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Konnekuna rosloBoSIOMOK

B «KeaHTe» No 4 3a 2015 rop pacckasbiBanocb O rojiOBOJIOMKE TPEYecKoro
n3obpetatens Muxauna Tyny3aca. B Hell U3 HayanbHOro NonoXeHUs 6pYCoUKoB
B KBagpaTHOW pamke 5 Ha 5 (puc. 1) Tpeb6oBanocb, NyTem nepepBUKEHUSA
OpycoYKOB, BOOUTLCA TOrO, YTOOLI TPU TEMHBIX OKA3aJUCh B IEBOM HUKHEM YTy
pamku (puc. 2). BaxHas 0co06eHHOCTb rofI0BONOMKM: [iBa OPYCOYKa, NOKa3aH-
Hble KPaCHbIM Ha PUCYHKaX, 3aUKCUPOBAHbI 1 NO3TOMY OHW MeLLAIOT Nepeasu-
raTb Apyrue 6pycoyku.

3ameyatenbHO€e CBONCTBO NOJOOHbIX FONOBONIOMOK COCTOUT B TOM, 4TO, UMes
OfHY YAAYHYIO TOJIOBOJIOMKY, JIErKO MOJly4aTb HOBble MHTEpeCHble 3afayu:
[LOCTATOYHO INLLb HEMHOTO U3MEHUTb HaYanbHOe NoJoXeHUe 6PYCKOB.

(lpodom«eHue — Ha cmpaHuye 16 BHympu xypHana)
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\VlacconepeHoc

JLALWLWKNHA3U

Kakon oH ObiBaeT BoOOGLLE

Macconepenoc (HEKOTOpPbIE €r0 TPHMEpPDI
MPOUJIIOCTPUPOBAHBl HA TPUBEIAECHHDBIX B
cTarbe PHCYHKAX) — 9TO He TOJIBKO Che3kKa-
HIIE TeJla ¢ HAKJIOHHON MJIOCKOCTH W KauaHue
MasTHUKA, HE TOJbKO I10JIET 3eMJIM BOKPYT
Counnia u Couttiia BOKpyT HenTpa [anakriku
U JlKe He TOJBKO JJIEKTPUYECKUIl TOK B
AJIEKTPOJINTE ¥ dJeKTporuTe. Beab un cser
orkyoHsiercss COJIHIIEM, W 3JIEKTPOMArHHUT-
HOE U3JIyUYeHUe JaBUT Ha KPBLILIIIKK B IIPU-
6ope JlebemeBa M Ha <«COTHEUHBIH Hapycs.
Bce aTH BHBI MaccoIepeHoOca OCYIIECTBIIS-
I0TCST OT/IEIbHBIMU MAaKPOCKOIINYECKIMU Te-
JlaMH, 9JIEMEHTApPHbIMHN YaCTUIlaMW, KBaHTa-
mu. Ero aHasmaupyior, IpHUMEHSS 3aKOHbI
MEXaHUKH U TTOJIb3YSICh /1T KBAHTOB TOHSITH-
em nmmyJabca ¢orona. Ecan xxe macconepe-
HOC OCYTIECTBJISIETCS] HETPEPBIBHON CPEIOi,
rasoM MJIHM JKHJKOCTBIO, €r0 aHAJIH3HPYIOT,
UCIIOJIb3YS APYTON SI3bIK — MOHSTHUS JlaBJIe-
HUSI, IUIOTHOCTH, BSI3KOCTH, KOHBCKIIMH U

T./., a TAKKE YpaBHCHUA ra30- U THAPOANHA~
MUKH. PaBYMeeTCH, B ra3e m JKXUAKOCTH €CTb

OT/leJIbHBIE YACTUUKI, HO [Ia)Ke Te U3 BaC, KTO
3HAET, YTO BO3JAYX COCTOMT H3 MOJEKY.L,
TOBOPST O TEMIEpaType, CKOPOCTH BETPA,
JlaBJICHHUH 1 BJIaXKHOCTH. BooOiie ke, mepe-
XOJI OT OIIMCAHHS YACTHIL K OLIMCAHIIO aHCAMG-
Jish — BOTIPOC HETPOCTON M MHTEPECHBIII.
Tak BOT, [JIs1 MaCCOIEPEHOCA B XKIJKOCTH
¥ Tase U3 [apaMeTPOB BEIIECTBA [E€PBOCTE-
IIEHHOE 3HAYEHHE MMEET BS3KOCTb — UMEHHO
OHa OIIPee/IsIeT, KAKHe HY)KHBI CUJIBL, T.€.
nepenajibl AaBJIeHuil, 4To6bl BBI3BATD Te UK
MHBIE JIBIDKEHUS Taza MM sKuAKocTH. TyT
CHTYalusl IIPOCTA: CPE/U Ta30B CaMblil Bsi3-
kuii (11pyu arMocepHOM JlaBIeHUH 1 TeMIle-
parype 20 °C) aro Heon Ne, ero Bs3KOCTb
pasua 3,1-107 kr/(mM-c), BA3KOCTD XMi-
KOCTU CBEPXY HUYEM He OPAHHYEHA — CTEK-
J0 B OKHe TOXKe Bejb skuaKocTb. Camast
MaJjiasi BSIBKOCTb CPE Ta30B — y BOAOPOAA
H, (0,88-107 xr/(m-c)), cpen HopMasb-
HBIX JKHJKOCTEHl — y AMATUIOBOrO adupa
(CoH,), 0 (0,22-107 kr/(m-¢)) u nenta-

na CsHy, (0,23-107 kr/(m-¢)), a cpean
«KHUIKOCTEN BooOIIE» — Y
CBEPXTEKYYEro reJius ‘H.

[Ipu wucmapeHwu IJI0T-
HOCTb YMEHBIIIAeTCs Ha TPU
MOPSI/IKA, 3HAYHT, BENECTBO
JIOJIKHO CUJTBHO PACITUPUTD-
CsI, 3HAUUT — MEPEMECTUTD-
cs1. Harpumep, Ky6udeckmii
CaHTUMETP BO/IbI, NCIIaAPUB-
nch Tpu  aTMocdepHOM
JaBJICHUH, 3aliMeT II0YTH
KyOUYecKuii Je1MeTp — 910
au He mepemerienue. Ilo-
3TOMY TMPHYUCJIUM HUCIape-
HHUE K MpoIleccaM Maccorre-
peHoca u CIIPOCHM, y KaKUX
BEINECTB HAaUMeHbITIast U Hau-
6oJIbITIasi CKOPOCTHU MCTIape-
mug. Tak Bor, HanboJbIasg
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— y reaus He, tounee y ero
n3orona “He, a y n3orona
*He omna menbine. OH Ku-
AT TPU aTMOCHEPHOM JIaB-
JIEHUU TIpU TeMIleparype
3,2 K u 4,2 K coorser-
crBeHHo. Mm MOXKHO cKa-
3aTbh TaK — CJION TOJII[MHON
B oaun aroM (MOHOC/IOiT)
‘He UCTIAPSIETCS 32 CEKYH-
ay ipu 0,4 K, a Mmonocoi
SHe — mpu 0,2 K.
MenieHHee BCEro U3 dJie-
MEHTOB UCTIAPSAIOTCS TAaHTAJ
Ta, Bosbdpam W u penwmii
Re, onu xumar mpum Teme-
patype mpuMepHo 5460 °C
5560 °C u 5600 °C , a mo-
HOCJIOH 3a CEKYH/Iy UCTIApsSIeTcsd ¢ HUX, COOT-
BercTBenno, npu 2600 °C, 2700°C wu
2750 °C . OaHako HET Ju CPeJu TYrOIJIaB-
Kux coegnnennii (YmoMsaHyThIX Bblle KapOu-
JIOB) JIOCTOIHBIX MM KOHKypeHToB? Ilojo-
3peHre 3aKOHHOE: B OOIIEM, YeM BBIIIE TEM-
neparypa IJIABJEHUS, TeM MEHbIIEe TIPH OfI-
HOIT ¥ TOTI JKe TeMIiepaType CKOpOCTb HCIape-
HUsI. DTO MPABUJIO He COOJIOIAETCS JKECTKO!
HampuMep, ogoBo Sn n ramanii Ga umeroT
MEHBIITYTO, UM «TI0JI0KEHO» , CKOPOCTD UCTTa-
penus, a K Zn 1 Kaamuit Cd — 66J1b1yio0,
HO TPOBepUTHh He MemaeT. K coxanenuio,
JIaHHbIe B 3TOi 06J1acTH TeMIiepatyp BoobIie
He CJIMIIKOM HaAeKHbI, HO ckopee Bcero HfC
u TaC kunar npu 5400 °C u 5500 °C | T.e.
MOYTH HE YCTYIAIOT CBOMM METaJJINYeCKUM
KoHKypeHTaM. [IpaBya, nocyieHme MOTYT UM
OPOCHUTD YIIPEK — MbI-/le ucrapsieMcsi 106po-
COBECTHO, & BBI ITPU 9TOM Pa3JlaraeTech.

Ewe 1 noHHass bombapanpoBKa

[l1s1 MaccomepeHoca, IpH KOTOPOM Belrje-
CTBO OT[IEJISIETCS OT TBEP/IOTO WU SKUIKOTO
MaTepuasa, JOJIKHBI Pa3pbiBaTbCd MesKa-
TOMHbBIE CBSI3M. 3HAYMT, JIJI ATOTO Yy aTOMOB
JoJKHA ObITh dHeprusi. EcTecTBeHHO, OHA Y
HUX €CTb, [IPUYEM CPE/HSSA SHEPrusl pacrer
JINHEHHO ¢ yBeJMyeHueM temiiepatypsol. [Ipn
HTOM PaCTeT U 10151 aTOMOB (MJI MOJIEKY ),
KOTOpble UMEIOT SHEePrulo, JOCTaTOYHYIO /I
paspbiBa cBf3sell, T.e. auaa ucnapenus. Ho

COOOIINTD SHEPTUIO aTOMaM MOKHO u 06e3
HarpeBa — HanpuMmep, o6pYIINB Ha TOBEPX-
HOCTb [TOTOK YaCTHUI[: ATOMOB, HOHOB, 3JIeMEH-
TapHbIX YacTuil. M 910 BecbMa BasKHAasi PO-
6JsieMa ISl COBPEMEHHON TeXHHKH, ITOTOMY
YTO BO MHOTHX YCTPOHCTBAX IOBEPXHOCTH
paboTaiOT UMEHHO B TAKUX YCJOBUIX U IIPU
9TOM He JOJKHBI paspymiarbesi. CoorBer-
CTBYIOII[IIE CUTYaluu OBIBAIOT TPEX THUIIOB.

[TepBasi cutyanusi XapakTepHa JIJis JIEKT-
POHHBIX BaKyyMHBIX HPUOOPOB, HAIpUMep
Jrami Geryiieii BoJHbl (CIIyTHUKOBAsI CBSI3b),
KJIUCTPOHOB (TeseBujieHue, PajloI0KaLKs)
u MarueTpoHoB (paanosnokanust, CBU-neun).
B atux cayuasx pa6orocroco6HOCTb pubo-
pa cBsizaHa ¢ paboTOil BBIXO/IA KATO/Ia, CO3/Ia-
IOIETO TIOTOK 3JEKTPOHOB B mpubope. A
paboTa BBIXO/JA CHUJIBHO 3aBUCHT OT COCTABA
MOBEPXHOCTH KAaTO/a, MPUYEM BIUSHUE HA
YPOBHE JIECSTBIX [OJEH MOHOCJOSI BBIBOJUT
karon u mpubop u3 crpos. C Marepuasom
KaTo/Ia 3/1eCh C/IEJIATh MOYTH HUKOT/Ia HUYEro
HEJIb3sT — MOSKHO JIUIIb MOIBITATHCS CIETATD
MeHee BPEIHBIM IMOTOK HOHOB. [ljist aTOTO
Ha/10 GO YMEHDIITUTD KOHI[EHTPAIMIO TA30B
B npubope (0coGeHHO TazoB ¢ GOJBIINME
aTOMHBIME MacCaMM, OHM BpeaHee), au60
YMEHBIINTD 9HEPTUI0 GOMOAPAUPYIONTIX Ka-
TOJI NOHOB, JIOO TIOTIBITATHCS OTBECTH ITOTOK
HOHOB OT KaTo/a.

Bropas curyanus — Korja MbI MOXKeEM
BBIOMPATD MATEPUAT U CTPYKTYPY YACTH TIPH-
6opa, paspyliaeMoil MOHAMHU WJH WHBIMU
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YaCTUIIAMU, TIPIYEM HaM Ba’KHO TOJbKO, UTO-
6bl MaTepuaJ He paspymajcs. [laTh 3mech
Kakue-gn6o o01Ie PEKOMEeHIAIUN TPY/IHO —
VK O4YeHb PAa3HOOOPA3HbBI yCJIOBUS PAGOTHI.
OpHEHTUPOBOYHO MOKHO CUYUTATb, YTO K
PaspylIeHUIo TOTOKaMU HOHOB 6oJiee yCTOM-
yuBbl caenytoiue agementol: C, B, Be, Al,
Ti, V, Zr, Nb, Ta, Mo, W, Fe, a takxe ux
CILJIaBbl U COE/IMHEHUS.

TpeTbst cuTyarust — Korjia Mbl MOKEM BbI-
6UpaTh MaTepuas U CTPYKTYPY YacT pu6o-
pa, pa3pyniaeMoil MOHaMU WJIM WHBIMHU Yac-
TUI[AMY, TIPUYEM HAM BayKHO, U 4TOOBI MaTe-
puaJ He pas3pymrajcs, U Kakue UMEHHO MPo-
JIyKTDBI €r0 pa3pyuieHus Momna[aioT B Ipubop.
Jro cutyanusa Tokamaka — peakTopa [Jis
MOJIyYEHHUS] YIIPABJSIEMOrO TEPMOSIEPHOTO
CHHTe3a, MpUYeM TaM 3Ta MmpobieMa CTOJb
BayKHA, YTO OHA TIOJTYYUJIA UMSI COOCTBEHHOE:
«Ilpo6aema mepBoit crenkus». [leso B ToM,
YTO JIJIs1 €r0 paboThI OUEHb BPEIHBI TPUMECH
TSYKEJIBIX MOHOB B IJIagMe. JTO HeMe/[JIEHHO
COKpAIIAeT CMHUCOK TIOJXO/IAINX 3JEMEHTOB
no C, B, Be, Al, Ti, V, ux cmjuasoB u
coequuenuii. [Tocie MHOXKECTBa nccenoBa-
HUM 7151 cTposinierocst B0 MpaHinm 1o Mesk-
nynapoanomy mpoekty Tokamaka BbIOpan
6epuyLii. JTa MCTOPUSI HACTOJIBKO BasKHA U
MHTEpecHa, 4YTO O Hel CTOUT PpaccKasaTb
HEMHOTO TIOZpOGHee.

Tpe6oBanus, npeabsaBJIeHHbIE K MaTepHa-
sy 1nepBoil crenkn Tokamaka, OTKPBLIM HO-
BYIO CTPAHUILY B MaTepHaIOBeJeHUN. 3alucu
Ha 3TOW cTpaHuIie Juib HadaThl. [ToaTomy
TTOKa OTPAHUYNMCS TIepevYHeM OCHOBHBIX TTPO-
11€CCOB, TTPOUCXOAIINX TIPU TaKUX BO3/IEH-
CTBUSIX. Bo-TIepBBIX, pachblieHrue MOTOKaMu
1oHOB. Bo-BTOPDLIX, pacmbiieHue TOA J€H-
CTBHEM MTOTOKOB HEUTPOHOB. B-TpeTbux, npu
HENTPOHHOI 6OMOAPAMPOBKE U3 TTOBEPXHOC-
TH CTEHKH BBIJIETAIOT «KYCKHU» IIPUMEPHO 110
10 MmxM® — Tak HasbIBaeMble <«4aHTH». B-
YeTBEPTHIX, BKOJOYEHHDIE B MATEPUAJ ATOMbI
TeJIs U BOJIOPO/Ia COOUPAIOTCS B TIy3bIPH, U
B pe3yJibTaTe MaTepuas «paclyXaeT» — Ta-
KO TIpOoIecc Ha3bIBAeTCs «CBEJJIMHTY . Ecim
my3bIpb 06pasyeTcst 6IM3KO K TTOBEPXHOCTH,
OHa BCIIyUMBAeTCs — TAaKOM MPOIecc Ha3bIBa-
eTcs «OMUCTEepUHT» . B-TIATBIX, Tesylenne
TOBEPXHOCTH — BEPXHSS KOPKA Ha 3TOM
Iy3bIpe OTBAJNBAETCS, 3TOT IIPOIECC HA3DI-
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BaeTcsa «(praexkmnrs. llomydaromasics B pe-
3yJbrate OJMCTEpPUHTa MOpHCTast, TyGJyaras
HOBEPXHOCTb TOPMO3UT (DJIEKUHT, U IOCJE
paspylIeHns: MaTepuasa Ha HeKOTOPYIO IJry-
6uny mpottecc 3amessiercs. Ilpennoxeno n
TeJICHANPABJICHHOC TIPUMEHEHHE 3TOTO Ah-
(pexra — ncrosb3oBanne MOBEPXHOCTH C TY6-
4aroil, urosibyaToii (1eTka) 1 cOToBOM CTPYK-
Typoii. B mociennem caydae samesisercs n
pacTbLIeHNe, TaK KaK 9acTh MaTepuaJsa mepe-
MBIJISIETCS CO CTEHKN Ha CTEHKY, He BBLIETAst
B 06beM. UV, HaKOHeI[, B-TIECTBIX, pajnalii-
OHHAs cerperanns — mof feiicTBreM o6ryde-
HIST HOHAMU MEHSIeTCST COCTaB CILIABOB, T. €.
oOayyenue Bbi3biBaeT juddysuo. Hu mpo
O/IMIH U3 3TUX [POIECCOB HEJIb3s CKA3aTh, 4TO
OH JIOCTATOYHO M3Y4€H U ITOHAT. PaccMoTpnM
Han6oJjIee U3YUYCHHDIN N3 HUX — MOHHOE pac-
IbLJICHIE.

Koaddurnment pacrbuienns, T.e. OTHOIIE-
HIE KOJMYECTBA PACIbLJICHHBIX aTOMOB K
YICJy TOMAaBIINX Ha ITOBEPXHOCTb MOHOB,
YBEJINUINBAETCS C YBEJNUEHIEM MacChl HOHA 1
C yMeHbIIIeHneM sHepruu ucnapenus (sHep-
ruu, HeOOXOAMMOIl JUISl MCTIAPEHHsT aTOMA)
MaTepuasa mumeHn. C yBeJmueHNEM 3HEp-
MU Na/IAI0NINX NOHOB JI0 BEJMYHMH MOPS/IKA
10 kaB roadduinenT pacnbplieHns cHavYaIa
pacrer, notoM HaynHaeT yObiBaThb. OJ[HAKO
CTPOTO#l TEOPHM KAaTOJHOTO pPAaCIbLICHUS,
KOTOpas MorJa Obl HaJIe)KHO IPE/ICKA3aTh
9KCIIEPUMEHTAJbHbIE JJAHHBIC /10 WX HOJTyue-
HUA, HeT. Brpouem, /171 Gpu3nKn NOBEPXHO-
CTH 3Ta CHUTYyAITHs HE HOBA.

MHoTOYHCIeHHBIE CYTIECTBYIONINE TCOPUHT
KaTOJHOTO PACIBLICHUS MOXXHO Pa3OUTh Ha
JiBe TPYHIBL: TEIJIOBble M MeXaHUYecKue.
TenoBbie OO6DBACHSAIOT pacIiblieHUe Harpe-
BOM IIOBEPXHOCTH B MeCTe yjiapa MOHa
UCIIapEHHEM; MEXaHM4YeCKue — CTOJKHOBE-
HIEM MOHA C aTOMaMH MHIICHU, B PE3YJib-
TaTe KOTOPOro atoMbl MutieHn (coypapssich
U JPYT C JAPYTOM) TOJyYalOT UMITYJIbC, Ha-
IPaBJIEHHDIH K TIOBEPXHOCTH MUIIEHH, 1 BbI-
JeTaloT B BakyyM. MexaHWYecKHe TEOpHn
OTJIYAIOTCST O/THA OT JIPYTOH TUIOTEe3aMH O
KOHKDETHOM MeXaHHU3Me B3anMoJeiicTBUs
MOHA C aTOMaMH M JIAI0T PasHble Pe3yJbTa-
TBI, COTJIACYIOIIUECS C TEMH WJH WHBIMU
AKCIIEPUMEHTAJIbHBIMU JlaHHbIMU. [loHsTHO,
noyeMy mpu GOJBLIMX DHEPTUSAX KOIPDU-
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IMEHT PACIIbIJIEHNS HEBEJINK: 0NNl MOH
CJWIIKOM TTy6oKO 3abupaercsl B TJIyOb Ma-
Tepuasa 1 BbIOUTBIC UM CO CBOUX MECT aTo-
MBI He jio6upatorcest 7o nosepxHocti. Ilo-
HATHO, TToYeMy KOI(D(MUIHEHT PaCIIBLIEHNS
MaJ TIpH Majpix 9Heprusx. Ho rtopasmo
6oJIbITee KOTHIECTBO (DAKTOB HETOHSTHO HJIH
HOHSITHO HE COBCEM.

Hanpumep, npu noHHOI 60MGapAHpOBKe
Ha IIOBEPXHOCTH MOXKET IOSIBUTBCS peibed,
[IpUYEeM JIOBOJIBHO CJIOKHBIH. A BO3MOKHA
M TOJIMPOBKA, CIJIAXKMBAHUE ITOBEPXHOCTH
npu 60MOAPANPOBKE MOHAMU MAJIBIX JHEP-
ruif. ITO CBS3aHO, BUAMMO, C TEM, YTO aTO-
MbI, HaxOJAIMecs Ha BBICTYNAX, HMEIOT
MEHbBIIYIO 9HEPruio ¢Bsi3n (MX HYXKHO OTO-
pBaTh OT MEHBIIEr0 KOJMYECTBA aTOMOB) U
MOITOMY MOXKHO TaK BbIOpPATb IHEPTHIO
MOHOB, YTO TU ATOMBI OY/yT PACIbBLISTHCS
CHJIBHO, a ocTasbHble — caabo. IIpu Bbico-
KOil IIJIOTHOCTH IIOTOKA MOHOB, GoMmbapinu-
PYIOIINX 3JIEKTPOJ, KOHIIEHTPALISI BHEPEH-
HBIX B HErO arTOMOB M BO3HUKIINX B HEM
JeeKToB penieTky JOCTUraeT TaKuX 3Haue-
HUI, 4TO KPHUCTAJJIMYECKAs PEIIeTKa MOJ-
HOCTBIO Pa3pyllaeTcs U Marepuas Iepexo-
mut B amopduoe cocrosinne. Ilpu artom
ncye3aeT YETKO BBIPAKEHHAs TeMIeparypa
[JIABJIEHUSI, U 9Ta HEINOHITHAs CMeCh
MeTa/Ia M ra3a HAYMHAET IOJ3TH, OILIbI-
Barb (Kak cBeya) 10Ji J€HCTBUEM CUJIBI Tsi-
JKECTH.

Ho T0, 4TO IPOMCXOANT IPU KATOLHOM
pacCIblJIEHU MHOTOKOMITOHEHTHDBIX COE/IIHE-
HUI, YCTPOEHO elile cyoykHee. MOKHO erie
JI0Ta/IaThCs, I0YEMY ITPUMECH OJIHOTO MeTaJl-
JIA K JIPyrOMY HHOT/1a BbI3bIBaeT 06pa3oBaHiie
pesibedba IIPU PACHbLIEHUN: €200 PACIIbLIS-
I0TIASICST TPUMECD, €CJIH €€ ATOMBI COCPEI0TO-
YeHbI HA KAKUX-TO yYaCTKaX, 3AlUIAeT OT
PACHbLIEHUST HAXOJSNIMICS TT0/] Hell MaTepu-
as1. Ho nouemy 1o6aBKa HECKOJIDKUX TIPOIIEH-
TOB BUCMYTa K Me[H yBesnuusaer koaddu-
I[EHT PACIIbIJICHNSI HALIOJIOBUHY HJIH [10YEMY
J00aBJIeHIEe HECKOJIbKUX TIPOIIEHTOB aJIIOMU-
HUSI K 30JI0TY CHUKAET PACIIBIIEHHE B JIECSTD
pas — HeusBecTHO. [l paciblieHUs CIIJIaBOB
CYIIECTBYET HECKOJIbKO TEOPHil, MHOT/AA TO
0/IHa, TO JIpyrasi CocoGHA MTPABUJIBHO MTPE/I-
CKa3aTb pe3yJbTaTbl OTAEJIbHBIX JKCIEPH-
MEHTOB.

MacconepeHoc nNpu NnpoTekaHUM Toka

Camoe 04eBIHOE — 3TO MACCOTIEPEHOC MTPH
anekTpoJnse paciaasa. O teM 6oJblie, YeM
60JIbITIe Macca MOHOB W MEHDBIIEe WX 3apsijl, U
TeM MEHBIe, YeM WOHBI JieT4de, a 3apsl
6osbitie. B 1miepBoM ciiyuae Haille BHUMaHUE
npuBJekaet Csl, oH MIaBUTCS TPUMEPHO MTPU
630 °C, Bo Bropom — BN, oH miaButcs mnpu
3000 °C . IIpu atux Temmneparypax OHU YiKe
MPUJINYHO MIPOBOJIST TOK, HO BOOGINE-TO [T
MaccolepeHoca Ipyu MOHHOM TTPOBOANMOCTI
paciuiaB He o6s3aresien. B TBepmoii dase
MaccoIepeHoC MPONCXOJUTh TOXKe GyneT —
yucay Dapajies 6e3pa3iInvyHo, 0 KAaKOM CO-
CTOSTHUM W[ET peub. A ecJy TOBOPUTH HE O
pacriaBax, a 0 pacTBOpax, TO MaccorepeHoc
OyJZieT TOJBKO GOJIBbINE 32 CYET COJbBATAIINN
(31EKTPOCTATIYIECKOTO B3aMMOIEHCTBIS MEXK-
JIy YacTUIaMU PACTBOPEHHOTO BEIECTBA U
pPacTBOPUTENSA) — KK/l MOH GYeT BOJIO-
4UTD 32 C060# 060TIOUKY U3 MOJIEKYJI PACTBO-
purens. IIpasaa, y BN mioxo ¢ pactBopumMo-
CTBIO, TaK 4TO Tpuzercs orpannuntbess LiF.

Tenepb MoCMOTPUM Ha 9JIEKTPOHHbIE MTPO-
BogHWKN. [Ipm caMmoM o6BIMHOM TOKe B TIPO-
BOJIe TIEPEHOCHUTCS He TOJIbKO 3apsj, HO U
Macca, XOTsI OTHOIIIEHIe MAaCcChl K 3apsI/Iy — 3TO
OTHOITIEHNE MACChI JIEKTPOHA K €ro 3apsiay,
T.e. mpumepHo 5,7-107'? kr/Kx . PosHo TO
JKe TMPOMCXO/UT MIPU MPOTEKAHUN HJTEKTPOH-
HOTO TOKa B BakyyMme, a TIPU TPOTEKAHUU
MOHHOTO TOKAa B BaKyyMe IEPEHOC MacChl
Oy IEeT TOTO JKe MOPSIIKA, YTO U B AJIEKTPOJIUTE.

Cioxkiee cutyanust B IJIa3Me, TJe TEKYT
OJTHOBPEMEHHO U AJIEKTPOHHBINA TOK, U MOH-
upiii. Ecom powabl cBo6ogHOTO TIpo6era u
SHEPTUU MOHOB U HJIEKTPOHOB IPIMEPHO PaB-
Hbl, TO (ONPOOYIiTe TOKA3aTh HTO PACYETOM )
Jn06aBKa K TeNJIOBOM CKOPOCTH, KOTOPYIO
MpHOGPETAIOT YACTUI[BI IO/ A€HCTBHEM 3JIEK-
TPUUYECKOTO T0JIsT, 0OPATHO MPOMOPIINOHAb-
Ha KOPHIO W3 MAacChl, a <«IIOTOK MacChbl»,
COOTBETCTBEHHO, TIPOCTO TPOMOPIINOHATEH
KOpHIO U3 Macchl. TOK B TaKOH IJ1a3Me — 3T
IIPENMYIIEeCTBEHHO TOK 3JIEKTPOHHDIN, HO
Maccy TepeHocsIT B OCHOBHOM MOHBI. B He-
PaBHOBECHOI1 [JIa3Me, KOT/[a DHEPTUST JIEKT-
POHOB MOXKET ITPEBOCXO/IUTH IHEPTHIO HOHOB,
HaATpUMep Ha JBa TIOPSIAKA, TETIJIOBBIE CKOPO-
CTH 3JIEKTPOHOB OKa3bIBAIOTCS GOJIBIIE, Bpe-
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M MEXAY COYAape€HUAMUN U BJAUAHUE Ha UX
CKOPOCTDb BHEITHETO MOJISI, COOTBETCTBEHHO,
MeHbIIIe, TPEBOCXO/ICTBO AJIEKTPOHHOTO TOKA
Ha/Jl MOHHbBIM YMEHDbIIACTCA, U UX DPOJb B
HepeHOCce MacChl MOKET OBbITh M CPABHUMOII.

Ho B 06bIYHBIX MeTasIaX TOXKE eCTh CBOM
XUTPOCTH. DJIEKTPOHBI, PA30THAHHbIC MOJIEM,
TOPMO3ATCSA HOHAMU U OT/IAI0T UM He TOJIbKO
9HEPTHIO, HArpeBas IIPOBOJHUK, HO TaKkXKe U
JaCTb NMITyJIbCa. JTO IIpUBOAUT K ABJICHUIO,
Ha3bIBAEMOMY 3JIEKTPOTIEPEHOCOM. DPPeKT
pacTeT ¢ yBeJMYEHNHEM IJIOTHOCTH TOKa, a
GOJBITYIO TJIOTHOCTb TOKA YEJOBEK MCIIOJb-
3yeT B MEKPOCXeMaxX — TOKU TaM HeOOJIbIITHe,
HO IPOBOJHUKHU C KayKJbIM I'OJIOM J1€J1aI0TCA
BCE TOHbIIE. DJIEKTPOIIEPEHOC IIPUBONT K
BO3HUKHOBEHHIO /1e(DEKTOB B IPOBOSAIINX
JIOPO’KKAX M MOJKET BBI3BATDH BBIXOJ| MHKPO-
CXEMBI U3 CTPOsi. B IIPOMBINITIEHHOCTH 3JIeK-
TPOTIEPEHOC TPUMEHSCTCS JIIST OUUCTKY SKU/I-
KIX METaJIJIOB OT IIPUMECEHi: TOCKOJIbKY HOHbBI
OCHOBHOTO MeTaJjljla N MpHUMecH B3amMo/ieii-
CTBYIOT C 3JIEKTPOHAMH TT0-PA3HOMY, TO OHbI
npuMecn GyayT MepeMenarhes, HO K aHOAY
Wjin KaTtoAay — 3aBUCUT OT MHOTUX IPUYWH.
Kpome toro, addext moxkeT mpuMeHATbCS
JUIST pasjielleHus M30TOMOB — MOHBI 6oJjee
JIETKOTO M30TOIIA CUJIbHEE YBJICKAIOTCS 3JICK-
TPOHAMH 1 [I0STOMY IIePEMEIaloTCs K aHO/LY .

Andody3ua n He TONbKO

Uro Takoe aucdysnst, MbI Bpojie ObI 3HaeM
u3 y4eOHHKa, HO 3HaeM 1oxo. [uddysuio
YacTo IyTaloT C JPYTUME MeXaHu3MaMu Ie-
peMeliienus BelectBa. V3 KHUTH B KHUTY
MIOBTOPSIETCS O/IHA ¥ Ta JKe OIIMOKA — 06bsiC-
Henue auddysueit pacnpocTpaHeHus 3amnaxa
JIyX0B B KOMHaTe. MeK Iy TeM, XapaKTepHast
qmaa quddysun B raze 3a 10 cexymHm —
OKOJIO 3 MUJIUMETPOB. V3 KHUTH B KHUTY
TIPUBOAATCS TPUMepbl N Py3nn B SKUIKO-
CTSIX, HO HE TOBOPHUTCS, UTO W KOHBEKINS, 1
BBI3BAHHBIE [PYTUMU IPUYUHAMU JABUSKEHIIS
rasa ¥ KIJIKOCTU 3aIIPOCTO MACKUPYIOT -
(ysuro. B sxmakoctn xapakTepHOe paccTosi-
nue mudpdysun 3a 20 munyt — okoso 1
MUJLIUMETPA. A TYT CTAKaH CTAHOBUTCS CH-
HUM 32 MUHYTY.

C mudpdysueii B TBepbIX TeaaX TOXKe He
Bce xoporro. Hampumep, 06bI9HO TTPUBOINT-
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cs1 IpHUMep ¢ IPIXKATHEM /IByX OPYCKOB — 13
csunna Pb u 3os0ra Au. Bo3moxkho, 4to no
TPAJUINHU, TIOCKOJbKY UMEHHO Ha TOH Tape
MeTa/1oB Gblaa Buepsble (B 1896 rojiy)
obnapyskena auddysus. OaH0 U3 He0OXOIH-
MBIX YCJIOBHH — BBICOKHIH KOahdutmenT aud-
dysun, u B JAHHOM CJy4Yae 3TO YCJOBUE
BBITIOJTHEHO, HO €CThb eIlle OJHO YCJIOBHE.
Kaxkoe? IlogymalitTe, a moka BepHeMCS K
raszaM M SKHJIKOCTSIM.

[uddysuio xapaxrepusyior kKoapbuiu-
eatoM nuddysun. CHavama AauM TOUYHOE
orpeiesielne, a MOTOM OOBSICHUM <HA HaJb-
Iax», 4To 310 3HAaunT. Koaddurment aud-
¢ysun D cBA3bIBaeT MOTOK BemectBa N u
IPAJMeHT KOHIIEHTPAIUU, T.e. BEJUYUHY,
MOKA3bIBAIONIYI0, KaK ¢ KOOPAWHATOH X Me-
HieTcsd KoHIeHTpamus C, a WMEHHO:

AC
N = DE' [TocMoTpuM Ha pPa3MepPHOCTH:

[N] = KF/(M2 Et), [C] = xr/m®, [x] =
cJieJloBaTeJabHO, [D] = M2/C. Jl1st TasoB KO-
appurment muddysun TeMm 607bIIe, TeM
gerde u Menpme atom (mam MoJieky.a),
MOTOMY Ha OJIHOM KOHIIE HMIKAJbl PACIIOJA-
raoorcs He (D =1,600" m?/c) u H,
(1,300 M?/c), a wa mpyrom — mampu-
mep, Xe (0,048007 M?/c) u UF;

(0,016 107" m%/c ). Drir BemmumHbI Xapak-
TEpU3YIOT II0TOK aTOMOB OJJHOPO/IHOTO Ta3a;
Ka3asaoch ObI, O KaKOM TPa/INCHTE 371eCh MO-
JKeT UATH pedb — Tas oxHopozaeH, AC = 0,
KaknM HU BeIOMpaii Ar . Ho Bexb aTOMBI-TO
IIPOJIOJIKAIOT ABUTATbCS, IIPOCTO Mbl 3TOT'O HE
3aMevaeM, II0CKOJIbKY OHU OAMHAKOBbL. Bot
€CJIM C/leJIaTh UX Pa3HbIMU, UCIIOJIb3Ys U30-
TOIIBI, TO MBI CMOKEM OIEHUTD, Kak AudyH-
JIIPYET BEIIECTBO €aMo B ce6e; COOTBETCTBRY-
1omtee D Ha3biBaeTcst KO UITMEHTOM caMo-
muddysun. Ecan ke y Hac MMeeTcsl cMech
JIBYX Ta30B, TO MbI MOXKEM U3MePSTb KOHI[CH-
TPAlLlUU Ta30B 10 OT/EJbHOCTH, U OKAXKETCH,
yro D 3aBucut ot o6oux rasos. Hanpumep,

B cmecu Kr + H, on pasen 0,6 o™ M2/C,

a B emecu Kr + Xe — 0,08107" M2/C.

WHTYUTUBHO TIOHATHO, YTO KO3 OUIIMEHT
muddy3un B KUAKOCTIX MOKET ObITb OYeHb
MaJl — T.€. TaK XXe MaJi, KaK B TBeP/IbIX TeJax,
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MIOTOMY 4TO aMOP(MHOE TBEP/I0€ TEJIO U KUJI-
KOCTb 3TO IIOYTH OJIHO U TO Ke. Hampumep,
koapdurment 1uddy3un BoAbI B TINIEPHHE
pasen 0,008 (107 MZ/C . Ho moxer o 6bITh
U OTHOCHUTEJBHO BEJUK — Harpumep, Koad-
ymment muddysnun noma B YKCyCHOH Kuc-
sore paBen 3,6 10~ m?/c.

Temepp — obemannoe «[) Ha TaTbIAX>.
Cpe/1tiee paccrositiie, KOTOPOE POXOIUT -
dbynaupytomas vactuna 3a BpeMs t, WU
XapakTepHoe paccTosinue audysuu, paBHO
JDt . [ToaTomy MBI Bceria MOKeM Tiepecyi-
taTb D B paccrosiHue, KoTopoe Gy 1eT oXBaye-
HO TIpolieccoM 3a Bpems t. Hampumep, amst
razop npu D ot 0,016107" Mzﬁl o
1,6 107" M2/C u BpeMeHnn mnpotecca £ = 10 ¢
paccrosinne coctaBUT 4—40 MM, a JI715T SKUIKO-
creit mpu D ot 0,008107° MZ/C pife)
3,6 107 M /c W BpeMeHH Tiporiecca t =
=100 ¢ paccrosiuue cocrasut 0,03—0,6 mm.
Ecym, KoHeuHO, He B30AITHIBATD. ..

)Kn3Hb B TBepaom Tene

[Ipesxe Bcero, BO3MOXKHBI CJOKHOCTH Ha
rpaHuiie: POIIECCHI HAa TPAHUIle 00bEKTA MU
MaTepuaa MOTYT BJIMATb Ha Aud@ysuio.
Hamnpumep, moMHUTE ITUINHAD W3 CBUHIA U
MUJIMHAD U3 30JI0Ta — UX TIPUKUMAJIN [T
TOTO, 4TO6BI GBI XOPOIINil KOHTAKT. MIMeHHO
JUTST YBEJIMUEHNS TIJIONAIN KOHTaKTa 6paJn
MSATKHE METAJJIbI U TPIDKUMATA UX JAPYT K
npyry. [lpasaa, TyT ecTb ete mpo6iema, u He
onna. Ha mosepxuOCTH
CBUHIIA B BO3[yxe 006pasy-
eTcsl CJI0N OKCU/Ia, KOTOPbIN
MOJKET TOPMO3UTD ME€PEXO0/L
ATOMOB U3 OJTHOTO METaJLIa
B ipyroii. Ho u ato He Bce —
st iupdysun aToMy Hao
KaK-TO MePEMEIAThCs BHYT-
DU perneTKy CBOETo N 4y-
JKOTO MeTasla, a Juis Tepe-
Xo/ia B UY3KOH MeTaJlJl aTo-
MY HaJ/I0 OTOPBATbCS OT CBO-
el PEHIETKN 1 BTUCHYTHCA B
qysky10. JI1060it n3 aTux npo-
1[ECCOB — OTPBIB OT CBOWX,
BHEJIpEHNE B 4yXXue, BHe-
Jpenue B okcu, 1uddysus
B OKCH/IE, OTPBIB OT OKCH/IA

— MOJKET OKa3aTbCsl OTPAHNUNBAIONIM (-
dysuto. [IpuueM Bce 3TH MPOIECCHI MO-Pa3-
HOMY 3aBHCST OT TeMIepaTypbl, a COOCTBEH-
Ho qubdysus (10 Hee MbI emie He a06pa-
JIMCh!) ¢ HUMH HE COBETYETCS M 3aBUCHUT OT
TeMIiepaTypbl 110-csoemy. lloatomy mosker
PeKPACHENITIM 06Pa30M 0Ka3aThCs, UTO IIPU
OJIHUX TeMIlepaTypax JOMUHUPYET OJMH I1PO-
1ece, a 1pu Apyrux — Jpyroi.

Temepb o6paTuMcst K cO6CTBEHHO AU QY-
3WN BHYTPH TBeporo Tesa. CyIecTByeT MHOTO
MexaHU3MoB Auddysun. Ecam ato HE MOHO-
KPUCTAJLI NJIH aMOP(HOE BEIIECTBO, TO TBEP-
JI0€ TeJIO COCTOUT M3 OT/AEJbHBIX MATEHbKUX
KPHUCTAJJINKOB, & Y HUX €CThb TPaHu, IPaHu-
1pl. Tak BOT, O 9TUM TpaHAM-TPAHUIAM U
MOKET B TJIy6b MOHOJIUTHOTO, Ka3aJ0Ch Obl,
Marepuasa uati anddysus — cHavaia B0JIb
rpaHeif, a MOTOM M BHYTPb KPUCTAJJINKOB.
[TprrueM Murparys mo rpaHuiaM mpeobaia-
€T [IpU HUBKUX TeMIlepaTypax, IPUMEPHO /10
MOJIOBUHBI TEMIIEpaTypbl IiaBienus (ecre-
CTBEHHO, B KeJIbBUHAX). B aTOM ciryyae roBo-
PHUTb O KOHKPETHBIX 3HAUCHUIX K0a(huirm-
enTa quddysnn mpueTcs ¢ OroBOPKOH — st
MaTepHasa ¢ KPUCTAIaMH TaKOTO-TO pa3Me-
pa. A eme kpome rpaHeil ectb pebpa, u
HEKOTOpble PaGOTbl OTMEYAIOT YCKOPEHHYIO
mubdysnio UMEHHO BIOJIb pebep.

B tBepmoM Tese, maxke ecan He o6palaTh
BHUMAaHUSI HA rpaHu u pebpa, TOXKe ecTb
HECKOJIbKO MEXaHW3MOB AudPysun. AtoMm
MOJKET IIPOCTO IIPOTUCKUBATBC MEXAY [IPY-
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ruMu atoMaMu — G Qy3us 0 «MesK /10y 3/TH-
SM», TIpHUEM 3TH MeXKJO0Y3JHs, <IyCThble
MecTa» BHYTPH KPUCTAJLIA, GbIBAIOT PA3HbIE.
AToM MOXKeT TIPOOHPATHCS TAK)Ke 110 BaKaH-
CHSIM, M YYTUTE, YTO BAKAHCUU TOKe GbIBAIOT
pasmble. A ellle aTOM MOXKeT OOMEHUBATHCS
MecTaMu ¢ cocelisiMu. «Tbl Ha MOe MecTo, a s
— Ha tBoe. OboiijieMcsi 6€3 PUIJITOPOBY, —
TOBOPHT OJIMH aTOM Apyromy. «TbI uto, aHep-
THM MHOTO TIOTpeGyeTcs», — OTBEYaeT TOT.
Pasz muddysnus cBssaHa ¢ pa3pbIBOM CBsI-
3ell B pelieTKe 1 mepeMereHneM aTOMOB, Kak
1 TIPH TJIABJCHUH, TO CJEAYeT OKUAATh, YTO
HanboJiee Me/IJIEHHON oHa Gy/IeT B TyTOTLIaB-
KUX BeIIeCTBaX. IJTO JeUCTBUTENbHO IPH-
MEpHO TaK U €CTh: IPUHSTO CYUTATD, UTO IIPU
temneparype 0,77, xoaddunuent guddy-
aun paser 10714 =107'% Mm% /e (pas6poc eme
JIBa Opsijika), a mo6usoctu ot T, — OKOJIO
1072 M%/c (u pas6poc mensue). Hampu-
mep, upu 2000°C 'y Boabdpama
D =107 M2/C, a y yrjepoja — Ha TpH
nopska Meubline. Eire mepiennee naet qud-
(bysust B CBEPXTYTOIIABKUX COEIUHEHUSIX,
namux crapeix snakombix ZrC u HfC. Ha
JIPYrOM KOHIIE IIKAJbl HAXOIUTCSI, HAIMPH-
Mep, HaTpuii Na, y nero D = 107" MZ/C pu
95 °C — s HaTpHst 9TO OJIM3KO K TJIaBJIe-
nuio. Ho ato Bce camonuddysusd, a muddy-
31 TIPUMeCeii 3aBUCUT OT CBOWCTB IIPUMECH,
HATIpUMep OT pa3Mepa aTroma.
Pexopacmenom mo cropoctu auddysun,
KaK Ka)keTcsl, OJUKeH ObIThb Bogopon H —y
HeTo caMblii MajeHbkuit atom. HambGosee
mycrpo anddyHAnpyeT OoH B Kesese Fe u
namraguun Pd — B6smsu 1000 °C st atux
nap D Gyzer okono 1077 MZ/C u 107% m?/c
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COOTBeTCTBeHHO. Ho OBIBAIOT 1 3arajiouHble
CUTYyalluu — HAIIpUMep, Ha MOPSIKN ObICTpee
JIpyrux MetasnoB quddyuaupyor Meab Cu
n Hukesb Ni B repmanuu Ge u oJioBe Sn.
W3BecTHo MHOTO cUTyanuii aHOMaIbHO GbIC-
Tpoit auddysun, U TPYAHO CKa3aTb, KOTAA
ona GbICTpee BCETo, — CJUIIKOM Pa3Hoo6pas-
Hbl ycaoBusi. Ho BooGie-to yem 6oJbliie B
KPUCTAJLJIE «IIyCTOTO MecTa», TeM ObIcTpee
nofizer auddysusa, u Bot noyemy. «OdeHb
MYCTOE MECTO» — 3TO OTKPHITASI TIOBEPXHOCTD.
A 115 TIepeMeIeHIsT aToMa 10 TIOBePXHOCTI
€My HY’KHO OTPBIBATbCSI OT MEHBIIETO KOJIH-
YecTBa cocesielt, T.e. eMy I0CTaTOYHO UMETh B
HecKoJbKO pa3 (tounee, B 2—3 pasza) MeHb-
nryio suepruio. [loaromy, Hanpumep, MOKHO
oxkugath 6bicTpoil nuddysun B rpacdure —
B/IOJIb IIJIOCKOCTEI, a TAK3KE B KOHCTPYKITUSIX
u3 rpadena, T.e. U3 YrJAEPOJHBIX IJIOCKO-
CTell, 13 MOHOATOMHBIX CJIOEB.

31ech GbLIO GBI JIOTHYHO MTPUBECTH TaHHbBIE
o audysun Mo TOBEepPXHOCTH, W, KaK ee
MHOT/Ia HAa3bIBAIOT, MTOBEPXHOCTHON MUTpa-
nun. VI3BecTHbI HECKOJIBKO €€ MEXaHI3MOB —
HaIpuMep, aTOMBI MOTYT MOJI3aTh TTOOANHOY-
Ke, a MoryT rpynmnamu. Ecimt cop6upoBaHHbIe
ATOMBI CUJIBHO TPUTSATUBAIOTCS MOJTOKKOIM,
TO TIEPBBIII CJI0H «IpUMep3aeTs K MOATOKKE
u niepeMelrerne 6y1eT UATU He 10 MO/JIOXKKE,
a 110 3TOMY €JI010. MOryT 110J13aTh IO [TOBEPX-
HOCTH W JByMepHble 006pPa30BaHUs, HEYTO
BpO/le OYE€Hb MAJEeHbKHUX KPHCTAIOB. Xa-
paktep AU @y3un 3aBUCUT OT TOTO, KTO Ha
KOM cOpOMpPOBaH, CKOJBKO aTOMOB Ha TOJ-
JIOXKKe 7 OT TeMmnepaTtypbl. OHaKO Bce JaH-
HBIE, KACAIOII[IECs TIOBEPXHOCTH, NMEIOT OUeHb
60111101 pazépoc. MOKHO JIHUITh OPUEHTH-
POBOYHO CKa3aTbh, YTO COOTBETCTBYIOIIUII
koapdument auddysun npu remmepary-
pax, GJIM3KHX K ILIABJIEHUIO, OYIeT MOpsIKa
1078 m? /c.

U emte oqun BOmpoc KacaTeabHO BOJOPO-
na. Y Bopopona H camblit MasieHbKUHN aTOM,
HO €ero MoJieKyJa 6GoJibliie atroMa requst He.
W peiicTBUTEIBHO, B IM2JEKTPUKAX JIyYIIle
Bcero nnddyHANPYeT UMEHHO Teanil — Ha-
mpuMep, Yepe3 KBapIl TP KOMHATHOH TeM-
neparype oH AudyHANPYET JUIIb Ha T0-
PSIIOK Me/IJIeHHee, 9eM BOJIOPOJT Uepes3 Ke-
ae30. UTto MoxkeT OBITH 3TOMY HPHUIMHON?
[Toackaska — BOAOPOAY HEZOCTATOYHO Jie-
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TaTh HAJ METAJJIOM, YTOOBI OKa3aThCs -
ynmupytomum B Metasie. [lo mopore on
JIOJDKeH TO6bIBaTh Ha TIOBEPXHOCTH MeTa-
Jla, B 3aJje npuJjera asporopra. Yro mMoxxer
TaM ¢ HUM TTPOU30UTH ?

Koe-uto o ponu andodysum B XXN3HU

Mbr He 06CyKIamu PoJib dJEKTPOIPOBOJI-
HOCTH U TETLJIOTPOBOAHOCTH B JKI3HU — MTOTO-
My, 4TO OHa, XOTb OTYACTH, HO 04eBUiHA. TOK
UJIeT — JIAMIIOYKA CBETUTCS, JUQT e/leT, MO-
HUTOP MOKa3bIBaeT KapTWHKH. Temio pac-
MIPOCTPAHSAETCST — HaM JIEJIAEeTCS XOJIOAHO HIIN
terto. C nuddysueit ges1o0 06CTOUT CI0KHEE
— pacrpocTpaHeHIe 3a1axa IyX0B 1 OKPACKN
JKUKOCTH B CTaKaHe — HEKOPPEKTHbIE MPH-
MepbI, a KOPPEKTHBbIE — He OYEBHMIHBI.

