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Konnekunga ro1oBos10MOK

CHEBOTHHK
B XRHOE

Kasanocb 6bl, MpO 3HAMEHUTYIO Urpy «XaHOWCKas GaLuHA»
(CcM. pUCYHOK BHWK3Y), NMpuayMaHHyo $paHLy3CKUM maTeMaTu-
Kom dpyapaom JTlioka Bo BTOpol nonosuHe XIX BeKa, yKe AaBHbIM-
[aBHO BCe 13BECTHO. B Hell TpebyeTcs nepenoXunTb ETCKYI0 NMpamng-
Ky M3 AMCKOB Pa3HOro pasmepa C OAHOro CTEPXKHA Ha Ntobon 13 ABYX ApY-
r1X, NPU YCIIOBUW, YTO KNAaCTb MOXXHO TOJIbKO MEHbLUWI ANCK Ha 6onbwinii. OHa
NMPOYHO BOLLJIa B CMMCOK CTaHAAPTHbIX 3aa4YeK Ha NPUMEHEHNE MaTeEMATUYECKON HAYKLY 1
B N0co6vA AnA HauMHALWMWX NPOrPaMMIrCTOB.

OfHaKo, TO 1 1eN10 Ha 3Ty TeMy NPUAYyMbIBAeTCA YTo-HNMOYAb HOBeHbKoe. OfiHa 13 Bapuauui
obcyxpanach B «<KBaHTe» N211 3a 1991 rog. OkasblBaeTcA, U3HAYaSIbHO OUCKU MOTYT JIeXaTb Ha
NnepBOM CTepKHe B NMPOU3BOSIbHOM MOPAQKE, HO BO BCEX C/IyYanaX Ha OAHOM W3 ABYX APYruX
CTePXKHEN MOXHO CNTOXMNTb NMPaMULKY, He HapyLlas NpaBus Urpbl.

HeckonbKo neT Hasag CBOW BapuaHT «XaHOWCKON GallHMy npugymain ANOHCKUI n3obpeTa-
Tenb Town Kato (Toshi Junk Kato): oH npeanoxun «nepenTn» 13 NpoCTPaHCTBA Ha MJIOCKOCTb.
AHrMINCcKoe HasBaHue ronoBosioMkn — Junk’s Hanoi — obbirpbiBaeT npo3suile aBTopa (B
nepeBofe C aHMNNCKOro junk — xnam, Mycop). B Hell 6pycouku 13 neBow YacTu UIrPOBOro
nonsa (CUMBONM3UPYIOLWKME Fropy XJlama) Hajo NnepefBrHYTb B NpaBylo, HaBefA nopagok. Ha
pUCYHKe BBEpXY NMoKa3aHa BepCus rofIOBOSIOMKM C NATbI0 6pycoukamu, AfiviHa Camoro AJIHHO-
ro U3 HUX PaBHa 7, Camoro KOpPoTKoro — 3 (LimpuHa Bcex 6pycoukos paBHa 1). Cpasy ckaxem,
yTO ANA ee pelleHnA NoTpebyeTca caenatb He MeHee 60 X0A0B (XOAOM Ha3blBaeTCA Nepeasu-
»eHue ogHOro 6pycouka U3 ofHOM No3uuUmn B Apyryto). Kakasa nocnefoBaTenbHOCTb AeCTBUN
onTumanbHaa?

Ecnu yannHutb Kaxablii 6pycoyek Ha 1 (4To6bl UX AHbI CTanu 4 1 8) N COOTBETCTBEHHO
YBEIMUYNTb pasmepbl UTPOBOTrO Mo, TO XO0B NoTpebyeTca yxke He meHee 161. MNonpobynTe
MOHATb, NoYeMy Tak npouncxoaut. CKONMbKO XOA40B B ONTVMANIbHOM pPeLIeHnr Ansa N 6pycoukoB
C AnnHamm ot N -1 po 2n - 2? MonyynTca N1 y BaC HaTN CBOW MHTEPECHble KoHbUrypaumm?

Kenaem ycnexal

B.)Kypaernes
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VICTOYHWKIM 2NeKTprYecTBa

JLALLKUHA3U

Mbi caenaem snek TPUHECTBO Tak1M LeLUEBbIM,
Y70 XKedb cBeYin 6)/,5)/7' T0/1bKO bOra4qu.

TomMac DaMcoH

CHavana — Koe-4To O cunax

[IxogbHBIN yIeOHUK (DUSUKU TJIACUT, UTO
CyIIEeCTBYeT 4eTbipe BU/Ia B3aWMOJENCTBUM
(T.e. cu) — rpaBUTAIMOHHbBIC, HJICKTPOMAT-
HUTHBIE, CUJIbHBIE 1 caabbie. U naer HekoTo-
poe uX cpaBHeHue — 10 pajuycy JeicTBud,
BEJIMYMHE CUJIbI U 06JIACTY IPUMEHEHM. 3a-
METHUM Cpa3y, YTO CPABHUBATD CUJIBI 110 PaJIi-
ycy JeHcTBUS MOKHO TOJIBKO, €CJIU 3TOT
pazamyc orpeiesieH 0JHO3HAYHO, a BOOOIIEe-TO
JIydIIie TOBOPUTD «3aBUCHMOCTB OT PACCTOSI-
nugy. [lasee, ecau y» cKasau IIpo 3aBUCH-
MOCTb OT PACCTOSHWS, TO MOXHO YTO-TO
n3peub U PO 3aBUCUMOCTb OT BPEMEHH, T.€.
IIPO CKOPOCTH pacipocTpaHeHus. IIpo cko-
POCTb PACIPOCTPAHEHNUS OJJHOTO U3 TUX Ye-
TBIPEX B3auMO/IeiicTBUIl y4eOHUK BecbMa
VIPOIIEHHO, HO XOTb YTO-TO TOBOPUT, IIPO
JIPYT'YIO CKOPOCTb €CJIM U TOBOPUT, TO JIUIb
IPE/III0JIOKUTENBHO, a ellle PO J[Be BOOGIIe
Bce Mosyat (XOTsi HHOT/Ia aBTOPbI YIIOMUHA-
0T PO BpeMsi B3aumoieiictsust). To, uto aTu
B3aMMO/IEHCTBIS pPeaTbHO PACIIPOCTPAHSIOT-
¢S Ha CTOJIb MaJIble PACCTOSTHUS, UTO BpeMsI
He TMeeT 3HA4UeHNs, He oTroBopka. Jlormka
JIOJDKHA cOOMTIOAAThCS, YIIOMSIHYTh Hajto. Hy
1 HAKOHEI[, CPAaBHUBATD CUJIBI Pa3HOI MIPHUPO-
JIbI CTPAHHO — OHU 3aBUCSAT OT PA3HbIX Tapa-
MeTpoB (J1a ele U T0-PasHOMy OT PacCTos-
HUST).

Bonpoc 1. Yto MOXXHO cKaszaTb O CKOPOCTH pac-
MIPOCTPAHEHUST BCEX B3anMO/ICHCTBIII?

Pas y nac derpIpe THIIa B3anMO/IENCTBUI,
TO MOKHO OKMJIaTb, YTO BCE, O 4eM paccKa-

DOT: https://doi.org/10.4213/kvant20200401

3aHO B yueOHUKe, TIPUBSI3AHO K ITUM B3ANMO-
JeficTBUSAM. [ paBUTAIIMOHHOE B3AaMMOICICTBIE
MTPOSBJISIETCS B IBUXKEHUN TIJTAHET U CITyTHH-
KOB, 60Jiee cepbe3Hblie MPo6IeMbl yueGHIKN
HE pacCMaTpUBAIOT, XOTS PACCKa3aThb KOE-4TO
o mouxax Jlazpamxa, Kpueou epaweHus
2anaxmux, npobaeme mpex meJ, zpdeumd-
UUOHHOM MAHesPe U YCMOUUUBOCTIU COTIHEU -
1Ol cucmemol BoHE GbLIO GbI MOKHO.! U
9TO — YaCTbIO KaK peMieHne, a JacThio KakK
MIOCTaHOBKA 3a/1aun — BIIOJIHE ObLJIO ObI 110-
JIE3HO [IJIST YSICHEHWST KapTUHBI MUPA U TIPH-
MeHeHNs (PU3NKU. DIEKTPOMArHUTHOE B3am-
MO/IeiiCTBUE TIPOSBJISIETCS B yueGHUKE B 3apsi-
Jle ¥ T0Je, MOTOM — B TOKE W WHIYKIUH,
TPETHIl U TTOCJIe/THNI pa3 — B 9JIeKTPOMarHuT-
HOM II0JI€, T.€. B cBeTe U pajuo. Ba apyrux
B3aUMO/IEHCTBUS OCTAIOTCS HA YPOBHE CJIOB.
BosHuukaer Borpoc: a BeCb OCTaJIbHOI yueb-
HBI MWD — TPEHWe, PeaKIsl OMOopbI, YIPYy-
TOCTb, CBOICTBA TBEP/IBIX TeJI, KUKOCTEN 1
Ta30B — 3TO UTO?

[IpuxogmTcst mpusHaTh, YTO 3TO BCe —
9JIEKTPOMArHeTH3M, HO 00 9TOM YYeOHWK
MHOT/Ia YTO-TO TOBOPHT, MHOT/IAa MOJYUT. A
KOT/Ia CTAHOBUTCSI COBCEM HEBTEPIIEXK, T.€.
KOT/Ia 3aXO0/INT Peub 0 baTapeikax, — BBOIST-
CsI TIOHSITUS «CTOPOHHUE CUJTBI» U «XUMUYEC-
Kag sHeprus». Tak BOT — Bce aTO 3JEKTPO-
MarHeTusM, HO IOCTPOUTH HA OCHOBE 3aKOHOB
3JIEKTPOMArHeTH3Ma IOJHYIO U I0CJe0Ba-
TeJbHYIO TEOPUIO TPEHUS, YIIPYTOCTH, TTPOY-
HOCTH W T.JI. COBpeMeHHas (U3MKa MOKeT
JIMIITb YACTUYHO. A B T€X CETMEHTaX, B KOTO-
PBIX 3TO BO3MOXKHO, TEOPHS MOJTydaeTcs Ha-
CTOTBKO CJIOKHOW, UYTO WM3JIOXKUTH €€ W B
YHUBEPCUTETCKOM YIeOHUKE — & B IITKOJIBHOM
teM 6osiee — Hesb3st. [loaromy sogu ripube-
rafoT K TIPOMEXKYTOYHBIM MOJICJISAM, TTapaMeT-

! Ecom TEPMUH HAIKUCAH KypPCUBOM, 3HAYUT, O
HEM MOJKHO HaiiTn MHQOPMAIMIO B WHTEPHETE.



MCTOYHHUKHU ODJEKTPHUYECTBA

pbl KoTOpbIX (KoadduimenT tpenus, yupy-
rOCTh, TIPOYHOCTD U T./1.) OIPE/ESIOT IKCIIe-
PUMEHTAJIbHO, a IIOTOM IIBITAIOTCS CBS3aTh
3TH TTapaMeTpbl MEXKIy co60ii, TPOABUTASICH
K JYaeMOMY TOHWMaHWUIO yCTPOIcTBA HAIIETO
Mupa. MHoTAa 3T0 MOKHO, HAa KAYeCTBEHHOM
ypoOBHe, c/ieq1aTh U B LIKOJIE.

Bonpoc 2. Kaxoii koaddunnent tperus 60b-
11e — TBEP/IOr0 MaTepHaJIa 110 TBEPIOMY HJIH TOTO Ke
TBEPJOTO 1O MATKOMY ? Kak BBITJIAANT 3aBUCUMOCTD
JIMDJIEKTPUYECKON TPOHUIIAEMOCTH OT YaCTOTBI JIJIST
HENoMAPHOIT xuaKocTn (HanpuMmep, KUK apron)
u noJsgpHoit (Harpumep, Boja)?

DKBMUBANIeHTHaA CXemMa — 4YTOo 3T0?

Ceituac ipu6erneM K MpoMeKyTOYHOI Mo-
JIeJTN 1 BBEJIEM TIOHSITHE GHYMPEHHEeZ0 CONPO-
mueienuss ICTOYHNKA 371eKTposHeprui. [loz-
KJIIOYMM HAIl UCTOYHHUK K HePEMEHHOMY CO-
[IPOTHBJIEHUIO, W3MEPUM 3aBUCHUMOCTb BbI-
XO/THOTO HATIPSKEHWS U TOKa B HArpy3Ke OT
COTMPOTUBJIEHUS ¥ TIOCTPONM Tpad UK 3aBUCH-
MOCTH Hampspkenust ot toka (puc.1). Ira
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3aBUCUMOCTD HAa3BIBACTCS HAZPY30UHOU Xd-
PAKMEPUCTUKOU UAU BOJbM-AMNEPHOU Xa-
pakmepucmuxoi. Bo muorux ciyvasx (Ha-
NpuMep, /ISl TAJIbBAHUYECKUX UCTOYHUKOB —
GaTapeek M aKKyMyJSTOPOB) OHa GJHM3Ka K
psIMO¥i. A pas Tak, TO BO3HUKAET MBICJIb —
MIPEJICTABUTDH UCTOYHUK IKBUBANICHMHOU CXe-
Mmoti n3 uneaapbHoro ucroununka IJ/IC u co-
MPOTHUBJIEHUSI. DKBUBAJIEHTHASI CXeMa — 3TO

cxeMa M3 W/IeAJbHBIX B KAaKOM-TO CMBICJIE
3JIEMEHTOB, KOTOpasi BeleT ceGsi TTPUMEPHO
TaK JKe, KaK peaJibHOe YCTPOUCTBO.

[Touemy BOOGIIE SKBUBAJEHTHDBIE CXEMBI
TTOJTY YT MU POKOE pacrpoctpanenune? [Ipu-
YIHA ATOTO <«CJydaiiHay: JIOAW MO3THO CO-
3/1aJTi KOMITBIOTEPHI. [[€JT0 B TOM, UTO KOMITh-
I0TEPY MOXKHO €Oo00maTh uHMOPMAIUIO O
KOMIIOHEHTAX CXEMBbI B JI060 (popMe 1 MOK-
HO HAIICATH IIPOTPAMMY, KOTOPAS — €CJIH 9Ta
udopMaIysl TOJHA U HEIPOTUBOPEUNBA —
cienaet pacyer cxembl. Ho ecsin 3aBucumoc-
TH, KOTOPbIE XapaKTepPU3yIOT J€MEHTBI, Ha-
[IPUMED BOJIbT-aMIIePHbIE XapPaKTEePUCTUKM,
HeJTMHENHbIe, TO 06bEM BbIYNCJIEHUN OKA3bI-
BAETCS CJUNIKOM BEJIMK JIJIST PACUETOB BPYY-
Hy1o0. [ToaTOMY 1 BOZHUKJIO KOT/1a-TO TIOHSATHE
9KBUBAJICHTHBIX CXECM.

Ha 3ape ¢wusukm amekTpuvectBa, KOTIa
JIOJM O TOM, KaK TeyeT BOJ/Ia, XOTb YTO-TO
3HAJH, A 9JIEKTPUYECTBO OBLIO COBCEM BHOBE,
JUIST PACCMOTPEHMST 3JIEKTPUYECTBA TIPHU TIpe-
MO/TABAHNHT TIPUMEHSIJIACH «THAPOINHAMITUEC-
Kast aHaJIOTUST» — MIPOTEKAHKE TOKA paccMaT-
pUBAJIN KaK TeYeHUe BO/IbI.
Co BpeMeHEeM CHUTyalusi WH-
BEPTUPOBAJIACH — JIJISI OITHCA-
HUS TUAPOIMHAMUKHI CTAJTH UC-
MOJb30BATH JJIEKTPUUECKUE
CXEeMBI, TOXE€ B HEKOTOPOM
CMbICJIe SKBUBAJICHTHDIE. J[Jst
paCIIuPEHNs KPYro30pa MOK-
HO CIIPOCUTDH B MHTEPHETE IK-
ﬂRﬂ BUBANIEHMHBIE CXEMbL 2UOPAB-

L, JUUCCKUX CUCTIEM UM IKGU-
BANEHMHBLE CXEMbL NEKMPO-
MOMOPO8.
Tenepp BepHeMcst K Harpy-
¥, +r, ~ r, 304YHOI XapaKTEPUCTHUKE, C/Ie-
JIAeM HECKOJIBKO 3aMevYaHuii n
3aainM BOIIPOCHI. 3amMeva-
HUe TepBoe — KpalHue TOUYKN
HA3BIBATOTCS HAIPSIKEHNEM XOJIOCTOTO X0/
1 TOKOM KOPOTKOTO 3aMbIKaHUs, UX CBA3b C
mapaMeTpaMy 3KBUBAJCHTHOW CXEMbBbI Oue-
BU/HA — ee MOXXHO YBUJETb Ha PHUCYHKE.
3aMeuanyie BTOpOe — IOHSITHE BHYTPEHHETO
COTIPOTUBJIEHUST CO3/IAHO JIJISI ONUCAHUS Ha-
IPY30YHOIl XapaKTePUCTUKHI, U OHO COOTBET-
CTBYET UMEHHO JIMHeHOI Mosesn. Ecou Mbl
XOTUM HCIIOJIb30BATh €r0 PACHIUPUTENHHO U
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BbIYUCJIATD €ro /IJIA pa3HbIX YUYaCTKOB pe€aJib-
HOI XapPAaKTEPUCTUKU, TO OHO OKaKeTCA [1JIA
HUX HECKOJIbKO Pa3/JIMYHbIM.

Bonpoc 3. Eciiu BosibT-aMIiepHasi XapaKTepucTu-
Ka TPH MaJbIX TOKaX BBIMYKJA BHU3, a MpHU 00JIb-
MIUX — BBEPX, KaK HA PUCYHKe 1, TO P KAaKUX TOKAX
BHYTPEHHEE COMPOTHBJCHUE OKaykeTcsi GOJIble 1
mpu Kakux Menbie? U ere — MOKHO JIM UCTIOJIB30-
BaTh MOHSTHE BHYTPEHHETO COMPOTUBJIEHUS [IJIST OTI-
Pe/IeICHNUS TETLIOBbI/ICJICHUST BHY TPU UCTOUHUKA JICK-
TPOIHEPTUH ?

3aMeuaniuie TpeTbe — BbI, HABEPHOE, 3aMe-
THUJIM, YTO 3/IECh MCIOJb3YETCSI TEPMUH <UC-
TOYHUK dJIE€KTpodHeprum» Jluib oauH pas
MeJIbKHYJI0 «icTOUHUK I /[ C», 1 910 6bLIO HE
carydaitHo. B rrkoste BbI BIlepeMeKKy UCTIOJb-
3yete BbIpaskeHUs1 «ucTouHNK I /IC» 1 «irc-
TOYHWK TOKa». B ¢usmke, a TouHee B ee
WHXKEHEPHO-PU3MUECKOi 06/1acTH, KOTOpast
nazpiBaetcss TOI — Teopernyeckne OCHOBBI
daexTporexHukn (HEKOTOPbBIE CTYHAEHTHI
B3/[POTHYJIN), 9TH JBa TEPMUHA O3HAYAIOT
HEKOTOpbIE U/I€ATU3NPOBAHHbIE UCTOUHUKI
2JIEKTPOIHEPTUH. A HUMEHHO, <«HCTOUHUK
IIC» — 210 TaKol, y KOTOPOTO Ha BHIXO/I-
HBIX KJIeMMaX BCET/Ia OJIHO ¥ TO JKe HaIlPsiKe-
Hue (MMEHHO 9TO UMEJIOCh B BUJLY BBIIIIE, TaM,
I/Ie OH e/IMHCTBEHHbIN pa3 ObLT yIIOMSHYT). A
«HCTOYHWK TOKa» — 3TO TAKOH, depe3 KJIeM-
MBI KOTOPOTO W Yepe3 BHENTHION TIeMb MPOoTe-
KaeT BCET/Ia OJWH U TOT K€ TOK.

Bomnpoc 4. O6bscHuTe, TOUEMy 3TO He BCeTAa
B03MOskHO. [Tojtymaiite, B KaKIX yCJIOBUSAX paboTaeT
Takas MOJEJDb, W HPHIyMaiiTe MOJeNb PeasbHOro
HCTOYHHUKA C MCIOJIb30BaHUEM He ncroynmnka JJ[C
(kax BbllE), a HCTOYHMKA TOKA.

A Tenepp nonpo6yeM BBIITU 32 TIPeIeJIbl
KOHIIOB HATPy304YHOU NpsaMoii. Beap He 3ps
JKe Mbl Ha3Ba/M ee IPSAMOIl, a He OTPE3KOM
(310, KOHewno, mryTka). Ho cHawana eme
OJINH, YUCTO TTKOJBHDBIH, BOTIPOC: KaK BIOJb
Haleil mpsiIMOil — KOTOpast MOoKa 4YTO OTpe-
30K — MEHSIOTCSI MOIITHOCTH MCTOYHIKA, MOIII-
HOCTD B Harpy3Ke u K0 OUIUeHT MoJae3Horo
nericteuga? Ecum 1oap30BaTbcd MOJEIBIO C
uctounukom IJ/IC, kak Ha pucynke 1, To
MOIITHOCTD, CO3/laBacMasi MCTOYHUKOM, pac-
TeT ¢ TOkoM oT P = 0 go P = &I = é‘z/r.
MorHOCTh B Harpy3Ke MPOXONT Yepe3 MaK-
CUMYM TIPU COTTPOTUBJICHUH HATPY3Ku R =7,
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a MOIIHOCTD, BBIJEIAONAsACA B UCTOYHUKE,
pacret Kak 7/ 2 r.e.BcO JIOPOTY — HE CIIaJINTe
ncrounnk! Hy, a KIT/[ cootBeTcTBeHHO MTaia-
er or 100% no 0. Ilpu corsacoBanHoil Ha-
rpy3ke 310 50%. Bce aTir OTBETBI MOYKHO /1aTh
6e3 BbIUUCJIEHUII, IIPOCTO MOCMOTPEB Ha CXe-
My ¥ HEMHOTO MOyMaB.

A rerepp — «1oBepx 6apbeposs ! Uto Gyner
C HATPY30YHOU XapaKTEPUCTUKOMN, €CJH TOK
O6yner 6oJibllle TOKA KOPOTKOTO 3aMbIKAHS
niu Gy ieT Teub B 06paTHyio cTopony ? Boi Bce
(Hy, ouTH BCe) Je/IaeTe 5T0, a HEKOTOPhIE —
eKeIHEBHO. Pasymeercst, I8 TOTO 4TOObBI
MIPOITYCTUTD Yepe3 Harpy3Ky TOK B 06PATHYIO
CTOPOHY, HY>KEH ellle OJINH UCTOUHUK HaIPsI-
JKeHUs, TpmdyeM He Kakol momaso. Kakoit
’ke? U Kak ero BKIIOYUTH? A 4TOOBI TIPOITY-
CTUTb 4epe3 HarpysKy TOK, OOJIbIINN TOKa
KOPOTKOT'O 3aMBIKAHSI, TOXKE HYKeH IOMOJTHI-
TEJIbHBIN NCTOYHUK, TIPUYEM TYT €T0 U BKJIIO-
4yaTh H/I0 MHAYe, 1 Tpe6OBaHuil K HeMy Oy/1eT
He o/1HO, a jiBa. Tok B 06paTHYI0 CTOPOHY —
3TO MPOCTO PEKKUM 3apsijia. A MOYeMy aKKy-
MYJISITOPBI 3apsiKAIOTCS, a GaTapeiKku WJn
COBCEM HET WU OYeHb ILJI0X0, YUTaliTe B
UHTEPHETE, KJI0YeBOE CJIOBO — 0enoaspusd-
mop. Tak BOT, 4TO6BI TOK Yepes HaTPy3Ky TeK
B O6PaTHYIO CTOPOHY, B HATPY3KY BKJIOYAEM
UCTOYHUK ¢ 6ouipiieit I/]C, 4veM y OCHOBHOTO
MCTOYHUKA, TPUYEM HABCTPEUy. A 4TOODI TEK
TOK, GOJIBITTHI TOKa KOPOTKOTO 3aMBIKAHUS, B
HArPY3KY BKJIOYaeM MCTOUYHUK C GOJIbIIeit
D/IC, ueM y OCHOBHOTO, TIPUYEM TaKOIi,
arobor (6, + 6,)/(r, +1,) > & /r,.

06 ycTponcTBe GaTapenku

[Ipumra mopa CopoCHTD, OT Yero 3aBUCST
mapameTrpel ¢ m 7. Korga Mpl omyckaem
POBOAHUK (B YACTHOCTH, METAJJI) B HJIEKT-
POJIAT, NOHBI U3 METAJJIa HAYMHATOT TIEPEX0-
JINTh B PacTBOpP M OOPaTHO. ITH TMOTOKU
3aBUCST, B YACTHOCTH, OT TPOYHOCTHU PeEIeT-
KU TIPOBO/IHNKA, KOHIIEHTPAIIUU UOHOB B Pa-
cTBOpe U TeMIiepatypsl. [Ipu nepexoie HOHOB
9JIEKTPO/I 3APSIKAETCS M BO3HUKAET PA3HOCTD
MOTEHI[UATIOB MEX/Y JEKTPOIOM M PACTBO-
poMm, o6pasyercsi 080UHOU NeKMPUUECKUL
c0ii. B Witore yctaHaBIMBaeTCS Takas pas-
HOCTH TIOTEHIAJIOB, YTOObI MOTOKHW CPaBHS-
JIICh ¥ BO3HUKJIO TTHAMIYECKOE PABHOBECHE.



NMCTOYHHUKHN ODJEKTPHUYECTBA

Ecam orrycTutb B 9TOT 3Ke 3JIEKTPOJIUT IPYTOLt
[IPOBOJIHUK, TO y HEro IIOSIBJISIETCS CBOI
MOTEHIINAT OTHOCUTEJIbHO 3JIEKTPOJIUTA, OT-
JITYATOTIIICS OT TOTO, KOTOPBI TTOSIBUJICS HA
nepBoM aJ1ekTpozie. Takum 06pa3oM BO3HUK-
JIa Pa3HOCTD MOTEHITMATIOB MEKIY JEKTPO-
JlaMU, MBI M300peH 2ab8AHUYECKULL de-
menm.

Yro6bl pacmuputb 06pa3oBaHne U Mopa-
3UTBCSI YeJIOBEUECKOI M306pPEeTaTebHOCTH,
MOKHO HaOpaTh B MHTEPHETE pe3epeHble 2aib-
sanuueckue nemenmol. Keratu, Bbl Jadke 13
IIKOJIbHOTO y4eGHUKA 3HaeTe, 4TO ObIBAIOT
9JIEMEHTBI C JBYMSI PA3HBIMHU 3JIEKTPOJIUTA-
MU, pas/ieIeHHBIMU MOJYTTPOHUIIAEMOI MeM-
6paHoIf; Tak 4YTO 3/1eCh JaHA CUJIBHO YIIPO-
IeHHast KapTuHa.

Uto KacaeTcss BHYTPEHHETO COMPOTHBJIE-
HUSI, TO OHO CBSI3aHO, KaK OGBIYHO, C COMPO-
THBJIEHUEM CPEJIbl, M0 KOTOPOU BbIHYKIEH
TEYb TOK. JTO — JJEKTPOJHT, T.e. TO, UYTO
HAXOUTCS MEXKY d71eKTpogamMu (1 BBIBOIBI,
HO UX COTIPOTHUBJIEHNE OOBIYHO TIPeHeOPeK-
MO Masio). Bupouem, pas HarpysodHas xa-
pPaKTepUCTHKA He JIMHEHHA, TO COIPOTUBJIE-
HUe He MOCTOSIHHO, & CaMO CJIOKHO 3aBUCHUT
ot Toka. [IpruemM ecsm MBI TpON3HECIN CTOBA
«JIBOWHOHM 3JIEKTPUYECKWIT CJIOW», 3HAUWT,
MBI TPU3HAJIH, YTO Cpe/la HeOTHOPOoaHA. BHYT-
pEeHHee COMPOTUBJICHIE, KaK eMY ¥ TOJI0KEHO
(omuuTe R = pL/S?) neiicTBUTENBHO yMEHb-
[IAETCSI TIPU yMEHBIIEHUN TOJIIITHBI U YBEJIH-
yeHUH TIomaau caosg. Ho oHo yMenbImaercs
U TIPU YBEJIUYEHUH [IEPOXOBATOCTH JIEKTPO-
JIOB, a 3TO TOBOPUT O GOJIBIIOM BKJaJe B
COIPOTHBJIEHIE UMEHHO IIPUKATOHOTO CJIOST,
TOTO CaMOTr0 JIBOWHOTO cJios. B o6uieM, mose
JUUIST UCCJIEZIOBAHMIA Y Bac 6Y/IeT — IIPUYEeM 9Ta
06J1acTh (PU3UKK OUEHD M OU€Hb BOCTPeOOBa-
Ha TEXHWKOM.

XuMudyeckne WCTOYHUKU 3JIEKTPUICCKON
SHEPTUM CO3JAI0T Ha CBOWX KJIEMMaX pas-
HOCTH MOTEHIINAJIOB, & BOKPYT HUX, COOTBET-
CTBEHHO, TOSBJISETCS HJIEKTPUUYECKOE TI0JIE.
B anekTpocratuke aTu Bely Hepas3IeIMMbl —
y 3apsiia ecTb 1noJse, cusiosble aunun (pn
BCeil YCIOBHOCTH HTOTO TIOHATHS ) KOHYAIOTCST
U HAYMHAIOTCS Ha 3apsifax. BHe anexTpocTa-
THKU MOKeT ObITb M HE TaK — eCJH KOHTYP
[IPOHU3bIBAET TIePEMEHHbIIl MATHUTHBIN I10-
TOK, TO B KOHTYDE BO3HUKAET 3JIEKTPIHUECKOE

1oJie, €ro CuJIoBblE JMHUN 3aMKHYTbI, OHU HE
HaUYMHAIOTCA M HE KOHYAIOTCA Ha 3aps/lax.
PasyMeeTc;I, TaKoe€ I10JI€ HE ITIOTECHIIMaJIbHO —
3allyCTUB B 3TOT KOHTYP 3apd/ NJjan IIPOCTO
IIOMECTHUB B HETO SaMKHYTbIﬁ IIPOBOMHUK, MBI
M3BJECYEM M3 HETO SHEPIUIo.

Bomnpoc 5. Otkyna, Kerari, OHa BO3bMETCS?

ITyctp MCTOYHUK DJIEKTPOIHEPTUU HMeEeT
PAa3HOCTH MOTEHIINAJIOB MEXKIY KIeMMaMu &
npu [ =0, T.e. Ipu OTCYTCTBUY TOTPE6IEHUS,
B PEXKHUMe XOJIOCTOro Xoja. byxer mm Ha
KJaeMMax 3apsia? MHorga yrounsior — usbpi-
TOYHBI 3apsifi, 4TOOBI He YCJBIIATb, YTO
«KaKWe-TO 3aps/Ibl €CTh BCETJA — TIPOTOHBI 1
3JIEKTPOHBI B aTOMaxX». ECTECTBEHHO, KJIeM-
MBI OYAyT 3apsiKeHbl 3apsgaoM Q = §C, e
C — eMKOCTb MEK/Ty KJIEMMaMH, TPOITOPITHO-
HasbHas pasmepy Kiaemm D. Korma mbr co-
eIMHUM KJIEMMBI COIPOTUBJeHUEM R, 10
HeMYy U 110 HUM IoTedet TOK. Ecuit Tok 6ymer
He GeCKOHEeYHO MaJi, TO HANPSIKEHe MeXIy
KJIeMMaMu yMeHbInuTcst: U < &, yMeHbIInT-
csa u 3apsia. PasHocTb 3apsiioB cOPOCHUTCS
Yyepes 9TO caMoe COIIPOTUBJIEHUE B BHJE UM-
MyJbCHOTO TOKA, AJUTEJbHOCTb ATOTO WM-
nyabca Gyzaer nopsaka T = max (RC,D/c),
TZle ¢ — CKOPOCTb CBeTa, R — COMpOTHUBIIEHIE
KJIEMM U HATPY3KH, OHO HE BKJIOYAET COTIPO-
THUBJIEHNE WCTOYHWKA 7. VHBIME cJoBamH,
0OMeH 3apsiIaMu MEXK /Iy KJIeMMaMu TPOU30ii-
JIET, JJaJKe eCJId Mbl PA30PBEM I€ITh UCTOYHI-
Ka, T.e. c/leJlaeM ¥ HeOTPAHIMYEHHO GOJIBIINM.

Kaszamocp Obl, 9K30THUECKAsT CHUTyaiusi?
[la, HO a6CoIOTHO peasibHasi, HAPUMED —
okcghopdckuil anexmpuueckuii 36onox. Ecin
CHJIBHO YTIPOIIATh CUTYAIUIO, TO 3TO — MasT-
HUK, IIapUK Ha KOHIIe HUTH KoJjebJeTcs,
M00YepeTHO KAcasich KOHTAKTOB BBICOKOBOJTh-
THOU 6ataped M B MOMEHT KaCaHUs 3apsiKa-
foruiicss ot Hux. lIpm atom BHyTpeHHee
COMPOTUBJIEHNE GaTapen OTPOMHO, CPEXHUN
TOK TOTpe6aeHnss HUUTOKHO Mas (ycTpoii-
cTBO pabotaer oT oxHol Garapen GoJibIie
BeKa), HO BPeMsI 3apsi/Ia BECbMa MaJIo, TI09TO-
My B UMITyJibCce TOK 3Hauutesen. [Ipu 607b-
IIIOM COTIPOTHBJIEHNN GaTapeyn 3apsii Kacaio-
IIETOCs KJIEMM IapuKa MPOUCXOIUT He TO-
KoM «6aTapen», a TOKOM HaKOILJIEHHOTO Ha
KJIeMMax 3apszaa. Bor oleHka mapaMeTpos:
£=10° B, C=10"®, 0=10" Ku,
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1=3-10""¢c, I,.=0/t=30A, omrako
CPEeIHUN TOK PAaBEH OTHOIIEHUIO Q K TIEPHOLY
kosebanuga T =1 c, T1.e. 107 A.

Heo6blYHble NCTOYHUKMN

O1HaKo He Bce NCTOYHUKH 2JIEKTPUIECKOI
SHEPTUM MMEIOT HATPY30YHYIO XapaKTepHucC-
TUKY, TIOXO0XYIO Ha IPSIMYIO, €CTb M COBEP-
IIEHHO /IpyrHe cutyanuu. B yactHocTi, nHa-
4ye BeAyT ceOsl UCTOYHWUKHU DJIEKTPUUYECKOI
9HEPruu, UCIOJb3YIOINE SHEPIHUIO, BbIIeIs-
I01ILyI0CS [IPU PAIMOAKTUBHOM pactiajie. Pac-
MAJIAIONINICS aTOM — caM TIo cebe TpeoOhpaszo-
BaTesb BUOB 2HEPIHH, T.€. BHYTPUSAEPHYIO
9HEPTUIO OH MpeoOpasyeT B MeXaHUYECKYIO
3HEPIUI0, TOUHEe B KHHETHUECKYIO HEPIuio,
MPO/IYKTOB pacnajia IJoc MOTeHINATbHYO,
€CJIM OHU 3apSKEHDI, TITI0C 3JI€KTPOMarHuT-
HYIO, €CJIN 3TO KBaHTHI. /lajiee ecTb HECKOJIb-
KO BapuaHTOB Mpeo6pa3oBaHus, OJIUH U3
HUX — 4yepe3 Terio. YacTuilbl TOPMO3ATC B
cpene, sHeprusi Mpeo6pa3yercss B TEILIO
(yacTb — B paspylieHHe MeKaTOMHBIX CBsl-
3eil), a Jajblie ecTb MHOTO Pa3HbIX CIOCO-
6OB, caMbIil paCTIPOCTPAHEHHDBIN — Yepe3 Tep-
MoasekTpuuectBo (PHUTII), BO3MOKHBI U
npyrue. O611Ie 0630PhI ATUX METO/IOB €CTH B
WHTEPHETE.

