; 3)
HaT, T.e. GoJIbllIe \/E 3 74

Ecimu a > 1, to Gamskaiiiieil K Touke 7
M (2;3) Oy/leT TOYKA, SIBJSIONIASICS V4
OCHOBAHUEM TEPIEHINKYIAPa, OIy- 0 ST P
mentoro u3 toukn M (2;3) na orpe-
30K HpsIMOiL x + y = a, copepsraiuii

cropony ksajgparta (puc.4). B atom  pyc 4
cllydae mMeeM
2+3-4 15—
a) = +a=
=212 .

Ecm 1<a <5, 10
9 =af1- J*
2
(1—i] i + 22 >/13
2) R '
Ecmu a >5, 10
)= 1)
=al|l+
2 2’

(”ﬁj 7

Taxum 06pazoM, min (\/(x - 2)2 +(y- 3)2 + x| + \y\) =

Ortser: \/E .

3agaua 4 (XIV Mexaynaposnas omumiuazia « nTeniexTy-
AJIbHBIT Mapa(bOH») Haiioume naumenvuiee 3navenue pynx-

uuuf \/x —6x+13+\/x —14x+ 58 .

Pemel—me. 3anumem dyukiuio BBuse f(x) =4/(x - 3)2 +4 +
+qf(x - 7)2 +9 . [laiuM TEOMETPUUYECKYIO TPAKTOBKY TTOJTyUYeH-
HOMY BbIpakeHnio. IIpaBast 4acTb ecTb CyMMa PAcCTOSIHUI OT
touxn (2; 0) 1o Touex (3; 2) u (7; —3) . Touxa (x; 0) mesxur Ha
ocu abeimcee, a jiBe APyrue TOYKH — B PA3HBIX MOJIYILIOCKOCTSIX
or Hee. MUHUMYM CyMMbI PACCTOSIHUIT, KaK JIETKO BUJIETDb, Oy/IeT
JOCTUTATBCS TOrZA, KOrJa TOYKa (x; 0) OyJieT JieskaTb Ha

OTpe3Ke, COeJINHSIONEM TOUKU (3; 2) " (7; —3) , 1 Oy/leT paBeH
JUINHE 3TOTO OTPe3Ka.

Urak, minf (x)= \/(7 - 3)2
Otger: 41 .

3agaua 5 (PITY). Haidume naumenvwee snavenue (pymux-
wuu

x) =222+ 2014207 — 2045 +

+(-3-2)* =41 .

22— 6+ 9 4202 —10x +13 .

Pemenune. Bug GpyHKINN CBUIETEILCTBYET O TOM, UTO «JI060-
BOE» pelIeHNE C HOMOIIBIO IPOU3BOJHON PUBE/ET K BbIYMCJIH-
TEJBHBIM TPyAHOCTAM. Ha MBICTL HCmob3oBaTh GOpMyJIy s
PACCTOSTHUST HABOJAT OAMHAKOBBIE CTapiIne Koa(PdUIMEHTbI
KBa/[PaTHBIX TPEXU/IEHOB, a TaK)Ke BUJ IEepPBOTO U3 HHUX.

IIpeo6pa3yeM MOAKOPEHHDbIC BLIPAYKEHUsI, MPEJCTABUB UX B
«y3HaBaeMOM» BHUJIE:

)=l (x 1)+ =2+ (x4 1) +

P P P

+\/x2+(x—3) +\/(x—2) +(x - 3)
OcTajoch 3aMeTHTb, YTO IIPaBasi YacTh PABEHCTBA €CTh CyMMa
paccrosinuii ot Toukm M (x;x) 10 deThIpeX TOUEK
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A (0;-1), (2-1), (0;3), (23) xo-
G opanHaTHOI 1ockoctn (puc.5).
VKazaHHbIe TOYKH — BEPIIHHDBI
MPSIMOYTOJIbHIKA, & TOYKA, CyMMa
paccTosiHUil OT KOTOPOW /10 €ero
1 BEPIIMH MUHUMAJIbHA, — 9TO TOUYKA
7 nepecedenus ero guaronadeii. Cym-
/ Ma paccTOSHUil oT 1060 APYyTroil
TOYKH TIJIOCKOCTHU JIO BEPIIUH TIPSsi-
MoOyToJIbHUKA Gy/ieT GoJibiie. ITO
CJIe[lyeT N3 HepPABEHCTBA TPEYTOJIb-
Hika. OCTasoCh 3aMETHTD, YTO HPSIMAst ¥ = X HPOXOUT 4Yepes
TOUKY Ilepecevenst Auaronaseii, umemoutyio koopautarst (1;1) .

Cnegosarenpro, minf(x)=[(1)= 45 .
Ortger: 44/5 .
3anava 6. Pewume cucmemy

1
Ja2+(y =4V +—=|x -2y -2 = 245,

x> 2.

N
P
N

7
v

Puc. 5

Pemenne. Ilyctp (?C; y) — KOOP/JMHATBI HEKOTOPO# TOYKU
mockoctu. Toria ypaBHeHMe CUCTEMBI — ATO CyMMa PacCTOSTHUI
OT 3TOH TOYKU 70 TOoukm M (0;4) U 10 TpsSMOH, 3a/aHHOI
\ ypaBHeHnem x —2y —2=0. 3a-
- METHM ellle, 4TO IPaBasi YacTb ypaBs-
3 HEHMS paBHA PACCTOSTHUIO OT TOY-
Ku M 10 yKazanHoi mpsiMoii. MHo-
2 SKECTBO TOYEK TIJIOCKOCTH, 00J1a/1a-
IOIUX JIAHHBIM CBOWCTBOM, — Tiep-
= MEH/INKYJISP, OIYIIEHHbIH U3 TOY-
ku M na npsamyio (puc.6). Oue-
BUHO, 4TO I 000 TOukn N,
He TIpUHA/UIeXallell aToMy Iiep-
MEH/UKYJISPY, CyMMa PAcCTOSHUI 10 TOYKH M U /10 NpsSMOit
6ynet GoJiblie.

[Tposenem neprienaukyasip MP. Touka P — ocHoBanme mep-

4
7
Mi=r

Puc. 6

nenauKyispa — GyaeT uMeth koopaunathl (2;0). Vunrbisas
HEpaBEHCTBO CUCTEMBI, TOJYYHM, YTO TOJBKO €€ KOOPAMHATHI
Oy/IyT SBIATHCS MCKOMBIMU PEIICHUSMU BCEl CUCTEMBI.
Otser: (2;0).
3agaua 7 (MTY, BMK). Pewume cucmeny ypasuenuil

J22 4+ g2 =165 =12y + 100 + x> + i + 4x — 20y + 104 = 2429,
(x=7) +(y-5) =16.

Pemenue. HpeﬂCTaBJIHH IIO/IKOPpEHHbIE BbIpaKeHUusA B BU/E
CYMMbI [IBYX KBa/I[paTOB, IIOJYYUM

Jx =87 +(y—6)F +(x+2) +(y—10)* = 2429 .

JleBasi wacTb paBeHCTBA €CTb CyMMa PACCTOSIHMII OT TOUKHU
M (x;y) KOOPAMHATHOI ILIOCKOCTH /10 TOYEK ¢ KOOPAUHATAMU
(8; 6) u (—2; 1 0) . IIpaBas yacTb paBeHCTBaA — PACCTOSHIE MEKLY
TUMHU TOYKAMHU.
TFeomerpuueckoe mecto ToO-
YyekK, CyMMa pacCTOSHUI OT KO-
TOPBIX /10 IBYX /IaHHBIX TOYEK
€CTb PACCTOSTHHE MEXKJy 9TH-
MU TOYKaMH, — 3TO OTPE30K,
/ COeINHAIOMINI /JaHHbIE TOYKU
(puc.7). Toatomy mepBoe
ypaBHEHHEe CHUCTeMbI 3ajiaer
OTPE30K, COCAMHSIONNN TOY-

kn (86) u (-2;10). Cocra-

YN
|
o<l

.

Puc. 7
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BHUM ypaBHeHHe 3TOU MpPSMOii:

2 -10 1
rre_y (:)f(x+2)=—%(y—10)<:>5y+2x—46=0.

8+2 6-10 5

Haiinem Touky mepeceueHUst aTOH NIPSIMOIl C OKPY>KHOCTBIO,
3a/IaHHOI BTOPBIM yPaBHEHUEM, MTPUHA/JICIKAILYIO YKa3aHHOMY
OTpe3Ky. 3aluiieM CHCTeMY

2x 4+ 5y — 46 =0,
(x=7) +(y-5) =16,
6<y<10.

BpipasuB U3 MepBOro0 ypaBHEHUS IEPEMEHHYI0 X = 23 — Ey n

II0/ICTaBUB BO BTOPOE ypaBHEHUE, ITOJYYUM

5 2
(16—5y) +(y-5) =
;- 180- yNAR

= 29 o 29
16~y =90y +265=0 & 1804 20T
V="
y‘{I/ITbIBaH OT‘paHI/I‘IeHI/IH CUCTEMDI, ﬂOquI/IM, qgTo
180 + 24/415
y= BT Tenepp HaiizieM a6ciyiccy TOUKH Tiepeceyve-

5(90+415) 91757415

Hust: x =23

29 29
(217 = 54415 180 + 24/415
Orser: 59 ; 55 .

PasHocTb paccTosHum

[lo cux TOp MBI pacCMaTPUBAJHN 33/1a4U, B KOTOPBIX TIPUCYT-
CTBOBAJIM CyMMbI pacctosiiuii. Ho ectp 3aja4ym, B KOTOPBIX
paccMaTpUBaEeTCs M PAa3HOCTb PACCTOSTHUN MEK/y TOYKAMHU.

Odenb 4YacToO TIPU peIleHnn aareOpanyeckux ypaBHeHuit
MOKHO BCTPETUTD YPABHEHHUSI, COJIEPIKAIINE CIIeAYIONe KOMOH-
HaIUW:

1) |x—al-|x-bl=b-a, b>a;
2) [x—al-|x-bl=a-b b>a;
3) |x—da-|x-b=|b-qa, b>a.

B atux cayuasgx pasHOCTb PACCTOSIHUN OT HEKOTOPOW TOUKHU X

YHUCJIOBOIT MIPSIMOIL I0 TOUEK @ U b B yKA3aHHOM HOPsijiKe J1O0

pPaBHA PACCTOSTHUIO MEXK/JY HUMH, JUGO MPOTUBOMOJIOXKHA eMY.
Nnmeem

D |lx—al-|lx-bl=b-aox2b;

2) [x—al-|x-bl=a-bex<a;

3) x—a—x—b:b—a@{ "o (ra)(x 1) 20.

X2
x

B NepBBIX [ABYX CJydasdxX FeOMETPUYECKOE MECTO TOYEK — JIyd
IpSMOii, B TpeTbeM — JIBa JIyua.
B carydae Touek Ha TIOCKOCTH KapTHHA HE MEHSETC.
3anaua 8 (TDA). Cpedu pewenuii nepasencmea

Vel vyt 213+ \/(x - 5)2 +(y —12)2

Hatidume me, npu KOMOPHLX CYMMA X + Y NPUHUMAEM HAUMEHD-
wee 3navenue.
Pemenue. 3anumeM HepaBeHCTBO CJIEAYIOMUM 00Pa30M:

Je+ g =132 J(x =57 + (y—12) .

3amerum, uro 13 = V5% +12% Torna neBas yacTb HEpaBEHCTBA




NPAKTUKYM

€CTb PasHOCTb PACCTOSIHUIE OT Hayajia KOOPJMHAT 10 HEKOTOPOit
Toukn M (x;y) u go roukn (5;12). Ilpuaem aTo paccrosiaue He

MeHbIIe PAcCTOSHUS MesKay Toukoit M u toukoit (5;12).
Haiinem 'MT, 3agannoe HepaBencTtBoM. Mmeem

J2 g 132 J(x -5 + (y-12) &
Jad+y? =130,
224y’ 2642 + y® +169 = 22 —10x + y° — 24y +169
x +y2 > 169,
< {5x+12y 20, =
25x% +120xy + 144y* > 1694 + 169>

(=1

22+ 2169, 22+ y? 2169,
& yz—%x, E=" yz—%x,

144x% —120xy + 25> < 0 (12x - Sy)2 <0.

ITocnennee HEPABEHCTBO CHCTEMBI MOXKET ObITb BEPHBIM TOJIBKO
TOT/Ia, KOT/la BbIPa)KEHHUe, CTOAIIee B €ro JIeBOil yacTd, paBHO
nymo. llomyunm

J2 4y =132 J(x -5 +(y-12) &

2+ 2169, 2%+ y? 2169,
5 5
S\YZ-——2x Sy -—2q
T T
12x -5y =0 yzgx.

Taxum Oép'dSOM, TEOMETPUYECKOE MECTO TOYCK, 3a/laHHbIX HEPa-

. 12 ,
BEHCTBOM, — 3TO JIYyY IIpAMON Y = — X, JIEJKalllUl BHE BHYTPEH-
Hell yacTn Kpyra pajnyca 13 ¢ IIEHTPOM B Ha4daJjie KOOpAWHAT, a

TaKyK€ B ITOJYIIJIOCKOCTH, BB.LIaHHOﬁ HEPABEHCTBOM Y > —Ex .

[Ipsimast X + y = ¢ nepecekaer Jjyd npu ¢ =17 (puc.8), rax
YTO HaMMeHbIIlee 3HAUEHHeE ¢, IIPH KOTOPOM IIpsIMasl YKa3aHHOTO
Buzia OyJeT UMeTb OOLIYIO TOUKY C JydoM, OyzeT paBHO 17.

Y. N TTTTIT]
4 -1z
= AN
__ +y = —
y =Ty
AN \
™~

T
T~ T
\ ™~ /

™,
Puc. 8 SRR I

Otget: (5; 12).
3apmaua 9. Haiidume snauenus napamempa a, npu Kaxoom u3
KOMOPBLY cucmema ypashenuii

Jat + gt - \/(x —a) + (y - az)z = la|N1+ d?,

y
(x—4) +y* =1
umeem eduncmeennoe peuenue.
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Pemenue. 3anucas nepsoe ypaBHEHHE CHCTEMbI B BULIE
2 2
Jat + P —\/(x—a) +(y—a2) =~Na* +a",

BHJIM, 9TO PA3HOCTD PACCTOSTHMIL OT Toukn M (x; y) /10 HavaIa

koopaunatr, Touku O, ¥ TOYKU A(a;az) pasua AO, orciona

CJIEJIY€T, 4TO TOUKA (X; y) JIEXKHUT HA DA
o Y T

JIyde TPSMON y = dX C HAYaJOM B ! HEEE

4y =ax

Touke A. v ! =

Tak kak cucrema onucbiBaer repe- ]

-
~

ceueHne OKPy KHOCTH M JTyva, Haua-
JIO KOTOPOTO JIEKUT BHE OKPYKHOC- ‘
TH, TO cucreMa Oy/eT UMeTb e/1H-
CTBEHHOE PpellleHne TOJABKO B TOM
cilydae, KOT/J[a yKa3aHHbIH JTyd mpsaMoll ¥ = ax GyaeT KacaTbeCs
oxpyskroctn (puc.9). Mmeem

N
=

Puc. 9

. 1
a=tga, rae sma:z.

CJuresloBaTeIbHO,
1 1
a=tgd =—==—.
| SNV RN
OtBer: —— .
J15

CyMMa paccTOsiHMIA [0 BEPLUMH TpeyrofibHUKa

3agaua 10. Haidume naumenvwee snavenue evipaxenus

fx,y) ="+ +\/(x—3)2+y2 +\/(x+5)2+(y—3)2 .

Pemenune. B sroil 3azade Hy)XHO HAlTH MUHHMYM CYMMBbI

paccTosiHuil 0T TouKu (X;y) A0 BEPIIMH TPEYTOIbHUKA ¢ KOOP-
annaramu (0;0), (3;0), (=5;3) N
(puc. 10). Mbl umeeM JeJio ¢
YACTHBIM CJIydaeM OJHON U3
HanbosIee M3BECTHBIX TeOMeT-
PUUECKUX 33124 HA HAXOXK/IEe-
HIe HauGOJIBIINX U HAUMEHb-
ITIX 3HAYEHW.

O6rmast GopMyIHpPOBKa ATOM
3a/1aun TakoBa: Jamn mpeyzoio-
nux ABC. Haiimu 6 ezo naoc- P16 10
Kocmu mouky P, cymma paccmosmuii om komopoi 00 eepuiun
MPeY2oNvHUKA MUHUMATOHA.

Taxasa Touka HasbiBaercs mouxoi Toppuuennu.

Teopema. Ecau 6orvwuil yzon mpeyzoavhuxa menvue 120°,
mo mouxa Toppuuennu — mouxa, a1exawas GHYmMpu mpeyzoiv-
HUKd, U3 KOmMopoil ece ezo cmoponvl udHvl hod yzaom 120°.
Ecau 6omvwuii yzon mpeyzoavhuxa ve menee 120°, mo mouxa
Toppuuennu — eepuuna mynozo yzid.

CymiecTByeT HECKOJBKO CIIOCOGOB JIOKA3aTeJbCTBA JTAHHOI
teopeMbl. [IpuBezsieM T0, KOTOpOE He UCIOIb3YeT METOJ0B UCCJIe-
noBanns (QyHKIUI.

Jlemma 1. Touxa, cymma paccmosmuii om xomopotl 0o eepuiun
MPeY2oNvHUKA MUHUMATOHA, He MOKEeMm JeKAmb 6He 3IMO0z0
mpeyz01vHuKa.

[oxkazatenbctBo. [lycth nexoropas Touka M, o6aaiomas
YKa3aHHBIMHU CBOIICTBaMHU, JIGKUT BHe Tpeyroabhuka (puc. 11).
Coeunum ee ¢ Bepunnoit B
TpeyroJbHuKa. Touky mepe- C
ceuenust orpeakoB AC u BM

(x5 )

2

—
\Bl_L+

7/
/]

f:‘S A 113 X
\

o6ozuaunm M, . OueBujiHO, M
YTO BBIITOJTHEHO HepaBeHCTBO
MA+ MB+ MC >
>MA+MB+M,C . A B
Jlemma pokasaHa. Puc. 11
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Takum 06pa3oM, TOYKa, CyMMa PacCTOSHUN OT KOTOPOH [0
BEPIIMH TPEYTOJIbHIKA MIHUMAJIBHA, JIEXKUT JUOO0 B MIOCKOCTH
TPEYTOJbHIUKA, OO HA OIHOI U3 €ro CTOPOH.

Jlemma 2. Ecau nauboavwuil yzoa mpeyzonvnura menee 120°,
MO UCKOMASL MOUKA — MOUKA, JEKAUAS BHYMPU MPEY20SbHUKA,
U3 KOMopou 6ce Gepwunbl MPeyzoibHUKA 8UOHbL MO0 Y210M
120°,

[oka3sareabcTBo. BbiGepem BHyTpu TpeyroabHuka ABC
IIPOM3BOJIBHYIO TOYKY P W HaiijieM CyMMy PacCTOSIHUII OT Hee
JI0 BEPUIMH TpeyroJibHuka, 1.e. PA+ PB+ PC (puc.12). Ilo-
BepHEM TPEYTOIbHIK BOKPYT, Ha-
npuMep, BepuIMHbI B Ha yroua
60° . TIpu arom BepuinHa A me-
peiizner B Touky A, , Bepmuna C,
COOTBETCTBEHHO, B Touky Cj, a
cama Touka P — B TOuky P, .
Tpeyrossuuk PBP, — paBHO-
CTOPOHHUII, ¥  TO3TOMY
PB=PB=PP . Illonyuum
PA+ PB+ PC=PA + PP+
+ PC . PaBeHCTBO JIJTUH OTpPE3-

B C
koB PA = P /A, crepnyer us Toro,
YTO TOBOPOT — 3TO JIBUXKEHHE
mockoctu. Ilo cBolicTBY JoMaHO MOsydaeM, 4TO CyMMa pac-
crosiHUil OyzieT HauMeHbllelt, ecan Touka P Gyner Jieskarh Ha
orpeske A;C . AHATOTHYHO paccysk/asi, TOJIYYM, YTO HCKOMasT
TOYKA JIOJUKHA Jieskath n Ha orpeske BC;. Taxkum oGpasom,
touka P — nepeceuenne orpeskos AC n BC;.