[uddysus urpaer BakHyl0 posb B pas-
JINYHBIX O6JACTIX HAYKH M TEXHUKU, BO
MHOTHX TIPOTIECCAX, TIPOUCXOASIINX B JKIUBOH
1 HeskUBoOI mpupojie. Hanpumep, ona Banser
Ha TPOTEKaHWEe MHOIMX XMMHYECKUX pPeak-
Uil ¥ TIPOIIECCOB, Ha UCMapeHue, KoHJaeHca-
U0, KPUCTAJLIN3AIINIO, pacTBOpeHue, Haby-
XaHue, cyIky, ropenue. Juddysus Biuser
Ha paboTy aTOMHBIX PEAKTOPOB, JJEKTPOH-
HBIX JIAMII W TIOJIyIIPOBOAHUKOBBIX TIPUGO-
poB, Gartapeek U aKKyMyJIsITOpoB. U maxke Ha

paboTy KOHCTPYKIMH — MOJI3Y4YecTb MeTas-
JIOB, U3MEHEHUE Pa3MepoB JleTajiell 1o/ Ha-
rpyskoii ato Toxe quddysusa. Ha quddysun
OCHOBAaHbI MHOTHE TEXHOJIOTHYEeCKue olepa-
M — CIIEKaHKe [TOPOIIKOB, MHOTHE MTPOIIeC-
cbl o6paborku Meraaios (aszorupoBanue u
IIEMEHTAINS CTaJel, TOMOTEHU3AIMs CIlJa-
BOB, CBAapKa, OYMCTKA OT HEKOTOPBIX IIPHMe-
ceit), py6Jienne KOxKU, KpalieHne BOJIOKOH 1
Tkaneit. imenno auddysus Bogopo/ia uepe3
HaJuIa/ini NCIOJIb3YeTCS AJIS MOy YeHUS 0CO-
60 YNCTOTO BOAOPOJIA.

Huddysns razos B MeTaamax u AN3IEKT-
pHKax BaskHA /I pabOTbl BAKYYMHBIX TIPH-
6OpOB, TpUYEM MO JBYM INpuyuHaM. Bo-
NEPBbIX, PACTBOPEHHDIE B MaTepHaJaxX ra3bl
npu pabore npubopa audyHIUPYIOT K 110-
BEPXHOCTH JleTaJsell, ecopOupyIoTcs ¢ Hee,
NOIIa/IAI0T B BAKYYMHBIH 06beM 1 HAYWHAIOT
MJI0X0 ce6sI TaM BECTH: B3anMO/eHCTBOBATD €
MarepuaIaMy JIpyTux jAeTaseii, a mpu 60Jb-
MIOH KOHIEHTPAIMH — TIOTIPOCTY PACCENBATDH
3JIEKTPOHHBIN TOTOK. Bo-BTOpBIX, ANdpdy-
315 ra3oB u3 arMocdepbl, B IEPBYIO 0Yepe/ib
HaTeKaHUe TeIns uepe3 CTeKJO U BOJOPOJa
4yepes3 MeTaJliIbl, BIIOJIHE CHOCOOHA MOBJIHUSTD
Ha paboty npubopa.

[uddysns, Koropas Bo MHOTUX CJIydassx
OIIpe/ie/IsIeT CPOK CJIy KOl MaTepuasa u u3/e-
JIS, YCKOPSETCS TIPU BO3/ICHCTBUY HA Mate-
puas mnorokos uacruil. [losromy mnomsaren
MHTepec K Heil cO CTOPOHbBI pa3pabOTYNKOB
ATOMHBIX W TepPMOs/IepPHBbIX peakTopoB. O6-
JIydeHHe MOTOKAMU YaCTUI[ UCIIOJIb3YIOT KaK
WHCTPYMEHT U XUMUKHU — B 9TOM CJIydae€ TOKE
HeMe/IJIEHHO BO3HHUKAeT BOIPOC O BO3Jeli-
CTBUM 3TOT'O OéJIy‘IeHI/ISI Ha MaTepuaJibl, 13
KOTOPBIX c/ieJiaHo obopynoBanue. Kyma uu
KUHb — Be3/le Wi KJuH, win auddysus
(1puyem nocJieHsAs — varie).

3aKoHOMepPHOCTAM ANMy3NH TTOINHATOT-
Cs1 TIPOIECChI MUTPAIIN 3JIEMEHTOB B HEJIPaxX
mianer u 38e3z (0 3emJie yk He TOBOPHM), a
TaK)Xe BHYTPH BacC, yBaKaeMbIl UMTATEJb.
BryTpu Bac uayT MHOTHE THICSYN TTPOIECCOB
quddysnn, 6e3 HEKOTOPBIX MBI He TPOXKIIN
OBl 1 HECKOJbKMX MUHYT. Kak BbI qymaere,
nouemy?




ny>xoaHna no uenim

A.TNJ1b, A.MTETPYHUH

BeposaTHOCTb U MaTeMaTnyeckoe
oXxunpaHune

[ToakunyB urpaabHblii KyOHK, Mbl MOKEM
BBIOPOCHTD C paBHbIMH Ttancamu 1, 2, 3, 4, 5
wmi 6 oukoB. Hcxod (pesysabrar) Takoro
ucnpiTadust (4UCJI0 OYKOB, BbINaBIEe Ha
BepXHeil TpaHn KyOuKa) SBJISIETCsT TIPOCTHIM
TIPUMEPOM CAYUAUHOU eauuunvl. EcTecTBeH-
HO TIPE/TIOJI0KUTD, YTO MCXO OTHOTO MCITBI-
tanust (IOKU/IbIBaHUS KyOUKa) HE 3aBHCHT
OT UCXO/IOB JIPYTUX TAaKUX K€ MCTIBITAaHUI.

[laBaiiTe 3anucbiBaTh 3HAUEHUS Halllei cuy-
YalHOW BEJUYUHDBI, MHOTO pa3 TOJKU/IbIBAS
KyOWK, ¥ BBIYUCJATD JIOJII0 UCTIBITAHWI, /1aB-
MINX KOHKPETHBI MCXOJ, HAIpUMep S Od-
KoB. IIpu HeOTpaHMYEHHOM yBEJINYEHUN YHIC-
Jla UCIIbITAHUI 9Ta 10JI CTPEMUTCA K YHUCJLY,
KOTOPOE Ha3bIBAETCS 6EPOSMHOCBIO ITOTO
ucxoja. Ilockosbky IIaHCBI KaXkI0ro u3
IIeCTH HWCXO/I0B OAWHAKOBBI, BEPOSITHOCTD

KayK/I0Iro ncxo/la paBHa E — CyMMa aoneﬁ

[IECTH BO3MOJKHBIX HCXOJOB BCET[a PaBHA
1, 1 B npesesie Bce 3TH MIeCTh J0Jel ypas-
HUBAIOTCSI.

[aBaiiTe Temepb He TOJDbBKO 3alUCHIBATDH
PE3YJIbTAT KAJKJOTO HMCIBITAHUS, HO U CYU-
Tathb cpejHee apudMeTHIECKOe BCEX 3alli-
CAHHBIX HAa JIAHHBIII MOMEHT PE3YJIbTATOB.
Ecsm ata mocJsie1oBaTe IbHOCTb CTPEMUTCST K
OTIpe/IeIEHHOMY YHCJIY, 9TO YHCJIO Ha3bIBAET-
CSL MAMEMAMUYECKUM 0KUOAHUEM NN CPeo-
HuM 3Hauenuem Caydainoit Beamaunnsr (nan
HPOCTO CPEOHUM).

B HaieM rpuMepe HCKOMOe CpejiHee 3Haue-
HIEE YUCJIa OYKOB MOKHO TTOCYUTATH 110 (Pop-

Crarbsg ocHOBaHa Ha JEKIUU, TPOYNTAHHON
TIEPBBIM ABTOPOM B TITKOJIBHOM KpyskKe «Northwest
Academy of Sciences» B Cuatie. ABTOpBI Ipu3Ha-
teabubl A.Axonsany, A.Byparo, A.Bamwunno,
A.HosukoBy n C.Ta6auHHKOBY 3a TOMOIIb IIPH
HaIMCAaHUU 3TOH CTATHHU.

MyJe
1[1+1[2+l|3+1g +1 3 +l B :31_
6 6 6 6 6 6 2
[eiicTBuTEIbHO, B IIpeiesie Ha JOJI0 KaxK/10-
1

6
KOJIMYeCTBa BCeX MCXO/0B, a 3HAYUT, MX
cpeiHee apuMeTHUECKOE JT0JIZKHO CTPEMUTH-
cs K JIeBOI yactu paBeHcTBa. VHave rosops,
Ui BbIMMCJIEHUA CPEAHETr0 3HAaY€HUA MbI
JTOJKHBI BBIYUCJUTD 836CUEHHY0 CYMMY 3HA-
YeHUI Halllell BeJIMYUHBI IS KayK/[0I0 UCXO-
ga (1, 2, 3, 4, 5 u 6), B3IB BEPOATHOCTD

oo
KaX0ro ucxozaa EEH B Ka4YeCTBE €ro Beca.

ro ucxona 1, 2, 3, 4, 5 u 6 npuxoauTCs

XO0T4 M3JI0’KEHHDIE BbIIIE YTBEPKACHUSA U
Ka)KyTCsI OUYEBUIHBIMH, [IJIST TOTO YTOODI ITPH-
JlaTb UM TOYHBIH MaTeMaTHYECKUN CMBbICJI,
Tpe6yeTcsl pasBUTh TEOPHIO, KOTOpas OCTa-
HeTCs 32 paMKaMu Hateil cratbu. Mbr 06cy-
JIIM TOJIBKO CIIOCOOBI HAXOXJIEHUS BEpPOSIT-
HOCTEHl W CpelHuX 3HA4YeHW!l B 4yTb Gojee
CJIOKHBIX CHUTYaIusIX.

BooO6iie TOBOps, MOMKET OKa3aTbCsl, 4TO
cpeanee 3HaueHne (MaTeMaTHYeCKoe O3KU/Ia-
HUeE), BBIYUCAEMOE KaK MPEIe JJIs Heorpa-
HUYEHHO TIPOJIJIEBAEMON CEPUM UCIIbITAHMI,
He CYIIECTBYET /I JAHHOW CXeMbl MCIIbITa-
nuil. Takoe MOKeT CJIyYUTbCS, TIOCKOJIbKY Y
6eCKOHEYHOI TMOCJIeIOBATETbHOCTH YHCEJT
IIPe/IeJIbHOIO 3HAUCHUSA MOMKET U He Ccylie-
CTBOBATb.

3HAMEHUTBIM TIPUMEPOM CcHUTyaruu 06e3
IpesieJibHOrO 3HaueHus sapigercsa <«Cankr-
[TetepOyprckas jotepesi», COCTOAIIASA B CJIe-
ayiorem. Bankomer mog6pachbiBaeT MOHETY
HECKOJIbKO pa3, MOKa He BBINAAeT OpeJ.
Ecnu open Bbimagaer Ha 1epBoM GpOCKe,
6aHKOMeT BBIILJIAYMBaeT UTpoKy 1 mykar;
€CJI OpeJT BhITIaaeT P BTOPOM GpOCKe, TO
2 jykata; ecJiy IIpU TpeTbeM — 4 lyKaTa U Tak
Jasee, T.e. Ha KayKIOM HOBOM OPOCKeE CTaBKa
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yaBanBaeTcs. CpefHWI BBINTPBINT B TaKOU
JioTepee OKa3biBaeTcst 0eckoHedHbiM. O0 9TOM
mapaJioKce U ero HCTOPUU MOKHO TTPOYHTATD
B crarbe [1]. B Hamwmx 3ajgauax TakKoro
MIPOUCXOUTD He GyIeT, HO MbI He GyIeM 9TO
CTPOTO JIOKA3bIBATD.

Po6oT YebypaTop Ha KOPOTKOM CTONe

DJIeKTpoMexanndeckass urpyimka <«Po6ot
YebypaTop», Oyaydn BKJIOYEHHOH, depe3
paBHBIE MHTEPBAJIBl BPEMEHU JeJaeT IMaru
OJIMTHAKOBOI JJIMHBI HAJEBO WJN HAIPaBo,
CIydaifHO BbBIOMpass MeXAYy STHMH JIByMs

HalpaBJeHUSIMA C OJIMHAKOBOI BePOSTHOC-

1
THIO 7.
[Tpennonoxum, YeGyparop crout Ha Jie-

BOM Kpalo KopoTkoro crona (puc.1): maras
BaieBo (st unTateis),

2

® ® OH 4YeGypaxHeTCsT CO

A crosa. OHaKO OH MO-

= JKET IIarHyThb BIIPaBO

§ U OCTaTbcd Ha CTOJIE

g (1a mpaBoM Kpaio) —
HO 4e0ypaxHeTCs T0C-
Jie BTOPOTO Imara Ha-
npaBo. Hac wunrepe-

@/ S p P

CYIOT CJIEJIYIOIHE JIBe
3a/aun.

3anava 1. 3nas na-
yanvnoe noaoxenue Yebypamopa, kaxoga
BEPOAMHOCIIL MOZ0, 4MO Pobom uebypax-
Hemcsl ¢ 16020 KPas CMoad, U KaK08d — 4mo
¢ npaeozo?

3apaua 2. Ckoavko 6 cpednem wiazos
cdenaem pobom, uebypaxnyeuucy Ha noc.1eo-
HeM waze?

[Tpu aTOM MBI MTOJIAraeM, YTO CYIIECTBOBA-
nue TpebyeMbIX dncesl B 000MX BOIPOCAX
060cHOBaHO (9TO IEHCTBUTENBHO BEPHO, XOTSI
TpeGyeT I0Ka3aTeIbCTBa); HaM OCTAeTCs JIHIIb
HalTH 3HAUYEHWS 3TUX YUCEJI.

Pemenne nepsoii 3agauu. Ilycro p, u p,
0603HAYAIOT BEPOSITHOCTH Y€y paxaHbs ¢ Ipa-
BOTO Kpast CToJa 13 T1epBoro (Ha JIEBOM Kpao
crosa) u Broporo (Ha IIpaBOM Kpalo CTOJIa)
nosokerns YebypaTopa. 3aMeTuM, 4To
1

1
=—[0+-—
P1 3 2372.

[leiicTBUTEIbHO, HA MIEPBOM IIare ¢ BepOAT-

Puc. 1

HOCTbIO = p060T ‘{eéyanHeTCH HaJleBO, W,

2

3HAYNT, MIAHCOB 4eOyPaXHYTbCs HAIPABO Y
Hero yxke He OyJeT; OTCIOJa CJaraeMoe
1

0 25 0. C Toif ke BEPOSITHOCTHIO 5 o

nepeiizier Ha Bropoe Mecto (Ha 1paBoM Kparo
CTOJIa), TJle BEPOSTHOCTDH YeOypPaxHyThCst
HAIIPaBO MbI 0003HAYMIN P, ; OTCIOJA CJlara-

eMoe %Ebg .

Takum o6pasoM, 3HAs /[Be BEPOSTHOCTU
yeOypaxaHbsl HAIIPABO TIOCJE ABYX BapUaH-
ToB nieporo mara (0 1 p,), MbI OCUMTATH
UX B3BELIEHHYIO CYMMY, B3sB B KAauecTBe
BECOB BEPOSITHOCTH COOTBETCTBYIOIIMX BaPH-

o 10
AHTOB TIEPBOTO MIara EE u EB

AHAJIOTUYHO, PACCMOTPEB JIBA BO3MOKHBIX
ncxoza mara po6ora u3 Bropoii nosummn (ma
NPaBOM KpPalo CTOJIa), TMOJAyYaeM ypaBHEHNE

1 1
= +-0.
P 23)1 5

CucreMy 13 5TUX ABYX YPABHEHUI C IBYyMS
HEU3BECTHBIMU (p1 u pz) JIETKO PEUINUTDH aJI-
re6panyvecK, HO MbI C/IeJIaeM 3TO TIO-[APYTo-
My (aTOT Apyroii croco6 MPUrOAMTCS HaM
Mo3:Ke Tpu peltenuu GoJjiee CIOKHON 3aa-
un).

[lepBoe ypaBHeHUE TOBOPHUT HAM, UTO Py
paBHO cpegHeMy apudmerndeckomy 0 1 p, ;
BTOpPO€ ypaBHEHHWE T'OBOPUT HaM, 4YTO P,
paBHO cpegHeMy apudmernieckomy p; I 1.
3HAUUT, B MOCIEIOBATETHHOCTH M3 YETHIPEX
quceJt

0, pi, pa, 1
Kakgoe u3 umces, kpome 0 m 1 Ha Kpasx,
SBJISIETCST CPETHUM apu(METHUYECKUM CBOUX
cocefieif, 1, cIe0BaTEabHO, 9Ta MOCIeI0BA-
TEJIBHOCTD SIBJISIETCS apu(MeTnIecKoil mpo-
rpeccueii. Matepsas ot 0 10 1 pa3éut Ha Tpu
PaBHBIX MPOMEXKYTKA MEXK/y YJeHAMU IMOC-
JIeIOBATEIbHOCTU ; 3HAYUT,

1 2

P1:§ u P2:§~

3aMeTnM, 4TO €CJIU ¢ U (¢, — BEPOSITHOCTH
uyeGypaxatbsi HaeBo (IIPU MEPBOM 1 BTOPOM
HauyaJIbHbIX MOJ0KEHNAX ), TO, TPOBE/ISA aHa-

JIOTUYHbIC BbIYUCJICHUA, MBI IIOJIYYUM (f; = §



12 KBAHT

1
u (g, = 3 ITOT 3Ke Pe3yJIbTaT MOKHO MOJTY-

YUTh, IOCMOTPEB Ha 3a/lauy B 36PKaJo, MEHs-
folllee MeCTaMy TIPaBo  JIEBO.

Takum o6pasom, us mepsoit (J1eBoil) mosu-
uu po6oT yebypaxaercs HapaBo U HaJeBO

C BEPOATHOCTAMU 5 U

3 3 3ajiaua pernexa.

3aMeTuM, 4TO

prtas=py +q, =1,
a 3HAYUT, BEPOSITHOCTD TOTO, 4TO POOOT HU-
Korga He yeGypaxuercss (crporo uepemayst
Iary HampaBo W HajeBo), paBHa HyJio. K
3TOMY K€ BBIBOJLY MbI ObI TIPUIILIHT, BBIYUCJIUB
BEPOSITHOCTD TOTO, 4TO YeOypaTop ocTaHeTCst
Ha CToJIe TIoCJIe TIara HOMep 72, HalpsMYyIo:
ot

3Ta BEPOSITHOCTH PaBHA @H u pulbIKaeT-
€SI CKOJTb YTOHO OJTM3KO K HYJTIO ¢ BO3pacTa-
HUEM 7 — T.e. PaBHA HYJIO B Ipejiese Tpu
HEOTPAHUYEHHOM POCTE 7.

AHAJOTUYHO pelraeTcs M BTopas 3ajada.

Pemenne Bropoit 3amaun. OO6osnauum
yepe3 S§; U S, CPeJHUe KOJIUYECTBA IIAr0B,
KOTOpbIe cieJiaeT po6oT, ueGypaxHyBIIUCh
Ha MOCJIeTHEM II1are, HaunHast ¢ TIePBON MJIn
BTOPOIl TIO3UIIUN COOTBETCTBEHHO. Barisinys
Ha Po6OTa Yepe3 3epKajo, MEHSIOIee MecTa-
MU [paBO M JIEBO, Mbl YOeKjaeMcs, 4TO
S{ =Sy — HO MBI 1 TaK 3TO CKOPO YBUINM W3
BBIYMCJIEHUT.

3aMeTuM, 4TO

1 1
si==—O+=[l+s,).
2 2
[leficTBUTEIbHO, HA TIEPBOM IIare ¢ MepBOi

TOSUILTH C BEPOATHOCTBIO po6ot uebypax-

HETCA HaJIeBO, T.€. OH CeJla€T BCEro O/inH

1
mIar; orciojla cJaraemoe 5[1. C roii ke

BEpPOSITHOCTDBIO OH LIarter BIIPaBO Ha BTOPYIO
MO3UINIO, OTKY/IA B CPETHEM OH IPOILeT eie
Sy LIaroB. Y4uTsd Hada/bHbII 1Iar, rnoaydyaeM

1
BTOPOE CIaracMoe q1+s,).

AHAJIOTHYHO TTOJTy9aeM PaBEHCTBO
1 1
s ==Ht+s)+=0.
= tis)

Mbl onATh IOJYYUIU CUCTEMY M3 JBYX

2017 /Ne3

YPaBHEHUI ¢ IBYMsI HEM3BECTHBIMU Sy U S, .
Pemms aTy cucreMy, HAXOMUM §; = Sy = 2.

[TompoGyiite pemuTbp TeM 3Ke CIOCO60M
CIEYIOIyIo 33/a4y.

Ynpaxkuenne 1. Ha pucynke 2 BbI BUANTE
KyCOK, BBIpE3aHHbIii 13 MIara Topojia, ¢ OTMEYeH-

[ n |
Opo

ol

Puc. 2

HBIMHU Ha HeM COOaKOIl, ee 3a0bIBUNBBIM XO3SIMHOM
u ux JoMoM. XO3sMH HUIIET CBOU JI0M, BbIOUPAs C
PABHOH BEPOSTHOCTBIO OJHY M3 CXOJSANIMXCS HA
[EePEKPECTKE JOPOT, U UJET /10 CJIEAYIOIIEro Hepe-
KpecTKa poBHO ojiHy MuHyTy. [loiias 1o caemyio-
IIETO TIEPEKPECTKA, OH OISATh BHIGUPAET C PABHOI
BEPOSATHOCTBIO OHY 13 A0por (BO3MOKHO, Ty Ke,
110 KOTOPOH TOJIBKO YTO LIEJT) U UJAET 1O Hell — u
Tak Jlajiee, MOKa He IOTA/IET HAa TOT TIEPEKPECTOK,
Ha KOTOPOM CTOUT ero jioM. Cobaka JBUTAETCs MO
TOMY ’Ke TPHHIUITY, HO Geraer B TOJTOPa pasa
ObicTpee xo3sinHa. JlokaxkuTe, YTO U3 JAHHOTO
HAYaIbHOTO MOJIOKEHUST co0aKa B CPEIHEM MPH-
6exxut goMoil Ha 20 CeKyH[ paHbllle XO3sHHA,
HEe3aBUCUMO OT yCTPOIICTBa OCTalIbHON 4acTH ro-
pona.

PewweHus npsiMmbiM nogcy4eTom

IlBe 3amaum npo YeOypartopa, paccMort-
peHHble BbIllle, JOIMYCKAIOT PEIIeHus IIpsi-
MBIM [OJICYETOM BeposTHOCTeH. Mbl omnu-
IIEM UX, UCIIOJIb3YS Te JKe 0003HAUEHUST, YTO
U pamblIle.

Pemag Bropyio 3asavy, 3aMeTHM, 4TO PO-
60T yebypaxaeTcs Ha n-M Iare Ju6o BJIEBO,

ot
Jin60 BIPABO C BEPOSTHOCTHIO EB . 3na-
YUT, CpefHee 3HAYCHUE UHCJIA IIarOB MOJK-
HO HaiiTh, HpocyMMI/IpOBaB p;uI

ol

31—32—§D+ BEE B +..
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[l cyMMUpPOBaHUS TaKOTO psijia TpeGyercs
HEKOTOPOE yMeHHWe; O/IHAKO P JelCTBH-
TEJTBHO CXOJUTCS K cymme, paBHoil 2. U
HEYIUBUTEIHHO, Be/lb 3TO e 3HaueHue ObLI0
MIOJIY4€HO BBIIIIE.

[lasee 3ameTuM, 4TO eci po6OT HAUMHAET
IBIDKeHUe ¢ JeBOIl MO3UILMU, TO OH MOJKET
4eOypaxHyThCsl HATIPABO TOJIbKO Ha YETHBIX
nrarax, a ecju OH HAaUMHAeT C 1IPaBoil 1M03u-
MM, TO TOJIBKO Ha HedeTHbIX. Takum oOpa-
30M,

_of oo pe’,
PeE0E 08

) :D1E?+D1D3ﬁm5+
*"BHHH B

[TpumenuB (HOPMYyJIy JIJIsSi CyMMbI F€OMETPU-
YECKOI TPOrpeccun, IoIyYaeM Te Ke Pesy.Jib-

p = 1 2
TaTbl. Pr = - U Py = .
3 3
Kak BuamTe, 3TOT c1OCO6 0KA3amcs CI0MK-

Heii. Kpome Toro, oH He JIOITyCKaeT JIETKOTO
060061eHns Ha caydail JuuHHOro croja (Ha
kotopom YebGypatop Moxker ciesnath Gojee
ozHoro mara). Kak Mbl yBUANM HUKE, B 9TOM
CcJIyuae Hallle IEPBOE PellieHne OCTaeTCs IIPaK-
THdecku 6e3 u3MeHeHUil.

To, 4TO CcpejHee 3HaYEHUE YUCTA ITATOB C
yeOypaxaHbeM Ha IOCJEJHEM Ilare paBHO
JIBYM, MOKHO TaK’Ke YBH/IETb, TIOCTaBUB CJie-
JIYIOMWN MbBICJIEHHBIN aKkcepuMenT. [Ipen-
cTaBbTe cebe, 4TO MPHU KaXKJIOM deOypaxa-
HbU MBI CTaBUM poOoTa O6paTHO HA CTOJI.
Torma BeposITHOCTb TOTO, 4TO POGOT uely-
paxHeTcsl Ha Iare n, paBHA % T.e. po6OT
OyzieT 4ebypaxaTbCsi B CPEHEM Ha KaXKIOM
BTOPOM Triare. 3HAYUT, CPEJHEE KOJTMUECTBO
IaroB Mek/1y uebGypaxaHbsiMU PaBHO 2.

PoGoTt YebypaTop Ha AJIUHHOM cToJe

[IpexcraBum Tenepn, uro YeOypaTop CTOUT
Ha guuHHOM croje (puc.3). Ipeanonoxum,
9TO POOOT YeOGypaxHETCs ¢ JEBOTO Kpast CTO-
JIa, ¢/IeJ1aB 1 aroB HAJIEBO, U C TIPABOTO KPast
CTOJIa, C/IeJIaB J maros Harpaso. Hac nnrepe-
CYIOT Te JKe 3a/laul.

3amaua 1'. Kakxosa eeposmmnocms mozo,
4mo pobom uebypaxmemcs ¢ 1e6020 Kpas
cmoada, u Kakoea — 4mo ¢ npaeozo?

®
o

Y

¥ ATATAYe

Puc. 3

felelclelolo] ]

3apava 2'. Croavko wazoe 6 cpednem
cdenaem pobom, uebypaxnyeuucy Ha nocaeo-
Hem waze?

Pemenne 3agaun 1'. 3ameTnm, 4T0 CyMMa
m =1+ j — o/lHA U Ta JKe JIJIs BCeX TO3UINil
u yucyo nozunuit pasuo m — 1. I[Ipornymepy-
€M BO3MOXKHbIE ToJ10xkenust YeGyparopa unc-
jgamu oT 1 1o m — 1, 110 YncJIy 11aroB HaJIeBo,
KoTopble YeGyparopy HY’KHO CJleJIaTh, YTO-
OBl UeOyPAXHYTDHCS.

Ham Oynmer yno6HO n06aBUTH ele JBa
oJIoJKeHust 1o HoMepamu 0 u m: TepBoe
COOTBETCTBYET TOMY, 4YTO POOOT 4eOypaxHy.JI-
Cs1 HAJIEBO, 2 BTOPOE COOTBETCTBYET TOMY, UTO
poGotr ueGypaxnyJics Hanpaso (M3 aTUX MO-
3UIMI BBIXO/IA HET).

IIycts p; — BeposiTHOCTB TOTO, 4TO Yely-
paTop ue6ypaxHeTcs: HAlpaBo, ecJI HaunHa-
eT C TIO3UINH TI0JI HoMepoM i. EcTecTBenHO,
MBI UMeeM

Po = 0 u Pm =1
HpI/IMeHI/IM TOT e MeTOo/|, YTO U paHblie.
Crost Ha IIO3UINU HOMED i, C BEPOATHOCTBIO

1
5 UYebypatop TepeiifieT Ha MO3UINI0 HOMED

1+ 1. B aTOM Ciy4ae BepOSITHOCTD TOTO, YTO
on yebypaxHeTcs BIIPaBo, OyaeT p;yy . C Toit
1

/K€ BEPOATHOCTDIO 5 OH Hepel‘/JIJIET Ha IT031-

o Homep ¢ — 1. B nocaennem cayyae Bepo-
SATHOCTH TOTO, YTO OH 4eOypaxHeTCs BIIPABO,
6yzner p;_; . Urak,

1

1
Pi=3 Lhiy +§ i+ .

WNnave ToBOPS, B TOCJEAOBATEJIHHOCTH U3
m + 1 uncaa

0=po, P, P2r - P =1

KaykJI0e YMCJI0, KPOMe JIBYX KpallHUX, SABJIS-
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eTcs CpeTHIM apu(pMeTHIeCKIM CoCeiel; Mbl
MTOJTY YU aPU(METHIECKYTO TPOTPECCHTO, Jle-
sstnnyio untepsad ot 0 1o 1 Ha m mpomMeskyT-
koB. Orciozia mosydaeMm
_ 1
Pi it

Pemenue 3azaun 2' . /laBaiite UCIIOJIb30-
BaTh Ty K€ HyMepaluio TO3WIHii, KaKk U B
peleHnn TTepBON 3aaun.

ITlyctp s; — cpeaHee KOJMYECTBO INAroB
pob6oTa ¢ yebypaxaHbeM Ha TTOCJe/[HEM Trare,
€CJI OH HAaYMHAET C TIO3UIUH 110/l HOMEPOM 1.
EcTecTBeHHO IPETIONIOKNTD, 9TO S; = 5, =0
— Be/ib nomnafanme Ha mosuiun 0 u m o3Hava-
er, 4To po6oT yxKe yeOypaxHyJIcs.

[Tonpo6yeM, kak W pamHblle, TOCYUTATH
3HaUeHMe s; HOBbIM crioco6oM. Ilociie oiHoro
mrara ¢ i-it mosuiy Ye6yparop OKaskeTcs Ha
mosuru ¢ — 1 wiam i + 1 ¢ paBHBIMHU
BepositHoctsiMu . [locsie atoro emy octa-

2

HETC B Cpe/lHeM IIpoitu s,y u ;4 LIaroB
cooTBeTcTBeHHO. He 3a6bIB yuecTb ysKe Mpoii-
JIEHHBIH 11ar, mosaydyaem

Si = 1 {sis +1) +1 sir +1),
2 2
WIH
Sipg =208 =54 -2
[TpuMeHsst 9TH paBEHCTBA, MOCJIE[0BATETBHO
JIBUTASICH TIO TIO3UIUSIM CJIeBa HAIPABO, IO-
ayuaem s; =ils; —i+1) ana mo6oro i.
ITockoabky s, =0, 10 § =m —1 u, 3nayur,
s; =1
3amernM, yTo ecau UeGypaTop HauMHAET
Ha CepejIHe CTOJA, T.€. i = J, TO OH YeOypax-
HETCAd B CPEIHEM 3a i? 1aros.
[lns 3akperyieHnss Marepuaa COBETYeM
PEIIUTDb CAEAYIONIYIO 3324y .

m

Ynpaxknenue 2. Ilpguuma Bbimesn us 6apa,
pactmosiokeHHOTO B 10 KBapTasax oT cBOero omMa
Ha Toii xke yaune, u uzger gomoit (puc.4). Uro6or
ciesiaTh JIOpOTy BeceJiee, OH Pa3HOOOPA3uT ee
caemyonum o6pasom. Jloiing 10 nepekpectka, oH
MOJIKU/IbIBaeT MOHETKY. Ecii oHa Bbinagaer op-
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JIOM, OH IIPOJIOJDKAEeT IyThb B TOM JK€ HarpasJie-
HIM; eCJIN 5Ke OHA BBIIa/[aeT PetIkoil, OH pa3Bopa-
YMBAETCS U W/IET B TIPOTHBOTIOJOKHOM HATIPABJIE-
nun. Ecim eMy ciyvyaercst BepHyTbesl K 6apy, OH
BCer/la Pa3BOPAYMBAETCSI B CTOPOHY JIOMA; €CJIH
JKe OH [IOIIEJT IO CBOETO JIOMA, TO 3aBEPIIAeT CBOi
nyTh. [lOKaxuTe, 4TO B CPEJHEM 32 TAKYIO MPO-
ryJsiky nbstaunia mpoxoaut 100 kBapTamios, a cpe-
Hee YICJIO ero Bo3BpalleHuii k 6apy paBHO 9.

BakTepun B npobupke

3anaua 3. B npooupke sxusym 10 6axme-
puii: 3 seaenvix u 7 xeamoix. Kaxoyio
MUHYMY Npoucxooum caedyiouee: paeHose-
posimno evibupaemcs napa us 10 6axmepuil,
nocae uezo nepeas 6axmepus napvl nozudd-
em, a 6mopas 0eaumcsi ha 06e ce0U MOUHbLE
xonuu. Taxum o6paszom, 6 Kouue Munymol 6
npobupxe croea ocmaemcs pogro 10 6axme-
puii. Kaxosa eeposimnocms mozo, umo uepe3s
nexomopoe epems 6ce 10 6axmepuii 6yoym
3e/1eHblMu?

Pemenne. Mbl cBesleM 3a7a4y K yKe pe-
HIEHHOM.

[IpeamosnoxmM, 4TO 4epe3 HECKOJIbKO MHU-
HYT YKCJI0 3eJieHbIX Gakrepuii crano i (rae
0 <i<10). Torga crycrst MUHYTY HX YHCJIO
mMosker ctath ¢ — 1, ¢ mim ¢ + 1. Ilpm atom
BEPOSITHOCTH TIEPBOTO 1 TTOCJIETHETO HCXOI0B
paBubl. [leiictBuresibHO, ucxo/ ¢ i — 1 3ele-
HOUl GakTepueil MPOUCXO/UT, KOrja repBas
6aKTepusi CIy4ailHO BBIGPAHHOI Tapbl OKa3a-
Jlach 3eJIeHOH, a BTopas — keatoii. Mcxon ¢
i + 1 3eseHol GakTepueil TPOUCXONT, Ha-
060pOT, KOTJa nepBasi GAKTepHs CJIydailHO
BBIGPAHHOI TTAPBI JKeJITast, a BTOPas 3eJIeHasl.
OTH [IBE CUTYaIINN CHMMETPUYHBI U CJIYyYaTOT-
Cs1 C OIMHAKOBBIMU BeposiTHOCTSIMU. Vcxop 4,
Kor/la BBIOpaHbl GaKTepU! OJHOTO I[BETA,
MOJKHO CUHMTATD «IIPOIYCKaHWEM XO/a.

Takum o6pasoM, Hama 3a/1a9a CTAHOBUTCS
MOXO0sKell Ha 3a1auy Tpo po6ota YebypaTtopa
— ToJIbKO Ternepb UeGypaTop XOIUT HAIIPABO

1 HaJieBO C PaBHBIMU ITOJIOKUTEJIbHBIMU BE-

1

POATHOCTSIMU, MEHBIIUMU 5 U C OCTaBIIIEH-

Cs1 BEPOSATHOCTDBIO TIpoIycKaeT Xoja. OHaxko
3aMeTHM, YTO IIPOITYCK X0/[a MOXKHO BOBCE HE
YUUTBIBaTh. Tak 4To OTBET B 3aj1aUe MOKHO
IIOJIYYUTD, 1I0/CcTaBuB i =3 1 j =7 B 3ajaue
npo YeGyparopa na aauunom crose. (Tou-
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Hee, COCTOsIHUE, KOT/la B IIPOOUPKE POBHO i
3eJIEHbIX OaKTepHil, COOTBETCTBYET i-i MO3U-
nuu YeGyparopa Ha [JUHHOM CTOJIE; [TOMeE-
THUM 3TO COCTOSTHHE HOMepOM i. [[Ba cocTos-
HUST OJTHOI[BETHOCTH OAKTEPHil — COCTOSTHUS
nost Homepom 0 1 ot Homepom 10 — cooTBeT-
CTBYIOT COCTOSIHUSIM PO60Ta, 4ebypaxyBIie-
rocsi € JIEBOTO U MPABOTO Kpasi CTOJIA; COCTO-
SIHUS 1101 HoMepamu oT 1 10 9 6y 1y T cooTBeT-
CTBOBATh BceM 9 TTO3UIMAM po6OTa Ha CTOJIE. )

TakuM 06pas3oM, ¢ BEPOSITHOCTHIO 10 BCe

6aKTepI/II/I CTaHYT 3€JIEHbIMU N C BEPOATHOC-
7

TbhIO E BCE€ CTaHYT JKEJITbIMU.

Eme ogno pemenme. Ity xe 3agauy (a
3HAYUT, U TIEPBYIO 3a1auy 1po UYeGyparopa)
MOJKHO PEINTh 6e3 BBIUNCIEHMI.

CHavasa JOKakeM, 4TO ¢ BePOSITHOCTBIO 1
yepe3 HEKOTOpoe BpeMs Bce OakTephu B
mpobupke OyAyT moToMKamMu ofHOH. [l1s
HavaJa 3aMeTUM, YTO C IOJIOKUTETbHON Be-
POSITHOCTHIO HTO MOKET CJIYUUTHCS 32 IEPBbIE
10 munyT. BeposTHocTh 3TOTO COGBITHS —
0603HAYNM ATO YHUCJIO p — Maja, HO BeposT-
HOCTb TOTO, YTO 3a J[OCTATOYHO JJIUHHBII
MMPOMEXKYTOK BpeMeHM HaiayTtcst takme 10
MUHYT, B Tipejese paBHa 1.

[leficTBUTETBHO, BEPOSTHOCTD TIPOTHBOIIO-
J0skHOTO nexoaa (toro, uto mocse 10 MUHYT
B IpOGUpPKe Oy Iy T TOTOMKH 00Jiee 4eM O/THON
13 MepBOHAYATBHO HAXOAUBIINXCS TaM 6aK-
Tepuii) paBHa 1 — p, U 9TO YnCJI0 MeHbIie 1.
3Ha4YuT, BEPOSITHOCTH TOTO, YTO HUKAKON U3
n mocyaenoBare bHbIX 10-MUHYTHBIX HWHTEp-
BaJIOB HE 3aBEPIIUJICS TEM, YTO B MPOGUPKE
OCTAJIUCh TOJIbKO TIOTOMKH OJIHO U3 6GaKTe-
puii, 6pIBIINX B NpOOUpPKE B HAYaje 3TOrO
unrepsaa, pasua (1-p)". Ilpu yBeanunsa-
IOIIEMCST 72 9TO YHUCJO MPUOIIKAETCS CKOJIb
YTo/1HO 6JIU3KO K HYJIIO, 3HAYUT, TIPe/IeTbHAs
BEPOSITHOCTb TOTO, YTO PAHO W/ II03/[HO
Takoil 10-MUHYTHDBIH WHTEPBAJT CJIYYUTCS —
IPU HEOTPAHMYEHHOM YBEJMYEHUN BPEMEHU
OKUJIAHUST TAKOTO MHTepBaJja, — paBHa 1.

[Ipm aToM B camoM HauaJje KaxKias W3
Jecatu 6akTepuil MMeeT paBHbIE IMAHCHI Ha
TO, YTOOBI CTaTh TIPAPOJUTETEM BCEX BBI-
skuBiux. [losromy B Tpex us jecaru ciy-
YaeB BCE CTAHYT 3€JeHBIMH, W B CeMH W3
JIECSITU CJIy4aeB BCE CTAHYT JKEJTHIMHU.

BpoyHoBcKoe gBUXXeHne

Pacemorpum cayuwait, xorga UYeGyparop
CTOUT HA CepPeINHE JITTMHHOTO CTOJIA C YeTHBIM
m = 2n — 4T0ObI YeOGyPaXHYThCS, eMY HE0O-
XOAUMO CAeJaTh WJIW 7 MaroB BIPaBO, WUJN
CTOJTBKO JKe BJIeBO. Kak MBI BBISICHUIN, CPE/I-
Hee KOJMYECTBO MIAaroB, KOTOPOE OH JeJaeT,
yeOypaxasich Ha TOCJeHEM U3 HUX, PaBHO
n? . D10 HAGJIIO/IEHIE MOYKHO UCIIOIB30BATD B
06paTHOM HATIPABJIEHUH : TIOBTOPWB 3TO UCTIbI-
TaHue MHOTO Pa3 U OIeHUB Cpe/iHee 3HAUYeH1e
qicJa IMaroB 0 4yebypaxambs, Mbl, 3Has
pas3Mep CToJIa, CMOKEM OIEHUTD JIJINHY Iara
Yebyparopa. Ilocnennee MOXKeET OKa3aTbhCst
0JIe3HBIM, ecJiu 1maru Yebyparopa HaCTOIb-
KO MEJIKM, YTO He TIOJIAI0TCS TIPSIMOMY 3Me-
peHunio.

[Toenenme UeGypaTopa Ha CTOJIE MAJIO YEM
OTJIMYAETCS OT XaOTHYECKOIrO JIBUKEHUSI Ma-
JIBIX TBEP/IBIX YACTHI, TIJIABAIONINX B JKUIKO-
CTH, IO/ JleficTBUEM Y/JIapOB MOJIEKYJ 3TON
SKUJIKOCTH. JTO XAOTUYECKOe JIBIKEHUE OT-
Kpbl1 1 uccaenosas P.bpoyn B navane XIX
Beka, a B Havasie XX Bexka A.DUHINTENH U
M.CMOTyXOBCKUI OODBSICHUIN €r0 TeOPEeTH-
yecku. B wactHocTH, 1O mapamerpam Gpoy-
HOBCKOTO JIBIKEHUS YIAJI0Ch OIEHUTD CPeJl-
Hee 3HAuYeHWe YHWcJa MOJIEKYJ B eJIUHUIe
KOJIMYEeCTBa BelecTBa. bpoyHOBCKOe /IBIKe-
HUE TIOCTYKJI0 yOeUTETbHBIM apTyMEHTOM B
YTBEP’KJIEHUN aTOMHOW TEOPUH CTPOEHUS
BEIeCTBA; TPU ATOM JIJIsI €ro HaOJIoJeHUs
0Ka3aJI0Ch JOCTATOYHO OOBIYHOTO MUKPOCKO-
ma.

Koneuno, ata pusznyeckasd 3ajaua cJaoxHee
Hammx 3agau o Uebypatope. Tem He Menee,
ujiest perienus ATUX 3aJ[a4 OJIHA U Ta JKe.

Oa, a o yem Mbl roeopunun?

MpbI paccMOTpesn YacTHBIN cJydail yenetl
Mapxoea, Ha3BaHHBIX TaK B 4eCTb AHJpes
Angpeesnua Maprosa-crapriero (ero cpraa
TOKe 3Basn AH/peeM AHJpeeBHYEM, U OH
TOKE 3aHUMaJ/ICsl MaTeMaTUKOR). A UMeHHo,
Mbl paccMaTpuBaIu KoHneunvie yenu Mapro-
84 C NOZAOWANWUMU cocCmosHuaMu. Kax-
J10€ No2J0WaAI0Uee COCMOSHUE COOTBETCTBY-
er yebypaxanbio Harrero Yebypartopa — ¢
JIEBOTO WJIM C TIPABOTO Kpas CTOJIA.

Ilenb MapkoBa 3ajaeTcst OpHMEHTHUPOBAH-
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Puc. 5 2
upiM rpadom, HA KaKIOM pebpe KOTOPOro
HalcaHa BEPOSITHOCTD TePexXo/ia U3 OHOTO
coctognua B apyroe. Harpumep, 3amada o
UebypaTope Ha KOPOTKOM CTOJIE MOKET OBbITh
onucana tTakum rpadom (puc.5). Cocrosnn-
am 0, 1, 2 u 3 COOTBETCTBYIOT COCTOSHUS
Yebyparopa «4eOypaxHyJIcs HAJEBO», «CTO-
UT Ha JIEBOM KPaIo CTOJIay , «CTOUT Ha TPABOM
Kpalo cTojias U «4eOypaxHyJiCcs HarpaBo».
3aMeTHnM, 4To CyMMa BEPOSITHOCTEH Ha CTpeJi-
KaxX, MCXOJAIINX U3 KAKOTO-TO COCTOSIHUS,
BCerjla paBHA eJIMHUIIE.

KuioueBbiM cBoiictBoM 1ienin MapkoBa siB-
JIIETCS TO, UTO HA KAXK/IOM IIIare Mbl MOJHO-
CTBIO 3a0BIBaEM «IIpoIiLioes. MHaue roBopsi,
«6y[ylieey He 3aBUCUT OT «IPOILIOTO» IPU
W3BECTHOM <«HACTOSIIIEMY .

e MapkoBa okazauch y100HO# 1 OYeHb
BocTpeGOBaHHOI Mo/iesibio. Hampumep, paH-
SKUpOBaHWe BeO-CTPAHMUIL, UCIIOTIH3yeMOe TT0-
HMCKOBBIMM CHCTEMaMM, OCHOBAHO Ha I[EISIX
Mapxosa. C nomoripio 1eneii Mapkosa co-
3/1aI0TCST AJTOPUTMBI JIIST aBTOMATHYECKOTO
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HaIMMCAHWI My3bIKU. ECTb BasKHbBIE TTPUITOKE-
Hus B pusnKe, XUMUHM, GUOJOTUN, JTUHTBHUC-
THKE, SKOHOMUKE.

[Ipo menmn MapkroBa MOXKHO TIOYUTATh B
nomyJasipHoil Kumxkke [2]. 3arponyTas mamMmn
TeMa CJIyYailHbIX Oy KIaHUN paccMaTpuBa-
eTcst 6osiee OAPOGHO B MO ISTPHBIX KHUTAX
ucrarbax [3], [4], [5], [6]; mocaemqusas craTbs
OCHOBaHa Ha UHTEPECHON (PU3NUeCKOi MHTEP-
MpPETANNN CIYIANHBIX OJYKIAHUT.

Crnucok jureparypbl

1. A.Kyopseues. Canxr-IlerepOyprekuii mapa-
JIOKC U €T0 3HAYEHNe /ST 9IKOHOMIIECKON TEOPUTH.
— «Bectuuk Cankr-IleTep6yprckoro yHuBepcure-
Ta», 3 (2013).

2. E. Jlotnkun, B.Ycnenckuil. MateMaTudeckue
6ecenpl. — M.: Dusmariur, 2004.

3. A.Koamozopos, H.)Kypbenxo, A.Ilpoxo-
pos. BBeneHne B Teopuio BeposTHOCTel. — Bu6-
smoreyka «KBanr», Bbirn. 23 u 135.

4. D.Mocmennep. 50 3aHNMATEIbHBIX BEPOSIT-
HOCTHBIX 3a/1a4 ¢ pemenusimu. — M.: Hayka, 1975.

5. C.Cob6oses. O caydailHbix OJIyKIaHUAX. —
«KBant», Ne5, 1987.

6. M.Cxkonenxos, B.Cmwixanos, A.Ycmunoe.
Curyvaiiibie OysK/IaHUS U JEKTPUUECKUE IENH.
— «MaremaTuueckoe mpocsenienues, cep. 3, 16
(2012).

Mecto BCTpeyYn UaMeHUTb HeJlb3s
(Ha4ano cmM. Ha 2-u CTparuLe ob1oXxKi)

HpeﬂﬂaraeM BaM 4E€TbIpE HOBbIX BapuaHTa HUC-
xozHoit 3agaun (puc. 3). B Hux ocranoch Hemus-
MEHHbIM HadaJbHOE ITOJIOJKEHUE YE€PHDbIX 6pyC0‘l—
KOB, MOJOXkeH1e 3apUKCHPOBAHHBIX GPYCOUYKOB,

60 n 70 (B IOpsI/IKE CIEBA HAIPABO HA PUCYHKE 3).
B ucxomnoit rosmoosomke Muxaunma Tymysaca
MHUHUMAJbHOE peleHe Tpe6oBaio 67 XOI0B.

Ha pucynxke 4 npesyioskeH elie ONH BapuaHT,
B KOTOPOM IIyCTOE MeCTO pa36uTo Ha /iBe yactu. B
3TOM CJIy4yae B MHUHUMAJIbHOM perieHun yxxe 102
Xo/1a.

] ] ] f
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Puc. 3

a TakKke KBajpaTtHas GopMa MyCTOTO MPOCTPAH-
crBa. Iesb B KasK0i HOBOM I'OJIOBOJIOMKE Ta JKe:
coOparb yepHbie OPYCOYKH B JIEBOM HIJKHEM YTJIY
(cMm. puc.2). VIHTEpeCHO, 9TO HOBBIE 329U J0-
BOJIBHO CHUJIBHO OTJIMYAIOTCS 110 CJIOMKHOCTH: MU-
HUMaJIbHOE YUCJIO XO/10B B HUX cocTasiger 40, 51,

Puc. 4

[Tonpo6yiiTe OKCIIEPUMEHTHPOBATD — BIPYT Y
Bac MOJTy4YHTCS HallTu eme G6ojee TPYZOEMKHIl
BapuWaHT?

JKemaeMm ycrexa B pellleHMM U COCTaBJICHUU
HOBBIX I'OJIOBOJIOMOK!

B.2Kypaenes
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10T pasnen Begercs y Hac U3 HOMePa B HOMEP € MOMEHTa OCHOBaHUS XKYypHana. lybavkyemsbie
B HeM 334a4Yu HeCTaH[apTHbI, HO 4JIS UX PeLUeHUs He TPebyeTcs 3HaHUV, BbIXOASLUNX 33 PaAMKU
LUKOJIbHOV  MIporpaMmsl. Hanbonee TpyaHble 3a4a4u oTMeYaroTcs 3Be3a04kou. lMocie gopmynu-
POBKM 3afa4u Mbl OBbIYHO YKa3bIBAEM, KTO HaM €€ Mpeasoxus. Pasymeercs, He Bce 3TU 3a[4a4u
ny6nuKyoTcs BriepBble.