PaccmoTtpum He TemnioBble Iy TH TIpeBparliie-
HUS 9HEPTUN PAJMOAKTUBHOTO paclaja B
3JIEKTpUUecTBO. Bo3bMeM /iBe TIACTUHBI U3
[IPOBOJIHMKA, HaHeceM Ha O/IHY M3 HUX pa-
JINOAKTUBHBIA M30TOII, [TOMECTUM 3TH ILJaC-
TUHBI B BaKyyM, c/leJlaB OT HUX BbIBO/bI. B
HEKOTOPOH CUTYyallMK MeXX/1y BbIBOJAMM Hay-
HET pacTu HalpsoKeHue. DBpICTpo JM OHO
OyJZIeT pacTh U KaKOH BEJIMIUHDI JJOCTUTHET?
Pactu oHO 6GyJeT, TOJBKO €cJi TIPU pachaie
BBLIETAIOT 3apsKeHnble yacTuier (o mmm )
1 TIOTIQ/1a10T Ha BTOPYIO myactuiy. CKopocThb
pocTa mporopInoHaIbHa KOJNYEeCTBY pacra-
JIOB 34 €/IMHUILY BPEMEHHU, 3apA/1y YacTHIl 1
06paTHO TPOMOPIIMOHATbHA EMKOCTH:
U=0Q/C, a AUJAt=AQ[(CAt) =1I]C, rtne
I — rox atux vacruil. Pactu U Oynet n0 Tex
1OP, MOKA YTO-TO HE MIPEKPATUT 3TOT TOK UJIN
e BO3HUKHET TOK YTE€UKH 110 060JI0UKe, WIN
He TIPOM30¥/IeT BaKyyMHBIH 1PoOoil 160
po6oii o Bo3ayxy. Ho ecoit Bce cKoHCTPY-
MPOBAHO MIPABUJIBHO, TO yTeUeK U Po6OeB He
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6yzieT, a HaNpsKEHNe MEXKIY dJIeKTPoAaMu
MOCTENEHHO YBEJIUYUTCS /0 TAKOTO, UTO 3a-
PSKEHHBIE YAaCTHIIBI TTPOCTO MEPECTAHYT J10-
JIETATh JI0 BTOPOTO AJIEKTPO/Ia. JTO MPOU30ii-
JleT IMEHHO TOT/la, KOT/la HalpsDKeHHe, YM-
HOXKEHHOe Ha WX 3apsl, CPaBHAETCS C WX
MCXoAHOI sreprueit (puc.2; 3mech CIIomHasS
JINHUS — W/leaTu3alinst, MTPUXoBas JTUHUAS —

1 U f

R Rmax E

Puc. 2

6JIMKe K PeasbHOCTH, e — 3apsifl, & — dHep-

rug, I~ — TOK 3apsyKEHHbIX vacrui). Te-
mepb MBI MOKEM COOOpas3uTh, Kakoil 6ymer
Harpy304Has KpuBas /IJIT aTOMHOW OaTapen
UMEHHO TaKOH KOHCTPYKITMHM — MBI OTOBapH-
BaeM 3TO IMOTOMY, YTO PeajbHbIC ATOMHbBIE
6arapen yCTPOEHBI MHade, W jJajee paccKa-
JKeM, Kak wmMmenHo. Ho moka — BoT ara
MIPUHIIATTHATHHAS KOHCTPYKIIMS,, TPE/TIOKEH-
nast F'enpu Mosnu 6osee 100 jer nasa.
([lnis pacimpenusi Kpyrosopa MOXKHO I0-
npo6oBaTh HAMTH B HHTEPHETE CTaThIo [15Mb
¢omozpagpuii I'enpu Mosiu W TPOUNTATD
ee.) A HarpysouHas KpuBas Gyjer coBep-
NIeHHO (haHTACTUYECKON — MPOCTO TOPU30H-
TaJbHAS TpsMas OT HYJS TOKA JO MaKCH-
MaJIbHOTO, KOT/Ia BCE 3apsI’KEHHBIE YaCTHIIHI
UMEIOT CTPOTO OJHY 3JHEPTUIO W J0JICTAIOT
Ky/la Ha/lo, ¥ CIaJl 10 HYJIS TPY JOCTIKEHUN
KPUTUYECKOTO 3HAYEHWS TOPMO3SIIET0 Ha-
npspkennd. Ilotomy uTo TOK, GOIBININI TOKA
3apSPKEHHDIX IIPOAYKTOB PACIa/ia, MOJTYyUYUTh
13 aTOMHO# 6aTapen MpOCTelIeil KOHCTPYK-
IIUU HEJIb3S.

PeasibHo sHEpruy yacTUI HEMHOTO pa3Jjnya-
10TCST XOTsI GBI TIOTOMY, YTO He BCe pachaiaio-
MIIFECS] ATOMDI JIESKAT HA TIOBEPXHOCTH, HEKO-
TOPBIM 3aPSKEHHBIM YaCTUIAM TIPUXOIUTCS
TPO6GUPATHCS K TIOBEPXHOCTU W YACTh SHEPTUN
IIPU HTOM OCTAETCS Ha MJIACTUHE — MCTOUHIKE
yactuil. Kpome TOro, He BCe 3apsKeHHbIE
YACTUIIBI JIETAT MEPHEHINKYJIIPHO TTOBEPX-
HOCTSIM 3JIEKTPOJIOB, a [IJISI TOTO 4YTOGBI He
JIOIYCTUTD [I0 IlepeceyeHns 3a30pa YacTHILy,
BBLJIETEBIIYIO [0/l YIJIOM, HYXXHO MeHbIIIee
TopMo3siiee noJie. [ToaTtomMy peasbHas 3aBu-
CUMOCTb CTaHeT MeHee KaTeropu4HOM.
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OmHako 3TO TOJBKO Havaso Guorpadpun
amomoulx 6amapeii Wi, Kak UX elle Hasbl-
BAIOT, U30Monnulx 6amapei. Best mpuMensi-
eMasl JIIO/IbMU 3JIEKTPOTEXHUKA MCIOJIb3YyeT
BITOJTHE OTIPEJICTIEHHBIN MATTa30H HaIpsiKe-
HUH 1 TOKOB. BBI pe/Iko BCTpPETUTE HATIPSLKe-
Hus G6ospmie 20—30 kB, moromy duto mpm
TUX HANPSDKEHUSX BO3HUKAIOT CePbe3HbIE
POGJIEMBI € U30JISIIIIE, & €CJTH 9TO BAKYYM-
Hble MPUOOPHI U AJIEKTPOHBI MMEIOT B HUX
BBICOKYIO HEPTHIO, ellle 1 BO3HUKAET PEHTTe-
HOBCKOE U3JiyyeHue. JIpyrumMu cjioBamu, ecyin
Ha/I0 BCE 3TO UCII0JIb30BaTh, €CTh 3JIEKTPOH-
uple 1pubopnr ¢ Hanpspkenuem 300 kB un
6oJiee 1 ecTh JTHUM 3JieKTporiepenad 500 kB
n 6ojlee — HO 3TO TIPOMBINIIEHHOCTb, a HE
OBIT, XOTS W OYEHDb BasKHbBIE JIJIS ITUBUJIN3A-
IINH, HO y3Kue ob6nactu. UTo KacaeTcs TOKa,
TO TOXXe 0c060 GONbINNE TOKW HE CIUIIKOM
YZI0OHBI — pacTeT cedeHune mMpoBo10B. Tak 4To
€CJIM JIJIT KAaKOTO-TO TTPUMEHEHUS HYKHA OTI-
peziesieHHast MOITHOCTD, TO COYETAHUS HAIPSI-
JKEHUS U TOKA MOTYT ObITh pasHble, OTpeie-
JIIETCS 3TO 9KOHOMUKOH , CXeMHBIMU BO3MO3K-
HOCTSIMHM, Tpajuiueil u t.1. Ho B o6uiem n
1[eJIOM, TO COYeTaHue HAIpPSKeHUus U TOKa,
KOTOPBIE MOTJIN OBl IaBaTh aTOMHbIE 6aTapen
TPUBUAJIbHON KOHCTPYKIUHU, KATETOPHYECKU
HeyZo6HBI. Xopomio 6bI NMETh HaMpsIKeHne
MOPSIZIKA Ha TPHU-YETBIPE MEHbINe, a TOK,
COOTBETCTBEHHO, OOJIBIIIE.

[TyTeit pemenust aToit MpoOJIEMbI TIPE/IJIO-
JKEHO HECKOJbKO, MPUYEM BAXKHO MMOHUMATD
JIBe TIPUHITNTIHAIbHBIE Belliu. YeM JTydiiie Mbl
UCTIOJIb3yeM Ty GOJIBIIYIO 9HEPIUIO, C KOTO-
pOIl BBLIETAIOT YACTUIIBI, TeM BBIIIE OyeT
KII/. [Ipyroe orpannyenue — Majgorabapur-
HOE YCTPOHCTBO HE MOXKET UMEeTb Ha BBIXO/I-
HBIX KJIeMMaX BbICOKOE HallpsKeHHe, HHaue
npousoiijieT npoboii. ManorabapuTHoe ycT-
potictBo ¢ BoeicokuM KII/[ momxHO Kak-TO
HCTOJb30BATh BBICOKYIO JHEPIHIO YaCTHUI
BHYTPH cebst, BO UTO-TO ee TTPeo6pa3oBbIBas.
[TocMoTpuM, Kakue BapUAHTbI TTPE/TOKEHDI.

[TepBorii — 3apsKeHHbIE YACTUIIBI TIOTTA/1a-
0T B IUJICHKY TIOJYTIPOBOJHUKA, T/le OHU
TOPMO3SATCS W OTAAIOT CBOIO HHEPTHUIO HJIEKT-
ponam. Camo 110 ce6e 9TO IPOCTO YBETMYNBA-
Jio 6bI TIPOBOJUMOCTD, TI09TOMY ILJIEHKA He
O/THOPO/IHA, 3TO P—h-TIepPexXoj| C JBYMS, Kak
€My U II0JIOXKeHO, BbiBolaMu. TopMosdinuecs

B p—n-1iepexo/ie GbICTPble EPBUYHbIC HJIEKT-
POHBI TIOPOXKIAIOT 3JEKTPOHHO-/bIPOYHBIE
mapbl, T0JIe Mepexo/a PAaCTACKUBAET 3JIeKT-
POHBI U IBIPKH B Pa3HbIe CTOPOHBI, HA BBIBO-
JlaX HAKAILJIMBAIOTCS 3apsifibl, W, TOICOE/IH-
HUB K BbIBOJIaM HArpy3KYy, MbI ITOJTYyYUM TOK.
OanH 2IeKTPOH ¢ 9HEPTHEH B KUJTO3JIEKTPOH-
BOJIBTBI TIOPOXKIAET TBHICSYM AP, KaXKIast
NMEET B THICAYU pa3 MEHBIIYIO 9HEPTHUIO, HO
3aT0 UX B Tbicauy pas GoJibllie — 3TO U
obecnieunt yBesnuenue toka. [IpaBaa, mpu
or6ope TOKa 3JEKTPOHAM IPUXOJUTCS IIPO-
6upaTbCsl CKBO3b CJIOW IOJIYIIPOBOJHUKA, U
BOJIbT-aMIIEpHAsl XapaKTePUCTHKA MPHOGpe-
TaeT YepThl TOTO BapuaHTa, 4To ObLT y 6aTa-
peek — mpu 0T60PE TOKA HATIPSKEHUE 3aMeT-
HO TIQIA€ET.

[Tpo6eM y Takoit KOHCTPYKITUU HECKOJIb-
KO, W OflHa — 00Iast cO BCEMU ATOMHBIMU
GarapestMu. A UMEHHO, BBIOOD U30TOIIA U €r0
kosmdyectBa. [lepwon mosypacmaga — 3TO
TEMIT TAJeHUs] MOIIHOCTH CO BpEMEHeM u
CPOK CJIy:KObI 6aTapen; KOJINIeCTBO U30TOIA
U SHEprust IMPOJIYKTOB PACIIajia — 9TO MOII-
HOCTb 6arapeu, ee OIACHOCTD [IJIs1 OKPYKAI0-
KX, a ecau oHa Oy/IeT JIeTaTh B KOCMOCe —
TO 9TO TOCJIEJCTBUS MPHUOBITHS HA 3eMJIIO C
paspymuieHneM B aTMocdepe ¥ 3apaskeHHeM
(ysKe GBLIN TIPETEIEHTHI) U €€ OMTACHOCTD JIJIST
OKpyZKalonux ycrpoiicts. Hampumep, moury-
MTPOBOIHUKOBBIE TTPUOOPDI HE JIIOOAT, KOT/Ia
ux obayuaior. EcrectBeHno, ectb ere o01ie-
TeXHWUYECKNEe MPO6JeMbl — BeC, TabapuThl,
CTOUMOCTbD, CPOK CJIYKObI, HAIEXKHOCTD, HHOT-
Jla PEMOHTOTIPUTO/IHOCTD, TTATEHTHAS YUCTO-
ta. [larenTHas yncrora BaskHa, ecu cobupa-
I0TCSI TIPOM3BOJUTD ¥ JIETAJbHO IIPO/IABATDH
npu6opbl. Bec u ra6aputhbl — ecii 910 HOCH-
Masi, Bo3mMast, 60pPTOBas ammaparypa JeTa-
TesbHOTO cpencTtBa. CaMoe WHTEpecHOE —
CPOK CJYKOBI W HAAEKHOCTH, MOTOMY YTO
nHOTAA Jryutie cpok cay:k6sr 10000 gacos ¢
HajzeskHocThio 0,9, a wHorAa Jsyurre 5000 u
0,95 wim 1000 u 0,99... (moxymaiite, Korma
u nouemy).

Eie oxna mpo6JieMa, KOTOPYIO TOKE MOJK-
HO Ha3BaTbh OOIIETEXHUYECKON, — 3TO MPUH-
[UIUATbHAS KOHCTPYKIUSI, OITUMU3AIIMI
napaMeTpoB, BBIGOD MaTepUaoB M pasMe-
poB. Hampumep, B faHHOM ciyyae HY’KHO
BBIOPATh ONTUMAJIBHYIO TOJIIUHY CJOS, CO-
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JIEPIKATIETO U30TOTIT, — YTOODI YaCTH-
1IbI HE 3aTOPMO3UJINCH B HEM CAMOM.
W BpIGpaTh ONTUMAJBHHBIN TOJTY-
MPOBOJIHUK, 4TOOBI OH, HAIPUMED,
HE pas3pymiajcs W3JydeHueM. IJTH
BOIIPOCBHI MCCJAEAYIOTCS, 00CYKIe-
HUS BbI JIETKO HalijleTe B JIUTEPATy-
pe. Ilo curyanum Ha cerojmns, B -
Ka4yecTBe N30TOTA UCTIOIB3YIOT Tpu-  PAC 4
uit T (on sxe *H) n nukesn-63 (om xe ©Ni),
B KauecTBe TOJIYIIPOBOHIKA — KpeMHuil Si,
kap6un kpemuus SiC, HUTpUJ W apCEHU]
rammst GaN m GaAs wam anmaz C. Ha
pUCYHKe 3 TpeJCTaBJeHa BOJbT-aMIIepHAs
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Puc 3 I, MRA
XapaKTEePUCTHKA OITUMHU3UPOBAHHOIO UCTOY-
HUKa Ha HUKeJe U aaMase.

Bomnpoc 6. Kax Bor gymaete, Gyer i ipu paGore
aTa Garapeiika IPeTbest, B KAKOil TOUKe XapaKTepuc-
THKN Garapeiika Gy/IeT OT/[aBaTh B HArPY3Ky MaKCH-
MaJIbHYIO MOIIIHOCTb U B KaKOﬁ TOYKE 6y[[eT MUHmuMa-
JIEH Harpes.

[Momo6HOE yCTPOWCTBO MOKET U HE MMETH
JIBYX 2JIEKTPOJIOB — C U30TOIIOM U Ge3 OHOTO,
U30TOI MOJKET IPOCTO KOHTAKTUPOBATD C
MOJIYTIPOBOIHUKOM. B aTOM ci1ydae BbICOKO-
SHEPreTHYHbIM YACTHIIAM HE HY)KHO TIepece-
KaTb BaKyyMHbII 3a30p — PO/MBIIKICH, OHU
cpa3y HAYMHAIOT PACIPOCTPAHSTHCS CKBO3b
MOJIyIIPOBO/THUK,, TOPMO3SICh M TOPOSKIast MHO-
TOUNCJIEHHbBIE HI€KTPOHHO-BIPOYHbIE TTAPBHI.
Taxwe Gatapen (puc.4) ysKe BBITYCKAOTCS
cepuiino, ux Hanpsukenue 0,75-2,4 B, Tok
0,05-0,3 MKA, cpok cay:x6e1 20 Jner. Pac-
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najatonuiica usoron — tpuruil T, 1mosromy
yepes 12 jieT TOK najiaeT B/[BOE, TOJTYTPOBO/I-
HUK — KpeMHuit Si.

Bosee Toro, Mo:xHO, TO KpaifHeli Mepe
TEOPeTUYeCKU, MOUCKATh BAPHUAHT, KOTAA
U30TOII SIBJISIETCSI OJIHUM U3 DJIEMEHTOB, BXO-
JSIIIUX B TOJynpoBoAHuK. Hanpumep, ecin
HCII0b30BaTh u30Ton yraepoa-14 (on ke
"C), 10 MOXHO TONPOGOBATH B KauecTBe
MoJIyTTpoBOIHIKA aaMa3 C nirm kapOuI KpeM-
nug SiC. Taxkue waew mpeaaraanch, M 10-
CKOJIbKY TIepuoJi ToJypacmtaja 3aech 5700
Jet, To GaTtapeiika mosyvaercss BeuyHoi. Ho
ATOT TTapaMeTP TOYUTH JIJIS BCEX MPUMEHEHU
(kpoMme mosiera K IKCmpacoIHeuHbIM NAdHE-
manm) 6yieT u36bITOYEH, a MOTITHOCTh OTHOCH-
TesibHo Masia. KeraTtu, mpu HEKOTOPBIX yCJI0-
BUSIX U Irpad)eH CTAHOBUTCS TOJIYIIPOBOIHI-
KOM — TaK 4TO €CTb, O YeM MOPaHTA3UPOBATD.

[Ipeamarancs m Takoit BApHAHT — BBICOKO-
9HEPTeTHYHbIE YACTHUIIBI BO36YKAAIOT JTIOMH-
HECI[eHIINIO, 3TOT 3(pQEeKT M3BECTEH W WC-
nosib3yercsi. Bor, Hanpumep, uMeioTcs 6pe-
JIOKK ¢ TputneM n moMmuaodopom (puc.5).
[lasee cBeT TpeoGpasyeTcs B 9JI€KTPUYECTBO
doroasementom. Ho kaskmoe mpeoGpasoBa-

Puc. 5



NMCTOUYHUKHN OJEKTPHUYECTBA

uue Boo6ire ymenbinaer KII/I, a'y doroase-
MEHTOB OH He CJIMIITKOM BeJIUK.

V3BecTHBI BapuaHThl KOHCTPYKIuii (Hexo-
TOpbIE PEAJBbHO HCIOJIb3YIOINECs, HEKOTO-
pble Ha yPOBHE MEPBBIX JTaOOPATOPHBIX 00-
PasIoB) C MOJIETOM 3apsKEHHBIX YACTHI] de-
pe3 BaKyyM, TIPHUYEM <«ILITOCKOCTb MPHUJIeTas
cnenana ru6koii. B atom cayvae mpu monazia-
HUU HA Hee 3aPSPKeHHbIX YacTUIl OHA U3rnda-
eTCsl, W €CJIU B UTOTE KACAETCST «TLIOCKOCTH
BBLIETA», TO 3apsii cOpachbiBaeTcst 0OPaTHO.
B urtore mMbl m0JIy4aeM reHeparop He I0OCTO-
SIHHOTO, a TIePEMEHHOT0 HAIPSIKEHUs — 4TO
TO3KE JIJIST YeTO-TO MOKET MPUTroanuThes. Ile-
PUOINYECKH M3THOAIOIAsICS KOHCOJIb MOJKET
OBITD MCIIOJTH30BAHA KAK MEXAHUUECKUN JIBY-
ratesib, a €CJAU caMa KOHCOJIb cllejlaHa W3
nve303eKmpuKa — TO Kak eIe OJNH NCTOT-
HUK HalpsiKeHus, Takas ujes Ipe/jara-
Jach. Bo Bcex ciydasgx oCTaioTCd B CHIE
co0OpaykKeHust, U3JIOJKEHHbIE BbIIE, — WJH
BBICOKOE HaIpsiKeHne, HO TOTa 3HAUNTEb-
Hble TaGapuThl, WJIN Majble TaGapuThl, HO
torpa uuskuit KIIJ[. B nocaennem ciayvae on
CTAHOBUTCS ellle MeHbIIe W3-3a HAJUYUS BTO-
poro npeo6pa3oBaHus.

[Tbe30kpuCcTaII — 3TO elle OJMH UCTOYHUK
aJieKTpoaHeprun. Tounee — mMpeo6pasoBaTesib
pPaGoThI B AJEKTPUYECKYTO SHEPTUIO U 0OpaT-
HO, T.€. 3JIEKTPOIHEPTUU B IEPeMeIleHNe.
CorlpoTuBJIeHNE MTbe30KPUCTAJIJIA BECbMA Be-
JINKO, TTO9TOMY MOIITHOCTD €T0, KaK nmpeobpa-
30BaTe/Isl MEXaHUYECKON PaboThl B 2JIEKTPH-
YeCKyIo MOIHOCTb, Masja. OOGBIYHO OH IPH-
MeHsteTcs MO0 KaK MCTOYHUK BBICOKOTO Ha-
MPSDKEHUST U MAJIOW MOTIHOCTH, HAIIPUMED B
3aKUrajKax, Jub0 Kak JaTuuK Tepemerre-
HHMII — TaM MOIIHOCTb He CTOJIb BakHa. B
06paTHOM HallpaBJIEHUN — KaK cIocol co3ia-
HUST MaJIbIX TIepeMeNIeHnii. ITO — TeHeparo-
PBI YIBTPa3ByKa M YCTPOIMCTBA JJISI TOUHOTO
nepeMeriieHnsi 06bEKTOB B MUKPOCKOIUU U
ontuke. OrtaenbHast 06J1aCTh MPUMEHEHUST —
UCIIOJIb30BaHIE MEXAHUUECKOTO PE30HAHCA B
KpHCTaJLIE.

[IpuHIUTIMAIbHOE OTJNYNE BOJIBT-aMIIep-
HOW XapaKTepUCTHKN aTOMHBIX OaTapeil oT
OOGBIYHBIX, XUMHUYECKUX, COCTOUT B TOM, UTO
aTOMHbIe OaTapen MEePEeHOCIT 3apsiKEHHbIE
YACTHUIIBI U ATOT MTOTOK OIPAHUYEH B IIPUHITH-
ne. Ero MOKHO TIpeKpaThTh, 1M0/IaB HAa BBIBO-

JIbI COOTBETCTBYIOIee HAIPsKeHHe, HO HU
CMEHUTDb ero HalpasJieHHue, HU IPOIyCTUTb
Yyepes aTOMHYI0 6aTapero ToK, GOIbIINI TOKa
KOPOTKOT'O 3aMbIKaHUsl, HEeBO3MOKHO (ec.in,
KOHEYHO, MBI He TTO/Ia/INM HaTIPsIKeHHe, 607Th-
Imee HANPSDKEHNST BaKyyMHOTO TTpo6osT — HO
NIPU 3TOM MBI GaTapero BBIBEJAEM M3 CTPOS).

B kabuHeTe pusnkn

Cy11ecTBYIOT U IpyTie UCTOUHUKU DJIEKT-
PUYECKOIl 2HEPTuu, TEePEeHOCAIINe 3apsi/ibl,
9TO — coaHeunvie bamapeu, zenepamop Ban
de I'paacha u snexkmpodopras mawuna, Koe-
YTO U3 ITOTO MOKET ObITh B mIKoIe. CoJHed-
Hast 6aTapest — 3T0 p—n-Tepexoj, TeHeparus
9JICKTPOHHO-/IBIPOYHBIX IIap IPOU3BOIUTCA
He BBICOKO9HEPTETHYHOH 3apsKeHHON YacTH-
1eit, a kBaHToM cBeta. IlocKOIbKY cosHed-
HBIIl CBET Ha 3eMJie GecIIaTeH M €ro MHOTO,
JIIOIN TaBHO U YIIOPHO TIBITAIOTCA I[OébIBaTb
3JIEKTPOdHEPruio MpsMo u3 Hero. Ceituac u3
Bcell 9Hepruu, NCIoIb3yeMoil 4eJI0BeYeCTBOM,
IPUMEPHO 2% TMOJYUAT OT TaKUX Oarapeii.
ITO HEMHOTO, HO U pa YCTONUYNBO pacTer,
npuyeM B GJIMKAHIINE TOIBI POCT YCKOPUT-
€S — MOTOMY YTO 3JIEKTPUYECTBO, IOJIydae-
MO€ 9THM CIIOCO60M, CPABHSIETCS 10 CTOMMO-
CTH C «OOBIYHBIM» U 3TO YBEJUYUT MPHUTOK
I/IHBGCTI/IHI/Iﬁ. COOTBeTCTBEHHO, BOJIbT-aMIIEP-
HAsl XapaKTePUCTUKA COTHEUHOU 6HaTapen mo-
XO0JKa Ha XapaKTepUCTUKY aTOMHOIT 6aTapen.
Ha pucynxke 6 mpe/icTaBieH npuMep Xapak-
TEPUCTUK TIPU PA3HOI OCBENIEHHOCTH.

Tenepatop Ban nie I'paada — 9T0 HCTOUHUK
BecbMa BBICOKUX, /10 25 MB, nanpsikennii
MIPU MAJIBIX TOKAaX, XOTS YCOBEPIIEHCTBOBAH-
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Hast MoAudUKaIus, neiiempon, BbIIAeT 10
0,5 MA. Vcropuueckun ero HCIOJb30BAIU
JUTsT PUBNIECKUX 9KCIIEPUMEHTOB, HATIpUMep
JUIS TIATaHWST JTMHEWHDBIX yCKOPUTeEseil, ceil-
Jac — HaBEpHOE, TOJBKO B yUeOHBIX IEJIIX.
l'erepatop coiepsKuT AM3IeKTPUIECKYIO KOMTb-
I[EBYIO JICHTY, HATSHYTYIO MEXIY ABYMS PO-
JIUKaMHI U PaCIOJIOKEHHYI0 BEPTUKAIBHO —
HEYTO BPOJIe BEPTUKATIBHOTO 3CKajaTtopa. Y
HUYKHEr0 KOHIA PACIOJIOKEH UCTOUHUK yMe-
PDEIHO BHICOKOTO HATIPSKEH ST, KOTOPbIi HOHU-
3yeT Bo3ayX. VOHbI HATWIAIOT HA JIEHTY U
nepeHocsiTcs eio HaBepX. Hasepxy sapsij
CHHUMAETCSI C JIEHTBI U IEPEHOCHUTCS HA TPOBO-
it map 60JbIIOTO AMaMeTpa.

Bomnpoc 7. Uem orpannveHo MaKCUMajibHOE Ha-
npsikenne reaeparopa Bau ne I'paada, 3a cuer yero
HAKAIJIMBAETCSl B HEM DHEPIUsl M YTO IPOUCXOJUT C
MOHAMH, TOCTABJIEHHBIMU JIEHTOIT HaBepX?

CymecTByeT eliie HeCKOJIbKO YCTPOWCTB, B
KOTOPBIX BBICOKOE HATIPSIXKEHUE CO3/IaeTCs 3a
cueT paGOTHI 110 TIepeMENIeHN o 3apsiioB. Bor
TpHU TIpUMepa, /[Ba U3 KOTOPBIX BaM, CKOpee
Bcero, u3BecTHBI. IlepBblii — KamembHuUila
Kenbpuna. [TorpoGyiite 1orajaTbesi, Kak OHA
paboTaer, TOCMOTPEB HA PUCYHOK 7. Y CTPOii-
CTBO IPUMHUTHUBHO — JIBE MeTaJTnuecKue GaH-
KU BHU3Y, /IBa METAJLJINYECKUX KOJIbIIA BBIIIE,
JIBa TIpoBojIa M Tpyba C pas3gaBOECHUEM, W3
KOTOpOH Karaer.

J
f )

Puc. 7
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OkasbiBaercst, TPHHIMINAIBHBI MOMEHT
3/lechb — CJlydaitHas HECHMMETPUS TI0 3apsiy.
Harmpumep, ozHy GanKy JBHTAIM 110 CTOJIY,
JIPYTYIO HET, IlepBas U 3JeKTPU30Basach. A
Jlagbliie yto npoucxoaut? Hampumep, seBast
3apsmiach MuHycoM. Torza mpaBoe KOJIBIIO
TOXKE 3apsDKAeTCS MUHYCOM, TIPaBbIil KOHeI
TPyObI — ILTIOCOM, KAIlJIM W3 HETrO W TpaBasi
GaHKa — TIIIOCOM, TPUYEM YeM JIAJIbIlie, TeM
6osbiie. Ho BOT Bompoc — 4eM OrpaHndeHo
HanpspKeHne?

Bauskue 110 npuniuiny paGoTbl pojICTBEH-
HUKH 5TOTO IIPEJIECTHOTO YCTPOICTBA — J./1eK-
mpoghopuas mawuna v ee peJIecTBEHHUIA
mammna losbia.

3amMeTuM, 4TO IpH O6CYXAeHUN PabOThI
371eKTPOOPHBIX MAlTHH YacTO HAYMHAIOTCS
CITOPBI, BaYKHA JIN /LIS X PAGOThI 3JIEKTPH3a-
11 TpeHueM. V13 NCTOYHUKOB B MHTEPHETE
MOJKHO C/IeJIaTh BBIBOJ, YTO 3JIEKTPUBAIMS
TpeHueM cjesaer 6ojiee OBICTPBIM MPOIECC
HakorieHus: 3apsiia. M B Gosee crappix
KOHCTPYKIIMSX OHA JICHCTBUTEJIBHO ITIPUMe-
Hssach. B Gosiee 1O37IHUX KOHCTPYKIUSX,
PaCCUNTAHHBIX HE HA JIOCTH)KEHHE HAnG0JIb-
MINX HATIPSKEHUIT, a Tpe/iHa3HaYeHHbIX [T
JeMoHcTpany adexTa, cTaan 06X0 UThCs
6€3 3TOT0. DJIEKTPU3AINIO TPEHHEM CEPbE3HO
uccaenosan M. U. Kopugpeand (nybaukaimu
B skypHaste «Dusnka TBEPAOro Tedar), a
HOIYJ/IIPHOE M3JI0KEHWE €CTb B JKypHase
«Ksant» (Ne6 3a 1985 r.).

HarocJieiok 3aMeTM, 4T0 MCTOYHIKH HJIEK-
TPUYECTBA €CTh Y JKUBBIX OPraHU3MOB, Ha-
npuMep — y HEKOTOpbIX pbi0. Jlioan Takue
HUCTOYHWMKH, KAaXKETCsl, He IPUMEHSIOT, a
pbiGpl — BrosHe. OHU UCTIOJNB3YIOT UX [IJIST
JIOKAIMKM U Kak opyskue. M ecTb erie ouH
NCTOYHUK SJIEKTPUYECTBA, IPpUYIEM MbI CaMU
JKUBEM BHYTPU 9TOTrO MCTOYHUKaA — 3TO aT-
mMocdepa. B aToMm ciryuae Mbl MOJKEM yKas3aTb
Ha HEKOTOPbIE TPOIecchl, 6Jaroaps KoTo-
ppIM paboTaer Takas Oatapeiika. IlepeHoc
3apsI/IOB OCYIIECTBJISIETCS B aTMOCheEPe aspo-
30JIAMMN —  KallJIAMM BO/Ibl, KpHUCTaJ/lJIaMn
Jb/la. A WX 3aCTaBJISIIOT [IBUTATHCSI MOTOKU
BO3J/lyXa M TPABUTAIUS.



“LLe pa3 o rpauke CUHYyCa

E.BAKAEB

B crarpe II.ITanoBa (cM. «KBant> Ne 3)
o6cyskaaeTcsd, KaK BBITJISAAUT Tpadur
sin (314x) , cocrosinuii 13 Toyex ¢ aberucca-
v, kparabivu 107, EcrectBenno 06061uTh
ATOT BONPOC M BBISCHUTb, KAK BBITJISIUT
rpaduk sin(ax), ecam OTMEYAIOTCS TOJIBKO
€ro TOUKM ¢ abCIuccaMu, KpaTupiMu d.

3/1eCh Ke MbI PACCMOTPHM JPYTOIl TTIOIXO/T K
aToli 3a7a4e. /7151 IPOCTOTHI MBI TOJKE BO3bMEM
YaCTHBIN cJayvail, Ho Apyroii: a =d = 1.

[Toctpoum rpacux: na pucynke 1 mzobpa-
JKEHBI TOUKH, COOTBETCTBYIOIIHE 3HAYEHUSM
sin x s messix x ot 0 1o 50. Ho pasmepbt
rpaduKa M, COOTBETCTBEHHO, MacmTab oceit
MOYKHO BbIOMpATh Ho-pasHomy. Hampumep,
BoT niepBbie 1000 Tovex sin x /1 HATYpPATh-
upix x (puc.2) nnepsoie 10000 Touex (puc.3).
[Tosyuaercst, 4To @ 1 d 910 HE €IMHCTBEHHDIE
apamMeTpbl, OT KOTOPbIX 3aBHCHT, YTO Mbl
yBuauM Ha rpaduke, — BaxKeH ele Macitald
oceii.

Puc. 2

DOT: https://doi.org/10.4213/kvant20200402

I'paduku apyr Ha Apyra He MOXOXKHU: Ha
O/THOM BBIPHCOBBIBAETCS Y30P U3 ECTUYTOTb-
HUKOB, a HA JIPYIrOM BO3HHMKAET Ieperiere-
HUe JIMHWIT, TTOX0KIX HA CHHYCBI. A Be/lb OHI
YCTPOEHbI OJIMHAKOBO, TIPOCTO Tpaduk ¢ 1000
TOYKAMH 3TO pactsinyrtas B mmpuny 1/10
vactb rpaduka ¢ 10000 toukamu (pu sTom
PACTITUBAHUU CAMU TOYKH HE BBITATUBAIOTCS
B OBAJIBI, & TIO-TIPEKHEMY OCTAIOTCS KPYTJIbI-
M1). B 9TOM MOXHO y6equThes, MOCMOTPEB
Ha rpaduK Ha pUCYHKE 2 COOKY MO/l OCTPBIM
YTJIOM.

Tem ne Mernee rpaduKu BBITJSIAT TI0-
pa3HoMy, TIOTOMY YTO IIPH TAKOM PACTATHBA-
HUW PACCTOSIHUE MEXJy MHOTUMHU IapaMu
TOYEK YBEJMYMBAETCS, M TOYKU, KOTOPbIE HA
pHUCYHKe 3 KaXXyTcs 6IM3KUMHU, Ha PUCYHKE 2
MOTYT TaKUMH He Ka3aTbCs.

Takoit Bompoc ObLT TIOCTaBJEH B KHHTE
I'mn6Gepra Crpanra [1]. Bosee moapo6Ho oH
pazo6pan B cratbe Hopmanma Puuepta
«Strang’s Strange Figures» [2]. Ham non-
x0/1 6y/IeT BO MHOTOM CJIEZIOBATH 9TUM HCTOY-
uukam. Ho Oyzer u oTimgarbest.

Mpsimasi, HaMOTaHHasA Ha UWIUHAP

Urto6bl c/ies1aTh JaJbHeNIIne paccy K aeHus
1 BBIUNCJIEHUS 60Jee MPOCTBIMU, TIepeiieM
OT CHUHYCOB K PAacCMOTPEHUIO NPpAMbIX. [l
aTOTO TIpeAcTaBUM cebe uamHAp. Eciam Ha
MTPO3PAYHON TIJIEHKe HApPUCOBATh MPIMYIO 1
HaMOTaTh TJIEHKY Ha TTPO3PAYHDINA ITHJITH/D
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(puc.4), To mpoekus
TAKOTO IMJMHPA Ha
MJIOCKOCTDh, MapaJ-
JleJIbHYyI0 06pasyio-
meft nnawHApa, Oy- L
JeT TpamuKOM CHHY-
ca. Omnurem 310 TO/I-
poGHee.

IIyctp na mnienke
n306paKeHbl MepreH-
JUKYJIAPHbBIC OCH X,
(VX eIMHNYHBIE OTPE3-
K He 00s3aTebHO &
paBHbI), npsiMast [, 3a- X
JlaBaeMas ypaBHEHUEM
t=kx, n omHa us ee X, x
rouex  A(x k%) puc 5
(puc.5).

Hamotaem ey Ha UInHAP paanyca 1
TakK, 4ToObl OCh X COBIIAJIA C OJHON 13 0Opa-
sytonmx nuianHapa. Ocu x, y, z TMOTMapHO
MepHeHAnKY ISIPHBI, IUHITYHbIE OTPE3KU OCeit
Y ¥ Z PABHbI, & eJIUHUYHBIN OTPE3OK X MOKET
oT HUX oramyarbcsi. Ha pucynke 6 crapbie

N\
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Puc. 6

oCHl x 1 t M306pasKeHbI TEMU K€ 1IBETAMH, UTO
u Ha ipebiayieM. [locMoTpuM, Kakie Koop-
AUHAThl UMeeT Toyka A B 3TOil cucreMe
koopaunat. Koopunara 1o ocu x takas e,
xy. Koopimnatra o ocu ¢ ctasia yrjom 1moBo-
poTa, T03TOMY KOOPJMHATBI 110 OCSIM i U Z —
COOTBETCTBEHHO, Sin kx, u coskx,. 3Haunr,
€CJIN CTIPOETINPOBATH IIUJINHAP Ha TJIOCKOCTH
Oxy, To mpoekIusi TOUKu A OymeT uUMeTb
koopauHathl (Xy; sin Rxy). Torga mpoekius
npsMOl [, HAMOTAHHOI HA TUJIWHIDP, OyIeT
COCTOSITh M3 TOYEK ITOrO Bujia, T.e. OyIer
rpadukoM ypaBuenust y = sin Rx.

W nao6opor — rpaduxy sinx (Macmral
oceil He 0643aTeIbHO OJMHAKOBDBIN) MOKHO
MMOCTABUTDH B COOTBETCTBUE MPSIMYIO, HAPHUCO-
BAHHYIO Ha IJIEHKE, KOTOpas HaMOTaHa Ha
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uuuHAp. Ecam Mbl pazpeskeM ILIEHKY Ha
LMJTMH/IPE [0 OCH X U Pa3BEPHEM, TO IOy YUM
HaJIO’KEHHbIE PYT Ha JAPYTa YacTH MJIEHKH C
HapUCOBaHHBIME Ha HUX oTpe3kamu. [1Tupu-
Ha 9TUX KyCKOB ILIEHKH OyeT paBHAa 27 —
JUIHE OKPY/KHOCTH, SIBJIAIOMENCS OCHOBAHY-
eM IUJINH/IPA.

Hec105KHO MOHATD, 4TO TOYKA € KOOP/NHA-
Tamu (Xy; Yy ) Ha IUIeHKe Oy/IeT Ha Pa3BepHy-
TOil TIJIEHKe UMETh KOOPAUHATBI (Xo; ¥y ), Tae
Y=Yg+2tn, ne Z u 0 <y, <2n. I10 11O-
XO0yKe Ha «OCTaTOK IIPU JIeJIEHNH » Ha 27T, eCJIn
[IPOBOJINTH aHAJIOTMIO € IIEJBIMH YHMCJAMU.
O6osnauum 5Ty dyHKIMIO Kak m(x)=

X
= o 21t (rge {a} — npo6Has 4acTh 4ncIa
T

a). Torma y; =m(y,).

