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K 100-JETHNIO N.K.KUKOUWHA

13 NCTOPWIM ra30BbIX
LIeHTPUMYT

C.POMAHOB

A HAYAJIBHOM CTAIANN AJEPHOTO ITPOEKTA

MIPe/III0JIaraaoch, YTO ATOMHYIO 60MOY MOKHO H3T0-

TOBUTb U3 PUPOJHOTO ypaHa, 060TaIeHHOTO Jer-
kuM u3orornom U (rak 6buto u 8 CIIIA, u 8 CCCP).
3ajiaua cocTosiia B TOM, YTOOBI MOHATH COJIEPIKAHUE ATOTO
uszororna or 0,07% B IPUPOAHOM ypaHe [0 BEJHYMHDBI
nopsizika 90%. O Bo3MOMKHOCTH TOJIYUUTh B «yPAHOBOM
KOTJIe» TUTYTOHUI, HK3OTOTI KOTOPOTO 29py gemurestmogo6-
no 2%U , eme He GbLIO H3BeCTHO. B MepBBIX JOKyMeHTAX
110 COBETCKOMY Y PaHOBOMY ITPOEKTY, TaTUPOBAHHBIX 1942
rOJIOM, CTaBUTCS 33/lada «BO30OHOBUTH PAaOOTHI 110 UCCJIe-
JIOBAHUIO OCYIIECTBUMOCTH HCIIOJIb30BAHIS ATOMHON dHEP-
IUU [yTeM paclielienus sapa ypanas. Hu o miyronun
(nm 5Ka-0CcMUHM, KaK €ro TOT1a Ha3blBaJIN ) , HIL O PeaKTOpax
(«ypaHOBBIX KOT/IaX») B IOKYMEHTaX HUYErO He TOBOPUT-
csa. M.B.KypuaToB BrepBble JOKJAIBIBAET PYKOBOJCTBY
CTPAHbI 0 BO3MOKHOCTH U3TOTOBJIEHUSI GOMObI U3 Iy TOHUS
B Mapte 1943 roga: «Ecuu B fieiicTBUTEIBHOCTH 9Ka-OCMUIA
00J1ajlaeT TAKUMHU K€ CBOICTBAMHU, KaK W ypaH-235, ero
MOJKHO OY/IET BBIJIEJIUTD M3 «YPAHOBOTO KOTJIa» U YIOTpe-
O6UTh B KayecTBe MaTepuasa /s 9Ka-OCMUEBOH OGOMOBI.
Bomba Gyzner caemana, ciaefoBaTeIbHO, U3 <«HE3EMHOTO»
MaTepuaJia, ICue3HyBIIero Ha Haleil nyranere. Kak BUHO,
IIPU TAKOM PeNIeHnN Beeil Mpo6IeMbl OTIIa1aeT HeoOX 0/ H-
MOCTD pas3/leJIeH s K30TOIIOB yPAaHa, KOTOPBIN HCIIOIb3YeT-
€SI M KaK TOTLIMBO, U KaK B3PBIBUATOE BEIIECTBOY.

Tem He MeHee, Tpo6JeMa pasjiesieHusl H30TOMOB ObLIa 1
ocTajiach TEPBOOYEPE/IHON B aTOMHOM IpoekTe. /[laxke
MocJie TOTO KaK MPUIILIO MOHUMAHNE BO3MOKHOCTH U3TO-
TOBJIEHUSI TLJIYTOHHEBOI GOMOBI, BCE PAaBHO TIPOEKT Pa3BU-
BaJICS TIO JIBYM OCHOBHBIM HAIIPABJIEHUSIM — pas/ieJieHIe
M30TOIIOB W si/iepHble peakTopbl. He 6bII0 yBepeHHOCTH B
TOM, KaKoe U3 HallpaBJICHWI paHbIlle TIPUBE/ET K YCIIEeXY.
KypuaToB MeHbIIe BepuJi B BOBMOKHOCTb OCYTIIECTBUTD B
[IPOMBIIILJIEHHOM MaciiTabe pasjesieHre u30TOIOB ypaHa,
¢ TeM 4TOObBI TOTYYUTh JOCTATOUHBIE €T0 KOJIMYECTBA s
n3roToBJIeHUS O0MObLI. BClo €cBOIO 9HEpPrHio M TaJaHT OH
HaIPaBUJI HA TO, YTOOBI TIOCTPOUTD SIJIEPHDBII PEAKTOP /IS
MOJIyYeHUsT IIyTOHUsS. 3a npobyeMy pas/ieleHis N30TO-
noB ypana B CCCP orBeuasu JleB AnzipeeBud ApIiiMoBUY
n Mcaak KoncranturnoBnd KukowH. ApIiuMOBIY 3aHUMAJT-
ST 9JIEKTPOMATrHUTHBIM Pas/leJIeHUEM U30TOIOB, a MOJIEKY-
JIIPHO-KMHETUYECKUMU MeTojaMu 3anumascs Kukoun. !

! Hecxomro nodpobuee 0 pasiuunvix Memooddx pasdenenus
uzomonos nanucano 6 Ilpunoxenuu x cmamve. (IIpum. ped.)

UK. Kukour v JTAApymosmny

[lepBonauasbio HanGOJIEE TOAXOISIIIM [IJIST OCYIIIECTB-
JIEHUsI B IIPOMBINIJIEHHOM MaciiTabe CYUTasICs METO/] 1eH-
TpudyrupoBanus. OHAKO TTOTOM, B 3HAUNTEIbHOH cTere-
HU U3-32 TIOJIYYEHHDBIX Pa3Be/IbIBATEIbHBIX IAHHDIX, TIPE/I-
noutenue O6bLJIO OTAAHO Ta30nd dy3noHHOMY METO/LY pas-
Jlesienust u3ororos ypana. Vim u 3anumadicsa V. K. Kukonn.
OxoHYaTEJbHBIN BBIOOP B 110J1b3y ra3oauddy3noHHOr0
Meroza ObL1 caeman B 1945 romy. A o Toro Oblia ere
COBeTCKasi MUCCHSI «AJIcOC», KOTZa B BOeHHOI (opme B
YUHE TTOJKOBHUKOB KukonH, Apriumosud, XaputoH, Dre-
POB U apyrue (GU3UKH MCCJIeT0BAIN MToBepKeHHyo ['epma-
nuio. Komangje, Kak ee HaspiBas KypuaToB, COBETCKHX
(pusuxos yaanoch obnapy:xkuth okoso 300 ToHH ypana,
HaiiTu u npurjacurb unu Boisestu B CCCP (kak YTOJIHO
WJIH KOTO KaK) HEMEIIKUX YYEHbIX U HeMeIKoe 000py10Ba-
HUE W BBISICHUTH, 4YTO OBLIO clejaHo B [epMaHuum 10
HeMellkoMy ¥YpanoBoMmy mpoekty. [lo kpaiineii mepe,
MOSIBUJIACH YBEPEHHOCTb B TOM, UTO HEMIIbI OBLJIN JIaJIeKU
OT CO3JIaHusT S/IepHOTO Opyskusi. He Oblio y HeMmIleB u
GOJILIIAX YCIEXOB B PENIEHUU TMPOOJEMbl pa3/ieseHust
n30TONOB. KHKOWH BCIIOMWHAJ, YTO OHU OOHAPYKUJIH B
Wucturyre kaitsepa Busbrenbma B bepsnne «HanBHYIO
VCTAaHOBKY [IJIS Pas/ieJIeHUs M30TOIOB... WCHIOJb30BATh
BCEPbE3 TAKYIO TEXHOJOTHUIO HE TIPE/CTABISACTCS BO3MOXK-
HBIM» .

C 1945 roga 1. K.Kuxkoun ObLI IIOJHOCTHIO IIOLJIOLIEH
paboroii 1m0 razoAndy3NOHHOMY METOLY pas/eJeHIs



M30TOTIOB ypaHa. Pa6oThbl BeHCh € HAPACTAIOIIUM TeM-
nom. B 1947 rony B JlaGopatopuu Ne2 (rak BHauaje
HasbiBasicss VIHCTUTYT atoMHO# sneprumn) B Knkontckom
OT/IeJICHNN ObLT 3aIyIeH SKCIepUMEHTATbHBIH KacKaf
M ¢y3sNOHHBIX MamuH. B0 mokasaHo, 4TO TPUHITH-
MUAJBHO 3a7ady OOOTAlleHus ypaHa 10 HeoOXOAMMOTO
cozepkaHnst maoroma U  pemmtb MOXHO. B 1949
rojgy Ha Ypase 3apa6oras 1epsblii razondPpy3noHHbIi
zaBog (KomGuuat Ne813). Tlocae cepuu Heyaau 3aBojl
CTaJl BBIJABATb OPYIKEIHBII ypaH, ¥ BTOPOE UCIIBITAHUE
atomHoro opyxuss B CCCP B 1951 roay mpoBoanioch ¢
U3JeIneM, HAYMHEHHBIM 9TUM MPOJYKTOM.

[Tocsie Toro kax 6bLTa MOJTHOCTBIO OCBOEHA Ta3oanddy-
3MOHHAS TEXHOJIOTHS U TIOCTPOEHbI MpeIIpusTus, obec-
TeYnBaBIITe HeoOX0ANMOe KOJINIECTBO OPY>KEITHOTO ypa-
Ha, VI.K.Kukoun Bo3BpamaeTcst K MCCIeJOBAHUSM II€HT-
pudyskHO# TexHosornu. IlepeBo pa3meanTeabHONl Mpo-
MBIIIJIEHHOCTH Ha TEHTPU(YTrH cMOr Obl MHOTOKPATHO
YMEHBIUTh KOJIOCCAJbHOE dHEPronoTpebaenne, HeoOXo-
numoe i razoBoit auddysun. HaBepHoe, nmesnra mecto
U ecTeCTBeHHAs HEY/IOBJETBOPEHHOCTb HACTOSIIErO yue-
HOTO, KOTOPbIil, MO CYIIECTBY, MOIIEJT 10 MHYTH, YiKe
npoiizerHoMy amepukaniamu. /la u Teopust ykaspiBasa,
YTO /I pas/iesieHus U30TONOB ypaHa 6o0Jiee MOJIXOIUT
UMEHHO IeHTPHQYKHAST TEXHOJOTHI. A 4UTO 10 TPOMa/-
HBIX TEXHUYECKUX TPYAHOCTEH ee OCYIIeCTBJIEHUS, TaK W
razoBas quddysus nanach He TPOCTO.

Pa6oTbl 0 CO3/IaHUIO TAa30BbIX MEHTPU(YT HAYAINCDH B
koHIe 1946 roga rpynmoii corpynankos MuctntyTa «A»
B Cyxymu. I'pynmy Bosriasisn HeMelkuil ¢pusuk Maxc
[reen6ex. Ero passickanu jerom 1945 roma B Jsarepe
Juig BoenHoriennbix B [losbmie n npusessm B8 CCCP.
Cuauana Illteen6ex mpeasiaran cienatb HeHTPUyTy ¢
10-TH METPOBBIM POTOPOM, JIMHEITHAs CKOPOCTb Bpallle-
HUs HA iepudepun go/sKHA 6blia 6bith 250 M/ ¢. Ciyc-
Ts1 1ectb Jiet, B 1952 rogy Ilrteen6ex paboran ¢ 1eHT-
pudyroii ¢ 6-T METPOBLIM POTOPOM JTHAMETPOM 58 MM.
Potop 6b11 TuGKMiL, COCTOST U3 IeCITU KOPOTKUX TPYO €
JIEBATBIO CUIb(MOHHBIMU coefimHeHusIMU. CKOPOCTh Bpa-
menus O6bia 1200—1400 06,/c, 4TO COOTBETCTBYET JIH-
HeltHol ckopocTu Ha niepudepun potopa 220—240 M/ c.
[lepenaBarp BemiecTBO u3 1eHTPUYTU B IHEHTPUPYTY
IPE/III0JIAraaoch € TOMOIIBIO KOHIEHCAIUY / UCTIAPEHMs
(Tak Ha3bBIBaeMbIN METOJI IepeIaul uepes TBepayio ¢asy),
YTO CO3/IaBAJI0 TIOYTH HETPEOIOJUMbIe TPYIHOCTH TIPH
COeIMHEHNN TIeHTPUQYT B KacKaJ, a KacKajaa, Kak n3Bec-
tHO, IllTeen6ex Tax m He cozman. llpaBma, B axcrepu-
MeHTax ¢ rekcadropuzom ypana Ha nenrpudyre [llreen-
Gexa addexr pasgenenus: cocraBiasii 50% OT TeopeTH-
vyeckoro. Ho riasnoe, uro npugyman Illreen6ek, — 310
KOHCTPYKITUSI OTIOPHOTO y3ja potopa terrpudyru. Po-
TOp BpalaJcs, OMMpasch HAa TOHKYIO CTAJbHYIO WY, a
BEPXHUII KOHEIl POTOPA YJEP’KUBAJICSI C TIOMOIIBIO IO-
CTOSIHHOTO MarHUTA.

B 1951 roay corpyanuk W.K.Kukouna, tamantauBbrit
utkenep E.M.KameneB BbIIBUHYJT Uzieio mneHTpudyru ¢
KOPOTKUM >KECTKMM TOHKOCTEHHBIM POTOPOM W HIDKHEN
UTOJIbYATON OMOPOii. JTO MO3BOJISJIO 3aMETHO MOBBICUTH
CKOPOCTD BpallleHnsI poTopa. Pemaioniyio posb ChIrpaso
npemioxenve V.K.Kukouna o BBeleHUN HEMOIBUMKHBIX
OTGOPHBIX TPYOOK IO KOHIIAM pOTOpa B HepudepnitHbIil
VILTOTHEHHBIH cJoif rasa. BbIcokoe rasogmHaMmuecKkoe

JIaBJIEHNUE B 3TOM CJIOE TTIO3BOJISLTIO CO3/IaBaTh HEOOXOIUMbIE
MOTOKMU JIETKOM M Tskesoil pakiuil ¢ nepegadeil ux B
KackaJie U3 neHTpudyrn B neHTpudyTy 10 ra3oBoii ¢ase.
O/IHOBPEMEHHO B3aUMOJIEIICTBUE BPAIAIONIErOCs Ta3a C
HETO/IBUKHBIMU OTOOPHBIME TPYOKaMu 00eCIiednBaIo BO3-
HUKHOBEHHUE TPOTUBOTOYHON TUPKY SN BHYTPH POTOPA
¢ HeOOXOJMMBIMU cKopocTsiMu. B ampese 1953 rona Ha
Takyio 1eHTpudyry ObLT BbIIAH TATEHT, & B UIOJIE TOTO JKe
rojia ObLI MOJYYeH ellle O/UH MAaTeHT — Ha THAPOJAUHAMU-
ueckuii cnoco6 (¢ MOMONIbIO HEMOABHKHBIX TPYOOK) Hepe-
Jaun rasa us nentpudyru B neHrpudyry. Scuo, yro oba
rmateHTa ObLIN 3aKPBITHIMHU.

[lanee pena momm tak. B 1953 roay MunHcpeamari
MPUHUMAET pelleHre 06 0OCBOEHUM TEeHTPUDYIKHBIX TeX-
HOJIOTUIl B TIPOMBINLIEHHOM Macitabe. B 1954 ropay
OBl CO3/IaHbI TIEepBbIe 00pasibl MamuH, a 10 oKTAOps
1955 roga CoBer MUHHCTPOB NPUHUMAET PEIIEHUE O
CTPOUTENBCTBE ONBITHOTO TEHTPUMYKHOTO 3aBojia Ha
Vpane (ma Kom6unare Ne183). ItoT 3aB0J GBLI MOCTPO-
eH 1 cMOHTHPOBaH B 1956—57 To/bI, Bcero Ha HeM GBLIO
ycranossieno 2432 nenrpudyru. Ilyck 3aBoma 6bL1 oCy-
mectBien 2—4 Hosi6ps 1957 roma. Creayer OTMETHTD,
YTO 9TO ObLI TEPBBIII B MUPOBON IPAKTHKE YCIENTHbII
OTIBIT TIPOMBIIIIEHHOTO HCIIOJb30BAHUS HEHTPUDYIKHOIT
TEXHOJIOTHH.

B 1esioM, ombIT KCIIyaTaluy OTBITHOTO TEeHTPUDYIK-
HOTO 3aBO/Ia OKa3aJjics BecbMa YCHelHbIM. S Mas 1958
roga #Ha HTC MuHncpeamaina 1oj; mpejice/1aTe;bCTBOM
N.B.KypuatoBa ObL10 TPUHSTO pelicHre O Mepexone K
MTPOMBIIIJICHHOMY UCTIOJIb30BAHUIO IIEHTPU(PYKHOTO METO-
Jla pasfieieHns U30TonoB ypana, u 22 asrycra 1960 rozna
npukazoM MuHcpeamaiia ObLI0 YTBEPIKAEHO MPOEKTHOE
3a/laHUE HA CTPOUTEJILCTBO TIEPBOTO B MUPE ITPOMBIIILIEH-
HOTO 3aBOJIa Ta30BbIX HeHTpUdyT. A 4 HOs16ps 1962 roga
ObLIT OCYIIECTBJEH MyCK IepBoii ouepean saBoga (myck
IPE/IPUSITUS B 1I€JIOM OCYIIECTBJIAICS B HECKOJIBKO 3Ta-
noB B 1962—64 roapr). CaMo NPOU3BOJCTBO MOPAXkKAET.
[lex 3aBojia MMeeT IJIUHY TOYTH KUJIOMETP, B HEM YCTAHOB-
siero 700000 enTpudyT, COeIMHEHHBIX B KacKabl. Pa6o-
TAIOT OHM TIPaKTHYecku GectmyMuo. Jltoeit B riexe wer. OT
CTENUAJNCTOB, B YACTHOCTH 3apyOEKHBIX, X03s/eBa ITPON3-

UK KukonH Ha fave ¢ BHykom Cepexeri (Pomarosbim) (1961 r.)
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BO/ICTBA CJIBIIIAJIN BOCTOPYKEHHDBIN OT3BIB: «JTO TEXHITUEC-
KOe XYJUTAHCTBO!»

K HacTosmeMy BpeMeHH BCETO CO3/IaHO JIEBSATD TOKOJIe-
HUll Ta30BbIX eHTpudyT. Bes paspesnTenbHas TpOMBbITII-
JeHHOCTb PM ocHOBaHA HA MEHTPUMYKHON TEXHOJOTHH.
Hocneaanii razoanddy3noHHbIN 3aBOJ OBLI 3aKPBIT B
1992 romy, a ¢ 1988 rosa MoHOCTBIO TTPEKPANIEHO TTPON3-
BOJICTBO BBICOKOOOOTAIEHHOTO ypaHa J[Jisi BOEHHBIX Iie-
geit. Ceituac paszenTesbHasg TPOMbBIILIEHHOCTD paboTaer
JUIST TPOM3BOJICTBA HIU3KOOOOTAIEHHOTO YPAaHA IS ATOM-
HOW DHEPTETUKH, [IJISI IPOU3BOICTBA CTAGUIBHBIX M30TO-
OB, a TaKk)Ke [JIs HepepabOTKU BbICOKOOGOTaIeHHOTo
ypaHa SIepHBIX 60Er0JI0BOK B HU3KOOOOTANEHHBINH ypaH
JUTST 9HEPTETHYECKITX PEaKTOPOB.

B wurore umeem caenyiomee. B CCCP nox nayutbiMm
pykoBogcTBoM V.K.Kukomna BIepBble B MHUpe CO3/aHa
MPOMBIIIJIEHHOCTD Pa3/ieJIeHNsT H30TONOB, OCHOBAaHHAS HA
1eHTpudy>kHOi Texnogornu. Ho 06 3ToM B MIpe HUKTO He
3HaeT. [IpombliiieHHOCTh OTIMYHO paboTaer, 6oJiee TOro,
aT0 eauHcTBeHHas orpacyab B CCCP, xoropas momyvaer
CBIpbe U3 PA3BUTHIX UHAYCTPUAIBHBIX IEPKaB, a Ha3a[
OTIIPABJISIET BBICOKOKAYECTBEHHbII roToBbIi 1poaykT. (Ha
3amazie MOTJIM JyMaTb, 4YTO pas/esIeHIe IIPOU3BOJUTCS
razoanddysuonHubiM MeTogoM. ) Hemelnkue crienuaamctol,
KOoTOpbIe nocJie opaskenus: I'epmanun padoraau 8 CCCP
HaJ cosnanneM teHTpudyru, yezxaior n3 CCCP wu,
OKa3aBIINCh HA 3ara/ie, PETUCTPUPYIOT MaTEeHT HA IIEHTPH-
(yry. 3aperncTpmpoBaHO WMEHHO TO W3EJHE, KOTOpOoe
6b110 coznano B CCCP. Ilpotecra He rocsenoBaio, XoTs
COBETCKO¥1 CTOPOHE OBLJIO XOPOIIO U3BECTHO 006 ATOM IIIare.
Asrop narenta Tepuor ITunme (on, kak u IllteenGek,
nomnan B Hcturyt «Ay» 6y/y4n BOEHHOILJIEHHBIM U pabo-
tan B rpynmne Illteen6eka) cTaHOBUTCS BecbMa GOTaTbhIM
YeJIoBEKOM 6J1arofiaps aToMy maTeHTy. Tak oH caM 1o3ske
PaCCKa3bIBAT POCCUICKUM KOJLJIETAM, BCTPEYASICh C HUMU
Ha MEXX/IYHAPOIHBIX KoH(pepeHIax. Llumme Hocut tuty.n
«OTIIa» THEHTPU(YKHOTO MeTOJa Pa3/eseHNs] M30TONOB
ypaHa, neHTpudyra HaszbBaeTcs «meHTpudyroi nmmes

2008/ Ne3

U Tak jgajee. Pycckue, obJyajiast ydineil TeXHOJIOTHENH 1
HPOMBIIILIEHHOCTBIO (OTcTaBanne 3anaja OblIo, 110 Kpaii-
Hell Mepe, siet Ha 20), He MOTYT TIPEJCTaBUTh NEHTPUQYTH
Ha MMBUJIM30BAHHOM MEK/yHapOHOM pbiHKe. OcTramrcs
KOHTaKTBI TOJIBKO C TAKMMHU cTpaHaMi, kak Kurait n Mpak.
B 11esioM, BecbMa miedasibHAS UCTOPHS.

HaBepHoe, HEBO3MOXKHO JaTh OJHO3HAYHDIC OICHKHU
JIefiCTBUI COBETCKOrO PYKOBOJICTBA, 3aCEKPETUBIINX Ha
MHOTHE JIeCATUIETHS] Bce PA0OTDI 110 Pa3/eJIeHUI0 M30TO-
MIOB HACTOJIBKO, YTO He ObLIO HUKAKOW BO3MOKHOCTU He
TOJIbKO YTBEPANTH IPUOPUTET CTPAHBI M Pa3paGOTINKOB
1epe/IoBbIX TEXHOJIOTHI, HO U YCIIENIHO JIeliCTBOBATh Ha
IIUBUJIN30BAHHOM PBIHKE. Bpsi/| /i KTO-HUOY Ib MTOICUUTDI-
BaJI CBSI3AHHBIN ¢ 9TUM aKOHOMHUYecKnit yiep6. C npyroit
CTOPOHDBI, BO3MOXXHO, YTO TaKas CEKPETHOCTb BMeCTe C
001Iieli 3aKPBITOCTBIO COBETCKOHN CHCTEMBI CIYKUIA Cepb-
€3HBIM IPETSATCTBUEM K PACITPOCTPAHEHUTO MOTEHITMATHHO
OTIaCHBIX TeXHOJIOTUH. Be/b 110 cyTH OTJIa’keHHOe 1IeHTPH-
dysxHOE TPON3BOACTBO ecTh Hanbosee 3(POEKTUBHDIN CITO-
co6 HAKOTLIEH M JEJANUXCS MAaTEPUAJIOB [IJIs1 H3TOTOBJIE-
Hust aromMuoii 6om6b1. [lo-BuaIuMOMY, CETOIHS U HE MOXKET
6bITh CJIeJIAaHO OJJHO3HAYHOTO BBIBOJA 060 BCEX ITUX
COOBITUSX.

O/1HaKO 3Ta UCTOPUS HABOJAUT HA CJIELYIOIUE TPEBOK-
HbIe MbICJIU. MBI 3HaeM, UTO CO3/[ATETH SIAEPHOTO OPY KU
u B CCCP u B CIIIA — BbIatoIuecs: yaeHbie U rayOoKue
MBICJUTENH — SICHO TTIOHUMAJIN BO3MOXKHBIE TTOJTUTHIECKITE
oCJIeICTBUS 00TalaHns TaKUM opyskueM. OHI UCTTOTH30-
BaJIM CBOU HEMAJIbIll ABTOPUTET JIJISI TOTO, YTOOBI IOHECTU
JI0 TIPABUTENBCTB U MEXKJYHAPOIHOTO COOOIIECTBA UIEN
HEJIONYCTUMOCTH SI/IEPHOM BOMHBI, Uen 0 HeOOXOMMOCTH
MIPUHATD MEXX/LYHAPO/HbIE 3aKOHDI O HEPACIIPOCTPAHCHUN
A/IEPHOTO OPYKHUS, O KOHTPOJIE 32 A/IEPHBIMU MaTepuasa-
MU ¥ TeXHOJIOTUSIMU. Bce aTu njien ocTaiores: akTyaJlbHbl-
MU ¥ cerogHs. bojee Toro, mo Mepe pocra 06IIero
TEXHOJIOTHYECKOTO YPOBHS B COBPDEMEHHOM MUpPE TPe6YIOT-
CSI ¥ HOBbIE YCUJIHS JIJIsT HEJIOTYIIEHUST PACTIPOCTPaHEHUS
A/1ePHOIO OPY>KUSL.

MpunoxxeHune

M3oTonb! — pasHOBUIHOCTH XUMUYECKOTO 3JIeMEHTA C Pa3JIy-
HBIM YHUCJIOM HYKJIOHOB B s/ipaX. IIOCKOJIbKY OHU SIBJISIOTCS
OJIHUM U TEM K€ XMMUYECKUM 3JIEMEHTOM, TO Y HUX O/INHAKOBOE
YHCJIO aTOMHDBIX 3JIEKTPOHOB, & 3HAYWT, U S/I€PHBIX IIPOTOHOB.
Pazmmunpl y HUX ymcaa HEWTPOHOB B sifpaxX. Bce M30TOMDBI
OJ/IHOTO 3JIEMEHTA HaXOATCS B OJHOU KJIETOUKE MePUOINIeCKO
CHCTEMDBI, OTCIO/Ia UX HAa3BaHHE: «M30» — OJIMHAKOBDIN, «TOMNOCY
— Mecto. Camble U3BECTHbIE U30TOIbI — 9TO M30TOIIbI BOJIOPO/IA
nefitepuit u Tputnii. B HacTosmiee Bpemst m3BectHO okoJsio 1400
M30TOIOB, 357 M3 HUX — HPHUPOJHBIE U30TONDBI 92 XUMUYECKUX
3JIEMEHTOB, OCTAJIbHBIC H30TOIBI IOJYYEHbl HCKYCCTBECHHDBIM
IIyTeM B Pa3JIMUHBIX S/IEPHBIX PEAKIUAX.

MHorue n30TONBI PAJMOAKTUBHBI M NCIOJb3YIOTCS B CaMbIX
pasHbIX 06JACTAX HAYKK U TeXHUKN (Tak Ha3bIBaeMble MEUCHbIE
atombl). TToaToMy 3a/1aua pasjiesieHusi U30TOMOB BO3HUKJIA eIIle
B 30-X rojiax 1mpouwioro Beka. V3-3a oJMHakoBOCTH XUMUYECKUX
CBOWCTB M30TOIIOB OJTHOTO 3JIEMEHTA BO3HUKAET HEOOXOUMOCTD
UCIIOJIb30BATh pa3jnyue B (PU3NYECKUX CBONCTBAX M30TOIOB U
WX COEJIMHEHUIl, BbITEKaloIlee N3 pa3jinyug B MaccaxX UX sjep.
Yem Gosibllle OTHOIIEHWE Macc siiep, TeM Jierde pas/ienuTb

u30TONBl. Hanmpumep, OTHOCUTENBHO JIETKO TIPOU3BOUTCS Pas-
Jieienrie OObIYHOMN U TSIPKEJION BOJIbI, MOJISIPHBIE MACChI KOTOPBIX
otHocsATes Kak 18:20 = 1,11. A BOT OoTHOIIEHME MOJISIPHBIX MacC
rekcadropuia ypana — e[MHCTBEHHOTO ra3000pa3Horo coe/inie-
HUSI ypaHa — JIJisl IByX €ro U30TOIOB 281U u U cocrasaser
Beero smub 1,0086. Ecau yuects, 4T0 B IPUPOJHOM ypaHe A0S
usorona 2>°U pasua 0,72%, TO /IS TIOJYIEHUST ITOTO U30TOTIA
B JIOCTATOYHO YHUCTOM BH/I€ HEOOXOAMMO MHOTOKPATHOE TIOBTOPe-
HIe OJTHOM ¥ TOII JKe oTlepalini, B KOTOPOI O/{Ha YacTh HCXO/THOTO
BEIECTBA CTAHOBUTCST YyThb-4yTh Gorade HYKHBIM H30TOMOM. B
AepHoil ypanoBsoii 6oM6e uncroTa uzorona 23>U go/kHa ObITh
OYeHb BBICOKOIi, TOITOMY YUCJIO MTOBTOPEHMIT MOKET JOCTUTATH
coTeH W Jaxe Toicsd. [l s/IepHBIX PeakTopoB TpeGyercs
MeHbIasg YncToTa (MCTIOTb3yeTest TaK HA3bIBAEMbIH «0OO0TalleH-
HbIi ypaH» ), T0ITOMY YUCJIO MOBTOPEHUH MOXKET GbITh TOPa3/Io
Menblie (HECKOJIbKO IECSATKOB).

Jlns pasziesiennst H30TOTIOB ypaHa MCHOJIb3YIOTCS JIBa METO/IA
(M3 oMHHANNATH TIPUMEHSAEMBIX B PA3IUYHBIX 00JACTAX HAYKH
U TeXHUKN) — MOJIEKY.IAPHO-KUHETHIECKUIT METO/| Ta30Boi -
(dysun u meron nenrpudyrupopanusi. Ha HavagbHOU cTajiu
SIZIEPHOTO TIPOEKTA B HAIllel CTpaHe BeJNCch paGOThI U 110 UCTIOJIb-



KOJJEKIONUA

30BAaHUIO 3JIEKTPOMArHUTHOTO METO/[a, B KOTOPOM pa3s/esieHue
M30TOIOB MPOMUCXOMUT GJIATOAAPST PA3IMYMIO TPAEKTOPHUI UX
MOHOB B MArHUTHOM I10Jie. JTOT METOJ ITHPOKO HCIOJIb3YeTCs
IS pasfesieHuss HeOOJbIINX KOJIMYEeCTB H30TOIOB, HO IS
[IPOMBIIIJIEHHOTO PAa3/IeIeHNs] M30TONOB yPaHa OH OKa3aJcs
OYeHb TPY/IEH U HEOKOHOMUYEH.

Brtots 0 70-X rojioB MPOIIJIOTO BeKa HCIOTIb30BAICS METO
rasoBoit quddysun yepes nopuctele neperopoaku. IIpu gocra-
TOYHO HU3KHUX JIABJIEHUSX, KOr/a JjinHa CBOGOMHOTO Tpobera
MOJIEKYJT MHOTO GOJIbIIIE IMAMETPOB MOP, CKOPOCTh Anddysnn
OTIpe/IeJISIeTCST TOJBKO CPe/IHEll CKOPOCTBIO TEIJIOBOTO JIBIKE-
Hust. HeGosblias pasHuila B Maccax MOJIEKYJT JjaeT HeOOJIbIoe
paszauyue B ckopocTH. [a3 rexcadropuga ypaHa, mpouie/immnit
MePEropoIKY, CTAHOBUTCS YyTh OejiHee TSIKEJIBbIM M30TOIOM 1
qyTh Gorave — jerkuM. Ilpn mocsemoBatebHOM TIpoliecce TIpo-
XOK/ICHUS Yepe3 COTHH MEePEropojIoK Ha BBIXO/IE MOXKHO TMOJIY-
YUTH Ta3, JJOCTATOYHO 00OTAIEeHHbII JIerKuM u30ToroM. [lepBas
MOPIMST SI/IEPHOTO YPAHOBOTO <«IOpIoUero» OblIa ToJydeHa B
CCCP TospK0 B 1950 TOy ¥ MCIONB30BANACH [IJIST UCIIBITAHUS
yPaH-ILTyTOHUeBO# 6oMObl B 1951 romy.

B meroxe nenrpudyruposanus B numunap (umn B TpyOKy)
roMeIaercst rekcadTopu IPUPOIHOTo ypaHa, u TpyoKa npuBo-

KOJJERKIONA

TrOJOBOJOMOK

JquTces B GpicTpoe BpalleHne. Bo BpamaoeMcs ra3e ycTaHaBIm-
BaeTCsl PABHOBECHOE PaCIPe/ieieHIe KOHIIEHTPAIINT MOJIEKY T TI0
PACCTOSTHUIO OT OCH BPAIIEHHs, TOYHO TaK K€, KaK OHO YCTaHaB-
JINBAETCS B 3aBUCHMOCTH OT BBICOTBI B 3eMHOW armocdepe.
ToJsibko BO Bpamiatomieiicss TpyoKe poJib CHJIbI TSKECTH UTpaeT
HEHTPOOEKHAS CUJIA WHEPIMU, HAIPABJIEHHAS [0 PaJUyCy OT
ocHu BpareHus. Bozpacrannue KOHIIEHTpAIUHU NIPH y/IAJeHUH OT
OCH BpAalIeHUS] MPOUCXOMUT ObICTpee Ui 4YacTull GOJbIIeit
MacCcChbI, ITIO3TOMY BO BHEIIIHEN 4acTu préKI/I OTHOIII€HNE KOHIIECH-
TPALUiT TSXKENbIX U JIETKUX YACTHUIL OKA3bIBAETCST OOJIbIIIE, YeM
BOM3N ocu BpamieHus. [ MOoJydeHHsT 3aMeTHOIH pasHUIIbI
KOHIIEHTpaluii Heo6XOMMa OrPOMHAsi CKOPOCTb BpAIEHUs —
mopsiika 1000 o6,/ c.
I'naBHas TPYAHOCTb B 9TOM METOJIe 3aKJIOYATACh HE CTOJBKO
B ofecriedeHnN BBICOKOI CKOPOCTH BpAIEHUs, CKOJIBKO B OCY-
MIECTBJIEHUN TIepeiaun 000TallleHHON CMeCH M3 OJTHON IeHTPH-
(yru B apyryio 6e3 ocTaHOBKHU BpallleHus. Bce 3Tu BOIPOCHI
ObLIM ycrelHo perenbl K 1974 rozgy, B 0OCHOBHOM, GJarofapst
9KCIEPUMEHTAIIBHOMY ¥ OPraHU3al[IOHHOMY TAJIAHTY OJIHOTO
u3 pykoBoauresneil atux pabor — lMcaaka KoncrantuHOBHYA
Kuxonna.
Jl.Benonyxoe

TOMOBOJOMOK

Mcuxonornyeckmnm «3aBUTOK»
(Ha4ano cm. Ha 4-ui ¢. 06710kKu)

B mawame asrycra 2008 roma B Ilpare cocroutcs 28-i
BcemupHhbrit cbesz mobutesieil To10BoJIOMOK. M3 ecsaTkoB
cTpaH Mupa B Uexuio MpUBE3yT COTHU «YMHBIX» UIPYIIEK, a
3aTeM 3HATOKU r0JI0BOJIOMOK 13 EBporibl, AMepuku u Amnonnu
OIIEHAT WX U HA30BYT JIy4YIINe n306peTeHus rojia.

Cpe/ii HOBBIX TOJIOBOJIOMOK Gy/IeT U «3aBUTOK» MOCKBHYA
Kupunna T'pebuesa. Biaronapst cBoeii OpurunHaJIbHOCTH OH
HABEPHSIKA TIPUBJIEYET BHUMAHUE JIIOOUTENEI TOJIOBOJOMOK,
TeM 60Jiee YTO Ha TIPEABIAYIIEM Che3/ie B ABCTPATINN CPEIH
ayuiux nzo6perenuii 2007 rojia GblJIM HA3BAHDI J[BE TOJIOBO-
somkn Kupuiia. 9T1o 6blT BTOPOI cJydaii 3a BCIO UCTOPHUIO
ChE3/10B, KOT/A B YUCJI0 TTOGenTe el BOIILIN /[BE TOJOBOJIOM-
KU OJTHOTO aBTOpA.

Hosast rooBosiomka Kupuina I'pebueBa nsobpakena Ha
pucytke. Uto6bl M3rOTOBUTb «3aBUTOK» CAMOCTOSITEJIBHO,
BO3bMUTE TPU KYyCKa CTaIbHON WM MEJHOW IPOBOJIOKH
quamerpoM 3—4 MM. /[l MOKaszaHHOTO 3/leChb BapHaHTa
TOJIOBOJIOMKH G€pyT OTPe3Ku IPOBOJIOKH JITMHON 25, 22 1
14,5 cMm. Ha camoM fi/iMHHOM, TIPe/{HA3HAYEHHOM J1Jist CKOOBbI,
OTMEYAIOT TOUKY, JEJISNIYI0 ero Ha orpe3ku 9 u 13 cMm. 3axkan
MIPOBOJIOKY KPYTJIOTyOIlaMu B ATOH TOYKE, CTUOAIOT KOHI[BI
MIPOBOJIOKH TaK, YTOOBI PACCTOSTHIE MEKY HUME ObLJI0 12 MM.
3areM Ha KOHIIAX CKOOBI 3armbaioT Kojblia. dDortorpacdus
TOJIOBOJIOMKH TI03BOJISIET HCIIOJIb30BATh M300PasKeHNe Kak
11abJIoH: NOCTENeHHO N3rubaTh MPOBOJIOKY KPYTIJIOryOrnamu,
a 3aTeM TIPUKJIAIBIBATD JeTaau K poTorpadun s TPOBEPKU
MPaBUJIbHOCTU Pa3MepOoB.

Perienivie T10J10BOJIOMKH 0OBIYHO HAYMHAETCS C TOTO, UTO €ee
6epyT B PYKU: JIEBOIT PYKOIl — 3a CKOOY, a [IPaBOii — 3a PYUKY.
[Tocne aroro, mepskach 3a KOHeIl PyYKH, HAUMHAIOT JBUTAaTh
ee BJI0JIb CKOObI, MbITAsICh TIPOCYHYThH KOJIBIIO Yepe3 3aBUTOK
U OTIENUTh PyYKy OT cKoObl. COOCTBEHHO TOBOPS, HUYETO

JPYroro M CAEJaThb-TO HEJb3s1 — CJHMIIKOM MaJo paspelieH-
HBIX KOHCTPYKIMeEH ABIsKeHnil. Cpasy npeayrnpeiM, 4To ua
9TUX IONBITOK HU OJHA HE TPUOIM3UT BaC K PEIICHUIO.
IlepBas ommobKa BcexX, KTO HAYMHAET PasraJbIBaTh 3Ty IOJIO-
BOJIOMKY, 3aKJ/JIO4aeTcs B TOM, 4YTO OHH GepyTcs IIpaBoil
pykoil (pedb uzer o mpasuiax) He 3a TOT KOHEI PYYKH. JTa
OCTPOYMHAST TICUXOJOTHYECKAS YIOBKA CIENUATBHO TPUILY-
MaHa uso6peraresieM, 4TOObI yYBeCTH Bac B CTOPOHY OT
MIPABUJIBHOTO PEIMIEHNUSI, 3aCTABUTD 0e3Pe3yIbTaTHO JBUTATD
PYUKY TyIa-Ciofia BIOJDb CKOOBI, MBITAsICh MPOCYHYTHh €€ B
3aBUTOK.

[IpaBuIbHBIN MyTb COCTOMT B TOM, YTOOBI HE KOJBIO
[IBUTAaTh K 3aBUTKY, & KOHEI[ PYYKU, 3a KOTOPDI BbI Tak
VIIOPHO [JIEPKUTECH, OTIYCTUTb W IPOCYHYTb 4epe3 MeTJIio
3aBuTKa. Ecju 9TO JBMIKEHUE BBIMOJHHUTH IPABUJIBHO, TO
JlasIbHeliIee peneHre Bbl CMOKeTe HAlTH CaMOCTOSITENIBHO C
TTOMOTITBIO ABYX (oTorpadmii Ha 4-if cTpaHuIie 06JI0KKH, HA
KOTOPBIX IOKa3aHbl IIPOMEXYTOYHDbIE ITAIlbl, BeyIlHe K
PEILICHUIO TOJIOBOJIOMKH.

JKemaem Bam ycmexa!

A.Kanunun



K 100-JIETNIO N.K.KUKONWNHA

HaHOTEXHONOMMW: KOraa
Da3Mep MMeeT 3Ha4yeHume

K.60r4AHOB

Bbl MOXeTe MPOn3HECTH CJIOBO «MITULE» Ha CaMbIX
PA3HbIX A3bIKAX, HO, CLAE/IaB 3TO, Bbl BCE PABHO HUYEro
HOBOIO O MTULIGX HEe Y3HaeTe. He nyyie /i cHa4vana
rPOCTO B3ITISHYTL HA JIOOYIO NITULY Y 334YMAaTbCa Haa
TeM, 410 370 Takoel. CyuectByer 6o0sibias pasHuLa
MEXLy 3HAHWEM HA3BaHWA Yero-Hubyab 1 3HaHWEM
T0r0, Kak 310 paboraer.

P.®eriHmaH

A HAIINX TJTTASAX ®AHTACTUKA CTAHOBUTCA

PEaTbHOCTBIO — JIIOJAW HAYYHJUCH TEPEMENIaTh OT-

JleJTbHbIe aTOMBI W CKJIQJ(bIBaTh W3 HHUX, KaK W3
KyOWKOB, YCTPOMCTBA U MEXAaHU3MbI HEOObIYAITHO MaJIbIX
pPa3MepOB U MO3TOMY HeBUAUMbIE 0ObrdHbIM ryiasoM. [lo-
aBuach 1enas orpacab Hayku — HAHOTEXHOJIO-
I'ifl, BnuraBmias B ce6si caMble HOBBIE JOCTHXKEHUS
usuku, xuMun U GHOJOTUHU. YUeHble-HAHOTEXHOJOTH
paboTaioT ¢ HUYTOKHO MAaJbIMU OGBEKTaMU, Pa3Mephbl
KOTODPBIX HM3MepSIIOTCI B HaHOMeTpax. HaHoTexHoJorus
— He TPOCTO KOJMYECTBEHHBIH, a KAaYeCTBEHHBIN CKAYOK
oT paGoThl € BEIECTBOM K MaHUIYJISIUU OT/IETbHBIMU
aToMaMH.

B mepeBo/ie ¢ rpeyeckoro cJ0BO «HAHO» O3HAYaeT Kap-
k. Oaua wanomerp (HM) — 9TO OfHA MUJLIMAPAHAS
gacth Merpa (107 m ). HaHoMmerp BO CTOJIBKO e pa3
MeHbIIle OTHOTO METPA, BO CKOJIbKO Pa3 TOJIIMHA MAJIbIA
MemblIie fuamerpa 3emun. Pazmeppr 00bEKTOB, C KOTOPbI-
MU UMEIOT [IeJI0 HAHOTEXHOJIOTH, JIeXKaT B iuarasone ot 0, 1
n0 100 um. BosabimmaeTBo atoMoB uMeloT guameTp ot 0,1
no 0,2 M, tommuua aureit JIHK — okosio 2 uM, quamerp
sputponutoB — 7000 HM, a TOJIMHA YEJTOBEYECKOTO
BoJioca — 80000 uM.

Yyenbrte yTBep:KAaoT, yTOo B HactynumieM XXI Beke
CTEpPKHEM HOBOW TEXHWYECKOW PEBOJIIOIUU CTAHYT MaTe-
pHAaJIbI, JIEKAPCTBA, YCTPONCTBA, CPE/ICTBA CBSI3H U IOCTAB-
KW, C/IeJJAaHHBIE C UCTTOJb30BAHNEM HAHOTEXHOJIOTHIA.

C yero Bce HauYMHaNoCb

Wpest o ToM, 4TO BIOJIHE BO3MOXKHO COOGUPATh yCTPOii-
cTBa U paboTarh ¢ 0O6bEKTAMU, KOTOPbIE UMEIOT HAHOPa3-
Mepbl, BIIEPBbIE MPO3ByYasa B BBICTYIICHUM JiaypeaTa
HoGenesckoii npemun Puuapaa Deitamana B 1959 roay B
KanudopHuuiickoM TeXHOJIOTHIECKOM HHCTUTYTE. JIeKIust
HazbIBasach «Tam, BHU3Y, 110JiHO MecTa!» ClI0BO «BHU3Y »
B Ha3BaHWUU JIEKIUU O3HAYAJIO B <«MHUPE OYEHb MAaJIbIX
pazmepoB». Torga DeiiHMan cKaszaJl, 4To Koraa-HUGY /b,
Harpumep B 2000 romy, Joau OyayT YIUBJASTHCS TOMY,

yto 10 1960 TOMA HUKTO HE OTHOCHUJICS CEPHE3HO K
uccaenoanusaM Hanomupa. [lo caoBam Delinmana, deso-
BEK OUEHD JI0JITO JKHJI, HEe 3aMeYasi, 4TO PSI/IOM C HUM JKUBET
HeJblii MUp OOBEKTOB, Pasr/si/ieTb KOTOpble OH He B
coctostauu. Hy, a ecsim Mbl He BUJUM 3TH OOBEKTBI, TO MbI
He MOKeM U paboTaTh C HUMU.

Tem He MeHee, HAIIM KJIETKA — KUPIUYUKHA, U3 KOTOPBIX
COCTOUT HAIl OPTAHU3M, — IPEKPACHO HAYYMJINCH PAOOTATH
¢ nanoo6bexramu. KieTka BCIO CBOIO KU3Hb COOUPAET U3
PAa3JMYHBIX aTOMOB MOJIEKYJbI CJOXKHBIX BeriecTB. Co-
OpaB 3TU MOJIEKYJIbI, KJIETKA Pa3MelaeT X B Pa3IMYHbIX
YacTsX — OJ/IHM OKa3bIBAIOTCA B s/Ipe, JAPYrue — B IIUTOI-
JlazMe, a TpeTbu — B MeMOpane. [IpescraBbre cebe BOBMOK-
HOCTH, KOTOPbIE OTKPOIOTCS TIepe/] YeJT0BEYECTBOM, €CJIH
OHO OBJIQJIEET TAKMMHU YK€ HAHOTEXHOJIOTUSIMH, KOTOPbIMA
yIKe BJIQJIeeT KaK/1asl KJIeTKA YeJOBeKa.

DeiinMan Tak ONMKUCHIBAET TTOCJIEACTBIS HAHOTEXHOJIOI -
YEeCKOH PEBOJTIOIIH /IJIsl KOMITbIOTEPOB: «Ecu, Haripumep,
JIMaMeTP COEIMHSIONNX MTPOBOOB Oy/IeT COCTABIATD OT 10
no 100 artomoB, TO paszmep J060i cxeMbl He Oyjer
MPEBBIIATH HECKOJbKUX ThICIY aHrcTpeM. Kaxk/bIil, KTO
CBSI3aH C KOMIBIOTEPHOU TEXHUKO, 3HAET O T€X BO3MOXK-
HOCTSIX, KOTOpPble OOellaeT ee Pa3BUTUE U YCJIOXKHEHUE.
Ecumm uncio ncnosib3yeMbIX 371eMEHTOB BO3PACTET B MUJIITH-
OHBI Pa3, TO BO3MOXHOCTU KOMIIBIOTEPOB CYIIECTBEHHO
pacmupsitcd. OHM HaydaTcs paccy»K/aTh, aHATN3MPOBATD
OIIBIT U PACCYUTBIBATH COOCTBEHHDBIE JEHCTBUS, HAXO/IUTH
HOBbIE BBIYMCJAUTENbHbIE METOAbl W T. M. PocT umcmaa
3JIEMEHTOB IPUBEJIET K BAYKHBIM KAQueCTBEHHbIM M3MEHEH -
M xapakTepuctuk dBM» .

[To3Bas yuenbix B HaHomup, DeilHMaH cpasy ke Ipe-
JYTIPEKIAET O TeX TPEMATCTBUSAX, KOTOPbIE UX TaM O0XKH-
JIAIOT, Ha IPUMeEPE M3TOTOBJEHUST MUKPOABTOMOOUJIS JJTH-
noit Bcero 1 MM. Tak Kak getann 0ObIYHOTO aBTOMOOWJISA
C/IC/TAHBI C TOYHOCTBIO 10™ M, TO JZeTAIH MHKPOABTOMO-
O6UJI caelyeT U3roToBJIATb ¢ TOUHOCTBIO B 4000 pas Boiiie,
T.e. 2,5-107 M. TakuM o6pasoM, pasMepbl jeraseii
MUKPOABTOMOOUJISL IOJIKHBI COOTBETCTBOBATH PACUYETHBIM
¢ TouHOCTBIO * 10 c/l0eB aTOMOB.

Hanomup He TOJBKO IMOJIOH TPENATCTBUIA U TTPOGJIEM.
Hac B nHanoMupe 0Ku/1ail0T ¥ XOPOIIMEe HOBOCTH — BCe
JIETaJI HAHOMUPA OKa3bIBAIOTCS OYeHb MpouHbIiMU. [Ipo-
UCXOJIUT 3TO M3-32 TOTO, YTO MAcCa HAHOOOHEKTOB YMEHb-
[IAETCST POIOPIIMOHAJBHO TPEThEl CTEeIeHN UX Pa3MepPOB,
a TJI0IIA/b MX MOTIEPEYHOr0 CEUEHUsT — MPOTIOPIMOHATIBHO
BTOPO# CTereHn. 3HAYUT, MeXaHWuecKas Harpyska Ha
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KaQK/IbIiI 971eMEHT O0bEKTA — OTHOIIEHUE CHJIbI TSKECTH
HJIEMEHTA K TJIOIIA/IU €T0 MOMEPEYHOTO CEUEHUsT — yMEHb-
IaeTCsT MPOIMOPIMOHAJIBHO padMepaM 00bekTa. Taxum
00pa3oM, TPOTOPIUOHAIBHO YMEHbIIIEHHBIH HAHOCTOJI
obJiajlaeT B MUJLIMap/ pas3 6oJjiee TOJCTBIMI HAHOHOMKKA-
MU, YeM 3TO HeO0OXOUMO U3 COOOPayKeHU MTPOUYHOCTH.
DeltHMaH CYNTAJ, YTO YEJIOBEK CMOYKET JIETKO OCBOUTD
HAHOMUD, ECJIN CO3/1aCT POGOTA, CIIOCOOHOTO JIEJIATH YMEHb-
HIEHHY10, HO paGOTOCIIOCOGHY IO KOTnIo caMoro cebs. Ilycrb,
HANpUMep, MbI HAYYUJIUCh JeJaTh POGOT, KOTOPbBII MOKET
6e3 Halllero y4acTHsi CO3/[aBaTh CBOIO YMEHbBIIEHHYIO B 4
pasa xomuio. Torga 3T0T MaJeHbKUil po60T CMOXKET ¢/ie-
JIATh KOIUIO TIEPBOHAYATIBHOTO, YMEHbBIIEHHYTO yKe B 16
pas, u tak gasee (puc.1). OUeBUIHO, UTO JAECATOE TOKO-
JIEHWE TaKIX po6OTOB GyIET cO3/1aBaTh POOGOTHI, pa3Mepbl

Puc.T. Unmoctpauyms KoHuyernuymm P.QeriHMarHa o ToM, 4Tobbl poboTs!
HAYYnmcb aBTOHOMHO [€/1aTb CBOM YMEHbLLIEHHbIE KO

KOTOPBIX Oy/yT B MUJIJIMOHBI Pa3 MEHbIIE TIEPBOHAYAD-
HBIX.

Koneuno, 1o Mepe yMeHbIIEHUSI Pa3MEPOB MbI Oy/ieM
MOCTOSHHO CTAJKUBATHCSA C BeCbMa HEOObIYHBIMU (PU3H-
yecKUMU siBjieHussMu. HudTosKHBI Bec eTajieil HaHopoO6o-
Ta MPUBEJET K TOMY, YTO OHU Gy /IyT IIPUIUTIATH APYT APYTY
110/1 IeHCTBUEM CHUJT MEKMOJIEKYJISIPHOTO B3aUMO/1eHCTBUS,
W Taiika, HarpuMep, He OYJIeT OTAEAThCS OT GOJITA MOCIe
orkpyunBaHusi. OIHAKO M3BECTHbIE HAM 3aKOHbBI (PU3UKH
He 3allpeniaioT co3aaBaTh OOBEKTHI «aTOM 3a aTOMOM».
Manutysigiust aToMaMu, B IPUHIIATIE, BIIOJTHE peajbHa U
He HapylaeT HUKaKUX 3aKOHOB Ipupo/ibl. [IpakTueckue
JKe TPYAHOCTH ee peajusarmy 00yCJOBJIEHbI JHIh TeM,
YTO MBI CAMU SIBJISIEMCST CJIMIIIKOM KPYITHBIMU W TPOMO3/I-
KUMU 00BEKTAaMU, BCJIE/ICTBUE YETO HAM CJI0KHO OCYTIECTB-
JIATD TaKWe MAHUITYJISIUH.

YT06bI KaK-TO CTUMYJUPOBATH CO3/I[aHNE MUKPOOODHEK-
toB, Deitnman obemas 3amaarutb 1000 qosnapoB Tomy,
KTO COOPY/IUT 3JEKTPOMOTOPYHK pazmepoM 1,64 mioiima
(1 mioiim = 2,5 cm). U coBceM CKOPO Takoil MUKPOMOTOP-
yik 6611 co3nan. C 1993 roma exeroHo MPUCYKAAETCS

npemust uMern DeifHMaHa 3a BbIIATONINECS JOCTUKEHNUS B
06J1acTH HAHOTEXHOJIOTHUII.

B cBoeil nexnnn MelfHMaH TOBOPUJ U O TIePCIIEKTUBAX
HanoxuMmuu. Celfyac XMMUKHW WCHOJb3YIOT [IJISI CHHTE3a
HOBBIX BEIECTB CJOKHBIE N pa3HoOOpasHbie TpueMbl. Kak
TOJIbKO (PU3UKU CO3AATYT YCTPOHCTBA, CIOCOOHDIE OTIEPH-
pOBATh OTJECIBHBIMA aTOMaM¥, MHOTHE METOJIbI TPAJIUIIH-
OHHOTO XUMHYECKOTO CHTE3a MOTYT ObITh 3aMEHEHBI TTPH-
eMaMu «aTOMHOI c6opku». [Ipu aToM, Kak cuntan MDeitn-
MaH, PU3NKU JACHCTBUTENbHO MOTYT HAYYUTHCS CHHTE3M-
poBaTh JTI060€ BEIMIECTBO, MCXO/IS U3 3AMICAHHON XUMITYec-
Kol copmysbl. XuMUKH GyIyT 3aKa3blBaTh CHHTE3, a
(PUBUKN — TIPOCTO «YKJIAIBIBATH> ATOMBI B TIPE/IJIATaeMOM
nopsi/ike. PagBuTne TeXHUKN MaHUTTY TSN HA aTOMapHOM
YPOBHE TO3BOJIUT PEIIUTh MHOTHE TPOGJEMbl XUMUU U
6UOJIOTUH.

MalunHbl co3npaHus

Hanorexnojiorust crajia caMOCTOSITETbHON 006J1aCThIO
HayKl W TpeBpaTmJiach B JIOJTOCPOYHBIN TeXHUYECKUH
IIPOEKT I0CJIe JIETATbHOTO aHAJIN3a, TPOBE/IEHHOTO aMepH-
KaHCKUM yueHbIM JpukoM [lpekciaepom B Havyasne 1980-x
roJIoB, W MyOJIMKAINU €r0 KHUTU «MallHbl CO3UIaHNS:
IPSyIas spa HAHOTEXHOJIOTHH .

[To onperesiennio /[pekciepa, HAHOTEXHOJIOTUS — «O3KH-
JlaeMasi TeXHOJIOTHS POM3BO/ICTBA, OPUEHTUPOBAHHAST HA
JIeTeBOe TIOJydeHe YCTPOWCTB ¥ BEIIECTB C 3apaHee
3aJIlaHHOW aTOMapHON CTPYKTYpOii». Kak cunraior MHOTHE
CTHENUANUCTBI, B TedeHWe cuenyiomux SO Jer MHOrue
YCTPOMCTBA CTAHYT TaKUMH MaJeHHbKUMH, 4YTO ThICSYa
TaKWX HAHOMAIIUH BIIOJTHE CMOTYT Pa3MECTUTHCS Ha TLIO-
a1, 3aHUMAEMON TOYKOU B KOHIIE 9TOTO MPEAJIOKCHUS.

Yt0o6b1 co6UpaTh HAHOMANITHHBI, HEOOXOUMO:

1) HayunTbhCSA PAGOTATD ¢ OIMHOYHBIMI ATOMaMU — GPaTh
UX M CTaBUTb HA HY>KHOE MECTO;

2) paspaborarh cCOOPIIMKY — HAHOYCTPONCTBA, KOTOPbIE
MOTJTH OGbI COOTBETCTBYIOIINM 00Pa3oM paboTaTh C OJIUHOY-
HBIMH QTOMaMU I10 ITPOTrpaMMaM, HalTMCAHHBIM Y€JIOBEKOM,
HO 6€3 ero yJacrtus;

3) paspa6oTaTb PEIIMKATOPBI — yCTPORCTBA, KOTOPbHIE
ObI U3TOTOBJISLIM HAHOCOOPIIMKY, TAK KaK X TTOHAI0OUTCS
OueHb U OYeHb MHOTO.

Yrto Takoe HaHOMPOBOJIOKU
n no4yemy OHU Takue I'IpO‘-IHbIe?

HamompoBoiokaMit Ha3bIBAIOT ITPOBOJIOKH C JHAMETPOM
HECKOJIBKO [IECSITKOB U MeHee HaHOMETPOB, M3TOTOBJIEH-
Hble W3 MeTasia, TOJYIPOBOAHUKA WU [IUIJIEKTPUKA.
JlmiHa HAaHOTPOBOJIOK YaCcTO MOJKET MPEBBIIIATh UX [IHA-
metp B 1000 u 6osiee pa3. HaHOPOBOJIOKK YacTO HA3bIBA-
10T O/IHOMEPHBIMU CTPYKTYpPaMH, a WX 4Ype3BbluailHO Ma-
abtii guamerp (oxoso 100 pasmepos atoma) JJaeT BO3MOK-
HOCTb MPOSIBJIATHCST PA3JUYHBIM KBAHTOBO-MEXAHUYECKUM
addekram. [loaToMy HAHOIPOBOJIOKHM MHOT/IA HA3BIBAIOT
«KBAaHTOBBIMU TIPOBOJIOKAMU» . Y HUKAJIbHbIE 3JIEKTPUYEC-
KIle M MeXaHWYeCcKHe CBOWCTBA HAHOMPOBOJOK CO3/AI0T
MPEITIOCHLIKN JIJIT UX WCIOJb30BaHUS B GYAYIINX HAHO-
HJIEKTPOHHBIX U HAHOIJIEKTPOMEXAHUIECKUX TPUOOPax, a
TaK’Ke B Ka4eCTBe 3JIEMEHTOB HOBbIX KOMIIO3UTHbBIX MaTe-
pHaoB U OHOCEHCOPOB.
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B npupoie HaHONIPOBOJIOK He cytiecTByeT. B maboparo-
pUAX HAHONPOBOJOKM Yallle BCETO MOJyYaloT MeTO/0OM
AMUTAKCUH, T.€. OPMEHTUPOBAHHOTO POCTA OJTHOTO MOHO-
KpHCTaJL1a Ha TOBEPXHOCTHU JIPYIOro, KOT/ia KPUCTALI3a-
1[US BelllecTBa IIPOMCXO/UT TOJIBKO B OJ(HOM HallPaBJIEHUH.
Hanpumep, HaHOIIPOBOJIOKY U3 KPEMHUS MOXHO BbIpac-
THTDb TaK, Kak N300paskeHo Ha pHUCyHKe 2 cieBa. Hanowa-
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Puc2. [TonyqerHmne KpemHUeBoK HaHOMPOBOIOKIM METOLOM STATAK-
CUM C ITOMOLLbIO 30710TON HAHOYACTULIbI

CTHUILY 30J10Ta OMeMaioT B armocdepy rasa cusana ( SiH, ),
U 9Ta HAHOYACTHUIIA CTAHOBUTCSI KATAJU3aTOPOM PEAKIIUU
pacria/ia Cujiana Ha BOJIOPOJL M SKUAKUI KpeMuuit. yKuakuii
KPEMHUI CKATbIBAETCS C 30JI0TOI HAHOYACTHUIIBI U KPIHC-
TaJIMu3yeTcs moj Heil. Eciu KOHIIEHTpAIUs CUlaHa BOK-
PYT HAaHOYACTHIIBI TIOJ/IEP’KUBAETCS HEM3BMEHHOI, TO IPO-
I[eCC ATMUTAKCUI TIPOJIOJIPKAETCS, ¥ BCE HOBBIE CJION JKUJIKO-
rO KPeMHI KPUCTAJLIU3YIOTCS HA €ro ysKe 3aTBeP/IeBIINX
cosX. B pesysbraTe HAHOTIPOBOJIOKA M3 KPEMHMUS PacTeT,
MPUITOIHIMAST HAHOYACTHILY 30JI0TA BCE BBINIE U BBIIIE.
[Tpu atom, o4eBUAHO, pa3Mep HAHOYACTUIBI OTIPEIEISET
quameTp HaHonpoBosiokn. CripaBa Ha puCyHKe 2 MTOKa3aH
«jiec» u3 ZnO-HaHOIIPOBOJIOK, MOJYYEHHBIX AHAJIOTHY-
HBbIM 06Pa30M.

Kaxk usBecTHO, [IPOYHOCTD — 3TO CBOWCTBO TBEP/BIX TEJI
COIPOTUBJIATHCA paspyluenuio (pasieeHuio Ha YacTn), a
TaK)Ke HeoOpaTUMOMY U3MEHeHUI0 (hOPMbI IO/ JeiCTBH-
eM BHEITHUX Harpysok. Korma nmummHapaeckuii o6pasert
C TJIOMIA/IBIO TTOTIEPEYHOTO CEUEHNS S PACTATHBAIOT CUJIOM
F, o nedopmupyercst cHavama o6paTuMo, T.e. yIpyro —
ero MexaHuueckoe Haipsipkenne O = F/S pacrer npsiMo
MPOMOPINUOHATBHO OTHOCUTEJIbHOMY yIJUHEHUIO
e=(L-Ly)/L, (puc.3, obmacts O), 3aTeM MIaCTHYEC-
K, T.e. HeoOpatumo (puc.3, obaacts I1). IIpu ganpneii-
nieii gepopMalui CTPYKTYPHBIE HEOTHOPOIHOCTH 00pa3-
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Puc.3. B3aumocBs3b MEXAY MEXaHUYECKUM HAllPAXEHNEM 1 OTHO-
cuTesibHOM aegopmarmeri 0bpasua. Crpeskamu yka3arsl rnpesesisl
[IPOYHOCTI 715 HEKOTOPBIX MATEPUAIIOB

2008/ Ne3

a (sleeKThl KPUCTAIMYECKON PENIeTKU, UJIN [IUCIOKA-
[IMKM) HAYMHAIOT JIBUTATHCS M, CTAJKHBASCh C JAPYIUMH,
00pasyIoT MUKpPOTpeIuHbL. [Ipu atoM uem Gosbiiie Gymer
ITUX I.[I/ICJIOKaLII/IIL/,I n yeM 6bICTpee OHMN CMOTYT ABUTAaTbCA
mo o6pasity, TeM Gosbiiie Oyaer MuKporpenuH. Korzaa
pacTsAruBaoliee HANpsLKEHUe OCTUTAET TPeesia Mpod-
HOCTH, COCEIHIE MUKDPOTPEINHbI, COEAUHSISICH APYT C
JIPYTOM, JIOCTUTAIOT KPUTHUYECKOrO pasMmepa, u o6paselr
paspyiaercs.

HanompoBosioka — 370 MOHOKPHCTAJLI, B KPUCTAJLINYEC-
KO pelieTke KOTOPOTro MPAaKTUUECKH OTCYTCTBYIOT Jiedek-
b1 (fiucsiokaipan) . IIpu 9TOM OTHOIIEHHUE TLIOIIA 1 TTOBEPX-
HOCTH K 06beMY 111 HAHOTIPOBOJIOK TOPa3zio 60JIbIIe, YeM
JLTsT 06pasIioB 0OBIYHBIX pa3MepoB. [loaToMy moBepxHOCTD
HAHOIPOBOJIOK JIETKO <«ITOTJIOIIAET» BBIXO/AIINE HAPYIKY
Jurcsiokanuu 6e3 o6pasoBanust MUKpoTpernni. Kpome toro,
ITOBEPXHOCTb HAHOIIPOBOJIOKH, HMEIOIasda ‘{pestI‘{aﬁHo
Masbiii pagnyc kpuBusabl (0koa0 10 HM), CHIBHO cxKata
U [03TOMY TPENSITCTBYET ABUKEHUIO TUCJIOKAIMUA HAPY-
Ky, T.e. 00pa30BaHuIo MUKPOTpeluibl. Bee aTo mpuBoauT
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Prucd. 3aBUCUMOCTL MEXaHMHYECKOIO HArPAXEHUS OT OTHOCUTE Ib-
HOWV IePOPMALIMI L7159 MUKPOOOPA3LI0B 13 HUKES U ero Cli/IaBoB
Pa3HOro Auamerpa. [yis CoaBHeHus KpacHbIM 10Ka3aHa 37a 3aBuci-
MOCTb [U151 [TOJINKPUCTATIINYECKOrO Makpoobpasua

K TOMY, 4TO Y HAHOIIPOBOJIOK TIOYTU OTCYTCTBYET ILJIACTHU-
ueckas geopMaIni, a Ipejiet IIPOYHOCTH B IECSITKU Pa3
BBIIE, 4eM Y OObIUHBIX 06pasios (puc.4).

I'quemy HaHO4YacCTULUbl NNaBATCA
npy HU3Kon TemnepaTtype?

[Ipu yMeHbIleHHU pPa3MepOB YACTHUI[ U3MEHSIOTCS He
TOJIPKO MEXaHUYeCKNe CBOMCTBA, HO M TEPMOJUHAMUYEC-
K¥e XapaKTepUCTUKH. Tak, TeMIepaTypa IJIaBJIeHIs CTa-
HOBHTCS TOPA3/I0 HIKE, YeM y 06pa3IoB 06BIYHOTO pasMe-
pa. Ha pmcyHke 5 TpezcTaBieHa 3KCIIepUMEHTATbHASI
KpUBasi TaJIeHUs] TEeMIIePaTypbl TLJIABJIEHUS HAHOYACTHIL
AJIIOMUHIS C yMEHbIIIEHNEM Pa3MepOB YacTuiibl. [1pu atom
TeMIepaTypa IIaBJIeHNs YACTUIIBI PA3MEPOM 4 HM yMeHb-
maercst Ha 140 °C 1o cpaBHEHUIO ¢ TeMIepaTypoil T11aBJe-
Hust o6pasiia aaIoMUHNS OOBIYHBIX PA3MEPOB.

3aBUCHMOCTH, AHAJIOTUYHBIE TO, KOTOpAs MOKA3aHa Ha
pucyHKe 5, ObLIU MOJYYeHbI /IJsI MHOTHX MeTasIoB. Tak,
[IPU YMEHbIIEHU N UaMeTpa HAHOYACTHUI] U3 0JI0BA /10 8 HM
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PUC5. 38BUCUMOCTb TEMIEPaTyPbI TI/IABIIEHNUS ATIIOMUHNEBbIX Ha-
HOYaCTUL] OT WX Paamyca

UX TeMmIeparypa miasienus najgaet Ha 100 °C. IIpu atom
camoe GOJIBIIOE TTaIeHNE TeMIepaTyphl Iiasaenns (Gosee
yem Ha 500 "C) 6bL10 06HAPYKEHO Y HAHOYACTHI] 30J10Ta.

Y HaHOYacCTHIl IOYTH BCE aTOMBI — Ha NMOBEPXHOCTH.
[IprunHOIT TOHMKEHNS TEeMIIepaTyPhl TJIABJIEHNS Y HAHO-
YaCTHUI[ CJIYKUT TO, YTO ATOMbI HA TIOBEPXHOCTH BCEX
KPUCTAJLIOB HAXO/ISITCS B OCOOBIX YCIOBUAX, & J0JIST TAKUX
MMOBEPXHOCTHBIX aTOMOB Y HAaHOYACTHIL CTAHOBUTCS OYEHD
6osbiioii. CresiaeM OIEHKY 3TOI TTOBEPXHOCTHON [OJIH
JUIST QJTIOMWHMS.

JIerko BbIYMCINTD, 4TO B 1 cM® alIOMHHUS COEPKHUTCS
npuMepHo 6 - 10?2 aromos. [l IpOCTOTHI Gy/1eM CUNTATD,
YTO aTOMBI HAXO/IATCS B Y3J1aX KYOMUECKOW KPUCTAJJIHIeC-
KOH peIeTKN, TOT/Ia PACCTOSTHUE MEK/IY COCEHUMH aTo-
MaMu Gy/IeT OKOJIo 4 - 1078 cm. 3HAYUT, IIJIOTHOCTDH aTo-
MoB Ha mosepxHoctn coctaBut 6-10' em™?. Temepn
BO3bMeM KyOWK u3 amoMuHusi ¢ pe6pom 1 cm. Ywucio
IIOBEPXHOCTHBIX aTOMOB y Hero 36 - 10" , @ YICJO aTOMOB
BHYTpH 6-10%*. TakuMm 06pa3oM, 0/ HOBEPXHOCTHbIX
ATOMOB y TaKOrO AJIOMUHUEBOTO KyOHKA <«OOBIYHBIX»
pasMepoB cocrasisger Beero 6-107° .