PeweHns 3aga4 o MmateMatuke v Qpusnke U3 3Toro HOMepa cJie4yeT OTrpPaB/isiTb 10 /1eKTPOH-
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru COOTBETCTBEHHO MU I10 TOYTOBOMY aApecy:
119296 MockBa, JleHuHckuvl rpocrekT, 64-A, «KBaHT».

YcnoBus Kaxxgovi opurviHaibHoVi 3a4a4u, rpegnaraemMov 41s nyonvkauuu, Bmecre ¢ Bawmm
peLueHnem 3Tov 3aAa4Yu MPUCbIIaNTe 110 TeM XKe aapecam.

3apnaun M2454-M2457 npegnaranuce Ha pernoHanbHom 3t1ane XLII Bcepoccuvickori onumnuagsl
LUKOJIbHUKOB 10 MatemMaTvke.

3anaun ®2461-02464 npegnaranvce Ha Onumnmage nmenn 5.b.3enpgo8mnya B ropoge Capose.

3apaun M2454-M2457,
2461-D2464

M2454. l3navyaabHO Ha JIOCKE 3alNCaHbl
HeCKOIbKO (60JIbIIIe O[HOr0) HATyPATbHBIX
yucesa. 3aTeM KaX/Iylo MHHYTY Ha JOCKY
JIOTIMICBIBAETCS YHCJI0, PABHOE CyMMe KBaJ[pa-
TOB BCEX YK€ 3AMMCAHHBIX Ha HEH 4Yucesn
(Tak, ecam 6bI Ha JO0CKe M3HAYAJIbHO OBLIN
3amucanbl wmcaa 1, 2, 2, To Ha TepBoH
MHUHyYTe OBIJT0 OB JOMHCAHO YHCJIO
12422 +2%). Jlokaxure, 4To COTOE AOIN-
caHHoe unco umeet XoTs 61 100 pazanaHbIx
MPOCTBIX JeTUTEJIEH.

U.Bozoanos, I1.Koxeenurxos

M2455. Pasroctoponnmnii Tpeyroibank ABC
BIIMCAH B OKPY’KHOCTb {0 W OTHMCaH BOKPYT

okpykHoctn . Ha cropomax AC un AB
BbIOpaHbl TOYKKM P 1 Q COOTBETCTBEHHO TaK,
4yro orpe3ok PQ xacaerca w (pumc.1). Ok-
py>kHocTb Q, ¢ LenTpoM P IIpoxojut yepes
B, a oxpysknoctb Q, ¢ 1eHTpoM Q IIPOXOAUT
yepes C. [lokaskute, 4TO OKPY>KHOCTH Q ,
Q, u Q, nMeloT 06ILYIO TOUKY.
A.Axonan, 11. Koxesnurxos

M12456. BpiyKk/blil MHOTOYTOJIbHUK paspe-
3aH HelepeceKaronUMKICA JNAaroOHaIAMU Ha
paBHOGEIPEHHBIE TPEYTOJbHUKH. JoKasku-
T€, 4TO B 3TOM MHOTOYTOJbHUKE HElfI,[IyTCH
JIBe paBHble CTOPOHBI.

A.Tpubanxo

M2457. CymecrByer M TPeyroJbHUK CO
CTOPOHAMIL X, § ¥ 2 TAKOIL, uTO x° + ° + 2° =

=(x+y)(y+2)(z+x)?
B.Cendepos

®2461. B iunHpuYecKnii CTakaH ¢ MJI0IIa-
nbio ocHoBanus S = 400 cm? HasmTa BOJ/IaA, B
KOTOPYIO TIOTPY KCH

[/

KyOUK JIbJIa CO CTO- fe——|
poHoit a = 2 cMm :EL
(puc.2). B crakan ;
HAJTMBAIOT TAKOE KO-
JITYECTBO KEPOCHHA,
YTO BEPXHSIS TPaHb
KyOWKa COBITIAJIAET C
MMOBEPXHOCTBIO Ke-
pocuHa. Ky6uk BbI-
HUMAIOT U3 craka- Puc 2
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Ha, a BMeCTO Hero IIoMelaloT Apyroil jeasnoi
KyOuKk co croponoir b = 6 cm. Kakoit 06beMm
KepocHHa HeOOXOJMMO [IOJUThb B CTaKaH,
4100l KyOUK BHOBb OBLIT JOBEPXY IOKPBIT
kepocurom? CunTaiite, 4to 06a KyOUKa He
KacaloTcs J[Ha, a KUJIKOCTb M3 CTaKaHa He
BplIMBaeTcs. [lioTHOCTN JIb/1A, BO/IBI M KEPO-
cuna pasubl p = 0,9 F/CMS, Py =1,0 r/CM3 u
p; =0,8 r/ em® cootBercTBenHO.

A.Mycun

®2462. Ha pucynke 3 nzobpaken rpaduk
3aBUICHMOCTH TIPOWJIEHHOTO MYPaBbeM ITyTH

S,CM A
8
6 /
A /
2
L~
PMC.3123456 t,C;

OT BpeMeHH 3a TiepBble 6 ¢ ero [BMXEHUS 110
TpSIMONl B OTHOM HampasJjeHnu. V3BecTHO,
YTO Ha TIOCJIE/ITHEM yYacTKe My TH, He TOKA3aH-
HOM Ha Tpaduke, T.e. B IPOMEKYTKE MEKITY
1ecTol 1 BOCbMOM CeKyH/1aMi, MypaBeil /1Bu-
raJicsi PABHOMEPHO, & €ro CPeJIHsIsT CKOPOCTh
3a Bce 8 ¢ aBmKenus cocrasuiaa 1,5 cM/c.
HaiinuTe ckopocT MypaBbs B TPOMEKYTKaX
Bpemenu 0-3 ¢, 3—4 ¢, 5—6 cu 6-8 c.
A.Mycun

®2463. Merammmuecknii mpyt maccoir M
COTHYJIW TIOTIOJIAM TaK, YTO €T0 YacTH 06pasy-
10T TIpsiMoit yroJi. IIpyT nojasecusn 3a cepe-
JIMHY O/IHOW M3 CTOPOH yTJia Ha JJINHHON
HUTH, 3aKPeNJIeHHOI Ha moTosKe. Ha qpyrom
KOHIIE 9TOH CTOPOHDBI yTIJla Au3aliHep 3aKpe-
NI MaJEeHbKUN Iapuk, 1omo6paB Maccy
IIapnKa TaKIM 06pa3oM, YTO BEPXHSISI CTOPO-
Ha yrja craja 3aHUMaTb TIOPU30HTAJbHOE
[IOJIOXKEHUE.

1) YUemy paBHa Macca m 9TOrO Iapuka?

2) Uepes HEKOTOPOE BPEMS 3/T0YMbITIJICHHN-
KU yKpaJu mapuk. M3-3a aT0r0 ocraBimascs
KOHCTPYKITUS TIepelia B HOBOE MOJOKEHIEe
paBHoBecusi. Haiiaure yroa o, KOTOpbIi
cTas 06pa30BbIBATD BEPXHMII CTEP’KEHDb €
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ropu30HTOM (KOHIbI CTEPIKHA JI0 1102 WU
LIOTOJIKA He JI0CTaloT).
H. ITmopun

®2464. Ha nnockuii jmct napaduHOBOI
Gymaru (Gymaru, IponuTaHHoOl TapaduHOM ),
JIeSKAIi Ha TOPU30HTATBHOM CTOJIe, KallHy-
JIT BOZY, KOTOpast mapaduH He CMAYnBaeT 1
03TOMY co6mpaeTcs B Kaiio. BeicoTa aToit
Kar f, KOa(PUIMEHT TOBEPXHOCTHOTO
HATSDKEHUS BOJBL O , Py C KPUBU3HBI Kall-
Jgu BOJIM3N ee BepxHeil Toukn R. Haiigure
IJIOIAb S, TOPU30HTAJBHOIO yUacTKa I10-
BEPXHOCTH KaIlJIU, eCAM Macca Kallld m,
MJIOTHOCTD BOZIBI P, @ yCKOpeHne CBOOGOTHOTO
najieHust g.

I'.Hacwpos

PeweHunsa 3apay M2441-M2445,
®d2448-D2452

M2441. IToroxumenvrole yucaa x u Yy maxo-
2016
8vl, ymo X+Yy 016 > 7, Joxkaxume, umo

221y > 1-1/100 .

B pemenmm 6yeM mMoJIb30BaThCS H3BECTHBIM
nepasencmeom bepuynnu: (1+a)' >1+an
JUIs TI060TO HATYPATIbHOTO 1 2 2 1 JIeHiCTBH-
TeabHOTO @ > —1. PacemoTpuM aiBa ciryuas.

Myers +21-— . Torx
YO = o0 ote . O
016
L2016 5, ﬁ_ 1 5| S
100 2016H
1 1

>1-2016 ———— =1 —-——.
100 2016 100

IIyctp Tenepp x <1 - Torna

100 (2016

i i
y = (1-x)2016 > (100 [2016) 2016

IIO9TOMY AOCTATOYHO AOKa3aTb, 4TO
! 1 99

(100 2016) 2016 >1——— =—— |
100 100

njan, SKBUBaJICHTHO,

100 |:3016

Hoo H

CHoBa IpHUMEHSST HepaBeHCTBO bepmyiiu,

>100 2016.
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3aneuanue. Xors koncranta 1-1/100 us
YCJIOBUS 3a/Ja4ll 1 He JJaeT TOYHOM OI[eHKH, ee
HeJsIb3s 3aMEHNTb Ha 4HCJIO0, KOTOPOE CJIMII-
koM Omusko k 1. Ilpumep x =1-1/210,
y =1-1/380 mnoxasbiBaeT, 4TO KOHCTAHTA

1-1/400 B mpaBoii yacTH yiKe He MOAXOJINT.
U.Bozoanos

M2442*. Boinyxiviii wecmuyzoibuuk
AB{AyByA3B3  enucan 6 oxpyxnocme Q
paduyca R. Juazonaru AB,, A,B; u A3B,
nepecexaiomcst 6 mouke X. [asi =1, 2, 3
A, obosnauum uepes
[ OKPY K-
HOCMb, Kacd-
B, wyiocs ompe3-
ko6 XA; u XB;
© u dyeu A;B; ox-
pyxnocmu Q,
Q ne codepixawetl
L, Opyzux eepuun
Wecmuy20/1oHU-
ka  (puc.1).
Hycmv paduyc oxpyxnocmu w; pasem t;.
a) [oxaxume, umo R>r1 +7, +7;.
6) lycmov R =1 + 1, +1y. [Joxaxume, umo
wecmv mouex Kacawus OKpyKHocmetl wy; ¢
Juazonanamu AB,, AyB;, AsB; nexam na
00HOT OKPYHKHOCTRU.

Puc. 1

a) Ilycrp I, —xacarespHas K Q , mapaJuieip-
Hag npamoil A,B; u Jekalias 110 OJHY
CTOPOHY OT 3TOM MPSMON BMECTe C OKPY>KHO-
CTBIO ) . AHAJIOTHYHO IIPOBEJIeM KacaTesb-
uoie ly u I;. O6o3naunm yepes C;, C,, Cs
TOYKH HOIAPHOTO HepeceyeHus IPsSAMbIX [,
I, u Iy (puc.2). Iycrs npsmas C,Cy mepe-
cexaer syun XA; u XB, B roukax S; u Tj
coorsercTBenHo. Toukn S, u T,, S3 u T3
OIIPE/IeJISIOTCST aHAJIOTHYHO.

Kaxaprit u3 tpeyronbuukos XS1;, 1,XS,,
S35 X 1nopo6en tpeyronbuuky C,C,Cs (110-
CKOJIbKY UX COOTBETCTBYIOIIUE CTOPOHDI I1a-
paJIIeIbHBL), TIPH 3TOM KO3 PUIMEHTBI T10-
nobus pasHbl k = XS,/C,C, =C,T;/C,C,,

«KBAHTA»

ky = T X[CCy = S3C, [CCy, ky = S3T3/CC,
COOTBETCTBeHHO. TeM caMbIM, cyMMa Koag-
¢uimenToB Mo 00U paBHA (C2T3 + 55C, +
+ 5575 )/C1C2 =1. C gpyroii cropomubl, k =
=pi/R, ky =Py /R, By =Up3/R,Ulep1 P25 P3
— PaJInyChbl OKPYXKHOCTeH, BIINCAHHDIX B Tpe-
yroimbuuku XST;, T,XS,, S;13X coorBert-
crBenHo. Takum o6paszom, Py +p, +P; =R.
Haxonen, sametum, uto 7 <Py, 7% <Py,
73 < P3, TaK KaK OKPYXKHOCTH @), G, Wy
HaxoadaTca BHYTpH TpeyroibHukos XST;,
1,XS,, S3T;X coorsercrBenno. Otrciona
CJIe/lyeT pelieHre MyHKTa a).

6) VI3 g0Ka3aHHOrO MBI BH/NM, YTO PaBeH-
CTBO 7} +7; +73 =R BBINOJHEHO TOTAa N
TOJIBKO TOLJa, KOTAA /| = Py, h = Py, 73 = P3,
UHaye TOBODPHA, OKPYXKHOCTH Wy, W, O3
ABJIAIOTCA BIIUCAHHBIMU OKPY KHOCTSMU Tpe-
yronmpuukos XS\T,, T,XS,, S313X . Ilycrp
K;, L;, M; — TOUKH, B KOTOPbIX OKPY’K-
HOCTb (); Kacaer-
csa orpeskos XS;,
XT;, ST, coor-
BETCTBEHHO
(puc.3). Tloxka-
JKeM, 4TO BCE TOY-
ku K; n L; pas-
Hoyjasennl oT X.
Acno, uro XK,

=XL,, XK,-=
=XL,, XKj3-=
=XL;, suauur,

HaM JIOCTaTOYHO
Jl0Ka3aThb, 4TO
XK, = XL, u
XK; = XL,. V3 monobust BbITEKAET, UYTO
UM, L= 0 CsMM, u 0SS, M,K=
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= 0CsM,M,, 3uauut, Touku M, M,, L;, K,
JexkaT Ha omHON mpsimMoit. CaemoBaTebHO,
UXK,L= O C3M Mg

=0CM,M=0 XLIK,,
snaunt, XK, = XL;. AHaJIOTHYHO JJOKA3bI-
BaeM, uro XK3 = XL, .
3ameuanue. B ycnoBusx nyHkra 6) TOuKa
M; aBigercs LeHTPOM IOMOTETUU, I1epeBo-
aamein w; B Q . Tak kak roMoTeTns epeBo-
mr X B C;, toukn M;, C;, X nexar Ha
OJTHOW TIPSIMOU, TaKUM 06pasoM, X SIBJISIETCS
mouxotl sKepzonna tpeyroapuuka CC,Cs .
ITO yCJOBUE JKBUBAJEHTHO PaBEHCTBY
R=1+n +13.

H.Mumpoganoe

M2443*. B cmpane n z20podos u dee asua-
xomnanuu A u B. Hexomopute napvt 20p00dos
coedunenvt 00HOCMOPOHHUMU  6eCnocadoy-
Howmu  asuarunusmu (kaxoas asuaiunus
npunadaexum aubo A, aubo B, mexdy
d8yMmsL 20podamu mosem 6vimy 60.J1ee 00HOL
asuarunuu). Hasosem c1060 w u3 6yxe A u
B peanusyemoin, ecau natidemcs mapupym
U3 NOCACO06AMENLHVIX ABUANEPENCTNOG, Hd-
36aHUA ABUAKOMNANUTL 8 KOMOPOM Udym 6
mom ke nopsoke, Kax u Oykevl 6 C106e .
H3seecmno, umo ece crosa oaumnvr 2" u3
b6yxe A u B pearusyemoi. /Joxaxume, umo
a1060€ 1060 Koneunot dunvl u3 6yxke A u B
peanusyemo.

[Tpeamoso:xuM MPOTHBHOE: MyCTh Hepeasn-
3yeMble cJoBa cyuiecTByloT. M3 MHokecTBa
BCeX HepeaTn3yeMbIX CJOB BBIGEPEM CJIOBO
W = aay ...ay HauMenbllell puaunbt. 13 yc-
soBust caepyer, uro N > 2" . Jljst Kaxa0ro
nesoro 1 =0, 1, 2, ..., N onpesesnM MHOXKe-
cTBO A; KOHIIOB BCeX BO3MO>KHBIX MapHIpy-
TOB, COOTBETCTBYIOIIUX CJIOBY @ydy...d;. B
YacTHOCTH, A; — MHOXKECTBO BCEX T'OPOJIOB,
Ay — mycroe mHOxecTBo. Tak Kak Bcero
nmeetcst 2" TOIMHOKECTB MHOKECTBA TOPO-
/0B, KaKHe-TO JBa U3 MHOXeECTB
Ay, Ay, ..., Ay coBnagator. Ilycts A; = A;
rne ¢ < j. PaccmorpuM ciaoBO
Wy = Ay ... A4 Ailj44d; s, ... dy . OHO peasm-
3yeMo, TaK KaK UMeeT JJIUHY MeHbile N.
ITOMY CJOBY COOTBETCTBYET KaKO-TO MapIl-
pyr S. Ilyctb mepBble i aBHAJUHUIT 3TOrO
MapuipyTa o6pasyiorT MapuipyT S, a mocJe-
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gane N — j aBmagmHunil — MapmpyT S,.
Oo6osnaunm 3a T koHerr Mapmpyrta S;. Ilo
olpezeennio Hamux muoxecrs, I 00 A; . Tax
kak 4; = A; | To cymectyer MmapmpyT Sy,
COOTBETCTBYIONIHUI CIOBY a4y ...d; W 3aKaH-
yysatowmuiica B T. Ho torga mapupyr S35,
COOTBETCTBYET CJOBY dydy...dy . 1IpoTuBO-
peune.

H.Mumpogpanos

M2444. Ha docxe 3anucano ypasnenue
(x=17)(x=2)...(x = 2016) =

= (x=1)(x=2)...(x — 2016) .
Taxum 06pason, 6 kaxooi ezo wacmu 3ani-
carno no 2016 auneinvix CoOMHOKUMeretl.
Hatioume naumenvuiee 603moxnoe 3udaue-
nue R, npu Komopom MOKHO cmepemv POEHO
k u3 smux 4032 auneunvix commoxumee
max, umobvl 6 KaAXO00U UaAcmu OCMAN0CH
xomst 6vl N0 0OHOMY U3 COMHOXKUMELEU U
noyuUeUIeecs YPASHEHUE He UMEO Geule-
CMBEHHBIX KOPHEU.

Kasxapiii MHOKUTEJIb BUAA X — 1 JOJDKEH
ObITH yasieH X0Ts1 Obl U3 O/HOI YacTu paBeH-
crBa (ecsin Takoii MHOKUTENb TIPUCYTCTBYET
B 00eUX YacTsX PABEHCTBA, TO YUCJIO i SIBJISI-
ercsi KOpHeM TIOJIyYHBIIErocsl yPaBHEHHsI).
3HauuT, HY>KHO BbIYepKHYTHh He Menee 2016
muOkuTeseil. [IpuBeseM crioco6 BIYepKHYTh
poBHO 2016 MHOKWTEJEH Tak, 4TOObI TOJIY-
YeHHOE YpaBHEHHUE He MMEJIO BeleCTBEHHBIX
KOPHEH.

Paccmorpum ypaBHeHune

(x=1)(x -4)(x =5)(x =8)...

(¥ =2013) (x -2016) =

= (x=2)(x=3)(x =6)(x =7)...

(x —2014)(x —2015) .
B ero JsieBoit 4acTi OCTaBIEHBI MHOKUTEH, Y
KOTOPBIX BBIUNTAEMOE YNCJIO KPATHO 4 MJIN
JIaeT 1pu JleJieHnn Ha 4 ocTaTok 1, a B mpaBoii
YACTU BBIYMTAEMOE YHCJIO JIAET TIPU JIeJICHUN
Ha 4 ocTtaTok 2 uau 3.
Jlokaxkem, 4TO 9TO ypaBHEHUE HE MMeeT Be-
IMECTBEHHBIX KopHeH. [l aToro moxkaskem,
YTO

(x=2)(x =3)(x =6)(x =7)...

—..(x=2014) (x -2015) >
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>(x=1)(x -4)(x =5)(x =8)...
(= 2013) (x -2016) (1)

IIp1U BCEX BEIIECTBEHHBIX X.
33.M€TI/IM, YTO TIpM BCEX BEHIECTBEHHBIX X
BbIIIO/JTHEHbI HEPABEHCTBA BHU/la

(x = (4k +2))(x - (4k +3)) >
> (x - (4k +1)) (x = (4 +4)), (2

rae k=0, 1, ..., 503 (3Tu HEpaBeHCTBA JIETKO
[IPOBEPUTDH HEMOCPEJACTBEHHBIM PACKPBITHEM
CKOGOK).

IIpn x < 1 nwmm x > 2016 paccmoTrpeHHbIE
BBIIIE KBA/[PATHYHBIE BHIPAKEHUSA GY/IyT MO-
JIOKUTENbHBI, a 3HA4MT, HepaBeHcTBO (1)
mosrydaetcs: yMHOXKeHueM 503 JJOKa3aHHBIX
HepaBeHcTs (2) ¢ I0I0KUTEIBHBIMU JIEBBIME
U IIPaBBIMU YACTSIMH.

Ecin x aBjisercs KopHeM JIeBOii 4acTu Hepa-
sencrsa (1), To B IpaBoii yactu Gy1eT HeyeT-
HOE YHCJO OTPUIATENbHBIX MHOMKUTEEH,
3HAUNT, TIpaBasi 4acThb Oy/IET OTPUIIATEIbHOIT,
n HepasercTBo (1) GymeT BBITOJHEHO.
Ecan x — KopeHb paBoil 4acTH HePaBEeHCTBA
(1), 10 B ;meBoii yactu Gy/eT YETHOE YUCJIO
OTPULATENbHBIX MHOXKUTENEH, 3HAYUT, JIe-
Bast yacTb Oy/IET MOJOKUTETbHOI, U HEPaBeH-
ctBo (1) GyeT BbIOJIHEHO.

Ecmm 4k <x<4k+1,tnek=0,1, ..., 503,
To 06e uyactum HepaseHcTB (2) mpu Bcex
paccMaTpUBaeMbIX R GYIyT HOJIOKUTEIbHBI,
a 3Haunt, Hepasenctso (1) moaydaercs ym-
noxxerneM 503 mokasaHHbIX HepaseHCTB (2)
C IOJIOKUTEJbHBIMU JIEBBIMU M IIPABbIMU
YaCTAMH.

Ecmm 4k +1 <x <4k +2umdk+3 <x <
<4k+4,tnek=0,1, ..., 503, TO BCe JeBbIE
vacTh HepaBeHCTB (2) GyyT MOJ0KUTETbHBI
1 POBHO OZiHA U3 IPABbIX 4acTell 9THX Hepa-
sercets (st coorserctByiomero k) Gyner
oTpularesibHa. 3HAYNT, IIPU PacCMaTpUBae-
MBIX X JieBas yactb HepasenctBa (1) moJo-
JKUTEeJIbHA, a IpaBas OTpUIaTebHA, U 9TO
HePaBEeHCTBO BEPHO.

Ecm 4k +2 <x <4k + 3, rne k=0, 1,...
..., 5903, To BMecto HepaseHcTB (2) OymeM
paccMarpuBaTh aHAJOTMYHbIE HEPaBEHCTBA
BHjIA

(x - (4k +4))(x - (4k +5)) >
> (x - (4k +3))(x - (4k +6))
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mistk=0,1,...,502. Y 5TuX HepaBEHCTB pH
paccMaTpUBAEMbIX X JIEBbIE M IIPABble YacTh
OymyT ToJoKuTEbHBIMEU. [loaTOMy, mepe-
MHOYKHMB TaKHe HEPABEHCTBA, TT0JYYaeM Bep-
HOE HepaBeHCTBO

(x=4)(x =5)(x =8)(x -9)...
. (x =2012) (x -2013) >
>(x-3)(x =6)(x =7)(x -10)...

(2 =2011)(x -2014). (3)

3aMeTI/IM Tel‘[epb, qTo
(x = 1) (x =2016) < (x -2)(x -2015)

IIPU BCEX BELIECTBEHHBIX X, a IIPH PaccMaT-
PUBAEMbBIX X 06€ YaCTH 3TOT0 HEPABEHCTBA

OTpULIATEIbHBI. Y MHOKUB HepaBeHcTBO (3)
Ha HEPABEHCTBO
=(x =1)(x =2016) >(x -2)(x -2015)

C TIOJIOKUTETbHBIMA JIEBOW U TIPaBOM YacTs-
MH, a 3aTeM YMHOKUB MOJy4YeHHOE HePABEH-
ctBo Ha —1 cO cMeHOW 3HaKa HEePaBEHCTBA,
nosyunm TpeGyemoe nepaseHctBo (1).
Wrax, Hepasenctso (1) JoKasaHo mpu Beex
BEIIECTBEHHBIX 3HAYEHUSX X, UTO U TPeOOBa-
JIOCh.

H.Kapazooun

M2445*. [Tycmo P = AjA,... A, — vinyk-
Al MHO20Y201bHUK HA nAOCKocmu. Bepuu-
ot Ay, Ay, ..., A, umerom uenvie koopouna-
mul u aexam na 00nou oxpyxnocmu. O6o-
3nayum uepes S naowadb MHO20Y20ILHUKA
P. Heuemmnoe namypaivroe n maxogo, 4mo
Keadpamvt 0AuH 6cex CMOPOH MHOZ0Y20.1b-
HuKa P aeasiomes uesvimu wuciamu, 0es-
wumucs Ha n. /okaxxume, yumo 2S — uenoe
yucao, deasuieecs na n.

[IpenBapuTesibHO 3aMETHM, YTO JIOCTATOYHO
JIOKA3aTh YTBEPK/CHUE 33/[a4M JIJIs YICeJ N
Buga n = p°%, rae p — 1pocToe 4ncio, 6oJIb-
nree 2. [lokaxeM yTBep:KJCHUE 3aJaud MH-
JTYKITUEN 110 KOJTMYECTBY BEPIITUH MHOTOYTOJIb-
HHUKA.

Basa undyxyuu das mpeyzoavrura. Ilyctnb
BCe BepIINHbI Tpeyrojabuuka A4 A, A; numeror
11eJIOYUCIEHHbIE KOOP/IMHATBI U KBA/[PaT KasK-
JIOIl U3 €ero CTOPOH JIEJIUTCSI Ha YHUCJO 7.
ITepeasuneM TpeyroabHuk (Man cucTemMy
KOOPJIMHAT) TaK, 4TO6bI BepIinHa A, 1onaja
B HauaJ0 koopanHat. O603HAUNM KOOPIMHA-
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b1 (OUEBH/IHO, ABJIAIONINECS 1/ TbIMH YICIa-
M) ocrapmuxcs sepmul A, (1;9,),
As (x3;3) . XOpOIIIo U3BECTHO, UTO y/IBOCH-
HAg TLIOMAAb TPEYTOJbHUKA BbIPAKAETCH
dopmyoit 25 = |x2y3 —x3y2| ; TakuM o6pa-
30M, OHa ABJAETCS IEJIbIM 4ncaoM. Iloka-
K€M, UTO 5TO YHCJIO KPaTHO 7.

Umeem A A3 =x3 +ysin, AAT =5+
2. 2 2 2:
tyiin, MAL = (v -x5) +(n —us) in,
oTkyga A A3+ A A - A A2 =2(x2x3 +
+y,y3)in, a Tak Kak 7 HEYETHO, TO U

XpX3 * Yolyz:n.
3aMeTuM Tenepb, 4TO
2 2 _ (.2 2 2 2):,2
A1A2 M1Ag - (xz +y2)(x3 +y%)n
n

2. 9
(x2x3 +y2y3) no,
OTKy/la UX PasHOCTb

BY3 +15y3 ~ 205030595 = (05 —xsy,) in’,
a Torja | oy = X3y,|in , uto n TpeGoBaoCs.
ITepexoo. JlokaskeM, 4TO €CJIU YTBEPIKACHIE
3a/lauil BEPHO JIJISI MHOTOYTOJIbHUKOB € YHC-
JIOM BEpIIWH, MEHbIIUM 72, TO OHO BEPHO 1
JUISL -YTOJIbHUKA.

[Tyctb KBaIpaThl JTMH BCEX CTOPOH 1M-YTOJIb-
HUKa, BEPIIMHbI KOTOPOTO JIE)KAT HA OJHOI
OKPY’KHOCTH, KPaTHbI uucay n = p® , rae p —
HEYETHOE TTPOCTOE YHCIIO.

Ecoin naiigiercst 1uaronasb 5TOro m-yToJIbHI-
Ka, KBaJIpat JUIMHBI KOTOPOii Aeutest Ha p
TO 9Ta AUaroHaJib paSéI/IBaeT m-yroJbHUK Ha
JIBa MHOTOYTOJIbHUKA C MEHBIINUM 712 YHCJIOM
BEPIINH, y/IOBJETBOPAIONINX YCJAOBUIO 3a/1a-
yn (MX BEPUINHBI JIE5KAT HA OJHONH OKPY/KHO-
CTH U KBaJIPAThl JJIMH BCEX CTOPOH [IEJIATCS
Ha 7), MOSTOMY, COTJIACHO WHIAYKIIMOHHOMY
IIPE/ITOJIOKEHUTO, YABOEHHAS MIOIIA/Ib KasK-
JIOTO M3 HHUX [JeJUTCS Ha 7, a TOoraa u
YIBOCHHAS TITOIA/b ICXOTHOTO MHOTOYTOJTh-
HUKa [AeJINTCA Ha n.

Takum 06pasoM, JOCTATOUHO J0KA3aTh, 4TO
KBaJIpaT JTMHBI KAKOH-TO IHArOHAJI 7-yTOJTb-
HUKa geautcs Ha n = p .

[Tyctb 10 He tak. Torga KBaaparbl [JIHH
BCeX Jiuaronaseii ve gensirest Ha p® . BoiGe-
peM anaroHaJjb AzA] , KBaApaT AJIHNHbI KOTO-
POil B Pa3/ioKEHNH Ha TIPOCTbIE MHOKUTEJIH
COJeP’KUT p B HauMmenblilell crenenu. Husxe
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CTETIeHb, B KOTOPOIT MPOCTOE YNCJIO ) BXOJHUT
B Pa3JIOXKEHNUE Ha TPOCTbIe MHOXKUTEIN HATY-
pasibHOTO unc/Ia d, 0603HauaeM V,, (a). Pac-
CMOTPUM YeThIPEXYyTOJbHUK Ai—1AiAi+1Aij
0603HaYNB JIJTUHBI €T0 CTOPOH W JHaroHasei
Tak, Kak MMOKa3aHo Ha pucyHKe. Tak kak aToT
YeTBIPEXYTOJbHIK BIHNCAHHBIN, MPIMEHNM
anss Hero teopemy Iltosemes: de = ca; +
+ba;, . Bossens o6e wactu paseHcTBa B
KBa/[par, TMOJIyYNM
22 _ 22 122

d“e® =c“a; +b a;, +2bca;a;y

OTKYy/Ia
— 22 _ 22 120
2bca;a;, =de” —c a; —b aj .

W3 artoro paBenctsa cieyer, uto 2bca;a;,y —
IeJI0e YncJio.

2 2 2 2
<
Taxk kak vp(d )svp(c )va d )_vp(b )
110 BBIOOPY maronamu d, a v, e2) <v, (aiZ
2 2
MV, (e ) <v, (a,-+1) (IIOCKOJIbKY MBI TIpe/I-
MOJIOKUJIM, YTO HUKAKOH KBaJpar JJIMHBI

Jnaronaau He gemutcs Ha p®, a KBaApaThbl
AJUH cTOpOH gensrcs Ha p%), TO

v, (2bca;a;,) = v, (d2e2) , a Tor;a W
v, (beajaig) =V, (d2€2) , OTKy/1a

v, (b2c2aizai2+1) =v, (d4e4) . (o
Ho, ¢ apyroii cTopoHbI, B C1sly HAalTMCAHHBIX
BbIllle HEPaBEHCTB, V, (b262) 2V, (d4) , a
v, (afafﬂ) 2V, (64) , HOTOTZA V,, (bzcza?aizﬂ) >

>V, (d4e4), YTO IMPOTUBOPEUUT PABEHCTBY

(D).

HOJIy‘{eHHOG IIpOTUBOpEYNE JOKA3bIBAET, YTO



S3AJAYHHUK

cpeiy JuaroHaseil m-yroJbHUKa ecTh Ta,
KBaJ[paT JUIMHBI KOTOPOil kpateH p°, 3Ha-
YT, BO3MOJKHO OCYHECTBUTb HWHAYKIIMOH-
HBII TTePeXOo/.

I'.FOpezun

®2448. B nemuem nazepe 6 domuxe ecmo
Kpaw, K KOmMopomy no mpybdam nodanm
X02001Y10 U 20psuyio 600Yy. IIpu Hopmay-
HOt pabome X0100HA 600d UMeem memne-
pamypy T,=+20°C, a eopauaa -
T. = +70 °C. 3a nouv u3-3a x010010% 1n020-
dvl memnepamypa 600v. 6 0b6eux mpydoax
onycmuaacy do Ty = +10 °C. Ympom odno-
BPEMEHNHO OMKPBIEAIOM GEHIMUNU U XO0JL00-
HOU, u 20psueti 600vl. Ilocsie Imozo memne-
pamypa 600vL 6 Kax00U U3 mpyo, no0xX00s-
WUX K KPauy, HAYUHAEM NOGLIULAMNBCS C
nocmosnnotl cxopocmvio (Koauuecmeo zpa-
dycos 6 edunuyy epemenu), npuuem smd
cxopocmy 015 obeux mpy6 odunaxosa. Ye-
pe3 1 munymy noc.zie omxpvleanus eenmuiell
memMnepamypa svimexaoueti u3 Kpana 600ot
docmuena T, = 24 °C, a ewe uepes 1 munymy
memnepamypa 600vl NePecmald UsMeHsImy-
cs. Kaxoea ycmanosuswascs memnepamy-
pa evimexaruweil 600v? Pacxod 600vr cuu-
maume noCMOSHHbLM.

Ecsn temneparypa BO/bI, BbITEKaloIiel u3
KpaHa, MepecTaeT MEHAThCS, TO 9TO O3HAYA-
€T, UTO B 00enX Tpy6ax 3HAUEHNUS TeMIepaTy-
PBI BOJBI YK€ CTadl HOMUHATHHBIMH, T.e.
T, =420 °C u T, = +70 °C . Boza B ropaueii
Tpy6e TOJIbIIe YBEJIMINBATIA CBOIO TeMIlepa-
TYpY, U IIOJIHOE BPEMsI U3MEHEHUS COCTaBH-
JIO, COTJIACHO ycJioBuio, 2 MunHyThl. CieioBa-
TEJIbHO, CKOPOCTb HApaCcTaHUs TEMIIEPATY Pbl
ans obenx tpy6 pasna (T, —T;)/120 ¢ =
=0, °C/c . 3HAUWT, BOJa B XOJOHOH Tpy6e
crasia mMeTh Temmneparypy 20 °C yske depe3
20 cekyH/I TOCJie OTKPBITUS KPAHOB M 3aTE€M
yIKe He n3MeHsiylach. B aTor sxe MOMeHT Bosia
B TopsAdYeil  TpybGe HMMesa TeMIeparypy
T; =40 °C.

CoctaBuM ypaBHEHHE TEILJIOBOTO OasaHnca, B
KOTOpOe BXOZAT Macca 'x BOJbI, NIPUTEKA-
oleil ¢ edunuuy epemenu 1O XOJOTHON
Tpy6e, Macca M| BOAbBI, MpHUTEKAOINIeH 3a
TOT XK€ MPOMEXYTOK BpPEMEHW IO Topsideit
Tpy6e, a TakyKe M3BECTHAs M3 YCJIOBHUS TIPO-
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Me)xyTouHas temiieparypa 1j = 24 °C:
MX(T1 _TX) =Mr(T3 _T1)
OTcioa HAXOJAUM COOTHOTITEHIE MEXKITY Mac-
camu: M, /M, =4, T.e. BEHTUJIb XOJOHON

BO/IbI OTKPBIT CHJIbHEE.

Tenepb cocTaBiM ypaBHEHHE TEIJIOBOTO Ga-
JIAHCA IS MOMEHTa, KOrJa TeMIleparypa
BBITEKAIOMIEH, T.e. CMEMAHHOW M3 pPa3HbIX
TPyO, BOJIbI JIOCTHUTJIA YCTAHOBUBIIETOCS 3HA-
venus Ty :

M (T4 _Tx) =M, (Tr —T4),
OTKYy/la HAXOAUM
T, =30°C.
B.Bboposkos

®2449. Cmakxan ¢ Mareim omeepcmuem
coory noepyxen na eryouny H 6 xon00myw0
600y (cm. pucynox).
Omesepcmue Haxooumcst
HUMKe YyposHs 600l Ha h=
=H /3. Bec 600vt 6 cma-
kane P, a cuna nams.xe-
HUsS HUMU, HA KOMOpOu
nodsewern cmaxkaw, pas-
na F = P/75. Body e
cmaxkame HaAuuHaom Ha-
epesamnv. Ha xaxyio dono
YMEHLULUNACD NILOMHOCTID
600bL 68 HeM 8 MOMeHm,
K020d CMAKan cmaJji 6CNavleamn? Y posens u
memnepamypa 600vl CHAPYKU HEUSMEHHDL.

Ilyctb pp 1 P — IJIOTHOCTH XOJIOAHON U
ropsiueil BOJ{bl COOTBETCTBEHHO, a X — MO/IbeM
YPOBHS BOIbI B cTakane. Torza n3 paBeHcTsa
JlaBJeHUil Ha ypoBHEe oOTBepcTusi: Poh =
=p(h+x) naxoaum

(Py —p) A

X =
p

Hauanbnas Macca BOAbI B cTakane Oblia

my =PySH , KoHeyHad cTajga M=

=pS(H + x), n U3 cTaKkaHa BBITEKJIa Macca

- h
Am =my —m =my Po—P 1-—1.
H
Po
BolTankuBaomnas cuja He U3MEHSETCS, BHE
CTakaHa Bce ocTaercs IMo-mpeskHeMmy. Hars-
JKEHUE JKe HUTHU TIPU HavaJie BCILIBITHS 00pa-
IaeTcss B HOJIb. 3HAYUT, YMEHbIIECHNE Beca
BoAbl B crTakaHe paBHo AP =F. Ho
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AP/P = Am/my. OTcioia HaX0/IMM HCKOMYTO
AOJII0 YMEHDbIIECHUA TIJIOTHOCTU BO/IbI:
- FH
Po—p_Am_ 1 - =0,02.
Py my I=(k/H) P(H-h)
H.Bopobves

®2450. Cocyod o6semom V,, 3anoanen zeau-
em ¢ memnepamypotii T, . Ou coedunen mpy6-
KOU ¢ YUAUHOPOM, Ha OHe
KOMOPOZO JIeKUM MACCUG-
HOLLIL NOpWens, a ebiule —
saxyym. Kpan 6 mpyodre
OMKPLIBAIOM, U NOPULEHD
Havunaem medJeHHo noo-
numamocs. Kozda 6 wu-
T, Aunope oxasaics obvem
zenus 'V (cm. pucymnox),
nopuiens 0CMAHOBUILCS.
Haiidume xoneunyio mem-
nepamypy eeaus. Tpenus
MeKOY nopuLHeM U yuIuH-
dpom nem. TennooOMeHoM zeaus ¢ NOPULHEM,
UUTAUHOPOM U COCYOOM npenedpeuy.

HavasnbHast BHYTPEHHSIS 9HEPTH TeJNs paB-
na Uy =(3/2)VRT,, roneunas pasua U =
= (3/2)VRT, rae v — yucjao monei, a T —
KOHEYHAas TeMIeparypa. 3a c4eT yOblJI BHY T-
pCHHell HepTruM Tesuil coBepiiaeT paboTy
A = mgH 1o nogbeMy IOPIIHS, T.e.
Uy-U =mgH

(mi yObLIb BHYTPEHHEH SHEPruu WIeT Ha
yBeJIMYeHNe TTOTeHIINAIbHOI 9HEPTHH HOPII-
HsI B 10JI€ TspKecTH). V3 ycJoBust paBHOBe-
CHS TOPIITHA,

pS = mg, umm pV = mgH,
rJie IaBJIeHUE ra3a p HaXOJUM U3 yPAaBHEHHs
COCTOSTHUS M/IeAIbHOTO Ta3a:
VRT
Vo+V
[TocJie moicTaHOBKY MMeEM YCJIOBUE dHepre-
THYeCcKoro Gajanca:

§VRT0 - §VRT =
2 2

p:

VRTV
Vo +V'
OTKY/Ia HAXO/[MM UCKOMYIO TeMIePaTypy:
T = 3T, (Vo +V) _
3V, +5V
H.Bopobves

2017/Ne3

®2451. Ha sepmuxanvnoi
cnuue cHu3ly 3axkpenien mo-
ueynwlll 3apso, a 6001 CRUYDL
KO1e0.1eMCA MATEHOKASL 3APS-
skennas oycunxa (cm. pucy-
nox ). Hatidume ee ycxopenue lg
A 6 HuxHeu mouxe, ecau 6 )
GepxHell Mmouxe YcKopemue  4_-
pasHo a. Tpenus nem, ycko- -t--
penue c606001020 nadenus
pasmo g.

Pa3 mpoucxoasat kosebGaHus,
TO OYCHHKA U 3aKPEIJIeHHbII O
CHU3Y 3apsii OJTHOMMEHHbBI |
uMeeT MecTo UX oTTajkuBanue (MHave JBU-
JKylasicsi BHU3 OyCHHKa He pa3BepHYJIACh
6b1). ITyctb R 1 r — paccTosuust oT 6yCUHKN
JIO 3aKPEIJIEHHOTO 3apsijia B BEpXHEN 1 HIK-
Hell TOYKe COOTBeTCTBEHHO. V3 BTOPOTO 3aK0-
Ha Hpiotona n 3akoHa Kysiona nMeem ciefy-
I0I[e BBIPAKEHUS [IJIsT YCKOPEHMi:
a a

Cl:g—?, A=}’_2_g7
rje o — TOJIOXKUTETbHbIN KO3 UIINEHT.
B BepxwHeil 1 HIKHENH TOYKaX CKOPOCTb Oy-
CUHKH HyJieBasi. 113 3akoHa coXpaHeHus aHep-
TMU CJIEJIyeT, YTO B ATUX TOUKAX COBIIAIAIOT
CYMMBI TIOTE€HITMATbHON SHEPTUH TATOTEHUS N
MOTEHITATHHON SHEPTUN KYJIOHOBCKOTO B3a-
UMOJIECTBUS:

R+ a o
g +E_gr+7’ WIn ﬁ—g.
OTcio/ia HAXO/UM HCKOMOE YCKOpPEHHE:
A=
g—a
H.Bopobves

®2452. Hcxodno na nesom xomdencamope
Hanpsixxenue pasno U, , npaswvlil KoHOeHcd-
mop He 3apsxen u 06a Kaoud PA30MKHYMbL
(cm. pucynox). Cuauanra 3amoikarom xuoy 1,
3amem, 00KOABWUCH YCMAHOBACHUS. PAGHO-
eecus, samvikarom xaou 2. Hailoume xoauue-
cmMeo menaomol, evidejucueecs Hd KaKO0oM
U3 CONPOMUGACHUIL. R R

Kormga 3ambIkamor
kmou | (kmou 2 pa-
30MKHYT), HarmpsiKe-
HUA Ha KOHJEHCATO-
pax CTaHOBSITCS OfU-
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HakOBbIMHU. VX MOKHO HallTm u3 3aKOHa
COXpaHEHUs 3apsja:
U
CU,=2CU ,u U==L.
CyMMapHoe BblJIe/IUBIIeeCs] KOJUYeCTBO Tell-
JIOTBI PABHO PA3HOCTU HAYAJIBHON U KOHEY-
HOIl 9HEPIruil KOH/IEHCATOPOB:
2 2 2
0= CU, —ZCU _ CU;
2 2 4
Uepes 1Ba BepXHUX COMPOTUBJIEHUS TeUeT
OJINH 1 TOT 7K€ TOK (a uepes Tperbe COnpoTHB-
JIEHWE TOK He TEYeT), MOITOMY Ha HUX BBIJIE-
JIFIOTCS OJIMHAKOBbBIC KOJMYECTBA TEIJIOTHI:

cug
Oy =0y = 3
Korzia sampbikaor kmod 2 (IIpH 3aMKHYTOM

Kaode 1), yepes BepxHHE CONPOTUBJIEHUS
TEKyT paBHble TOKM [; = [,, 4yepe3 HIKHee

COTIPOTHUBJEHNE TeYeT CYMMAapPHBIH TOK
Iy = I} + I, = 21, . B Kax/iblil MOMEHT BpeMe-
HH BBI/JIeJIAIONINECS B COPOTUBIECHUAX MOII-
Hocti pasubl P, = IPR = Py, P, = 4P, . Bui-
JICJISTIONIECS KOJMYECTBA TEIIOThI, COOTBET-
CTBEHHO, paBHBl Qyy = Qyy, Oy3 =40, u B
CyMMe paBHbBI OCTaBIIEHCS IIOCJE I[ePBOro
aTamna SHEPruu KOH/ICHCATOPOB:

CU* CUj

Oy + Oy + 03 =ZT=TO’
OTKY/la HaXO/[IM , ,
B _ CUj _ CUj

Oy =0y = % » Qy3 = 6

OKOH‘{aTeJIbHO, Ha Ka’K/IOM COIIPpOTUBJIEHNN
BbIJICJINTCA TaKO€ KOJINYECTBO TEILJIOTbHI:

cu?
O =0y =0y +0Qy = 60 )
CU?
Q3 =03 = 0
/1. Medesedes

HAIIN HABJIOAEHUNA

Uionbcknn rpap,

B onun u3 nosbekux gaueit B Cankr-IlerepOyp-
re ObLIa CUJbHAs T'PO3a C BETPOM, JOXKIAEM U
rpajoM. I'pajunpl najanm u TpeMesn IpsMo 10
OKHaMH; Hamielt ma6opatoput B (DUSMKO-TEXHH-
4ecKOM MHCTHTYTe. 3a okHOM Oblio +21°C .

1 BbIest Ha yJuIy U, npsiya poToamapar oz
30HTOM, c/leJIaJl HeCKOJIbKO (ororpaduii aToro
cobpitusa. Ha ofHoM M3 CHEMKOB BHWJECH JBOP U
Oesiple IISITHA BBINABIIETO I'paja Ha 3eMJle, Ha
ocrambubix (CM. TakxKe 4-10 ¢. 06.1.) u3o6pasken
co6ctBeHHO Tpaj. CHUMKHM TPAjnH C/EJaHbI C
GOJIBIITAM YBEJMYEHNeM, [T MaciTaba Ha HEKO-
TOpbIX hoTorpadusx IpuUCcyTCTByeT pybJieBast Mo-
nera. Mrosiku, BuauMble Ha OTO, yIIaIU C pacTy-
IUX BO JBOpE eJIeil M MHUXT, 10 KOTOPLIM OMLI
JIOK/Ib C TPAJIOM.

UTo MOKHO CKa3aThb O IPajie 10 3TUM CHIMKaM?
MO>KHO OLIEHUTD Pa3Mepbl IPA/JIH I 3aMEeTUTD, YTO
onn He Bcerja cepudeckoil popmbl. Ho camoe
Ba)XHOE — 4TO GOJIBIIMHCTBO TPAJUH MMEIOT BHJ
CHEXXHBIX KOMKOB, IIpUYeM HEKOTOpble M3 HUX
IIPO3PAUHbL.

Mormm s aTH JIBANHKE 06Pa30BaTbhCsl NPH
KPHUCTAJIIN3AINA BO/STHOTO MTapa BBICOKO B aTMOC-
epe m B TakoM BHJE JOCTUYb IIOBEPXHOCTH
semau? Vim npu OBIKEHUH B arMocdepe aTH
JIe/ISTHBIE S1/IPa MOKPBLINCH BTOPUYHBIMI CHEXKHbI-

MU KPHUCTAJJIaMH U TOJIbKO Ha 3eMJe, TMoJ Jieii-
CTBHMEM KarleJib 10K/, OOHAXKIIACh UX JIeJAsSHAsS
cep/ieBuHa?

A Kakxoe 0ObsICHEHHE MOTJH OBl IPEIJIOKHITH
BBI?

FO.Hocos



BENEEY

1 . Depmep oropoamn CHapYXK y4acTok
3eMAV 1 pa3aenni ero Ha TpeyronbHUKM
co ctopoHon 50 M. B HekoTopbix Tpe-
YroflbHWMKax OH BbICAAMM KanycTy, a B

HeKoTopble MyCTKA NacTUcb Ko3. MNomo-
rmTe epmepy MNOCTPOUTb MO NUHUAM
CeTKU [OOoMNOoNHUTENbHblE 3abopbl Kak
MOXHO MeHbLLewn ODLLEer ASMHbI, YTODbI
3aLLUMTUTL BCHO KanycTy OT KO3.
M.XaqarypsaH

2. Y antekaps ecTb TpW TUpbKK, C
MOMOLLbIO KOTOPbIX OH OLHOMY MOKYyMa-

STV 33434V NpefHas3HayeHbl Npexae BCero yva-
wmMcs 6—8 Knaccos.

OTK 3aga4n npepnaranmce Ha XXVIII Matema-
TUYeCKOM MNpasgHuKe.

Tento otBecun 100 r vopa, apyromy —
101 r mena, a Tpetbemy — 102 1 nepekun-
1 BOLoOpoAa. [MpbKM OH CTaBun BCerga
Ha OfHYy 4Yally BecoB, a TOBap — Ha
Apyryto. Morno nu ObITb Tak, YTO Kaxaas
rmpbka nerde 90 r?