Wraxk, mpeacTaBuB rpaduKi Ha PICYHKAX 2
u 3 KaK HapICOBaHHbIE HA MIJICHKE, HAMOTAH-
HOM Ha NWJIMHJD, 3aT€M pas3pesas U pPasBep-
HYB 5TH BOOOpaskaeMble KYCKH IJIEHKH, T10-
JyunM rpaduKn Ha pUCYHKax 7 1 8.

A

Mouemy o6pa3syioTcs NMHUK?

Z[OKEDKGM, 4YTO Ha PUCYHKeE 8 TOuKM BBICT-
PanBalOTCA B IIPpSAMbIC JIMHUN. W3 sToro 6yaeT
cjaeaoBaTtb, 4TO JIMHUM Ha PUCYHKE 3 aro
JIEI‘/JICTBI/ITQIIbHO CHUHYCBbI.
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Puc. 8

M3-3a 4ero TouKu 06Pa3yIoT OJ[HY JHHUIO?
[Toromy, 4to OHM OGPAa30BaJIK IOCJE0BA-
TEJBHOCTD TOYEK, B KOTOPOIT COCETHNE TOUKN
pacrtoyioxkenbl 6su3ko apyr Kk apyry. Cyas
[0 PUCYHKY 8, OjiHA 13 TIPSIMBIX BBIXOJUT U3
touku (0; 0). dasaiite moiimMem, 4to 3a moc-
JIEIOBATEIPHOCTh TOYEK MOKET 00pa3oBaTh
takyto juanio. Touxy (i; m(i)) Gynem 060-
3Ha4aTh Kak A;.

Kakast touka rpaduka 6JH3KO0 PACIoosKe-
ma k (0;0)? Ilycrs sto Touka A,. Torma
«OCTATOK TIpH jieJieHuns» k Ha 27 4yTb 60JIb-
1€ HyJIsT, T.€. YUCJI0 R TIPUMEPHO PABHO 27,
npudeM 4yThb GoJibllie ero. BpimuiieM mpu-
GJIMKEHHDBIE 3HAUCHUS] TIEPBBIX UHCEN BHJIA
2nn: 6,28;12,57; 18,85; 25,13; 31,42, 37,70;
43,98. Takum o6bpasom, 44 uythb GoJiblie
21 -7 v JjaeT MaJeHbKUil «ocTaToK> . ITpejibi-
[IYIIe YiCIa AloT <«OCTaTOK» He MEHbIIe
0,15, T.e. oHN XOTs GBI B 7 pa3 JaJblie OT
ocH Xx.

Mo:kHO OBLJIO HAWTH 3TO YUCJIO HE TIPOBOJIS
STH TOJCYETDI, & TPUCMOTPEBIINCH K PUCYH-
Ky 1. Bugno, 4o sin 44 6gu30K K HYJIIO U
4yTh GoJibliie ero (MeK/y TOYKOH U IpsAMoii
y = 0 He BUIHO IIPOCBETa), a /10 TOr0 TAKON
CUTYaI[H HE BCTPEYAETCS.

Taxske MOKHO 3aMETUTD: JIJISL TOTO YTOOBI R
6bLJIO IIPUMEPHO PABHO 277, JIOCTATOYHO, 4TO-
6p1 R/n =2m. [Ipo6b 22/7 310 u3BECTHOE
IPUOIIDKEHNE YHca T, OTCIOAA I BO3HUKAET
44/7 .

Ho wusBectno, uro apo6b 335/113 roxe
npubamkaer T ¢ u36bITkoM, Toraa 710/113
npubamxkaer 2w. Iloyemy ke TTpu 3TOM He
BO3HUKAIOT €llle U IPSMbIE C JIPYTUM HAKJO-
nom? IlocMoTpuM, Kak TOYKH ¢ abCIyccami,
orsmyatonuMucs Ha 710, yganensl Apyr OT
JpyTa Ha HaieM rpaduke Ha pucynke 8. Vx
Op/IMHATBI JIeICTBUTENbHO OJM3KU, HO BOT
a6crmcecnt otmyarorest cuibHo. Hlupuna rpa-
¢uka mpumepro 60 MM, 3HAYUT, OHU yase-

710

10000
och abCINCC — 3TO JOCTATOUYHO MHOTO IS

HbI NIpUMepHO Ha 60 - = 4,26 MM 110

TOT0, 4YTOOBI TaKKhe TOYKU He Kasajichb HaM
6JIU3KUMU, TIOTOMY YTO HA 9TOM PUCYHKE Y
KQKJ/ION TOUKM ecTb ropas/io 6osee GJIu3Kue
coceu. Jlnsg mpuMmepa Tapa TaKUX TOYEK,
Aszpo0 U Asz4(, BbLICIEHA HA pucyHKe 9.
Toukn e ¢ pazHocTbIO abciyce 44 yna-
JIeHBbl JPYyT OT JApyra TNpUMEepPHO Ha

60 - i
10000

2n
2z
5000,

143000

=~(0,26 MM 10 ocu abCIcC U Ha

0 10000
Puc. 9
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80 44-7-2n

2n
(Tax kak BbicoTa rpadpuka — okoJ10 80 MM) 1
moaToMy Kaxkyrtest Ham Gmskumu. (To or-
HOCHUTCSI He KO BCEM MapaM TOYeK: eCJIU TOUKA
CTOMUT B CAaMOM BepXY WJIM CAMOM HH3Y I'pa-
uxa, To BO3MOKEH «IIepexo/[ OCTaTKay ve-
pes 2xt.) Ilapa Takux touek, Asyo 1 Asgi,
BBIJIeJIeHA Ha PHUCYHKe 9 — MeXKIy HUMH He
BHU/JHO IIPOCBETA, OHU IOYTH CJUBAIOTCS B
OJTHY TOUKY.

3aMeTnuM: MBI He OTPEe/IseM, UYTO 3HAUUT
«6mu3kuity . JIummb TOBOpUM, YTO KaKue-TO
paccTosHUsI SIBHO JOCTATOYHO MaJieHbKHeE,
4TOOBI TOUYKU Ka3aUCh OJIM3KUMHU, a KaKue-
TO — SBHO CJMIIKOM Gouibiiue. Takke Mbl
npeneGperaeM pa3MepoM TOUEK 1 CUMTAEM UX
JIOCTaTOYHO MAJICHPKUMH — TIOHSITHO, UTO
PHICYHOK MOKeT KapANHATbHO M3MEHUTHCS
MPU CYIIECTBEHHOM YBEJUUYEHWH pasMepa
TOYEK, M3 KOTOPBIX OH COCTOWT.

O npuban>XeHnu © U APyrux 4ucess paiu-
OHAJIBHBIME JIPOOSIME MOYKHO IPOYUTATD B
cratrbe H.Beckuna «llemubie apobu»
(«KBanrs, 1970, Nel).

=~(,23 MM 1O OcCW OpAWHAT

Mouyemy nUHUN NpsiMbie?

Bepuemcst kK pacCMOTPEHMIO IMHUH, BBIXO-
psuteit uz (0;0) Ha pucynke 8. Mbl BbIsiCHN-
JW, 9YTO BTOpas TOYKA ITOIH IIEMOUKH
(44; 44 -7 - 2m). PoBHO TaK »ke B3alMHO pac-
MOJIOKEHBI ¥ IPYTHE TOUKH, aGCIICChI KOTO-
PBIX OT/IHYaloTest Ha 44, 1.e. Touku (k; m (k)
u (k+44; m(k +44)) (omsts ke, Kpome cTo-
AIMX B CAMOM BEPXY WJIM CaMOM HH3Y Ipa-
duxa), sHaunt, A A, = AgAy.

JlokasaTb 9TO MOKHO C IIOMOII[bIO CBOICTB
«ocratka mpu jejednn». JlOKasaTeabCTBO
OCTaBUM YUTATEJIO B KAUECTBE YIPaKHEHHUS.

Takum o6pasoM, noJydaloTcs 44 «IIpepbl-
BAIONMECA» MPAMbIE, Kax/1ass U3 KOTOPBIX

ujer BJoJib Bekropa AyA,, 10 Bepxa rpadu-
Ka ¥ TIOTOM BO306HOBJIsIETCST cHI3Y. U Korma
o6epHeM ILJIEHKY € IPSIMO BOKPYT IIIJIMH/PA,
10 nosyunM 44 rpaduka cunyca (rpadpuxu
CHUIHYCOB, HAUYMHAIONINECS C OJHON CTOPOHDI
MUAHPa, OYAyT cHavasa yObIBaTh, a HAYM-
HAIOIIMECS ¢ APYTOH — CHAYaIa BO3PacTaTh).

2020/ No4

OTKyAa BO3HUKaAIOT TpeyI'OHbHVIKVI?

Ha pucynke 7 BO3HMKaeT ceTKa M3 Tpey-
TOJIBHUKOB, TIOXOXKUX Ha PaBHOCTOPOHHUE.
3/ech y:Ke He BBIPUCOBBIBAIOTCS CILIONTHBIE
JIMHUM, KaK Ha pHUCyHKe 8. 3aTo ecTb Tpu
Hanpasenus (110 CTOpOHAM TPEYTOJIbHIKOB),
BJIOJIb KOTOPBIX PACCTOSTHUSI MEXK/Y COCETHH-
MU TOYKAMU TIPUMEPHO OIMHAKOBBIE. UTOGDI B
9TOM YOEIUThCS, HAO TPOBECTH HEKOTOPbIE
JTIOBOJTBHO IPOMO3/IKUE BBIYUCJIEHNUST, KOTOPBIX
MBI XOTeJH ObI 3/1eCh n36esKaTh. BmecTo aToro
MIpUBE/JIEM KpaTKoe 06bsICHEHNE.

Kax MblI yKe BBISICHUJIU, PAIUOHAJIbIHBIE
npubIKeHust 2T TTOPOKAAIOT IENOYKN B
HEKOTOPOH cTernmeHn OJM3KUX TOYeK, HO Ha-
CKOJIbKO MMEHHO OHU OJIM3KHU, 3aBUCHT OT
napamerpos rpaduka. Hanpumep, Ha pucys-
ke 8 npubmkenue apo6oio 44/7 naer 1e-
MOYKM OJIMBKUX TOYEK, a JIpyThe MpHOIKe-
HuUd — HeT. B ciaywae xe pucyHka 7 Tpu

npubkennst apoosimu 44/7 , 25/4, 19/3

JIAIOT 1IeIIOYKM I[IPUMEPHO OAMHAKOBBIX IIO
6mm3octn Touek. Ha pmcynke 10 oTmeueHbI
Touka Asy, U TPU TOUKU, HOMePa KOTOPbIX
orirvatorcss oT 500 Ha 3HAMEHATEJIN 3TUX
npobeit — 44, 25 u 19.

27[ .'..............'..a--'.'-..'...-.-.......o.-'v
'''''''''''' . 1.4519 .. .. .. .' ..
e .Asoo...A.344.. . -

...... : ! . : : 5.25.. . . . . . .

0 ...................... '....

j 1000
Puc. 10



EIE PA3 O TPAOUKE CHUHVYCA 15

Bosee moppo6HO 3TO TOKA3aTEIBCTBO U3-
JIO’KEHO B yoke yloMaHyToll cratbe Hopmana
Puuepra.

OTKyAa GepyTcs LLIeCTUYrofibHUKN?

MpbI BBISCHMJIM, KaK MOXHO OODBSCHUTH
TPEYTOJbHUKY HA PUCYHKE 7, HO KaK MOSBJIS-
I0TCS TECTUYTOJIbHUKN HA PUCYHKeE 27

Pucynok 2 MbI TIoJiydyaeM CBOpaYMBAHUEM
«B TpyOKy» pucynka 7. Ilpu atom oxpna
MOJIOBUHA PUCYHKA HAKJIAaIbIBACTCS HA [IPY-
ryio. IlosiBienne mecTUyroJbHUKOB MOXKHO
00BSICHUTD TAaK Ha3biBaeMbIM a(DdeKTOM My-
apa: OH BO3HUKAET IIPU HAJIOKEHUHU TIEPUO/IU-
YecKnX y30poB. s npumepa Ha pucynke 11
MTOKA3aHO, YTO TMOJIyYaeTcs TPHU HAJOKEHUN
JIPYT Ha Apyra ABYX KBaapaTHbIX ceTok. O6
apdexre Mmyapa MOXKHO MPOYUTATD B CTATHE
3.1Iarakosoit, A.llarakoBa <O Myapax,
OKUBIIUX WJLTIOCTPAIMAX W TI0Jb3€ MOJe-
neit» («Kpants, 2010, Ne6).

OTMeTHM, 4TO U ITPU HAKJIAJIbIBAHUN HeTle-
PHOJINYECKUX Y30POB TOXKE MOTYT BO3HUKATD
unTepecubie addexrol. Hampumep, addexr,
nitoctpupyfomuit Teopemy Ilans, mMoxxHO
nabJoaTh Ha calite « MareMaTudecKue 9Tio-
apr»  (http://www.etudes.ru/ru/models/

chasles-theorem/). ITpountarh 0 HeM MOKHO
Bcratbe C. lopuuenko, C.I11amkosa u A.I1le-

Hs «3araouHble KPyTH 1 ABUKEHNUS TIJI0OCKO-
ct» («Ksaurs», 2009, Ne4).

Puc. 11

Bo3Bpalyasicb K o6Lemy cny4ato

Wrak, Mbl pazobpasuch co caydaeMa = d = 1
[PU KOHKPETHBIX pasMmepax rpadukos. Pac-
Cy:K/last aHAJIOTUYHO, TTOJIYYHM, YTO TIETTOYKN
GJIN3KO PACIIOJIOKEHHBIX TOYEK BO3HHKAIOT

13 yIaYHBIX TPUOKEHUH Yrcia 2_1': 3ame-

ad
THM, YTO €CJIU MapaMeTpbl ¢ U d MeHSTb TakK,

4TOOBI TpOU3BeeHNE ad OBLIO MOCTOSTHHBIM,
TO KapTUHKA HUKAK HE MEHSIETCS.
Hamnpumep, musg nepBoro rpaduka u3 cra-
tou Il.ITanoBa 3TO BbBIpa’keHUE paABHO
2n
0,001-314
ercst 1po6bio 20/1 . ITUM MOXKHO OODBSCHUTD

= 20,01, uro xopormo mpubinKa-

nosineane 20 rpadpmkoB cuHyca.

Kax MBI BBISICHUJIN BBIIIE, TOTYIAfOMAasICs
KapTHHKA 3aBUCHT OT MapaMeTpoB Tpacduka
HEeTPHUBHAJbHBIM 00Pa30M, TO3TOMY JIaTh IIPO-
cTy10 (JOpMyJIy B OTBET Ha OCHOBHOI BOTIPOC
aTOl cTarbu He nosayvaercsi. Ho Mmbr o603Ha-
YN HEKOTOPDbIE MOXO/bI K U3YUEeHUIO Yac-
THDBIX CJIyuaeB, KOTOPbIE, KaK Mbl HajleeMcs,
ObLIN UHTEPECHDBI YNTATEJIIO.

Ewe napa 3apay

Hamoceiox mpeaaraeM momyMarh HaJ
TAKMMU 33JlauaMi, CBSI3AHHBIMHU C 3aTPOHY-
TbIMU HAMM TEMaMHU.

1. Baron kos6achl pazpesann Ioj| yrjaom
45° K HampaBJsionieil 6atoHa u CHAJIN 000-
Jouky. /lokaskure, 4TO ee TPAHUIA ATO T'Pa-
¢ux cuHyca.

2 (M. Boraanos, Beepocceniickas osmumima-
Ja 1o MateMaruke) . JlaHbl pas/inyHbIe HATY-
pajpHbple ymciaa a, b. Ha koopamnaTHO
IIJIOCKOCTH HAPUCOBAaHbI rpadukn QyHKIINN
y =sin ax, y = sin bx ¥ OTMeYeHbI BCE TOUKN
ux nepeceuerus. JJokakute, 4TO CyIIeCcTByeT
HATypaJbHOE YWCJO €, OTJNYHOE OT a u b,
tTakoe, 4To Trpaduk QyHKIMM y = sin cx
[IPOXO/IUT Yepe3 Bce OTMEYEHHbIE TOYKH.

JNnTepaTtypa

1. Gilbert Strang. Calculus (1991, pp.34—36).

2. Norman Richert. Strang’s Strange Figures
(The American Mathematical Monthly, Vol. 99,
No. 2 (Feb., 1992), pp. 101-107).
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30T pasaen BefeTcsa y Hac u3 HoMepa B HOMeP ¢ MOMEHTa OCHOBaHMs Xy pHana. [Tybnukyemsre B
HeM 3aAa4Yn HeCTaHAapTHbI, HO A/ MX PelieHns He TpeByeTcs 3HaHWW, BbIXOAALMX 3a PaMKU
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Yenosusa Kaxaon opurviHanbHoui 3agadqu, rpeasnaraemos A4nsa rybnvkayuv, Bmecte ¢ Bawuim

peLueHnem 3Tou 3aAa4u MPUCbIIaiTe 1o TeM XKe aapecam.

3agauyn M2598 — M2601 npegnaranvce Ha BeceHHeM Type XLI TypHupa roposos.

3agayn @2605-B2608 npegnaranncb Ha 3aK/IIOYUTENIBHOM Type VIH)XEHEPHOU OnvMInaabl
wikosbHykoB B 2019,/20 y4ebHom rogy. ABTop 3agay — C.Mypasbes.

3apaun M2598-M2601, $2605-D2608

M2598. Moxker M B CEYEHUU KaKOrO-TO
TeTpaspa MABYMSI PA3HBIMU MJIOCKOCTSIMU
MOJIYYUTBCS IBa KBAAPATA: OJIUH — CO CTOPO-
HoIt 1e 6oJibiite 1, a IPyroit — co CTOPOHOI He
Menbiie 100?

M. Egdoxumos

M2599. K VBany Ha feHb POXKIEHUS MPU-
i 2N rocteii. Y MBana ectb N 4epHbIX U
N Genbix nmnaApoB. OH XO4YeT yCTPOUTH
GaJi: HajleTh Ha TOCTel IUIMHAPDI U BBICTPO-
UTh UX B XOPOBOAbI (OAMH MM HECKOJBKO)
TaK, 4T0ObI B KaXK/IOM XOPOBOJE GbLIO XOTsI
Obl [IBa 4YeJOBEKa M JIOAM B HUJIMHAPAX
OJIHOTO 1[BETa He CTOSIIN B XOPOBOJIE PAIOM.
Mokaxure, uto VIBaH MOKET yCTPOUTH Gaj
posro (2N)! pasmuurbivu criocobamu. (1u-
JIMHJPBI OJHOTO IIBETa HEPa3JMYNMbI; BCE
TOCTH Pa3ININMBI. )

I'. ITozydun

M2600. /lan BiMCaHHBIN YeThIPEXYTOJIbHIK
ABCD. OxpyxHoctn ¢ aunamerpamu AB n
CD nepecekaloTcs B JIByX TOYKax X; U Yj.
OxpyskaocTr ¢ qfuamerpamu BC u AD niepe-
ceKalorcs B IBYX Toukax X, u Y,. Okpyx-
Hoctu ¢ quameTtpamu AC n BD niepecekarorcs
B AByX Toukax Xz u Y. [lokaxure, uTo
npamble X Y;, X,Y,, X3Y; nepecekatorcs B
OJTHOU TOYKE.

M. Tudun

M2601. I'me6 3agymMan HaTypaJIbHbBIE YNCTIA
N u a, rne a < N. Uucno a on Hamucas Ha
nocke. 3arem [yie6 cras 1mpojiesibiBaTh Ta-
KYIO omeparuio: aeguTb N ¢ OCTaTKoM Ha
mocJie/inee BBIMICAHHOE HA JOCKY YHCJI0 U
MOJIYYEHHBIH OCTaTOK OT JIeJIEHUST TaKxKe
3amnceiBath Ha J0cKy. Korpa ma Jocke
rosgBuIoch uncyao 0, oH ocranoBuiacsa. Mor
s T'ne6 uanavaabno Boi6path Takue N ¥ a,
4TOOBI CyMMa BBIMMMCAHHBIX HA JOCKE YHCEJT
6b11a 6osbiie 100N?

H.Mumpogpanoe

®2605. /[Ba MaTeHbKUX IMapuKa — JIETKUil
OT IUHT-TIOHTA ¥ TSKEJbIil KaydyyKOBbIH —
GpocaioT BMecTe Ha MoJi ¢ BbicoTbl 2 (1mapuk
OT NUHT-TIOHTA — CBEPXY, Kay-

4yKOBbIN — cHusy; puc.1). Illa- 8_/
PUKN TAQJAI0T Ha 3eMJTIO0, 1 Kay-
YYKOBBIH MMAPUK OTPA’KAETCS OT

3emun. CumTast, 9To BCE CTOJIK- h
HOBEHUS [MAPUKOB YIIPYTHE, YTO
MEXK/Ty MapuKaMu eCTb HeGOTb-
o 3a30p W IMAapuK OT MUHT- ———Y—
IIOHTa MHOTO JIETYe Kay4yKoBO- p, - ;

ro HIapuKa, HAliJiuTe, Ha KaKyio

BBICOTY IMOJIPBITHET IAPUK OT ITUHI-IIOHTA.
PasmepbI mrapnkoB MHOTO MEHBITIE BBICOTHI /2.
CompoTHBJIeHHEM BO3/yXa MPEHEOPEYD.

“1

d2606. Ilectb 0OAMHAKOBBIX 310X~
cs1 3yGUaThIX KOJIEC CBSI3AHbI PbIYAroM, Bpa-
HIATOIIEMCSI C YIJIOBOI CKOPOCTHIO () OTHOCH-
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Gl

Puc. 2

TEJIbHO LeHTPa KoJieca 1, KOTopoe gBJseTcs
HenoBmKHbIM (puc.2). Haiigure yriosyio
CKOPOCTb LIECTOr0 KoJeca.

@®2607. Nnxxenepbl-B3pbIBOTEXHUKU TPOBO-
JISIT UCTIBITAHUE HOBBIX BU/IOB B3PBIBUATKH B
OTKPBITOM CHHU3Y TOJICTOCTEHHOM IIMJINH/[PH-
YeCKOM «KOJIOKOJIe» Maccoil M u panuycom
R, crosimem Ha 3emiie. BHyTpu KoJIOKOIa Ha
€T0 OCH Ha BBICOTE /2 OT TIOBEPXHOCTH 3€MJII
B3PBIBAETCS 3apsi/l Maccoil m. 3aps pa3pbl-
BaeTcsd Ha MHOXECTBO MEJKHX OCKOJKOB,
PA3JIETAIOMNXCS ¢ OIMHAKOBBIMI CKOPOCTSI-
MU PaBHOMEPHO BO Bce CTOpoHBbI. Cumras,
YTO BCE OCKOJIKHU JINOO YXOAST B 3eMJTIO, JTHOO
3aCTPeBAIOT B CTEHKAX KOJIOKOJIA, YTO Macca
KOJIOKOJIA MHOTO GOJIbIIIe MACChl OCKOJIKOB U
BCE OCKOJIKH JI0JIETAIOT /[0 KOJIOKOJIA TPAKTH-
YeCKU OJIHOBPEMEHHO, HaiiuTe BBICOTY, HA
KOTOPYIO OH MOJIPBITHET HAJ 3emJieii. CyM-
MapHas KUHETUYeCKas DHEPTUS OCKOJKOB
paBHa E.

M2608. Paccmorpum Mo/iesib niepejiaun Bpa-
HIEHUST MEXIY ABYMS MAPaJIeTbHbBIMU OCSI-
MH, OCHOBAaHHYIO Ha TpeHuu. /[Ba omxmHako-
BBIX KOHYCA — BEIYIIUIT 1 BEZIOMBII — TIPUIKI-
MaloTcs Jpyr K Jpyry mo ob6pasyioleit
(puc.3). Beayuuii KoHyc Bpalaercst ¢ mo-
CTOSIHHOH YTJIOBOI CKOPOCTBIO ®, K €r0 ocu
MIPHUJIO’KEH MOMEHT BHenmHuX cua M. C kakoit
VYIJIOBOI CKOPOCTBIO BpAIaeTcs BeIOMDIi
koHyc? KoHychl TpmXaThl APYyT K APYTY
PaBHOMEPHO 10 obpasymoleir ¢ cuiaoii N.

Bedyuwuit konyc

Bedomwil konyc

Puc. 3

Yrox npu BepimHe KOHYCOB o , Koadduiiu-
eHT TPEHHS MEeXJy KOHycaMHu [, BbICOTa
KOHYCOB /1.

PeweHus zapay M2586-12589,
®2593-1d2596

M2586. /[lan mnozoyzonvnux, y Komopozo
Kaxovle dge coceOnue Cmoporbl nepneHou-
Kyasipuol. Hasosem dse ezo eepuunvl He
OPYKHBLMU, €CAU OUCCEKMPUCHL MHOZOYZ0Tb-
HUKA, 8LIXO0SIULUE U3 IMUX GEPULUH, NePNeH-
Quxyaspuol. [lokaxume, umo 0as a000i
BEPULUHBL KOAUUECTNGO He OPYKHLIX ¢ Hell
BEPULUH YETNHO.

Pacmoio;xumM MHOTOYTOTBHUK TaK, 4TOOBI €TO
CTOPOHBI ObLTN TOPU3OHTATBHBI ¥ BEPTH-
KaJbHBI. Bce BepIIMHBI MHOTOYTOTBHUKA JIe-
agarcest Ha 4 tuma: [, 1, L, _I. TlycTb BeprunHa
A nmeer tun 2 (6e3 orpaHudeHust OGIIHOCTH ).
Torma we gpy»xHBIE ¢ HEll — BepImMHBI THTA 1
1 4. O603HAYNM KOJTMYECTBA BEPITHH KaXK/10-
ro tuna vepes Sy, S,, S3, S,;. Paccmorpum
J06Y10 TOPU3OHTAJIbHYTO cTOpOHY. Ee J1eBbrit
KOHeI[ MOKeT ObITb TOJIbKO Tuma 1 wam 3, a
npasblii — TObKO Tuna 2 wim 4. Kaxkpas
BEPIINHA SIBJSIETCS] KOHIOM POBHO OJIHOI
rOpU30HTAJIBHOI cTopoHbl. Tak kak obiee
KOJIYECTBO JIEBBIX KOHIIOB PABHO KOJIYe-
CTBY NPaBbIX KOHIOB, IOJydYaeM
S, +85;3 =8, +8,. Ananoruuynble paccys/e-
HUSI C BEPTUKAJTbHBIMU CTOPOHAMH JIAl0T Pa-
BeHCTBO Sy + 5, =53 +.5,. CknaznbiBag 10-
JIlydeHHbIC PaBeHCTBa, uMeeM 28; = 28,, o1-
kyna S;+S8; =285, — uernoe KOJIUYECTBO.
3amaua perieHa.

[TpuBeeM cxeMy ellie OJTHOTO 13 BO3MOXKHBIX
periennii. Pacnosio:knM MHOTOYTOJIBHUK TaK,
YTOGBI OCCEKTPICHI
VIJIOB 33/IaBAJIH TO-
PH30OHTAJbHOE U
BEPTUKAJbHOE Ha-
npasJsenus (cM. pu-
cyHok). Ilyctp He-
Kasl TOYKa OOXOANT
mepuMeTp MHOTO-
yroabuuka. Torga
TIPOEKITNS 9TON TOU-
KM Ha TOPU30HTAJIb TaK)Ke MEHsIeT HallpaBJie-
Hie Apukenns (IeIaeT pasBopoT) POBHO B T€
MOMEHTBI, KOT/Ia TOYKA TIPOXO/UT BEPIIUHY,
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B KOTOPOH OHCCEKTpUCA BHYTPEHHETO yTJa
MHOTOYTOJIbHUKA TOPU30HTAIbHA.
M. Cronenrxos

M2587. B kaxdotl kaemke noiocku 0Jubl
100 cmoum no guwxe. Moxno 3a 1 pyéw
nomenamo mecmamu mobvie dse cocednue
uwku, a maxxe MoKHO OECNAAMHO NOMe-
HAmMb Mecmamu a0ovie 0ge puwki, mMexdy
KOMOPLLMU CMOSIM d) POBHO MPU PUUKU;
6) poeno uemwvipe uwru. 3a xaxoe nau-
MeHvbuee Kouuecmeo pyb.etl MOKHO nepe-
cmasumy guwku 6 06pamuom nopaoxe?

Otger: a) 3a 50 pyGaeii; 6) 3a 61 py6ub.
3anyMmepyeM KJIeTKH 110 opgaky ot 1 1o 100,
a TeKyImM HoMepoM (utiku 6yjieM CYUTaTh
HOMED KJIETKH, Ha KOTOPOil OHA CTOUT.

a) Ouenxa. Ilyctp uUIIKM nepecTaBUId B
obparnHoM mnopsike. Torga xaxzaas guinka
JO/KHA ObLTa TIOMEHSTh YEeTHOCTb CBOETO
HoMmepa. Ho 3ameTnm, uro GecrratHas ore-
paIs He MEHSIeT YeTHOCTb HOMEPOB (DUTIEK,
a TTaTHas oOTepalys MeHseT ee y ABYX
rmex. Iloatomy morpebyercst ciesaTb He
menee 100/2 =50 omeparruii.

Hpumep. Ilpeasapure/bHO 3aMETHM, YTO
GecriiaTHas oIepanusi He MeHsieT OCTaTOK
HOMepa (DUIITKY TIpU JieJIeHun Ha 4 1, Ha060-
pOT, MOKHO G€CILIAaTHO MEPECTABUTH B JIIO-
60M TOpsifike 25 duliek, HOMEPa KOTOPHIX
JIAI0T OJTUH ¥ TOT JK€ OCTATOK IIPU JIeJIEHUN HA
4. Beimosianm 49 o6menos: 2—3, 4—5, 6—7, 8—
9, ..., 98-99. 3arem GecryIaTHBIMU OTIEPAIIU-
avu GuIKy 1 mepectaBuM Ha KJETKY 5, a
¢rmky 100 — Ha KJIETKy 4, Tocje Uero
noMeHsieM nx mecrtamu 3a 1 py6usnb. Temepnb
Kaxaas (pUIIKka 3aHsmIa KJIETKYy ¢ HOMEepOM
HY>KHOTO OCTaTKa TpH JleJieHnn Ha 4, s
TOTO 4TOOBI GECIIIATHBIME OTIePAIIMSIMU TTEPe-
CTaBUTH UX B MOPSIIKE, OOPATHOM K UCXO/IHO-
My.

6) B atoM myHKTe GeciiatHas oneparus He
MeHsIeT OCTaTOK HOMEepPa KJIETKY TIPH JIeJIEHUN
Ha 5. Hao6opoT, MOKHO GecriiaTHO TiepecTa-
BUTDb B Jo60M Topsizike 20 duiiek, HOMepa
KOTOPBIX JIAI0T OJIMH W TOT K€ OCTATOK TIPU
neneHnn Ha 5. [l pereHns yno6HA cJIery-
011asi MOZIE/Ib: PA3JOKUM (DUTIKA B 5 KYUeK
o 20 ¢urmek, B Kyuky Homep 0 — dumxn ¢
octaTkoM 0 TIpu JieIeHU Ha 5, B KyYKY HOMEP
1 — dumku ¢ octatkoM 1 1pm JieieHun Ha 5

2020/ Ne4
4 u tak janee. Pacnoso-
0 sxum xyuku dummex 1o
KPYTy — CHadaja KydKa
5 0, morom — 1, m Taxk

nanee g0 4 (em. pucy-
1 nox). Temepp 1naTHas

oreparust mpeCcTaBs-
2 er coboii obmen Tapbl
dumex u3 cocegHUX Kyduek. DbecruiarHbie
orepanuu MoxkeM 60JIbIlle He PACCMATPUBATH
(GecnimatHast omeparust <«IepeMernBaeT»
dbuniky BHYTpH 0/1HO# Kyuku). Ham TpeGyert-
csl TepesioKuTh Bce (umky n3 Kyuyku 0 B
KY4Ky 4 1, Ha060pOT, M3 Ky4Kd 4 B KyuKy 0,
a TaKKe TepeIoKUTD Bee (PUIIKT U3 Kydku 1
B KyUKy 3 ¥, HA000pOT, U3 Ky4KH 3 B KYUKY
1; ¢umknm w3 Kyukn 2 JODKHBI B HTOTE
0CTaTbCs B TOH Ke KydKe.
Ouenka. Kaxxnas dpumka n3 xkyuku 0 10K-
Ha y4acTBOBaTb XOTSA Obl B OJHOM OOMeHe
MEeK/Y Ky4KaMmu, YT06bI J06PaThCs 0 KyUKH
4. Ananornuno g duiek kyuku 4. Kaxkas
¢umka w3 kyukm 1 JO/DKHA Y4acTBOBATD
XOTsI OBl B JIBYX 0OMeHaX, 4TOObI 06PaThCs
JI0 KYYKH 3. AHQJIOTHYHO /s (PUIIEK KYIKN
3. 3mauur, morpebyeTcs He MeHee
(20+20+40+40)/2=60 o6menos. Ho
€CJIM B IOKA3aHHON OIleHKe OY/IeT IOCTUTATh-
csa pasenctBo (1.e. Gyzer caenano posHo 60
06MeHOB), TO duikam u3 Kyuku 1 npuzgercst
UJITH Yepe3 KyuKy 2, T09TOMY XOTsI Obl O/[HA
¢umka m3 Kydkun 2 OyJeT y4acTBOBaTb B
obmene. CreoBarebHO, HEO6XOIUMO 6OJTb-
nre 60 06MEHOB.
Ipumep. Cuenaem 20 06MEHOB, MEHSIONINX
Mectamu ¢umikn u3 kydek 0 m 4. [lasee,
0603HAYNM TO-HOBOMY (PUINKH, KOTODPbBIE
BHavaJse 6plm B Kyuke 1: 1.1, 1.2, ..., 1.20,
1 aHAJIOTUYHO 3aHyMepyeM (DUIITKH B KYIKax
2 u 3. BpmosHuM nocaenoBateabHo 41 06-
men: 2.1-1.1, 1.1-3.1, 3.1-1.2, 1.2-3.2,
3.2-1.3, 1.3-3.3, 3.3-1.4, ..., 1.20—3.20,
3.20—2.1. Herpyano y6eautbcsd, 4YTO Bce
(UIIKN 13 KyYKH 2 OCTAJINUCD B UTOTE B TOM XKe
Kyuke, a puniku u3 Kyuexk 1 u 3 momMmeHsjimch
MeCTaMu.
E.baxaes

M2588%. Touxa M nexum snympu 6vinyx-
J1020 yemvipexyzoaviuxa ABCD na oduna-
Kxogom paccmosnuu om npamvix AB u CD u
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Ha 00UHAKOBOM paccmosiHuu om npsimvix BC
u AD. Oxazanocw, 4mo naow,ads uemoipex-
yeoavnuxa ABCD pasna

MA-MC+ MB-MD.

Hoxaxume, umo uemovipexyzosvnux ABCD
a) enucannwiil; 6) onucanmnwviil.

a) Onycrum nepuenukyaspol MP, MQ,
MR, MT una mpsameie AB, BC, CD, DA
coorBerctBenno (cM. pucynok). Torga

Sascp =Samp +Spmc +Semp T Spma S

< (Samp + Spmp) + (SBMQ +Scmo ) +

+ (Semr +Spmr )+ (Spyr + Samr) =
= (Samp +Scmr) + (Semp + Spur) +

+ (Sgamo + Spmr ) + (Semo + Samr )-

3aMeTuM, 4YTO MPSAMOYTOJIbHbIE TPEYTOJIbHNI-
ku AMP v CM R numerot paBuble KareTbl M P
n MR, 109TOMYy U3 HUX MOXKHO CJIOXKHUTb
TPEYTOJbHUK A, /IBe CTOPOHBI KOTOPOTO PaB-
Hbl MA nu MC, a 3Hauur,

AmnaJjiornyto,

0 C
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CiejoBaTesbHO,

W3 ycaoBus BUIHO, YTO BCe IIPEIbIIYIIUE
HEPaBEHCTBA HA CaMOM JleJie JIOJIKHBI ObITh
paBeHCTBAMM. JTO 3HAYWT, YTO, BO-TIEPBBIX,
toukn P, Q, R, T sexar Ha COOTBETCTBYTO-
IUX CTOPOHAX YeThIpexyrosbHuka (a He Ha
UX TIPOAOJIKEHUSX) M, BO-BTOPBIX, TpEY-
TOJBHUK A TIPSIMOYTOJIbHBIN, T.e. LMAP +
+/ZMCR =90°. Amnaaoruuno, ~ZMAT +
+ZMCQ =90°, otkyna £BAD+ ZBCD =
= (LMAP + ZMCR)+ (LMAT + ZMCQ) =
=180°, T.e. 4eTHIPEXYTOJbHIK BIIMCAHHDII.

6) VI3 mpsiMOyTOJIBHOTO TpeyroabHuKa A (M.

m. a) BugHO, yto AP + RC = NMA? + MC?.

Ananormuno, BP+RD =+VMB*+ MD?*.

Torma

AB+CD =VMA% + MC? + VMB* + MD.
Boruncssig moxosxum o6pazom cymmy BC + DA,
MBI TTOJIyYM TOT Ke pe3yJbraT. /lokazaHHoe
paserctBo AB + CD = BC + DA o3Hnauaer,
YTO JIAHHDBII YETbIPEXYTOJbHUK — OIMCAH-
HBIH.

Bameuanue. Moxno nokasaTth (Harpumep, ¢
MOMOTIBI0 TPIOKA CO <«CKJEWBAHUEM Tpe-
YTOJTBHUKOBY», WCIOJb3YEMOTO B pPENIcHUN
3a/a4n), YTO TLIONA/(b JTIOGOTO BIUCAHHO-
omcaHHoOro yerbipexyroyibauka ABCD pas-
na MA-MC+MB-MD, tne M — 1enrp
BIIMCAHHON OKPYKHOCTH YEeTBIPEXYTOJIbHUKA
ABCD.