WNrak, ecaum touka P mexutr na upamoit A4C, To
ZBPP + ZAPB=180°, otkyna craexayer, uto ZLAPB =
= ZAPB =120° . Ananornuno, ZAPC =120°. Tak kak Hau-
6oJibInuii yros tpeyrosbuuka Menbine 120°, to Touka P sieskur
BHYTPU TPEYTOJbHUKA.

Jlemma moxasana.

Jlemma 3. Ecau 6onvuuil Y201 mpeyzoaviuka ne menee 120°,
MO TWOUKd, CYMMA PACCNOSIHULL 0 KOMOPOU 00 8epuLun mpey-
207IOHUKA MUHUMATLHA, — GEPULUNA MYN020 Y2ad.

HoxasateabctBo. Ilyctp
ZBAC >120° u P — npowus-
BOJIbHAS TOYKA BHYTPU Tpe-
yroibauka (puc.13). Iloct-
pOUM PABHOCTOPOHHUIT Tpe-
yroabauk PAP, . Paccyxpas
KaK B IPe/bIAYIEM CJIydae,
noxyuyum, urto AAPB=
=AAPB,, PA+PB+ PC =
= PC + PP, + PB,. Tak xax
PA+ PB+PC2AC + AB,
n AB = AB,;, 10 PA+ PB+PC2= AB+ AC .

Jlemma nokaszana.

JloKa3aresbCTBO JIEMM 3aBEPINAET JOKA3ATENbCTBO TEOPEMBI.

PemuM rmocTaByieHHYIO BBIIIE 3a/[aUy: HallJileM MUHIUMYM CyM-
MbI paccrostiuii oT Toukn (X;y) /10 BEPIIMH TPEyroJbHUKA C
koopunaramu (0;0), (3;0), (=5;3) .

Pemenne. BpraucamM KOCHHYC GOJIBIIETO YIJIa TPEYTOJIb-
HUKA:

cos LA =

Puc. 13

AB* + AC’ -BC® _34+9-73 _ 5 _ 1

2-AB- AC 634 V342
Tynoit yros pammoro tpeyrosbiuka Gosee 120°, moaromy
TOYKA, CyMMa PACCTOSIHUI OT KOTOPOH /10 BEPIIUH TPEYTOTbHIKA

MUHUMAJIbHA, — BEPIINHA TYIIOrO yrIJia. Hckomast CyMMa paBHa

V34 +3.
Orser: \/3_4+3.

2007 /Ne3

3apgauv pnsi CaMoCTOSAITENbHOIO peweHua

1. Pemmre cucremy

(x =1 +(y —4) +0,2)4y —3x +12| = 5,

dx -y <0.
2. Pemre cucremy
-2
ly — 2x| + ‘i—2‘ -1=0,

Je2 4 (g =107 +J(x = 6)* + (y - 2)° <10.
3. Pemmure cucremy
(x=1)" +(y - 4)° +0,2]4y - 3x +12 = 5,

x4 (y+3) <25,

4. Pemmure cucremy

J22+ 97 = J(x =27+ (y - 4)° = 245,
Je2+ (g =8 +(x = 6) + (y - 4)* <2413,

5. Pemnre cucremy

Vo2 g2 = J(x =4 +(y-3) =5,

ly — x = 2| +|(x = 4) (x = 8)| + (x — 4) (x = 8) = 0.

6. Haiijiure nan6osibliee 3HaueHue ¥, JJ1s1 KOTOPOTO CYHIECTBYIOT
3HAYCHUS X U Z, Y/IOBJETBOPSIONINE YCIOBHIM

y2+x\/1—22 =1,
Jad + > \/(35—0,6)2 +(y+0,8) +1.

7. HaiignTe HanMeHblllee 3HAUEHIE X, AJI KOTOPOro CyHIeCTBYIOT
3HaU€HuA y 1 z, YAOBJETBOPAIOIINE yCJIOBUAM

y2+x\/1—22 =1,
Jad + gy > \/(35—0,6)2 +(y—0,8) +1.

8. Haiignte Bce 3HaueHNST IlapaMeTpa d, Ipu KaK/I0M U3 KOTOPbIX
CHUCTEMa ypaBHeHHﬁ

NESET —\/(x—a)2 +(y—az)2 = \a\\/1+az,
(x—10)* +4* = 36

HNMEET pelieHue.

VIH@GopmMmaymio o0 XypHase «KBaHT» U HEKOTOpbIe
Marepmasbsl U3 XKypHana MOXHO Hautv B WIHTEPHETE o
anpecam:

Penakuymsa XypHasna «KBaHT»

kvantinfo

MOCKOBCK  LIEHTD  HerpepbIBHOro  Marematin4eckoro
06pa3oBaHs

kvant.mccme.ru

Mockosckimi perckumi kiy6 «Komrisorep»

math.child.ru

KOCTDOMCKOV LIEHTD [OMOHUTE/IbHOO 0BPa30BaHus
«IBPUKI»

ceemat.ru



OMUMIINA DI

XV MexayHapogHas onvmMninana
«l/IHTenneKTyanbHbIM MapaoH»

MexayHapomHbIn nHTennekT-kny6 (MUK) «FmiooH» B pam-
Kax MexzyHapogHou nporpaMmbl «eTu. HTennekT. TBop4e-
CTBO» MpK y4acTun VIHCTUTYTa PU3MKM BBICOKMX Heprun, MIY
nm. M.B.JlTomoHocoBa, DoHaa HekoMMepHeckmx nporpamm «Iu-
HacTMs» U NpY NOoAZepXKKe KommaHum «DusmkoH» n «1C»,
M3pnaTtenbckoro foMa «MepBoe ceHTAOPA» U XXypHanoB «KBaHT»
n «Dur3nKa B LLIKOMe» NPOoBes 00NNeNHYIO TeCT-PenTUHIOBYIO
onumnuany «MHtennekTyansHbI MapadoH». Onumnmana npo-
xoouna ¢ 8 no 15 okTabpsa 2006 roga B ropofe [1pOTBUHO
MockoBckor obnactv Ha 6ase WVHCTUTYTa DU3MKK BbICOKMX
SHeprum.

Ha onumnuagy npuexann y4acTHUKW K3 PasHbIX PErMoHOB
Poccumn n 13 Kasaxcrana. OfapeHHble WKONbHVKYM, NPOSBUBLUVE
NHTEepeC K PyHAAMEHTaNbHbIM HayKaM, COPEBHOBaNNCb B KO-
MaHZHbIX N UHAMBUAYANbHbIX Typax No MateMaTvke, Gursmke u
NCTOPUM Hay4HbIX UOEW W OTKPbITUA. B 4YeTBepTbii pa3 B
onuMnMage y4acTBOBann LKONbHWUKN, MHTEPECYIOLLMEeCs 3KOSO-
rmen 1 Guonorven, 1 B TPETUI pa3 — MHTEPeCYIoLLNeCs NCTOPU-
el N KynbTyposnoruen.

ADCONIOTHBIM NobeguTenemM onuMMnMagbl «VHTennekTyans-
HbI MapadoH-2006» no dpyHAaMeHTanbHbIM HayKaM B KOMaH-
[IHOM 3a4eTe CTana komaHga nuues 1511 npyn MUOU (Mocksa).
En Obin BpyYeH rnaBHbIN Npm3 copeBHOBaHWU — Cynepkybok —
M Npu3bl OT CNoHcopoB. KomaHaa Obina Takxke BTOPOW MO
NCTOPUM HayYHbIX MOEWN 1 OTKPLITUWM 1 TPeTber No MaTemaTtike
n pusmke.

BTopoe MecTo B 0bOLeM 3a4eTe 3aHsna KoMaHga Knaccmyec-
koro nmues 1 npu PIY (PoctoB-Ha-[loHy). OHa 3aHsna Takxe
TpeTbe MeCTo MO NCTOPUY Hay4HbIX naen 1 otkpbitun. KomaHge
Obin BpyyeH 6onblio KyOoK 3a BTopoe MecTo B 00LLeM 3a4eTe
1 COOTBETCTBYIOLLME AMMNIOMbI 33 YCNeXmn B KOMaHOHbIX COpeB-
HoBaHMAX. Ha TpeTbe MecTo Bbilwna koMaHga OMIJ1 1580 npu

Ynger )K€p€6b6‘5/(c? KarimraHoB KoMaH/4g

Komarga Knaccuveckoro smuyes 1 rpu PIY

MITY nm. H3.baymaHa (MockBa), KoTopas CTana Takxxe nepBoW
MO UCTOPUW Hay4HbIX MOEN 1 OTKPLITUIM 1 BTOPOW NO dusKke. En
Obin BpydeH KybOOK WM AMMIOMbI 33 YCMexu B KOMaHIHbIX
COpEeBHOBaHMAX.

B mMHAMBMAYaNbHbIX COPEBHOBaHVAX MO PyHAAMEHTaNbHBIM
HaykaM abconioTHbIM nobefuTenem onvuMmnuagsl cran tOpui
Unmbanos, ydveHuk 11 knacca ®OMJ1 1580 npu MITY um.
H.2.baymaHa. EMy Obinv BpyyeHbl Oonblias 3010Tas Meganb U
Manas OpoH3oBas Mefanb 3a TpeTbe MecTo no u3smke. Bro-
pbIM Mpu3epoM B obLeM 3a4eTe ctan Paput LLlakmpos, y4ye-
HuK 11 knacca ®MJ1 2 Enabyru. bonbLyio GpoH3oBylo Mefarnb
B oOleM 3a4eTe 3aBoeBan 3uMHe >KyMOH, NpeacTaBnsioLmm
KasaxcraH, OH Monyymn Takxe Maylo 30/10Tyl0 Mefanb 3a
nobefy no mateMatuke. B HAMBMAyanbHOM 3ayeTe Mo dursn-
Ke nydwmm ctan Bnagumup Typbud (11 ki, LeHTp «[apbliH»,
KasaxctaH), eMy Obina BpydeHa Manas 3onotas Mefdans. Bro-
pbiM cTan Hukmta Arees (11 kn., Knaccudeckui nuuen 1 npwm
PrY), oH yaoctouncs Mason cepebpsiHon Meganu. Mupat Ka-
neHos (LleHTp «[apblH») nonyqun OpoH30BYO Medanb 3a
TpeTbe MecTo no ¢usmke. ApMmaH Ounapos v HavaHa Tymap-
GekoBa (Ka3zaxcraH) 3a BTOpoe 1 TpeTbe MeCTa Mo MaTtematuke
OblNV HarpaxkaeHbl ManbiMu cepedpsiHoM 1 BpOH30BOW Mefa-
NISIMW COOTBETCTBEHHO.

Bce nobenutenu v npusepbl NONYYUNN pasnmyHble Nodapku
M NPW3bl OT OPraHM3aToOPOB W CMOHCOPOB ONNUMMIUALbI.

MexayHapoOHbIV MHTENNeKT-KNyO «[MIoOH» NpurnawaeT pe-
TMOHanbHble LEHTPbI, LUKOSbI, MLEN 1 T’MMHa3nn, paboTaloLme
C OfaPEeHHbIMU OeTbMU, MPUHATL yd4actre B XVI MexayHapoa-
Howm onuMnnaae «HTennekTyanbHbI MapadoH», KoTopas Npowu-
nieT B okTa0pe 2007 roga B [peumn Ha octpose Kpur.

3asBKM Ha yyacTve npucbinante no agpecy: 115522 MockBa,
MponeTapckm npocnekT, A4.15/6, kopn.2, MUK «[iooH».

TenedoH: (495)517-8014, dakc: (495)396-8227,

e-mail:gluon@yandex.ru

(cmTakke cant: http:\\ gluoninformika.ru).
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SAOAYN OJTIMMITNADI
No OYHOAMEHTAIbHBIM HAYKAM

Hucvmennviti undusudyarvrvlii myp

Maremarvika

1. 3amenure 3Be3J0uKy HUPPON Tak, 4YTOOBI YMCJIO
99...9%00...09 okaszajoch TOJTHBIM KBaJPATOM.

100 100

2. Haiigure nuiomaab npsiMOYrOJbHOTO TPEYTOJbHUKA, €CJIn
TOYKA KACaHWs BIIMCAHHOI B HETO OKPYJKHOCTHU JIEJTUT TUIIOTEHY-
3y Ha OTPE3KU C JJIUHAMK @ 1 b.

3. Haiiiure HanMeHblIle U3 9rce1 Bua ‘1 tf =5, rnekul-
HaTypaJibHbIE YnCJIA.

4. Tabnumna m X n 3amosHeHa YHCJAMHU TaK, 4YTO YHUCJA
KaKJOI CTPOKM M KaXKIOTO CTOJIONa 06pasyioT apudmernyec-
Kyio nporpeccuto. Haiiure cymMMy Bcex umces TaOJMIbI, €CJIn
CyMMa 4eTbIpeX 4HCeJs, CTOAIMX B ee yrjaxX, PaBHA S.

3. Ha croporne AC tpeyronbiuka ABC B3gta Touka E Takas,
yto EC = AB. Ilycts K — cepennna BC, M — cepemnna AE.
Haiigure yron BAC, eciu ZKME =a .

6. Ilyctb @ > 1 — eQUHCTBEHHDBII KOPeHb YPaBHEHHS

22— x-3=0. Yro Gonbue: @ unu Y13 ?

7. MOXXHO JIM TaK TO3HAKOMWUTH HEKOTOPBIX 13 N MOMapHO
HE3HAKOMbIX JIf0/Ieil, 4ToObl HUKaKHe TPOe W3 HUX He HMeJn
OIMHAKOBOI'O KOJINYECTBA 3HAKOMBIX ?

@uzmka

1. /[Ba OIMHAKOBBIX MAJEHbKHUX MIAPUKA, COCUHEHHBIX MEXK-
Jty co00i HEPACTSIKUMON HEBECOMOI HUTBIO JITMHOI [, JiexkaT Ha
TJa/IKOM TOPU3OHTAJBHON TIJIOCKOCTH. Kakyilo MUHUMAaJbHYTO
BEPTUKAIbHYIO CKOPOCTDb HY>KHO COOOIINTD OTHOMY U3 IMIAPHKOB,
4yTOOBI U BTOPOIl OTOPBAJICS OT TIJIOCKOCTH?

2. MareMaTH4ecKuii MasTHUK — JITMHA TIO/IBeca [, Macca rpysa
m — PacIoJIoXKeH BON3H TOPU30HTATBHON TPOBOSIIEH MIJIOCKO-
ctu. Orpeziesire Mepuoji MaJablxX KoJieOaHWil MagTHUKA OKOJIO
MI0JIO’KEHUST paBHOBecHus. 3apsii MagrtHuka ¢. Ilpu BepTukasb-
HOM I10JIO’KEHIH MAgTHUKA PACCTOSTHIE OT TPY3a /10 IIPOBOJIAIIEH
IIJIOCKOCTH PaBHO .

3. UsBectHO, uTO cuya nputsbkenus Jlyner k CouHily mpu-
MepHO B /iBa pasa GoJibllie, 4YeM CUJIa OpuUTsKenust JIyHbr
k 3emae. Ilokaxnte, yTo HecMoTps Ha ato JlyHa ynepskuBaer-
csl TI0JIeM TATOTEHWs] 3eMJIM 1 BpallaeTcsl BOKPYT Hee. Mac-
ca Comnuma Mg = 210 kr, macca 3emin M = 5-10% KrI
Mmacca JIyHer m =7 - 102 kr, paccroguue ot 3emun 10 CosH-
ma Ry=15- 10" M , paccrogume ot 3eman g0 JIyHbr
7 =238-10%m

4. Ouennte BpeMsi WCHAPEHUs JYXKH BOJbI IIyOHHONU /i 1
rorepeyHbIM pa3mepoM R. Temneparypa Bo/bl U OKPY KaloIIero
Bosayxa T. Cpemaiire omenky mag T =20°C, R = 1 M,
h = 3 mMM. ¥YpgenabHast Tenjora ucHapeHus BoJabl L =
=2,26-10% Jix/xr .

3. B TBepmom Tesie moTeHIUANbHAST SHEPTHSI MEKATOMHOTO
B3aUMO/IENICTBUS B 3aBUCHMOCTH OT PACCTOSTHUS MEK/Ly aTOMAMU
R omnpenensiercst Boipakennem U (R) = D (1 —exp (—0( (R -

- RO)))2 Omnpeniennre K03(UIMEHT TENJIOBOTO JMHEHHOTO
pacmmpenus tesa. Cresaiite YncjaeHAYIO OleHKy st D =4 2B,
Ry, =2 :&, a=10" em".

6. Ilyuok cBera 4acToTON W TIPU TIPOXOXK/IECHUU Y€pe3 JIBE
ITIeJTH, PACCTOSTHUE MEXK/IY KOTOPBIMU d, cO3/aeT M(PaKIIoH-
HyI0 KapTUHY Ha 9Kpare, yAaJeHnoM Ha paccrosuue L, L > d .
IIpu OTKPBITO# OHOI IIeJ N Ha 9KpaHe HAOJII0IaeTCs pacipe/ie-
nenne uHTeHcnBHOCTH I (0), TAe @ — yron HaGIIO/EHWS.

2007 /Ne3

Kaxoso Gyzer paciipe/iesienie HHTEHCUBHOCTU [IPH JABYX OTKPbI-
ThIX Heaax? Kak M3MeHuTcsl paclipe/ie/leHue UHTEeHCHBHOCTH,
€CJIN OJIHY W3 IIeJieil 3aKpbITh MPO3PAYHOil MIACTUHON TOJIIH-
HOW [ ¢ TIOKaszaresieM TIPeJOMICHUsS 7?

7. Cser yacToTOll ()} HCIyIIEH € [IOBEPXHOCTU 3Be3/bl pa-
qmycoM R u maccoit M. KakoBa 6yzieT 4acToTa cBeTa, 3aperuc-
TPUPOBaHHAS y/IAJeHHBIM HENOABIDKHBIM HabuoarereM? Kak
I ¢ Kakoil CKOPOCTBbIO JIOJDKEH JBUTATbCs HAOIIOAATeNb, UTO-
6bI OH HE 3aperuCTPHPOBAJ M3MEHEHHe dacToTel cera? Cre-
Jgafite uuciaennylo ouenky guas Counina (R=7-10°m,
M =2-10" xr ). Tpasurarmonnas mocrostuaas G = 6,67 X
x 1071 H-MZ/KF2. VKaszanue: cBeT MOXXHO paccMaTpUBaTh

Kak II0TOK 4acTull, (DOTOHOB, UMEIOLIUX Maccy m = hwy, / .