Ecnu cpenarb Takme ke BbIUMCJIEHUS [T KyOUKa 13
AJIOMUHUS PA3MEPOM S HM, TO OKQJKETCSI, UTO HA IMOBEPX-
HOCTH TaKOT0 «HAHOKYGHKa» HaxoauTes yuke 12% Beex ero
aromoB. Hy, a wa moBepxHocTH KyOuKa pazmepom 1 HM
BOOOIIE HAXOAUTCS OOJIBIIIE TOJIOBUHBI BCEX aTOMOB! 3aBU-
CUMOCTb TOBEPXHOCTHOW JI0M O OT 4Ymcja atoMoB N
MoKa3aHa Ha pUCYHKe 6.

Ha noBepxHocTn kpucrajia nopsaka Her. C Havasa
60-X ro/I0B TIPOIILJIOTO BeKa y4eHbIe CYMTAIOT, YTO ATOMDI,
PACIIOJIOKeHHbIe HA TOBEPXHOCTH KPUCTAJLIOB, IPeGbIBa-
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PUC6. 3aBUCIMOCTL [TOBEPXHOCTHOM L0/ aTOMOB OT UX YUC/a B
KybuiKe KprCTanimyeckoro BeLyecTsa

10T B 0COOBIX ycJIOBHUAX. CHUJIBI, 3aCTaBJISIONINE UX HAXO-
JUTHCST B y3JaX KPUCTAJNTIMIECKON PEIIeTKH, IeHCTBYIOT
Ha HOX TOJBKO CHu3Y. [10aTOMYy MOBEPXHOCTHBIM aToMaM
(i MoJIeKyJIaM) HUYEro He CTOUT <«YKJIOHUTHCS OT
COBETOB U OOBATHIl» MOJEKyJT peinerku. U eciam 31O
MPOMCXOJNUT, TO K TAKOMY K€ PEIICHUIO0 MPUXO/IT Cpasy
HECKOJIbKO MOBEPXHOCTHBIX CJI0EB aTOMOB. B pesysbrare
Ha TIOBEPXHOCTU BCEX KPUCTAIOB 00Opasyercst IJIeHKa
sKuIKOCTH. KeTaTn, KpUCTAJIIBT JIb/Ia He SIBJISIOTCS MCKJIIO-
uenneM (puc.7), MOSTOMY Jiel U CKOJIb3KHUIA.

Iaenxa
co0ut

Puc.7. Cxematmdeckoe 1M306paxeHue rornepeyHoro Ce4eHms qpesa
J1bAa. KPacHbIe KpyXKiu — aToMbl KMCIOpOAa, besble — Boaoposa

TosmuHa JKUAKON MJIEHKN Ha MMOBEPXHOCTH KPHUCTAJLIA
pacTeT ¢ TeMIIepaTypoil, Tak Kaxk 60Jee BBICOKAsI TETIJIOBAsI
9HEPTHs MOJIEKYJT BBIPBIBAET N3 KPUCTATINIECKON PEIIeT-
K1 6OJIblIIe OBEPXHOCTHBIX cJoeB. Teopernyeckue oreH-
KU U 9KCHePUMEHTBI TOKA3bIBAIOT, YTO KAaK TOJIBKO TOJIIIH-
Ha JKWMJIKOH IIJIEHKH Ha TIOBEPXHOCTH KPUCTAJIA HAaUNHAET
npesbimath 1,10 pasMepoB Kpucrasia, KpUCTAJLINYeC-
Kas pelieTka paspyuraercs.

OuYeBH/HO, YTO «JIETKOMJIABKOCTb» HAHOYACTHII CJIETyeT
VUUTBIBATh Ha JIIOOBIX HAHOMPOM3BOJCTBAX. lI3BecTHO,
HATIpUMep, YTO pa3Mepbl COBPEMEHHBIX JIEMEHTOB JJIEKT-
POHHBIX MIKPOCXEM HaXO/ATCs B HaHOoAManasoHe. [loaro-
My TOHIDKEHHe TeMIepaTyphl MJIaBJIeHUS KPUCTAJLIITIec-
KIX HAaHOOOBEKTOB HAKJIA/IBIBACT ONpE/IeJeHHbIE OTPaHM-
YeHUS Ha TeMIIEPATYPHBbIE PEKUMBI PaGOThI COBPEMEHHBIX
" GyAyNIX MHUKPOCXEM.

3akoH OMa gnsl yrnepogHbIX HAaHOTPYGOK

B nHanomupe WM3MEHSIOTCS HE TOJIbBKO MeXaHWYecKUe
CBOICTBA M TeMIIEPATypbl IJIaBJICHUS BEIIECTB, HO U UX
aJIeKTpUUecKre xapakrepuctuku. OKas3bIBaeTcs, COIMpO-
TUBJIeHWE R IUJIWHPUYECKOTO PE3UCTOPA HAHOPA3MEPOB
HeJIb3s1 BBIUKHC/IATD 110 M3BecTHOH dopmyne R =pL/S,
rae L — puwHa, S — TJIOMAAb TIONEPEYHOTO CeYeHus, a
P — Yy/leJbHOE CONMPOTHUBJEHNME MaTepuasta pe3ncTopa.
Mauo Toro, conporuBieHrie R, HaHOPE3UCTOPOB BOOOIIE
He 3aBHUCUT OT UX Pa3MePOB U BEIECTBa, 13 KOTOPOTO OHI
C/IeJIAHBI, a ONPEJIEISETCS TOJMBKO IBYMS (DyHIaMEHTAb-
HBIMH (PU3MUECKUMEI KOHCTAHTAMU:

h
RO =§=12,9 KOM,
e e=16-10"" Kn - 3apsiji 9JeKTpoHa, a h =
=6,6-10" Jlsx/c — mocrosimmas Ilmanka. Bemmunmy

RO Ha3BaJiM KBAHTOM JJIEKTPHUYECKOTO COIIPOTUBJIEHUA,



10 KBAHT -

uMess B BUJY, YTO B HAHOMUpPE CONPOTUBJIEHHS BCEX
PE3UCTOPOB O/IMHAKOBBI.

KBanTOBaHME 3JIEKTPUYECKOTO COMPOTHBJIECHUS — He
eIMHCTBEHHAsT 0COOEHHOCTb TTPOBOANMOCTH B HAHOMUPE.
Oxazanock, 9TO B HAHOPE3NCTOPE MPU TPOXOKICHIN TOKA
He BBIIEJISIETCS PKOYJIEBO TETLI0. JTY HeOOBIYHYTO TPOBO-
JIMOCTD B HAHOMIIPE, HE3aBUCSIIYIO OT Pa3MepOB 1 MaTe-
pHajia pe3aucTopa u He COMPOBOXK/AIONLYIOCS BblIeTeHIeM
Teria, Hazpauau 6ajinctuueckoil. B mepeBojie ¢ rpevecko-
ro «6asinoy» o3Hayaer 6pocaro; COOTBETCTBEHHO, GaJLIIC-
THUKA — HAyKa O [BUYKEHUU apTHIJIEPUICKUX CHAPSIOB,
nyJsib 1 T.11. HagBanmeM npoBognMocTu B HaHOMEpe «6ai-
JINICTIYECKOH» €ro aBTOPBI XOTEJW IOJYEPKHYTh, UTO
3JIEKTPOHBI, KaK NCKYCHO 3aIyIIeHHbIE CHAPSI/IBI, IBIKYT-
Ccs1 uepe3 HaHOPE3UCTOp, He CTAJKHUBASICh C €T0 aTOMaMH,
HAXOJSAIINMHUCS B Y3J1aX KPHCTATINIECKOH PEIIeTKN.

Vraepoansie HAaHOTPYOKH — KBaHTOBBIE PE3UCTOPBI.
[Tpumepom HAHOPE3UCTOPOB, 00IAAATONTIX GAIUCTAYEC-
KOI TPOBOJMIMOCTDIO, SIBJISIOTCS YTJIEPOIHBIE HAHOTPYOKH
— IPOTSDKEHHbIe IUIMHIPUIECKUE CTPYKTYPBI JMAMETPOM
OT O/THOTO [T0 HECKOJIBKUX /IECSITKOB HAHOMETPOB U IJINHOIT
JI0 HECKOJIBKIX CAHTHMETPOB. Y TJIEPO/IHbIE HAHOTPYOKH —
9TO KapKaCHbIE CTPYKTYPbI MJIU TUTAHTCKUE MOJIEKYJIBI,
COCTOSIIIME TOJIBKO M3 aTOMOB yriepoja. Takyio HaHo-
TPYOKY JIeTKO cebe MPeICTaBUTD, €CJIM BOOOPA3UTH, UTO BB
cBOpaumBaere B TPYOKY OJMH M3 MOJIEKYJSIPHBIX CJIOEB
rpadura — rpaden (puc.8). Croco6 cBOpauMBaHUS HAHO-
TPy6OK — YTOJ MEKTy HAallPaBJIECHIEM OCH HAaHOTPYOKHN TIO
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Puc8. OauH 13 criocoboB BOOOPAXAEMOro H3roTOBJIEHMS HaHO-
TOYOKU 13 MOJIEKYTISPHOIO (/105 PaguITa

OTHOIIIEHUIO K OcsiM cummerpuit rpadena (yrour sakpydn-
BaHIsI) — BO MHOTOM OIIPEJIENISIET €e CBOWCTBA.

KoHeyHO, HUKTO He M3TOTOBJISIET HAHOTPYOKH, CBOPAYT-
Bas nx u3 rpacutosoro Jjucra. Hanorpy6xn o6pasyiorcs
caMy, HalpuMep — Ha MOBEPXHOCTH YTOJbHBIX 3JIEKTPOJIOB
IIPH IYTOBOM pa3psifie Meskxy HuMu. 1Ipn paspsiie aToMBbI
YTJIEpPO/ia WCHAPSIOTCA C TOBEPXHOCTH M, COCANHAACH
Meskly co60ii, 06pa3yioT HaHOTPYOKU CaMOTO Pa3JIMYHOTO
BI/IA — OJTHOCJIOITHBIE, MHOTOCJIOIHbBIE W C PA3HBIMU yTJIa-
MM 3aKPY4YMBaHUA. B 3aBHCHMOCTH OT yIJ1a 3aKpY4YNBaHUSA
HAHOTPYOKH MOTYT 00J1a[]aTh BBICOKOI, KAaK y METAJLIOB,
MPOBOJMMOCTBIO, & MOTYT HMETh CBOWCTBA TTOTYITPOBOHHI-
KOB. /laybllle pedub MOMAET TOJBKO O HAHOTPYOKax C
BBICOKOI TPOBOIMMOCTDIO.

OTKpbITHE KBAHTOBOW MPOBOANMOCTH YTJIEPOIHBIX Ha-
HOTPYGOK OBILJTIO C/IeJIaHO, KOT/Ia M3MEPSJIN 3aBUCHMOCTD
UX CONPOTHUBJIEHUS OT JJIMHBI, TOTPY:Kas UX B PTYTb.

2008/ Ne3

Jlnamerp nanorpy6ok coctasii ot 1,4 10 50 HM, a uHa
— ot 1 10 5 MKM. Ho HEecMOTps Ha TaKoit 60JIbINOH pasépoc
B pazmepax conporuBienne BCEX nanotpy6ok cocraBisi-
a0 12,9 kOmM.

Iloyemy 3JIeKTPUUECTBO B HAHOMHUPE NPEBPaANIAETCS B
onTHKy? TOK TIepeHOCUTCS B TIPOBOJIHUKE AJICKTPOHAMH,
00pa3yIoIUMI TaK HAa3bIBAEMDIiT DJIEKTPOHHDIN ra3. Cpeji-
HEKBAIPATUYHBIN UMIYJbC P OJHOTO U3 TAKUX HJIEKTPO-
HOB MOKHO HAHTH U3 COOTHOIIEHUS JIJISI CPETHEKBAIPATHY-

HOU sHepruu E 4acTUIBI W1eaTbHOTO Ta3a:

2
E=P" _3ur,
2m, 2
e k=1,38-10"% Jlx/K — nocroannas Boabimana,

m, =9,1-107" xr — macca anexrpona. [loacrasmsia croaa
T =300 K, noyqaem » =10,6-107 xr-m/c.

W3BecTHO, YTO KaX/IYI0 YaCTUILy MOKHO IIPEJICTaBUTD B
BUJIe BOJIHBI Jie Bpoiiss ¢ piuHoil BoHbl A = h/p. ng
2JIEKTPOHA IPOBO/IIMOCTH B MeTaJLIe noaydaeM A = 6,2 HM.
ITO 3HAYMT, YTO JIJIST YTJIEPOTHBIX HAHOTPYOOK AMAMETPOM
HECKOJIbKO HAHOMETPOB WJIM MEHBIIE 3JIEKTPOH MTPOBO/IH-
MOCTH OyJieT TPOSBJSATD TJABHBIM 00Pa3oM BOJHOBBIE
cBoficTBa. YUepe3 Takume HAHOTPYOKHU 3JEKTPOHBI OYAYT
MTPOXO/IUTD, KaK CBETOBBIE BOJHBI MPOXOIST Y€PE3 CBETO-
Bozbl. TakuM 06pa3oM, 3JEKTPUYECTBO B HAHOMUPE IIpe-
Bpalaercsd B ONTHUKY, a [XKOYJIEBO TEIJIO PACCEnBAETCS
TOJIbKO Ha I'PaHMIIAX HAHOMHUPA, TJe, HAlpUMep, HAHO-
TPy6Ka COEIUHSIETCS C TPOBOIHIKOM OOBIYHBIX PA3MepOB.

Yemy paBeH kBaHT conpotuBienust R, ? [lompo6yem
BBIBECTHU «Ha [TJIblIaX» YIIOMSAHYTYIO Bblllle KDACUBENIIYIO
(popmy.1y, CBA3BIBAIOLLYIO KBAHT COIIPOTUBJIEHNUS ¢ PyH/1a-
MEHTAJIbHBIME (DU3NIECKUMU KOHCTaHTaMu. Tak Kak Ha-
HOTpyOKa o0JaaeT 6aIUCTHYECKOH TTPOBOIMMOCTDHIO, a
3HAYUT [IPKOYJIEBO TETJIO B HEll HE BBIIEJSETCS, MOXKHO
CUMTATh, YTO €€ JIJINHA MeHbIIIEe ITMHBI CBOOOIHOTO 1Tpobe-
ra aJjiekTpona nposoaumocru. Ilycrs mesxay cevenuamu A
u B nanorpy6ku npuioxkeno nanpsokenue U, a cuia Toka
B Heil paBHa . IlockoJsibKy sHeprusi He paccenBaeTcs,
nsMeHeHue sHeprun AE ajieKTpoHA MEK/ly cedeHusiMu A u
B cocraBnsier AE = eU. 910 u3MeHeHne SHEPTUU TPOUIOIII-
JIO 3a MHTepBaJ BpeMeHU Af, paBHbI BpPEeMEHM IIPOJIETa
aJiekTpoHa Mexay cedenusmu A u B. CootrHoleHue
HeoTIpesiesieHHOCTel [eiisen6epra HaKJIaJbIBaeT OIpeie-
JIEHHbIE OTpaHuYeHns Ha uaMeHenus AE u At:

AE-At =1,

OTKyAa CJaeAyeT, 4TO

h

et
OttennM Terepb CUIy TOKa B HaHOTPYOKe. HanoTpy6Ka —
O/IHOMepHasl KBaHTOBasl CTPYKTypa. B Hell, kak B arome
reJius, MOTYT YKUBAThCSI TOJIBKO JIBA 3JEKTPOHA, 06J1a1a-
IOIMe PAa3HLIMU 3HAYCHUSAMU CIIMHA. JDTO O3HAYAET, YTO
tok I Mexxny cedenusimu A u B nanotpy6ku paBen

2e
I1=—.
At
N3 aByx moceTHuX COOTHOIIEHWH JIETKO HalTH (hopMyIy
[ conporuBsenns R, mexay cedenusamu A u B nano-
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Kcratn, 3Ty ¢opMysy MOKHO BBIBECTH M C MOMOIIBIO
TEOPHUN pa3MepHOCTeH, CUNTast, YTO KBAHT CONMPOTHBJIICHIS
MOXKeT 3aBHCETb TOJBKO OT JABYX MHPOBBIX KOHCTAHT —
3JIeMEHTApHOTO 3apsijia u nocrossuuon Ilmanka.

Tak kak HarpeB y HAHOTPYOOK OTCYTCTBYET, OHU CIIOCO0-
HbI TPOIMYCKAThb TOKU OTPOMHOI TIOTHOCTH — GoJsee
107 A/ cM? . Ecmt Gbl y yriepoiHbIX HAHOTPYGOK Gbiia
o6brunast (He GaaIucTHYecKast) MPOBOAMMOCTD, TO TIPU
TOKAX aHAJOIMYHON IIJIOTHOCTU UX TeMIleparypa BbIpocJia
661 0 20000 K, uto ropaso BbIllie TeMIEpaTypbl HUX
cropanus (700 K).

CymiectBoBaHNe GAINCTUIECKOH TTPOBOJANMOCTH JaeT
3eJICHBII CBET WH)XEHEpaM, CTapAIoONINMCSI eIie U ele
YMEHBIINTD Pa3Mepbl 3TEKTPOHHBIX MHKPOCXEM: YMEHb-
mafiTe 3JeMEHTbI MUKPOCXEM 710 HAHOPAa3MePOB, M CXEMbI
nepecTaHyT HarpeBaThes!

I'quemy LuBeT HaHo4YacTuLbl
MOXXET 3aBUCeTb OT pa3mepa?

Hac oxpyskaioT mpeaMeTbl OObIYHBIX Pa3MepoB, W MbI
MPUBBIKJN K TOMY, UTO IIBET MPe/METa 3aBUCUT TOJBKO OT
OTITUYECKUX CBOWCTB BENIECTBA, M3 KOTOPOTO OH CeJaH,
MJIN KPacuTeJisd, KOTOPbIM TIOKpalieH. B HaHOMUpe Takoe
TIpe/ICTaBJIeHNE OKAa3bIBAETCS HECIIPAaBEIJUBBIM, U 3TO
OTJINYAET HAHOONTHUKY OT OOBIYHOM.

Jler 10—15 ToMy HasaJ HAHOONTUKH BOOOIIE HE CYIIe-
ctBoBasio. /la m Kak oHa Morja ObITb, €CJU U3 Kypca
OOBLIYHON ONITUKK CJEIYET, YTO CBET HE YYBCTBYET HAHO-
00BEKTDI, TTOCKOJBKY WX Pa3Mepbl CYIECTBEHHO MEHbBIIE
bl BoaHbl cBeta A = 400 — 800 um. CorzacHo
BOJTHOBOI TEOPHUH CBETA, HAHOOBEKTDI HE JIOJIKHBI UMETh
TEHU U CBET OT HUX He MOKeT oTpaxkarbcsi. Chokycupo-
BaTh BU/IUMbBIH CBET Ha MJIONIA/IH, COOTBETCTBYIOIIEN HAHO-
00BEKTY, TOKE HEJIb3sl. SHAYUT, U YBUJETh HAHOUACTHIIBI
HEBO3MOJKHO.

Opnnaxko, ¢ ApYyTroil CTOPOHBI, CBETOBAas BOJHA, KaK W
Jio6oe 3JEKTPOMATHUTHOE T10Jie, BCe-TaKH JIOJIKHA JIEi-
CTBOBAaTh Ha HaHOOODLEKTbI. Hampumep, cBeT, ymaB Ha
MOJTYTIPOBO/IHUKOBYIO YACTHUILY, MOXKET CBOMM 3JIEKTpUUIeC-
KUM TI0JIEM OTOPBAaTh OT €e aroMa OJ/IUH M3 BaJIEHTHBIX
AJIEKTPOHOB. OJTOT AJIEKTPOH HA HEKOTOPOE BPEMS CTaHET
9JIEKTPOHOM MPOBOJIUMOCTU, a TIOTOM OTSITh BEPHETCS
«JIOMOIi» , UCITYCTUB TIPH 3TOM KBAHT CBETA, COOTBETCTBY-
oM MUPUHE TaK Ha3blBAeMOl 3arpenieHHONl 30HbI —
MUHUMAJIbHOW SHEPruu, HeOOXOUMON JIJIsI TOT0, YTOObI
BAJIEHTHOMY 3JIEKTPOHY CTaTh cBOGOAHBIM (puc.9).
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Puc.9. CxeMatnqeckoe 1300paxeHne ypOBHEL SHEPIM M IHEPIeTH-
Yeckux 30H /1EKTPOHA B [10/1YIIPOBOLAHYIKE

TakuM 06pa3oM, MOJTYIMPOBOJAHUKH JJaXKe HAHOPA3MEPOB
JIOJDKHBI YyBCTBOBATH A IAIONINI HA HUX CBET, MCITyCKas
TP 3TOM CBET MeHbInei vacToTel. [[pyruMun cioBamu,
MTOJTYTIPOBO/THUKOBbIE HAHOYACTHUIIHI HA CBETY MOTYT CTAHO-
BUTBCS (PJIYOPECIEHTHBIMU, UCITYCKasi CBET CTPOTO OIpe-
JleJIEHHOW YacTOTbl, COOTBETCTBYIOIIEH IIMPHUHE 3aripe-
IIEHHON 30HbI.

Cseturbcs B COOTBeTCTBHH ¢ pa3dmepoM! DryopeciieH-
THAsI CIIOCOGHOCTD MOJIYTTPOBOITHUKOBBIX HAHOUACTHUIL ObLIA
oOHapysKeHa B caMOM KOHIIe TIPOIIoro Beka. M, camoe
MHTEPECHOE, 0KA3aJI0Ch, YTO YaCTOTA CBETA, NCITYCKAEMOTO
ATUMM YaCTUIIAMM, YMEHBINAETCS C YBEJUYEHUEM pasMe-

POB YaCTHII.

Kak Bugno m3 pucynka 10, 1Ber B3Becwm HaHOYACTHIL
3aBHUCUT OT UX JMaMeTpa. 3aBUCHMOCTD IIBeTa (poopec-
IEHIMH, T.e. €€ YacTOThl V, OT pa3Mepa HAHOUYACTHIIBI

Puc.10. @roopecerLns B3BECer KOIONAHBIX YaCTiL PA3TNIHBIX
pasmepos (o1 2 40 5 HM). CBepxy Bce Kosibbl OCBELLAIOTC OfHIM
U TEM XK€ CUHUM CBETOM, COHEPXALUMM VJTbTPADHUONETOBYIO CO-
CTaBASIOLLLY IO

O3HayaeT, YTO OT pa3Mepa YacTUIbl 3aBUCUT TaKXKe MU
mupwHa 3anpenieHHon 30ubl AE. ['msaasg wa pucynok 10,
MOJKHO YTBEPK/IATh, YTO MPHU YBEJUYEHUN PA3MEPOB Ha-
HOYACTHI] MIUPWHA 3aTPeIeHHoN 30HbI AE I0KHA YMEHb-
marbest, Tak Kak AE = hv. Takyio 3aBUCHUMOCTD MOKHO
OOBSICHUTD CJIEAYIONUM 06Pa30M.

«OTtopBatbcsa» Jerdye, ecJu BOKPYT MHOTO coceneii.
Munumasibuas sHeprusi, HeoOXoauMasi /Jisi OTPbIBA Ba-
JICHTHOTO 3JIEKTPOHA U TIEPEBO/Ia €T0 B 30HY MTPOBOAMMO-
CTHM, 3aBUCUT HE TOJIbKO OT 3apsja aTOMHOTO sjpa U
MOJIOJKEHHS 3JIEKTPOHA B aroMme. UeMm GoJibllle BOKPYT
aTOMOB, TeM Jierdye OTOpPBaTb 3JIEKTPOH — Belb fjpa
COCeJIHIX aTOMOB TOKe MPUTATHBAIOT ero K cebe. ITOT
K€ BBIBOJI CIIPABEIJIUB U JIJIsi HOHU3AIUU aTOMOB.

Ha pucynke 11 mokasano, Kak MEHSETCS Cpe/iHee Yuc-
JIO OJIVKANTIIX coce/lell 1y aToMa IJIaTHHBI TP yBEJTH-
YeHWU Juamerpa dvactuilpl D. Korma umciao atoMoB B
YacTulle HEBEJIMKO, 3HAUUTEIbHAS UX YaCTb PACIOJIOXKe-
Ha Ha MTOBEPXHOCTH, a, 3HAUWT, CpeHee YNCIo OJIrKaii-
HIUX coce/lell ropas/lo MeHbllle TOro, KOTOPOe COOTBET-
CTBYeT KpucTasinyeckoii pemrerke nuartunbl (11). Tlpu
YBEJIMYEHUN PasMepOB YACTHIIBI CpeHee YMcyao GJmKaii-
MUX coce/eil TpUGJIMKaeTcsl K Mpeeny, COOTBETCTBYIO-
meMy JlaHHOHM Kpucraindeckoil pemerke. V13 pucynka
caejyer, 4To MOHu30BaTh (OTOPBATH HJEKTPOH) aTOM
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Puc.11. 3aBUCUMOCTL  CpedHero 4ucna OramxXaniumx coceqes o
KPUCTATIINYECKON PELIETKE OT ANAMETPA YaCTULb! MIaTHHb!

TsKeJiee, eCJIM OH HaXOJIUTCS B YaCTUIlE MAJbIX pasMe-
POB, TaK KaK B CPeJHEM y TaKOTO aroMa Majo GJrKaii-
MIUX COCeieit.

Ha pucynke 12 npezicraiie rpaduk u3MeHEHUS TIOTEH-
IaJIa NOHU3AInH, T.€. paboThl BBIXOAA A, , [ HAHO-
YaCTHIl, COJIEPIKANIUX PA3JIMYHOE YUCJIO aTOMOB KeJe3a
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Puc.12. 3aBucrmocTs ,0:3607'&:/ BbiXofa oT Y1csia aTOMOB B HaHO4Yac-
Tvle XXesie3a

N. Bugno, uro ¢ poctom N pabora BbIXOJa Iajlaer,
CTPEMACH K IIPe/lesIbHOMY 3HAUYCHUIO, COOTBETCTBYIONEMY
pabore BbIXO/1a JIJist 06pa3IioB 0ObIYHBIX pa3MepoB. M3me-
HeHue A, . C JuaMeTpoM yacTuilbl [ MOXKHO 0BOJIbHO

XOpOMIO omnucarb (popmyoit

27¢é*
A = ABbIXO + D ’

BbIX

rae Ao — paboTa BbIXoAa A 06pasloB OGLIYHBIX
pasMepoB, Z — 3apsg/l aTOMHOTO spa, a e — 3apsij
3JIEKTPOHA.

OueBH/IHO, YTO IMUPUHA 3ATIPENIEHHON 30HbI AE 3aBUCUT
OT Pa3MepoB MOJYIPOBOJHUKOBON YACTHIIBI TAKUM JKe
o6pa3oM, Kak u paboTa BbIXO/la U3 METa/JJINYECKUX Yac-
THII, — YMEHBIIIAETCS C POCTOM Jiamerpa yactuiipl. [loaro-
My JIJINHA BOJIHBI (PJIIOOPECIIEHITNH TTOJIYITPOBOIHIKOBBIX
HAHOYACTUI[ PACTET C POCTOM [MAMETPA YACTHUIl, YTO U
WLTIOCTPUPYET pucyHok 10.

KBaHnTtoBble TOUKHM — PYKOTBOpPHbIE aTOMBI. [lomytpo-
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BOJTHIKOBbIE HAHOYACTHIIBI YACTO HA3BIBAIOT «KBAHTOBBI-
M TOuKaMuy». CBOMME CBONCTBAMM OHU HAMOMIHAIOT
AaTOMbI, TOUYHEE <«HNCKYCCTBEHHbBIC aTOMbI», MMCIOIINE Ha-
HOpa3Mepbl. Beab 3JeKTPOHBI B aroMax, TepexXois C
OJHOI OpPOUTHI HA IPYTYIO, TOXKE M3Iy9IaloT KBAHT CBETA
CTPOTO olpesiesieHHoll yactorel. Ho, B oTamume ot Ha-
CTOSIINX aTOMOB, BHYTPEHHIOIO CTPYKTYPY M CIIEKTD H3-
JIydeHusl KOTOPbIX Mbl U3MEHUTb HE MOIKEM, IMapaMeETPbl
KBAHTOBbBIX TOYEK 3aBUCAT OT UX COS,[[aTeJIefI, HaHOTEX-
HOJIOTOB.

KBanroBble TOUKH ysKe ceiiyac SIBJSAIOTCS YAOOHBIM
UHCTPYMEHTOM J1JIsI GHOJIOTOB, MBITAIONIMXCST PA3TJISIETh
pa3JInYHble CTPYKTYPbI BHYTPHU KJIeTOK. /lesio B TOM, 4TO
pa3JINYHbIe KJETOYHbIE CTPYKTYDPBI OJUHAKOBO MPO3pPay-
HBI 1 He okpamreHbl. [loaToMy ecam cMOTpeTh Ha KJIETKY
B MHKPOCKOII, TO HHYEro, KpOMe ee KpaeB, W He YBHU-
quib. YToObl c/iesiaTh 3aMETHOH OTpe/IeIeHHYI0 CTPYK-
TYPY KJeTKH, OBLIN CO3/aHBI KBAHTOBBIE TOUKH, CIOCOO-
HbI€ MPUJINIIATh K OHNPEACJCHHBIM BHYTPUKJIECTOYHDBIM
CTPYKTYpaM.

Tax, mas Toro 4ToGbl PACKPACUTD KJETKY HA PUCYHKE
13 B pasuble 1Bera, ObLIM CAETAHbI KBAHTOBBIE TOYKU
Tpex paszmepoB. K caMbiM MajleHbKUM, CBETSIIUMCS 3e-
JIEHBIM CBETOM, TIPUKJIEUTH MOJIEKYJbI, CIOCOOHBIE MPH-

PUC.T3. PackpatimBaHime pasHbIX BHYTOMKIIETOYHbIX CTOYKTYPD B Pa3-
HbIE LBETAa C [1OMOLUbIO KBAHTOBLIX TOYEK: SAPO — KPACHOE,
MUKPOTPYOOYKI — 3€/1€HBIE, annapar [O/ibaXM — XeTbiv

JIUTIATD K MUKPOTPYGOUKAM, COCTABJSIONIMM BHYTPEH-
HUll ckesieT KJeTku. CpepHue 1O pasMepy KBAHTOBDIE
TOYKM MOTJIM TPUJIUIIATh K MeMOpaHaM armaparta [oJb-
JKM, a caMble KPyIHbIe — K Apy KJeTku. Korjga KieTky
OKYHYJII B PACTBOP, COACPKAIUil Bce 3TH KBAHTOBbBIE
TOYKM, W TIOJEPKaJu B HEM HEKOTOPOE BpeMs, TOYKU
IPOHUKJIM BHYTPb M IIPUJIUIIN TyAa, Kyaa morau. IToc-
Jle 3TOro KJIeTKY CIIOJIOCHYJIM B pacTBOpe, He cojiepsKa-
1leM KBAaHTOBBIX TOYEK, U IIOJIOKMJIM 110, MUKPOCKOIL.
Kak u cuenoBaso 0:kuiarh, BbIILEYIOMAHYTbIE KJETOY-
HbIe CTPYKTYPbI CTaJU PA3HOIBETHBIMU M XOPOIIO 3a-
METHBIMH.

23.05.08, 14:21
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A.PAUrOPOLACKUN, O.PYBAHOB, B.KOLLEJIEB

BeBepeHue un noctaHOBKa 3apgayv

CoBpemenHast MaTeMaTHKa — HayKa IIOYTH HEOGO3PH-
Mad. [ Toro 4To6bl Jaxke HOBEPXHOCTHO O3HAKOMUTHCS
C BEJIMKMM MHOXKECTBOM €€ Pasjie/ioB, TPeOYyIoTCs rojibl, a
VoK Ha OCO3HaHHUE 6cex 3aJad, KOTOpPble BO3HUKAJIU B
MaTeMaTHKe B PasHOe BpPeMsl, U HECKOJbKUX >KU3HEH He
xBaruT. OHAKO B 3TOM GeCKpaiiHeM Mope 33/1a4 UMEIOTCS
U cBoeoOpasHble «MasgKW» — 3a/1a4d, Ha JOJTHE TOJbI
oIlpe/ie/IMBIINE Pa3BUTHE TeX obJacTeil, B paMKaX KOTO-
PbIX OHM MOSABUJINCH. ITU MASKU IIOMOTAIOT MaTeMaTUKY
MPaBUJIbHO BBIOPATD /IS ce6s1 HAallpaBJIeHUE JIBIKEHII.

OaHNM 13 TAaKIX MasgKOB CIIY KHT 33/1a4a O XPOMAMUUEC-
KOM YucJie — UIMEHHO O Heil MbI cOGMpaeMcst TIOTOBOPUTH B
Jannoil crarbe. OTHOCUTCA OHA K OJHOMY U3 CaMbIX
MOMYJISIPHBIX, @ Ha HAIl B3IV, K OJHOMY M3 CaMbIX
KPAaCUBBIX Pa3/IeJIoB MaTeMATUKU — K pas/iesly, KOTOPbIi
MPUHSTO Ceuac Ha3bIBATh KOMOUHATNOPHOU 2e0Mempueil.
ITo cymectBy, KOMGUHATOPHAS TEOMETPHUS — ATO HAyKa O
KOMOMHATOPHBIX CBONCTBAX T€OMETPHYECKUX 06BEKTOB. B
CaMOCTOATEIbHYIO JUCIUILINHY OHa 0(pOopMUJIach JUMIb B
XX Beke, U XpoMaTuieckue yiucaa, Hajlo 3aMeTHThb, HeMa-
JIO TOMY IOCIIOCOGCTBOBAJIN.

Bor sTa 3ajaua: kaxo6o HaumenvuLee KOIULECME0 U6e-
mos, HeobxX00uMbIX Ot MAKOU NOKPACKU NJIOCKOCMU
(6ydem nasvisamov ee npasuivHoOU), nNpu KOMOPol pac-
cmosnue Mex0y O0OHOUBCMHBIMU MOUKAMU HEe MOKem
Ovime pagnovin 1?

YHoMsHyTOe HalMeHbIIIee YUCI0 I[BETOB Mbl I HA30BeM
XPOMATHYECKUM YUCJIOM. |

Ha mepBblit B3rIs1/1, HOCTaBICHHDIH TOJIBKO YTO BOIIPOC
COBEPIIEHHO 3JIeMEeHTapeH, HO Mbl YOe[MCSI OCTEeHHO,
YTO BOIIPOC 3TOT BecbMa TJIYOOK U HEeTpUBUAEH.

[Tpesksie Bcero, xouercs HMOHATDb, YTO XKe TaKoe <«pac-
Kpacka IJ10cKocTu» . HaBepHsaka HeUCKYLIIeHHOMY YiTaTe-
JII0 CXOJTy TIPE/ICTAaBIIAETCS HEYTO BPOJIe TOTO, YTO n300pa-
’keHo Ha pucynke 1. OgHaKo cymecTByOT U KyJa 6oJee

Puc. 1

XUTPbIE CUTyallN. HYCTb, HallpuMep, TOYKa X Ha IIJIOCKO-
CTH HMEET KOOPpAMHATBI Xy, Xy (MI)I 6szeM ImcaTb B

fasbHeiimem x = (xy,4,) ). CKakeM, 4T0 TOUKA «CHHSSL»,
€CJIN YNCJA X{,X, PAIMOHAIBHBIE; B POTHBHOM CJIyuae

1 Cno6o «xpomamuuemcmi» umeem ezpeuecKoe npoucxomaeuue.
Daxmuuecku oHo nepeeo&umc;z Kax «ueemﬂod» uiu «ueemowd»,
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Ha30BEM TOYKY «KpaCHOfD). Bosnaukaer JABYXIIBETHAs T10-
KpacCKa IIJIOCKOCTH, KOTOPYIO TaK 3allpOCTO U HE Hapucy-
€IIb.

Eme, TIO-BUAMMOMY, CTOUT HAITOMHUTDH, YTO PACCTOAHUNE

x — y| Mexxay Toukamu x = (x,x,) u y=(y,y,) Ha
IJIOCKOCTU TIPUHATO HAXOJUTH 10 (hopMY.Ie

Ix-y|= \/(x1 —%)2 + (1, —yz)z .

[laBaiite moroBopumcst 06 o603HaueHusX. B MaTeMaTike
IJIOCKOCTD MTPUHATO 0003HAYaTh CUMBOJIOM R%. B 10 xe

BpEMS CJIOBO «XPOM» B I'DEYECKOM £3blKe HAUMHAETCH C
6ykBbl X («xu»). [ToaTOMY /11 XPOMATHYECKOTO YHCIa

NPUHATO 0603HAUEHIIE x(Rz).

N maxownern, Bkpariie o6 ucropun 3amaun. OHa Oblia
nocrasjera B 1950 rogy 9.Hemconom, KoTopomy TOTIa
6b110 17 eT. 1o BecbMa JIOGOIMBITHO U JOJIKHO BOOIY-
HIEBJATH MOJIOJIOTO YUTATENSA: €CJIU CeMHAIATUICTHEMY
Hesicony okasasoch 1o cujgaM MOCTaBUTb CTOJb BAXKHBIH
JUIsT PasBUTHS HAYKH BOIPOC, TO OTYero Obl U MHE,
yuraresaio, He Aep3HyTb? OueHb IIOXOXKHUE 3a/laudl pac-
cMaTpuBaJl enie u3BectHorii reomerp . Xansurep B 40-e
roabl XX Beka; 0JiHaKO, BO-TiepBbIX, Hescon 06 3TOoM He
3HAJ, a TJIABHOE, UMEHHO OH JIaJl COBPEMEHHYTO MOCTAHOB-
Ky mpo6JeMbl — B TepMUHAX PpacKkpacok. OrpomMHyio
MOy JISSPHOCTD TIpUHecJan 3agade Hescoma my6auranum
M.Taparepa, I1.9pnemnra n Toro ke I'. Xagsurepa. Becbma
MHTEPECHOE UCTOPUYECKOE ACCE HA ATY TEMY MOKHO HAWTH
B 3amerke A.Coiipepa ([1]); umeercs taxxke 6poriopa
A.M.Paiiroposickoro [2] u ero e cratbs [3].

MpbI ke TiepeiizieM K U3y4eHUI0 XPOMATHYeCKOTO Yuca.

HeGonbluoe oTcrynneHue

Kak mbr 3Haem Terepb, 3amada Hescona coctout B
MPaBUJILHON TIOKPACKE NJIOCKOCMU ¢ TIOMOIIBIO HAUMEHb-
MIEr0 KOJMYECTBA KPACOK B «TMajuTpes. Mbl ele ycreeM
y6enuTbcss B TOM, HACKOJDbKO 9Ta 3ajlaya HermpocTa. A
MOTOMY Pa3yMHO cIiepBa onpo6oBaTh CBOM CHJIbI B pelile-
HUM aHAJIOTHYHON 3a/1a4M IS CIy4ast OOBIYHOI TIPSIMOIi.
Uro Takoe mpaBu/bHasg IOKpacka npamoi? la rto xe
camoe, B 00IIEM-TO, UTO W TIPEK/IE: CAEAYET JUIIb TPeGo-
BaTh, 4TOOBI OIHOIIBETHBIE TOYKH (YKCIa) X, i HE OTCTOSLIN
JIPYT OT Jpyra Ha paccrosaue 1, T.e. 4TOOBI BEJMYMHA
lx — y| ne paBHaANacH exunuIE.

OueBuiHO, ecJu [MOKPACUTb IPSAMYIO B OJMH I[BET, TO
HalJIeTcst Macca TaKUX «MKCOB» M «HT'PEKOB», JIJISI KOTO-
PBIX YIIOMSTHYTOE BBIIIE YCJIOBUE HAPYIIEHO. 3HAYUT, JJIS
MPaBUJIbHON TTOKPACKH MPSMON HY:KHBI 110 KpaliHell Mepe
nBa 1Beta. Ha pucynke 2 takas mokpacka yKasaHa sIBHO.
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I10 cBoero poza <«uutaréayMm». Mbl KpacuM HOJyHHTEP-
Baspl [0; 1), [2; 3), [4; 5) U TOJYUHTEPBAJBI
[-2; -1), [-4; —3), [-6; —5) ... B KpacHblil 11BeT, a Bce

-2 -1 0 1 2 3 4 5 6 7
Puc. 2

OCTaJIbHBIE TOJYUHTEPBAJbI AeaeM CHMHUMU. [TOHATHO,
YTO BHYTPU Ka’kJOIO IIOJyHHTEpBaJa Mbl TOYEK X, Y C
ycaosueMm |x — y| = 1 me naiinem. Ecim ske Touka x
NIPUHAIEKUT OJHOMY IOJYMHTEPBALy, a TOUKa § HaXo-
JINTCS B APYTOM TOJyHHTEPBAJe TOTO JKe 1[BeTa, TO 3aBe-
JoMo |x — y| > 1, u cHoBa Bce B MmopsjIKe.

Bcnomunas, 4To mpsiMasi B MaTeMaTHKe, KakK IMPaBUIIO,
o3Havaercs yepes R, BBeJeM eCcTeCTBEHHOe 0603HAYeHIEe
TS ee XpoMmatmdeckoro uncaa: X (R). VI3 mpoBesieHHBIX
TOJIBKO YTO PACCYKAEHUH HEMEIJEHHO IMOJTydaeM, YTO
X (R) = 2. HeyskeJm 11J10CKOCTD YCTPOEHA HACTOJIBKO CJI0K-
Hee ipsiMoii? UTo K, BepHEMCS K IIJIOCKOCTH U TTOCMOTPHIM.

CKONbKMX LBETOB He XBaTUT

[laBaiite y6euMcs, 4TO CAUITKOM MAJIbIM KOJUYECTBOM
I[BETOB HaM yxKe He 0O0UTHCD.

Sleno 6e3 [MOMONHUTENBHBIX IOSICHEHWIT, ITIOUYEMY He
XBaTUT OAHOTO I[BeTa. OMHAKO JETKO 3aMETUTh TaK:Ke, 4TO

X (RZ) > 2. B camoMm jedte, ecii Mbl TOKPACUM ILJIOCKOCTD

B JIBa 1BETA, TO JABYXIBETHBIM (MM JIasKe OJHOTIBETHBIM )

OKa)KeTCsl, KOHEYHO, U MHOKECTBO BEPIIUH JII060T0 TIpa-

BUJIBHOTO TpeyToJbHIKa co ctopoHoit 1. Ho Toraa nexoto-

pble /IBe BEPIIUHBI TAKOTO TPEYTOJbHUKA 3aBE/IOMO OYIyT

UMeThb OJMH M TOT K€ IBET, YTO B

cJyvyae IIPaBUJIbHON MOKPACKU He-
BO3MOJKHO.

1 ! Kak Mbl Bujie/i1 ToJIbKO 4TO, Tpe-

VTOJIBHUK — BecbMa ToJjie3Has ¢du-

1 rypa. TeM He MeHee, MBI eTlie He Bce

u3 Hee «BbDKaa». Ceiluac MbI ¢ ee

IIOMOUIbIO HOKaXXeM, 4To

1 1 X (RZ) > 3. PaccMoTpuM KOHCTPYK-

10, M300PA’KEHHYI0 HA DPUCYHKE

3. JTo /iBa MPABUIbHBIX TPEYTOJIb-

Puc 3 A HUKa CO CTOPOHAMM JIJIUHDI 1, npH-

MbIKAIOIIKE APYT K APYLY 110 1esI0H

cropone. Cama 110 ce6e fanHast KOHCTpyKis (Ha30BeM ee

u2/1011) BIIOJIHE MOKeT ObITh MOKPAIIeHA TPABUJIbHBIM

o6pa3oM B TPU I[BeTa, TaK 4TO OGElIaHHOE HEPABEHCTBO

X (R2) >3 Hemocpes-
CTBEHHO U3 €€ paccMoTpe-
HUST OTHIO/Ib HE CJIE/IYET.
Haunem «Bpamarb» KOH-
CTPYKIMIO TaK, KaK eCJIu
ObI B TOUKE A Ha pUCyHKe
3 O6bln 3a6uUT TrBO3/b
(puc.4). Ilpeamomoxum,
MBI OCYIIECTBUJHU [Ipa-
BUJIBHYO TIOKPACKY TLIOC-
KOCTH B HECKOJIbKO IIBe-
ToB. B0o3MOKHbBI Ba Ba-
puanra. B pamMkax mepBo-
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ro M3 HUX Haii/leTcd KoIusg UCXOJHON UIJIbI, Y KOTOPO
BeplinHa A uMeeT APYroil 1BeT, HesKeJn [IPOTUBOIIOJIOK-
Has eil BepIIMHa, JeKamas Ha okpyskHoctn (cM. puc.4).
[Tycrpb, HATIPUMED, JBA 3a/I€HICTBOBAHHBIX TAaKMM 00Pa3oM
1BeTa CyTh CHHWI ” KpacHbI. Torja NpaBUJIbHOCTD
MOKPACKM BCEl TMJIOCKOCTH TapaHTUPYyeT HaM, YTO OCTaB-
1TeCs /IBe BEePITMHbBI HAli/IEHHOI HAMU UTJThl HE CHHIE 1 HE
KpPaCHbIE; K TOMY K€, OHI 00s13aHbl ObITh PA3HOIBETHBIMU
(cxaxeM, »KeqIToil U 3eJIeHOl COOTBETCTBEHHO). 3HAUUT, B
TEKyIIeH CUTyallun 1BETOB B IOKPAcKe IJIOCKOCTH He
MeHee YeTbIpeX. BTopoil BapmaHT COCTOUT B TOM, UTO BCS
OKPY>KHOCTb Ha PUCYHKE 4 UMeeT TOT K€ IIBET, YTO M TOUKa
A. Ho B aTOM Cci1y4ae Mbl IMeeM IIPOTUBOPEYHE € IPABUJIb-
HOCTDBIO ITIOKPACKM, Be/lb Ha YKA3aHHOW OKPY>KHOCTU €CTb
nmapbl TOYEK, OTCTOSIIUX JIPYT OT JApyra Ha paccrosaue 1
(3716Ch BasKHO, UTO PAMyC OKPY)KHOCTH paBeH ~/3). B
pesyJibTaTe TIOJy4aeM, YTO HU MPU
KaKMX YCJOBUSX TpeX I[BETOB He
XBaTUT, a K 3TOMY MBI U CTPEMHU-
JINCD.

W3 onucawHOTO MTOCTPOEHUS JIET-
KO BBIIEJUTDb KOH(UTYparmo, Ko-
TOopad He JOMyCcKaeT MPaBUIbHON
MOKpPAacKW B TPH IIBeTa. IJTO Tak
Ha3bIBAEMOE 6epemeno, N306pakeH-
Hoe Ha pucynke 5. B yectb 6paTbeB
JI.Mosepa u ¥Y.Mosepa, KoTopbie
OJTHU W3 TEPBBIX OMyOJIMKOBaJIN PabOTy C BEPETEHOM,
TOBOPST €Ille O MO3EPOBCKOM Gepemene.

Wrak, Mbl ycraHOBMJU, YTO X (Rz) >4 . llogymaem
Terepb, CKOJBKUX I[BETOB JIJISi MPABHUJBHOW TMOKPACKU
MJIOCKOCTH 3aBEJIOMO XBATHT.

Puc. 5

CKONbKUX LiBETOB JOCTAaTOYHO

Hapucyem Ha mJIOCKOCTH KBaJpaT co cTopoHoi 1,8.
[Mogmenum aTOT KBajpaT Ha JEBATH OJIMHAKOBBLIX KJIETOK
co croponamu 0,6 Tak, Kak aTO MMOKa3aHO Ha PHUCYHKe 6,
W 3aKpacuM KaxKAylo KJeTKy B cBoii mser (puc.7). O6-
1IUe CTOPOHBI CMEXKHBIX KJETOK Mbl PACKPAIIMBAEM TIPO-
U3BOJIbHBIM 06pasoM (T.e. B /06O U3 ILBETOB 3THX
kJeTok). Bosnukaer cBo-
ero pojia KBaJpaTHBIN

1.8

0.6

Puc. 6 Puc. 7

IBETHOHN JOCKYTOK. Temepb 3aMOCTHM BCIO TJIOCKOCTD
OJIMHAKOBBIMH JIOCKYTKaMH, TOJAOGHOMY TOMY, KaK 3TO
ciesiano Ha pucynke 8. CHoBa o0lIue TPAHUIBI KPACUM
mpom3BoabHO (B IpeskHeM cMbIcae). UTo sKe MBI BUIUM?
Ecau ogHorBeTHbBIE TOYKM TPUHAAIEKAT OJHOU U TOU
JKe KJIETKE, TO PACCTOSHHUE MEXIY HUMU, KOHEYHO, HE

23.05.08, 14:21
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[IPEBOCXOJUT JJIMHbI /IU-
aroHaJli 3TON KJIETKH,
T.€. BEJMYUHBI, KOTOpas
mo Teopeme Iludaropa

pasua 0,62 = 0,848 <

< 1. Hukakux npo6Jem!
Ecm xe Toukm omHOTO
I[BeTa MOMAal0T B Pas-
Hble KJIETKH, TO OHH OT-
CTOSIT JIPYT OT Jpyra Ha
paccrosiiie, He MeHbIlee
Puc. 8 yeMm 2-0,6=12>1.
OrnsATh Bce B MOPSIJIKE.
Paccyxenne, KOTOpoe MbI IIPOBEJIH, MTOKA3BIBAET, UTO

x(RZ) < 9. Ilpu atom npe/IoKeHHAsT HAMU TTPaBUJIbHAS
[IOKPACKa B JIEBSATH IIBETOB 00JI1aJIa€T, TaK CKa3aTh, OIPOM-
HBIM 3aI1acOM TTPOYHOCTH. A MMEHHO, PACCTOSTHUE MEKY
OJTHOTIBETHBIMI TOYKAMHU B HEl HE TOJBKO He PABHSIETCS
e/IMHNIlE, HO OHO Jlaske He MOKEeT COBIIACTb HU C OJHUM U3
unces na unrepsaie (0,848; 1,2). Boaee Toro, crosb xe
XOPOIIIETO Pe3yabTaTa Mbl ObI JOOUINCH, COOUPAsT JTOCKYT-
KU W3 KJIETOK HHOrO pa3Mepa — He 00s3aTeJbHO CO
croponoii 0,6. CkaxkeM, kjerku co croponoit 0,7 Toxe
BIIOJIHE GBI CTOAMJINCE [T HamnX 1eseil. YTo-To mojcka-
3BIBACT HaM, CTajo OBITb, UTO OIEHKA X (]Rz) <9 mHe
ONTUMAaJIbHA.

WNuryuius nac He o6ManbiBaeT. BMecto pasHoIBeTHBIX
KBAJIPATHBIX KJIETOK CJIE[yeT MCIOJb30BaTh PAa3HOI[BET-
HbIe TIPABUJIbHbBIE MECTUYTOJbHUKE, 0OPa3yIolie CBOEro
pojia 6eCKOHEUHbIe MYeJuHbIe COThI Ha TJI0CKOCTH. BoJtee
TOYHO, PACCMOTPYM MTPABUJIBbHBIH MECTUYTOJNBHUK, ¥ KOTO-
POTO paccTosiHIE MEK/Ty TIPOTHBOTIOJNOKHBIMEI CTOPOHAMU

pasno 0,99 - 3aMOCTUM BCIO IIJIOCKOCTD KOIUSAMU 3TOTO

HIECTHYTOJNbHUKA TAK, KaK 3TO N300PayKeHO Ha PUCYHKe 9.

Puc 9

Haxomerr, packpacum aTu 1IeCTUYTOJbHUKA B CEMb IIBETOB
10 TIPABUITY , KOTOPOE JIETKO MMOHATD, TS/ Ha pucyHok 10.
[Tpu aTOM MBI HIO-TIpEKHEMY He 3a60TUMCS 0 BBIGOPE I[BETA
JUIST OGIIMX CTOPOH U JIasKe BEPIIMH HIECTHYTOJbHUKOB: TYT
MbI JIENCTBYEM TaK, Kak HaM 3abaropaccyaurcs. Tenepb
HECJIOKHBIE BBIKJIA/IKH TTOKA3bIBAIOT, YTO PACCTOSTHUE MEKTY
TOYKAMU BHYTPH OJHOTO W TOTO K€ MIECTHYTOJbHUKA HE
npeBocxoauT BeanunHbl 0,99 < 1, Torma kak paccTosHue
MesKTy OIKANTITUME O/THOIIBETHBIMU TOUKAMHU U3 PA3HBIX
LHGCT?_YFOJII)HI/IKOB He ObIBaeT MeHbIIe BEJIUYUHBI
7

0,997 =1,3...>1 (puc.11). Takum 06pa3oM, IIOKpacKa

®

i

XPOMATHUYECKHUE 4YHUCJITA 15

Puc. 10

Ha PpHUCYHKeE 10 IIpaBUJbHasA, W Mbl HMEEM OIECHKY

X (Rz) <7.
W cHoBa m3yveHHast 1o-

KpacKa KasKeTcs He BITOJTHE ‘

ONTUMaJbHOM. [leificTBHU-

TeJbHO, /IS 3TOU MOKpac- ‘

KU PACCTOSTHUE MEK/LY TOY- w

KaMU OJIHOTO 11BeTa 3aBeJi0- S

MO He MPUHA/IJIEXKUT T1eJI0-

My wuntepsanay (1; 1,3). ‘.'

Tyt, omnako, Bce Kyja UH- “

OLICHKY X (Rz) <7 HHUKTO

yJydmaTh He ymeeT. U ato

HECMOTPS Ha JIECATUJIECTHS, TTPOIIE/INNE ¢ MOMEHTA TT0CTa-

HOBKH 33/1a41, HECMOTPS HA TY OTPOMHYIO TIOIYJISPHOCTD,

KOTOPOIi TTIOJIb3yeTCs 3Ta 3aj7a4a, HECMOTPS, HAKOHEI, Ha

YCUJIUST HECKOJIbKUX TIOKOJIEHUIT MaTeMaTUKOB, GPaBIINX-

cs 3a ee perenue!

Tepectee. /[eso B TOM, 4TO
Uuratensb crnpocutr: «Ho Moxker, Bce He Tak CKBEPHO?

CY

Puc. 11

BosmoskHo, HepaBeHcTBO X (Rz) > 4, 000CHOBaHHOE HaMU
B NIPEJABIAYIEM pasiesie, CAUIIKOM caboe U, YCTOKHSISI
KOHCTPYKITMIO BepeTeHa, HaM yAacTcs T0Kas3aTb, YTO
x(R2)2 7. Torma mbl 1pocto y6eauMcss B TOM, 4YTO
XPOMATHYECKOE YUCJIO TJIOCKOCTH €CThb B TOYHOCTU 7, W
HUKaKo# 6e/bi». Ho Gema-To Kak pas3 B TOM, YTO M OT[EHKA
x(]RZ)Z 4 Ha TPOTSHKEHWH JECATUJIETHI He TOJ/IaeTcs
YILYYIIEHUIO.

He npasga su, yausurenbno? Hacrtosbko 1pocra 1e-
[I0YKa HEPABEHCTB

4<x(R)<7,
N TaK CJIOKHO OIIpEeaeSMTb, Y€MYy K€ BCE-TaKM PaBHO
XpoOMaTU4€eCKoe YUCJIO — YETbIpeM, IIATH, IMECTU WU

ceMu.

Pasymeercs, neooxupannag 1 Jaxe sarajodtas TPyH-
HOCTb HE SIBJISETCS MOBOJOM K OTCTyILIeHuio. Hampotus,
B IOIBITKAX CIIPABUTHCS C MPOOTIEMOI POIKIAIOTCST HOBbBIE
ujier, BO3HUKAIOT HOBBIE MOHATHS, CTPOATCA HOBBIE TEO-
puu, 1, B KOHEYHOM cyeTe, BOIIPOC, Ka3aBIIUICs MoHavYaIy
eJ/iBa JIN He TIPA3/HBIM, JIOKUTCS B OCHOBY 11€JI0T0 HAIlPaB-
JIeHUSI B HayKe.

Heynaua, kotopyio MblI morepresu, 6y1ydu TIOKa He B
CUJIaX YTOYHWUTD IIPUBEIEHHY IO IIETIOYKY HEPABEHCTB, — 3TO
JIWTITb HAYAJIO0 YBJIEKATeJbHON NCTOPUM, W B JAJbHEHTIINX
pasjiesiax Mbl [10CTapaeMcs IO3HAKOMMUTD YUTATE/Is XOTS
6bI ¢ HECKOJBKIIMHI ee acHeKTaMH.
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nOKpaCKVI cneuuanbHOro suaa
NMocraHoBKa Bonpoca

[laBaiiTe ere pa3 TMEPEOCMBICANM TOHSTHE TOKPACKHU
mrockocTu. B camom pnene, uto Takoe moxpacka? Ilo
CYIIECTBY, 3TO pa3OMeHue TIITOCKOCTH Ha HECKOJIBKO Helle-
pecekaomuxcst yacreil. (IToapasymeBaercst, 4o Kax/as
Y4acTh COCTOUT M3 TOYEK ONPe/eJeHHOro 1Bera.) [Tumyr
0GBIYHO

R*=V;UV,U...UV,,

uMest B BU/IY, YTO IJIOCKOCTH IIPE/ICTAaBJIeHA B BH/le 00be-
JIMHEHUS] HEeKOTOPBIX MHOKeCTB Vi, Vs, ..., Vx . JKenag noja-
YEPKHYTH, UTO KaJK/JOE M3 HTUX MHOJKECTB HUMEET CBOI
0COOBII 1IBET, T.€. YTO 9TH MHOKECTBA HE MePECEKaIOTCs,
HCIIOJIB3YIOT TAKIKE 3HAUOK TaK HA3BIBAEMOTO OU3BIOHKIN-
1020 00BEOUNCHUSL:

rR* =v,Uv, L. .UV, .

ITpu sT0M camu MHOKecTBa (M/IM, KAK MBI FOBOPUJIN /10 CUX
1op, 1IBeTa) MOTYT GBITh YCTPOEHBI, B NPUHIUIE, CKOJb
VTOJIHO CJIOKHO. /0CTATOYHO BCIIOMHUTD IPUMEP W3 TIEp-
BOTO paszesa. B To jxke BpeMs, B y:Ke U3YYEHHBIX HAMU
MOKpacKax 1BeTa ObLIU BIIOJIHE OCsi3aeMbIMu. Tak, Kax-
JIbII 1IBET B JIEBATHUI[BETHON pPacKpacKe CKJA/bIBAJICS U3
6ECKOHEYHOTO YNCJIa TIOMAPHO HEMmepeCceKaonXest KBajI-
pato (cM. puc.8), a BCAKOe MHOMKECTBO B pa3sOHEHUN
MJIOCKOCTH Ha CeMb YacTell COCTOSIIO U3 MOMapHo Helepe-
CEKAIONIMXCS TECTUYTOJbHUKOB (cm. puc.10). Crenyer
JINIID OTMETUTD, YTO B 060UX CJIyYasiX HEKOTOpbie pUryp-
K, C TIOMOIIbIO KOTOPBIX MBI KPACUM ILJIOCKOCTb, He
SIBJISTIOTCST «3aMKHYTBIMU» . IHBIMU CJTOBaMU, MbI, BOOGIIIE
TOBOPS, HE MPeJIoJaraeM, 4To TPAHUIA TOTO WJIH WHOTO
kBajpaTa (IIECTHYTOIbHUKA) IIEJMKOM €My IpHHA/Ie-
xut. Hampumep, MHOXKeCTBa

{x=(x1,25): 02, <1,0<x, <1},

{x=(x,25):0<x <1,0<x, <1}

He cosmagaior (mepsoe copepxur touky x = (0, 1),
BTOPOE — HET), HO 06a OHM JIJIS HAC CYTh KBaAparhl. Takas
«HEpa36OPUMBOCTb» CBA3AHA C TEM, UTO PACKPACKU YIIOMS-
HyTbIX BbIIIIE FpaHI/H_I MbI BcCer/a OcyH_[eCTBJIHJII/I HpOI/IS‘
BOJIBHBIM 0GPa30M.

Bosuukaer ecrecrBennblii Borpoc. J[omycTuM, oTHbIHE
MBI HAaKJIa/IbIBA€M HEKOTOPBIE CIEHHA/IbHBIE OIPAHUYECHMS
Ha BUJL MHOKeCTB Vj,...,V) , KOTOpble pa3peuiaercs uc-
0JIb30BaTh [TPU IIOKPACKE MI0cKocTh. Kakum torma 6yaer
MuHuMaabHoe X ? PaccMOTpuUM PsJi KOHKDETHBIX IIPH-
MEPOB.

Mokpacka kBagpaTamu

[TycTpb 11BeTaM 103BOJIEHO MPEACTABIATD COO0I MCKIIIO-
YUTEJHHO 00bEINHEHNS TOAPHO HETIePEeCeKAIOINXCSI KBAI-
patoB (BO3MOKHO, JINIIEHHBIX YacTu cBoeii rpanuipn). Ha
pucynke 12 mpuBezens! 1Beta takoro tumna. O603HaYNM
qyepes X, (RZ) MHHUMAJIbHOE KOJMYECTBO MOI0OHBIX I[BE-
TOB B IIPaBUJIbHOI IOKpacKe IJIOCKOCTH. MHIEKC «K »
YKasblBaeT Ha TO, YTO HOKPACKY Mbl OCYIIECTBJSIEM I10-
CPE/ICTBOM KBa/IPaTOB.
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Puc. 12

2
Mpbl yike 3HaeM, 4TO X, (R )S 9. OxasbiBaercst, 31O
JIa7eKo He caMasi TOYHas OIeHKA.
Bo-mepBBIX, — 3TO BechbMa JIOGOMBITHO, — OIIEHKA

X« (Rz) < 8 Moxker GbITh MOJIy4Y€Ha JIasKe 33 CYET MTOKPac-
KU, aHAJOTMYHON TTOKpacke Ha pucyHke 8. Ha pucynke 13

I

Puc 13

[I0OKa3aHO, KaK CJIe/I0BAJI0 «Ha CaMOM JleJie» [IPUCBAauBaTh
11BeTa KJIeTKaM. 3/1eCb KJIeTKU UMeIOT JUaroHa/u JJInHbl 1,
1 He6OJbIIass TOHKOCTb COCTOUT B TOM, UTO MBI y’Ke HE
MO’KeM IIPOU3BOJIbHO [IPUCBAUBATD 1[BETa BepUIMHAM 9TUX
KJETOK. Brpouem, Kak MMEHHO pelraercs JaHHas mpoobJie-
Ma, yuTaresb 6e3 TpyJa [OoraJaeTcs U caM.

C 1pyToii CTOPOHDI, UyTh MEHee PEryJigpHas MOKpacKa,
HAllOMUHAIOMAd KUPHUYHYIO KJAAKY, JaeT OIEHKY

and

Puc. 14

X« (R2) < 7. Ona uzobpaxena Ha pucynke 14. 3mechb
TaKKe KKIbIN «KUPIHUNK> UMeeT AUaroHasb AJTHbI 1,
U HAJIO aKKYPATHO PACKPAIIMBATH TPAHUIIBI KUPITHYIKOB.

[Tockosbky, oueBUAHO, X (Rz) < Xk (R2 ) 1 MbI [IOMHUM O
TOM, 4YTO OLEHKa X (Rz) <7 — ny4mas U3 M3BECTHDIX,

ACHO, 4TO M HEPaBeHCTBO X (RQ)S 7, o6ycJoBJenHoe
pucynkom 14, yrounenwio He mnojjaercsi. Vuoe pero,
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BIIOJIHE MOXKET CTaTbCs, UTO X, (R2)2 7 W 4TO JOKasa-
TEJbCTBO 3TOTO (paKTa Ky/1a IMpolie, Hexxean 000CHOBAHWE
MOZ06HOTO YTBEPKAEHUS 111 OOBIYHOTO XPOMATHUYECKOTO

yucaa. Bapyr m BUpsaMb Xy (]RQ) =77 B craenyiomem
paszese MbI 06Cy/INM, B YaCTHOCTH, 3TOT BOIPOC.

nOKpaCKa MHOroyrojibHMKamm

Ksazgpar — durypa 3amevaresbiasi, Ho ObIBAIOT Beb U
apyrue, 6oJiee caoxubie (hurypbl Ha miockoctu. ITpesrmo-
JIOKUM  Terepb, 4To MHOXkectBaMm Vi,...,Vi, KoTopbie
GyayT otBeyarh 3a (IIPaBUIIBHYIO) TOKPACKY R?, paspe-
IIEHO TIPEACTABJISATh COO0H 06beANHEHNST TPOU3BOJIBHbBIX
HONIAPHO HENEPECEKAIOIIMXCST MHOTOYTOJbHUKOB (BO3MOK-
HO, JUIIEHHBIX YaCTH CBOEH IPaHMIIBI). 3/1€Ch MBI JaJke He
TpebyeM OT MHOTOYTOJbHUKOB BBITYKJIOCTH. VIHBIMU CJ10-
BaMI, I[BET OTHBIHE UMEET TIPABO OBbITh YCTPOEHHBIM BECh-
Ma ¥ BechbMa HeTpuBuaIbHo (puc.15). 3aMeTnM, BIIpoUeM,

Puc. 15

YTO MPpUMEP MOKPACKHU U3 MEPBOTO pas/ejia Mo-ImpexKHemMy
CTOUT OCOOHSIKOM: IBETa B 9TOM NpUMEPE N3 MHOTOYTOJIb-
HUKOB HE CKJIaJAbIBAaIOTCA.

O6o3HauNM COOTBETCTBYIOIIEE XPOMATUYECKOE YNCJIO

yepes Xy (Rz). [TonsiTHO, uTO X, (Rz) <7 . fcHo Taxxe,

4TO yJIy4dlIaTb ITOCJIE/ITHIOIO OII€HKY Mbl HE YMEEM. 3Ha‘{I/IT,
O6Cy>K£[aTI) MblI MOJXEM TOJIbBKO HE€paBEHCTBa BH/a

X (Rz) 2 ... [lelicTBuTeIbHO, TpPeX I[BETOB HE XBATWUT,
KOJIb CKOPO MbI BOBCE HUKAKUX OIPAHMYEHUI HA ATH 1[BETA
He HaKJaJblBaeM. A BEpHO JH, HaIpuMep, YTO TIpPHU
MOKPACKe TJIOCKOCTH MHOTOYTOJTbHUKAMU U YeThIpeX I[Be-
TOB Masio? [1o/10XKNTebHBIH OTBET Ha 3TOT BOTPOC AT B

1973 roxy A.Bymann. Ou mokasami, 4to Xy (RZ)Z 6.
Pesynprar Bynanana osHavaer, 4To He TOJBKO YeETbIPEX
«MHOTOYTOJIbHBIX» I[BETOB HE /IOCTATOYHO, HO M HA NATb
gacreil, COGPAHHBIX U3 MHOTOYTOJIbHUKOB, TIOCKOCTD IIPa-
BUJIbHBIM 06pa3oM pa3éuTb Hesb3si. Ha ceMb — MOKHO, a
Ha 1aTh — Hesb3s. [lo cell JeHb OCTaeTcsi OTKPBITHIM
BOIIPOC: 4YTO JK€ BCe-TaKM MPaBUJIBHO — PaBEHCTBO
Xu (Rz) =6 WM paBeHCTBO X,, (Rz) =77

Pesyabrar Bynasna gokasbiBaeTcst JOBOJIBHO CJIOXKHO,
XOTS M TIOYTH dJeMeHTapHo. Byyun, B npuHIuIe, 10C-
TyTIeH TOHUMAHWIO ITKOJbHHUKA, OH, TeM He MeHee, Bbl-
XO/IUT 32 PaMKM JaHHOW cTaTbu. [[pyroe meso, 4To
3aMHTEPECOBAHHDBIA YUTATEJNb BIOJHE MOMKET IMOIMPOGO-
BaTh CaMOCTOSITEJTbHO Pa300paThCsl B JOKa3aTEIbCTBE.
Tyt ecTtb eme ogHa TOHKOCTb. B [efcTBUTETHHOCTH,
Bynmamr mokazan naske 6oJibliie, HEKET Mbl oOenaam. A
UMEHHO, OH Gpajl B KaueCcTBe «KUPIUYeil» /s MOCTpoe-
HUS 1[BeTa He MHOTOYTOJBHUKHU, HO OoJiee o61me 00bheK-
TBI, Ha3bIBAEMbIE KOpOaHosuimu oOaacmamu. Crporoe
orpeziesieHUEe YHIOMSHYTBIX OOBEKTOB MOXKHO HAWTH B
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kuure [4]. Mbr ke npuBe/leM NMpUMep KOPJAHOBON 06-
smactu Ha pucynke 16.

B cBsI3u ¢ ONMUCAHHBIMU Pe3yJIbTaTaMU BO3HUKAET PSI/]
MHTEPECHBIX HCCJIE/I0BATENBCKIX 3a/[a4, KOTOpPbIE YnTa-
TEJIb MOT ObI TIOIBITATHCST PEIINTD.

Puc. 16

3apmaua 1. Ynpocmus paccyxoenue Byoarra, dokaxu-
me nepasencmea X, (RQ) >26.

3amaua 2. /loxaxume, umo X (RZ) =7.

3amava 3. Cuumas, umo mMH020y20abHUKU, 06PA3YIO-
wue mom uAU UMOU UBEM 6 NOKPAcKe, HenpemMenHo
BLINYKAbIE, HAUOUME COOMEEMCMEY0UEe XPOMAMULEC-
KOe uucao X (Rz).

3amaya 3, 10 Bceil BUAUMOCTH, OCOOEHHO TPY/IHA, TaK
KaK HUYTO He MeIaeT BeJUYnHe, KoTopas B Heil ¢purypu-
pyer, okasaTbcsl paBHOII mectu. Ho Torma perienue aToit
3a/1a41 aBTOMAaTHYECKH JACT CYIIECTBEHHOE TIPO/IBUYKEHNUE
B paMKax KJaccuieckoil mpo6sembl Hencona. 3agaua 2 —
3TO, CKOpee, TUTIOTe3a, Be/Ib, 110 H/lee, 1 KBAPATOB BIIOJIHE
MOTJIO XBaTHUTD JJIS TTPAaBUJIbHON TTOKPACKN TJIOCKOCTH B
mecThb 1[BETOB. 3aada 1 — 3TO cBOEro poja yIpakHEeHHe.
OpfHako U OHA MPE/CTABJSET HAYJIHBII MHTEpeC.