H.Cedpaxsn

M2589%*. Jlana sospacmaiowsas nociedosa-
MenbHOCMb  NOLOKUMELLHOLY YUCE
<Ay <a <dy<ay<...,6eckoneunas e
obe cmoponwi. ITycmv b, — naumenvuee
UeJ10€ UUCIIO CO CEOTUCTNEOM: OMHOULEHUE CYM-
Mol 11006Lx R n00psi0 udyugux uienos OaHHou
nocae008amesbHOCMU K HAUOOIbWeEMY U3
amux k unenoe ne npesviuaem by,. Joxaxu-
me, umo Nocaedo8amesbHOCms by, by, bs, ...
aubo cosnadaem ¢ namypaivrvlm padom 1,
2, 3, ..., aub0 ¢ HEKOMOPO2O MOMEHMA
nocmosHNA.

OueBuHO, uto by = 1, anpu k> 1 oTHOIIEHUE
U3 yCJIOBUS MeHblie R, moatomy b, < k 1pn
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BCeX HarypasibHbIX k. Ecim mociegoBarelin-
HOCTb by, by, bs,... He COBIAJAET C HATYPAJIb-
HBIM psoM, To b, < k—1 1pu HekoTOpOM
k>1. Torpa  a;+a+...+ a4 <
< (k—1)a;,_1 AT KQXKIOTO HEIOTO 1, OTKY 12

ka; < (k—1)a; ;4. O6o3HauUB t = % <1,

nojayvaem a; <ta;, 4 <ta;, IpU BCeX Iie-

JabIx 1. CiegoBaresibHO,
2 q
ai<t'ai+k<t 'ai+2k<...<t 'ai+qk.(*)

Hedopmaibho, () roBoput o ToM, uto ( @; )
BO3PACTaeT «He CJIUIIKOM ObIcTpo» . MDakTu-
ueckn (¢ yuerom Bospacranus (a@;)), B (x)
MOKa3aHo, YTO €CJIM €CTh [iBa HOMEpa m u 1,

an

rage m > n, TO OTHOLIEHHEe —2 MeHpuie 1,
a, ay,

Korgam—n < k; =L < ¢, korga m —n < 2k,

a
a 2 m
<t korga m — n < 3k, u 1.1. YToOHI
a?’ﬂ

OIIEHUTDb CBEPXY IIPOU3BOJIBHOE b, , OlleHUM
CBEPXY OTHOIIIEHHE
Aisn + iy + -+ Gy _

Qin

_a a i

a

i+n+ i+n—1 +. .+
a

Qi i+n i+n

B »a10it cymme TepBbie R ciaraeMbix He
npesocxozAT 1, caenyionme R He TPEBOCXO-
AT ¢, caiefyiontue k He IpeBOCXOIAT 2 1 T. /1.

Nrax,
Qisn + Aisn—1 +...F i

Qin

k
<k(t+t+t+.)=—=F.
1-t¢

J1o sHaunt, uto b, < k* IpPN MOOOM HATY-
pasibHOM 72. [TOCKOJIBKY MTOCIIE0BATEIBHOCTD
(b,), oueBuiHO, He yObIBAeT, TO OHA crabu-

JIM3UpYyeTCs Ha 4hcie, He 60JIbIieM k2.
A.Illanosanos

®2593.1 /lge odunaxosvie no daume 00poK-
Ku 6 napke samemenvt cnezom. /léa deopnu-
xa, Bacsa u Ilems, donxuvl ouucmums 00-
poxxu om cueza. Ilepsyio 0opoxKy onu
HAUAIU YUCUms ¢ 08YX KOHY08, U, K0zod

1 Asrop pemenmii 3agau D2593-D2596 —
C./Imutpues.
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OHA ObLIA OUUWEHA, BbISICHULOCH, umo Bacs
ouucmusn 20 mempos daunvl. Bmopyro do-
POKKY OHU MOXKe HAUALU YUCTRUMD C 06YX
KOHUos, MO menepv Bacs yeeauuus cro-
pocmo 6 3 pasa, a Ilems coxpanui npexnuil
memn. Kozda ob6e dopoxru 6viiu ovuueHwl,
0KA3an0Ch, ymo Ha Bacuny 0010 npuwaocy
scezo 50 mempos. A cxoavko mempos 0opo-
xex ouucmus Ilems?

O6o3naunm Bacumny /10110 OUUIIEHHBIX 0PO-
JKek yepes x. Torma (x + 50)/2 — 2TO JIJINHA
OJIHOI JTOpOKKU. BBeneMm o6Go3HaueHue o
JUIS OTHOIIIEHUST CKOPOCTel /BIKeHns1 Bacu
n Iletm 1pm oumcTKe TEPBOH TOPOKKU:
O = Opaen /Vltern- 1OT/I2 CIIPABEJIUBBI TAKUE
COOTHOIIICHUSI:

20 = (o/(1+ )« (x +50)/2,
50 —20 = (3a/(1+ 30t)) - (a +50) /2.

[Toyunmnach cucreMa U3 ABYX ypaBHEHUH C
JIByMsl HeusBecTHbIMM. PaszjenuM JjeBble u
MpaBble YacTH ATUX YPaBHEHUN IPyT Ha JIpy-
ra U TOJyYuM

3/2=3(o+ 1)/(1 + 30().
Orcrona HaxoauM, uto o = 1. ITogcraBus sTo

3HaueHne B 060 U3 YpaBHEHUH, MOJyIUM
x =30 M.

D2594. /lnsa nepenpasku yucmepn ¢ neghme-
npodyxmamu no Kacnuiickomy mopio us baxy
6 Acmpaxanv 60 epems 6mMoOpPoOU MuUpoeoll
BOUMHbL UX 3ANOJMAIU HE NOJHOCMBIO, U 6
IMOM CAYUae CMANLHAS UYUCTNEPHA 8MECTHE
€O CMANBLHOU NAAMPOPMOTU U CMATLHOIMU
Kosecamu naaeana 6 eode. I'pysonodsem-
HOCMb COBPEMEHHOU yucmepHvl 01 nepe-
603Kku Gensuna 60 m. Imo npu noanom
3anoaHenuu Ky3068d — eMKOCU 045 Xpate-
nus kuoxocmu. Macca mapuvt yucmephol
23,4 m, o6sen xkyszoea 73,1 M3, Kaxoe max-
cumanvnoe Koauwecmso Oensuna (6 momu-
HAX) MOKHO Nepenpasumov Mopem maxkum
CnocoboM 6 00HOU yucmepne 3a 00uH petic?
I nomuocme cmanu 7,8 mf m”, naommuocmo
60001 ¢ Kacnuu — npumepno 1 mfn®.

O061beM BceX CTAIbHBIX YacTell OHOTO TPAHC-
MOPTHOTO CPEJICTBA PAaBEH

23,4 1)/7,8 t/m° = 3 m°.
( )/7.8 1/

Ecim mctepHa ¢ 6eH3WHOM 6yAET TIETUKOM
MOTPy’KeHa B BOAY, TO CYMMapHbBIi 00beM
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norpy:kenHoro teja 6yner 3 Mo+ 73,1 Me =
=76,1 MO, CuietoBateIbHO, CyMMapHasi Mac-
ca Tapbl U GEH3MHA He JI0JKHA ObITh OOJIbITe
76,1 1. Orcioma HAXOAUM MaKCUMAJbHYIO
Maccy GeH3WHA B OJIHOU IMCTEPHE:

76,11-23,41=527r.

®2595. «Boonocmv> mymana (obaaxa) —
2mo 0buas macca 600AHbIX KaAneiex 6 eou-
nuue obsema mymana. Hao zemneii na evico-
me 1 kM Haxodumcs nenodeuxnoe 061axKo ¢
godnocmuvio 3 2/ m>. O6axo oxpyxeno npo-
3PAYHBLM 6030YX0M, MEMNEPAMYPA KOTROPO-
20 273 K, a Oasaenue 10° Ila. Kaxosa
cpeonsis memnepamypa eHympu obiaxa?
/lasnenue nacvluennvlx napos 600vi npu
273 K pasno 611 Ila.

Pa3yMHO 1peaosoxKUTh, YTO TeMIeparypa
BHYTpH 06JIaKa He CHUJIbHO OTJHMYAETCS OT
TeMIlepaTypbl Bo3yxa BHe obsaka. [Ipu yka-
3aHHBIX B YCJIOBUU TeMIlepaType U JaBJIeHUn
MIPO3PAYHOTO, a 3HAYUT, CYXOTrO BO3/yXa,
OKpY’KAIoTIEeT0 06JIaK0, €TO MJIOTHOCTD

pcyx = PM/(RT) = 1278,3 I‘/M3_

B mogcuere ObLno yuyTeHo, 4TO MOJSpHasi
Macca Cyxoro Bosayxa My, =29 r/moub.
[IT0THOCTD BIA’KHOTO BO3AyXa (€3 Kallesb
BHYTPH 00JIaKa

Py =1278,3 1/M” =3 1/m =1275,3 1/n°.

BHyTpu o6saka B BO3[yXe KpOMe Kalesb
HAXOJNTCS W HACBHINIEHHBIH ap Boabl. /laB-
JIeHUe HACBIIIEHHOTO BOJSHOTO Iapa Ipu
temieparype, 6auskoii Kk 273 K, oxoso
611 Ila. Takum o6Gpasom, u3 10° Ila npu-
mepHo 611 Ila cosmanbl BogsiHbIM TapoM. 13
3TOTO CJIEIyeT, UTO CPEIHSS MOJISIPHAS Macca
BJIAJKHOTO BO3/lyXa

M,, = (1-611/10%)- 29 r/momm +
+ (611/105) -18 r/Moumb = 28,933 r/Moub.
Torga Temmeparypa BHyTpH o0Jlaka paBHA

T = pM,, /(Rp,,) = 273,009 K.

«KBAHTA>»

WubiMu cjioBaMu, temieparypa BHYTpH 06-
saka Bcero Ha 0,009 K Bbiinie, yeM y okpyska-
I0I[er0 06/1AK0 MPO3PAYHOTO CYXOTO BO3JLY-
xa. [Ipu Taxoit pasuuiie reMneparyp nporecc
YCTaHOBJICHUS TEIJIOBOTO PABHOBECHUS HJIET
OYeHb MeJIEHHO W BPeMs JKU3HH o0Iaxa
BEJINKO.

®2596. Yaiinuk nompeb.asem om 31eKmpu-
ueckotl cemu mouptocms 2. kBm. Macca oo,
Komopy1o Bacs ¢ HeGoavuum 3anacom Haiu-
saem 6 uainux, paena 0,3 ke (a 6 wawxy
nomewaemcs 0,2 1 600v). B maxom uaiinu-
Ke Bacs nazpesaem 015 npuzomosienus 4das
YUCmy10 u nepeonauaivio x0a100nyio (20 °C)
600y, 006005 ee do xunenus. Kax moavko
600a (uepe3 00ny Munymy noc.ie 6KI0UeHUs.
waunuxa) nauundem xunemo, Baca mym xe
OMKII0UAETN YAUHUK OM cemil, HO 600d NPO-
dosskaem kunemo eue npumepro 10 cexyno.
Kaxoe KII/] ucnonvsosanus aiexmposnep-
2UU, ecaU CUUMaAmov NOAe3HOU MOAbKO MO
KOAUUECBO MENI0mbl, KOMOPOe HYKHO,
umobvL 600d, HAIUGACMAS 6 YAUKY, UMELd
memnepamypy 100 °C? Y dervras mennoem-
xocmwv 600vL 4200 [xf(xe - K).

Ecim 1perosioKuTb, 4TO BCSI MOIHOCTb,
norpebJisieMast YailHUKOM OT CEeTH, J0CTalach
BO/JIE, TO BPEMSI JI0 3aKUITAHNUST BOIbI COCTABH-
JIO ObI

4200 Jix/(xr - K)- 0,3 kr - 80 K/2000 Br =
=50,4 c.

A TIOCKOJIbKY BOJIa 3aKuIlesa TOJbKO yepe3
MUHYTY, TO 3TO O3HAyaeT, YTO HarpeBaHue
BOJIbI Havasoch He cpady. [lepsbie npubiam-
sutesapHo 10 cexyH rpeercs caMm Harpeba-
TEJbHBII 3JIEMEHT, a TIOCJE BBIKJIIOYEHWS
yaiinmnka Kak pas atu ke 10 cexyH/ Boja ere
[IPO/IOJIKAET KHUIIETh, ITOCKOJIbKY HarpeBa-
TEJbHBII AJIEMEHT HArpeBaeTcs JI0 TeMilepa-
Typbl, KoTopasi Topasgo Bbime 100 °C. B
VCJOBUU 33Jla4i HYKHO HAHTH OTHOILEHHE
KOJIMYECTBA TEIJIOTBI, KOTOpOe TOoTpeboBa-
Joch st HarpeBauust 200 T BObI JI0 KuTie-
HU, K 0611l 9Hepriu, TOJIyYeHHO OT 3JI€K-
Tpuueckoii cetu. B aTom cayuae KII/] paBen

(200/300)-(50,4/60)-100% = 56%.




Sada4uu

1. Ha knetyatom Oymare Obin HapycoBaH
NabupuHT: kBadpaT 5x5 (BHeLHsAs cTe-
Ha) C BbIXOAOM LUMPWHON B OZHY KIETKY,
a TakXke BHYTPEeHHME CTeHKW, uayLime mno
NUHUAM CeTKM. Ha Halem pUCyHKe Mbl

% { 3 <
- T 67 ‘ s
Z e \. - &

CKPbINN OT BaC BCE BHYTPEHHWE CTEHKW.
HadepTuTe, Kak OHM MOrNM pacrnonaraTb-
s, 3Has, YTO YnCna, CTosLLMeE B KIeTKax,
NoKa3blBalOT HaMMeHbLLiee KOIMYeCTBO Lia-
roB, 3@ KOTOPOE MOXHO ObIfIo MOKNHYTb
NabUPUHT, CTapToBaB 13 3ToV kneTku (wwar
[leNaeTcs B COCEAHION MO CTOPOHE KIETKY,
eC/Iv OHW He pa3feNieHbl CTeHkon). [locta-
TOYHO MPUBECTU MPUMEP.

M.EBrok1IMOB, A.XaYaTypsH

2. Ha ctone nexat 6 a6nok (He obd3a-
TeNlbHO OMHAKOBOro Beca). TaHs pasfno-
KUna 1x no 3 Ha [Be 4Yallky BeCOB, 1 Bechl
oCTanncb B paBHoBeckM. A Calla pasno-
XN Te Xe f0nokK no-gpyromy: 2 a6noka
Ha oAHy Yallky M 4 Ha Apyryto, U BeChl
ONsATb OCTaNNCh B paBHOBeCUW. [lokaxuTe,
YTO MOXHO MONOXWUTb Ha OAHY 4allKy

3apa4v 1, 2, 4 npepnarannce Ha Matematnye-
CKOM MPa3fHuKe, 3a4a4a 3 — Ha MyHULMNANbHOM
3Tane Bcepoccninckom onvmMnmagbl o MatemMaTu-
ke B MocCKoBCKOW 0bnacTu.

BECOB OAHO f0M10KO, a Ha Apyryio ABa TakK,
4YTO BeCbl OCTAaHYTCA B PaBHOBECUMW.
A.lllarnoBasionB

3. MyHkTol A, B, C, D pacnofioxeHbl B
BepLUMHax npamoyronsHuka ABCD, ero
CTOPOHbI — foporu. lNepsas MalLVHa Npo-
exana 3a 4ac no mapuwpyty A——C—D0, a
BTOpasd npoexafia 3a 4ac no MapLupyTy
A—D—C—FB Yepes kakoe BpemMd MaLlu-
Hbl BCTPETATCA, €C/IM OHW OLHOBPEMEHHO

BbleflyT 13 NMyHKTa A B pa3HblX HanpasJse-
HWAX 1 NoefyT NO CTOPOHaM MPAMOYTOfb-
Huka ABCD? (CkopocTn oberx MalluH
NOCTOSIHHbI.)

HAraxaHos

4. B necy xwuBeT 40 3Bepen — nucuLbl,
BOJIKM, 3aMLibl U Dapcyku. EXXerogHo oHu
yCTpamBaloT Dan-mMackapag: Kaxnablin Ha-
[eBaeT MacKy >XXMBOTHOrO APYroro Bmaa,
npryemM OBa rofa noapsig OHU OfHY W Ty
Xe Macky He HocaT. [lBa rofa Hasapn Ha
Dany Obino 12 «nucuuy» 1 28 «BONKOBY,
rog, Hasag — 15 «3amues», 10 «aucuu» m
15 «bapcykoB», a B 3ToM rogy — 15 «3au-
ueB» 1 25 «nmcnu». Kakmx 3sepen B necy
Donblue Bcero?
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IpUMeEpbI 1 KOHTPNPYMEPS

A.KAHYHHUKOB

06 opgHOM Mpu3HaKe AenuMoCTU

Haunewm ¢ Taxoro npumepa. Xopouio u3se-
CTEeH TTPU3HAK JIEJTUMOCTH Ha 3: YUCJIO I€JTUT-
cs Ha 3, ec cyMMa ero 1udp geautes Ha 3.
Bepen anasornyHbIil Ipr3HaK 1€JMMOCTH Ha
9. Hampumep, 145287 xkparno 9, Tak Kax
1+4+5+2+8+7=(1+8)+(4+5)+(2+7) =
=3-9 kparno 9. CripaBe/JIuB JI aHAJTIOTHY-
HBII TIPU3HAK JieTUMOCTH Ha 277 BoszbmeM, K
[IpUMepy, HauMeHbIIlee YUCJI0 C CyMMOii I p
27: 999. Jlerko BuJETH, YTO OHO KpaTtHO 27
(J10CcTaTOUHO Pa3/IeuTh ero Ha 9 1 Moy YuTh
yucio 111, xparnoe 3). Bosbmem apyroii
npumep: 11...11 (27 equnun). Paszgenms ero
Ha 3, moay4unM gucao u3 9 6a0koB 037:

111 111 ... 111 : 3 =37 037 ... 037.

Cymma 1nudp TOJYyYEHHOTO YACTHOTO PaBHA
(3+7)-9 u xpatna 9, 3HAUUT, CAMO YaCTHOE
neauTcs Ha 9, a Torzga UCXOHOe YUCJI0 U3 27
enuuuIl geautcst Ha 27. Ml pazobpasu 1Ba
[IpUMeEPA, HO JasKe ecJiu Obl HAILIN MUJLIHOH
[IO/ITBEPIKIAIOIINX TIPUMEPOB, MbI GbI HE J10-
kazaimu npusnak. Hamporus, ymcso 9981
MOKA3bIBAeT, YTO HANl TPU3HAK HEBEPEH:
x0Tt 9 +9 + 8+ 1 =27, Ho 9981 He kpaTHO
27, tak xak 9981 : 9 = 112 ©He KpaTHO 3.
Uucao 9981 omposepraer HeBepHbBIN TPH-
3HaKk Jeaumoctu Ha 27. BooO6ine, npumep,
KOTOPBII OMpPOBEPraeT Kakoe-TO yTBEpIK/e-
HUe, Ha3bIBAeTCs Koumpnpumepom. llpuse-
JIeM IIYTOYHYIO <«T€OPEMYy»: B MaTeMaThKe
HeT TEPMUHOB, B HA3BAHUU KOTOPBIX IISITh
COTJIACHBIX Uy T o/psizi. CaMo CJIOBO «KOHTP-
[IpPUMeEpP» SBJISIETCS KOHTPIIPUMEPOM K ITOI
«Teopemes .

Ynpaxxuenust

1. Haiizure camblit MajleHbKITET KOHTPIIPUMEDP K
«ITIPU3HAKY JEJUMOCTH Ha 27», T.e. Takoe Hau-
MeHbIllee HaTypaJbHOE YNCJI0, He KpaTHoe 27,
cymma nudp Kotoporo Kpatha 27.

DOI: https://doi.org/10.4213/kvant20200403

2#*, Tlpusnak mesumoctu Ha 27 ¢ cymMoitl nndp
HeBepeH B JlecaTHYHON cucteMe cuucaeHus. [lo-
JyMaiiTe, TI0ueMy B Heil BepHbBI TPU3HAKHU JIEJTIMO-
ctm Ha 3 U 9, u nonpoOyiiTe MOHATb, B KAKUX
cucTeMax CYMCJIEHUS BepeH aHAJOTHYHBINA TMpH-
3HaK JleauMocTu Ha 27.

06 ogHOM Mpu3HaKe
paBeHCTBa TPeyrosibHUKOB

Ilepeiinem k reomerpun. Brosne oueBu-
HO, YTO €CJIM JIB€ CTOPOHBI M YTOJ MEXIY
HUMM OJIHOTO TPEYTOJbHIUKA COOTBETCTBEHHO
PaBHBI /IBYM CTOPOHAM M yTJIy MEXK/1y HUMU
JIDYTOTO TPEYTOJbHUKA, TO TaKhe TPEYTOJb-
Huky pasubl (puc.1). 1o yTBEpKAEHNE Ha-
3bIBAeTCS TIEPBLIM TPU3HAKOM PaBEHCTBA
TPEYTOTHbHUKOB. KOPOTKO TOBOPSAT Tak: Tpe-
YTOJbHUKHN PABHBI IO BYM CTOPOHAM ¥ YTy
Mexxay Humu. /laBaiite mogymaem, a Oyuer
JI BePEH aHAJOTUUHBIN MTPU3HAK, CCJU CJIOBA
«MEK/ly HIMHM» 3aMEHUTD CJIOBAMU «HE MeX-
Iy HUMU» (pI/Ic.Z.) B noareep:xaenue aToit
TUTIOTE3bI  TOBOPUT W3BECTHBINH (akT, dYTO
[IPSIMOYTOJIbHbIE TPEYTOJbHUKU PABHBI 110
KaTeTy U TUIOTEHy3e: IPSIMON YroJl JIeKUT

Puc. 1

Puc. 2
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Kak pa3 He MEeXAy
numu. Ham Gyner mo-
JIE3HO BCIIOMHUTD, KaK
JlOKa3blBaeTCsA ITOT
MpU3HaK. JTO COBCEM
HECJIO3KHO: HY KHO TIPH-
M JIOKUTD TIPSIMOYTOJIb-
Puc. 3 HbI€ TPEYTOJbHUKU
JIpyT K [JpyTry, 4TOObI WX PaBHbBIC KATETHI
copaan (puc.3). Torga U3 HUX CJIOKHUTCSI
paBHOGepeHHbII TpeyroabHuK (ero GoKo-
Bbl€ CTOPOHBI — 3TO I'MIIOTEHY3bl HAIINX [1PSI-
MOYTOJIbHBIX TPEYTOJbHUKOB, PABHbIE 110 yC-
JI0BUI0). BbicoTa, npoBe/ieHHast K €ro 0OCHO-
BAHMIO, ABJISIETCS TAKXKE ¥ MEIUAHOI, 1109TO-
My HallM HIPSMOYIOJIbHbIE TPEYroJbHUKN
PaBHBI 1O JIBYM KaTeTaM.

Bosee ob6murmii mpusHAK paBeHCTBA TPEY-
TOJBHUKOB «II0 JIBYM CTOPOHAM U YyTJy He
MEX/ly HUIMU» OKa3bIBaeTCs HeBEPeH, a IpH-
BECTH KOHTPIIpUMEP IIOMOraeT KOHCTPYKIIIS
13 JI0KA3aTeJbCTBA € MPSAMOYTOJbHBIMU Tpe-
yroJbHUKaMu. [laBaiiTe BO3bMeM IIPOU3BOJIb-
HBIIT paBHOOEpeHHbII Tpeyronbuuk ABC ¢

B ocHoBannem AC n
pasjieJuM €ero or-
peskoMm BK na n1Ba
TPEYTOJIbHUKA, B35IB
touky K va AC, HO
He B cepejuHe
(puc.4). Kak Bu-
UM, YCJIOBUS <IIPH-
3HaKa» BBIIIOJIHA-
otca: AB=BC,
cropona BK o61as,
ZBAK = ZBCK, B TO BpeMs KaK TPeyroJb-
unkn ABK n CBK gBHO He paBHBI: OJNH
OCTPOYTOJIbHBIN, APYTroil TyIOyTOJbHbIH.

Wrak, Mbl OIpOBEPraM HEBEPHBIH IIpuU-
3HaK, npuBens KouTprupumep. Ho, 9to Kyaa
HHTEepecHee, 3TOT KOHTPIPUMED 110 CYIIECTBY
eIMHCTBEHHO BO3MOJKHBIH, T.e. M3 JIOOBIX
JIByX HEPABHBIX TPEYTOJIHHUKOB, Y/IOBJIETBO-
PAIONINX YCJIOBUIO «IIPU3HAKA», MOXKHO CO-
CTaBUTDb PAaBHOGEAPEHHBII TPEYTOJbHIK, KaK
Ha puUCyHkKe 4.

A K C
Puc. 4

Yupasxknenune 3. [TornpoOyiiTe 3T0 /J0Ka3aTh.

B yacTHOCTH, €CJIU IOTIOJHUTENBHO MOTPe-
60BaTh, 4TOOBI 06a TPEYTOJbHIUKA OBLITH OCT-
POYTOJIBHBIME WJIN TYTOYTOJbHBIMEU, TO TPHU-
3HAK CTAHET BEPHBIM.
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Joka3biBaTb Unn onpoeepratb?

Bo MHOrmx 3ajauax HY’KHO YTO-TO JIOKa-
3aTh. /Jlpyrme 3amaunm HAYMHAIOTCS CO CJIOB
«IIpuBenute mpumep...». Ho wacto 3amaun
¢opmyampytotest B Buze Bompoca «MoKHO
Ju...?» Takue HoOpMyTUPOBKYI TPUOIKEHDBI
K UCCJIEJIOBAHUSAM YYEHBIX, B KOTOPBIX 3apa-
mnee orBer HeusBecTen. [lo aromy moBomy
akageMuk Amnjpeit Huxkomaesuu Kosmoro-
POB COBETOBAJ MTOOYEPEIHO MBITATHCS JJOKA-
3bIBATh M OIPOBEPraTb HESICHbIE TUMOTE3DI.
[laxxe ecau He ymaercs cpasy HPHIyMaTb
KOHTPIPUMED, TaKHWe PACCY’KAEHUS TOACKA-
3BIBAIOT HATIPaBJIEHHE TIOWCKA, OTCEKas BCe
JINTITHEE W Cy»Kast KpyT Tmoucka: «Ecam mpu-
Mep U CYIIECTBYET, TO B HEM 005I3aTEJIBHO. .. »
W, Hao60poT, MpH MPOBEPKE JJOKA3ATEIb-
CTBa yzaercss OGHAPYKUTh OPeITb B PACCy K-
JICHUSIX ¥ TIPUBECTU KOHTPIIPUMEP.

3anaua 1. Moxno au, ucnoav3ys yugdpot
om 1 0o 9 kaxdyio no pasy, sanucamo nimo
wuces, kaxooe us komopuix (kpome nepeo-
20) deaumcs na npedvidyuee?

MosxHo uin vebas? Ecnu Hesb3s, TO He
BITOJIHE TIOHATHO, KaK 3TO BBISCHUTDL, Pa3Be
YTO JAJMHHBIM TlepeGopoM... [lompobyem mo-
Ka3aThb, 9YTO MOKHO, TToo6paB mpuMep. Kak
Jrydrre pacnoJsarath udpoi? 13 coobpaske-
HUWl 9KOHOMUHW HAYHEM C CaMOH MaJIeHbKOW
mueppsl 1 n GyfeM yBeIWYWBATH UHCJIA B
HanMeHbIIlee YnCJIo pa3 — B /iBa pa3a. Tak Mbl
anumieM 4eToipe umcraa: 1, 2, 4, 8. [lna
YTBEPAUTENBHOTO OTBETA HA BOMPOC 3aa4u
ocrayoch u3 1mudp 3, 5, 6, 7, 9 cocraBuThH
4yucJ0, kpatHoe 8. /1t aT0ro Heo6X0MMO 1
JIOCTaTOYHO, YTOGBI TPHU IOCJe/HIe U pbl
06pa30BBIBAIN YNCIO, KpaTHOe 8. OueBH-
HO, TIOCJIeTHEI MOKeT GbITh TOJIBKO IIECTep-
ka (ocranbhbie mudpbl HevetHbl). Hecmosk-
HO To106path, uto 376 moxxomut. Iloatomy
B KQUeCTBE IMOCJEHETO, TIITOTO YNCTIa MOKHO
B34THh 59376.

OrtBer: ja, MoyxHO, Hanpumep: 1, 2, 4, §,
59376.

Yupaxunenue 4. Haiiute Bce BO3MOKHbBIE Ba-
PMaHTBI TIATOTO umncia mocrae 1, 2, 4, 8.

Bor eme oxuH 3ajada Ha JEJIUMOCTD, I0-
TpyIHEE.

3amava 2. Yuumenvnuuya nanucaid ma
docke dsy3naunoe yucio u cnpocuia [lumy



no ouepedu, 0eaumcs 1w OHo Ha 2; Ha 3;... Ha
9. Ha ece socemv onpocoe [uma omeemu.n
6EPHO, NPUUEM OMEEMOG <O U <HeM > ObLIO
nopoeny. a) Moxeme 1u 6vi meneps omee-
Mums 6epHo xomsi 6L HA 00UH U3 BONPOCOB
YUUMETLHUYDL, HE 3HAS CAMO20 uucad? 6) A
xomsi 6ol na deéa eonpoca?

Koneuno, ecyi MbI MOJKEM OTBETUTD Ha /[Ba
BOTIpOCa, TO M Ha ofuH TeM 6oJiee. [Toatomy,
«TI0 3aKOHAM JKaHpay, CKOpee BCETO, OTBET B
nyHKTe a) — Ja, a B IyHKTe ) — HeT.
Pasymeercst, aT0 He TapantTupoBanno. Ho
corJIacuTech, GbLTIO ObI CTPAHHBIM 3a/aBATh
JIBa BOTIPOCA, €CJIN Jlaske Ha OJIMH MBI OJTHO-
3HAYHO OTBETUTH HE MOJKEM.

Haumewm ¢ Toro, 4To momnpo6yem npuayMarh
npuMep K nyHkTy a). Hanpammsaercs mpo-
BEPUTH OTBET Ha MEPBBIH BOIPOC YUUTETHHI-
LBl — PO JEJUMOCTb HanucanHoro (u Hewms-
BecTHOro HaMm) umcaa N Ha 2. Ecau orser
«HET», TO YHCJO HEYETHO W TI09TOMY He
JIeIUTCS TaksKe HI Ha 4, Hu Ha 6, HU Ha 8.
[TocKOJIbKY OTBETOB «JIEJIUTCSI» U <HE JICJTAT-
csT» TIOPOBHY, 3HAUNT, HA OCTABIINECS YEThI-
pe uncaa 3, 5, 7, 9 uucao N [T0/KHO
neaurbesa. Ho Ttorma oHo jgenurtcs Ha
3-5-7 =105 u HUKaK He aBy3HauHOE. [TomTy-
YeHHOE TPOTHBOPEUHE TTOKA3BIBAET, UTO UNC-
g0 N TOYHO JeJuTCsT Ha 2, TaK 4TO OTBET B
MyHKTE a) yTBEPANTEIbHDIN.

[epeiinem k mnyHxry 6). VHTyunus Ham
ITO/ICKA3bIBAET, YTO OTBET «HET» , HO MbI TOTO
TOYHO He 3HaeM. HazoBeM ABY3HAUHOE YNCIIO
XOpowuM, eCJIV YINTEIbHUIIA MOTJIA €r0 Ha-
nucarb Ha JIOCKe, T.e. €CJIM OHO JIeJIUTCS
POBHO Ha deThIpe uncJa ot 2 10 9. B myHkTe
a) MbI I0Ka3aJl11, YTO BCAKOE XOPOLIEE YUCIO
4yeTHOe. Dy/ieM MbITaTbCsi /I0Ka3aThb OTBET
«a» B yHKTE 6), T.€. HalTh 4mcI0 oT 3 10
9, Ha KOTOpOE TOYHO JIEJUTCS WU TOYHO He
JIEJTUTCST KasKJI0€ XOPOIIee YUCJIo.

Hatigercs sim, K mpuMepy, Xoporiee YucJo,
kpatHoe 9? Ecuu 1a, TO OHO Takke KpaTHO 3,
aeme 2, a Torga u 6. Yxke 4 pgenurens: 2, 3,
6, 9. Hanmennitee takoe uncao 18 — oo u
BripaBay xopoiiee. [lompoGyem Terepb Haii-
TH XOpoliiee Yncjo, kparnoe 8. OHO aBToOMa-
TUUCCKU JeJuTcsd Ha 2 u 4 — yxe Tpu
nenurens. Ecan oHo genntes na 3, To ToT1a
n Ha 6 — ysxe nATh Aenureseii. Ho ono mosker
peautbess Ha 5: 40 — Xopolnee 4YMCIO C
nenurensamu 2, 4, 5, 8.

ITpumepnt uncen 18 u 40 mokasbIBaIoOT, 4YTO
HeJb3sl OJIHO3HAYHO OTBETHTD, JEJUTCS JIN
xoportiee yucyao Ha 3, 4, 5, 6, 8, 9 uau Her:
BCeakUi pa3 orBerhl s uucen 18 m 40
pasuble. Ham ocTtanoch onpemesnTbes ¢ ce-
Mmepkoii: 18 u 40 na 7 ne gesarcsa. CyiecTBy-
€T JTU XOpoIiee 9ucao, KpatHoe 77 Jla, merko
NpUBECTH TMPUMEP, B3SIB BMECTO YHCJTA
40 = 8- 5uncao 56 = 8- 7. Bor MBI 11 1oKa3a-
JIM, 4TO OTBET K IYHKTY 6) — <HET».

3apnaua 3. a) Moxem au paboma pupmol
3a 106 vie nsimov mecsiues 6vims nPUOLLILHO,
a 3a eecv 200 — yboimounoii? 6) Moxem au
maxoe noJoKenue nPoooIKAMLCS 6 meue-
nue wecmu aem? (Hwnvimu ciosamu, no
umozam a106vLx nAmMu noOPL0 UOYUUX MeCs-
ues upma noayuaem npuboviiv, a NO UMo-
2am Kax00z0 u3 wecmu Jaem — mepnum
y6voumox. )

Ha mepBbiil B3r/sij;, Takoro ObITb HE MO-
JKeT, HO JlaBaliTe He CIEIINTD ¢ BbIBojgaMu. B
myHKTe 6) OTPE30K B IIECTD JIET YKa3aH <«/1JIst
otBoja ria3». Ha camom nese, omnucannas
CHUTYallust HEBO3MOJKHA JIA’Ke B TEUEHUE IIITU
JIeT — Be/[b TAKOWl OTPE30K BPEMEHMU [IEJTUTCS
Ha 12 OTPE3KOB MO TIATh MECSIIIEB M BCE OHU
IpHUOBLIbHBIE TI0 yCI0BUO. VTak, B MyHKTE
6) OTBET «HET».

IlepeiileM K TIYHKTY a), emle He 3Hasd,
MPUBEAYT JI HAIN PAa3MBITIIIEHUS K TPUMe-
py Wan K onrpoBepskennio. [lepedopmynnpy-
€M BOTIPOC Ha MaTeMaTUYeCKOM S3bIKE: MO-
ket im cymma 12 gucest GbITh OTPHUIIATE -
HOI, B TO BPEMsI KaK CyMMa 5 JIIOOBIX TTOIPSI/T
UAYIIUX U3 HUX ToJoxuTeabia? Ecau ga, To
CYMMa TI€PBBIX JIECSTH YUCEJ TIOJI0KHUTETb-
HA, a TOr/[a CyMMa JIBYX ITOCJEeHIX OTPHUIIa-
tesibHa. C APYroil CTOPOHBI, BEPHO CUMMET-
pUYHOE 3aKJIOUeHHe: CyMMa MepBBIX ABYX
YrcesT OTPHUIATENIbHA, & IeCITH OCTAIbHBIX —
nosoxuresbHa. Hakonerr, paccMoTpeB Kpaii-
HUE TSATEPKHU YUCEN, TOJYYNM, YTO CyMMa
JIBYX YHCEJ B cepeqHe oTpuiiareabHa. /s
MIPUBE/IEHUS TIPUMeEpa yuTeM ere, uyTo 1-e u
12-e ymcsaa yyacTBYIOT KaXK/I0€ TOJBKO B
OJIHOM TISITEPKE, TaK UTO MEPEIOKUM HA HUX
«OCHOBHYIO OTBETCTBEHHOCTb 3a YOBITOK».
N3 atux coobpakeHuil yxe HECJ03KHO IIPU-
JyMaTb MPUMEDP:

-5,0,2,2,2,-1,-2,2,2,2,0,-5.
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Bces cymma paBHa —2. AKKypaTHO IIPOBEPbTE
KaX/IYI0 IATEPKY MOAPA] WAYIIMX YUCe.

KTo Gonble, nnu «OueHka + npumep»

Odenb 4acTo B 33/[a4axX HYKHO HE TOJBKO
[IPUBECTH TIPUMEP, HO U JIOKA3aTh €r0 OITH-
MaJIbHOCTb B KaKOM-TO cMbicie (HanGoibiinee
YHCJIO0, HAUMEHbIIee BpeMst PAGOTBI U T. [1.).
COOTBETCTBEHHO, pelieHns TaKuX 3ajad Co-
cTosT U3 ABYX vacteil. Kormga Mbl mpuBo M
puMep, HaM HYKHO TOJIbKO TIOKA3aTh, 4TO
OH ymoBJsieTBOpsieT ycuoBuio. IIpu mokasza-
TEJIbCTBE K€ OINTHUMAJIBHOCTU HEOCTATOUHO
[IPUBECTH HECKOJIBKO KOHTPIIPUMEPOB, MO,
y Hac Jydiie He ToJyduaoch. Heo6xoamumMo
JIOKA3aTh, UTO HU Y KOZO JIyUIlle HE TTOJTYIHT-
ca!