YVemuoviit komanonoitl myp

Maremarvika

1. IToesx npoxoaut Moct aymHOMN 450 MeTpoB 3a 45 CeKyH/[ 1
15 cexyna nger MuMo Teserpacdroro crosaba. Haiimure mimmny
1moe3/1a U €ro CKOpoCTb.

2. JlaH npaBWJIbHBII 1IECTHYTOJIbHUK co cTopoHoit 1. TToct-
poiite oHOI JUHEHKON OTPe30K NJIUHON V7.

3. Moo m 1epectaBuTh HU(Pbl B JIECATUYHON 3anucy
upcta 2% Tak, 4TOGBI MOMYUIICS Ky6 IeJI0ro Hic/a?

4. CymecTByeT JII 4eTbIPeXYTOJIbHUK, Kask/asl CTOPOHA KOTO-
POro HepIeH/ MKy IsIpHA TIPOTUBOIIOJIOKHONH CTOPOHE?

5. Ksazparroe ypaBuenne ax® +bx + ¢ = 0 He mMeer KopHeii.
Haiigure 3uak uucaa ¢, ecan a + 2b + 4¢ < 0.

6. B yerpipexyrosbuuke ABCD toukn M u N — cepeuHbl
cropor BC u AD coorsetctBenno. Otpe3ok MN JeuT MJomaib
YeThIPEXYTOJbHHUKA TOM0JIAM, & ero MAroHaJIN IIepeceKkaloTcs B
touke O. Haitgure oraomenne OM xk ON, eciu AD = 2BC.

7. Y poMmamiku m JiernectkoB. /[Boe Urparoimx OTPbIBAIOT 110
ouepe/ iy 16O oM, NGO 1BA COCEHUX JeMeCTKa. BoiurpoiBaer
OTOPBABIIHII 1TOCJIEIHUI JleniecTOK. KTO BbIMTPBIBAET TIPU Ipa-
BUJIBHON WTpe?

8. B mkose 2007 yuenukoB. OfHU U3 HUX 3HAKOMbBI, APyTHe
HE 3HAKOMBI JApPYT ¢ JApyroM. EcTb Ju cpeay HUX YYEHUK,
MMEIOIINI YeTHOE YNCJI0 3HAKOMbIX CPe/li OCTAJIbHDIX YYEHNKOB
TITKOJTBI ?

9. BoisicHure, n1pu Kakux 3HaYeHUSX 7 rupu ¢ Maccamu 1 T,
271,371, .., n T MOKHO Pa3JIO)KUTb Ha TPH PaBHbIE MO Macce
KYYKH.

10. ITycTb x, ¥, z — NMOJIOKUTENbHDIE YHCIA, & § — HAUMEHbITee

11 .
u3 uucen x,y + —,— . Haiiaure HanGosibliee BO3MOXKHOE 3HAUE-
xry

HIIE S.

11. Moxet nu XoTs 661 oo u3 uncen p — 1 w p + 1 6bITh
OJTHBIM KBA/{PATOM, €CJIU P — IPOU3BE/CHHE [EPBbIX 72 IPOCTDIX
uncea (n > 1)?

12. B xBajpare co CTOPOHOH 1 HApPHCOBAHBI HECKOJBKO
OKpY’KHOCTEH, cymMMa JJIMH KOTOphiX paBHa 10. Moxkno mm
MIPOBECTH TIPSIMYIO, TIEPECEKAIONTYIO HE MeHee YeThIPeX M3 ATUX
OKPY>KHOCTEH ?

@u3zmka

1. Pakera crapryer ¢ 3eMJH U Pa3roHseTcs 0 Hy KHOW s
BBINOJIHEHUS ee 3a/1auu ckopocTtr. HarpeBaercs s mpu pasro-
He BO3/JyX BHYTpH paxerbl? CTEHKH paKeTbl HETEIIONPOBOJI-
HBL

2. B ¢urbme «MoOposko» TJIaBHBIN Tepoil, cCHacasichb OT
Pa36otHIKOB, GPOCUJ BBEPX Pa3GOWHWYDBHU ITy/0BbIE JIyOGUHKI
(1 myx = 16 Kr), KOTOpbIEe yHaau 4epe3 ceMb JHell Ha TO sKe
Mecto. OreHnuTe MapaMeTpbl 60TaTHIPCKOTO 6POCKA.

3. Muposoit pekops B Gere Ha 100 M cocraBJisieT Bpemsi, 4yThb
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menbiiee 10 cexyna. Ouennre Muposoit (nn yike MeILIaHeT-
HBIA?) pexop/l B Tpbikke B jumHy Ha JlyHe (mpene6Gperute
BJINSIHUEM CONPOTUBJICHUS] BO3/yXa, HajaudneM ckadanjapa u
np.).

4. VI3 GecKOHEYHON He3apsiKeHHON MPOBOJSIIENR TLIIOCKOCTH
MIePIEH/INKYJISPHO €l B BAKYYM BbLJIeTaeT 3JeKTPoH. B mosynpo-
CTpPaHCTBE, B KOTOPOE OH TOMA/AeT, CO3/JaHO OHOPOIHOE YCKO-
pAroliee 3JEKTPOCTATHYEeCKoe ToJe HampsbKeHHocTbio E. Ha
KaKOM PACCTOSTHUM OT IJIOCKOCTH 3JIEKTPOH Oy/leT UMETh MUHH-
MaJIbHYIO CKOPOCTDH?

5. B mexoropeix cepepubix crpanax (mampumep, B Kanaze)
TIPOCTPAHCTBO MEXKIY CTEKJaMHI B OKOHHBIX CTeKJIOIlaKeTaxX
3aIOJHSETCS HE BO3/LyXOM, a TSYKEJIbIM HHEPTHBIM TazoM (Kpuri-
TOHOM). 3aueM 9T0 Jiesaercst? Moskere Ji Bbl OIEHUTD BBIUTPBITI
OT TaKOTO PeIIeHws ?

6. «ITviresoe o6aaxo u paxema» . Pakera maccoit m, Jersiast
B KOCMHUYECKOM IIPOCTPAHCTBE C BBIKJIOYCHHDBIM JBUTATEJIEM CO
CKOPOCTBIO ¥ , MOMAJ/IAeT B MbLJIEBOE 00JIAKO CO CPeHE II0T-
HOCTBIO Py , UMEIOTIEE TPOTSIKEHHOCTD L B HATIPABJICHUHN JIBUKE-
Hust pakerbl. [IbIIMHKY B 06J1aKe HEMO/ABYUKHDBI U TPUJINIAIOT K
pakere IIpU CTOJKHOBeHUU ¢ Heii. Ilromanb monepeyHoro ceve-
g paxetor S. Kakyio ckopoctb v; 6ynerT UMeTb pakeTa IpH
BbLIeTe U3 00JIaKa MbLIM, U CKOJDBKO BPEMEHH 3aiiMeT MpoJier
yepes3 9T0 00J1aKo?

7. «Hazpesanue 600vi». B crakan ¢ BOJON, NUMeIOIIEl TeMIie-
parypy ¢ =20 "C, moMecTHI 5/IeKTPOHArpeBaTeb I BKIIOUH-
an ero B ceTb. Boma crasa HarpeBaTbCs €O CKOPOCTBHIO
Y, = 0,03 °C/Mumn, oHAKO C TeYeHHeM BPEMEHH CKOPOCTH
HarpeBaHMs YMEHbIIHNJIACh, U BOJIA HATPEJIaCh TOJIBKO /IO TeMIle-
parypol t, = 80 °C . Harpesareap Bbikaounmi. Boja Hauasa
OCTBIBATh CO CKOPOCTBIO My = —0,04 °C/mun . Uemy pasha TeM-
nepaTypa okpyskatomeii cpeapr? CunraiiTe, 4TO TEIIOOT/Aua B
OKPY’KaIOILYI0 Cpely IPONOPIMOHAIbHA PA3HOCTU TEMIIEPaTyp
TesIa U OKPY’Kalolleil cpe/ibl.

8. Touemy /7151 yCKOpeHHS TIPOTOHOB JI0 GOJIBIINX IHEPrHil
06BIYHO WCTIOJIBb3YIOT KOJbIIEBbIe yeKopuTean (Hampumep, mpo-
TOHHBIH CUHXPOTPOH), a [/l YCKOPEHUS HIEKTPOHOB — JIMHET -
Hble?

9. B memnm, cxema KOTOpOW TMOKa3aHa Ha PHUCYHKE, MEXKIY
TOYKaM# / M 2 OT BHEIIHEro MCTOYHUKA CO3/IaHO IepPEeMEeHHOoe

' 03 CHHYCOMJQIbHOE HAIIPSIKe-
ne u = U, sin wt . Kakoe
HAIPSIKEHNE YCTAHOBUTCS
1 ! °4  mesxay Ttoukamm 3 u 4?

_L a Jluoapl cumTaiiTe Hjeab-

u=Ugsinot

= HBIMU.
-|_ 10. Ha nosmpoBaHHBII
' JI0 «3ePKAJbHOTO GJecKa»
MeTaJUIMYECKUI 1ap cJjeBa IMajaeT OJHOPOJHBIN Mapasesb-
bl myvok cBera. Kyna orpasutcst GoJibliie CBeTa: BJIEBO MJIN
BIIPABO?

20

Hcmopus nayunvix udeii u omxpoimui
Maremarvka

1. B 2007 rosy maremMatuueckoe cooOIIeCTBO OY/IET OTMEUATh
300-1eTre co AHSA POXKIEHUS OJTHOTO U3 BEJIMYANUTIINX MaTeMaTH-
KOB BceX BpeMeH. Tpy/HO HaiiTh 06JacTb MaTeMaTUKH, T/e He
ObL7I0 ObI TEOPEM, TIOHATHIT, HOPMYJI, CBSI3AHHBIX C €r0 MMEHEM.
Hasosure artoro maremaruka. Kakue nonsarusi, Teopembl, ¢op-
MYJIbI, OTKPBITbIE UM, BaM U3BECTHDI?

2. Urampauckuit matematuk Jlopenno Mackeponu (1750—
1800) B paGore «Teomerpust MUPKYJsi» JOKA3ald, UTO BCAKASA
3a/laua Ha MOCTPOEHHE, KOTOpask MOKeT OBbITh PEIlleHa € TTIOMO-
MIbIO IUPKYJIS M JIMHEHKM, MOKET ObITh PelieHa M ¢ TOMOIIBIO
OJ/IHOTO JIIIIL IUPKYJS. B ero paccykJAeHnsX BaKHYIO POJIb
cpirpasa jeMma 06 yJABOEHUH OTPe3Ka, T.€. CJEAYIONast 3a/1a4a:

Han ompesox AB. C noMouwpio 00H020 MOILKO UYUPKYsL
nocmpotime ompesox AE = 2AB (cuumaemcs, umo ompe3sox
3a0aemcst c60UMU KOHUAMU).

Pemmure a1y 3amauy.

3. B oxHoM cpe/ieBeKOBOM MHMNHCKOM TPAKTATe MPUBE/IEHA
3a/1a4a, CTUXOTBOPHBII MEPEBOJ KOTOPOW 3BYYHT TaK:

Ha 0se napmuu pazbuswucy,

Babasasaucy obe3vanoL:

Yacmo 6ocomas ux 6 keaopame

B poue seceno pezsunacy,

Kpuxomn padocmuvim deenaduyamo

Bo3dyx ceexuii ozrawanu.

Bmecme cKoavK0, Mol MHE CKAXeUlb,

Obesvsan mam 6via0 6 poue?

Pemmure oty 3amauy.

4. 3anumasicb Tpo6JIEMON Pa3peniuMOCTH B IEJIbIX YUCTAX
ypaBHeHuUil Buga ax” +b =y~ , rie a u b — HaTypaJbHbIE YKCIIA,
IIPUYEM YHICJIO ¢ He SIBJISIETCS TOJTHBIM KBajipaToM, [Ibep Depma,
B YACTHOCTH, Pelras 3aJadl, CXOAHBIC CO CIeAyTomeii:

Ecau ypasnenus =2yt =aux’-2y"=b paspewumvl 6
UCABIX YUCLAX, MO PASPEWUMO AU 8 HAMYPALLHLIY UUCLAX
ypasnenue x> —2y° =ab ?

Pemmute oty 3amauy.

5. B 1703 romy Gbur m3mas HeOOBIYHO GOJIBITHM [T TEX
BpeMeH THpakoM — 2400 5K3eMIIIPOB — MEPBbBIH PyCCKuit
y4eOHUK TI0 MaTeMaTHKe «ApudMETHKA CHPeYb HAayKa YHCJIH-
TesibHast». ABTOPOM €ro Obljl 3aMevaresIbHbII Te/[aror-maremMa-
tuk Jleontuit @uannmosuy Maruuniknii. [Ipenmaraem Bam pe-
IINTh TAKYIO 3a/1a4y U3 TOU KHUTH:

Ooun uenosex ewvinusaem 004OHOK Keaca 3a 14 Oweil, a
8Mecme ¢ KEeHOU OH 8binUsaem Maxol xe 60uoHOK keaca 3d 10
ouetl. 3a ckonvko Ouell Kena 00Ha 6bINUGAETN MAKOU XKe
60uoHOK Keaca?

Quzuka

1. /IBa BbLAQIOMIMXCS YYEHBIX — OTEIl M ChIH — Jiaypearbl
HoGenesckoit nipemun. OJUH yJOCTOEH 3TOW Harpajbl 3a OT-
KPBITHE U HUCCJEJ0BAHME KOPITYCKYJISIPHBIX CBOKCTB 3JIeMEH-
TapHOIl YacCTUIbI, APYTOH — 3a /I0KA3aTeJbCTBO €€ BOJHOBBIX
cBoiictB. OzHa u3 arux npemuit noaydena 100 ser nasazn, B
1906 romy.

a) Kro atn yuenpre?

6) O Kakoii sjeMeHTapHOIl YacTHle H/eT Peub?

B) Kakyio 1a6opaTopuio BO3IJIABJISL CTAPIIUN U3 yYYEHBIX?
Kro Gbuim ero mpejmiectBeHHnKn? KTo CMEHWT ero Ha 3TOM
mocry?

r) UeMm ele 3HAMEHUTBI 9T yUYEHDIE?

2. B 2006 rony B cocraBe CoJiHEUHOI CHCTEMbI ITPOU3ONILIN
M3MEHEHMSI.

a) HazoBute atn nsMeneHus.

6) TIpuBeanTe apryMeHTbI CTOPOHHUKOB STUX MU3MEHEHMUI.

B) HasoBute y4eHbIX, Pe3yJbTaThl HCCICAOBAHUN KOTOPHIX
JIETJIA B OCHOBY TIPOM3BEIEHHBIX M3MEHEHU.

3. 245 ner nasaj npu HaOIOAEHUU PEJAKOTO MHTEPECHOTO
aCTPOHOMUYECKOTO siBJIeHus B Poccuu ObLIO clieslaHo Bbl/Ialolie-
ecst OTKpbITUE B 06JIACTH TIIAHETHOI acTpoHoMun. Yepe3 BoceMb
JieT I HaGJTIo/IEHIST TAKOTO JKe siBJieHHs Gblla OpraHu30BaHa
MOpPCKast KPYrocBeTHast aKkcneuius B TUXuil okea 1o/1 KoOMaH-
JIOBAaHMEM HU3BECTHOTO IYTEIIECTBEHHNKA, BOEHHOTO MOPSIKa,
yuenoro. Cuepyionye /Ba pasa 3TO siBJeHHE HAOJI0/[aJ]0Ch B
XIX Beke, a mocaemaamii paz — jgerom 2004 roxa.

a) Hazosute 310 siBJICHUEC.

6) Kakoe oTkpbiTie GbLIO CleaaH0?

B) Kro na6mozan sto sasiaenue B Poccun? Kro xomanzoBa
KPYTOCBETHOU JKCIIeIUIneit?

4. 175 sier Ha3a] poamJics BeJUKWI anrauiickuit pusnk. On
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paboTas B pa3auuHbIX 00J1acTIX GUBNKH, U B KaXKIOH U3 9THX
obmracteil 00s13aTeJIbHO HAilleTcsl pe3yJsbTaT, Ha3BAaHHBIN ero
nmeneM. Bce ero JOCTMXKEHUA 3HaUYUTE/JbHbI, HO O/JHO M3 HUX
CBSI3AJI0 B €/IMHOE T1eJI0€ TPH pas/iesia GU3HKH, KOTOPBIE /10 3TOTO
cuutaach 06ocobsentbiMu. Psiji mpeickasanuii ero Teopun
JIOBOJIHO GBICTPO TOATBEPNJIICH 9KCIIEPIMEHTAIBHO, a HEKO-
TOPBIE CTAJH IMPOKO UCTIOJIB30BATHCS B TeXHUKe. Teopus craia
(yHIaMEHTOM KaK /1T KJIACCHUECKUX PasziesioB (GU3NKU, TaK U
JUIST psi/la HOBBIX HampasJsenuii. Oco6GeHHOCTbIO €ro B3TJISIOB
ObLTIO oTpUIlaHNe HeOOXOJMMOCTH HCIIOJb30BAHUS BEKTOPOB B
(puBMUIECKUX COOTHOIMIEHUSIX, TIOITOMY /ISl W3JIOKEHUS] He-
CKOJBKUX 1 PepeHITaNIbHbIX YPaBHEHUI, KOTOPbIE COCTABJIS-
10T CYIIHOCTb YIOMSIHYTOH TEOpHH, €My IPUIILIOCh HAIUCATDH
JIBYXTOMHBII TPYI.

a) Hasosute 5TOr0 yueHoro.

6) O Kakoil Teopun UjeT peup?

B) HazoBuTe Kak MUHUMYM /[Ba SKCIIEPUMEHTA, TIOTBEP/HB-
MIIX MPeJCKa3aHusT TEOPUH.

2007 /Ne3

r) HaszoBute pasjesbl HayKu, B KOTOPBIX PpaboTan aToT
YUEHDIH, U Pe3yJIbTaThl, HOCAIINE €r0 UMS.

5. B mepBoii yerBeptr XIX Beka Ha OJHOM W3 3acelaHuit
Dpaniry3ckoit AKajieMunt HayK ObLI c/ieJlaH JIoKJIa1 o audpax-
nun cgera. OpuH M3 4ieHOB AKa/leMUU, U3BECTHBIN YYeHBI,
YCOMHUIJICS B TIPABOMEPHOCTH CYUTATh CBET BOJIHOBBIM IIPOIIEC-
com. Ilpescenarenp 3ace/lanusi TPEATOKII TTPOBECTU OIBIT U
Mpe/ICKa3all MapaJoKCaJbHbIN Pe3YJIbTaT, KOTOPbI OTHO3HAYHO
CBU/IETEILCTBOBAJ ObI B MOJIb3Y BOJIHOBOI Teopun cBeTa. OIbIT
ObLT TI0CTaBJIeH. Bblia mosryuena npejckasantas JudpaKiion-
Hasi KapTUHA, KOTOPYIO B JIAJIbHENIIEM HA3BAIM UMEHEM YCOM-
HUBIIIETOCS OINMOHEHTA.

a) Kro 6bL1 oK/Iag4nKk?

6) Kaxoli pesysbrar ombiTa GbLI HOTyYeH?

B) UbMM MMereM ObLT Ha3BaH Pe3yJIbTaT?

r) Kro mpezncematenscTBoBan Ha coOGpaHny AKaeMum?