BoIBos 13 BCeTo CKa3aHHOTO B 3TOM pas/iesie OINH: ecyn
BAPYT OOBIYHOE XPOMATHUECKOe UMCJO MJIOCKOCTH PABHO
YeTbIpeM WJIHU IISATH, TO Ja’Ke MPeCcTaBuTh cebGe TPYAHO,
KaK [IOJDKHBI BBITJISIZIETH 1IBETA B COOTBETCTBYIONINX ITIPa-
BUJIBHBIX MTOKPACKaX.

Bokpyr mo3epoBcKOro sepeteHa

MpepBaputenbHas AUCKyccUs

Kak Mbl oTMeTH/n B KOHIlE INPEAbLAYLIEro pasjeda,
pesyJibTaTbl Byaiia ocTaB/Isg10T MaJIo HaJesK/] Ha TO, YTO
KOMY-JIN00 yAACTCs SIBHO yKa3aTh IPABIIbHYIO PACKPACKY
MJIOCKOCTH B YeTbIPe WJIH MATh 11BeTOB. Ecim BepHO, 4TO
X (Rz) < 5, TO JLJIsI IOKA3aTeIbcTBA ATOro hakTa norpedy-
I0TCS «y>KacHble» I[BETa — Y’KacHble B TOM CMbICJIE, YTO
1306pasuth ux (Jaske CXeMaTHYHO) Ha KapTUHKE, CKOpee
BCEro, HEBO3MOJKHO.

B to »xe BpeMsa olieHka x(R2) >4 cjenoBasa nu3 pac-
CMOTPEHUs KpaiiHe IIPOCTOi KOHCTPYKIIMU — MO3EPOBCKO-
ro BepereHa. U mpob6ieMa B TOM, YTO HUKAKHE MOMBITKA
YCJIOKHUTD 9Ty KOHCTPYKIHNIO ([1aske € TIOMOIIBIO KOMITb-
I0Tepa) K ycrexy He mpusesin. Heyskein BEPeTeHO CTOJb
YHUKaJIbHO? Pa3Be He CyIecTByeT TPUHIINITHAILHO HHBIX
KoH(Uryparmii Ha TJIOCKOCTH, CBHUIETEJbCTBYIONUX O
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TOM, 4TO X(R2)2 4 ? Mosker ObITb, HUCCJIELOBAHNIE ITUX
BOIIPOCOB JIacT HaM Gosiee TJIy6OKOe TOHWMAaHWE CYTH
poOIeMbI?

UYro sk, npuctynum. [l panbreiiero Oyaer ya1o0HO
BBECTU HECKOJIbKO HOBBIX NoHsATHiT. HazoBeM ducmanuu-
onnvim epagpom, wma zpagon (edunuunvix) paccmosinuil
Ha TJIOCKOCTH, JIOOYI0 KOH(MUTYPAIMIO, COCTOSIIYIO U3
TOYEK U COEJMHSIONMX WX OTPe3KoB AauHbl 1. Toukn
HA30BEM GepulutaMil TUCTAHITMOHHOTO rpada, a OTpesKu —
ero pebpamu. Hampumep, MO3epOBCKOE BEpeTEHO — 3TO
rpad paccTosIHUM, y KOTOPOTO CEeMb BEPIIUH W OJMHHA/I-
natb pebep.

TyT cpasy BosHuKaeT MaJeHbKHH Borpoc. [lomyctnm,
MBI ITOCTABUJIA HA TJIOCKOCTH HECKOJIBKO TOYEK W XOTHM
PACCMOTPETh JAUCTAHIIMOHHBIN Tpad ¢ BEPUIMHAME B HUX.
JlOJKHBI JIn MBI [IPOBECTH 8Ce OT-
pesKu AuHbl 1 Mexay napamu Ta-
KIX BEPIIIH UJIT MOKEM, TI0 CBOEMY
MIPOHM3BOJIY, OrPAHIYHUTHCS BBIGOPOM
JIUTITb HEKOTOPBIX M3 9TUX OTPE3KOB
Ha poJib pebep McKoMoro rpada?
CkakeM, BBIKHHEM U3 BEPETEHA ITapy
petep (puc.17). Caueyer Jm Ha3bI-
BaTh MOJYYEHHYIO KOHCTPYKIIUIO
rpacdom pacctossauii? Yacro Ha 1mo-
CTaBJIEHHBIN BOIPOC JIAI0T OTPHIIA-
TesibHbIi 0TBeT. OHAKO /I HAIIKX IieJiell Oy et yio0nee,
HAIPOTUB, OTBETUTD HA ATOT BOIIPOC TIOJIOKUTENbHO. [leso
B TOM, 4TO TaK HaM GyIeT HEMHOTO ITpoIile paboTaTb, a CyTh
oT aToro He mocTpagaer. Takum o6pasom, make rpad,
UMEIOTIIT 72 BEPITUH U He MMEIOINI HU OIHOTO peGpa, MbI
6y/ileM OTHBbIHE HA3bIBATH JMCTAHIIMOHHBIM.

3aMeTuM ele, YTO B JUCTAHIIMOHHOM Tpade BepIInHbI
MOTYT pacrojarathes mpsiMo Ha pe6pax. CkasxeM, y rpacda
13 JIEBOI YyacTy pucyHka 18 Tpu BeplIMHBI U /iBa pebpa, a

12 120

Puc. 17

1 1

Puc. 18

y rpacda u3 npaBoil YacTH TOTO JKe PUCYHKA TPU BEPIIUHbBI
1 OZHO pe6po.

Ipadwr 6ynem obosnauars sanucsmu tutia G = (V, E),
JKesiast TIoIYePKHYTh, YTO Y AaHHoro rpada G MHOMKECTBO
BepuInH — 310 V, a MHOXKecTBO pebep — E. 3ameTnm, 4To
MHOKeCTBO V MOTJIO 6bI OBITh U GECKOHEYHBIM, HO 3TO
HEMHOTO HEITPUBBIYHO, U MbI TAKYIO CUTYAIIIO PACCMaTPHU-
BaTh HE CTAHEM.

HasoBsem, mamee, xpomamuueckum uuciom epagpa G
MHHIMAaJbHOE KOJINIECTBO IIBETOB, B KOTOPBIE MOJKHO TaK
[IOKPACUTb €r0 BEPIINUHBI, YTOOBI JIOObIE JIBE BEPIINHBI,
coenuHentbpie pe6poM, ObLiu pasuoiBerHbiMu. O603HA-
anM depe3 X (G) yKasaHHOE XPOMATHYECKOE YHCJIO.

Herpyano Bujiethb, 4To HOBBI 0OBEKT — 9TO 3aBYaJIHPO-
BaHHbIN crapbiii. CkaxkeM, TOT (akKT, 4TO MJIOCKOCTDH
HeJb3s1 IPaBUJIbHBIM 06Pa30M MOKPACUTD B TPU I[BETA, KAK
pa3 m3 TOrO W CJEJOBaJ, YTO XPOMATHYECKOE YUCJO
BEPETEHA PABHO YeTBhIpeM. A OTCYTCTBHE KOHCTPYKIIHH,
JIyUIliell BepeTeHa, B HbIHEITHNX TEPMUHAX O3HAYAET, UTO
MBI JI0 CUX MOP He cMOoTJn Haiith rpada paccrosiauit G ¢
X(G) 2 5. UnbiMu cJioBaMu, O4€BI/IHOI SIBISIETCS OL[EHKA
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X(R2)2 X(G), cupa-
BeJIMBast JIJIsl JI060T0
JIACTAHI[MOHHOTO rpada.
BoJiee Toro, — arto yxe
Kyma Jo0onbITHEE, —
BepHO u <«oOpaTHOE»
YTBEPIKEHHUE: Cylie-
crByet rpad G Ha mioc- {
KOCTH, Y KOTOPOTO 3

X(G)=x (RQ). I10 yT-
BepJKJ/IeHEe OTHIO/b He
aseMenTapuo. OHO BbITEKaeT U3 o/iHOI TeopeMbl [1.9pre-
ma u H. ne Bpéitna 1951 roma, m ero J0xKasaTeabCcTBO
BBIXOJUT JIAJIEKO 32 PAMKH JIAHHOHN CTaThH.

Kopoue roBopsi, HeT coMHeHMil, 4TO cBOlicTBa TpadoB
paccrosHUI KpaitHe BasKHBI M MHTEPECHbI. OTHUM U3 3THX
CBOICTB MbI ceifuac u 3aiimemcsi. IToMHUTE, MBI HECKOJBKO
pa3 TOMYEPKHYJIHM, YTO TPEYTOJHHUK — OYEeHb IMOJe3Hast
(urypa c¢ Toukm 3peHHST OOOCHOBAHUS HEPABEHCTB
X (R2) >3 u X (R2) 24 ? Ouo u e yauBurepHo. Ecin
pPaccMOTPETDb TPEYTOJIbHUK KaK JAUCTAHIIMOHHBIN rpad, To
yoKe ero XpoMaTH4yecKoe YUCJIo paBHO TpeM. « HakpyTtuins
Mbl BEpETEHO M3 TaKUX TPEYTOJbHUKOB, W TOJYYUJICS
HOBBII Tpad ¢ 4yTb GOJBIIUM XPOMATHUECKUM YHCJIOM.
Bor pasBe uTo masbliie HAaKpyTKa <«He Tomaay. OaHAKO
IP/IET 0KA3aJICs IEPBBIM, KTO YCOMHUJICS B HEOOXOIUMO-
CTH UCTIOJIb30BAHUS TPEYTOJBHUKOB JIJIST TOCTPOEHUS TPa-

ol—
ol—

wl—
wl—

Puc. 19

a) 6)
X y X y
u u
. S\
w Z w z W
8) 2)
u x Y u X y
Uy
u; u;
w z W w z W
d) e)
u, u,
w/x y u X y
1
Uy
u3
u; u;
w z U w z W

Puc. 20
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¢oB ¢ XpoMarnyeckuM 4nucJgoM 4, T.e. TpadoB, KOTOpbIE,
MOJJ06GHO BepeTeHY , CBUIETEJILCTBYIOT O TOM, UTO X (R2) >4,
B 1976 romy OH NpEATIONOXKUJ, YTO HA MJIOCKOCTH €CTb
rpadbl paccrosHuil G, He cojep:Kaliue HA OTHOTO Tpey-
rOJbHUKA U, HECMOTPs Ha a10, umelomye X (G) = 4.2 He
mpas/ia Jii, JJ0OBOJIbHO HeokuaHHas rurnoresa? Ecam ona
BEpHa, TO BEPETEHO BOBCE HE YHUKAJIBHO, N OTKPBIBAIOTCS
1eJsble TOPU3OHTBI IS MCCJIeI0OBAaHUS [IUCTAHIIMOHHDBIX
rpacos!

Y:xe B 1979 rony rumnoresa 6blira gokasana. H.Yopmasg
nocTpous rpad paccTosHuit, 06JaTaTONII HEOOXOAUMDI-
mu cBoiictBamu. [IpaBna, rpad ero nmedt... 6448 BepinH.
Haxoner, 8 1996 rony I1.O’ [lonnesn u P. Xox6epr npepsi-
BUJIN aHAJIOTHMYHBIN Tpad BCETO JIUIIb Ha JABAAIATH TPEX
BepinHax. /oKasaTesbCcTBY 3TOTO 3aMe4aTeJbHOTO pe-
3yJIbTaTa Mbl M MTOCBATUM CJCAYIONUI MyHKT. Jlasee Mbl
o6cyiuM pa3andnble yrounenust Konerpykimu O’ [lonnesn-
Ja — Xox6epra, a Tak)Ke MPUBEJEM PsIIl APYTUX He MeHee
KPacuBbIX (DaKTOB.

KoHcTpykuusa O'JoHHenna—-Xox6epra

PasmectuM Ha TIOCKOCTHM KBaJpaT co cTopoHOon 1 m
BepIMHAMK X, Y, Z, W, nostarag x = (0, 1),y = (1, 1),

2 Pasymeemcs, epagp na pucymnxe 19 mpeyzosvrnuxos moixe e
codepikum, 6edb HAC UHMEPECYIOm UL NPAGUTLHBLE MPEY2OTbHIU-
Ku co cmoponamu Oaunvt 1 (cm. maxsxe puc. 18 u kommenmapuil x
nemy).

z=(1,0), w= (0, 0), u nocraBuM B LIEHTPe KBajpara
11
TOYKY Us =(§,§) (puc.20,a). Iyctb u, — 3TO TOUKA,

KOTOpasi OTCTOMT Ha pacctosHWe 1 W OT u;, W OT Y.
[Tockonbky |y - u5| < 2, Takasg TOYKa Hali/leTcs, U BbIO-
paTb ee MOXKHO POBHO ABYMSI CIOCO6aMu. MBI OCYIIECTBIM
BBIOOD TaK, Kak 3TO MoKazaHo Ha pucyHke 20,6. Paccmor-
pUM Temepb TaKyl TOUKY U, UYTO OJHOBPEMEHHO
|u5 - u1| =1wu |w - u1| =1. Ondarp-Taku, sta TOYKa HE
eIMHCTBEHHA, HO MbI TOCTYIIUM COTJIaCHO pHUcyHKy 20,6.
[lanee, Bo3bMeM U3 , COEIUHEHHYIO €INHIYHBIM OTPE3KOM
Kak cw, tak u ¢ uy (puc.20,2). PyTuHHYIO IIPOBEPKY TOTO,
uro [w—uy|<2, MbI octaBasiem wutatemo. IToctasum,
HAKOHEI[, TOYKY U, B COOTBETCTBUU C pucynkom 20,0.
3ameTuM, uto [, — y| =1, MOCKOIBKY YeTBIPEXYTOTBHIK
¢ BeplMHAMu UW,, Uz, U, y — IapajiejgorpamMMm. B
pesyJbTare uMeeM rpad paccrosnuil G; ¢ JeBATbIO Bep-
IMMHAMY ¥ TPUHAAIAThIO peGpamu (puc.20,e). Ouesuano,
B Gy HET TPEYroJbHHUKOB.

[lo6aBuM K yrKe MMeoIIelics KOHCTPYKIUHU elle TISITh
TOYeK, KOTOpbIe Ha30BeM V,, V,, V3, V,, V5. CrepBa
HaMEPEeHHO cJlelaeM 3TO UyTb-4yTh HEBEPHO, HO 3aTeM
MOSICHUM, KaK UCHPABUTH CUTYAIUIO.

Wrak, mycTb Vs — 9TO TOUKA, JIeXKAIast HA OTPE3Ke UsW
1 orcrosimas ot y Ha paccrosaue 1 (puc.21,a). o vs u
us HailJeM v, , ICXO/IS U3 YCJIOBUA |u5 - v4| = |v5 - v4| =
=1 u pucynka 21,6. AHaTOTHYHO, TIO W UV, BOCCTAHO-

a) u, 6) u, 8) u,
X y Vo /x y Vi/ X y
uy
u uy
u, uy s
(T u; Us
A%
vy Vs 3 Vs
u, u, uy
w w z w Z
d) u,
) u,
Va/ X y
uy
v
i/ X y
Uy
Uy
5
v
5 3 Vs
V3 Vs u,
w Z
u,
w Z
Vy
Puc 21 vy
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BuM v3 (puc.21, 6), 10 V5 U U5 BOCIPOU3BEAEM V,
(puc.21,2), amo v, u w Boccosaamum vy (puc.21,0).
[lnuna orpeska v,vs pasta 0,98... 9To nouru euHNIIA,
1 BCe-Taku pebpa V Vs Hu 6 KAKOM JUCTAaHIIMOHHOM Tpade
Ha MMEIOIIEMCS] MHOKECTBE BepIuH HeT. TeM He MeHee,
BEPHO cJie/tytonee. MOKHO TaK «IOILIEBEINTh> TOUKY Vs
COXpaHds pacCcTosiHue MexKJy Hell U TOYKOH y paBHbIM
e/IMHuUIIEe, YTOOBI B Pe3yJIbTaTe MOCTPOEHHH, aHAJOTHYHBIX
npojesanibiM Boiie (eM. puc.21), Bosuuk rpad paccro-
suuiit G, Ha puCyHKe 22, y KOTOPOro ¢ pe6poM V Vs Bce

u,

Vi/x y

A%
3 \A)

Vy
Puc. 22 vy

B TopsiaKe. PacueTpl TMOKasbIBAIOT, UTO <IIPaBUJIbHBIE
KoOpauHaThl TouKN Vs cyTb (0,3..., 0,285...). O6ocHoBa-
HIIe TTOCTYJINPOBAHHOTO HaMu (DaKTa, a Tak)Ke BCE COIMYT-
CTBYIOII[I€ BBIYMCJIEHUS MbI OCTAaBJIsIeM 32 paMKaMU JIaH-
HOU cTtatbu. OHU HOCSAT CKOpee TEXHUYECKWIT XapakTep
(Beb KOOPAMHATBI BCEX TOYEK HAXOAATCS IPU HEOOXO/IU-
MocTH ¢ Jo6oi Hamepe]] 3aJaHHoil TOYHOCTBIO), W JIJIs
OCO3HAHUSI CMbICJIa KOHCTPYKIIUHU BIIOJIHE JIOCTATOYHO Ha-
TJISIIHOCTH MTOCJIETHETO PUCYHKA. BUIHO, B 4aCTHOCTH, YTO
rpa¢ G, mMeeT YeTHIPHAANATH BEpIINH, ABAAIATL TPU
pebpa u He COAEPKUT TPEYTOJIbHUKOB.

ITosepuem Bcio xoucrpykuuio G, ua 90 rpazgycos
BOKpYT 1enTpa kBajapara. [loayuntes rpad G; . O6Gbe-

Puc. 23
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aunss rpabol G, u Gy (6e3 106aBJeHUST HOBBIX pe-
6ep), o6pasyeM, Hakorell, rpad Gy ¢ ABAATHIO TPEMs
BEpIIMHAMU 1 cOpoKa AByMs pebpamu. (3mech 23 = 14 +
+ 14 — 5, MOCKOJIbKY BEPIIUHBI KBaJ[paTa W €ro IeHTP
TPU TOBOPOTE OCTAIOTCS HA MeECTe; aHAJOTHJIHO, 42 =
=23+ 23 — 4, rae 4 — uncao pebep kpaapara.) CKydHas
IIPOBEpKa TOKa3biBaeT, 4To Gz BBITVIIANT UMEHHO Tak,
KaKk OH m300pakeH Ha pucyHke 23. TpeyroJjbHUKOB B
HEM TO)Ke HeT.

He mpaBna o, xyna maBopouentee Beperena? Uro x,
TAKOBA IJIATA 32 OTCYTCTBUE TPEyTrOJbHUKOB.

[Tokasxkem Temnepb, 4TO X(G3) 24. B camom peue,
mycTb BepiuHbl rpada G; IOKpaiieHbl B TPU IBeTa
npaBusbHO  (BEPITMHBI, COEJAMHEHHBbIE PeOPOM, PasHO-
nBeTHbI). Has3oBeM IiBeTa KpacHbBIM, JKEITHIM M 3eje-
HbIM. SIcHO Torma, uTo JMGO TOYKU Y, W OJIHOTO IIBETA,
Jn60o TaKOBbBI TOYKH X, Z.

Paccmorpum mepBblit cayuaii. Mbl uMeeM TpaBo CYH-
TaTbh, YTO Yy M W, HAIIpuMep, kpacuoie. [Ipeamnonoxkum, us ,
HAIlPOTUB, HE SIBJISIETCS KPACHOM — CKaKeM, OHA JKeJTasl.
Torga wempemeHHO u, 3ejeHas (3a cuer peGep wu,
usu, ), u, xenras (pe6pa wu, u yu,), u; 3eeHast
(pe6pa u,u; w wuy) u u, sxearas (cm. puc.20,e).
3HAYNT, TI0 TeM >Ke IPHINHAM Us 3eJeHas, I BO3HUKAeT
[IPOTHBOPEYNE.

Wrax, Bepumunbl y, us, w Kpacuble. [TocMorpum Ha
MATHYTOJBHUK V{V,V3V,Vs . Bepina v coeunena pe6-
poM ¢ w, u, crajo ObITb, OHA He KpacHas. Mexmy
BEPUIMHAMU V, N Us TaK)Ke IPOXOANT pebpo, M 3TO He
MI03BOJISIET V, MMETh KPACHBII 1[BET. AHAJOTHYHBIE Pac-
CY’KJ€HUS IOKA3bIBAIOT, YTO U TPU OCTABIIMECS BEPITHHBI
MATHYTOJTHHUKA 00SI3aHbI OBITD YKEJITHIMU UM 3€JICHBIMHU.
CurrefioBareIbHO, TSTHYTOJBHUK MOKPAIIEH B J[BA IIBETA.
Ho ato, oueBuIHO, HEBO3MOXKHO, M MBI UMEEM ITPOTUBOPE-
YyHe ¢ TPaBUJIbHOCTHIO MCXOHON MOKPACKN.

CoBepIleHHO TaK ke pazbupaeTcs caydaii, Korja 0/HO-
[[BETHBI TOYKM X U Z (MMEHHO J/IT 9TOTO Mbl JIeJajn
nosopor). Takum o6pasom, X (Gg) 24, u geno B ILISTIE:
rpad Gz — HCKOMBIii.

3aMeTHM, 4TO HE COCTaBJIsAeT Tpy/Aa packpacutb Gz B
YyeTbIpe TBETA, TaK YTO, KOHEYHO, X(Gs) =4,

YT0 Xe panblue?

Ha camom nene, ¢ pesyabrata O’ [lonnena u Xox6epra
BCe TOJIbKO HauuHaercs. Bo-lepBblX, MOXHO 3aMeTUTD,
4TO, JJOKA3bIBasl 3TOT Pe3yIbTaT, MbI 00PaIlaIn BHIMAHNE
JMINb HAa T€ €AMHUYHbIE OTPE3KH, KOTOpble HaM ObLIH
HY>KHbI /17151 o60cHOBanus Hepasenctsa X (G) = 4. U3 nux
TPEYTOJLHUKHN He CKJIAJbIBAJINCH, HY U cJaaBHO. Boobie-
TO, Ha /IB/II[ATU TPeX BEPIIMHAX BIOJHE MOTJU BO3HUK-
HyTb U JIpyrue pe6pa, TaKk 4To ecJu Obl Mbl ITONBITAINCH
paccMoOTpeTb UX BCe, TO XPOMaTHYECKOe YUCJIO OT 3TOr0
MeHbIIle, KOHEYHO, He CTaso Obl, a BOT TPEYTOJbHUKH-TO,
yero 706poro, MOTJIN MOSBUTLCS. VIMEHHO W3 HesKeJaHWs
BO3UTBCsI ¢ (BO3MOKHBIMI) JIMITHUME PeOPaMU Mbl C/lela-
JI COOTBETCTBYIOIIEE AOILylleHne OTHOCUTENbHO OlIpe/ie-
JIEHUsI JUCTaHINOHHOTO rpada. B aelicTBUTeIbHOCTH pe-
3yJIbTAT TIPE/IbILYIIETO IIyHKTA OCTACTCS CIIPABE/IINBBIM 1
6e3 sToro jgomymienus. IIpocto Joka3aTenbCTBO CTAHOBHT-
sl TEXHUYECKN 4yTb 60J1ee TPY/IHBIM. 3aMHTePECOBAHHDIH
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XPOMATHUYECKHUE

qHUTaTeJb MOXKET TTOIPO60BaTh caM pa3o6paThest CO BCEMU
HEOOXOMMBbIMI TOHKOCTSIMU.

[lasbnire — Goubitie. MIHTEpecHo: a IBaIIlaTh TPU BEPIITH-
HBbI — 9T0 Tipesieni? Pasymeercst, 23 Ky/1a Kak MeHbIIlEe, YeM
6448, HO 1 uTO C TOoro? Bapyr, HampuMep, n ABeHAAIIATH
BepmH xBatut? OTBer He m3BecteH. [loka 23 — aro
PEKOpP/l, HO YeM 4YepT He IIYyTUT: TJSIUIIb, YUTATE]Tb
no6bet ero. C Ipyroil CTOPOHbBI, XOTEJIOCHh Obl HANTU XOTb
Kakue-HuOy/Ib «HIDKHUE TPAHUIIDI 1JisI TOZOOHBIX PEKOP-
J0B. [ToHATHO, CKasKeM, UTO YeTBIPEX BEPIITHH YK TOTHO He
nocratouno. Ho Hesb3st i yTOUYHUTD 3Ty TPUBHAIBHYIO
rpanuiy? Ilamaryss o ToM, 4TO [aske B BepeTeHe CeMb
BEPIINH, CTOUT AYMAaTh, YTO U JECSATHIO BEPITHHAME B/
JIM yaactcst 060MTHCH, KOJb CKOPO MbI XOTUM U36aBUTHCS
OT TIPUCYTCTBYIOTIUX B BEPETEHE TPEYTOJbHIUKOB 63 YMEHb-
MIEHUST XPOMATUYECKOTO uncja. HeT HUKAKUX pPe3yJib-
TaroB!

[lanbine — ente 6oJibiiie. HazoBeM yux/iom B AUCTAHITH-
OHHOM Tpace KOHCTPYKITHIO THIA TOIl, YTO M300paskeHa Ha
pucynke 24. CkraskeM, 4TO IUKJ
umeem Oauny k, ectm B HeM R
pebep (M CTOJMBKO Ke BepIuH).
ITuksnos guunbl 1 1 2 He ObIBaeT,
IIUKJI JJTAHBIL 3 — 9TO TPEYTOJIbHUK.
OGosnaunm yepe3 ¢ (G) Tax Ha3bl-
BaembIil o6xeam tpada G, T.e.
JUTMHY CaMOTr0 KOPOTKOTO IIUKJIA B
HeMm. Hampumep, Bepereno mmeer
obxBar 3, a o6xBar rpada O’ [lon-
Hesta—Xox6epra paBeH YeTbIpeM.
CumBOJI g 711 06XBaTa CTAHIAPTEH, OH IPOMCXO/NUT OT
aHramiickoro cjosa <«girths — o6xBar, o0ObeMm, mosic,
noanpyra. OKasbIBaeTcst, YTO JJs JH0OOTO 3aJJaHHOTO
Harepe k cymiecTByeT rpady pacCTOSHUIT ¢ XpoMaTHyec-
KUM 4nCJIOM 4 1 00XBaTOM k. ITOT COBCEM YK Y/IMBUTEb-
Hblii pakt Takke npuHaaexut O’ [lonHemnny. EcrecTBen-
HO, KOJIMYECTBO BEPIIUH B YIOMSIHYTOM rpade pacrer
Ype3BhIYANHO ObICTPO C yBejaudeHneM R, u BOIpoc 06
OTBICKAHUU HAMMEHDIIIETO YHCJIA BEPIINH, HEOOXOIUMbIX
JUIsT TIOCTPOEHUs TMOJOOHBIX TpadoB, MPAKTUYECKH HE
usyuen. EquncTBentoe, 4To, moxkasnyii, U3BeCTHO: Ipu k =
= 5 XBaraeT COpPOKa NATH BepinnH. Kopoue, yeM jfaJbiie B
Jec, TeM 6OJIbIle JIPOB.

Haxownerr, coBcem HemaBHO A.KOKOTKMH [OKa3as WC-
KJTIOUNTEJbHO KpacuBoe yrBep:kaeHue. [1ist ero popmy -
POBKHU HaM MOTPEGYETCS TIOHSITHE NOPOKIEHHO20 N00Zpa-
¢ha nannoro rpadpa G=(V, E). 1o npousBoabHbIA rpad
G’ =(V',E’), y kotoporo V' < V umapa Bepums us V’
coequnena orpeskoM (pe6pom m3 E’) Torma m TOIBKO
TOT/1a, KOTJIa 3TOT OTPE30K ecThb B MHOKecTBe E. Hampu-
Mep, moarpad, BbiIeeHHbII B rpade, KOTOpbIil n306pa-
JKEH Ha PUCYHKe 25, TIOPOXKACHHDIH, a noarpad Ha pucyH-

Puc. 24

Puc. 25
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Puc. 26

Ke 26 TTOpOK/IeHHBIM He SBJIgeTcs. Tak BOT, OKa3bIBaeTCH,
4TO B JIIOGOM [UCTAHIIHOHHOM Tpade ecTb MOPOKAEHHBIN
nogarpad, cozpep:xanmii 6osee 90 MPOIEHTOB BEPIINH
UCXOMHOrO Tpada 1 UMEIONIIiT XPOMATHYEeCKOe YUCIO0, He
IPeBOCXO/IsiIee YeThipeX. VIHBIMU CJIOBAMU, MBI y KaK/I0-
ro rpada paccTosIHUII MOKEM <IIOYTU BCE» BEPITHHBI
MPaBUJILHO TIOKPACUTD B YeThIpe 11BeTa. Ecin Obl BhIpaske-
HUE <IIOYTH BCE» YAT0Ch 3aMEHUTD CJIOBOM «BCE», TO 3TO
OBl 03HAYaJ0, BBUAY pe3yJbrata IJpjeiia — ge bpéitna,
qto X (Rz) =4,

Kak HE TpyZHO B 3TO MOBEPUTH, HO MOXOXKE, YTO B
4yeTbipe IBeTa ILJIOCKOCTh Bce »Ke Kpacutcs. [la, mBera
OyJyT Y>KaCHBI, 1 UMEHHO MTOTOMY UX TaK TPY/HO HAUTH,
HO MCKATb UX CJIEIYeT.

M Hanocnepok — o packpackax NpocTpaHCTBa

B npeapiymnx paszesax Mbl JJOBOJbHO MHOTO Y3HAJU
0 pacKkpackax mpsMoii u niockoctu. Ho Besb ecTh ke elie
IPOCTPAHCTBO. VI IOHATHO, YTO €r0 TOXKE MOXKHO IIbITATbCS
packpacutb. [l 9TOro HYKHO JIMIIb 3HATb, YTO €CJHU
X = (x1,x2,x3) ny= (y1,y2,y3) CYTb /IBE€ TOUKHU B IIPO-
CTPAHCTBE, TO PACCTOSIHUE MEXIY HUMHU HAaXOIUTCS TI0

¢opmyae
x-y|= \/(x1 —%)2 + (1, —yz)2 + (05 _y3)2 .

«OpHOMEpHYI0> TIPSMYIO MBI 0603HAUa M R, «AByMep-
Hy10» 1a0cKocTh — R?. Crajo GbITh, A8 <«TPeXMepHO-
ro» TMPOCTPAHCTBA Pa3yMHO HCIIOJb30BaTh 0O03HAUCHIE
R3

[Tyctp, HakoHerr, x(RS)— 3TO XPOMAaTUYecKoe YHCJO
IPOCTPAHCTBA, T.e. MUHUMAJIbHOE KOJMYECTBO 1IBETOB B
npaBuIbHOl okpacke R” . (371ech TepMun «IIpaBuibHas
MOKpacKa» MO-TIPEKHEMY YKa3bIBaeT HA TO, YTO MEXKIY
OIHOIBETHBIMU TOYKaMM He GbIBaeT paccrostuus 1.)

[Ipesxie Bcero CTOUT OTMETUTD, YTO 33jia4a 00 OTBICKA-

HUM BEJNYUHBL X (RS) 3HAUUTEbHO MEHee HarJsiIHa,
HEKeJI ee «KJaccuiyeckas» IpellecTBeHHUIIA: TOpas/io
Jlerue pucoBaTh pacKpacKu IJIOCKOCTH, HEXKeJIU pacKkpac-
KU IIpoCTpaHcTBa. TeM He MeHee, reoMeTpUUecKast HHTYU-
ST y HAC ecTb, W MBI MOXEM XOTSI OBl YMO3PHUTETIHHO
MpeJCTaBUTh cebe Ty WM WHYI0 TPEXMEPHYIO MOKPACKY.

Acuo, panee, 4To reoMeTpUs IIPOCTPAHCTBA CYILECTBEH-
HO Goradue TeOMeTpPHH IIJIOCKOCTH, a TOTOMY M HaIlpaBJe-
HUI UCCJIeIOBaHNS B CIyvae R3 mamuoro Gosbie. Huske
MBI PACCKaXKeM JHIIb O HECKOJbKUX peaysbratax. OHH
OyZyT CJAYKUTD B HEKOTOPOM CMBbICTEe 0O0OIIEHUSIMU aHa-
JIOTUYHBIX Pe3YJIbTATOB /IS IIOCKOCTH, & IOTOMY MBI YKe
He cTaHeM TMo/po6HO UX pa3buparb. YacTb U3 HUX YNTa-
TeJb CMOXKeT 060CHOBATb CaM, YacTb OH, NPH SKEJIAHUH,
Hailzer B nuTepaType, KOTOPYIO Mbl yKasblBaeM B KOHIE
CTaTbU.

Bo-miepBBIX, IPSIMBIM aHATIOTOM KBaJIpaTa Ha MJIOCKOCTH
cay:XUT Ky6 B TpocTpaHcTBe. COOTBETCTBEHHO, MOKHO
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MOJTYYUTD OIEHKY x(RS)S 27, neucTBys, MO CyTH, Tak

JKe, KaKk U TIpu 000OCHOBAHWU HEPAaBEHCTBA X(RZ)S 9.
Bousee Toro, He6o.IbIIINE OTOJHUTETbHbIE YCUJIHS TI03BO-
JSTIOT yOeInuThes B TOM, UTO X (IR?) <26,

K coskanennio, cTob OYEBUJHBIX AHAJIOTOB MIECTH-
yroipanka B R yxe mer. OHAKO eCTh BCE sKe HEKHil
MHOTOTPAHHUK, KOIUU KOTOPOTO 3allOJHSIOT MPOCTPAH-
ctBo 1enmkoM (mogo6HO KommsaM Ky6a), a 3aTeM mpa-
BUJIBHO PACKPAIUBAIOTCA B MATHAAIATH 11BETOB. Takum
00pasoMm, X(RB)S 15 . B 6pomiope [2] napucoBan yio-
MSHYTBIl MHOTOTPaHHHK; 00Jiee TOTO, €€ PeIaKToOpy —
M.1O.IlanoBy — yaanoch gaxe n300pasuTb COOTBETCTBY-
I0MYI0 TOKpacKy. Mbl He cTaHeM TOBTOPATb 3TOT TPY/I,
OTCBIJIask YUTATEJS K YKA3aHHOMY MCTOYHUKY.

Orenka X(R3 )S 15 (ona npunamaexur /[.Kyscony)
MOKa HUKEM He YJIydIlleHa.

C apyroil CTOPOHBI, €CTh W y MO3ePOBCKOTO BepeTeHa
TpexMepHoe o6o0Iiienne. B HeM MpaBuJIbHbIE TPEYTrOJIb-
HUKH 3aMEHSIOTCS TETpasJpaMu ¢ JJAWHON pebpa 1. ITy
KOHCTPYKIIMIO MHOT/ZIa Ha3biBaioT «rpacdom Paiickoro» —
B vecth [I.E.Paiickoro, KoTopbIil UCIOJIb30Ba €€ B CBO-
eit pabore 1970 roma. Kerartu, Paiickuit 6bLT TOT1a KO-
HUKOM, TaK YTO y YHUTATEJd BIIOJHE MOXET CJO0XKUTHCS
BIleyaTyeHne, OYJATO 3ajaueil 0 XPOMaTHYECKOM YIHCJIe
3aHMMAJINCh UCKJIIOYUTEbHO MOJojble Jioau. Ho aro,
paszymeercsi, He Tak. Bosee moapo6HO 0 Paiickom u ero
pesyJbTaTax MOKHO y3HaTh u3 o63opa [1] u Gpomropbl
[2]. ,

I'pad Paiickoro mokassiaer, uto ¥ (R?)>5. Coscem
HEIABHO KOHCTPYKIMIO YAAT0Ch YTOUHUTH. Cesaj 3To
O.Heuymran myrteM BecbMa HETPUBHAJIbHBIX YXHUIIpe-
nuii. VIm pokasano, 4ro X(R3)26. ITO TOXKE II0Ka
<«PEKop/».

Wrak, K HacTosIeMy BpeMeHHU U3BeCcTHa 1iellouKa Hepa-
BEHCTB

6£x(]Ri3)s15,
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3a30p MeK/ly OlleHKaM B Heill erie 6OJIbllle, YeM B Caydae
MJIOCKOCTH, JIa 3TO U He YJUBUTEILHO.

AHaJIOTH 33/1a4, PACCMOTPEHHBIX B MPEJIBIIYIINX pas/ie-
J1ax, cTaBumch i s RY Hanpumep, O.1.Py6anos (cm.
[5]) mamen kKondurypanmio, BepuMHbl KOTOPOH HEMb3sT
IIPABUJIBHO MOKPACUTh B YeThIpe IBeTa (Kak M BEepIIIHEL
rpacda Palickoro) m KoTopasi, OJIHAKO K, HE COAECPKUT HU
opnoro Terpasapa (B oramume or rpacda Paiickoro).
Bormipoc o cymectBoBanuu mogo6HoN KOHCTPYKInu Ge3
TPEYTOJbHUKOB OCTACTCS OTKPBITHIM.

Ho wu na atom wucropus 3amaun Hescona orHionb He
3akaHumMBaeTcs. Hamporus, pacckazaHHoe — JIUINIb BeEp-
xymika aiic6epra. CylecTByer Macca 3aj1ad 0 pacKpacKkax
«MHOTOMEPHbBIX» IPOCTPAHCTB U TPOCTPAHCTB C «IPOU3-
BOJIbHBIMU METPUKAMW», CYIIECTBYIOT TaKyKe 3aJaud, B
KOTOPBIX TOYKAM OJIHOTO I[BETA 3AIPEIIEHO OTCTOSTD JAPYT
OT JIpyra He TOJIBKO Ha pacctosgHue 1, HO M Ha JT060€
paccTosinue u3 3aJlaHHOr0 HallepeJ] MHOYKECTBA, W T.J. U
T.11. Koe-4To Ha 3Ty TeMy 3aWHTEPEeCOBAHHBIN YUTATEJD
MoskeT Haiitu B kHurax [2], [6] u B 0630pe [3].

OnHaKko, Bce 3TO y)Ke TIPEJAMET COBEPIIECHHO WHOTO
pasroBsopa.
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HAM IITHNIOYT

Ewe oaHo peweHue 3apgaun M1000

B «3amaunuk <«Ksanra»
oy nomepom M 1000 Bomia
3a/1a4a, OCHOBY KOTOPOIi CO-
CTaBUJI 3aMeYaTeJbHBII Teo-
MeTpuuecKuii (pakrt, OTKpbI-
ThII APXUMe/IOM: ecJiu Tpey-
rosbHuk ABC BmHcaH B OK-
py»xHOCTD, TpuieM AB > BC
u M — cepequna ayru AC,
pAacIoJIoKEeHHO ¢ TOl ke
cTOpoHbI OT TipsiMoit AC, 4To
u Touka B, To ocHoBanue P
MepIeHNKYIIpa, OIIyIIeH-

M
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HOTO Ha OTpe3ok AB wmu3 toukm M, pemut mnomanyio ABC
nononam: AP = PB + BC (cM. pucyHOK).

[ecarukiaaccHuna IMMa AKOISH HpHAyMaa cJeryioliee
YAWBUTEIbHO KOPOTKOE /I0KA3aTeIbCTBO 3TOTO YTBEpP XK/AeHus. B
CHJIy TeOpeMbl O BIMCAHHOM yTJie, BEJMUNHBI YIaoB BAM wu
BCM, onupatonuxcsa Ha OJHy u Ty ke ayry BM, pasubl.
ITosTomy npu noBopore Tpeyronbuuka MBC Bokpyr Touku M,
pu KoTopoM Touka C nepexoant B Touky A, Tpeyrospauk MBC
[ePEeXOJIUT B HEKOTOPbIl Tpeyroabnuk MDA, rae Ttouka D
nexut Ha orpeske AB. [Ipn atom AD = BC. IlockosbKy BbICOTA
PaBHOOE/IPEHHOTO TPEYTOJbHUKA SBJISAETCS M €r0 MeJMaHoi, TO
DP = PB. Orciona AP = AD + DP = PB + BC, 4r0 1
Tpe6OBAJIOCDH /I0KA3aTh.

A.Cnusax
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SAHJAYHUK «KBAHTA»

3agayi

JroT paspen Beaercs y Hac U3 HoMepa B HOMEP ¢ MOMEHTa OCHOBaHUS XXypHana. llybnnkyembie B Hem
3aga4yn HeCTaHAapTHbl, HO IS WX PeLUeHUs He TPebyeTcs 3HaHWUM, BbIXOZALMX 33 PaMKU LUKO/TbHOM
nporpammsl. Hanbonee tpyaHble 3a4a4yv OoTMeYatoTcs 3Be3404Kou. [locrne gopMynnpoBku 3anayu Mel
006bI14HO yKa3bIBaeM, KTO HaM ee Mpeanoxws. Pazymeercs, He Bce 3Tu 3a[a4u MyOuKyoTcs BriepBble.

Peluenns 3a8a4 13 3Toro HOMepa CIEZYET OTNpPaB/ATb He no3gHee 1 ceHTabps 2008 roga no agpecy:
119296 MockBa, JleHnHcKkui rnpocnekT, 64-A, «KBaHT». PeweHus 3a4a4 U3 pa3HbIX HOMEPOB XXYpPHAana
110 pa3HbIM rpegmeTam (MatemaTvke v Qmsnke) npucsiiavite B pa3HbiX KOHBEpTax. Ha koHBepTe B rpage
«Komy» Hanuwmre: «3agayHmnk «KeaHta» Ne3-2008» n Homepa 3a[a4, pelleHuss KOTopbix Bbi rocbiiaere,
Harpumep «M2086» nan «D2093». B rpagpe «OT KOro» gpamunmuio u UMs rpocum nucate pa3bopquso. B
MUCbMO BJIOXXUTE KOHBEPT C HalUCaHHbIM Ha HeM Baluvm agpecom v Heobxoanmbivi HA6op Mapok (B 3ToM
KOHBepTe Bbl ronyynte pe3ysibTatsl MPOBEPKU peLLeHn). PeleHus 3a4a4 110 MatemMaTuke v gomsnke MoXHO
TIPUCHINIATb TakXKe 110 3/IEKTPOHHBbIM aapecam math@kvant.info u phys@kvant.info coorBeTcTBEeHHO.

YcnoBus kaxxaovi opurnHaneHov 3a4a4u, rpeanaraeMont 4ns nyonukaunm, rnpuceliante B ot4e/1bHOM
KOHBeEpTE B ABYX 3K3EMIISpax BMecTe ¢ BaLumm peluerHnem 31ovi 3a4a4u (Ha KOHBEPTe romeTbTe: «3aaavyHuK
«KBaHTa», HoBasi 3a4a4a o ¢usuke» nam «3agavyHnk «KsaHta», HoBasi 3aga4a Mo MareMaTuKe»).

B Ha4arne Kaxgoro nuceMa rpocum yKasblBaTb HOMEP LUKOJIbI M KJ1acc, B KOTOPOM Bbl y4YuTecs.

3apayn M2093 - M2095 npeanaranuce Ha XXIX TypHupe roposos.

3apayn @2093-P2095 n @2098 npennaranucs Ha MoCKOBCKOV Ghm3n4ecKor oNMMIIaae 3Toro roaa,
a 3apa4yn @2096, @2097 n @2099-d2101 — Ha XLII Bcepoccuvickovi onumnmuage LWKO/IbHUKOB 10 @U3MKe.

lMobeagutenamu koHKypca «3apayHuk «Ksanta» 2007 roga cramm
o mMaremarvike
Huwxnbuykmnii EsreHmnii — r. KpacHogap, wkona 73;
no gusunke
Ab6apaxmaros Bnagumup — r. Bonrorpag, e 3.

DN3NKE

OHN  HarpaxpaarotTcs KoMiekTamu XypHana «KesaHT» 3a Bropoe rosnyrogne 2008 roaa.

3apaun M2086-M2095, ©2093-12102

M2086. /[anb! iBe apupMeTHUECKUE IPOTPECCUN @y, dy, ...
u by, b,,..., cocTosiiue U3 HATYpaIbHbBIX unces. 3BecTHo,
4TO @ = by M JJIs KAXKJ0T0 HOMepa 1 uucaa d, u b, mMeror
paBHbIE OCTATKM TpPH JejeHnn Ha 7. JlokaxuTte, dTO
[IPOrPECCUU COBITAIAIOT.

H.Kanunun

M2087. [llaxmaTnast purypa «IIposkeKTop» ObeT O1H U3
YTJIOB, HA KOTOPbBIE JEJAT JIOCKY MPOXOJMINNe Yyepe3 Hee
TOPU30HTAJb W BEPTHUKAJIb, BKJIOYas INPUMBIKAIONINE K
Yy KJIeTKH ropusoHTasu u Beprukamd. (Hampumep,
MIPOKEKTOP B JIEBOM HIKHEM YTJTy MOXKET 6GUTH NGO OHY
KJIETKY, JI60 HIKHIOI0 TOPU30HTAJb, JN60 JIEBYIO BEPTH-
KaJib, 160 Beio gocky). Kakoe HanGosbiiee 4uc/ao mpo-
JKEKTOPOB MOJKHO PACCTaBUTDb HA MIAXMATHOW JOCKe Tak,
YTOOBI OHU He OWJIN JpyT ApyTra?

A.Illanoeanos

M2088. /lokaxkute, YTO /JIs TIOJOKUTETHHBIX YHCE X, ¥,
Z, CyMMa KOTOPBIX paBHa 1, BBINOJHEHO HEPABEHCTBO

2 2 2
X +3xy+y +3y2+2 +32x£2.

xX+y y+z z+x

P.Hupxynrues

M2089. Ilycts B — cepenuna ctoponbl AC TpeyroybHu-
ka ABC. O6osnaunm uepe3 A; u A, LeHTPbI BIUCAHHON
u Kacamouteiicsa AB BHeBIIMCAHHOM OKPYXKHOCTH TPeyroJib-
nuka ABB . Ananornyno jua tpeyroabinka CBB, onpe-
pemum Touku Cp u C, . Jlokaskure, 4TO 4eTbIPEXyrOJbHUK
A A,C,Cy — BIUCAHHDIH.

J.Emenvanos

M2090. Ilyctp ¢q,cy...,C, JleficTBUTE/IbHbIE YUCJIA;
S1ZC1, 52:C1+C2, 53:C1+C2+63,...,Sn:C1+
+¢y +...+¢,; M 1 m— cOOTBETCTBEHHO MaKCUMaJ/IbHOE U
MUHMMaJbHOE cpefu uucenr S;,S5,,S53,...,S, . Hoxaxure

HEPaBEHCTBA:
1 1
a) m<¢ TGt <M;
n
6) nm<nc,+(n—1)cy +...+¢, <nM ;
B) €CJIM O 20y 2...20, >0, 710 0;m < 0¢; +05Cy +...

...ta,c, <oM.

A.Ezopos

M2091. [lokaxkure, 4To /Jis1 JTIOOBIX HATYPAJbHBIX 7 > 2

U M CYIIeCTBYIOT 72 IOTIAPHO B3aUMHO MPOCTBIX HATYPaJIb-

HBIX unces, 6oapmmx 100 u raknx, uro CyMMa UX m-X
cTereneil IeJTUTCs Ha UX CyMMY.

B.Cendepos
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M2092. Ha pe6pax AB, BC, CD, DA rterpasapa ABCD
B3sTbl Touku K, L, M, N coorBercTtBeHHO. Touku K’ , L,
M’ , N’ cummerpuutbl Toukam K, L, M, N OTHOCHTEIbHO
cepeann pebep AB, BC, CD, DA coorBetctBeHHO. /loka-
JKUTE, 4T0 06BheMbl TerpasapoB KLMN u K’L’M’N’
PaBHBDI.

I1. Ko.xxesnukxoe

M2093. DokycHUKY 3aBA3BIBAIOT TJ1a3a, a 3PUTEJDb BbIK-
JlabiBaeT B psiZi N OJIMHAKOBBIX MOHET, caM BbIOMpast,
KaKne OpJIOM BBEPX, a Kakue peIrkoil. AccucreHT ¢o-
KyCHHKA HPOCHT 3pUTEJs Hammcarb Ha Gymare Jjio6oe
HaTypaJbHOe uucjao oT 1 go N ¥ mokasaTb €ro BCeM
IPUCYTCTBYIOIUM. Y BH/IEB YNCJIO, ACCUCTEHT yKa3bIBaeT
Ha OJIHYy M3 MOHET psifia U IPOCHT TEPEBEPHYTH ee.
3areM (POKYCHWKY pasBs3bIBAIOT TJ1a3a, OH CMOTPHT Ha
psi MoHeT 1 6e301NO0YHO OIpeIesisieT HAllMCAHHOE 3PU-
tesieM uncyo. Haiinute Bce N, /11 KOTOPBIX ¥ (POKYCHH-
Ka C aCCHCTEHTOM eCTb CIOCO6 TapaHTHPOBAHHO OTTA/IbI-
BaTb 4YHMCJIO.

C.Ipubox

M2094. Ha nrockocTi HApUCOBAHBI /IBA MHOTOYTOJbHUKA
P u Q. [lng mo6oit cTopoHbl MHOTOYTOJbHUKA P MHOTO-
VTOJMBHUK (Q MOXKHO 3a)KaTh MEXAY JABYMS TPSIMBIMH,
MmapaJiIeTbHBIMI 3TOH cTopore. O6o3HauNM Yepes /2 pac-
CTOSIHIE MEXK/]Y JTUME IPSIMBbIME, a 4yepe3 [ — [JIHHY
cropoubl. [IpocymMmupoBaB Bce npousBeenust [h 1o Bcem
cTOpOHaM P, mojryuum uncio, kotopoe o6osnaunm (P, Q).
Jlokaxure, yro (P, Q) = (Q, P).

/. 36omnxun

M2095. Tlepen Auernieii 100 3akpbIThIX KOPOOOYEK, B
KakJ0N — 60 KpacHbIil, n60 cuHUi KyOuk. Y Asernm
Ha cuery ectb py6sb. OH MOAXOAUT K JIOOOH 3aKPBITOL
KOpoOoUKe, OODBABJAET IBET U CTABUT JHOOYI0 CYMMY
(MO’KHO Helesioe Yhc/I0 KOoleek, HO He GoJblle, 4eM y
HEro Ha cyeTy Ha jaHHblii MoMeHT). KopoGouka OTKpbI-
BaeTcs, 1 AJIENINH CUET YBEJNUYNBAETCS WM YMEHbIIAeT-
Cs Ha TOCTABJEHHYI0O CYMMY B 3aBHCHUMOCTH OT TOTO,
yraJlai uiav He yrajan 1per KyOuka. rpa npoposskaer-
cs, TMoKa He OYAYyT OTKPBITHI Bce KopobGouku. Kakyto
HanGOJIBINYI0 CYMMY Ha CUYeTy MOJKET TapaHTHpPOBATDh
cebe Aujerna, ecau eMy W3BECTHO, YTO CHHUX KyOUKOB
POBHO n°?

A.Bygemos

®2093. [lIxogbHUK GEXHUT TO OKPYKHOCTH PA/IyCOM
R = 30 M ¢ TIOCTOSIHHOI TIO BEJMYWHE CKOPOCTBIO U =
= 3,14 m/c. Bropoii MKOJbHUK TOHUTCS 3a HUM, CTapTO-
BaB U3 IIEHTPa OKPYKHOCTU. B mpollecce mMoronn oH Bce
BpEMST HAXO/IUTCS Ha PaJNyce, COEIMHSIONEM TIEHTP OK-
PY’KHOCTH U TIEPBOTO MIKOJbHUKA, & BEJIMYMHA €T0 CKOPO-
CTH Hen3MeHHa 1 paBHa v = 2u. CKOJIbKO BpeMeHN 3aliMeT
MTOrOHH ?

K.Ilapgenos

®2094. Heb6orpImoii rpy3 Maccoil m, TPUBS3aHHBIN HU-
Thio sunHol [ k mmardopme (puc.1), ABUKETCA 1O Taa-
KOl TIOBEPXHOCTH CTOJIa CO CKOPOCTBIO ©, OIHUCHIBAS
OKpY’XHOCTh. HUTH HeBecoMa U HepacTsLKUMa U 06pasyeT
yroa o c¢ BepTukajabio. [lnatdopma HaunHAET ABUTATHCS
BBEpX C YCKOpEHHEM ¢; TIpU 3TOM BHavaje Tpy3 He

2008/Ne3

oTpbIBaeTcs oT crosa. Haiiure BeJIMYNHBI 1eiCTBYIONTIX
Ha I'Py3 CUJI HATSKeHus HUTH T
u peakiu croa N cpaasy rnocJe
Hayasa ABMKEHUS T11aT(OPMBI.
M. Pomawrxa l l

Puc. 7 Puc. 2

®2095. Toukuili KapaHaail, MOABENIEHHBIN HA HUTKE 3a
O/IMH U3 KOHIIOB, HAYMHAIOT MOTPY/KATh B BOJLY, ME/IJIEHHO
omyckas Touky nogseca (puc.2). Onpejenure Maxcu-
MaJIbHYI0 TJIYGUHY TIOTPYIKEHHS HUKHETO KOHI[A KapaH/ia-
ma, ecau JynHa Kapaujgama [ = 18 cMm, a ero cpeausist
MJIOTHOCTH B 72 = 2 Pa3a MeHbIIIe MJIOTHOCTH BOJIBI.
H.Top6amuwLii

®2096. Ha ryiaikoMm ropusoHTaJIbHOM CTOJIE JIEKUT TPY3
Maccoil m, K KOTOPOMY HPUKPEILJIEHbI [[BE OJUHAKOBBIE
HMPYKUHBI JKECTKOCTHIO R

kaxzas (puc.3). Jlesblii Ko- y .

HeIl MPYXKUHBI | MpUKper- ” _,m_‘;’
JIEH K CTeHKe, B MOMEHT Bpe- .

MeHu t = 0 TIpaBbIil KOHEI] 0

NPYXXUHBI 2 HAYMHAIOT Me- A6 3

JIEHHO TIepeMeliaTh ¢ OCTOSHHOI cKopocTbio u. 1) Uepes
KaKoe BpeMsi IPpy3 BriepBble puoGperer ckopoctb u? 2) Ha
KaKOM PAcCTOSTHMU OT MePBOHAYATIBHOIO MOJIOXKeHUs Oy-
JIeT HaXOJIUTHCSI OH B 3TOT MOMEHT?

A.Tyoenxo

®2097. Uepe3 KOpOTKyIO TPYOKY BBIIYBAIOT MBIJIbHBII
my3eIpb ¢ Maccoit m = 0,01 T 1 KoappummerTom moBepx-
HocTHOTO Hatskenust O = 0,01 H/m  (puc.4). Ilyseipb
3apspraoT 3apsagoM Q =

=5,4-10" Kux. Tpy6ka oc-

Taercst OTKpoIToit. 1) Onpe-

JleJIuTe PAaBHOBECHBIM pajinl- 9

yc my3bipsi Ry . 2) Omnpese-
JINTE TIePUO/] MAJIBIX KOJIe6a-
HUIl TTy3bIPsi, €cau MPH KO-
JIe6aHUSX OH COXPaHsieT ce-
puueckyio gopmy. 3) Oue-
HHUTE, C KaKOWl CKOPOCTBIO PAas3JeTsTcs OpbI3TH, ecJu
IIy3bIpb BHE3AIHO 3apsAuTb 3apsaaoM Qp =100 . duexr-

preckas noctostHnas €, = 8,85-107" KJ‘IZ/(H-Mz).
A. Oavxosey,

Puc. 4

®2098. Haiinure cONpOTHUBJIEHHE JIEKTPUUYECKON II€MH
Mexy Toukamu A 1 B (puc.5). Conporusienue CTOpoHbI
6OJIBIIIOTO TITECTUYTOJNBHIKA PaBHO R, CONPOTHBJICHWE
CTOPOHBI MAJIOTO TMECTUYTOTHHUKA PABHO R /2, COMPOTHB-
JIeHNe KasK/[0TO BHYTPEHHETO TPOBO/THIKA, 3aKJII0UEHHOTO
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MEXK/Ty IeCTHYTOJbHIKA-
mu, paBHo R /2, a co-
HPOTUBJICHUE KaXKJ0TO
IIPOBOJIHMKA, HAXO/ISIIe-
rocst BHyTpHM MaJIOTO Iile-
CTUYTOJIbHUKA, PaBHO R /
4.

E.IIpocmomosomosa

@®2099. B imumape mo/y
HOpUIHEM HaXOJUTCS
cMech BO3JyXa M TapoB HEKOTOpPoil kuakoctu. CMmech
U30TepMUYECKH CkuMaloT. Ha pucynke 6 npejcrabiena
SKCIIEpUMEHTa/IbHAS 3aBUCHMOCTD JaBJIEHUS B COCYJE OT

p.xllap
120

100

80 P~

60 =

40

20

v

0 1 2 3
Puc. 6

o6beMa B 3TOM TIporiecce. UeMmy paBHBI JaBJIeHHE HACBI-
[IEHHBIX TAPOB JKUAKOCTU MPHU JAHHOU TeMIeparype u
BHYTPEHHSS SHEPrHsl cMecu 1pu o0beMe MUInHApa 6oJiee
S a?
Ipumeuanue. Cuutath BO3AYX HIEATBHBIM [[BYXATOM-
HBIM Ta30M, a Mapbl JKUAKOCTH — U/I€ATHHBIM TPEXATOM-
HBIM Ta30M.

C.Kapmasun

®2100. Ha gguHHOM TOHKOCTEHHOM JNAJIEKTPUIECKOM
muinHApe paauycom R, pmunnoit L > R u maccoit M
pa3MeleH 3JIeKTPUYECKUH 3apsi/i ¢ OIMHAKOBOM TOBEPXHO-
CTHOHI mI0THOCTBIO O . Ilwmmuap Moxker csoboxno (Ges
TPEHUs1) BPalaThCs
BOKPYT CBOEH OCH IO/
JleficCTBUEM Irpy3a Mac-
CO#l m, TIO/IBENIIEHHO-
ro Ha HEBECOMOW
HUTH, HAMOTAHHOM Ha
numuaap (puc.7).
Omnpenennte yckope-
nue rpysa. Maruur-
HYIO TIOCTOSIHHYTO [
CUUTATDH 3a/laHHOM.
M.Ocun

Puc. 7

®2101. l'oBopsT, uTo B apxuBe CHEJTIYCa HALIHA YEPTEXK
ornTuueckoit cxembl. OT BpeMeHH YepHUJIa BBIIIBEJIH, 1 HA
YepTeske OCTAJNCh BUIHBI TOJBKO MapajjerbHble APYT
JIPYyTy coOmparommast TnH3a, 00beKT U eTo AeHCTBUTETbHOE
uso6paskenue (puc.8). M3 noscuenunii Kk uyeprexy ObLIO
SICHO, 9YTO 3a JIMH30I HAaXOJWJIOCh ILJIOCKOE 3epKaJo.
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BoccranoBuTe MoCTpoOEHNEM 110 ~JT
UMEIOIUMCS JTaHHbBIM T10JI0MKe-
HUe 3epKajia U HaiinuTe moJo-
JKeHre (hOKYCOB JINH3BI.
I'.Tapnonoavcruil b T

d

®2102. Tenepatop He3aTyxa-
0UX KoJebanuii co6paH 1o
OOBIYHON «JIAMIIOBO#» cXeMe —
norepu B KoJebareabroMm L C-
KOHTYPe KOMITEHCUPYIOTCS MO/~
KauKOIl SHEPTUH uYepe3 JOTI0J-
HUTEJbHYIO KaTYIIKY, BKJIO-
YEeHHYIO B aHOJHYIO IIeNb JaMIIbl-Tpuoja. Yacrora KoJie-
GaHWIi TEPeCcTpanBaETCs 3a CUYET M3MEHEHUST EMKOCTH KOH-
JleHcaTopa, BKJIIOUYEHHOTO B KOHTYp (HacTpoiKa 1pu mo-
MOIIM KOHJIEHCATOpa TIepe-
MeHHOIT eMmkoctn). [emepa-
Top paboTaer Ha 3aJ[AHHON
4acToTe, HO €ro HACTPOUJIN
HENPABUIBHO — €CJU MBI
XOTs1 6bI HEMHOTO YMEHDBIITUM §
nojKauky sHepruu (Harpu-
Mep, YMEHBIIUM YUCJIO BUT-
KOB BCIIOMOTATEJTbHON Ka-
TYHIKH Ha OJIUH BUTOK), KO-
JieGaHus TTPOCTO HE BO3HUK-
uyT. IlepecTponM wactoty KoseGanuit Ha 5%, YMEHBITHUB
e€MKOCTb KOH/IeHcaTtopa. Kak HyKHO M3MEHUTb YHUCJIO
BHUTKOB BCIIOMOTATEJTbHON KATyIIKW, YTOOLI TE€HepaTop
Mor paboraTb Ha 3TOi yactore? CuuTaiite, 4TO MOTEPH
9Heprum B Ko0JeGaTeJbHOM KOHTYPe CBSI3aHBI TJIABHBIM
06pa3oM C CONPOTUBJIEHUEM IIPOBO/A, KOTOPBIM HAMOTa-
Ha KaTyIIKa WHAYKTUBHOCTU. YTIPOIIEHHAs CXeMa TreHe-
paTopa mpuBe/ieHa Ha PUCyHKe 9.

Puc. 8 ~

)

+ —

Puc. 9

A.Konmypoe

PeweHunsa 3apa4y M2066-M2069,
®2078-d2087

M2066. Keadpam co cmoponoi 1 paspesan na 100
NPAMOY204bHUKOE 00UHAK06020 nepumempa p. Haiidume
Haubovwee 3nauenue p.

Ortser: 2,02.

3uauenue p = 2,02 gocturaercs, ecam pa3pe3arb KBapatT
Ha 100 paBHBIX MPAMOYTOJAbHUKOB 0,01x 1.

Boi6epem cpean 100 npgaMOyroJbHUKOB TIPAMOYTOJBHUK
axb (a<b)vuanManbhoii miomaan; toraa ab < 0,01.
Hpeamnonoxkum, uto p = 2(a +b) > 2,02 . fAcuo, uro cTo-
POHDI IPSIMOYTOJBHUKOB TTAaPaJLJIeTbHBI CTOPOHAM KBaJ[pa-
Ta, moatomy b <1, orkynaa > 0,01m 0<b-a<0,99.
Nnmeem

_1 2 - 2\e L0 0 902) -
ab = 4((a+b) (b-a)’)> 4(1,01 0,99%)=0,01
[IpotuBopeune.
11. Ko.xesnukos
M2067. /[oxaxume, umo ecau wucao 111...11 deaumcs
—_—

n edunuy,
Ha n, mo n deaumcs Hd 3.



26 KBAHT -

n
IIpennonoxum, uro 111...11 = JIeJINTCS Ha 7, HO
—
N eIMHNAI]
n He gesutcsa Ha 3. OueBUHO, 7 He JeJIUTCS Ha 2 U Ha .
ITycrb p — HauMeHbIIUi IPOCTON JeaUTeIb YUCaA 1, p >

>35. Torma 10" —1 pemurcs wa p. CormacHo Mamoi
Teopeme Depma, 107" =1 gemutes Ha p. Taxum o6pasom,
10" = 1(mod p) u 107" =1(mod p) . Tyctb k — Haumenn-
mmee HaTypasbHoOe umc0, A7 kotoporo 10% = 1(mod p).

3amernm, uto k > 1 (tak kak 10' —1=9 ne genurcs Ha
p)u k< p—1.Pasgeaum n Ha R ¢ octatkoM: n = kq + 7,

0<r<k. Mmeen 1=10"=(10%)"-10" = 10" (mod p).

U3 onpenenenus k caenyer, uro » = 0, T.e. n genTCS HA

k, 1 <k <p. VY uucaa k, a 3Ha4UT U y N, €CTHh IIPOCTOI

JIeJTATETh, KOTOPBIil MEHBIIE P, — MPOTHBOPEUNE.
P.Kosanes

M2068. B (ymboavnom mypHupe yuacmeyom mn Ko-
mand (m,n = 2 ). Komandam npuceoenvt nomepa 1, 2, ...
..., MN 8 COOMBEMCMEUU C MECMOM, 3AHSMBIM Hd NPedsd-
pumenvromn smane. Opzanuzamopvl mypHupa cobupa-
10mes pazdums Komandvl wa m zpynn no n KoMauo max,
umobvl 0ast 100vlx 06Yyx Komand A u B 66inoansniocy
yeaosue: ecau Homep A menvue nomepa B, mo cymma
HOMEPO8 CONEPHUKO08 No epynne 0as Komanov A 6oavue,
uem Oas komanov B. Ilpu waxux m u n xenranue
OP2aAHU3ATMOPOE MOKHO OCYULLCTNEUND?

OrBer: 1pu Takux m i 7 = 2, 40 (m +1)n gemntcs Ha 2.
3aMeTnM, YTO ecJM KOMaH/bl pacrpe/eseHbl 1o m TPyT-
1aM ¢ PaBHBIMH CyMMaM# HOMEPOB KOMaH/[, TO yCJOBHE
3a/1a4M BBIOJIHSIETC.

[Tycrp KoMamabl pa36UThI HA 7 TPYIII IO 7 KOMAHJ Tak,
YTO CyMMBI HOMEPOB He BO BCEX TpyIiax paBHbl. CKaxkeM,
B rpymmnax [4,[,,....,[, cymMbl HOMepOB paBHbBI S, a B
rpymax [, p,...,[, CyMMBI HOMEpOB He O6oJIble
S — 1. OueBuzino, B rpynie [ HaiizeTcss KOMaH/a, HOMEP
X KOTOPOIt 60JIblIle HOMEPA ¥ HEKOTOPOI KOMAH/[bI TPYIIIIBI
IMp41- Cpenu xoManj ¢ HoMepamu x, x — 1, ..., y Halizem
KOMaH/ly C HAaWMEHbINUM HOMEPOM z, MPUHA/JIEKAILYTO
onnoit ua rpymi Iy,IM,,...,I",. Torna xomanja z npunai-

nexknt rpynme [, € {1,2,...,k}, a komanzma z — 1 npunaz-

aexut rpymne [, 7 e {k+1,...,m}. Jlns xomaux z u
z — 1 ycjoBue He BBITIOJTHEHO: CyMMa HOMEPOB COTIEPHUKOB
[0 TPyTIe KOMaHABI Zz pPaBHA S - z, a CyMMa HOMEPOB
COIIEPHUKOB 110 rpymnie komawjabl z — 1 He Gosblie
(S-1)-(z-1)=S-=z.

M3 crazaHHOTO CJIeyeT, YTO 3aJaua PaBHOCHJIbHA CJIE/Ty-
folelt: Tpu Kakux m,n > 2 uucaa 1, 2, ..., mn MOXHO
pas3OuTh Ha m TPYIII 110 1 YHCEJ TaK, YTOOBI CYMMBI UICEe
BO BCEX rpynnax GblJIN PaBHbI?

Paccmotpum 3 caayuas.

1) Ilycrb n yetHo (n = 2q). 13 ganHbIX unces o6pazyem
mq nap ¢ paBHoii cymmoit: 1 u 2mgq, 2 u 2mqg — 1, ..., mq
n mq + 1. Tenepb B KK/IYIO U3 m TPYII BKJIIOYNM TI0 ¢
nap.

2) Ilycrb n HeuetHo, m vetHo. Ecim HyskHOe pasbuenue
BO3MOJKHO, TO CyMMa HOMEPOB KOMaH/l B KaK/J0il TpyIIIe

2008/Ne3

JIOJDKHA ObITh PaBHA
1+2+...+mn _mn(mn+1) n(mn+1)

m 2m 2
— Heresoe uncyo. IIporuBopeune.
3) Iyctb n u m 06a neuernnie (n =2q + 1, m = 2r + 1),
Buasane uz 2(q—1)m uncen 3m + 1, 3m + 2,
...» (29 +1)m o6pasyem (g —1)m map ¢ paBHOIl CyMMOi:
3m+1u (2g+1)m,3m+2u (2g+1)m—1 ... Bkaxzayio
u3 m rpymn BKaounM 1o g — 1 map. Ocraercs uncaia 1,
2, ..., 3m pa3buth Ha m = 2r + 1 TPOEK C paBHLIMU
cymmamu. CocTaBuM TabINIY 3 X m IO TAKOMY TIPABUJIY.
B nepsotii ctpoke 3ammmmem uncaa 1, 2, ..., 2r + 1 Bmopsiaxe
BozpacTtanusi. Bo BTOpoil cTpoke — BHauase uncaa m +
tr+t,m+r+2,...,m+2r+1,3atemm+1,m+2,...
..., m + r. B Tperbeil cTpoke — BHauaJjle HeUeTHbIEe YKcsa
2m+2r+1,2m+2r—1, ..., 2m+ 1 B nopsizike yopiBanusi,
3aTeM 4yeTHble yucaa 2m + 2r, 2m +2r — 2, ..., 2m+ 2 B
nopsiike yObiBaHUs. B Kaskmom crosifile cymMMa paBHA
3m + 3r + 3 — 910 M ecTb HyKHOe pa3bueHne Ha TPOWKH.
. Axynuuy, 11. Koxesnurog

M2069. O6osnauun uepes ||y| paccmosnue om deiicmeu-
meaviozo uucaa y 0o bauxaiiwezo uenozo wucad. Ilycmo
05 UPPAUUOHATLHOZO UUCAA X OECKOHEeUNAs NOCAeA06A-
MESLHOCINL HAMYPATOHOLX YUCEL (1, (). .., ,--. ONpede-
nena caedyowum obpazom: q; =1, G, — Haumenvuee
namypavioe q, das komopozo |xq|| < |xqy||. Aoxaxume,
UMO ey 2 Gy + Gpyq Ost 6CCXx R =1, 2, ...
U3 ycaoBus BbITEKAET, UTO Gy < Gy <...< (4 < ... IlycTb
ay,dy,...,d; ... — TaKas MOCIEJ0BATETBHOCTD 1ETBIX YHCE,
uto |xg;| =|a; — xq;| . Tonoxum x; = a; — xq; .
IIpenonoKuM, 4TO X; M X;,; OAHOTO 3HAKA, TOI/A /I
’

4 = Giv1 —qi < Giyy UMEEM

4 4
g’ < |(@i1 — a;) - xq

= |(di+1 - di) - X(Clm - qi)| = |Xi - xi+1| < |Xz| = ||X6h|| .
[TorygaeM MpOTHBOpPEUNE € BBIGOPOM (1 -

Taxum o6pasom, x;x;, <0 17 Beex i. JHAYNT, X;X,;,, >0
ams Beex 1. Otciozna

||x (Gis2 = a; )" <

< |(“i+2 - “i) - JC(Cli+2 - qi)| = |Xi - xi+2| < |Xz| = ||qu|| .
Tak Kak ¢;,; — HaUMEHbIIIeE HATYPAJIbHOE ¢, YIAOBJIETBO-
psiiomee nepaserictsy [xq| <|[xq;|, mvees gy —q; 2 Gy,
4TO M TPe6OBAIOCH.
Kak usBectHo, 111 10600 £ > () ¥ UPPAIUOHATIBHOIO X
MOXHO yKasaTh Takoe 1esioe ¢, 4to |xg|| <€ . Otciona
BBITEKAEeT CYIIECTBOBAHUE TIOCIEJLOBATEIbHOCTH

41,92, qp,---, O KOTOPOH MJET peub B YCJOBUHU, [
J1I060T0 UPPAIMOHAIBHOTO X.