3anxava 4. B namo 20puiourxos, cmoaujux 6
psi0, Kpoaux nanun mpu xuioepamma meod
(ne obszamenvno 6 KaX0vil u He 00s3a-
mevho noposuy ). Burnu-ITyx moxem 63smo
a00ble  06a 20pWOUKd, CIMOAWUe PSIOOM.
Kaxoe nauborvuee xoauuecmeo medda cmo-
Kem 2apanmuposanio ceecmv Bunnu-ITyx?

Ecsu Kposuk pasosiber Meji TIOPOBHY, TO
[Tyxy nocranercst 6/5 kr. Ho Kposnk mosker
MOCTYITUTD XUTPEE: PA3JIUTD 110 KUJIOTPAMMY B
ropuioykn 1, 3 u 5, u rorza [1yx Bo3bmer 1 Kr.
Mosker i sxoHOMHBIH KpoJk criactu erre
6ouibiiie Mesia? [lepeGpaB BapuaHThbI, TIPUXO-
UM K turorese, 4to Her. [lokaskeM 3TO M
320/[HO TIOKAYKEM, KaK MOKHO ITPUIITH K OTBE-
Ty 1 Kr, ecau Mbl cpa3y He JOraJlajiuch /10
XUTPOYMHOTO criocoba Kpouka.

[Tycrp Ilyx MokeT TapaHTUPOBAHHO 3a6-
paThb TOJIBKO X KT 1 He 60JIbliie. ITO 3HAYMT,
4To Kak Obl HEU pasauBai Kposamk men, B
kask1o0ii nape ropuoukos (1, 2), (2, 3), (3, 4),
(4,5) He Gosee x Kr, mpuYeM B KaKOH-TO
nape poBHO X Kr. CJIOKUB COJIEPAKUMOE TTap
(1,2), (3,4) u pobaBus 5-ii ropmouex (B
KOTOPOM TO3Ke He 6oJiee X KT), MOJTyInM, 4TO
o6mrag Macca e 6osee 3x kr (puc.5). Ho o
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ycJioBuio oHa paBHa 3 kr. Utak, 3 < 3x, T.e.
x 2 1. 3nauut, Kponk MOKeT He HaJlesaThCs
cnacTu OOJIbIie /IBYX KHUJIOTPaMMOB MeJa.
Kcratn, 13 3T0T0 paccyK/JIcHUs TT0Iy4aeTcs
U BBIIE TIPUBEIEHHDIN TIPUMED, U €r0 e/InH-
CTBEHHOCTDH. VIMeHHO, 4TO6bI & ObLI paBeH 1,
HEOOXO/IMO, YTOGBbI B 5-M TOPIIOYKE Mey
6b110 poBHO 1 kr. Ho Tor/a, cuMMeTpuyvHoO,
u B 1-M ropmiouke posro 1 kr. Tenepsb sicHo,
YTO BO 2-M n 4-M TropmovKax J0JI;KHO 6bITb
mycro, a B 3-M — 1 Kr.

Yupaxkuenne 5. Cembs HOUYDBIO IIOJONLIA K
mocty. [lana moxker mepeiiti ero 3a 1 MHHYTY,
Mama — 3a 2, CbIH — 3a 5, a 6alymrka — 3a 10 MUHYT.
Y nux ectb ogud GoHapuk. MOCT BBIZIEPIKUBAECT
TOJIKO JIBOMX. ECJU MEepexojsr ABOE, TO OHU
MYT € MEHbIIEell U3 UX cKopocteii. [[BUrarbes mo
MocTy 6e3 ¢onapuka Hesb3si. CBeTUTb W3/AJH
Henb3st. Hocute ApyT Apyra Ha pyKax HeIb3sa. 3a
KaKoe HalMeHbIIee BPEMSI CeMbsl CMOJKET MepeiTn
MoCT?
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KOHKYPC UMMEHU A.II.CABUHA

Mbi1 3aBepLuaem o4epefHON KOHKYPC 10 PELUeHUI0 MaTeMaTndeckmx 3aga4. OHU paccyuTaHbl B
nepByto ovepesb Ha yHalyuxcs 7-9 K/1accoB, HO Mbl 6yieM pasbl yHacTHIO LUKO/IbHUKOB BCEX BO3PACTOB.
KoHKypc ripoBoanTcsi COBMECTHO C XKYPHANOM «KBaHTUK».

Bbicbinanite pelueHuss 3apad, ¢ KOTOPbIMU CIIPaBUTECh, 3/IEKTPOHHON IMOYTON 110 aApecy:
savin.contest@gmail.com um obbrdHov royTosi o agpecy: 119296 MockBa, JIeHUHCKMI MPOCIIEKT,
64-A, «KBaHT» (c rnometkosi «KoHKypc umenn A.[l.CaBuHa»). Kpome umeHu v ghpamunmm yKkaxmre
ropoa, WKOJMy U K1acC, B KOTOPOM Bbl y4UTECh, @ Tak)Ke 0BPaTHbIVI IMOYTOBbIN aApec.

Mpbi npnseTcTByeM y4acrme B KOHKYpce He TO/IbKO OTAe/IbHbIX LKO/IbHUKOB, HO M KOMaHy (B Takom
aIyyae npycbIiaeTcs oaHa pabora co CrvcKoM y4acTHUKOB). Y4acTBoBaTe MOXHO, Ha4yuHas ¢ J1lo6oro
Typa. lMobegurenesi XAYT ANMIOMBbI XXYpPHana «KBaHT» U MpuU3bl.

3aparns, pelueHns n pesysbTarel nybnKyoTca Ha caite sites.google.com/ view/ savin-contest

Xenaem ycriexa!

29. IlosoxuTeIbHBIE YNUCIA X U I TAKO-
BbI, UTO
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Yro Gosbine: x uan y?
C./lsopsnunos

30. Ha gocke mammcans! uncaa 1, 2, ...
..., 2020. Kakoe HanMeHbllIee KOJINUYECTBO
Yyuces HaJ0 CTePeTb, uTOObI [t JIIOOBIX
JIBYX OCTABINUXCS yncesa a U b cymma a +
+ b He JgemmIach Ha pasHOCTb d — b?

Doavkaop

31. B oxpysknoctp Brimcan 1000-yrosb-
HUK, €ro BePIIUHbI TOKPAIIEeHbI TO0YePe/I-
HO B KpacHbIM W cuHuil 1Berta. KakoBo
Han6OIbIlIee BO3MOKHOE KOJIMYECTBO Kpac-
HBIX BEPIIUH, YTIJIbl IPU KOTOPBIX MEHbIIE
179° ?

b. @penxun

32. PaccMOTpUM TJIOCKOCTH C JIEKAPTO-
BBIMU KoOOpJuHatamu. MOKHO Ji pasje-
JIUTH €e HA MHOTOYTOJbHUKH TaK, YTOObBI
CTPOTO BHYTPHU Ka3K/IOTO MHOTOYTOJIbHUKA
ObljIa TOYKA C IeJIBIMU KOOpPJAMHATAMU, a
TakyKe 4TOObI

a) TIONIAb KaXKI0r0 MHOTOYTOJbHUKA
ObL1a Menblie 0,9;

6) CyIIecTBOBAJIO Takoe d, 4T y KasK10-
IO MHOTOYTOJIbHUKA JIUaMeTp MeHblie d, a
maonagab Menbirne 0,9;

B) CYHIECTBOBAJIO TaKoe d, YTO y KasKI10-
rO MHOTOYTOJIbHUKA JINaMeTp MeHbIie d, a
IoIa/b Menpire 17?

([uamempom MHOTOYTOJIBHUKA HA3bIBA-
eTcsi HaubOoJIbIllee U3 PACCTOSTHUI MEXKy
JIBYMsI TOUKaMH Ha ero Tpanuiie. Hampu-
Mep, JUaMeTp KBajJpara co CTOpoHOI 1
paBeH 2 .)

E.baxaes

7

XKYPHana.

BHUMAaHMIO Halux yutTatene

HayuHas ¢ 2017 rofa XypHasn «KBaHT» CTasl eXeMeCaYHbIM U B 104 BbIXOAUT 12 HOMEPOB

[1oAnmMcaTbcs Ha Halll XXypHas MOXHO C J1l060ro HOMEPa B /1l0OOM [104TOBOM OTAENEHMUM. Halll
M10AMMCHOY MHAEKC B Kartasnore «[lpecca Poccum» — 90964.

Kyrnntb XypHan «KBaHT» BO3MOXHO B MarasvHe «Maremarmmdeckas KHUra» m3fqareibCcrsa
MLIMHO (agpec nHTepHeT-marazmHa. biblio.mccme.ru), a Takxe B MOCKOBCKUX KHUXHBIX Marasu-
Hax «bubsmo-rnobyc», «Mosoaas reapams», «MOCKOBCKWM JOM KHUMM» U B PEAGKLIMIA XYPHA/IA.

APXVB BbILIELLINX HOMEPOB XYpHana «KBaHT» vmeerca Ha cavre http://kvantras.ru

N\




He ymxaTb:
naHoemMms!

A.CTACEHKO

Bcem m3BecTHO M306paskeHNe KOPOHABUPY-
ca — poraTblIii Imap, HEYTO BPOZIe MOPCKOI MIHBI.
Ho, xoneuno, oueHb MaJIEHbKHII: He BCSIKUI
MUKPOCKOIT TIOMOJKET €ro pasrysaieTh. V3Bect-
HBI 1 PEKOMEH/IAINN TPask/aHaM — JIEPKAThCS
JIPYT OT IpyTa Ha paccTosHUN He MeHee 1,5—2 M.
OskujiaeTcst, 9To MpU COOMIOAEHNN 3TOTO pac-
CTOSTHUS BUPYCBHI, pasJeTaiolnecss B BO3IYyXe
TIpU Kallljle WJIW YUXaHUW OJHOTO CyODheKTa,
yIaayT K HOTaM IPyToro cyGbeKTa, 9To CHIKA-
€T BO3MOKHOCTD BO3/yTITHO-KAMEJIbHOTO 3apa-
skeHus. KoHeYHO, TP 3TOM BUPYCHI He TOJIbIE,
HE CyXHe — OHU OKPY’KEHBI CJIOEM >KHUIKOCTH,
TaK YTO TaKas CJOKHAs YacTHIA y>Ke MacCHB-
Hee caMoro BHUpYyca.

W TyT BO3HMKaeT >KeJaHWe CJeJaThb Koe-
Kakue oreHKku. M3BecTHO, 4TO Ha MIAPUK Paju-
YCOM @, ABWKYIIAICS B BO3LyX€e CO CKOPOCTBHIO
0, eICTBYET CUJIa COTIPOTUBJICHNS — TaK Ha3bl-
Baemas cua CTokca, MpornopIHOHaJbHAs CKO-
pocru: F = 6muao, rae L — BA3KOCTb BO3/yXa.
Hammmmem 7151 Hatmeli 4acTUIlbl ypaBHEHUE BTO-
poro 3akona HbploToHa:

do  6mpav v

dt m T

OTKy/Ia MOJIyYMM BBIPAXKEHHE JJIS1 CKOPOCTU B
Mo6oil MOMEHT BPeMEHH t:
t

)

v=7e T,
O06e popMy.JIbI COIEPIKAT «BPEMSI PEJIAKCAIIN >
T m 2 p0a2
6bnue 9

— XapaKTepHbIIl MaciTab BpeMeHH, 32 KOTOPOE
yacTulla TOPMO3UTCS B Hecylleil ee cpeje.

Bugno, yTo yeM Mesbue yacTHIla W/HMJIN YEM
60JIbIIIe BSI3KOCTH CPEJIbI, TEM MEHbBIIE BpPEMS
pesakcanuu. Tak, A/ Kalju BObl PaJiyCcoM
a=0,1 Mmm= 10~ M aT0 BpeMsl COCTaBJISICT

o 10°-(107)

9 1500 0t

DOT: https://doi.org/10.4213/kvant20200404

3/1eCh UCII0JIb30BaHbI 3HAYEHUS [IJIOTHOCTU BO3-
ayxa pgy = 10° Kr/M3 U BS3KOCTH BO3yXa
n= 1,5~10_5 IIa-c.

3HaunT, Takasg YacTHUIA OYeHb OBICTPO OyAeT
yBJIedeHa Bo3yXxoM. [Toaromy, Hatipumep, 1mpu
ee CBOOOHOM MaJieHnH ObICTPO HACTYIHUT PaB-
HOBECHE MEK/y CUJIAMH COTPOTUBJICHUS W Tsi-
rOTeHHUsI, JEHCTBYIONUMU HA YaCTUILY:

mg = 6muao,

OTKY/la yCTaHOBUBULIASACA CKOPOCTb BEPTUKAIb-
HOTO TiepeMerenns (Maenns) 9acTuIbl GyaeT
paBHa

0 =grt,

CJuefioBaTeIbHO, ¢ BbICOTBI 7 = 1,5 M Hauia
YacTHIA YIIAJET Ha T0J 32 BPeMsi

h_h o 15
v gt 10-0,1

A TIpu XapaKTepHOM 3HAYE€HWN BBI3BAHHON 4n-
XaHWEM TOPHU30HTAJbHOI CKOPOCTH BO3/yXa
nopsiaka 1 M/c TMOJIyduM PaCCTOSIHEE, IPO-
JIeHHOe vacTuieil Bupyca, pasupiM 1,5—2 M.

ITH OLEHKHU TOBOPSIT, MEXJ/Y IIPOYUM, U O
TOM, YTO BbIOPAHHOE BbIllle 3HAUEHHE PA/ITyca
«MOKporo» Bupyca @ = 0,1 MM BIIoJIHe pa3yM-
HO C TOUKM 3peHust opUINAIbHO PEKOMEH/I0-
BAHHBIX PACCTOSHUII MeX/1y CyObeKTaMu.

Brpouewm, sxeJiaionine MOTyT IO/ICTaBUTh CBON
YICJIEHHDbIE 3HAYeHUs ONPEAE/SIONNX Mapa-
MeTPOB U BBIUHC/INTD CBOE (e3011acHOe PaccTo-
sSHUE /10 cOOece/HIKA.

t= c=15c.



JIpIlWnTE Ha
300pOoBbLE!

A.MUHEEB

JTAHHOI1 CTATBE PEUDL [TIOMJIET O

BO3/IEHCTBUE HAa YEJOBEKA KHUCJIOPOAa U
YTJIEKUCJIOTO Ta3a — 10 OT/IEJBHOCTH U BMECTE.
HekoTopyio HACTOSIYI0 WHTPUTY IpHUJAeT
B3IJISIL HA 1TPOGJIEMY KaK #36HE — CO CTOPOHBI
B/IbIXAEeMOT0 BO3/lyXa, TaK U U3Hympu — BHYT-
pu camoro opranuama. iu, 6o/ee HayyHO, KaK
CO CTOPOHBI GHewHezo0 [bIXaHusT — OOMeHa
MesK/Iy aTMochepoil U KIeTKaMU B JIETKUX, TaK
U 8HYymMpennezo IbIXaHUS — MPOLECCHl B KJIET-
KaxX M TKaHSIX OpPraHu3Ma.

Cpemtee 3HaYeHVE [1aBJIEHUST 3€MHOII aTMO-
chepbl Ha ypoBHE MOpsSI TPUMEPHO PaBHO
Parn = 760 MM pT. cr. Ha pouso kuciaopoza
npuxoaurcss 160 MM pr. cr. wim npu6aIusu-
TesibHO 21%. KucIopo 4acTHIHO ycBanBaeTcst
OpraHu3MOM, YIJIEKUCJbII ra3 o0pasyercsi B
pesyJibTaTe XUMUYECKUX PEeaKINil OKUCTEHMS.
CocraB B/IBIXa€MOTrO ¥ BbIIBIXaeMOTO BO3/yXa
NpuBesieH B TabJulle.

Tabnuua 1. CocTaB BObIXaEMOro 1
BblbIXaeMOro BO3[yXa

0, | co, | Ar | N,

5 -
sy 121 % | 0,04% | 0,9 % | 78 %

Eg;ﬁ;l});aeMbm 6% | 4% |09%]|78°%

UYem uHTEpecHB! TN 1IMQPbI? A30T U aprox
HE WCTOJIb3YIOTCS OPraHU3MOM uesoBeka (sB-
JsttoTest uHepTHbIME ). CTereHb YCBOCHUSI KHC-
Jopoaa Heenuka, okoso 0,25. Ilocse BrOXa
OpTaHM3M BBIAbIXaeT 06PATHO OCHOBHYIO 4acCTb
KHUCJIOPO/A. YTJIEKNUCBIN ra3 MPaKTHIeCKN OT-
CYTCTBYET BO B/IBIXa€MOM BO3/IyX€ U AKTHBHO
o6pasyeTcst TIPH OKHUCJIUTEIbHBIX PEAKIUSAX B
opranuame. IIpoIeHT MOTJIONEHUsT OpraHu3-
MoM kucaopoga (21% — 16% = 5%) okasbiBaeT-
cs1 GJIU3KUM K MTPOIEHTY 00PAa30BaHS YTIEKHC-
noro raza (4%).

DOI: https://doi.org/10.4213/kvant20200405

WueprHOCTH a30Ta U aproHa mpu 06MEeHHBIX
[IpoIleccax B OpPraHu3Me IpuBeJa K coGJas3Hy
BOOGIIE OTKA3aThCsI OT HUX B YCJOBUSX JIJIU-
TeJIbHOTO TIPEGhIBAHUST B 3AMKHYTOM TIPOCTPAH-
crBe. Ilo aromy myTm momm amepuKaHCKUe
ACTPOHABTBI B MEPBbIX KOCMUYECKUX I10JIETAX,
nepeiijis Ha JIbIXaHHE YHCTBIM KUCJIOPOJIOM.
[Tpu 5TOM /1aBJieHUE B CJIyYae UCIOJIb30BAHUS
TOIbKO O, ObLJIO CYNIECTBEHHO HIZKE aTMOC-
deproro u cocrapasio 260—280 MM pr. cT.
OjHako 110 Mepe YBeJMdYeHus: [JIUTeJTbHOCTH
KOCMHUYECKHMX II0JIETOB B TAKOil YMCTO KHCJIO-
poHoit arMocdepe y aCTPOHABTOB CTAJIHU MTOSIB-
JIATHCSI TIPOGJIEMBI C JIbIXATETbHBIME Ty TsiMU. K
TOMY ’Ke, YUCTO KHUCJIOpojHasi arMocdepa 1o-
skapoonacta. Poccuiickiie KOCMOHABTBI ¢ CaMO-
'O HAYaJ1a NCTIOJIb30BAJM COCTAB BO3/yXa, G113~
KUl K 3¢MHOMY, 4TO II0TPe6OBaIO 6oJiee CJI0XK-
HOW CHCTeMbI pereHepariu Bo3ayxa. B Hacro-
diee BpeMsl MPH TI0JIETaX B KOCMOCE H B
[JIABAHUY HA TIO/IBO/IHBIX JIOJKAX MCIIOJIb3YeT-
cs1 3eMHOU cocTaB aTMOC(eph.

B3rnap cHapyxwu

[Auana30H KOHIIEHTPALUU KUCJIOPOa B BO3-
Ayxe, IPUTOAHBINA AJs1 ku3Hu. /[1ana3oH co-
AepKaHUsl KUCIOPOJa B BO3JAyXe P, UPU
KOTOPOM BO3MOKHA JKU3HEAESITETHHOCTD Yes0-
BEKA 6 meuenue 0JuUmevHoz0 6peMenu, orpa-
HUYeH 3HAYEHUSIMU

90 —100 My pr. €T. < ppy, <400 — 450 pm pr. cT.

HukHsist rpaHuila COOTBETCTBYET HAYaly KHC-
JIOPOJTHOTO 20100dMH s, BEPXHSISI — HAYAJy KHC-
JIOPOJTHOTO 0mpaeienus.. B poIeHTHOM OTHO-
MIEHUH HACTYTIIEHNE KUCJI0POHOTO TOTOMAHNS
Yy 3[0pOBOTO dYeJOBeKa HACTyTaeT yxKe TIph
cozepxaniy Oy B BO3LYXE P, [Pary MeHEE 147%
(put p,,,, = 760 MM pT. CT.).

ITH JIaHHble COOTBETCTBYIOT [IHATIA30HY JKI3-
HeJlesITeJIbHOCTH YesioBeKa Ha yposHe mMopsi. [To
Mepe Mo/ ’beMa B rOpbl [IaBJIEHHE CHIKAETCs,
YTO HATJISIZTHO OTPAXKAIOT KPUBBIE aTMOC(epHO-
TO JIaBJICHUS ¥ TTAPIUAJbHOTO JaBJICHUS KUCJIO-
poxa (puc.1).

Bujano, 4ro HauyMHagd C BBICOT 4,5—5 KM
JIaBJIEHNE KHUCJIOPO/IA CTAHOBUTCS HUXKE JIOILY-
CTUMOU HUJKHEW TPaHUIBl [aBJeHUs B
90 MM pr. cr. [Ipu aTom faBieHue Bo3ayxa B
ampBeosiax cocrasyser 105—-110 MM pT. cT.,
YTO TaksKe 6JIM3KO K HIDKHEH rpanuiie. [lo mepe
YMEHDIIeHUS JaBJACHNS KUCJIOPO/A 0 YPOBHS
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Puc. 1. 3aBUCUMOCTE aTMOCHEPHOIO AaBJEHNA U
118/pLIMasTb HOr0 4AaBJIEHMS KUC/IOPOAAa (MM pPT. CT.)
OT BbICOTbI MECTHOCTI HAL YPOBHEM MOPS (MeT-
Pbl). [ToKa3aHb! BbICOTbI allbMAHNCTCKUX JIarepey,
rop Kaskasa, nb6pyca 1 Isepecra

100 MM pr. cT. 3aMeJisAIOTCSt OOMEHHbBIE TIPO-
1IeCChl B OpraHu3Me, JbIXaHue u cep/iebnenue
yuamamoTes, YXYIIaTcs 3peHne U pabdora
Mo3ra... BoT mouemy BBICOKO B TOpax JIOIN
nocmoAHHO XUTh He MOTYT. B To ke Bpems
BOJIM3U BEPXHEH IPAHUIIBI [ABJICHIS] KUCIOPO/]
HAYMHAET PA3[Pa’kaTb BePXHUE [[bIXaTeTbHbIE
[IyTU, TIOSBJISIETCS CYyXOCTh B rOpJie, KallleJb. ..

OneHka BpeMEeHH Pa3BHTHS KHCJIOPOIHOI
HEJOCTATOYHOCTU NPH HAXOK/EHUH B 3aMK-
HyTOM o0beMe. B kauecTBe IpuMepa paccMoT-
PUM HECKOJbKO CUTYAIUH ¢ JIIOAbMU, HAXO/I4-
[UMUCST B 3aMKHYTOM OObeMe: OJIUH YeJIOBEK,
3acTpsBinuil B mdre obbemom V =2 M3; Ba
yestoBeKa B KoMHaTe ¢ V = 30 M°; CTO YesI0BeK,
3aCTPSIBIIUE B OCTAHOBUBIIIEMCSI BATOHE METPO C
V =250 M°,

B xaxkiom carydae Haiizem, 3a kakoe BpeMst Al
B 3aMKHYTOM 06beMe V' B rpoiiecce CIIOKONHOTO
JIbIXaHUS JIIOJIell KOHIIEHTPAIMS KHUCJIOPO/a
CHMIKAETCST OT TIEPBOHAYATBHOTO YPOBHS 21%
JI0 HavaJia KUCJOPOTHON HEIOCTATOUHOCTH, T.€.
10 14%. TloguepKkHeM — CROKOIUH020, TIOCKOJIb-
Ky TIpU TIAaHWKE 9TO BPEMS CUJILHO CHIKAETC.
CIIOKOITHOMY [IBIXaHUIO COOTBETCTBYET 1OTPE6-
JleHre Kucaopoga Ha yposHe 0,25 sutpa B
munyty. [Tockombky 1 mutp O, cooTBeTcTBYET
5 kkasx auepruu, To 0,25 si/MUH cooOuraet
opranmuamy 3a cyTKu 0,25x 5% 60X 24 Kkam =
= 1800 xxas sHeprum. Taxk Kaxk MJIOTHOCTH ue-
JIOBEUeCcKoro oprannama okoJio 1000 KF/ Mo , TEJIO
Maccoit 70 xr saHumMaer o6beM 0,07 m° uu 70
sutpoB. [l06aBUB Oy, MOJYYNM OIIEHKY
o6beMa, BBITECHSICMOTO 3 3aMKHYTOTO TIOMeTIe-

2020/ Ne4

wusg, B 100 gurpoB wm 0,1 ky6omerpa Ha
JeJI0BeKa.

Jugm. CoGoaubiii 06beM, 3aHSATDIA BO3/LY-
XoM, cocrasJger 1,9 M>. B aToM o6beMe cojziep-
sxkurea 1,9x0,21 Mo = 0,4 M° =400 1 KuCIO-
posaa. IlpusHaku KUCJOPOHON HEAOCTATOUHO-
CTU Pa3BUBAIOTCS, KOT/IA MOJIE3HBIN 00bEM KHC-
Jopoma_ymenbpmurcsa po 1,9x0,14 M =
=0,27 M® = 270 1. Usmenenne o6bema ot 400
JUTPOB 710 270 JUTPOB MPH NOTPEOIEHUN KIIC-
JopoJa ofHuM vyesoBekoM 0,25 ji/mMun 3aiimer
BpemMs Aty =130/0,25 mun = 520 mun, T.e.
6oJiee 8 4acoB.

Komnama. Cso6oausiii 06beM okomo 30 m°,
Hauanpbrii o6beM kuciopoga 6,3 m°. Mumn-
MAaJIbHO JIOIY CTUMDbIiT 06beM KHcJI0poa 4, 2 MO
[Torpebaenne kucaopoga 0,5 a/mun . Bpems
At =2100/0,5 mun = 4200 Mun, T.€. 104TH
tpoe cytok (1).

Bazon mempo. CoOojmbiii 00bEM OKOJIO
240 M. Hauambmbiii o6beM kncnopoga 50 m° .
MuUHUMAJIBHO JIOIYCTUMbIN 06beM KUCIOPO/Ia
34 m°. Iorpebienne KHCIOPOAA OKOJIO
25 n/mun . Bpems Aty =16000/25 mun =
= 640 muH, T.e. okos0 10 yacos.

Bo Bcex ykasanupix ciydaax (ecam Her ma-
HUKH) BPEMST Pa3BUTHsI KHCJIOPOAHON He0CTa-
TOYHOCTHU OYeHDb BenKO. OIHAKO, TAKOI BBIBO/I
HAXO/IUTCST B TPOTUBOPEYNH C KUTEHCKIM OTIbI-
TOM: B MeTpPO M 3acTpsiBiiieM Judre ObiBaer
JIYTITHO U JIasKe TI0CJie CHa B KOMHATE € 3aKPbITO
doproukoii HayTpo ormyiaercs gayxora. Ilo
Bceil BU/IIMOCTH, MMEET MEeCTO J[Pyroii, GoJee
MOIIHBI MEXAHNU3M PAa3BUTUST HEGJIATOIPUSIT-
HBIX OIIyIIeHUil B IpoIiecce JbIXaHUS IPH
HAXOXK/IEHUU B 3aMKHYTOM 00ObeMe, He CBsI3aH-
HBII ¢ ToTepelt Kucaopoaa n3 Bosayxa. Oxaspi-
BAETCsI, TAKMM MEXAHU3MOM SIBJISIETCSI HAKONJle-
HUe Y2JeKUCI020 2d3d.

Konnenrpaius yriekucjaoro ra3a B BO3/1y-
Xe, MPUro/Hasl JIsl )KU3HHU. /[nanason jgory-
ctumoro cojiepxkanns CO, B BO3/yxe COCTaB-
JIsieT

0< Ceo, = 259 < 0,1%.
aT™M

OtMmeTuM, 4T0 OOBIYHOE COAEPIKAHIE YTJIEKUC-

qoro rasa B Bosayxe Cep, = 0,04%.
BeJII/I‘II/IHy IIPUHATOrO OrpaHUYEHNS CBEPXY Ha
coztepskanne yriekucororasa (Cep, —=0,1%)
o6CyIUM 4YyTb I03Ke, a CHAvaja IIPOBe/eM
OIIEHKH [IJIST 3AMKHYTBIX 00BEMOB JIH(PTA, KOM-
HATBI, BaroHa METPO M MIKOJBHOTO KJacca



MIPUMEHNTEJIHHO KO BPEMEHN HAKOILJIEHNST KOH-
HEHTPAINH YTIJIEKNCIIOTO ra3a JI0 BepXHell rpa-
nutibl. [Ipumenm, uTo B3poc.iblit uesoBeKk 06bIy-
HO BbIJIBIXAeT YTJIEKHMCJIOro raza B arMocdepy
dco, = 0,25 1/muH.

Jughm. CBO6011H1>H/1 00beM, 3aHATDII BO3/LY-
xoM, pasen 1,9 M°. VaMeHemue ypoBHs cozep-
xamnss CO, B Bo3myxe ot 0,04% mo 0,1%
3aiiMer

At —_ (CCOZmax B CCOZ). V —
€02 qdco -
2
(1-10-3—4.10-4).1,9-103
- MWH = 5 MUH.
0,25

Komnama. Csobomublii 06beM 0ko10 30 Mo
Wsamenenne yposusa cogepxkanusg CO, B BO3-

nyxe or 0,04% mgo 0,1% zafimer Alco, =
=6-107-30-10/(2-0,25) M = 36 Mum .

Bazon mempo. CBo6GOAHBIIT 00BEM OKOJIO
240 M° . Vsmenenne yposHs cozepskanust CO,
B Bozayxe or 0,04% mo 0,1% 3aiimer Atco, =
=6-107" 240 103/(100 0,3) Mun = 6 M.

HIxonvuouti kaace. [lpuBenem TaksKe OIEHKN
J1JI MIKOJIBHOTO KJ1acca 00beMoM 0K0J10 200 Ms,
B KOTOPOM HaXOAMTCs 25 yueHukKoB. [Ipu ypos-
ne Bbioxa CO, oxumM mkombuukoM 0,12 1/M
(monoBiHa ot B3pocioro) moyunm Atce, =
=6-107-200-107/(25-0,12) Mmun = 40 mun.

It0 yKe GJIKE K )KUTEHCKUM OILYTIEHUsIM 1
OTIPAB/bIBACT TPUCYTCTBUE BEHTUJISAIMH Ha
roroJike ¢ ToB, He0OXOMMOCTb TIPOBETPUBA-
HUST KOMHAT B JIOMaX, B IMKOJBHBIX KJIaCcCaxX
ocJie KasK/I0T0 YPOKa, a TaKk:Ke HaJim4ie CUCTe-
MBI BEHTUJISIIUN B METPO.

Takum o6pa3oM, UMEHHO HAKOILJIEHHE yTJe-
KHUCJIOTO Ta3a B 3aMKHYTBIX ITOMEIIECHUSIX B
TIEepBYIO ouepe/b /eficTByeT yrueTarolle Ha Je-
JoBeka. B 4em aTO TIposBiigercs?

B nmreparype oTMedaeTcs /Ba THIA BO3/EH-
CTBHS: KpaTKOBpeMeHHoe (4achl) U IINTEIbHOEe
(peryapHo, 60JIe€ HECKOMBKIUX YaCOB B [IEHD).
CUMIITOMBI TIPU  KPAMKOBPEMEHHOM BO3JIEH-
CTBUW TIPH yPOBHE BJBIXAEMOTO YTJEKNCJIOTO
raza somre 0,1% — 3TO yCTAIOCTh, TOJTOBHAS
60J1b, YXYIICHUE KOHIIEHTPAINU BHUMAHUS,
IJIOXOW COH... IIpu daumenvrHom BO3aeiicTBUN
npu yposae CO, somme 0,1% mossistiores
npo6JeMbl ¢ AbIXateJabHol cucremoii (cyxoit
KallleJTb, PUHNUTHL...), CHUKEHIe MMMyHHTETa,
yXy/iienue paGoTbl CepAeYHO-COCY/IMCTON CH-

cremol... [Ipu yposue Boite 0,2% ere GoJibiire
YXY/IAETCsT KOHIEHTPAIST BHUMAHUS, PACTeT
KOJINYECTBO COBEPIIAEMBIX OMIMOOK U T.J. IO
Hapacraitoreii. BosmoxxHo, Tpebyercsi Gouee
JKECTKOE OrpAHWYEeHUEe Ha JOIYCTHMbI ypo-
Bewb CO, BO BABIXaeMOM BO3/yXe — MOPS/IKA
0,06—0,08%. D70 eTre cHIbHEE OTPAHNYHT -
TEJIBHOCTh HAXOMK/JEHUs B IIOMel[eHusX O0e3
BEHTHL/ISIIIN.

Emie oxna nmpo6sema momenieHuii 6e3 BEHTH-
JIAIIUU — BO3MOKHOCTD PACCJIOCHUS BO3/[yXa HA
dpaknun. [TockoJbKy YTIIEKWCIbIH Ta3 B MOJI-
Topa pasa TsKesee BO3AyXa, OH MOXKET OITyC-
TUTHCSI OJIMDKE K [IOJTy U €r0 KOHIIEHTPAIIMS TaM
yBesmuutcst. Ho mpoiiecc aToT MeJIeHHbBI, U
Jio6oe IBIKeHNE BO3/IyXa ITepeMelnBaeT ppax-
L.

Hakower, ncnosb3oBanne pacTeHuil, Kasa-
JIOCH GBI, JOJKHO TTOMOYD — BEb OHU BBIEIS-
10T KUCJOPO/ U TIOTJIOMAIOT YTIJIEKNUCBIN Tas3.
OnHaKo, 3TO MPOUCXOJUT TOJHKO J[IHEM, a
BeyepoM U Houbio (Korjga CBeXHil BO3AYX
0COGEHHO HY3KEH) PACTEHUS BBIAEISIOT yIie-
KUCJBIN Ta3, ycyry6ass mpo6JeMy ¢ ero Ha-
KOTLJIEHHEM.

Haxkonsenne yrapHoro raza B 3aMKHYTOM
noMenienun. Kasanoch 6bl, OTKy/Ja B3STbCS
yrapuomy razy (CO) B 3aMKHyTOM IIOMele-
HUM, €CJIM HET PSAJIOM JPOBSHON IMEeYKH WJIN
KaMWHa ¢ HeujeaJbHOIl BbITSIKKOI? Ho B
JUTEepaType MPUBOIATCS CJACAYIONINE JaHHDIE:
HapsIy C YIJIEKUCJBIM Ta30M YeJOBEK BbI/Ibl-
XaeT TaKyKe U yTapHbIil Ta3 — B KOJMYECTBE
npumepHo 1,6 Ma/a (IpU HOPMAJBHBIX YCJI0-
BUSX); NIPEAEJIbHO AOIYCTUMAs IS YeJOBEKa
KOHIICHTPAINS yTapHOTO Tasa COCTaBJSCT
1 mMr/m

ITUX JAHHDBIX TOCTATOYHO, YTOOBI CHOBA TIPO-
BECTU OIIEHKM BPEMEHU HAKOILJIEHUS TIPe/eJib-
HOUl KOHIIEHTPAIIUU YTapHOTO Trasa [JIs JIo/eil
B i Te, KOMHATE, BATOHE METPO M TITKOJHHOM
kJacce. [list aToro mepeiizem oT o6beMa K Macce
00Pa30BbIBAIOIIETOCS] YTAPHOTO ra3a, BOCIOJIb-
30BaBIIKICH M3BECTHBIM COOTHOLIEHUEM: OJUH
MOJIb JTI0O0TO Ta3a MPU HOPMAJIbHBIX YCJIOBUIX
3anumaer o6beM 22,4 n. [lag CO moasgpHas
Macca paBHa 28 T, moatomy 1 ma CO umeer
maccy 1,25 wr, a suaunr, 1,6 Mu/4 BbIIBIXAE-
Moro CO oOfHUM 4YeJOBEKOM COOTBETCTBYET
MOSIBJIEHWIO B BO3/yXe 2 MT/4 yTapHOTO Tasa.

B Ta6auite 2 npuBejieHbl 3HAYEHMS] BPEMEHU
nakomenua CO, u CO no omnacHoil KOHIIEH-

(lpogomxeHmne cm. Ha ¢ 34)
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KAJIEMJIOCKOII «<KBAHTA>»

€N TeJIO MPULLIIO B [BUXEHUE, yXe 3TOro
ZOCTaTOYHO, YTOOBI OHO €0 MPOLJOIIKATIO C TOM XE
CKOPOCTBIO M B HAMPAas/ieHnn TOU Xe [pamMou

JTINHUN...
PeHe [dekapt

.. B TO BPEMSA KaK HAyKa MpOLaBIIaeTcs B O4HOM
HarpasJsieHU yTem pPasBuTUSg HAaLLX @uUu3mnde-
CKUX TPELACTABACHN, OHa MOXET [MPpOABUIaTbCs
TakXKe U 10 1yTv U300peTeHusT HOBbIX MaTeMar-
YeckuxX MeTofoB.

Yunsam PoysH FaMuibToH

L{eHHOCTb mpaen BeKTOpa HeCKa3aHHa.
Ixenmc Knepk Makcsenn

Ec/m fBa 1€/1a CTa/IKMBAKOTCH, TO MX OTHOCUTE b -
Hasa CKOPOCTb yAd/IeHUA 10dJ1€ y4apa 17d Xe, 470 1
OTHOCUTE/IbHAA CKOPOCTH Cl OIIMXKEHIA A0 yAapa.

XpuctmaH lMonreHc

Yacro 6biBaer ynobHo 1306paznTe BEKTOP B
BUAE CTPEJIKY, YKA3bIBAIOLEM HAIPAB/IEHNE [EU-
CTBUA, HO ro4emy Xe MOXHO MpeacTaBuTs Cusy
CTPESIKOU? ... MAarHuTHas Cuia VMeeT yAuBUTE b -
HOE CBOVICTBO: B J110004 aHHOM TOYKE POCTPAH-
CTBa KaK HarpasrieHne, TaK v BENYMHA Cu/ibl
3aBUICAT OT HArpPaseHns ABVXEHUS YaCTULIbL...