Hy6auxauuro nodzomosuiu B.Anvmundepos, A.Ezopos,
A.Kpasuos, A. Ilonos, JK.Pab6om

Bcepoccrmckas ctygeH4eckas
OSIMMMMaaa no husmke

Mo pe3ynbTaTaM o4vepefHOW Bcepoccumckon onvMnvaibl
cpeam CTyOEeHTOB TEXHUYECKMX BY3OB, KOTOpas COCTOsNach B
Hosibpe 2006 rofa, B KOMaHLHOM 3a4eTe nepBoe MecTo 3aHsna
koMmaHaa CaHkT-leTepbyprckoro rocygapCTBEHHOrO MOMUTEX-
HWYeckoro yHuBepcuTeTa (106 6annos), BTOPOe Mecto — KOMaH-
na MOCKOBCKOro MHCTUTYTa CTanu 1 cnnasoB (78 6.), TpeTbe
MeCTO — KOMaHZa POCCMMCKOro rocyiapCTBeHHOMO YHMUBEPCUTE-
Ta HedTM 1 rasa um. M.IybkuHa (73 6.).

B nu4HOM 3a4eTe nepBoe MecTo 3aBoeBan H.borocnoeckui
(CNrny, 47 6.), Ha BTopoM MecTe oka3zanca K.KopHuwuH (PTY
HeTM 1 raza uM. L.M.I'ybkumHa, 44 ©0.), TpeTbe MecTo pasgenunm
N.KosTyHOB (MNCKC, 43 6.) n t0.KponotuHa (CMIMY, 43 6.).

3agaum onMnuagbl

1. Ompenenure yros HAKJIOHA IIJIOCKOCTH HU3KOH OPOUTBHI
KOCMHIYECKOTO alapara, ABUXKYIIETOCs BOKPYT 3eMJIH, K MI0C-
KOCTH KBATOPA, €CJIU OH OKA3AJICS HAJl OJIHOI 1 TOI Ke TOUKOI,
HaxoJslelicss Ha mupoTe MOCKBBI, € WHTEPBAJIOM MeHee 2
yacos. 3BecTHO, uTO NIepuo/ Bpaienus anmnaparta 90 MuHyT, a
mmpota MockBbr 57°.

2. MaxoBuk B ¢opMe KOJIEHYATOrO Bajga Maccoil 7, ocb
KOTOPOTO TOPH3OHTAJbHA, TTOKOUTCSI, OMUPASICh CBOMMHU ITHJIH-
JIPUYEeCKIMH KOHIIAMU PaJuycoM R Kask/bIil Ha JBa TJIQ/IKUX
rOPU3OHTATBHBIX pebpa. IleHTp Macc MaxOBHKA CMeNieH Ha
paccrosiiiie R 0T reoOMeTpUY€ecKOil 0CH MaXOBUKA U B HAYAJIBHBII
MOMEHT 3aHUMaeT HanGoJiee BBICOKOE MoJioxkeHne. Ornpeesnre
3aBUCHMOCTb YIJIOBOTO YCKOPEHHUSI MAaXOBHKA B CJIydae MOTepU
UM PABHOBECHUST OT BPEMEHH, €CJIN MOMEHT WHEPITHH OTHOCUTETb-
HO TOPU30HTAJIBHOI OCH, IPOXO/ISIIEN Yepes IeHTP Macc, PaBeH
mR? .

3. K mianere pajmycoMm R ¢ yCKOpEHHEM Ha MOBEPXHOCTH ¢/,
uMeronieil CoyTHUK ¢ paauycom op6utbl 81R, momseraer ¢
GOJIBINIOTO  yjIasieltsi KOCMHYECKHil anmapar €O CKOPOCTBIO
v =(1/9)\/7Rg . Onenute, BO3MOKeH JTH 3aXBaT IPaBUTAINOH-
HBIM TIOJIEM TIIAHETHI KOCMUYECKOTO aIlapaTa, ecJii TOTLIHBO Y

HEro Ha MCXO/1€, a YIoJl IIOBOPOTAa BEKTOPa CKOPOCTHU allllapaTa
o
pn obere CIIyTHUKa B CUCTEME OTCYETA CITYTHUKA PaBEH 120°.

4. Hlaii6a paaimycoM R CKOJB3UT TIO JIbLy CO CKOPOCTHIO ¥ ,
BpAIAsCh BOKPYT COOCTBEHHOII OCH C YTJIOBOII CKOPOCTBIO ()
(9y < Rwy, ). Onpenennre 3aKOH N3MEHEHNS YCKOPEHHS MIAObI
co BpeMeHeM, ecsn Koa(puimenT TpeHus maionr o jex M.

5. Konguimonep, paboTtas B peskuMe <«TeIJIOBOTO HACOCA»,
3aKayas B IIOMEIIEeHHe KoJnuecTBO Terorol Q. Omupepesure
HN3MEHECHNE SHTPOIINN, €CJIN BCE ITPOIECChl BHYTPU KOH/ANIIMOHE-
pa ob6patumbie, a tepmoannamudeckuii K11/l mukaa Kapuo, mo
KOTOpoMy paboTaeT Komauiuomnep, pasen 0. Temmeparypa
Bozayxa Ha yuute Ty, B momeniennn 1, .

6. Cdepa pagmycoMm R U3 IM2JEKTPUKA pasjeeHa IuaMeT-
PaJIbHOI TIJIOCKOCTBIO Ha /IBE OJMHAKOBbIE YACTH, 3apsyKeHHbIE
PaBHOMEPHO PasHOMMEHHbIMU 3apsgaamu Q u —q. Pabora 1o
passezieHnIo osrycdep Ha 6eckoHeTHOCTb paBHa A. Onpenesnre
9HEPIUIO 3apsijia ¢, PABHOMEPHO pacipe/ieIEHHOTO 10 TOBEPXHO-
cTu mosrycdepbl paiycoM 7.

7. OueHb JVIMHHBINA COJICHOM]| PAaJNYyCOM 7 C IJIOTHOCTDHIO
HAMOTKH 72 TIOMeIeH B GECKOHEUHO JITUHHYIO TPYOKY U3 CBEPX-
MPOBOJIHUKA paguycoM R > r. Omnpenennte MarHuTHOE TOJ€
BHYTPH COJIEHOU/IA U BHE €r0, ecjii 10 ero 0OMOTKe MpoTeKaeT
ToK 1.

8. Ncrounnk, HanpsipkeHne KoToporo pasuo Uy , TIOIKJIIOUEH
K IeMNu, COCTOSIIEH 13 MOC/Ie/J0BATEIbHO COE/IMHEHHBIX PEe3nC-
TOpa conporuBieHneM Ry u konjgeHcatopa emkoctbio C. Ila-
PaJIIIeJIbHO  KOHJICHCATOPY TIO/IKJIIOYEHA IIeMb M3 I0CJe/0BaA-
TEJIbHO COEJMHEHHDBIX PE3UCTOPAa ¢ HEM3BECTHBIM COIIPOTHUBJIC-
nueM R, > R; u kmovya K. Ornpezesnte MaKCUMAJIbHYIO MOIII-
HOCTB, BBIIEJISIONIYIOCS B PE3UCTOPE COIPOTUBJEHHEM R, .
Cunratb, yTo K104 K 3aMBIKAETCSA-PA3MBIKACTCS C YACTOTOM
V> (R +R,)/(CRR,).

9. Ha ny i 110cKOI0IsIpU30BAHHOTO CBETOBOTO ITIOTOKA ITOMe-
CTHJIN MOJIAPU3AIMOHHYIO IJIACTHHKY, MJIOCKOCTD MOJISIPU3aInn
KOTOPOH MEJIJIEHHO BPAIAeTcsl TIPU TIepeXo/ie OT OJHON 30HbI
@Dpenens k gpyroii. OmnpeesnTe NHTEHCUBHOCTD CBETAa B TOUKE
HabJIIo/leHust, ecJin BHavajie oHA paBHa [, W HA OCH CUCTEMBI
IIJIOCKOCTH TIOJIAPU3AIMH CBETA U IJIACTUHKM B3aMMHO IepIIeH-
JIMKYJISIPHDI.

Hy6auxauuo nodzomosusu B.Torybes, M.Hxosies



NHOOPMANINUA

PoxxpecTBeHcKas aspomMmoesibHad (.'I)I/IeCTa

PasoynpasisieMasi MOJIENIb TEIIOBOrO aspoctata (Bo3myI-
HOTO IMapa, MOHTOMb(bEpa) TMPAKTHICCKA HE OTJIMYACTCS OT
IIUJIOTUPYEMOTO  TEIJIOBOTO aspocTara. Passe dYTo TeM, YTO
MUJIOT YNPaBJSIET aspocTaToM He M3 TOHA0Jbl (KOp3WHBI), a
HAXO/ISICh Ha 3eMJIe, C TIOMOIIBIO AUCTAHIIMONHOTO YIIPABJICHUS.
[MnnorupoBaHre TakOro MUHH-adpOCTaTa JOCTYIHO Jlaske pe-
6eHKY, XOTS 10 MacIITaOHOCTH W 3PEJUIIHOCTH €ro IoJeT
MIOJIHOCTBIO MJICHTHYEH I0JIETY MOJHOPa3MepHOro adpocraTa.

Mopemm aspocTatoB HMeoT Maccy 70 S0 Kr 1 00beM He 6osiee
200 M° . [IpaxkTuka mokasasa, 4TO /IS y4acTHsI B COPEBHOBA-
nugx nanbosiee yrnoben o6bem 50— 80 > . Taxme a’poCTaThl B
cpejiHeM nMeIoT BbicoTy 6—8 M u mmamerp 4—6 M. OHu cHaG:xe-
HBI TOpesJKaMu ¢ TeroBoil MomHocTbio 100—120 kBr. Ympas-
JIEHHWE TIo/lavyeil TOIIMBA — CXKMYKEHHOTO TporaHa-OyTaHa — B
TOPEJIKY BBIIOJHSACTCS JMCTAHIIMOHHO C UCIIOJIb30BAHNEM DJICK-
TPOMArHUTHOTO KJIalaHa, C ero IMOMOIIbIO TaKKe IacsT MNJI0TC-
KMl OroHb IIepel MOCaJKOH. BOoJbIMHCTBO MOJEINUCTOB HC-
TI0JTb3yeT /IBOIHBbIe ropeskn. CrennaabHbI MeXaHN3M OTIIETIKI
MO3BOJISIET TUJIOTY cOpachiBaTh ¢ Mojesu Mapkep (s aToii
e/ OGBbIYHO BBIIEJAIOT OT/EJNbHBII paiuoKanal). BoibimH-
CTBO MojieJIell OCTeHNX JIeT CHAOKEHBI 0COOBIM YCTPOHCTBOM
JUISE CMSITYEHUST TTOCAJIKU adPOCTaTa.

PaanoynpasiisieMble  MOJIEJIM JIETAIOT Ha BbicoTax 10 150
METPOB, M HHUJOTbHI, KaK IIPABUJIO, COIPOBOXKAAIOT MUX IIOJET
nenkoM. [loaToMy st IpoBesieHNsT COPEBHOBAHUIT BBIGHPAIOT
CHIOKOIHYI0, 1o4Tn Ge3BeTpeHHYo mnorojay. IIpaBuiamu mpe-
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JIyCMOTPEHO, UYTO CKOPOCTb BeTpa IIPH 9TOM He JIOJIKHA IIPeBbl-
mwatb 2 M/ C.

BoinosHenme 1moJsieToB Ha COPEBHOBAHUAX MOjieJiell He MeHee
CJIOJKHO, YEM Ha COPEBHOBAHUAX MUJIOTUPYEMbIX a9pPOCTATOB, U
nMeeT CBOM 0COGEHHOCTU. BO-1epBbIX, IMUJIOT BUAUT CBOM aria-
paT Cco CTOPOHbBI, HEPEIKO M3J/1aJIeKa, MO3TOMY €My CJIO0XKHO
OTIpe/IeJINTh MOMEHT c6poca MapKepa. Bo-BTOpBIX, MOJIeThl MO-
Jleqieil BBITIOJTHSIOTCS Ha HEGOJIBIINX BBICOTAX, B TEYEHHE KO-
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POTKOTO BpEMEHHU, YTO OrPAHMYMBAET HCIOJb30BaHue O6Jaro-
MIPUATHDBIX BO3/YITHBIX ITOTOKOB JIJIS1 BBIXO/A HA IIEJb.

HamnGosiee m3BecTHBIE MeEXX/IyHAPO/AHBbIE COPEBHOBAHUS pa-
JIIOYIIPABJISIEMbIX a9POCTATOB MIPOBOSTCS €3KeTOHO B Bpurax-
tase — HebOJIbINOI JepeBHe Ha foro-Boctoke Iepmamnmm. Ha
Koponesckoit BosmyxomnsaBarenbHoil ¢duecte B IlIBeiimapun
Pa/INOYIIPaBJIsIEMbIe Ad9POCTATHI BBIJEJIEHDI B CAMOCTOSITEIbHYIO
rporpamMmy. B Takux copeBHOBaHMSX, COOUPAIONIIX COTHH 3PH-
TeJiell, TMPUHUMAET yJacTue 0 copoka u 6osee mozeneii. Ho
yarie BCEro mo 5—7 MojeJieil yqacTBYIOT B HEGOJIBITIX TOBAPH-
IIECKIX BCTPeUaxX BO3/yXoIlIaBareseil, KoTopbix B EBpore kask-
JIBII TOJT IIPOBOAUTCS HECKOJIBKO JIECSTKOB.

Buepsbie B Poccun copeBHOBaHUS PainoyIPaBIsieMbIX MO/Ie-
Jefi TerioBBIX aspocratoB mnponwtn 30 guBaps 2007 roma B
MOCKOBCKOH 1mkosie-untepHare «Muremnexryans (mkomna 1128)
Ha Ky6ox mxospr. Hazanne copeBroBanuii «PosxgecTBeHcKast
¢uecray COOTBETCTBOBAJIO HA3HAUEHHOI jare mposejieHus — 12
SHBaApsl, HO IO IIOTOJHBIM YCJOBHAM (PHECTy HECKOJbKO pa3
nepenocusn. Mpaes mposegeHus uecTdbl TpUHAJIEKATA [H-
pexropy mikossl E.B.MapkesioBy, a nperBopeHa B KU3Hb Oblia
6narofaps ycuausam aupektopa Kiy6a Bo3ayxorsaBanus Tro-
poda sKykosckoro B./l.Bokmu u pykoBoguTesieii asapoMo/iesib-
HBIX KPY’KKOB MOCKOBCKUX 11K0.JT B. 1. Besskosa-Boauna (1ko-
na 1071) u A.B.Edumona (mxomna 1128).

[TepBbIM TIATOM K 33JyMaHHOMY CTaJl JIBYXYacCOBOW YPOK,
IIPOBE/IEHHDIN B 1IKoJse «MHTemnextyans> Kiy6om BosmyXxoria-
BaHUs ropoga JKyKOBCKOTO [T yYaluXcsl CTapIINX KJIACCOB.
OO0bruHbIll YpOK (DU3NKH, IIOCBAIIEHHBI 3aKOHY ApXHUMena,
[IPEBPATUJICS B MHTEPECHDIH, MO3HABATEIbHBIH YPOK, IIHPOKO
BBIXOZIAINI 32 PAMKH IITKOJIBHOI MTPOrpaMMbl, € WJJIIOCTPAIH-
eil OCHOBHBIX IOJIOJKEHHI 3aKOHA HA IPUMEpE TT0JIeTa BO3/yIII-
HOTO IIapa.

B copeBHOBaHUSAX MPUHAIN Y4acTHE TPH KOMAH/Ibl: KOMaH/Ibl
MOCKOBCKUX MmKoJ <«Muremnexryan» u «Illkosna 3/10poBbsa»
(mkosa 1071), a Taxske KoMaHAa MKOJIbHNKOB n3 CeprueBoro
Ilocama. BocTtopry yuacTHMKOB W MHOTOYHCJEHHBIX 3puTesen
He ObL1o npesena. jKanab, 4TO MO TEXHUYECKUM IIPUYMHAM B
¢uecre He cMOrJIM ydyacTBOBaTb KOMaH/bl n3 CbIKTbIBKapa u
ruMHasnm 33 ropoga Y aerbHasd.

DunancoBbie npo6seMbl (recTsbl ObLIM pelieHbl 6aroaaps
CIIOHCOPCKOI Tomotu GiarorBoputebioro Monga «/[unac-
TUS> .

KanuraHe! (cnesa HanpaBo) Makcumos Erop, KoHppatbes Muxauns,
Ky3uH Ceprevi
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B nporecce copeBHOBaHUI KOMaH /bl BBIIIOJHAIN Ba YIIPAK-
nenusi: «Kpyr» u «HenoaBu:KHOCTD 1 11e/ib» . 3a/1a4a B YIIPaK-
nerann «Kpyr» — He 1o3jiHee MATH MUHYT IOCJE CTapTa MpH-
3eMJINTD a3pPOCTAT BO3MOXKHO OJIMIKE K TIEHTPY Kpyra pajinycoM
10 MeTpoB, 3actynaTb B KOTOPbBIH IIMJIOT HE MMeET IIpaBsa.
ITunoT yrpasJisieT BBICOTOU TIOJIETA € MCIOJIb30BAHUEM TOPEJI-
KU, 110 PAIUOKAHAIY, a TIOJOKEHUEM adpocTaTta — MOCPEJACTBOM
(anma pmnoI 15 METpPOB, NPUBA3AHHOTO K TOH0JE. B ympax-
Hennu «HemoBIKHOCTD U TEJTb» HYKHO KaK MOXKHO JOJIbIIE
VIEPKUBATh a9pPOCTAT B MHTepBase BICOT OT 0 10 2 MeTPOB, a
3aTeM TPU3EMJINTD €ro Kak MOKHO OJisKe K 1esm. Ha kaskmoe
VIPa)KHEHHE JIaBAJIOCh JBe TMOMbITKU. [loGemuTesn onpesess-
JIUCD TI0 cyMMe OAJIJIOB B [IBYX YIIPAKHEHUSX.

ITo wroram cOpeBHOBaHUII TIEPBOE MECTO 3aHsJIa KOMaH[a
mrkostel «uTennexryans, kamuran Muxann Kongparbes, 492
ouka; Bropoe Mecto — «IlIkoma 3m0poBbsi», Kamutan Erop
Makcumos, 392 ouka; Tperbe MecTo — Komanaa u3 CeprueBoro
ITocana, kanmran Cepreii Kysun, 340 oukos.

ITocsie oxkonvanusi copeBHOBaHUil MUIOTHI KiyGa BO3IyXO-
MJIaBaHus ropojia yKyKOBCKOTO yCTPOU/IM KaTaHUe YYaCTHUKOB
U 3putesieii Ha GOJIBIIMX IMapax, KOTOPbIE IMOJHIMAJINCH Ha
MPUBSI3U HA BBICOTY MYCTb W HeGOJBINYIO, HO BbI3bIBAIONLYIO
BOCTOPT' y TOHBIX MACCA’KUPOB.

Bosee nmogpo6Ho 0 PoskaecTBeHCKOI aspoMojiesibHOl uec-
Te MOXHO y3HaTb Ha caiite Kiy6a BosmyxollaBaHUsl ropoja
JKykosekoro (http:/ /www.a-club.airshow.ru) u ma caiite
NpoOeKTOB MaccoBoro aspomogenuposanus (http://
aerostat4all.narod.ru).