B.bwixoscruil

®2078. 13 aucma ¢hanepvr 6vipesanu Kycok 6 gpopme
NPAMOY20AbHO20 MpeyzoivHuKa ¢ kamemamu 60 cm u
80 cm, macca smoezo xycka pasna 2 xe. Kycox panepo
nodeecusu Kk NOMOJKY NPU NOMOWU 08YX 00UHAKOBHIX
JeZKUX HUMET, PACCMOsSHUE MeKDY MOUKAMU NPUKpen.ie-



SAJAYHHUK

HUs Humel K NOMOAKY
| pasno 100 cu (cm. pucy-
Hox ). Hatioume cunvt na-
MsKenUus Humeil.

Tyt moctatogno coobpa-

3UTb — TJ€ HAXOANUTCS
1eHtp Tsokectu urypbl. M3BecTHO, UTO AJIST TaKOro
TpeyroJbHuKa (BBIPE3aHHOTO U3 JINCTA MOCTOSTHHON TOJI-
IMHBI) OH OKA3bIBATCSA B TOYKE IepPecedeHns MeinaH.
Menuambl B TOUKe Iiepecevdenust AesisITcs B oTHomeHnn 2: 1,
3HAYWUT, 3TA TOYKA IO TOPU3OHTAJU HAXOAUTCI BBOE
6JIMKe K TIPaBOii TOUKE ITO/[BECA, UeM K JIEBOI, TOT/Ia ¥ CUJIa
HATSKEHUST IPABOil HUTU BJIBOe OOJIbIlle, YyeM Y JieBoil. B
CYyMMe 3TH CHUJIBI COCTABJSAIOT Mg, M0aTOMY

Mg 298 2Myg

T, H=65Hu7T, =="<~13H.
'3 3 2=y =1

A.IlIpocmoe

®2079. Kaun maccoii M ¢ yzaom o npu OCHOBAHUU
Haxooumcs. Ha e21aokoM zopusonmaiviom cmose. Ha
HAKJOHHOU 2PAnU KAU-
Ha cmoum menexKd
MACcol m, K Hell NPUGsi-
3amna aezkas Humv, ne-
pebpowennas uepes
610K, 3aKpenienHHolil
o 0CvIo 6 eepuune KAUNA
(puc.1). Ceo6odnuiii
Puc. 1 KOMew, Humu npueas3an
K cmene. Buauane xkaun yoepxueaiom, 3amem Omnycka-
1om. C xaxum ycxopenuem on naunem 06ueamocs?

!

M

Cuubl, JeiicTByloliue Ha Tefa B cUCTeMe, TIOKa3aHbl Ha
pucynke 2. Yckopenne KJauHa o6o3HaunM OYKBOH @, a
YCKODEHHE TEeJIeSKKU TIPeJICTaBUM B BUJE CYMMbBI BEKTO-

r T

h]
Mg l

POB JIByX YCKOPEHHUiI — BMECTe € KJIUHOM U OTHOCHUTENb-
HO KauHa (HUTh HEpacTSKKUMa, MOITOMY €CJIU KJIUH CMe-
Hmaercs Ha HEKOTOPYIO BEJIMYUHY 110 HANPABJICHUIO K
CTEHKE, TOYHO Ha TaKylo >K€ BEJMYMHY HAKJIOHHBIH Ky-
COK HUTH yasuHAeTcs1). Tenepb MOKHO 3alHCaTh ypaB-
Henua quHamukn. CremaeM Tak, 4yToObI cuta peakiun N
He BOIIJIa B 3TH yPaBHEHUSA, TOrJa JOCTATOuHO Oyjer
HAnmMcaThb BCETO /[Ba ypaBHEHUSA. ITO OyJAyT ypaBHEHUS
BTOpPOro 3akoHa HblOTOHA /I TENEKKM — B IPOCKIMU
Ha HaIpaBJeHue BOJb HAKJIOHHOI maockoctu (BHU3) 1
JJIg KJIUHA M TEJIEKKH BMECTe — B IPOEKILMU Ha IOPHU-
30HTAJIb:

Puc. 2

mgsina —T =ma(1-cosa),

T =ma(1-cosa)+ Ma .

«KBAHTA » 27

Orcrofia HaXOMM HCKOMOE YCKOPEHHe:
0= mg sin o
M +2m(1-cosa)

P.Kaumnos

®2080. /[se Goavwue naparienrvivie nAACMUHLL 06U2A-
1om nascmpeuy opyz opyezy ¢ 00UHAKOBHIMU CKOPOCMAMU
0. Mexdy naacmunamu Haxooumcs ouens MalenvKui
ynpyeuil wapux. B mom momenm xozda 00na u3 naacmumn
yoapsiemcs 0 Hezo0, PAccmosnue MeKoy NAACMUHAMU
cocmasasem L. Cuumas yoapvl abcomomuo ynpyzumi,
Haiidume CKOPOCMb WAPUKA 6 MOm MOMeHMm, K020d
paccmosinue mexdy niacmunamu cocmasum L /5. [lei-
cmeuem cunvl msxKecmu npenebpeun. Cxopocms wapuxa
neped nepevim Yoapom pasHd Y.

Jt0 coBceM rpocTtad 3aja4a. [locse nepBoro yaapa mapuk
npuo6Gperer ckopocth 2v (9T JIETKO YCTAHOBUTD, <IIepe-
CeB» B CHCTEMY OTCYETa, CBSI3AHHYIO ¢ Haberaomieil mioc-
KOCTBIO, a I0CJe pacdyera yjapa mnepeces o6paTHO), Ha-
MIPaBJEHHYI0 B CTOPOHY BTODPOIl ILIACTHHBI, INIPH 9TOM
MIapuK ¥ 3Ta MJIAcTHHA 6YAYT COMMKATBCS CO CKOPOCTHIO
3v, u yaap npousoiiger yepes spemst L/ (30). K momenTy
coy/apeHns mepBas MJACTHHA CABWHETCS KO BTOPOH Ha
oL /(3v) = L /3, n paccrosume MeKIy ILIaCTUHAMI
craner pasubiMm L — L /3 = 2L /3. Ilocae atoro ymapa
CKOPOCTb IapuKa CTaHeT paBHOW 40, OH YJIapurcs o
nepByio iactuny depes Bpemsi 2L /(150). K aromy
MOMEHTY PACCTOSHME MEXK[Iy IJIacTHHAMU OyAeT PaBHO
L/3 — 2L/15 = L/5 — 9210 3ajaHHas B YCJOBUU
BEJIITYIHA. Y Ke MOKHO 3aMICaTh OTBET — CKOPOCTD IapH-
Ka Oyzer paBHa 4v. A MOXHO HAiiTH CKOPOCTDb IITapuKa
rocJie a1oro yaapa (yaapbl KpaTKOBPEMEHHbBI) — MOy YHT-
cs1 6v. VHTepecHO, YTO TIOCJIEOBATEIbHBIE PACCTOSHUS
MEXJy TJIACTHHAMU B MOMEHTBI y/IapOB 3alUCHIBAIOTCS
COBCEM TIPOCTO...

A. lapuxos

®2081. B xomname, 3anoanennoti 6030yxoM, HAXOOUMCSL
nycmoil kybuueckuil cocyd obsemom 100 1. B cmenxe
cocyoda OmKpuIBdemcs MAAeHbKOe Omeepcmue niouadbio
1 em? u uepes 0,001 ¢ saxpovigaemcs. Ouyenume Koauue-
CMB0 MOAEKYJL, NONASWUX & cOCYO 3d 3mo epemsi. Oyenu-
me max:ke dasienue, KOmMopoe YCmanosumcs 6 cocyoe.
Cmenxu cocyda me npoeodsm menio, menioemMKocmyio
CIMEHOK MOKHO npenedpeus.

3a yKkaszanmoe BpeMs B COCY/I BJETUT He CJUMIKOM MHOTO
mousiekysn (ato Mbl 1ipoBepum!). TIpeneGperass Komde-
CTBOM BBLIETEBIINX 32 9TO BPEMs U3 COCY/a HAPYKYy
YACTHIL, TIOCUUTAEM TOJIBKO «BJIETAION[UE> — TAKYIO 3a/1a4y
IpUGJIMKEHHO JIerKo pemnTh (Mbl ee HaBepHsIKA yiKe
pelami), TOCYUTAB YKUCJIO0 YAaPOB YACTUIL Fa3a O CTEHKY:

N =0,5v,1t5n.
3zech v, — CKOPOCTb YacTUll B0Jb ocu X, T — BpeMs, 3a

KOTOPOE CUNTAeM YHUCJIO0 Y/I1apoB, S — MJOHIa/b JbIPKH, 7
— KOHIIEHTpallMsl 4YacTUIl Bo3jayxa. B Hamem ciydae

v, =RT/M = /8,3-300/0,029 m/c =9-10* m/c n
n=N,p/(RT)= 6-10%-1-10°/(8,3-300) 1/m* =
~ 2,4-10% 1/M3 — TeMIepaTypy B KOMHATE MbI TIPUHSTH
pasuoit 300 K. Torma KosmuecTBO BJIETEBITUX YaCTHI]
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PaBHO
N =1-10%".

Bu/iHo, 94T0 4MCI0 YaCTHIL VIS TAKOTO COCY/IA COBCEM MAJIO,

TaK 4TO MbI JEHCTBUTEJBHO MOXKEM IMpeHeOpedYb YHCJIOM

BBLJIETEBIINX YaCTHIL.

Ecsin Gbl sHEprum BJIETEBIIUX YaCTHI] ObLIM B CPEHEM
TaKMMM JKe, Kak u cHapy»u (T.e. TeMmeparypa B cOCyze
IocJie XaoTU3allMK BJIETEBIINX YaCTHUI[ OKA3aJach TaKOi
Ke, Kak u cHapyxu, T.e. 300 K — a aro ne Tak!), To
JIaBJICHUE COCTABUJIO ObI
_ NRT _1-10*'-8,3-300

N,V 6-10%.0,1
(mamra MozesTb IS pacyera yapoB O4eHb NPUGIN3UTETb-
Hast, OITOMY MBI BCIOJY IPyO0 OKPYTJISIN PE3YJIbTATHI).
laz mpm atmMocdepHOM MaBICHUN TOBOJHHO TITOTHBIN
(ouenp Maia gaMHa cBOOOAHOrO Ipo6Gera YacTull), IO9TO-
My YaCTHUIIbI He BJIETAIOT HE3aBUCHMO [PYT OT Apyra B
NIBIPKY, a <OTCTAaBINUE» YACTHIIBI MPOCTO 3aTATKUBAIOT
0060OTHABIIUX UX B COCY/l, COBepIIas IpU 3TOM PaboTy U
yBeJINUNBasg BHYTPEHHIO dHEPruio 3Tux yvactuil. Ecian
npere6peyb TEMJI00OMEHOM MEKIY TOPIHUSMHU Tasa, To
yBeJMUEHNE ATON SHEPTUU PABHO COBEPIIEHHON padore.
Pa6ora npousBoauTcs npu arMochepHoM nasiaernn. Ecim
06beM TIOPITHH Ta3a, KOTOPAsk OKAYKETCS K MOMEHTY 3aKPbI-
BaHUs JBIDKU B COCYZE, COCTaB/isii cHapyxu V; (ary
BEJIMYUHY MBI BBIYUCJATL He OyAeM, XOTS 3TO W He
CJI0’KH0), TO paGoTa BHENIHETO Trasa Haj STON IopIueil
coctaBuT p,V;, U BHYTPEHHSS SHEPIUS <BHYTPEHHETO»
raza yBeJMYHUTCS KaK pa3 Ha 3Ty BeJUYUHY:

U, =U + pyV, = 7U/5 . Takum 06pasom, TemMiieparypa rasza
BHYTPH COCyJa IOCTE XAOTH3AIUHU yBeIudutrcs B 7,/5
pasa, M JlaBJeHNne COCTABUT

7 7

p2=§p1zg-40 [Ta = 56 I1a.

ITa = 40 Ila

P1

A.Iloemopos

®2082. Moawv zesust 6 cocyoe pacuupsiemcst 0m Haudio-
Hoz20 ob6vema V; =10 1 do xoneunozo obsema V, = 50 1,
npu Imom dasaenue 2d3a 6 NPoOyecce MeHIemes max, 4mo
pV? = const. Hauanvnas memnepamypa zasa
T, = 300 K . Haiidume xoneunyio memnepamypy. Hai-
oume maxxe pabomy zasa é npoyecce (ecau ne noiyuum-
CSLHATMU MOUHO, NOCUUMATMme NPUOIUKEHHO) U NONY-
yennoe 8 NPoOuecce KOAUUECMEO MEenjiomol.

C Temriepatypoii Bce sicHO — 06beM yBEJIUYUJICS B TIPOIIEC-
ce B 5 pas, JaBJjeHHe YMEHbIIUJIOCh B 5% =25 pas,
TeMIeparypa ynaua B 5 pas u cocrasuia 1, = 60 K.
Pa6ory raza MOXHO HalTH Pa3HBIMEH CIIOCO6AMM, MBI
[IoCYMTaeM IIPOCTON MHTerpaJ. Bblpa3uMm jgasienHue rasa
Kak (QyHKIMI0 ero obbema: p = o(/V2 dpn V=V
nasJsienue cocrasisiio p; = RT/V, , nostomy o = RT,V;.
Teneppb Haliziem paboty rasa:

"2 1 1
A= [pdV=RLV,| - -—
v ‘/1 V2

—% =8,3-300-0,8 /Isx =~ 2-10° JIx .

2

= RT,

2008/Ne3

BHyTpeHHHH JHEPIruda rada yMEHbHINJJACbhb Ha BEJINYUHY
1,O9RT; - 1,5RT, = 3- 103 Tk . Tas B 3TOM mpoiiecce Tero
OT/IaBAJ:

QO=A+AU =2 xJI:x -3 k/Ixx = -1 x/Ix .
P.l'asos

d2083. K 6amapetixe nooxouarom amnepmemp (6006-
wie 2060psi, Max nocmynamy He ciedyem!) — on nNOKA3vL-
saem cuny moxa 1 A. Ilapainenvno nooxaouaiom ewe
00U Maxoil xe amnepmemp — menepv OHU & CYMMe
nokaswvieaiom 1,2 A. Ckoavko 6 cymme nokaxym 2008
MAKUX Ke aAMNepMempos, ecau ux noOKI0uumy x 6ama-
pelike napaiieivio?

OueBniHO, YTO aMIIePMETPbI HE H/leaJbHbIe — TP U1€aJb-
HBIX aMIIepMeTpax COIPOTUBJICHNE BHEITHEH TIeNN OcTaBa-
JIoch ObI HEM3MEHHBIM U CyMMa ITOKA3aHUIl aMIIepMeTpoB
He MeHsiach 6bl. SlcHo, 4To M 6Garapeiika He WjeajbHa —
U MOJKJIIOUEHNN K TaKOi 6aTtapeiike «JIHITHUX» aMIep-
METPOB TOKA3aHU MPE/IBIIYIINX He MEHSIJTUCH ObI 1 CyMMa
JIOJKHA OBLJIA PACTH TTPOTIOPITUOHAJIBHO YHCJTY aMIIepMeT-
POB, T.€. IS IBYX aMIIEPMETPOB IOJDKHO OBLIO OBITH 2A.
O0603HaYNM CONPOTUBJIEHNE aMTIiepMeTpa R, a BHyTpeHHEee
corporuBeHne Gatapeiikn . Torga Jerko cocTaBuTh /1Ba
yPaBHEHUS:

U I u

R+r " R/2+r

Bce Tpu HensBecTHbIE BeJIMYMHbBI OTCIO/IA HANTH HEJb3s —
HO HaM /IOCTaTOYHO OIpe/leJIUTh OTHOLIEHHEe COIIPOTUBJIE-
nuit r/R. [lopcraBuB 3HaueHns TOKOB 1 pa3jiesiuB ypaBHe-
HUS JPYT Ha Jpyra, Mbl Jerko noaydnM R = 0,57. Tok
yepe3 Garapeiiky npu 2008 ammepmerpax Oy/eT paBeH

U I (r+7/2)

I. = = = 1,5 A .
2005 7 4 £ RJ2008 7 +7/(2-2008)

1.

MoxHo mocunuTatb W TOYHEE, HO HUKAKONH aMIepMeTp
Pa3HUIbI He ITOYYyBCTBYET...
T.Oxos

®2084. Oodna u3 KeadpamHvix NAACMUH NAOCKO20 KOH-
dencamopa 3axpenjend, a 6mopas Moxem Cc60600HO
CMEWAMBCS. NAPALICILHO, OCNAEAACH HA paccmoanuu d
om nepsoii. Macca nodeuxnou naacmunvt M, niowads
kaxooi us naacmun S. Kowdencamop sapsouru 0o
nanpsxenust Uy . Cosunem menepv no06uKHY0 naacmu-
HY OMHOCUMENLHO NOJ0Kenus pasnosecus. Haiidume
nepuod Maivlx KoAe6anuil IMoi NAACMUbL. 3agucum Ju
on om mozo, Kax mul cosunyau naacmuny? Cuna msxe-
cmu omcymemeyem.

I[JIH OIIpe/1ICJIEHHOCTU C/IBUHEM HﬂaCTI/IHy Ha MaJjioe pac-
CTOAIHME X MapaJieIbHO OJHOMY U3 pebep Tak, 4ToGbI
IJIACTUHDBI OCTAJIMCh ITapaJijeJIbHbIMU /i[pyl“ [[pyl"y n pac-
CTOAHNE MEXKAY UX IHJTOCKOCTAMU 61)1]10, KaK " paHbliie,
PaBHO d (C[[eﬂaeM HaIrpaBJiAomine, 1mo3BoJIAd0Nne 1maac-
TUHE ABUTaTbCAd UMEHHO TaK U 6e3 TpeHI/IH) . Torﬂa EMKOCTb
KOH/ZIeHCAaTOpa YMEHbIIUTCA — OHa OIIpeAeJA€TCA TOJIbKO
YaCTAMMU IJIaCTHUH, PaCIIOJIOKEHHDIX O/[Ha ITPOTUB ﬂpyroﬁ:
_&S €S & (\/E—Zx)\/f

Ci =
"Tg MGy d




SAJAYHHUK

SdcHo, 4TO ecai MBI OCTABUM MCTOYHUK TOKJIIOUEHHDBIM K
[JIACTHHAM, TO BO3BPAIIAIOIell CUJIbl He GyIeT, a 3HAYUT,
HUKAKAX KOJeOaHuil MPOCTO He BO3HUKHET.
Byzaem cuntaTh, 4TO MCTOYHHMK OTKJIOYAIOT, TOT/IA 3apsi/l
konziencaropa Q = CyU, MOXHO CUMTATb HEU3MEHHDIM.
Haiinem namenenmne sHeprum 3apsKeHHOTO KOH/IEHCATOPA
MIpU C/IBUTE TIJIACTWHDBI HA MAJIOe PACCTOSIHME X B YKa3aH-
HOM HaIlpaBJIeHUHN:

_ Q0 Q0 QO «x
"72c, 20, Gy S
Cuunras cuiy, HeOOXOIUMYIO JIJIsI TAKOTO CMEIeHUsT, HeW3-
MEHHOI Ha MAJIOM OTPe3Ke X, IS «BO3BPAIIaioIeil» CUIbI
MOy YUM

1

2 2

F = O _GU

CoNS S
Cnia moJsyymsiach MOCTOSTHHON — KoJsie6aHWS He 6yayT
TapMOHNYECKHUMU. HpI/I PaBHOYCKOPEHHOM ABUIKEHNUN YE€T-
BEPTh Hegﬂo,aa KOJIE6AHUN T ONPEJETUTCS M3 yPaBHEHUS

(F/M)T— =X, WM T = 2xM - BuiHo, 4TO 9TOT TIEPHOT
2 F

T =41 3aBUCUT OT BEJMYMHBI HAYAJbHOIO CMEIIEeHUs
MJTACTHHBI. SICHO, 4TO ecJiM MJIACTHHY CMeTaTh Ha Ty »Ke
BeJIMUMHY X, HO B JApyroM Hanpasiennu (Hampumep,
MapaJiieIbHO JIMArOHAJH TIJIACTHHBI ), U3MEHEHIE EMKOCTH
IIPU TOM 3Ke cMelleHnn OyJeT APYTUM, ApYyroil Oyner u
BO3BPAIIAIONIAS CUJIA, a 3HAYUT — U HEepuoj| KojeGanuit
U3MEHUTCS.

3.Paghaunos

®2085. Kamywra undyxmuenocmovio L u peaucmop
conpomusenenuen R coedunenvt napaiiesvno, x 6v.600a.Mm
UenouKu oueHnvb 0A6HO NOOKJIOUEH GHEULHUL UCMOUHUK,
mox 6 ezo uyenu paeen I,. Tox 6 uenu ucmounuxa ouenv
bvicmpo  yseruuueaiom 6 3 pasa. Kaxoe koauuecmeo
meniomul 8bl0CIUMCS 6 peucmope nocie s3mozo? Kaxotl
NOJIMBLIL 3P0 NPOMeUem uepes pe3ucmop?

Tok uepe3 KaTymiKy Tepes M3MEHEHHEM TOKa BHeENTHEH
I[eT TIPUMEM PaBHBIM [, — HCTOYHUK OB TTOJKTIOYEH
O4YeHDb JJaBHO M TOK depe3 KaTYIIKy y>Ke yCTAaHOBUJICS.
Cpagy mocJe yBeJMueHUsI TOKa B [N UCTOUHUKA 710 3,
TOK uepe3 KaTYIIKy OCTAJCSI MPEeKHUM, a 3aTeM Haudaj
MOHEMHOTY YBEJHYUBATHCS — Yepe3 JIOCTATOUHO GOJIbIIOE
BpeMs OH BospacreT 0 31, . Hanpsoxkenne Ha pesucrope
paBuo D IC MHAYKIUN KATYIITKH, T03TOMY, 0603Ha4YMB J —
TOK KaTyIIKU 1 [ — TOK 4epe3 Pe3ucTop B 9TOT e MOMEHT,
JUISL MQJIOTO MHTepBaja BpeMeHu Af HOJyYuM

—Lﬂ =RI.
At

[lepenumem uyTh unave:

—LAJ = RIAt = RAq ,
rae Aq — «1mopuusi» 3apsijia, IPOTEKIIEro yepes pesucTop
3a yKasaHHbII Masblil unTepBas BpeMenun. CyMMupys 3a
60JIbIIIOE BPEMs, MOJYYUM CJIeBA [0JHOE U3MEHEHUe Mar-
HUTHOTO IIOTOKA Y4epes KaTyIIKy, a ClIpaBa — CyMMapHbIil
3apsj, NPOTEKIINil yepes pe3ucTop:

(Kyz[a TEUYCT 3apd/] 4epe3 PE3UCTOp — IMOHATHO, Ha 3HAK
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[IOJIyYEHHOTO BBIPAJKEHUS] MOKHO BHUMAaHUS He o6pa-
aTh).
OrtBer Ha TEepBBIl BONPOC 4yTh cjokHee. CyMMa TOKOB
yepe3 KaTyIIKy U PEe3UCTOP OCTAETCSI OCTOSIHHON U paB-
noit 3/,. Torpa sanumem

N ABL-T)

=RI,
At At

nJn
~LA(31y - I) = RIAt .

[lomHOXXUM 00e uacTu ypaBHeHWs Ha [, 4TOOBI TOCJ]IE
CYMMUPOBAaHUS TIOJYYUTH CITPABa MOJHOE KOJNYECTBO TETI-
J0Thl Q, BbIlesnBIIEeCs 32 GOJIbIIOE BPEMsI B PE3UCTOPE:

~LIA(31, - 1) = RI*At .
Pazo6beM JieBy10 4acTb Ha JiBa CJIAraeMbIX 1 TPOCYMMUPY-
eM 3a 00JIbIlIoe BpeMi:
O =-3LIA(31))+ ZLIA(I) =

2\ L(3L) LI

=0+A LI” =—( 0) _Liy
2 2 2

A. 3umvbepman

= ALI .

®2086. /lse odunarosvie kamywixu uUHOYKMUEHOCU
coedunenvl nocaedosamenvno. Buieodvl noayuueweics
UenouKU NOOKII0UCHVL K 36YKOBOMY 2eHePaAmopy noc.iedo-
BAMENLHO C HUSKOBONLMHOU JAMNOUKOU 0151 ponapuxd.
Hapanienvro 00HOU U3 Kamywex NOOKAOUAOM KOHOEH-
camop U HAYUHAIOM USMEHAMb 6 WUPOKUX NPeOenax
yacmomy zenepamopa. Ha wacmome = 600 'y naé6.io-
daemcs uemxutl MUHUMYM CEeUeHUS HUMU HAKALA JAM-
nouku. Ha xaxoi uwacmome (uacmomax) namnouxa 0y-
dem zopemw spue 6cezo?

Bynem cumtarh, 4TO KATYIIKM W KOHJEHCATOD B IENHU
ngeanbhpie  (BO-TEPBBIX, 9TO CHUJIBHO YIPOMIAET HANIN
BBIYHCJICHWS, a BO-BTOPBIX, B YCJOBUU 3a/[adyll CKa3aHO
<YETKUTl MUHUMYM» — TIPU CUJIbHO HEUI€ATbHDIX JIeMEH-
TaX OH ObLI OBl HEYETKNUM, PadMas3aHubiM). Torma scHo, 1o
MUHUMYMY COOTBETCTBYET 4YacTOTa () MapajleIbHOrO

LC-xourypa:
o =
LC’

[P 9TOM €EMKOCTHOE COIPOTUBJIEHIE KOH/IEHCATOPA PABHO
[0 BeJWYUHE WHIYKTUBHOMY COIPOTHBJIECHHIO KaTYIIKN.
MaxkcuMyM MOJYYUTCST Ha 9acToTe @), , TIPH KOTOPOIl Mo
e L—LC TedeT TOK, HO HaNpsiKEeHWE Ha ee 3a)KMMax
paBHO HYyJTO. ITO O3HAYAET, YTO TOKHU, TEKYINe Yepe3
KaTyIIKU, PABHBI [0 BEJMYUHE U TIPOTHBOMOJOKHBI 110
aze (TOIBKO TOT/IA M TONYUIUTCSA HYIEBOE HATPSIIKEHUE).
Ho B 3TOM cJlydyae TOK Yepe3 KOHJIEHCATOP [0JDKEH ObITh
B/iBoe GoJIbllle TOKA OJIHOI KaTymku (IIpu TOM JKe HAIpsi-
JKEHUN), T.e. Ha YacToTe ), E€MKOCTHOE COINPOTHBIJIECHHE
KOH/IEHCATOPA JI0JIKHO GbITh B/IBOE MEHBIIIE HH/LYKTHBHOTO
COIIPOTHBJIEHUS] KATYIIKHU:

1

— =0,50,L.

oC
Orciona

2.
oy
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Yacrora, Ha KOTOPOIT 6y /1eT MAKCUMAIbHOE CBEUeHUEe HIUTH
nakama, B 1,41 pasa G6oJjibliie 4aCTOTbI MUHUMYMA U
cocrassisier npuMepho 850 I'ii (Ha IpaKkTHKe MaKCUMyM He
GyJIeT «BBIPAKEH YETKO» ).
Jlamriouka OyjieT CBETUTHCS SIPKO HE TOJIBKO Ha 3TOil
yacToTe, HO MW Ha JOCTATOYHO HU3KHMX 4YacTOTax, TIJe
UHYKTHUBHOE COIIPOTHRJIEHUE HAIel 1eru Oy/1eT He6GOTb-
UM, a TOK KOH/[EHCATOPa OKayKeTCsl IPeHeOPeKuMo Ma-
aeiM (BIIpOYEM, 9TO TOJMBKO B TEOPUM — Ha IPaKTHKE
3BYKOBOI TeHepaTop MOKET W He OT/aTh HY>KHOTO TOKa B
HU3KOOMHYIO HATPY3KY).

P.Cmapos

®2087. Heborvwas niockosvinyKids Aun3ad omuma-
noeamna u3 npo3paunol niacmmaccol. Dopma 6vinyraol
N0BEPXHOCTIU AKKYPAMHO PACCUUMANA npu nomousu IBM,
ona omauuaemes om chepuuecxoii ( cchepuueckas nogepx-
HOCMb <COOUPAem» AYuU NAPALIeTbHOZ0 NYUKA 6 oKyce
MoabKO npubIusuUmesvio). /uamemp niockoi nogepx-
HoCcmu AUn3bL 2 cM, moauuna aunssl 0,5 cm. Hailoume

—_— >

v

2008/Ne3

¢oxycnoe paccmosanue aunzvl. Kosgpguyuenm npenom-
Jenuss naacmmaccot 1,5.

BocriosbayemMcest u3BeCTHBIM CBOHCTBOM COOMPAIOIIEi JTNH-
3b1 (M HE TOJBKO coOMpaIoNIeil JMH3bI!): ecu Ha JUH3Y
najlaeT mapajaeabHblil mydok Jyueil (BbrGepeM cambrit
YAOOHBIN ciydait — Jy4d MaJlaloT Ha IJIOCKYI0 CTOPOHY
JIMH3BI TIEPIEHNKYASPHO ATON TMJIOCKOCTH), TO MY4OK
CXOJIUTCS B TJIaBHOM (pOKyce JuH3bI (Ha PUCYHKE 9TO TOUKA
F) u BpeMs pacipocTpaHenust Ji060ro Jayda /10 9TOi TOYKU
OJTHO 1 TO 3KE.

CpaBHUM BpeMeHa PACcIPOCTPAHEHNs /It KPAHero u J1Jist
HEHTPAJIBHOTO JTyueii. LleHTpasbHbIi 10/KEeH TIPONTH MEHD-
Iee PaccTosiHue, HO 4acTb Iyt (BHYTPU JIMH3BI) €ro

cKkopocTh Menblie B n = 1,5 pasza. Toraa
AF OB N BF
c ¢n ¢

)

unu, ecan o6osHayuth BF = x,

(x+d)’ +D*/4 _dn _x

Cc Cc C

(3mech Tommuna auussl d = 0,5 M, quaMeTp JUH3bI D =
=2 cM, k0a(pPUIMEHT TpeJoMJIeHUST MaTepuaa JUH3bI
n = 1,5). Ilocae Bo3BelcHUS JEBOH 1 npaBoil yvacrei
MOCJIeJIHETO PAaBEHCTBA B KBAJpAT, IMOJIy4aeM IIPOCTOE
ypaBHEHUE IIepPBOIl CTeleHu OTHOCUTEeTbHO Xx. Perrasd,
nosyyaeM x = 1,4 cm. Ecim 6b1 0603Ha4mIn 32 X JIVIUHY
orpeska OF, To ypaBHEHHEe MOJYYHIOCh ObI Kyla 6oJice
IPOMO3JIKUM. A Terepb MBI JIETKO Hali/ileM HcKoMoe (hoKyC-
HOE pacCTOsIHUE:

OF =x+d=16cMm.
3. Oukos

UTorn Bcepoccnmckoro KOHKypca yumtenemn
PUNKM N MaTeMaTUKun

[ToxBeeHBI UTOTH TATOTO KOHKYPCA TMTKOJBHBIX YUHUTEIEH
@onpa Amurpusa 3umuHa «/{unactus». B atom roay Buep-
BbIE YYUTEJIbCKUN KOHKYPC TTPOBOJIUJICS B YETBIPEX HOMUHA-
muax. K cTaBmmMm y:ke TpaaAnIIMOHHBIMI HOMUHAINSAM «Mo-
JIOION  yuuTesby, «YuuTesb, BOCIHUTABIIMII YueHUKa» U

«HacraBuuk 6yaymux ydueHbIX» 106aBUJIACh HOBas — IIpe-
MUsT «3a BbIJAIONIUECs 3acayru B objactu (pUanKo-MareMa-
THYECKOTO 06Pa30BAHUS» .

Jlaypearamu aToii TIpeMUH CTAJIN TPU YIUTEJS, Y€l aBTOPH-
TET B TENarornyeckoM cooO6InecTBe OOIIeNpU3HaH, a Hayd-
HBIE TOCTIKCHUS YYCHUKOB M3BECTHBI TAJICKO 3a TIPeeIaMu
HaIrel cTpaHbl. JTO

3usbGepman Asnekcanip Padaniosuu — Mocksa, Jlueit
«Bropas mikona» (pusuxa),

Coayukuit IOpunit Jlazapesuu — Cankt-Ilerep6ypr, dMdMJI
239 (Pusuxa),

Xasankun Poman Tpuropbesuy —Benopenk, BKII (mame-
MAMUKA).

Bce mobenutenin KOHKypca IMOJiydaT TPAHTBI B pasMmepe
35000 py6uieii, a TpouMm Jaypearam MpeMun «3a BbIIAIOIIU-
ecsi 3acayru B o61actu (pu3NKO-MaTeMaTHuecKoro o6pa3oBa-
Hust» O6yzer Boiiadeno mo 150000 py6ueii.

Muvt uckpenne nosopasasem nauwezo a06UM0O20
compyonuxa u asemopa, Geccmennozo 6edyuiezo
pasden <«3adaunux «<Keanma» (no ¢pusuxe) Anex-
canopa Padpaunosuua 3urv6epmana ¢ npucyxoe-
Huem npemuu <3a évidaiouiuecs ycnexu 6 o6aacmu
Pusuxo-mamemamuueckozo o6pasosanuss.
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1. B apudmeTmdeckom pebyce
FOUR + FIVE = NINE

OflMHaKkoBble OykBbl 0003Ha4aloT OAMHAKOBbIE LMDPbI,
pa3Hble OyKBbl — pa3Hble Lmdpsbl. Mpr aTom FOUR genntcs
Ha 4, a FIVE — Ha 5. Jenntca nn NINE Ha 9?7

WAKym4

2. MO>HO N HaTypanbHble Yicna oT 140 16 pa3buTb Ha
8 nap TaK, 4Tobbl CyMMbI B Mapax oka3anucb pasfnyHbIMum
NPOCTbIMW YCaMUN?

A.lpubarnko

D711 334341 [IPEAHAZHAYEHbI PEXAE BCEro yyaumcd 6 — 8
K/1aCCOB.

3 = B TpeyronbHuke ABC npoBefeHbl BbICOTa BH, Mefaun-
aHa BMw cpepHas nuHKa PQ. oKaxmTe, 4TO 13 KPacHOro
N CUHEero TPeyroflbHMKOB MOXHO COCTaBUTb 3efleHbli
TPeYronbHKK.

AXykoB

T

4. HaTypanbHble Yncna 4, b, ¢ TakoBbl, YTO TPW YKCTa
& +2b+1 b2+ 2c+ 1 % + 23+ 1 asnsoTca
KBaZpaTamMy HaTypanbHbIX Ymcen. BepHo nu, 4to a = b=
=c?

B.llponzsonos

5 . CyLLLecTBYeT BCEro NATb Pa3MYHbIX YETbIPEXKIIETOY-
HbIX (UIypoOK — BCE OHW M300pakeHbl Ha PUCYHKe.
KnetyaTtytlo Tabnuuy 4 x4 paspesany Ha YeTbipe YeTbl-
pexK/eToqHble MUrypku. [lokaxuTe, YTO Cpeam HUX Han-
OyTCA ABe OOMHaKOBbIE.

A.[pnbarnko

P__

1_1
L1

.

Unmoctpaumm .1 puyiykoBov



KAJIEMJOCKOII «<KBAHTA»

Mbi ripegcrasasii cebe aroMbl, YacTuLibl, KOICOaHIs

U BOJIHbI, KOTOPbIX HUKOILAA HE BUANT 7133, HE CJIbILLIAT

YXO 11 KOTOPBIE MOXHO PA3/INYMITh TOJIBKO 1P [TOMOLUM
BOOBOPAXEHMS.

I>XOH TrHOanb

B onmvike v aKyCTvKe 3T OrbITbl PACCMATPUBAKOTCH KAk
[0K333Te/15CTBA BOJTHOBOM PUPOLLI CBETA U 3BYKA...
leHpux lepLy,

Korza 38yK pacrpoCcTpaHaeTcs rno Bo34yxy, 1o BoJE U
B TBEPLAOM TesIE, TO... OH PacCemBAaEeTCcs. Ho ectb v gpyras

MPUYLIHE, BCIELCTBUE KOTOPOK OH cr1abeer.. OH Tepser
YacTb CBOEU IHEPrum, 1 Mol FOBOPUM B 3TOM CJ1y4ae O
«riornoLyeHmn (abcopbuymm) 38yka», O «OrIOLYAIOLMX
3BYK BELECTBAXN...

Yuneam leHpu bparr

PaccmoTprm rmpoCTesILLInig MPUMED — PacpoCTpaHe-
HMe 3ByKa B OfHOMEPHOM [POCTPAHCTBE. [I/19 BbIBOAA
Ham CHaYasna HeobXoquMo MOHATb, YTO XE€ B [eviCTBU-
T€/1bHOCTU [1POMCXOLUT.

Pudapn PenHmaH

A Tak JM XOPOIIO 3HAKOMO Ba@
PACNPOCTPAHEHNE 3BYKQA &

Hemano ur3nKoB, 3aHMMAIOLMXCS akyCTUKOM, obpa-
WA BHUMAHME Ha CXOXECTb HEKOTOPbIX 3BYKOBbIX
SIBNIEHUI C ONTUYeCKMW. BepHo 1 obpaTHoeE: 13yyeHne
cBeTa Noby>k/Aano NckaTb aHaNorKM C PacnpoCTPaHeH -
€M 3BYKOBbIX KofiebaHuit. C TeM Xe CTONKHYUCL U Mbl,
pellnB MOCBATUTb HOBbIM BbiNyck «Kanempockona»
BOJSIHOBbIM MpoLeccaM, — ODHAPYXMIN MHOXECTBO
TOYeK nepeceveHns akycTUKM W onTukW. [Mpuwnocs
OenuTb TemMy noronam, 1 ecn Mbl CerofHs cocpegoTo-
YMMCA Ha 3ByKe, TO B Cledylowmn pas obsa3aTenbHO
00PaTUMCS K 2NeKTPOMArH1THbIM BOSTHAM, Npexae Bce-
ro — CBETOBbIM.

OTMeTUM Cpa3y, 4TO U TYT 1 TaM BO BCEM pPa3HOObpa-
311 BOJTHOBBIX ABMEHUI B MEPBYIO oYepedb Hac bynyT
NHTEpeCcoBaTb CUTyaLMK, CBS3aHHbIE C PACCesHMEM W
nornoLleHnem. Henb3s ckazatb, 4TO UM yaeneHo focTa-
TOYHO BHMMaHWS B Kypce 3eMeHTapHon U3nKK, B TO
BPeMs KaK B XW3HW Mbl BCTPEHAEMCs C HUMMW MOBCeA-
HeBHO.

Ecnu roBopnTb 0 3BYKOBbIX BOJSIHAX, TO OHM — OAMH U3
rMaBHEMLLNX UCTOYHUKOB MHMOPMaLMK 06 OKpyxKato-
lWeM Hac Mupe. Pa3roBopHas peyb, My3blka, 3BYKM
KNBOW Npupofdbl, 0OMeH COODLLIEHNSAMK MO TenedoHy,
aAyAMOTEXHMKA — Mbl XMBEM B aKyCTUYECKM HACbILLEH-
HoW aTMocdepe. Hensmepmmo BO3pocna 1 NAOTHOCTb
BPeOHbIX 3BYKOB — pa3apakaloLlmx, a Mopou 1 NpocTo
OMacHbIX A9 340POBbS LLIYMOB.

Kak [JOHecTM ofHW M3 HUX OO0 Hac C BO3MOXHO
MeHbLLIMMW NMOTEPSMU U NCKAXEHUAMU, a Apyrue (eciu
He yOaeTca n3baBUTbCsA OT HUX) XOTa Obl 0CNabuTb? Kak
NOCTaBUTb HaM Ha CnyxXxO0y HecnbilWMble 3BYKK? B
nounckax oTBeToB nocnegyem cosety MenHMaHa U Hay-
HEeM C OTHOCUTENbHO MPOCTbIX aKyCTUYECKNX MPUMEPOB.

BOI'IpOCbI n 3agaum

1. Toyemy 3akpbITble OKHa ropa3fo 3aMeTHee 3alln-
LLAIOT OT [OPOXHbIX LUYMOB MOMELLEHNS Ha BEPXHUX
3Taxkax 30aHUS, YeM Ha HUXKXHUX?

2. /13BeCTHO, 4TO OepeBO NPOBOAMUT 3BYK Jy4LUe, YeMm

BO34yx. OTHero xe pasrosop, NPOUCXOAALLMN B COCe-
Hewn KOMHaTe, 3arnyLaeTcs, Koraa AepeBsHHas ABepb B
3Ty KOMHAaTy 3aKkpbITa?

3. Mo4yeMy 3BYK nonyyaetcs Gonee rpoMKMM, ecnu
CTy4aTb He B CTeHY, a B [Bepb?

4. Kyna [eBaeTcs 3SHeprvs 3BYKOBbIX KonebaHui,
Korga 3ByK «3amupaer»?

5. 3a4em cydnepckyio Oyaky obmBaloT BONIOKOM?

6. MMpyn BLICTYNNEeHWM opkecTpa B OONbLIOM 3arne
My3blKa 3BY4MT MO-Pa3sHOMY B 3aBMCKMMOCTW OT TOrO,
3anonHeH 3an ndbMW UK NycT. Yem 3T0 0ObACHUTL?

7. Hawu npedkm MOrnm paccibilath Aanekmin Tonot
KOMbIT, MPUNaB yXxoM K 3emJsie. [TodemMy e 3TOT 3ByK He
ObIn CnbllleH B BO3ayxe?

8. OTtyero B TyMaH ryaku, HanpyMep anekTpuyek 1nm
TEenNoXof0B, ClbILHbI HA OOMbLIEM PACCTOSHUM, HYeM B
ACHYIO norogy?

9. Konebniowmmcs B pyke KaMepToH 3BY4MT TUXO, a
eC/v NOCTaBUTb €ro HOXKY Ha CTOJ1, FPOMKOCTb 3By4a-
HWe Bo3pacTaert. Nodemy?

10. Jonblie Ny OyOeT 3By4aTb «MPOMKMMY» KaMepToH
13 NpenblayLien 3a4adm Nno CPaBHEHMIO C «TUXUM»?

11. Kak 06bACHUTb TOT (haKT, 4TO Ha OOJbLIOM PaccTo-
SIHMW TONOC MOXET ObITh W CIIbILEH, HO CJTOB MPW 3TOM
pa3obpaTb Henb3s?

12. Y4acTHMKAM aHTapKTUYeCKMX 3KCNeamLmin, korga
OHW MPOPbIBANM TYHHENN B CHEry, NPUXOAUNOCh KpU-
4aTb, 4TOObI ObITb YCIbILIAHHBIMW [aXe Ha PacCTOSHUM
B NsiTb MeTpoB. OfHAKO CMbILLMMOCTb 3aMeTHO BO3pac-
Tana, Korfa CTeHKW TyHHens yTpamboBsbiBany. C 4em 370
CBfA3aHO?

13. MNMoyemMy B KOMHaTE OObIYHbIX Pa3MepOB He ObiBaeT
axa?

14. O14ero 3x0 OT BbICOKOrO 3BYyKa, HanpuMep KpuKa,
0ObIYHO rpoMYe U OTYET/IMBEE, YEM OT HU3KOr0?

15. CnyyariHo 3aneTas B OKHO, fleTy4as Mbllb WHOTAA
cagmTca mogam Ha ronosy. [oyemy?

16. B Mozen 1n3o0paxkeHHOW Ha PUCYHKe «ranepeu
LUEnoTOB» 3BYKOBble BOJIHbl OT CBWCTKA 3acTaBNANM



MepLaTb Mnamsa cBeyu, YCTaHOBIEHHOW Yy MPOTMBOMO-
NIOXHOW CTeHbl. HO MepLaHve npekpallanoce, e
cboKy OT NnamMeHu 1 CBUCTKa BOMM3M CTEHbI NOMeLLaNu
y3KM 3kpaH. Kak >e 3TOT 3KpaH nperpaxgan nyTb
3BYKY?

17. Ot4ero mHorga 3BYKOBOW «Jly4» fokKaTopa, Ha-
NpaBfeHHbIN Ha NOABOAHYIO NIOAKY C HEOONbBLLOro pac-
CTOAAHUA, TEM He MeHee He JOCTUraeT ee?

MukpoonbIT

MNoJenutecb CyxapuvkaMm CO CBOUM TOBAPULLEM W
HaYyHUTE BMECTE C HUM WX FPbI3Tb. He KaxeTca nn Bawm,
4TO Bbl MPOW3BOAMTE ropasfgo Oosblue LymMa, YHem
HaxoaAWwmmncs pagom cocen? MNoyemy?

JIiobonbITHO, YTO...

..[JaBHO M3BECTHblE B MeauLMHe Crnocobbl AMarHoCTU-
KU — BbICTYKMBaHUE 1 NPOCIyLUVBaHWE — HaLUW Npu-
MEHEeHMe B aKyCTU4eckou AeeKToCKonmM, No3Bossio-
e MNo paccesHUIo U MOMOLWEHMIO MOCTIaHHOro B
ncanenyemMylo cpefly 3ByKOBOrO CUrHana onpenenuts
Hanu4mMe B Herl HeOLHOPOLAHOCTEN.

..pasragka onmcaHHoro B 3agade 16 adekra «rane-
pewu LenoToB» Obina HandeHa B 1904 rofy 3HaMeHUTbIM
nopaom PaneemM Bo BpeMsi ero HabsioAeHWI 1 3kcnepu-
MeHTOB B JIOHOOHCKOM cobope caToro Masna. Moytn
yepes cTo Nnet nogobHas pPa3HOBWMAHOCTb BOSH CTana
npeaMeTOM UCCNeAOBaHUS W MPUMEHEHUS B OMTUKE,
Hampumep — A8 YacTOTHOWM CTabunmsaumy nasepos
NNK Npeobpa3oBaHKs YacToTbl CBETOBOrO Nyya.

..MH(MPa3BYKOBbIE BOJIHbI O4eHb Crabo 3aTyxaloT B
aTMoccepe, oOkeaHe U 3eMHOM Kope. Tak, MOLLHOe
H3KO4aCTOTHOE BO3MYLLEHWE, BbI3BaHHOE M3BEPXKEeHU-
eM B 1883 romy MHOOHE3MMCKOro ByfnkaHa Kpakatay,
obexano 3eMHoOM LWap ABaxapbl.

..C yOaneHneM OT 3MULLEHTPa A4epHOro B3pbiBa YAap-
Haf BOJIHA MpPeBPALLaeTCAd B aKyCTUYeCKylo, Mpuyem
KOPOTKME BOJIHbI 3aTyXaloT ObICTpee, Yem ASIMHHbIE, 1 Ha
DoNbLUNX PACCTOAHMAX COXPAHSAIOTCA NNLLb KonebaHus
HM3KMX YacToT. DuKcaums Takmx — MHMPa3BYKOBbIX —
BOJSIH Obina npennoxeHa B cepeamnte 50-x rogoB npo-
wnoro Beka akagemMukom W.KKmkouHbIM Kak MeTof
obOHapy>XeHNs AOepHbIX B3PbIBOB, KOTOPbIA BRocnes-
CTBUU YCNELUHO NPUMEHANCHA ANS PerncTpaLmm ncnbita-
H1K, npoBoguMbix CLLIA B Tuxom okeaHe.

..nm300peTeHnio bennom TenedoHa npeALIecTBOBAO
OCHOBAaTeNIbHOE M3yYeHe UM aKyCTUKWN I MHOTOJIETHSAS
paboTa B OOCTOHCKOW LKONEe AN TNYyXOHeMbIX, KOTO-
PbIM NPeLHa3Ha4YaNncb TakXKe CKOHCTPYMPOBAHHbIE UM
yCUUTENM 3ByKa M Npubopbl Ans obyyeHus noHnMma-
HUIO peyu.

..0CODEHHOCTb CBeXXEeBbINaBLUero cHera nornoLaTb B
OCHOBHOM BbICOKME HacTOTbl Obifla 3aMeyeHa aHrnnc-

Knm hrsrkom TuHaanem, CoBMeLLaBLIMM aKyCTUYeckme
N onTUYeckne nccnenoBanus. A Panen, UckaBLWWN 00-
LLiee BO BCex KonebaTeNbHbIX npoleccax, cymen oobsc-
HUTb MOBBbILLEHNE TOHa 3Xa B COCHOBOM Jiecy NyYLimMm
paccefHneM U OTPaKeHMeM TOHKOW XBOEeW KOPOTKMX
3BYKOBbIX BOJIH, 4eM OJIHHbIX, — KaK Mpuy paccesaHumn
cBeTa B aTMocdepe.

..B O[LHOM V3 MOMeLLEHNIN KOHCEPBATOPUN B aBCTpa-
nnnckoM ropofe Afdenanze Oblo HEBO3MOXHO CIly-
WwaTb WUrpy Ha posne — TakK MPOH3UTENbHO U Pe3Ko
PE30HMPOBAN 3aJl. V13 3TOro NONOXEHNS HaLLIW BbIXOA,
CBECMB C MNOTOSKA HECKOMbKO MOYMETPOBLIX B LUMPUHY
NONOC CapXM — XNon4aTobymMaxkHOM TKaHW C 0Ccobowm
OTAENKOW NOBEPXHOCTK, MO3BONAIOLLEN XOPOLLIO NOrfo-
WaTb 3BYK.

..3ByKoBble konebaHus vactoton 200—400 repu, npu
[LOCTaTOYHO DOMbLMX YPOBHAX X UHTEHCMBHOCTU MO-
ryT O4eHb CWUJIbHO 3aMacKMpPOBaTb MOYTY BCE Bbillene-
Kalllme YacToTbl. Hanprmep, Menofuy opraHa 1 KoHTpa-
0aca OTHeTIMBO CJIbILLIHBI B OPKECTPE, XOTS X OTHOCU-
TeNlbHasd rPOMKOCTb He MPeBbILLAeT Takne BbICOKO3BYYa-
LMe UHCTPYMEHTBI, KakK CKPUMKa U BUOJIOHYErb.

&CNIN «03BYYMBATLY» CUpPEHaMK TpyOonpoBoabl s
TPaHCMOPTMPOBKM ChIMy4YMX FPY30B — MYKW, YrofbHOW
MbINK, U3MeNbYEHHOW PYyAbl, TO UX NPOMYCKHas Cnocob-
HOCTb BO3pacTaeT. Takme yCcTpOWCTBa MCMOMb3YIOTCA B
nopTax Afif BbIrPY3KM NMOpoLLIKOOOPasHbIX MaTepraros
13 TPIOMOB IPY30BbIX CYyAOB. EAMHCTBEHHBIN VX HE[o-
CTaTOK — MPOH3UTENbHbLIN BOW.

..konebaHVs 3ByKOBOW YaCTOTbl MOTYT MCMOSb30BaTh-
€A Ans CyLUKN pa3HOOOpPa3HbIX MaTepuanos Nnpu Cpas-
HUTENBbHO HW3KMX TeMnepaTtypax, B TOM 4uc/ie 3a cHeT
MECTHOIO WX HarpeBa Mpu MOrMOLWEHNM aKyCTUYECKMX
BOJTH.

.YNbTPa3BYyK CMOCOOEH «CMeLIaTb» PTyTb UK Macso
C BOLAOW, M3MeNbY1Tb B MOPOLLOK TBEPAble BELLECTBA
NpW M3roTOBNEHWI NIEKapCTB, NPOLONONTb KBadpaTHOe
oTBepCTVe B MeTanse, pesatb W CBEpAUTb CTeKNO U
KBapL, COeAMHUTb «HenasoLmecs» MmaTepyansl U MHO-
O Yero eLLle yaMBUTENbHOrO, HO BOT CO3aTb Y/IbTPA3BY-
KOBOe Opy>kue, yBbl, Henb3s. OCoOeHHOCTI pacnpocTpa-
HEHUSA U MOTrNOLLEHVSA YNbTPa3Byka NPUBOAAT K TAKOMY
CUIIBHOMY €ro 3aTyxaHuio, YTO [axe Ha PacCTosfHue
BCEro B HECKOJNIbKO [eCATKOB MeTPOB OH nepenaer
SHepruio, AOCTaToOYHYO ANf PaboThbl NKLLb... TAMMOYKM
OT KapMaHHOro oHapuka.

Yto yntatb B «KBaHTe» o pacnpocTpaHeHUn 3ByKa

(rybrvikaLpm rnocneqHmx 7er)
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Marepuan rogrorosui A.JleoHoBuY
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HeT npenena coBeplUeHCTBY!

N.AKYINY

3 TJIYVBMHDBI BEKOB ITPUIIJIMI K HAM COBEPIIIEH-

Hble Yucad. JTO TaKue HATypaJbHbIEe YUCTA, Y KOTO-
PBIX cyMMa JieJiuTesieli, cTporo MEHbBIIUX CaMOTO YuCJa,
paBHA 3TOMY 4YMCJIYy. BOT HECKOJBKO MEPBLIX COBEPINEH-
HBIX yucen: 6, 28, 496, 8128, 33550336, 8589869056,
137438691328... Koneuno Jjim X MHOKECTBO — JOCeJe
HEU3BEeCTHO.

Ho, oxaspiBaeTcst, COBEpPIIEHHLIMA B TOM WJHW WHOM
CcMbICJie MOTYT ObITh HE TOJBKO yucja, HO u ¢purypol. K
TAKOBBIM, C JIETKOM PYKH JIPeBHUX T aropeiies, mpuHs-
TO OTHOCHUTDL MHOTOYTOJbHUKH, 00JaIAf0NIHe CJIe Iy OTTH-
MU /IByMsI CBOHCTBaMMU:

1) BCe UX CTOPOHBI — LEJIbIE YHC/IA;

2) UX IJIONA/(b YUCJAEHHO PABHA TEPUMETPY.

Camu nudaropeiiiibl aKTUBHO 3aHUMAJIMCh TOUCKAMU CO-
BEPIIEHHDIX NPAMOY20JIbHUKOS, U ATO UM y1aso0ch. [loaTo-
My JJIST Havaja TPOW/eM MO WX CTONaM U BBISIBUM BCe
COBEPIIEHHBIE TTPSIMOYTOJbHUKN.

[TycTb cTOPOHBI MPSMOYTOJBHUKA — TI€JIble Yicaa d u b,
mpuueM, AJs onpepeneHHocT, @ < b. Torma maomarn
IPSIMOYTOJIBHIUKA paBHA ab, a mepuMerp paseH 2a + 2b.
Orclona nosydaem

ab = 2a + 2b.
ITO PaBEHCTBO JIETKO MTPe0GPA30BBIBAETCS K BUIY
(a—2)(b—2) =4.

Tak Kax 4 packja/ibiBaeTcs Ha IPOM3Be/IeHNe /IBYX IeJIbIX
YICEJT YeTBIPbMSI A3/ IMYHbIMH criocobamit: 4 = (—4)- (—1) =
=(-2)-(-2)=1-4=2-2, 10 C y4eTOM HepaBCHCTBA d < b
HoJlydaeM 4eTbipe Bo3MOsKkHbIe Tapbl (@; b), a uMeHHO:
(=2; 1), (0; 0), (3; 6) u (4; 4). Ilepsble aBe oT6Gpa-
CbIBaeM Kak 6eCCMbBICTIEHHbBIE, & OCTATbHbIE BIIOJTHE TPHEM-
Jembl. UTak, cyliecTByeT /1Ba COBEpPILIECHHbIX IIPSAMOYTOJ/Ib-
nuka: 4 x4 u 3x 6.1 [luomaan HaliIEHHBIX PSIMOYTOJIb-
HUKOB paBHBI 16 11 18, B cnuy yero nudaropeibl cuntanin
9TH YUCJIA «XOPOITUME», & PACIOJOKEHHOE MEXK/Iy HIUMU
qucso 17 — «mmoxum» .2

A Kak 00CTOSIT jiesia ¢ JPYTMMU MHOTOYTOJIbHUKAMMU?
Haunewm, ecTecTBEHHO, ¢ TOTO, YTO TOMPOIIE: C TPEYTOJIb-
HUKOB. B oiHOIl 13 3a/1a4 KOHKypca «MatemaTtnka 6—8»
ObL 3a/1af Bonpoc: «CyIecTBYIOT Jii COBEPIIEHHDIE TIPS-
MOYTOJIbHBIE TPeyroJbHUKU? A paBHOGEIPEHHbIE TPEY-
roibHuK?» UTO 3K, monpobyeM WX HaiTH.

3aiiMeMcs cHayaJa COBEPUIEHHBIMU IIPSMOYIOJIbHbIMU

Tc HEeKOMOPOU HAMAKKOU, NOKALYL, MOKHO OMHECU K COBEPUICH-
non u pewenue (0; (), coomeememsyiowee npamoyzoIvHUKY ¢ Hyle-
BLLMU CTNOPOHAMU U, COOMBEIMCMEEHHO, HYAeB0U NAOWAOLIO U Nepu-
MEMPOM.

2 Hasepnoe, 3ps. Qucao 17 ne cmonw yx naoxoe. Bo scaxom cayuae,
Kapa @pudpux I'aycc npocaasun ezo na 6exa, 00Kd3ag 603MOKHOCIND
nOCMPOeHUs UUPKYIeM U JUHETKOU npasurvrozo 17-yzonvHuxa.

TpeyrospHuKkamu. He cocraBisier Tpyna y6eauTbes, 4To
TAKOBBIE CYIIECTBYIOT. /[/isg 9TOro cHavyama <IolrymnaeMm»
CaMbIil U3BECTHBIII MPSIMOYTOJIBHBIN TPEYTOJbHUK CO CTO-
pounamu 3, 4 u 5. Ero momanp, kak BuAHO, paBHa 6, a
nepumerp — 12, T.e. BABOe GoJibiiie. 3aMeTUM, YTO €CJIU
YBEJIMYUTD JINHEIHBIE pa3Mepbl JII060T0 TPEYToJIbHUKA B R
pas, TO ero IIePIMETP TOKe YBEJINIUTCS B k pas, a IJIoa/Ib
— B k? pas. IloaToMy, yBeWUHB HAII TPEYTOTbHUK B R =
= 2 pasa, Mbl TEM CaMbIM YPaBHSIEM ILJIOIA/b U TIEPUMETP.
Wrax, TpeyronpauK co ctopoHamu 6, 8 m 10 — cosepinen-
HbBIN.

ITO HENJIOXO — IO KpaliHeii Mepe, €CTb 4YTO HMCKATb
(ycnex rapanruposan). IlycTb KaTeThl TPEYTOJBHUKA PaB-
Hbl @ 1 b (kax u npeskze, a < b). Torpa runorenysa paBHa

Va? +b* , mnomanap pasua ab /2, mepuMeTp paBen a + b +

+ Na* +b* | u nonyuaem
a+b+\a* +b* =abj2,

oTKy/a
4(a2 +b2)= (ab - 2a - 2b)’ .

[Tocsie packpbitusi CKOGOK U MPUBeEHUs TOAOOHBIX UJie-
HOB UMeeM

a’b® - 4a*b - 4ab® +8ab =0 .

[Mopenus wa ab (uto pomyctuMo, Tak Kak ¢ w b —
HaTypaJsbHbIe), MOJyYaeM

ab—4a—-4b+8=0, nm (a—4)(b—-4)=8.

Jlampueiinee oueBnano. Umnciao 8 pasbmBaercst Ha JiBa
HATYPAJIbHBIX COMHOKHUTEJS IBYMSI PA3HBIMU CIIOCOOAMMT:
1-8 u 2.4, u, n1oJO06HO CJIyYai0 C MPSMOYTOJbHIUKAMI,
II0JIy4aeM /[Ba OCMbICJIEHHDBIX OTBeTa. IlepBblil TpeyroJib-
HUK UMeeT KaTeThl 5 1 12, Torja runoTenysa pasHa 13, a
mromaib n nepumerp pasubl 30. Bropoil TpeyrosbHUK ¢
karetamu 6 n 8 Ham y:Ke m3BecteH. Vrtak, mmeercs nBa
COBEPIIEHHBIX MPSIMOYTOJIbHBIX TPEYTOJbHUKA CO CTOPO-
wamu (5, 12, 13) u (6, 8, 10).

[epeiimem k coBepIIEHHBIM PAaBHOOEIPEHHBIM TPEYTOIb-
HukaM. Tak Kak paBHOOE/IPEHHbBIN TPEYTOJbHUK COCTABJIS-
eTcst Kak Obl U3 JIBYX OJIMHAKOBBIX IIPSIMOYTOJbHBIX TPEY-
TOJIBHUKOB, TO, Ka3aJoch Obl, U 3/IeCh He IOJIKHO ObITh
mpo6JieM ¢ TOUCKOM COBEpPIIEHHBIX TPEYroJIbHUKOB. Ho
BCe TI0YEMY-TO OKa3bIBaeTCs TOPa3/o TpyAHee.

[Tyctp ocHOBaHMe paBHOGEIPEHHOTO TPEYTOJIBHIUKA PAB-
HO @, a GOKOBast CTOpPOHA paBHa ¢. Toraa BeicoTa ero paBHa

2 a 1 2 a
c - Z , ILJIOIIa/Ib paBHaA ECI c - I , U ToJiydyaeM
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[Tocste oueBUIHBIX TPEOOPA3OBAHMIT UMEEM
(4a? - 64)c? — 64ac - (16a* +a*)=0.

3aMeTuM, 4To ecun 4a* —64 < 0, t.e. a<4, 10 B JCBOI
YacT! — 3aBE/IOMO OTPHIATEJIBHOE YHCJIO, YTO HEIOIyC-
tumo. Tlostomy 4a* —64>0, T.e. a>5. B arom cay-
uae ¢ BBIPAKAETCs yepe3 a cJaeayionm o6pasom (3zech
nepe/; PaJIKaIoOM OCTaBJIEH TOJBKO 3HAK <ILIIOC», TaK
KaK 3HaK <«MHUHYC» BEJIET K 3aBe/IOMO OTPHUIATEJbHOMY
3HAUEHUIO C):

324+ /10240 + (4a® - 64)(16a> +a') 16,4 4°
" 4a® 64 T2 -32

Cpasy BU/IHO, YTO ¢ JIOJKHO GbITh YeTHbIM (MHAue APO6hH
He Oy /IeT 1IeJIbIM YIC/IOM), T.€. @ = 2m (m — HaTypaJsbHoe).
[To/IcTaBUB 9TO 3HAYEHHE B TIOCJIE/[HEE BbIPAYKEHUE, [TOCTIe
COKpallleHuil 1oyyaeM

m> + 4m 8m
€= —=mt——".
m- —4 m- —4

Taxkum o6pasom, 8m meautcs Ha m>—4. 3amMeTuM, 4YTo
ectu m =9, TO m* — 4 crporo 6oJibiiie 8m, W IIOTOMY
JIeJIMMOCTD OTCYTCTBYeT (JI0Ka3aTh 9TO MOKHO, HATIPUMED,
MpejCcTaBUB Pa3HOCTb m> —4)—=8m B BHAC
m(m —9) + (m — 4), OTKy1a cpasy BUIHO, YTO TA BEJIHUH-
Ha ToJoKKuTe bHA pu m = 9). Hy, a sHauenus m, He
MPEBBINIAIONINE 8, MOXKHO IIPOBEPUTD MPSMbBIM TIEPEOOPOM
(mpuyeM MockosmbKy @ = 5, 10 m > 3). [Iposeaunte Takoii
1nepebop caMOCTOSITENIbHO U YOeInuTeCh, 4YTO HU OJHO W3
YKa3aHHBbIX 3HAYeHWH m He rnoaxoauT. VTtak, coBepineH-
HBIX PaBHOGEJPEHHBIX TPEYTOJHHUKOB HE CYIIECTBYET.

YTo K, IPSIMOYTOJIbHBIE ¥ PAaBHOGEAPEHHDIE TPEYTOJIb-
HUKHN nccyaefoBaHbl. llepexoanM K npou3gonvHuiM Tpe-
YTOJIBHUKAM CO CTOPOHAMU d, b U ¢, TIpUYeM, [IJIS OTIpe/ie-
JIEHHOCTH, TOJOXUM a < b < ¢. 31echb Mbl CMEJIO HUC-
MOJIb3yeM CTPOTHE HEPaBEHCTBA BMECTO HECTPOTHX, TaK
KaK TOJIbKO 4TO YOe[IUJINCh, YTO PABHOOEIPEHHBIX COBEP-
[IEHHBIX TPEYTOJbHUKOB He ObIBAET.

[TepBoe, yTo puxoOAUT B TOJ0BY, — dopmy.a [epona,
HEIOCPE/ICTBEHHO BbIpasKalolias MJ0Ma/lb TPEyTroJbHIKA
a+b+c

S 4epes ero CTOPOHBI U MOJYIIEPUMETD p = 5

S=Jp(p-a)(p-b)(p-c).

[TpupaBusB S k nepumerpy @ + b + ¢, pacKpbIB CKOOKH
U TIPUBE/IS TIO0GHbIE YJIeHbI, TIOCJIE YIIPOIIEH I ToTydaeM

a® +b> +¢* +2abc +16(a+b+c) =
=a*(b+c)+b*(a+c)+c*(a+b).

ITO ypaBHEHNE MPUITHO BO BCEX OTHOIIEHUIX, KPOME
OJTHOTO: HENOHSTHO, YTO C HUM JaJblie jgenatb. HescHo
Jlaxke, KOHEYHO W/ GeCKOHEYHO uKcio ero pemenuii. (ITo
KpaiiHeil Mepe, [Ba-TO PEIIEHs Y HETO eCTh, COOTBETCTBY-
OIe TIPSIMOYTOJIbHBIM TPEyTroJbHUKAM, a eime? TpyaHo
cKaszarb...) Tak 4TO MPUAETCS OTJIOKUTH POU3BOJIbHbBIE

TPEyTOJIbHUKU 10 JydiiuxX BpemedH. Bo Bcskom ciyuae,
OOIIMPHBIH TTONCK TAKUX PENIEHNH ¢ TIOMOIIBIO KOMITbIOTE-
pa MO3BOJIMJI, KPOME YIOMSIHYTBIX BbIINIE JBYX IMPSIMOY-
TOJIbHBIX TPEYTOJbHUKOB, HAITH ellle TPU TYIOYTOJbHbBIX:
(6, 25, 29), (7, 15, 20) u (9, 10, 17). Kak Buanm,
CTOPOHBI UX HEBEJWKHN, XOTS ObLIN <«OOCUHTAHBI» BCE
TPEYTOJbHUKH, Y KOTOPBIX [[BE CTOPOHBI HE TTPEBOCXO/SAT
10000 (a TpeThbs MPUHUMAET BCE BO3MOSKHBIE JIOITYCTHMbIE
3HAUEHUs], TPU KOTOPBIX TPEYTOJbHUK cymecTByer). ITo-
TOMY Hambojiee BEPOSITHBIM KaXKETCS TIPE/IOJIOKEeHNe,
YTO YHUCJO PenieHuil Bce ke KOHEYHO.

[lepeiinem K veTpipexyrosabHukaM. Camble TIPOCTbIE U3
HUX — MPSIMOYTOJIbHUKHU — MCCJIe[0BaIn camMu nudaropeii-
bl (M. Beime). Hy, a mapamienorpammbi? HerpyzaHo
c0006pa3UTh, YTO COBEPIIEHHBIX CPelu HUX GECKOHEYHO
MHOro. B camoMm fiesie, BO3bMeM IIPOM3BOJIbHbIN 11€JI0UNC-
JICHHBIH TPSIMOYTOJBHHUK, Y KOTOPOTO TLIONIAAb CMMpPO20
6oavwe nepumerpa. Jedopmupys ero (T.e. MeHAS KaKOM-
60 YroJ), Mbl MOKEM JOOUTHCS TOTO, YTOOBI ILIOIIALb
cTasa CKOJIb yroaHo 6JM3Ka K HYJTI0. SICHO, 4TO B ripoiiecce
HETPEPHIBHON 1eDOPMAITIH TIJIOIIAb CPABHSIETCS C TIEPH-
METpOM. A MOXKHO Ja’ke TIPSIMO yKa3aTb, KaKOB JIOJUKEH
2(a+b)

ab
Oco6oro unTEpeca 3TOT OTBET, KOHEYHO, He BbI3bIBAET:
CJUIIKOM <«THOKasi» durypa mapasieaorpamm. [lo-suan-
MOMY, JIJisI IIPOU3BOJIBHOTO YETHIPEXYTOJbHIKA CUTYAIHS
moxosas. IlosToMy wuMeeT CMBICT uCCIeOBaTH 60Jee
«JKECTKHEe» YeThIPEXYTOJbHUKU: HATIPUMED, MPSIMOYTOJIb-
Hble ¥ PaBHOGEJIPEHHbIE TPAIEIUN.

Koneuno, tpanenusi — curypa ¢ O60gbIIUM YHCJIOM
«CTereHell cBO6GOIbI», HEXKEJMN TpeyroabHuk. OHO U T0-
HSTHO: TIPSIMOYTOJIBHBIN 60 DPaBHOGEIPEHHBINH TpPEY-
TOJTBbHUK TIOJHOCTBIO OTpeNessieTcsT [ByMsI CTOPOHAaMM,
TOr/Ia KakK JUIS TPSMOYTOJbHOW WM PaBHOOEAPEHHOI
TPAIEINK 9TOTO SIBHO HEJOCTATOYHO — HY’KEH ellle OJUH
napamerp (Hanpumep, Ba OCHOBaHMS U BbicoTa). [Toato-
My MBI yiKe 3apaHee TOTOBBI OKUIATb, YTO MHOYKECTBO
COBEPIIEHHBIX TPAIEIN COAEPIKUT HAMHOTO GOJIbIIIE dJie-
MEHTOB, YeM MHOKECTBO COBEPIIEHHBIX TPeyroJbHUKOB.
Yro K, TpOBEPUM.