Puyapn ®ertHmaH

A Tak J1 XOPOIIO 3HAKOMBI)BaM

BEKTOPbI B (DI3MKe

OTKpBITHE BEKTOPHOTO WCYNUCJIEHUS CTAJIO
MOIITHON <«BUTAMUHHOW MHDBEKINEN» KaK IS
MareMaTuKu, Tak u g ¢usuku. OBJajeHune
HOBBIM KOMIIAKTHBIM SI3BIKOM OKAa3aJ0Ch BasK-
HBIM HE TOJIbKO 151 «GOJBIIOIY HAYKH — OHO
MOJKET U JOJKHO OBITD MOJIE3HBIM MHCTPYMEH-
TOM TIpH HW3y4eHUH ele IIKOJBHOTO Kypca
TOUHBIX auctuiina. OOpalienne K BEKTOpaM
BO MHOTHUX CJyYasX MO3BOJISIET W HATJsIHEe
onucaTb (pu3MYecKue siBJCHUsI, U TIOMOYDb IIPU
peleHnn KOHKPETHBIX 3a/lad, MepeHecs Bac Ha
HOBbIIi ypoBeHb uX noHuManus (Bejb JaTHHC-
KOe vector 03HAUaeT «HeCyIInii»).

IIpomoskas pa3roBop O APYKECKOM COI03€
MaTeMaTHKu U (hu3uKu, MOmpobyeM CEroiHsi
OLIEHUTb BKJA/ BEKTOPOB B HaIly y4eOHYIO
MPAaKTUKY B HaJIEX/e OTAAaTh J0JIKHOE BOCXU-
LIEHHOMY OT3bIBy MakcBeJlia.

Bonpocbl n 3apaun

1. ITox xaxuM yrioM K 6epery Heo6XOIIMO
IJIBITH HA JIOAKE, 4TOObI CHOC 10 TeYeHUI0 ObLI
MUHUMAJIbHBIM, €CJIH CKOPOCTD JIOAKU OTHOCHU-
TEJIBHO BOJIBI U, & CKOPOCTb PEKH: a) MOCTOSIH-
Ha 110 Beell IMMpuHe peku 1 pasha v, (v, >v,);
6) U3MEHSIETCS TI0 JIMHEHHOMY 3aK0Hy paBHa
HyJI0 Yy OEperoB, Ha CepeliHe PeKH MaKCH-
MaJbHa U paBHa v, (vy > 20,)?

2. JIBe JIOAKHU, CKOPOCTH KOTOPBIX 110 MOLYJIIO
OJIMHAKOBBI M PaBHbI v, GYKCUPYIOT TPETHIO
JIOIKY € TIOMOIIBIO [IBYX HEPACTSIKUMBIX TPO-
COB TaK, 4TO yTOJI MEXK/y TPOCAMU paBeH 201.

KaxoBbl MO/TyJIb 1 HAlpaBJeHNE CKOPOCTH OYK-
cupyemoil Joaxu?

3. /IBe ruiajikuie CUMIbI, TIPOJIEPHYTHIE Yepes
CBsI3bIBafOllee WX KOJIEUKO, JIBIDKYTCSI PAaBHO-
MEPHO 1 TIOCTYTATEJbHO CO CKOPOCTAMU Ty U Oy.
HaiinuTe nocrpoenueM CKOPOCTb KOJIEUKa.

4. Yerplpe >kyKa HaXOJATCS B BepIIMHAX
kxBagpata ABCD co cTOpPOHOW @ W HAYMHAIOT
OJTHOBPEMEHHO [IBUTATbCS CO CKOPOCTSIMH, 10
MO0 paBHBIME 0. IIpndem xyk A Bce Bpems
JlepsKUT Kypce Ha )kyka B, sxyk B —na C, C — Ha
D, D —na A. BerperaTest jin 5KyKH, U €CJId 14,
TO Yepe3 Kakoe BpeMs?

3. Kak pacriosioxarcsi KOHIIBI BEKTOPOB CKO-
pocrteii cHaps/ia, BBITYIEHHOTO M3 OPY/AHS MO/
YTJIOM O, K TOPH30HTY, €CJIM 3TH BEKTOPBI TTOCT-
poutb u3 oxHOI Toukn? CornpoTUBIEHNEM BO3-
yXa npere6peyb.

6. /IBa KaMHs HAXO/IATCS HA O/IHOM BEPTHKAN
Ha paccrosnuu L gpyr or gapyra. Bepxunit
KaMeHb OpoCaloT BHH3 CO CKOPOCTBIO T, a
HIDKHII OJJHOBPEMEHHO OTIYCKAIOT 6e3 HauaJIb-
HOU ckopoctu. Uepes kakoe BpeMsi KaMHU CTOJI-
KHYTCS, €CJIM OHU TAIal0T C IOCTATOYHOH BBICO-
Tl B OTCYTCTBHE COIIPOTUBJICHNST BO3/1yXa?

7. MaremaTu4ecKuii MasTHUK COBEPIIAET KO-
sebannst. Kak HalpaB/IeHO YCKOPEHHE €To T'Py-
3UKa B KpalHUX, TPOMEXYTOUHBIX M CaMOil
HIDKHEH TOoYKax?

8. K resry mpmnosxennt cuinl SH n 3H. Mosker
JIM UX paBHOJelcTBYIONas ObiTh paBHOil: 1H;
3H; 4H; 9H?




9. Mosxxno s cury 8H passioxkuTh Ha /1Be 10
SH xarkmag? A ma ase mo 9H kaskmag?

10. Bpycok mokouTcsi Ha HAKJIOHHOM TIJIOCKO-
ctu. Kak rpadudeckn HaliTn TOYKY MPHJIOKE-
HUS HOPMAJIbHOH PEAKITNH OTIOPbI?

11. 3aKpbITBIi BaroH JBUXKETCS 110 TOPU30H-
TAJbHON TIOBEPXHOCTH C MOCTOSIHHBIM YCKOPe-
HUeM «. K moJsy BaroHa IpuBsi3aH Ha HUTH
HIApHK, 3aM0JHeH bl resineM. Kyza oTkaoHNUT-
Cs HUTDH?

12. Teno 6poleHo MO YIIOM K TOPH3OHTY.
Kaxk Mensiercsi BO BpeMsi ero J[BUYKEHUST MOIII-
HOCTb cnJibl TskecTH? ConpoTHBIIeHNE BO3/1yXa
HE YUUTbIBATD.

13. B pesyJibraTe CI0KEHUS 3JTEKTPUUIECKUX
noJieii ¢ HanpspbkeHHocTsiMu Ey n E, mosrydeno
mone E. PaBna sm sueprusa moas E cymme
aHepruil noseir £y u E,?

14. ABagercsa nm cTpesika KoMIlaca, yKa3blBa-
I0111asT HAallPaBJieHre MarHNTHON MH/LYKITHH TT0JIST
3eMsit, BEKTOPOM ?

15. B6uusu MoOCKBbI BepTHKAIbHAS KOMIIO-
HEeHTa MarHNTHOW MHAYKIMM ross 3emun B,
cocTaBJisieT puMepHo 93% OT MOJHON WHIYK-
uun B. Kaxkoil npoleHT OT MOJHON MHIYKIIMH
COCTaBJII€T TOPU3OHTAIbHAS KOMIIOHeHTa B,.?

16. UesioBex ujer co CKOPOCTHIO ¥ HABCTPEUY
3epKaJly, TOPU30HTAIbHAS IIJIOCKOCTh KOTOPOTO
JIBUYKETCS] BBEPX €O CKOpocThio #. KakoBa cko-
POCTb N300Pa’KEHUsT YeJOBeKa B 3epKase?

17. Kak Gy/1eT OpueHTHPOBATHCS OTHOCHTEb-
Ho CoutHIla ciy THUK cpeprueckoii popmbl, o/iHA
MOJIOBUHA KOTOPOTO 3epKajibHast, a ApyTras 1o-
KPbITa YEPHBIMU TepMobaTapesMu ?

MukpoonbIT

[TocrapaiiTech Kak MOXHO CHJIbHEE YIapHUTh
HOTOM 110 MoKosimeMycst Msuy (ecTecTBeHHO, B
GOJIbIIOM CHOPT3aJe MAM Ha cragumone). Kax
CBsI3aHa CKOPOCTD OBIOTIEH HOTH ¥ CO CKOPOCTBHIO
otnereBniero Msvya u? Kakue foryiieHus Bam
TPUETCS CIEJATh JIJIST OTON OIEHKH ?

Jio6GonbITHO, YTO...

...eme B konIe X VI Bexka royistanicKuii mHKe-
Hep u MateMaTnk CnumoH CTeBHH OCO3HAJ BEK-
TOPHBIII XapakTep CUJIbI U TPEJIONKUT CIIOCO06
n300paskeHNs] CHJI C TIOMOIIBIO JINHUI U TIPaBU-
JIO TEOMETPUYECKOTO WX CJIOKEeHNS.

...B Havase XVII Beka Tanuneii, uccuenys
HoBe/ieHNe Tes1, GPOIIEHHDIX 110/ YIJIOM K TOpH-
30HTY, BBIABHUTaeT (PyHJAMEHTAIbHBIN IPHH-
IIUIT — 3aKOH CJIOXKEHUS TIepeMeleHmil.

...Bu3gannoM B 1644 rogy tpaxrate [lexkapta
«Hauamna dunocoduns B popMynupoBKe MpuH-

IUIIA TIOCTOSIHCTBA KOJIMYECTBA BUKEeHMsT (1M-
[yJIbCa Tejia) Y4YEHbId CTPAHHBIM [JIsS HEro
006pPa3oM TOCYUTAJ CKOPOCTb HE BEKTOPHOM, a
CKaJIIPHON BEJWYUHOM, YTO CTAJ0 NMPUUYNHON
OmMOGOYHOCTH TIPABUJ, 00Pa3yIoONX JIeKapTo-
BY TEOPHIO COYy/IapeHuil.

...yxe B 1669 romy Tiofirenc yTouHmmI, d9TO
IIPY B3anMO/IeHCTBIN TeJl COXpaHsieTcs He apud-
MeTHYecKas, a TeoMeTpHyYecKas CyMMa KOJIH-
YeCTB JIBUYKCHUSI, U BbIBEJ 3aKOHbI CTOJIKHOBE-
HUST YIPYTUX Tel.

...B yueOHMKax (DU3UKU HA AHTJIUIICKOM SI3bIKE
passmuaior Ba monsTusi: velocity — ckopoctb
(Bekropuas Besauunna) u speed — GbicTpora
asukenus (cxasngpuas sesmunHa). Bropoit ep-
MHH 00pa3yeT KOPEHb CJI0BA «CIHJOMETP».

...pasnesuTb (pUsMUeCKre BeJTMYMHBI HA CKa-
JISSPHbBIE W BEKTOPHbIE MTPE/TOKIII UPJIaH/ICKUIT
MaTeMaTHK U MexaHuk Y.l aMuibToH, paspa6o-
TaB ocoOble TpaBmJa JIeHCTBUN C BEKTOPAMH.
HoBoe mncumcienne 0Kas3aJoCh yAWBUTEIHHO
TOIXO/ISIIINM J1J151 (DOPMYJIMPOBKHU TEOPUH JIEK-
TpoMarHetnaMa MakcBesIa, a B JajbHeiIeM
6b1710 Pa3BUTO aMepuKaHcknM pusnukom Jx. ['u6-
6coM u aHrIMiCKUM yueHbIM O.XeBucaiiom.

...TEOPHS CKOJIB3SIIINX BEKTOPOB, TIPUMEHSIe-
Mas B 3ajlayax, rje IMPUXOANTCs PUHUMATD B
pacyeT He TOJBKO Maccy, HO U pa3Mepbl TeJa,
HINPOKO UCTIOJIb3YETCSI B CTATUKE, B CTPOUTEIb-
HOH MeXaHnKe, B KUHEMATHKe M JMHAMHKE
TBEPJIOTO TeJa.

...BEKTOPDBI, CBSI3aHHbIE C BpallleHneM, Ha-
TpaBJieHre KOTOPBIX OMpe/essaeTcs 3HaAMEHH-
TBIM <«IIPaBUJIOM OypaBuYMKas, — 3TO MOMEHT
CHJIBI, YTJIOBBIE CKOPOCTb M YCKOpeHHe. A ele
OJIH BEKTOP — MOMEHT KOJIMYECTBA J[BUYKEHUS —
«TIPOHUK» U3 MEXaHWKHU B TEOPHUIO 3JIEMEHTAp-
HBIX YaCTHIl[, CTAB OJHOIl M3 BAXKHEHIINX HX
XapaKTEePHUCTHK, HA3bIBAEMON CRUHOM.

Yrto ymutaTtb B «KBaHTEe» O BeKTOpax B
punsuke

(rybrmkatim nocieqHux 1er)

1. «['eomerpust ckob3smx BekTopoBy» — 2014, IIpu-
noxenne Ned, c.114;

2. «Ilone u munun mossg» — 2015, Ne2, ¢.35;

3. «Cxopoctb n yckopenne» — 2016, Ilpunoskenne
Ne4, c.6;

4. «Kax ne 6piTp Masuaoii» — 2018, Ne7, ¢.37;

5. «Toctiognn Bemmknit Kocunyce» — 2019, Net, ¢.39;

6. «OTHOCUTEIBHOCTD JIBUKEHHUS B 3a/ladaX KUHeMa-
ukny» — 2019, Ne2, ¢.43;

7. «OTHOCHTE/ILHOCTD JIBMIKEHUS B 3a/la4axX JIMHAMU-
k> — 2019, Ne4, c¢.40.

Mamepuan nodzomosun A.Jleonosuu
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34 KBAHT

(Hayvano cm. Ha ¢. 29)

TpaIlni, a TaKKe BpeMeHN Pa3BUTHUST KICIOPO/I-
HOHM HEJJOCTATOYHOCTH B JinTe, KOMHATE, Baro-
He MeTpo U IIKOoJbHOM KJacce. [lng nereii
MPUHSTA TTOJIOBUHHAST BEJTMYNHA BBIJBIXaeMOTO
COn CO,.

Tabnuua 2. ConocTaBneHne BpeMeHM
CHUXEeHUS KoHueHTpauun O,
Hakomnenna CO n CO,

2020/ Ne4

Ecau ke Boipixaercst 20 murpos CO, B wac,
TO MOIIHOCTb BEHTUJISAINH YBEJTUIUBAETCS 10
33 M° BO3/lyXa B yac. A ecjd NPUHATb [JIsI
MaKCHMAaJIbHO JOIYCTUMOTO 3HAUYCHNS KOHIICH-
tpaitun CO, B BO3/lyXe HECKOJIbKO MeHbIlee
snauenne 0,8-107, TO MONIHOCTb BBIPACTET
yoxe 10 38 M° Bozyxa B wac (mpu 15 11 CO, B
yac) u 50 m° Boszyxa B uac (npu 20 1 CO, B
qac).

Mmuoro ato man Mmasio? Kak o6ec-

Buaro, 4TO HAKOILIEHHE YIJIEKHCJOrO rasa
MPUMEPHO HA MOPSIOK OIAacHee HAKOILJICHUS
YTapHOTO rasza W elle Ha TOPSIOK OrnacHee
CHIDKEHUS KOHIIEHTPAIUK KUCJIOPO/Ia.

MomHocTh cucTteM BeHTHASUH. Kak ore-
HUTb MOIIHOCTb CUCTEM BEHTHJISIIUHN (poppy, HE-
00XOUMYIO IJIsl TOJIEPKAHUST HOPMAJIbHOTO
cocraBa Bo3nyxa? Eciim oTBeubcs OT repexo/i-
HBIX TPOIECCOB YCTAHOBJIEHUS U BHIPABHUBA-
HUS TIOTOKOB BO3/IyXa, TO KOHEUHBIH Pe3yIbTaT
BBITJISITUT OYeHb TTPOCTO:

dco, .
(CC02 max C'COZ )

Tak ecau Gco, = 0,25 nurpa B Munyty (B 510M
caydae desoBek Bblapixaer 15 ymrpos CO, B
. -3 4
9ac), T0IPH Cegy ey = 1- 1071 Cr, = 4-10
HOJIy4uM TpeOyeMyIo MOLIHOCTb BEHTUJISAIUN B
420 UTPOB BO3/yXa B MUHYTY UJIN 25 M° B Uac.

Trenr =

Koui-Bo Oébg:M, Bpems | Bpewms Bpemst | MHEUHTH TaKOil IPHUTOK CBEXEro

yest. M 10, ele} 1 CO, Bo3ayxa? Hampumep, ecan npu-

Tudyr 1 1,9 | 8uacos 1 qac 5 syt | OTKPDITD IBEPD, TO Hepes KasKIbIi
KBAIPATHBIN CAHTUMETP IIEJTH TPH

Komnara 2 30 3cyrok | 13uacoB | 36 MunyT Heperazie aBennii 1o 06e cTopo-
Baron merpo| 100 240 | 10 wacoB| ~1 gac 6munyr | mbl gBepu Ap = 10 Ila mpoxoant
Kunace 25 200 8uacos | 40 mumyr | ° Hac OAMH KyGOMETp BOSAYXa.
ITO O3HAYAEeT, YTO TPHU yKa3aH-

HOM Ap uepe3 CAaHTUMETPOBYIO IIeJb B /IBEPH
BBICOTOIT /1Ba MeTpa npoxoaut 200 Mo BO3/IyXa
3a vac. OTMeTuM, YTO UPHUHATHIH YDPOBEHD
nepenaza gasiaenuii 10 Tla goBonbro mam (510
10~ ot aTMocdepHOro) u BroHe MOXKeT GbITh
nmocturnyT. Eme 6osiee mornbiii addext Ben-
TUJISIIIMA OKa3bIBA€T MPOBETPUBAHUE TIPU OT-
KPBITUM OKOH W JIBepeil B TedeHue XOTs1 Obl
HECKOJIbKIX MUHYT.

B kavecTBe mpuMepa pacCMOTPUM CHUTYAITUIO
C KUCJIOPO/IOM T YTJIEKUCJIBIM Ta30M TIPH cIace-
Huu gereil B memepe Taumsmanga, 4acTUIHO
3aTorieHHoit Bojoi. B 2018 roay Becb mup
cJie/ 3a criacenneM (hyTOOIbHON KOMAH/IbI U3
12 MmKOJBPHUKOB W WX TpeHepa, YIIEANINX Ha
aKcKypcuio B nemepy Kxao Jlyanr u 3acTpsis-
nmx B Hell Ha 18 gueit (23 mona — 10 uioss)
n3-3a JIOXKIei, 3aTONMUBIINX BXOJ B TEMIEPY.
OHM YKPBLIUCH B BO3IYIITHOM KapMaHe, 0JHO-

12 nereit +
TpeHep

Ormacnas

7 CTbIO IIEPEKPBITOM BO-
OM U yJaJIeHHOM OT
BBIXO/Ia U3 MTeTePhl Ha
S5 KHJIOMETpOB. 3aja-
4ya 3aKJII04a1ach B BbIC-
BOOOYK/IEHNN OCIa0€eB-
MUX JieTeil 1 Tpenepa
n3 neniepsl. Curyarms
OCJIOXKHSLIACH HAJINYH-
€M Y3KOH Ilesn — Ha
pucytke 2 oHa 0060-
3HAYCHA KaK «OIacHast
TOYKa», dYepe3 KOTO-

Puc. 2. XapaktepHbivi 1A netyeps Kxao Jlyanr. (eBa — LLKO/IbHUKA 1 TPEHEeP,
3arneprble B BO3AYLIHON 10JIOCTH, CrPasa — Cracaresim

PYIO TIPECTOSIJIO BbI-
6upatbesi. Oco6eHHO-



[laiiBepbl CHUMAIOT '
GaJLIIOHBI € BOSLIyXOM'
U MPOTACKUBAIOT

MaJibulKa yepes )
1esb

Ilenb - okoJIO
40 c¢M B mmpuHYy|

Puc. 3. Y3kaa wenib («ornacHas To4kar). g
PON/IbIBA YEPE3 LLesTb OblI0 HEOOXOQMMO CHAT
aKkBasaHr, oO3TOMy Kaxaoro pebeHka crnacasi
ABa [aviBepa

CTH TTPOTLIIBIBA YePe3 IMIe/Ib TOKa3aHbl HA PUCYH-
ke 3. CracaresisiM IPUIIJIOCH HEIPEPLIBHO OT-
KaumBaTh Bojay u3 nemepbl. [loaTomy B Heii
HaXO0/IMJIOCh GOJIBIIOE KOJIMYECTBO criacatesieii,
MOMOTABIINX OTKAYMBATh BOJY W TOTOBUTD Jie-
Tell K BBIXOZY.

B oaroit curyarmumm okasaJauch BaXKHBI BCe
OTMEYEHHbIE BbIIIE OCOGEHHOCTH TIOBE/ICHNUS
KHCJOPO/Ia ¥ YIJIEKUCJIOTO Ta3a B 3aMKHYTOM
o6beme. [[1s1 60pbObBI C MOCTETIEHHBIM YMEHb-
IIEHNEM KOJMYeCTBa KMCJI0PO/Ia B Ieriepe Oblia
OpraHn3oBaHa JOCTaBKa KHCJOPOJA C IIOMO-
IbIO CIIEIMAJIbHOTrO TPyGonpoBoa. bouto pe-
IIEHO, YTO HAKOIJICHWE YIJIEKUCJOrO Ta3a B
Terepe MpeJICTaBIIsieT CYIIeCTBEHHO GOJIbIIYIO
OIIaCHOCTb, YeM HeXBaTKa KHCJI0poja. 3akau-
KOi1 Kucsopoia 1mo Tpy6orpoBoy B BEPXHIO
YacTb TEMIEPbl BBITECHSJIN YIJIEKNCJHbIH Tas.
Y4YUTBIBATOCH TaK)Ke PACCJIOCHIE BO3yXa Ha
dpaxiyn —CO, crarmBaics B HUXKHEH 4acTh
rerniepbl. Bot mmoyemy et 1 TpeHEp CKPbLINCH
B BEpXHeil ee 4acTH.

[Torckn pebAT U NOATOTOBUTEJBHBIC PAGOTHI
3aHAMN TIOYTH JBEe HeAeqn. 3a 3TO BpeMs
M3BECTHBIN M306peraTe/b U OPraHU3aToOpP HC-
cnegosanmit Mion Mack (kocMuueckue Kopa6-
JIU, 3JIEKTPOKAPDI) YCIIeJI U3 3amacreii K pake-
Te U3TOTOBUTb MUHUATIOPHYIO MO/IBO/IHYIO JIOJI-
Ky Ha OJJHOTO YejoBeKa U JIOCTaBUTb €€ B
Tanmann. Ho m3-3a y3Koii 1iesin oT ee NCHoJIb-
30BaHUS OTKA3AJICh.

Curyalysi ¢ KaXX/IbIM /IHEM CTaHOBIJIACh BCE
6oJiee cioykHoil. Heo6xoamuMo 6bLIO MTOCTOSAH-
HOE NPUCYTCTBUE JIO/IEH, 3aHAThIX HA OTKAuKe
BO/IbI U3 Tierepbl (MHave Temnepa MoJTHOCTHIO

3aI0JIHIIACh Gbl BOJON) M ycTaHOBKE TPYO6 15t
mojjaun Kucaoposa. bosee qecaTka akBasaHrn-
CTOB JIOCTABJISAJIN B TIEMIEPY BOLY, €Iy U KUCJIO-
po/iabie 6a/I0HbI. TaM MOCTOSTHHO TPUCY TCTBO-
BaJIM Bpa4l ¥ T€, KTO FTOTOBUJIM CIIACATEIbHYIO
oreparyio. [Ipu ApIXaHUM 3TUX B3POCJbBIX CIIa-
caTeJieil cocTaB BO3/[yXa yXY/IIAJCS elle CTpe-
MuTeabHee. HacTymms MOMeEHT, Koraa W3-3a
HAKOILJIEHUS YTJEKUCIOTO Ta3a Jajblie XXIaTh
6bLJI0 HeJb3si. MHOXKECTBO KUCIOPOAHBIX G-
JIOHOB GbIJIO PACCTABJICHO TIO BCEMY MapPIIPYTY
u3 nemepbl K Bbixoay (Kaxabiii GanaoHn pac-
cuuTaH Ha paGoTy TOJIBKO B TeYeHHE daca).
Toicsiua cracatesieil cHapy»ku, BKJIOYash CTO
JIafiBEpPOB, HAUAJM OTepaiuio. B 1epBblil /1eHb
13 nmaiiBepoB cracsu 4eTbIpex I0POCTKOB. Bo
BTOpoii enb 18 naiisepos (u 70 akBaTaHrUCTOB
COITPOBOK/ICHN) CIIAC/IHM el YeTBepbiX. Hako-
Hell, B TPeTHil JIeHb ObLIN CIIACEHBI OCTABIITNECST
4YeTBEpO JIeTeil 1 UX TpeHep, a Takxke 4 yesoBe-
Ka, ocTaBaBiecs B mermiepe. MoJoib!

B3rnap, nsHyTpmn

Ha ypoBHe KJ€TOK OpraHusaMa cOCTaB BO3-
JyurHol cpejpl coBepuienno unoit. Coaepska-
HHE KHCJIOPO/ia B KJIETKAX OpraHu3Ma oKoJo 1—
2% (MCKJOYEHne — 3PUTPOIUTDI, B KOTOPHIX
MOKET cofiepKarhbes 10 96—98% kmcoposa),
VIJIEKHCJIOTO Ta3a B KJIETKax O0KoJo 6%. Ecim
kounentparmn CO, B KJETKaxX yMeHbIIAeTcs,
TO MOSIBJISIETCS Bee GOJIbIIIe MPOGJIEM C JIbIXaH!-
eM. Ha pucynke 4 mpuBejieHa 3aBUCHMOCTD
XapaKTepPHOTO BPEMEHM, B TeYEHHE KOTOPOTO
uesoBek (He pexopacMen) crnocolen 3aaep-
JKaTb JIbIXaHHe, YacTOTBbl ITyJbCa U CTeleHN
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Puc. 4. XapaktepHasa 3aBUCUMOCTb BPEMEHM 3d-
LEDXKW [AbIXaHUs (CeKyHAbI), YacToTel My/bCca
(Ko/m4ecTBo yaapos B MUHYTY) 1 CTereHu yxya-
LUIEHMS KPOBOCHAOXEHMS (MPOLIEHTBI) OT KOHLEH-
TPALMI YITIEKMCIIONO 1333 B KPOBU
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YXY/IIEHNsT KPOBOCHAOKEHUST OPTaHOB OT KOH-
TIEHTPAINH YTJAeKNCcI0To Tasa. OO6umil BBIBOJ
TaKOB: IpH yMeHbIIeHnn Kourenrparmm CO,
BpeMsI 3aJIepKKN JIbIXaHUsI yMEHbIaeTcs H,
ecJI OHa TPUOIMIKAETCS K 3%, KIETKH THOHYT;
OBICTPO pacTeT YacToTa IyJbCa; yXY/AIIAeTCs
KPOBOCHAOKEHIE OPraHoB. B pesyJsbrate ske-
JaresbHas KoHienTpanus CO, B KJIeTKax /10JI-
JKHa GbITh 6% 1 maxe HeMHOTO GoJbiie. [lpn-
MepHOE Co/IepKaHie KICJI0PO/Ia U YTJIEKHCJI0TO
rasa B Pa3JIMYHBIX YaCTAX OPraHu3Ma yeJsioBe-
Ka, IpUBe/IeHHOE B TabsmIle 3, TO/ITBEepPIKIACT
BbIllleyKa3aHHbIE I[I(PDI.

Tabnunua 3. ComepxaHue Kncnopona u
yrneKmncnoro rasa

0, o,
Dy 21 0,04
Doaagli 16 4
e [ 105-110 (14%) | 40 (5 %)
A 100 40
Esggxf,}[ﬁﬁ pT.CT. 40 46
s -10 60-70

B nerxux IIpOUCXOaUT o6MeH KucJaopoga nu
YTJIEKUCJIOTO I'a3a MEXAY aJIbBEOJIaMU U KPO-
BbIO. AJbBEOJIBI — KOHIEBBIE OépaSOBaHI/ISI B
JIETKUX, HMEIoUMnE BUJ IIy3bIPbKOB, KOTOPbIE

Kamansap

Mem6pana

dJIbBCOJIbI
JlprxareibHast
MeMOpaHa

KHCJIOpO/:[ - Yraexuciiblii ras
MIOCTYTIAeT BbIXOJIUT M3
B OPUTPOIUT 3PUTPOLIUTA

Puc. 5. Bug anbBeOsIbl, OnyTaHHOU KamIsgpamum.
[Toka3aHsbl 1yt MOCTYIEHNS KUCIOPOLAA B 3pMT-
POLNTBI U BbIXOAA YITIEKUCIIONO 1a3a@ U3 3pUTPO-
ynToB
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OILTIETEeHbI ceThio Kamm/asapos (puc.5). Uepes
crenkn ambeos (ux amamerp okomno 0,3 MM,
KOJIMYECTBO aJIbBEOJI B JIETKUX YeJIOBEKa OKOJIO
MUJLIHAp/Aa, a o06IIas MOBEPXHOCTb TPUOJIN3H-
tenbHo 100 M%) ocyllecTBasieTcs ra3000MeH:
KUCJOPO/T TIEPEXOAUT B KPOBH W TMPUMEPHO
CTOJIBKO K€ YTJIEKMCJIOTO Ta3a 13 KPOBU MOCTY-
naetr B Jerkue. Bosiee TOUuHO, B cpenHeM 3a
CYTKU U3 aJbBEOJSIDHOTO BO3/yXa B KPOBb
nmoctymnaet 500 JTUTPOB KUCTOPO/a U BbI/IEISICT-
cs 430 UTPOB YTJIEKUCJIOTO Ta3a W3 KPOBU B
AJIbBEOJIAPHBII BO3AYX.

Bosee moapo6HO 0 CBOIICTBAaX aJbBEOJ pac-
ckaszano B kaure K.lIO.bBormanosa «®Dusuk B
rocrsix y Guosora» (Bubimoreuka «Kpant»,
Bbinycku 49, 133).

YTo nepBUYHO Ans opraHn3Ma:
O, unn CO,?

[ToMHUTE U3BECTHBIN MAPAJOKC: UYTO ObBLIO
pasbiiie — Kypuula uian giio? OH He paspe-
HIMM, €CJIM He IIPUBJIEKaTb BO BHUMaHME I1PO-
1IeCC HBOJIIOIIK U 00pa30BaHNe HOBBIX BH/IOB.
Ho ecam mpuBseub, TO y Aiilla OKa3bIBaeTCS
HEKOTOPBII IPHOPHUTET, OH JApeBHee. Tak, etre
JINHO3aBPbI OTKJIA/bIBAM i1, a NTUITBI TIPO-
WU3OIILIN OT OJTHOW M3 BeTBel AuHO3aBpOB. [lo-
Jlydaercsl, uTo S0 JpeBHee NTULbI U B 9TOM,
9BOJTIOTTIOHHOM, CMBICJIE TTEPBUYHO. ..

B mnamem ciyuae npo6Gsema BbiGOpa — 4TO
nepBuuHo (MHBIMM CJIOBAMM, YTO 3allyCKaeT
IPOLECCHI B YETOBEYECCKOM OPraHu3Me): KUCJI0-
PO/l UJIM YTJIEKUCJIbIii Ta3 — PelIaeTcs cJae/ylo-
mmM o6pa3oM. PaHbllle MEepBUYHBIM CUNTAICS
KHUCJIOPO/T — Be/Ib OH OCHOBHOW NCTOYHUK HEP-
THH, JAIONUi TOTYOK BCEM TIPOIleccaM B Opra-
nusme. Ho ceituac MasgTHUK BBIOOpA KAUHYJICSI
B CTOPOHY yTJIeKHCJI0TO0 Tasa. [locTenenno npu-
IIJIM K BBIBOJY, UYTO IEPBUYHBIM, 3aIlyCcKalo-
MM, MEXaHM3MOM SIBJISIETCSl HaKOILIeHHe B
OpraHm3Me YTJIEKNCJIOTO Tasa.

Haxomenne CO, B opranusme B Xo/ie pac-
HIETJIEHNST B KJIETKAaX JKUPOB U OEJKOB JlaeT
CUTHAJ MO3Ty O TOM, YTO YTJIEKMCJbIH Ta3
HY>KHO BbIBOJIUTD 13 KJIETOK — OH «CAJUTCI» Ha
SPUTPOIUTHI W TIEpeMeNiaeTcss K abBeojaM
Jerkux. Ha ocBo6GoiuBIIecst Mecta B «Ioe3/1e»
SPUTPOLUTOB «ycakusaercsa» O, U PasHOCUTCH
110 opranusMy. IloaToMy coBpeMeHHbIIT B3I
Ha MPOIECC [IBIXAHUSI TAKOB: CHAUALA 8blObIXA-
emcst YeAeKucavlil 2d3, d nomom 6Julxdemcs
Kucaopod. llpm 3TOM BMeCTe € YTJIEKHCIBIM
ra3oM BBIJBIXAIOTCS M U3JIMUIIKK KHCJOPO/IA.



[lnsa nprxanns Heo6X0oAUMBI 06a Tasa, Torepe-
MEHHO <«CeJJaloNney IPUTPOIUTLI. [Ipn aTom
BEHO3Has KPOBb OKpallleHa ¢ MOMOIIBIO YTJIe-
KHCJIOTO ra3a B TEMHO-KPACHDIN 1[BET, a apTepu-
aJIbHAsE KPOBb C TIOMOIIBIO KICJIOPO/Ia — B SIPKO-
KPAaCHDIH.

CpemHee COOTHOIIIEHNE MEXKIY KOJTMYECTBOM
VIJIEKHUCJIOTO Tasa M KUCJIOPOJa B OpPTraHu3Me
3710poBoro desoBeka npumepro 3:1 (6% CO, u
2% 0,).

BsaumopeiicTBue <«CHapy>kKu» M <HU3HYT-
pu». UTtak, yriaekuciblii ra3 HeOOXOINM st
JKU3HEIESTeTbHOCTH YesIoBeKa. BakHo U moji-
nepskanme onpeseentoro yporus CO, B opra-
HU3Me. A ero HeJOCTATOK M N30bITOK BPE/HbI.
Cimmmkom Bpicokoe naxormienue CO., BO3MOXK-
HO B IJIOXO IIPOBETPUBAEMBIX TOMENICHUSIX:
npu Gosbmiom mpouenre (Goee 0,08—0,1%)
ero ypoBeHb B opranmsme Takske pacrer (1o-
CJIEICTBHS STON CUTYAIN O6CY K TaJTNCh BBIIIE) .
HexBaTka yrimekucaoro rasa B kposu (Menee
4%) toxe omacHa (cMm. puc.4).

B kakux ciydassXx MOXKET BOSHUKHYTH TaKas
HexBarka? TunuyHbll pUMep — ydalleHHOe
Jprxanue: caumkom MHOro CO, BbIbIXAETCS U
MaJjio octaetcss B opranmsme. [Ipm HemocTaTke
VIJIEKUCJIOTO Ta3a KHUCJOPOA TPOYHO <IIPH-
KperuieH» K aputponuTtam. U naxe Korjga Kic-
JIOpO/la B KPOBH MHOTO, OH OKa3bIBAETCS CBSI-
3aHHDBIM U TIJIOXO MOCTYTAeT B TKAHU OPTaHW3-
Ma. Ecsiit B Takoit CUTYaIIy ABIIATD elle Jarle,
TO 9TO TOJIBKO YCYTyOUT CUTYAIHIO.

Uro genars? /[BrkeHme, TUMHACTHKA, CTIOPT
HA BO3/yXe WU B XOPOIIO IPOBETPUBAEMOM
MTOMEIIEHNH — BCE 3TO YBEJIUYMBAET COEPIKA-
nue CO,. Kanuanapbl pacimpaiorcs u gaxe
00Pa3yIoTcsi HOBbIE CETU KANMJLISPOB, KPOBO-
TOK YCHJIIBAETCS, KUCJIOPO/T JIYUIIIE OTIeIACTCS
OT TeMOrJIO0OMHA W TOCTYIAET B KJETKH. ..

[IpuBenem ere ofuH pUMep BasKHOCTU 6O-
Jee pexakoro abixanus. CraiiepaM Bo BpeMs
6era peKOMEHAYIOT B ciydae, KOTJa YKe He
XBaTaeT CHJI, KaK MOXKHO JIOJbINE 3a/epKaTh
JIBIXAHHE JIJIST TOTO, YTOOBI OTKPBIJIOCH «BTOPOE
IbIXaHue» U OH MOr OesKaTb JaJblie.

Oxka3zanue nepsoii nomomu. /Iprxanue «pot
B por». [Ipu okasanum nepBoil JoBpaueGHOI
[TOMOIII YEJIOBEKY B CJydYac WCYC3HOBEHUS
JIBIXaHUS OJTHUM W3 JIeHCTBEHHBIX METO/IOB SIB-
JISETCS ICKYCCTBEHHOE /IBIXaHNEe METOIOM «POT
B POT» BMECTE C HEMPSIMBIM MACCAKEM CEP/IIIA.

B por mocrpasaBuiero depes MapJiio MU
HOCOBOII TIJTATOK CIHAcaTe/Ib J0JKEH BBIIBIXATh

BO3/yX € yacToToil 12—15 pa3 B munyTy. Kasa-
Joch Gbl, 310 GeccMmblicieHHO. Beap B Hauase

CTaTbU MBI MHOTO pa3 MOBTOPSIN, KaKOB JI0JI-
AKeH OBbITb COCTaB BABIXaeMOTo Bozayxa (21%
kucaopoga u 0,4% yriaekucgaoro raza). A Tyt
BBIXOJIUT, YTO MOCTPA/IABIINI BBIHYKIEH TIPU-
HYIUTEJBHO TIOJyYaThb BO3AYX <«HA BBIJOXE»
(16% O, n 4% CO,). Tem He MeHee, OKa3bIBa-
eTcs, 9TO M B BBIJBIXaeMOM BO3[yXe ele eCTb
OCTAaTKN KHUCJOPO/Ia B KOHIIEHTPAIINHU, MPEBBI-
mwaromeil MunuManbio gomyctumyio (16% >
> 13-14%). A Gosbluasg KOHLEHTpPaIMs CoO,
OKa3bIBAETCS TTOJIE3HON /11T CTUMYJISAIIH I[CHT-
PaTOJIOBHOTO MO3Ta, KOTOPBIH BBI3BIBACT JbIXa-
TeJTBHBIN pedIeKc, TPUBOASIINI K PACKPBITHIO
QJIbBEOJT.