ITy6uxauuio nodzomosuiu
B.Bboxwa, B.Beasxos-Booun



HNH®OPOPMAINIUA

3ao4yHas wkona CYHU HI'Y

3aounag mxosa (3M1) CreruananaupoBaHHOTO yueGHO-HAY Y-
Horo rerTpa (CYHIT) HoBocHGUPCKOTo rocy 1apCTBEHHOTO YHHE-
sepcurera (HTY) npuriamaer mkonbuukos 7—11 KmaccoB n
aGUTYPUEHTOB PACITUPHUTD U YTJAYOUTb CBOM 3HAHUS TI0 IIKOJIb-
HBIM ITPEJIMETAM U MTOJITOTOBUTHCS K BCTYIUTEILHBIM 9K3aMeHaAM
B BbICIINE yueOHbIe 3aBeeHHs.

Kpome otgenbubix yuamuxcs, B 31 npunumaiorcst gaxyib-
TaTUBHbIE TPYIIIbI, OPraHN30BaHHbIE B 0011€06PA30BATENBHBIX
mikosnax. Jlyummue yuammecst 3111 exxeromHo mpuriamaiorcs: B
JletHtoto mkosy A7 yyactus B koukypcee CYHIL HIY. Yuamu-
€cCsl, YCIIEITHO BBITIOJTHUBIITIE BCE 3a[AHST, TT0 OKOHYAHUH O/[IH-
HAJIATOTO KJacca moJyvaior yaoctoBepenune 3111.

3auncaenne B 3aounyio mkoay CYHIL HI'Y mpousBoauTcs
KPYrJa0ronyHo. YTo6b! Ty1a HOCTYITUTD, HEOOXO/MMO IIPUCTIATD
B azpec 31 BBINIOJTHEHHOE TEPBOE 3aaHUEe U 3asSBJIEHUE O
mpueme. Pa6orta [o/pkHa ObITh BBINOJHEHA B YYEHHYECKOI
Terpa B KyeTKy. OO0s3aTesIbHO 3alUIINTEe KPAaTKOE YCJOBUE
Kakaon 3amaun. Homepa 3amau MOJDKHBI COBIIQIaTh C TEMH,
KOTOpbIe yKasaHbl B 3agaHun. Ilummmre 4eTKo, pazGopumBo,
OCTaBJISIS TIOJIST [IJIs 3aMEYAHUil TIPETo/[aBaTeIs.

Ha o6uoxKke TeTpagn HY>KHO YKa3aTb:

1) Orpenenne (MateMaTnyeckoe nm (pU3MIECKOE)

2) Howmep saganus

3) damuiuio, UMs, OTYECTBO

4) Kuacce, B kKoTopoM Bbl yunrech B cBoeii mKoJe

5) Bam noapoGHbIii foMammmmii agpec, ¢ yKazaHueM MHAEKCa
noutoBoro oraenenus, teaedona (¢ Kogom roposga), e-mail

6) Anpec Bameii mkount u tesedon / daxe (¢ kogom ropoja),
e-mail

7) daMuuio, UM, OTYECTBO IperoiaBaTea B Bameii mkoJe
110 MaTteMatuke u 1o Qpuanuke

Pa6oty orcbLiaiiTe TOMBKO MPOCTO GanepoJibio. B TeTpasb
BJIOKHTE JIUCTOK GyMaru pazmMepoM 6 X 10 ¢M ¢ HAallMCAaHHBIM Ha
HeM Bammm azpecom.

BboimosiHeHHOE 33/1aHne U 3asiBIE€HNE O TIPHEMe BbIChLIANTE 110
azpecy: 630090 Hosocubupck-90, ya. Jsnynosa, 3, 3aounas
wrona CYHI[ HI'Y.

E-mail: distant@sesc.nsu.ru

Tenedon: (383) 339-78-89

Anpec B untepHere: http: / /sesc.nsu.ru

NMEPBOE 3AAAHUE
Maremaryeckoe orhesieHue
7/ Knacc

1. 3 nynkra A B myHKT B Bblies ToBapHblil noe3s. Ciycrs
3 4 Bcses 3a HUM BBINIEJ ITACCAKUPCKUI 10€3[l, CKOPOCTDh
kortoporo Ha 30 KM /4 GoJibIlie CKOPOCTH ToBapHOTo. Yepes 15 u
1I0CJIE CBOETO BBIXO/IA MACCAKUPCKUN TT0e3/] OKa3aJscsl BIIEpen
toapHoro Ha 300 kM. Onpezente CKOPOCTb TOBAPHOTO 110€3/1a.

2. Ha copeBHOBaHMSX TIO MO/IEAHOMY JIOBY PbIObI TIPUHSIINA
yuactue Cama, Mutg u Bosa. Oun n3 Hux noitman 12 oxkywneit,
apyroii — 14, a tpermit — 22 okyns (HO y KOTO CKOJBKO —
mensBectHo). Cama orzagx Murte CTOJIBKO OKYHell, CKOJbKO
6b10 y Murn, 3arem Mutg ornan BoBe cTOJIBKO OKyHeid,
CKOJIbKO ObL1o y Bobl, a BoBa orman Cairie cTOJIBKO OKyHeId,
CKOJIbKO octaBasioch y Caii. B pesyJibrate y Bcex pesT oKyHeit
CTaslo NOpoBHY. MOYKHO JI OIIpe/Ie/INTh, CKOJIbKO OKYHell 110ii-
MaJl KaKIblil U3 pebaT?

3. Tocaie BbicTpea Gapona MioHxrayseHa B osieHst (M3BECTHO
U3 yCT caMoro 6apoHa) y OJIeHs Ha TOJIOBE BBIPOCJIO POCKOIIHOE
BuliHeBoe JiepeBo co 120 npexkpacubiMu Betkamu. Ha camoit
BEpXHEl BETKE BLIPOCJIA O/[HA BUIIEHKA, a HA KAaXK/OU MOCJIe/Ly-

10TI[el BETKe MOHIKE BBIPOCJIO HA O/IHY BUIIIEHKY GOJIbIIE, YeM Ha
IpebIy el BeTke moBbiiie. CKOIbKO BCETO BUIIIEHOK BBIPOCJIO
Ha BUITHEBOM JiepeBe?

1
4. 3a HepBbIﬁ qac €3/1bl MOTOIUKJIUCT IIpO€XaJs = BCEro IyTu

)

u erre 25 KM, 3a BTopoif yac on mpoexas 30% BCero myTH 1 eime
10 kM u 3a Tpernit yac — ocrasmnecst 40 kM. CKOJTbKO KHJIOMeT-
POB MOTOITUKJIMCT MPOEXaJ 32 BTOPOil yac?

3. Korzma Komst 6b11 Mosof, kak Ouid, TOZOM MeHbIe ObLIO
terymke Ilone, yuem Koue teneps BMecre ¢ Oueit. CKoJbKO JieT
6b110 Kogie, xorza terymka IToss 6biia B Bospacre Kosn?

6. Paspexxbre kBajgpar Ha 20 PaBHBIX TPEYTOJIHHUKOB.

7. 3arosHuTe TyCThIe KJICTKU KBajgpaTta 5 X 5 Gyksamu L1, U,
D, P, A rak, 4To0Obl B KaXK/I0i CTPOKE, B KAXKJIOM CTOJIOIE U 110
00enM JMaroHaJIsIM CTOSLTA PasHble GYKBBI.

8 knacc

1. Byparuno xouer Kynutb OyKBapb C IIBETHBIMH KAPTUHKAMU,
1o emy ne xBaraet 18 cosbro. Ha artor ke 6ykBapp MasibBune
He xBaTaetr 7 compio, a [Ibepo — 10 compmo. Cmoryt ;m [Ibepo
u MaJsbBUHA BMeCTe KyIUTb OJMH OYKBapb Ha /[BOMX?

2. U3 nynktoB A u B HaBcTpeuy ApPYr APYrY BbleXasl
o[HoOBpeMeHHo /iBa aBrobyca. IlepBbiii, Mess BABOe GOJIBIIYIO
CKOpOCTb, TIpoexaJs Bech IyTh Ha 1 wac ObicTpee BTOporo. Ha
CKOJIbKO MMHYT PaHblile TPou3oIia Obl UX BCTpeda, ecJau Obl
CKOPOCTb BTOPOTO YBEJMYHJIACDH /I0 CKOPOCTU TIEPBOTO?

3. [Tycrb P — TOuKa niepecevyenus BbICOT B TpeyrosbHuke ABC.
UsBectHo, uto AB = CP. Haiigure Bemuuny yriaa ACB.

4. HaiinnTe Bce matndnavnblie yncaa 2mS7n (m, n — 111/1(1)pbl),
KoTopbIe slesisarcst na 135.

5. KommepcanT Vb1 KyTinJ pyyHble 9achbl U PEMEIIOK K HIIM.
Uepes Tpu mHst oH 1ipojat o6e Bemm 3a 2060 py6Jieii, mosydnn
3% mpubbLIM. 3a CKOJBKO py6Jeil ObLIM KYTJICHBI Yachl U
pPEMENIOK K HUM IEPBOHAYAJLHO, €CJIM Ha YacaX KOMMEPCAHT
sapaboran 20%, a ma pemernike norepsi 20%?

6. Moskno s ocTpouTh 11 TOMHKOB M IPOBECTH TPOTIMHKHU K
HUM Tak, 4TOGbI OT KaXKJOTrO JIOMHUKAa BBIXOJIUJIO POBHO 5
TPONMHOK?

7. Ilyctpb x 1 y — neJsble 4ucaa Takue, 4yto 3x + 7y AeJuTcs Ha
19. [lokaxute, uro 43x + 75y TOke mesnutcst Ha 19.

9 knacc

1. M3 MOJIOKA KUPHOCTHU 5% JIEIAI0T TBOPOT sKupHocTu 15,5%,
[IPH 9TOM OcTaeTcst chiBopoTKa xKupHocTH 0,5%. CKOJIBKO TBOPO-
ra MoJiyuuTCsl U3 OJIHOW TOHHBI MOJIOKA?

2. HaﬁIII/ITe CYMMY BCE€X YE€TbIPEX3HAYHBIX HaTypaJIbHbBIX
quces, He gensimxcs Ha 11.

3. Buytpu moJsiochl, 06pa30BAHHON [ABYMSI TAapAJLIeTbHBIMU
MIPSIMBIMH, PACIIOJIOKEHDI JIBE OKPYKHOCTH, Kacaloluecsi JApyT
Jipyra BHemHUM 06pasoM. IIpu aToMm mnepBast u3 HUX Kacaercs
OTHOH TpsIMOIi, a BTOopass — JApyroi. /lokaskure, YTO TOUKH
KacaHUsl OKPYXKHOCTeH ¢ MPSMbIMU U JIPYT C JPYTOM JiekaT Ha
OJTHOH TIPSIMOIA.

4. B tpeyrospauke ABC Ha cropoHe BC Bssta Touka N.
Menunana CM pesaut orpe3ok AN B oTtHomennn 2:3. Haiinure
otHotenue BN:NC.

5. Pemmure cucremy ypaBHeHUi

1—x20x3 =0, 1+ x5030, =0, 1— 230405 =0,

T+ a5 =0, o, 1= 2490500 =0, 1+ x5020009 =0
6. Kamuu sexar B Tpex Kydykax: B ofHO#l — 51 kamenb, B
npyroit — 49, B Tperbeil — 5 kamueii. Pasperaercst 00beMHSATD
Jo0ble JIBe KyYKH B O/IHY, a TaKyKe pPas/iessiTh KyuKy, COCTOS-
LIYI0 U3 YETHOTO KOJMYecTBa KaMHell, Ha jiBe paBHble. MOXHO
g ntosrydntb 105 Kydek 1o oHOMY KaMHIO B KasK/10ii?
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10 krnacc

1. B KaX/J0M 13 ByX COCY/IOB HAaXOJAHUTCS 110 A JINTPOB BOJDI.
13 mepBoro cocy/ia BO BTOPO ITepeTnBaIOT TTOJIOBIHY NMeETOTIeli-
€51 B HEM BO/IbI, 3aT€M U3 BTOPOTO MEPEJUBAIOT TPETh UMEIOIIENCst
B HEM BO/IbI B IIE€PBbIii, [I0TOM U3 [IEPBOTO M1E€PEJUBAIOT Y€TBEPTDH
umeronieiics B HeM BOJAbl BO BTOpPOil M T.J. CKOJIBKO BOJIbI
OKa)KeTCsT B KoM u3 cocynoB nocie 2006 mepesmBanmii?

2. Haiimure Bce IPSIMOYTOJBHUKH C I[eJIOYUCTEHHBIMI CTOPO-
HaMM, TIJIONA/Ib KOTOPBIX YMCJIEHHO PaBHA MEPUMETPY.

3. Touka D — cepeauna croponnt AC tpeyrosabuuka ABC,
orpeskt DE u DF — 6uccekrpucoi yriioB ADB w CDB. Otpe3kn
BD u EF nepecekatorcst B Touke M. Jlokaxkure, uto EF BIBOe
nnunHee MD.

4. JIBe okpyskHOCTH repecekaioTcs B Toukax M un N. Uepes
Touky N TIpoBe/ileHa TIpsMasi, BTOPHYHO TepeceKaronias 3TH
OKpYy»KHOCTH B Toukax A m B. KacaresapHble K OKPY>KHOCTSIM,
NpoBe/ieHHble B Toukax A u B, mepecekailorcd B Touke D.

[lokaxure, yto cymma yriaos AMB u ADB pasna 180°.

3. Pemmre ypaBHaenne (x2 -x - 1) -2 =5.

6. Ha xzeruaroit nocke 4 X4 wrpator asoe. Xomar Mo
ouepein, ¥ KaX/Iblil UTPAIOTIIT CBOMM XO/IOM 3aKPAITMBAET OHY
kJIeTKy. IIponrpbiBaer TOT, Iocje X0/1a KOTOPOro 06pasyercs
3akpamienubiii kBagpar 2 X 2. Kro mo6eut npu npaBuibHOR
urpe: TOT, KTO HAaYMHAET UTPY, WJIN ero napTHep?

17 knacc

1. YuyeHWK He 3aMeTWJ 3HAK YMHOMEHHUS MEXIY JIByMs
TPEX3HAYHBIMU YHCJAMU U HAINCAJ O/IHO HIECTU3HAYHOE YHCJIO,
KOTOpPOE OKa3aJochb B CeMb pa3 OGoJibllie MPOU3BEJACHUS 3TUX
uyncesn. Haiinnte atn uncia.

2. MayibuuK U IEBOYKA, BMECTE BOW/IS B MApK, OTIPABUJINCD
110 JIBYM PasJIMYHBIM [IOPOKKaM K (DOHTaHy M JOCTHUIJIH €ro
osHOBpeMeHHO. [leBouka Ipolia Bech 1y Thb anHoit 160 meTpoB
C TIOCTOSTHHOH CKOpOCThIO. MaTbunK MPeo0JIes MyTh JAJTUHOMN
294 merpa, mpuyeM B TeYE€HHE IMEPBOIl MUHYTHI OH O€XKaJ 10
MIPSIMOJIMHEHOMY Y4aCTKY [IOPOKKH CO CKOPOCTBIO, B 2,4 pasa
60JIbIIIeH, YeM CKOPOCTD JI€BOYKH, a OCTABIIYIOCS YaCTb ITyTH JI0
donTana oH mpomea co cKopoctbio 90 MeTpoB B MHHYTY.
Haiimure ckopocTh AEBOUYKN.

3. Boruucaure 6e3 KaJbKyJaaTOpa 3HAYCHUE BbIPAKCHUS
4 3T 4 ST . 4 7T

£+sin — +sin” — +sin .
16 16 16 16

4. Ilyctp A 1 B — puxcupoBaHHbBIE TOUKH JIAHHOH OKPY>KHO-
cti, X — TepeMeHHas TOUKa TOM ke okpyskHOcTH. Ha Kaskmoii
JIOMaHOH, cocToseil u3 1syx orpeskos AX n XB, orMeTuM ee
cepenunty M. Ecim AX Goabiiie XB, To M — Takasi TOYKa OTPe3Ka
AX, uto AM = MX + XB. Haiigure MHOKeCTBO ToueKk M.

5. CKOJIBKO PA3IMYHBIX PENIeHNil, YI0BIETBOPSIONIIX YCIO-

sin*

Buio 1 < x <2007, nveer ypasnenne {x[x]} = 0,5? (3necp {x}

— Apo6Has yacTb 4muc/Ia, [x] — wesas 4acTb 4ucJa.)
6. Jlokaskurte, uTo B Kpyre pauyca 1 Hesbast BbIGparh Gouee i
TOUCK, TONApHbIEe PACCTOSHMS MEKILy KOTOpbiMu Gosbiue 1.

@uiznyeckoe orgesneHme

9 knacc

1. U3 mynkra A OfHOBPEMEHHO B Pa3Hble CTOPOHBI HAYAJH
JIBIDKEHNe /iBa Terexosa. Yepes BpeMs f, OWH 13 TEMIEX0/I0B,
JKeJask 4TO-TO COOOIUTb BTOPOMY, TIOBEPHYJICS, MOOEXKaa u
yepes BpeMd fy goruas ero. Onpejesnnre cKOpocTb v GErylIiero,
€CJI CKOPOCTD TIEHIEXO/I0B U.

2. [lnmHa KOJIbIEeBOi oporn, uMeroleil ¢popMy MTpaBUIbHON
okpy:kHOCcTH, paBHa 100 kM. V3 ofHOI TOYKM 10pPOTH OHOBpE-
MEHHO CTapTOBAJIM JIBAa ABTOMOOWJIS: OJMH CO CKOPOCTBIO

2007 /Ne3

40 kM /4, npyroit co ckopoctbio 60 kM /4. Uepes kakoe BpeMst
paccrostnuie Mexkay Humu (110 mpsaMoit) Gyer MaKkCHUMaJbHO?
Uemy ono pasno?

3. [apuk, nuaBas B cocy/ie, OKa3bIBAETCS MOTPY’KEHHDBIM B
JKUIKOCTD Ha 3,/4 cBoero o6bema. Ilocse TOro Kak akkKyparHo
JIOJITIIA B COCY/T >KU/IKOCTD, TIIIOTHOCTH KOTOPOI B 2 pa3a MeHbIIIe
MJIOTHOCTH TIEPBO#i JKU/IKOCTH, MIAPUK CKPBLJICS TOJHOCTbIO. Ha
KaKylo 4acTb o0beMa IMAapHK OKA3aJICS MOTPY’KEH B TKEIYIO
JKUJIKOCTb B ATOM CJIydae?

4. VI3 mpoBOJIOKH, COIPOTHBJIEHNE KOTOPOH R, clesasn
KOJIbIO. YeMy paBHO CONPOTHBJIEHUE, U3MEPEHHOE MEXK/Y TOY-
kaMu A n B KoJbIla, ecu yTros Mexay pajnycaMul, IpUBe/ieH-
HBIMU B 3TH TOYKH, paBeH 90° ?

10 knacc

1. Pemnre 3ajauy 2 s 9 Kiacca.

2. Or BeproJiera, JeTSIIEero rOpPU30HTAIBHO C YCKOPEHUEM d,
Ha BbicoTe H otopBasicsd TpukpervienHolii rpy3. CKopocTb
BepToJIeTa B 3TOT MOMEHT paBHsIach ¢y . Ha kakoMm paccroguun
X OT BeproJieTa Gy/IeT HaXOUThCSI TPY3 B MOMEHT TTPU3EMJICHNUST ?
ComnporusJieHneM BO3/lyXa IpeHeGpeyb.