A.LLlaroBasnos

3. lpynna TypuCTOB AENUT MeyeHbe.
Ecnu TypucTbl pasfenst MnopoBHy [Be

OVHAKOBble Mayky, OCTaHeTcd On4HO
NULLHee nevyeHbe. A eCniv pasgenat no-
POBHY TPW TaKKe Xe Nnaykm, ocTaHeTcs 13
AVWHMX neveHnn. CKobKO TypUCTOB B
rpynne?

W.PackumHa

4. HaH kBagpat ABCD. Ha npofonxe-
HuK amnaroHanu AC 3a Todky C oTMeYe-

RV

Ha Takad Todka K, uto BK = AC Hangute
yron BKC.
E.bakaen

Unmoctpatmm [.1puiykoBovi
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o4eMY IrpaBUTALUMOHHAA SHEPT A
OoTpnLUaTESIbHA

C.JBOPAHUHOB

AITA KAPJIO, ¥ TEBA ECTb BPEMA

06CyINTH OINH BOIIPOC? — CIIPOCHLT
Byparuno, 3ametns, uto crapwrii Kapso co-
6rpaetcs cZies1aTh epepbIB B CBOEH MPUBHIU-
HOIT paboTe 3a BEPCTAKOM.

— [la, xoneuyno, — yabi6nyaca [lana Kap-
JIO, CTPSIXHUBAsI CTPYXKKH ¢ (papTyKa U Ipuca-
JKUBAsICh K cToJy. — 51 BIKY V TeOsi B pyKax
yue6HuK pusnku. Uto sxe Tebs 3anHTEpECO-
BaJIO HA 3TOT pa3?

— Ckaxy cpasy — ¢dhopmyJia NOTEHITNATb-
Hoii suepruu. Pamnbiie, B ceIpbMOM KJacce,
6bL1a oueHb npoctas gopmyaa I1 = mgh. A
Ternepb ITOsIBUJIACh HOBasi, 60Jiee CJIOKHAs:

M
H(R):—G%, — u bypatwHO OTKpBLI

HY>KHYIO CTPAHHUILY.
— Taxk, scuo, — mpomosisua [lama KapJio,
B3[JITHYB B KHUTY. — IJTO JI€HCTBUTEIHHO
1peiMeT, TOCTOMHDBIN HECIEeNIHOTO Pa3TrOBO-
pa. /laBaii-ka cHayaJsia BCIIOMHUM, 4TO TaKoe
MOTEHIIUATbHAS SHEPTHS.

— OHa cBsI3aHa C B3aUMHBIM T10JI0-
JKeHHeM KaKux-a160 Tes 6o ¢ B3a-
VMHBIM I10JIOJKEHUEM YacTeil 0/{HOTO
Tena, — GOWKO, CJOBHO OTBEYasT XO-
pOIIIO BBIYYEHHBIN YPOK, Havaa By-
parnro. — Bot mpumepnt. TermBa
JIyKa HATSIHYTa, JYK J1edOopMHpO-
BaH, OH HAXO/JUTCS B HAIPSIKEHUN.
Korpa Jgy4HMK OTTATHBAET TETUBY,
TO JIYK CoKMMaeTcs enije cuabHee. On
HaKaIJIMBAEeT dHEPTHUIO0, KOTOpas 3a-
TeM NEPEXO/IUT B KWHETHUYECKY IO SHEP-
IUI0 CTPEJIbl — CTpeJia mpuobperaer
ckopocTb. Koryia s1 3aBoky cBoii 6y-
JIMJIBHUK, TO CKPYYUBAI0 OIHY TIpY-
JKMHY, 3a CYeT ee 9HEePruu vachl
uAyT. A fApyras TpYKUHA XPaHWUT
9HEPTUIO, W B HYXXHBIII MOMEHT 3a
CUeT ee SHEPruy 3BeHUT 3BOHOK. Eciin
g MOJHUMY HIapUK Maccoil m Ha

BBICOTY /2 1 6POIITY, HAIIPUMED, HA MIPYXKUHY,
TO 9TOT MIAPUK COBEPUIMT paboOTy — OH CO-
JKMET TIPYKUHY .

— Bepno. Toabko B ciydae ¢ HIapuKoM
JIy4Ilie TOBOPUTDH O TPABUTAIIMOHHON SHEPTUN
KaK YaCTHOM CJIyyae 9HEPTUU TOTEHIIMAJb-
HOM, — ocranoBua Ilana Kapso yceparoro
HIKOJISIPA.

N3BecTHO, YTO /IBE TOUEYHDBIE MACCHI M W
M TpUTATHBAIOTCS OJHA K JPYTOH C CUJION

mM
F = G? , Tne G — Tak Ha3bIBaeMas Tpa-

BHUTAIIMOHHAsA TIOCTOsIHHAsA, a R — paccros-
Hue MexJy Toukamu. VIX B3anMHOe Tsrore-
HUE U TOPO’K/aeT TPAaBUTAIMOHHYIO 3Hep-
ruio. Keraru ckas3arb, ec B3auMOIEHCTBY-
10T /IBa OJIHOPO/IHBIX MaTepuasbHbIX IIapa,
TO UX MOKHO 3aMEHHTb TOYEUYHBIMH Macca-

MU, COCPEIOTOYEHHBIMM B IIEHTPaX 3ITUX
1IapPOB.
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[Iyctp Teno maccoii m mepemerniaercst, oc-
TaBasich BOJIM3M 1oBepxHOCTH 3emiin. B atom
cay4yae CUJTy TPUTSIKEHUS MOKHO CYHUTATH

. . mM
MMOCTOSTHHON U paBHOU F = G? , rie Ry
3

M
— paauyc 3emun. Beanunna G—2 Ha3bIBa-

3
eTcsl yCKOpeHneM cBOGOTHOTO MajieHusI, 060-
3Havaercss GYKBOII ¢ M paBHA IIPUMEPHO

9,8 M/ ¢. Ecnu teno HaXO/IUTCSI HA TOBEPX-
Hocru 3emun, T.e. R = Ry, TO ero 1noreuy-
aJIbHAsl HEPIusl CYUTAeTCs PaBHOU HYJIO.
Ecan ;xe Teso o1 1eficTBreM BHEIITHEN CUJIbI
[IePEMECTIIIOCh HA BBICOTY /2, TO B HOBOM
MOJIOKEHUN €T0 TOTEeHIUaTbHAs SHEPTUs

paBHa mgh.
— 9Ty IPocTyIO GOPMY.TY 5T XOPOIIO 3HAIO,
— saMerus BypartuHo. — 3auem ke elie

HY>KHA CJIOJKHAS «/IByXaTakHasA» (popmyia?

— He cnemm, ceitvac 6yger orser. OH
Tpebyer BHUMaHus. CKaKn-Ka, MOKHO JIU C
ITOMOIIbIO OOBIYHON JIMHENKU U3MEPHUTH Pac-
CTOSTHUE MEXK[y BYMSI OJU3KMMU TOYKAMU
Ha MOBEPXHOCTH TTapa, HallpuMep Ha TTOBEPX-
HOCTH TJI06yca?

— Komneuno, moxuo! Ho scrHoe meso, uto
pesysbraT GyleT He TOUHbBIN, a MPUOIHKEH-
HDBIH.

— IlpumeuaresbHO, 4TO UeM GOJIbIIE PAJIH-
yc mapa, TeM TouHee OyayT usmepenus. Ho
B JI0O60M cJyYae K JHaMeTpaJbHO TTPOTUBO-
MOJIOKHBIM TOYKAM JIMHEHKY HUKaK He MpH-
soxkuth. Tak u ¢ popmyoit IT = mgh. Ona
NpUMEHNUMA JIMINb JJIs HeOOJbITNX 3Have-
Huit /.

— OrpanuueHus B TpUMEHEHUU 3TOi (hop-
MyJbl MHe ToHATHBI. Ho 4TO emne MHe He
HPABUTCS, TaK 3TO 3HAK MUHYC B HOBOM
dopmynre. Henpsst mu oboiituch 6e3 Hero?
Bor, x npumepy, macca. OHa Bcerjia Bblpa-
JKAETCST MOJIOXKUTENbHBIM YHCJIOM. JTO, 5T Ob
ckazaJ, npugarHo. C Apyroil CTOpPOHBI, £
[IOHUMAIO U TI0JIE3HOCTb OTPUIIATEIbHbIX Be-
smarH. CRayKeM, eCJT TOYKa MOKET IBUTATh-
€SI TIO IPSIMOTT JIMHWY B IBYX MTPOTHBOTIOJIOXK-
HBIX HANpPaBJEHUSIX, TO CKOPOCTb B OJHY
CTOPOHY MOJIOKUTENbHAS, B [PYTYI0 — OTPU-
naregbHass. Ho cKOpocTb — BeJWYMHA BEK-
TOpHagd, TYyT 3HAK yKa3bIBaeT HalpaBJeHUE.
A BOT sHeprust — BeJUYUHA CYry60 CKAJSIP-

2017/Ne3

nag. Henb3s u cesiath ee OJI0KUTENIbHOM ?
Bor Benb Ha TemniepatypHoii mkase Keabsu-
Ha BCe 3HAYCHMS TEMIIEPATYPbI MTOJTOXKUTEIb-
Hble!

— JTO TaK, HO eCTb elle U HOJIb TPAJyCOB 110
KenmpBuny. Kak TbI mymaemb, a B Kakoi
TOYKE IPOCTPAHCTBA TPABUTAIIMOHHAS SHEP-
rug paBHa HyJ0? — 3agan Bonpoc Ilana
KapuJo.

— Ceiiuac craxxy. Mbl JOJKHBI B IIPO-
CTPAHCTBE HAWTH TAaKylO TOUKYy X, 4TO TeJIo,
Oy/iydu TIOMEIEHHBIM B 3Ty TOUKY U HAXO/IsI-
MMMCS TIOJ] JIeiCTBUEM CHUJIBI TATOTEHUS,
HUKAaKOHW paGOThl COBEPIIUTL He MokeT. Ha-
puMep, He MOXKET, HayaB JBUKEHME MO/
JIeHICTBUEM CHJIbI TIPUTSKEHUS, CXKATb IPY-
JKUHY, KOTOPash HAXOJAUTCS MEXJY TeJOM U
HEHTPOM 3€eMJIN...— HauaJl Pa3MbIILIATh By-
paruno. — Ho... Takoii Touku Her! Beab B
JIOGO¥ TOUKe MPOCTPAHCTBA HA TEJIO AEHCTBY-
€T CUJIa TATOTEHUSI.

— Tol He coBcem TpaB. B ¢gusuke npuHATO
CYUTATH, YTO TPABUTAIIMOHHAS SHEPTUS PaB-
Ha HYJI0 B GECKOHEYHOCTH — TaM, TJe TeJa
MPAKTUYECKN HE B3aWMOJICHCTBYIOT APYT C
JIPYroM. JTa O3HAYAET, YTO eCJU R CTpeMuT-
¢ K OCCKOHEYHOCTH, TO T'PaBUTAIMOHHAS
9HEpPrusl CTpPEeMUTCA K HyJm0. VIMeHHO Tak

Besier ceGst dyukuus 1 (R) = —G%. I'pa-

¢ux aToit (pyHKIMM — BeTBb THHEPOOTBI —
Te6e XOPOIIo N3BecTeH. JTa QYHKINA BO3pa-
craer: ecin Ry > Ry, 1o II(R,)>II(Ry).
ITO eCTeCTBEHHO: ueM Jajibllie OT 3eMJH
HaXO/IUTCS TEJIO, TeM GOJIbIIIE €T0 IPABUTAIN-
OHHas 2HEPrus.

— A Kak ke Bce-TaKU M3 OTPHIIaTeJbHbIX
3HAYeHNH 3TOH (PYHKIMN TOJIyJIaeTcs MOJ0-
JKUTEJIbHAS BeJIMTYMHA Mg h? — OBTOPUJI CBOI
Bomnpoc Byparnno.

— JlaBaii mogHUMEM TeJIO C TOBEPXHOCTU
3eMJn Ha BBICOTY h. Paji KpaTKoCTH 3a1cy
pamuyc 3emsn o6oznaunM R. Torpa mpupa-
IieHMe I'PABUTAIIMOHHON SHEPTUH 3TOTO TeJa
6yzieT paBHO
mM mM

+G——=
R+nh R

B mMh —Gml\;[h 1h.
R 1+—
R

I(R+h)—1II(R)=-G

R?>+ Rh
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Ecnn Bemumna i masa 1mo cpaBhenuio ¢ R,
TO OTHOIIIEHWE R MHOTO MeHblIe 1, u ocJe-

Hsist IpoOb oKasbiBaeTcs pasuoii 1. CueoBa-
TEJbHO,

mM
II(R+h)-1I(R) = G?h=mgh

[Tosyuaercsi, yTo Besmunna mgh — ato npu-

paienne rpasutaiuonnoii sneprun 11 (R)

IIPH [IepeMeIeHIN TeJia ¢ TIOBEPXHOCTH 3eM-
Ji Ha He6oJIbIny10 BoicoTy 2. CaMa yHKITHs
II(R) orpumarenbHa, HO ee TpHpAIIEHNUE
HOJIOXKUTEJIBHO, ¥ HUKAKOIO HPOTHBOPEYNUS
3/1eChb HeT.

— Temepnb MHE 3TO TIOHATHO, —
BOpeHueM Ipoustec byparuHo.

C Y/IOBJIET-

KOHKYPC UMMEHU A.II.CABHUHA

aa4l

Mbi npogo/mkaeM KOHKYPC 110 peLLeHnto matemMaTnyeckux 3agayd. OHN paccyuTaHbl B MEPBYIO
oyepenp Ha yyaumnxcs 7-9 Knaccos, HO Mbl 6yAeM pagbl y4acTuio LKObHUKOB BCEX BO3PACTOB.

Bbicbinavite pelieHuss 3agay, ¢ KOTOPbIMU CIIPABUTECL, 3/IEKTPOHHOM [MOYTON 10 afpecy:
savin.contest@gmail.com nau obbiyHOV royToui no agpecy: 119296 MockBa, JIeHUHCKUY MPOCIIEKT,
64-A, «KBaHT» (c nometkos «KoHKypc umernu A.[1.CaBuHa»). Kpome mnmeHn v gpammnnm yKaxure
ropog, WKoJy M K1acc, B KOTOPOM Bbl y4UTECh, A TaKKe 06paTHbIi MoYTOBbIN aapec.

Mbi npuseTcTByemM y4actvie B KOHKYpCe HE TOJIbKO OTAE/IbHbIX LUKO/IbHUKOB, HO M KOMaHa (B
TaKoM c1y4ae fpucbiIaeTcss 04Ha pabora co CrIMcKoM y4acTHUKOB). Y4acTBoOBaTh MOXHO HaYUHAasH C
smoboro Typa. [Mobegurenesi XAYT ANMNIOMbI XypHana «KBaHT» n rpussl.

Xenaem ycnexa!

20. a) 3anosnure Tabauity 3 X 3 JAE€BATHIO
PA3JMYHBIMU TIEJBIMA YUCJIAMH TaK, Y4TOOBI
MIPON3BEIEHNUST YNCEN B KAKI0H CTPOKE, KaK-
JIOM CTOJIOIe U Ha 00enX JuaroHaasax ObLII
OJ/IMHAKOBBI.

6) MoxHO JM 3TO cJeaTb Tak, YTOObl
cpeau yuces Obrau 15 u 257

M. Eedoxumos

21. Ecrb 12 xaprouek, Ha KaK/J0# Harmca-
Ha ojiHa HenyJeBas nudpa. MssectHo, 4yTo u3
3TUX KapTOUEK MOKHO COCTABHTD JIBA IIECTH-
3HAUHBIX YMCJA, CyMMa KOTOPBIX paBHAa
1099999. [lokakuTte, 4TO U3 ATUX KAPTOUYEK
MO’KHO COCTABUTD J[Ba MECTIU3HAYHBIX YNCJIA,
cymma kotopbix pasHa 1000000.

I'.I'anvnepun

22. Ilponasity Hy>KeH HAGOp TUPb, C TIOMO-
IIHI0 KOTOPOTO OH MOT ObI HAOPATh JT0O0I BeC

KoHKkypc TpPOBOAMTCS COBMECTHO C >KYPHAJIOM
«KBanTuk» .

or 3 o 6 kr, kpatubiii 100 . Kakum nam-
MEHDBIINUM KOJUYECTBOM THPb MOXKHO 060ii-
THCH?

11. Kosxkesnuxoe

23. Ha GeckoHedHOl ceTke M3 PaBHOCTO-
POHHUX TpeyroabHUKOB (ee hparMent u306-

\VAVAVAVAVAV
ININININ/N/N

/NC/NC/NC/N /NN

PaKEH Ha PHUCYHKE) MPOBEAEH OTPE30K C
BEPIIMHAMHU B y3JIaX CETKU, JJINHA KOTOPO-
ro paBHa ¢. JlokaskuTe, 9YTO MOKHO IIPOBEC-
TH JPYTONl OTPE30K C BEPIINHAMHU B y3JaX,

JJINHa KOTOPOTO paBHa: a) «/§a;

6) 37a .

E.baxaes
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'loner B
KPUCTANMINYECKOM
obfake

A.KALUEBAPOB, A.CTACEHKO

Y Hux cpenHasa temneparypa ABaauath roagy-
COB, 3 y HaC HOJIb: B ABAALATH PA3 MeHbLLe!

B.BXKvpnHoBckmM

ABHO U3BECTHO, 4YTO BCTPEYA C IIE-

PEOXJIAKJIEHHbIMU KaleJbHbIMU 06JIaKa-
MU TPUBOJUT K 06JIEJICHEHUIO CaMoJieTa — TI0
3TOMY MTOBOJIY HAITMCAHBI TBICSYH cTaTeH, MOHO-
rpadwuit, macTpykmii. Ho cpaBHuUTE BHO He-
JIaBHO ObLTO OOHAPYIKEHO, YTO HEMAJYIO OIac-
HOCTD [IJISI ABUAIIUH [IPEICTABJISIOT U JIbJAUCTHIE
obJiaka.

OxasbpiBaercs, Ha BbIcoTax /10 13 KM BcTpeya-
I0TCSI TIPOTSKEHHBbIE 00J1acT atMocgepbl, Co-
nepskaiie gemMaibie (o 20 B 1 M°) KoTHYe-
CTBA KPUCTAJLIOB Jibjia. KoHeuHO, cTaliKuBasich
C «XOJIO[HBIM» CaMOJIETOM, XOJIOJHDIE KPHC-
TaJLIBI IPOGSITCS ¥ OTCKAKUBAIOT OT €T0 TIOBEPX-
Hoctu. Ho, momazas B OTOK BO3/yXa, 3aXBa-
ThIBaeMblii 6oJjiee «TeribiM» ABurareseM (Xxors
TeMIlepaTypa ero IoBepXHOCTell Ha BXOJIE OCTa-
ercs mwke 0°C), oHM MOTYT HpUMep3aTb K
MTOBEPXHOCTU JIONATOK CaMoJIeTa, JAPOOUTHCS,
06pa3oBbIBATD JKHUJIKIE ILJICHKHU, YTO y)Ke He pa3
MIPUBO/IUJIO K HAPYIIEHIIO HOPMaJIbHOI Pa6OThI
MOTOpPOB. A WHOTZA TIOCJTE TPU3EMJICHUS B
BO3/IyX03a00pHUKAX JiBUTaTe el 00HapysKuBa-
JIUCH TIeJIble MPUTOPIIHNA KPUCTAJLIOB.

Kpome Toro, CyIecTByioT «TeIibie» BOIHO-
KpHCTaJLIyecKke o6jaka, cojilepsKaiiie, Hapsi-
JIy C BOASHBIMU KaIlJIIMU, HEPACTASBIINE CHeE-
SKUHKH, KOTOpble 06pa3yioT Ha TOBEPXHOCTH
00TEKAEMOTO Tejla KJIMHOBU/HDBIE <«OOPOJIBI»
BJIAJKHBIX KPHUCTALIOB. A erre... Brpouem, u
CKa3aHHOTO JIOBOJIBHO, YTOOBI OCO3HATH HIUPO-
Kuil auanason ycjosuii nosera (temmeparyp,
CKOPOCTEiA, BBICOT), B KOTOPBIX MOKET BO3HUK-
HYTb OTIACHOCTDH B3aMMOJICHCTBUS JeTaTeJIbHO-
TO ammapara ¢ 4YacTHIaM# aTMochephl.

PacemorpuM, mpeskiie BCEro, CTOJKHOBEHUE
OT/ICJIBHOTO KPUCTAJIJIA C TOBEPXHOCTHIO TBEP-

goro tena. TyT HaM MOHAZOGATCS TOHATHS
(DUBMKO-MeXaHNYECKUX CBOHCTB 0GOMX ydact-
HUKOB B3anMojieiicTBusA. Cpe/i 3THX CBOWCTB B
HaIeM cJrydae HanGoiee BayKHBIM SIBJISETCS TaK
Ha3bIBAEMBIIl TIpejieJl TeKyuecTH G, KOTOPbIH
U3MepsIeTCsl CUIIOL, TPUXO/IsIIelicss Ha e/IuHI-
1y ILIOIIA/H ([0] = H/M2 =1la ), u npuBoaUT
K HEOGPATUMOMY PA3PYIIEHUIO CTPYKTYPbI TBEP-
noro Tena. IlpuueM He6e3pas3aMuHO, Kak Ha-
[PaBJIEHA 3Ta CUJIA, — OHA MOXKET paGoTaTh Ha
cKarme, pacrsukenue, capur. Hanpumep, st
JIbJIa XapaKTEPHBIM 3HAUEHHEM TIPe/Iesia TEKy-
4ecTH B CcJAydae CXKATUd  SABJASETCS
0, = 2,5 Mlla ,a pacasura— o, = 0,6 Mlla.
JIist aMFOMUHYS U TUTAHA, 13 KOTOPBIX JleJia-
IOT CAMOJIETDI, 3TU 3HAYEHUsI rOPas/fo GoJbllie,
[OATOMY TaKHe MaTepUuasbl MOMKHO CYHTATDH
a6COTIOTHO TBEPJABIME 1 HelepOPMUPYEMBIMU
[0 CPABHEHUIO CO JIBJOM.

Urak, 1mycTh KPUCTALI CO CKOPOCTBIO 0 Tia-
JIaeT MO/ YIJIOM O Ha MOBEPXHOCTH TBEPAOTO
Tesla, HAMPUMEP KPbLIA JIETATEJIbHOrO Aarlia-
pata, UMEIOIIETO MOJYIHINHAPUIECKYIO TIepe/l-
oo KpoMky (puc.1). Pasmoxkmm ary cko-
pPOCTb Ha JIBE KOMIIOHEHTBI: HOPMAJbHYIO
u, =0cosd U TaHreHIUanbHyl (Kacaresb-

Puc. 1. Mogenb ripouiis Kpbiia ¢ rnosyLuinHg-
PUYECKOU MEPEnHEN KPOMKOU

Hy®0) u; =osind. V3 coobpaskeHuil pasmep-
HOCTH MOXXHO TIPE/IIOJIOKUTD, YTO KHHETHYeC-
Kasl Heprusl KpHcTajljla B pe3yJbraTe Heyll-
PYTOro B3aNMOJEHCTBUS C TBEP/IBIM TEJIOM TIOH-
JeT Ha paspyuieHne vactu obbema AW/W
KpUCTaJ/LIa KaK B pesyJbTaTe HOPMAaJbHDIX,
TaK ¥ C/JBUTOBBIX HAIPSIKEHUIT:

szpmui uf U

+— y
w o, 20;

n

rjie P — IJIOTHOCTD JIbJIa. 3/1eCh MbI IIPEIOI0-
KM, 4TO 006a HAIPSKeHUs — HOPMaJbHOEe
(unzmexc n) m kacarenapnoe (MHAEKC T) —
JeficTBYIOT He3aBHCUMO JAPYT oT Apyra. Komeu-
HO, 3TOT IIporiecc GyJIeT 3aBUCETb 1 OT (POPMBI
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JIEJITHOTO KPHUCTAJIa, W OT OPHEHTAIUH €ro
oceii 10 OTHOTIEHUTO K HOPMAJIU K TIOBEPXHOCTH
TBEP/IOTO TeJla B TOYKE COYJApPEHUsI, TaK 4TO
BBITUCAHHOE BbITIIE COOTHOIIEHIE — BCETO JIHIIIb
OIIEHKA TIOPS/IKA BEJTUYHUHDI.

A 4TO TIPOMUCXO/UT 3aTeM C ATO paspylieH-
HOU Maccoii? Ona, HApUMep, MOXKET TIpeBpa-
TUTBCS B SKUJAKOCTb M B BUJIE KAIl€JbKU MPO-
JIOJIKUTD TIYTh 110 <«TEILIOI» TTOBEPXHOCTH. A
MOJKET U MPUMEP3HYTb TYT Ke, eCJU MOBEPX-
HOCTb HEJIOCTATOYHO <TeIlIasi», T.e. ee TeMIle-
parypa umke 0 °C. Paccmorpum mocsenuii
cJIydaii, KOTOpbIH, KaKk TOBOPSIT MaTEeMATUKH,
JIAET <«OIEHKY CBEPXY» JIJIsI BO3MOKHOTO POC-
Ta MAaCChl, HaMep3aloleil Ha TBEP/IOe TeJO.

Pasymeercs, namn kpuctait e ogun. Ilycrb
KoHUeHTpalusl Kpucranos pasua n ([n] =
= 1/ M® ). Ecim caMoser JIeTHT €O CKOPOCTBIO
U W KPUCTAJLJIbI JIOCTATOYHO KPYIIHbIE, TaK 4TO
UX TPACKTOPUN HE NCKPUBJIAIOTCA IIPU IIPU-
OIMKEHUHN K TEJy, TO ILIOTHOCTH MOTOKA UX
MAacChl B TOUKE COY/IAPEHHs PaBHA MNU COS O =
= P,0COoS O . 3/1eCh M — Macca OJHOTO KPHC-
Tasa; YMHOKEHHAsT HA KOHIIEHTPAIUIO 72, OHA
JIaeT TJIOTHOCTh P, = M7 Macchl BCeX KPHC-
TAJJIOB BJATH OT TeJa — <«Ha GEeCKOHeYHOC-
TH». 3HAUNT, YMHOXKHB H3MeHeHHe oObeMa
KPUCTAJLJIA HA MJIOTHOCTb MOTOKA MACChl, MBI
MOJIYYUM CKOPOCTh TIPUPOCTA JIE/[STHOW MACChI
Ha TIOBEPXHOCTH TBEPIOTO TeJa:
dh _ pi,ocosa AW
dt p w

Ceos?a , sin*all

= p,0°cosa m ﬁ

Ho Beb 0 MOBEPXHOCTH JIETATEJBHOTO Aall-
rnapara, IMPU3HAHHOTO al6COJIOTHO JKECTKUM,
Y/apsioTCsl TOJIbKO TIepBbIe MOPIMU [IPUMeEp-
3QI0IIETO JIb/IA; B JaJIbHEHIIeM KPUCTAJLIbI OY-
JIyT CTAJKUBaThCst co cjoeM Haseau. Cieno-
BaTeJIbHO, UX JHEPTUST MOKET PACXO0BATHCSI
U Ha 9PO3MIO YACTH ITOTO CJIOsI, KOoTopas Oy-
JIeT, 110 HAIIEeMY [PEINOJOKEHNIO, TYT Ke
BHOBb OTBepjieBaTh. Cumrtasi Macchl paspylia-
IOIUXCST KPUCTAJJIOB U HAJIE[N PN KaKJIOM
COy/IapeHur OJINHAKOBBIMU, MOXKHO MPaBYIO
YaCTh YPaBHEHUST LTSI CKOPOCTH TIPUPOCTA TOJI-
IIMHBI CJ0S yMeHbIUTb BABOe. (A MOKHO 1
TAK OCTaBUTb — Be/lb Peuyb ujer o6 OleHKe
HOPA/JKOB BEJMYNH. )

Wrak, npunnmag p, =10 I‘/Ms, v =350 m/c,

0,=25Mlla, o,=0,5Mlla, Mp nomay-

UM

dh _ 0,25cosa(c0520( + Ssinza) MM/C =
dt

= 0,25cosa(1+ 4sin20() MM/c .

Ira dynxiusa (OHa KaueCTBEHHO M306pasKeHa
Ha PHUCYHKe 2) HUMeeT MaKCHUMyM TpH
sina =7/12,

dh mMm

_, =

dt ¢

0 T2 o

Puc. 2. Ka4eCcTBeHHbIV B 3aBUCUMOCTY OT yi/ia
M3AEHNA YacTuL| CKOPOCTU POCTa HaNeam 3@ c4er
HOPMAasbHOro (CUHSS KpHBAs) 1 TaHIeHLMA b HO-
ro (3€/71eHas KprBas) pPaspyLuatoLmx Hampsxe-
HU, @ TaKxKe 1ux CyMMbl (KpacHas KprBas)

Kcratu, a mouemMy MOKHO CUUTATB, YTO TPO-
1ece TPOU30ieT BOIU3M TOYKU COYAapeHus ?
OneHuM paccTosine, Ha KOTOPOe KPHCTAJLI
MIPOCKOJIb3HET BJIOJIb TBEPJON MOBEPXHOCTH.
N3 coobpaskenuii pa3MepHOCTH MOYKHO OIie-
HUTb CKOPOCTb C PACIPOCTPAHEHUS <«BOJHbBI
paspylieHusi» B Tejie KPUCTAJLIA:

O,

P
Ecain nipejicTaBuTh KPUCTAJI B BHUJIE CTEPIKHS
nnm KyOuKa ¢ XapaKTEePHBIM PasMepoM d, TO
JmHy Aa ero pa3pynieHHOTO y9acTKa MOKHO
OLICHUTDb U3 COOTHOLICHNUA

Aa AW

a w

Torpma BpeMs ctosikHOBeHUS Af W JJMHA TIPO-
CKaJIb3bIBaHUsT § Oy/IyT TOPsI/IKA
/2
Aa Up g wiu.a
At ~— u s ~ Atu, ~ 3—[ >

¢ 0,0
3HAYUT, MPOIIECC CTOJTKHOBEHUSI 3AKOHYHUTCS HA
PACCTOSIHUM, CPAaBHUMOM C Pa3MEpPOM CaMOTro
KpucTaaia. 31ech Mbl NPUHIAIN U, ~ Uy ~ O .
JKematomue MOTYT YyTOYHWUTDL OIEHKY: HATPHU-

Cc ~

~a,

a— — — v .
Mep, B3Tb O = 45° , Torza u, = u; = ﬁ ; BMe-
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CTO O, B34Tb cpefiHee MexIy O, u O ... Ho
9TO HE U3MEHHUT IOy YEHHOTO OPS/IKA BEJIUYN-
HbI S.

Opnako He 3a0yZeM, 4TO [IPH POCTE HaJIeAN
HepeJHAs KPOMKA HaIllero TBEPAOro Tesa yiKe
He Gyner nuanHapudeckoii. Ee dopma Hernpe-
PBIBHO H3MEHSETCS CO BpPEMEHEM — 3HAuWT,
N3MEHSEeTCS B KaXK/O TOYKE PAaCTYIICrO CJIOS
JIbJla HOpMaJIbHasl KOMIIOHEHTA IJIOTHOCTH IO-

TOKa Macchl (ee pasMepHOCTD KI‘/ (M2 Et) ). Jla

U caM TIOTOK BO3/yXa BOKDPYT HEIPEPBLIBHO
N3MEHSIOIErocs TeJia ToxKe Oy/IeT HellPpepbIBHO
U3MEHSATbCS, TaK YTO MOTYT W3MEHSTbCS U
TPACKTOPHH MO/JICTAIONINX JbAUHOK. [loaToMy
JUUIS pacyeTa BCETO 3TOTO SABJEHUS YiKe HY>KHO
3HATDh W A9POTUAPOANHAMUKY, W METOBI YHC-
JIEHHOTO WccaeoBannd. Vcmomap3ys nuX, MbI
CMOTJIM HOCTPOUTDH 3BOJIIONUIO (POPMbI HaJIE/H
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Puc. 3. IBosmouma Hapoclero cios Jibgd Ha
nepenHen Kpomke Tena co BpemeHem. Lllar o
BpemeHM 5 ¢, paamyc nepeqHesi Kpomku 15 mm,
paguyc cepudeckmnx Kpucrasmios 0,55 mkm

co BpemeneM (pmuc.3). A Kak MBI 9TO C/IEJIAJIH,
MO3KHO Oy/leT y3HaTh, HOCTYIINB B MOCKOBCKHI
(pusuko-TexHnyecKuil HHCTUTYT Ha (aKyJIbTET
A9POKOCMUYECKUX TEXHOJIOTHII.

\VlonekyngapHo-
KMHeT4YecKad
Teopua u
XapaKTepnCTUKM
BelllecTBa

C.BAPJIAMOB

CHOBbI MOJIEKYJIAPHO-KMHETUYEC-
KOl Teopuu OOBIYHO (POPMYJIUPYIOTCS B
BuE Tpex yTBepskaeHuii (MoJ1osKeHui).

e Bee, uto Hac okpyxkaer (1 Mbl caMu B TOM
YuCJie), COCTOUT X MEeJbYalIIMX YACTULL Belle-
CTBa — MOJIEKYJ, KOTOpbIe MMEIOT HEeHyJeBbIe
pasmepbl D u Macchl m.

e ITU MOJIEKYJIbl HEIPEPBIBHO XaO0TUYECKU
JIBIZKYTCSI, TAaKOe [[BUIKEHIE HA3bIBAIOT TEILJIO-
BBIM U €T0 XapaKTEePU3YIOT CIIEIATbHBIM TTapa-
MeTpoM — TeMieparypoil 7.

o DTH MOJIEKYTbI (YACTUIIBI BENECTBA) B3an-
MOJICHCTBYIOT JIPYT C APYTOM.

g omucaHust B3aUMOJIEHCTBUS MOJIEKYJT
BBOJINTCS TIPE/ICTABJIEHUE O IOTEHIINATbHOI
SHEPTUH B3aNMO/IeHCTBUS IBYX MOJIEKYJI, KOTO-
pasi 3aBUCHUT OT PACCTOSTHUS R MexX /1y IIeHTpaMu
9TUX MOJIEKyJ. B HekoTopoM auanasone He-
GOJIBIINX PACCTOSHUN 9TA SHEPrUsT IMOJIONKHU-
TeJsibHa M ObICTPO pacret ¢ yMeHblienueM R. [1pu
PACCTOSTHUAX,, GOJIBIITIX HEKOTOPOIi BEJIMUNHBDI,
MOTEHIMAJIbHAsT SHEPrUsl CTAHOBUTCS OTPHILA-
TEeJIbHOI M OCTAeTCs TAKOBOI BILJIOTD JI0 OUEHb
6osbiiux paccrosuuit. Ho no mMepe ypanenus
MOJIEKYJ1 HAa 6eCKOHEUYHO GOJIbIIIOE PACCTOSTHUE
3Ta9HEPT U IOCTETIEHHO ITPUOIMIKAETCS K HY JTIO.
Takum 06pa3oM, MMeETCsI HeKOe pacCTOosiHUe
MEeK/Iy MOJIEKYJIaMH, KOTOPOMY COOTBETCTBYET
MUHUMaJIbHAsT OTPHIIATeIbHAs TOTeHI[NAaTbHAS
sueprusi —U,. Paccrostnne D, mpu KOTOpPOM
JIOCTUTAETCSI MUHUMAJbHAS HHEPTHUs, MOYKHO
CUUTATh XapaKTePHBbIM Pa3MEPOM MOJIEKY.I.

OaHUM M3 BO3MOXKHBIX CHOCOGOB 3a/[aHUs
3aBUCHUMOCTH TOTEeHIManbHON sHeprun U ot
paccrosiuust R siBasiercst pyHkimst (moTeHIm-
an) Jlennapma—/IoHca:

O

QORI

6



Irta OYHKIUS MOIXO/IUT K IPUBEIEHHOMY BbIIIIe
CJIOBECHOMY OIMCAHUIO, TIPUYEM JIyYIlle BCETO
€10 OTIHMCBHIBAIOTCS «CHMMETPUYHBIE> MOJIEKY JIbI
— HarpuMep, MOJIEKYJbI GJArOPO/HBIX Ta30B,
MeraHa u uM 1oj100ubIe. [TockoIbKy TOTEHIIN-
aJbHAs SHEPTHs MOJEKYJ B 9TOH MOJICIHN 3aBHU-
CUT TOJIBKO OT PACCTOSIHUSI MEKYy WX IE€HTpa-
MM, TO IOHSITHO, YTO B3aUMOJEHCTBHE CJIOK-
HBIX MoJsekyJs, Hanpumep H,O, NHj;,
CH3;OH , ona onucbiBaeT TOJIbKO MPUGIHKCH-
Ho. OaHaKo I 1ieJiell KaueCTBEHHOIO OIInca-
HUSI CBOWCTB BEIECTB ATOTO, KaK BUAHO Oy/eT
B JaJIbHEUIIEM, BIIOJIHE JOCTATOYHO.

MnoTHocTb KOHOEeHCNPOoBaHHOIo Bellecrea

Macca MOJIeKyJIbI 7 W ee XapaKTepHBIH pas-
Mep D ompenesigioT MOPSIAOK BEJIMYNHBI T1I0T-
HOCTH P BelecTBa B KOHAECHCHPOBAHHOM CO-
crosgauu. HamoMHuM, 4TO KOHJEHCUPOBAHHOE
COCTOSTHUE BEIECTBA — ATO TIOHSATUE, OO BEINHSI-
folIee TBep/IbIe Tesa U SKU/KOCTU B TIPOTUBOTIO-
CTaBJAeHNN WX Ta3dy. [1sa TBepABIX Tesx TpH
HEeOOJIBIIIOM BHETITHEM JIaBJI€HUN 1 HU3KOH TeM-

neparype P, ~ j%. bBespasmepHbrii MHOKU-
Tesb j BBEJEH JIJisl TOTO, 4TOGBI yYeCTh, UTO
MOJIEKYJIbI 3aIIOJIHSIIOT HE BECh IPE0CTABJIEH-
Hblil UM 06beM. Harpumep, mnpu camoil 1i0T-
HOU YIAKOBKe MAPUKOB Ko duiimeHT 3amno.i-
Henust o6beMa pasen npumepto 0,74. B arom

m
cJydae IJIOTHOCTD BemectBa P, =1,41— .
D

HOHHTHO, YTO IIJIOTHOCTb 3aBUCHUT OT TOTO,
KaKoii OPAAOK 3aHMMAIOT MOJIEKYJIbl B IIPO-
CTPAaHCTBE, T.€. OT TOTO, KaKo# THTI KpucraJaimn-
YeCcKOW pemeTkn 06pas3yloT MOJEKYJIbl MpHU
HU3KOI Temmeparype. Ilpu mraBieHun Bere-
CTBa B YCJIOBUAX ITOCTOAHHOTO BHEUTHETO /1aB-
JeHus B OGOJIbIINHCTBE CJIy4aeB IIJIOTHOCTDH Be-
IECTBA YMEHDBIIAETCS: Py < P, . ITO yMEHbIIIe-
HUE TIJIOTHOCTU MHTEPHPETUPYIOT KaK IIOABJIE-
He B oObeMe BellecTBa 3HAUYUTEIbHOI J0J11
BaKaHCI/Iﬁ, T.e. MEeCT, Ir/ile MOI'JIn ObL HaXOUTbCA
MOJIEKYJIbI, HO HE HaXOAATCA. Ecmm B TBEPAOM
COCTOSTHUM y Ka)KJOH MOJEKYJIbI mMeeTcs Z,
HaXOAAIMXCA B HEIIOCPEACTBEHHOM COIIPUKOC-
HOBEHUM C Hel COCEIOK-MOJIEKYJ, a IIoCJe
IlJIaBJIEHUA UX B CPEJHEM TOJIbKO Z1, TO 3TO
O3Ha4va€eT, 4TO IIJIOTHOCTH TBEPAOIO U JKUIAKOI'O
BEHIECTB OTHOCATCA [ApPYyr K [ApYyry IPpUMEPHO
TaK:

p;l( — Z1 +1

P, Zy+1’

ITO COOTHOIIEHUE TTOIYYEHO B MPEATOJI0KE-
HUW, YTO B KPUCTAJINYECKOIl pPEIIeTKe C Tpe-
JKHUMH PACIIOJIOKEHUSIMU Y3JIOB B MPOCTPAaH-
CTBe He BCE Y3JbI 3aHATHI MojekymsamMu. Ha
caMoM Jiejie CUTyalns He Takas MpocTasd, T.e.
cZIeTAaHHOE TTPETION0KEHIEe TOJIbKO KaueCTBEH-
HO 00BbSICHSET M3MEHEHNe ILJIOTHOCTH BEIeCTBa
npu TIaBiaeHun. Kpome TOro, CyIIeCTBYIOT
BEIEeCTBA, JIJISI KOTOPBIX IJIABJIEHUE TP MTOCTO-
SHHOM JIaBJIEHWH COMPOBOKIAETCS HE POCTOM
o0beMa, a pocToM miaoTHocTu. CaMblil U3BeCT-
HBI TIpuMep — TulaBjeHue Jbaa (MIOTHOCTD

900 KF/ M° ) U IpeBpalleHiie ero B Boay (mior-
Hocrs 1000 xr/m® ).

BHyTpeHHAS 3Heprus

TenyoBoe ABIDKEHNE XapaKTepU3yeTcsl TeM-
neparypoil T n BHyTpeHHell sneprueii. B kmac-
CHYECKOI MOJIEKYIPHO-KUHETHYECKOI TeopHu
Ha KXyl CTelleHb CBOOO/JHOTO JIBUIKEHUS
MOJIEKYJI TIPUXO/IUTCS B CPE/IHEM TeIlJIOBasi SHep-
rug kT/2, rae k — nocrognnas Bosbimana.
OHOaTOMHBIE MOJIEKYJIBI B COCTAaBE Ta3a MMe-
10T 4 = 3 creneHu cBOGO/bI, U MOJISIPHAST BHYT-
PEHHASA 2Heprus OJHOATOMHOIO Ta3a paBHA
3RT/2. ][lByxaTOMHBle Ta3bl HMEIOT I, =5
cTereHeil ¢cBOGO/IbI M MOJISIPHYIO BHYTPEHHIOO
suepruio SRT/2. A ecim B coctaB MOJIEKYJT
BerectBa (KOTOPbIE CUUTAIOTCS KECTKUMM)
BXOJAT Tpu uiu 6oJiee aTOMOB, TO TaKOW Ta3
umeer i; =6 crereHeit cBOGO/bI U MOJIIPHYIO
BHYTpeHHI0I0 sHepriuio 6RT/2.

Ecsm MostekyJibl BXOJST B COCTaB KOH/IEHCH-
POBAHHOTO BEIECTBa, TO OHM B3aNMO/ICHCTBY-
I0T CO CBOMMH COCEJKAMH, IPHYeM Kak ¢ OJIu-
JKaHmUMU, Tak U ¢ yga’deHHpiMH. Kakjgas
MOJIeKyJIa, HaxoJsiascs B riay6uHe obbeMa,
OKpY>KeHa HanboJiee 6JIM3KO0 PACIOI0KEHHBIMI
K HEll MOJIEKYJTAMU-COCEJKAMHU, KaxK/1ast 13 KO-
TOPBIX ofecreynBaeT eil mpeGbIBaHue B IIOTEH-
[IaJbHON siMe Tay6unoit U, . B cpeaneM ogna
MOJIEKyJIa C YUCJIOM COCEIOK Z HaXOAUTCS B
HOTEHIMAJIbHOI siMe ry6unoit ZU, . Ecan B
cocTaBe KOH/IEHCUPOBAHHOTO BeliecTBa 60JIb-
moe KoJam4decTBo N, MOJIEKYJI, TO HX CyMMap-
Hasl CTapToBasi, T.€. COOTBETCTBYIOMIAsI HYIEBOI

TeMIIEPaType, IOTEHIHAIbHAsA SHEPTUSA PaBHA

NZyU, _
————,T4e Z; — 5T0 MaKCHMaJIbHO BO3MOXK-~
HOE YHCJI0 cOoceloK. Jlenenne Ha 2 COOTBETCTBY-
€T TOMY, 4TO Mbl YYUTBIBAEM «IIaPHOE» B3aUMO-
JeficTBIE — KaK/J0H I1ape COCEeNO0K-MOJIEKY.T
COOTBETCTBYET IIOTCHIIMAIbHAA SHEPIHs, PaB-




34 KBAHT

nasg —U, . Byaem cunrarp, uto Ny — 3T0 4ncyo
ABOTa/Ipo, T.e. YMCJO YaCTHI[ B OJHOM MOJie
BeIIecTBa.

TertoBoe ABUKEHIE MOJIEKYJI B COCTABE KOH-
JCHCUPOBAHHOTO BEIIECTBA — 3TO KoseGaHus
BOJIU3H TIOJIOXKECHUS PABHOBECHUS, COOTBETCTBY-
IOIer0 MMHUMYMY TIOTEHIIMAJIbHOM 9HEpPrun.
Kaskaomy HezaBUCHMOMY KOJ1e6aTeIbHOMY /IBH-
skernto (0JIHOI Kosie6aTeIbHOM cTereHn cBo6o-
JIbI MOJIEKYJIBI) COOTBETCTBYET CPE/HsISI KUHE-
tHueckast sHeprust kT/2 , u cpeusst 106aBod-
Had K MUHUMYyMY, T.e. K —ZU, , NOTEeHIHAIb-
Hast aHeprusi Toxe paua kT/2 . Takum o6pa-
30M, Ha O/IHY K0J1e6aTeIbHYIO CTETIeHb CBOOO/ b
HMPUXOJUTCS CPEJIHSS TEIJIOBast SHEPTHsI, paB-
nast 2kT/2 = kT, a BHyTpEeHHssT 9HEPTHST O/IHO-
IO MOJIS BEIIECTBA, HAXOANIETOCSA B KOH/ICHCH-
POBAHHOM COCTOSIHUM, PaBHA

. NyZU, . NyZU,
U = NykTi 2020 = RT; —%,
rje i — 4UCJ0 CTereHeil ¢cBoOOAbl OHOI MOJIe-
KYJIBI.

JL151 0IHOATOMHDBIX MOJIEKYJT iy = 3, LIS By X~
ATOMHBIX MOJIEKYJ %, =5, JJISI TPEXaTOMHBIX
MoJiekyJ i3 = 6. Torpa MosspHast BHyTpeHHSA
HEPTUS KOH/IEHCHPOBAHHOTO BEIECTBA, COCTO-
ATIETO W3 OHOATOMHBIX MOJIEKYJI, paBHA

U = 3rT - NoZUo

’
JUIA BEUIeCTBa M3 ABYXAaTOMHbBIX MOJIEKYJT —

U =5RT -2t

UL BEHIECTBA N3 TPEXATOMHDBIX MOJIEKYJ —

U =6RrT - Nzl

NOZOUO
2
B3ATYIO CO 3HAKOM MHWHYC BEJNYNHY IMOTEHIN-

AJIbHON 3HEPIUU OJHOTO MOJIA BelecTBa IpH
HYJIEBOIl TeMIleparype, CUMBOJIOM L.

Bynem o6osnavarh BeMUNHY , T.€.

MonspHble TennoemMKocTun
npv NoCcTosHHOM obbeme

Beimumiem, wemy paBHbl 3HaueHus Cy
MOJISIPHOM TETIJIOEMKOCTH TP TTOCTOSTHHOM 06'be-
Me — JIJIS Ta30B U KOHIEHCHPOBAHHBIX BEIIECTB.

s opmoaromuoro raza Cy =3R/2, mis
nByxaromuoro raza Cy =5R/2, nas Tpex-
atomHoro rasa C, =6R/2.

[l KOHJIEHCHPOBAHHOTO BEIIECTBA C OHO-
atroMHbIMI MoJiekyJgamu  Cy = 3R (3axon

2017/Ne3

Jlononra u Iltn), A1 KOHIEHCHPOBAHHOIO
BelecTBa C JIBYXaTOMHBIMH MOJIEKYJAMU
Cy =35R, /11 KOH/IEHCHPOBAHHOTO BEIeCTBA
¢ TpexaToMHbIME MosiekyJgamun Cy = 6R .

[TockoIbKY KOH/ICHCHPOBAHHOE BETECTBO TTIPH
¢dukcupoBannom BHemHeM (arMocdepHOM,
HaIpUMep) TaBJIEHUU BeCbMa cJaal0 paciinps-
eTcsl TIPU TOBBIIICHNN TEeMIIepaTypbl, MOKHO
CUUTATh, YTO JIJIST HETO TEIJIOEMKOCTH IIPH TI0-
CTOSTHHOM JIaBJICHUN 1 ITPH TIOCTOSTHHOM 00beMe
6imsku apyr apyry: Cy =C, . Hero neabss
CKa3aTb Mpo raspl. HampumMep, A naeasbHbIX
rasos C, =Cy +R.

Tennota nnaeBneHus

Temmneparypsb! TBep0ii u KuAKON a3z Belie-
CTBa MPH TIIABJICHUU OJUHAKOBBI, IMTO3TOMY
BKJIa/Ibl BO BHYTPEHHIOIO SHEPIUIO NX KUHETU-
YecKoit JHEPIrun n IIOHO]IHI/ITC]IBHOﬁ IIOTEHIIN-
anpHON sHeprum (CBs3aHHON ¢ KomeGaHUAMMI
MOJIEKY.T BOJIM3H MOJIOKEHII PaBHOBECUS ) IIPU
IJIaBJeHUN He uaMenstorcsi. [lnaBienue mpu-
BOJIUT K TOMY, YTO y KaK/I0# MOJIEKYJIbI BHYTPH
o0beMa BEIEeCTBA TOCJIe TIEPEXO/IA U3 TBEPIOTO
COCTOSTHUSI B JKHJIKOE M3MEHUJIOCh YHNCJI0 OJn-
JKafIINX COCEIOK — BMECTO Z; CTalo Z;.