B a10il cutyaiuu nMeercst HEKOTOPasi aHAJIO-
TUsl C TIOBEJIEHUEM CcIiacaressl MpH OCTAHOBKE
cep/ia: OH JJOJDKEH MTOBEPHYTD TTOCTPAIABINETO
HA CHUHY U HAHECTH eMy yap peGpoM PYKH 110
rpyaHoil kiaetke. lleab — cotpsicenne rpyaHOLi
KJIeTKH, 9TO JIO/DKHO IPUBECTH K 3aITyCKY OCTa-
HOBUBIIIETOCST CEP/IIA.

Tak uro posib CO, Ipu OCTaHOBKE JIbIXaHUs
HECKOJIbKO WHas, 4eM TpH OOBIYHOM, CITOKON-
HOM JIBIXaHWH.

Cnoco6bl yBeMYeHHs] KOHIEHTPAIUH BbI-
JIBIXaeMOoro YTJeKUCJ0ro rada. Yesnosek B 10-
BCE/HEBHOU JKU3HU «B aBTOMATHYECKOM PEKU-
Me» JlelaeT TpUMepHO 15 IUKJIOB BIOX-BBIJIOX B
MuHYTY (KasKAbli 1MKJ MMEET JJIUTEJbHOCTD
npuGAM3UTENBHO 4 ceKyH/bl). OGbIYHOE OTHO-
IeHne JJINTeJTbHOCTH BAoXa 1 Bbigoxa 1 @ 1,3.

CMBICJI OCHOBHBIX JIBIXAaTETbHBIX TMMHACTUK
3aKJII0YAETCS B TIOBBIMICHUH COJIEPIKAHUS B
KPOBHU YTJIEKUCJOTO ra3a 3a CYUeT 3a/I€PIKKH,
ocyalieHust, 3aMe/IJIeHus] I UCKYCCTBEHHOTO
3aTpyAHEHU AbIXaHus. [Ipu aTOM moBBITIIEHHE
komrentparin CO, (710 onpe/ie1eHHOTO pejie-
JIa, OKOJIO 8%) YJIyqIIAeT yCBOEHNEe KUCAOPOA
OpraHu3MOM 4YeJioBeKa. B pasHbIX MeTojuKax
9TO JIOCTHUTAETCS WJIM 32 CYET 3aJePXKKU JIbIXa-
HUS TIOCJe BAoXa Jnu60 mocJie BhIAOXA, W 32
CYeT Y/JTMTHEHHOTO BbII0XA, WJIN 32 CYeT Y-
HEHHOTO BJIOXa, WK uX KomGuuarmii. MupiMu
CJI0BaMH, HY’KHO, 4TOObI (pasa BbIOXa CyIIle-
CTBEHHO IIPEBBIIIATA BJIOX.

Hawub6osee mocejoBateIbHON U3 COBPEMEH-
HBIX METOJUK SBJSETCS cucreMa DByreiiko —
MTOBEPXHOCTHOE JIbIXaHWe ¢ 3ajepskkoil. OHa
HATpaBJeHa Ha yMeHbIleHne ToTpe0IeH s KUC-
JIOPOJIa U HACBINI[EHNE OPTaHN3Ma YTJICKUCIBIM
razom. [lo aTOil cucreme ycusameMm BOJIH BIOX
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3aHMMAaeT 2 CeKyH/IbI, BBIIOX — 4 CeKyH/bI, 32
KOTOPBIM cJieiyeT 4-X CeKyHAHas 3a7epKKa
nbrxanus. Beero ks gmwres 10 cekynm, yk-
JIQ/IBIBASICh B 6 IIMKJOB B MUHYTY.

B mpaxTtuke HOrM IPaBUJIBHBIM CYHTAETCS
BecbMa IIPOJIOJDKHUTENBbHBIN BBIJIOX € OTHOIIIE-
HHUeM JIINTEJbHOCTH BjioXa M Bboxa 1 : 5.
YTBepsKIaeTCs, YTO HOT B COCTOSTHUH TTy6OKOH
MeJIUTAIIH MOXKET «O0XO/IUTHCST» BCErO JABYMsI-
TPeMsl IUKJAMU BJIOX-BbIIOX B MuHyTy. Ilep-
Bas peakius Ha aTo — He MoxkeT 6bITh! Ho nasee
HEOXKM/IJAHHO BBISICHSETCSI, YTO O4YEHb pe/lKoe
JIbIXaHNe HOrOB MOKET ObITb CBSI3aHO C TIOBbI-
MIEHHON POJIBIO ¥ HUX KOXXHOTO JBIXaHMWS.
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W peiictBuresbHO, B 9TOM 4TO-TO ecTb. ILj0-
aIb KOXKHN 9eJI0BeKa, MOKPBITas > MIJIJINOHA-
MU BOJIOCKOB, cocTaBiser 1,5-2 m%. A cymmap-
Has 1o/ b 600 MUIIMOHOB aJIbBEOJ B Jier-
kux — 00710 100 M2, Tpy6o mosrydaercsi, 4To Ha
ypoBHE 1—2% KOKa MOYKET BBITIOJHSITD JIbIXa-
TeIbHYI0 ByHKINIO. V3Mepenns mokasasm, 94To
Yepe3 KOKY BBIIENSETCS OKOJIO 2% YTIEKUCIO-
O Ta3a U MOTJIOMAeTCsT TIPUMEPHO 1% KUCJI0po-
na. Bosee Toro, uepes KOXY BBIBOJUTCS U3
opranuama nopsjka 800 rpaMMOB BOJSIHBIX
mapoB — Jake 6OJIbIIE, YeM U3 JEeTKuX!

MATEMATUYECKHUHN KPYJXOK

O yknagke
ONVHOB, KOTNeT
M anenbCUHOB

C.4OPUHYEHKO

ETOAHA KBAHTUK PEIINJI CEPbL-

€3HO TIOMPAKTHUKOBATHCS B rotoBKe. Cam
OH OOBIYHYIO IHUIILY HE €J, HO [Py3el JIoOuI
opajoBaTh YeM-HU-
6y/Ib BKYCHEHDBKIIM.

— Haune™m ¢ 6smHoB, —
permit Keantnk. C Te-
cToM TIpo0JIEM HE BO3-
HUKJIO, HO OAUH OJIMH
TaK HPUYYAJUBO pac-
TEKCSI TT0 CKOBOPO/IE, UTO
SIBHO HaJse3 ObI Ha JIpY-
M€ TI0CJIe TIEPeBOpavn-
Banmst (puc.1).

— Uurepecto, a moMectsiTcst in GJIUHDBI, €CJTH
s TlepeBepHy UX Bce?

KBanTuk 106U cHAavYasta Bce MPOAyMaTh, a
TTOTOM Y3Ke JesIaTh. 3aueM TBITAThCS YKJIAbI-

Puc. 1

DOI: https://doi.org/10.4213/kvant20200406

BaTh IepeBepHyTbie OJIMHBI, €CJIU OHH, MOXKET,
u He Bye3yT? CHavasra Ha/lo I0Ka3aTh TeopeMy!
Ho 3amax mozaropaioiero tecta 3actaBuyi Kpan-
THKA JIEHICTBOBATb: OH CXBATHJ TAKYIO K€, HO
XOJIO/THYTO CKOBOPO/TY U JIOBKO OTIPOKUHYJI TY/Ia
Bce GJIMHBI, YTOOBI TIOKA CIIOKOIHO TIOAyMaTh.
UyTtp mpuimmmue OJMHBI TepeBEepHYJINCH B
BO3yXe IEJNKOM BMeCTe ¢ TOpsTdeli CKOBOPO-
JIOH, HO TYT K€ OTJIUTLIIN M aKKYPATHO YIIaJu Ha
XOJIOJIHYIO — PYMSIHOH CTOPOHOH KBEpXy.

— Kaskercs, 910 OBLIO J10Ka3aTebCTBO,
ocennyio KBantnka. — MuTepecno, a ecan Obl
MOsT CKOBOpo/ia ObLta Tpeyrosbhoi? /s pas-
HOCTOPOHHETO TPEYTrOJIbHUKA Bce Obl cpaboTa-
JIO, a BOT jiJist JIo6OTO. .. MOKaIyil, He BCerja.
(A BBI noHAMM, TIOUEMY?)

Crenytomuit 6;mme KBaHTUK c/esian «Mare-
MaTUYECKUM», B BUJE
npsAMoyrosbHuKa. Ile-
peBopaumWBas ero Ha
APYTyl0o  CTOPOHY,
KBantuk HemHOro He
paccuuTai, u npsMoy-
TOJBHUK 3aBEpHYJICH,
a Tak, 4TO Ja’Ke BbI-
Jie3 3a TIpeJIesTbl CKOBO-
poabt (puc.2).

— Hazo ero xots 6bl CABUHYTH IEJIUKOM Ha
ckoBopoay. Oif, a BAPYT He BJe3er?

Bpemenn na mokasareabcTBO He ObBLIO, U
MBbICJIN B ToJI0oBe KBaHTHKa cMeHsInch ¢ Gere-
HOH CKOPOCTBIO.

Puc. 2
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— U 3auem MHe noHaio6uics GJIMH IMEHHO B
dopme mpamoyroabHuKa? A A1 1pyroit ¢op-
Mbl IOHSITHEE, YTO JIM, TIOMECTUTCS JIN 3arHy-
Tl 6;iuH? Mosker, 3to BooOGIie oT (hOpPMbI
61MHa He 3aBucHT... Hy ecim He 3aBUCHT, TO
mo60ii, Jake caMblil 6OJIBIION OJIMH TOJIKEH
TTOMECTUTBCS, ecJn ero 3aruyTh. CTom, caMbIil
60J1b11I0# OJIMH — 3TO Ke... Best ckoBopoza!l Ho
JUIS Hee OTBET OoveBH/eH!

KBaHTUK Tak yAMBUJICS 9TOU HEOKUIAHHOUN
MBICJIN, YTO PE3KO BJBUHYJI OJTMH HA CKOBOPO.LY
U TIOTaCUJI OTOHb.

— Hy xoneuno. Ecsau 3artytb 1o npsMoit
6JINH Pa3MePOM CO CKOBOPOJLY, MEHbBIINAsS 4acTb
HEJNKOM OKaQKEeTCsI
suyTpu (nmox mim
Haj) Gosblieil, u
3arHyTbIi 6JIMH TOY-
HO BJI€3eT Ha CKO-
Bopoay! A ecan
B3$ITh OJINH [TOMEHb-
111e, OH BJIE3€eT TI0C-
Jie 3aru6a 1 To/1aB-
Ho (puc.3). pnc. 3

KBanTuK pemma, 4YTO XBaTUT C HEro Ha
ceroziist GaunoB. Jlydie cienars 4To-HUOY /b
IIPOCTOE U MOHSITHOE — BOT, HAIIPUMEP, KOTJIe-
toi. [Ipuuem Kpyribie U aGCOMIOTHO OMHAKO-
Boro pasmepa. IlpuroroBus dapmr, KBantuk
OBICTPO HAJIEMUJ KOTJIET M CTaJ KaK IIOIajo
BBIKJIQIBIBATh WX Ha Pa30TPETYI0 CKOBOPOLIY.
[Tocsie miectoit KOTJIETHI OH OOHAPYKUJ Ha
CTOJIE OCTABIIYIOCS
celbMy10, MecTa JIJist
KOTOPOIi € BUIY yKe
He Oblto. KanTtuk
6BICTPO CABUHYJI KOT-
JIETBI BILJIOTHYIO IPYT
K JPYTY U BTUCHY.JI
ceZIbMyI0 Ha Kpail —
MOJYYUJIOCh <«TIO-
TEJIbKA B TIOTEJIbKY>
(puc.4).

— IloBessio? Wau ecu 1iectb BJIE3JO, TO U
ceMb Bieser? — 3agymasica Ksantuk. Iloka
KOTJIETBI KapPUJIUCH C OJTHON CTOPOHbBI, OH aKKY-
paTHO cOPMYTUPOBAT TUIIOTESY .

KoTnetHaa Teopema. [lycmv na xkpyziou
cKosopode yoaniochL NOMECMums uecmsy
o00unaxoevlx kpyezivix xomaem. Tozda na amy
CK0680POJY nomecmumcs u 006asounas cedbmasi
maxas ke xomaema (803MOKHO, Ot IMO20
npudemcs: nepedsunymo npedvidyuue.).

— Bpoge 6b1 sicHO, YTO pacIoiosKeHue B BU/E
«POMAIITKU», KOT/Ia OJHA KOTJIeTa B LIEHTPE, a
ocTaJibHbIE BOKPYT, camoe BbirogHoe. Ho kak
3TO T0Ka3aTh? Ecm oHa KOT/IeTa JISKUT TOYHO
0 TIEHTPY M €CThb MECTO €llle XOTb JIJII OJTHOM,
TO OCTAJIbHbIE MIECTb BJIE3YT — MPOCTO MOIPSIT
o KPyTy. A ecjau HUKaKas KOTJIeTa He JIeKUT
cTporo Mo TeHTpy? Huxakux uzeii...

KBaHTUK 1TepeBepHy T KOTIETHI, AyMasi Aajb-
mre.

— 3aiijieM ¢ IPyToii CTOPOHBI: KaKasi CKOBOPO-
Jla Hy>KHa IS ceMU KOTJeT? Paanmyc KoT/aeTsr,
ckaxkeM, 1. Torma A «KOTJIETHON pOMAaIKu»
XBaTUT CKOBOPO/IbI ¢ paaunycoM 3. Maes! [loka-
JKEM, YTO €CJIU IIeCTh KOTJIET MOMECTUIOCH, TO
pasiyc CKOBOPO/IbI HE MEHbIIe 3.

KBantuk y6aBus Ta3 W HAKPBLI KOTJIETHI
KPBITITKOM.

— W gro pampme? Hamo Kak-TO MCTOJIB30-
BaTh, UTO KOTJIETHI HE HAKJIAABIBAIOTCS IPYT HA
npyra. Ara, 3T0 3HAYUT, YTO PACCTOSTHIE MEXK/LY
JIIOOBIMU IBYMSI TIEHTPAMU KOTJIET He MEHbIIIE 2.
A ele KOTJIETBI HE BBLIE3AIOT 3a IIPEIEJIbI
CKOBOPOJIBI — T.€. PACCTOSHUE OT ee Kpas [0
1eHTpa Jo6oi KoTreTsl He Menbie 1. VHbiMu
CJIOBAMM, IEHTPHI KOTJIET JIEXKAT B KPyTe PaIi-
yca Ha 1 menbiie, yeM y ckoBopozbl. [Tepedop-
MYJIIpYeM-Ka 3a/1auy:

Touku B Kpyre. B kpyee sie;xam uecms mouex,
paccmosnus mex0y nobviMu 08YMs U3 HUX He
menvwe 2. Tozda u paduyc kpyea ne menvue 2.

— IlorpoGoBaTh OT MPOTUBHOTO? — MOYMaJ
Ksartuk. — Ilyctp paamyc Kpyra MeHblne 2.
Cuyyait, Korjia Kakasi-To TOUKa B IIeHTpe Kpyra,
paso6paH. A ecsin Bce TOUKH He B LIEHTPE, a T/ie-
To Bokpyr? CoeinHIO-Ka X C IEHTPOM.

KsanTtuk moracmi oromb,

B35l OYMaXKXKYy U KapaHja-

IIU U TIPOBEJT U3 [IEHTPA KPY-

ra [ecTb 3eJIeHBIX OTPE3KOB.

[ToroM momymas HEMHOTO U
COCZIMHUJI «COCE/IHUes TOU-

K KPAaCHBIMH OTpE3KaMu
(puc.5). Tlomyunioch mectb  p, - 5
TPEYTOJbHIKOB.

— Bce 3enenbie orpesku kopoue 2. A Bce
KpacHble — He MeHbIe 2. Torma B KaK/I0M U3
IIECTH TPEYTOJbHUKOB KpacHas CTOPOHA —
caMas JJuHHAsg. A 9TO 3HAUUT...

KBaHTHK 4yBCTBOBAJ, YTO peIeHUE Te-TO
coBceM psgoM. VM TyT OH BCIIOMHUJI, YTO B
TPeyToJibHUKe HPOTUB GOJIBIIETO YIJa JIEXUT
60JTbIIIAS CTOPOHA.
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— ...9TO 3HAYWT, YTO B KAXK/IOM TPEYTOJIbHIKE
YIOJI IIPOTUB KPACHOI CTOPOHBI CTPOrO CaMblii
6osbimit. Torga oH 1o BesimdmHe 6oJIbIle TPETH
ot cymmbl yriioB — ot 180° — r.e. 6osbine 60°.
Cron-crorni-cron! A ecsu s IpOCTO TPOUILY 110
KPYTY — OT OJTHOTO 3€JIEHOTO OTPe3Ka K CJIe/y-
IollleMy U T.JI. 1 BepHyCb B Hadasno? Kaskabrii
3eJIeHbIiT yToJ1 TouHo 6y et 6oabime 60°. Yraos
1ecTb, W TOrja ux cymma Ooubime 360° —
6oubiiie 1osrHOro o6opora!  IIporuBopeune!!!

KBaHTHK, pemmuB 3ajaqy, HUKOTJa He MOT
cpasy oCTaHOBHTbCS. Bor m ceifuac oH ee
KaKOe-TO BPeMS Pa3MbIILISAJ Ha/l MOCTEAHUM
1IaroM pereHusi.

— A ecim Obl paguyc Kpyra paBHsiics 27?
Torna kpacHast CTOpoHa B KaK/IOM TPEYTOJIbHNI-
Ke CHOBa caMmas JJINHHAs, HO yXKe He CTPOro —
OHAa MOXKET W PaBHATbCS 3€JEHbIM. 3HAUMT,
yTOJI IPOTHB Hee He MeHbIne 60°.

A pa3 cymMa 1IeCTH YIJIOB MEK/LY 3eJIeHbIMU
orpeskamu pasta 360°, Bce onn o 60°. Boixo-
JIT, TOYKH JIeXKAT HA IPAHUIlE KPyra B BepIIn-
HaX ITPaBUJIBHOTO IECTHYTOJbHIKA!

KBanTnk cchopMyIMpoBas JOKa3aHHbIH PakT:

BTtopas kotneTHasa Teopema. Ecau wna
ckosopode paduyca 3 nexam uiecmv KOmJem
paduyca 1, eozmoxnvl dsa cayuas. Ilepewui:
00Ha KOMAeMAa JeKum moyHo no uewmpy, d
ocmanvhvle — N0 KPAsaM, KAcasich UeHmpaibHOlL.
Bmopoi: wecmv komaem Jjiexam <«poMauwKois ¢
NYCMvLM UEHMPATLHBLM MECTHOM.

Ilocne Bcex 3TUX KOTJIETHBIX TEOPeM HaJl0
OBLIO Nepe/IoXHYTh, 1 KBaHTHK pelu morpe-
HUPOBATBHCS B yKparieHnu ctosa. OH HOCTaBUI
Ha cTosl OIOfO AJa (PPYKTOB — pasyMeercs,
MareMarndeckoe, B ¢opMe PaBHOCTOPOHHETO

TPEYTOJbHUKA — W
CTaJl BbIKJIA/IbIBATh HA /N

HETO areJIbCHHbL: TOKE \)
MareMaTndecKkue, T.e. £ 2 A
a6COJIIOTHO KPYTJIbIE U \)\) \

O/IMHAKOBBIE. ATIeJIb-
CUHOB GbLIIO JIEBSITD, U
Ha OJ10/le OCTAJIOCh
MECTO €Ille POBHO JIJIst
OJIHOTO, KOTOPOTO,
yBbI, He 61710 (prc.6).

— Hekpacuso, — noagyman Keantuk. — Ilepe-
JIOJKY-Ka TI0-/IpPyToMy, YTOOBI HeXBaTKa He 6po-
caJlach B TJIa3a.

KBaHTUK [0JTO YKJIAJBIBAJ aleJbCUHBI B
OJINH CJIOH, W TaK M 3/]aK, M HAKOHEIT IPHUIIET K
TOMY, YTO BEpHA

PP

e

Puc. 6

2020/ No4

AnenbcuHHasg Teopema. Ecau 611000 6 6ude
PABHOCNOPOHHEZO MPeYyZoIbHUKA PACCUUMAHO
po6no na decsmy aneavcunos (6 odun caotl,
6NAOMHYI0 OpY2 K OpY2y U KPAsiM), Mo, KaKk myoa
Hu xaadu Oeesamv anesvcurnos (6 00un caoil),
0043aMebHO OCMAHEeMCs Mecmo U 015 0ecAmozo,
daxxe ecau ne cO8UzAMb OCMALLHBLE.

— Bort te6e 1 oTBIX, — B3MOXHYT KBaHTHK. —
Kak mogctynutbes K 10Ka3aTesbCTBY — COBEP-
meHHo Hesicuo. Korzga Ha 0J110/1€ 1€CATb alleib-
CUHOB, OHU — BepHee, UX I[eHTPBl — 06pa3yoT
KpacuBYIO TPEyToJbHYTO pemieTky. Ho mouemy
1 JIeBATb HUKAK IO-JPYTOMY HeE TIOJOKUIID —
TOJIBKO B BH/IE PETIETKH C OJHUM TIPOITYCKOM?
Hapucyio-ka aty pemierky. Pagnyc aneabcuHa
BO3bMy 3a 1.

KBanTuk m3o6pasusi aneIbCUHbI KPyraMu Ha
IJIOCKOCTH — 3ajada
BeIb PaKTUIECKHU CBO- I
JINJIACh K 3TOMY TLIOC-
KOMY Bapuaury. Y
HETO TOJIyYuJics 60JIb-
ol TpeyroJbHUK,
pasjieJiIeHHBIH  Ha
MeHbIne, a 6010 1
anebcuHbl KBaHTUK
HApUCOBaJ MYyHKTH-
pom (puc.7).

— IleHTpbI aneJIbCUHOB OTCTOST OT Kpast 6J10-
Jla XoTs Ol Ha 1 U TI0ATOMY JIesKaT B TIpefiesiax
TpeyTobHOH perreTku. CTOPOHBI MaJeHbKUX
TPEyTObHNKOB paBHBI 2. Torga A7 1eHTpoB
Takas 3a/ia4a MoJyqdaercs:

Toukn B TpeyronbHuKe. Tpeyzonvnux co
cmoporotl 6 pasbum Ha mMaieHvKue mpeyzoivHUKU
co cmoponoil 2 (cm. puc. 7). B nem aesxam deesmo
mouex, paccmoanus Mexoy JoOviMu 08YMs
moukamu ne Mewvwe 2. Jloxaxume, umo ece
mouKu Jaexam 6 6epuuUHdx MALeHbKUX
mpeyzoavnuxos (6 yzrax pewemxu).

— Yro-TO TYT HAIIOMU-
HaeT KOTJIETHYIO Teope-
My... Ara, ecau OTKH-
HYTb TPU yTJIa, OCTAETCS
MIeCTUYTOJbHUK — Ta Ke
«pomarnikas! Hapucyto-
Ka ero KpacHbIM I[BETOM
(puc.8).

MoHo naske BOKpYT
HEeTO HEeBUAMMBIH KPYT onucats paguyca 2. Ho
JIAJIbIIe-TO YTO? Y HAC JKe Terepb /eBITb TOUEK,
a He mectb. Cror! A 4TO ecsiu 1ecTb TOUeK U3
JIeBATH 110T1a/1aI0T B KPACHDIN 11ECTUYTOJIbHUK ?

Puc. 8
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Bropas korsernas Teopemal Besb mmectb Touex
JieXaT TOT/Ia B HEBHIMMOM KpyTe, a 3HAYWT,
Jin60 OJIHA TOYKA B IIEHTPE M MHSATb — HA KPalo
Kpyra, Ju6o Bce lIecTb ToueKk Ha kpaio. Ho
Kpail Kpyra mepecexkaercs ¢ HIeCTUYTOJIbHUKOM
TOJIBKO B €ro BeplInHax! 3HA4YWT, eC/IH HIeCTb
TOYEK BHYTPU HICCTUYTOJbHUKA — OHH BCE B
y37axX pEIeTKN.

KBaHTHK 11epeBest iyX u IPOJ0JIKII pa3ou-
parbes.

— A CKOJIBKO TOYEK MOXKeT ObITb CHApY’KH
HIECTUYTOJIbHUKA, T.€. B TPEX <«YTJIOBBIX» Tpe-
yroJbHUKax? Ara, B KaX/OM MaKCHUMyM IO
TPHW, 3HAYWT, BCETO TPIDKABI TPH — JIEBATD?
Her, g nenpasusbno cuntaio. Beab ecsn Touka
Ha KPacHOW CTOPOHE YIJIOBOTO TPEYTOJbHUKA,
TO OHA U B HIECTUYTOJIbHUKE TOKE. A MHE Ha/l0
MOHSITD, CKOJIBKO TOUEK MOTYT ObITb CTPOTO BHE
HIECTUYTOJIbHUKA. B Ka)JoM yrJioBOoM Tpey-
TOJbHUKE TaKas TOYKa... ogHa! 3HA4YWT, BHE
MIECTUYTOIbHUKA — MAaKCHUMyM TPH TOYKH, a B
eCTUyTOJMbHIUKE — MUHUMYM IiecTb. Ypalll
Beap torga atu mectb (uam Gosibiie) TOYEK
Jlekar B y3Jax pentetku. VI B kax /bl yTryioBoii
TPEyToJbHUK IONaJeT XOTb OJHa U3 HHUX, IO-
3TOMYy M B YTJOBBIX TPEYTOJbHUKAX TOYKAM
HEeKy/1a IeBaThCcsl KpoMe y3710B. Bee gokaszamno!

KBanTuk 3axoTeJ1 y3HaTh, He BCTPEYaIiCh JIn
pamblie 110/106HbIe 3aaun. [loasus 1o uHTEp-
HEeTy, OH BBICHUJI, 4YTO HEKOTOpble M3 HUX
nedataauch B «KBaHTe» M 4TO aBTOpP 3ajayu
1po G6simHbl — A.AGPaMoOB, TIPO 3arHYTHIN TPsi-
moyrosbHuk — B.IIpousBosios, 1po aresbcu-
upl — H. /lon6unuH, KOTOPbIil, KCTaTH, MpejiJia-
raJjl mojlyMarb Haj| OOIUM CJIydaeM — KOT/a B
oJioze romentaercs He 10, a 15 anesbcunos, 21
u r.4. (B BUJE TPEYrOJIbHON pEIIeTKH, HO ¢
GOJIbIIMM  KOJIMYECTBOM TOYEK). 3agada I1po
KOTJIETBI OKa3as1ach TIyGOKUM (DOJIBKJIOPOM —
HaBepHSIKa KaK/blil MAaTeMaTUK, 3aHUMaBIITHUI-
cst Ipo0JIeMOIl yIIaKOBKH KPYTOB B KpyTe, ee
3Hau (a «opUIHATBHOE> JI0KA3aTENBCTBO Oy (-
mukoBas B 1968 roay Pomnasba I'paxem).

A eme KBantnk mamen sagagy M. EBroknmo-
Ba u3 TypHHUpa ropofioB, KoTopas O4YeHb eMy
MIOHPABUJIACK:

AnenbcnHbl B Ky6e. B kybuueckyo Kopobky
nomecmuiu mMpu 00UNAKOGHIX ANEAbCUNA.
Joxaxume, wmo ¢ maxyio xe nycmyio Kopooxy
MOKHO NOMECMUMb Uemblpe MAKUX Ke
anenvcund.

— Byty paccysKath 10 aHAJOTHHU C TIPEbILY-
UMK 3a/1ad4amMu, — permui KBantuk. — Anesib-

cuHBI — 3710 mapbl. [Ipumy pamiyc mapa 3a 1.
IleHTpbI MIAPOB OTCTOST OT TrpaHeil KOPOOKH
xotst 6b1 Ha 1, T.e. Jexkar B Kybe cO CTOPOHOIT
Ha 2 MeHblile, yeM Y KopoOku. [Ipyr or apyra
IIEHTPbI OTCTOAT XOTS Obl HA 2, 3HAUUT, 06pasy-
10T TPEYTOJIbHUK, BCE CTOPOHBI KOTOPOTO He
Menbie 2. VHTepecHO, a B Ky6 Kakoro Hau-
MEHDBIIET0 pa3Mepa MOKHO [MOMECTHTb PABHO-
CTOPOHHUHN TPEYTOJIb-
HUK CO CTOPOHOIi 27

I[TpaBmonmomo6HbBII
puMep HpHUIIeT B TO-
JIoBy 6bIcTpO: KBaHTHK
B3s1J1 Ky0, y Tpaneil Ko-
TOPOTO JIMaroHaJn pas-
Hbl 2. Ecii packpacutb
BEPIIMHBI TaKOro Kyba
B [IIAXMATHOM TIOPSI/IKe,
Kak Ha pucyHKe 9, mo6ble TPU YEPHbIE TOUKH
JIQJIyT KaK pa3 paBHOCTOPOHHUN TPEYTOJIbHUK
CO CTOpPOHOH 2, a BCe YeThIpe YepHbIe TOUKH —
TeTpasp, Bce pebpa KOTOPOro PaBHBI 2.

Tak 4TO ecam NMOMECTUTb IIEHTPbI YeTbIpex
IapOB €IMHUYHOTO PAJINyca B YepHbIe TOUYKH,
mapbl He 6yyT Memath Apyr apyry. Ctopona
Takoro Ky6a pasta +2 (1o reopeme ITudaro-
pa), a camMu 1mapbl yme-

CTATCS B KyOMUYECKYIO
KOPOOKY €O CTOPOHOI

\/§p+2 (aBa mapa Gy-

JIYT JIesKaTb Ha JiHe KO-

POOKHU «I10 AMArOHAJI> ,

a CBEpPXY Ha HUX — ellle

JIBa 1apa <I0 JPyToit
AMATOHAIM», KaK Ha  p,- 19
pucynke 10).

— HagepHsika 3T0 U ecTb OTBET, — MOJyMaJl
Kpantuk. — Ocrasoch JI0Ka3athb TEOPeMY:

Puc. 9

TpeyronbHUK B KybGe. B kybe .aexum
MpeYzoNbHUK, KAKOAS CMOPOHA KOMOPOZO He
menvwe 2. Tozda cmopona xkyba ne menvwe \2.

C oroit Teopemoii KBantmk Myumiacs He-
CKOJIbKO 4yacoB. Pelienne BBINIJIO XUTPOE.

— TpeyrospHuk <«IIUPOKUii», OH TpebOyeT
MHOTO MecTa, — pa3MbInLsit Kanrtnk. — OnHy
€T0 CTOPOHY I e1lfe MOT bl BMECTUTD B MEHDBIITHIA
Ky6 — Hanpumep, IyCTUTb €€ BJOJIb TJIABHOM
quaroHann ky6a. Ho Tperbsi Bepimmna yske
BblIe3eT HapysKy. Ilosydaercsi, Kak TpeyroJib-
HUK HU KPYTH, OH <JJIMHHee» KyO6a... Uto ato
3HaunT? <«/lMMHHEee» Ky6a B KAKOM-TO HaIlpaB-
gernn? « J[mmHnee» Kakoro-to ero pe6pa? Cror,
3Ty MBICTb Ha/I0 00yMaTb.
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Cmycrst kakoe-To BpeMst KBaHTHKY y/aJI0Ch
TIEePeHTH OT TYMAHHBIX JOTAJ0K K CTPOTOMY
paccyxaennio. Ha pagocTax o ero faxe 3amm-
cas. Bor ono:

«ITycrp Ham TpeyronbHuk (0603HAUUM €ro
ABC) nomectuics B Ky6 €O CTOPOHON MeHbIIe
V2. Paccmorpum Tpu pebpa Ky6a, BbIXO/ISIIIE
13 O/THO¥ BEPIINHBI, 1 CITPOCIIIPYEM TPEYTOIb-
nuk ABC na artu pebpa.

A ¥IMEHHO, CHavaJIa BO3bMEM O/IHY CTOPOHY —
cKkaxxeM, AB — Hamiero TpeyroJbHHKa U pac-
CMOTPHM €€ TPOEKIINN Ha BbIOpaHHbIE pe6pa.
[Tpoexis Ha 0/HO PeOPO TMOJyUYAeTCsI, ecyan
3axaThb AB MeKIy ABYMS TJIOCKOCTSMM, Tep-
MEHIUKYISIPHbIME pe6py: OHM M BBICEKYT Ha
pebpe mnpoeknuio. [Ipoenupys na Tpu pebpa,
MBI TIPOBE/IEM TPHU TMapbl TTapasIebHbIX T1JI10C-
KoCTell 1 paKkTUIecKn 3aKkTiounM AB B mpsMo-
YTOJIBHBIH TapasIe/elnIe/l; €ro CTOPOHBI X, Y,
Zz PaBHBI JJIMHAM TIPOEKITNi, a ero TJIaBHAas
Jmaronajb — 510 AB (puc.11).

B
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Puc. 11

I[To tpexmepnoit teopeme Iludaropa,
22+ y?+22 = AB* > 4 (Begp AB22). Ilpo-
JienaB To ke camoe 1y BC u pas AC, nosyyva-
eM: cyMMa KBaJpaToOB TIPOCKITHIT BCEX TpPeEX
CTOPOH TPEYTOJbHUKA He MeHble 12.

Ho a1y e cyMMy MOKHO TIOZICYMTATh M <B
JPYTOM TOpPSJKe»: CHadajJa CIPOEIIPOBATDH
TPEYTrOJIbHUK OT/JEJbHO Ha KaXKI0e U3 TPEX
pebep, a yKe TOTOM CKJIaAbIBaTh. [Ipoekims
TpPeX CTOPOH TPEYTOJbHWKA Ha KOHKPETHOE
pe6bpo Gy/IeT COCTOSITh U3 TPEX OTPE3KOB, OJIUH
U3 KOTOPBIX PaBeH CyMMe JBYX JAPYrHX,
a = b + ¢, kak BuHO U3 pucyHKa 12: «kpaitaue
BEPIIUHBI> TPOEHUPYIOTCS B KOHIIBI OTPe3Ka
JUTMHOW @, a «Cpe[IHsiI» BEpPIIMHA — B TOYKY,
JIeJISITILYIO €r0 Ha YacTH ¢ JUInHaMu b u c.

IIpu atom a He GoJibie, yeM ajuHa pedpa
Kky6Ga (Tak Kak TpPEyrOJbHUK JIEKUT BHYTPU
ky6a), T.e. a<~2, orkyma @’ +b*+c’ <
Sczz+(b+c)2 =2a%* <22 =4 . 3uaunt, cym-
Ma KBaJ[PAaTOB MPOEKIUN CTOPOH HA BCE TPHU
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Puc. 12

pe6pa menbine 12 — nporuBopeune! 3agada mpo
areJTbCUHBI PEIIeHas .

A mamocsenok KBaHTHK pemnmj HATOMHUTH
YUTATEJISIM ellle HECKOJbKO «KYJTMHAPHBIX» 3a-
nay co crpannil «KBanta» n «KBantukar.

3apauun

1. Ileyenbsi Ha npoTuBHe. Ha psMOyTOIbHBII
npotnBeHb moMeraercss 100 KpPyTJBIX TedeHnit.
O0s13aTeIbHO JIN HAa TaKOW K€ TPOTUBEHD MOKHO
ya0:xuTh 400 KPYTJIbIX MeYyeHnil B 1Ba pa3a MEHb-
1Iero pajuyca?

2. Topr ¢ raazypseio. KBajparhbiii TOpT 06J1UT
CBepXy U 110 60KaM TJ1a3ypblo. PaspexbTe ero Ha
IATh 1IEJIbHBIX KYCKOB, B KOTOPBIX MOPOBHY U
TOpTa, U IJIa3ypH.

3. JInmmnmii aneasens (C.Iocunensckuit, M. Ce-
MeHoBa). B mockoii KopoGKe B O/[1H CJI0i BILIOT-
HYIO JIeXKaT OJIMHAKOBbIE KPYIJIble alleJbCHHbI —
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BOCEMb PSJIOB TI0 MATD WTYK B KaxoM (puc.13).
Ypacress M OMeCTHTh B KOPOOKY €Ille OJuH
TaKON aIleJIbCuH?
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XLI TypHWp roponos

3apaun BeceHHero Typa

Ba3oBbI BapnaHT

8—9 Knacchl

1. (4)' Kapra Ksajgpaananu npe/crap/igeT
coboit kBagpar 6x6 kierok. Kakmass kier-
Ka — sm60o KOPOJIEBCTBO, NGO CIOPHAs TEPPHU-
Topus. KoposieBcTB Bcero 27, a CIIOPHBIX Tep-
putopuii 9. Ha criopHyio TeppuTopuio 1pereH-
JIyTOT BCE KOPOJIEBCTBA TIO COCECTBY M TOJBKO
onu (T.e. KJIETKH, COCEAHHE CO CIOPHOH IO
cTopoHe WK BepiuuHe). MoKer Jii ObITb, YTO
Ha KaXK/ple /IBE CIIOPHbIC TEPPUTOPUU TIPETEH-
JlyeT Pa3HOe YUCJIO KOPOJIEBCTB?

M. Egdoxumos

2. (4) Kakoe HanGoJpiee KOJIUYECTBO Pas-
JIMYHBIX MEJIbIX YnCeJl MOJKHO BbIINCATb B PA/]
TaK, 4TOObI CyMMa KaxkAbIX 11 moapsi uayiux
yuces pasusiiach 100 nan 1017?