3. I'pys cBoGONHO Bpamaercsd Ha HUTH JJIMHONH L BOKpPYT
TOPHU30HTAJIBHOI ocu B noJie Tskectu. Haiinre maccy rpysa m,
€CJIM B TIPOIecce JIBUKEHNUS] MAKCUMAJIbHOE HATSKEHHE HUTH B
/1Ba pasa 60Jbllle MUHUMAJIBHOTO U paBHO Tj .

4. B cucreme, n300paskeHHON Ha pucyHKe 1, Teso Kacaercs
[IpaBoil CTEHKH, KOT/a Npy>kuHa He geopMupoBana. B Havasb-
HBIIT MOMEHT MPY’KUHY CXKaJu Ha X, U oTnyctusu. [Ipm yaape
Tesa o TPaByIO0 CTEHKY TepsieTcst
50% €ero KUHETUYECKON SHEPTHH.
Haiigure, Ha kakoM MakcUMaJlb-
HOM PACCTOSIHUY OT ITPABOI CTEH-
KU OKa)KeTcs TeJlo T10cJIe yJiapa.
Tpenus Hert.

5. Teno maccoit M naumHaer
Cbe3KaTh 10 TJAAKOH TIOCKOCTH, HAKJIOHEHHOH MO/ yTJIOM O
K ropu3oHTy. Ilocsie TOro Kak OHO OMyCTHJIOCHh Ha /i, B Hero
rora/jiaeT JeTsias TOPU3OHTAJbHO I1yJist Maccoil m. Haiinnre
CKOPOCTDb IyJIN ¥, €CJH IocJje abCOMI0THO HEYHpPYroro yjaapa
TEJIO ¢ TMyJieil NoAHsIoCh Ha h /4.

Yo

Puc. 1

17 knacc

1. Pemnre 3amauy 2 pis 10 kiacca.

2. Pemmre 3agauy 4 s 10 kiacca.

3. B BepTUKAJBHO CTOSIIEM IMJIMHAPUYECKOM COCY[Ee MO/
MACCHBHBIM TIOpIIHEM Haxojutcs Tas. Ilocse Toro kak Ha
MOPIIEHDb TOJOKUIN TPy3, 00beM Trasa MO MOPITHEM yMeHb-
mmics B 1,5 pasza. KakoB Gyzer o6beM rasza mocJie TOro Kaxk Ha
MOPIIEHDb TMOJIOXKAT ellle OAWH Takoil ke rpy3? HawambHbrit
o0beM raza V , TemIepaTypa rasa ocTaercss HeHM3MeHHOI.

4. Haiijinte HAPSXKEHHOCTD 3JIEKTPUYECKOTO MOJIS B I[EHTPe
PABHOCTOPOHHETO TPEYTOJbHHUKA CO CTOPOHOIl @, B BepIIMHAX
KOTOPOTO HAXOJSATCSI TOUEUHbBIE 3aps/ibl ¢, ¢ 1 3q.

5. Ha cepeanue gma TPsSIMOYTOJIbHOI SIMKH IIUPHHON 2/
3aKperieHo HeGoJIbInoe 3apskentoe teao (puc.2). Cumbl Tpe-
HUST YIEPKUBAIOT HA CTEHKAX
SIMKH Ha OJIMHAKOBOW BBICOTE
h JBa JIpyrux 3apsiyKEeHHbIX
tena. [Ipu kakoM MUHUMAJIb- i
HOM 3HavyeHUH Koadduimen-
TA TPEHUSI MEXIY TeJaMu W
CTEHKAMH 3TO BO3MOXKHO?
3aps/ibl BCeX TeJI OJJMHAKOBDI. 2h
Cuioit TsizkecTn nipene6pedb. Puc 2




OTBETbHbI, YKA3AHUNA, PEIIEHNA

KMLLU
3AOAHU
(em.»Keanms» No2)

1. Cmoryrt nepenpaButbcst. MOXKHO MOCTYNUTh TaK: CHA4aJa Iie-
PEeIpaBJIAIOTCs /[Ba YeJOBeKa U CTHPAJIbHAs MAIlMHA, OJNH YesI0-
BEK oCTaercs Ha Apyrom Gepery peku, a Bropoit (Bmecre co cru-
PaJIbHON MalMHOI) BO3BPAIAeTCsA 32 TPETHUM. 3aTeM BTOPOI
TPeTuil NepenpasJssiioTcsl BMeCTe ¢ MalluHOI.

2. V3 ycioBus cjesyer, 4TO JOKTOP IIPU3HAJ CUMYJISTHTAMU BCEX
rpask/iat, kpome oxHoro (Koropeiil ymep Besegcrsue yiapa). Ilo-
3TOMY MBI MOXKEM 3alncaTh cJIeaylolee paBeHCTBO-pefyc:

abcee + 1 = aabbb.

[Ipn cioxeHUn W3 paspsiia eUHUI] B Pa3psijl ACATKOB ObLIa TIe-
penecena exnnuia (MHave paspsaj JECATKOB He M3MEHHJICS Ob).
3ameTuM, 4YTO paspsi/i COTEH TaKXKe M3MEHWJICS, T.e. TyJa U3 pas-
psijia JlecaTKOB ObLTa IepeHeceHa exununa. Ho B paspsije necsr-
KOB ITPOM3BOJIIIOCH CIokeHne ¢ n 1, T.e. ¢ + 1 okasasnoch He
menbpine 10, otkyzma caeayer, uto ¢ = 9, ¢ + 1 = 10, moatomy
b = 0. Pe6yc npuobpern Buzx a0999 + 1 = aa000. Tak kak

0999 + 1 = 1000, To @ = 1 (u6o 310 yerBepras crnpasa uudpa
cymmbr). Urak, 10999 + 1 = 11000, T.e. noxkrop Bayriie BbLIOBIT
10999 cumysHTOB.

3. 910 MoxHO chenaTh He Beeraa. Ecuau, manpumep, 13 denoBex
JKEJIAIOT MOCeMIaTh IIEePBbIil KPYXKOK, a OCTaJIbHble — BTOPOI U
TPETHil KPY>KKH OJJHOBPEMEHHO, TO PACHpe/IeUTh ITKOJbHIKOB
MIOPOBHY IO BCeM KPY’KKaM He yIacTCs.

4. Tlocsie paspesanust BOCbMUYTOJIbBHUKA TaK, KAaK MMOKA3aHO HA
pucyHKax 1 mim 2, BOCBMHYTOJIBHUK PaclajlaeTcst Ha Mapbl pas-
HOIIBETHBIX, HO PaBHBIX T€OMETPHYECKUX (UTYp. SHAUNT, IJIO-

Z

Puc. 1 Puc. 2

ia/Ib KpaCHOT'O YE€TbIPEXYTOJIbHUKA pPaBHa CyMMe H]IOIHaﬂeﬁ JIBYX
CUHUX Tpa]’leIIl/If/'I.
5. Taxoit kBajzpat cyuiectByer. PaccMOTpUM Marndeckuil KBaj-
par, HpMBeZ[eHHbeI B yCJj0BUM 3a/la4u. Kamaoe YHUCJIO Ta6f[I/IL[bI
110/1eJIMM Ha IPpOU3BE/ICHNE BCEX YHUCEJT TaéJII/I]_II)I. Toraa B KJIET-
Kax Taé.ITI/HIbI TIoJIyqyuM 4ucJjia

8 B 1 1

81.6-3.-5-7-4-9-2 1.6-3-5-7-4-9-2 45360
1 o
86~1-6-3~5~7~4~9-2 _1362880 ’

81.6-3.57-4-92 81-3-57-4-9.2 60480

W TaK jlajiee, T.e. WHCITA BUAA . 3aMeTnM, 4TO CyMMBI 3THX

JApo6eil OTJIMYAIOTCS OT CYMM COOTBETCTBYIONIMX UM TI€PBOHAYAD-
HBIX ynces poBHO B 8-1-6-3-5-7-4-9-2 = 362880 pas, noaro-
My €CJIM TIePBOHAYATIBHO CYMMbI 110 CTOJIGIAM, CTPOKAM M J[Haro-
HassIM OBLIN PABHBI MeKIy COGOM, TO HOBBIE CYMMBI TOXKe GyIyT
paBubl Mexay coboit. Takum 06pa3oM, Mbl CHOBA TOJIy4aeM Mar-
YecKuil KBajpar.

Ipumenanue. MOXKHO JIJIUTh BCE YNCJIA HCXOHOTO KBAaJpaTa HE
TOJIbKO Ha MX TPOM3BE/IEHIEe, HO U Ha J06oe oflee KpaTHOE, B
YACTHOCTH HAMMEHDIIee.

KOHKYPC « MATEMATVKA 6—8»
(cm. <Ksanums Ne 6 3a 2006 z.)

11. Ipu n = 3. PaceMorpnm B caydae n = 2 cymmy uncen ABC
n DEF . Uto6n! nocrennss mudpa CyMMbI cTaa MeHbIIe Tpej-
nocsiesineit, npu caoxkenun mugp C u F pomwken npousoiitu me-
penoc paspsizia, a npu caoxkenuu mudp B u E — wer. Ho Toraa
Bropas 1udpa cymMmbl Oyaer GoJiblie TIepBoil. 3HAYNT, 1 # 2.
IIpn n = 3 ykasanHas B yCJOBUN CHTYyaI[ls BO3MOXHa: 125 +

+ 237 + 248 = 610.

12. a) Hec/JI0)KHO MPOBEPUTH, YTO MCXOAHOMY YPABHECHUIO Y0B-

1
JIETBOPSIOT Bee umcaa Buga x = 10k + 5 , re k — moGoe Hary-

paJibHOE YHUCJIO.
6) HpennonomwM, YTO CYHIECTBYET HEKOTOPOE IOJOKUTETbHOE

2
paIMOHaIbHOE YHCJI0 X Takoe, 4to {x}+ {x }: 0,5. Tlycrp t =
=[x], Tak uto t <x <t+1, P <> <?+2+1, {xz}:xz—
2

=t =p, rae p — Hexoropoe 1esaoe yncao u3 nabopa {0, 1, ...
..., 2t}. B a1ux 0603HAYEHUAX UCXOJHOEC YPABHCHHE 3AIUIICTCS
Tak: x—t+xt—t2—p=0,5, mm P’ +x-t>—t-p-05=0.
ITo mpeamosokeHuio, TMOTyYeHHOE KBapaTHOE YpaBHEHHE OTHO-
CUTEJBHO X JOJGKHO UMETH MOJIOKUTETHHBII PAIIMOHAIBHBIN KO-
perib. ITO BO3MOXKHO JIMIIb B TOM CJIy4ae, €CJH ero JUCKPHMH-
HAaHT D = 4t° + 4t + 4p +3 — xBagpat uesoro yucia. Ilockombky

D — uucuno wevernoe, To D = (2m + 1)2 . Torna 4t> + 4t + 4p +

+3=02m+ 1)2 , WK, 1ocJe npeoGpasosanuil, ¢+t —m> —m =

= _5 = P . Ilocarennee PaBEHCTBO HEBO3MOJKHO, ITOCKOJIbKY B Ji€-

BOIl €ro 4acTu CTOUT I1eJI0e YMCJI0, a B 1paBoil — He nesnoe. [lomy-
YeHHOe MPOTHBOpEYNe J0Ka3bIBAaeT YTBEPSK/CHHE 3aTauM.

13. He moryt. g moxasaTesbcTBa BOCIOJIb3YEMCS CJIELYIONINM
BCIIOMOTATeIbHBIM (DAKTOM: ecm y ABYX TpeyroiabHnkoB ABC u
A’B’C’ pasubl aBe cropoubl: AB = A’B’, BC = B’C’ u yroa
HE mesxxny aumu: ZA = ZA’, To 60 3TH TPEYyTOJTbHUKHI PaB-
HBI, 60 CyMMa JBYX JIPYTHUX YIJIOB 3THX TPEYTOJbHHUKOB, JeKa-
mux HE mexay paBnbiMu cTo- A

ponamu, pasua 180°:

ZC+ 2£C’ =180° (c moxasa-
TEJbCTBOM 3TOTO YTBEP KICHUS
MOXKHO IIO3HAKOMUTbBCS, HAIPH-
Mmep, B ctarbe A. Eroposa
«YeTBepThIil TPU3HAK paBeH-
CTBa TPEYTOJbHUKOB» — CM.
«Ksant» Ne4 3a 2004 1.).
[IpearososkumM, 4TO ONMMCAHHAS
B YCJOBHUU 3a/1aufl CHTYAI[HsT B I ! # C
Bo3MoxkHa. Torzma y TpeyroJib-
nukoB AQB u AQC (puc. 3)
nMeroTcst iBe paBHble croponbl OB = QC, AQ — o6uas, u pas-
Hple yranl ZBAQ = ZCAQ . V13 BciomMoraTesbHOTO (DakTa cJie-
nyer, uto qu6o LABQ + ZACQ =180° — B ganHoM ciydae 210
HEBO3MOJKHO, 100

AABO = AMCO . B nocire- A 4,
aHeM caydae ZBQA =

= ZCQA =90°. Paccmorpum
3TOT BapHaHT.

OcymuiecTBUM MapaIebHbIN
[epeHoc TpeyroJabHuKa BAQ
TakK, 4ToObl TOUKa B COBMECTU-
mach ¢ Toukoit Q. Ilpu artom
ToYKa Q COBMECTUTCS C TOY-
koit C, Touka P — ¢ Toukoii R, © R C
TOuKa A 3aliMeT IOJIOKeHUe Puc 4

Puc. 3
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sepumnbl Ay npamoyrombanka AA4CQ (puc.4). Orpesok RC
BUJICH U3 BepinH A n A; 10 O/HUM M TeM XKe YIJIOM, 3HAYuT,
toukn A, A;, C, R nexar Ha ojHoii okpykuocTH. [lo cBOiicTBY
YeThIPEXYTOMbHIKA, BIMCAHHOTO B OKPYXXHOCTD,
LZAAC + ZARC = ZRAA| + ZRCA, , HO 9TO HEBO3MOKHO, TaK
kak yriapl A; u C npsMOyrosibHUKA HpsiMble, a yriasl RAA; n
ARC He paBHBI JIpYT JpYTY.
14. Coyyait n = 1 TpUBUAJBHBII, B JaJbHEIIIEM moaraeM n > 2.
3amernM, 4TO JIIOOBIE 7 TOCJEOBATENBHBIX IEJBIX YHCEJ [[AI0T
nosnyio cuctemy octatkos 0, 1, 2, ..., n — 1, momyvaonmxcs
IIpU JIeJIeHNH ATUX 4YHCces Ha 7. 3aMeHss Kask/Joe U3 JAaHHBIX I10C-
JIe[JOBaTeIbHbIX YHCET €r0 OCTATKOM, IPUXOINM K PaBHOCHJIBHO-
My YCIOBHIO 3ajadn yTBepieHmo: uncao 1° +2F + .. + (n— 1)k
npemutes Ha n. [l gokasaTesbeTBa IOCJAETHETO YTBEPXKICHIS
pa3obbeM cJraraeMbie Ha mapbl (3TO BO3MOKHO, TIOCKOJIBKY YHCIIO
n — 1 4EeTHO) W 3aMeTuM, 4TO

1+ (n— I)k JIe/IATCA Ha 7,

2k 4 (n - 2)k JIeJIUTCS Ha 7,

k k
n-1 + n+1
72 72 JCJUTCA Ha n.

JleiicTBUTE/IbHO, TIPUBJIEKass U3BECTHYIO (DOPMYJLY
a +vt = (a+0b) (ak’1 —d" b+ .. —ab*? bk’j) ,

CIIPaBe/JINBYIO [IJIs BCEX HEYETHDBIX MOKazaTeseil cremeneil k, mpn
PA3JIOKEHNHN KaK/I0H CyMMbI Ha MHOKUTEN OJIMH M3 MHOXKHTE-
Jieii TIoJIy4aeM PaBHBIM 7.

15. DTO MOKHO c/ieIaTh TPHU JIOO0M 7, Kpome n = 2,
HeB03MOKHOCTD CJIydast 7 = 2 TPOBEPSIETCsT HETOCPE/ICTBEHHO.
Jlst n # 2 ommnieM cmoco6 paccTaHOBKE wnces B Tabsuie. Pac-
cMoTpuM Tpu ciaydas (KOTopble, 04eBHIHO, OXBATBIBAIOT BCE BO3-
MO>KHOCTH) .

1) Ilycts n — nevernoe uncyo, T.e. n = 2m — 1 (m — warypasn-

P
HOe). 37ech MBI IMeeM JieJio ¢ uncaaMn oT 1 10 (Zm - 1) =

=4m® —4m+1, TprYeM HeYeTHBIX YHCes MMeeTCs POBHO

2m* = 2m + 1 . PaccTaBUM HEUCTHBIC YHCTA B TAGIIIE B BHJC
<IIOBEPHYTOTO KBajipaTa», Kak II0-
Ka3aHo Ha PUCYHKE D IS CJIydast

n =7 (KJETKM ¢ HEeYeTHbIMU YMCJIa-
Mu o6osnaunm Gyksamu «H»).

H Bo Bce ocTasbHble KIETKH 3amuIieM
yeTHble uncaa. Hecmoxno y6enntn-
cs1, YTO TIPU TaKOil paccTaHOBKE KO-
JIMYECTBO HEYETHBIX YNCET PABHO B
Tounoctn 2m* —2m +1 . [Tockosbky
BO BCEX BEPTUKAJSIX U TOPH3OHTA-
JIIX UMEETCSl HeyeTHOEe KOJIMYECTBO
puc. 5 HEYETHBIX YHCEN, CyMMa YHCes B
KaK/I0# TOPH30HTAIN U BepTHKaau Oyer HederHoil. Ha kasxzoit
U3 [IByX [HMaroHajieil Tak:ke pPacroJoKeHO HeYyeTHOEe KOJMYECTBO
HeyeTHbIX yncea (aTo clefyer u3 CMMMETPUYHOCTH PACTOJIOKe-
HUsI HEYETHBIX 4Hces B TaGJHIle OTHOCHTENBHO IeHTPATbHOI
kaerkn). [ToaToMy u Az quaronaseil yejaoBue 3a1aqm TOKE Bbl-
TIOJTHSIETCS.