HauneM ¢ mpsmMoyrosbHOil Tpameunu. Hajno ckasatb,
YTO B JIAHHOM CJIy4ae TaKOIl JKe «JI060BOIi» MOIXOM, KaK
JUIST TPEyTOJBHUKOB, TPUBOAWT K BECbMa TPOMO3JIKIM
BbIpaKeHIAM. K cyacTbio, ecTb Jlasefika: a mouemy Gbl He
UCTIOTH30BATD BBIBEIEHHBIE 33/10JITO 10 HAC (DOPMYJIBI [T
CTOPOH IEIOYNCIEHHBIX TIPSMOYTOJBHBIX TPEYTOJbHIKOB?
Benb mpsiMOYTOJIBHYIO TPATIEIUIO MOYKHO PacCMATPUBATDH
KaK TPSIMOYTOJBHUK, K KOTOPOMY <ITPUKJIENJICS»> TIPSIMO-
yrosibuplii tpeyroabiuk (cm. pucynok). Ilyctb mupuna
[IPSIMOYTOJIbHUKA PABHA d, BBICOTA /2, & Y «IIPUKJIEECHHOTO»

a

OBITD OCTPBIM yTOJI TapaJjiesorpamMMa; arcsin

a b

[IPSIMOYTOJIBHOTIO TPEYTOJIbHUKA O/IUH U3 KaTeTOB COBIIa/1a-
€T CO CTOPOHOI /i IPSIMOYTOJIBHUKA, BTOPOW KATET paBeH
b, a rumoTeHy3a paBHa ¢. V13 «COBepIIeHCTBAa» Tpamennn
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CJIeIye€T, YTO BCE€ MNEpeYNCJJCHHDbIC 3HaY€HUSA — IIeJIble
yncJa. Bmecre ¢ TEM, U3BECTHO, YTO KaT€Tbl U TUTIOTEHY3a
1106010 IIPAMOYTOJbHOI'O TPEYTOJIbHUKaA C HEJIBIMU CTOPO-

22
HAMM MOTYT OBITh ITPE/ICTABJIEHBI B Bujie 2kmn, R (m -n )

2 2
n k(m +n ) IpU HEKOTOPBIX HATYPAJIbHBIX R, m, n,

npuuem m > n (BeaegerBue yero m = 2 — 3107 (PAKT HAM
BriocsiecTBUM mpuroautcest). CJe0BaTebHO, UMEIOT Me-
CTO JIBE€ BO3MOJKHOCTN.

1) Iycts h = 2kmn, b = k(m2 —nz), c= k(m2 +n2).
Torma momaab Tpamennn CoCTaBJIsIET
2a + k(m? - n?
@ _9 mn(f)

h

= 2kmna + k*mn (m2 - nz),
HepuMerp ee paBeH
20+b+h+c¢= 2a+let(m2 —n2)+2kmn+k(m2 +n2):
= 2a+2km(m+n).
W, cnepoBarenbHO,
2kmna + k*mn (m2 - n2) =2a + 2km(m +n) .

Taxk kax k, m, n —HaTypajbHble, IPUYEM M = 2, TO TIEPBOE
cJaraeMoe JIeBoi actu 2kmna GOJIbIIe TIepPBOTO CIaraeMo-
ro 1paBoii yactu 2a. [loatomy 7 cobmo/iennst «napure-
Tay HEOOXOAUMO, YTOOBI BTOPOE CJAraeMoe JIEBOW 4acTu
OBLJIO MEHbIIIE BTOPOTO CJIAraeMoro IpaBoil 4acTH, T.e.

R*mn (m2 - nz) < 2km(m+n),
OTKy/a
kn(m-n)<1.

SHaunt, k = n =m — n 1, w m = 2. Urax, Bce
Heu3BecCTHbIE, KPOMC a, OHpe[[eJIeHbI. HO[[CTaBI/IB nux B
NCXO/HOEe ypaBHeHI/Ie, HOJIy‘{aeM

2121 a+ 121 (22 =)= 2a+2-1-2-(2+1),

wa=3, h=2121=4, b=1-(22—1)=3,
c=1-(2>+1%)=5.

Taxnum o6pasoM, HalizieHa TTepBast COBEPIIEHHAS MPSIMO-
yrojbHas Tparnenus ¢ ocHoBanusMu 3 u 3 + 3 = 6 u
BBICOTOH 4. JIerko mpoBepuTh, UTO ee MJI0IA b U TEPUMETP
pasubl 18.

2) Jlonycrum, h = k(m2 —n2), b =2kmn, ¢ = k(m2 +
+ n2)- Torga nuomaab Tpaneryun cocTaBsier
k(m2 - nﬁ-% = k(m2 - nz)a + l’ezmn(m2 —n2),
HEePUMETP ee paBeH
2a + 2kmn +k(m2 —n2)+ k(m2 + n2)= 2a + 2km(m + n).
Nmeem

k(m2 —nz)a+k2mn(m2 —nz): 2a + 2km(m +n).

2008/Ne3

[lanbHeiilnue paccysk/leHnsl aHAJOTHYHbI MEPBOMY CJIy-
yaio. Tak kak k, m, n — HatypaJsbHble, IpuyeM m = 2, T0
mepBoe cjaaraeMoe JeBoil yacTu 6oJIblile IEPBOTo CJIaraeMo-
ro mpasoit yactu. CiegoBaresbHO, BTOPOE cJaraeMoe
JIEBOIT 4acT! JIOJIKHO OBITh MEHbIIEe BTOPOTO CJIAaraeMoro
MpaBoil YacTu, T.e.

R*mn (m2 - nz) < 2km(m+n).

[la Besib 9TO TOUYHO Takoe e HepaBeHCTBO, YTO U Bbllle!
[Tostomy BeIBOA TOT 3Ke: k =n =1, u m = 2. [loacraBus
3TH 3HAYEHUS B UCXOJHOE yPAaBHEHUE, MOJIydaeM

122 =)a+ 1242 =) =20 +2-1.2. (2 + 1),

wa=6, h=1.(22—12)=3, b=21-2-1=4,
c=1-(2 +1°)=5.

Taxum o6pa3oM, BTopas COBepIeHHAs MPSAMOYTOJIbHAS
Tpamnernus uMeet ocHoBauus 6 u 6 + 4 = 10 u Boicoty 3. Ee
IJIOMIA/Ib U TIEPUMETP PABHBI 24.

He cocraBsisier Tpy/ja, UCHOJb3ysl aHAJOTUYHBINA T10/1-
XO/l, HAWTH ¥ BCE COBEPIIEHHbIE PAaBHOOEAPEHHbIE Tparie-
unn. VX okasbIBaeTcs TOKe /Be. Y OJHOU OCHOBaHUSA
paBubl 2 u 8, BbicoTa 4, a momaab u nepumerp 20. Y
BTOPOIi ocHOBaHUs paBHbl 6 n 14, BbicoTa 3, a II0OMAAb U
nepumetp 30.

Wrak, ecTb /Be COBEPIICHHBIE MPSIMOYTOJbHBIE Tpare-
MU M CTOJDBKO JKe paBHOOENPEHHBIX. [IpsMo ckaxeM,
HETYCTO — OKUAATHCH 6oJiee «6oTaThie» pe3yabTaThl. YTo
3K, TeM IleHHee Ka’KIbIH 9K3eMILIsp!

Kak ysxe oTMedasoch, uccse/0oBaHNE MPOU3BOJHHBIX
YeThIPEXYTOJIbHUKOB BPSJ JIU JACT «CHUMIIATUYHDBIE» pe-
3yJIbTAaThl — 11 6€3 TOT0 SICHO, YTO UX OueHb MHOTO. [ToaTomy
UMeeT CMbICJI UCCIe/IOBATh TAKOH YaCTHBIN UX CcJydail, Kak
gnucanuvle 1 onucannvle yetbipexyroabuuku. Ho xak ato
clearh?. .

Bor co6cTBeHHO, U BCe, YTO HA JAHHBI MOMEHT yJa-
JIOCHh BBISICHUTb O COBEPIIEHHBIX MHOroyroJbHukax. Oc-
TATBHOE NOKPLIMO HEUIBECMHLIM MPAKOM, TIO BBIpaKe-
Huio He3a6BeHHoro fema Illykapsi. Tloatomy, Kak 4acro
ObIBaeT B MOMOGHBIX CJIy4asiX, yIOBAaeM Ha YHUTaTeJsEeH.
[Tomorute! Pemmnte 3agauy XoTst OBbI AJISI CAMbBIX «3aMaH-
YUBBIX» (DUTYD: TTPOU3BOJBHBIX TPEYTOJbHUKOB ¥ BITH-
caHubIx (a TaksKe ONMUCAHHDBIX) YETHIPEXYTOJAbHUKOB. V160
JIyTlia CTPEMUTCS K COBEPIIEHCTBY, KOEMY, KaK M3BECTHO,
HET Ipejiea. ..

BHMMaHUIO HaWMX YuTaTenen

B Ilpunoxennn k xxypuamy «Kpanr» Ne 2/ 2008 — B xuure
«Ucaak Koncrantunosnu Kukoms B ;ku3um um B «KBaHTe» -
JlonyTiena jjocaiias onevatka. B crarbe B.M. Oskornna «Kuko-
UH KaKk MHOKECTBO...» B pacckaze Kukouna oy Homepom 21
(cM. c. 87) BMecTo cJIOB «MareMaTHK Kolm» [OKHO OBITH
«MaTeMaTnk KoGe» .



YpoK 0nun3unncs
K 3aBepLUEHUIO...

M.EOH4APOB

JIeUCTBUTEIBHO OMU3NJICS K 3aBEpUIEHHIO, HO JIO 3BOHKA
OCTAaBAJIOCH ellle HEeCKOJbKO MUHYT. AnaTtosmii lBanoBuu c
3ara/[OYHBIM BIJIOM IIOCMOTpEJ Ha JEBSATHKJIACCHUKOB, U BCE
MOHSJIN, YTO ceifdac 4yTo-TO mpousoiiger. U e ommbIuch. ..

«ToTOBSICH K CETOJHSINIHNEMY YPOKY, — HAyas y4uTesb, — S
BCIOMHIJI cJayvaii u3 6uorpacdpun Puuapia @eitnmana. Korga on
VUIJICS B MIKOJIE, TO HEPEeJKO y4acTBOBAT B COPEBHOBAHUAX IO
ajareOpe. YUeHHKAM JaBAJICh 33Jadll, JJIS PelleHHs] KOTOPBIX
TPeGOBAJIOCH TO, UTO CETOJHS Ha3Baium Obl HECTAHAAPTHBIM
MBIIIJIEHNEM, ¥ BBIJIEJISIIIOCH CTPOTO OTPAHHYEHHOE BpeMsI Ha UX
pemnienne — oO6brYHO 45 cexynj. Ha scre Gymaru MOKHO ObLIO
MUCATh YTO YTOJHO, HO B KOHIIE KOHIIOB KaXK/bIH YYaCTHUK
JIOJKeH OblT 00BECTH B KPYJKOK OHO YHCJIO HA CBOEM JIUCTE,
KOTOpOE U GBbIJIO OTBETOM Ha 3aJauy. 3aJauil HaMepeHHO BbIOH-
paNCh TaK, YTO PENINTb UX <II0 TIPABHJIaM» 32 OTBEJCHHOE
BpeMsl ObLIO TPAKTHYeCKH HEBO3MOXKHO, HO OHHU JIETKO pela-
JIUCD, €CJIU BbI BUJEIN KOPOTKuil myth (rmu usobperanu cBoi
co6cTBenHbli) . DeifHMan Beeria moGexkIan B TAKUX COCTSI3aH -
SIX, 3AIMCHIBAsI YICJIO0 1 HAPOUUTO 0OBOJIS €TO B KPYXKOUEK, XOTS
3a4acTyIO Ha €ro JICTe 0OJIbIle HUYETO U He ObLIO».

Anatosmit VIBaHOBUY OCTAHOBUJICS U OOBEJ TJa3aMu IIPHU-
THXIIUX Yy4eHUKOB. «CerojiHst s mopo6paJ /i Bac MHTEepec-
HYI0 3aJadyy U XOuy, YTOObI BbI OKa3ajJNCh B IOJIOXXEHUI
oHoro Meiinmana. IIpasia, Ha pasmbliieHue B HepBblil pas
JlaM BaM TpU MUHYTBI. VITak, BOT yCJOBHe 3aa4i:

Asmomobunv, 0suzasicb pasHO3AMEINIEHHO, 3d NOCAE008d-
MeJIbHbIE NPOMEKYMKU peMen 6 3 ¢ u 2 ¢ npowes ompe3ku AB
u BC 6 51 m u 24 m coomsemcmeenno. Kaxoii nymo npotidem
asmomobunv om mouxku C 0o ocmanosxu?

Bpems momio! »

[Tocote KOMaH/IBI «CTOTI» HA CTOJ YUNTEJIS JIETJIN TPU JTUCTOUKA
— U BCe C TPAaBUJIbHBIM OTBETOM. «YUTO 3K, JlaBaiiTe 3acJyiaeMm
ABTOPOB: TIYCTb TOIEJISTCSI CBOMME CEKPETAMIT» .

3HaMeHuTbIl ajsre6panct AHpel CKPOMHO mMosicHUJI: <51
3ammncas CUCTeMy YPaBHEHUIT M, K CYACTBIO, YCIIET ee PEIIUTD» .

lFeomerp Tena ckasas, 4TO IPUMEHHJ PACCMOTPEHHDBIH Ha
OJTHOM U3 TIPEJIBIIYIINX YPOKOB rpacdudeckuii cnocol perreHst
KIHEMATUYeCKUX 3a/1a4.

A Ha Jmcrouke Jo6uTesst apudMeTHKN 1 sKypHasta «KsaHT»
Dumrina KpacoBaIoCh TOJIBKO 00BEIEHHOE B KPYKOK YHCJIO 25.
«Omnprit Puvapa Bropoitls> — KPHUKHYJ KTO-TO € IOCJEHE
MapThl, U BCE 3aCMESJINCD.

Anaronuii ViBanoBud Toxe yJIbIOHYJICS 1 cKa3as: «Hy, BOT Bbl
7 y3HAJIN BEPHBI OTBET K 3ajade, a 3TO JOPOTOTO CTOWT.
IMompoGyiiTe nO0Ma MOPA3MBICJAUTD HAJ 33Ja4ell W, BO3MOKHO,
IIPUYMAETe CBOM CIOCOO PEIEeHUST> .

U B aTo BpeMs mpo3BeHes 3B0HOK. OHAKO HApO/ TPeGOBaJI
oObsicHennit: «Ilyctb pacckaxyT nmogpoOHee, Kak 3a TPH MUHY-
TBI MOKHO YCIIETD!»

OO6mbsicHenus1, JIeHCTBUTENbHO, MOCJTE0BAIN, HO MbI, KaK U
Anatosmit VIBaHOBIY, COBETYeM BaM CHavaJIa PEIUTD 9Ty 3a/1a4y
CaMOCTOSITENIBHO.

ﬂIA, YPOK 110 TEME «PABHOYCKOPEHHOE JIBUKEHWE»>

Paccka3 Augpes. S 1Baxxipl puMeHIT (DOPMYJTY 3aBUCHMO-

CTH TIepEMENEHNA OT BPEMEHM ITPU PaBHO3aME/IJIEHHOM /IBUYKE-
2

a
Hum S = U()t - 7 JUIA TIEPBBIX TPEX U IATU CEKYH/L ABUIKEHUA:

S1=0y-3- 22 75-0,.5- 22
2 2

OTKy[a JICTKO HAIleJI:
0y =20 Mfc uw a=2 m/c?.

3areM onpeneJma BeCb ImyTb 10 OCTaHOBKU:

2
SO=;—0=100M,
a

MIOCJTe Yero BBIYUCIUT UCKOMBIH MYTh:
s=100M-51M-24M=25 M.

Pacckas Tenbl. §I nadeprtusi ipuMepHblii Tpaduk 3aBUCHMO-
cti crkopoctr ot BpeMenn (v = vy — at ). Onpeaeans cpegHion
CKOPOCTb 32 [IEPBbIE TPH CEKYH/BL: gy = 3I1mM/3c=17 M/c u
3a CJIeZYIONINE JIBE CEKYH/IBI: gy = 24 M /2 ¢ =12 m/c, mocT-
pout Ha TpaduKe cpelHIe JTUHUH TPAIENNil, COOTBETCTBYIONINE
3TUM CKOPOCTSM. JIerko BUETH, 4TO 3a 2,5 € CKOPOCTb YMCHb-
MUIach Ha 5 M/C, 3HAUUT, YCKOPEHHE PABHO IO MOJYJIO
2 M/ ¢? . 3uas, uTo uepes 4 ¢ MocIe HAYAA JBIKEHUS CKOPOCTD
aBTOMOGHIIS Gblaa 12 M/C, HAXOMMM €ro cKopocTb B Touke C —
ato 10 M/c . ScHo, 9TO MOCTE ATOTO ABTOMOGMJID TOPMOSHI 10
ocTaHOBKH 5 ¢. V3 rpaduka HAXOJAUM IJIOMIA/(b TPEYTOJbHUKA,
YUCJIEHHO PABHYIO UCKOMOMY ITyTH:

3_10 M/c-5 ¢
2

Pacckasz @ummna. I cpasy nons, 4to cMory 0GOTHATD
Aunnpest u Temny Jmimb B ToM ciydae, ecan He Gyy TIBITATbCS
peniarh 3a/1a4y ajareGpandecKuMi I FeOMETPUYECKIMHU CII0CO0a-
MM, KOTOPBIMH OHM BJIJICIOT JIydllle, a MOIPOOYI0 HPUIyMaTh
‘ITO-HI/I6y/1b Ioxurpee. HOSTOMy A peuunJ IIpUMEHUTb METO/|
yragpiBaunst orBera (0 KOTOPOM YHTAJT B OJHOM M3 HOMEPOB
«Kganta»). BcmoMHnmioch MHe TakKe, 9TO elie B 7 KJacce
Anarosmit IBaHOBIY paccKasbIBaJ O METO/e 0GPATUMOCTH Bpe-
MEHH.

VTak, MBICJEHHO IyCTHM BPEMsI BCIISITh, 1 Oy/IeM paccMaTpH-
BaTb aBTOMOOWJIb, KOTOPBIIl B ATOM CJIyuae Pa3rOHseTcsi, Tpora-
sgcp ¢ Mecra. Torza 1poiijileHHbIN OT Havasa JABUKEHUS IyTb

=25M.

onpejesercss 1o ¢opmyne S = at2/2. Mbl He 3HaeM, ueMy
pPaBHO YCKOpPEHHe aBTOMOOWIA, HO TIPEANOIOKHM, YTO OHO
cocTaBjsierT 2 M/ ¢ (Beab, Kak MPaBUIO, B OGBIYHBIX 3a/a4ax

OHO He TIPEBBINIALT 5 M/ ?). K TOMY JKe, COKPAIIAeTcsl «/[BOWi-
Ka» B popMmyJie Ui TyTH, U TIPONIEHHBIN My Th OKA3bIBAETCS He
IIPOCTO MIPOTIOPIIOHAJIEH KBA/IPATy BPEMEHU /IBUIKEHU, a JHC-
JIEHHO paBeH eMy. EcJii Terepb mpe/oioxKuTh, YT0 Ha HCKOMOM
MyTH aBTOMOOUJIb JIBUTAJICS I[€JI0€ YHCJTIO CEKYH[I, TO ATOT MYTh
TOXKE paBeH He IPOCTO IeJIOMY YHCJTYy METPOB, a KBAApaTy
HEKOTOPOTo Iiesioro uncaa. [Ipudyem kBagparamu OyayT U Bce
JIpyrHe MyTH, TPOiIeHHbIe aBTOMOOUJIEM OT Havyaja JABUKEHUST
3a 11e/10e YucyIo cekyH/. Ilpugercs 3angarbest nepeGopoM.

IIycrp uckombrii myTh pasen 1 merpy. Torma 1 + 24 = 25 —
kBaapar, Ho 1 + 24 + 51 = 76 — y>xe He KBa/[paT, 3HAYNT, OTBET
«1 MeTp» — He moaxoauT. /lasbine s monpo6oOBas CJeLy IOl
kBagpar — 4 merpa. Ho 4 + 24 = 28 — He kBaapar, 3Ha4uT, CHOBA
ne yragan. He noaxozaar u 9, u 16 merpos. IIpoGyio 25, u TyT,
HaKoHell, noGela — BOKPYTI OJHU KBaJApartbl: 25 + 24 = 49,
25 + 24 + 51 = 100. Orser Haiigen!

A Kaxoll u3 c11oco60B pelleHHs MIPUIIEICS 0 Lylie BaM?
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PakeTa Ha
BOOAHOM Mape,
nnn Kak CtyoeHTt
C JIyHbI ynetan

A.CTACEHKO

KAK—TO PA3, 1IN KODE 1 HABJIIOIAS 3A CTPYUKOM ITAPA
u3 yaiinuka, CTy[IeHT BAPYT MOAYyMaJ: 4TO ecJu Obl TIpuU-
IIJIOCh CPOYHO B3JIETaTh ¢ NmoBepxHoct JIyiHbl, a TOIMBa st
PaKeThbI yiKe HEeT, HO OCTAJINCDH ellle TOHHA BOJbI M HEKOTOPBII
3amac Heprum B akkyMmyJasaTopax? Konedno, corsiacHO 3aKOHY
COXPaHEeHus1 UMITYJIbCa, PA3yMHO HATPETb W UCHAPUTH BOLY U
YCKOPUTD TIOJYYeHHbII BOASHON Map /[0 MAaKCUMAIbHO BO3MOK-
Hoit ckopoctu. Ho 1o kakoii?

W tyT Havammch pU3NUECKHE OIEHKU.

ITycTb map Bo/bl HArper 10 TemMuepatypbl Ty, . MoJieky.ia Bo/ibl
— TpexXMepHbIil 00BEKT; CJIe[0BATENBHO, OHA 00J1a/1a€T HIECTDIO
CTETIeHsIMU CBOGO/IbI. ITO O3HAYAET, UTO MOJIOKEHHUE B IPOCTPAH-
CTBE ee [EHTPa MACC MOKHO OINCATD TPEMSI YNCJIAMH, HATIPIMEP
3HAYEHWSIMU [IEKaPTOBBIX KOOPJAUHAT X, ¥, Z, & €e OPUEHTAIIUIO
— TpeMs yrJIiaMu OTHOCHUTEJIbHO 3TuX oceil. Ho, kKak usBecTno, B
YCJIOBUSIX TEPMOJMHAMUYECKOTO PABHOBECHS HA KAKIYIO CTe-
neHb cBOGOIBI JTI060r0 Tesa (M MOJIEKYJIbI, U MAapoBO3a) MPHXO-
mures sneprus kT, /2 rope k=1,38- 1072 Ix/K — mocrosiu-
Has BosbiiMana. ITO yTBEPIK/IEHNE HA3BIBAETCS B MOJIEKYJISP-
HOIT (pU3HKe U TEPMOJANHAMHKE TEOPEMOI O paBHOpacIpe/ee-
HUM SHEPTUU TI0 CTeneHsM ¢BoOo/ibI. MTak, Ha OfHY MOJEKYTy
Bozbl Gymer npuxomutbesi sueprus 6 - (kT /2) = 3kT, , a na
1eJIBII MOJIb, B KOTOPOM COJIepKUTCS N, MOJIEKYJI, — SHEPrHst
U =N, 3kTy =3RTy, rie Ny =6-10% momp~' — uncsio ABo-
ragpo, a R =N,k=8231 lx/(moms K) — yHusepcanbHas
ra3oBasi TOCTOSTHHAS.

[IpeamooxuM fajee, 94T0 3TOT MOJIb BOJSHOTO Hapa MOYKHO
KaK-TO — KOHEYHO, Yepe3 COILIO PAKeThl — PACHIMPUTH TaK, YTO
OH OXJIAJIUTCSI TIOYTH 10 aGCOTIOTHOrO HyJIsd. Beub /7 TOro u
HY’KHO COIIIIO, YTOGBI TEIIOBYIO Xa0THYECKYTO SHEPTUIO MOJIEKY.JT
[IPEBPATUTD B HAIIPABJICHHOE /[BIDKEHUE MOJIEKYJI, T.€. B KIHETH-
YecKyio sHepruio. bBosiee TOro, Hamo ydvectb emie u paGory,
KOTOPYIO MOJKET COBEpIIUTb pacuiupsioniuiics ra3. Ecau ma-
YJaJIbHBII 00beM MOJISI paBeH V) , TO 9TOT «3armac paboTbl» paBeH
poVo = RTy , e py — naBjenue rasa.

TepMoanHaMuKa JOKA3bIBACT, YTO B IIPOIIECCE YCKOPEHNUS ras3a
B coTLie Bce BpeMsi Gy/IeT COXPAHSTBCS CyMMa

Hy = Uy + pyVy = 3RT, + RT, = 4RT, .

OHa JaXe HMMeeT CIiellMaJIbHO€ Ha3BaHME — SHTaJIbIINA, WJIN
teriocosiepkanne. Ho 110 Mepe yCKOpeHHUs] 3Ta HadajibHast
SHTAJIbITNA 6yaeT pacIiipeeaATbCAa Me}KZ[y paCTyH.[efI KHUHEeTn4ecC-
KOIl aHeprHeil 1 y6BIBAIONINM TETIOCOAEPIKAHIEM:
2 2
HO:H+M%:4RT+M%, (%)

2008/Ne3

rae M — monsapnas macca (8 crygae Bogst M = 0,018 kr/mous ).
Taxum o6pazoM, MOKHO ObLIO OBl OJKH/IATh, YTO TIPU CTPEM.JIE-
HUH TEMIIEPATYPBI ra3a K HYJII0 ero CKOPOCTh JI0/KHA CTPEMUTD-
¢S K MaKCHMAJIbHOMY 3HAYEHUIO

Z)](;;)lx _ 2H0 _ 8RTO )
'HY, 'Y

Ecm KOHCTPYKTHUBHBIE OTPAHWYEHUS MO3BOJIAIOT HATPeTh Map,
Harpumep, 1o Temneparypsl Ty = 1000 K| To 3Hauenme aroit
CKOPOCTU COCTABUJIO ObI

8.8,31-10°
0,018

Iro Hemnoxo. Ho nouemy ke «6bl»? A 1OTOMY, 4TO 110 Mepe
paclIupenys U OXJIaX/ICHUS T1ap MOKET OKa3aThCs [ePeChIICH-
HBIM M HAYHETCsS ero KOHAEHCAIMs. 3HauuT, Hy’KHO y4ecTb U
STOT TIPOTIECC.

OJIHAKO IIPEK/Ie BCETro HOCMOTPUM, KaK U3MEHSETCA JaBJeHue
napa c TeMreparypoii g0 Touku Hacbimenus (pocbr). Ecou rerio
HHMOTKY/Ia He MOBOUTCS K PaCUINPSIONIEMYCs ITapy U HUKY1a He
orBoautrcs (T.e. CTEHKH COILIA TEeIJIOM30IMPOBaHbl), TO padoTa
rasa 110 €ro yCKOPeHMIo MOKET MPOM3BOAUTHCS TOJBKO 3a CUeT
yObLn ero BHyTpenHeil sHeprun. (PaccMoTpenHblii Tporecc
HasbIBaeTcs aguabartimdecknM.) Tak W 3ammimem:

ol =

M/c = 2000 M/c.

pAV = -AU .
[ToacraBuM cloia 3aBUCUMOCTb BHYTPEHHEI 9HEpruu oT Temiie-
RT
paryppl U = 3RT u yudreM ypaBHEHHE COCTOSHUA P = v
[Tomyunm
I
14 T

Ho 510 3HaumT, 4TO OTHOCHTEJNbHOE TpHUpalieHe o6beMa B TPU
pasa 6oJibllle OTHOCUTEJbHOW yOblin Temreparypbl. CienoBa-
TEJIbHO, MOJIyYeHHOe PABEHCTBO eCThb M depenimanpibiii ana-
JIOT COOTHOTIEHUST

V~T7,
un (ecsu ONATH YUeCTh yPaBHEHHUE COCTOSHUSA)
4
p~T".

B xoopmmnarax p, T — 210 mapabosa 4YeTBEPTON CTerneHn
(ammaGara Ha pucyHke 1). A BOT TeMIepaTypHasi 3aBUCUMOCTD
JIABJICHUS HACBIIEHHOTO napa (KPUBast HACBIIICHUST HA PUCYHKE
1) — ropaszo 6osee peskas. B aToM MOKHO y6euThes, CRaKeM,
npu nomouw Tabami uau nocrpous kpusyio p, (T) ~ e R
TPUGJIKEHHO OIHCHIBAIO- '
TILY10 9TY 3aBUCUMOCTb, T/I€
7 — yIeJbHas TeIIoTa uc-
napenuss (JJas BOJBI
r=23-10% Jl/xr). A
9TO O3HAYAET, YTO KPUBASI
pa~T" ¢ YMEHbIIIEHUEM
TeMIIepaTyphbl, HAYWHAS C
T =T,, MoxeT mepecedb
KPUBYIO  HACBIMEHUS
P (T) npu HexoTopoOil
temmeparype 1, , Hasbl-
BaeMOIl TOUKOW POCHI.
Jlabille BO3MOKHBI JIBa
crieHapusi. CorJiacHo mep-
Bomy u3 Hux (1), map npo-
CKOYHT Jlajiee 110 agmaba-




Te, TAK 4TO €ro jiaBjenue Gy/er Bce GoJibliie 1 GOJIbIIe OTINYATD-
cs OT JaBjeHus Hacblnenns. Ho mpum KakoM-TO 3HAueHUN
nepecoimennss pg/py > 1 n temueparype Ty curyanums cranet
HEBBIHOCUMOIT: TIpousoiier GypHas crmontanuas (camMonpous-
BOJIbHASI) KOHJIEHCAIUs, T.e. 00pasyercss MHOXKECTBO KAllesb
(Tymam), Gyzer BBIGpOIIEHa B HECYIIMI Ta3 TEMIOTa KOHAEHCa-
LK, NOTOK IHOAOrpeercst u BepHercs K kpusoil p, (T). Ora
temneparypa Ty HasbiBaeTCsl TOUKOH Busbcona (BCOMHEM 0O
€ro «TyMaHHoil KaMepe», ChIrpaBIiell BAYKHYIO POJIb B HCCJIE/0-
BaHUU SIIEPHBIX MPOIIECCOB).

Wrak, yacTb mapa MpeBpaTUTCs B KUJKUE KATIEJIbKH, KOTOPbIE
yKe He OyJyT y4acTBOBATh B CO3/IAHUU JIABJIEHUS HA CTEHKU
coria; 6oJiee TOTO, PACIIUPSIIONIEMYCS TIapy TPUIETCS YCKOPSITH
9Ty MACCUBHYIO Maccy. SIBHbIe moTepH TATH ABUTATEIs!

Ho Bosmosken u gapyroii cuenapuii (2). Ecam Kak-To 3acTaBUTD
T1ap W/TH BJIOJTb TEDMOIMHAMUYECKH PaBHOBeCHOIT kpusoit py, (T,
TO <JIMIIHSST> TEIJIOTa KOH/eHcau 6y/eT BbIIeJsITbCs Helpe-
PBIBHO, CIIOCOGCTBYSI /1aJIbHEHIIIEMY YCKOPEHHUIO, TAK 4TO B KOHIIE
KOHIOB, ipu T — 0, B KMHETHYECKYIO HEPrHIO MEpeijierT u
aHeprug ¢dazosoro npespaiienns. [loatomy, 106aBuB B IpaBylo
yacTh ypaBHenus (# ) MOJAPHYIO TEIIOTY KoHjeHcanuu My,
MOJIYYNM CJIEAYIONIYIO OLEHKY /IS MAKCUMAJIbHOI CKOPOCTH:

@, = 1/&&—% +2r = 2900 w/c .

BeixoauT, paBHOBECHASI KOHJEHCAINS MOTJa Obl IIOMOYb IIOJTY-
YUTDb JIONOJHUTEIbHDBII UMITYJIbC TATH!
Ha pucynke 2 kauecTBEHHO N300paXKeHO U3MEHEHUe TeMIepa-

a)

Ocw conia

Ly

Puc. 2

TYPBI I CKOPOCTH BJIOJIb OCH COTLIA X, KOTOPASI JIJIsT HATJISIIHOCTH
HampasjeHa BHu3 (Beb pakeTa CTOMT BEPTHKAJIBHO).

Ho kak 3acTaBuTb 1ap uITH 110 BTOPOMY ciieHapuio? [[yis aToro
MOKHO Obl <IIOJICBHIIATh» JIOIOJHKUTEbHbIE (reTeporeHHbie)
S/ipa KOHJIEHCAIIUUH — HANpUMep, MUKPONBLINHKUA WA HOHBI
(Bcero aToro u Tak MHOTO B PeasibHOii Bojie), Ha KOTOPBIX I1ap MOT
Obl «Oce[aThb», He JOKUIasgCh GOJBIIOTO TepechieHns. A ere
MOJKHO yYecCTb...

Opmnako, — 3amerust Crygenr, — xode-to ocrbli. IIpugercs
CHOBA TIOBBINIATH €I0 SHTAJIBIINIO!

MOXHO N
B MUKPOCKOTM
MOJeKyny
pa3rnageThb?

A.CTACEHKO

AHOI{EMY BOOBIIE UYTO-TO MOKHO PA3IJVIABIBATD B
MHUKPOCKOT? BcrioMHIM, TTpesk/ie Bcero, Kak CTPOUTCS n3006-
paskeHHe PaccMaTpHBAEMOro Ipe/MeTa B paMKaxX reoMeTpuyec-
Koit orrtuku. IIpocreiimas cxemMa MUKPOCKOIIA UMEET J[Be COOM-
patorue JuH3bI. Ta, 4TO MOBepHYTAa K OGBEKTY, HA3BIBAETCS
00beKTHBOM. IlycTb ATOT 06BEKT pacnosioskeH BOM3H GoKyca
oobekTBa [y Ha paccrosHuu, 4yTh OoJiblieM (POKYCHOTO
paccrosnug (puc.1,a). I1o mpaBuiam OCTPOEH H306PaKEeHHS
B JINH3e TIPOBe/IeM 13 TOUKU A 06beKTa [[Ba Jyda — OJIUH Yepe3
doxkyc, apyroit — uepes 1eHTp 00beKTHBA. [IepBbIil J1y4, corac-
HO onpe/ieIeHnio hoKyca, Tocie IpeJoMJIeHUS B JINH3e J0/UKEeH
MOWTH TIapajijieJibHO OINTUYECKOH OCH, a BTOPOil BOOOIIEe He
u3Menut uampasjaenusi. C Apyroit cTOPOHBI OOBEKTHBA OHUI
nepecekyTcsi B Touke A’ , KOTOpas 1 SIBJISIETCST IeHCTBUTEIBHBIM
nzo6paxkenunem Touku A. TOUHO Tak ke mocTponM n3obpakeHue
ToukM B 1 BooOIIEe BCceX TOUEK 0ObEKTa, JIeKAIIEro Ha PeMeT-
HoM crosuke. U dem Guiske mpeaMer GyleT PACIONOKEH K
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Puc. 1

dokycy o6beKkTHuBa, TeM GOJIBIITUM TIOJYUYUTCS ero JeHCTBUTE b=
Hoe nepeBepHyTOe nzoOpaxkenne A'B’.

Tenepb KUCIOb3yeM BTOPYIO JIMH3Y — OKYJISP, PACHOJIOXKKB
€ero Tax, 4To6nl ero gokyc Fy ObL1 BOJIM3HU TEPBOTO M300pake-
s A’B’, Ho co croponsl o6bektnBa (puc.1,6). szo6paskenue
A” toukum A’ TOKe TOCTPOMM IIPH TIOMOINU [JBYX JIy4eil.
Opuaxo Terepb 910 Gy/IeT MHUMOe U306paskerie, HaXO/IsIIeecst
Ha TIepeceyeHny TPOJO/UKEHIN 9TUX JIYUell ¢ TOl JKe CTOPOHBI
okyJssipa, uto u A’B’.

Wtak, Mbl MOJYYMJIN OKOHYATEJbHOE YBEJUUYEHHOE MHIMOE
nepesepuytoe (o6partnoe) usobpaskenue A”B” pacecmarpubae-
Moro o0bekta AB. YMeHblnas paccTosiuue Mexy AB 1 TOUYKOit
Fs (dpoxycom obbextna) n mexny A'B° u F,. (dokycom
OKYJISIPa), MOKHO YOEUTHCS B BOSMOKHOCTH HEOTPAHUYEHHOTO
yBeJsmyenus Mukpockora. Ho 9To TOJIbKO B paMKax reoMerpu-
YecKoi onTuku!

Muxkpockonucerbl XIX Beka yKacHO OOHIETNCH, KOTJA UM
OGBSICHIIIN, YTO CYIIECTBYET TIPEIE PA3Peuanett cnocooHoc-
mu ux npu6GopoB (T.e. BOBMOKHOCTH PA3JINYUTD JBE TOUKU A U
B Kak OT/IeJTbHbIE) M UTO HTOT MPEJIE CBSA3aH € JJUHOI BOJTHDI
cBeta. CooTBeTCTBYIOININE OIeHKN cie1alt B 1872 roay Hemerkmit
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L
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Puc. 2

dusuk-ontk AGGe, KOTOPBIN caM M3TOTOBJIS ATU TTPUGOPHI 1
JIOBeJI X JI0 coBeplieHcTBa. IIpocseanm Xo/1 ero MbicJeit.
ITyctp na <«mpeamer» AB cHU3Y HajaeT IJIOCKas BOJHA,
OJIHOBpeMeHHO gocturamomas touek A u B (puc.2,a). Coraacuo
npuniuny [ofirenca, onu 06e CTAHOBATCS MCTOUYHUKAMHU BTO-
puuHbIX cepryecknx BosH. [locMOTpHUM, Kak 3TH BOJIHBI pac-
IIPOCTPAHSIOTCS BJIOJIb HEKOTOPOTO HAIIPAaBJIEHHsI, 00Pa3yIolero
yroa 0 c onrudeckoit ocbio. [Toctpoum orpesoxk BC, nepuen/u-
KYJISIPHBII 5TOMY HAIIPABJIEHUIO U KACATEJIbHbIN K cPepuyecKuM
MIOBEPXHOCTSM BOJIH, BbIXo/AANMX U3 A n B. Ho Bbian-to onn
He OJTHOBPEMEHHO: YTOObI JocTndb Touku C, BOJHA U3 TOUKH A
JIOJKHA BbIATH pasbine. COOTBETCTBYIONIUN OTPE30K BPEMEHU
pasen t’ = AC/c, rae ¢ — ckopoctb BoJHbL. CJleJloBaTeJIbHO,
ecJii BO3MYIIleHHe, ujyllee n3 TOYKN B, 3amucaTtbh B Buje

Sp =sinwt ,

TO BO3MYHIIEHUE OT TOYKN A zamnumiercs B Bujie

A

3necr AC = A — paznoctb Xo/1a BOJIH, A = ¢T — [IJINHA BOJIHDI,
WJIN PACCTOSTHIE, TPOXONMOE BOJIHOM 3a epuox T = 21 w. 13
tpeyrosabnuka ABC jerko HalitTu aTy pasHoCTb X0za:

A=AB-sin®=dsin9 .

ITonarno, yro ara pasHocTb Xoja OyJIeT COXPAHATbCS U IPH
JIaJIbHEHIIEeM PAcIpPOCTPAHEHNH BOJIH Sy U Sp . U rae-To gaseko-
JIa7eKo (DPOHTBI STH BOJH CTaHYT IIOCKHMH, a CyMMapHOe
BO3MYIIEHUE CTAaHET PABHBIM

A 2mA
Sa =sinm(t+t')=sinm(t+—)=sin(ut+—).
C

Sy = sinwt+sin((uf +2%Aj .

A uT0 3HaunT Aaneko? Beub ecau Mbl coGUpaeMcsi pacCMOTPETh
orpesok AB = d kak orpes3ok (T.e. pazaumuuth Touku A u B)
opsAJKa MUKPOMETpa U MEHbIe, TO Jaske OJUH MUJIUMETD
(nops1ok hoKycHOTo paccTostust 0GbEKTHBA) — 9TO YiKE OUeHb
naneko (Fog/d >1).

2008/Ne3

Wrax, maiinem cymMMy JABYX BOJIH:

Sy = sin wt +Siﬂ((ﬂf +2TT[A) = 2cos(n7A)sin(wt +HTAJ

MHuosxuTe b Hepe]] CHHYCOM OTIpe/iesisieT aMILTTYLy CyMMapHO-
TO KoJeGaHWs — Pe3ysabTaT HHTepdepeHInN ABYX BOJH Ha
Geckoneunoctn (MM B Mapaj/ielbHbIX JiydaX). BupHo, 4to
KBaJIpaT aMILIATY/bl, T.€. MHTEHCHBHOCTb, MaKCHMaJeH IIpu

yCJI0BUN
A
2o

njan 1npn ycJjaoBun

rae m — 1eJjoe 4ucJjo,

A =mA =dsin9£{1’;)x.

Taxkum 06pasoM, ONpejeIeHbI HAPABJICHHS, B KOTOPBIX /IBE
BOJIHBI YCUJIUBAIOT JPYT APYTa, UM UMEET MECTO TOJOMKUTETb-
nas unrtepdepeniusi. V1 BOT TYT MOXKHO MOSICHUTH I'€HHAJIbHO
IIPOCTYIO MbICJb AGGe: /ISt TOro YTo6bl HH(MOPMAIUS O PaccTo-
sann d Mexxty Toukamu A 1 B 6blia BocripuHsiTa HabJIogaresemM,
HY’KHO, 4TOGbI, 10 Kpaiiueii Mepe, mepsbiii Makcumym (m = 1)
nuTep@epeHImoHHON KapTUHBI 0TI B 0GbEKTUB MUKPOCKOTIA.
Bort ato ycioBue:

eg)ax <a,
rje 0 — YroJi, Moji KOTOPBIM BHJEH PAANyC 0OODEKTHBA MUKPO-
CKOIIA U3 TEHTPAIBHOI TOUYKU MPEIMETHOro cToauKa (eM. puc.
2,a). TlonokUB B IPE/IBILYIEM BbIPAKEHUU TTOPSIIOK MHTEpde-
perrmu m = 1, MONyYnM WMCKOMOE HaMMEHDIIEe PACCTOSHHE
MEX/LY JABYMsI TOYKAMH, PA3JINYHBIMI KAaK OT/(CJIbHBIC TOYKHU:
A

min S]n a .

Orcro/ia BUHO, YTO JKeJIaTeJIbHO YMEHDIIAaTh A ¥ YBEJIMYHBATD
o . Ho maumenbmmasg ammnaa BOJIHBI BuAnMOro (($pnomeroBoro)
cBeta A ~ 0,4 MKM , a CHHYC HeJIb3s ¢/1eq1aTh OOJIbIle eJINHUIIbI
— BOT T0YeMy OODBEKT PAaCHoIaraioT Kak MOXKHO OJmKe K
00BbeKTHBY, a (DOKyCHOE PACCTOSIHUE TIOCJe[Hero GepyT Kak
MOKHO MEHBIITNM.

Ho, noiinem nanpure. [Touemy HenmpeMeHHO HY’KHO OCBellaTh
HAIIM «TOYKH» BJOJIb ONTHYECKOi ocu? ITomnpo6yem HarpaBuTh
cBet ozt yratoMm 8 k meit (puc.2,6). Toraa pasHocTs Xoaa BOJTH
S4 U Sg COCTABHUT

A-Dy=AC-DB=d(sin®—sin6)) = m\ .

Buano, uro makcumym HyJesoro nopsaka (m = 0) noiizer B
nanpasiaenun 0, . [lorpeGyem Terepb, 4TOGbI OH MOMAJ Ha
npaBbIii Kpait o6bekTBa () = 0 ), a MAaKCHUMyM MUHYC TIEPBOTO
nopsiaka (m = —1) — Ha JeBbiif kpaii (6_; = —a ). B pesybrate
MOy urM
d(sin (o) - sina) =—1-A,

OTKy/1a

A
2sina

min =
BI/I[_IHO7 4TO yAaJIOCh BABOE€ YMEHDIIUTDH ITPEAEAbHO Pa3pelinMoe
pacCcTodgnmne Mexay ABYMA TOUKaMU.

U ato ee ne Bce. [lomecTum MEXIy 0OBEKTUBOM 1 IMpeaAMETHDBIM
CTOJIMKOM KH/IKOCTb C KOBq)(bI/IIII/IEHTOM IIpeJIOMJIEHUSA N Cko-
POCTH CBE€Ta B HEell B 1 pa3 MeHblie, 4eM B BaKyyMe (I/IJII/I, qTo
1104YTN OAHO M TO XK€, B BOSHyXG); 3HAYUT, [AJIMHA BOJIHbI TOXXE
YMEHbIIUTCA B 1 pas. B Takom cJy4dae

A
2nsin a

min — y

rae A - JIJIMHa BOJIHBI B BO3/yXe€. IJTO — TaK Ha3bIBaeMast
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ummepcuonnas rexuuka (OT JATHHCKOTO immersio — morpyske-
Hue).

Ho koadduimenTsl mpesoMIeHns KUIKOCTell He HAMHOTO
IIPEBBINIAIOT €IMHUIY: HAIpuMep, s GeHsona n=1,5, Ajd
6pomodopMa n = 1,6 . Tak 4TO TPaBbI TE, KTO TOBOPST, UYTO
MUKDPOCKOTI He MOYKET Pa3peliuTh PACCTOSHIS, CYIIECTBEHHO
MeHbIITIe TOJOBUHBI JIJINHBI BOJIHBI.

A BOT TYT HaUMHAETCSI TO, Yero He 3Has cam AGGe. B 1924 rony
¢paniysckuii pusuk Jlyn ne Bpoiinb passBus ujieo o ToM, uyTo
MaTepuaTbHON YaCTUIE ¢ UMITYJIbCOM MU MOKHO COTIOCTABUTD
BOJIHY C JJIMHOI

A=

)

mo

rie h=6,6-10"* I -c — nocrosunas Imanka. Hamnpumep,
€CJIN YCKOPUTD AJEKTPOH B JIEKTPUUECKOM I10JIe C PA3HOCTBIO
norennnaioB U, TO OH TPUOOPETET CKOPOCTH

2Ue

’
e

m

rae e =1,6- 107" Kau — 3aps/l 9JIEKTPOHA, m, = 9,1-1073" kr -
ero Macca. 3HAYUT, [JIMHA BOJIHBI 9JIEKTPOHA, COTJIACHO JI€
Bpoiimo, Gyzner paBHa

h

J2m,Ue

Tak, npu pasuoctu motennmanos U = 1B (xapaxrepoit mas
06bIYHON Garapeliku) mosrydnm

B 6,6- 107
V291107 11,6107

[Ipu stom, coryacuo Teopuu AOGE, CTAHOBUTCS BO3MOKHDBIM
paccMaTpuBaTh OGBEKTDI MOJIEKYISPHBIX pasMepoB! ITo yike He
MHUKPOCKOII, a, MOXKHO CKa3aTh, HaHOcKoII. [IpaB/a, o Ha3biBa-
eTcs TO-TIPEKHEMY MHKPOCKOIIOM, TOJIbKO 3JIeKMPOHHBIM.

O6parum ele BHUMaHKUE HA TO, YTO B 3HAMEHATEJIe BbIpaxKe-
HUS /17 IJTAHBI BOJTHBI Jie Bpoiisis crout Macca yacTHIipl. A 4To
€CJIM B3SATh HE 3JIEKTPOHDbI, & MOHBI KAKUX-TO 3JICMEHTOB WJIN
Jlaxke MoJieKyJaspable nonbl? ITockobKy oHM HA MHOTO TOPSi/-
KOB MacCHBHEE 3JIEKTPOHA, UX [AeOpoiiieBcKasi [JMHA BOJIHDBI
MOJKeT ObITb 3HAYNTEIHHO YMeHbIleHa. BMecTe ¢ Heto yMeHbIINT-
Cs1 1 pasInyMMoe paccTosiHue Mexxy AByMs Toukamu A u B. Tak
MOJIYYUJICS UOHHBILL MUKPOCKOIL.

3aBepmnM Halll paccKka3 CJAOBAMU W3 KHWUTH AHTJIHICKOTO
(usuka T.JIuncona «Bemmkue sxcrepumentsr B usnke» (M.:
Mup, 1972): «MoXHO CKasaTh, YTO ONTHYECKAS TPOMBINLICH-
HOCTb 06si3aHa Teopuu 6OJIblle, YeM J06as APyras OTPACJb.
3/1ech TEOPH BBICTYTIAJIa HE TOJBKO Kak 0000IeHIE TPAKTUKH,
HO M Kak IyTeBOJHAs HUTb».

A M=~10"" M=1muMm .

MATEMATUYECKHUN KPYXOK

O aByx
Befiocunenmncrax
1 BULLHEBOW
KOCTOYKE

B.[TPOTACOB

ro4 crycrs 5 CHOBa OXOTMIICA B TOM XXe siecy. KOHeYHo, K ToMy
BPEMEHM 51 COBCEM 103abbl1 06 UCTOPUM C BUILLIHEBOV
KOCTOYKOU. KakoBO xe Oblio MOe U3yMiIeHWe, KOrAa 13
yalym 71eca fpsamMo Ha MEHS BbIMPbIrHY/T BETMKONENHbIV
0OJ1eHb, ) KOTOPOIro MEXLY POramu POCIIO BbICOKOE, Pa3BECH-
croe BulLIHeBoe [epeBo!

3.Pacna. MpukntoyeHns GapoHa MioHxrayseHa

v Bce 310 BbIpPOUIO U3 334a4u1 1, coBcem ﬂpOCTE’HbKOMV u
HE’MHTE',OE'CHOI;I, KOTOPYIO Mbl BHa4asie v peLuarb-1o He Xore-
JIU.

MocnegHas dpasa 3Tom CTaTby

I\/I bl HE CJIYYAWHO BBIHECJIU B AIIUTPAD® OPA3Y 13 UC-
TOpUn «HeOébIKHOBeHHbeI OJIEHb» O NPUKJIIOYEHUAX 6&-
pOHa MIOerayseHa. KaK M3BECTHO, O/JHAX/bl Ha OXOTE 6ap0H
BBICTPEJIMJI B OJICHSI BUITHEBOW KOCTOYKOM, M 4epe3 HEKOTOpPOoe
BpeMA Ha I'0JIOBE OJIEHA BBIPOCJIO POCKOIIHOE BUIITHEBOE /IEPEBO.

Mbl nonpo6yeM TPOCJeIUTb, KaKUM 00Pa3oM U3 KOCTOUKU
BBIpacTaeT JepeBo. A MMEHHO, KaK M3 MPOCTOH O/THOXO/O0BOI
3/IAUKN TIOJTyYaeTCs 1eJ1asi CePUsi KPACUBBIX T€OMETPHUYECKUX
TeopeM. B KkauyecTBe BHIIHEBOII KOCTOYKM BO3bMEM TAKYyIO 3a-
Jaay:

3anava 1. B mpaneyuu ABCD 6oxosas cmopona BC nepnen-
duxyaspua ocnosanusm. Tozda cepeduna cmoponvt AD pasno-
yoarena om eepuun B u C.'

«Hy n uro ke TyT pemarb?» — crpocure Bbl. V1 6y/ieTe paBbl.
3ajaua — coOBepIIEHHO dieMeHTapHast. MoseT, cieyeT 3aHIThb-
cs1 GoJiee mHTEpecHbIMU BetamMu ? O0s13aTe/IbHO, HO CHaYaJs1a Bee-
TaKU NPHUBEIEM pelleHie.

Pemenne. O6o3naunm cepeunnl ctopod AD u BC uepe3 K n
L cootsercrenno (puc.1). Tockoabky KL — cpepsss auHus
TpAIenny, OHa MapajieJbHa OCHOBAHUSM, CJIEI0BATETbHO OHA
neprenaukyasipia BC.
Takum o6pasom, KL — (
CEepPeIMHHBIN TIepIeH/I1-
Kyasp k cropone BC,
noatomy KB = KC. I

Y IuBUTENBHO, YTO 9TA C

<«KOCTOYKa» , KOTOPAs 5IB-
JIeTes ke He 3ajadeii, 3 Ee=—
a CKopee TITKOJIbHBIM Y- Pyc 1
PaKHEHMEM, J/laeT Haya-
JIO MHOJKECTBY 3aMevaTeJibHbIX reoMeTpuieckux ¢paxktos. Cpenn
HUX €CTb U CJOKHBIE 37144, OMyOIMKOBAHHBIE B PA3JIUIHBIX
cOOpHMKAX, W OJIHA U3 <«TeopeM O 6abouke», U [Be 3a/Ia4H,
[Ipe/IJIarapIimecst B pasmble TOAbI Ha MekayHapoJHoi MaTeMa-
THYECKOU osiuMIinajie. B KadecTBe 1epBOro I1ara Mbl JJOKakKeM
craeyioniee yTBEPKIEHIE, yiKe 6ojiee NHTEPECHOE U TPYIHOE:

1" 3adauu u ynpaxuenus mui 6ydem opmyauposamv 6 eude
ymeepixdenuil, caoa </loxaxume, umo ...», Kax npasuio, Gyoem
onycxamo.
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3anmaua 2. /lanvl dée OKpyKHOCMU, NEPECEKANOUUECS 8 TOY-
xax A u B. Toz0a na naockocmu naiidemcs mouxa K ¢ maxum
COUCMBOM: eCcau npogecmu uepe3 mouky A npoussonvryio
nPAMYI0, NEPecexaowyyio OKPYKHOCMU 6MopuuHo 6 mouxax P
u Py, mo K 6yoem pasnoydarena om cepedun xopd AP u AP; .

Pemenue. Ilentper ganubix okpy:kuocteii (0603HAUMM WX
uepes Oy u O, ) BMecTe ¢ cepegunamu orpeskos AP u AP,
SIBJISTIOTCS] BEPITMHAMHE TIPSIMOYTOJIbHOM Tpareru. [TpuMeHns K
Hell pe3ysbrat 3ajaun 1, moaydyum, uto cepeauna orpeska 0,0,
1 ecThb ncKoMas Touka K.

[TpocToTa pemennss BO MHOTOM, KOHEYHO, KasKylascs. 3ajia-
4ya M3 CEPUM <PeIaercsl JEerko, ecJau 3HaTh Kak». Bce-raku
HY’KHO CHauaJla YCTAaHOBWTDH IOJIO’KeHne Touku K, 3areM yBuU-
JIeTb Ha 4YepTeske IMPSAMOYToJibHYI0 Tparenuio... [[asa nac ke
BaXXHO TO OOCTOSITEJILCTBO, YTO B PENIEHUH He HCIIOJb30BAHO
HUYEro, Kpome pesyJbrara 3ajgaun 1. Marematnku B Takmx
CJIy4asx TOBOPSIT, YTO 3a/la4a 2 eCTb IPSIMOe CJIEe/ICTBHIE 33aun
1. CpesaeM BTOPOIi 1Ar u ImepeiijieM K elie OHOMY IPSIMOMY
CJIE/ICTBUIO:

3anmava 3. /lanvl dee oKpyKHOCMU, NEPECEKANOUUECS 8 TOY-
xax A u B. Tozda na niaockocmu naidemcs moukda ¢ maxum
CBOUCMEOM: eCau nposecmu uepe3 mouky A npouzeosvHyIO
npAMYI0, NePeceKkanusyio
OKPYKHOCIU  BIMOPUUHO
6 mouxax P, u P, mo
ama mouxa Oydem pas-
HoyOdanrena om P u P,.

Pemenne. 113 3amaun 2
MbI 3HaeM, 4To Touka K,
cepenuna orpeska 00, ,
paBHOY/IaJIeHa OT CePe/IH
xopa AP, w AP, . Pacrts-
HEM IIJIOCKOCTD B /[Ba pa3a
OTHOCHUTEJBbHO TOYKH A
(t.e. mpoBesieM romMoTeTnIo ¢ KoapuuueHToM 2 ¢ ueHTpoM A).
IIpu aTOM cepesnHbl JaHHBIX XOP/L TTepeiayT B Touku P u Py,
a touka K — B Touky V Takylo, 4to oTpe3ok AV Oyner numerb
cepeauny B Touke K (puc.2). Toayuaem, uro V paBHOyzaeHa
or touek P, u P .

Puc. 2

3nech Topa c/iesiaTh OCTAHOBKY M 3aayMatbest. Hecmorps Ha
KOPOTKOe pellleHne, 3ajaua 3 clipaBe//IMBO CUUTAeTCS TPY/JHOI.
B pa3ubIX BijiaX OHA TOSBJAJIACH W B U3BECTHBIX COOPHUKAX, 1
Ha OJIMMITHA/IaX BBICOKOTO YPOBHS. A Be[b IO CyTH B Hell HeT
HIYEro, KpoMe 3JIeMEHTapHOTO CBOHCTBA IIPSIMOYTOJILHOII Tpatie-
1[IM, yCTAaHOBJIEHHOrO B 3asave 1. Kak ke Tak IOJIy4U/I0CDh, YTO
OZIHO TIpocTOE JeiicTBie (TOMOTETHSI OTHOCHTEJIBHO TOYKH A)
IIpeBpamnaeT CJIOKHYIO W KPAaCHBYIO TEOPEMY B TPUBHAJIBHYIO
3a/1auKky npo Tpareruio? O6paruMces ele pa3 K penieHnio. Mbl
IIPOBEJIN NPOU3BOALHYI0 TIPAMYI0 PP, m BbIIETUIN TIPSAMOY-
TOJIbHYIO TPAIEIHIO ¢ BEPIIUHAMHE B IIeHTpax okpy:kHocTellt Oy ,
O, u cepeaunax orpeskoB AP, AP, . Ocranoch BOCHOJIb30-
BaThCs 3a1adeil 1, a MOTOM cieIaTh TOMOTETHIO ¢ KoaduIneH-
toMm 2. Jlna kaxmoii npsimoit PP, Bo3numkaer, Takum o6pa3om,
cBos Tparenusd. M k Kax10ii 13 HUX IPUMEHUMO OJHO U TO e
paccy’kjieHue, T.e. Mbl OJHHM IIaroM IPUMEHHJHN pe3yJbTaT
3azaun 1 cpady K GECKOHEYHOMY MHOXKECTBY IIPSIMOYTOJIbHBIX
Tpatenuii. MokHo cka3arb, UTO 3aa4a 3 — 3TO Ta e 3ajada 1,
TOJIbKO MOBTOpEeHHAS GECKOHEYHO MHOTO Pa3.

Takoe «THpakMpoBaHUe» MaTEeMAaTHYECKOTO PAaCCYy>KICHUS
BCTpevaeTcs IOCTOSIHHO, IPHYEM MbI CaMH, Pelast 3a/1a4n, 3TOro
He 3aMedaeM. Besmkuit gppaniysckuii yuenotii Aupu Ilyankape
(1854—1912) tucan 06 sToM peHoMere Kak 06 OCHOBHOM JABUKY-
meil cujie MaTeMaTHKN Ha ee IMyTH OT IIPOCTOTO K CJIOSKHOMY,
cracaromieil MaTeMaTuKy OT 6eCKOHEYHBIX TaBTOJIOTHI. JTa CUIa
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COCTOUT B <«OXBare OGECKOHEYHOCTH OJHON (opMyJIoii», Kak
rosoput Ilyankape B cBoeil kuure «O Hayke»: «3/ech cKa3blBa-
€TCs TOJbKO YTBEPIK/ICHUE MOTYIIECTBA PadyMa, KOTOPBIii Cr1oco-
6eH TIOCTHYb GECKOHEYHOE MTOBTOPEHKE OJIHOTO M TOTO K€ aKTa,
pa3 3TOT aKT OKA3aJICS BO3MOYKHBIM OJIHAK/IBI» .

He6osbmas Bapuaiust 3aaun 3 NPUBOAUT HAC K €Ille OJ[HOM
CJIOKHON 3aaue, npeayarasieiics B 1979 ronxy na XXI Mesxk-
JIyHApO/IHOI MaTeMarmyeckoil oymmmuaze B Jlonmomne:

3anava 4 (o aByx Besocunemucrax).? Janvt dee okpyxnoc-
mu, nepecexaiowuecs 6 moukax A u B. Jlea senocuneducma
edym no amum oxpyxnocmam (Kaxovil — no ceoeil) ¢ NOCMo-
AHHBIMU cKOpocmamu u 6 00nom nanpasienuu (auéo oba no
uacoeoll cmpeake, aubo oba — npomus). Onu 00HO8pPEeMENHO
6vLe3KAI0M U3 MouKU B, denarom odun obopom u o0nospemenio
sozepawaromcs 6 B. Toe-
da mnaiidemcst HenoodGux-
Has MOUKd, KOMOPAs 6ce
spemsi pasnoydaiena om
8EJ10CUNEOUCTNO8.

Pemenne. YBepen, uto
BbI yKe BCe IOHAMM. JTa
TOYKA U €CTh Ta camasi TOU-
ka V u3 3ajgaun 3. B camom
nese, ecam 0GO3HAUUTD  pyc 3
3TUX BEJIOCHIIEIUCTOB Ye-
pes P, u Py, to B mo6oii MoMeHT BpeMmenu tpsmas PP,
npoxoaut uepes touky A (puc.3). TMouemy? Besocuneaucrst
€JIyT C O/INHAKOBBIMU YTJIOBBIME CKOPOCTSIMHU, TI09TOMY /1yTH B P,
n BP, uMeT OAWHAKOBYIO YIJIOBYIO Mepy. 3HAUUT, YIJIbI
ZBAP, u ZBAP, paBHbI, TOCKOJbKY OHU OMUPAIOTCS HA ITH
nyru. A aTo 3Hayur, yto Toukn Py, P, u A nexkar Ha 0oHOIi
npsamoii. Cnegosarensto, VP, = VP, (3agaua 3).

Wrax, B 3azauax 3 u 4 dburypupyer ofiHa 1 Ta ke Touka V. B
Hell CXO/ATCS BCE CePeJMHHDbIEC MEePIEHANKYJISAPbl K OTpe3KaM
PP, , coeIUHSTIONNM TOUKH TIepecevdeH st JaHHBIX OKPY>KHOCTEl
¢ mpsaMbIMH, TTpoxoaammmu yepes A (zamaua 3). Oma ke Bcerma
paBHOY/IaJIeHa OT JIByX BEJIOCUIIE/IUCTOB, OJJHOBPEMEHHO BbIE3-
JKAIOMINX U3 TOYKU B U IBUTAIONINXCS € OJAMHAKOBBIMU YTJIOBBI-
MU CKOPOCTSIMH. YoKe 9THX JIBYX CBOWCTB /IOCTATOYHO JIJISI TOTO,
4TOOBI TOUKA HMeJIa CBoe Ha3BaHne. byxem HaspiBath V moukoi
dsyx eesiocuneducmos, COOTBETCTBYOIIEl Touke B. VY mo6oit
1apbl MEPECEKAIONNXCS OKPYJKHOCTEH TaKMX 3aMeyaTeJbHbIX
TOYEK /[BE: O/IHA COOTBETCTBYET TOuKe A, ipyrasg — B. 9TH ToYKn
CHUMMETPUYHBI OTHOCHUTEJBHO JIMHUH IIEHTPOB OKPY’KHOCTEH, a
paccTosgHue MeK/y HUMM PaBHO juinHe obuieit Xxopabt AB. U3
pelleHns 3a/1a41 3 JIETKO YCTaHOBUTD UX MeCcToIoslokeHue. Tax,
TOYKA JIBYX BeEJIOCHIIEMCTOB V, COOTBETCTBYIOIasl TOuke B,
SIBJISIETCS] 4eTBEPTO BepInmnHON TmapasiesnorpamMa O AO,V .
Ona e — yerBepras BeplIMHA PAaBHOGEIPEHHOI TpareIyu
0,0,BV ¢ ocuoBanusimu O,0, u BV.

Y ToYek [BYX BEJOCHIEJNCTOB MHOXXECTBO HHTEPECHDBIX
cBofictB. YacTb M3 HUX YHOMSHYTa B YIPKHEHHUSIX HIDKE.
Pemrats nx (paBHO KaK 1 OCTaJIbHbIE YIIPAYKHEHUS B ATOIT CTaThe)
Heo643aTesIbHO, B HAINX JAIbHEHIINX MCCIEOBAHUSAX OHU HE
HCHOJb3YIOTCSA. MBI, 0/IHAKO, PEKOMEH/IyeM PEeluTh yIpasKHe-
Hug 1 ¥ 2, HOCKOJIbKY OHU HaM IIOHAJ00STCS.

YupasxkHeHus

1. Uepes TOuKy IepecedeHns ABYX OKPY>KHOCTEI IPOBOJATCS /1BE
[psIMble, KOTOPbIE BTOPHYHO TI€PECEKAIOT OKPYIKHOCTH, T1epBasi — B
toukax P, P,, Bropas — B Toukax Q;, Q,. Torma rtouka
HIePECEYCHNsT CEPE/IMHHDIX IEePIEHANKYJIAPOB K oTpe3kaMm PP, u

2 s yoobecmea Mol HEMHO20 USMEHAEM POPMYIUPOSKU OIUMNUAO-
HOLX 3a0ad, NOJHOCMBIO COXPAMUSSL NPU FMOM UX CMBICIL.
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Q,Q, ABIIAETCS TOYKOII IBYX BEJIOCHIIEANCTOB /IS JJAHHDBIX OKPYXK-
HoCTeil.

2. Eciiit OKpysKHOCTH Tiepecekatores B Toukax A u B, V — ux touka
JIBYX BEJIOCHIIE/INCTOB, COOTBeTcTByIomast B, to yron ABV —
IIPSIMOIA.

3. B ycrnoBusix sasaun 4 o6osznauuM uyepe3 O; un O, IEHTPbI
OKpYy>kHOCTell. /lokaxure paBeHCTBO TpeyroabHuKkoB VOP nu PO,V
110 IByM CTOpPOHaM U yrity Mexay numu. Ilosbsysace sTum, nosyyure
JIpyroe pelieHue 3ajfaqu 4.

4 (H.B.Bacuaber).? Jloka)knte yTBepsKAEHUE 3a/1a4 4 IS IBYX
BEJIOCUIIEIUCTOB, [BUTAIOUIUXCS 110 OKPYXKHOCTSM B pasHbIX Ha-
[IpaBJICHUAX.

5. [lBe okpyskHOCTH IepecekaioTcst B Toukax A n B, V — Touxa
JIBYX BEJIOCHIIEJMCTOB, cOOTBeTCTBYIIOMasA B. Ecan uepe3 Touku B u
V' nposecty IIPpOU3BOJIBHYIO OKPYKHOCTb, TO TOUKU €€ II0BTOPHOIO
rnepeceyeHys C JAHHbIMU OK-
PYKHOCTSME Oy/IyT paBHOY /1a-
Jenbl ot V.

6. /IBe OKpy>KHOCTH C pajiu-
ycamMu 7,7, lepeceKkalTcd B
toukax A u B. Ilyctp V —
TOYKA JIBYX BEJOCUIIEJHICTOB,
COOTBETCTBYIOIasd Touke B.
Torma nast mo6oit OKpY>KHOC-
TN C IIeHTpoM V, mepecekaio-
meil o6e okpyxkuoctn (mep-
BYIO — B TouKax M,, N, , BTO-
pyio — B Toukax My, N, , umeem (puc.4)

a) mpsampie MM, u N;N, nepecekaiorcs B Touke A;

6) uerbipexyrosibuuky VBM|N, u VN;M,B — BIHCAHHbIE;

B) M\N, _ AN, _ AM; BM, BN, n

M,N, AM, AN, BM, BN, n

Puc. 4

3amaua 4 o IByX BEJOCUTIEANCTAX JOCTAaBNJIA HEMAJIO YI0BOTIb-
crBusg n yvactHukaM XXI Mex/yHapogaHOH OMMMINAIbI,
YyenaMm JKiopu. Bblia oHa mpe/yioskena Halleil cTpanoii n jgana
B TIepPBbIil JIeHb OJUMITHA/IbI 110/l HOMEPOM TPHU, YTO O3HAYAET —
camas caoxHas. [IIKOIbHUKY HAIIIM MHOXKECTBO CIIOCOO0B [Tt
ee pelleHust — OT YUCTO FeOMETPUYECKUX, 0 BBIUUCTUTENbHBIX
n j1axe (PU3NYECKuX.

[Tpomno mects set, n Ha XX VI MesxxaynapoHoii omnmmmaze
B 1985 roy oT Haleil cTpaHbl TeM JKe aBTOPOM Oblia MpeJIcTaB-
JieHa elle OjHa reoMeTpuvecKas 3agada, kKoropas (o yskac!)
OKa3asach Ha Ty ke camylo ujelo. IIpaBaa, torjga gasxke aBTrop
3a/1a4M ATOTO He 3aMeTuJi. Bbliio omy6JnKOBAaHO /[BA aBTOPCKUX
pellieHnst, OCHOBAaHHBIX Ha PasHbIX mpuemMax. I[lotom O6bL10
Hali/IeHo ellle HeCKOJIbKO TeoMeTpudeckuX pertennit. Hu ogno u3
HUX ¥ GJIU3KO HE YIIOMUHAJO TOYKY JBYX BEJOCUIIEINCTOB.

3apmava 5. [an mpeyzonvnux ABC u OKpyKHOCMb ¢ 4eHmpom
6 mouxe O, npoxodswas uepes eepuunvi B u C u nosmopno
nepecexarowas npamvie AC u AB ¢ mouxax P u Q coomsem-
cmeenno. Onucannvie OKpyKHOCMU mpeyzosviukoe APQ u
ACB umetom posno dee obuue mouxu A u M. Tozda yzon OMA
npamoi.