[IpeamosoxkuM cHavaaa, 4TO0 B SKUJKOCTH
MecTa, Ha KOTOPBIX MOTYT PACIoiaraTbCst MOJIe-
KYJIbI, OCTQJINCH MPEKHUMH, T.€. TAaKUMHU 3Ke,
KaK U /IO TIJIABJIEHWS, HO He BCE 3TU MeCTa
OKa3aJIiCh 3aHSATHIMA. [[JIsT COBEPINEHMS TaKO-
ro npeo6pas3oBanust TpedyeTcs TerioTa. B pac-
yeTe Ha OJIuH MOJIb OHAa paBHa

Ly x = Ny (Z0 —Z1)U0 _ L(Z0 —Z1) .
2 Z
CyMMapHasi TEeIJioTa IJIaBJIeHUs PABHA CyMMe
U3MEHEHHUS BHYTPEHHEN 3HEpruu W pPaGOThI
IIPOTUB BHENIHETO TaBJICHUA:

L(Z,-Z
_%-FPBH(V)K _VT)~

Qrm -
0

KOHE‘{HO, CAeJTaHHOe IIPEeANOJOKEeHNne Ha
CaMOM [ieJjie He€ BbIIIOJHAETCA, TaK KaK Hpu
ILJIaBJCHUH Pa3PyUIACTCA TaK Ha3bIBaEMbIii JIaJIb-
HUUI IOPAAOK PaCHOJIOKEeHUA YaCTUl[ B IIPO-
CTpaHCTBe. Ha paspylienue 9TOro IopA/Ka

TOXe TpeéyeTCH SHEepTrud.

TemnepaTtypa nnasneHus

W3BectHO, 4TO [JIsT GOJIBIIUHCTBA MTPOCTHIX
BEIECTB TIEPEXO0/l OT TBEPAOTO COCTOSHUS K
JKUJKOMY TIPU HEGOJIBIIIOM BHEITHEM /IaBJIEHUH



COIIPOBOXK/IA€TCSl yMEHbIleHUeM ILIOTHOCTH,
KOTOPOE CBSI3aHO C MOSIBJIEHNEM BHYTPH 00be-
Ma BelecTBa 3aMeTHOl josn BakaHcuii (iryc-
TBIX MECT), Ha KOTOPBIX MOTJIH Gbl HAXOAUTHCS
MOJIEKYJIbI, HO He Haxozarcs. Ilpn takom us-
MEHEHUH IPOCTPAHCTBEHHOTO PaCIIOJIOXKEeHUS
MOJIEKYJI BHyTpeHHee, NN COOCTBEHHOE, [aB-
JIEHNE BEIIeCTBA CTAHOBUTCSI B CPEJHEM MEHb-
1€ Ha COOTBETCTBYIONLYIO J0JTI0. JTa J0J o
nuMeeT pas3Hble 3HAUEHNS [T PA3HbIX BEIIECTB.
Hanpumep, ass 6JaropogHbIX Ta3oB OHA CO-
cTaBasger npuMepHo o = 15% . Jrto oszHauaer,
4TO BMeCTO Z; =12, Kaxk B TBEP/IOM BellleCTBe,
B skuakocTax Z; =10, T.e. y Kaxx/10# MoJeKy-
Jibl 6JIATOPO/IHBIX TA30B B JKHM/KOM COCTOSIHUM
B Cpe/lHeM DSJIOM HaXOJATCsS [IBe BaKAaHCHU.
Ecsin B OKpy>keHHI MOJIEKYJIbI €CTb 2 WJIH, UYTO
ellle BbITO/JHEe, 3 BAKAHCHM M OHM pacloJiara-
10TCSL PSZIOM, TO, JUULSL TOTO YTOOBI IIEPECKOYUTD
CO CBOEr0 MeCcTa Ha MeCTO 3TOW BaKaHCUH,
MoJIeKyJie TpeGyeTcs IPeo/10J1eTh SHepreTHyec-
KHil 6apbep, KOTOPDBI IO MOPSIAKY BEJIMYHHDI
pasen 3U, . Ecau cpeanss sneprus mocrylia-
TEeJIbHOTO TEILIOBOTO JIBUXKEHUS, TIPUXOAIIas-
csl Ha O/IHY MOJIEKYJIy, paBHa BeJIMYMHE 9TOro
6apbepa, TO OH TIPEOJIOJIEBAETCS JIOCTATOYHO
yacTo. MOKHO CKa3aTb, YTO IPU TAKOM TerJio-
BOW SHEPIUU MOJIEKYJIbI IIPHOOPETH MOOHJIb-
HOCTDb, NN TMOABUIKHOCTDH, T.€. OHN MOTYT IIie-
pPEecKakuBaTb CO CBOUX MECT Ha MeCTa BaKaH-
cuii. OTciofa cjeyer oleHKa IS TeMIepaTy-
PbI ITABJIECHUS

Tennota napooGpasoBaHus

[IpearnooKuM, 4To TIIOTHOCTD KOHAEHCUPO-
BaHHOTO BEIECTBA BO MHOTO pas GOJIbIIe TIIOT-
HOCTU €r0 HACBIIMIEHHOTO T1apa, T.e. TeMIepa-
Typa 3HAYUTEJIbHO MEHbIIE KpuTHueckoil. Tor-
Jla TIPU BHEITHEM JIaBJEHWN, PABHOM JaBJie-
HUIO HACBIIEHHOTO T1apa P, , MEPEXOJ OIHO-
IO MOJIST BEIeCTBa U3 KOH/JIECHCHPOBAHHOIO CO-
CTOSIHES B Ta3006pas3Hoe COMPOBOKIAETCS Pa-
60TOIl rasa

A=p AV =p (Vi =Vi) =puVe =RT .

B COOTBETCTBUU C HepBbIM HadYaJIOM TepMOJ.II/I-
Hamuku Q = AU + A, noJryuyeHHas BELeCTBOM
TEIJIOTa MCIapeHus uin napoobpasosanus Q
Molla Ha W3MEHEeHUe BHYTPEHHeH SHepruu
AU BelecTBa M Ha COBepIeHNe MapoM pabo-

TBI A:

N

Q‘ BRT

_NOZUO_ - _E_ i
= > RT@ 1H RTD2 ﬁ

[lns TBepporo BemectBa Z = ZO , & LIS SKUJIKO-
ro Z=Z,. B coorBercTBUN € MOJIy4EeHHOI
opmy.t0ii, TensoTa MCIIApEHNsT BellecTBa 3a-
BHCHUT OT TeMIlepaTypbl: OHA JHMHEHHO yMeHb-
maeTcst ¢ poctoM Temreparypsl. I[lonsarHo Tak-
Ke, 9TO TEIJIOTa ICIIapeHNs 3aBUCUT OT CPe/IHe-
ro 4ucJa MoJleKyJ1-coceiok Z. Hanpumep, ren-
JIOTa UCIIapeHNs TBEPJOTo BelecTBa IPU TeM-
nepaType IJIaBJaeHus: 60JIbllle TeIJIOThI HCIape-
HUST 3TOTO K€, HO >KMJIKOTO BEllecTBa MpH TOi
JKe TeMIepaType IJIaBJIeHns.

Kputnyeckasa temnepartypa

[TnoTHOCTD B6JIN3N KPUTHYECKOTO COCTOSTHUS
y BCEX BEIIeCTB B HECKOJDbKO pa3 MEHbIIe
MJIOTHOCTU KOH/ICHCHPOBAHHOTO BEIIECTBA MPH
HU3KHUX TeMIIepaTypax 1 HeGOJIbIINX BHENTHIX
japienusx. Hamnpumep, /st 61aropo/iHbIx ra-
30B 9TO OTHOIIEHNE PABHO MPHUMEPHO 3, a /I
HeJI0uHbIX MeTasios — 4,5. [Toatomy cpennee
YHCJIO MOJIEKYJI-COCEJIOK Z, Y KaK/I01 MOJIEKY-
JIbl TOpaszio Menblie Z; . IIpn nekoropoil Tem-
neparype TelJIoTa NCIapeHus BellecTBa CTaHo-
BUTCS paBHOU Hysmo. Drta temmeparypa (ee
OIIEHKA) HAXOUTCS U3 PEABLAYIEH (hOPMy.IbI
IpH cpejiHeM vuce GJKaimX coce/lok Z, !

- _NU, Z,L _7 Z,

PUUOR(2-1)  ZeR(i2-1)  Mi-2
Harmpumep, a1 BeliecTB € OJHOATOMHBIMU
mostekynamu Tiq = ZoT, .

Bespasmepnas Bemaunna Ty /Trm NpUHUMA-
eT pasHble 3HAYEHNUST /LIS TPYIIN BEIEeCTB, 06J1a-
JTAIOTTITX TPUMEPHO OJMHAKOBBIMU XUMUYECKH-
Mu csoiictBamu. Kak BuHo u3 rabumint 1, s
6J1aropoIHbIX Ta3oB (3a UCKJIIOUYEHUEM TeJIns)
aTa BeJIMYMHA paBHA puMepHo 1,8; 11 MHOTO-
ATOMHBIX OPTAaHMYECKUX MOJIEKYJI 3Ta BEJUYNU-
Ha TIPUHUMAET 3HAUCHW OT 2 710 3; AT 1esI04-
HBIX MeTasIoB (3a MCKIIOUEHNeM JINTH) OHA
HaXOJIUTCS B y3KOM auanasone 6,74—6,78. Ilo
STUM JAHHBIM MOJKHO CYIUTh O CTPYKType
BEIECTBA B KPUTIMUYECKOM COCTOSTHUN. Ecui st
6JIaTOPO/THBIX Ta30B B CPEIHEM Y OJIHOI MOJIe-
KYJIBI UMEETCS BCETO JBE MOJIEKYJIBI-COCEIKN,
TO ATO O3HAUaeT, 4To GOJIbIIAST YACTD BEIecTBa
cyliecTByeT B Buje (parMeHToB JMHEHHDbIX
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Tabmuya 1 xoit  temmepatypbl:  RTp/M =
Xe | Ar | Kr| Ne | Rn | CBr, | Cellyy, |ILS| N, | = 2%Le/(ZM). OTZCK’H& cresyer
Z,L
1,80 | 1,80 [1,80|1,82(1,87] 1,95 1,98 1,99(2,00 kp2 = ZQR .
0
CgHg| Bry |CH,| I, |CCl,|C7H1s| H20 H» | Cly Eciit pa3fesuTb KPUTHIECKYTO TEM-
2,02 2,08 [2,11)2,14(2,22] 232 | 2,37 |2,39]|2,42| mneparypy Ty, Ha KPUTHUECKYIO TeM-
CF, |Ctl | Fy [CoHg| Oy |CsHio|O=C=Mes| Py | Pt | MCPATYPY Ty, TO mOAYUHTCR Gespas-
mepuoe uncno: Ty [T,y =i=2. 3a-
2,55 2,63 |12,70( 2,73 | 2,86 | 2,86 2,86 [3,05(3,15| wmerum, uropu i =3, T.e. /ISl BEIIECTB
He | W [S, [CH| Ag | Au 7n Mo | Cu| € OXHOATOMHBIMH MOJIEKYJIAMH, 3TO
OTHOLIEHUE PABHO €IMHHIE, 3HAYWT,
3,25 3,25 3,35 3,41 3,49 | 3,61 3,74 3,8513,97 pasHble M0/[X0/bL AAIOT OHH 1 TOT 5Ke
cd| zr |Pb| Rb | Na| K Cs Hg | Li | PesysbTar /s KDUTHYECKOH TeMIepa-
418 4,21 [6,61]6,74]6,75| 6,78 | 6,78 |7,53]8,.43] VP

Henoyek atoMoB (MOJIEKYJI), KOTOPbIE MOTYT
u3ru6atbCsi, W MEXK/IY IIe[OYKAMU HMEIOTCS
MPOMEKYTKU. Eciu IS MEeJOYHBIX MEeTaJIoB
Z, =7, TO 9TO O3HAYAET, YTO 3HAYNUTEIbHAS
YacTh BEIeCTBA B CPEHEM TI0 BpeMeHN MpeObI-
BaeT B COCTaBe HEKUX TPYOOK-ITNIHHPOB-CTPYIl
¢ 3anoarenneM. Ha Kaxk/yio MoJieKyJ1y, HAaXo-
JISIIIYIOCS. Ha TOBEPXHOCTH TaKO TPYOKH, TIPH-
XOJUTCS TIO THECTh TAKUX K€ COCENOK, JKIBY-
MUX HA TIOBEPXHOCTHU, W O/IHA — BHYTPHU TPYO-
K. A B TIPOMEXYTKaxX MeXIy TpyOKamMm —
ycToTa. ITO MOKHO TIPE/ICTABUTD KaK CTPYK-
TYpy HEHbI C TOHKMMU CTEHKAMU U TOJICTBIMU
y4acTKaMu, Ha KOTOPbIX CTEHKHU COEIUHSIOTCS
JIPYT C IPYTOM IO/l HEKUM yTJIOM B NPOCTPAH-
CTBe, WJIM KaK MOJeJb KPUCTAJJINYECKOH pe-
IIeTKH, ¥ KOTOPOI CTeP>KEeHbKH, COeIMHSAIONINE
Y3JIbI PEIIeTKH, SBJAIOTCS TEeMU CaMBIMH IIH-
JIMHAPAMU-TPYOKAMU-CTPYSIMHU.

Kasxmast Mosiekysia, BXOASIAS B COCTAB KOH-
JICHCUPOBAHHOTO BEIECTBA, IPU HEBBICOKUX
BHEIIHUX [IABJICHUSAX W TP TeMIeparype 3Ha-
YUTETbHO MEHDBINE KPUTHYECKONH 3aHUMAaeT
06beM, TPUMEPHO PaBHBIN D?. A kunermyec-
Kas sHEPTHUS TOCTYTaTeTbHOTO IBWKEHUS MO-

gexyabl paBHa E. =3kRT/2. Taxum ob6pa-
30M, [JaBJIeHHE, CBSI3AHHOE C TEIUIOBLIM JIBH-
JKEHHEM, KOTOPOEe MOJIEKYJIa OKa3blBaeT Ha

CTEHKH CBOEN <«s4YelKu ,/KJIETKU», PABHO
(2/3) Eqy/D® = kT/D? = RTp/M . Korja sra
BeJIMYMHA CPaBHSIETCSI ¢ COOGCTBEHHBIM [aBJie-
HHeM BelecTBa NP YHcJIe coceIok Z, , Belle-
CTBO HE CMOJKET HAXOIUTHhCS B KOHJEHCHPO-
BAHHOM COCTOSIHWM, T.€. 3TO PABEHCTBO [aeT
elie OJNH KPUTEpU HAXOXKJIAEHUS KPUTHUYEC-

lMoBepxHOCTHasa 3Heprua u
KO3 ULIMEHT NOBEPXHOCTHOrO HaTsSXKeHUs

MouJtexy bl KOHICHCHPOBAHHOTO BEIECTBA,
KOTOpDBIE KUBYT Ha TPaHWIlE pas/esa ¢ HapoM
ATOTO JKe BEIIeCTBA, MMEIOT MeHbIee KOJnye-
CTBO GJIMKAMIINX COCENIOK Z3 , YeM MOJIEKY.JIbI,
JKUBYIINE BHYTPH 00beMa M HMEIOIHe YUCJI0
cocefiok Z. IloaTomy moTeHnmasnbHas siMa, B
KOTOPOI HAXOJUTCST KaXKAash MOJIEKyJa Ha TO-
BEPXHOCTH, WMeeT MEHBIYIO TJIyOuHy.

[Tpu HeBBICOKUX TeMIIEpaTypax, KOr/ia B3au-
MO/IefICTBHEM MOJIEKYJIbI HA IOBEPXHOCTH C
MOJIEKYJIaMU TIapa MOXKHO TIpeHe6pedb, y Kaxk-
JIOl MOJIEKYJIbl Ha IIOBEPXHOCTH B CpEHEM
YICJI0 COCE/IOK MEHbIIIE Ha OIIPE/IeJIEHHYIO JI0JTIO
OT MaKCUMAaJ/IbHOTIO YUCJIA COCeOK: AZ = Z — Z5.
Hanpumep, ecint Z = 12 npu IJIOTHOM yIIAaKOBKE
HIAPUKOB, TO Y MOJIEKYJI Ha IIJIOCKOI ITOBEPXHO-
cTH cocelok Bcero Zz; =9 . CuenoBaTesbHO,
MOTEHIMAJIbHAST HEPTUs B MOJIOKEHNN PaBHO-
BeCHsI Y TaKUX MOJIeKyJT paBHa —9U,, , a u306bI-
tounast aneprust pasna 3U, = ZU, /4 . Kaxpas
MOJIeKYyJIa Ha TOBEPXHOCTH 3aHUMAET T1JIOIA/Ib,
KOTOpasi 0 TOPSIAKY BeJMdMHBI pasHa D7 .
[liig camoii TIJIOTHON YHMAKOBKU ITAPUKOB 3Ta
oAb cocrassier /307 /2 . ITostomy n36m1-
TOYHAsS! DHEPrHs, IPUXOSIIASICT HA eMHUILY
IJIONA/IM, PAaBHA TIPUMEPHO

6. =2Yo_
0o 3D?"

IT0 U ecTb KO3(PUIMEHT MOBEPXHOCTHOTO
HaTAKEHUSA 11PN HEBBICOKUX TEMIIEpaTypax.
ITo mepe pocra Ttemieparypbl AaBjeHue U
ILJIOTHOCTD HACBIIIEHHOTO T1apa pacTyT, 1 MOJIe-
KyJIbl TIapa CO3/aI0T ST KaXKJOW MOJIEKYJIbI,



JKUBYIIEH HA MMOBEPXHOCTH KOH/IEHCHPOBAHHO-
rO BEIEeCTBA, JIOMOJHUTEJbHYIO TIyGUHY MO-
TEHI[MAJbHON siMbl. Kpome TOro, ¢ pocTom
TeMIIepaTypbl [IPU BHEIITHEM /IABJIEHUHN, DABHOM
JIABJIEHUIO HACBIIIEHHOTO 11apa BellecTBa, yobl-
BaeT IJIOTHOCTb BEINeCTBA B KOH/EHCHPOBAH-
HOM coctosHun. M3 atoro ciaemyer, 4To Koad-
(bunmenT MOBEPXHOCTHOTO HATSIKEHUsT G YObI-
BaeT ¢ TEMIIEPATYPOil U IPU KPUTHUECKOIT TeM-
neparype oOpalaercss B HOJb, TaK Kak IpH
9TOi1 TeMIlepaType MpoIajaeT pasJjndue IJI0T-
HOCTEll KOH/JIEHCHPOBAHHOTO BEIECTBA M €r0
Hacopiientnoro napa. Koadbduiment noBepxmo-
CTHOTO HATSIKEHUS] COCTABJISIET OTIPE/IETIEHHYIO
JIOJIIO OT TEIJIOThl UCIIApEHusi MpHU JIAHHO#
TeMIepaType, a TelJoTa UCHAPEHHs] ¢ POCTOM
TeMiepaTypbl yObiBaer. KadecTBeHHO ormmcaThb
noBejieHrne Koa(UIMEeHTa MOBEPXHOCTHOTO
HATSDKEHUS] MOJKHO, HAIIPUMep, Takoil popmy-
JIOH:
o(r) = -7
Kp

[lannpie u3 crpaBouyHUKa (DU3UYECKUX BeJIH-
YUH [Jal0T OCHOBaHHE [IJId BbIéOpa NUMEHHO
takoit sasucumoctu (puc. 1). Ecam myxHO

o, mH/Mm
o, mH/Mm ‘\
Rn 0,24
20 0,16 \
CH Xe
O 1 Kr

08 He\
\

4

10 F X

0 200 300

T,K
Puc. 1. [10BEPXHOCTHOE HATAXEHMNE CKNXKXEHHbIX
ra3os

HaiiTn Koo PUIMEHT TOBEPXHOCTHOTO HATSIIKE-
HUS U HEKOTOPOIT Temiiepartype T, a u3BecTHA
BeJMYMHA 3TOro Koadgduimenta npu JApyroii
temreparype 7Ty, TO MOKHO €ro BBIYUCJIHUTD,
TOJTb3YSCh HpnéJIHsHTeﬂbHoﬁ dopmynoii

) 1~ (11,
(1) =o(%) =77y T (hT,)

OGBIYHO B CIIPABOYHUKH TOTIA/[AI0T 3HAYECHUST
O /I KUJKUX BEllecTB, a BeJuununa Zy > Z; .
[Toaromy nasg Temneparyp T', MEHBIINX TeMITe-
paTypbI TIJIABJIEHIS BEIIECTBA, HY>KHO BBOIUTD
JIOTIOJIHUTEJBHBIN MHOXUTENb Zy/Z; .

JlaBneHue rasos u cobcTBEeHHOe paBrneHue
KOHAEeHCNPOoBaHHOIo BelecTtBa

OCHOBHBIM yPaBHEHUEM MOJIEKYJIIPHO-KUHE-
THYECKOH TeOPUN B ITKOJLHON (PU3WKe Ha3bIBa-
10T COOTHOIIEHNE, CIIPaBE/JINBOE IS paspe-
JKEHHBIX Ta30B:

3nech p — napjenue, V — o6beM, 3aHUMAaeMblil
MoJsiekyiamMu, N — YHUCJ0 MOJIEKYJ B 3TOM
oO6beme, k — nocroannasd BousbliMana, (E>
CpeiHss KMHEeTUYeCKast SHEepPrusl, CBI3aHHAS C
TETJIOBBIM XaOTUYECKUM ITOCTYATEIbHBIM JIBH-
JKEHIEM MOJIEKYJI.

Mousekypl, TTpUHAJIEKAIIE KOHAEHCHPO-
BAHHOMY BEIIECTBY, HE PA3JeTaloTCs B OKPY-
JKatolee TPOCTPAHCTBO U HE TIEPEXO/AT B Tap,
[OTOMY YTO CO3AIOT APYT JAJs Apyra Tay6o-
Kue IoTeHIraJbHble gaMmbl. Iloreniman Jlen-
Hapja—/[>KoHca OIMUCBHIBAET TAPHOE B3aWMO-
JlelicTBIe MOJIEKYJI, 1pudeM 00J1acTh B3aMMO-
JIENCTBUST TIPOCTUPAETCS 10 OeCKOHEYHOCTH.
BeriecTBo HAXOAMTCSI B PAaBHOBECUU — KaK B
TETLJIOBOM, TaK U B MexanudeckoM. [losyuaer-
Csl, UTO OJAUKAuwue CoceIKU-MOJIEKY bl IPYT
OT JIpyra OTTAJKWBAIOTCS, a PACIOJIOKEHHbIC
He psadom MOJIEKyJIbl IpuTAruBaiorcsi. Ioaro-
My KOH/ICHCHPOBAHHOE BEIIECTBO OKA3bIBaeT-
CSI COKATBIM 3a CYET B3aUMHOTO IMPUTSKEHUS
VIAJEHHBIX MOJEKYJT. IDTO COCTOSHUE MOXKHO
oIucaThb C IOMOINBIO IOHATHUS «COOCTBEHHOE
CKUMalolIee BENeCTBO JaBennes . MeToJ| pas-
MEPHOCTeH [TaeT AJis BEJUIUHBI HTOTO JaBJie-
HUS TaKyIO PasMEpPHYIO COCTABJIAIOMYIO!
U, / D? . Yucnennsiii koadduiment mpu atoit
COCTABJISAIONIEN ONpe/iesiIeTCs CTeNeHIMu M 1
n cnaraembix (1/R) B cdopmyse, sagaoreii
MOTEHINAJbHYIO JHEPTUI0 B3aUMOJEICTBUS
MOJIEKYJI, U YUCJIOM Z OIMKAUINIUX COCEOK-
moJiekyJ1. [lus norenimana Jlennapaa—/[>xonca

12, n = 6, Z = 12. Ecau cunurath 4TO
CUJIBl OTTAJKMBAHUS BO3HUKAIOT TOJIBKO IPH
COTTPUKOCHOBEHUM COCE/IOK-MOJIEKYJI U OHU
00y CJIOBJIEHBI HAJTUYMEM CJIATaeMOT0 CO CTerie-
HbIO 12, TO OCHOBHOIl BKJaJ B COOCTBEHHOE
JlaBJIeHUE BEIeCTBa JlaeT CJaraeMoe Co Crele-
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HbIo 6, a BCe OCTaJIbHbIE MOJIEKYJIbI 06ecTievn-
BAIOT TOJIbKO MAJyIO JI00aBKY K 9TOU BeJUYU-
He. OTHoOcUTeJbHAsT JI0JIST 3TOH 00aBKH paB-
Ha TIPUMEPHO Y/JBOEHHOI CcyMMe psijia OT
i =2 1o Geckoneunocru, T.e. =0,165. Iroi
J00aBKOII MOKHO TOKa u mpeneGpeun. Iloa-
cueTbl COOCTBEHHOTO [IABJIEHHS [AlOT TaKylo
Gopmyny:

_ 120,

Pcos =

~2Lp

D’ M

Hamomuum, 4T0 P — 39TO ILJIOTHOCTH BEILIECTBa,
a M —ero MOJIApHasaA Macca.

Tennosoe ABWXeHMe Monekyn

B 06beMe KOHAEHCMPOBaHHOIoO

BelLecTBa BONU3U MOJIOXKeHUN
paBHoBecusi

Torennuan Jlennapga—/>konca uam apy-
ras MOJeJib, OTHCHIBAIONIAs B3aWMO/IEIICTBIE
MOJIEKYJI, CO/IePKUT B ceGe mHdopManuio o6
«YTIPYTOCTH» MOJIEKYJI, TIO/{BEPTAIONINXCS CoKa-
THIO. 3a 3Ty YIPYrocThb, B YaCTHOCTH, OTBEYA-
eT caaraemoe co crenenbto 12. IIpu gocrarou-
HO HU3KHMX TemIleparypax (3HauuTeJbHO MEHb-
NINX KPUTUYECKONW) M HEBBICOKMX BHENIHUX
JIaBJIeHUSIX 00beM BeIecTBa orpeesieTcs: 6a-
JIAHCOM COOCTBEHHOTO [IaBJIEHHSI BEIECTBA U
yupyroctu mosiekys. Ilpu pocre Temmepary-
pbI pacTeT BKJAJ TEIJIOBOTO [BUKEHUS M,
COOTBETCTBEHHO, TEIJIOBOTO [IaBJIEHWS, KOTO-
poe BMecCTe C yTIPYTOCTHIO MOJIEKYJ TTPOTHBO-
CTOUT CyMMapHOMY BHEITHEMY U BHYTPEHHEMY
napyienusaM. Kaxaas MoJiekyJia B cocTaBe KOH-
JICHCUPOBAHHOTO BEIIECTBA KOJICOIETCS B siueii-
Ke, CO3/IaHHOI [IIs1 Hee MOJIEKYJIaMU-COCE/IKa-
mMu. CHupl, KOTOpble BO3BPAIIAIOT MOJEKYJIY
K ee TIOJOKEHWI0 PAaBHOBECHS, CO3/AI0TCS 3a
CYeT OTTAJTKUBAHUS MOJIEKYJ-COCE/IOK, KOTO-
pble OGCTYHAIOT HAIy MOJIEKYJY CO BCEX CTO-
pou. [ns 12 6Gamxailiinx coceoK Ha OIHO
HEe3aBICUMOE HAlpaBJIeHHE CMEIIEHUsT — Ha X,
WM Yy, WIA z — TPUXOAATCS B CPeTHEM 4
MOJIEKYJIBI, T.€. TI0 2 MOJIEKYJIBI C OHOW W C
JIPYTOIi CTOPOHBI. A POCT MOTEHIATBHON dHEp-
TUW TIPU CMEIEeHNH MOJIEKYJIbI OT MOJOKEHUS
paBHOBecHUsI HAa X, KaK 3TO 3aJI03KEHO B MOJIe-
sn Jlennapaa—/[)xoHca, 3aBUCHT OT BEJIUYH-
HBI CMEIIEHWS X TPUMEPHO KaK CyMMa JIBYX
BeJTMYNH:

U(x) =20, %DDTJC@Q —2@%@6§+

2017/Ne3

p d* o D p°0_
+ 20, —xH ZH—JLED— ﬁ~
4

=72U0§2—;§+2226U0ﬁﬁ5 _—

DYHKIMSA TOJYyYNTACh CUMMETPUYHON OT-
HOCHUTEJBbHO BEJWYWHBI U 3HAKA CMENeHUs X.
ITO camoe TepBoe MPUOINKEHIEe s OIHCa-
HUST [MOTEHIMAJbBHOW SHEPIUU MOJIEKYJIb MPH
ee CMeIeHNH OT I0JIOXKeHusT paBHoBecus. /[py-
rue cJjaraeMble 3aBUCSAT OT 6oJiee BBICOKUX
creneneii x (6, 8 u r.1.). Ilepoe cuaraemoe,
MPOTOPITNOHAIbHOE X~ , COOTBETCTBYET Cpe[l-
Heil cujae B3auMOJACHCTBHA € OKPY’KAIOIINMU
MOJIEKyJIaMHU, PaBHOHI HyJI0. A Bce caaraeMble
¢ 60Jiee BBICOKMMU CTEIIECHSIME KaK pa3 u obec-
MEYNBAIOT TIOSIBJIEHUE [IOTIOJTHUTEIBHOTO, TOTO
CaMOTO <TEIJIOBOTO [IABJIEHWS» BHYTPH KOH-
JIEHCUPOBAHHOTO BellecTBa. IIpW HEBBICOKUX
TEMIIEpAaTypaxX, B CPABHEHUH C KPHUTHYECKOIT
TEMIIEPaTypoil, cpejtee 3HaYeHnEe KUHETHYEC-
KOUl 9HEPTUU W Cpe/Hee 3HAYEHUE [[OTOJIHU-
TEJIbHOI MMOTEHIMAIbHOW SHEPIHU, CBSI3aHHbIE
C IBIDKEHWEM MOJIEKYJ BJOJb OJHOTO U3 TpeX
HE3aBUCUMBIX HAIPaBJEHUN, OJMHAKOBBI U
pasubl kT/2 . NnpiMu cioBamu,

X ax ﬁ 1 kT

ROy S

OTciofia cjemyer, 4To CPeIHssS aMIIUTy/a 1
yacTtoTa Kose6aHuil MOJIeKyT BOIU3HU MOJI0XKe-
HUSI PAaBHOBECHSI PaBHBI, COOTBETCTBEHHO,

Xmax = D kT n w-= —144U0 .
72 UO mD2

[ToHATHO, YTO MOJIEKYJIbI, JKUBYII[IE HA TPa-
HUIlE KOH/EHCHPOBAHHOIO BEIECTBA, HCIIbI-
TBIBAIOT CO CTOPOHBI Pa3PEKEHHOTO TTapa MeHb-
nree BO3/IEiiCTBUE, YeM CO CTOPOHBI OJImKaii-
MIUX coceoK-MoJieKya. [ToatoMy aMIanuTyel
KoJieGaHWUil TAaKMX MOJIEKYJ B HAIPaBJIEHUH
«CBOOO/IbI», KOHEYHO, UMEIOT GOJIBIIYIO BeJIU-
YHHY .

(Okoryvarme crneqyer)



MATEMATHUYECKHUUN KPYJXOK

epektoyeHNs
OS100B

E.BAKAEB

HauyHeMm ¢ Takou 3apauun

KOTOPYIO Pa3yMHO paccMaTrpuBaTh, 3T0 2% 2.
BoigcuuM, kakue ee 3alloOJHEHHMS] U3 KaKUX
MO>KHO IIOJIYYUTD.

Bceero cymecrsyer 2' =16 croco6os 3amosn-
HUTb KJICTKH TaOIULbl 2 X 2 IIJII0CAMH U MUHY-
camu. MOXXHO Bce UX PacCMOTPETb U COCTABUTD
cxemy (rpad). IBa 3anonnenus GyaeM coeiu-
HaTh JuHuel (pe6poM), eciau OJHO MOYKHO
[OJIyYUTb U3 APYLOro OJHUM IIE€pPeKJII0YeHreM
psna (puc.2).

3agaua 1. Bce xaemxu mabauyvt 8X8
sanoanenvt narocamu u munycamu (no oonomy B - - |t
suaxy 6 kaemxe). O0noil onepayueii paspeuwad- + | + - - - |+ + | -
emcst eulbpams 1060t pso (cmpoxy uau cmo-
Geu) u 6 KaX00U U3 €20 KJAeMOK NOMEHAMY
3nax mna npomueonosoxnvii. Cuauara ece
3naxu 6ovinu naocamu. Moxem au nocae me-
CKOAKUX MAKUX ONePpayutl OKA3AmvCsl, 4mo 6 s - | - - |t |-
mabauye poeHo 00UH MUHYC? S |+ B I
Ha pucynke 1 moxasan npumep IIpoBeAeHNUsT
TaKoH oreparuu.
=+ ] =] = =[] =]+ = S T - - + |+
+| -+ ==+ =+ ===+
— === ]=]=1=|= =] ==]=|=|=]= + | + — | - — | + + | =
=+ =T=T=1+1=) [ = ]+
= =TT T = ===
—[=1=[-1-]-]-1+ —[=[=]-1-]-]-]+
+ [+ =T+ =[] [+ =+ =[]+
el el el Bl Bl S R S —| === [=]+]+ i + | - + |+ - -
Puc. 1 - |- + |+ -+ +| -
Puc. 2

Mbl He TOJBKO pENMM 3Ty 3ajady, HO U
BOOGIIE pa3bepeMcst, Kakue TabJIHIbl U3 KAKIX
MOJKHO TOJYYUTH C IMMOMOIIbIO 3TUX onepaqu/’I.

Crpokn u cTosi61bl 6y/1eM HA3bIBATD POaMil.
Ormnepaiyio, omnucaHHyio B 3ajzade 1, Oyaem
HA3bIBATD NepexaioueHuem psod.

Tabnuua 2% 2

BwMecro Toro 4to6bI perarh 3aavy mpo tab-
guny 8% 8, pasbepeMcsi cHavasa ¢ TabJuIei
MaJIeHbKOTO pa3Mepa, /Jg KOTOpOil Bce BO3-
MOJKHBIE BapHAHTBI MEPEKPANTHBAHISA MOKHO
nepebparp Bpyunyio. Haumenbinas Ttab.miia,

K 3a/ladyaM B CTaTb€ /[aHbl penieHud, HO CTOUT
CaMOCTOATEJIDHO ITOAYyMaTb Ha/l Sazlaqeﬁ nepen
T€éM, KaK YUTaTb €€ peneHue, — 3TO IMPUHECET
6oJIblIIe 110JIb3bl. TaKyKe B cTaTbhe JaHbl yIIpasKHe-
HUA, OHN 3a4aCTYIO Ipolle 3a/lad, UX TOKe CTOUT
penraTb, 3TO MOJKET ITIOMOYb paSO6paTbCH C ImocJie-
AYIOMUM MaTepuaJaoM. OTBeTbl 1 YKa3aHuda K
YIIpaKHEHUAM /laHbl B KOHIIE HOMEDPaA.

Bupano, uro Bce 3amosinenusi pa3éuinch Ha
JBe Tpy1nbl (JIBe KOMIIOHEHTBI CBA3HOCTH I'Pa-
(a): 3amoJHEHUS OJHOI TPYIIIbI HEJb3S MOy -
YUTb U3 3all0JHEHUN JPYTOii.

UYTo o6111€TO0 ¥ 3aMOJTHEHNH KasK /01 TPYTITIDHI ?
UeM OTIMYATOTCS 3aTTOTHEHIS PA3HBIX TPYIII?

MOKHO 3aMETUTD, UTO B 3AIIOJTHEHUSX OHON
IPYIIIIbI YeTHOE KOJMUYECTBO ILJIIOCOB, a B 3a110J1-
HEHUSX JPYTOil — HeyeTHOe. JTO MOXKHO JIOKa-
3aTh U He TepeOHUpas Bce BapUAHTHI 3aIlOJIHeE-
Huii. JlelicTBUTETbHO, KaXKIBIM XOJOM MBI Me-
HSIeM [IBa 3HaKa, T.e. 0o 2 II0ca MeHsIeM Ha
2 Munyca, in6o 2 MUHyca MeHsieM Ha 2 IJTI0Ca,
Jn6O KOJUYECTBO IJIOCOB U MUHYCOB HE MEHSI-
eTcd. 3HAYUT, KOJUYECTBO TLIIOCOB TP Tepe-
KJIIOYEHUSX PSA/IOB COXPAHSET CBOIO YETHOCTD.

Ynpaxknenue 1. Ha crone croar 5 crakaHos
JIOHBINITKOM BBepX. Paspernaercss ofHOBpeMeHHO Te-
peBopaumBarh Jo6ble 2 crakana. MoKHO Jii, TTOBTO-



40 KBAHT

PSS 3Ty OTeEpalnio, MOCTaBUTh BCE CTAKAHBI IMpa-
BUJIBHO?

YeTHOCTb KONM4ecTBa MaoCcoB

C TabimmaMu 2 X2 TOJHOCTBIO pasobpa-
JINCh. AHAJIOTUYHDBIE COOOPAKEHUST TIOMOTYT B
pemienun 3amaun 1.

[leiicTBUTEIDHO, U B 3TOM CJIy4Yae YETHOCTDb
KOJIMYECTBA TLIIOCOB BO Beeil Tabuuiie He 6y1er
MeHaTbed. Jlokaskem ato. Ilycth B KakoM-To
pAIy X TLIIOCOB, TOT/IA TOCJIE eTo TepeKJIove-
HUS B 9TOM PSI/IY CTaHEeT 8 — X ILJIIOCOB, a BO Beei
OCTAJIbHOI TabJINIIE TLIIOCHI OCTAHYTCST HAa Mec-
Te. Ho uncima x m 8 — x OJHOI YETHOCTH.
3HAUYUT, YeTHOCTH KOJMYECTBA ILIIOCOB BO BCEil
tabJiille He TOMEHSIETCS — OHa SIBJISIETCSI NHBa-
puantoM. (M Heapuanmom Ha3bIBAIOT CBOICTBO,
KOTOPOE He MEHSIETCS [IPH 33/JaHHbBIX 1Tpeobpa-
30BaHUSIX. )

Wrak, cnavana B tabumie 6bL10 64 1L1i0ca,
3HAYUT, UX KOJUYECTBO BCeT/a Oy/IeT YCTHBIM 1
He CMOXKeT cTaTh paBHbIM 63. 3ajmava 1 pemnena.

Yupaxuenust

2. Ha ctoste ctosiT 15 cTaKaHOB TOHBIIIIKOM BBEPX.
Paspernaercss 0JHOBPEMEHHO II€PEBOPAYMBATD JIIO-
60€e YeTHOe KOJMYECTBO CTaKaHOB. MOKHO JIU, T10-
BTOPSISI 9TY OIMEPAINIO, TIOCTABUTD BCE CTAKAHBI MPa-
BUJIBHO?

3. 13 Tabamipr A MepeKIoueHNSAME PSII0B MOJIY-
qiin tabsuity b. [lokaxkute, uto u3 tabmuipl b
MEPEKTIOUEHUSIMU PSIZIOB MOYKHO MOJIYYUTDH TAGJIHUILY
A.

4. Tabiumiy 8 x 8 3aroHNIN ITI0CAMU U MUHYCA-
MU, TIOCJIE YETO C/IeJaM HECKOJIbKO MePEKII0UeHn it
PAIOB.

a) MoskeT JIM 0Ka3aThCsl, UTO KOHEYHOe 3aroJiHe-
Hue TaO/IMIbl 3HAKAMU OTJIMYAETCS OT HAYaJIbHOIO
POBHO B OJIHOIi KJIeTKe?

6) MoryT /i KOHEUHOE M HAYaJIbHOE 3aTIOJHEHMST
OTJIMYATHCI BO BCEX KJIETKAX?

B) MOKHO JIM M3 3al0JHEHUA OAHUMU ILJIIOCAME
MOJIYYHTD «IIAXMATHYIO PACKPACKy», T.e. TaKOe 3a-
MoJIHEHUE, B KOTOPOM JIIOObIE JIBa COCEHUX TI0
CTOpOHE 3HAKA Pa3JIMYHbI?

PaccMorpuM ele ABe 3ajayu, MOXOKHE Ha
MEPBYIO.

3agaua 2. Bmabauue 3 X 3 6 0010l y2210601
KACMKe CIOUM MUnyc, d 6 OCMALbHbLX CTROSM
naocol. MoXKHO U ¢ NOMOWBIO NEPEKIIOUCHUT
51006 006UMbBCsL MOZ0, UIMOOBL CE 3HAKU CINA-
2 narwcamu?

3agava 3. B mabauuye 8%X8 ¢ uemwvipex
Y2J06LX KJCTNKAX CINOSIM MUNYCDL, 8 OCTALb-

2017/Ne3

HBLY KJeMKAX — NA0CHL. MOKHO JU € NOMOWbIO
nepexaueHuil psdos 006umvcs mozo, 4mob oL
6Ce 3HAKU CMANU NITOCAMU?

Pab6otraer s /1t HUX pellieHne, aHaJI0THYHOe
peIeHuto 1epBoi 3a1aun?

Her: B 3ajaue 2 waxjplii pa3 memnsiercst 3
3HaKa, 3HAYUT, YETHOCTb KOJMYECTBA ILJIOCOB
KQK/bIl pa3 MeHsIETCS U MOXKET OKa3aTbCsl
ao6oii. B 3azade 3 ueTHOCTD KOJIMYECTBA ILIIO-
COB JICHCTBUTEJILHO SIBJISIETCSI HHBADUAHTOM, HO
3TO He JIaeT IPOTHUBOPEYMs — B HAYaJbHOM H
KOHEYHOM TOJIOKEHUSIX UX YETHOCTb OJ[MHAKO-
Bas.

Kax e pemarp 3amaqy 2? IlocmorpuM Ha
HaualbHOE U KOHeuHoe mosoxkenus (puc.3).
[TpearososkuM, 4TO M3 OHOTO MOXKHO IOJIY-
YHUTD JIPyroe.

Puc. 3

PaccmoTpuM JieBy10 BepXHIOIO KJIeTKy. B Heii
ObLT MUHYC, a JIOJIKEH OKasaTbCs ILIIOC. 3Ha-
4YUT, €e HaJ0 MOMEHSTb HEYeTHOE KOJUYECTBO
pa3. 3HaK MeHseTcsl, KOT[a IePeKJIIYaeTCs
OJINH 13 IBYX PS/IOB, Ha IEPECCUCHUN KOTOPDIX
OH HAaXOJWTCS, TO3TOMY OJUH U3 PSAIOB [J0JI-
JK€H OBITb N3MEHEH HeuyeTHOe KOJTWYEeCTBO Pas,
a ipyroit — 4etHoe. Biaromaps cummerpuyaHO-
CTH CUTYaI[UM MOXKHO CYUTATh, YTO HEUETHOE
KOJIMYECTBO Pa3 MEPEKJII0YaJn CTPOKY, a 4er-
HOe KOJIMYeCTBO pa3 — crojben (puc.4,a).

a) 4 6) U H ) U H
H|H H{H|Y HH|Y

qlu lyf??
Puc. 4

PaccmoTpuM Teneph cpeiHnii 3HAK B BEPXHEM
psizty. OH GbLI TIIOCOM ¥ JIOJIZKEH UM U OCTaTh-
cs1. 3HAYUT, ero HAJI0 TOMEHSITh YeTHOE KOJInYe-
cTBO pa3. Ho mepBasi cTpoKa MeHsIeTCsl Hever-
HOE KOJIMYECTBO Pa3, a 3HAYUT, BTOPOii cTo16erl
— TOKe HeyeTHOe KOJMYecTBO pa3. Paccyskias
AHAJIOTHYHO, HO PACCMOTPEB TeIePh CPEIHION0
KJIETKY TIEPBOTO CTOJIONA, MOKHO C/IEJIaTh BbI-
BOJI, Y4TO BTOpasi CTPOKA U3MEHSIETCS YeTHOe
KosmuecTBo pas (puc.4,6).
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Ho rorpa cpeanuii cTos16erl u cpeiisist CTpoKa
U3MEHSTCSI B COBOKYITHOCTH HeYeTHOe KOJIuve-
CTBO pa3, 3HAYNUT, EHTPAJIbHDINA 3HAK TAGJIUIIDI
[TOMEHSIETCS HeYETHOE KOJIMYECTBO Pa3 U CTAHET
MuUHYCcOM, a He mmocoM (puc.4,6). ITonyunn
[IPOTUBOPEYNE — U3 OJIHOTO TTOJIOKEHUS HEJTb3ST
MOJIYYUTh JIPYrOe TEePeKJTIOYeHUusIMI  PSIIOB.
3amada 2 pereHa.

3aMeTHM, 4TO /IS TTOJIYYeHUs TPOTUBOPEYHS
HaM JIOCTATOYHO OBLIO PACCMOTPeThb 4 3HaKa,
00Pa3yIoNNX KBAJPaT 2 X 2, a 3HaKN B OCTAJIb-
HDbIX KJIETKaX /[IJIA pEHIeHNA 6bIJII/I HE Ba’XHbI.

BenoMuuM, 4TO IIpu NepeKJIIOYeHUSIX Ps0B
B KBajpaTe 2 X 2 4eTHOCTb KOJIMYECTBA IIJIIOCOB
B HEM He MEHSeTCs, TOTOMY YTO KaXK/blil pa3
MeHsieTcss o 2 3Haka. Ho ato BepHO U st
KBajipata 2 X 2, BbIIEJICHHOTO BHYTpH GOJIbIIIe-
ro xkBazpara!l COOTBETCTBEHHO, PeIIeHNe 3a/1a-
g 2 MOKHO W3JIOXKHTb KOPOYEe, PACCMOTPEB
kBagpar 2x2 (cM. puc.4,6) U 3aMETUB, 4TO
YETHOCTb KOJIMYEeCTBa IIJIIOCOB B HEM ABJIACTCA
UHBApUAHTOM.

VYupaxknenue 5. YO6eaurech B TOM, 4TO 3ajada 3
PeIIaeTcsl aHaJOrHYHO.

Hexoropbie 3aaun pemiaioTcs ¢ MOMOIIbIO
TAKOTO JKe, Kaszaaoch Obl, HE3aMbICJIOBATOrO
MHBapUaHTa, Kak B 3agadax 2 u 3 ("erHocTh
KOJIMYECTBA ILII0COB), HO J0raflaThCs, s Ka-
Koil umenno o6actu (B HaleM cJydae 910 ObLI
HEKOTOPBIN KBagpaT 2X2) Takol MHBapHaHT
paGoraer, ObiBaerT Hempocto. Takue 3ajaun
MoxkHO HaiiTh B ctathbe 10. Monnna, JI. Kypasans-
ynka «Ilouck naBapuanTas» B «KBanre» Ne2 3a
1976 Tom, cMOTpHUTe TaK)Ke JOIMOJHUTETbHBIE
3a7aun 2 w 3 B KOHIIE ITOW CTATHHU.

Yupaxxuenust

6. B Ttabumie 8 x 8 mM3HauaJbHO BCE 3HAKU ObLIN
iocaMu.  3arteM C/IeIaii HECKOJIbKO IepeKJoue-
it pagoB. CKOJBKO TUTIOCOB MOYKET OKa3aThCs Ha
[JIABHOI /IMAarOHAMM TI0CJIe HEYETHOTO KOJNUYeCTBA
orepanuii?

7. B tabumie 8 X8 mM3HavaabHO BCe 3HAKU ObLIN
mocaMu. 3ateM Cesain HeCKOIbKO MepeKJioue-
HUI PAZIOB, TI0CJIE Yero 4acTh 3HAKOB CKPBLIN.

a) Hekoropwie sHaku mnssectnsl (puc.5,a). Haii-
JIUTe 3HAKU, OTMEUEHHBIE 3HAKAMHU BOIPOCA.

6) AHaJIOrUYHbBIA BONPOC /1 TaGJINIbI HA PUCYH-
Ke 5,0.

B) Hexoropbie snaku ussectunl (puc.5,6). Mox-
HO JIM [0 9TOH WH(OPMAIINK BbISICHUTD, YE€THOE WJIH
HEYETHOE KOJIMYECTBO OTeparuii GbLIO C/IeJaH0?

r) Hekoropsie suaku ussectubl (puc.5,2). Haiian-
Te 3HAK, OTMEUYEHHbBIl 3HAKOM BOIIPOCA.

a) O [FEEEF T+
+ | = +
+| |2
+
+ ? -
- ?
6) 1= 2) ++
+ —_—
+ [ -
+ ++
+ -+
— +_
+ +|=
— + ?
Puc. 5

KonunuyectBo pencreumn

Kak MbI yiKe BbBISICHUJIM, 3HAK B KJETKE
[IOMEHSIETCST, TOJIBKO €CJIM OIepaiuil, comep-
JKAIUX ATy KJETKY, GbLIO C/IeJlaHo HedeTHOe
kosmvectBo. OTCIONA CJIe/lyeT, BO-IIEPBbIX, YTO
MOPSZIOK OTepalliii He BJUSIET HAa Pe3yJIbTar.
Bo-BTOpBIX, UMeeT 3HAYEHHE TOJBKO YETHOCTH
KOJIMYECTBA TAKUX OIepaIii, T.e. pe3yJbrar
HE IOMEHSIETCsI, HAlpUMep, €CJIM MEHSITb Dsijl
e 13 pas, a 1 pa3. 3HaUUT, MOKHO CUUTATD,
YTO KKl Psi MOXKHO JHGO BOOOIE He
MEePEeKJIIoYaTh, JTUOO TEPEKTIOYNTh OJUH Pa3, a
HepeKJIIoYaTh ero GoJiblliee KOJUYECTBO Pa3
6eCCMBbICJIEHHO.

[Tosywaercst, 9TO eCJi KAKOe-TO 3aT0THEHIE
TaOJIMIbI 72 X 72 BO3MOSKHO TIOJTYYUTb U3 JIPYTO-
ro, TO 3TO MOKHO cJ/iesiaTh He 0OoJiee 4eM 3a 2n
omepanuii (Tak kax Beero psanos 2n). Ho Bepua
u 6oJiee CUIbHAS OLICHKA.