2) Ilyctb n — 4eTHOE YMCIO, He Jefsueecs Ha 4, T.e. n =

=4m + 2 (m — marypanabnoe). 3/€Ch YETHBIX W HEYETHBIX YHCEJT
mopoBHy. /19 HeoOXOIMMOTO pasMeIleHNs Ynces TIPe/IBapuTeTb-
HO pas3o0bemM Tabumiy Ha 4 paBHbIX KBagpara (2m +1)x (2m +1).
3aTeM BO3bMEM JIBa IIEHTPAIbHO-CUMMETPUYHBIX 13 HuX (CKa-
5KeM, JIEBBIiT BepXHUIT ¥ TpaBbIil HIGKHMIT) M 3aM0HIM UX Hever-
HbMH yncaamMu (2 OCTalbHbIe KJIETKH 3aTOJTHUM YETHBIMU HCJIa-
vn). OUeBHIHO, POBHO MOJOBUHA KJIETOK GYAET COAEPIKATH He-
YeTHbIe Ynca, 9To u Tpebyercs. [lpumep samnosnenus 1as n = 6
MoKasaH Ha pHUCyHKe 6. B Kax10if TOpn3oHTaMN U KaXI0il BEpTH-

=
=
maly gunl) Junil janiy s
asl junly fucljanl jauly au faui
anjy usl janl janil fas
=
=
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HIH|H H|HH

HIH|H H|HH

HIH|H H|HH
H{H|H H{H|H
H{H|H H{H|H
H{H|H H H{H

Puc. 6 Puc. 7

KaJn mMeercs 10 2m + 1 HEYeTHBIX YHCes, TI03TOMY CyMMa Y-
ceJsl B Ka)K/I0il TOPU30HTAIN U BepTHKaau Oyzer HedetHoil. [Ipas-
J1a, B KaX/I0H /IMaroHaIl CO/EPKHUTCSI, HA060pOT, YeTHOE KOJIIde-
cTBO HeueTHBIX unces (B oxHoil 4m + 2, B JIpyroit — HU OJHOI1),
MIO3TOMY TaKas PACCTAaHOBKA HE MOJKET HAC Y/OBJETBOPHUTD.
[laBaiiTe ee UyTbh <«IIONIEBEJINM», T.C. HEUETHOE YUCJO U3 JIEBOH
BepxHeil kaetku nepeneceM B (2m + 1)-10 KJIETKy TOM ke CTpO-
KU, 3aTo HewyeTHoe uncao n3 (2m + 1)-if kieTku camoii HIDKHEIT
CTPOKM TepeneceM B 1-10 KJeTKy Toil e cTpokn (mpumep s

n = 6 npuBejeH Ha pucyHKe 7). SICHO, 4TO OT Takoil IepecTaHoB-
KM KOJINYECTBA HEUETHDBIX UMCEJT B TOPU3OHTAISAX M BEPTHKAJSIX
He U3MEHATCSI, a B JMArOHAIAX — M3MEHATCS: B OJHOH 3TO KO-
YeCcTBO YMEHBINUTCS Ha | ¥ cTaHeT paBHBIM 4m + 1, a B gpyroit
yBesmuntcs Ha 1 u craner pasubiM 1. IlostoMy u B Kaskjoil nua-
TOHA/IM CTAHET HEYeTHOe KOJMYECTBO HEUYETHBIX YHCEeJI, Y4TO U Tpe-
oyercs.

3) Ilyctb n — 4etnoe umcao, aensmeecs wa 4, 1.e. n = 4m (m —
narypaabioe). Cm. pemrenue 3azaun 21 B cTaThe «3aK/IIOUNTEINb-
HbIil atan koHkypca umenu A.Il.CaBuna «Maremaruka 6—-8» B
«KBante» Ne 2.

KANENOOCKOM «KBAHTA»

BOMPOCHI N 3AAAHYN

1. MarHuTHBII TOTOK, TPOHU3BIBAIONINIT KOJIBIIO, YBEJNYNBACTCS
110 Mepe NPOABIPKEHUS KOJIbIA K Cepe/iHe MarHuTa, 3aTeM
yMenbinaercst. COOTBETCTBEHHO, MH/YKIIMOHHBINH TOK, YMEHbIIA-
SICb, JIOCTHIAeT HyJIs IIPH IMPOXOXK/IEHUH KOJIBIIOM CEPEIMHbI Mar-
HHATA, TIOTOM PacTeT, MOMEHSB HalpaBJeHHE.

2. [la, Gyzaer. Ilpu aTOM mepeMeHHbIII TOK IPOXO/UT Yepe3 HJIeKT-
POJIUT, HEe BbI3bIBAsI BbIJIEJICHUS] BEILIECTBA HA AJIEKTPO/IAX.

3. B ciuyuyae KOpPOTKOro 3aMbIKaHUs IIPH JIIOGOM 3apsijie Ha ILIac-
THHAX KOH/ICHCATOpa Pa3HOCTb MOTEHINAJOB MEK/IY HIUMI paBHA
HYJIIO, 3HAYUT, PaBHO HYJIO I €MKOCTHOE COIPOTHBJICHHE, YTO
PABHOCIJIBHO GECKOHEYHO GOJBIION eMKOCTH.

4. TlocTOSIHHDBIN TOK.

5. TIpoBoanuk GyseT KOTeGaTbCsi ¢ 9acTOTOH MepeMEeHHOTO TOKA.
6. /1 yMEHBIIEHUS 3EKTPHYECKOTO COIPOTUBJICHUS, TaK KaK
cepe6pO — XOPOIINii IPOBOJHUK, & BBICOKOYACTOTHBIE TOKHM H/YT
110 IOBEPXHOCTH IIPOBO/IHUKOB.

7. Ilpu MaspIX 4acToTaxX HANpsDKEHNEe Ha KaTylike OJM3KO K
HYJIO, a HalpsDKeHue Ha KoHJeHcarope moutu pasuo J/1C; npu
GOJIBIITIX YacTOTaX — HA0GOPOT.

8. B cuywae a) HakaJ MEPBOM JIAMIIbI YBEJAUYHUTCS, BTOPOI
YMEHBIIUTCS; B caydae 6) — Ha060pOT.

9. Ha nanpsxenne 43042 kB = 610 kB .

10. Hampsoxenne mMexxay toukamn A n B naMensercs B Ipejesax
or 0 no -2U, .

11. B MeqHOM JMCTe BO3HUKHYT MHAYKIMOHHBIE TOKH (DyKo, mar-
HHUTHOE TOJIe KOTOPBIX 6y/eT MPaKTHUeCKN TTOJHOCTHIO SKPAHUPO-
Bathb Toste Karymku B. [lokazanms BosbTMeTpa, Ha KOTOPBIH 3aM-
kHyTta Karymka A, 6yayT GJUsKn K HyJIO.

12. VY rpancdopmaTtopHoil 0OGMOTKI BEJHKO TOJbKO MHYKTHBHOE
CONPOTHBJIEHHE, KOTOPOE TOCJe PAa3MaThIBAaHNUS CTAHOBHUTCS HIY-
TOXKHO MaJIbIM.
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13. Masa cusa ToKa U Majio aKTUBHOE COIIPOTUBJIEHHE BTOPHY-
HOI OOMOTKH.

14. 3aMxHYTBI BUTOK TpanchopMaTopa — 3T0 (QaKTHIECKH eTe
o/lHa BTOpUYHAsl 0OMOTKA, Pab0TaIoN[asl B PEKUMe KOPOTKOTO 3a-
MbiKaHusi. [1oCKOJIbKY ee CONpOTHBJIEHNHE OY€Hb MAJO, B HEll WH-
JyIIupyercss 04eHb GOJIBIION TOK, KOTOPBI MOXKET PACIIaBUTD
3TOT BUTOK WJIM Pa3pyIINTb M30JISAIHIO.

15. Tpancdopmaropuas crajgb BUOPHPYET HPHU TTepeMarHiInBa-
HUM B MECTaX HEIJIOTHOTO coe/HeHus. JacToTa 3ByKa B /iBa
pasa BBbIIIe YaCTOThI TOKa, T.e. cocrapaser 100 Iy

16. a) Korza miockocTh paMKH Tapa/ienbHa 1moJo; 6) Koraa
IIJIOCKOCTDb PAaMKHU HepHEeHNKYJIAPHA TIOJIO.

MUWKPOOIMbIT

Bropoii, TOCKOJIbKY IIPU HCIOJb30BAHUU APOCCEJIS IPAKTHICCKN
HET [OTepb Ha TEILIo.

PABOTATA3ATMPUTNEPEXOAE N3 HAYAJIbHOIO

COCTOSAHUSA B KOHEYHOE
1. Ay =24. 2.1)E=§%;2)A:%.

3. Q=A+§VRAT,

OOPMYJ1bl TEOMETPUUN NOMOTAIOT ANFEBPE

L(64). 2. (35). 3. (40). 4. (36).
5. (46). 6. —g. 7. g 8. (oﬂ

XV MEXXAYHAPOOHASA OJIMMIMUALA
«UHTENNEKTYAJIbHbIA MAPA®OH»

Hucvmennwiti undusudyaivrvlii myp

Maremaruka
1. Bmecto # Hy’kHO 1OCTaBUTH 4. 3aMEHUM 3Be3/I0YKY HEH3BECT-

Hoit Ham noka 1ngpoit a. ockosbky 99...9 = 10" — 1, name
YUCJIO PABHO 100

(10" = 1)10"% + @-10"" + 9 = 10 (10 - ) 10" +9 .

HeprﬂHO BUETDH, 4YTO IIPU d = 4 TI0JIy4€HHOE BbIpaK€HNE PaBHO

2 ()
(10101 - 3) . A tax xak G/mKaiiie K 9TOMY YHCJY KBaJpaTbl

2 2

(10"+1 - 7) n (1()” + 3) , OKamvuBalomnecs: ndpoit 9, 3aBe10MO
OTJIMYHBI OT JAHHOI'O
yucaa, To d = 4 — eJuH-
CTBEHHO BO3MOKHAS
nudpa.

2. ab. Ilycts r — panuyc
OKPY’KHOCTH, BIIMCAHHON
B JAHHBII TPSIMOYTOJIb-
HBII TPEeyrONIbHUK
(puc.8). Torna AC = b +
+7, BC=a+rumno Te-

Puc. 8

opeme IIndaropa
(a+7)°+(b+7)° =(a+b)’, orkyna r(a+b+r)=ab.
OpHako npousseerne 7 (@ +b+7) PaBHO IJIONAM TPEYTOJIbHI-

ka ABC (1o dopmyiie S = rp).
3. 4. 3amernumM, uTO MOCJEHAS INppa B AECATUUHOIN 3aIHCH UNC-

J1a ‘11"’ - 5" — 9T0 4 nan 6, 3HAYNUT, YKUCJIO ‘Mk - 51‘ He MeHbIIe
4. Ilpu k = 2 u [ = 3 nonyuyaem ‘112 —53‘ =4.

mns

4. T ITycrp B yriax tabuuibl crosatr yuchia d, b, ¢, d

(puc.9). IpocymmupyeM uucia
tabauipl Mo crpoukam. Cymma ~ ———---- 5
YIcesT MePBOil CTPOKM paBHA

(a+b)n .
s a rocJieHen m

(c+d)n
2 c d

MBI YHCEJI II0 CTPOKaM 00pasy- -——=

10T apudMETHYEeCKy0 nporpec-  Puc 9

CHIO W3 M 4JIEHOB, TaK 4YTO WX

cymma (T.e. cymma Beex umcess TaGJMIbI) PaBHA

- a+bn+c+dn
2 2 _mn(a+b+c+d)

2 4

. IIpu arom camu cym-

3. 2a . Ipomium orpesok KE jpo touku L tak, yro6er KL =
=KE (puc. 10). Yerbpexyrompank ECLB — nmapaJuieorpamMm,

B L

A M F } C

Puc. 10

noatomy BL = EC = AB. Ilpu satom MK — cpeJuss JUHUS Tpe-
yrosbuuka ALE, tak yto KM || AL . CaenoBateJibHO,
ZLAC = ZKME = ZALB = ZBAL =a , n ZBAC =2a.

6. Yucso a Gompre. Ilycrp f(x) = 2% —x—3. 3amernm cuava-

21‘-[T061>§(3TO‘6 €T U3 TOro I{TofE ——i<0)
na, 3 CHIe/yeT u: , 3|="%7 .
Yucno @ =a*-a’ =a*(a+3)=a*+3a* =3a> +a+3. Ilo-

2
CKOMBKY d>§,I/IMeeM a’ >3~(§) +%+3:13, T.e.a>313 .

7. Moxuo. Ilepsoe pewenue. 1lyctb N mozeil MonapHO HE3HAKO-
Mbl. 3amyMmepyeM ux uuciaamu 1, 2, ..., N. UenoBeka ¢ HOMEpPOM
k 3HAKOMEM CO BceMH, HOMEpPA KOTOPBIX [ y/IOBJIETBOPSIOT HEpa-

N
Bencrsy |k -1 < 5 - Torpa Joau ¢ nomepamu k u N — k umeior

[0 OJIMHAKOBOMY YHCJIy 3HAKOMDBIX, [IPHYEM HUKAKHE 3 HE UMEIOT
O/IMHAKOBOTO KOJIMYeCTBa 3HAKOMbIX (yGeuTech B 9TOM).
Bmopoe pewenue. Bocroab3yeMcss METOZOM MaTeMaTHIeCKOH MH-
aykiuu. Havano ungykuum odesuzano. Ilycrs N yenosek ynoB-
JIETBOPSIOT ycsoBuio. Ecm cpefn HUX Bce ¢ KeM-HUOY/Ib 3HAKO-
MbI, To npucoeaungeM (N + 1)-ro 4yenoBeka U He 3HAKOMHM €ro
HI ¢ KeM. Ecsm e cpean N mozieit ecTb HI ¢ KeM He 3HAKOMBIIT,
10 ¢ (N + 1)-pIM 4es0BeKOM 3HakoMuM Beex N mojeil. B o6oux
caydasx noJydaem rpyminy u3 N + 1 yesoBeka, y/0OBJIETBOPSIO-
IIyI0 YCJIOBHIO.
3ameuanue. Tlpn nepBoM criocobe perneHns KaskK/Iblil OKa3bIBaeT-
€SI 3HAKOM C JIOBOJIBHO OOJIBIITIM KOJIMYeCTBOM Jofieit. I[Ipu Bro-
poM criocobe JIONyCKaroTCs JIO/M, HU ¢ KeM He 3Hakombie. Brpo-
4YeM, B YCJIOBUU 3314l HET TPEOOBaHMS, YTOObI KaK/Ablii ObLT ¢
KeM-HIOY/Ib 3HAKOM.

@usnka
1. 0=1391 27— 2"
e
16118, ma’l
3. Vkazanue. Jlyna o6paiaercst BOKpYT 3eMJd, a cucreMa 3eM-
g — Jlyna o6pamaercs Bokpyr CoJHIIa.

g
i +

4. Heckosbko mHeil. 3. B= 1,1-107* rpa/:[’1.
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)

6. 1(8) =41, (8)cos’ (QM)
c

1,(8) = 41, (8)cos” %’[d 6+ NTOJ

GM
7. w= W) - exp —TR 5 HaéJIIOI[aTeJIb JIOJIKEH JIBUraTbCd Ha-
C

GM
BCTpeuy 3Be3/le CO CKOPOCTbIO 0 = R =~ 1,5 xm/c .
c

Yemnot komanonot myp

Maremaruka

1. 225 M; 15 M/ c.
2. Ilycto ABCDEF — npaBuJIbHbI MIECTUYTOJBHUK CO CTOPOHOI
1 (puc. 11). IIpoamum croporsl AB u CD f10 TlepeceveHus B
A B Touke M, mpoBejieM Ipsi-
M wmyio FM. Otpesok FM pa-
Ben /7 .
3. Heusbssa. Ilpu nepecra-
HOBKe 1ndp T060ro dncaa
He MEHSETCSI OCTAaTOK OT [ie-
JIEHUSI 9TOTO Yucsa Ha 9.
Octarok ot jgesieHust Ha 9
uncna 2% pasen 5. Oanako
KyOBbI IeJIBIX YMCes IIPU Jie-
JleHu# Ha 9 Takoi oCcTaTok

I D]
Puc. 17

ne gaor (u6o (3n+1)° =272 +9n® +9n+1).

4. CymecrByer. BosbMeM 0CTpPOYrosbHblil Tpeyroibuuk ABD 1

npoBejieM ero BbicoThl U3 Bepimun B u D (puc. 12). Iycrs C —

TouKa uX mepecedeHns. YerpipexyroabHuk ABCD ynoBieTBOpsieT
B YCJIOBHIO.

3. ¢ < 0. Ykasanue. Tlyctb

f(x) = ax® +bx +c. Torna
a+2b+4c=4f(1)<0,
c f 2

Te f 5 < 0. Ho s10 3Ha-

aut, uto [ (x) <0 npn

A ul ) Beex x. CreoBatenbio,

Puc. 12 c=1(0)<0.

OM

1
6. ON 2 [lnomamu tpeyroapuukos AMN u DMN (puc. 13)

paBHbl. [loaTomy paBHbI U
TJTOTA/IN TPEYTOJbHUKOB
BAM w CDM. Ho Torzma
PaBHBI PACCTOSHUS OT TOYEK
A u D no npsamoiit BC, t.e.
O AD || BC . 3naunr, ABCD —
Tparerms. V3 nogo6us tpey-
roapankoB BOC u AOD
A D cpasy caenyer, 4to

N OM 1
Puc. 13 —_— ==

ON 2

3ameuanue. Touku M, O, N B Tpanenuu Bcerja JiexaT Ha O/IHOI
npsamoii. Ho B HameMm cirydae OKasbiBaTh 3TO JlaxKe HE HYKHO,
tak kak OM 1 ON — cXO/CTBeHHble MeJIHAaHbl B ITOJO0HBIX TpeY-
rOJIbHUKAX.
7. BomurpoiBaer BTOpoil UTPOK. By/ieM cyuTaTh, 4TO JIETIECTKH PO-
MAITK{ PACIOJIOXKEHDBI B BEpIINHAX MPABUJIBHOTO 7-YTOJIbHUKA.
Ecau m — yeTno, To BTOpOIi UTPOK OTPBIBAET JIETIECTKU CUMMET-
pHUUHBIE OTOPBAHHBIM TEPBBIM UTPOKOM OTHOCHUTEJBHO HEHTPA M-
yrosipHuka. [Ipu HedyeTHOM 7m ecyii BHAJaJie MEPBBIH UIPOK OTPbI-
BaeT OJIMH JIETIECTOK, BTOPON OTPBIBACT /IBA JIETIECTKA, PACIOJIO-
JKEHHbIE B KOHIIAX CTOPOHDBI, IIPOTHBOIOIOXKHON 3TOMY JICTIECTKY.
Ecau niepBblii oTpbIBaeT 2 jenecTka, BTOPOH OTPbIBAET OJMH Jie-

B M C

2007 /Ne3

[eCTOK B BEPIIMHE, [TPOTUBOIOJIOKHON| CTOPOHE, BHIGPAHHOII Tep-
BbIM. Jlajiee BTOPOH OTPbIBAET JIENECTKU, CHMMETPUYHBIE OTO-
PBAHHBIM MEPBBIM UTPOKOM OTHOCHTETHHO OCH CHUMMETPUH MHOTO-
YTOJIbHUKA.

8. Ectb. Ilyctb Ky ky,..., ko7 — KOMMuecTBa 3HakoMbIX ¢ 1, 2, ...
..., 2007 yuenukom. Torma kj +ky + ...+ Ryyo; = 2K , tie K — 06-
Imee KOJMYeCTBO 3HAKOMCTB. Ecim Bce umcsa k; HEYeTHBI, TO 1
X CyMMa HEYeTHA.

9.n=3k, k>2; n=3k+ 2, ke N . Ilockoibky cymma Macc

n(n+1)
2

T.e. 60 n = 3k, mmbo n = 3k + 2. 3amernM, 4TO 6 THPH C Mac-
camu @, a + 1, ..., a + 5, 0YEBUHO, MOXKHO PA3JIOKUTh HA 3 PaB-
Hble 10 Macce Kyuku: (a+5), (a+La+4), (a+2a+3).
Tupu ¢ maccamu 1, 2, 3, ..., 9 ToKe MOKHO PasjiOKUTh Ha 3 paB-
HBbIE TI0 Macce Ky4YKH, HaIpuMep: (9, 1, 5) , (8, 3, 4) , (6, 7, 2) .
WHbIMU CJIOBAMHI, MOYKHO PasJiOKUTh HA PABHBIE 110 Macce Ky4KU
npu n =6k unpun =6k +9, 1.e. unpu n =3k, rie k>2.
Jlasiee, 5 TMpEK ToKe MOKHO Pas/ioxkuTh Ha 3 Kydkn: (5), (2; 3),
(1, 4), 8 rupek Toxe Moxuo: (8 4), (7;5), (1,2, 3,6). Caeno-
BaTeJIbHO, MOXKHO PA3JIOKUTh HA 3 Ky4KH PABHOI MacChl U JIO-

BCEX TUPb paBHA , To 60 n, anubo n + 1 mgemauTcs Ha 3,

Obie 3k + 2 rupek pu ke N .