Ha mnepsbiit B3rsig, #udero obiiero ¢ sagadamu 4 uiaum 3.
Hukakux ABIKYIIMXCS TOYEK, HUKAKUX IIPOU3BOJIbHBIX IIPSi-
MBIX. EcTh TOBKO sKecTKO hUKCcHpoBaHHAS KOHCTPYKITHS, [IJIsT
KOTOPOI HAaJI0 I0Ka3aTh, YTO OJINH U3 YIJIOB IpsMoii. M tem He
MeHee, CMOTpUTe.

Pemenue. ITycto O — nenrp okpyskuoctu CPQB (puc.5).
Touka O nexUT HA TIepeceueHNN CepeMHHBIX TepPHeH/INKY Is-
poB k otpeskaMm CP n BQ, TT03TOMY OHa SIBJISIETCST TOUYKOH JABYX

3 B mex CAYUAAX, K020a HAM U3BECNHO UM ABMOPA 3A0Aul, Mol
6yden ezo yxasvieamo.

BEJIOCHIIE/ITICTOB JIJIST OKPY K-
nocreit APQ u ACB. Cue-
nposaresnsHo, OO,OM
paBHOGE/IpeHHAs Tpanenus
(O, 0, — HeHTPBI OKPYIK-
Hocteit APQ u ACB coot-
BercTBeHHo). B wactnoctu,
npsamasg OM napaJuiesabHa
npssmoit O,0, . Ho nipsimast
0,0, mneprneHANKYJIAPHA
AM (JuHUS TEHTPOB JBYX
OKPY>KHOCTEl IepIIeH/INKY-
JgpHa uX obueid xopae).
3nauur, u npsamas OM 1ep-
neHauKyasipua AM.

BunmaresbHbIil unTaTesb
HaBepHIKA 3aMeTHJI, YTO 3Ta 3ajada SBJIAETCS IPSIMBIM CJIe/l-
cTBUeM ynpaxuenuii 1 u 2.

Puc 5

Yupaxkuenune 7. Ilponosskenus cropon AB u CD BHHCAHHOTO
yerpbipexyrosbHnka ABCD nepecekaiorest B Touke K, a 1pooJske-
Hus cropod AD u BC — B touke L. Torza onucanuble OKPY>KHOCTH
tpeyroibuukos BKC, AKD, ALB n DLC nepecekaiorcsi B OIHO#
Touke, Jexarniell Ha npsamoit KL. Bosee Toro, mepneHankyJisp,
BOCCTABJIEHHDIN B 9TO TOuKe K 1paMoit KL, poXoauT uepes IeHTp
okpysxHoctu ABCD.

A BOT eme ojJiHa 3ajlaua, B PEIICHUU KOTOPOI TOYKa ABYX
BEJIOCUTIE/ICTOB BO3HUKAET CAMBIM HEOXKHUIAHHBIM 06PA3OM:

3agaua 6 (o GaGouke). Yepes mouxy A, ne nexawyio na
OKpYKHOCIU, Nposedenvl 06e npsmvle, nepecexanuwue 3my
OKpYHKHOCMY, 00HA — 6 moukax P, Py, dpyeas — e mouxax Qy,
Q, . ITpoussonvras npsamas, npoxodsuas uepe3d A, nepecexaem
OKPYHKHOCb 8 MOUKAX
M,, M,, a onucan-
Hble OKPYKHOCTU Mpe-
yeonvnuxkoe APQ; u
AP,Q, —emouxax N,
u N, coomeemcmeen-
no. Tozda M ;N|=
= MzNz .

3ajlaua aTa MPUHAI-
JIEKUT K 3aMevaresib-
HOMY CEMEHCTBY «T€o-
peM o 6abouKe», 0 KO-
TOPOM pedYb MOHIeT
nmwxke. Ha pucynke 6 mokazana ata «6a60ukay» ¢ TPeyroJibHbI-
mu kpbuibsimun APQy nu AP,Q,, OKallMJIEHHBIMH 3aKpallleH-
npiMu JyHoukamu. Jlio6as npsimasi, mnpoxopsiias depes A u
repeceKaioniasi 3T JYHOUKH, TlepecekaeT MX 10 PaBHBIM OT-
peskam. Wurepecublii ¢gakr, He mpapna Jau? A J0Ka3bIBaeTcs
OH C TIOMOTI[BIO BCe TOM >Ke 3ajauu 3.

Pemenmne. Ilyctp O — nentp pannoit okpysxuoctu. OH JISKHUT
Ha TIEpeCeYeHNN CEPEJANHHBIX MepPHEeHANKYIIPOB K OTpe3KaM
PP, u QQ,, N03TOMY OH SIBJISIETCS] TOYKOW /IBYX BEJIOCHUIIE/H-
cToB 1A OKpykHocTell APQ, n APQ,. 3naunut, Kakyio Obl
npsIMyl0 HU TipoBect 4epe3 A, Touka O Oyjer Jiekarb Ha
CepeIMHHOM TepIeHAnKyIspe k orpesky NN, . Ho, ¢ apyroit
cTopoHbl, O JIEKUT HA CEPEIUTHHOM TIEPIIEHIUKYJISIpE K XOp/ie
MM, . Cnenosarenbto, orpeskn NN, u MM, umeior

o0IIy10 cepeinty, uTo 1 o3HauaeT paBeHcTtBo M Ny = M,N, .

Vupaxuenue 8 (T.B.[lopodees). Ilomyuure apyroe penienue
3ajaun 6, OCHOBaHHOe Ha cJe/ylomeM mocTpoeHnu. IIpoegem
npamyio N;Q; 1 o6o3HaunM depe3 S TOUKY ee MOBTOPHOTO Iepece-
YeHWs C MCXOAHOU OKpyskHOCTBIO. Torma: a) mnpsambie SP, un
M, M, napaienbhsr; 6) Tpeyronbaukn M;SN; u M,P,N, paBHbI.
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[Muka 3amau 1o OOUMM HA3BAHUEM <«TEOPeMbl 0 OaGoYKe»
uMeeT JaBHIOW M GoraTyio mcrtopuio. I XOTd 3TO BBIXOAMT 3a
paMKH Halllell TeMbl, c/esaeM HeGoJbInoe oTcryrenne. Crava-
JIa TIOSIBHJIACH KJjlaccmueckasi TeopeMa o 6a6ouxe. Bor ona:

Teopema o 6abouxe. Ha oxpysuoctr gana xopaa AB. Uepes
ee cepeiMHy IIPOBEJEHbI IIPOU3BOJbHbIe Xopabl PQ u RS.
IIpambie QS u RP mnepecekaiotr AB B toukax K u L. Torma
AK = BL.

Ynpaxknenue 9. /lokaxure 3Ty Teopemy.

Ira 3azada Oblaa omyOaukoBaHa B 1815 rogy B aHI/miicKOM
skypuane «Gentleman’s Diarys. Ee aBTOpCTBO NpHIUCHIBAIOT
aHrJmiickoMy MateMaTuky Yuabamy JIxopky Toprepy (1786—
1837), ube UMs HbIHE M3BECTHO Ka<[OMY CTapIIEKJIaCCHUKY
Omaromapst «cxeme loprepay s fesnerus MHorouseHoB. C
TeX 1mop TeopeMa 0 GaGouyKe CTaja OYeHb U3BECTHOI M MOITy-
JIAPHOI. 3a TIpole/ e MOYTH JBa BEKa HAWEHO MHOKECTBO
ee JI0Ka3aTesbCTB, KaK YUCTO T€OMETPUYECKHMX, TAK U BBIUUC-
suteabHbIX. C HEKOTOPBIMM M3 HUX MOXKHO O3HAKOMHTLCS B
3agaunnkax U.D.[llapeiruna, 3amaunnke B.B.Ilpacosiosa, B
kuure /[.O.IlIkmsgpckoro, H.H.Yennosa n M.M.Armoma «U3-
OpaHHbIe 33/la4ll ¥ TeopeMbl 3JeMEHTAPHOH MaTeMaTUKH», B
sHamenuroii knure «Hosbie Berpeun ¢ reomerpueii» I'.C.M.Kok-
crepa u C.JI.I'peiitiiepa. He tak naBHO o Heit ucan u « KBants»
(crarpss «Teomerpuueckue megespbl .M. Ilapbirunas,
«KBaur»> Ne 1 3a 2006 r.). IlosBuiaoch MHOro 06OGUIEHMIT
9TOI TEopeMbl M MHOTO OJHM3KHX 110 JyXy 3a/la4, KOTOpbIe
OOBEIMHUIINCH B LUKJ 110/ OOHIMM HAa3BAHUEM <«TEOPEMbI O
6a6ouke». OAHO M3 CaMbIX HHTEPECHBIX OGOOGIIEHUN MPHIY-
Masa 3amedarespbhplii Treomerp Mropn Degoposuu [Ilapbirnn
(1937-2004). Emy, xcratn, mpuHAUIEKUT 7 3a/1ada J, a 3aja-
ya 4 mpuyMaHa UM B COaBTOPCTBE C JAPYTUM 3aMeYaTeIbHLIM
MaTEMaTHKOM M MHOTOJIETHUM aBTOPOM >KypHasa «Kpant» Hu-
komaeM Bopucosuuem Bacuabesbiv (1940—1998). Muesa 0606-
MIEHHOH TeopeMbl 0 GaGoYKe COCTOUT B TOM, 4YTO CEPE/HY
Xop/bl AB MOKHO «Pa3BOUTb», MPH ATOM HUYErO HE U3MEHUB
B JlokazaTesbcTBe. Mbl 1aeM (OpMyJIMPOBKY 3TOIH TeopeMbl B
ynpaxkneann 10. A B ynpakuenusax 11 u 12 — eie HecKoJIbKO
TeopeM 0 6alouke, KOTOpble, Kak M 3a7avya 6, yske HMeoT
Maso obmiero ¢ opuruHasoM. Kpome, pasymeercsi, camoii 6a-
6oukn. Kaxpas m3 HUX COJEPKHUT CBOIO OCOOYIO H[IEI0 U
TpeGyeT OTHeJbHOroO jJoKasartesabcrBa. [lompoobyiite!

Yupaxxunenus

10 (M.®.1apbirun). Ha okpyskHocTn gana Xopaa AB, Ha Heii —
toukn M u N, npuwaem AM = BN. Uepes touku M u N 1poBe/ieHbI
xopael PQ n RS cootBerctBenno. [Ipambie QS n RP nepecekaioT
AB B toukax K n L. Torma AK = BL.

11. Ha croponax yruia B3stel Touku A u B. Uepes cepeauny M
orpe3ka AB TpoBe/ieHbI /[Be MPSIMbIE, O/JJHA U3 KOTOPBIX IlepecekaeT
CTOPOHBI yIJa B Toukax A;, By, a apyraga — B ToukKax A,, B,.
ITpambie 4B, n A,B; mnepecekaior AB B Toukax P u Q. Torma
MP =MQ.

12. CopmympyiiTe 1 JOKAKUTE aHAJIOTH KJIACCHYECKOIl Teope-
MBI 0 GaGouke juist mapaGosibl, ruepOoIbl, ajmmnca. s Kaknx us
atux duryp Oyaer BepHO 0000IIeHIe TeopeMbl 0 6abouKe, Kak B
yupaskaenuu 107?

Vxasanue. Mo>KHO BOCHOJIb30BATbCS TEM, UTO SJITNIC SIBJISETCS
TIpoeKIell OKPY»KHOCTH Ha TJIOCKOCTDb. B paccyskaeHnsx ¢ mapa6o-
JIOH 1 THIep6OoJIO MOKHO HPUMEHUTb METOJ KOOP/IHAT.

13 (C.JI.Bepsios). [lan octpoyroabhbiii Tpeyronbiuk ABC, H —
TOuKa repeceueHns ero Bbicot, D — cepemmaa AC. Ecim mpsimag,
mpoxofsAmias yepe3 H ¥ meprnenanKyasapHas otrpesky HD, nepece-
kaet nipsimbie AB n BC B Toukax E u F, to HE = HF.

Ta teopema 0 6abouKe, KOTOPYIO MbI JIOKa3zaju B 3ajaue 6,
3HAUNTEJbHO MOJIOKe Kjaccmieckoi, eii Bcero 20 jyet. C Heil y
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aBTOpa CBS3aHbI CBETJIble BocroMuHanust. $1 npuaymadn ee B 15
JIET U TI0 COBETY YUHTeJIsI TIOCJAT ee B JKypHaa «MaremaTnka B
mkoJsie». Tam oHa u Oblja HanledataHa B HoMepe 3 3a 1986 rog,
32 YTO 5T BCKOPE MOJIYYHJT IEPBBIN B JKU3HU TOHOpPAp — 5 pyOJieit
88 koneek. C aTUMH JieHbraMu S FOP/IO TIOIIEJ B Mara3ut 1 KyTInJI
KaKhe-TO CYBEHUPBI POUTETISIM.

Harocsie1ok 1pe/IJIo;KIM ellle HECKOJIbKO 3a/iad JIJIsi CaMOCTO-
STEJIbHOTO pelieHusi. Bce oHM Tak WM HHAYE CBSI3AHDBI C TOYKOI
JIBYX BEJIOCUTIEC/IUCTOB.

YupasxkHeHus

14. UYepes TouKy IepecedeHHs [BYX OKPY)KHOCTEH IIPOBOAUTCS
IIPOU3BOJIbHAS IPSMAast, KOTOPAst BTOPHYHO TI€PECEKAET OKPYIKHOCTH
B Toukax P u Q. Hailnure reoMmerpuueckoe MeCTo cepe/ilit OTPE3KOB
PO.

15. [lansr 18e okpysxHOCTH ¢ 061mmM 1enTpoM O. OKpyKHOCTH O
n B HMMEIOT pasHble PAJNYChl U KACAIOTCSl JAHHBIX OKPY’KHOCTEIl.
Torma O sBusieTcst TOUKOI ABYX BEJIOCHIIEUCTOB JIJIST OKPYIXKHOCTEI
oaunfB.

16. B ycnoBuax mnpeablayliell 3agaudl mpsaMasi, COeJUHSIONIAs
TOUKM KacaHusi, IIPOXOJAUT 4Yepe3 OJHY U3 TOYeK IepecedeHust
OKpY>KHOCTEH O 1 f.

17. [Ing ganHO# mapbl OKPY’KHOCTEl TMOCTPOIiTe ABe KOHIIEHTPH-
YyecKHne OKPY’KHOCTH, Kak/jasl N3 KOTOPBIX KACaeTCs /IBYX JAHHbIX.
CKOJIbKO pelIeHyii nMeeT 33/1a4a B 3aBHCUMOCTH OT PACIIOJIOKEHMUS
OKPY KHOCTEi1?

18. Ilyctp V — TouKa ABYX BEJIOCHIIEANCTOB [JaHHOW Mapbl
okpyskHocreil. Ecim 1poBecTH HMHBEPCHIO OTHOCHTEJIBHO JIOGOIT
OKPYXKHOCTH € LieHTpoM V/, To V ocraHeTcs TOYKOI ABYX BeJIOCUIIE-
JIICTOB U /Ui 06Pa30B OKPYIXKHOCTEI.

19. Ocranetcs s yTBepsKAeHNe 33714l 4 BEPHBIM, €CIH CHATDb
TpeGoBaHne OHOBPEMEHHOTO BbI€3/ia BEJIOCHIIE/IICTOB U3 TOUKN B?

20. /IBa BesiocHIeJUCTA JIBIKYTCS C OJIMHAKOBBIMU CKOPOCTSIMHU
110 JIBYM IlepeceKalomMces IpsiMbIM. Tor/ia Ha IJI0CKOCTH CYIIeCTBY-
€T HeTO/JBIDKHAs TOUKA, KOTOpas BCe BpeMs paBHOyAAJeHa OT
BEJTOCHTIEINCTOB.

21 (1.®.Ilapeirun). Ha ognoii u3 AByx nepecekaonmxcs cdep
B34TbI TOUKM P, 1 Q;, Ha Apyroit — Toukn P, u Q, . Orpesox PP,
TPOXOANT depe3 obmryio Touky cdep. Otpesox Q,Q, TPOXOAUT
yepes JAPYryio o6ILyio TOUKy chep U rnapasuieseH IpsMoil, coeiHs-
fomteit neHTpol cep. Torma npoekimu orpeskoB PO, u PR,Q, Ha
npsaMyio PP, paBHBIL.

22. CcopmympyiiTe n pemuTe aHATOTH 3aj4ad 2 U 3 [T IBYX
nepecekaromuxcs cep B npocrpanctse. [Ipu aTom B kauecte A n
B Mo3HO B3sTH JI06YI0 TIapy 001X Touek cdep.

23. CdopmysmupyiiTe U pemuTe IIPOCTPAHCTBEHHbBIE aHAJIOTH
ynpaskrenuit 5, 9, 10 n 14—18 (BMecTo OKpy’KHOCTEN Ha TIIOCKOCTH
HY’KHO B3SITh C(DepbI B IPOCTPAHCTBE).

[Tonpo6yeM mojiBecTH HEKOTOPbIE UTOTH. [[Be 3a/aum MEXKIy-
HapOJIHBIX OJIMMITNA/L, 33/1a4a 0 6abouKe, /1B I€CSTKA TeOMETPH-
YeCKHX 33/1a4, KOTOpPbIe Mbl C(DOPMYJIMPOBAJIN B BUJIE YIIPAXKHE-
Huit (HEKOTOPbIE U3 HUX TOSABJISIUCH HA MATEMATHYECKUX OJIHM-
mmanax, B «3anaunnke «KBaHTa» M B pa3jMuHBIX COOPHUKAX
3amau). Crmcok maneko He TOJHBIA. U Bce 9TO BBIPOCTO W3
3aj1aun 1, coBceM NMPOCTEHBKOI M HEMHTEPECHOH, KOTOPYIO Mbl
BHAYAJE M PENIaTh-TO HE XOTEJIH.
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OKPY}KAIOH_[EE HAC ITPOCTPAHCTBO HAIIOJTHEHO CA-
MbIMHI PAa3HbIMU 3BYKaMM. HeKOTOpre 13 HUX MBI CJIylIaeM
C MHTEPECOM U BHUMAHUEM, HAIIPUMED — FOJI0CA COGECEHITKOB,
CBOJIKM HOBOCTEM, JIOOGMMYIO My3bIKy. [Ipyrue >xe 3ByKH MBI
cTapaeMcs MPOIyCKaTb MUMO YIIel, B TO BpeMsI KaK MHOTHE U3
HIX 3aCJIy’KUBAIOT BHUMAHUA U, 6oJiee TOTOo, Jaske MOTYT CTaTh
IIpeIMETOM Hay4YHOI'o HCCJIeJOBaHUS.

BceM BaMm HaBepHsKA MPUXO/MIOCH CTOSITD PSIZIOM C JKEJTe3HO-
JAOPOJKHBIMM ITYyTAMU N CJABIIIATH I'y/ICHUE JIOKOMOTUBA, I'POXOT
TOBAPHOTO COCTaBa MU CKPEXeT KOJIeC TOPMO3SIIel sIeKTpud-
Ki1. ITU IpyOble IPOMKUE 3BYKH COCTABJISAIOT IIPUBLIYHYIO KaKO-
GoHMIo Kese3HOi JIOPOTH U BBI3BIBAIOT CKOpPee HENpUsSTHbIE
OIIYTIEHN, YeM JIIOOOIBITCTBO HCcaeoBaTes. Bmecre ¢ teM,
BO/IN3N IIyTell BbI MOKeTe YCJBbIIIATh 3BYKU, KOTOPbIE TPYIHO
Ha3BaTb MHa4Y€ KaK Y/JAUBUTE/IbHbBIMU. B HaHpH)KeHHOfI THUIINHE,
IIPEJIIIECTBYIONIEH TIPUXO/y OYepPEHOTO Ioe3/Ia, MPUCTyIIaii-
TeCh K 3BYKaM OT TIPOBOJIOB, IO KOTOPBIM CKOJIb3ST TOKOIIPHEM-
HUKHU 3JICKTPOTIOe3/1a. DTN 3BYKHU He Gy/IyT UMETh HUYEero 061ero
C HeJYKaM Wjan ApyruMu InNpruBbIYHbBIMU 3ByKaMU Yy/1apoOB. Broi
VCJIBIIIUTE 3BOHKOE «UYUPUKAHBE , COCTOSIIIEE U3 MHOTUX 3BYKOB
OJMHOYHBIX y/IaPOB, KAK/BII 3 KOTOPBIX, €CJIN 33JaThCSI I[eJIBIO
1300pa3uTh €ro MUCbMEHHO OYKBAMU, JIydllle BCETO IepeaeTcs
COYETaHUEM <«TUY». Baskno OTMETUTDH, YTO 3BYKHN HOZ[06HOI‘O
PO/Ia BO3HUKAIOT He TOJBKO IPU COYAAPEHUSIX MPOBOIOB. X
MOKHO YCJIBIIATD, €CJU KTO-TO YAAPUT TI0 PeJbCy Ha PaccTosi-
HIM HECKOJIbKHUX COT MeTPOB OT Bac. CXO/Hble 3BYKH ITOPOXK/a-
10T y1apbI JIETKNX KaMEIIIKOB O TOHKUIA JIe1 OCEHbIO, KorJa IIpy /bl
TOJIBKO HAYMHAIOT TIOKPBIBATHCS JIEJTHON TJIEHKOI.

[Torrpo6yeM pa3o6paThbCst CO BCEMHU ATUMHU SIBJIEHHSIMHI: KOTJA
OHHU BO3HHKAIOT, KaKkue oOIine 3aKOHOMEPHOCTH MUMEIOT?

Bo Bcex ciydasx IPUYUHOH CIYy>KUT yAap, 3BYK KOTOPOTO B
HEMoCPeICTBEHHOM GJM30CTH MAJO HATIOMUHAET MeJIOIUYHBII
3BYK «THY» . Ho 110 Mepe Toro Kak Mbl y1asIsieMcst OT MecTa yapa,
3BYK CTAHOBHUTCSI Bce (oJiee MY3bIKATbHO <OKDAIICHHBIM»: 4eM
Jasblie, TeM sipue U ordeTyuBee. CHelUalnuCcThl-aKyCTUKU CKa-
JKYT HaM, 4TO y/iap Hopokaaer Boauy usrn6a (puc.1) B nposose,
peJibce, CJIoe JIb/Ia, & XapaKTepHOe 3ByYaHNe «THY» 00bSICHIETCS
BOJIHOBBIM SIBJICHHEM, Ha3bIBAEMBIM duchepcuell.

—>0

Puc. 1

ToBopar, 4To cpefa paclpocTpaHeHUsl BOJH o0JajaeT uc-
nepcueil, eca CKOPOCTb BOJIHBL B 9TOI Cpefle 3aBUCHT OT ee
yactoTbl. IIINPOKO M3BECTHBIM MPUMEPOM JUCIEPCHU 3JIEKTPO-
MarHUTHBIX BOJIH SIBJISIETCSI Pa3jIOsKeHHe IPU3MOIl 6esloro cBe-
Ta B CIeKTp. B cocraB 6esioro cBera BXOJAAT BOJIHBL Pa3/iny-
HBIX 4acTOT, T.e. CBeT PasHbIX LBeTOB. V3-3a pucrepcuu BoOJI-
Hbl, COOTBETCTBYIOLIUE CBETY Pa3HbIX 1[BETOB, UMEIOT pasHble
CKOPOCTHU U, CJEZOBATEIBHO, TIPEJTOMISIOTCS CTEKJIOM NPH3MbI
no-pasHomy. Tax Ha sKpaHe IOSB/SeTcsl pajyra — CIIEKTD
6emoro cBera. C TouKM 3peHUs (PU3UKH, paJyKHAS MOJI0CA Ha
9KpaHe IIpe/icTaB/geT ILIaBHOe H3MeHeHUe YacTOTbl CBeTa C
N3MEHEHNEeM KOOpAMHATBI. Ecam Obl JIOAM MOTJIN <«BH/ETb»
3BYKH, HAIl 3ByK <«TUY» CMOTpeJicss Gbl TOYHO TaK >Xe: B HEM
TOXe [IPOUCXOAUT IIOCTelleHHOe yMeHblleHle 4acTOTbl 3ByKa C
TeyenreM BpeMenu. Ho Bo3aMO)kHaA JiM B NpUHIIMIE JUCIEPCHS
3BYKOBBIX BOJIH?

ITpu pacupocTpaHeHUM 3ByKa B BO3/JyXe B 3aBUCUMOCTH OT
PACCTOSIHMA /10 UCTOYHUKA MOXKET MEHATLCS JIUIIb €ro IPOM-
KOCTb, HO HUKaK He XapaKTep 3By4yaHus. JIerko npeacraButb, Bo
YTO MpeBpaTtuics Obl, HampuMmep, (OPTENMAHHBIN KOHIEPT,
o6u1a/1ail BO3/yX AUCIIEPCUOHHLIME CBOICTBAMU: BLICOKUE HOTDHI
nmMes 61 6OMIBIIYIO CKOPOCTD PACHPOCTPAHEHHS, YeM HU3KUE, I
yoKe [l cyliaTeseif, CHAAIIUX B cepelluHe IapTepa, My3bIKa
IIpeBpaTuIach Obl B HEY3HABAEMYIO MEIIAaHUHY 3BYKOB.

Bosnukaer nportuBopeune: ¢ OJHOH CTOPOHBI, 3BYK <THY»
oyeHb [I0XO0XK Ha IIPOsBJIEHHE JUCIepCHU, a ¢ APYroil, moBce-
HEBHbIii OIIbIT TOBOPUT HaM, YTO JUCIEPCHU 3BYKOBBIX BOJIH HeT.
Kiou K pasrajike Kpoercst B TOM, 4TO GOJIBITHHCTBO OKPYIKAIo-
IUX HAC OGBEKTOB He SIBJISIOTCS HEOTPAHUYCHHBIMU O/THOPO/IHDI-
MH Cpe/laMH, KaK BO3/yX, a 00s1aaioT crernuduaeckoil popMoii.
Y Bcex 3THX OOBEKTOB XOTSA OB OJMH pasMep MHOTO 6OJbIIe
JIPYTUX ¥ XOTS OBl OJ[TH MHOTO MEHbIIIE JIHBI I3TUOHOI BOJTHBI.
Taxue npoTsIKEHHDbIE OODBEKTHI SBJISIOTCS GOIHOB00AMU, T.C.
KaHaJaMH, 110 KOTOPbIM MOI'YT PaclpOCTPAHATbCS BOJIHbBL. AKY-
CTUYeCKHe BOJIHOBOZbI OTJIMYAIOTCA OT HeOrDAaHMYEeHHDBIX Cpe
HaJIM4IneM HeOObIYHBIX SIBJCHUI W MHTEPECHBIX 3aKOHOMEPHOC-
Tell pacmpocTpaHeHus ynpyrux BoJH. /lucnepcusi — 0fHO U3
TaKMUX SBJCHUIL. Yap Bo36y:K/1aeT MHOKECTBO KoJeGaHuil pas-
HbIX YacTOT, U II0 BOJIHOBOJY HauyMHAeT PaclpOCTPAHATHCS
rpynna BosH. /lucmepcnsi HPOSIBISETCS B TOM, YTO BOJIHBI
BBICOKHX YacTOT IepeMelaloTcst ObicTpee, 4eM BOJIHbI HU3KHX.
ITO NPUBOJUT K TOMY, YTO Ha GOJIBIIOM DPACCTOSHUM BOJIHBI
HU3KMX 4YacTOT 3HAUUTEJIbHO OTCTAIOT OT BOJIH C BbICOKMMU
4acTOTaMM, U 3BYK yJapa <«pacTAruBaercs», IpeBpalladich B
3HAKOMBIil HaM 3BYK <THY».

TaxoBo KayecTBeHHOE O6DbICHEHHE SIBJICHUS, HO HAM 3aXOTe-
Joch paso6parbcs B HeM 6osiee JIeTalbHO, MOJTYYMB KOJMYe-
CTBEHHbIE COOTHOILIEeHUS. JIerKo MOHATD, YTO IIPOBe/IeHHe HaTyp-
HBIX 9KCHEPUMEHTOB (T.e. B €CTECTBEHHBIX YCJIOBUSX, HE B
JaGopaToprn) BeChMa 3aTPy/IHUTENBHO: 10 PEIbCAM MOCTOSHHO
CJIeLYIOT TIoe3/1a, TpoBoja (Kak MpaBuiIo) HAXO/SATCS IO/ BBICO-
KM HaIPsDKEHIeM, a BBI6OP TOHKOTO JIbjla O3HAYaeT MPUBA3KY
K peKUM IOTOJHBIM YCIOBUAM. XOTeJI0Ch ObI UMETb IIPOTSKEeH-
HOe TBepJoe TeJI0, KOTOPOe JIETKO IHOMeIlaJoch Obl B 000
komHare. Kaszasoch 6bl, 3T0 — HEHCIIOJIHNMAs IPUXOTD UCCIIE/I0-
BaTesIsA, HO TAaKOH OODBEKT CYIECTBYeT.

3HAKOMbTECH: MeTa/IMuecKast npykuHa — cauaku | (puc.2).
HenedopmupoBannas, ona JIeTKO MOMETAaeTcs B pyKe, a JAJI
paGoTbhl MOXKHO pacTSHYTb ee MeTpa Ha moJropa. Ho camoe
BaXXHOE, YTO CyMMapHasl JJIMHA BUTKOB COCTaBJISIET BOCEMHA/-
1atb MeTpoB. Takum o6pasoM, HpyKiHA 06J1a/[aeT KOMIIAKTHO-

o HEKOMOPLIX ONLIMAX € IMOT YOUBUMETLHOU NPYKUHOU MOKHO
npouumamv 6 cmamove /. Yokuna «Caunku — wazaowas npyxunxkas
(«Keanums NoG 3a 1991 2.). (1Ipun.ped.)
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Puc. 2

CTBIO M B TO 3Ke BpeMst GOJIbIIOI AJMHOIT BOIHOBO/A, HEOOX0 11~
MOt /17151 HaGJTIO/IeH s McTiepent. B ceuennu JienTa, ns KOTopoii
CKPyY€Ha TIPYKMHA, INPEACTABIAeT COG0H NPSAMOYTOJbHUK
1,6 x 0,5 MM (puc.3). Ero mupuna u BbICOTa, a TAKKE PAUYC

1,6 MM

i Hanpaeienue

Koaeoanuil 6

<« MedeHHbLY >
GOJIHAX

0,5 MM

<

Hanpasaenue xoaeGanuil

& «GblCMpPHlX»E0THAX
Puc. 3

BUTKA IIPY>KUHDBI SBJIAIOTCS TPEMS OCHOBHBIMU T€OMETPHYECKH-
MU TlapaMeTpaMy NPy KUHBbI. PaccrosHue MexXay BUTKaMH, T.e.
CTEIeHb PACTSIKEHUS TPY/KUHDBI, He OKA3bIBAET 3aMETHOTO BJIH-
SHUS Ha ee 3Byyanue. Kcraru, o 3By4aHuu: HaBepHOE, BbI yiKe
JIOTQ/IJINCh, YTO TIPU yJape 110 OJHOMY KOHILy IPY>KHHBI Ha
JIPYTOM €€ KOHIIE CJBIIINTCA 3HAKOMOE HaM «TIHY», HO 3/1eCb OHO
[IPUHUMAET OCOObIN OTTEHOK M HANOMHHAET 3BYK, C KOTOPBIM
CTPEJISIOT U3 JIA3EPHOTO OPY>KUS Tepor (DAHTACTUYECKUX (PHUIIb-
MOB.

[Tpucrynum renepb K uccaegoBanusasM. B nepsyio ouepesb,
HEOOXO/IMMO KaK-TO YCHJIUTD 3BYK, IMOCKOJIbKY U3rnOHAS BOJIHA,
JIOW/I 10 KOHIIA TIPY>KMHDI, IIJIOXO HM3Jydaercss B BO3AyX. B
MY3bIKAJIbHBIX MHCTPYMEHTAX /IS YCUJICHUS 3BY4aHUS CTPYH
MCTIOJTB3YIOT PE3OHATOPDI 1 Jiekn (GO0JIbIINE MIACTHHBI-M3JIyYa-
Tesm) . Mbl GyzieM IeHCTBOBATH 110 MOX0/KEMY IIPUHIIUITY : OTIPO-
OyeM JKeCTKO CBS3aTb C KOHIIOM IPY>KMHBI KaKOe-TO TBepJloe
TEJIO ¢ OTHOCUTEJbHO GOJIBIION ITLIONA/bI0 TOBEPXHOCTH. Bo3-
MOXKHO, BBl YJUBHUTECb, HO JIydllle BCEro /IS 9TOrO MOJONIeT
OOBbIKHOBEHHBIIl KyCOK TeHoriacta. [[ocTaTto4yHo BOTKHYTb B
HETO KOHeIl IPY>KUHDI, ¥ TPOMKOCTD 3ByKa MHOTOKPATHO YBEJIH-
yuresa. Ham yzanoch yBesim4nTb MHTEHCUBHOCTD 3BYKa HACTOJIb-
KO, YTO Telepb €ro MOYKHO M3ydaTb € MOMOIIbIO KOMIIbIOTEPA.
[l 3TOr0 yCTaHOBMM HAIPOTUB IEHOIJIACTA MUKPO(MOH U
3amuiieM 3ByK Ha KoMmmbiotep. C IOMOIIBIO CIeUaJbHON 11po-
rpammbl (B Hamem ombite 310 Gbiia Cool Edit Pro) moskHo
0To6pasnTb 3BYK rpaduieckn B BHJE CIEKTPOIPAMMDI, T.e.
IMaTPpaMMbl, IO BEPTUKAJBHOW OCH KOTOPON OTKJIAJIbIBACTCS
Y4acToTa, 10 FTOPU3OHTATIBHON — BPeMsI, a IIBETOM H300pakaeTcst
I'POMKOCTD 3ByKa. OObIUHBIII BU/I CIIEKTPOrPAMMBI 3BYKOB TIPY-
JKUHBI IOKa3aH Ha pucyHke 4. Kaxkgas kpuBast Ha 9ToM rpaduke
0TOOPAKAET O/INH 3BYK «THy». DopMa KPUBOII HATJIS/IHO IEMOH-
CTPUPYET XapaKTEPHbII 1IepexXo/l OT BBICOKUX YACTOT K HU3KUM.
Ouenb MOXOKUMH KPUBBIMH N300PakaloTCs 3BYKH OT ITPOBOJIOB
1 TOHKOTO JibJla. MHOroo6pasue ske BOJH B NIPY’KIHE SIBJISIETCS
KaXXyIIUMCS: TOJBKO TPU M3 HUX HENOCPEJCTBEHHO BbI3BaHbBI

2008/Ne3

y/IapOM, a OCTAJIbHBIE TPEICTABJISIOT OO0 JIMIIb MHOTOKPAT-
HbIE OTPAKEHUST TPEX OCHOBHBIX.

PaccMoTpum 10Be/ieHie OCHOBHBIX KPUBBIX Ha CIIEKTPOTPAM-
Me. /IBe M3 HUX CTPeMSTCS K HYJIO, a TPeTbsd — K HEKOTOPOIi
TTOCTOSTHHOH YacToTe. [laBaliTe BCITOMHUM O TpEX TeOMETpHYeC-
KUX pa3Mepax NPY:KUHbBI: JIBYX [JIMHAX CTOPOH CEYEHUsS W
pajiyce BUTKOB. A YTO €CJIM KPUBbIE HA CIEKTPOTrpaMMe KaK-TO
CBS3aHbI C TeoMeTpuyecKuMu paszmepamu? CMmesioe MPeArnoso-
JKEHHE HETPYAHO NpoBepuTh. Bo3Gyskias KoeOaHus B IPYIKH-
He, MOKHO y/IapsIThb 110 KaKOH-TO O/THOH CTOPOHE IIPSIMOYTOJIbHO-
TO CEYEHUS, TOTJA HA IOJIYYCHHBIX CIIEKTPOrpaMMax COOTBET-
CTBYIOIIAsT KpuBast GyJIeT sipue, T.e. aMILIUTY/Ia COOTBETCTBYIO-
meit BosiHbl Oyner Gosibie. [oBOpST, 4YTO 3TH JiB€ BOJIHDI,
TIOPOXK/IEHHbIE y/IapaMi O pa3Hble CTOPOHbBI CEUEeHNUST MPY>KUHBI,
00JTaIAI0T B3AMMHO TEPHEHANKY/ISIPHON TTOIIpU3aIieil, T.e.
KOJIe6aHNs B HUX COBEPINAIOTCS BO B3aMMHO TePIEeHIANKYISIp-
HBIX Hampabienuax (cM. puc.3, T/e HampaBJIeHUS KoJeGanui
[OKa3aHbl JBONHBIMU CTPEJIKAMI).

Wsmepum Tenepb ckopoctu 3tux BogH. [lo omnpegenenuio
JIUCTIEPCHUHN, KAXK/IOH 4aCTOTe COOTBETCTBYET CBOSI CKOPOCTDb pac-
MIPOCTPAHEHHUsI, TTOITOMY BBIGEPEM JIJIsi OPEIETIEHUS] CKOPOCTH
KOHKPETHYIO 4acToTy — Hampumep, 3 kl1. 3nas mnpoiiieHHbIHd
IIyTh U BpeMs, IIPOTEKIIIee OT MOMEHTA y/lapa, Hail/leM CKOPOCTH
o06enx BoJiH: 460 M /¢ 1151 «GbICTPOil» U 255 M /¢ JIJIsl «MejlJIeH-
HOIT». MeX/Iy CKOpOCTIMH BOJIH M JJIWHAMU CTOPOH CEYEHUS
JIOJKHA CYTEeCTBOBATD IIPOCTast KOJNYECTBEHHAS CBSA3b: NHTYH-
THUBHO MOHSITHO, YTO 4eM OO0JIbIlle TOJIIINHA IIJIACTUHDBI, TeEM OHA
skecrue (cusbHee conporusisiercs u3ruly) U TeM GbicTpee
6eKuT B0JIb Hee n3rubHast BosiHa. BoJiee ieTaibHoe paccMoTpe-
HUE, MPOBEJCHHOE B YYeOHMKAX 110 MEXaHUKE CILIOMIHBIX CPeJl,
MMOKA3bIBAET, YTO CKOPOCTh U3TMOHON BOJIHBI ITPOMOPIINOHATBHA
KOPHIO KB3/IPATHOMY M3 TOJIIIMHDI IIJIACTUHBI. 3HAYUT, TaK e
JTIOJKHBI OTHOCUTBCST M CKOPOCTH JIBYX TIOJIIPU30BAHHBIX TIep-
MEH/INKYJISPHO IPYT APYTY N3TUOHBIX BOJIH, BOSHUKAIOIIUX TIPU
y/lape 10 pa3HbIM CTOPOHaM ceueHus. VI3MepuB [IJIMHBI CTOPOH
cevyenusi, MOXKHO YOeIUTbCsI, Y4TO OTHOIIEHHE CKOPOCTeil [eii-
CTBUTEHHO PABHO KBAJPATHOMY KOPHIO U3 COOTBETCTBYIOINIETO
OTHOIIEHNUS JIJTNH:

v _ 460 M/C~18~ L 1,6 MM
v, 255 m/c L, 0,5 Mm

Takum 06pasoM, cyiecTBOBaHUE «ObICTPOIl» U «ME/IJICHHOI»

Boana ¢ uacmoit omceuxku

Hdee noasipusavuu:

<Obvicmpasn»
u
<MedaeHHas >
GOHBL

Puc. 4



NPAKTUKYM

BOJIH OODBSICHSIETCSI TIPSIMOYTOJIbHON (DOPMOIi CeYCHUS JICHTBI, a
COOTBETCTBUE MEXK/1Y CKOPOCTAMU OSTHUX BOJH W pa3MepaMiu
HOTIEPEYHOrO CEUCHUS YCTAHOBJICHO SKCIIEPUMEHTAIBHO U COTJIA-
cyeTcs ¢ TeopHueii.

PaccMoTpuM Tenepb TpeThio KPUBYIO Ha PUCYHKe 4, KOTOpas,
B OT/In4ME OT IIEPBBIX /IBYX, CTPEMUTCA HE K HYJIIO, a K HeKOTOpOI;'I
KOHCTaHTe. JTO 03HAYAeT, YTO O6JIACTh YACTOT, HA KOTOPBIX
MOTYT pacHpOCTPAHATbCS BOJHBI TaKOTO THIIA, OTpaHMYeHa
CHU3Y HEKOEH HEeHyJIeBOil 4acToTol (B JaHHOM CJIydae — OKOJIO
9 k[1). ITa HEHyJIEBask YACTOTA IOKA3aHA TIYHKTHPHON JIMHKEI,
KOTOpas Kak Obl OTCEKAeT /I BOJH O6JACTb HU3KUX YaCTOT.
Taxme BOJIHBI HAa3BIBAIOT G0IHAMU C UACMOMOU OMCEUKU.

MbI IPEAINOJIOKIIN, YTO CYIIECTBOBAHHE BOJIH C YaCTOTON
OTCEYKHU KAK-TO CBS3aHO C TPETHUM I€OMETPHYECKHUM MapaMeT-
pPOM — PagMyCcOM HPYKUHBL. J[JsT TOrO 4TOGBI MOATBEPJHUTD
JIOT/IKy, MBI Pa3/{06bLII HECKOIbKO TIPY KIUH U3 OJHON I TOH 5ke
JIEHTBI, HO PpPa3HbIX PaJANyCOB. Bot pe3yabTaTbl I/ISMepeHI/Iﬁ
YacTOT OTCEYKM AJIA NPYKUH TPEX PAa3/IMYHbIX pa/nyCOB:

Pagmyc npy>xkunbr R, mm |Hacrora orceukn v, xIg

37 7
30 8,7
28 9,3

MOHO 3aMeTHTb, 4TO IIPOM3BE/IEHNE YACTOTbI OTCEYKH U
pajzyca MpUMEPHO OJIMHAKOBO JIJIS BCEX TIPY>KHH:

ViR =VyRy =V3R;.

IIPAKTUKYM

[ MopocTaTnKa
B CTaKaHe

A.YEPHOYLAH

STOMN CTATBE MBI MO3HAKOMUMCS C 3ATAUAMU, B

KOTOPBIX PACCMATPUBAETCA TOTPY’KEHUE TeJa B KUAKOCTD,
HAJUTYIO B IMJIMH/PUYECKHIT COCY/L C BEPTUKAJIBHBIMU CTEHKAMHI
(crakan). OGBIYHO peub WIET O TOBBIIIECHUN WUJIN TTOHUKEHUH
YPOBHS SKUJKOCTU IPU PA3JMIHBIX M3MEHEHUSX, MPOHCXO/s-
IIUX C MOTPY’KEHHBIM TEJIOM.

Mbl paccMOTPUM /IBa TI0/IXO/la K PEHIEHUIO TaKUX 3a/ad.
[lepBblit onupaeTcs Ha 3aKOH ApXuMe/ia U BbIYHCJIEHHUE BbITEC-
HEHHOTO TesioM 00beMa. Bo BropoM nozixo/ie 3akoH ApxuMe/a B
SIBHOM BH/Ie He UCII0JIb3YeTCsl, a BTOPoi 3akoH HbloTtoHa nmpume-
HSIETCS KO BCEMY COZIEPKUMOMY COCY/IA, T.€. K KMJIKOCTH BMECTE
C TOTPY>KEHHBIM TEJIOM.

Kask/1p1ii 13 110/[X0/10B UMEET CBOM JIOCTOMHCTBA ¥ HEJIOCTATKH,
1 BbIOOP 3aBUCHUT OT KOHKpPeTHOI 3azaun. Ho B so6oM ciyudae
M0JIE3HO YMETh TIPUMEHATb 062 METO/A.

3agava 1. B yuaunopuueckuii cocyd ¢ niaowadvio ona S
Haauma eoda. Ha cxonvko nodnumemces yposenv 600vl, ecau 6
coCyo nomecmums OepessinnoLil OPYCOK MAacco m?

Pemenne 1. V3menenue ypoBHS BO/bl CBSI3aHO € 00BHEMOM
MOTPY’KEHHON YacTi OPyCcKa COOTHOIIEHNEM

SAh =V,

mnorp -
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Ecim BcOMHUTD HU3BecTHYIO (OpPMYJy AT CBSI3H 4aCTOTDBI
KoJjie6aHMil B BOJIHE CO CKOPOCTHIO U JIJTMHON BOJIHBI: © = AV , TO
MIOJIyYEHHOE U3 AKCIIEPUMEHTA YCJIOBHE ITOCTOSHCTBA ITPOU3BE/Ie-
HUS 4YaCTOTBI HA PAJANYC OKPY>KHOCTU MOXKHO TIEPETCcaTh B BU/IE
h—}\—Q—E:Const,
R R Ry
T.e. JITMHA BOJHBI, HA KOTOPOH MPOWMCXO/UT OTCEYKA, CBI3aHA
MIPSIMO TTPOTIOPITMOHAJIBHO € PAJNYCOM OKPYKHOCTH.

B crermanpHOI mTeparype 1Mo akyCcTHKe, paccMaTpHBaoIIei
pacrpocrpaHerie U3ruGHbIX BOJH B CTEPIKHSX, MOKHO HallTH,
YTO KOHCTAHTA, CTOSIIAS B BBINIETIPUBEEHHOM PaBEHCTBE, €CTh
HE 4YTO MHOE KaK 27T, a caMO PaBEHCTBO HMMEET HaTJIS/IHYIO
TeOMETPUYECKYI0 WHTEPIIPETAINIO — JJTMHA BOJIHBI, HA KOTOPOI
IIPOUCXO/INT OTCEYKA, paBHA JIJIMHE BUTKA IPYKUHDI:

A=21R.

Wrak, HaM yjgajoch IOHSTH, Kakue (U3MYECKUue SIBICHUS
KPOIOTCs 32 HEOOBIYHBIMU 3BYKaMMU, KOTOPBIE N3/Iaf0T TPOBOA 1
TOHKUIT JTe/T, M Pa3rajiaTb HEKOTOPbIE U3 3ara/I0K, MOCTABJIEHHBIX
prmHHOﬁ: Cy]_L[eCTBOBaHI/Ie <<6I)ICprIX>> n «MeJJICHHDbIX» BOJIH,
a TakKe BOJIH C 4acToToii orceukn. OMHAKO MPEACTaBJISIETCS
BITOJIHE BEPOSITHBIM, YTO MPY’KMHA TaWT B cebe ele HeMaJso
CIOPITPU30B.

O1a paboTa BbINA BHINONHEHA TPYMMNOMN LWKONBHUKOB U CTYAEHTOB
Ha ousmyeckom  otaenenun JletHen wkonsl «MccneposaTens»
(anpec wkonbl B MHTepHeTte: http://physres.web.ru).

ABUTYPHUEHTA

JleiicTBUTEIBHO, 0OBEM,
OTCeKaeMblil HOBBIM
YPOBHEM TOBEPXHOCTH
BOJIbI, TIPEBBITIAET
06beM caMOil BOJBI, C
OJTHOW CTOpPOHBI, Ha
Viorp , @ ¢ apyroii, umc-
TO TEOMETPUYECKHU, — HA
SAh (puc. 1). Tlorpy-
SKEHHDBIIT 00beM HAlJEM  pyc 7
u3 YCJIOBUS TJIaBaHUS

OpycKa B BOJI€ TJIOTHOCTBIO P, !

mg = Fapx , Tae Fapx =Pp9 Vnorp .

OxoHYaTeIbHO noJjsydaem

_om
PsS
Pemenne 2. U1 110, 1 10CIe IOTPYy’KeHUst OPYCKa CUJIA PEAKITNN
JIHa cOCyZia, PaBHAas CUJIC JaBJeHUs BoAbl Ha auo F, = p,ghs ,
VPABHOBEITMBAET CUJIY TSIXKECTH BCETO COMEPIKHMOTO COCY/a
(armocdeproe maBieHne BAMSHUS He OKasbiBaer). [loatomy
N3MEHEHUE CUJIbI JABJCHUS PABHO M3MEHEHUIO CUJIbI TSKECTH:

Ah

P,gALS =mg ,

OTKy/Ia Cpasy MOJIy4aeM IIPaBUJIbHBIN OTBET.

3agava 2. B yuaundpuueckom cocyde ¢ naouadvio ona S
niaseaem 6 6ode KYcok Jvoa maccou m, . Ha ckoivko usmenumes
yposensv 600vi, ecau aed pacmaem?

Pemenne 1. Y106H0 cpaBHUBATH YPOBHU BOJbBI JI0 M TIOCJIE
TAsTHUSI JIbJ[a HE MEK/Y cO00il, a ¢ TeM YPOBHEM, KOTOPBII GbLI
B cocye o norpysxkenus teqa (puc.2). Vckomoe uaMeHeHue
ypoBHSI A paBHO pasuoctu Dby u Ak :

Dl = Dhy — Dy
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Ah, :t (

;;\hz

a) 6) 6)
Puc. 2

W3menenne ypoBHsi Ay Tpu MOTpysKEHUN TeJia HAWIEM TaK JKe,
Kak B 3ajaue 1:

mJ[

PyS

Pasnoctp ypoBHeit Az, B cuTyanusx, COOTBETCTBYIOIINX PUCYH-

KaM 2,6 u 2,a, o6pazyercs 3a cuer J06ABOUHON BOJIbI, TIOJTYYHB-
melics npu TasgsHUM JIbJa:

SAh1 = Vrmrp ’ pBgVH()l‘p =m,g, A//LI =

Sty =" ppy =T
pB pBS

Ioyuaem, uro Ahy, = Ahy, u D=0, 1.e. ypoBeHb BOJBI TIPH
TasTHUN JIbJIA He U3MEHUJICS!

(3auem B ycnosun gaubl m, u.S? OTcyTcTBUE STUX JIAHHBIX
6bLIO GBI TIPSAMOIT TTOACKA3KOIL. )

KoHeuHo, Korja OTBET MHOJIyYeH, XOoueTcs OOOCHOBATb €ro
6osiee HeOpMaTbHO, YTOOBI OH BBITJIS/IE] €CTECTBEHHO. 3ariu-
IIeM YCJIOBHE TJIABAHUS JIb/IA B BUJIE

mJlg = me[Tg )

re My, = PgViep — Macca BbiTecHeHnoil opl. ITockosbKy
Macca Jib/la paBHa Macce BOJIbI B BBITECHEHHOM 06beMe, PACTasiB-
Iast BOJIa TOYHO 3AIOJHSIET TOT 06beM, KOTOPBIH paHnee 3aHuMa-
Jla TIOJBO/HAST YacTbh JbAWHbI. OJHAKO TAaKOe pPacCysKIeHue
IIPUMEHNMO OJINH pa3, a (POPMAJIBHBIN METO/ MOKHO HCIIOJIb30-
BaTh BO MHOTHX 33/I1a9aX.

Pemenue 2. Bropoii 1101x0/1, Yepe3 CUy JaBJIEHUS, BbIIAET
B JIAHHOIT 3aj1aue OTBET MIHOBEHHO, mpnyeM 6e3 BCSKUX pacde-
T0B. [TOCKOJIBKY BEC COJEPIKUMOTO COCY/ia PN TasTHUN JIbJA HEe
H3MCHUJICA, TO HE M3MEHIJIACh M CHJa Aasienus F, = p,ghS
BOJIbI HAa JIHO, T.€. YPOBEHDb BOJbI OCTAJICS TIPEKHUM.

3amava 3. B yurunopuueckomn cocyde niowadvio ceuenus S
naasaem 6 600e KYCOK Ab0d, MPUMSHYMbIL KO OHY HUMbIO.
Kozda ned pacmasn, yposenv 600vl nonusurcs na Dh. Yemy
OvLIa PABHA CULA HAMSKEHUS HUMu?

[Tocare o6cyskaeHNs 321241 2 HOHATHO, OUYEMY YPOBEHD BOJIbI
JIOJKEH MMEHHO TOHHU3HUTHCS W II0YEMY B YCJIOBHH 33Ja4l HE
Jlara Macca Jiba. Eci Obl Jie/l TPOCTO TLIABaJ, TO MPU TasTHUN
ypOBeHb ocTajcs Obl pesknnM. HaTsanyB HUTb, MbI yBEJMUIIN
rIyOMHY TOTPYSKEHHS JIbJia, U YPOBEHDb BOJbI nousIcs. ITocae
TastHUSI JIb/la YPOBEHD BOJIbI BEPHYJICS K MPEKHEMY 3HAYEHUIO,
T.€. OIIyCTUJICS.

A Teniepb — pacyer.

Pemenue 1. Pastocts ypoBueit Al B ciaydasx, n3o6paskeH-
HBIX Ha pucynkax 3,6 u 3,a (cocya ¢ BOJAOIH 10 TOTPY/KEHU
JIbJIa), OTpeeseTcss 00HEMOM MOTPYKEHHOM YacTh JIbJa:

SA//LI = Vnorp
(em. samauy 1), KOTOpbIii MOMKHO HAWTH M3 BTOPOTO 3aKOHA

HproTona:
T+m.v[g_Fapx :0,

rae T — uckomasi cumia Harspkennst wutn, a Fooo = P9 Vi, .

2008/Ne3

¥

]

.-\hl“t { ______ il Ehg
a) 6) &)
Puc. 3
[Tomyuaem

T m,

Ay = —— + —

PsgS  PyS

Pasnoctp opueit Ak, (cMm. puc.3,6 u 3,a) omnpenessercs
)
00beMOM BO/IbI, 06PA30BABIIEICS NPH TAsTHUN JIbJA:

Shhy ="
HOJIy‘-IaeM OKOHYaTeJIbHO
Ah = Dby — Dby =L,
PsgS
OTKy/1a
T =p,gSAh .

Pemenue 2. Kax BugHO u3 pucyHka 3,6, CO CTOPOHbI JHA Ha
COJIEPIKUMOE COCY/Ia JIEfICTBYET He TOJbKO CUJIa, HATIPABJIEHHAS
BBEPX M paBHas cule JaBjeHus Bojbl Ha aHo Iy = P,ghS | no
U cuJia HaTsKeHust HuTu T, HAlpaBJIeHHAS BHU3:

T+mg—pugh’15:()7

rje m — Macca Beero cogep:xkumoro (Bogbr u abga). Iocse Toro
KaK JIeJ[ PacTass, CIJa HATSKEHHS HCUYe3/a, U BTOPOil 3aKOH
Hpliotona 1npuo6pest Buj

mg — PyghS =0 .
Vckitioyast mg, MOJyIuM
T =p,gSAh .

B aroii 3aave, kak u B 3a7aue 2, BTOPOH TMOAXO TIPUBOIUT K
OTBETY TOpa3/io ObICTpee, YeM TepBbIil.

dapava 4. B uunrunopuuecxkom cocyoe niouadvio cevenus S =
=100 cm* naasaem 6 600e KYCoKk abdd, 6 KOMOPbLLL EMOPOKEN
Zpy3ux u3 yunxa maccou My = 35 2. Ha ckoavko nonuzumcs
yposenv 600vl, Kozda ned pacmaem? Ilromnocmv yunka
P, = 7000 xe/ " .

[TousdTHO, TIOYEMY He JlaHa Macca Jib/la — B OTCYTCTBUE ITMHKA
YPOBEHD BO/IbI TP TasHUM Jibia He Mersercs (3agada 2). A BOT
M0YeMy YPOBEHDb MOHU3UTCS, He TAK OUYEBH/IHO, KaK B TIPE/IbILY-
nieil 3aj1aye, — BeJb IIMHK IMOBBINIAET YPOBEHb W BHAYaAJe, W B
KOHIle. Mbl BepHEMCS K 9TOMY BOIIPOCY T0CJIe PElIeHus 3a/1a4H.

Pemenne 1. Kak u B nnpeapiymux 3a1a4ax, pasHocTb ypOB-
ueit Ay (puc.4,6) Bbipakaercs 4epes 06bEM TOTPYIKEHHON

S

A0
o)

Puc. 4
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yactu apga ( SA
3akoHa HbrooToHa

= Viorp ), KOTOPBIil MOJKHO HAHTH 13 BTOPOTO

m,qg + mug - pBgVnorp =0 .

Beipakast orcioma Al , mosydaem

AV My M
PSS  PyS
Pasnocts yposueit Ak, (puc.4,6) onpezensiercs 06bEMOM BOIBI,
00pa30BaBIIENCs ITPU TASTHUK JbJA, 1 00BEMOM IINHKA, KOTOPbII
Telepb JICKUT Ha JiHe:

pB plI '

B wurore mosyuaem
m m
Ah = Ay — Dby = —- — —& =3 MM
PSS PS '
Pemenne 2. 3ammmiem BTOpoil 3akoH Hpiorona /s Bcero
cosepskumoro cocya (Boja, JieJi U IUHK) JI0 U TOCJe TasHusI
JIbJIA:

mg —p,ghS =0,
mg — pPyghS — N =0,

rae N — cujla HOpDMaJIbHOH peakiinu, JAeHCTBYIONast CO CTOPOHBI
JIHA Ha 3aTOHYBIIHUI ITMHK. V13 5TUX ypaBHEHUI cpa3y BU/IHO, UTO
no6asienne cuibl N IIPUBOJUT K YMEHBIIECHUIO CUJIbI JaBJICHUS
BOJIbI Ha JIHO, T.e. K ITIOHMXXEHMIO ee ypoBHs. Vckmovas mg,
MOy YIM

Dh=h —hy = N ,
Ps9S
Ho JLJIA HOJIy‘—IEHI/IH OTBETa HAa/Jl0 PEHIUTDH €elle OﬂHy HeéOJIbH_[yIO
3a7lauKy — HallTh cuiay N, [eHCTBYIONIYIO Ha JIeXKAIW Ha JHe
IINHK. 3Ta 3a/ladyKa — CTaHJAapTHOE yl'[pa)KHeHI/IeI

m
N+Fapx _mugzoy Fapx zpBg‘/II = pBng
i
OTKy/1a
P

1T
B aroii 3amaue BTOpOI 1MOAXO0/ CB43aH € HE MEHDLITUMU
pacyetamMu, 4YeM MeEpPBBI, HO 3aTO OH IIO3BOJISIET CPa3y, [0
BBITIOJTHEHUST PACYeTOB, YBU/IETD, OMYCTUTCS YPOBEHb WJIN TO/I-
Humetcst. YToObl TPOBEPUTH, HACKOJIBKO XOPOIIIO BbI ITIOHSIN 9TO
paccysk/ieHue, OTBeTbTe Ha CJEAYIONUIl BOIIPOC.

N =mg

Bomnpoc. Kax usmenntcss orBer Ha 3ajady, ecanm B Jjej Oyjer
BMOPOXKEH He IUHK, a KYCOK IPOOKU?

Tenepn pasGepeM [Be 3a7iaull HA BbIYHCJICHUE PA0OTbI, KOTO-
PYIO HAJI0 COBEPIIUTH [JIsT U3MEHEHUs] TTyOMHBbI MOTPYSKEHUs
tesia. Takue 3a/1a4u MOKHO PeIIaTh KaK MPSIMbIM BbIYMCIEHIEM
paGoThl, Tak W Yepe3 M3MeHeHNe TOTEHIINATbHON dHEPTUH CHC-
TEMBI.

3apava 5. Ha due yunundpuuecxozo cocyoa ¢ 6000t naoua-
dvio S = 300 cm* cmoum wurundp evicomoic H = 40 cm u
naowadvio ocnosanus S, =100 ex? | coenannwviii uz Mamepuaia

naomuocmoto P = 3000 KZ/Mg. Kaxyw pabomy nado cosep-
wumo, 4mMoGvL GLIMAUUMY YUTUHOP U3 600bL, €CAU HAYALLHASL
moawguna caosi ¢odvt Iy = 30 cm? Luaundp noonumawom é
BEPMUKATLHOM NOLOKEHULL.

Pemenne 1. Ywmenbiienne o0beMa, 3aKJIIOYEHHOTO MEK/Y
YPOBHEM BOJBI U AHOM cocyfa (puc.5), paBHO 06beMy TIOTPY-
sKeHHoit actn muauaapa (em. 3agauy 1):

SAh =Sy .
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tr

Sy ¥ S Y

) 6)
Puc. 5

PaGora coepiiaercst Ha myTu /i, , paBHOM KOHEYHOIl riyGuHe
BOJIBI:

hzzhl—Ahzlq( _551)

(B pmamHOM ciiyuae 9TO COOTHOIIEHHE IMOJIYYAETCS CPas3y W3
VCJIOBUSI COXPaHeHUs: oObeMa BOAbL: Sh, = (S - S,I)lq .) Hpn
9TOM CUJIA TSATH JIMHEHO BO3pacCTaeT OT MUHUMAJIbHOTO 3Have-
HHst

1:1 =mg — Fapx = pSI[Hg - pBSuth
JI0 MAKCUMAJbHOTO 3HAUEHHUS
Fy =mg =pS,Hg .
Taxkum o6pasom, paGoTa 1Mo M3BJIEYEHUIO ITUJIUHIPA PaBHA
F+E
A="1""2p =21 ]Ix
2
Pemenne 2. PaGora paBHa U3MEHEHUIO TIOTEHITMAIBHON SHEP-
MM CUCTEMbI «IIMJIMH/IP—BO/A»:
A=AE +AE,
W3menenne NOTEHIMATIBHON 9HEPIUN ITUJIMH/PA PABHO
AE, = mghy, = mgh | 1 Su
w = mghy =mgm T

WN3smenenne HOTeHHHaJIbHOﬁ OHEPIrun BO/Ibl COCTaBJIAET

h
AEB :mBg(ﬁ_%jy

rae m, =p, (S - Sn)h,1 cahy=nh (1 — if‘j (cm. pemenne 1).

Pasymeercsi, otBer Gy/IeT TeM Ke.

3apmava 6. B yuaundpuueckom cocyoe ¢ 6000t niowadvio S =
=300 cM® niasaem 6 GePMUKALLHOM NONOKEHUU UUAUHOD
svicomoti H = 20 cm u naowadvio ocnosanus S, =100 em?,
Kaxyio pabomy nado cosepuumo, umobvr noanocmvio u3eieus
UuAUHOp U3 800bL, eCiu 01 COCNAH U3 MAMEPUALA NAOMHOCIADIO
p = 300 e/ n ?

F,

_xi]

___138h
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Pemenue. [Ipn nsBredeHny IUIMHAPA YPOBEHD BOJBI MOHU-
sutca (puc.6). Haligem moHmkenne yposHs A} U3 PaBEHCTBA

SAh =V,

norp »

rie Viorp — 06DbEM HOrPY’KEHHOI YacTH ILIABAIONIETO IIHJINH/-
pa. 3ammiieM ycJ0BHe TIJIaBAHWS IUIMH/PA:

Fox=mg , wm P9Viep =PVY,
OTKYy/la HaiiieM

_ p
Vnorp =;BSTIH7 hl'lorp =—H, Ah_?uFH .

B

Pabota coBepiaercs Ha IyTH

— — p SII
X = hyoy — DR = %(1—5)
npudeM CcHJaa TATH JHHEHHO Bo3spacraer ot F =0 10
F, =mg = pSH . OKoHYATeTbHO TTOTydaeM

A:‘”%x =120 MJDx.

HonpoéyﬁTe CaMOCTOATEJIbHO PEIIUTD 3Ty 3a/1a1y 4€pe3 u3Me-
HEHHUE MOTEeHIINAJIbHOM 9HEPTUn CHUCTEMDI.

[Mocseansist 3ajjada MOCBSIIEHA WCCJIEIOBAHIIO DPABHOBECHSI
TeJIa, MOMEIIEHHOTO B CTAKAH C JKM/IKOCTBIO, C MOMOIIBIO yPas-
HEHHS MOMEHTOB.

3agava 7. B enadkuil cmaxan evicomott H = 8 cm u paduycom
R = 3 cm nocmasuau 00Hopodnyio narouxy orunou L = 12 cm
u maccoit m = 150 2. Cmakan 006epxy HANOIHUAU KUOKOCTDIO,
NAOMHOCIb KOMOPOU 68 5 pa3 Mmenvuie niomocmu mMamepuaid
nanouxu. C Kaxou cuaotl dasum naiouxa na Kpai cmaxana?

Pemenue. 3anmieM MpaBujo MOMEHTOB OTHOCHTEIBHO HITK-
Hero KoHua nagouku (puc.7):

apx

mgécosG—F R-NI=0,
2

rie N — cujia pearknuu, paBHad MCKOMOW CH.JIe JlaBJICHU A

2008/ Ne3
najo4YKy Ha Kpaill cTakaHa, N
I=\H>+ (21’%)2 — JUIMHA T0-
IPY>KEHHON YacTH NaJO4YKH, a
cua Apxnume/a paBHa
) Fapx
Fo =PV —9g=
apx K L
H
5] L g SL 7 my
B wnrore nosyyaem
L
szg—cosa—mgﬁz £
21 SL 2R
=465 wH. ¢ 7
Yupaknenus

1. B mwmHApmyYeckuii cocys Ha IMOBEPXHOCTb BOJBI IYCTUJII
IJIaBaTh KOPOOOYKY U3 IIMHKA, B Pe3yJ/bTaTe Yero YPOBEHb BOJIbI
noausanca Ha Ak = 14 mMm. Ha CKOJIBKO OILyCTUTCSL yPOBEHD, €CJII
Kopo6ouKa 3aueprHeT BOJAbI 1 yToHeT? Il10THOCTD IMHKA
P, = 7000 xr/m* .

2. B mumHApImYecKuit cocy 1 TIIONA/IbI0 CeUeHUs S OIMyCTIIN 1
YACTHYHO IIOTPY3UJH B BOAY KYCOK JIbJla, NPUTSHYTBLIH KO JHY
Hutblo. Ilpu aroMm HarsskeHume HUTH OKasasoch pasubiM 1. Ha
CKOJIBKO TIOJIHUMETCSI YPOBEHDb BOJIbI, KOT/Ia JieJ[ pacTaer?

3. B BBICOKOM IIMJIMHIPIYECKOM COCY/le € BOOI MJIOMaAbio S =
=150 cm? 1iaBaer B BEPTUKAJBLHOM TIOJIOKEHUH IIUJINHAP BBICOTON
H = 30 cM u momapio ocHosanusa S, = 50 em? . Kaxyio pa6ory
HAJI0 COBEPIINUTH, YTOOBI TTOJHOCTBIO MOTPY3UTH IHJUHAD B BOMIY,
ecJI OH CJeJaH U3 Marepuasia ILJIOTHOCTbIO P = 400 KI‘/ Mo ?

4. B rmagxumii BbICOKMIT cTakaH paguycoM R = 4 CM IOCTaBUJIN
nastouky juunoit [ = 10 em u Maccoit m = 90 r, T0cJIe Yero B cTakan
HAJIIJIN 10 BBICOTBI /2 = 4 CM JKUIKOCTB, TLIOTHOCTB KOTOPOil Py
cocrasJsisier 0,75 norHocTH Matepuada najgouku P . Hafiaure cuiy,
C KOTOPOU BEpXHUI KOHEI[ TTAJOYKH [JABUT HA CTEHKY CTAKAHA.

ObObeMm
TeTpasapa W ero
yacteu

J1.EPTAH)XXUEBA, B.MUPOLLUUH

HA KOHKYPCHbBIX 9K3AMEHAX /ITOBOJIbHO ITOITYJIAPHbI-
MU SIBJIFIOTCS 3a/1a4¥, B KOTOPBIX PeYb M/IET O HAXOXK/IECHUU
00bEMOB YacTeil TeTpasipa, OTCEKAEMBIX OT HEro HEKOTOPOIl
mockoctbio. [Ipu aToM Kpome o611en3BecTHOH POpMYIbI 06be-

Ma reTpasjpa V = 3 S, H 9acTo GbIBAET M0JIE3HOIT CJIe1yI0Tast

ocH
dopmyra, ompezessioniasi 06beM TeTpaspa dYepes JJIHHBI €ro
JIByX CKpemnuBatonmxcsi pebep @, b, yron o u paccrosinue d
MEX/Iy HUMHU:

Vzéabdsincx. 1)

BoiBenem ee. Paccmorpum nipous- A
BOJIbHBIH TeTpasap ABCD (puc.1).
[TomecTn™m TeTpasap B mapaJiese-
nures TakumM 06pa3oM, 4ToObI ero
peépa AB u CD GbLiu guaroHais-
MU TIPOTUBOJIEKAIINX TpaHell ma-
pamnenenunena (puc.2). Iocrpo- D
eHHe JIaHHOTO TapaJiiesiernure/ia
OUYEBIIHO: Yepe3 cepeauty peGpa
AB mipoBeieM psIMy' 10, TTapaJiie/Tb-
nyto CD, 1 0T/105kUM Ha Heil oTpe-
30K, paBubiii CD, Tak, 4ToObl B
TOYKe TepecedeHust ¢ AB oH gesnscs 1onosaM. AHAJIOTMYHO
noctynuM u ¢ pe6poMm CD. O6beM MOSYIUBIIETOCS TapaJLiese-
nunea Gy/leT paBeH MPOU3BEICHUIO TIIOIAJM OCHOBAHUS, T.€.
napaJjuiejorpaMMa ¢ JuaroHasnsiMu, pasubiMu AB u CD, nHa

C
Puc. 1

Puc. 2
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BBICOTY TapaJiiesenumnesa. B xauecTBe BBICOTBI JaHHOTO TapaJi-
JIeJIENUTIe/Ia BBICTYIIAET OTPE30K, NMEepPIeH/IUKYISPHDBIN MJI0CKO-
ctsim, cozepkaium AB 1 CD cOOTBETCTBEHHO, T.€. UX OGN
nepnenuKyaap. [Lmomaap ocHoBanus mapaJsiiesenumeaa paBHa
TIOJIOBUHE TIPOM3BE/ICHUST [naroHajJell Ha CHHYC yIJa Mex[Iy
HuMu. TakuM 06pasoM, Mojyuyum

v

map —

%AB-CD~sin(x~d=%abdsina .

O6bem V' camoro Terpasgpa ABCD cocTaBisieT OJHY TPeTb
o6beMa MAHHOTO Mapajjefenunesa. IJTO OYEBHIHO, TaK Kak
JIOCTaTOYHO 3aMETUTD, YTO KPOME MCXO/HOTO TETPAd/pa Mmapas-
JIeJITIHTIE/T COCTABIAIOT TaKXKe YeThIPe TPEeyTOIbHbIe THPAMUJIBI,
OCHOBAHNS KOTOPBIX — TIOJOBUHBI OCHOBAHMS Mapase/Ienue-
Jla, a BBICOTBI — BBICOTA TMapaJenenunena. Takum o6pasoM,

\%4 =éabdsin0( .