3azaua 4 (A.Kanenp-Benos, XXXIII Typ-
HUp ropojos, 2012 1.). B xaemxax mabiuyvl
nXN cmosim naoChl U MUHYCcol. 3d 00ur x00
paspeuwaemcs. 6 nPoU3BOJbHOU CIMPOKe UM 6
NPOUIBOJLHOM CIOIOUE NOMEHIMb GCE 3HAKU
Ha NPOMuUBoONnoaoXHvle. Hasecmuo, umo u3
HAUATLHOU  PACCMAHOBKU MOKHO NOLYUUMD
Maxyo, npu KOMopoul 60 6Cex AUEUKAX CMOSM
naocol.  Jlokaxume, uwmo 3mozo MOKHO 00-
oumvcs ne 6osee uem 3a n x0008.

Mbi yiKe MMOKa3aJu, YTO BCErja MOYKHO
VJIOKHUTBbCS B 21 Xo70B. Ho korma HaMm MOXKeT
MoHao6uThes poBHO 21 Xom0B? Korma Mbl
MEPERJIOUIIN KayK/IbIil PSIJT 110 OJIHOMY pa3sy.
Ho Torma Kax[plii 3HaK MOMeHsieTCsT 2 pasa,
Be/[b MEHSIJINCHh €r0 CTPOYKA U €ro crosberr. A
3HAYNT, 3aMOJHEHNUEe TaGJUIBI OCTAHETCS TIPe-
JKHEM, TI09TOMY €ro MOXKHO ObLJIO TIOJIyYUThb
ObicTpee — He Jesasg HU ogHoro xojal Taxum
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00pa3oM, MbI JJOKA3ajd, 4TO 27 XOJO0B J€JaTh
WU3JINIIHE.

Wnem panbue. Korga Mosker moHa1o0UThCs
poBHo 2n — 1 xo0B? Korpa nepekstovanu Bce
psbl, KpoMe oHoro. Torga sHaku 3Toro psijia
TTOMEHSI0TC 1o 1 pasy, a ocTajbHble 3HAKU —
mo 2 pasza. Onarp Ke, TaKoe 3aroJTHEHWe
MOKHO OBLJIO HOJYYUTH ObICTPEe — JJOCTATOUYHO
MEPEKJIOUUTD TOJBKO OJUH Psiji, KOTOPBII MbI
He TIePeKJII0OYaIH.

Ho 10 ke MOXKHO cies1aTh U B IPYTHX CIyYa-
ax! I[IpeanosoxuM, 9To MbI IEPEKJIIOTIITH Ka-
KHe-To X psnoB. Ecuan mepekJioyaTh He 9TH
pSAIBI, a BCe OCTaJbHbIE, TO XOJIOB CTaHET
2n — x, a pesyJbTar He nomensercs (ecau 3HaK
MEeHsIJICS 2 pasa, To Terepb He 6yJIeT MEHSThCS;
ecJI He MEHSIJICS, TO OH OY/JIeT MEHATLCS 2 Pa3a;
ecam 3HaK MeHsasacs 1 pas, To oH U ceifyac
nomensiercss 1 pas).

COOTBETCTBEHHO, €CJIU XO0/10B ObLIO 0OJbIIe
n, TO TOCJe TaKOH <«WHBEpCHUU» HAIUX Jieii-
CTBUIi MBI [TOJIyYUM TOT K€ PE3yJIbTAT MEHbIIIE
yeM 3a n JleficTBUil. 3ajjavya 4 perreHa.

Yupaxknenue 8. Mo)XHO 1 yCHIUTH OIEHKY B
3amade 47 VnpiMu ciioBaMu, BCerja JiM JKeJIaeMOro
MOKHO J100uThcd He GoJiee yeM 3a 7 — 1 X010B?

Kputepun peannsyemoctu

Bepuemcs k Bompocy, Kakue 3all0THEHUS 13
KaKUX MOXKHO MOJIYYUTD.

Bynem nas3biBaTh 3an0JHCHUE PEALU3YEMbIM,
€CJI €ro MOXKHO TIOJIYyYHUTb C [TOMOIIBIO Iepe-
KJIIOYEHNUH PSIZOB W3 3alOJHEHUS, B KOTOPOM
Bce 3HaKM — Turiochl. IIpu permennn 3agaun 2
MBI YK€ BBIACHUJIN, YTO €CJAH B 3aIOJHEHUN
€CTb KBaJparT 2 X 2, B KOTOPOM HeueTHOe KOJIU-
YecTBO ILII0COB, TO OHO He peanusyemoe.

Bmecro kBajspata 2% 2 MOXHO paccMaTpu-
BaTh JIIOObIE 4 KJIETKH, SBIIIONINECS BepPITITHA-
MH TPSIMOYTOJBHUKA CO CTOPOHAMMU, TIapaJ-
JIEJTGHBIMU CTOPOHAM TaGutibl (IpUMep TaKux
YeThIpeX KJIETOK — Ha PUCYHKe 5,a). B takmx
YyeThIpex KJeTKaX 4eTHOCTb KOJIMYeCcTBA ILTIO-
COB TaKKe He MeHdeTcs, TaK YTO ecJd M3Ha-
YaJbHO OHU BCe ObLIN ILTI0CAMHU, TO CPEH HUX
Beer/ia Oy/IeT YeTHOE KOJMYECTBO ITI0COB. 3Ha-
YUT, €CJU HAHAYTCS Takue 4 KJIeTKH, B KOTOPBIX
CTOUT HeYeTHOE KOJUYECTBO ILJIIOCOB, TO 3aM0JI-
HeHHe He peanansyeMoe.

Ho ecnu onu He HaiipyTcs, sHauuT JU 9TO,
YTO OHO peasnsyemoe?

[la, okasbiBaeTcsd, 4TO BEpeH CJeAYIONTHil
Kpumepuii peaiu3ymocmu. PaBHOCUIbHBI Ta-

2017/Ne3

KMe TPHU CBOWCTBa 3anosHenus (T.e. ecm ogHo
13 9TUX CBOWCTB BBITIOJIHSIETCSI, TO BBITTOTHSIIOT-
CS U JIBa APYTHX):

1) OHO peanusyemo;

2) B m06OM KBajpaTe 2 X2 UYeTHOEe KOJHuYe-
CTBO TLTIOCOB;

3) B MOOBIX 4 KJIETKaX, SABIAIONINXCS BEPUIN-
HaMU [IPSIMOYTOJIBHUKA CO CTOPOHAMM, TIapaJi-
JIEJTHHBIMI CTOPOHAM TaGJIUIIbI, YeTHOE KOJInIe-
CTBO TLITIOCOB.

Bropoe cBoiicTBO PSIMO CJleIyeT U3 TPEThe-
ro, BeJb KBa/parT 2X2 — 4YacTHbII cuyvail
TAKOro MPSIMOYTOJIbHIKA. Kak 13 11epBoro cBoii-
CTBA CJIEJLYIOT BTOPOE U TPeTbe, Mbl yKe MOKa-
3asu. [lIs1 3aBepiienust JOKa3areabcTBa PaB-
HOCUJIBHOCTU TPEX CBOUCTB IMOKAXKEM, KaK U3
BTOPOTO CJEAYET MepBOoe.

PaccMOTpUM TIPOM3BOJIBHOE 3ATI0JTHEHNE, TSI
KOTOPOTO BBITIOJTHSIETCSI BTOPOE CBOWCTBO: B HEM
BJIIOGOM KBajiparte 2 X 2 yer-

HOE KOJUYECTBO ILITIOCOB. Yy ¥
[lokazkeM, 4TO OHO peasn3y- m HA
eMo, T.e. TIOKa)keM, 4UTo Tie- T
PEKTIOYEHUSIMEI  PSIJIOB  €T0

e E

| —
MOJKHO IIPHUBECTH K CHUTya- |
11U, KOT/[a BCE 3HAKU — ILJIIO-

Puc. 6

cel. Chenmaem Takue Tmepe-
KJIIOUEHUsT PsI/IoB, 4TOOBI BCe 3HAKH TIEPBOTO
cTosi6Tia M TIepBON CTPOKHU CTAJU TLIIOCAMHU.
CMoTpuTe mpuMep Ha pHUCyHKe 6.

Ynpaxknenue 9. /lokaxxure, 4TO TaKkue IePeKJIO-
YeHHsI BCerja MOXKHO C/IEJaTh.

Temepp qoKakeM, UTO MOCJIE TAKUX TIEPEKJTIO-
YeHU 1 BCE OCTaJIbHbIE 3HAKK TaOJUIbI CTAJIN
mwiiocamMu. B io6oM KBaapare 2 X2 mo-mpe-
JKHEMY YeTHOe KOJIMYEeCTBO TIIIOCOB, TaK Kak
[EPEKTIOUEH NS PSIZIOB He HAPYIIAIOT 3TOTO CBOM-
crBa. Terepb paccMOTpUM JIEBBIH BEPXHUI KBaJI-
par 2x2 (puc.7,a). Tpu ero 3HaKa — ILIIOCHI,

) |F[H ]+ O]+ +
- B +|+[+
+ +
+ +
+ +
Puc. 7
3HAQUUT U 4YeTBepTblii — 1moc. Paccmorpum

caeIyToNmmii KBajpaT 2 X2, CABHHYBIINCH HA
KJeTKy BripaBo (puc.7,6), [ HETO CUTyaIusa
aHaJormyHa. PaccMarpuBasi 1OC/Ie[0BaTeIbHO
BCe TaKue KBA/PATBI, TIOJYYHM, YTO BCE 3HAKU
TaOJIMIbI — TLTIOCHI.
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YupaxxHenus

10. PaBHOCHJIBHOCTD BTOPOTO U TPETHETO CBOICTB
MOXKHO JI0Ka3aTb, He HCIIOJIb3Ys HU IIEPBOE CBOIi-
CTBO, HU IepPeK.II0UeHNs 3HaKoB Boobiie. [Tonpobyii-
Te 9TO CJ/IeJI1aTh.

11. B ozxHOIl U3 CTPOK peann3yeMoro 3aroJHeHIs
tabiauipl 8§ X8 crout x miaocoB. [lokaikure, 4ro B
KaX/IOl CTPOKE 3TOrO 3alloJHEeHUs X Wl 8 — X
ILJIIOCOB.

12. PaccMoTpuM HEKOTOpPOE peasn3yeMoe 3amoJI-
Hernue Tabmumpl 8 X 8 . IlycTb B 0HOI U3 ero cTpoK
X MHHYCOB, & B OJ{HOM U3 CTOJIGIOB — ¥ MUHYCOB,
[puyeM Ha UX IlepecedeHuy croutT Imoc. CKOJIbKO
BCETO MHUHYCOB B 3TOM 3allOJHEHWN ?

13. CymectByer /1 peanusyeMoe 3allOTHEHHE
tabmuipl 8 X8 , B KOTOPOM POBHO 6 ILITIOCOB?

KonuyectBo peanusyemMbix 3arnonHeHUi

3amoHUM NEPBYIO CTPOKY M HEpBbIH CTOJ-
6erl TaGJUIIBI M X . TIPOU3BOJIBHBIM 06Pa30OM.
Torpa:

BO-TIEPBbBIX, OCTABIINECS KJIETKH MOKHO 3a-
MTOJTHUTH TaK, 4TOObBI 3aT0JIHeHne ObLIO pea-
3y€eMbIM;

BO-BTOPDBIX, 3TO MOKHO C/I€JIATh €[IUHCTBEH-
HBIM 06Pa3oM.

Yuopaxuenue 14. /lokaxxnurte aTH yTBEPKICHUS.
Ykaszanue. Vcnosb3yiite KpUTEepHii peaansyeMoc-
TH U pe3yJbTaT yHpaKHeHus 9.

Taxkum 06pasoM, KOJHYECTBO CIIOCOOGOB 3a-
HOJTHUTD TAGJMIY ILTIOCAMH U MUHYCAMU Tak,
4TOGBI 3AI0JTHEHIE OBLIO PEaTn3yeMbIM, PABHO
KOJIMYECTBY CIOCOO0B 3AMOJHUTD TPON3BOJIb-
HBIM 06pa3oM ee TIEPBYI0 CTPOKY W TIE€PBbIi
croibert.

B niepBoii cTpoke u iepBoM cTo6IE TAGTUIIbI
mXmn B COBOKyNHOCTH m + n — 1 KJETOK,
3HAUNUT, PEAJN3yeMbIX 3allOJHEHUIT TaKol Tab-
JIpI cymectByer 2"

pacbl 3anonHeHun

B paszgesie mpo Tabsuiyy 2 X2 MBI CTPOWJIN
rpad, B KOTOPOM pe6POM COETNHSINCD BEPIITH-
HbI, COOTBETCTBYIOIIHE TAKUM 3aI10JTHEHUSIM Tal-
JINIBI, KOTOPbIE MOKHO IOJYYUTH JAPYT U3
JIpyra OJHUM IepeKJTIoYeHueM psga. MosKHO
paccMoTpeTb Takoil ke rpad, HO s TabTHIIbI
mxn (B Hem 2™ Bepumm).

Kaskjioe 3arosiHenne TPUHAJIEKUT KAKO¥-
TO KOMIIOHEHTe cBsi3HOoCTH 3TOro rpada. /[Ba
3aM0JIHEHUsT OTHOCSITCSI K OJHOI KOMIIOHEHTE,
€CJTM OJTHO MOKHO TIOJIYYUTDb M3 JIPYTOrO Iepe-
KJIIOUCHUSIMH PSIJIOB.

Yupaxxuenus

15. CKOJIbKO 3al0JHeHNI B KOMIIOHEHTE CBA3HO-
CTH, B KOTOPOH HaXOJUTCS 3alloJIHEHue, Tje Bce
3HAKU — TLTIOCHI?

16. CkosbKO B 3TOM rpage KOMIIOHEHT CBSI3HOCTI
M CKOJIBKO B KayK/JIOH M3 HUX 3aIOJTHEHUI?

Ykazanue. Jlio6oe 3anoHEHIEe MOXXHO IIPUBECTH
MEPEKJTIOUEHUSIMI PSIIOB K 3aMOJHEHUI0, B KOTOPOM
B TIEPBOil CTPOKE W TMEPBOM CTOJIOIE BCE 3HAKH —
Iochl. [Ipu 9TOM He MOMEHSIeTCs YeTHOCTD KOJIie-
CTBa ILTIOCOB B JIOOBIX 4 KJIETKAX, SBJISTIOIIIXCS
BEPITMHAMHE TIPSIMOYTOJbHIKA CO CTOPOHAMHU, TTapaJ-
JIETBHBIMEI CTOPOHAM TaGJIHIIBI.

Haxoxzaenne KoJmdecTBa peajn3yeMbIX 3a-
HOJIHEHUIT cocTaBJisgeT yHKT 6) 3agaun M665
«3amaunuka «KBanras. Ee pemenus cMmorpure
B «KBante» Ne9 3a 1981 ron.

BcnomorartenbHble nepeksntoyeHns 3HaKoB

B ycnoBum caenpymouieil 3ajjaun Hu4ero He
roBoputcst 00 Onepanusix, MeHSIONMX 3HAKH,
TEeM He MeHee MOKHO PacCMOTPETh TaKHe oTepa-
[[UY, ¥ TOT/Ia 33/[a4y TTOMOKET PEHIUTh KPUTe-
puil peasnsayemMocTu.

3azaua 5 (E.Bakaes, XXXIV TypHup ropo-
108, 2012 1., M2289). B nexomopvLx kiemxax
Kkeadpama 1111 cmosam naocot, npuuem ece-
20 NAI0CO8 YemHoe Koauuecmeo. B xaxdom
Keadpamuxe 2 x 2 moxe u4emmoe Yucio niio-
cos. /lokaxume, umo uemuo u Yucio niiocos 8
11 xaemxax 2nasmoil duazonanu keadpama.

JLns TabuIIbI U3 3TOH 3a7a9M BBITTOJTHSIETCS
BTOpPOE CBOJCTBO, a 3HAYNT, €€ 3alloJHeHHe
peammsyemo. Torga MOXXHO pPaccMOTPETHb IOC-
JIE[IOBATEJIbHOCTD TIEPEKJIIOUEH I PSIIOB, KOTO-
pbI€e MO3BOJISIOT MOJTYYUTH JAHHOE 3aII0JTHEHUE
13 3aM0JHEHUS OJHUMU TLIIOCAMU.

PaccMoTprM KOTMYECTBO TITIOCOB BO Bcei
tabuie. Kaxoe nepeksiouenne psijia MeHsi-
er 11 3HaKoB, a 3HAUUT, MEHAET YETHOCTH
KOJIMYECTBa ILIIOCOB BO Beell Tabuuie. Pas 1o
YCJIOBUIO TLTIOCOB BO Bcell TabJuile YeTHOe
KOJIMYECTBO, a WM3HAYAIBHO YHCJIO ILJIIOCOB
112 =121 — meuerno, TO omepanuii 6bLJIO He-
YeTHOE KOJNIECTBO.

Kaxkmag omeparmsi MeHSET OJMH 3HAK Ha
JINATOHAJIN U, TEM CaMbIM, MEHSIET YETHOCTD
yycJa TJTI0OCOB Ha JuaroHaau. Pas mmiocoB
n3HavasIbHo Ob10 11, a omeparunii 6bIIO HEYeT-
HOE KOJIIYECTBO, TO Ha INaroHan 6y/eT 4eTHOe
KOJIMYECTBO TIJIIOCOB.

Yupaxxnenue 17. Permute 3aauy 5 no-apyromy,
HE PaccMaTpuBast ONepali CMEHbl 3HAKOB.
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[Torrpo6yiiTe penuTh ¢ TOMOIIHIO BCIIOMOTA-
TeJIBHOTO TEPEKJIIOUEHUA PALOB CJICLYIONIYIO
3ajauy.

Vupaxnenne 18 (B.IIpoussonos, XXIII Beeco-
1o3Has oauMnuazga, M1181). Ha maxmartHoil focke
paccraBjieHbl 8 Jiajieil Tak, 4TO0 OHU He GBIOT APYT
apyra. JIokaskure, 4TO Ha YEPHBIX MOJISIX PACIIOJIO-
JKEeHO 4eTHOE YUCJIO JIajleid.

CrepTble 3HaKU

Kax MpI yKe BbIsCHIIH, TI0 m + 1 — 1 3HAKaM
TaOJIMIBI MOYKHO BOCCTAHOBUTD OCTAJIbHDIE, ECJIH
U3BECTHO, YTO 3alojHeHue peanusyemo. Ha-
[IPUMeEP, 9TO MOKHO C/IeJIaTh 10 3HAKaM O/[HOi
CTPOKH M OJTHOTO CTOJIONA.

Ho m + n — 1 3HaKkoB, 10 KOTOPBHIM MOKHO
BOCCTAaHOBUTDL peaN3yeMoe 3aroJHEHHe, MO-
IyT ObITh PACIHOJIOKEHbI MHAYE, B YeM MOKHO
yOemuThest, pemus yipaxHenue 19.

YnpaxkHenus

19. /lokaykure, 4TO BCE HEM3BECTHDBIE 3HAKH 3aI10J1-
HEHUs] Ha PHUCYHKE 35,2 BOCCTAHABJINBAIOTCS OJHO-
3HAYHO.

20. Ilo mo6bpiM s 50 3xakam Tabauibl 8 X 8
3aI0JIHEHIe BOCCTAHABJIMBAETCS OHO3HAYHO?

Wrtak, 1npu HEKOTOPBIX PACIOJOKEHUIX
m + n — 1 U3BECTHBIX 3HAKOB 110 HUM MOKHO
OJTHO3HAYHO BOCCTAHOBUTH OCTAJIbHBIEC 3HAKH.
Ho BepHO Jiit, 4T0 9TO HaMMeHbIee HeOOXO/TH-
MO€e KOJIMYeCcTBO 3HaKOB? Jla, BepHO, U IMEHHO
06 sToM Oblma 3agada 15 Konkypca mmenu
A.TI.CaBuna (cm. «Kpanr» Nel 3a 2017 r.).

3anava 6. ITems napucosanr mabauyy 10 %10
U 3ANOJHUN BCe ee KJIeMKU NACAMU. 3amem
O COENAN HeCKOABKO OCUCMEUTL NO CACOYIOUe-
My npasuny. Kaxovm deticmeuem on nayeao
evi6upan psd (cmpoxy uau cmoibey,) u mensii
Kaxooul uz 10 e2o0 3naxos na npomueonoi0x-
noutl (naroc na munyc, munyc na naoc). Kozda
nocae amoezo Ilems evwen, xyauzan Bacsa
4acmv 3HAK08 cmep — 0CMAA0Ch MoavKo N
3nakos. /[is xaxozo naumenvuiezo N mosxem
oKazamocs, umo noayuusuyiocs y Iemu mab-
AUUY MOKHO OOHOZHAUHO BOCCMAHOBUML NO
0CMasUUMCst OAHHBIM?

[TpuBesem pererne GoJiee O0IIETO Caydast —
JUIA TabJULbL m X 7 .

Otser: m + n — 1 (COOTBETCTBEHHO, /s
tabmuipl 10 X 10 orser: 19).

Wrak, ocrasoch /I0Ka3aTh, 4TO €CJIU U3BECT-
HO MeHblle m + n — 1 3HAKOB, TO 3aMOJHEHUE
HEJIb351 OJIHO3HAYHO BOCCTAHOBHTD.

2017/Ne3

Pacemorpum rpad, B KOTOPOM BePIHHBI CO-
oTBeTcTBYIOT psajgam (Bcero m + n BepummMH) n
JIBE€ BEPIIMHDbI COEAMHEHBI PeOPOM B TOM U
TOJIbKO B TOM CJIy4ae, KOT/Ja Ha IepeceueHun
3TUX [IBYX PSIOB CTOUT W3BECTHBIN 3HaK. B
aToM rpade m + n BepimH, a peGep CTOJIbKO
JKe, CKOJIBKO M3BECTHBIX 3HAKOB, 3HAUUT, WX
Menpuie m + n — 1. VI3 Takoro COOTHOIIEHUS
KOJINUECTBA BEPIINH U pebep MOMKHO CleJaTh
BBIBOJ[, 4TO rpad HecBs3HbI. Paccmorpum
OJTHY W3 KOMIIOHEHT CBSI3HOCTH, HA30BEM BCE
ee Bepummubl (M Bce COOTBETCTBYIOLIME UM
PAIBI) KPACHBIMHU, @ BCE OCTAJIbHbIE BEPITMHBI
(1 ux pagpr) — cunnmu. IIpeanonoxum, uTo
10 U3BECTHBIM 3HAKAM TOJYUYHIOCH O/[HO3HAY-
HO BOCCTaHOBHUTb Bce 3amoJiHenue. Paccmor-
puM ero. I[ToceoBaTeIbHO TIEPEKJIIOUNM 3HA-
K B KaKJOM W3 KPaCHBIX PsiIoB. Kaskabrii
M3BECTHBIH 3HAK CTOUT JIMGO Ha ITEepPeCcedeHuH
JIBYX CHHHX PSiIOB, JUGO JABYX KPACHbBIX, 3HA-
YUT, IPU TAKOH TOCJIe/I0BATEIbHOCTH JAeHCTBUI
KasK/[blil M3BECTHBIN 3HAK MO0 HE IIOMEHSIET-
cs1 BooOGIe, Jmb60 TIOMeHsIeTcsT 2 pasa, B JIo-
60M cJiyuyae OH octaHercs: npexxuum. [1pu atom
3aT0JHEHNE HE OCTAJOCh MPEKHUM, TaK Kak
KayK[IbIil 3HAK, CTOSIINI HA TIepecevennn Kpac-
HOTO U CHHETO PsijioB, moMeHsuicsi. Takum 06-
pa3oM, MbI MOJYYUJIU JAPYTOe 3aloJHEHUE, B
KOTOPOM W3BECTHBIE 3HAKW TOYHO TaKWe JKe.
3HauuT, 3al0JHEHNE HeJIb3sT 0HO3HAYHO BOC-
CTAHOBUTH 110 M3BECTHBIM 3HAKaM.

PasupiM 3amauaM ¢ Takoil ujeeil pereHust
(paccmotrpenue BcroMorarebHoro rpada u
HCIIOJIb30BaHUE €r0 CBSI3HOCTH MJIM HECBS3HOC-
i) nocssiniena cratbs [1. KosxkeBaukosa, A.Illa-
moBasioBa «CBskuTECH ¢ TpadoM» B «KBanTte»
Ne4 3a 2014 rox.

PaccemoTpuM tenepb noxoxkyto 3agauy M112
«3ajaunnka «KBanra».

3agaya 7. B mabauye pasmepom mxn
3ANUCANBL YUCAA MAK, UMO O TI0ObLX 08YX
cmpox u 061X 08YX CMOAOYU0E CYMMA UUCET
6 08YX NPOMUBONOLOKHBLY 8EPUUHAX 0ODA3Y-
eM020 UMU NPSAMOYZOILHUKA PAGHA CYMME HU-
cen 6 08yx Opyeux ezo eepwunax. Yacmo
uuces cmepau, HO NO OCMABUUMCS MOKHO
soccmanoeumo cmepmole. /loxaxume, umo
ocmanocv ne menee (n+ m — 1) uucean.

B 3azmaue 6 peup 11112 0 peasm3yeMoM 3aroJi-
HEHUU, a 3HAYUT, B HEM BO BCEX TaKUX JKe
yeTBepKaxX KJIETOK, CTOSAIINX Ha MepecedeHnn 2
CTPOK M 2 CTOJIOIOB, KOJMYECTBO TLTIOCOB YeT-
HO. 3/1ech JKe He WJIET Peub O TepeKpalliBaHu-
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X WJIN O TIII0CaX W MAHYycaX, HO CHOBA HaKJa-
JIbIBaeTCS yCJIOBHE Ha BCE TaKHe UYETBEPKH
KJIETOK.

[Tompo6yem pemmuth 3Ty 3ajady aHAJIOTHY-
HOo. PaccMoTpuM Takoil ke HeCBS3HBIH rpad.
CHoOBa Ha30BeM BEpIIMHBI OHOH KOMIIOHEHTBI
KpacHBIMH, a BCe OCTAJTbHBIE CHHUME. B mpe-
JBITYTIel 3a/1ade pedb MITa O MepeKIoIeHnax
PSIIOB, 3/I€Ch K€ HU O KAKHUX OIepaiusx B
YCJIOBUYM HE CKa3aHO, HO Mbl CaMH MOXKEM
BBECTH HEKOTOpbIE BCIIOMOTATENbHBIE OIepa-
nu ¢ pgaamMu. UTo MBI XOTUM OT 9TUX Olepa-
muit? XoTtuM, YTOOBI YMCJIa B KJETKaxX Ha
TepecedyeHny OJHOI[BETHDBIX PS/IOB HE TTOMEHS-
JINCH, & HA TIePECEYeHUN PA3HOIBETHBIX — MO-
Mensinch. [Ipu aToM omeparust He JOJIKHA
HapymiaTh TO CBOWCTBO, YTO JJig JIOOBIX IBYX
CTPOK W JIOOBIX IBYX CTOJOIIOB CyMMa YHCes
B JBYX IIPOTHBOIIOJOKHBIX BEpIINHAX 006pa-
3yeMOTO UMM TPSIMOYTOJbHUKA paBHA CyMMe
quceJ B JBYX APYTUX ero BepiiunHax. Harpu-
Mep, TOOIIeT Takas onepalys: /s CToa6Ia
— Bce YncJa B crosibIle yBeJamunBaeM Ha 1, a
JUIS CTPOKH — BCE YNCJA B CTPOKE YMEHBITTaeM
Ha 1. HecsoxHo mpoBepuTh, 4TO 3Ta Omepa-
U1 YJIOBJIETBOPSIET HEOOXOIMMbIM TpeGoBa-
HugaM. CrenoBaTesibHO, MTPOBEIs IO OJTHOM Ta-
KOU omepanuu € KaXKIbIM KDPACHBIM PSI/IOM,
moTydnM TabJIUILY, B KOTOPOI W3BECTHbIEC 3HA-
KU Te JKe, a HeKOTOPbIe HEM3BECTHBIE TOMEHSI-
JIUCh. 3HAYNT, TaOJUIy HeJlb3sl BOCCTAHOBUTD
O/ITHO3HAYHO, 3Hag MeHee n + m — 1 umceu.

Jra 3aja4ya — O e[UHCTBEHHOCTU PEIICHUS
CUCTeMbl JIMHEWHbIX ypaBHeHuii. [Ipyroe pe-
IIeHne 3TON 3a/a4yl, KaK pa3 MCIOoJIb3YIoliee
JuHelHyio anre6py, mpuBeneHo B «KBanTte»
Ne8 3a 1972 ron. Ilpenpiaymas 3agada — aTo,
10 CyTH, Ta K€ 3aJa4a, HO BMECTO TIPUBBIU-
HBIX JIMHEWHDBIX YPaBHEHUN — CPaBHEHUS IO
MOJZLYJIIO 2.

Iromy moaxoay (paccMOTpeHuio 3azad 1IPO
TepeKJIIoueHIe 3HAKOB C TOUKH 3PEHMS JIMHEl-
HOii aireGpbl) nocsseHa cratbsa B. Jopodee-
Ba, A.CnuBaka «Packpacku rpadoB u gnHei-
Hble ypaBHeHus» B «KBanre» Ne4 3a 2011 rog.
PexomenmyeM ee sl JadbHENIIEr0 N3YYEHUS
BOTIpOCA.

JlononHuTtesnbHble 3aaa4un

1. 30 narakoB Jexar rep6oM BBepX. PasperieHo
3a pa3 TMepeBepHyTD JioOble 29 M3 HIX. MOKHO JI
JI06UTHCsT, 9TOOBI BCE MSATAKU JIESKAIN TepOOM BHU3?

2 (IX Typuup ropojos, 1987 r.). IIpaBuibHbIi
TPEYTOJNbHUK Pa3OUT MPSIMBIMHE, TapaaebHBIMH

€TO CTOPOHAM, Ha PABHBIE MEK/LY COOOI IPABUJIbHbBIC
TpeyrobHuK. OUH 13 MATEHBKUX TPEYTOJIHHUKOB
4YepHbIil, ocTasbHble — Genble. Paspernaercs: mepe-
KpaIlnBaTh OJJHOBPEMEHHO BCE TPEYTOJBHIKH, TIepe-
ceKaeMble TIPSIMON, MapajIelbHON 060 CTOpOHe
HCXOJTHOTO TpeyroJibHuKa. Beerma sm MOXKHO ¢ 1m0-
MOIIBIO HECKOJBKUX TaKUX TIepeKpPalIMBaHUN J10-
6UTHCST TOTO, YTOOBI BCE MAJIEHbKIE TPEYTOJbHUKI
crajau GesibIMu?

3 (E.Baxaes, Typuup mar6oes mamsatn A.I1.Ca-
Buna, 2015 r.). Jlan kJaeTyarblii KBajgpaT: a) 5X5;
6) 8x8. Ommoii onepamueil MOKHO BBIGPATh JIO-
60it kBagipar 3% 3, wiau J06YI0 CTPOKY, HJIH JIIOOO0I
croJibel] M ITOMEHATH 1[BeTa BCeX KJIETOK 3TOi obJa-
CTU HA MPOTUBOTOJNOKHBIE. C MOMOIIBIO TAKUX OIle-
pamuii U3 TOJHOCTBIO 6eJIOTO KBaJpara MOJIYYUJII
KBaJpaT, B KOTOPOM POBHO OJlHA YepHAasl KJETKA.
I'ne moxxer okaszaTbcsl aTa KJeTKa? YKa)KUTe Bce
BApUAHTHI.

4. CxosnbkuMu crocof6aMu MOXKHO PACKPACHUTD
kiaeTkn tabauipl 10 X 10 B yepHbIil 1 GeJblil 11BETA
Tak, 4ToObI B JIIOOOM KBajipaTe 3 X3 ObLIO YETHOE
YICJIO0 YEPHDIX KJIETOK?

5 (A.3eneBunckuii, MoCKOBCKas OJNMIIMA/A,
1970 ., M32). Bo Bcex KjeTkax TaGIWIbI pasMe-
pom 100 x100 CTOAT ILTIOCHI. PaspeLueHO OJ/IHOBpE-
MEHHO H3MEHHTb 3HAKM BO BCEX KJETKAX O/HON
CTPOKM WJIM BO BCEX KJIETKAX OJHOTO CTOJOIA.
Mo:KHO Jii, TIPOJesiaB TaKie OTepaIui HECKOJIbKO
pas, moJuyuutb tadauity, rie posuo 1970 Munycos?

6 (B.AnexceeB, MocCKoBCcKag OJUMINAaja,
2007 r.). B Tabauie pasMepoM nXn KIETOK JBe
IIPOTUBOIIOJIOKHBIE YTJIOBbIE KJETKH YepHbIE, a OC-
TasbHble — Oesible. Kakoe HanMeHbIllee KOJIMYECTBO
6eJIbIX KJETOK JOCTATOYHO TEPEKPACUTD B YePHDBII
I[BET, 4TOODI MOCJE ITOTO C TIOMOIIbIO TPpeobpasoBa-
HUIl, COCTOSINNX B TEePEKPAIIMBAHUM BCEX KJETOK
KaKoro-ym6o cToJibiia Wil Kakoi-mub0 CTPOKH B
ITPOTUBOIIOJIOKHBIN 1IBET, MOXKHO OBLJIO C/IeJATh Yep-
HBIMHU BC€ KJETKN TaOJIUIIbI?

7 (A.Bobictpukos, XXV Typuup ropojaos,
2003 r.). B Tabaune m X n paccraBJeHbl IJIOCHI 1
MHHYCBI. 32 OZINH XOJ Pa3periaeTcs MOMEHSITh 3Ha-
K Ha TPOTHBOIOJOXHDBIE B JIOOOH CTPOKE WJIN
crosi6ie i Ha 060l auaronamn (yrjaoBbie Kjet-
KM TOJKE CUMTalorTcs JuaroHanamu). Jlokakure, 4to
ecin TaGJHIA TAKUME JEHCTBUSIME He TIPUBOUTCS
K TabJInile U3 OJJHUX TIJIIOCOB, TO B HEll €CTh KBApaT
4 x4 , KOTOPBIN TOXKe He TTPWBO/INTCS.
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VHTbI U
[00aBOYHbIE
COMPOTUBNEHUS
B 3aJa4ax

b.MYKYLUEB

3BECTHO, UTO IIYHTbI 1 JOBABOYHBLIE
COIPOTUBJIEHUST MCIOJIB3YIOTCS [IJIsI pac-
HIUPEHUS IPe/IeJIOB U3MEPEHNs aMIlepMeTpa 1
BOJIbTMETPA COOTBETCTBEHHO. OCIIOBIIyIO qacCTb
ITUX JJIEKTPOUZMEPUTEIBHBIX ITPUOOPOB MPEJi-
cTaBisierT co6oil Jierkas pamKa, O0OMOTaHHAast
60JTHIITIM YHCJIOM BUTKOB M3 TOHKOTO TIPOBO/IA,
KOTOprﬁ pacCYuTaH Ha OY€HDb MaJeHbKUI TOK.
Pamka HaXOAUTCA B MAaroHuTHOM IIOJI€ 1 MOJKET
CBOGO/THO BPAIIATHCS BOKPYT CIEIHAIbHO OCH.
B anexkTpousmeputeibHbIX MPUGOPAX KPyTsi-
U MOMEHT PaMKU CO3/IaeTcsl CUJION AMIiepa —
CUJION B3aWMOJIEHCTBUS MEXKAY MarHUTHDLIM
1MoJIeM U TOKOM, KOTOPbBI TIPOXOJUT 4Yepes
0OMOTKY PaMKH. DTOT TOK OOGBIYHO COCTABJISIET
HECKOJIbKO MuJLanaMiepoB. C paMKoii coenn-
HEHA CTPEJIKA, KOTOPast IePEMEIAETCsT TI0 1TKa-
Jie. YTOJI MOBOPOTA CTPEJIKU YCTAHABJINBAETCS
IPW PaBEHCTBE BPAIIAIONIEr0 MOMEHTA CHUJIBI
AMnepa 1 MOMEHTa CUJIbI YIIPYT'OCTH IIPDY KUHDI,
KOTOpast IPUKPEIIeHa K KOpIycy npubopa.
CuJuty ToKa B I[eNN U3MEPSIOT aMIIEPMETPOM,
KOTOprfI BKJIIOYAETCA B IICIIb I10C/JI€10BaTEJIbHO
(puc.1). Urto6bl aMnepMerp He BHOCHJ CylIe-
CTBEHHBIX M3MEHEHW B PEXXMM PaGOTHI T[N,

R
— +——
Puc. 7

€ro CONPOTUBJIEHHE [JO/DKHO OBITh OUeHb Ma-
JapiM, T.e. R, < R. Kaxaplii amnepMeTp pac-
CUNTaH Ha HEKOTOPYI0 MaKCHUMAJBHYIO CHJIY
ToKa, 0003HauMM ee [, , TIPU TPEBBIICHUN
KOTOPOil 1ipn6op MoskeT 1eperoperb. Kak ke
ObITb, €CJIM HY>KHO U3MEPHUTD 3HAYNTETBHO GOJIb-
muit Tok, yem [, ? Moxer ObITb, TIepeMoTaTh
06MOTKY TipuGopa GoJiee TOJCTBIM MTPOBOJIOM?
Her, Takoe pemenne Oy/ier HeynauHbiM — 006-

MOTKa Mpuéopa CTAHET OYeHb TSIKEJIO, BO3pa-
CTYT TPeHHE B ee ONopax U IOTPENIHOCTb TIPH-
6opa. Kpome Toro, mpuaercst OCTaBUTD CIIU-
paJibHble IPYKUHDI 13 GOJIEE TOJICTOI IIPOBOJIO-
k. OHu 6yayT UMETb GOJBIIYIO JKECTKOCTD, U
CHJTBI 3JIEKTPOMArHUTHOTO B3aMMO/ICHCTBUS HE
CMOTYT MOBEPHYTb CTPEJKY npubopa.

[Toiinem mo mpyromy mytn. Kak B peke
JIeJIAT0T OTBOAHOM KaHaJl, TaK U B 9JIEKTPUYEC-
KOI IIeII1 MOYKHO OTBECTH YacThb TOKA B GOKOBOI
Y4acTOK, B KOTOPBIH M BKJIOUUTH aMIIEPMETP.
[lns 3TOTO TPHUMEHSIOT TIYHT — PE3UCTOp C
OYeHb MaJIbIM COTIPOTHBJIEHNEM,, KOTOPBIiT BKJTIO-
yaloT napasuieabio amnepmerpy (puc.2). ITo-

Ia : : Ra

| I, u I
e
1 2

Puc. 2

CKOJIBKY COIIPOTHBJICHHE MIyHTa R, MHOro
MEHbIIIEe CONPOTHBJICHUS amiepmerpa R, , IO
aMIIepMETPY IIPOTeKaeT MaJas 4acTb OOIIero
toka B 1enu. Ilyctp R, B n pa3 Gosbiine R,

a

T.€. =n . CuJbl TOKa B I[eNd, aMIIepMeTpe

il
u mynre o6osnauum I, I, u I, coorBercTBEH-

Ho. Pasmnoctb norennmanos (Hanpsokenue)
MeK/y TouKaMu 1 ¥ 2 MOKHO 3armcarb J[ByMsi
criocobamu:

¢1 - ¢2 = IaRa’ 4)1 - ¢2 = IIIIRIII .
OTCIOﬂa ToJjgy4aemM
R

a

~

Tm
Iil il
ITosmblit Tox I B 11enm paBeH
I=1,+1, =1, +In =1, (n +1),

OTKy/1a

=n,um [, =In.

o)

1

n+1’

Taxum o6pasom, Tok B amnepmerpe [, B n + 1
pas MeHbllle ToKa [ B rJIaBHOM 1€, 3HAYWT, C
TTOMOIIIBIO aMIepMeTpa C MIYHTOM MBI MOKEM
usmeputh Tokn B (1 +1) pas Gobuiue, yem Te,
Ha KOTopbie oH paccuutan. [Ipu arom mpubop

I, =1

a

o1 0
PErucTpupyer TOJIbKO Bma—fo 4acTb U3Me-
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pHeMOFO TOKa, T.€. quCTBHTeJIbHOCTb ero yMeHb‘
maercst B (n +1) pas, a ueHa Kask10r0 JAe/IeHUst
amnepmerpa ysesnuusaercst (n +1) pas. Cue-
JI0BATE/IbHO, COIPOTHBJICHHE IIYHTA OJKHO

R,
6bITb R, = —2% . BooOb1ie e, ecau Mbl XOTUM
n

YMEHbHINUTb YYyBCTBUTEJIbHOCTDH Hpnéopa B n
pa3, TO Mbl JOJIKHDI B3ATb IIYHT C COIIPOTUBJIE-
HUEM

R
p— a
R, = .
n-1
BoJsibT™METD BKJTIOYAETCST TTAPAJIIETBHO TOMY
YUACTKY IIeIH — PE3UCTOPY COIPOTUBJIEHNEM R,

HaIlIpAYKEeHNEe Ha KOTOPOM Mbl XOTUM U3MEPUTH

R
—r1
O,

Puc. 3

(puc.3), M 1OITOMY Ha HEro OTBETBJSAETCS
HEKOTOPBIN TOK OT OCHOBHOH Tlenu. Hampsike-
HHIe Ha BOJIBTMETPE TaKkoe >Ke, KaK U Ha Pe3wc-
Tope. OfHAKO TIPU €ro BKJIIOYEHUH W TOK, W
HaIPSKEHNE B OCHOBHOM I1€ITH HECKOJIbKO Me-
HSIIOTCSI, TaK KaK TeIepb Mbl UMeeM Y3Ke IPYTYIO
I[eTTb TTPOBO/IHUKOB, COCTOSIIYIO M3 PE3UCTOPA
u BosibT™Merpa. CompoTHBJICHNE HAIIETO y4YacT-
Ka I[N CTAHOBUTCS PABHBIM

R = ﬂ <R,
R+R,

rae RB — COIIPpOTUBJIEHNE BOJIbBTMETPA. N3-3a
9TOT'O BOJIBTMETP MOKA3bIBAET MEHDbIIIEEC HAIIPA-
JKeHune, 4eM 3HaYeHUEe UCTUHHOTO HallpAKEHUA
Ha pe3ucrope. Z[ﬂﬂ TOrO YTOOBI BOJIBTMETP HE
BHOCHUJI 3aMETHbBIX MCKa’KeHUI B UCTUHHOE Ha-
IpAXeHue, €ro COlmpoTHuBJEHNE JTOJIXKHO ObITh
60.HBH_H/IM 110 CpaBHEHUIO C COIIPOTHUBJIEHUEM
TOT'0 Y4aCTKa Ieln, mapaJjajeJsbHO KOTOPOMY OH
BRJIOYaeTCst. B 3TOM Jierko y6einThest, 3arncas
BhIpa)keHue 1 R' B BUjE

R = L
1+ &

B

Ecim R, > R, 10 ﬁ:() n R=R.
R,

JI06oii BOJITMETP PACCYUTAH HA M3MePEHUe
HANPSDKEHHsI, HE [PEBBINIAIONIETO HEKOTOPOTO
npeesa — HOMHHAJIBHOTO Hanpspkenus: U, .
Hepeaxo ciydaercst, 94T0 u3MepsieMoe Harpsi-
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xerme U MOKeT 0Ka3aThCst 60JIbITIe HOMUHAJD-
HOTO HANIPSDKEHNS MMEIOIIerocs B HaIlleM pac-
nopsikenuu BosibtMerpa. Ho ecan k BosibT™Mer-
Py TIOCJIe/I0BATEIbHO MPUCOEIUHUTD 106aBOY-
Hoe comporusiaenne R, (puc.4), To npezen

R

—_—r] 1
3 U >
UB sl UI[
—~ |
Orapilllls

Puc. 4 ' R,

U3MepeHHs HaIpssKeHUus BOJbTMETPA PacIiu-
purca. /JleiicTBuTeIbHO, Tellepb HU3MepAeMOoe
nanpsokenre U fennTes Ha JBe 4acTH: OJHA
yactb U, TPUXOAUTCS HA BOJBTMETD, JPyTras
U, — Ha 106aBOYHOE COIPOTHUBIICHHE:

U=U,+U,.
qepe3 BOJIbTMETD H/IET TOK
pluo U
"R, R,+R,’
OTKy/1a,
U R, +R R
I A =1+ A
Uy R, B

U
OrHollenne — =n ITIOKa3bIBa€T, BO CKOJIbKO

B
pa3 pacmupsercs mpejes U3MepeHusT Hamps-

JKeHMsT BOJIbTMETpoM. Taxum o6pasom, mnpu
HO/ICOe/INHEHUN [JOGABOYHOIO COIPOTUBJIECHUS
4yBCTBUTEJBHOCTb BOJBTMETPA YMEHbBIIIACTCS B
n pas, a IeHa JieJEeHHUsT BOJbTMETpPA COOTBET-
CTBEHHO yBesmuuBaeTcs B 1 pa3. Orciofa Haii-
JieM 3HadeHue 106aBOYHOTO COIPOTHBJICHUS K
BOJIBTMETPY:
R, =R, (n-1).

Teneps 06cy/ M HEKOTOPbIE BOIPOCHI LIYH-
TUPOBAHMUS AMIIEPMETPA U MOAKIIOUEHNUs 106a-
BOYHOTO COITPOTHBJICHNS K BOILTMETPY Ha KOH-
KPETHBIX (PU3MUECKUX 3a/adax.

3amaya 1. Muozonpedenvnolii amnepmemp
BLICOKOU MOUHOCIU COOePHKUM 0151 KAKD0Z0
npedeaa uamepenuti omoeavHoLll wyHm. Am-
nepmemp 6xu0uaom 6 uens na npedeae 10 mA,
u on noxasvieaem Iy =2,95 mA. Kozda amnep-
memp nepexaouuIu na npeden 3 MA, on noxa-
san I, = 2,90 mMA. Kaxosa 6viaa cura moka 6
yenu 00 NOOKIOUEHUST AMNepMempa?



48 KBAHT

Pemenue. Ha pucynke 5 npejicraBiena aJiek-
TpHUYecKast cxema, rje uepes I 0603HaUeH TOK,
MPOTEKAONNI Yepe3 MUJIINAMIIEPMeTp, a de-

pes Iy TOK B 9JIEKTPUYECKOH Iemu ¢
oA
Tos R
0omy
Puc 5

HEKOTOPBIM cotpoTupierneM R. O6o3naunm
COIPOTHUBJICHUE MIJIHAMIIEpMeTpa uepe3 R, u
3aMuIIeM BbIPaKeHUs /151 HAIIPSKEHUST HCTOY-
HuKa Toka U /51 IBYyX PEXUMOB BKJIIOUEHUS
amMTiepMeTpa:

U=I,R, +I|R,

U=1I,R, +,R.
3necs 1, BeJNYNHA TOKa, TIPH KOTOPOM
CTpeJiKa aMIlepMeTpa OTKJIOHSeTCS ITOJTHOCTDIO.
B nepBoM ciryuae uepe3 aMIepMeTp IPOXOAUT
TOK

295

I, =221 =0,2951,
10

a

BO BTOPOM CJIydae —

1,=227 20,9671,
3

[TpupaBHsaeM HANPSDKEHHS /11 OG0UX CJIy4acB:

0,295I,R, +2,95R =0,967I,R, +2,90R ,
OTKYy/Jda HaXo/uM

LR :&R =0,074R |
0,672

ara
)

re TOK USMEPAETCA B MUJIJIMaMII€paX, COIIPO-
THBJIEHHE — B KWJIOOMaX. JTO 3HaAYeHNeE I10/ICTa-
BUM B BbIpaKeHHE 06H1€FO HaIIpAKEHNA:

U =0,2950,074R +2,95R =2,97R .

[Tonb3ysce 3akoHoM OMa, MOJTyYUM

I:g=2,97MA,
R

3agaua 2. K zanvweanomempy ¢ conpomueie-
nuem r = 290 Om npucoedunuiu wynm, nomu-
KATOUWULL YYBCTNEUMESLHOCND 24/ lbEANOMEN-
pa 6 10 pas. Kaxoii pesucmop naoo 6xaiouumo
nocae008amMebHO ¢ WYHMUPOBAHHBIM 2A1b6d-
HOMEMPOM, umMoObL 0Owee CoNPomus.ieHue oc-
MAI0CH HEUSMEHHBIM?

Pemenne. Hapucyem aieKTpriueckyio cxemy
(puc.6) u 3anmmieM yca0Bue paBeHCTBA HANPSI-

2017/Ne3

R
I 0
B V] S N
Puc 6
JKEHWI Ha IIyHTE W TaJbBaHOMeETpe:

ir=(I-1)r,,
rje I — TOK BO BHEIIHEH 1e1Hu, 7, — COIPOTUB-
JIEHWE MIyHTa, I — TOK Yepe3 TaJbBaHOMETP.
CieoBaTesibHO,
ir r

r = —_—

Y
IJIe 7 — YICJI0, MOKA3BIBAIOIIEE, BO CKOJIbKO Pa3
NOHU3MIACH UYBCTBUTEJIBHOCTh TaIbBAHOMET-
pa. COrlacHo yc/I0BHIO,

n-1’

111 + R = r
Tatr o
OTKy/Ia TOJIydaeM
72 r(n-1)
Ry=—— ="V""1 —961 Ou
r.o+r n

3amava 3. Hmeemcs npubop ¢ yenoi dese-
Hus iy = 10 mxA. Illkara npubopa umeem
N = 100 oexrenuii, enympennee conpomus.e-
nue npubopa r = 50 On. Kax u3 3mozo
npubopa coeaamov 6osbMMEMP ¢ nNpedesom
usmepenus nanpsaxenus U = 200 B uru mun-
Auamnepmemp ¢ npeodesiom usMepeHus moxda
I =800 uA?

Pemenne. OueBuzino, 4to Bes IMIKaJga IIPU-
60opa COOTBETCTBYeT TOKY uepe3 1pu6op
I, =i,N =107 A .