10. 2. CripaBe/I/THBbI HEPABEHCTBA X 2 S, >5.

v
[
<
+

1
x
1 1
CuenoBaresibho, — < —, y < —, HO TOT/1a ¥ .e.
S S

X
2
— 25, Wm s<A2 .
S

1
3HaueHne S = \/5 JIOCTUTAETCd Ipu X = \E ny=-—-=.

11. Her. Yncao p — 1 npn genennn Ha 3 gaeT oCTaToK 2 W, cJje-
Jl0BaTesIbHO, He sBJseTcs KBajgparoM. Umucso p + 1 npu gesenun
Ha 4 JIaeT OCTaTOK 3 W TOXKE KBAJPATOM HE SIBJISIETCS.

12. MosxHo. IIpoeknns OKpy:KHOCTH Ha CTOPOHY KBajpaTa — OT-
PE30K, JTHHA KOTOPOTo paBHa aAnameTpy. CyMMma JUIMH JHaMer-

10
PoB pasHa —- > 3. OHaKo ecJi BHYTPH OTpe3Ka JUIMHbI 1 pac-

TIOJIOXKUTD HECKOJIBKO OTPE3KOB ¢ CyMMOIl [INH, Oosblieit 3, Hafi-
JIETCST TOYKA, MPUHAJIEKAIIAs 10 KpaiiHeil Mepe 4eTbIpeM OTpes-
kam. [Ipsmasi, neprneHIUKyISpHAS CTOPOHE KBajpaTa, IepeceKaer
He MEHbIIIEe YETBIPEX OKPYKHOCTEN.

Qusnka
1. Her, ne narpesaercs. 2. vy = 2gR; = 11,2 kM/c .
3. s=65M. 4 x= |
16mg E

d. M3-3a Gosibleit aTOMHOW MAcChl KPUIITOHA TI0 CPABHEHHUIO C
BO3J/LyXOM TEILJIOBOil MOTOK YepPe3 CTEKJIONAKET OKAasKETCsl TPUMep-
Ho B 1,7 pasa menblie.

2

6. 1:717100 ;t:£+7pOLS.
m+pyLS 2N 2m

7. t:ll1tz+llz(t1+t2):32 .

Hy + 24y
8. l3myuenne sHeprum 3apsKEHHON YacTHIIEH, ABIDKYIIENCS IO
KPYTroBoil TpaekTopuu, y asexTpoHa mpumepto B 200 pasz 60.ib-
1le, 4eM y IPOTOHA.

9. Uy =20, . 10. OxuHaKkoBoO.

Hcemopus nayunoix udeil u omxpulimuil

Maremaruka
1. 9to Jleonapa Diiyep. HIkomabHIKAM MOTYT OBITH M3BECTHDI
npsaMas Jitepa, OKpPYKHOCTD Jitsiepa, gopmyaa IJilrepa
d*> = R* - 2Ry, BBIPAXKAIONIAS PACCTOSIHIE d MEK/IY HEeHTpaMu
BITHCAHHON W OMHCAHHOI OKPYKHOCTEH TPEYrOJbHUKA Uepe3 pa-



OTBETHDI,

ycbl R U 7 3TUX OKPYXKHOC-

Teil, TeopeMa dilsepa 0 MHOTO-

IPaHHMKAX, 33Ja4a O KeHHUTC-
g Geprcknx moctax, Teopempr Jii-

Jiepa u3 Teopun yuces, GyHK-

st ditepa §(m) u T

2. IlpoBoanM OKPY’KHOCTH C
Puc 14 LeHTpaMu B Toukax A u B n

paauycom AB. Ilycts C — osHa

U3 TOYEK Tepecedyenust aTux okpysknocreit (puc.14). lanee Tem
’K€ PAacTBOPOM IMMPKYJIS Ha OKPYKHOCTH C IEHTPOM B OTKJIafbl-
BaeM gayru CD u DE. Torga E — nckomas TOuKa.
3. 16 ukb 48. Tlycrp x — kosmuecTBO 06e3bsin. Torma

Ry
(7j +12=x.
8

4. [la. Ecin x1 —2y1 =a,a xz 2y2 =b, 10
(x1 —%\/E)(?ﬂ +y1«/§)= a, (x2 —yz\/i)(@ +y2«/§)= b

Ho rtoraa

(aq - y1«/§)(x2 - yz\/i)(ﬁ + y1«/§)(x2 + yz\/i) =ab,

(x1x2 + 2%%)2 - 2(951?2 + xz%)z =ab

d. 3a 35 gueit. 3a 140 gueil oqun yesoBek BbinuBaer 10 6ouoH-
KOB KBaca, a BMecTe ¢ ykeHoil — 14 6o4oHkoB. CJiesoBarejbHO,
skera 3a 140 aneil BpimBaer 4 604OHKA.

@uznka

1. a) /Lxon [xosed Tomcon u Jlxopmk Iamker Tomcon.

6) daextpon. B) Kasenanuickas naGopatopus; 9.Pesepdop.
r) JIx. JI5x. ToMCOH u3y4ns 0COGEHHOCTH 3JIEKTPUUECKUX Pasps-
JIOB B razax, IPEJIOXKUJ OJHY U3 NepPBbIX MojeJseil atoMa, chop-
MYJIMpOBaJ IPUHIUN JeiicTBust Macc-crekrpomerpa. [Lx.I1.Tom-
COH OCYIIECTBUJI WCCJIEIOBAHUS 110 TEOPUH PACCESHUS, 3JEKTPHU-
YeCKNM paspsi/iaM B Ta3ax, adpojuHAMUKE.

2. a) Ilnaner CoHEUHON cuUCTEMbI CTajo BoceMb, ILayToH nepe-
e B IPYIITy KapJuKoBbIX mianer. 6) CoJiHeuHas cucreMa cra-
na 6osee rapmonwanoii. B) Jlosemn, Tom6o, Knaiix, Koiimep n
JIpyTHeE.

3. a) Ipoxoxaenue Benepnl no aucky ColHia. 6) Hamuuue at-
mocdepsr na Benepe. 8) M.B.Jlomonocos; JIx.Kyk.

4. a) Jxeiime Knepk Makcsesn. 6) Teopust s1€KTpOMarHUTHOTO
nosist. B) Onbirel I.Tepiia 110 M3JAy4eHNIo U IPHeMy 3JIeKTpoMar-
HUTHBIX BoJiH; ombiT [1.H.J/le6eneBa no uaMepeHuio jaBieHust
ceera. 1) Cratnctnyeckas gpusnka — «aeMoH MakcBesia», pac-
npefesenne MakcBessa; 3JeKTPOAMHAMAKA — ypaBHeHHs Makc-
BeJLIA.

5. a) Orwocren @perenb. 6) [pu audpakin cBeTa Ha KPyrioMm
OTBEPCTHH, IIPH OTIPE/ICTIEHHOM PACCTOSTHUM OT OTBEPCTHUS IO K-
pama, B 1eHTpe aKkpana o6pasyercs Temuoe Ttemto. B) C.Ilyaccon
(«aarro Ilyaccona»). 1) JI.Aparo.

BCEPOCCUNCKAS CTYAEHYECKAA OTMMMNUALA
No ®UN3UKE
y2

o _2m
1. ctgu=(1—2jctg57 ) THE Y =37

29 (2720054) +c052¢)sin¢

=5 , Tie ¢ — yroJ Mesjy BepTH-

.9 2
(sm o+ 1)
KaJIblo M Pa/InyCOM-BEKTOPOM, IPOBEIEHHOM U3 IIeHTpa IUJINH/PA
K I[EHTPY Macc.

YKA3BAHNA,

PEIMMEHNUA 63
_ _ 294y,
3. /la, BO3MOKEH. 4. a = const = QR
_ 1 1 7> gAR
d. AS_Q((l—r])TO Tuj' 6. W= Ineyr 2rQ

2
7. B = p(,n1R2,32:u0n1[1 Js P‘qu 9.1=0.

OKPY>XHOCTU HA PELLIETKAX

(cm. «Keanm» No6 3a 2006 2.)

1. Cm. puc.15.
2. a) OKpPY’KHOCTb Pajuyca 5 ¢ IEHTPOM B IEHTPE ¢AMHUYHON
KJIeTKH, KaK HeTPY/HO IPOBEPHUTH HETIOCPE/ICTBEHHO, COAEPKHUT
POBHO 65 eMHUYHBIX KJIETOK.

[Lmutku co croponoil 10 Mo3x-
/| N
N /
Puc. 15 Puc. 16

HO YJIOJKUTD AHAJOTHYHBIM 06Pa3oM, TOTAa BCe OHU OYAYT Pacro-
JIOXKEHDBI BHYTPU OKPYKHOCTH pajamyca 50. YKasanHas OKpyx-
HOCTb, CJIE[IOBATEIBHO, HE SIBJISIETCSI OKPY)KHOCTHIO HAUMEHDBIIIETO
pazamyca, cofep:aiieil 64 mumrku. BayTpn xpyra paamyca S0
MOYKHO yJIOKUTD 67 mmuTok co croponoi 10 (puc.16).

6) 8; cM. pucynok 17, Ha KOTOpOM

4

AB = 10 — quamMerp OKPYKHOCTU U 4]
CD = 20\643 -8 = 30,9 . ) |
3. Vkazanue. Y3zen (a; b) neBuaum / \

TOr/Ia U TOJIBKO TOI/Ia, KOTJla YucJja
a n b B3aumuo npoctel. Kpome
TOTO, KBaJpaT PACCTOSHUSI MEXIY
JIOOBIME Y3JIaMU PEHIETKU — T[eJIOe

YUCIIO.

4. Yxasanue. Cdhepa C /D
2 2 ; =

(=V2) +(y-B) +(z-1/3)" = R? 7

HE MOXXeT CO/iepsKaTb JBYX Y3JI0B Puc. 17

HU [P KakoM (DPUKCUPOBAHHOM
R > 0. 310 caexyer u3 TOTO, YTO €CIN (xo; Yy 20) n (x1; % 21)
JIBa Pas/IMYHbIX y3/1a Ha cdepe, TO U3 PaBEHCTBA

(xo - \5)2 + (yo - \5)2 +(z9 — 1/3)
= (x1 _\/5)2 + (y1 - \/5)2 +(z - 1/3)2

nocJie HeGOJIBIINX YIPOIIEHUIT Mbl TIOJYYHIH GbI, UTO ﬁ -
PAIOHAIBHOE YHCJIO.

5. 3amernM, 4TO BCe N y3JI0B jaHHON oKpy)knoctu Ilumiesns se-
skar Ha cdepe, Tak Kak caMa OKPY’KHOCTb Ha Hell pacroJiokeHa
(npu z = 0 u3 ypasHenus cepbl MOMYYaeM ypaBHEHHE OKPYIK-
noctn Hlurmens). Ecom z # 0 n (x; y; z) — ysen pemerkn na

2
cepe, TO U3 paBEHCTBA (x - xo) +y?-R*= 2(2\/5 - z) caeny-
er, uto z = 242, TaK Kak wmc/0 (x- xo) +y? — R*, Kak Jerko

3aMETUTb, PAllMOHAJbHO. A ato IIPOTUBOPEYUT TOMY , 4YTO Z — M-
JIO€ 4YHCJIO.
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6. a) BO-HepBbIX, 3aMeTuM, 4YTO Hallla pelieTka COCTOUT U3 TOYEK

t 3
C KOOpJIMHaTaMu E;gt +3s|, tseZ. [TosTomy Hy>kHO

OKa3aTh, YTO IPHU JIOGOM 7 HafiIeTcsl OKPYKHOCTb, CoflepyKaliast
7 TOYEK yKa3aHHOTO BUAA. B OCHOBE JJ0Ka3aTesbCTBa JIEXKUT Clie-
Ayiomas Jemma: ypasserue 12 + 3y = 7% umeer 2(k + 1) peme-
uuit (x;y) u takux, uroy 2(k—1) u3 Hux 06a umcna gessATCs
Ha 7 u 'y 4-X oba 4mc/aa He JiessaTcst Ha 7.

Wcnoabsys oty gemmy (KoTopast OKa3blBaeTCs 110 aHAJOTHH C
TeM, Kak 5TO Jle/laeTcs TIpU aHaM3e aHaJOTMYHOil 3a/a4i Ha
KJIeTuaToii Gymare), HETPY/AHO NOKA3aTh, YTO OKPYKHOCTb

3n—1
2
(2] ofs-E

2

7T
6 3) 6

COZIEPIKUT POBHO 7 TOYEK HYIKHOI'O BU/A.
6) I_HGCTI/IyI‘OJII)HaH pemeTka COCTOUT U3 TOYEK € KOOpAWHaTaMMn

t V3

—;—t +\/§s , t,seZ u tue genrcs Ha 3.

22
3/1eCh TaKKe UCIOJMb3YETCsl OTMEYCHHAS B IIYHKTE a) JIeMMa.
ITpu YeTHOM 1 HYy’KHAsI OKPYIKHOCTb UMEET ypaBHEHUE

2

22+ y—ﬁ _7
2 2

ITpu n = 4k + 1 HOAXOAUT OKPYIKHOCTD

( 3]2 , 76k+1
X——| +y =——,

n-2
4

10

a mpu n = 4k + 3 — OKPY’KHOCTD

3 2 76k+3
g o7
10 10

7. Ecim Ha HEKOTOPOIl OKPYKHOCTH CYIIECTBYIOT TPH PAIlOHAJD-
HBIE TOYKH, TO HTO O3HAYAET, YTO 06e KOOPAWHATHI TEHTPa TaKOit
OKPY’KHOCTH €CTh PAIMOHAJIbHbIE YUCJIa. JTO CJIEAyeT, HAlpU-
Mep, U3 TOTrO, YTO IIEHTP OKPY’KHOCTH, ONMCAHHOI OKOJIO Tpey-
ronbHiKa (¢ BepHIMHAME B TPEX PallMOHAJIbHBIX TOUKAX), JIEHKUT
Ha Tepecevenn ABYX CEePeANHHBIX MEPIeHNKYISIPOB K CTOPO-
HaM TpeyTroJibHHUKa, KoadduuuentaMn ypaBHeHUI KOTOPBIX SBJIS-
I0TCSI PAIOHAJIbHBIE YUCJIA.
8. a) OxpyskHOCTD 22+ y2 =3 He COAEPKUT HU OJIHON parmo-
HaJIbHON Toukm. [leficTBuTeNbHO, ecm (X;y) — palMOHAIbHAS
TOYKA HA ATOH OKPY)KHOCTH, TO €€ KOOPAMHATBI MOXKHO 3alnCaTh
B Bujie JApoOeil ¢ HauMEeHbIIUM OGIUM 3HaMeHaTteJgeM X = a/d u
Yy = b/d u Torga mosyunM, 4to a’® +b* = 3d*. Orciona BbITeKa-
eT, 4TO ecym GBI Uncjia @ u b jpeamanch Ha 3, TO MpaBast 4acThb Jie-
Jguaack Gbl HA 9, OTCIOMA U M JEJWI0Ch Obl HA TPH, M HAIIN J[PO-
61 MOKHO ObLIO GbI COKPATHTD HA 3, BOIPEKU HAIIEMY MPEIOJO0-
JKEHHIO, 4TO M — WX HauMeHbINni o6l 3Hamenaresb. ClremoBa-
TeNbHO, TI0 KpaifHeil Mepe OIHO W3 uncea d U b He JequTcs Ha 3.
Ho, kak m3BecTHO, KBaJpaT IeJIOT0 YNCJa, He JeJIserocs na 3,
JlaeT 1pu jesieHnn Ha Tpu octatok 1. Ecom u gapyroe us uucen a
u b ne genmrcest Ha 3, TO cymMMa a’ + b? Mpu JIeJIeHUn Ha 3 JlaeT B
ocTaTKe 2, YTO HEBO3MOYKHO, TaK KaK 9Ta CyMMa paBHa 3d* u
noatomy genntcst Ha 3. Ecam ke apyroe u3 uncen a u b menurest
Ha 3, TO cyMMa a® +b? [pu JieJieHnu Ha 3 jaja Obl ocTatok 1,
YTO TOKE HEBO3MOIKHO. : :
6) Jlerko npoBEpUTH, YTO OKPYKHOCTD (x —\/5) + (y —\/5) =4
COZIEPKUT TOJBKO OJHY PAIMOHATBHYIO TOUKY € KOODP/MHATAMHI
(0; 0).

2
B) Herpyano y6eaurbes, uTo OKPYKHOCTD 22+ (y -2 ) =3 co-
JIEPKUT POBHO [[BE TOYKHU C PAIMOHAJBHBIMU KOOPJANHATAMIE:
(1; 0), (-=1; 0).
r) DTO CJIeyeT U3 TOTO, YTO €CM @ W b — palMoHAIbHbIC YHC/TA

2007 /Ne3

2 2 2
Takue, 4yro a- + b"=R , TO, KaK JIETKO IIPOBEPUTD, IPU BCAKOM
palMoOHaJIbHOM 4YHCJIE 7 TOYKa (]C,y) C KOOp/IMHaTaMn

2ar+b(1—rz) a(1—72)—2br

X =
1472 1472

noy=

Oy/ieT paloHaJAbHON U OY/IeT Y/IOBJIETBOPSITH PABEHCTBY
i =r
9. Bes orpanmueHust OGMHOCTH MOKHO CYHTATh, 4TO IEHTP OK-
PYKHOCTH HAXOJUTCS B Havaje KOOPAMHAT. EC/IH y3es peleTku
(x;y) JeKUT HA OKPYKHOCTH, HO HE HA KOOP/MHATHBIX OCSX U
GUCCEKTPUCAaX KOOP/UHATHBIX YIJIOB, TO BMECTE C TAKUM Y3JIOM
Ha OKPY’KHOCTH Oy/yT HaxomuThest eme 7 yaaos: (y;x), (x;-y),
(~xy), (~gx), (5—x), (~-x), (~x:-y)
Ho npn genennm na 8 uncao 1988 naer B ocraTke 4, mO3TOMY
KpOMe Y3JI0B YKa3aHHbIX THTIOB J0JOKHBI GbITh 4 y3Ja Ha 0CsX
i Guccektpucax. B mepsoM caydae (2 + x% = R? 019 HEKOTO-
pOro Tesoro x, moatoMy R — mesoe uncio. Bo Bropom ciydae
LIS HEKOTOPOTO 1IeJI0r0 X uMeeM X° +x° = R? 1, TeM cambIM,
R =+2x. CJrefoBaTesbHo, R2 - nenoe uucio.
10. Vxasanue. PaccMOTPUM OKDPY>KHOCTD

1y, 5 2 2 -
(x—g) Ty =g e (Bx =1 +(3y)" =5"".
ITo teopeme O IPEACTABICHUM HATYPAJIbHOIO YHCJA B BHJE CyMMe
JIBYX KBaJpaToB 3aKjiovaeM, 4to ypashenue g +b% = 5" ume-
eT 4n pemenuii. Ecou sxe uncio b genurcs Ha 3 ¥ 4NCJIO @ TIPH
JIeJIeHNH Ha 3 JIaeT B ocTarke 1, TO 3TO ypaBHEHHE MMeeT TOJIbKO
n perieHuit.
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