Craenctue 1. OGbeM TeTpaspa OCTAETCS HEM3MEHHBIM TIpU
IepeMelieHIH IPOTUBOMOJIOXKHBIX pedep TeTpaspa BAOJIb IIpsi-
MBIX, MX COJEPIKAIIIX.

3agaua 1 (3aounas (UBMKO-MATEMATHYECKAs OJIUMIHAJA
M®TU, 2005 r.). Hpamas AB npoxodum na paccmosmuu 3
om uenmpa cehepvl paduyca R = 1, npsmas CD xacaemcs
yxazannoil chepul. Haiioume naumenvuuii 06sem npasuiviozo
mempasdpa ABCD.

Pemenue. [Tapasienernurnes, OMMCAHHbII BO3J€ TPABUIBHOTO
TeTpaszipa, sABJserTcs KyOoM, pe6po KOTOPOTO PAaBHO PacCTosl-
HUIO MEXK/JY CKPEIUBAOINMUCS peOpaMu 9TOTO TeTPaspa.
Haunmenbmee paccrosame mexay npsimpimu AB n CD pasHO
V3 —1. Crenosarensro, HanMenbumii 0Gbem NPAaBUJIbHOTO
terpasgpa ABCD pasen

%(@_1)3:%(3J§-9+3«/§—1):2\/——%.

PaccMOTpuM pasJimdHbIe PACIIOJNOKEHUS CEKYIIeH IJI0CKOCTI
u pebGep Terpasjipa U BOSHUKAIOIINE B CBSI3U C 3TUM OTHOIIEHUSI
00beMOB yacTeil pazéueHus.

ceKyLU.aﬂ NMNOCKOCTb NMapannesibHa rpaHn TeTpaspgpa

XOopoIIo U3BECTHO, YTO OTHOIIEHE 0GEMOB /IBYX TETPas[POB
¢ OOIIUM TPEXTPAHHDBIM YTJIOM PABHO OTHOIIIEHHIO TPOM3BEIEHUIT

D
D,

A

B

Puc. 3

COOTBETCTBYIONINX JINH pebep 3TUX TPeXTPaHHBIX YIJIOB, T.e.
(puc.3)
Visen  AB AC AD

Visen, AB AC, AD;’

CrenctBue 2. Eciu cekyiasi II0CKOCTD (B1C1D1) napaJ-
neapHa rpaiu (BCD) TeTpasapa, TO OHa OTCEKACT MMPaMUALY,
. AC AD
1o/106HY10 ucxoaHoi. [Ipn aToM —— = —— = ——
AB,  AC, AD,
Hite 06bEMOB YacTell, Ha KOTOPbIE ILJIOCKOCTh JIEJIUT TUPAMULY,
3
AB,

, ¥ OTHOIIIE-

rae k=

PARHO % AB
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CeKyLuas MiockoCcTb NnapannenbHa
ABYM cKpeluvBatolmMcs pebpam TeTpasgpa

Kaxayro n3 yacTeii, Ha KOTOpbIe CEKyIlasi MJIOCKOCTDb JeJIUT
TeTpas/lp, NPUHATO HasbIBaTh KJAMHOM. OO0beM KJIMHA MOKHO
MOJICYNTATD, Pa3OUB €ro Ha TPEYTOJbHYIO TIPU3MY ¥ TETPasdp,
o060kl nexogHoMy. [Ipu aToM 06beM TpeyrobHON MPU3MbI

y1I00HO BbIYuCIsATD 110 gopmyse V = —-0p, rae Q — miomaib
6OKOBOII TpaHu, P — PACCTOSIHUE JI0 ITOI TPAHU OT MPOTUBOIIO-
J05KHOT0 pe6pa (crpaBesauBocTb POPMYJIbI IOKAKUTE CAMOCTO-
SITEJIBHO) .

Haiinem o6beM yactu terpasapa ABCD (puc.4), conepskareit
pe6po AB, ecsin ceky1as MJI0CKOCTb TPOXOUT apaiebHo AB

u CD uepes touky M pebpa AD raxyio, uto AM : MD =p:q.
IIposexem EN | AD u EK | AC . Torma

Vamesnk = Veenk + Vamrenk =

3

p 1 2pq p

= V4= S p(D,ABC) =
[p+q] 2(p+q) " p+aq

3 9 )

3

:( P J ey P 3,
pta (p+a) (»+q)

rae V — o6bem ganHoro terpasapa, p(D, ABC) — paccrostHue

or touku D po rpanu (ABC). OueBuaHO, 4YTO HPU ITOM

OTHOIIIEHHEe 00BEMOB YacTeil TeTpasipa PaBHO

2
P*(p +3q)
P \PToa) (3)
a*(q+3p)

@opmyist (1) u (2) MO3BOJAIOT BHIPA3UTH B 9TOM CJlyvae U
wiomab cedenus. JleficTBuTeNbHO, ¢ OAHOI CTOPOHDI,

2
379(73‘,:
p+4q)

2
_ (B'ID‘J)S.éAB-DC-p(AB,DC)sinu,
p+a

rae o — yroa mexay peépamu AB u DC. C apyroil cTOpoHBI,

Vamrenk =

1
Vamrenk = ESceq ﬁ -p(AB,DC) .

Orcioa

Seeq = izab sina, (4)
(p+a)
rne AB =a, DC = b.
3amaua 2. B npamoyeonrvnuxke ABCD AB = 2, BC = 3.
Ompesox KM napaniesen AB u pacnonoxen na paccmosnuu
1 om naockocmu ABCD, KM = 5. Hatidume o6sem mHozozpau-

nuxa ABCDKM.
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Pemenne. Pazo6beM KJIMH HA TPEYTOJIBHYIO IIPU3MY U TETpa-
1 3
3/1p, 0ODBEMBI KOTOPBIX PABHbBI 3 6-1=3 u re 3-3-1= 5

coorseTcTBeHHO. [Tomyuum 5"

CeKyLuasi NIOCKOCTb NaparnsenbHa
TONbKO OofHOMY pebpy TeTpasgpa

Iycrs cexymas mockocts (KLNM) npoxoaut napasiies-
HO pebpy CD Terpasapa u nepecekaer pe6po AD B Touke M
Takoit, uto AM : MD =p : q, a pe6bpo BD — B Touke N Tak, 4To
BN : ND = m : n. Tax Kak TJOCKOCTb TapaJijie;JbHa TOJTHKO
OTHOMY peOpy TeTpasapa, TO OHA Iepeceder Hpsamyio AB B
uekortopoii Touke E (puc. 5). ITo Teopeme MeHesas moayuum,

BE qm BE qm

4TO -—, OTKyja —— = ————.
AE  pn YA 4B pn—qgm

K
Puc. 5 { e

[Tpu atom o6bem V| gacti TeTpas/ipa, He CojepKanieit pebpo

CD, 6yzner paBeH

AD AC AB BD BC BA

rie V. — ob6bem Tterpasapa ABCD. lloacraBisis 3amannbie
COOTHOIIEHUST, TIOJTYYIM

AM AL AE BN BK BE
Vi=Vamre = Vanke = ( j )

V- p*n(m + n)2 - m’q (p+ q)2
(p+ q)2 (m + n)2 (pn —mq)

OueBH/IHO, YTO, 3HAS OGDBEM OJIHON YacTH TEeTpas/pa, JIETKO
MOJKHO HalTi 06beM M BTOPOU €ro 4acTH.

3apaua 3 (MU®DU, 2000 r.). B mempasdpe SABC uepes
mouxky M, npunadiexawyro pedpy AS, nposedeno ceuenue,
napanneavioe peépy AB u nepecexarowee pebpo AC. B kaxom
omnowenuu cexywas niockocmv Odeaum peopo AC, ecau
AM : MS =2 : 3, a 066embl NOLYUUGUXCS UACNET OMHOCAINCS
xax 12 : 137

Pemenne. Kaxk 06bIYHO MPHCYIIE TEOMETPUYECKUM 33/1a4aM,
npeiaraeMbiM B MOCKOBCKOM MH3KEHEPHO-(DU3UUECKOM MHCTH-
TyTe, JlaHHAs 3aj/jaya MUMeeT He OJHO pelieHue. B ycioBum He
CKa3aHO, Kakas U3 JIByX dYacTeil TeTpasjipa uMeeT OGOJIbIINI
o6beM. MaJjio TOro, BO3MO’KHO IIJIOCKOCTB, Jessaiias o0beM B
3a/IaHHOM OTHOIIEHHUHU, TIPOXO/IUT TTAPAJIJIETBHO HE TOJIBKO pedpy
AB, HO n ckpemupatomemycs ¢ HuM pe6py SC. Iloatomy Hazo0
paccMoTpeTb BO3MOXK-
Hble BapUAHTHI.

1) Ecam cexymas
IIJIOCKOCTD TTapaJijieTbHa
JIBYM CKPEIINBAIOTIUMCST
pe6paM, TO IOy IUM, 4TO
OTHOIIIEeHNe 06bEMOB Ya-

cTeil JOJDKHO ObITh paB-
2*(2+9) 44

"2 i16) 81

(3)), uto mporuBopeunt

(6))

(cMm.

YCJIOBUIO 3aa4U.

2008/Ne3

44 12
2) Tak xax 31 < 13 TO CEKYIIIas TIOCKOCTD MepeceKaet Jayd

SC (puc.6). Ecmm 6B TiockocTh Tepecekana ayu CS, To
oTHoIIeHne Obl1o Obl MeHble. Takum 06pa3oM, MOJYYHM, YTO
n

A 2
HCKOMOE OTHOLIEHUE —— = — > — | a TaKyKe, 4TO 00bEeM YacTh
KC m 3

. 13
TeTpaszpa, cojep:kanieit pe6po SC, cocraBiaser — obbeMa

ucxouoll rupamupl. o dopmyme (5) umeem

2
27ﬁ(ﬁ+1) ~50

13 27n(n+m)’ =50m> " pmlm
25 2 _ - 2 :
25(m +n)” (3n — 2m) 25(£+1j (3£_2j
m m

n
O603HaUNB — = ¢ , IIOJIy4uM, 4TO MCKOMOE 3Hav€eHue y/10BJIET-
m

BODPSAET YyPaBHCHUIO
27t (£ +1)° =50 = 13(¢ +1)* (3t = 2) & 66> — ¢ =20t +12 =0,

2 3

KOTOpOE MMeET TPU KOpHA t = -2, t=—,t = R

Ot6upas 3HavdeHNE, YAOBACTBOPSIONICE BCEM YCIOBUAM 3a/[a-
YH, TIOJIY4UM, 4TO n:m =3:2.

3agaua 4. Ocnosanue nupamudvr PABCD — napanienozpamm
ABCD. Touxa M pacnoaoxena na pebpe PC, npuuen
PM : MC =1:2. [lrockocmv ceuenus npoxooum uepes mouxy
M napaanenvro npamoim AP w BD. B xaxom omnowenuu sma
naockocmv deaum o6sem NUPAMudvL?

Pemenne. PasjiesB nupamMuty Ha Ba PABHOBEJNKUX TETpa-
sapa mwiockoctoo PAC, npumernm dopmyay (5) u Haligem, 4to
HCKOMOE OTHOLIEHHEe PABHO 4 : 5.

Ynpaxxuenust

1. CkpemuBaionmecsi pe6pa Tterpasgpa pasibl ¢ u b. Haiigure
IJIOIA/Ib CEYEHNs TeTpasjpa IIOCKOCTHIO, TMapaslJeJbHOH UM, ec/n
M3BECTHO, YTO 9TA IIONA/Ab HPUHIMAET MaKCHMAaJbHO BO3MOKHOE
3HAYeHHeE.

2. Tlnockoctp mepecekaer 6okoBbie peGpa SA, SB 1 SC TpeyroabHoi
mupamugbl SABC B toukax K, L mw M coorBercTBeHHO. B Kakom
OTHOIIEHUH JIEJUT 3TA IIIOCKOCTh 00bEM ITPAMU/IbI, €CJIH U3BECTHO, YTO
SK:KA=SL:LB=2:1,amexnana SN tpeyrospauka SBC aemurcst
9TOH TJIOCKOCTBIO TIOMOJIaM?

3. OcnoBanue nupamujsl PABCD — napasienorpamm ABCD. Touka
M — cepeauna peGpa CP, Touka N pacriosioxkena Ha pebpe AP, npudem
AN : NP =2:3. Touka K pacrosioxkeHa Ha peGpe BP, mnpuuem
PK =2KB . B kakoM OTHONIEHUN TJIOCKOCTb, IPOXO/ANIasi depe3
toukn K, M, N, gemur o6beM mupamMujibl?

4. OcnoBanue nupamusl PABCD — napatenorpamym ABCD. Touka
M pacriosioskeHa Ha TpojossKeHnn pe6pa BC 3a Touky B, npudem
BM = BC. Touka N pacnosnoxena na pebpe PC, mnpuuem
PN :NC=1:2, Touka K pacnonoxena Ha pebpe AP, npuuyem
AK : KP =1:3 . B KakoM OTHOIIEHNH IJIOCKOCTD, TIPOXO/ISTIAs Yepe3
touku K, M, N, nenut o6beM MUPAMU/IBI?

5. PaccMaTpuBaeTcst MHOYKECTBO TPEYTOJIbHBIX UPAMUL, OCHOBAHMUS
KOTOPBIX COBIIQJAIOT ¢ OCHOBAHHEM IPABUJIBHOIN TPEYTOJbHON MPU3MbI
ABCAB,C; — tpeyrombunkom ABC, a BepumHbI JeKaT Ha BepXHeM
OCHOBAHMM 3TOH Npu3Mbl. B Kak/10#l Takoil mupamujie MPOBOJAITCS
BCEBO3MOXKHBIE CEYEHHs IJIOCKOCTSAMH, HapaJiiefbHbiMu pe6py BC u
MIPOTUBOIOJIOKHOMY eMy peGpy AS. Haiiure Hanboibiiiee BO3MOKHOE
3HAaYeHNe TUIOMAN CEYeHUIl [IUIsT BCeX YKAa3aHHBIX MUPAMU[], €CJIH
CTOPOHA OCHOBAHUSI TMPHU3MbI PABHA @, a €€ BbICOTA paBHa /.



XVI MexpgyHapoaHaa onumnmaga
«IHTennexkTyanbHbI MapamOH»

MexayHapofHbIn nHTennekT-kny6 (MUK) «miooH» B pam-
Kax MexZayHapogHou nporpammbl «[eTu. MHTennekT. TBopye-
CTBO» MPU yHacTUn YHuBepcuTeTa ropoda PetumHo (Mpeuus),
MTY nm.M.B.JlomoHocoBa, PoHAa HeKOMMEepPHYECKMX MPOrpaMm
«dnHactna» 1 npu nopaepxke komnaHun «Kvpunn n Medo-
anny, «OusmkoH», «1C», nagatenbckoro JJoma «[lepBoe ceH-
TAOPS» W XXypHana «KBaHT» NPOBeN o4epesHyIo TeCT-PenTUHIO-
Byl0 onumMnnagy «VIHTennektyanbHbi MapaoH».

Onumnuaza npoxoamna ¢ 7 no 14 okTabps 2007 roga Ha
octpose KpuT (Mpeuus). Ha onvmnmamy npuexani y4acTHUKA 13
Pa3HbIX pernoHoB Poccnm 1 13 Hopeernn. OpgapeHHble LWKOSb-
HUKW, NPOSBMBLUVE WHTEpeC K (yHOAMEHTalbHbIM HaykaM,
COpPEeBHOBAaNMUCb B KOMAaHAHbIX M WHAMBUAYalbHbIX Typax Mo
MaTemaTvke, u3nKe, UCTOPUM HaY4HbIX MOEen U OTKPbITUA. B
onuMnmage Takxke y4acTBOBanu LLIKONbHWKK, MHTepecyioLecs
sKkonoruen n bronorven.

ABCOMIOTHBIM MobeauTeneM onvMMIvaabl «VHTennekTyanb-
HbI MapadoH-2007» no dyHOAMEHTaNbHbIM HayKaM B KOMaH-
[HOM 3a4eTe cTana cbopHas koMaHaa ropoaa byrynoma (TaTap-
cTaH). Em Obin BpyYeH rmasHbI Npu3 copeBHoBaHuin — Cynep-
Kyook. KomaHga Obmna Takxe fydwer B Typax no usnke u
NCTOPUM Hay4HbIX MOEN U OTKPLITUIA. BTopoe mMecTo B 0OLieM
3a4yeTe 3aHAna komaHga Knaccuyeckoro nuued 1 npu PIY
(PoctoB-Ha-[loHy). OHa Takxe 3aHsna BTopoe MecTo o hunsmke
N UCTOPUM HayYHbIX MOEW U OTKPbITUI. Ha TpeTbe MecTo Bbillna
cbopHas komaHaa ropofa AnbMeTbeBCKa, KOTOpas Takxe cTana
BTOPOW MO MaTemMaTnKe 1 TPeTbe MO UCTOPUM HaYUHbIX MOEN U
OTKPbITUI.

B nHAMBMOYanbHbIX COPEBHOBAHMAX abCOMOTHBIM NobenuTe-
nem onumnuagbl crana Hapbs [lyceBa, ydeHuua 11 knacca
Knaccmyeckoro nunues 1 npu PTY. En Gbinv BpyYeHbl 6onblLuas
30/10Tad Meganb W Manble 3010Tble Meany 3a nNepsble MecTa no
MaTemaTtuike 1 hmnke. BTopbiM Npri3epoM B 0OLLEeM 3a4eTe cTan
Nropb Macko, ydeHuk 11 knacca OTJ1 1 ropoga CapatoBa, emMy
Obina BpyyeHa bonblias cepebpsHas Mefans 1 Manas cepebps-
Has Mefarnb 3a BTOPOe MecTo Mo (uauke. bonbluyto GpoH30BYIO
Mefarnb B 0bLlem 3a4eTe 1 Manylo OpoH30BYO Mefarb 3a TpeTbe
MecTO No MaTemMaTuke 3aBoeBan Muxann Muxannos, Nnpeacras-
nsiowmn ropof, AnbMetbeBcK. Ouns 3anHynnuHa (Byrynoma)
nonyymna Manyto OpPOH30BYIO Mefanb 3a TpeTbe MecTo Mo
usnke, a Japbs KoposuHa (rMmHasms 1567, Mockea) Obina
Harpax/eHa 3a BTOpoe MecTo Mo MaTeMaTiike Masnou cepedps-
HOW Megfanbio.

Bce nobenmteny nonyunnm pasnmyHble nogapkn U npursbl ot
OPraHV3aTopoB 1 CMOHCOPOB ONMMMVAAHI.

MexXayHapoOHbIN UHTENNEKT-KIYO «[M0oH» npurnallaet pe-
MMOHanbHble LEHTPbI, LUKOSbI, ULEN 1 TMMHa3unm, paboTaioLive
C 0fjapeHHbIMY AeTbMU, NPUHATL y4acTre B XVII MexayHapos-
HoW onuMnnane «IHTennekTyanbHbIM MapadoH», KoTopas Npown-
neT B okTs0pe 2008 roga B Mpeunn.

3afBKM Ha y4acTne npucbinamte no agpecy: 115522 Mockea,
Mponetapcknin npocnekT, A.15/6, kopn.2, MUK «niooH»

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

E-mail:gluon@yandex.ru

(cmTakke cant: http:\ \www.gluon.ru)

3AJAUYU ONNTMMINNALDBI
MNUcbMEHHBbIV UHANBUAYANbHBIN Typ
Maremarmka

1. Moxer Jm TpU KAKOM-HUOYIb HATYPATBHOM 7 YHCJIO
nt 420 + 202 +1 GbiTH MOTHBIM KBaJ[paTom?
2. Haiipute x + y, ecin

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

3. Ha cropone AB pom6a ABCD BO BHENIHIOIO CTOPOHY
MOCTPOMJIN TIPaBUJIbHBIH Tpeyrosbuuk AMB. Haiigure yrou
CMD.

4. Yucna x, y ¥ z 1ONAPHO PA3JIMYHbI M OTJIMYHBI OT HYJIS.
Kaxne pazmdnpie KOMOHHAIMN 3HAKOB MOTYT OBITH Y YHCEJ

x-w=dle=g - -y -2

Yz Xz

(x-2)(z-y)
Xy

5. Toapsin Buimucanbl UMPHI AECATUYHBIX 3alUCed HATY-
paspipix yrces N u 3N. O06s13aTesIbHO JIM CPE/IN BBITTMCAHHBIX
mudp Haiizercs xors 61 ogHa u3 mudp 1, 2, 9?

6. [an tpeyrosbuuk ABC. Ha npojioskeHusix ctoponbl BA 3a
touky A, croponbl AC 3a Touky C u cropounl CB 3a Touky B
oryioxkennl orpeskn AA; = BC, CC, = AB uw BB, = AC.
Haiinmure yrasr tpeyrombuuka ABC;, ecom yraot A, B un
C ucxoanoro tpeyrosnbiuka ABC paBubl o , B n Y coOoTBeT-
CTBEHHO.

7. Ha xomrpecce co6pajnchb yueHble, CPe/li KOTOPbIX €CTb
npy3bsa. OKasajoch, 4YTO HUKAKKME /[BOE YYEHBIX, UMeIoIne Ha
KOHTpecce paBHOE YHCJO Jpy3eil, He MMeIoT OOIMX JIpy3eil.
Haiinercs i cpejin HUX YY€HbIii, Y KOTOPOrO POBHO OJIMH JIPYT?

)

Z= 2

Quzuka

1. VMckyccTBeHHBIN CyTHUK 3eMJIM HaXOJHUTCS Ha KPYTOBOI
op6ure Boicotoit 2 = 200 kM. Briiouaercst iBuraresib, 1 CKOPOCTb
CIyTHHKA BodpactaeT Ha Av =5 kM /c. B pesysibrare oH yseraer
B MeXILJIaHeTHoe IpocTpaHcTBo. Halinre cKopocTh CIIyTHUKA
Baasm ot 3emun. Paanyc 3emum 6370 kM, yckopeHue CBOOOIHO-
ro mazenns 9,8 M/ c?

2. lI3BecTHO, YTO KOMIIPECCOP JIOMAIIHETO XOJIOAMJIbHUKA
[IEPUO/INYECKN BKJIOYAeTCs U BbIKJIoYaercs. OLeHuTe COOTHO-
IIeHrne BpeMeH paGoThl U Tay3bl KOMIIPECCOpa, €CJU U3BECTHO,
YTO ero MOIHOCTD opsaka P =100 BT, yepe3 cTeHKN X0JI0A1Tb-
HPKa 3a 4Yac IMPOXOAWT KoJjmdecTBO Temaotel Q = 1 MJDx,
TeMIiieparypa B IOMELIEHWH, TJ/e CTOUT XOJIOJUJIbHUK,
t, = +20 °C, TemMmepaTypa BHYTPH XOJOAUIbHEKA £, = +3 C .

3. Ouennte, Kakyio MOITHOCTb NMeET CTOBATTHAS 2JIEKTPHYEC-
Kasl JIaMITa HaKaJIMBAaHUS B HAYAJIbHBII MOMEHT BKJIIOUECHUS ee B
OCBETHUTEJIbHYIO ceThb HarnpsikeHuneM 220 B, ecsin pabouas temie-
parypa nuti Hakausannsa 2700 °C, a TemnepatypHblii Koaddu-
IIMEHT COIPOTHUBJICHUS BOJIb(MpaMa, U3 KOTOPOTrO c/eJaHa HUTb
naxama, 0,004 1,/°C.

4. B kaMepe KOJIBIIEBOTO YCKOPUTEJIS 110 OKPYKHOCTU PaJIiy-
coM R jBmKercs TOHKWI IIy4OK 3JIEKTPOHOB. B HauaJbHbBII
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MOMEHT BPEMEHU 3Ha4yeHue CUJbl Toka [y, dnmcsao yacrui B
xamepe N. MarHUTHBII IOTOK Yepe3 HeNn3MEeHHYIO OPOUTY ydKa
YMEHBIIIAETCS CO CKOPOCTHIO Vg, . KakuM craHeT 3HaYeHue CUJIbI
TOKA II0CJIe TOTO, KaK YaCTUIIbI C/Ie/Ial0T OUH 000poT? PaceMoT-
puTe HepeJATUBUCTCKUIL caydail.

3. B uaiinuke «Tedaab» MomHoctsio P = 1 kBT kumurt Boja.
C Kaxoil CKOPOCTBIO M3 €T0 HOCHKA BBIPBIBAETCS CTPYS Tapa,
€CJIM ILJIOIIA/[b OTBEPCTHS HOCUKA S = 5 em? y/leJIbHas TeIIoTa
WCTIApeHUST BOJABI 7 = 2,26-10° JIK /KT, HOpMaJIbHOE aTMOC-

deproe gasenne p, =10° Ila, yausepcasbHas ra3oBast MOCTO-
sunast R = 8,31 Jix/(momn - K| ?

6. Ilpn xaxoif MUHUMAJbHONH HAYaJbHONW CKOPOCTH MOXXHO
epeGpPOCUTh KaMEHb ¢ YPOBHS 3EMJIM Yepe3 IOy [IHJINHIPUYEC-
Kuii anrap Boicotoit (paguycom) R?

7. Metasumnueckuii map pajnycoM R, HOJHbIN 3apsiji KOTOPO-
ro paseH Q, paspesaH Ha JBe 4acTH. IIJOCKOCTH paspesa
MpoXouT Ha pacctosuuu L ot nentpa mapa (L < R). C kakoi
CUJION OTTAJIKUBAIOTCS HTU YACTH IHapa?

YCTHbI KOMAHZHbIV Typ
Maremarmka

1. B nocrnenoBarenbuocT 1 s s s s % 7 (3Be3moukaMu 060-
3HAYEHDI YMCJ1a) CyMMa JIIOOBIX TPEX COCEIHUX Ynces paBHa 15.
Haiiute BTOpOit Wien sToit mocaemoBarebHocTn (T.€. YnCI0,
0603HaYEHHOE 1IEPBOIi 3BE3/I0YKOI1).

2. Ha nuiockocti HapuCcoOBaJIu 4 paBHBIX TPEYTOJbHHMKA TaK,
4TO JTI0ObIE /IBa U3 HUX UMEIOT OOIIYI0 BepIInHy. BepHo Jiu, 4To
BCE TPEYTOJIbHUKH UMEIOT OOIIYI0 BEPIIMHY ?

3. MeiicTBuTe/IbHDIE YNCJA X, Y U Z YJOBJETBOPSIOT CUCTEME
ypaBHeHUI

x+y+z=2,
xy+xz+yz=1.

Haitnute HanGosibliiee 1 HauMeHbIIIee BO3MOKHBIE 3HAUCHIUS X.

4. Kondepennusa nauanacp mexxay 10 u 11 wacamu, Korza
4acoBasi U MUHYTHAS CTPEJKU ObLJIM HANPaBJIEHbI B IPOTUBOIIO-
JIO>KHBIE CTOPOHBI, a 3aKoHYmMIach Meskay 16 n 17 wacamn, xorzga
crpesikn coBran. CKOIbKO BpeMeHN IIPO/I0JIKAIAch KOH(epeH-
mua?

3. IIpsAMOYTOIBbHYIO CTATBHYIO MIACTUHKY pa3dmepoM 19 x 73
MIOJIOKHJIN Ha JIICT OyMarn n o0Besin KapanaaioM. [losib3ysch
TOJIBKO CaMOM TIJIACTUHKON M KapanaamoM, Haiiaure (moctpoii-
T€) HEHTP TOJYYEHHOTO MPSIMOYTOTbHUKA.

6. Kakoe nHaumenblee KOJMYECTBO JIaJell MOXKHO HOCTaBUTD
Ha maxmMaTHyio ocky (pasmepom 8 X 8 KJeTok) Tak, 4ToGbl Bee
6eJible OJIST OKA3AIUCh MO 60eM?

7. Vmerotcs aBa TpeyroJbHuKa. I13BecTHO, 4TO cyMMa JIBYX
CTOPOH Ka)K/IOTO M3 HUX PaBHA CyMMeE /[[ByX KaKHUX-TO CTOPOH
BTOPOTrO. PaBHbBI JIM 9TH TPEYTrOJbHUKN?

8. B xomMmanum u3 n 4eJOBeK KasKJbIHl HMeeT POBHO Tpex
3HAKOMDBIX.

a) Jlokaskute, 4TO 7 YETHO.

6) Bcerma smu MOKHO 3Ty KOMIAHMIO PasOUTh Ha Mapbl
3HAKOMBIX MeK/y co00il Jojei?

9. MoxHO Jsnm pasdpe3aTb KJETYATBIl KBaJpaT pPasMepoM
14 x 14 na npsAMOyrosbHUKM 2X35 u 3x97?

10. Haiigure BUI TPEYroJbHUKA (1.e. OCTPOYTOJIbHBIN OH,
MPSMOYTOJIBHBII UJTH TYTIOYTOTBHBIN ), €CJIH ITPO €T0 CTOPOHBI d,

3,33 _ 3
b u ¢ usBectHo, yro a’ +b’ =c¢”.

Quzuka

1. Bouka o6bemom V' = 50 J1 10BepXy 3aIOTHICTCS 3acaInBa-
€MbIMN Ha 3UMYy Oryplamu. IlnorHOCTD BelleCTBa Orypios

p; =1100 KI‘/MB. CpenHsgsa TJOTHOCTb OTypIIOB B Kyde
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p, = 660 KF/ M® . CKOJIbKO JINTPOB pacco.a Hajo MPHUTOTOBUTH
JUIA 3a/IUBKU?

2. Ouenute, Kakoii rIyOUHBI «sIMa» 00pa3yercsl IPU 3aBHCa-
HUM BEPTOJIeTa Ha HeOOJIbIIOl BBICOTE HAJ BOJHOI MOBEPXHOC-
TBIO.

3. Kak m3MeHHTCS CHIa B3aMMOJEHCTBHUS /ABYX MaJIeHbKUX
JINBJIEKTPUYECKUX HIAPDUKOB, OJMH M3 KOTODPBIX 3apsiKeH, a
JIPYTOi HET, ecJIi PACCTOSHUE MEK/y HUMHU BO3DACTET B 1 pa3?

4. V3BecTHO, 4TO B TpOMHMKax Ha GoJbiinx BbicoTax (6osee
10—15 KM) AYIOT IOCTOSIHHBIE BETPBI OT 9KBATOPA TI0 HAITpaBJIe-
o K nosmocaM. [Touemy?

5. Haiigure yros oTcKoka Iapuka IIpH yrie magenud 45° mna
M/IeATBHO TJIAJIKY10 HOBEPXHOCTD, €CJIH TIPH Yape IapuK TepsieT
TPeThIO YacTh CBOEH KNHETHIECKOH 9HEPTUN.

6. K HuxHeMy KOHIy JIerKOIl NPYKUHbI, BepXHUIl KOHeIl
KOTOPOI 3aKpeEIJIeH, TT0/IBEIIeHDbl CBSI3aHHbIe HEBECOMOI HUTDHIO
TPy3bl: BepxHnii Mmaccoit my = 0,4 Kr u HIKHUI Maccoit m, =
=0,6 xr. Hutp, coennnusiontyto rpyssl, nepexuraior. C KakuMm
YCKOPEHHEM HAYHET [[BUTATHCS BEPXHUI Ipy3?

7. JIBa MOJISl N/I€aJIBHOTO OJTHOATOMHOTO ra3a CHavaJia n30X0p-
HO OXJIQJIIJIN, & 3aTeM M300apHO HArpeJi [0 IepBOHAYATIbHOI
temneparypet 400 K, yBemnuus o6bem rasa B Tpu pasa. Kaxoe
KOJIMYECTBO TEIJIOThI OT/AJI a3 Ha IIePBOM y4acTKe?

8. B cocy/e Ha noBepXHOCTH MTPO3PAYHOIL KUKOCTH IJIaBaeT
JIeTKasl TOHKas TJIOCKOBBINYKJIast JINH3a, oOpalieHHas BbBITyK-
JI0# cTOpOHOI BBepX. DOKyCHOE PacCTOsIHNE JMH3BI B BO3/IyXe
F. Ilokasaresb IpesoMJIeHUSI KMIKOCTH 7. BbicoTa ypoBHS
SKUIKOCTH B cocyie h. Ha kakom paccrosinuu L Haj JUH301 HA
ee TJIABHOW ONTHYECKOH OCH HY>KHO PACIIOJIOXKHUTD TOYCUHbBIIH
HCTOYHUK CBeTa, YTOObI ero M300pakeHne HaXOAWJIOCh Ha JIHe
cocyna?

9. Uepes /1Ba HEMOABMKHDBIX GJIOKA, HAXOJAMINXCS HA OJHON
BbBICOTE, MEPEKMHYTA JINHHAS JIeTKask HUTh, K KOHIIaM KOTOPOIt
TIPUKPETJIEHBI /IBa TPy3a OJHOMH
u Toit sxe maccor (puc.1). Hurp
HAYMHAIOT ME/JICHHO OTTATUBATD
BHU3 3a TOYKY, HaXOSIIYIOCS
rnocepesiHe Mexay OJOKaMu.
T'paduk 3aBucumoctn cuibl F,
[IPUKJIA/IIBAEMO K HUTH, OT CMe-
MIEHNUST X ATOW TOUKW IIPHUBE/ICH
Ha pucyske 2. Haiinure npu6m-
3UTEJbHO Maccy m KaK/0ro u3
Ipy30B U paccrosuue [ Mexmay
6JIOKAMH.

Puc. 1

F.HA
20

10

0
0 1 2 3 4 S

Puc. 2

=V

10. HikHre KOHIIBI JIECTHUIIBI-CTPEMSTHKY Maccoii m = 10 kr
coeIMHEHbI BepeBKOoil. Kaskiast cTopoHa JIECTHUIIBI COCTABJISIET C
OJIOM yroJi O = 45° . Cunras 11oJ aGCOMIOTHO TJIAJKUM, HAW/H-
TE CUJIy HATS)KEHUS BEPEBKHU.

WcTopusa Hay4HbIX MAEN N OTKPLITUNA
Maremarmka
1. B 2007 romy ucnonuumocn 300 sneT co JHS POXKICHUS

BesmmKoro matemaruka Jleonapa Jitnepa (04.04.1707 — 07 (18).
09. 1783). Her, nosanyii, Takoii o6acTu MaTeMaTHKHU, T/e



itnep e goctur 6p1 GyHIAMEHTATBHBIX PE3yIbTaTOB. VIMeloTcs
OHU ¥ B TEOPUU YHCEJI.

B wacTtHOCTH, OH BBeJI B paccMoTpenne (GPyHKINIO0, Ha3BAHHYIO
BIIOCJIEACTBUN €r0 uMeHeM — (ynkuueit ditnepa, ¢ (n). Yepes
¢ (n), rae n — HarypasibHoe (1e/10€ TIONOKUTENBHOE) UHCIIO,
0003HAYAIOT KOJMYECTBO HATYPAJTIBHBIX YHCEJ, B3aUMHO IIPO-
CTBIX C YHMCJIOM N U He TpeBocxosnmx n. Hanpumep, ¢ (5) =4
— ToJIbKO uymcsa 1, 2, 3, 4 He MMEIOT ¢ YuCJOM S 006X
Jlesresieit, Kpome 1, 1 0OTHOBPEMEHHO HE MPEBOCXOIST YHCIa J;
¢(10) = 4 — toapko yucaa 1, 3, 7, 9 e umeror ¢ ynucaom 10
o0Iux Jeureneii, kpome 1, U OJIHOBpEMEHHO He GOJIbIIE, YeM
yucao 10.

Hamra niepBas 3agavya nocssiena aToil GyHKinm.

BoimuieM B cTpouky Bce 72 ApoOeii:

123 n
o IR (%)

P=r =
nonon

a) Croavko cpedu Opobei cmpouru (* ) necokpamumvix?

Ilycrs dy =1,d,,...,d, =n — Bce nesurenu ducia n.

6) Iposeden 6ce 603moxnble COKPAUEHUS 6 OPOOAX CIMPOUKU
(# ) u evnuwen ece coxpawenivie Opodu (kaxoyio odun pas)
u ece <cmapuvies HecokpamuMmvie Opodu 6 HOBYI CMPOUKY.
CKobk0 6 3Motl HOBOT cmpouke Opobetl UMeIm 3HAMEHAMENb
d; Onsa 6cex 603MOKHOIX 3HAUCHUTL 17

6) Jlokasxume mosxdecmso Jiiiepa

O(d) +(dy) +...+0(dy) = 1.

2. B XYII Beke B MaTeMaTHKy BOLLIN PSAbl — CYMMbI
6eCKOHEYHOTO YUCJIA CJIAraeMbIX, UTPAIOIINE B HACTOSIIEE BPEMS
GOJTBIIYIO POJIb B HEKOTOPBIX pas/esiaX MaTeMaTHueCcKoi HayKu
7 TPaKkTHKUH. B To BpeMs ¢ HEUMH 06pallajnch JOCTATOYHO
BOJIBHO: CIIOKOIHO, KaK OOBIYHbIE KOHEUHbBIE CyMMbI, YMHOKAJH,
JIeJIAJIN U T.[1., cTporas teopus nosisusiach juiib B XY 11 — XIX
BEKax.

Honpobyiime, 3uas, umo

1
1—x
(KoHeuno ixe, 3MO XOPOWO 6AM FHAKOMAS CYMMA OCCKOHEUHO
YyOvisaiowetl 20MEMPUUECKOTL NPOZPECCULL), BHIMUCIUND CYMMY

n

=l+x+20 4+ 42"+

1420+ 30 +42° + 4" 4L

3. Anosnonwnii [eprekwuii, sxusmuii npumepro B 200 — 160 r.
JI0 H.9. IpeBHErpedecKuil MaTeMaTHK, OCTABIJI 3aMeTHBII cJlesl B
reomerpun (MMEHHO OH BBEJ TAKHME MOHATHS W TEPMUHDI, KaK
«runep6osiar, «mapabosas, «ammnc», «Ppokyc» (KpuBbix) n
T.4.). B "wactHOCTH, OH paccMaTpuBaJ 3a/auy O IOCTPOCHHH €
TIOMOIIBIO INPKYJIS M JIMHEHKN OKPY>KHOCTH, Kacaroleiics: Tpex
IIPOM3BOJIbHBIX /IaHHBIX OKPYsKHOCTell. Mbl He Ipe/ylaraeM BaM
pelaTh 3Ty JJOBOJILHO TPYIHYIO 33/1a4y, a jaeM 6oJiee IIPOCTyIo.

Iocmpotime ¢ nomMowpo YUPKYLA U JUHEUKU OKPYHKHOCTD,
KACAIOWYI0Cs mpex Oantvlx PAGHbLX Henepecexanuuxcs Kpy-
2086:

a) enewHuMm 06pasom; 6) eHympenHum o6pPa3oM.

4. Bp1, KOHEYHO, MHOTO Pa3 CJABIMAIN M BEJUKOTO YUeHOTO
AQHTUYHOCTH ApXMMe/a, SKUBIIEro npuMepHo B 287 — 212 1. 1o
H.3. OH, B YaCTHOCTH, BO MHOIOM IIPEABOCXUTUJ HEKOTOPbIE
nJied MHTerPasIbHOTO MCYNCICHHS, BBIYUC/IAA ILIOMAAN U o6be-
MbI pasubix ¢uryp. IlpeamaraeM BaM pemmTb CJETYTONLYIO
CO3BYUYHYIO HEKOTOPBIM €TO HCCIEOBAHUSAM 33/1a4y.

ITycmo npamag, naparienvhas ocu abcyucc, nepecexaem
napabory Y =% ¢ mouxax A u B, a mouxa O — nauairo
rxoopounam. Yepes cepeduny M ompesxa OA nposedem napa.-
seavno ocu napabonvt (ocu opounam) npsmyio 0o nepeceuenus
¢ napaboaoii 6 mouxe D. ITycmov naowadv mpeyzoavuuxa AOB
pasna S. Haiidume naowadv mpeyzonvnuxa AMD.

5. B nepBoii ostoBune XIX Beka it 1 paboTas 3aMedaTe b
Hbri Hemenknii matematuk I1.T.J1. {npuxse (1805 — 1859). Emy
TMPUHAIEKAT MHOTHE KPACHWBBIE TeopeMbl. B wacTHoOCTH, OH
JI0Ka3aJI 3HAMEHHUTYIO TeOPEMY O TOM, UTO BCsIKast apudMeTHiec-
Kas rporpeccus ¢ o6IIUM YJICHOM a + dn, Tjie IepBblil YWieH a u
pasHOCTb TporpeccHi d — B3aMMHO TIPOCTBIE YICIA, COACPKHUT
6eCcKONeYHOe KOTMYECTBO TIPOCTBIX dncet. MBI He MOXKeM po-
CHUTb BaC [JOKa3aTb 3Ty TeOpeMy — ee J0KA3aTeJbCTBO CJIHIIKOM
cnoxkno. OpHaKO MBI HaJieeMcs, YTO BbI CMOXKETE J/I0Ka3aThb
caemyiomuii hakr.

B apugmemuuecxoii npoepeccuu 3, 7, 11, ... (¢ o6wum uremnom
a,=4n+3; npuven n = 0, 1, 2, ...) Geckoneuno mnozo
npPOCMbLY YuUcel.

(Kax Buaute, epBbIil YieH U PasHOCTb HTOI Hporpeccun —
B3aUMHO [POCTHIC YHCJIA.)

@uzmka

1. B 1907 romy HoGeneBckas mnpemusi no ¢usnuxe ObLia
BpyYeHa «3a CO3/IaHie MPEIU3MOHHBIX ONTHYECKUX TTPUGOPOB U
BBITIOJIHEHHE C MX MTOMOIIBIO CIIEKTPOCKOITMYECKUX U METPOJIOTH-
YECKUX UCCJIeIOBAHNIT» . Y UeHbIi, TOJYYUBIINH TPEMUIO, HAYaJl
CBOIO HAYUHYIO JIeITEIbHOCTD C 3KCIIEPUMEHTAIbHOIO OIIPOBep-
sKeHusi Teopun Muposoro adupa (B coaBTOpPCTBE € JAPYTUM
M3BECTHBIM YYeHbIM). [IpaKkTUYecKH BCIO CBOIO JajbHEHNIyIo
JIeSITEBHOCTD ATOT YUCHBIH TTOCBSTUII OJHOH 06JIACTH ONITHYEC-
KOTo NPHOOPOCTPOEHHS, HETIPEPbIBHO COBEPIICHCTBYS /[BA THIIA
pu6GOPOB, OCHOBAHHDBIX HA TPE/ICTABJIEHUSIX BOJTHOBOW OMTUKHU.
B umcrne ero paGor — wmccieoBaHHE BO3MOKHOCTH CO3/AHUS
STAJIOHA €INHMIIBI JUIMHBI, ONMHUPAsICh Ha JTMHY BOJIHDI H3Jyde-
HUS OJIHOTO U3 XUMUYecKuX aaeMenToB. B 1920 roy ¢ nomorbio
paspaGoTaHHOro MM NpHOOpa BIEpBble ObLT M3MEPeH YTJIOBOI
pasMep 3Be3[Ibl.

a) Kmo samom yuenwviii?

6) Kaxoea udes sxcnepumenma, nocmagiennozo 0is 06napy-
JKEHUSE HATUYUS, UAU OMCYMCMBUS MUPOBOZO APupa?

6) B paspabomxy xaxux onmuueckux npubopos enec evldd-
T0UUTLCS. 6KAAOD IMOM YUeHBLU?

2) Kaxoii xumuueckuil snemenm 6vii npedioxen Imum yue-
HbLM 01 cO30anust dMAioHA ONUNDL?

0) [lns xaxoil 36301 GbLl 6NEPEvle UsMepen Y2080t pasmep?

2. DTOT yYEHBIIl CTOSIT Y NCTOKOB COBPEMEHHOTO €CTECTBO3HA-
nust. OH gan HaszBanume Hayke ¢usuke. Ero MokHO cumtarb
1epBbIM  (PU3UKOM-TEOPETHKOM. Kak 1 GOJIBIIMHCTBO Y4€HBIX
JIPEBHOCTHU, OH OBLI yYeHBIM-9HIIUKJIONEICTOM. Kak u MHOTrHE
BeJIMKHE yUYeHble, OH ObLT IeJaroroM: IMpernojaBaj B y4eGHOM
3aBeJIeHIN, Ha3BaHUE KOTOPOTO COXPAHMJIOCH JI0 HAIMX JIHEH.
OH 6bL1 BoCIIUTaTe/IeM BbIJAIOIEr0Csl TOCYJapCTBEHHOTO JiesiTe-
sist. OH GBI BEJIMK Jla’ke B CBOUX 3a6JTy K/ICHUSX.

a) Kmo amom yuenoiii? Kozda u 6 xaxoi cmpane on poouics
u sKua?

6) Iouemy on naszean usuxy uauxoll u nouemy ezo MoKHO
cuumamy meopemurom?

6) B xaxux ewe o0iacmax nayxu paéomai 3mMom yueHvii?

2) Kax nasveanocs ynomsmnymoe yuebnoe zagedenue u zoe
OHO HAX00UNOCH?

d) Kmo u3 zocydapcmeenivix desimeeti Opesnocmu 6wl €20
60CNUMAHHUKOM?

e) Kaxue 6322150b1 9m020 yuenozo, cezo0us Cuumanuecs
3a0.2YKOCHUIAMU, BAM UIGECTNHDL?

3. Hemerknit yuenbrit u mmkenep, poauics B 1907 roxy. Emne
THMHA3HCTOM OH 3aHSIJICS COBEPIIEHHO HOBBIM /IJISI TOTO BPEeMEHHI
JlesioM — pajimorexuukoii. He mosyuns oduimanbaoro o6paso-
BaHUs, yKe craJ BeayuwM corpyanukom ¢upmbl «Tenedyn-
KeH». B roxpl, mpejlecTByomue BTOPOH MHMPOBOI BoiiHe,
yCIenTHo paboTas HaJ| MpobaeMaMil 9JIeKTPOHHOTO TeJIeBH/ICHIS
1 PacTpOBO 3JIeKTPOHHON MuKpockonuu. OH co3/aBas dJIeKT-



56 KBAHT -

POHHbBIE YCTPOICTBA B paMKaX aTOMHBIX IPOeKTOB B 'epmannn
B roe! Boitabl 1 B CCCP mocte Boiinbl. BepHyBimch Ha poiuHy
B 1956 romy, nosyunn ot npasuresnbcTBa I'/IP paspemenne Ha
BJIAJICHNE HEJBIDKUMBIM HMMYIIECTBOM, IPHUHA/JIEXKABIINM €ro
cembe. CBOMM IIPaBOM OH BOCIIOJIb30BAJICS B JIyXe JIy4lINX
TPaJIUIINIL JTI0JIell HayKu: OpraHu30Bas B (paMUJIbHOM UMEHUH B
[lpe3sieHe Hay4YHO-MCCJIEI0BATEbCKII HHCTUTYT. B cBoeit mc-
CJIeJIOBATEIbCKON padoTe YUYeHbI MEepeKIIoYn/ BHUMAHUE Ha
HOBOE HaIlpaBJIeHNuE — IIPUMEHEHNE 3JIEKTPOHUKU B ME/IUIITHE 1
6uosornu. Cronvascst B 1997 rony.

Hasosume ums 3mozo yuenozo.

4. Bonpoc o ToM, Kak ycrpoeHa BeesienHast, BOJIHOBaJI Jio/iei
Bcerga. CerofHsNIHIE MPE/CTABJICHNUS O e CTPOCHUH OCHOBAHDI
Ha TOM, 4TO CYIIECTBYET HECKOIbKO (PYHIAMEHTAIbHBIX 00bEK-
TOB, U3 KOTOPBIX (POPMUPYETCS BCEe MHOr0OGpasue yCTponcTa u

Bcepoccnmckas
OSIMMNAAA

Mo pe3ynbTaTaM o4epefHOW Bcepoccmmckon onvMnvagbl
cpenn CTyOEeHTOB TEXHUYECKMX BY30B, KOTOPaf COCTOANachb B
Hosibpe 2007 rofa, B KOMaHAHOM 3a4eTe NepBOe MeCTO 3aHsna
KOoMaHOa MOCKOBCKOrO rocyfapCTBEHHOTO TEXHUYECKOro YHM-
Bepcuteta (MITY) nm. H3.BaymaHa (133 6anna), BTopoe Mecto
— komaHaa CaMapcKoro rocy4apCTBEHHOro a3poOKOCMUYECKOrO
yHuBepcuTeTa MM. akagemuka Cl.Koponesa (95 6.), TpeTbe
MeCTO — KOMaHAa Y (UMCKOro rocy4apcTBEHHOro aB1aLMoHHo-
ro TexHuyeckoro yHueepcuteTa (85 6.).

B nuHOM 3a4eTe nepsoe MecTo 3aBoesas A.MynoskuH (MITY
nm. H3.baymaHa, 48 bannos), BTopoe MecTo 3asoesarna [.Kosa-
nesa (MITY um. H3.baymaHa, 46 0.), Ha TpeTbeM MecCTe oKa3all-
¢ HTpowkuH (Camapckuin rocydapcTBEeHHbIA a3poKoCcMmMYec-
KU yHUBEpCUTeT UM. akademmka CI.Koponesa, 44 0.).

CneumanbHbIM MPU3OM XIOPW HarpaxxaeH CTyaeHT Poccumc-
KOro TroCyfapCTBEHHOrO YHMBEpCUTeTa HeMTU W rasa WM.
N.M.I'yokmHa K.KOPHULWWH — 33 OpUriHanbHoe peLueHne AByx
3afay 3TOM onMMNMadbl U 3a CTabWUibHO yCreLHoe yYacTne B
FOPOACKMX U BCEPOCCUMCKMX Typax CTYAeHYeCKMX ONMMAVagax.

3AJAYUN ONNMINMNALDI

1. Besocuriesucr ABUXKETCS €O CKOPOCTbIO 0. Paccrosinne
MEX/IY OCSMHU KOJIEC PABHO [, TIEHTP TSYKECTH BEJOCUTIEIICTA C
BEJIOCUIIEJIOM HAXO/UTCS ITOCPE/INHE MEXK/y KOJIeCaMi Ha BbBICO-
te i ot moporu. OmnpejesnTe MUHUMAJBHBII TOPMO3HOI MyTb,
€CJI TOPMOKEHUE BO3MOKHO TOJIBKO 33/[HUM KOJIECOM.

2. Yepes oTBepcTHE B IOTOJIKE TIPOIYIIEHA HEPACTSIKUMAst
HUTb, K KOHIY KOTOPOH NpUBS3aH Irpy3 Maccoil m, pacKpydeH-
HBIH B TOPU30HTAJIBHON IIJIOCKOCTH /10 CKOPOCTH ¥ U UMEIOMINi
pajunyc BpalmieHns OTHOCUTETbHO BepTukaabHoi ocn R. Kakyto
paGoTy Ha/I0 COBEPIINTH, YTOOBI ME/JIEHHO TOATSHYTb TPY3
BABOE GJIVKE K ITOTOJIKY ?

3. K mranere pagnycoM R W yCKOpEHHEM Ha TIOBEPXHOCTU ¢
oJiIeTaet ¢ 6OJIBbIIOrO YAaJTeH!s] KOCMIUUECKHIT armapar Maccoi
M c¢ pBurarteneMm majnoil Taru Fy < mg , umeronuii CKOpocTh 0.
Oripeziesite MUHUMAJIbHYIO XapaKTEPUCTHYECKYIO CKOPOCTD,
HEOOXO[UMYIO JIJISI Tlepexojia ammapara Ha HU3KYI0 OpOuTy
BOKPYT IJIAHETbI. XapaKTePUCTHUYECKasi CKOPOCTb — 3TO CKO-
POCTH, KOTOPYIO TOJIYYUT KOCMUYECKUI anmapar B CBOGOJHOM
[IPOCTPAHCTBE IIPU TeX Ke 3aTparax TOIJINBA.

4. llerouka maccoit m u JHOM [ To/BelleHa 3a BepxHee
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cBoiictB Beesnennoii. Hexkoropbie 13 3THX OGBEKTOB HEILJIOXO
n3y4eHbl, CyIeCTBOBAHUE JIPYTUX MTOKA YCTAHOBJIEHO KOCBEHHO,
10 UX JIEHCTBUIO HA M3y4eHHbIE 0OBEKTHI.

Hasosume smu ¢pyndamenmanvnoie 00sexmol, ux c60UCMEd u
posv 60 Bceenennou. Kaxue cospemennvie meopuu cmpoenus
Bcenennoti eéam ussecmmot?

5. B XVIII Beke TepMoanHAMIUYECKUE SIBJCHUS OMICHIBAICH
Ha OCHOBE TEOPUH TEIJIOPo/ia — 0COO0I KUJAKOCTH, MepeTeKaro-
1ieit 13 OJIHOTO TeJia B JIPYroe IIpH TeIionepe/aye.

a) Kaxue onvimol nOCAy KU OCHOGAHUEM 0L OMKA3A OM
meopuu menaopoda?

6) Kaxue mepmodunamuueckue nowsmus, 66e0enuvie 6 pam-
Kax meopuu menaiopood, COXPAHUIUCH 8 COBPEMEHNOU (pusure?

ITy6auxayuio nodzomosuiu B.Arvmundepos, A.Ezopos,
A.Kpasuos, B.Kpvuumon, K. Pab6om

Cryadern4eCkaf
MO0 PUN3UNKE

3BEHO, a HUKHUM KacaeTcsl TOPU3OHTAJIBHON MIaT(hOPMbl Mac-
coit M, yaepskuBaeMoil CHU3y B PaBHOBECHM CHCTEMOI TPy KIH
00111eit KecTKOCTBIO k. 1IenovKy OTIyCcTHIN, 1 B MOMEHT COIIPH-
KOCHOBEHWSI BEPXHETO0 3BeHa ¢ T1aTdopMoit miratdopmMa oImycTu-
JIaCh OT TOYKU PABHOBECUSI HA BEJIMYMHY b U JOCTHUTJIA CKOPOCTH
v. OnpejiesnTe UMILYJIbC, TIEPEJAHHDII TETTOYKOil Tmatgopme B
rnpoiriecce TaJeHus, W BbIJEJUBIIEeCS MPU ITOM KOJIUIECTBO
TEILJIOTBI.

5. llIap pagmycom R maccoit M, CTOSITINIT Ha TOPU30HTATBHOMN
IJIOCKOCTH, PACKPYTUJIM OTHOCHUTEJNHHO BEPTUKAJBHOW OCH JIO
YIJIOBO# CKOPOCTH ). 3aTeM 110 1apy HaHeCJu yiap, 1epejias-
i eMy UMIyJbC p < MRW BAOJIb TOPU3OHTATBHON JUHUM,
npoxo/isiieil yepe3 1entp mapa. Ornpejpenure CKOPOCTb, €
KOTOPOI MMOKATUTCS IIap, eCJN IPOCKAJb3bIBaHIe MeK/Ty IMapoM
1 IJIOCKOCTBIO OTCYTCTBYET.

6. [{uxamueckuii mpoltecc, MPOBOINMBII € Ta30M, COCTOUT U3
M30X0PbI, n306apbl 1 U30TepMbl. OrperesuTe MaKCUMAaJbHBII
KII/] nmuxsaa, ecam maBjieHne MOYKET MEHSITBCS OT Py J0 Py .

7. [IBa touyeunbix 3apsga Q u —Q HAXO/ATCS HA PACCTOSHUN
31 npyr ot apyra. Ilocpemune Mexay HUMH TTOMEIAIOT TeJO,
COCTOSIIIEE U3 [IBYX METAJIMYECKUX MIAPUKOB PaJinycoM r < [,
COEIMHEHHBIX OYeHb TOHKUM METAJJINIECKUM CTEP;KHEM, COBIIa-
JlAlOIM C JinHuel, coexuusionieii 3apsiapl. Otpejennre, Ha
CKOJIBKO W3MEHWUTCS CHUJIa B3aUMOJEHCTBUS MEXKIy 3apsilaMu,
ecJIu JIJTMHA CTEPKHS paBHa [.

8. Ilepembruka Maccoii 7 1 CONPOTUBJIECHUEM R JIESKUT HA JABYX
TOPM30HTAJIBHBIX NAPAJJIEJbHBIX PEJIbCaX, PACCTOSTHHE MY
KOTOpbIMU paBHO a. K pembcam Ha BpeMms ¢ TOIKIIOYNIIN
ncroyank ¢ J/[C & . Kakoe BepTrKaJbHO HATIPaBJICHHOE Mar-
HUTHOE 110JIe B He06X0AMMO CO3/1aTh, 4TOOBI CKOPOCTD TIEPEMBbIY-
KM 1I0CJIe OTKJIIOYEHHUS] MCTOYHUKA JIOCTUI/IA MaKCUMAaJbHOIO
sHauenns? Cuurarb, uro exp(1,26) = 3,52.

9. Ha nyTn 1miockoii cBETOBOI BOJIHBI HAXOAMUTCS KPYTJOe
OTBepCTHE, B KOTOPOM IIOMENIAETCs JIUIb HeOOJIbIIas 4acTh
repBoii 3oubl Dpeness A Touku HabsOeHuss P, uHTEHCUB-
HOCTH CBeTa B KOTOpoil paBhHa I;. B orBepctie mnomectusin
CHENUATbHYIO JIMH3Y, TIPU TTPOXOKIEHUH CBETA Yepe3 KOTOPYIO
BOJTHOBOH (PPOHT CTaHOBUTCS KoHMYecKuM. Oripeiesiire NHTEH-
CHUBHOCTb CBeTa B TOYKe HabJojieHus: P, ecju B IPUCYTCTBUN
JINH3bI B OTBEPCTUH TIOMeIaeTcst 5 300 DpemHeis.

Hy6auxauuro nodzomosusu M. xosaes, B.Ioaybes



NHOOPMANINA

3aoyHasa wkona CYHLU HIyY

3aounas mroma (3I11) Crenna nsupoBaHHOTO yueGHO-HAY Y-
noro nenarpa (CYHIT) HoBocu6upckoro rocy 1apcTBEHHOTO yHU-
sepcutera (HIY) npuraamaer mkoapHukos 7—11 kiaccoB u
aOUTYPUEHTOB PACHIMPUTD U YTJIYOUTh CBOM 3HAHUS TIO TITKOJIb-
HBIM TIPEJMETaM U MOJITOTOBUTHCS K BCTYITUTEIbHBIM 9K3aMeHaM
B BbICIINEe y4eOHble 3aBe/ICHUS.

Kpome otaespuabix yuamuxcst, B 311 npurumaiores gakyib-
TaTUBHBIE TPYIIIbI, OPraHU30BaHHbIE B 00106PA30BATEIHHBIX
mkonax. Jlyumme ywyammecss 31 esxerogHo mpurJamaiorcs B
JletHioto mxoJty /1 yuactust B koukypce CYHIL HI'Y. YVuauu-
€ecs, YCIIEITHO BBINOJHUBIINE BCE 33/[aHN, 110 OKOHYAHUN OJ1H-
HA/IIIATOTO KJacca MoJyvaoT yaoctoBepenne 3111.

3auncaenne B 3aounyio mkoay CYHIL HI'Y mpounsBoanTes
KpyrJ0rognyso. YTo6bl Ty1a HOCTY T, HEOOXOMMO IIPUCTIATD
B azpec 3l BbIoHEHHOE TIEpBOE 3aJaHME U 3asgBJCHUE O
mpueme. PaboTta [o/DKHA OBITh BBINOJHEHA B YUCHHUECKOI
TeTpaau B KieTKy. OO0s3aTesIbHO 3alHIINTe KPaTKOe YCJIOBUeE
Kaxaon 3amaun. Homepa 3amau [OJKHBI COBIIQATh C TEMH,
KOTOpbIe yKasaHbl B 3ajaHuu. I[lmmmre uyetko, pasz6opumso,
OCTaBJISIST TIOJIST [IJISI 3aMEUaHHi IIPeTIolaBaTelIs.

Ha o6J0xKe TeTpagn HY>KHO yKa3aTb:

1) Orpenenne (Marematuyeckoe un (hu3NIECKOE)

2) Homep saganus

3) @aMuanio, UM, OTYECTBO

4) Kmace, B kKoTopoM BbI yunrech B cBoeii mkose

5) Baw moapoOGHbIil JoMaNIHUi agpec, ¢ yKa3aHHeM MHJeKca
nouToBoro orenenus, teaedona (¢ KogoM roposa), e-mail

6) Anpec Bameii mkomsr u tenedon / dpakce, (¢ Komom ropo-
na), e-mail

7) @amuuio, uMMs, OTYECTBO Ipenojasarejeil B Bameil
HIKOJIE TI0 MaTeMaThuKe u 110 Gpusnke

Pa6oty orcbLaiiTe TONBKO NMpocToit 6anepoJbio. B TeTpamb
BJIOSKUTE JIUCTOK OYMaru pa3MepoM 6 x 1) CM ¢ HAllMCAHHBIM Ha
HeM Bammum ajspecom.

BoinosineHHOE 33/1aH1e U 3agBJIEHIE O IIPUEME BbIChLIAlTe 110
nouroBomy azipecy: 630090 HoBocu6upck-90, yiu. Jlsnynona, 3,
3aounasg mkosa CYHIL HI'Y wmm mo »s/eKTpoHHOI TouTe:
distant@sesc.nsu.ru

Tenedon: (383) 363-4066

Anpec B mrarepnere: http: / /zfmsh.nsu.ru

lNMepBoe 3apaHue
Maremarndeckoe oTae/1eHmne
7 Kfiacc

1. 3a 5 4 BcaJiHUK TIpoexas Ha 8 KM MeHbIIe MOJOBUHBI BCETO
paccTostHus, a 3a 7 4 oH mnpoexast Ha 16 KM 6oJibIlie TOJOBUHBI
aTOro paccrosiuust. Ompeesnte CKOPOCTb BCAJHUKA, €CJIU OH
exaJsl ¢ O/IHOW M TOM JKe CKOPOCTBIO.

2. I'ycp, 3 yTKU U 2 KypHIBI UMEIOT O0IIyIO Maccy 24 Kr, a 2
rycs, 5 YTOK U 4 KypHIbl uMeloT Maccy 44 xr. Kakosa olmast
macca 1 ryceq, 4 yrok u 2 Kypu?

3. IMes ofnHakoBoe KOJIIYECTBO JIEHET B KoTTeIbKax, Kpoko-
qun Tena mw YeOypamxka monum Ha 6asap. Kpokommn Tena
cuavana ucrpatua 20% cBoux jener Ha a610ku, a 3areM 10% ot
OCTABIIHXCS y HEro JIeHer UCTpaTu Ha KoHderor. YeGyparika sxe
ucrparui 30% CBOMX JIEHET Ha alleJbCHHBL. Y KOTO U3 Jipy3eit
JICHET B KOIIIEJIbKE OCTATI0Ch GOJIbIle?

4. Haiimure pasHOCTb MEXK/JIY CYMMOH BCeX UETHBIX YHCET U
CYMMOII BCeX HEYeTHbIX yucest, He npesocxoasamumx 100.

5. Ecim or 3a/lyMaHHOTO TPEX3HAYHOTO 4ucJjaa OTHATH 11 u
MOJIyYnBINIEecs YICJI0 pa3feanTb Ha 11, To B ocTaTKe MOJIYIHTCS

4. Ecsn oT TOrO JKe 3a/lyMaHHOr0 YiCJa OTHATD 8 U MOJIy4YHBIIIe-
€Csl YICJI0 PA3/IeJIuTh Ha 8, TO 0CcTaTOK OT jieienust Oynet 4. Ecan
JKe OT 3aJ[yMaHHOTO YHCJA OTHSATH 7 W TOJYYHBIIEECS YHCJIO
paszesinTh Ha 7, TO OCTATOK onsiTh Oy et 4. Haiinnre 3ajiymMmantoe
YHCJIO.

6. Kax paspesaTb KBajipaT Ha 5 IPSIMOYTOJbHUKOB TaK, 4TOObI
HUKaKue /[Ba U3 HUX HE UMeJH O0IIeil CTOPOHBI?

7. BoccranoBure 1udpsl B MpuMepe Ha YMHOXKCHHUE:

126
X ok
#% %

s ok ok ok
1*2*6

3anumure cBou paccyxKieHusd.

8 knacc

1. Fopona A u B pacnoJioxenbl Ha peke Ha pacctosuuu 10 kM
ZIPYT OT ApyTa. B KakoM cirydae Termmoxoay norpedyercst 60JIblre
BPEMEHN: MPOILIBITH OT A 10 B 1 06paTHO WM HPOIIBITH 20 KM
1o o3epy?

2. Cuayskamme GaHKa PelUN Pa3JoXKUTb MOPOBHY IIAPTHIO
30JI0TBIX CJUTKOB 10 ceiidam. CHavyanma B Kax/plil ceiid moso-
SKUJTH TI0 12 CIMTKOB, HO TIPH 9TOM OJIFH CJIUTOK OCTAJICS. 3aTeM
13 ojiHOTO ceiidba BBIHY/IN BCe CJIUTKH, M TOTJA B OCTABIIHNECS
ceiipbl yZaIoOCh PA3JIOKUTH BCe CJAUTKUA HOPOBHY. CKOJBKO
CJIMTKOB OBLJIO B MAPTUH, €CJH B KOKIBII ceiid momerniaercs: He
6ostee 20 CAUTKOB 30710TA?

3. Jlan npaBuibHbll Tpeyroabauk ABC. Ha npoposmkenun
croponbl AC 3a touky C B3dnu TOuKy P, a Ha IIPOJOJIKEHUU
cropousl BC 3a Touky C — touky K Tak, uro BP = PK.
Joxkaxnure, uro AP = CK.

1-Y-b-O-K
4. Yemy paBHO 3HaueHue 1pobu —————
A-C-E-H-b

OJITHAKOBBIMH OYKBaMH 00603HAYEHBI OJTHAKOBBIE ITH(PbI, pas-
HBIMH — Pa3Hble.

3. B msmxenyio st ce6st ropuiy baba fra pernuia pacctatbest
co cBoell cTyHOil M ¢ MeTJIoil, BbICTAaBUB UX Ha PaCIPOAAXKY.
Cryna goposke MeTJibl Ha 25%. Ha CKOJIBKO TPOIEHTOB MeTJia
JleTIeBJIe CTYIIbI?

6. Manpunm Ilnoxum XoueT KyNuTb BapeHbe, IedeHbe U
xongersl. Ecam on Kynur TolbKo GOYKY BapeHbs, TO Yy HEro
oCTaHeTcsl 3 [10JIIapa, €CJH K€ TOJbKO KOP3WHY IeUeHbs, TO
ocraHercs 4 JIoJ1apa, a ecJim TOJIbKO KOpoOKy KoHder, To — 8
jostapos. Xsartut s y Ilaoxumia jgexer, 4ToObl Kymutb GOUKY
BapeHbs U KOP3UHY leyeHbs?

7. Ydenuky Hajo ObLIO HaiiTh mpomsBedenne uynciaa 136 Ha
HEKOTOPOe JBY3HAUHOE YHCJIO, B KOTOPOM Hudpa eIHUI BBOe
6oJbiiie dpbl AecaTkoB. [1o paccessHHOCTH OH TOMEHST MecTa-
MU IU@PDI ABY3HAYHOIO YHUC/IA, OTUErO M HOJIyYU IIPOU3Be/e-
nue Ha 1224 Gosbine ucTHHHOTO. UYeMy paBHO HCTHHHOE TTPOU3-
Bejienue?

? B pebyce

9 knacc

42007 1 92009 4 3 gpigerca cocran-

1. [lokaskure, 4TO YUCJIO
HBIM.

2. Pemmre ypaBHeHue 2+ Syz —4xy -6y +9=0 nua nei-
CTBUTEJIBHBIX X U ¥.

3. Buccexrpuca 0HOrO M3 OCTPBIX YIJIOB IPSAMOYTOJBHOTO
TPeyroJIbHUKA JIEJIUT KaTeT B oTHOIeHnn 5:3. Haiigure rumnore-
Hy3y 3TOTO TPEYTOJbHUKA, €CJU JJINHA OMCCEKTPUCHI JPYTOrO
ocTporo yria pasua /10 .

4. VI3BeCTHO, YTO MOJIOKUTEIBHOE YHCJIO @ ABJISICTCS OIHUM U3
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KOpHell ypaBHEHUSI
x(x+30)(x+31)...(x+320) =1.

Iokaxure, uto a <1070 .

5. B OKpysKHOCTH BIMCAHBI TPAMEINsi, OCHOBAHUEM KOTOPOI
CJIYXKUT JIUaMEeTP, W PABHOOEPEHHDBIN TPEYTOJbHUK, CTOPOHDI
KOTOPOTO TapaJljiesIbHbl CTOpOHAM Tpanenuu. Jlokaxure, yTO
Tpareys U TPeyroJIbHUK UMEIOT PaBHbIE IJIOMIA/IN.

6. B noBorosnem kapuasase ydactByior 100 wesmosek. Kax-
JIbIiT 13 HUX 3HAKOM He MeHee 4eM ¢ 50 M3 MPHUCYTCTBYIOMINX.
Jlokaxxure, 4TO CPEM yYACTHUKOB KapHaBaJsa Hall/lyTcs 4eTbipe
YeJIOBEKA, KOTOPBIX MOXKHO TIOCTABHUTDH BOKPYT €JIKH TaK, YTOOBI
JIOGbIE CTOSIIIINE PSIZIOM YYACTHUKU ObLITH 3HAKOMDI.

10 knacc
1. Borumcimre cymmy

22 442467 +...+2008% —1? - 3% =52 — ... = 2007>

(KBazpaThl YETHBIX YKCEJ GEPYTCs € MTIOCOM, KBAJPAThI HEYeT-
HBIX — C MHUHYCOM).

2. Ecuu niepBblit aBTOMOOHUITB cjiesiaeT 4 peiica, a BTopoil — 3
petica, To 21 ToHHY Tpy3a OHH TlepeBe3TH He cMOTyT. Ecum ke
NepBbIi cjiesiaeT 7 PeicoB, a BTOPOil — 4 peiica, TO OHU CMOTYT
nepeBe3tn 6osiee 33 TOHH Tpy3a. Kakoil u3 aBromo6uJieii nmeer
OOJIBINYIO TPY30TOABEMHOCTD ?

3. Jloxaxkure, 4TO /1Jist JTIOOBIX HEOTPHUIATEIBHBIX YnCe]a d U b

BBITTOJTHENHO HepasencTBo Y4(a +b) = Ja+3v .