Uro6bl czenaTb U3 9TOrO IIPHOOPA BOJIbT-
MeTp, HeoOXOJMMO BKJIOUUTD I10C/IEA0BATE b
HO ¢ HUM Jj00aBo4HOe conporusienne R, . U3
ypaBHEHUS

U=U,+U,
HaXO/UM
_U-Iyr
0

Uro6bl caesnaTb U3 mpubopa MHJLIHAMICD-
MeTp, HeoOXO[MMO 3allyHTHPOBATh IPUGOP.
Bcenomunm ypasnenne I, R, =1 R, . Ilo ycio-
Buto 3ajaun, I, =1 —1,. Torga

Ly =(I - 1))R, ,

OTKy/Ja II0JIy4aeM

R =2010° Om =200 kOwm .

piy

R:IOV

= 0,0625 Om .
-1,



NPAKTHUKYM

3agava 4. [lpu exouenuu wynma, umeio-
wezo conpomusnenue 1, = 100 Om, napan-
JENLHO USMEPUMETLHOMY NPUdOPY CMperxa
OMKJIOHACMCS HA BCI0 WKALY NPU MoxKe 60
enewnell yenu I, = 3 A. Ipu exmouenuu
dobasounozo conpomusenus R, =300 Omx
He3AUYHMUPOBAHHOMY 2AIbEAHOMEMPY WK A-
Ja npubopa cCManosumcst 6 uemuipe pasd zpy-
Oee, uem 6e3 006a60UHOZ0 CONPOMUBLEHUS U
wynma. Kaxoe conpomuerenue wynma naoo
683mMb 0151 M020, umoOvL cmpera npubopa
OMKAOHANACH HA 6CIO WKALY NPU MOKe 6HeUl
neti yenu I, = 7,5 A?

Pemenue. Conporussenue nrynta R, , npu
KOTOPOM CTpeJIKa OTKJIOHUTCS Ha BCIO IIKAJY
[IpU TOKe BHelIHe#l nenu I,, onpejaenurcs U3
COOTHOIIIEHUS

ILr=(L-1,)R

T

rae I, — Tok yepe3 npubOp, NPH KOTOPOM
CTpeJIKa OTKJIOHSAETCS HA BCIO IIKALy, 7 —
conporusJenye npuéopa. Heobxonumo renepnb
ompegeautb I, u r. Ham usBectHo, uro mpu
BKJIIOYEHUH LTy HTA C COLIPOTUBJIEHUEM 7, CTPeJI-
Ka mpréopa OTKJIOHSETCS Ha BCIO IIKATy PN
Toke BHemHeil nernn [; . CiepoBaresbHo,

Inr = (I1 _In)rm .

I[aJIee, IIpn BKJIIOYEHUN lIOéaBO‘{HOFO COITpO-
TUBJICHUA R/l CTpeJIKa OTKJIOHAETCA Ha BCIO
IKaJIy, KOoTrJa HallpJAXeHne paBHO

U=4U, =41, wim I|R +1r =41,

OTKy/la CJIeyeT
r= % =100 Om .

Us soipaxernst I,r = (1, = 1,)r, waxomum

I = [17111

I

=15 A.

rEn,
OKoHyYaTe/JbHO U3 BbIpaXEeHUA
Inr = (12 - In)Rm
ToJiygyaem
R, =25 0m.

3anava 5. ['arvsanomemp ¢ Conpomus.ienu-
em R., wynmuposannoii conpomusenenuem
R, u coedunennoiii noc1edosamenvio ¢ conpo-
muenenuem R, npumenen 6 xauecmse 601vm-
mempa (puc.7). On daem omr.aonenue cmpe-
Ku na oono denenue npu manpsxenuu U =
=1 B. Kax nado uzmenumso conpomuesienue R,
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R
o0—4
R]ZLI
Puc. 7

4mobvL 2db6aAnOMEmp 0dBdL OMKIOHEHUE HA
o0no denenue npu nanpsixenuu U, = 10 B?

Pemenue. OueBuHo, 4TO 06III€€ COMPOTUB-
JICHWE JITAHHOI CXeMbI PaBHO

_RuR,

R"] + R]'

UT06bI OTKIOHEHHE CTPEJIKH IalbBAHOMETPA He
M3MEHUIIOCH TIPH YBEJINYEHUH HAIIPSKEHUS B 71
pas, HY)KHO BBECTH JIONOJHHUTEJNbHOE COIPO-
tupsenne R, , B (n=1) pas Gosbmee compo-
TUBJICHUA CXEMDbI:

R+

0 R, R. U
R = =M -
. SR " Rm + Rr E(n ) ,

_U

rae 1o ycaosuio sagaun 1 =—= =10, Torza
N3MEHEHHOE CONPOTHBJICHNE 6yz:eT paBHO
IR, R.
R, +R,

3agaua 6. [Jra uccredosanus coHeunou
bamapeu uUCNOIL3YEMcs MHOZONPEOebHLI
80JIbMMEMP, KOMOPHLLL COCMOUM U3 UYECMBEU-
MevbHozZ0 MUKpodmMnepmempa u Habopa 0ooa-
sounvlx conpomusrenutl. Ilooxnouus oivm-
memp x bamapee na npedene 1 B, moL noiyua-
emnoxasanue U; =0,7 B. Ilepexouue 601om-
memp na npeden 10 B, movr noiyuum noxasa-
nue U, = 2,6 B. Ymo noayuuiocvy 6v. na
npedene 100 B?

Pemenue. O6o3Hau1M CONPOTHBJIEHUE BOJIBT-
Merpa Ha npefene 1 B uepes R;. Torma ma
npenese 10 B ero comporuBieHue paBHO
R, =10R,, a na npegene 100 B ono pasno
R; =100R, . Ilycts I/IC barapen &, ee BHYT-
peHHee compoTuBJeHNe 7. VMeeM

R

N3M

=R, +R =10R +

U, = g R, = g yUzz—é)r )
r+R 1+ 1+
R, 10R,
Uy=—°
-
1+ —
100R,

(MponosxeHne cm. Ha ¢. 57)



PermoHanbHbIv 3Tan XL
Bcepoccmmckom onmmnaabl
LLIKOJIbHMKOB MO MaTeMaTtuke

PervoHanbHbin 3tan XLIII Bcepoccumckon
onMMnVaZbl MOBOAWCS OLHOBPEMEHHO BO
BCEX pernoHax Hawew ctpanbl 30 1 31 aHBa-
ps 2017 roga.

3apgauv onumMnuagbl
9 knacc

1. B npousseseHun Tpex HATYPAJIbHbIX YH-
ceJl KK/ COMHOXKUTEIb YMEHBIMTUIN Ha 3.
Morio sin pou3BejieHue P 3TOM YBEJINYUTD-
cst poBHO Ha 20167

H.Azaxanos, H.Bozdanos

2. Bacs 3agyman 8 KJIETOK MaxMaTHOU /1oc-
KU, HUKaKWe JIBe U3 KOTOPBIX He JIEXKAT B O/THO
CTPOKe MJU B OfHOM cTOJIOe. 3a xox Ilers
BBICTABJISIET HA JIOCKY 8 Jajieil, He ObIOIUX
IpyT [pyTa, a 3areM Bacs ykasbiBaeT Bce
JIaJIbH, CTOSITIINE HA 33/[yMaHHbIX KJeTKaX. Ecin
KOJIMYECTBO JiaJiell, ykazaHHbIX Baceit Ha aTom
xoze, yetHo (r.e. 0, 2, 4, 6 unu 8), o Ilera
BBINTPBIBACT; MHAUE BCe (PUTYPDHI CHUMAIOTCS C
qockn u Ilera pmesmaer caexytonmmii xox. 3a
KaKoe HauMeHblIee Yncjo xon0B Ilers cmosker
rapaHTUPOBAHHO BBIUTPAThH?

U.Bozoanos

3. Cum. 3amauy M2457 «3anaunuka «Kpamn-
Tar.

4. Cm. 3amauy M2455 «3anaunnka «Ksan-
Tar.

3. Outer napucoBau myctyio tabsuity 50 x 50
7 HATTHCAJT CBEPXY OT KasKI0TO CTOJIOIA U CJIeBa
OT KaXK/I0i CTPOKH 10 yucay. OKazasoch, U4To
Bce 100 HanMCaHHBIX YHCE PA3INYHbI, IIPUYEM
50 W3 HUX paluoHaJbHbIE, a ocTajbHbie 50 —
UPPAIMOHAJIbHBIE. 3aTEM B KAXKAYIO KJIETKY
TaGJHIbI OH 3alCaJ] CYMMY YHCEN, HalucaH-
HBIX OKOJIO €€ CTPOKH U ee cTo6na («rabmma
cnoxenus» ). Kakoe HanGosbiuee KOJTMIECTBO
CYMM B 9TO#l TaOJIMIIE MOTJIH OKA3aThCS PAIIHO-
HAJBHBIMU YUCJIAMU?
O.IHodrunckuil

6. B ocrpoyrosbHom TpeyrosbHuke ABC
npoBesienbl Meauana AM u Boicota BH. ITlep-
MEH/IUKYJISIP, BOCCTAHOBJICHHDIII B Touke M K
npamoit AM, nepecekaer syu HB B Touke K.
Joxaxkure, uyto ecoim OMAC= 30 , To AK =
=BC.

b.0O6yx06

7. Cwm. 3amauy M2456 «3amaunnka «KBan-
Tar.

8. Nsnauanpho na crou nosoxuiu 100 kap-
TOYEK, HA KaKJ0U M3 KOTOPBIX 3AIMCAHO 110
HATYPAJbHOMY YHCJY; TIPU 3TOM OBLIO POBHO
43 KapTOYKM € HEYETHBIMU YHCJIAMU. 3aTeM
KK/IYI0 MUHYTY IPOBO/JUJIACH CJIEAYIONAs
mnporeaypa. [lJas Kakabix Tpex KapTouek, Jie-
JKaIUX HA CTOJIE, BBIYUCJISIIOCH TIPOU3BeIeHne
3aIMCAHHBIX HA HUX YUCEJI, BCE OTU ITPOU3BE/Ie-
HUST CKJIQ/[BIBAJIUCH U TIOJTyYEeHHOE YUCJIO 3alli-
CBIBAJIOCH HA HOBYIO KAPTOYKY, KOTOPast 106aB-
JISJIACH K JIesKaluM Ha crojie. Uepes roj nocJie
Havaja IMpoIecca BBISICHUIOCH, YTO HA CTOJIE
ecTb KapTOuKa ¢ unc/IoM, aesmmcs ma 210000
Jlokasute, uto uncio, aemsueecs xa 29000
ObLTIO HA OJIHON M3 KAPTOYEK YIXKe uepes3 Z[eHb
1ocJIe Havasa.

U.Bozdanos

10 knacc

1. B npousBeieHny IATH HATYPAJIbHBIX UH-
cesl KasK/Iplii COMHOKUTETh YMEHBITNIN Ha 3.
Moro nu IpousBe/ieHne IpU 9TOM yBEJINIUTD-
cs1 poBHO B 15 pas?

H.Azaxanos, H.Boz0anos

2. OKpY’KHOCTD C [IEHTPOM B TOUKe [ BIIUCaHa
B ueTbIipexyroabHuk ABCD. Jlyan BA u CD
nepecekaiorcess B Touke P, a syun AD u BC
nepecekatTcs B Touke Q. V3BecTHO, 4TO TOUKA
P 7exuT Ha OKPY>KHOCTH (), OMICAHHO OKOJIO
tpeyrombunka AIC. Jlokasknute, 4To Toyka Q
TOXKE JIESKUT Ha OKPYXKHOCTH ().
A.Ky3neuoe

3. TMama Bei6pan 2017 (me o6a3aTenbHO
Pa3IMYHBIX) HATypPaJbHBIX YHCET d, dy, ...



<.ty Gypy7 U UTPAET caM ¢ cOOOM B CIEAYIOLIYIO
urpy. VsHavajgbHO y HEro ecTb HEOrpaHHyeH-
Hpiil 3amac kamueir u 2017 GoJbIIUX MYCTHIX
KOpoOoK. 3a oxmu xox llama mobasiser B
mo6yto Kopo6ky (1o cBoemy BBIGOPY) d; KaM-
Hell, B mo6y10 u3 ocraBmmxcst KopoGok (1o
cBOEMy BbIGOPY) —dy KaMHEIl, ..., HAKOHEIL, B
OCTaBIIYIOCS KOPOOKY — dyg; KaMHeil. [lamm-
Ha 11eJIb — 00UTBCS TOTO, YTOOBI OCJIe HEKOTO-
pPOro XoJa BO BCceX KOPOOKaxX CTaI0 IOPOBHY
Kamueii. Mor Ji1 oH BbIOPATh YKC/Ia TaK, YTOObI
eI MOKHO OBLIO JoOUThCS 3a 43 Xoja, HO
HeJIb34 — 32 MEHbIIIee HeHyJIeBOE YUCJIO XO0B?

H.Bozdanos

4. Yuurenb cobupaercst 1aTh JAETSIM 3aady
caenyionero Buja. OH cOOOIUT UM, YTO 3a/1y-
MaJl MHOrouseH P (x) creniean 2017 ¢ mesipiMu
koaddunmentamMmu, crapmmii KoapPuimeHT
KoToporo paset 1. 3aTeM OH cOOGIIUT k I1eJIbIX
YHCeN 7y, Ny, ..., Ny, U OTIAEJIBHO COOOIIUT 3HA-
uerme Boipakenns P (n) P (ny)...P(n,). Tlo
9TUM JIAHHBIM JIETH JI0JIKHbI HAUTH MHOTOYJIEH,
KOTOPBIiI MOr Obl 3aJymMarb yuurenab. [Ipu Ka-
KOM HAMMEHBIITEM R yUUTETh CMOXKET COCTABUTD
3a/lauy TaKoro BU/IA TaK, 4TOObI MHOTOYJIEH,
Hali/ICHHDII eTbMU, 00513aTEJIBHO COBIIAJ ObI C

3a[yMaHHBIM ?
I.7Kyxoe

5. Outer HapucoBas mycTyio tTabuity 50 x 50
1 HAIACAJI CBEPXY OT KasKOTO CTOJIOIA U CIeBa
OT K&KION CTPOKU TIO HEHYJEBOMY YHCJIY.
Oxazaaoch, yto Bce 100 HamMCaHHBIX YKCEI
passmynbl, npudeM 50 M3 HUX PAlOHAJBHBIE,
a ocrasibibie 50 — MppalMOHaIbHbIE. 3aTeM B
KaK/IyI0 KJIETKY TaGJIUIIbl OH 3AIIUCAJ TPOU3Be-
JleHe 9YrcesI, HAIMMCAHHBIX OKOJIO €e CTPOKH 1
ee crombra («rabimma ymHoxeHus»). Kakoe
HanboJIbIllee KOJMYECTBO IPON3BEJAEHHIT B 9TOI
TabJIiie MOTJIM OKAa3aThCsl PAIMOHAJTbHBIMU
yucjaamu?
O.ITodruncxuil

6. Cm. 3agauy M2454 «3anaunuka «KBan-
Tar.

7. Cm. 3agauy 7 mis 9 kiacca.

8. OxpyKHOCTb 0 OIMCAHA OKOJIO OCTPO-
yroabuoro Ttpeyronbnuka ABC. Ha cropone
AB Bbi6pana Touka D, a Ha cropore BC — Touka
E rax, uto AC | DE. Toukn P u Q na Menbeii
ayre AC OKpPy>KHOCTH () TaKOBbBI, YTO
DP || EQ. Jlyun QA n PC mepecekaioT mps-

Mylo DE B toukax X u Y COOTBETCTBEHHO.
Hoxkazxure, uro OXBY+ [ PBO 180 .
A.Ky3neuos

71 knacc

1. B npousBe/ieHUN ceMU HATYPAJbHBIX Y-
cesl KasK/[blil COMHOJKHUTENb YMEHbIIIN Ha 3.
MorJio Jin IPOU3BE/IEHNE TIPU ATOM YBEJTNYNTh-
cs1 poHO B 13 pas?

H.Azaxanos, H.Bozoanos

2. Cm. 3agauy 2 ang 9 xiacca.
3. Cm. 3amauy 4 mna 10 kmacca.

4. PaBHocTropoHHWMii Tpeyroabunk ABC Bru-
CaH B OKPY’KHOCTb { 1 OIMCAH BOKPYT OKPYK-
Hoctn . Ha croponax AC u AB BbIOpaHbl
TouKH P 1 ) COOTBETCTBEHHO TaK, YTO OTPE30K
PQ mpoxoaut uepes mieHTp Tpeyrombanka ABC.
Oxpysknoctu [, u [, TOCTpoeHbI Ha OTpPe3Kax
BP u CQ kak Ha anamerpax. Jlokaxure, 4To
okpyxkHocti I, m [, mepecekaiTcs B IBYX
TOYKaX, O/IHA M3 KOTOPBbIX JeXHT Ha Q, a
pyras — Ha .

A.Axonsan

5. Outer Hapucosas myctyto Tabauiry 50 % 50

1 HAITICAJI CBEPXY OT KaKJOTO CTOJIOIA H CJIeBa
OT KaK/I0i CTPOKM 1o uncay. OKasasoch, 9To
Bce 100 HanucaHHbIX YKCeT PA3JINYHbI, IPHYEM
50 U3 HUX palUOHAJIbHDIE, a OcTa’IbHble 50 —
UppannoHaJbHble. 3aTeM B KaKIAYIO KJIETKY
TalJIMIBl OH 3alMcas TPOM3BEJCHUE YHCE,
HAlMCAHHBIX OKOJIO €e CTPOKH U ee CTosIOna
(«rabmnia ymuoxenusi» ). Kakoe nanGosibiiee
KOJINYECTBO TPOU3BEJICHUN B 3TOU Tabiuie
MOTJIA OKa3aThCsl PAIMOHAIbHBIMI YHUCTIAMU ?
O.ITodrunckuil

6. Yerbipexyronbunk ABCD BnucaH B OK-
pyxknocts [ ¢ nenrpom B Touke O. Ero
puarodasn AC u BD nepneHAuKyJsSpHbl U
mepecekaoTcs B Touke P, mpmyeM Touka O
JIeXUT BHYTpH Tpeyroabanka BPC. Ha otpes-
ke BO BoiGpana touka H tak, uto OBHP= 90 .
OXpY’KHOCTb (), ONUCAHHAS OKOJIO TPEYTOJIb-
nuka PHD, Bropu4no nepecekaer orpesok PC
B Touke Q. [oxaxure, yto AP = CQ.

A.Kysneuyos

7. Ha m10cKoCTH IPOBEIEHO HECKOIBKO MPSi-
MBIX, HUKAKHe [[Be U3 KOTOPBIX HE TTapaJljie/ib-
HBl ¥ HUKaKHe TPU He HPOXOJAT Yepe3 OJHY
TOuKy. JIOKaXXuTe, 9TO B 06JIACTSIX, HA KOTOPbIE
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IIPAMBIE HOAEUIN IITIOCKOCTD, MOKHO paccra-
BUTD IIOJIO’KUTE/IbHbIE YUCJIA TAaK, YTOObL CyM-
MbI 4uceJs 110 06e CTOPOHbI OTHOCUTEJBHO JIIO-
6olt U3 IPOBEIECHHDIX MPSIMbIX OBLIH PABHBIL.
O.Opaos

8. WsnavaspHo Ha croa kmaaxyt 100 xapro-
YeK, Ha KXo W3 KOTOPBIX 3alicaHo TI0
HaTypaJbHOMY YHCJY; TPH 3TOM CPEAN HUX
poBHO 28 KapTO4YeK € HEYCTHBIMU YHCJAMH.
3areM KaXyl0 MUHYTY IIPOBOJUTCS CJEIYIO-
mas nponeaypa. lias xaxkapix 12 kapTouek,
JIeSKAIUX Ha CTOJIE, BBIUUCJISETCS MTPON3Be/ie-

2017/Ne3

HUe 3aMMCaHHbIX Ha HUX YNCEJ, BCE 9TU TTPOU3-
BeJIEHNST CKJIQ/IBIBAIOTCS U TIOJy4YeHHOE YUCJIO
3aIMCBHIBAETCI HA HOBYIO KapTOYKY, KOTOpPas
106aBJgeTcs K JeKalluM Ha cTosie. MOosKHO Jin
BbIOpaTh mcxoubie 100 yucen tak, 4To /IS
JI060Tr0 HATYPAJBHOTO d Ha CTOJIE PAHO WJIH
MO3/THO TIOSTBUTCS KapTOYKA C YUCJIOM, JIeJis-
st na 2% ?

H.Bozoanoe

Hy6aukayuio nodzomosuiu
H.Azaxanos, H.Bozoanos, II.Koxeenuxos,
O.IToounckuil

ervioHasibHbIV 3Tanm
LI Bcepoccmmckom onmMnmanbl
LLIKOSTbHMKOB MO pr3KKe

B pervoHanbHoOM 3Tane onumMnuagbl Npu-
HANW yy4actmne 2124 peBatukiaccHuka, 2067
pecatnknaccHmkos u 2095 oguHHagLATW-
KNaCCHWKOB.

3agauv onumMmnuagbl

9 knacc

3agaua 1. /IBa ockoJika
He6oubiyto merap/y mo/iBecuiu Ha HUTH HA
BbIcoTe H HaJi TOPU3OHTATIBHOMN TOBEPXHOCTBHIO.
B pesysibrate B3pbIBa IeTapja pachajach Ha
JIBa OCKOJTKA, KOTOPBIE MTOJIETEN B TIPOTHBOTIO-
JIO’KHDBIE CTOPOHBI C OJIMHAKOBBIMU HAYAJbHBI-
MU CKOPOCTSIMH 0y, HAIIPaBJIEHHBIMU BJIOJIb
omHoIl mpsimoii. Kakoe nau-
6oJibiliee paccrosaue L Mo-
JKET OKa3aTbCs MEXKIy OC-
KOJIKAMH TI0CJIE MX T1a/ICHIS ?
o C Mecra majieHus OCKOJIKHI

HE CMEIAIOTC.

B.Cao6odsanun

3anava 2. lllapux Ha HU-

we

TSIX
B He6osbmioii mapuk Mac-
R COiT m JIBUIKETCS B TOPU30H-
>  TaJBHOH IIOCKOCTH IO OK-
Puc 1 PYKHOCTH pagmycom

R = 25,0 cM BOKpPyr BepTHKAJIbHOWH OCH.
Mlapuk yaepxusator ase Hutu (puc.1), co-
CTaBJISAIONINE C OChIO BpamieHus yriael o = 30°
u B =60°. Haiigure 3HayeHus yrjaoBoil ckopo-
CTH ), TIPU KOTOPBIX CHUJIbI HATSDKEHUST HUTEH
OTJIMYAIOTCS B 2 pasa. YcKopenue cBOGOHOTO
nagenna g = 9,81 M/c2 .

C.Bapaamos

3anava 3. /[Ba mapuka Ha HUTSIX
Jlerkuii uMHpH-
YeCKUH COCy C KU~
KOCTHIO CTOHUT Ha
JIBYX CUMMETPUYHBIX
omopax (puc. 2).
Hapn onnoit m3 HuX
BHYTPH cOCy/la TIpU-
BsI3aH K [HY IIOJIHO- A
CTBIO HOTPY>KEHHDBIH  pyc 2
B SKUAKOCTb IIOILIA-
BOK o6bemoM V =10 cM® U IIOTHOCTBIO
p =500 KI‘/ M® . Hag JIPYTOil  OMOPOW BUCHT
MPUBSI3AHHBIN CHAPY)KHM THAPUK TAKOTO JKe
oobema V, Ho miorHoctbio 3p . llirorHoCTb
JKUIKOCTH B cocyme Py =1200 KI‘/MS. Haii-
JIATE MOJYJIb PA3HOCTH CUJI PeaKiluu Orop.

A

Yckopenne cBo6oHOTO Nasenns g = 10 M/ .

M. 3amsmuun



B AT,

TpyaHasa 3a4a4a

3amaua 4. ApxumMen U TeMmeparypa

[Tnockas mbaUHKA IJIaBaeT B COCY/IE C BOAIOM,
umeromteit remneparypy f, =0 °C . Munumasnb-
Hasl Macca rpysa, KOTOPbIi HEOOXOAUMO I0JIO-
JKUTD Ha JIBJAWHKY, YTOOBI OHA MOJHOCTBIO IO-
rpy3usiach B Boay, pasaa my = 100 r. Ecin
9Ty JIBANHKY OXJIQJIUTH JO TeMIIepaTypbl ¢ U
CHOBA IIOJIOXKUTD B TOT XK€ COCY[, C BOJOH, IO-
IIpesKHEMY MMeolieil TemMieparypy f,, TO 1oc-
Jie yCTaHOBJIEHHS TEIJIOBOTO PABHOBECHS JIJIS
TIOJIHOTO TOTPY>KEHUS JIbANHKI B BOJLY Ha Hee
HEOOX0AUMO Gy/IET TIOJI0KUTD TPY3 MUHUMAJIb-
Hoit Mmaceel m, = 110 r. Onpenenure Teme-
parypy .

Hpumeuanue. Y pesbHast TEIJIOEMKOCTD JIbIa
¢ = 2100 [Lx/(xr OC), yae/bHast TenoTa rias-
sennst abaa A = 340 x [k /Kr .

C.Kapmaszun

3agaua 5. Kosbna Ayau

N 0ojMHAKOBBIX KOJIEI| COEJIMHEHbI TaK, YTO
MEJK/ly BCEMU TOUKaMM X Tlepeceyenust obectie-
ueH syeKTpudeckuii kouTakT (puc.3; Mecta
KOHTAKTOB OTMEUYEHBI JKUPHBIMI TOUKamu ). [1eH-
TPBI BCEX KOJIEI[ JieXKaT Ha OJHON TIPAMOH.
Kaxkoe comporuBienne R TOKaXkeT OMMeTD,
IMOJK/IIOYEHHbIN K Toukam A u B aToil 1emnu,

KK L

N xosey,

Puc. 3

Teopernk

ecJIM [IPU HOAKJIIOUeHUN K JUaMeTPaJIbHO 1IPO-
THBOIIOJIOXKHBIM TOYKaM YeJANHEHHOIO KOJIbIla
OH TI0Ka3bIBaeT conporusjienue Ry ? Cuurarb
N > 3.

C.Kapmasun

10 knacc

3amaua 1. CrakaH-nonjIaBox

B nmsuHpUYecKoM cocy/ie, IIONAIb JHA
KOTOPOro S, , IJIaBaeT TOHKOCTEHHDIN IIUJINH-
JIPUYECKUI CTaKaH ¢
IJIOMAIbI0 [HA S U F
BbIcOTOU i = 24 cM
(puc.4). Crakan Ha-
YUHAIOT MEIJEHHO
MOrpy’katb B BO.LY, p
n3Mepsisi 3aBUCH-
MOCTD TIPHJIOKEHHOH Sy
cusbl ot nepeme-
IeHusa X cTrakaHa S
BHU3 OTHOCUTEIBHO  Pyc 4
aua cocysa. Oxkasa-
jgock, 4yto cuae F; = 1,0 H coorBercTByIOT
ABa 3HAYEHUS X: Xy 1,5 em m
Xy = 7,5 cM, a cune F, = 2,0 H — 3naue-
HUA Xyy = 3,0 eMu x5, =7,0 cm. Iosarag,
YTO TJIOTHOCTb BoAbI P =1,0 r/ CM3, a yckope-
Hue cBoboHoro najenus g =10 M/ c2, BbIUUC-
JIiTe:

a) Maccy m Ccrakaua;

6) momaap S; JHa CTakaHa;

B) 1WIOmaAb S, JHA COCYA.

OG6GbeMOM CTeKJIa, M3 KOTOPOTO M3TOTOBJIEH
CTaKaH, MOKHO INpeHeOpeub M0 CPABHEHUIO C
00BEMOM BOJIbI, KOTOPOW MOKHO HAIOJHUTD
CTaKaH.

A.Anosonckuil
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3anaua 2. Baskuii Baauk

OMHOPOIHBIN UJINHADP MAacCcoll m 1 pajny-
coM R kacaercs ABYX MapaJlJIeTbHBIX JITHHHBIX

BEPTUKAJBHBIX TIJIac-
01‘ 0y  THH, ABIDKYIIAXCS C
T TTIOCTOSTHHBIMU CKOPO-
CTSMU ¥; U Uy BBEPX
(puc.5). Mexy ma-
CTHHAMHU U TIOBEPXHO-
CTBIO TIJIMH/IPA CYTITe-
CTBYET BSI3KO€ TPEHNeE,
CHUJIA €TO TTPOMOPIINO-
HaJIbHA OTHOCUTEJIb-
HOI CKOPOCTH COTIpH-
KacaroluXcs [0BepX-
HocTel: Fry = =Y0u..
Koaddunnentsr Bas-
KOTO TPEeHWUsI /IS Tep-
BOW U BTOPOH ILIac-
THH PaBHBI Y| H Y,
COOTBETCTBEHHO.

1) Haiiure ycTaHOBUBILYIOCS YTJIOBYIO CKO-
pPOCTh W IUJIWHAPA, a TaKyKe CKOPOCTb U €ro
IeHTpa.

2) Ilpu KakoM yCJOBMM LUJIUHAP Oymer
JIBUTAThCST BBEPX ?

Y1 Y2

Puc. 5

H.Cemenun

3anmaua 3. /IBa mapuka Ha ABYX HHTSIX

Jlerkuii MUAMHAPUYECKUH COCY/l C SKUKO-
CTBIO CTOUT Ha JBYX CHMMETPHYHBIX OTOpPax
(puc.6). Hax oxHoii U3 HUX BHYTPH cocya
MPUBSI3aH K [IHY TIOJTHOCTBIO TIOTPYIKEHHBIH B

A A

Puc. 6

JKUJIKOCTD ITOILIaBOK o6bemoMm V =10 e’ u
mIoTHOCTBIO P = 500 KI‘/ M Han apyroii ono-
POl BUCHUT NPUBSI3aHHBIN K BepXy cocy/ia Ia-
PUK Taxoro ke o6beMa V U IJIOTHOCTBIO 3P .
Haiigure MosyJib pa3HOCTH CUJI PEaKILUU OIIOP.

M. 3amamnun

3anmaua 4. Cocya Mapmuorra

Cocyn Mapuotra mpejcrasJsier co0oil rep-
METUYECKU 3aKPBITbIH HUJIMHAPUUYECKUN COCY/T
¢ MIOm@JbI0 AHA S, B BEPXHIOO KPBIMIKY
KOTOPOIO BCTaBJIEHAa OTKPbITasi ¢ 000MX KOH-

2017/No3
S
H
X
K
—I:N
Puc. 7

1oB ToHkas TpyOka (puc.7). HuwkHuil KoHer
TPYOKH PaCIIoJIOXKEH Ha paccTossHuu H oT Bepx-
Hell KppIkn cocyaa. OKOI0 AHA cOCya B €TO
GOKOBYIO CTEHKY BCTaBJieHA TOPU30HTAJbHAS
TpyOKa ¢ KpaHoM. B HavaybHBIII MOMEHT Bpe-
MEHU BBICOTA YPOBHSI BOJIbI OTHOCUTEJbHO HIXK-
Hero KOHIIa BePTHKAJIbHOW TPYOKN paBHA X ,
a cama aTa Tpy6Ka MOJHOCTHIO 3arl0JIHEHA BO3-
qyxoMm. Kpan mpm aToM 3akpbIT. B MomeHt
BpeMenn t = (0 KpaH OTKPBIBAIOT, U BOJA
Ha4YWHAeT BBITEKATb W3 COCYAA, a Iy3BIPBKH
BO3/lyXa HAYMHAIOT MIPOHUKATD B COCY/ Yepe3
BepTHKAJbHYI0 TPYyOKy. Pacxos BbITeKaroleil
KUAKOCTH paBeH  (06beM B eJIMHUILY BpeMe-
). Temneparypa cocyga T, armocdeproe
JlaBJeHue p, U MoJIIpHas Macca M Boszmyxa
M3BECTHBI M OCTAIOTCS MOCTOSHHBIMHU. [laBie-
HUEM HACDIIEHHDBIX [1aPOB BOJbI MPeHEeOPEUD.
Cunraiite, 4TO B XO/Ie BCETO IKCIEPUMEHTA
YPOBEHDb JKHUJKOCTH B COCY/JE HE OITyCTHUJICS
HIDKE KOHIA BepTHKANbHOH TpyOkm. [lmot-
HOCTb BO/IbI paBHa P .

1) Uemy paBHa Macca m, BO3IyXa B COCYE
Ha/l BOJION B HAYAJbHBII MOMEHT BpeMEHN ?

2) Yemy paBHa CKOPOCTb |, W3MEHEHUs
Macchl BO3/IyXa B COCy/Ie B HAYATbHBI MOMEHT
BpeMeHn?

3) C kaxoii ckopocTbio B usMmensercs
(CKOPOCTb U3MEHEHUSI MACChI BO3/lyXa B COCY-
Jie) B IIPOIECCE BBITEKAHUS BOJIbBI U3 COCyIa?

C.Kapmasun

3azava 5. 3auenuacs!

Ha smexTpoaBuraTesib IMOCTOSHHOTO TOKA
YCTAHOBIJIM [JIaTYUK TeMmrepaTypol. Ha Bepx-
HEeM 3Ta’ke CTPOUKM TToCcTaBuN JeGe/IKy, Tpu-
BOJIUMYIO B JBIJKEHHE 3TUM JBHUTaTeseM. B
Havajie paGouero [Hsi jiebefKa CTaja IMOAHU-
MaTh rpy3 maccoit M = 67,5 xr. He moexas
BCETO OJIMH 3TAXK /10 JieGelKH, TPY3 3alleliI-



cg. Ha xakom artaxke sTO MPOM3ONLIO? 3aBU-
CHUMOCTDb TEMIIEPATyPbl BUTATEJSI OT BPEMEHU
T(t) nzobpaskena Ha pucynke 8. V3BectHo,

T,OC ‘k
40

35 1

30 /

25 '

20 = >
0 10 20 30 40 50 t,c

Puc. 8

YTO Ha J[BUTATE/Ib BCET/A TO/[AeTCS OJ[HO U TO
JKe HallpsAKeHue; TpeHueM B IMOAIMNITHUKAX
aBuraresss u jebeaku npene6peun. ITpunaTh
g =10 M/c?, Boicoty ommoro araxa h =
=3 M, TEIJIOEMKOCTb 3JEKTPOJBUIATE/I
C =4,5k/x/°C.

H.IO0un

17 knacc

3apaua 1. CooGmaromuecsi cocyapl
B ZBYX OIMHAKOBBIX COOGIIAIONIUXCSI BEPTH-
KaJbHBIX IHJMHAPUYECKAX COCY/IAaX HAXO/IHT-

—
) Po Po
Po I g
I P
11—
Puc. 9

st KUKOCTD TI0THOCTBI0 P (puc.9). Tlepso-
HAYaJbHBIl YPOBEHb JKUAKOCTH B COCYJax
[ =10 cm or gua. Cocy/bl COeMHEHDI Yepes
OTBEPCTHS B UX JIHE MAJIEHbKOil TPyOOUKOii
npeHe6pexxnMo Masioro obmema. B siesom co-
cyZie Ha BbicoTe 2] OT [HA MMeETCs JIETKHil
HOPIIEHb, KOTOPbIl MOXKET CBOOOIHO TepeMe-
marbesl 6e3 TpeHus o crenku. llox mopuraem
HAXOJWUTCS BO3/AYX IIPH aTMOC(EpPHOM JaBIie-
uun p; = 2pgl . C momenra Bpemenn ¢ = 0 B
JIEBBIH COCY/L B TIPOCTPAHCTBO HAJ MOPITHEM

HaYWHAeT TOCTYATh JKUIKOCTh TIIOTHOCTHIO
P, IpUYeM CKOPOCTD IIPUPOCTA €€ YPOBHS HAJL
nopiirHeM cocrasisier v = 0,2 MM /c.

1) C KaKoi CKOPOCTBIO U, TBUKETCS OBEPX-
HOCTH JKUJIKOCTH B MPABOM COCYyJ/Ie B Hayaje
nportecca?

2) C KaKoil CKOPOCTBIO v, U B KAKOM HAIPaB-
senun (BBepX WM BHM3) JBIKETCS IOBEPX-
HOCTH KH/IKOCTU HAJl TOPIITHEM B HadaJe Mmpo-
mecca?

3) Ha kakoii Bbicote /2 ot aHa cocyaa Gyaer
HaXOJUThCSI TIOBEPXHOCTD JKUIKOCTH HAJI MOP-
mreM: a) yepes 600 c; 6) yepes 1100 c¢?

Temuepatypy B coCy/ZlaX MOXXHO CUUTATH 110~
CTOSTHHOM. JKHJIKOCTDb 13 COCY/IOB HE BbLINBA-
ercs.

A.Anosonckuil

3amaua 2. CTekI0MObEMHUKH

IIpu BRIIIOUEHUN 3JEKTPOIBUTATEIST CTEKIIO-
MO/IbEMHUKA OJHON JIBEPH aBTOMOGUJISI CTEKJIO
[IOJHIMAETCS M3 HIDKHETO B BEpXHEE I0JIOKe-
Hue 3a BpeMs ;. Eciin BKJIIOYNTD 0J{HOBPEMEH-
HO /[Ba CTEKJIOTIOABEMHHKA, TO CTEKJIa TIOJIHU-
MyTCs 3a BpeMst b, (ty >t).

1) 3a Kakoe BpeMs t; MOJHUMYTCS TPU
CTEKJIa aBTOMOGUIS TP OTHOBPEMEHHOIT Pabo-
T€ TPEX CTEKJIONOABEMHIKOB?

2) 3a Kakoe BpeMs ¢, NOJAHUMYTCS BCe
YeThIPe CTEKJIA aBTOMOGHUJISI IIPH OJHOBPEMEH-
HOUl paboTe BCEX YEThIPEX CTEKJIONOIbEMHU-
KOB?

Hpumeuanue. Cunraiite, uTo cua, He06XO0-
JUMasi JiIst [OAbeMa CTeKJa, He 3aBUCHT OT

CKOPOCTHU OoJAbeMa, a CHJIa TATU MOTOPaA CTEK-

«YepHBIL ALK
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JIONO/IbeMHUKA ITPONOPIIMOHAIbHA CUJIe TOKA,
UJYIIero uepe3 Hero.
C.Kapmaszun

3anava 3. 3apsaka-pa3psika

B anexrpuueckoii nermm (puc.10) Bce aue-
MEHTBI MOKHO CUUTATD W/ieabHbiMu. KoH/eH-
catop eMKkocTbio C He 3apstken. D /[C 6arapen

éj_lr_cﬂ_ﬁ_lf

Puc. 10

& samana. Koy K 3aMbIKaloT, a 3aTeM pa3Mbl-
KaIOT B TOT MOMEHT, KOT/1a CKOPOCTb N3MEHEHUS
9HEPTUH, 3aITacCeHHOI B KOHIEHCATOPe, COCTAB-
et 75% ot MmakcuMasibHoll. Haliure Kosnde-
CTBO TEIJIOTHI, BBIJIEJUBIIEECS B IENU TPU
3aMKHYTOM KJIIOYeE.

A.Illeponos

3anmaua 4. [Joaro i ymewouun?

B rory6unax BcesrenHolt Boam OT BCexX TATO-
TEIOIIUX MACcC HAaXO/UTCSl TOHKUN OZIHOPO/HbII
cTepkenb mumHoit L = 10 M m maccoit M =
= 1,0 kr. ITo Hemy 6e3 TpeHHs MOKET CKOJIb3UTh
G6ycunka maccoit m = 0,1 kr. B HavasbHbIii
MOMEHT OYCHHKA CJIerKa CMeIeHa OTHOCHTEJIb-
HO ILIEHTPA CTEPIKHSA U CHCTeMa HeloJBIDKHA.
Uepes kaxoe BpeMst T GyCHHKa BIIepBbIE J10C-
THUTHET CEepPeINHBbI CTeP:KHA? ['paBuTanmonnas

nocrosunas G = 6,67 107" H Blz/Kl‘z .
B.Ilnuc

3anaua 5. Toacras auH3a
Bcst 10BepXHOCTb ILIOCKOrO 3KpaHa, IIpej-
CTaBJIAIOLIEro co6oii MaTOBOE CTEKJIO, OCBella-
eTcsl MapaJIelbHbIM ITyY9KOM JIydeill, Harmpab-
JIEHHBIM TIEPTIEHANKYIIPHO 9KpaHy. TomlcTyio
JIMH3Y B BUJIE TIOJOBUHKH CTEKJISHHOTO TIapa
PACIIOIOAKUIN [epel SKPAHOM TaK, YTo ILJIOC-
Kasl HOBEPXHOCTb JIMH3bI MapaliebHa ILJI0CKO-
ctu skpana (puc.11).

SN [MokasaTenb HPEIOM-
JIEHUS CTeKJa JIMH3DI

- n = 2,0. duamerp

— JIMH3DI MEHbIIE PasMe-
POB 3KpaHa.

- 1) Omnpesesmnre pac-

—_— crognue L; OT mi0c-
KO TTOBEPXHOCTH JINH-

- 3bI JI0 9KPaHa, ecJu Ha

Puc 17 aKpaHe HabJI0/1aeTCs

2017 /Ne3

CM

0 1 2 3 4 M
Puc. 12

-

KapTuHa, n300paskenHas Ha pucyuke 12. 3mech
MYHKTUPHBIE TUHAN KacatoTcs BHEITHEH rpann-
1[I 06JIACTU C MIEPEMEHHOI OCBEIEHHOCTDHIO.

=
o

=

0 1 2 3 4 M
Puc. 13

-

2) Omnpenemute paccrosiame L, OT TIOCKOL
MOBEPXHOCTH JIMH3bI /IO 9KPaHa, eCcJIi Ha HKpa-
He Ha6JII0/1aeTCsl KapTHHA, IIPE/ICTaBICHHAS HA
pucyske 13.

C.Bapaanos, M.Kapmaros

Hy6auxauyuio nodzomosun B.Crobodsnun
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(Hayasno cm. Ha ¢. 46)

Perrag coBMecTHO 3Tu ypaBHEHUSI, HAXO/UM
U; =3,6B.
YupaxkHeHus
1. BosibTMeTp UMEET YeThIPE KJIEeMMbI, PACCUUTAH-
Hble Ha U3MepeHue Hanpspkenus mo 3, 15 u 75 B
(puc.8). Conporusaenue BoabTMerpa 300 Om.

0 3 15 75

R, R,

Puc. 8

OrnpeziesinTe CONPOTUBJIEHUS H0OABOYHBIX PE3UCTO-
POB, KOTOpbBIE HYKHO TOAKJIIOYATH K BOJBTMETPY,
4TOoOBI PACHIMPUTD TPejiebl uaMeperus 10 15 B u
75 B. HaiiguTe TOK TOJHOTO OTKJIOHEHUS CTPEJKN
BOJIbTMETPA.

2. MHOromnpeebHbIIl aMIIepMeTp TIPECTABISIET
co60oil MIJLIHAMIIEpMeTp ¢ HaG0POM CMEHHbBIX HIYH-
toB. VM u3MmepsioT TOK B HekoTopoil uenu. Ha
npenene 1 MA npuGop mokasan 1 MA; Korja ero
MePeKJIIOUNIN Ha Tipe/iest 3 MA, o rmokaszani 1,5 MA.
Tem He Menee, mpuGOp WCHPABHDBI — OH TOYHO
MIOKA3bIBAET BEJMUYMHY IIPOTEKAIONIETO Yepe3 Hero
toka. Kaxkos nctunusiii Tok B nerm (6e3 ammepmer-
pa)?

3. Nmerotca aBa comporuBieHus. Ecam ammep-
MeTp B3alIYHTHPOBATH OJHNM U3 HUX, TO IeHa €ro
JleJIeHUsT YBEJIMUUTCS B 7 Pa3, €CJIU JKe 3aIyHTHPO-
BaTh IPYTHUM, TO [I€HA JeJTEHNsT YBEJMIUTCS B My Pas.
Kax mamenurcs 1ena jieJieHIs aMIIepMeTpa, €cJIi B
KauyecTBe MIYHTA UCIIOJIb30BaTh 062 COMPOTUBJICHUS,
BKJIIOYMB MX MKy COOOH : a) mocIe10BaTeabto; 6)
HapaJijieIbHO ?

4. Umerorcs Ba cornpoTuBiienusi. Ecau K BOJIbT-
MeTpy HOJAKJIOYHTb OJHO W3 HHUX, TO II€HA €ro
JICICHNS YBEJIMUUTCS B 1 Pa3, €CAH BKJIIOYUTD BTO-
poe, To oHa yBeauuutcs B m pa3. Kaxk usmenurcs
I[CHA JIeJIEHNAS BOJBTMETPA, €CJIN 3TH COPOTHBJICHUS
HCIIOJIb30BATh OHOBPEMEHHO, BKJIOUNB NX MEX/Y
co6oii : a) Tocse0BaTebHO; 6) MapaIesbHO?

OTBETbHI, YKA3AHNA, PEIIEHUNUA

«KBAHT» A4 MJTAQLLUNX LUKOJIbHUKOB
3A0AYN
(cm. <Keanms» No2)

1. OjHa 13 MOAXOMSAIIINX
(uryp nszobpaxxena na pu-
cynke 1.

2. Her.

Pacemorpum paccrosiHust
MeX/ly COCeAHUME (PHIII-
kamu. Cravasa ato 1, 3,
Puc. 1 6, 4, 1. 3amerum, 4TO
orepaiuy He MEHSIIOT 3TOT HaGOp YKCes, a TOJbKO
MEPECTaBJISIIOT B HeM uucsa mectamu. [Ipesmnosio-
SKMM, 4YTO TI0CJIe HECKOJIbKUX oreparuii pumika
okaszaJsach B 1errpe. Torpa 10 kiaertox, KoTopbie
cJieBa OT Hee, 3TO WHTEPBAJIBI MEXK/Y COCEIHIMI
(pumkamu, a Takske (DUIIKH, KOTOPbIe HAXO/AATCS
cJeBa OT 3TUX UHTEpBasIoB. TakuM o6pas3oM, uuc-
g0 10 oKaszasoch MPEACTaBICHO B BH/E CyMMbI YH-
cex 2, 4, 7, 5 u 2. HerpyZHO IPOBEpUTDH, YTO TO
HeBo3MOXHO. IlosydeHHOE pOTHBOpPEUNE TTOKA3BI-
BaeT, YTO HUKAKYIO (PUIIKY HeJIb3s TOMECTUTb B
LHEHTP.

3. 6.

KomnsykTopsr pa3éuBaioT Bech KPyr Ha MHTEpPBa-

JIbI, cocTosiue U3 BoxuTeseil. /lokaykem, uTo
BCer/la BBITIOJIHACTCS caeayionee cBoicTBo (nuBa-
PHMAHT): B KaKJIOM TaKOM HHTEpPBaJe KOJMYECTBO
BOJIUTEJIEN JIaeT OCTATOK 2 TIpu JieJieHny Ha 3.
ManavyanabpHo aT0 BepHo — Besje 110 20 Bogurelieii.
Ecim yxomar 3 BoamTesis, TO KOJMYECTBO BOJIMTE-
Jieil B KaKOM-TO MHTepBaJe yMEHbIIAeTCS Ha 3.
Ecan yxomasaTt koHAYKTOp U 2 BOAUTENS, TO /IBA
UHTEPBAJIA CJUBAIOTCS B OJMH U CyMMapHOEe KOJIU-
YyecTBO BoOJUTeJiell B HUX yMeHblnaeTcs Ha 2. Ta-
KM 06pa3oM, CBOIICTBO BCerjia BBIOJHSIETCS,
3HAYUT, OHO BBITIOJIHSIETCST U B KoHnile. Ocranoch 3
KOH/IYKTOPA, 3HAYUT, M 3 WHTEPBAJIA, B KAKIOM
W3 KOTOPBIX He MeHee 2 Bojuteneii. CiemoBa-
TeJbHO, BogmTe el He mMenbiie 6. IIpumep, xorma
UX OCTaHeTCS POBHO 6, IMOCTPOUTD JIETKO: ITyCTh
cpasy y#IyT Bce KOHIYKTOPbI, KPOMe TPOUX, a
MOTOM KaK/Iblii MHTEpBaJ Gy/eM YMEHBIIATh /10 2
BOJIUTEIEH.

4. 100.

PaceMorpuM Bce BepHIMHBI KJIETOK, HE TIPUMbBIKA-
fomue Kk rpanuie. Mx 10-10 =100 . B xaxayio
W3 HUX MOYKET BXOJNTH He 6oJiee 2 eNHIUHbBIX
OTPE3KOB, BXOJAIMX B rpanunsl ¢purypox. Ilpn
9TOM KK/IbIH TaKOW OTPE30K IOCUUTAH J[BAK/IBI,
Tak KaK y HEro /iBa KOHIA. 3HAYUT, CyMMAapHBII
nepunmerp ¢urypok He Gosee 100 -2/2 =100.
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[Ipumep: mpoHyMepyeM Bce CTOJOIBI M CTPOKI
noapsaxn or 1 go 11. ITycts Makcum napucyer 25
KBaJpaTUKOB 1X 1, KaKAblil U3 KOTOPHIX CTOUT HA
fepecevyeHy YeTHOM CTPOKHM U YE€THOTO CTOJIONA.

KOHKYPC UMEHU A.N.CABUHA

(cm. <Keanm» Not)
11. 39.

ITectuyrompuuk coctout u3 96 TpeyrosbHUYKOB,
3HA4YUT, ILJIOIA b Kaxk/oro n3 Hux 1. Brucanubrii
TPEYTOJBHUK COCTOUT M3 TPEyTOTbHUKA TIJIONA/bIO
9 u u3 Tpex Tpey-
TOJIBHUKOB, KasK/IbIi
13 KOTOPBIX SIBJISIET-
¢ TI0JIOBUHOMN Ta-
paJiIesorpaMmMa
mromapio 20 (puc.
2). Takum o6pasom,
ILIOIA/Ib TPEYTOJIb-
HIKa paBHA
9+(20/2)-3=39.
pac. 2 12. a) Ja.

OninH 13 BO3MOKHBIX npumepos: 8, 16, 32.

6) Her.

Tlyets @ < b < ¢ < d — nmamHble HATYpPAJbHbIE
uiC/Ia, B3AThIC B HOpsAKe Bospactanus. Torpa @
JIOJKHO JiesnThest Ha bed, no bed > a®, snauur,
JIeIIMOCTD HEBO3MOXKHA.