4. U3 Bepumn B n C npousBosbHOTO TpeyronbHuka ABC
nposegennl Meamanbl BB, um CC;. Jlokaxkure, 4YTO
BB} +CC} > %BCZ .

3. Jlau ocTpblil yroJa u OKPYKHOCTb BHYTpHU Hero. Haiignre Ha
OKPY>KHOCTH TOUYKY, CyMMa PAacCTOSTHUIT OT KOTOPOIl /0 CTOPOH
yraa 6biaa Gl a) HamMeHbliel; 6) HauGOJbIIeH.

6. Cpean 101 mMonernr poBHo 50 anbumBbix. Maccol Beex
HACTOSIIUX MOHET OJIMHAKOBBI, Macca KasKJIOH (HabIInBoil
MOHETbhI OTJIMYAETCS OT Macchl HacTosmell Ha oguH rpamm (B
GOJIBIITY 0 MJIM MEHbIIYI0 cTOPOHY). Kak 3a 0/(HO B3BelIMBaHue
Ha YAIIeYHbIX BECAX CO CTPEJKON, KOTOpPas MOKA3bIBAET pas-
HOCTb BECOB HA YAIKaX, OINPEeJNUTDb, SBJSETCS JU JIaHHAS
MoHeTa anpmuBoii? Ha kakayio Jamky BecoB MOKHO KJACTb
JM060€ KOJTMYECTBO MOHET.

17 knacc

1. /IBa BesjOCHIIE[INCTA BBIEXAJU OIHOBPEMEHHO U €Xaju C
TTOCTOSTHHBIMU CKOPOCTSIMU o/inH u3 A B B, apyroit — u3 B B A.
IIepsorit pa3 onn Berperninch B 40 KM 0T B, 1TocJie 4ero KaK bl
joexas 0 Koneunoro mynkrta (mepsbiit 1o B, BTOpoit 1o A),
pasBepHyJics U moexas o6parHo. Bropoil pasz onn BCTPETUINCH
B 20 kM oT A yepe3 § wacoB mocJie X 1epBoil Berpeun. Haiiure
CKOPOCTHU BEJIOCHUIIEIUCTOB M paccTossane ot A 1o B.

2. Haiigure Bce pelieHUs ypaBHEHUs

\/x—Z\/x—1 +\/x+2\/x—1 =%,
x—

3. Pemmte ypaBnenue

tgx +tg2x +tgxtg2xtg3x =tg3x +tgdx .

4. Ha kax/10ii cTOpOHE BBIMYKJOTO YETHIPEXYTOJIbHUKA KaK
Ha JiMaMerpe 1ocTpoeH Kpyr. [lokaskure, 4To 4eTbipe MOCTPOEH-
HBIX KPYyTa HOJHOCTBIO TOKPBIBAIOT BECH YETBIPEXYTOJIbHUK.

5. HaiianTe KoJMIeCTBO OTPUIATEBHBIX YHCEN CPEIH Tep-
BbIX 2008 s/1eMEHTOB ITOCJIE0BATEIHBHOCTH

cos 1°,cos 10°, cos 100°, .., cos (10™"7)

o

2008/ Ne3

6. B rpeyrosbnoit nupamuae ABCD u3BeCTHBI JAJUHbBI pebep:
AB =4, CD =6, AC=AD = BC = BD = 7. Meauaubl rpanu
BCD mnepecekatorcst B Touke M. Haiitm o0beM HHpaMubI
MACD.

Quzmyeckoe oTaesIeHue
9 knacc

1. KosbueBas aBrorpacca nmeet popMy HPSMOYTOJIbHUKA CO
croporamu 10 kM u 8 kM. VI3 0fHOI TOUKM Tpacchl, pacioJosKeH-
HOW <«B BEpIIMHE MPSIMOYTOJbHUKA», 110 GOJIbIIEH CTOPOHE B
OJIHOM HATIPABJIEHUN OJ[HOBPEMEHHO CTAPTOBAJH /IBA ABTOMOOMU-
9 OAWH co cKopocTbio 60 KM /4, APYroif co CKOPOCTHIO
90 km /4. Ha kaxom paccrosunu (1o npsMoii, a He 110 Tpacce)
OKaXKyTCst aBToMoOu N yepe3 14 Mun?

2. T'py3, HAIIOJIOBUHY TIOTPY’KEHHbII B JKUIKOCTD, YAEPKUBA-
eTcsl TIPUBSI3aHHOIl K HeMY cBepXy HUTbIO. OTpeesnnTe IJIOT-
HOCTH Marepuaia P, , U3 KOTOPOTO HM3TOTOBJIEH TPYy3, €CJn
IJIOTHOCTD JKUJIKOCTH P, 00beM rpy3a V, HaTsykenue Hutu T.

3. IlepBonavasibHO TBEP/IbI 06pa3ell, HaYaIbHAs TEMIIEPATY-
pa xortoporo t; =15 °C, HarpeBaioT B CIEIMATLHOM COCY/IE.
3aBUCUMOCTb TEMIIEPATYPbI y
t oOpasina or BpeMeHH T
npejcTabiaeHa Ha pucynke 1. £
Cucrema OTperyJampoBaHa
Tak, 4To B 06pasell mocTyma-
€T B KaX/IYIO e/IMHUILY Bpe- ‘
MeHU OJINHAKOBOE KOJIHYe-
CTBO TemJoTbl. YeMy paBHa
yAedbHAs TENIOEMKOCTh g
TBepaoro obpasia? Yienib- Puc 7
Has TeIIoTa riasjaenns L =
= 240000 [Tx /xr, t, =90 °C, 1y =4 w™uH, Ty =8 w™muH. Bpe-
MSI OTCUMTBIBAETCSI ¢ MOMEHTA Havajia Harpena.

4. B rupaisnajie cocrosieit u3 N = 25 napaJijieJibHO COe/IMHEH-
HbIx gamnoudek (puc.2), meperopesia ojHa U3 HUX. BO CKOJIBKO

Pa3 Ha/10 YBEJIMYUTDb BXO/(- R

HOoe compoTtuBieHNe R,
Puc. 2

4TOOBI TIPU TIPEKHEM Ha-
MPSDKEHIH HAKaJl OCTaB-
MIIXCS JIAMIIOYEK He 13-
MEHUJICS?

10 knacc

1. Pemnre 3ajauy 3 as 9 kiacea.

2. ITo ropn30oHTaIbHOI MOBEPXHOCTU JIBUXKETCS TEJIO MACCOii
m. B MOMEHT, KOTZa €ro CKOPOCTb PaBHSJIACH Uy, HA HETO
MO/IEfICTBOBAJIN TIOCTOSTHHOM TOPU30HTaJIbHON cuyoil Fy, Ha-
npasjeHHON HascTpeuy. Ha kakoMm paccTosiHUM § OT 3TOrO
MeCTa OKa)KeTCsI TeJIo, KOTJIa ero CKOpPOCTb cHoBa OyJeT pas-
Hatoca oy ? Koaddunment tpenms W . I3BectHo, uTo
Fy > pmg .

3. B nokosiieiicss BepTUKAJIbHOI 3a11asgHHOI TPyOKe HAXO/UT-
€51 MACCUBHBIN MTOJ[BIIKHBIN TTOpIeHb. Tpy6Ky ObICTPO TIepeBep-
HyJIM BOKPYT mnopinsi. Haiijiure yckopenue mopimHs B NepBbIit
MOMEHT BPEMEHH T10CJIe TIePeBopoTa. TpeHneM IOPIIHS O CTEHKI
TPyOKH TIpeHeOpeyb.

4. Ko any cocyna ceuenueM S npuBsg3aH JIETKUI [TyCTOM 11ap
o6bemMom V' ¢ 1ientpom Ha ray6une h. Hlap sommya. Kakoe
KOJIMYECTBO TEIJIOTHI BBIJIEJUTCSI K MOMEHTY, KOT/Ia M3-3a BHYT-
PEHHETO TPEHUS IBUKEHUE KUJAKOCTH npekparutes? [linorHoctb
SKUIKOCTH P, yCKopeHnume cBoGoaHoro mnanenusi g. Maccoit
000JI0YKN TITapa MpeHe6peyb.

3. HeGourb1rioe TeJ1o 3amyCcTuim co CKOPOCTBIO U 110 TOPU30H-
TAJbHOMY KesI00y, Nepexo/sleMy B MOJYOKPYIKHOCTD pajiny-
coM R (puc.3). IpeneGperas TpenueM, Haiijiute paccTosHEE MO
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TOpU3OHTAJIN X, HAa KOTO-
POM OKaKETCA 3TO TeJI0

S 1ocJjie OTpbIBa OT Ke-
\ nmo6a. MsBecTHO, 4YTO
\ 2
2, \ vy >4gR .
< \
] « 11 kniacc

1. Pemmure 3amauy 4
Puc 3 aas 10 kaacca.

2. W3 oaHOii TOYKH

KOJIBIIEBOI TOHOYHO# TPACChl OJJHOBPEMEHHO, HO B IIPOTHBOIIO-

JIO’KHBIX HAIIPABJIECHUAX CTAPTYIOT JiBa FTOHOYHBIX aBTOMOOMIA A

n B. Yepes 20 MuH aBTOMOGUJIH TIPOEXAJN MUMO JPYT JIpyTa B

nekoropoii Touke C. Ha CKkoJIbKO paHbllle OKaXKeTcs Ha MecTe

crapra aBToMOOUJIb A, €CJIU €ro CPEeHsISI CKOPOCTb Ha 25% BbIIle

CKOpoOCTH aBTOMOOWJIST B?

3. B 1enn, nzo6paskeHHON Ha PUCYHKe 4, MOJIEPKUBAETCS

MOCTOSIHHOE HAIPSIKEHME

U =9 B. Ilocrosunoe n

| K [epeMeHHoe COIPOTHUBJIE-

~ l HUST OJIMHAKOBBI U PaBHbI

U R =12 Om. B xakom

OTHOIIEHUHN JICJUT TIO/I-
BIDKHBIH KoHTakT K Tie-
Puc 4 pEMEHHOEe COTPOTHUBIIE-

HHe, eCJI aMIePMETP, CO-

©

MPOTUBJIEHHEM KOTOPOTO MOYKHO TIPeHEOPeUb, MOKA3bIBAET TOK
I=2A?

4. ]IBa KoHzieHCcaTopa, oJinH eMKoCTbio C, a IPyroii eMKOCTHIO
2C, BHavajie GbLIH MOCJIE0BATEIbHO TTPUCOEINHEHBI K UCTOUHNU-

TC U — ==c lzc

Puc. 5

Ky ¢ moctosnupiM HanpskenweM U (puc.5). Tlocae mosmoi
3aPSIIKN X OTCOEIUHIIIN OT UCTOUYHUKA W COEJAMHUII OOKJIAKI
C OJIHOMMEHHBIMU 3aps/laMu, KaK MOKazaHo Ha pucynke. Ha
CKOJIBKO YMEHBIINTCS dHEPrHsl KOH/IEHCATOPOB IIOCJE TaKOTrO
CcOoeTMHEHMST?

5. Testo Maccoit m u 3apsiioM ¢ yAEPSKUBAIOT HAa TOPU30OHTATb-
1ol nosepxuocti. Ha/ moBepXHOCTbIO HA BBICOTE /2 3aKpeILIeH
3apsan ¢. PaccrosHue 1O TOpHM3OHTAIM OT Tesa /10 TOYKH,
PACIIOJIOKEHHOI 110/] 3apsiioM, paBHO L. Kakyio MUHUMAaJIbHYIO
TOPU30HTAJIBHYIO CKOPOCTb ¥y HEOOXOAUMO COOOUIHUTDL TNy,
9TOObI OHO MPOCKOUYHIJIO TOYKY, PACIIOJOKEHHYIO TIOJ[ 3aKper-
JIEHHBIM 3apsiZIoM?

OTBETbHI, YKA3AHNA, PEIIEHUA

KMLL

3ana4u
(cm. <Keanm» No2)

1. 7. Hec/10)KHO 3aMETHTD, YTO
135135 =135-1001=(1-3-5-9)-(7-11-13) .

2. CymectByior. Bor npumep ABYX HOAXOSIIMUX YHCEI:
1010010007 u 3000001006 — kajoe U3 HUX OIMMCHIBAET BTOPOE.
Kax mogo6pars takme unciaa? Herpyamno cooOpas3nTb, 4TO B Kaxk-
oM TakoM uncie cymma udp pasna 10. Bosbmem so6oe jecst-
TH3HAYHOE YHCJIO ¢ TAKOW CyMMOH 1u(p U COCTABUM BTOPOE UUC-
JIO, Y KOTOPOTO TiepBas Iudpa paBHA KOJMYECTBY €IMHHI] MCXO/-
HOTO YHCJIa, BTOpas — KOJUYECTBY JBOeK W T.JA. IloToM TakmM ke
00pa3oM Ha OCHOBE BTOPOTO YHCJA COCTABUM TPETbe, 3aTeM —
4eTBEPTOE, ISATOE... B KOHEYHOM HUTOTE C JOBOJHHO GOJIBITHMU
IraHcaMu MbI OOHAPYKUM YKasaHHYI0 mapy umcest. B wactHocTH,
K HUM TIDUBOJAT <«CaMble HAIPAIINBAIONIIECS» MCXOIHbIe YHCTa
1000000009 nm 1234000000. Koneuno, He MCK/II0YeHA BO3MOXK-
HOCTb, YTO B IMOCTPOEHHOI HAMU MOCJIEI0BATETHHOCTH Mbl Ha-
TKHEMCSI Ha yKazanHoe B ycjosun yncyo 2100010006. Yro :x,
TOT/Ia TIPU/IETCS 3aMEHUTh MCXO/HOE YHCJIO.

Haiitn npyrue «3aluK/JIMBaHUS» UCXOJHOI II0CJIEI0BATEIbHOCTI
HE yZaJI0Ch, XOTSI BIIOJIHE BEPOSITHO, YTO OHU CYIIECTBYIOT.

3. Pemenne o6enx 3ajay MCIOJb3yeT HEPABEHCTBO TPEYTOJIb-
HUKA.

a) Bepno Bcerma. Vi k 0HOMY, WM K APYTOMY KOHILY HdU-
6ovutezo pebpa TUPaMK/Ibl TIPUMBIKAIOT JIBa JAPYruX pebpa, u3
KOTOPBIX BMECTE € 3TUM HamOOJBITHM PEOPOM MOKHO COCTABUTD
TPEYTOJIbHUK.

6) TTupamMuay MOXKHO cOCTaBUTH He Beeraa. Hampumep, ecm cto-
POHDBI OJJHOTO TPEyrobHUKa BbIpaxkaioTcsa yuciaamu 1000, 1002,
1004, a nauHbI BCeX CTOPOH APYroro paBHbI 1, TO M3 9TUX HIECTH

OTPE3KOB COCTABUTDH MTUPAMILY
He yaacTcs: HUKakne Ba pe6pa
13 Pa3HbIX TPOEK HE MOTYT
UMeTh 00X KOHIOB.

4. He cymectBytor. OueBHIHO,
4yTO z > X, z > y. bes orpannue-
HusA obmHOCTN OyeM MoJaraTh
x<y<z. Torna

X254y 2 <y 20t <

<(y+1)-20 <227,
5. O/Ha U3 BO3MOYKHBIX CXEM
JIOpOr MOKa3aHa Ha pucyHke 1.
3mech aas mo6bIx Tpex nepekpectkoB A, B m C (A — mepekpec-
TOK, B KotopoM Haxozantcs Heymnosumbni /xo, B u C — nepe-
KPECTKH, B KOTOPBIX HAXOJAATCS TOJMIEHCKIE) CYIeCTByeT JeT-
BepThlil iepekpectok D, coceqnuil ¢ A u He sABJsIONMIicS cocel-
HUM IS riepekpectkoB B u C.

Puc. 1

KoHkypc «Maremarvika 6—8»
(cm. «Keanm» No 6 3a 2007 2.)

11. Hecnoxzo 3aMeTUTb, 4YTO YUCIUTE/Ib KasKI0it [[pOéI/I B ycCJio-
BUHW 3aJa4 [ICJIMTCA Ha 3HaMeHaTeJIb. Haan/IMep,

5 SO
(x+y+2) —x° -y’ —2° nemutes Ha X + y, MOCKOJIBKY

5 .
(x+y+2) -2 nemmrcsima (x +y+2) —z=x+yu x° +y°
JeJUTCs Ha X + y. BOCIO/Ib30BABIINCH TOXKAECTBOM

(x+y+2) -2 -y’ -2 =

= 5(x+y)(y+z)(z+x)(x2 +y? + 2 +ch+y,z+zac)7
IepenuiieM 3To yCJoBue B BU/E

v vy ryz+za=at+b 4t +ab+be+ca,
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niam

Sl +(xry+z2) =d b+ +(a+b+c),

Pyttt =adt b+ ()
Tak Kak x + y + z=a + b + ¢. [loacrasus B (* ) BbIpaXkKeHUs
a+c a+b b+c
= Y= , Z= , mosrydaeM 2ab + 2ac + 2bc =
2 2 2

=2a” +2b% + 2¢% , wm (a —b)2 +(b- 0)2 +(c- a)2 =0, oTKyza
a=>b=c, u, cIeI0OBaTeJBHO, X =y =2z=a=b = c.

12. 3amumenm atn ypasuenus: (B TOM MOpsi/Ke, KaK OHU TPe/-
CTaBJIeHbl B yCJI0BUM) 1O Kpyry (Torza mepeoe u 1ocJie/Hee
ypaBHEHUs CTaHyT «COCeAAMU»). Ec/m Temepb Kak-TO OTMETHTD
(manpumep, MOAYEPKHYTH) TPU ypPaBHEHUs, UMEIOIHe o6mii Ko-
pPeHb, TO KaKUe-TO /[Ba U3 HUX HENPEMEHHO OKaXKYTCS COCEeISIMU
(41O JIErKO JIOKA3BIBAETCS «OT MPOTUBHOTO»). Tak Kak JoGbie
JIBA COCETHUX YPABHEHUS OTJMYAIOTCS TOJBKO IUKJIMYECKUM
caBUTOM KO (UITMEHTOB MPH OJMHAKOBBIX cTemensax x (mpuaem
C/IBUTOM Ha OfnH Ko3(duument), To 6e3 orpaHuueHus OOIHOCTH
MOKHO CYHUTATDh, YTO OOIIHII KOPEHb UMEIOT MePBOE U BTOPOE W3
3alMCAHHBIX B YCJIOBUU ypaBHeHuil (T.e. /s JOGBIX ABYX APY-
IMX COCEIHUX yPABHEHWH PacCyKACHUs OyAyT aHAJOTHYHDI).
ITyctp X, — o6muii Kopenb aTUX JABYX ypasuenuii. Torjga crpa-
BeJIJINBBI PABEHCTBA

ay + a;xy + azxg + a3xg + a4x§ =0,
2 3 4
ay + ayxo + asxy +azxy +agxy =0 .
YMHOKHM BTOpOe PaBEHCTBO Ha X, U BBIUTEM M3 HEro rneppoe
pasencTBo. lloaydynm
2 3 4
X (a1 + ayxy + azxy + axy + agxg )—

2 3 4\ _
- (ao +axy + ayxy + asxy + a4x0) =0

)
UM, TOCJe PACKPBITHS CKOOOK M YHpOIIeHuil,
a (x(; - 1) =0.
Tax xax 1o ycsosuio dy # 0, To
g -1=0, x5 =1, x5 =1.
Wrax, ecan aBa coceJHUX ypaBHEHHsI UMeIOT oOmuil KOpeHb, TO

on pasen 1. IloacTaBuB 3T0 3HAYeHNE B J060€ U3 ABYX IIPHBE-
JIEHHBIX BBIIIIE PABEHCTB, TOJIyYaeM
ag+ay+a,+az+a; =0 .
IToncraBuB 3Hauenne x = 1 Bo Bce MATh MCXOAHBIX YPaBHEHUIT,
HOJIyYHM TOYHOE Takoe )Ke paBeHCTBO. Craso ObiTb, BCe ypaBHe-
HUST UMEIOT o0Iuit KopeHb & = 1.
13. Ilyctp AC — muaronanb, M u N — cepeluHbl CTOPOH AB 1
CD, K — touka nepeceuernss AC u MN (pwuc.2). Jlocratouno
MOKa3aTh, YTO ILIOMIA/Ib
B
tpeyrosbuuka ABC
C paBHa TLIOIMIA/N Tpey-
rosbanka ACD.
[Tnomanp TpeyronbHu-
N xa ACM paBHa 1011~
nn tpeyrosbinka ACN,
A n6o auaronainb MN dge-
D TBIPEXYTOJbHIKA
AMCN penurcst 1py-
roit ero auaronaJpio nonojsam. Ho CM u AN — Meauanbl B Tpey-
rorpHnKax ABC n ACD. 3Haynt, mioniaan TpeyroabHukos ABC
u ACD Toe paBHbI.
14. Pemtenue aToii 3aaun u3a0keHo B cratbe V. Akysimda «Her
rpejiesia COBEPIEHCTBY !>
15. IIpeanonoxum, uto npodeccop MymoOym-IlmomM6ym He omm-
6aetcst. Torma, Ha6pas uncao 0,8 u gBaxkapl HaxKaB «BBOa», MbI
noayunm uucio 3/0,8] — 4 = —1,6. 3arem, elle pas JABasK/bl Ha-
skaB «BBoay, mosyunm 4ucsio 3|—1,6| -4 =10,8. 910 HabIIOMC-
HIE T03BOJISET YCTAaHOBUTH COOTHONICHHE, KOTOPOMY JOJIKHO

Puc. 2

2008/ No3

yaosaersopath uncao mumb(0,8) = z, ecau ono cywecmsyem. A
UMEHHO: MSATHKPATHOE HaxkaTue KJaBuiin «BBoa» M0/KHO mpuBe-
CTH K TOMY K€ pe3yJbTary, 4yTo U OJJHOKPATHOE HasKaTHe, eCcJu
MepBOHAYAIbHO Ha 9Kpane HaGpamu uncio 0,8. Orcioga 3|3z —
—4| — 4 = z. D10 ypasHeHue, ABJAONMEECS C1eICMEUEM YTBEPK-
nenus npogeccopa MymOym-ILmom6yma, nmeer xopuu: — 1,6;
-1;0,8; 2.

Y6enumcs, 4TO HU OJMH W3 3TUX KOPHEH HE TTOAXO/INT.

Ecim mumb(0,8) = 0,8, ToO MHOrOKpPaTHOE HasKaTHe KJIABHIIM
«BBom» Oyzer mopoxaarh nenouky snavenuii 0,8 — 0,8 —

- 0,8 - 0,8 —» ... uwuncao —1,6 HUKOTIA HE TTOJYUYUTCS.
Bapuant mumb(0,8) = —1,6 noposxaaer nenouxy 0,8 —

- —1,6 > u —> 0,8 > —-1,6 — ... (3nech u — HEKOTOPOE
uncs10). TakuM 06pasoM, NMPU YETBIPEXKPATHOM HA’KATUH KJIABU-
mm «BBony wmcno 0,8 nmpeoGpasyercs B —1,6, yero He MOXKET
ObBITD.

Cayvau mumb(0,8) = —1 u mumb(0,8) = 2 HOpPOKAAIOT, COOT-
BETCTBEHHO, IEMOYKI

08 51 —>o50v->-1->50->-1>

=

08 525 w-—>2—>w-> 2>

B atux caydasx Kask[as U3 BEJUYUH O U @ J0JUKHA OJHOBPEMEH-
Ho pasusaTbest —1,6 (nmpu aBykpatHOM Hakatnn <«Bsox») u 0,8
(pu YeTHIPEXKPATHOM HAXKATHK), YTO HEBO3MOXKHO.

Tak 4ro npodeccop Mym6ym-ILatomGym, yBbI, omuéaercs.
KoppektHo paboTafomuii KaJapbKyasTop npu BBoje aprymenta 0,8
1 O/IHOKPATHOM HAXKATHH KJaBHIM «BBoj» M0JKEH BbLIATH CO-
oGmmenue 0 ToM, uto (yukius mumb(x) B8 Touke x = 0,8 He on-
penesiena. Peakiust ske TiporpaMmbl, HammucanHoit MymGym-
TlmoM6yMOM, HEIpecKasyeMa.

KANENQOCKOMN «<KBAHTA»
Bonpocm n 3aaa4yumn

1. Yem Goublie yroJs MaJieHns 3BYKOBBIX BOJIH, TeM MEHbIIas X
YacTh TPOHUKAET CKBO3b CTEKJIO.

2. JlepeBo MpOBOJNT 3BYK OBICTpPEe, YeM BO3/YX, TO3ITOMY CYIIe-
CTBYET HpezleﬂbeIﬁ YToJI maZlenust 3ByKOBBIX queﬁ, IIpu 1IPpEBbI-
[IEHNI KOTOPOro 3BYK BOOOIIE HE IIPOHUKAET B JIEPEBO.

3. Ilpu oxHolt u TOW ke cuiie ynapa IBepb aeopMUpyeTcs: CHJIb-
Hee, YeM CTEHA, MO3TOMY aMILIUTYZa ee KoJieOaHuii GoJiblie, a
3BYK I'DOMYE.

4. DHeprus 3BYKOBBIX KOJICOAHWI IEPeXOAUT B 9HEPTUIO TEILIO-
BOTO JIBIZKEHUS MOJIEKYJ BO3/yXa M OKPYJKAIONIUX TTPEJIMETOB.
5. Boiisiok, XOpoIo MOTJIONAIONHH 3BYK, HPEMsTCTBYET €ro pac-
MPOCTPAHEHUIO B 3PUTEJIbHbBIN 3aJ.

6. Opexzia 1 yesToBeYecKoe TeJIO IIOIJIOMAIOT 3BYKOBbIEC BOJIHBI B
6oJIblIIell cTereHn, yeM cBoGOIHbIE Kpeciaa u noJj. Kpome Toro,
my6JIMKa B 3aJi€ CO3/1acT Kak Obl «HEPOBHYIO» TOBEPXHOCTD, pac-
CenBaoIlyio 3ByK 10 BCEM HANpaBJeHUsIM. Bce 3T0 BMecTe BJIHs-
€T Ha BOCIIpUATHE My3bIKI/I B SaHOJIHeHHOI‘/JI n B HyCTOI‘/JI ayI[I/ITO-
pu.

7. OTBeT CBSI3aH HE C TE€M, YTO 3BYK B 3eMJI€ PACHPOCTPAHSIETCS
OBICTPEE, a C TEM, YTO B 3eMJIE€ OH PACCEMBAETCS ¥ TOTJIONAETCS B
MEHBIIIEH CTelleHu, 4eM B BO3/yXe.

8. B tymannyio noromay Bo3ayx 6oJiee OHOPOJIEH — He MPOMCXO-
JINT paccesTHUs 3ByKa Ha TaK HA3bIBAEMbBIX aKyCTHYECKUX 06.Ja-
KaX, CO31aBa€MbIX KOHBEKIITMOHHBIMN ITOTOKaMM.

9. Hosxka kameprona Bo3Gy>K/JaeT B KPBIIIKE CTOJIA BBIHYK/IEH-
HbIe KosieGaHusl, U3JydeHne 3BYKOBBIX BOJIH IIPOUCXOUT € GOJIb-
mreil TIONa ¥, 4TO TIPUBOJNUT K YBEJINYEHHIO TPOMKOCTH.

10. Her. ITockosbKy BO3pacTaeT MOIIHOCTh M3JIy4aeMOro Kamep-
TOHOM 3ByKa, OH ObICTpee M3PACXO/yeT CBOIO 9HEPTHIO ¥ 3aTHX-
HeT.

11. Pa36opuymBOCTb peun CBsI3aHA C HAJMYNEM B 3BYKE BBICOKUX
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yactor. OgHako K0a(hUIMEHTDI MTOTJIONIEHUS 3ByKa B BO3/IyXe
JUISL 9TUX 4acTOT GOJIbIe, YeM /I HU3KUX, 1109TOMY KoJieGaHUs
BBICOKHX YaCTOT OCJA6/IAI0TCsT B 6oJIbIeil Mepe, yeM KoJ1eGaHus
HU3KUX.

12. PpixJiblii crer, H306UITyIONIH BO3/YIIHBIMHI MTOJOCTSIMU, —
IpeKpacHblil 3ByKororJomaonmii marepuai. [lo Mepe yriorne-
HUS CHeTa TIOTJIONIeHNe 3ByKa B HeM ocjaGeBaeTr, a OTpaskeHue —
YCUJITHBACTCS.

13. YT00bI 9X0 OBLIO OTYETIUBBIM, OTPASKEHHBIN 3BYK JOJIKEH
MIPUXO/IUTD C OIpe/ieJIeHHOIT BpeMeHHOU 3a/1eP3KKOIl, Yero TPYAHO
JIOCTHYD B HEOOJBIINX MOMEIIEHNSIX.

14. BbICOKOYACTOTHBIE 3BYKH JIy4Ille OTPAXKAIOTCS OT TIPEIIsT-
CTBUil M TIPK BO3BpAIIEHUH MMeIOT GOJBIIYI0 MHTEHCHBHOCTD.

15. BoJIOChI TIOTJIONIAIOT U3JIyYaeMblil JieTyuell MBIIIbIO YJIbTPa-
3BYK, U OHA, He BOCIIPHHHIMAsl OTPA’KEHHBIX BOJIH, HE UyBCTBYET
IIPETPajibl M HATBIKAETCSI HA TOJIOBY YeTOBEKA.

16. HempepbiBHO OTpaskasch OT CTEHBI, 3BYKOBBIE BOJIHBI PacIpo-
CTPAHSIIOTCS B/IOJIb Hee B Y3KOM IIOsice, KaKk B BOJHOBOJe. MHTen-
CHBHOCTDb 3BYKa IIPH 3TOM, KaK OKa3aJoch, YObIBAeT C PAaCCTOSHH-
eM 3HAUUTeJbHO MeJJIeHHee, YeM B OTKPBITOM NPOCTPAHCTBE.

17. 3ByKoBas BOJHA OTKJIOHSETCS BHHU3 H3-3a TMOHIKCHUSA C TJIYy-
GUHOIT TeMIlepaTypbl BOJbI, C YeM CBSI3aHO YMEHBIIEHHE CKOPOCTH
3BYyKa 1, COOTBETCTBEHHO, yBesnueHne Koa(UINeHTa ero mpe-
JIOMJICHUSI.

MukpoonbIT

3BYK, UAYLIUI K BaM OT I'PBI3YLIEro coceja 10 BO3LyXy, pacceu-
BaeTcs 3HAYUTe/IbHO CHUJbHee, YeM 3BYK, paclpocTpaHAiomuiics K
BalleMy yXy HElNOCPEACTBEHHO 110 YePEIHbIM KOCTSM.

TMMAPOCTATUKA B CTAKAHE

Bomnpoc. He usmennres.
YupakHeHus

1. Dby =[1-25 |an = 12w,

11

T
AV .
2 P.gS
2 752

- H* (S-S5 )S,

3. a2 PP IS =SS0 _ gy
2p,8
2
4. F, :mgE 1—&(£j =400 MH (31ech
’ H p\H

OBbEM TETPASPA M EFO YACTEN

1. iab. 2.8:37. 3. 11 : 54. 4. 13 : 99.

d. 1a /h2 +1a2 .
4 4

XYI MEXXAYHAPOAHAS OJIMMINUALA
«UMHTENNEKTYAJNbHbIN MAPA®OH»

THucvomennvlii UHOUSUOYANLHOLT MYP
Maremarmka
1. ITockombky
2
(n2 +n) =a' v+ <+ 203 20 +1<
2
<n' 4203 +30° +2n+1= (n2+n+1) )

JIaHHOE Y1CJIO 11PN J1060M HaTypaJIbHOM 3HAY€HUUN 7 JIEJKUT MEK-
Ay KBa/J[paTaMM [IBYX TIOCJI€JOBATE/IbHbIX HEJIbIX YNCEJI, TIO3TOMY
OTBET Ha BOIIPOC OTpI/IIIaTeHbeIﬁ.

2. YMHOXUM [TaHHOE COOTHOIIEHIE

(e T ) e 7)1

ITOYJICHHO Ha BbIPpa’X€HUA, COIPAXKEHHbIE MHOXUTEJIAM JIeBOIl 4a-

(e (e o)1

V3 moJryueHHBIX paBEHCTB BUJ/IHO, YTO HepEMEHHbIE X U ¥ JIOJIK-
HBI UMETh Pa3HbIe 3HAKM: B MIPOTHBHOM CJydae, €CJIM 3TH 3HAKN
«+», TO B IIePBOM PaBeHCTBe 00a MHOXUTEJIS JIEBOI dacTu 60JIb-
me 1, 1 OHO He MMeeT MecTa, a ecJqu 06a 3HAKa «—», TO JKe caMoe
IIPOM30iiIeT BO BTOPOM paBeHCTBe. B cuity cuMMmeTpun ycaoBus
(1 BoOmpoOCa 3a1a4M) OTHOCHTENBHO MEPEMEHHBIX HEBAYKHO, KAKOe
13 HUX IIOJIOKUTEJIbHO, Kakoe — oTpuuaresapHo. Ilycrp, nampu-
Mmep, x > 0, y < 0. [IpupaBusiB JieBble YacTu 060MX PABEHCTB,
TocJle 3JIeMEHTaPHBIX TPeo6Pa3oBaHmil MOTydaeM

x«/1+y2 =-y 1+2% = x2(1+y2): y2(1+x2)<:> x? =y2 .
Orciofa, ¢ yueToM 3HAKOB, cJexyeT, 4To X = —y, u x + y = 0.
3. Ilyctp A — BepimHa oCTpPOro yria pom6a, paBHOro o
(puc.3,a). N3 pasnoGeapennoro tpeyroabiuka MBC mosydnm,

180° - ZCBM
yto £BMC = —

ZCBM = 360° - (£LCBA + ZABM) =
= 360° - ((180° — o) + 60°) = 120° +a .

. B cBoio ouepep,

Iloatomy ~#BMC = 30° —% .

Anajiornuno, u3 paBHoGe/peHHOr0O TpeyrosibHuka AMD naxo-

JIUM, 4TO

180° — (£BAD + ZBAM) _ 180° - (o +60°)
2 - 2

ZAMD =

=600 2
2

OKoHYaTeJIbHO,
ZCMD = ZAMB + ZBMC — ZAMD =

- 60°+(300—9j—(600—9j =300
2 2

Kaxk 370 9acto GbIBaeT B reOMETPUN, MOXKHO TIPEIJIOKUTD U GoJiee
UBSIIHBIN, 60JIee TEOMETPUUHBIN CIIOCO0 PeIIeHuUs.

CreaeM mapasieIbHBIN TIEPEHOC TpeyroibHuKa AMB Ha BeKTOp
AD . Tlpn atoM Touka A mepeiizer B Touky D, Touka B — B TOu-
ky C, a touka M — B HeKOTOPYyIO TOUKy M, Taxyio, 4To
BMM,C — pom6 (puc.3,6).

Touxkn C, M u D jexaT Ha OKPY>KHOCTH C IIEHTPOM B Touke M|,
ee paJiyc paBeH CTOPOHE MCXOAHOro pomba. Yronm M, mpaBuib-
Horo tpeyrojbuuka DMC — neHTpasbHBIN YOI B 9TOH OKPYIK-
HocTH, OH paBen 60°, mosromy uckombiii yron CMD — Bnucan-
HbIl B Hee M ONMpAloIuiics Ha Ty ke Jyry — paBeH 30°.

a) 6y A
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3ameuanue. OTBEeT He 3aBUCUT OT TOTO, OCTPBII UM TYTOH yTOT
A pomba. 3ajiauy MOKHO TakKe peliaTb ¢ MOMOIIbIO NapaJlIe/b-
HOTO TIEPEHOCca W MOBOPOTA.

4. Cpenn uncen X, Y u Z 0/lHO MOJIOKUTEJTBHOE W J[BA OTPHUILA-
TEJIbHBIX, HPUYEM I10JIOXKUTEIBHBIM MOXKET ObITb J1000€ U3 HUX.
Hanpumep, X > 0, ecmm x <y <0<z Y >0, ecimn 0 <x <
<y<z 7Z2>0,ecmnx <0<y <z IlockoJbKy B UUCIUTEJISX
grcesnr X, Y U Z cToST pasHOCTH MCXOJAHBIX YHCEJ X, ¥ W Z, 3Ha-
KH YUCJIUTeNell 3aBUCAT JIMIID OT B3aHMHOTO PACIIOJIOXKEHUS UC-
XOAHBIX unces (T.e. OT TOTO, B KAKOM MOPSA/KE OHU PACIOJNONKe-
HbBI Ha YMCJIOBOIl OCH, a He OT MX 3HAKOB). 3HaMeHATe/JM ke, Ha-
0060pOT, 3aBUCST OT 3HAKOB MCXO/HBIX YHCEJ.

ITycrp cravana x < y < z. PaccMoTpuM 4 ciryuas paciosIOXKeHUs
HYJISI OTHOCUTEJIBHO TUX YHCEJ.

Ecim 0 < x < y < z, xoM6uHanus 3HakoB uncesa X, Y u Z tako-
Ba: «— t —».

Ecmm x < 0 < y < z, xomGunanus 3uakoB uncen X, Y u Z «— —
.

B cayuae x < y < 0 < z ckoMast KOMOMHAITHS « + — — ».
Haxkonern, ecmn x <y <z < 0, nmMeeM, Kak U B TIEPBOM cJaydae,
«— + =».

AHAJIOTUYHO PACCMATPHUBAIOTCS U JPYTHE CJAyYan B3AUMHOTO pac-
MOJIOXKEHUST MCXOHBIX YHCET.

5. Ilpeanosoxknm, 4to B JecsTudHoii 3amiucu uyucaa N uer mudp
1, 2, 9. 9710 3HAUNT, UYTO €ro mepBast mudpa MOKET OBITH JIOOOI
Mexay 2 19, T.e. UMeeT MeCTO /IBOITHOE HepaBEHCTBO

3-10" < N <9-10", vie n — 4KUCJIO JECATUYHBIX 3HAKOB YHMCJIA
N. YMHOXHUB MOYJICHHO 3TO HEPAaBEHCTBO HA 3, TOJIYYNM

9-10" <3N < 27-10" | orkyna BbiTekaer, uto uncio 3N HauMHa-
eTcs KaK pa3 ¢ O/IHOI M3 «3allpereHHbIxy mudp.

6. Ilyctp O — 1IeHTp OKPY’KHOCTH, BIIMCAHHOW B JIAHHBII Tpey-
rospHuK ABC; OM, OP n OK — pasnycbl 3TOi OKPY>XHOCTH,
IIPOBE/ICHHBbIE B TOYKHU ee Kacanus co cropoHamu AB, AC u BC
cooTBeTCTBeHHO (prc.4). 3aMeTuM, 4TO yIJIbl MKy STUMH Pa-
JINYCaMU JIETKO BBIPAXKAIOTCS Y€pe3 YIJIbI UCXOIHOTO TPEyTOJbHIU-
Ka: TIOCKOJIbKY PA/IYChl, TPOBE/ICHHbIE B TOUKW KACaHUs, Tep-
MIEH/INKYISIPHBI KacaTeJbHBIM, a CyMMa BHYTPEHHUX YTJIOB YETbI-
pexyroJbauka pasia 360°, To ZMOP =180° - ZBAC =180° —
—a ; anamornyo, ZMOK =180°-p, LZKOP =180°-vy.

Kax m3BecTHO, OTPE30K CTOPOHBI TPEYTOJbHUKA OT BEPIINHBI 0
TOYKH KACaHUS CO BIHCAHHOI OKPY’XHOCTBIO PAaBEH Pa3HOCTH
MeXK/ly ero IOJIyNepUMEeTPOM p U CTOPOHOIl, IPOTUBOJIEKAIIEiT
sromy yray. [lostomy AM = p — a (rae a = BC), Toraa

AM = AjA+ AM = a+p—a = p. AHAJIOTUYHO TOJYYAETCS, YTO
paccrostnust ot Bepumu By u C; o Touek K u P pasupt p. Ot-
ciona caenyer, uto AO = BjO = C,O, t.e. O — HEHTP OKPYKHO-
cTH, ornmcanHoit okoso Tpeyroabunka A BC;, a ee paguyc — ru-
[OTEHY3a NPAMOYTOJIbHOIO TPEYroJAbHUKa ¢ Kateramu p u 7 (r —
pasimyc OKPY’KHOCTH, BIMCaHHON B Tpeyroabuuk ABC).
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3amernm, uro yravl B;OC; 1 KOP umeior o6ILyI0 9acTb — yToJ
KOC; — u ponosnsionue ee pasubie yriast BOK u C,OP (aro
DaBHbIE YIJIbl PABHBIX TPeyrosbHukos BOK u C,OP ), moastomy
9TU yrabl pasubl, T.e. 180° -y = ZKOP = ZBOC, . Tenepp us
paBuoGezipenroro Tpeyrosbiuka BOC; nHaxoanm

LOBC, = v0C,B, = B0 =£BOC _ 180°-(180°~y) _ vy
2 2 2
Anagiornuno, u3 pasuoGeapennoro tpeyroipinka AOC; naxo-
JIUM

ZOAC, = LOC A, = % ,
a u3 Tpeyroabunka AOB; —
ZOAB, = LOBA, = % .
a+
OxonuaTenbo: LA, = 3 B . /B, = B%/; £C, = G;'V .

7. [la, naiigercs. IlpeamionoxuM, 4To y4eHoOro, y KOTOPOro poB-
HO OJIUH JPYT, Ha KoHrpecce HeT. [lycth Hexknit yuenniit A umeer
camoe GOJIbIIIoE Ha KOHIPecce KOJAMYecTBO apyseil n (ecn Takux
HECKOJIBKO — PaccMOTpuM Jo6oro u3 uux). Torma umcao apyseit
KasK/IOTO M3 ero Apyseil J0JKHO Kosebarbest ot 2 g0 n — 1 (uuc-
JIO 1, TO YCJIOBHIO, BCTPETUTHCSI TaM He MOXKeT, a uncyo 1 Bcrpe-
TUTBCSE TaM He JI0JKHO 110 npeanoioxenuto). Ho toraa kakoe-to
4micJa0 OT 2 10 7 — 1 JO/DKHO MOBTOPHUTHCS, a 3TO TaKXKe 3arpe-
meno ycJosueM. IlosmydeHo nporusopeune.

@u3snka
1. v, = 6,5 xM/c.
2. Komrpeccop pospken paborarb mpuMepHo 1,6 yactb BpeMeHn
UK «paboTa—maysas.
3. P,,=12kBr.

4. I, =1 1+% (3mech e — 3apsii SJEKTPOHA, T — €ro
N T oRPm, ‘ ‘ ’
Macca).
PRT
S. v= PRT 1,5 mM/c (3aecp M = 18 r/Mosb — MoJSIpHAst
rpoMS

Macca BOASIHOTO Iapa).
6. v, =22gR (onTuMasibHAs TPAEKTOPHS KACAETCS IOy
JINH/PA B /IBYX CUMMETPUUHBIX TOYKAX, ITOJIOXKEHHE KOTOPBIX OIl-
peflesisieTcst yrioM 45° ¢ BEePTUKAJBIO).
2 2
7. F = Qiz 1 - Liz
32mgyR R

Yemuvii komanonowi myp

Maremarmka

1. Bcero umeetcs 7 3Be3fouek, a HaiiTn Haxo nepByo. llockoub-
Ky CyMMa Tpex IOCJIe/IHUX 4Hces paBHa 15, a nocJe/tee paBHO
7, TO cyMMa IIecToif U ce/bMOil 3Be3/l0ueK paBHa 8, MOITOMY IsI-
Tag pasHa 7 (Beap cyMMa IISITOM, 1ecToi U ce/lbMOi 3Be3/[04eK
Takke paBHa 15). [lasibllle aHATOTMYHO: CyMMa TPETbel n uer-
BEPTOIi 3Be3jlouek pasHa 8§, 103ToMy BTopas pasna 7. IlockoJbky
cyMMa Tpex HepBbIX unces 15, mepBoe paBHO 1, a TpeTbe pPaBHO
7, BTOpOE YHCJIO — TepBas 3Be3/[09Ka — PaBHO 7.

2. He o6s3arenpro. Kontprnpumep: tpeyroavunkun ABC, BCD,
ACD u ABD B npsamoyroubuuke ABCD.

3. U3 nanHOU CHCTEMBI TTOTyYaeM:

y+z=2-x,
yz=1-x(2-x).

[TosTOMY y U 2z — KOPHH KBaJpaTHOTO YpPABHEHUS (2 — (2-x)t+
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+1-x(2—x) =0. Orpannudenns Ha X MOIYYNM U3 yCJIOBHS, UTO
JIMCKPUMUHAHT STOTO YPaBHEHHs] HEOTPUIATENIEH:

(2—x)2—4(1—x(2—x))20<:>0£x£

w |~

B~

Ecmn x = 0, u3 cucremMpl Haxoaum, 4to y = z = 1; ipu x = - u3

w

CHACTEMBI TIOJIy4yaeM, 4To Y = Z = g .
OTCIOZIa HauMeHbIlIee 3Ha4Y€HNE X PaBHO O, HanboJIbInee paBHO

4/3.

4. Jlng MUHYTHOI CTPEJIKU CUTYaIUs IIOJHOCTbIO CHMMETpUYHA!
npomexkytok 10 — 11 u aAuaMeTpasbHO NMPOTUBOIOJIOXKEH MTPOMe-
KyTKy 16—17 4, a B ciiIy MOCTOSIHCTBA YTJIOBBIX CKOpOCTeil 06enx
CTpesIOK OHH OyayT noj yrjaoMm 180° B mepBoM ciIydae U IOA yI-
jgoM 0° BO BTOPOM uepe3 OJHO U TO K€ KOJMYECTBO MHUHYT IIOCJIC
HACTYIJICHUsT ouepetHOTO daca. IloatoMy KoH(epeHIMs 1Imiach
pOBHO 6 Yacos.

5. C 1oMoIbio MeHbIIell CTOPOHDI IJTACTHHKH <OTPEXeM» C JIBYX
KOHIIOB OT 0OJIbllell CTOPOHBI IIPAMOYTOJIbHUKA KBAJPATbl pa3Me-
poM 19x19. Ocranerca npAMOyroJbHUK pasMepoM 3519, au-

aromamb KOTOporo 352 +19? < 73, M03TOMY UTHHHOH CTOPOHBI
IJIACTUHBI XBATHUT, YTOOBI HANUTH HEHTP MOJYYEHHOTO MPSIMOY-
TOJIBHIKA, & OH COBIA/IAET C IIEHTPOM HCXOHOTO.

6. 3ameTnM, U4TO HAM BBITOHO «yOWBaTbh» JaJbell HanOOIbIIee
BO3MOJKHOE KOJIMYeCTBO GesIbIX KJIEeTOK. Ecim cTaBuTh JIaJpio Ha
Gesoe Toie, oHa youBaer 7 Gesbix KjaeTok (4 1mo ropusoHTa u 1
3 1o BepTHKaJM), a ecau Ha YepHoe — To 8 Gesbix Kaetok (1o 4
KJIETKN Ha TOPU3OHTAIN W BepTuKamu). [109TOMy BBITOAHO CTa-
BUTD JIaJ(bU HA YepHble KjeTKu. Tpex sajeil HeJ0CTATOYHO — OHHU
MIPUKPOIOT TOJBKO 24 Gesible KJIeTKH, a uX Bcero 32. Ecam mocta-
BUTH 4 JIaJIbW Ha TOJIS 110 YEPHOU JMArOHAJN 4epe3 OHY KJETKY,
Bce OeJible KJICTKU OY/yT NMEPEKPBITDL.

7. He o6s3atesbno. KoHTpripumep: TPEYroJbHUKU CO CTOPOHAMU
2,4,4m3, 3, 5.

8. @) Ecsm 6bl 1 GbIJIO HEYETHBIM, TO, TOCKOJIBKY M3 KasKIOit
BepIIUHbI rpagda, ONMMUCHIBAIOIIETO KOMIIAHUIO, BBIXOIUT HEUYETHOE
KoJImuecTBO pebep, oflee KOJHIECTBO 3HAKOMCTB, C OJHOU CTO-
POHBI, IOJKHO OBITH IIEJBIM YHUCJIOM, C JAPYTOil CTOPOHBI, OHO
PaBHO TIOJIOBWHE TPOU3BEJCHNS /BYX HEUCTHBIX YMCET — MPOTH-
BOpeure.

6) Her. Kourpnpumep — Ha pHCYHKe 5.

Puc. 5

9. Hesbass. Ecain 61 paspesaniie GbLIO BO3MOKHO, TO W3 TOTO
YTO IIOIIA/b MCXO/HOTO KBAJpaTa /J0/UKHA ObITh PaBHA CyMMe
IJIONIA/IENl BCEX TIPSMOYTOJBHUKOB TTOTYYNIOCh Obl YpaBHEHUE B
nesbix yncaax 10k + 27n = 196, roe B — KOJMYECTBO TIPSIMOY-
TOJIBHUKOB Pa3MepoM 2 X5, a 7 — YHCJIO MPSMOYTOJTbHUKOB
3x9 . Hanumenbliiee 3Ha4€HUE 1, TP KOTOPOM JIeBasi 4acTh
ypaBHEHHs — 4HCJIO, 3aKaHduBalolieecs Ha 6, paBHO 8§, HO Torja
aTa JeBas 4acTb GoJblre yeM 27 -8 = 216 — GoJblile 1IpaBoii.
10. OueBugHO, YTO ¢ — HAMOOJIBIIAS CTOPOHA TPEYTOJBHUKA.
JlanHoe cooTHOIIeHne MOYKHO TIepenucarb B BH/IE

[ (2] -+

HOCKOJII)Ky ﬂpOéH, CTOSIINE B JIEBOHM YacTH 3TOTO PaBEHCTBa,

MeHbllie 1, UMEIOT MECTO HepAaBEHCTBA
3 2 3 2
a a b b
- <=1, |=1 <|-1.
c c c c

ay? A% ; ; ;
(—) +(fj s1ed+b> >,
C C

Ho 9T0 cOOTHOIIEHNE CIPABEATHBO JHIIb IS OCTPOYTOIBHOTO
Tpeyrosbinka (U3 TeOpeMbl KOCHHYCOB JiIsi HauGobiieil cTo-
POHBI ¢ 9TO 03HAYAET, UTO KOCUHYC MPOTHBOJIEKAIIEro eif yria
MOJIOXKUTEIEH — STOT YToJ, HauGOIbIINIl B TPEYTOJIbHUKE, OCT-
pbIit).

IToatomy

@uzmka

1V, =v[1-22 =20,
Py
m 10% xr
R p  3,14-25 m? -10° xr/m®
LIUIUHAPUYECKOH SIMBI C PajinycoM R, paBHBIM pajlyCy BepTO.Jie-

2. h= =13 cM , rae h — BbicoTa

Ta, & M — Macca BepTOJeTa.

3. Cujia yMeHbIIMTCA B 70 pas.

4. B6us3u moBepxXHOCTH 3eMJIM BO3/yX MPOTPEBAETCSI CHIIbHEE
BCero B paiione skBatopa. Bocxojsmmme mOTOKM BO3ayxa Ha (G0Jb-
Ieil BBICOTE PACTEKAIOTCS B MEPHINAHAIBHOM HAIPABJIEHWUH, TM0-
creneHHo otfasas tersio (B OCHOBHOM 3a cuer uaayudenus). Ox-
JIUBIIHICS BO3/yX OIyCKAETCs K MOBEPXHOCTH 3eMJIU B paiione
30° ceBepHOIl 1 T0KHOI MUPOT U Jajee ABMKETCS 00PaTHO K 9K-
BaTOpy, 00pasysi CUCTEMY IOCTOSIHHO /yIOIIMX BETPOB — macca-
TOB.

5.60°. 6. a=g-2=15m/c>. 7. O =VRT = 6,65 xJIx .
Fh "

8. L=——. 9. m=1xr; [=2 M.
h—nF

10. T:%ctga =25H.

Hcemopus nayumnvix udeit u omxpoimuil
Maremarunka

1. a) OueBUAHO, HECOKPATHMBIX Apobeil posHO ¢ (n) .
6) Takux apoGeit ¢ (d;).
B) Iloce paceMoTpeHust IyHKTOB a) U 6) 9TO OYEBUJHO.

2. O6o3HAYUM UCKOMYIO CYyMMY 1+ 2x + 3% +...+nx" ' +... ue-
1 2 n -

pes .S, a JaHHyI0 CyMMy T 1+x+x°+...+x2" +... —uepes

a. Torga

S=a+x+27 +3°% +..+(n-1)a""+... =

= a+x(1+2x+3x2 +...)= a+ Sx,
3HAYUT,

§o_ 4 _ % _

-2 (1-x)
3. Ilyctp Oy,0,,03 — 1eHTPbI JAHHBIX PABHBIX HelEPeCceKaro-
MIUXCST OKPYSKHOCTEN pajuyca »
(4epHbIe OKPYKHOCTH Ha PUCYHKe
6). TlocTponM OKpyKHOCTH
(KpacHy10), OMUCAHHYIO OKOJIO
tpeyroabinka 00,05 . Ilycrs R
— ee paauyc, O — nentp. Torza
okpyxHoct (CMHUE) paycoB
R —7ru R + 7 ¢ IeHTPOM B TOYKe
O KOCHYTCS BCeX JAaHHBIX OKPY:K-
HOCTEM, JJIsT TIepBON JaHHBIE OK-
pysKHOCTH GYJIyT PACIOJIaraTbCst
BHE ee, a /ISl BTOPOil — BHYTPU.  Pyc 6
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y/\ 4. Tlycrp a — abcnmcca Toukn A
(puc.7). Torga ee KOOPAMHATBI €CTh
(a;az). Koopaunater Toukn M — ce-
peaunbl orpeska OA — paBHBI HOJIY-
a CyMMaM KOOP/IMHAT €ro KOHIIOB, T.€.
a. a?
22 )
a6ercea u ipyrast opanHara (oHa

M = ay touku D Ta xe

<
S

a a*
JexuT Ha mapaome): D =|—;—|.
%)
JlanHasi TUIOIA/(b TPEYTOIbHIKA
AOB pasna (¢ y4etoM oTpHIaTe/b-
HOTO 3HaKa 4ncJaa )

D__

Al

R\

a O

!
a
2
Puc. 7 2

Haiinem nomanb tpeyroabnuka AMD (3nech AE — BbBICOTA,
oIlylleHHasl Ha CTOpoHy DM:

1 1(a*> o a @ S
S, =—DM - AE=—|——-— | |——|=—-—7—=—.
AMD 2 2[2 4]( ]

3. IIpocroe uncao (Kpome 4nca 2) HEUYETHO, MOITOMY E€r0 MOJK-
HO TIpejicTaButTh ubo B Buze 4n + 1, smbo B Bume 4n + 3; BIpoO-
4yeM, HAM HECKOJIbKO y/o0Hee 3aIHChiBaTh TaKOe YHCJIO0 B BHJE
4n — 1 (ara 3ammch roJtydaeTcs U3 mpebiiyieil 3ameHoil n Ha
(n = 1), 4t0 10 cymecTBY HUYero He MeHsier. Jlokaxem, 4to cpe-
an uucen Buga 4n — 1 umeercss 6ECKOHEYHO MHOTO IIPOCTBIX YH-
cenr (oTkyna u Gyzier cienoBath yTBepKaenue 3afaun). Mges no-
Ka3aTeJbCTBA MEPEKIMKAETCS CO 3HAMEHUTBIM JIOKA3aTeJbCTBOM
6ECKOHEYHOCTH MHOKECTBA IPOCTBIX YMCEJ, JOMIEIINNM K HaM
eme n3 «Hauan» EBkinaa.

[IpenmonoxuM, 4TO TPOCTHIX YKces Buia 4n — 1 JHUIIb KOHEYHOE
YHUCJIO, U BBIMKIIEM UX BCE B MOPSKE BO3PACTAHUS: Pi;Pos---5 Pk
(10, uTO Taxkme wucaa BOoOIIE CYIIECTBYIOT, BUAHO HA NPUMEPE
yucen 3, 7, 11 u t.1.).

Pacemorpum uucio @ = 4py-py ..o pp, —1 u goxaskem, 4rto y
HETr0 MMEETCsT MPOCTON JIeIUTENb TAaKOTro JKe BH/a, He COBIIAJIaio-
Ui, eCTECTBEHHO, HI C OJHUM U3 YUCET pP,..., P, , — NHAUYE YUC-
JIO @ TOXe JIeJUI0Ch Obl HA 3TO MPOCTOE YKCJIO, Y€r0, KaK BHUHO
13 3aIllUCH YUCJIA d, HET.

[leiicTBUTEIbHO, €CJIU TaKOTO MPOCTOTO JICTUTEJS Y Yicaa d HeT,
TO BCE ero HeyeTHbIEe MPOCThIE JIeJUTENN UMEIOT BuJ 4n + 1, HO
TOT/JIa, KaK JIETKO BUJIETb, U UX MPOU3BEJIEHIE TOKE MMEeT B[
4n + 1, 4TO NMPOTUBOPEUUT BUY YUCIA d.

@uzumka

1. a) Anp6epr Maiikenbcon. 6) VsMepenue cCKOPOCTH CBeTa B
Pa3JIMYHBIX HATPABJIEHUSX C MOMOIIBIO WHTEP(EPEHITNOHHON Kap-
Tuabl. B) VHTepdepoMerpbl 1 AudpakIMoOHHbIE PEIIETKH.

r) Kaammuii. 1) Berenbreiize.

2. a) Apwucrorenn; 384—322 10 H.5.; ApeBHETrPEYECKUil yUEHBIH.
6) duswka — 9TO HayKa O TPUPOJAE. AHTUYHBIC YYEHBIC HE J0BE-
PAJIM DKCIIEPUMEHTY, MPEANOYUTAs eMy JIOTHYECKUE 3aK/IOUCHUS.
B) ACTPOHOMUSI, METEOPOJIOTHsI, OUOJIOTUS, PUTOPHKA, MOITUKA U
T.4. 1) Jlukeit B Agpunax. 1) Anexcanap Makenoncknii. e) Teo-
nenTpryeckas Bcesennasi, oTpuilanne BaKyyMa W aTOMH3Ma, 3a-
BUCUMOCTb CKOPOCTH CBOGOJIHO MAJAIONIEr0 Tejia OT MACcChl.

3. Mandpen ¢on ApieHHBI.

4. O6prunas marepus (4—5%), temuas Marepust (23%) u TeMHas
sueprua (73%).

5. a) B nporecce cBepJieHNs MyIIEYHBIX CTBOJOB HATPEBAIOTCS U
CBEPJIO U CTBOJI, T.€. TEIIOPOJI POKiaercss u3 Hudero. 6) Terno-
€MKOCTb, TIOTOK TeILIa.
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BCEPOCCUNCKAS CTYOEHYECKASA OJIMMIMNALA
MO ®UN3UNKE
1. s=ﬁ. 2. A:M g2R2+\/§—1 .
gl 2 | 27

0 o (8- )R,
m, 2 m) o>
4. p:n2(4l2g(l+b)—z)); Q:#_%_w‘

5p 5 Pi
=22 6n=1- , =&
™ f 3+ (2nlnn)/(n—1) e P
_ 30%r

Ji
= s 8.3:/1,26@. 9. 1=-2,
32mgl* a‘t 25

3. 0
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IMAXMATHAA CTPAHHUUYKA

Pexorabl
AJTEKCES XAHAHA

Muorue ynratenn <IllaxmaTHoii cTpa-
HWYKH» TIpHCHIAOT B <«KBaHT» cBOM
3aJaudl U pelleHHs, YTOYHeHH: Omy6/m-
KOBaHHBIX 3a/1a4, CBOH HAXO/IKH W PEKOp-
abl. OHAM K3 CaMBIX aKTHBHBIX YHTATe-
neit asaserca Aunexceit Xansn. Csou
HHTepeCHbIe MHCbEMa OH IIOCBLIAT B Eyp-
Haj eme OyAy9d NIKOJBHUKOM, HO, H
sakoHunB Mexmar MIY, npomomxaer
YHTaTh PyGPHKY, IMOMYTHO YCTaHABIHBAs
pa3Hble HHTepecHbIe PeKop/bl. Bot Heko-
TOpbIE W3 HHX.

1. Eme B Hauajie IpONLIOrO BeKa GBLIO
MpHAyMalo cieayiomee sagamue. Cromn-
CTPYHPOBATH JIETAJIBHYIO To3uimio (npe-
BpalieHHble (DHTYPHI JOMyCKAwTCA), B
KOTOPO# 0fe CTOPOHBI 10 OYEPEean AT
uauéo.uhmee YHCJIO BCKPBITBHIX IIaXOB.
Bonee 70 ner pepxanca pexopa — 13
BCKPBITHIX ITAX0B MMOAPS, MTOTOM PEKOPA
6611 o6UT Ha ovH max. M Bor 3a aemno
MpHHAJICA XaHgaH.

B sroit mosuuum caeayior 15 BCKpbI-
thix maxos: 1. & e5+ @ :b7+2. 4 :a7+
De6+3. & 5d6+ 2 :e3+4.bat+ A ci+
S. B:f2+ 4 :gi+ 6. 4 :h8+ L gb+ 7.
& :di+ @ ge3+ 8. & :hé+.

Anekceii 04eHb TOPINJICS CBOEH HaX0/1-
KOH, a IOTOM B35JI 13 M YJIYYIIAI PEKOPA
cpasy Ha jABa xojal
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3meck o6e cTOpOHBI O6BABITIOT 17
BCKPBITBIX WMAXOB TOAPSA, AEBATh — Oe-
Jble W BoceMb — depHbie: 1. @ bed+
HEb3+ 2. Q:a6+ & :ad+ 3. E7:b3+
Red+ 4. Q:d6+ Q:e3+ 5. Qedt+
4 :b8+ 6. L :d8+ Af5+ 7. 4 :g3+
H:e2+ 8. H:b1+ Eb2+ 9. A :fi+.
ITonpoGyiiTe MOGHTE 3TOT CyNepPeKOp.

2. WsmectHa cTapuHHAs TO3UIHSA
C.Jloiiza. Bee Genbre ¢uryps CTOSAT Ha
MCXO/IHBIX MeCTaxX, YepHblil KOpOJb Ha
h4. On nosyuyaer mar Beero 3a 3 xoxa: 1.
d4 2h52. ¥d3u3. ®h3x;1... 2gi
2, ed+ ©2h4 3. g3x. Ioxe hd — emun-
CTBEHHOE MOJie, HAa KOTOPOM OJWHOKHIA
uepHbIA KopoJib (1IpH MOJIHOM KOMILIEKTE
6empix (UTYp, CTOATMIMX HA HMCXOHBIX
MecTax) Toy4aeT Mar Tak Gbictpo. Ilpu
CHMMETPHYHOM pacniookennn (qepHbIit
KODOJIb Ha a4) JIeJI0 3aTATHBAETCS Ha /1Ba
xoma: 1. ¢4 b4l (1... ©a5 2. ¥b3
2ab 3. ¥b8 a5 4. ¥b5x) 2. d4
®a5 3. b3 a6 4. ¥ b8 aj
5. ¥bix.

Ecym K0pojib CTOMT Ha CBOEM 3aKOH-
HOM MecTe e8, TO MaT JaeTcs TOJBKO Ha
MecToM XOoay. A T/le 4YepHbIi KOpOab
YyBCTBYeT cebs «HajexHee» Bcero? Oka-
3BIBAETCA, B CaMOM HEHTPE JOCKH, Ha
none ed, 3[ech €ro MOXHO 3aMATOBATH
JHIIb HA CEJBMOM XOAy. IDTO A0Ka3all
Xamsi, BOT €ro pelenye.

Cragana caenyer 1. d4, 2. ¥ d3. Ecom
Tenepb YepHbI KOPOJIb Ha g4, T pemaer
3. ¥g5+ ©2h4 4. g3x. Ecm mer, To
caenyet 3. ¥ h7. Ecau xopoub 1a d3, To
4. ¥d7+ ©2c4 5. b3+ @2b4 6. LHd2x,
i 4... Red 5. f3x. Ecim mer, 1O
caenyer 4. e c Bapuanramu: 4... ® a4(a5)
5. ¥b7 ©2a5(a4) 6. 2b5x;4... 2b4
5. ®f5 ®Rad 6. ¥b5x; 4... 2b6 5.
#d7 2a56. Wb5x;4... 2c¢65. &f4
©b66. Wc7x; 4. Rd65. L b5 Leb
6. Lgs 2d6 7. WeTx; 4... Reb 5.
£g5 2d66. LbS Re67. Md7x;4...
26 5. e5+ Re66. fcdx.

3. Ha craenymwomeii guarpamMme mpej-
CTaBJIeHa PeKOpAHAs MOSHIA — Jerasb-
Hasi, C NMPEBPANICHHBIMH (PHUTYPAMH, HO
6e3 npeBpalienys NemeK, — B KOTOPOH y
Genbix 50 BbIHYXXIEHHBIX MAaTOB, T.€.
MaTyer moboit HX XOj.
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4. A ot 3a6aBHasi pa3HOBH/IHOCTb IIOC-
nenmeii emMbl. [Ipu kakoM HauGosbmeM p
cymecTByer mosmmud, e p — 1 xon
GebIX BEIET K MaTy, a IOCJe OHOTO,
e THHCTBEHHOT0, X0/Ia MaT [Jal0T YepHbIe?

VHbIMH cJIOBaMH, POBHO OJIHH M3 IIPA-
MBIX MaTOB 3aMeHeH 3/lech Ha OGpaTHBII.
3ameuaresIbHbII pekops ycTaHoBHA Xa-
HSH — Ha caepylomeil auarpamme y Ge-
aerx 48 xozos (p = 48), u3 xoropsix 47

MaTyioT, a Mmocjie OZHOr0 MaT BBIHY/e-
HBI 06bABHATH YepHble: 1. ¥ e6+ B :ef x.
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5. CKONBKO pa3sIM4YHBIX XO/IOB CyIle-
CTBYeT Ha LIAXMaTHOl JocKe?

Xon xapakrepusyercs dhurypoii, Koto-
pasi ero copepimaer, 1BetoM QHUTYDHI,
HavaJIbHBIM M KOHEYHBIM MOJLIMH, B3f-
Toii durypoii (pu B3ATHH) W TpeBpa-
merHolt ¢urypoit (npn npeepamennn),
Hapno yuects Tak:ke poknpoBku. TogHbL
aHa/Iu3 IIOKA3bIBAET, YTO BCEr0 HA JIOCKE
cymecTByIoT 43732 pasubix xoja. JTOMy
BOTIPOCY MOKHO TIPHAATH IMTYTOYHBIH Xa-
paxTep.

CKoJibKO X0/10B MOIyT 1106€e/1H0 3aBep-
[IATH MAPTHIO?

He Hao HUYEro CYUTATh, TAKWX XO0B
— 43732. Benp mocne nw6oro W3 HEX
HapTHEDP MOJKET... HEMEJIEHHO cAaThesl

A Bor Xaman mojonien K /aiiioMy
BOTIPOCY cepbesHo. Ecim peub uaer He o
clade MapTHH, a O peajbHOM Marte, TO
OpHBeleHHOe YHCJIO MPHIETCS HEMHOTo
yMeHbUIIHATH, [leso B TOM, 4TO eCTb DA
XO/IOB, KOTOPBIC HE MAaTYIOT: MaHEBP CJIO-
Ha U3 yIria B yTroJ, X0/ KOPOoJf H3 yria
HJIH C Kpasd JOCKHM Ha Kpail. Ajexcei
TPOBEJT PacYeT HeMaTYIOMHX XO/I0B JUTs
OeJIbIX.

Caion u3 yzaia 6 yzo. YTJIOB YeThIpe; y
CJIOHA IIATH BO3MOXKHOCTel: HUYEro He
6parp, 6paTth ¢epsd, daaplo, CIOHA AIH
koHa., Beero 4 x 5 =20 xojos.

Kopoay u3 yzaa. Takux xo0B ABEHA/-
HaTh, a B3ATHH 1ATH (06aBIIsIeTCs Ter-
ka). Xox ®al:AB 1 HeBosMoxeH, H
TaKHX X0/0B ueTbipe. Beero 12 x6 — 4 =
= 68 x0/10B.

Kopoav ¢ xpas na xpat. Kpaiinux
HEYTJIOBBIX TToNei 24, y Kask/[oTo U3 HHX
1O /IBA COCEJHHX KpaiHWX, B3ATHH IO-
npesxHeMy AT, Hesbast B3ATH HEIIKY,
HaXO/IAICh Ha IepBoii u IocJe/eii TopH-
sonTasw (TakuX ToJeil JBEeHAMIATh, a
HEmKy MOXHO MOCTABHTH ABYMS CIIOCO-
Gamit), a Taroke XofoM 2 a2: A al (Takux
xomoB d4ersipe). Bcero 24x2x6—
—-12x2 -4 =260 xomoB.

HUrak, y G6embsrx 20 + 68 + 260 = 348
HEMATYIOIHX XOMOB. A IO3TOMY BCEro
Marylomux xogoB 43732 -2x348 =
= 43036.

E.Tux
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Hosas ro/ioBonomka Kuprwia Ipe6uesa
COCTOHT 3 TPEX 3aICIUICHHBIX IPYT 32
Apyra gerajieit: U-06pa3HoH CKOOBI,
3aMKHYTOTO 32BUTKA M PYYKH C JABYyMS
TET/IAMH, 32/[a492 COCTOMT B TOM, 4TOOBI
OTLENUTH PYUKy OT CKOGBL
JU1st U3roToBNAEHUA “3aBUTKA” BAM
NOHAI00ATCA TPU KyCKA CTAIBHOM HJIH
ME/IHOI IIPOBOJIOKH /TUAMETPOM 34 MM
U JUIAHOH 25, 22 u 14,5 cm.
TO0BOIOMKA H3006paKeHa
B HATYDAJIbHYIO BEIMYUHY Ha (POHE
KJIEeTYaTo OyMaru.

~ 3nech ke mpuBeeHs! (pororpadun

' IBYX IPOMEXKYTOYHBIX 3TATIOB PEMICHHS
3TOM TOJIOBOIOMKH.

(ﬂpOﬂOﬁkﬁﬁHﬂ— Ha .5 BHYTPH XKypHA)
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