13. Her.

IIpearonoskunM, 4TO TaK MOIJIO OKA3aTbCs TP He-
KOTOPOM 3aIoJTHEeHNH Ky6a YepHBIMH 1 GesIbIMI
ky6ukamn. [TocuntaeM B HEM KOJIMYECTBO YEPHDIX
KyOUKOB JBYMsI CIIOCOOAMH.

1) Bo Bcex 300 psijiax B COBOKYITHOCTH
8-200+5-100 = 2100 uepHBIX KyOGHKOB, TIPH
9TOM KayK/bIil KyOHK HaXO/UTCS POBHO B 3 psijiax,
noatomy Bcero Ky6ukos 2100/3 =700 .

2) Pacemorpum 100 mapanienbubix psagos. Kask-
JBIl KyOHK HAXOAUTCS POBHO B OJJHOM M3 HHX.
Octatok 1pH JieleHIN Ha 3 KOJIMYeCTBA YEPHBIX
KyOUKOB B Ka)KJIOM Psi/ly paBeH 2, 3HAYUT, OCTa-
TOK IIPU JieJIeHNH Ha 3 06Iero KoJudecTBa Ky6u-
KOB TaKkoif ke, kak y uncia 2-100 =200, T.e. 2.
Wraxk, xy6uxos uepnoro nsera 700, no 700 mpu
nesennu Ha 3 He jpaet octarok 2. [IporuBopeune.
3HAUNUT, TaK OKa3arbCsl HE MOIJIO.

14. 120°.

OrpasuM Touky C OTHOCHUTEJBHO NPSAMBIX AB 1
AD — nosyuum touku X u Y COOTBETCTBEHHO
(puc.3). 3 cBOHCTB CUMMETPHUHM CJIEYET, Y4TO
AX = AC = AY, £ZBAC = ZBAX ,

£ZDAC = £ZDAY . 3naunr, yron XAY B /Ba pasa
6osbie yria BAD, 1.e. ZXAY =60° u tpe-
yroibHuk XAY pasuocroponnuit. Torpa ero cro-
pona XY pasna nepumerpy ABCD . Takxe us

2017/Ne3

A Y
Puc. 3
CBOHCTB cumMeTpun cieayet, uyro CB = XB,
DC = DY. 3unauur, XY = CB + BD + DC =
=XB + BD + DY. CnenoBatesibHO, TOUk B 1 D
sexar Ha orpeske XY. Torga
LZACB = ZAXB =60° ,
ZACD = LZAYD =60° ,
/BCD = ZACB + ZACD =120° .
15. Pemrenne cM. B cratbe «Ilepek/oueHus psi-
JIOB» B 3TOM HOMepeE JKypHaJa.

MEPEKJTIOMEHUA PAAOB

1. Het, OCKOJIbBKY 4eTHOCTb KOJIMYECTBA IIpa-
BIJIBHO CTOSIIUX CTAKAHOB HE MEHSIETCS.

2. Her, aHaqornyHO yrpakHeHHo 1.

4. a) Her, 4eTHOCTb KOJIMYECTBA IIIOCOB HE MO-
JKET ToMeHThest. 6) Jla, MOKHO MEPEKTIOUNTh BCe
CTPOKH 110 OZHOMY pa3dy. B) [la, MOXKHO MepeKJio-
YHUTH CTOJIOIBI U CTPOKH C YeTHBIMH HOMEpaMH 110
OJTHOMY Dasy.

6.1,3, >um 7.

7. a) Munyc. 6) Csepxy ILIIOC, CHU3Y MUIYC.

B) Heuernoe. r) Munyc. Boigemnm 16 kierok —
Ha KOTOPBIX CTOAT M3BECTHBbIE 3HAKM 1 3HAK BOII-
poca. Kaskmas omepains MeHseT /[Ba 3HaKa Ha BbI-
JleJIeHHbIX KyeTkax. [loaTomMy Ha BblJeJIeHHbBIX
KJIETKAX BCET/la YeTHOe KOJImdecTBO ILIocoB. Cpe-
JIV M3BECTHBIX 3HAKOB 8 TIIOCOB, 3HAUNT, HEM3Bec-
THBII 3HAK — MUHYC.

8. Her.

C KaX/IbIM XO/JIOM KOJIMYECTBO MUHYCOB yBEJIHUU-
Baercs He GoJsiee ueM Ha n. [lostomy econ cHawama
MHIyCoB Gbi10 0, a J0JDKHO CTaTh 72, TO HOTpe-
GyeTcst He MEHee 7 XOJIOB.

9. PaccmotpuTe iBa carydast: KOT/a JIeBbIi BepX-
HUI 3HAK TLTIOC 1 KOTJIa MUHYC.

10. PaccMoTpuM IPSIMOYTOJIBHUK, YIJIOBBIMHU KJIET-
KaM# KOTOPOTO SIBJISIOTCS JlaHHble 4 KyeTku. Pac-
CMOTPUM BCEBO3MOXKHBIE KBajipaTel 2 X 2, KOTO-
pble MOKHO BBIJIEJINTh BHYTPH Hero. B kaskmom u3
HUX YeTHOE KOJMYECTBO ILIIOCOB, 3HAYHUT, B COBO-
KYITHOCTH B HHUX TOXKE YETHOE YHCJIO ILTIOCOB, HO B
3TOH COBOKYITHOCTH YTJIOBBIE KJIETKM YUTEHBI 10
OJTHOMY Da3y, a BCe OCTaJbHbIE — YEeTHOE KOJmde-
CTBO pas3.
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11. Bocrosib3yeMcsi KpUTepueM peann3yeMOoCTu.
Kaxknas n3 cTpok smbo takas ke, Kak mepsas,
6o BCe 3HAKU B HEl MTPOTUBOMOJIOKHBI TIEPBOMA.
12. 2y +(8-x)(8-y).

13. Her.

Bocnosbayiitech MpeapIIynmM yrpakHEHIEM.
15. B ar0ii KOMIIOHEHTE HAXO/SATCS BCE pean3ye-
Mble sanonnenus, ux 27"

16. B xaxaoit uz 20 gommonent mo 27!
3aIOJTHEHN .

17. Cwm. pemenne 3agaun M2289 «3ajaunnka
«KBanTar.

18. IlycTh Ha YepHBIX KJETKaX CTOST ILIIOCHI, a Ha
6eJsibIx MUHYCBI. Takoe 3amosHeHHe TaGJIUIbI pea-
JIN3yeMO, MPHYEM €r0 MOKHO HOJIYYHUTD IIEPEKJIIO-
YEHUSIMU PSIZIOB U3 3aMOJHEHUS] OJJHUMHE ILTI0CAMU
poBHO 3a 8 omnepanuii. PaccMoTpuM aTy mocJieno-
BaTeJbHOCTD ormepanuii. C KaXXIbIM TTePEeKITI0UYCHH-
€M psiJla MeHseTcs 3HaK POBHO B OJHOI U3 KJETOK,
Ha KOTOPBIX CTOSIT JIaJIbu. 3HAUYNT, 3a 8 TEePEKJIo-
YeHWiT 3HAKY MMOMEHSIOTCS 8 pa3 U CPejiu 3HAKOB B
KJIETKaX, Ha KOTOPBIX CTOAT JIajibu, OYyZeT YeTHOoe
KOJITYECTBO ILTIOCOB. TaknuM o6pasoM, 4eTHOe KO-
JINYECTBO Jiazieil OyIeT CTOSTh HAa YEPHDBIX KJIET-
Kax.

19. /la, MOXXHO TIOCJIEIOBATETBHO BOCCTAHOBUTD
3HAKH, TaK KaK B KaXKIOM KBajpare 2 X 2 4eTHOe
YICJIO TLTIOCOB.

20. Her.

Hampumep, ecsm Bce m3BecTHbIE 3HAKH PACIOJIO-
JKEHDBI B 7 CTPOKax.

LUYHTbI U JOBABOYHbIE COMPOTUBJIEHNA
B 3AAAYAX

1. R, =1200 Om, R, =7500 Om; I, =107 A
2.1 =2wMA.
= M -0 = + -1
3. a) Moca 1y + 1ty 9 ) Npap =1y 110 .
nm —1
4. =n+ -1; =
a) Nyoey =N TM Nyyap T

PETMIOHAJIbHbIA 3TAN
XLl BCEPOCCUNCKON ONUMMNUALDI
LUKOJIbHMKOB MO MATEMATUKE

9 knacc

1. /la, Moro.

B kauectBe mpuMepa TOAXOAUT MPOU3BE/IEHIE
10676 . Ilocae ykazaHHOH OTIepaAIN TOJydaeT-
cst (—2) E(—2) 673 =2692 =676 +2016 .

2. 3a 2 xoza.

ITokaskem cuauana, xak Ilere Bpmrparb 3a 2 xoza.
IlepBbIM XO/0M OH BBICTABUT 8 Jajiell IO naroHa-
Jm focku. Ecym OH elle He BBIMTPAJ, TO Ha JHaro-

HAJIM ecTb HEYEeTHOE YMCJIO 3aJyMaHHBIX Baceit
KJIETOK. B uwactHocTn, Ha Heil ecTb Kak KjeTka A,
3ajiymManHas Baceil, tak u kjerka B, He 3ajyMaH-
Hasl UM.

[Tyctp Ha BTOpoM Xomy Ilers mocraBuT J1a/1p1M Ha 6
JINATOHAJIBHBIX KJIETOK, KpoMe A 1 B, a Takke Ha
kiaetkn C u D, Jjiexkaiiue B TeX jKe CTPOKAX, 4TO
A 1 B cOOTBETCTBEHHO, U B T€X K€ CTOJOIAX, YTO
B u A coorBercTBeHHO. Kaskmass HOBast J1ajbsi CTO-
UT WM B OJHOI CTPOKE, WM B OJHOM CTOJOIE C
A, T.e. ux kJjerkn Bacs 3ajymarb He MOr. 3HAUWT,
B HOBOI KOH(pUrypauun Jajieil KoJu4ecTBo KJie-
TOK, 3a[[yMaHHBIX Baceii, yMEeHDbIINIOCH POBHO Ha
OJHy, T.e. cTajo deTHbIM, u [lers Bbmrpas.
Ocrasoch nokasatb, uto llerss He MoxeT rapanTu-
POBaHHO BBIUTPATh 32 OJuH X0/. IlycTb y Hero aTo
nosy4naoch. Ilepe-
CTaBUB CTOJIOIIHI x
JIOCKU, MOYKHO CYU- x B
Tarb, YTO OH CJeJIall T
MepBbIN X0/ TaxK, x

KaK MMOKa3aHoO Ha x
pucyHke 4; toraa x
OH He BBINTIPAeT, x
ecsn Bacuubr Kier-

KH — OTMeuYeHHbIe x

CepbIM Ha TOM JKe x
pHCYHKE.

5. 1250 cymm. puc 4
CHavaJsia TIOKaKeM, 4TO MPPAINOHATIBHBIX YHCEJ B
tabumie He Menbue 1250. Ilycts Brosb JsieBoit
CTOPOHDI TaGJIMIBI BBHIIMCAHO X UPPAIMOHATBHBIX
u 50 — x panuoHasbHBIX yucesa. Torpa BIOJIb
BepXHeil CTOPOHBI BbIMucanbl 50 — x Wpparmno-
HAJTBHBIX U X PAIMOHATBHBIX unces. [Tockorbky
CyMMa pallMOHAJbHOTO ¥ UPPAIUOHAIBHOTO YHCEJT
BCer/ja uppaiuoHaibia, B TaOJHUIE CTOSIT XOTsT Obl

2+ (50 —x)2 UppaluoHabHbIX yuces. IIpu atom
x?+(50 —x)° =2x% =100x +50% =

=2(x -25) +2 252 22 25% =1250,
4yTo u TpeboBasoch. OTciofa cjaeryeT, 4To B Ta6-
gmne ne Gosiee 2500 — 1250 = 1250 parnmonasib-
HBIX YHCEJI.
PosHo 1250 panmoHasbHBIX Ynces B TabJuile MO-
JKeT ObIThb, HApUMep, B TaKOM cJiydae. Bposb Je-
BOII ctopoHbl crodr wucaa 1, 2, ..., 24, 25,
1+x/§ s 2+\/§, . 25+\/5, a BJI0JIb BepXHeil
cToponbl — uncmaa 26, 27, ..., 49, 50, 26-+/2,
27 - \/5 R \/5 . Torga uppanuonasbHbIMU
OyayT Toabko 2 [25% = 1250 CyMM parHOHaIbHOrO
U UPPAIMOHAIBHOTO YKCET.
6. ITockompry OAHK=0 AMEK 90 , toukn A,
H, M n K nexar Ha OKPY>XHOCTH 0 C JIMaMETPOM
AK (puc.5). Ilo yeaosuio, xoppa HM atoii ok-
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K ®
Puc. 5

pyxkHoctu crarusaer yron UMAH= 30 , nosto-
My HM =2Rsin30° = AK/2. C npyroii CTOPOHBI,
HM — Mennana B IIPSMOYTOJIbHOM TPEYyrOJIbHUKE
BHC, noatomy BC = 2HM = AK, uto u Tpe6oBa-
JIOCh JIOKA3aTh.

8. Ec/m B HEKOTODBINT MOMEHT Cpean umices Ha
KapTOYKaxX €CTb POBHO R HEYETHBIX, TO CPE/HU IIPO-
U3BEJIEHUIl TPOEK Ynces POBHO C,g HEYETHDIX; I10-
3TOMY UYHCJIO HA O4epeHOI 06aBiseMoil KapTod-
ke GYJIeT HeYeTHBIM POBHO TOT/a, Koria Cp He-
uerHo (1 Torga R B oTy MUHYTY yBeaumuutcst Ha 1).

_ 432 Tit

3aMeTnM, 4TO YHCJIO0 C;?S = HeYyeTHo, a

3 _ 44 3
uyucsio Cpy = — [C)3 derno. 3uaunt, B HEPBYIO
41

MUHYTY I0GABUTCS HEYETHOE YHCJIO, a Jasblie Oy-
AT N0GABIATbCS TOJbKO deTHble. MTak, mocse
MepBOil MUHYTBI CPe/Ii Yhces Ha KapTOuKaxX Bee-
raa 6yner poBHO 44 HEYETHBIX.

PaccmoTpum uncia Ha KapTovyKax IMOcJe 7 MUHYT.
Ilycrp T, — cymma BceX IIpou3BefeHHil TpoeK
aTux uncen, a D, — cymMa BceX IpOM3Be/ieHUI
nap atux uucena. Yucno 7, orauuaerca or T,
puGaB/IeHneM BCEX MPOM3BEJAEHUI TPOEK UHCel,
Cpe/in KOTOPBIX €CTb TOJIBKO 4TO J00aBJIEHHOE,
T.e. npubasaenuem D, T, ; wrak, T, =T, +
+D,T, =T, (1 +Dn) . 3aMeTHM IIpH 3TOM, 4TO

D, =C} =223 =0(mod2) npn n=1. 3na-
yut, ipu 7 =1 uuciao 1+ D, HEYeTHO U CTElEeHDb
ABOIKH, Ha KOTOpyIO jequtcss T,,,, PaBHa cTele-

HH JIBOIKM, Ha KOTOPYIO IIeJII/ITCS; T,.
Wrax, 1mocse nepBoit MUHYTBI CTENIEHb J[BOWMKH, Ha
KOTOpYIo Jlesntest jrobasisiemoe uncyo T, , Bcerja
paBHa CTEMeHH ABOIKM, Ha KOTOpyIo jesaurcs T .
3Hauut, ecau Obl IOCJE BTOPOI MUHYTBI Ha Kap-

TOYKaX He ObLIO 4YKcja, AeJAIlerocs Ha 210000, TO
U BIOCJIEJCTBUU TAKOTO 4yKcJaa Obl HE MOSIBUJIOCD.

Orciofa u ciexyer Tpedyemoe.

10 knacc
1. /la, MorJo.
B kauecTtBe mpuMepa IOJXOHUT IIPOU3BE/IEHIe
1000 M8 . Ilocse ykazaHHOU OMEpAIIUE MTOJTY-
qaercst

(-2) [(-2) [{-2) [{-2) @5 =720 =15 @8

2017/Ne3

Puc. 6

2. Tak kak uyerbipexyrojbHUK AICP BHUCAHHBII,
to UPCE 180-0 PA# [ BAI ; unave roBops,
ODCE O BAI (puc.6). Ilenrp I Bnucanuoi ok-
PY’KHOCTH YEeTBIPEXYTOJbHUKA JEKHUT HA GHCCEKT-
pucax ero yryios, noaromy ODCE O BCI n
ODAI= O BAI . Otcioga crenyer, uto ODAFE

= UBCI , a 3nauur,

UOAEF O B(# 186-0 OCI.

W3 mosy4eHHOTO paBeHCTBA BBITEKAET, YTO YETBI-
pexyroapauk AICQ Bnucanubiii. Tem caMbIM, TOY-
Ka Q JmekuT Ha OKpyskHOocTH @ (mpoxopsmieii ue-
pes touku A, [ u C).

3. /la, mor.

3amerum, uro 2017 = 43 [46 + 39 . [lpusenem
mpumep [lamuubIX yrces, Tpu KOTOPBIX Tpebye-
Moe Bbinostasiercsi. [Iyctb cpenu ero uucesn OyayT
39 nBoek, 46 uuces, paBHBIX 44, a OCTaJbHbIE —
€JITHUIIDI.

Uro6br go6utnest TpeGyemMoro 3a 43 xoma, Ilama
BoIOUpaer 39 KOpoOOK, B KOTOPbIE OH BCET/A KJa-
JIeT TI0 2 KaMHS — 4yepe3 43 Xo/ia B HUX OKa’KeTCs
mo 43[2 =86 wammueii. OcranbHbie KOPOOKH OH
pasbuBaer Ha 43 rpymisl o 46 KOpo6oK; Ha i-M
XO/Iy OH TIOJIOKUT 10 44 KaMHSI BO BCE KOPOOKH
i-if TPYIIIBI U TIO OJTHOMY KaMHIO — B KOPOOKH OC-
TanbHbIX rpyni. Torga uepes 43 xoga B Kax/1o0i
KOpoOKe Kax/10it rpymibl Oyaer mo 44 +420 =

= 86 kamHeil, T.e. BO Bcex KOpoOKax OyeT MmopoB-
HY KaMmHeil.

Ocrasnoch 0Ka3arb, YTO 3a MEHbBIIEE YHCJIO XO/0B
Tpebyemoe HeBbimonuMo. [lycts Ilama caemnan

k < 43 xomos. Torga B Kakyio-T0 KOpoOKy A 1mo-
najo 44 xaMHS Ha OJHOM XOXy, W B Hell Gyner He
Menbiie ueM 44 +(k —1) O =43 +k xamueii. C
JIPYTOIl CTOPOHBI, TTOCKOJIBKY 46k < 2017, B ka-
KYIO-TO KOPOOKY B HU Ha OJIHOM W3 XOJ/IOB HE I0-
najer 44 xamus, T.e. B Heil Oymer He Gosbiie 2k
kamueii. [Tockosbky k < 43, umeem 2k < k + 43,
a 3HauuT, B KOpOOKe B MenbIiie Kamueil, ueM B A.
Takum o6paszom, [lama eme He no6uscs Tpebye-
MOTO.

3ameuanue. IlpuBeseHHDII TpIMep — HE IWHCT-
Bennbiit. Tak, mogoiier Takxe HaGOp YUCEN, CO-
crogumii u3 42 equnuiy, 2017 — 43 = 1974 uuceur,
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paBHBIX ¢ > 1, U OHOTO YHCJA, PABHOTO

43a — 42. CymecTByIOT a’ke IIPHUMEPbI ¢ MOHNapHO
PA3JIMYHBIMU YHCJIAMH; OJIHAKO IPOBEPKa TOrO,
YTO OHM IOJXOJAT, HECKOJIBKO TPYy/HEe, 4eM JUI
TIPUMEPOB, TPUBEAECHHBIX BBIIIE.

4. Tlpm k = 2017.

Crauasa jokaskeM, uto kR > 2016. Ilyctp yunrens
ucnosab3oBai Hekoropoe k <2016, 3ajymaB MHO-
TouJieH P(x) . Paccmotpum MHOTOUMIEH

O(x) =P (x)+(x =n)(x —ny)...(x —1).
3amernm, uto cTenenb MHorouwnena Q(x) Takske
paBHa 2017, a ero crapumii KoapUIMEHT TaKKe
pasen 1. Ilpu stom

P(n1)P(n2)...P(nk) = Q(n1)Q(n2)...Q(nk) ,

HO P(x) £ Q(x) 3naunr, et MOrau Obl HATH
MHOTOYJICH Q(x) BMECTO P(x), T.€. yYHUTe/b HE
nobuics Tpe6yeMoro.
Ocrasocp okas3arb, uro npn k = 2017 yuaurenn
CMOJKET HPUIyMaTh TpeOyeMylo 3a/auy.
Jemma. I1ycmo P(x) — MHOZOUJIEH C UCSBIMU KO-
Apuyuenmamu, u nycmo a u b — pasauunvie ye-
awte wucad. Tozoa P(a) - P(b) dequmes na a — b.
Hoxazareabctso. B pasnocrn P (a) - P (b)
CTPYIIIIUPYEM CJIATaeMble [0 CTENEHsIM: €CJIU

P(x) = pa" +p,x" ™+ px g
TO
P(a)=P(b) =p,(a" -b") +

+ Do (an—1 _bn—1) +.. (Cl —b)Y

rje Kajkjoe cjaaraemMoe JeauTcs Ha a — b.
Tlycrs k = 2017. Tonoxkum n; = 4i mpu i = 1,
2, ..., k; mycTh yunTesb COOGIIUT AETSAM, UTO
P(n1)P(n2)...P(nk) =1. Torpa mMHorousnen
P(x)=(x=-n)(x =n)...(x =m,) +1 nox yciosue
moaxoanT. [IpeamosoKkuM, 4To ere KaKkoi-To MHO-

rowten QO (x) Takxke moaxoaut nox ycaosue. Tor-

na tax kak O (n)O(ny)...0 () =1 u xosdppu-
nmenTsr MEOrowreHa Q (x) — memble wmcma, To
Q(ni) =1 npu mobom i =1, 2, ..., k.

Ecsn naiigyTest ¢ u j takue, 4To Q(nl) =1,a
Q(n]-) = -1, T0 pa3HOCTH Q(ni) - Q(n/) =2 He
AEJUTCS HA 7; = Nj, YTO IIPOTUBOPEUHT JIEMME.
Iloatomy Bce 3HaueHust Q(nl) PaBHBI MEX/IY CO-
6ot u Bce paBHbl qn6o 1, mm6o —1. OaHako Bce
3HAYEHNsT He MOryT ObITb paBHbl —1, Tak Kak B
upoussesennun Q (ny)Q (ny)...0 () muoxunresneii
HeYeTHOEe KOJIMYECTBO U Tpou3Be/enne ObLIo Obl
paBHo —1. 3Hauur, Q(nl) =1 npu obom i = 1,
2, ..., k. Torga pasnocth P(x) - Q(x) — MHOTO-
YJIeH CTeleHn MeHee k, UMeIon il XoTst 6bI R KOp-
HEMl, T.e. 9TOT MHOTOYJIEH TOK/eCTBEHHO paBeH (),
u P (x) =0 (x) . IIporuBopeune.

3. 1250 mpousBemeHmit.
CHavaJia TIOKaKeM, YTO UPPANNOHATBHBIX YNCEJ B
tabuuie He Menbie 1250. Ilycts BIosb JeBoit
CTOPOHBI TAGJIUIIBI BBIMICAHO X MPPAIMOHATHHDBIX
n 50 — x panmoHayspHbIX ynces. Torma BAOJIb
BepXHell CTOPOHBI BbImucanbl S0 — x uppanno-
HAJBHBIX U X PAIMOHAJIBHBIX urces. [1oCKoIbKy
[IPOM3BE/IEHIe HEHYJIEBOTO PAIMOHAJIBHOTO U UP-
PAIMOHAJIBHOTO YHCeJT BCerjia MppalmoHaJbHO, B
TaGmie cront xotst 661 x° + (50 —x)2 upparmo-
HAJTBHBIX unces. [Ipu atom
x? +(50 —x)* =227 =100x +50°
=2(x -25)° +2 25% > 2[25° =1250 ,
4yto u TpeboBasoch. OTcrofa ciaeryer, 4To B Tab-
gute ne Gosee 2500 — 1250 = 1250 parnmonasib-
HBIX YHCEJI.
Posro 1250 pannonaibHbIX dncesa B TabJuile MO-
JKeT ObITb, HAPUMEpP, B TaKOM cJiydae. Biosb Je-
BOII ctopoHbl crodr wucaa 1, 2, ..., 24, 25, \/E,
N2, ., 25\/5, a BJ/IOJTb BEpXHEH CTOPOHBI —
unena 26, 27, ..., 49, 50, 2642, 2742, ...
e 50\/5 . Torpa npparnmonasbHBIMI OYAYT TOJIb-
ko 2[25% =1250 mpomussesenuii PAHOHAILHOTO I
UPPAIIOHATBHOTO YHCET.

8. Tax kak uerpipexyroybHuk ABCQ Brucan u
AC || DE , nmeem

OBEX=0 BCAUO B@EAl BOX

(puc.7). Cue0BaTeNbHO, YETHIPEXYTOMbHUK
XBEQ Bnucasn, orkyaa OXBO= O XE©
= UDEQ . AHAIOrn4HO, 4YeTbIpexyroabHuk YBDP

Puc. 7

Brucan, u UPBY=0 PDE . Ilo ycnoBuio,
PD || EQ . 3unauur,

180° = OPDEr0 DE@ 0 XBQ PBY .
Takum oGpasom,
OXBY+0O PBOO XRBO2 PBD @GBY
= OXBQO+0O PB¥ 180 .

17 knacc
1. /la, moruo.
B kauectBe mpuMepa MOAXOIUT MPOU3BE/IEHITE
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1O0000@A6 =32 . Ilocae ykazaHHOI onepa-
[UH TIOJTy4aeTcsl

(-2) [{-2) {=2) {-2) [{2) (1) m3 =13 (32
4. Ilyctp O — nentp tpeyroibanka ABC. O6o3na-
g™ yepes B, m C, touknm kacanus o ¢ AC u
AB cooTBeTCTBEHHO, a uepe3 B; u C; — Touknm
Q, AMaMeTpasibHO MPOTUBOIOJIOXKHBIE TOUKaM B 1
C coorserctentio (puc.8). Torna touku By u C,

cummerpuyHbl O oTHOcuTebHO cTopoH AC n AB
cooTBercTBeHHO, otkyaa UOBP=0 BOP un
0o0C,o=0 CO0Q.

Ilycrp myun B{P u C,Q mnepecekaior Q B TOU-
kax B' m C' COOTBETCTBEHHO; TOT/A

OpPB'B=0 BBB 90 ,t.e. B aexnrma I,.
Ananoruuno, C' nmexur ua .. C apyroit ctopo-
HbI,

O o
BB'+CC =2(0BBB+0 CCC3
=2(0BOP 0 COQ)

0
=2(180° - DBOC,F 120~ BC;

39TO 03HavaeT, uto Touku B' u C' coBIaJaIoT.
Wrax, Ty, u T, nepecekaiorest B Touke B', seska-
meit Ha Q.

TTockoapky OBB,P=0 CC,@ 90 |, touku B, u
C, nexar Ha [, u [, coorBercrBenno. Ilyctp
npojoJokenue orpeska B'O 3a touky O nepece-
kaer W B Touke X. Torma OX = OB, =0C, un
OB =0B =0C , oTkyJa

OB[OB, =0OB' [OX =0C [OC, . Ilepsoe u3
9TUX PABEHCTB O3HaYaer, 4to Touku B, By, B' u
X Jexar Ha OfHOH OKpYy»KHOCTH, T.e. X JIeKUT Ha
okpyxkHocti I, . AHajorm4HO, U3 BTOPOTO PaBeH-
ctBa caenyer, uro X jexut Ha .. 3uaunt, X u

2017 /Ne3

SBJISIETCST BTOPOIl TouKoil mepecevenus [, um I,
Jeskaiieil Ha .

5. 1275 npousseenuii.

CHavaJia TIOKa)KeM, YTO UPPAUOHATBHBIX YUCEJ B
tabsmie He Menbine 1225. [Ipeamnonoxum, 4To
Cpe/in PAIMOHAJIbHbBIX YHCEN eCThb HOJb W OH BbI-
IICaH y BepXHell CTOPOHDI TaGJIUIIbI.

[TycTtb BIOJIb JIEBOI CTOPOHBI TAGIHIIBI BBITHCAHO
X MPpAIMOHAJIBHBIX 1 50 — X paIllOHAJBHBIX YH-
cen. Torma B/1oJIb BepXHeil CTOPOHBI BBITUCAHBI
50 — x MppaNMOHAJBHBIX U X PAIMOHAJIBHBIX Y-
cest (cpesn KOTOPBIX €CTh HOJIb). 3aMeTuM, uTo
MIPOM3BE/ICHIE HEHYJICBOTO PAIMOHAJBHOTO U UP-
PAIMOHAJIBHOTO YHCEs BCErja MPPAIOHATBHO.
Torza B Tab/uie ecTb KAk MEHIMYM
x(x=1)+(50 - x)2 MpPPAIMOHAIBHBIX UnCeN. 3a-
METHM, 4TO

f(x) = x(x=1)+(50 - x)* = 22> —101x + 50 ,
Bepuma mapa6osnsr () HaXOANTICS B TOUKe
101/4 = 25,25, 109TOMY MUHUMAJIbHOE 3HAUEHUE
f(x) B mesoil Touke gocruraercst mpu x = 25 1
OHO PaBHO 25-24 +25% = 1225 .

Ecim ke HOJTb 3aMEHWUTH HEHYJIEBBIM DaIHOHAD-
HBIM UHCJIOM, TO KOJMYECTBO MPPaINOHAIbHBIX
YHCceJ MOKET TOJBKO yBelnuuThbest. Iloatomy B
tabsuie B J11000M ciydae He MeHee 1225 uppaiuo-
HaJbHBIX Ynces. 3HA4YNT, B Tabsuie He 6osee
2500 — 1225 = 1275 painyoHa IbHBIX YHCET.

PoBHO 1275 pannoHaJIbHBIX Ynces B TabJHIlE MO-
JKeT ObITh, HAIIPHMep, B TaKOM cJydae. Brosp Je-
BOII ctopoHbl crodT yucaa 1, 2, ..., 24, 25, \/5,
212 D 25v2 , @ BJI0JIb BepXHEll CTOPOHbI — YuC-
ma 0, 26, 27, ..., 49, 2632, 2742, ..., 502.
Torza uppanuoHaabHbIMEI OY/YT TOJBKO

25-24 +25% = 1225 mpousBeeHUIl HEHYICBOrO
PaIMOHAJIBHOTO W UPPAINOHAIBHOTO UICE.

6. IIposesnem B okpyxxkuoctu I mguamerp BT
(puc.9). 3amernm, uro OPDT=0 BDE¥ 90 .
3uaunr, OPHT+ O PDE 180 , t.e. touka T Je-
JKUT Ha OKpy»kHOCTH . Iloatomy OPQT=

B I

b

)
[T~ /Q

L@

Puc. 9
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=0OPHT= 90 , n werbipexyroapuuk PQTD —
NIPSIMOYTOJIbHUK.

Paccmotpum o6t cepenHHbI TePIEeHAUKY ISP
[ x orpeskam DT u PQ. Ou npoxomut uepe3 O, a
3HAUNT, SIBJISAETCS U CEePeJNHHBIM TepHeH/ Ky Is-
pom k AC. CnepnoBarenbno, orpesku AP u CQ
CHMMETPHYHbI OTHOCHTEJBHO [ U [IOTOMY PaBHbI.
7. O6osHaunM nposejieHHble npsivbie [l ..., 1,
YIIOPS/IOYNB WX HANPaBJIEHUS IO YacOBOH CTpeJKe
(puc.10). @opMasbHO HTO O3HAYAET CJAEyIONIEe.

Puc. 10

PaceMoTpuM TIPOM3BOJIBHYIO TOUKY II0CKOCTH O.
ITpoBesieM uepes Hee MpsiMble, HapaJJiesbHble Ha-
HINM, 3aHyMepyeM MX II0 4acOBOil CTpeJiKe, a I10-
TOM IIPUCBOUM HAIIUM IPSIMBIM T€ K€ HOMEpa, KO-
TOpPbIE TOJTYYHJIN COOTBETCTBYIOINIE M HOBbIE
MpsIMbIE.

Cpeau obuacteil, Ha KOTOPbIe HAIIN TIPSIMbIE Pas-
pesasin IJIOCKOCTD, eCTb 21 GECKOHEUHBIX KYCKOG;
0003HAYNM UX 10 4acoBoil crpeske Sp,Sy,...,S,,
TaK, 4To mpsiMast [; pasgesster kycku S; m Sy,
a Takke Kycku Siy, 1 Siy,4 . (3mech u nanee
MbI CUUTAEM, UTO So,4q = S .)

Jlnst Havasia Bo Bee o6aactu (KOHeuHble 1 GecKo-
Heunpie) noctasum 1o 1. st Kaxgoil npsamoit [
0003HAYNM Yepe3 Z; PA3HOCTb CYMM YHUCE] CIIpaBa
u caesa ot [; (Mbl cuntaeM, uto Kycku S; u
Siins1 Nexar ciesa ot ;). Ecom Z; >0, To mpu-

1
6aBHM 110 Ezi K 4KCJIaM, CTOSINUM B S; 1

Sitn+1 - [Ipu 5TOM BCe umncia Z; mpu j#1 me us-
MEHHJIICD, TIOCKOJIBKY 00sacti S; u Spy,4q Je-
JKaT 10 pa3Hble CTOPOHDBI OTHOCHTEIBHO JIIOOOI
npamoii, kpome [; . Hucsio ke X; cTajo paBHO
HyJ10. AHasiornyno, ecan Z; <0, To nmpnéaBuM 1o

1
§|Zi| K uncsaam, crosamum B Sy u S;y, ; OIATH

JKe, 2; crader paBHa 0, a ocTaJgbHbBIE ¥ ; He m3Me-
HATCH.

Takumu orneparsiMi Mbl [OCJIEJ0BATEIBHO ClIe/Ia-
eM KasKJI0e 2; PaBHBIM HYJIO, HE MEHsIST OCTaJlb-
HBIX.

8. Her, Hesb3ss.

Ecsm B HEKOTOPDBIIT MOMEHT Cpeji 4mcesl Ha Kap-
TOYKAX €CTb POBHO R HEYETHDBIX, TO CPEAU IIPOU3-
BeJleHnit uncest 1o 12 poBHO C,l2 HEYeTHBIX; I10-
3TOMY YHCJIO HA OYepe/HOil 106aBJsIeMOll KapToy-
Ke GyJIeT HeYeTHBIM POBHO Torja, Korma Cj2 we-
uerHo (1 Torga k B a1y MUHYTY yBeauuutcs Ha 1).
Herpyano zameruts, uto uncio Cii Heuerno (aro
CJIe/lyeT U3 TOrO, YTO CTEIEHM JIBOUKHU, BXOJSIINe
B 28[270..07 n 12010..0, pasusr). [lanee,
MOCKOJIbKY

o _ (28+1)(28 +2)...(28 +¢) 4y

BET(6+1)(16+2)...(16 +1)
TOJTyYaeM, uTo HauMenbiee ¢, npu kotopoM CaZ,,
4eTHO, paBHO 4. MTak, KOJIMYeCTBO HEUCTHDBIX YH-
ceJl Ha KapToukKaX Oy/leT pacTu, II0Ka He JIOCTHT-
wer 32 (Ha 4-it MumHyTe), a mocje dToro Ha Kap-
TOYKax Bcerzia 6yaeT poBHO 32 HEYEeTHBIX UHCJIA.
PaccmoTpuM umcma Ha KapTouykax mociae n =4
munyt. Ilycrs T, — cymma Bcex npoussezenuii 12
u3 aTuX umcen, a E, — cymma Bcex mpousBeeHuUit
11 u3 stux uncen. Yncno T, ormmdaercs ot T,
npubaBIeHneM BceX IMpouaBejieHuit mo 12 umceu,
Cpe/in KOTOPBIX eCTh TOJBKO 4TO 06aBJIeHHOE,
T.e. npubasiennem T,E, ; urak,

Tn+1 = Tn +Eﬂ7;l :Tn (1 +En) .
Clj (mod2) mpu

3ametuM npu atoMm, uto E,

12
nz4,auncio Cij= 1 [C}3 uerno. 3naunr,

npu n =4 uucao 1+ E, HEYETHO M CTENeHb JIBOII-
KM, Ha KoTOpyto Aesutcs 1., paBHA CTeleHH
JIBOIIKY, HA Kotopyio geiutcst T, .

BoiGepem Tenepn d Tak, 4TOOBI TTOCJIE TSITONH MU-
HYTbI HU O/IHO M3 YMCeJ Ha KapTouyKaX He J1eJiH-
n0ch Ha 29 B WACTHOCTIH, TOJIDBKO UTO {OGABIICH-
Hoe uncao T Takske He GyJeT JEJUTHCSA HA 24
3nauut, u Bce uncaa T, Tg, ... He OyIyT JEJUTHCS
Ha 2%, a 5T0 B TOUHOCTH UHCIIA, HAIICAHHDBIC HA
KapToyKax, J00aBJISCMBIX MOCJTE MATOH MUHYTHI.
Wrak, Ha KapTOuKax HUKOT/IA HE MOSIBUTCS YUCJO,
nesdueecd Ha 24

PEFTMIOHABHbIN 3TAM LI BCEPOCCUNCKON
OJIMMMUAbI LUKOJSIbHUKOB NO ®U3UKE

9 knacc

2
1. Ecomm z)g >2¢gH, 10 L =v—0+2H; ecJin

2H
v§<2gH,To L =2y, 7;ecm/1 v§=2gH,T0

L = 4H (0CKOJIKM TIOJIETE]IM TOPU3OHTAIBHO).
2. Ec/m cujibHee HATSHYTa BepXHsA HUTH, TO

g 2sina+ sinp :0,914\/E =57¢;
R 2cosa + cosf R
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€CJIN CUJIbHEE HATAHYTa HUKHAA HUTb, TO

©= 151n0(+251n[3 =1,09\/z=6,8c_14
R cosa + 2cosf R

3. AN =(p0 —p)Vg =70 mH .
_)\(mz‘”ﬁ)
cmy

2(N +4)

4t = =-16,2 C.

5. R=

Ry (B cuny cummerpun cxembl

OTHOCUTEJIBHO OCH, IPOXO/Isieil yepe3 Touku A u
B, B 1ienu He Oy/IeT TOKOB, WYIIUX U3 BEPXHE
MOJIOBUHBI IIEMM B HUKHIOK M HA060POT).

10 knacc

1.a) m= 0,8 kr; 6) S; =50 em?; B) S, = 200 cM?
(110 TOrO Kak BepxXHWH Kpaii cTakaHa CpaBHSETCA C
YPOBHEM BOJIbI B cOCyze, cuiaa 7 yBelrnmunBaeTcst
MIPOMOPINOHATIBHO X, & 3aT€M YMEHbBIIAETCS 10
HYJIl TOKE MPOTOPIUOHAIBHO X).

z):—D—+ ;
4o wO 2

g O
2) U1+02>@Dl i

3. AN =2pVg =0,1H.
4.1 my zﬂs(H_xo)(Po ~2pg20) ;
RT

M
=—w +H —2@x,) :

2) Ho RT (P + o o) ;

M pgw’
3 =2——"

)P RT S

S. Do mpousornuio Ha Bbicote H =60 M, T.e. Ha
rpanutie 20-ro u 21-ro araxeii.

71 knacc

1. 1) v, =% =0,1 mv/c;
2) v, 6au3Ka K HY.JIIO;
3) h =22,25 cm uepes 600 ¢ u i = 22 cM uepes

1100 ¢ (1opiieHb pU ITOM OIMYCTUTCS HA JHO CO-
cyna).

2.1) ;=42
2t -t
2) t, = 1o
3t — 2t
3. 3agaua umeer aBa pemeHus: Q = gC@z u

7
=—C7 .
O =3¢

2017/Ne3

4. VickoMoe BpeMsi PaBHO YETBEPTH TIEPHOJA rap-
MOHWYECKUX KOJIeGaHWil OYCHHKH:

TZZZE —L = 24 cyT
4 4 \2G(M +m) o

5. 1) BoJiee apKoe KOJIbIIO CO3MaeTCs KaK JTydaMH,
TIPOIIE/IINNMI MUMO JIMH3bI, TAK U HEKOTOPBIMHU
JIy4aMU, IPOUIE/IINMI CKBO3b JIMH3Y. BHenrnss
IPaHNIa SPKOTO KOJIbIIA OIPE/EsISeTCs Jy4IOM, Tia-
JTAIONM Ha cepruuecKkyio TTOBEPXHOCTD TIO/ Ipe-

1
JEeNbHBIM yriaoM O, = arcsin—=30°. [uamerp
n

TEMHOTO IIEHTPAJIBLHOTO KPYTa PaBeH IUaMeTpy
JIMH3BI. VI3MepuB BHENTHUN ANAMETD CBETJIOTO
KOJIbI[A U JUAMETP BHYTPEHHErO TEMHOTO KPyTa,
Haxozum L; = 2,05 cM.

2) B aroMm caydaeM, Korja Ha 9KpaHe BHIHO TOJb-
KO TeMHoe misATHO, L, = 1,82 cm.
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IMAXMATHAA CTPAHHUUYKA

KaK MbICl1MT
LUAXMATACT

OmuH #3 caMbIX WHTEPECHBIX
BOIIPDOCOB, CBSI3AHHBIX C UTPOH B
MmaxMaThl: KaK MMeHHO MBICJIHUT
OIaXMaTHUCT 3a JOCcKoii? M3Bect-
HBIH COBETCKHIl TpoccMelcTep
A.KoTOB 0JTHUM ¥3 IIEPBBIX IIONbI-
TaJIcsl OTBETUTD Ha 5TOT Bolipoc. B
CBOEH KHUTE «TaiHBl MBIIJICHUS
MIAXMATHUCTa» OH OIUCAT «IEPEBO
BapHaHTOB» — METOJ, aHAIHW3a
HIAXMaTHOW IIO3WINY, OCHOBAaH-
HBII Ha pacueTe BapuaHTOB. A.Ko-
TOB JETAJbHO ONMUCHIBAET CIIOCO0
MBIILJIEHWST BO BpPeMS aHAIW3a
KOHKpeTHOH mnosunuu. OH peKo-
MeHAyeT (hOPMUPOBATh IIOJHBIH
CIIHCOK BO3MOXHBIX XOZO0B 1 CPaB-
HUBaTh MX MEXIy c060ii, BbIOU-
paTtb Han6oJiee IPHBJIEKATEIbHbIE
(«XOmbI-KaHANATE> ) U IBATAThH-
€41 AaJIbllie, AaHAIU3UPYS BO3MOXK-
HBbIE OTBETHI HA HUX.

KoneuHo, B peayibHOI Hiaxmar-
HOW TIApTHH HeT HeOOXOIIMOCTH
paccMaTpuBaTh BCe BO3MOXKHBIE
BapHAHTbI, HO AaKe eCJIU OTPAHH-
YUTh YUCJIO paccMaTpUBaeMbIX
MOJIyXO/IOB /10 3, TO 4epes 3 HoJI-
HBIX X0/Ia YHCJIO0 BADHAHTOB Gy JeT
pPaBHO 35 =729. Ecim xe pac-
CMaTpPHUBaTh 3 MOJYXOIOB, TO UX
KOJWYECTBO BO3PacCTeT [JO
5% =15625. U3 sroro caeayer,
9TO HA MPAKTHKE aHAJIN3 IO3UIUH
TOJIbKO IIPH IIOMOIIY </IePeBa Ba-
PHAHTOB» BO3MOJKEH JIUITh B TOM
cIydae, KOTAA TUCI0 PasyMHBIX
XOZI0B 3HAYUTEIbHO OIPAHNYEHO!
HaIpyuMep, B KOPOJEBCKOM SHIII-
IHUJe, KOTOPBIi, Kak IIPaBHIO,
MO:KeT GBITh IPOCUUTAH A0 TOTHO-
ro pesyibrarta maptuu. [lostomy
OJHVM W3 CaMbIX IJIaBHbIX HaBbI-
KOB TIPH UTPE B MAXMATHI SBJISET-
€ yMeHHe IIPaBUJIBHO OIIpee-
JIATh XO/BI-KaHIUJATBI, OTCEKast
TEM CaMBIM JIUIIHAE BAPUAHTHI.

B cBoeii kaure «CekpeTh! pak-
THIECKUX IIAXMAT» H3BECTHBIMH
MaxXMaTHCT M MareMaTuk JIK.
Hamu mogpo6HO pas6upaeT CIo-
COOBI IMAaXMATHOTO MBIILIEHUS,

OJTHUM 13 KOTOPBIX SIBJISETCS «JI€-
peBo BapmaHTOB>. Ha pucyrke
IIOKa3aHO, KaK, N0 €r0 MHEHMIO,
YCTPOEH PACYET BAPHAHTA Y€JIOBE-
KOM BO BPEMsI I[APTUH:

TaxmaTrcT HaYam aHATU3HUPO-
BaTh X0a A U Hamesa Bapuant A, .
OH eMy He 04YeHb [IOHPABUICS, U
OH [IEPEKJIIOYHJIICS HAa X0/ B. Itum
XOZIOM OH TaKKe OCTAJICSI He CO-
BCEM [JOBOJIEH U IT03TOMY BEpDHYJI-
¢S K aHAIM3y Xoaa A, noax/odas
K CBOEMY ITIpe)KHEMY AHAJIN3Y Ba-
puaat A,. Xox C maxmaTucr
TMOKa He PACCMATPHBAJ, a BO3-
MOJKHO, YK€ W BOBCE 3a0bLI IIPO
mero. UTo6b1 m36exkaTh TaKoif
mpobmemsl, [I:x.HauH pexomeH-
JyeT cHauajta Gerjio paccMOTPETD
xompl A, B u C, a 3areM yxe
upucrynarb K 6oJiee riyGoKoMy
aHaAU3Y.

PaccMoTpHM B Ka4ecTBeE TIpUMeE-
pa atiox I»x.Tancra:

doe
i

i
)

Jbk.FaHcr, 1922

BbiMrpbiw

KakuM 06pasoM cjemyer cTpo-
UTb DPACCYKIACHUS, AHAJIUBHUDYS
JarHyl0 mosunmio? Ha nepswri
B3Iz, GeapM HEO6XOAMMO CO-
XpaHuTh 00€ JieTkre QUryphl st
BBIUTDBHIIIA, TOITOMY HYKHO XO-
auTh caoHOM. COOTBETCTBEHHO,
ecTb 3 Xofa-KaHauAara: A) & :d7,

B) & b7 u C) & a6. Oxnako Ha
KaKIBIA M3 9THX XOJOB UEPHBIC
MOTYT OTBETHTh % ¢7 ¢ BBHIMTPHI-
meM ¢urypsl. B cBsasu ¢ armM
6e16IM HEO6XO0[MMO UCKATh MATO-
BYI0 HIE. B JAHHOM I[pPHMEpE
OHA 3aKJIOYAETCS B TOM, YTO Yep-
HBIA KOPOJIb HAXOAUTCA OJIA3KO K
VIJIy TOJIsI, B KOTOPOM €TI0 MOXKET
3aMaToBaTh GEJIBLH CJIOH, U, COOT-
BETCTBEHHO, 3a/1a4a GEeJIbIX COCTO-
HT B TOM, YTOGBI 3aTHATH YEPHOTO
KOPOJIA B 5TOT YTOJ TIPHU TIOMOIIN
cBoero kopouisa. Haxoxgurcst Bapu-
ant: 1. £ 26 ®c72. Q5 ®:b8
3. 2d6 ®aB4. Lc7u LDb7X.
Ara uzes cpabaTbIBAET U IPH X0
1. & b7 ®¢72. & a6, u yepHbM
CHOB2 HEJb3s 3a0MPaTh KOHS M3-
3a MaTa.

Kak BbI6paTh W3 5THX BYX Ba-
PHaHTOB NpaBWIbHEI? Heobxo-
VMO TIPOAHAMU3UPOBATD 3AIIWT-
HBI€ BO3MOYKHOCTH YEDHBIX: B IIPH-
BeJIEHHOM BBIIITE MATYIONIEM BapH-
aHTe B OTBET Ha 4. 2 ¢7 y YepHBIX
MOXKET XOAMT TOJBKO mmemka d.
CoOOTBETCTBEHHO, €CIM H36aBUTh-
CS1 OT HEe, TO Ha JOCKE II0JLyYHTCS
mar. W pefictBurenpro, mpu 1.
a6 #c7 2. V¢S5 y YepHBIX HAXO0-
murcst orBer d6+, um Temepn 3.
2ds #:b84. 2d6 ®a85. ©c7
BEJIET K [aTy. A 5T0 03HAYAET, UTO
Hy>KHO He [O3BOJIUTH YEPHBIM OT-
natb nemky d. IIpaBUbHBIM pe-
menueM 3agaun Gymer: 1. & b7!
®c7 2. & a6l ®:b8 (2...d6 3.
@ ¢6 ¢ coxpaHeHneM OGeHX Jer-
Kkux Guryp) 3. 2d6 ® a84. 2c7
u &b7x.

Vcmosp30BaTh «/I€peBO BapH-
AHTOB» HA IPAKTHKE JKEJATEIBHO
B COBOKYITHOCTH C APYTUMH METO-
JaMH TIaXMaTHOTO MBINMLIEHHS,
monpobHee 0 KOTOPHIX 6YAET pac-
CKa3aHo IMO3XKe.

A.Pycanos
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CaHKT-TeTepbypr, MioAs, Ha yauLe +21 °C,
33 OKHOM CUABHA$1 FPO3a CO WKB3ANCTLIM BETPOM,
AVIBHEM W .. TP3AOM.

(NpoaoAXeHVe - Ha .25 BHYTpW >XypHana)