E.baxaes

3. (4) Ha pumaronamu AC pomba ABCD
rnoctpoen mnapasienorpamm APQC Tak, 4TO
TOYKa B JIeKUT BHYTpPU Hero, a cropoHa AP
paBua cropone pombGa. [lokaxkure, 4yro B —
TOYKa TlepeceueHus BbICOT TpeyroJabanka DPQ.

E.baxaes

4. (5). Tesoe ymCIO 7 TAKOBO, YTO ypaBHe-
nue x% + y® + 2% — xy — yz — 2x = n uUMeer pe-
HIeHe B IeJbIX YHCIaX X, ¥, z. JloKaxuTe, 9ro
Torma u ypasHenme x”+y?—xy=n uMmeer
pEllIeHHe B IeJBIX YHCIAX X, Uf.

A.FOpan

3. (5) Ha mocke 8 X 8 B kamerkax al u ¢3 crosr
aBe oxuHakosbie (umkn (cMm. pucynok). Ilers
u Baca xomdar no ouepenn, Haunnaet [lers. B
CBOIT X0/l UTPOK BBIOMpAET JT06yI0 DUIIKY 1
cBuUTaeT ee 6o 110 BEPTUKAJN BBEPX, NGO 110
TOPU3OHTAJIH BIIPABO Ha JI060€ YUCJO KJIETOK.
Bomrpaer ToT, KTO c/iesiaet Xo/ B Kjaetky h8.

!B cko6kax mocsie HOMepa 3ajaun yKa3aHo
ync10 6aslsIoB, TMPUCY/KIABIINXCS 3a €€ MOJHOE
pemrenue. VITOT OABOAMIICS IO TPEM 3a/1a9aM, 110
KOTOPBIM JIOCTUTHYTHI HAWIYYIIHE PE3YJIbTAThI
(GanTbl 32 pasHble MyHKTbHI OJHOI 3a1aul CyMMH-
pylorcs).

_ N W s 1O N

@]
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Krto 13 HrpoKoB MOKeT JeficTBOBAaTDb TaK, 4YTO-
6bl Bcerja BBIMIPHIBATh, KaK Obl HU WUTpas
corepHuK? B 0fHOII KJeTKe MOXKeT CTOSTb
TOJIbKO OJiHA (PUINIKA, MPBIFaTh Yepe3 (UIIKY
HEJIb3S.

B.Kosanvdxu
10—11 knaccel

1. (4) MOKHO JIM B KQK/IYI0 KJIETKY TaG LBl
40 x 41 3ammcath IO [EJTOMY YHCIY TaK, YTOObI
YHCJIO B KasKA0H KJIETKE PABHSAIOCH KOJIMYECTBY
TeX COCEJHUX € Hell 1Mo CTOpPOHE KJETOK, B
KOTOPBIX HAIMICAHO TaKOE K€ YHCJI0?

A.Tpubanxo

2. (4) O6cysxaas B Kaacce 3MMHHE KAHUKY-
apl, Camra ckaszan: «Tenepb, mocse Toro kKak s
caeran B Ajjinc-A6e6y, s Berpedan HoBbrit roj
BO BCEX BO3MOJKHBIX noJycdepax 3eMun, Kpo-
Me O/HOi!» B KakoM MUHMMaJbHOM KOJM4e-
cTtBe MecT Betpeuas Hosorit rog Camra? Mecra,
rae Cama Bcrpeuan Hosbiit rop, cuunraiite
toukamu Ha cdepe. Touku Ha rpaHuie HoJy-
cepbl CUMTAIOTCS HEe MPUHA/JIESKAINME 3TOM
mosrycepe.

H. [lymanckuii, P.Kpymoscxuil

3. (5) TIo kpyry croar 6yksbl A u B, Bcero
41 6ykBa. Moxno zamensith ABA na B u
HaobopoT, a Takke BAB Ha A m Hao60poOT.
Bepno s, 4To U3 J1060TO0 HAYATBHOTO PACIIO-
JIOKEHUST MOXKHO MOJIYYUTb TAaKMMHU Oepariis-
MU KPYT, Ha KOTOPOM CTOUT POBHO O/iHA OYKBa?

M. Tuoun

4. CymecTByeT /M HENOCTOSHHBIA MHOTO-
uieH p(x) ¢ geficTBUTEbHBIMU KO dUILIeH-
TaMM, KOTOPBI MOKHO IIPEACTaBUTb B BH/IEC
cymmpl a(x)+b(x), e a(x) n b(x) — kBaj-
paThl MHOTOYJICHOB C JEHCTBHTEIBHBIMU KO-
sacdduuentamu,
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a) (2) poBHO ofHUM CIIOCOGOM;
6) (3) poBHO ABYMs criocoGamu?
Cr1oco6bl, OTIHYAIOIUECS JIUIITH TTIOPSIKOM CJIa-
raeMbIX, CYMTAIOTCS OJIMHAKOBBIMH.
C.Mapxenos

3. (5) [lanbl aBe OKPY>KHOCTH, IIE€PECEKAIO-
mecs B Toukax P u Q. IIpousBosibras npsiMasi /,
npoxojdaniasg depe3 Q, MOBTOPHO IepeceKaeT
okpyxHoctu B Toukax A u B. IIpsamble, kaca-
IolMecst OKpyskHocTell B Toukax A u B, nepe-
cekarorcs B Touke C, a 6uccexrpuca yriaa CPQ
nepecekaet npamyio AB B Touke D. [lokaxure,
YTO BCE TOYKU [), KOTOPbIE MOXKHO TaK IOJIY-
YHUTb, BBIOMPAsT MO-PA3HOMY IHPSIMYIO [, JIexaTr
Ha OJIHON ¥ TOM JKe OKPYKHOCTH.

A.3acnasckuil

Cno>XHbI BapuaHT
8—9 knacchl

1. (4) CymectByer Jin 4uCIO, jeJisiieecs Ha
2020, B xoropom Bcex 1mudp 0, 1, 2, ..., 9
[IOPOBHY ?

M.Egdoxumos

2. (5) Tpu Goratbips OblOTCA cO 3MeeM
TFopeiabruem. Mabg MypoMely Kax/bIM CBOUM
yaapom orpy6aer 3Meio TOJOBUHY BCEX TOJIOB
u eue oany, Jo6pbius Hukurnu — Tperb Bcex
roJioB u ete e, Asenia [lomoBuy — yeTBepTh
BCEX TOJIOB W ellle TpU. borarbipm ObIOT TIO
OTHOMY B KaKOM XOTAT TMOps/Ke, OTpy6as
KasKIBIM YIapOM IIeJIoe YUCJI0 TOoI0B. Ecan HI
ouH GOraTblpb He MOKET yaapuTh (4mcio
rOJIOB II0JIy4aeTcsl HeleabiM), 3Mell chemaer
Bcex Tponx. CMOryT Jin GoraThipn OTpyGOUTD BCe
rosiosbl 41!-ronosomy 3mero? (Hamomuum, 4to
411=1-2-3-...-41.)

A.3acnasckuil

3. CymecTByer Jin BIUCAHHBIN B OKPY>KHOCTb
N-yroJapHUK, y KOTOPOTO HET OJMHAKOBBIX IO
JUIIHE CTOPOH, & BCE YTJIbI BBIPAXKAIOTCS 1[EJIBIM
YHUCJIOM TPAJYyCOB, €CJn

a) (4) N =19; 6) (3) N = 20?

M. Markun

4. (8) Mna xakux N MOKHO PacCTaBUTH B
KkJ1eTkax kagpata N X N [eCTBUTeIbHbIE YriC-
Ja Tak, 4TOGbI CPEM BCEBO3MOXKHBIX CYyMM
qcesT Ha Mapax COCEJHHX 10 CTOPOHE KJIETOK
BCTpeyanch Bee resibie uncaaor 1 10 2(N — 1) N
BKJIIOYHTETBHO (POBHO IO O[HOMY pasy)?

M. Tuoun

3. (9) Tpaneuus ABCD BrucaHa B OKpyK-
Hocth. Ee ocHoBanume AB B 3 pasa 6oJbiie
ocuoBanusg CD. KacarenpHble K ONUCAHHOM
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okpyxxHOCcTH B Toukax A n C mepecekaiorcs B
touke K. [Jokaxure, uro yron KDA npsmoil.
A.IOpan

6. (9) YV Tleru ectp xoaoma us 36 Kapr
(4 mactn no 9 xapr B Kax/0i). OH BbIOUpaeT
13 Hee MOJIOBUHY KapT, KaKnue XO4eT, M OTAaeT
Bace, a BTOpyio TOJIOBHMHY OCTaBJjsieT cebe.
[lajee KasKIbIM XOJOM HUTPOKH 110 OYepein
BBIKJIAJIBIBAIOT Ha CTOJ 1O opHoil kapre (1o
cBOEMY BbIOOPY, B OTKPBITOM BH/IE); HAUUHACT
Ilers. Ecom B orBer Ha xon Iletm Bacs cmor
BBLJIOXKUTH KapTy TOH ’Ke MAacTH WJM TOTO Ke
nocronHcTBa, Bacs 3apabatbiBaer 1 ouko. Ka-
Koe HanboJIblliee KOJMYECTBO OYKOB OH MOKET
rapanTUPOBAaHHO 3apaboTaTh?

M. Esdokumos

7. (12) Cwm. samauy M2601 «3amaunuka
«KBanras.

10—11 knaccbl

1. (4) Ha nockocty ganbl aBe napaGoJibL:
Y= 2umy= x? -1, IIyctp U — MHOXecTBO
BCEX TOYEK TJIOCKOCTH, JIeKAINX MEX/IY Tapa-
6omamu (BKJIIOYas TOYKM Ha caMuX Iapalo-
sax). CyllecTByer Jii OTPE30K [UIMHbI Gosiee
106, [eJIMKOM cojiepkatuiicst B U?

A.Toanwvizo

2. (5) Azenna 3azyMaJt HaTypasbHbIe YUCIA d,
b, ¢, a TIOTOM peIINJI HAlTU TaKie HATypPaJIbHbIE
x, y, 2z, uto a = HOK(x,y), b =HOK(x,2),
¢ = HOK(y,2). Oxasaznoch, uTo Takme X, y, 2
CYIIECTBYIOT U OTIPee/IeHbl OTHO3HAYHO. AJTe-
mra pacckasan 06 atom Bope u coobumt emy
TOJIbKO uncia a u b. [lokaxure, uyto Bops
MOKET BOCCTAHOBUTH C.

b. @penxun

3. (8) Cm. samauy M2598 «3anaunuka «Kpan-
Tar.

4. (9) Cm. samauy M2599 «3aznaunuka «Kpan-
Tay.

3. (9) Cm. samauy M2600 «3azaunuka «Kpan-
Tar.

6. (10) Ha mocke Hamucanbl 2n HOCJIEL0Ba-
TEJIbHDbIX I[CJIbIX YUCEJI. 3a X0/ MOXHO paSéI/ITb
HaIlMCAHHbIE YMCJA Ha Hapbl IPOM3BOJIHHBIM
00Pa30M 1 KayK/y10 Mapy YNCe 3aMEHUTDb HA UX
cyMMy H pastocTb (e 06s13aTeIbHO BbIYUTATD
nus3 6OJIbHIEFO 4yncJia MeHnblllee, BCE 3aMEHbl
NPOUCXOJAT OAHOBPEMEHHO0). Jlokaxkute, 4To
Ha JocKe OOJIbIlle HUKOTJA He IOABATCS 2N
[oCJIe[0BATEIbHbBIX YHCEI.

A.Tpubanxo
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7. (12) Ina kakux k MOXKHO 3aKpacuTh Ha
6eJ10il KJIeT4aToll TJI0CKOCTH HECKOJIBKO KJIETOK
(konewynoe uucsi0, GoJibliiee HyJIsA) B YEPHbIIL
I[BET TaK, 4TOObI Ha JI060#T KJIeTYaTOl BePTHKA-
JIM, TOPU3OHTAJU W AuaroHanu Ju6o ObLIO
POBHO k 4epHbBIX KJETOK, J1O0 BOBCE He GbLIO
YepHBIX KJETOK?

A./lunes, K.I'apos, H.Bbeayxos

YcTHbIN TYp ang 11 knacca

1. B crpoky sammcano 2020 HaTypambHBIX
yrcest. Kask/joe U3 HUX, HAUMHAS C TPETbero,
JIeJINTCST U HA TIPE/IbILyIee, U Ha CyMMY /IByX
npeabaymnx. Kakoe HauMeHblllee 3HadeHue
MOKeT IIPUHUMATD TI0CJIe/IHee YICJI0 B CTPOKe?

A.Tpubarxo

2. Ha sbicorax AA;, BB, CC, octpoyroJib-
HOTO HEPaBHOCTOPOHHETO TpeyroabHuka ABC
OTMETUJIM COOTBETCTBEHHO Touku Ay, By, C, Tak,
yro AA, =BB,=CC, =R, tne R — paauyc
ONMCAHHON OKpPY>KHOCTH TpeyrojbHuka ABC.
[lokaskuTe, 4TO IIEHTP ONMUCAHHON OKPYKHOCTH
tpeyrompanka A B,C; coBmajaer ¢ IEHTPOM
BIMCAHHON OKPY:XKHOCTH Tpeyroibunka ABC.

E.baxaes

3. Ha xueruaroii miaockoctn ormernau 40
KJIETOK. Bcerna i HalijileTcst KJieT4aTblil 1psi-
MOYTOJIBHUK, cojiepskaliiunii poBHO 20 oTMeueH-
HBIX KJIETOK?

M. E6doxumos

4. Cm. samauy M2603 «3amaunmka «Ksan-
Ta» B CJEYIONIEM HOMepE >KypHaJa.

5. Ha cdepe paamyca 1 pan TpeyroJyibHUK,
CTOPOHBI KOTOPOTO — JYTUW TPeX Pa3IMYHbIX
OKpY’KHOCTEl pajuyca 1 ¢ IEeHTPOM B IIEHTpPE
cdepnl, nMeoIne JJIMHbI MEHbIIEe T, a ILI0-
Ma/ib paBHa yeTBepTH 1romnaau cepor. Joxa-
JKUTE, YTO YETHIPbMSI KOIUSIMH TAaKOTO Tpey-
TOJIBHUKA MOYKHO MOKPBITH BCIO Cepy.

A.3acaasckuil

6. /Tan GeckoneuHblil 3amac GeJblX, CUHUX U
KpPacHbIX KyOmKoB. Ilo KpyTy paccTaBJsioT
mo6ete N 3 Hux. Po6ot, ctaB B J1060€ MECTO
Kpyra, WAEeT 10 YacoBOI CTPEJIKe ¥, MOKa He
OCTaHEeTCsT OJINH KyOHUK, TIOCTOSTHHO TIOBTOPSIET
TaKylo OIepanuio: YHUUTOKAeT [ABa OimKaii-
mux KyOnKa nepeji co6oii u CTaBuT 1mo3au cebst
HOBBI KyGUK TOTO Ke TIBETA, €CJTN YHUUTOKEH-
HbIE OJINHAKOBBI, 1 TPETHETO I[BETA, €CJIN YHITU-
TOKEHHDbIE JIBYX PasHbIX 11BeToB. HazoseM pac-
CTaHOBKY KYGHKOB XOpowleil, eCJI [IBET OCTaB-
IIErocst B caMOM KOHIIE KyOUKa He 3aBUCHT OT
TOTO, € KaKOTO MecTa cTapToBas poGot. Hazo-
BeM N yodaunvim, ecou mipu o60M BbiGope N
KyGHKOB BCE WX PacCTaHOBKHM xoporrue. Haii-
JTe Bee yaadnbie N.

H.Bozdanos

Mamepuan nodzomosuau E.Baxaes,
H.Bozdanos, C./Aopuuenxo, M.Ee6doxumos,
A.3acnasckuil, 11.Koxesnuxos, M. Marxui,
JI.Meonuxos, B.Pemuncxuii, E.Psa6os,
A.Cenenos, b.Dpenxun, U.Dponos,
A.IOpan

LXXXII MockoBckas
MaTemMaTm4yeckas onmmMmnmana

1 mapta 2020 roga nporniia oyepegHas Moc-
KOBCKasi MareMaruueckast onummnuazga (0JHO-
BPEMEHHO CO CJIOKHBIM TypoM TypHupa ropo-
JI0B, MHOTHe 3ajgaul Obliu oOmumMu). IIpuso-
JIUM HEKOTOpble 3a/aun oJuMiuaabl (B cKoG-
KaxX IocJe HOMepa 3ajaul yKasaH KJacC, B
KOTOPOM OHa TpejJaranach). Bee ycnosust u
periennsi cM. Ha caiite olympiads.mccme.ru/
mmo/

N36paHHble 3agaun

1. (8) Tom mnammcan na 3a6ope U3 JOCOK
cioBo MMO, a Tek — wncno 2020. lupuna

Kak/10i 6yKBbI ¥ InppbI 9 €M, a MUPHUHA JIOCKH
3abopa 5 cM. Mor s ek mcnaykaTb MeHbIIe
nocok, uem Tom? (JToCKH PACIIONIOKEHBI BEPTH-
KaJbHO, a CJIOBA M YHUCJA TIUIIYTCS TOPU30H-
taabHO. [l por 1 GyKBbI TUITYTCS Yepe3 pas-
HbIE TIPOMEKYTKH.

.- Myxun, A.Dedyaxun, H.Droman

2. (8) Ha rpaduxe dyuxmun y = 1/x Muma
oTMeuaJI OPsIL Bee TOUKM ¢ abcrmccamu 1, 2,
3, ..., noka He ycraJ. [Torom npumia Mama n
3aKpacuia Bce MpsIMOYTOJIbHUKH, O/[HA U3 BEp-
IIMH KOTOPBIX — 3TO OTMEUYEeHHasl TOYKa, elle
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OJIHa — HAYaJI0 KOOP/JH-
HaT, a ele J[Be JIeskaT
Ha ocsax (Ha pucynke
MOKAa3aHo, KaKoW Mps-
MOYyTOJIbHUK Maiia 3aK-
pacusa Obl [T OTMe-
yeHHOl Touku P). 3a- p
TEM YYATEJTbHUIIA TI0- A
rpocusia pedsIT TMOCYUTATh MJIOMAAb (UryphbI,
coCTOsAIIeH M3 BCeX TOYEK, 3aKPAlICHHBIX POB-
HO ofiH pa3. CKOJIbKO MOJIYUHIOCH?

A Myxun

3. (8) Hano narypaabhoe uucio N. Bepa
JIeJIAeT ¢ HUM CJIEAYIONIe Oneparii: cHavara
npubaBsgeT 3 10 TEX 10D, TTOKA Oy YIBIIEECs
YHCJa0 He cTaHeT jaeauTbes Ha S5 (ecam msna-
qaJbHO N JIeJTUTCS HA 5, TO HAYETO MPUOABJISATDH
He nazo). Ionyumsineecs uncao Bepa memur
Ha 5. /lamee ona JenaeT 3TH Ke Omeparuy ¢
HOBBIM YHCJIOM U Tak jajee. V3 Kakux yuce
TAKUMU OMEPAIUSIMU HEJb3ST MOAYYnTh 17

A.Illanamosa

4. (8) B typuupe no ranga6ony yyactsyior 20
komana. Ilocse Toro kak Kaxas KOMaH/a
cpITpasa ¢ KaXAoH T pasy, OKa3aJoch, YTO
KOJIMYECTBO OYKOB Yy BCEX KOMaH/ PasHOE.
ITocsie Toro Kaxk Kaxkjasg KOMaH/Ja CbIrpaja C
Ka’K/IOH 110 BTOPOMY pasy, KOJMYEeCTBO OUYKOB Y
BCeX KOMaH/l CTaJO OJIMHAKOBBIM. B rana6oJie
3a 1o6e/ly KOMaH/a roJjiydaer 2 O4Ka, 3a HU-
ypto — 1 ouko, 3a nopaxkenue — () oukoB. BepHo
JIM, 9YTO HaWAyTcs [Be KOMAHIBI, IO pasy
BBIMI'PABIINE JIPYT Y Apyra?

b. @penxun, A.3acrasckuil

5. (8) Hama tpanenus ABCD ¢ ocHOBaHHSAME
AD u BC. IleprieHuKyJIsIp, OLYIEHHbIH 13
Toukn A Ha cropoHy CD, TpOXOAUT uepe3
cepenHy auaronamn BD, a meprneHankyJsp,
onylleHHblli M3 Touku D Ha cropony AB,
MPOXOANT dYepe3d cepeanny auaronamn AC.
JlokaxknTe, 4TO Tpamenns paBHOOOKasI.

A. lonedenox

6. (9) U3 mectu najiouex MOMapHO pas/iny-
HOW JITMHBI CJIOKEHDBI ABa TpeyroJbHuka (mo
TPH TAJOYKK B KaxkgoM). Beerga jm MOXKHO
CJIOKUTH M3 HUX OJIUH TPEYTOJbHUK, CTOPOHBI
KOTOPOTO COCTOST W3 OJHOI, JBYX M Tpex
[AJI0YEK COOTBETCTBEHHO?

B.Hosuxoe

7. (9) B octpoyrosibHoM Tpeyrosbhuke ABC
(AB < BC) nposenu Boicory BH. Touka P
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CIMMETpUYHA ToYKe H OTHOCUTEJIBHO MPSMOI,
coemuustionieii cepenunnbl cropon AC u BC.
[okaxkute, uto npsaMas BP cOfepKUT LEHTp
OTIMCAHHON OKpY»KHOCTH TpeyroJyibHuka ABC.

A. Coxonosg

8. (10) IlpuBeauTe IPUMEP TAKOTO KBaApaT-
HOTO TpexujeHa P(x), uTo 1pu J060M X
cupaseyuBo paseHcTBO P(x)+ P(x+1)+...
ot P(x+10) = 27

M. Egdoxumos

9. (10) Cpeau sputeneii kuHopecTUBALA
ObLIIO TTOPOBHY MY>KUWH U JKeHIuH. Beem 3pu-
TeJISIM MOHPABUJIOCh OJMHAKOBOE KOJMYECTBO
duabmoB. Kaxapiit hbusibM MoHpPaBUIICS BOCh-
mn 3puressiM. Jlokaskure, uto He menee 3/7
(GuabMOB 06JIAIAI0T CJIEAYIONMM CBOUCTBOM:
cpeau 3puresieil, KOTOpbIM (PUJIbM HOHPABUJI-
cs1, He MeHee JIByX MY>KUMH.

Dosvknop

10. (10) Touka O — 1EHTP OMMCAHHON OK-
pyskaoctn Tpeyroabauka ABC. CepeamHHBII
nepnenaukyasip k BC nepecekaer AB u AC B
toukax X un Y. Ilpamasg AO mepecekaer mps-
mytio BC B Touke D, M — cepenuna BC.
OmnucanHasl OKPY>KHOCTb TpeyroabHuKa ADM
mepeceKaeT OMMUCAHHYI0 OKPYKHOCTD TPEYTOJIb-
unka ABC B Touke E, oranunoii ot A. /lokaku-
Te, yro npsamas OF kacaercs OINMCAHHON OK-
pyskHOCTH TpeyroJibHuka AXY.

A.Coxonog

11. (11) CyuectByer u Takasi HelePUO/IH-
deckast (YHKIUS [, ONpe/eieHHas Ha Beeil
YHCJIOBOI TPAMON, UTO TIPH JTI0GOM X BBITIOJTHE-
HO paBeHcTBO [ (x+1)=f(x+1)f (x)+1?

Doavkaop

12. (11) U3 maxmatHoii gocku 8 X 8 BbIpesa-
sm 10 kJaeTok. V3BecTHO, 4TO CpeIu BhIPE3aH-
HBIX KJETOK eCTh KaK YepHbIe, TaK U GeJble.
Kakoe mamGoJblliee KOJMYECTBO ABYXKJIETOU-
HbIX MIPAMOYT'OJIbHUKOB MOJKHO I10CJIE 3TOTO
TapaHTHPOBAHHO BLIPE3aTb W3 3TOH JOCKU?

A.Kybapes

13. (11) Pewmure ypaBHenue tgmy =
= [lg Ttx] - [lg [Tr.x ]], rze [a] o6osnauaer nan-
GOJTbIIIEE TIEJI0e YHUCJI0, HE TPEBOCXOJAIIEE d.

A.Bezyny,

14. (11) 3a KpyrJbIM BpaIaOMUMC CTO-
JIOM, Ha KOTOPOM CTOST 8 GeJIbIX U 7 YePHBIX
varek, cuaar 15 ruomMos. Oun Hajienn 8 6eJIbIx
1 7 4epHBIX KOJIIAuyKoB. Kaskablii rHOM Geper
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ce6e YarKky, I[BET KOTOPOH COBTA/IAET C IIBETOM
€ro KOJITTayKa, W CTABUT HATIPOTUB celsl, TTOCIe
3TOTO CTOJI TOBOPAYUBAETCS CIYIAUHBIM 0Opa-
3oM. Kakoe nambojbliee 4ncJI0 COBIIAJIEHUNI
IBETa YallKK M KOJIA4YKa MOKHO TapaHTHPO-
BaTh 1I0CJIe TI0BOPOTa cToa (THOMBI CaMU BbI-
6UpaloT, Kak cecThb, HO He 3HAIOT, KaK MOBEP-
HeTCs CToJ)?

M.Jobanoe

15. (11). Ha cropone AC TpeyrojbHUKA
ABC B3sym Takyio Touky D, uto yroa BDC
pasen yriay ABC. UeMy paBHO HamMeHbIIIee
BO3MOJKHOE DACCTOSTHUE MEXKY TEHTPAMU OK-
PYXKHOCTEIT, OITHCAHHBIX OKOJIO TPEYTOJIbHIUKOB
ABC n ABD, ecitu BC = 1?

M. Egdoxumos

16. (11) KysHeuwKk mpbiraer 1o 4mcjI0BOI
IPSIMOH, Ha KOTOPOil OTMEYEHbI TOUYKU —d 1 D.
V3BecTHO, 9TO @ U b — TIOJIOKUTEJIBHBIE YUCIA,
a UX OTHOIIIEHNEe HPPAInoHa bio. Ecin Kysme-
YK HaXO[UTCS B TOUYKe, KOTOpast 6JIKe K —d,
OH TIPBITAET BIIPABO HA PACCTOSIHHE, PABHOE d.
Ecin ke OH HaxOIWUTCSI B Cepejiie OTpe3Ka
[~a; b] nam B TOUKe, KOTOPAs GMXKeE K b, TO OH
[PBITaeT BJIEBO HAa paccrosinue, pasuoe b. [lo-
KaKITe, YTO HE3ABUCHMO OT HAYAJIBHOIO 110JI0-
JKEHUST KY3HEYMK B HEKOTOPBIN MOMEHT OKasKeT-
cst o1 Toukn 0 Ha paccrosuni Menpiie 107,

I1. Bopodun

Mamepuan noozomosun C.Jopuuenxo

MockoBCKas onmmMmnmrana
LLIKONbHMKOB Mo u3mke 2020 roga

Btopon Typ
7 knacc

1. Ipo 3zaifumuka (8 Gamton)

lemra ¥3MepsII MJIOTHOCTb MaJIEHBKOTO CTEK-
JITHHOTO 3aitunka. OH HaJIII BOJLy B MEH3YPKY
C TIEHOI Jie/IeHNsT 2 MJI, TIPU 3TOM CTOJIO BOJIBI
jpoxoans o ormetkn 170 mur. ITocsie Toro xak
'etra OTHOCTBIO TTOTPY3UIT 3aiTYNKA Ha HUTOUKE
B BOJY, YPOBeHDb BojblI moguanca go 180 mur.
[asnee Temna perms B3BeCUTb 3aiiunKa Ha TITKOJTb-
HBIX PBIYQKHBIX Becax /st JAGOPATOPHBIX pa-
60t. Ho tupu y Hero 6blim TOJIbKO Maccoii 2 T.
[Mosyunmocs, uto 12 rupb Maio, 4TOObI yPaBHO-
BECHTD 3aifunka, a 13 — muoro. He xymas qoaro,
lemma BbIYMCAMII TIJIOTHOCTD 3aiiunKa:

p= __ BT _h500 Kr/m
180 M1 —170 mua

IIpumen JIénuk, nazpan lenry HeyMHbBIM YeJio-
BEKOM UM CKasaJl, UYTO Ha CaMOM JieJle 3HaueHue
TIJIOTHOCTH 3aifYMKa MOXKET CHJIBHO OTJIMYAThCS
OT 3HaueHwus, BbruncaeHHoro lemreii. M3Bect-
HO, 4yTO JIé/MuK olleHnBaeT MOrpelrHoCTb u3Me-
pennsi 06beMa MEH3YPKOH B IOJIOBUHY II€HbI
nenennsi. Uemy MoskeT OBITH paBHA TJIOTHOCTD
3aifunka?

I1. Kprokos

2. Mepexoapt (10 Gaunios)

[lsing Boa skuser B oOsiactu, a paGoraer B
Mockse, 10 KOTOPOIi efieT Ha aaeKTpmake. [IyTh
OT >KeJIe3HOIOPOXKHON TIATOPMBI 0 MecTa
pa6orbl cocranisier 400 merpoB. Ha atom myTtn
nsns BoBa mpeoqosieBaeT Ba MEIIEXOHBIX
nepexoga umHOW 10 20 MeTpoB, KOTOpbIE
pasziesiieT CoOpoKaMeTpoBas MaJieHbKas IIJIO-
mwazp (puc.1). Ceerodop Ha KadkJ0M TIepexozie

400 M
20 M 40 M 20 M

A ITrowaos
1 ﬂam(bopmaLH epeaco(')bt—T

Puc. 1

PaéomaJ

BKJIIOYAET 3€JICHBII CUTHAJT Ha 25 CEeKyH[, a
KpacHblil — Ha aBe MuUHYTbL. a9 Boa xoaur
He Crernia, co ckopoctbio e Gosee 1 M/c. O60-
3HAYUM {; — MUHMMAJbHOE BpeMs, 3a KOTOPOe
s BoBa Mosker z1oiiTn OoT BOK3aja /10 paGo-
Tbl, & {, — MUHUMAJbHOE BpeMsi Ha 0OPATHYIO
nopory. VHTepBaJ BpeMeH! MeK/1y BKJIIOUCHM-
€M 3eJICHOTO CUTHAJa Ha MepBoM cBeTodope Ha
MyTH OT BOK3aJa W BKJIOYEHWEM 3€JIEHOTO
curnasia nHa Bropom o6osuaunm 1. [Isas Bosa
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co6JII0/1aeT TIPABUJIA, TT03TOMY OH BBIXOJHT HA
«3e0py» Tepexojia TOJIbKO B TOM CJydae, eCJIn
JI0 OKOHYAHWS 3eJeHOTO CHTHATa cBeTodopa
ocraercss 20 cekynj u 6osiee. B nporuBHOM
cJIydae OH JIOPOTY He HepexXO/uT.

1) Tycrs Bpems T pasuo 60 c. Haiigure
BpeMd b U ty.

2) Uemy pasno spemsa T, ecau t; = t,?

I1. Kpioxos

3. ®onran I'epona (10 Gamnios)
Ha pucynke 2 nzo6paxkena cxema «@DoHTaHA
I'eponas. Tpu cocyna ¢ BepTUKaJIbHBIMU CTEHKA-

N
h1
4
N
h h
2 S |
V.
Puc. 2

MM, TLTOMIAJIN OCHOBAHUH KOTOPBIX YKAa3aHbI Ha
pucynke, tae S =100 CM2, COE/IMHEHBI CHCTe-
Moil Tpy6OK ¢ 1Iomaibio cederus Sy = 10 MM,
CyMMapHbIit 00beM BO3/IyXa B HUXKHUX COCYIaX
ocraercss mpu padore (POHTAHA MOCTOSTHHDBIM.
Bes Boza, BbIXO/SIMAs M3 BepXHeil TPYOKH U
o6pasyionast poHTaH, B UTOre OKAa3bIBAETCS B
BepxHeM cocy/ie. KBagpaT ckopocTr Bo/ibl 0 Ha
BBIXO/I€ U3 TPYOKH OTIPE/ICJISIETCS BbIPAKEHHEM
o* = ou(hy —Iy), Tae o — HemsBecTHBII KOAD-
(unmenT MPONOPIMOHATBHOCTH, PACCTOSHUS
Iy w h, moxkazanbl Ha pucyHke. B mporecce
paGorbr poHTana paccrosinus fy, hy n hy Mens-
T0TCSI.

1) Kak uaMeHsieTcst ypOBEHD BOJIbI B BEPXHEM
cocyie B mporiecce paboThl poHTaHA?

B nekoropblii MOMeHT Bpemenu iy =35 cM,
hy =60 cM, a ckopocTb BOJbI, Oblolell u3
Tpy6oukHu, paBHa v = 2,0 M/c.
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2) Haliaure CKOPOCTH H3MEHEHUsI yPOBHEH
BO/IbI B HIPKHUX COCY/IAX B 3TOT MOMEHT BPEMEHH.
3) Ilo ncreyeHnn HEKOTOPOTO BPEMEHH yPO-
BEHb BOJIbI B CPE/IHEM COCY/IE OIyCTUTCS Ha fiy =
=6 cM, TP 9TOM HIKHUI COCY/T €Il He 3a110JI-
HUTCS. UeMy paBHa B 3TOT MOMEHT CKOPOCTD

BOJIbI HA BbBIXOJl€ U3 TPYOKH?
A.Bviukoe

4. Mokpbiii ecok (12 Gaios)

CTPOMTEIbHBIN MECOK YacTo A0OBIBACTCS CO
JIHA PEK MJIM KapbepoB. Takoii MecoKk ComepsKuT
BOJY, YTO KOJMYECTBEHHO XapPaKTEPHU3YETCs

BJIASKHOCTDIO IIECKA () = %, e My, — Macca
i
BO/ibI (B MOKPOM IlecKe), m, — Macca Iecka 6e3
Boiibl. O6beM BJIAKHOTO Iecka V, CHJIbHO
3aBUCUT OT ero BJiakHoctu. OO603HAYNM
‘/BJI - ‘/cyx
V.,

cyx
o6beMa TecKa Ipu ero yBjiakHeHun. [Ipu6miu-

o= — OTHOCHUTEJIbHOE HN3MEHEHUE

seHHblil rpaduk 3aBucuMoctu 0 (Q) npusesen
Ha pucyHKe 3. 3HAUEHUS BJIAKHOCTH TeCKa 1
OTHOCUTEJIBHOTO M3MeHEeHUsT o0beMa BbIpaske-
Hbl B IIPOIEHTaX.

1) Omnpejiennre 3HaUEHWE BJIAKHOCTH, MU
KOTOPOM IJIOTHOCTb BJIQ)KHOTO IIeCKa paBHA
IJIOTHOCTH CYXOTO.

2) O6beM TTOPIUK BIAKHOTO MECKa CKJIA/IbI-
Baercs U3 06beMOB [IECYNHOK, BOADBI U BO3/YII-
ubIx noaocreit: Vy, =V, + V. + V... Korna
He6OoJIbIII0e KOJIMYECTBO BOJIbI TIOMA/AeT B Tie-
COK, BO/Ia OOBOJIAKMBAET MECUNHKH 3a CYUeT

o, %

30 i

<

20 /

R

10—

0 10 20 30 0,%
Puc. 3
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KalMJLIAPHBIX CHJ U OTAQJISET WX JPYyr OT
apyra. IIpeanosnoskum, 4To 06beM BO/IBI B IIECKE
1 06beM BOB/YIITHBIX MOJIOCTEH CBSI3aHbI COOT-
nomenuem V. =k-V,  + Véggﬂ, rae VB((?S)A -
00beM BO3/YIIHBIX II0JI0CTEH TIpH HYJIeBOH
BJIQYKHOCTH. MOJKHO JTM CYUTATh KOA(PPUIEHT
[IPOMOPIIMOHATBHOCTH R MOCTOSIHHBIM Ha BCEM
BO3pacTaloIIeM IIPSIMOJIMHEITHOM y4yacTKe rpa-
¢uka? Haiigure 3navenne koadduimenta k B
cepeJuHe 9TOro y4acrtka rpaduka. VssectHo,
4TO IUIOTHOCTB CYXOTO IecKa p., B 1,6 pas
GOJIble ILJIOTHOCTH BOABI Py .

IO.Yepnuxos, I1.Kproxos

8 Kknacc

1. Kpuonacoc (8 Gamnos)

B xpmoreHHOM 3KCIEpHUMEHTe IOTOK Ta3o-
06pa3HOro azoTa, PaclpoCTPAHSIONINIICS B Ba-
KYYMHOH KaMepe, HaIPaBJISeTcs Ha OXJIasK/a-
eMylo /10 Hu3Koi Temmeparypnl T, = —243 °C
noBepxHocTb (Kpuonanesnb), Ha KOTOPOH ras
MO3KET IIPeBpallaThes B TBepaoe Tesio (1porecce
necy6mvanum). CKOPOCTD TIOTOKA a30Ta PaB-
Ha v = 200 M/c ¥ HATIpABJIEHA TIEPIIEHIUKY JISP-
HO KpHUOIaHeJW, TeMIeparypa B TOTOKe
Ty, = —173 °C. Oupejenmre MaKCUMaJIbHOE 3Ha-
4YeHue MJIOTHOCTU Ta3006pa3HOr0 a3oTa, IpH
KOTOPOM Ha KPUOTIAHEJH JIeCy OJIMMUPYETCs BECh
Harekaomuii ra3. XoJoauabHoe 060PyA0Ba-
HUe MOKeT 06eCIieunuTh OTBO/] TeIlJla B KOJInJe-
crBe He 6osiee ueM 0,4 Ik cl em? ITOBEPXHOCTH
KpuomnaHesn 3a 1 cekyHAy. Y aesabHas TEIIoTa
cy6immanmu asora L =225 k/x/kr. ¥Yuennb-
Hast TEMJI0EeMKOCTb a30Ta (IIpH JJaHHbIX YCJIOBU-
ax) ¢ =1,0x/lx/(xr-°C). Tlnomaap cevenus
[TOTOKA HA BXO/I€ PABHA ILIONIA/IN KPUOTIAHEJTH.
Kunernueckoil sHeprueil HaTekaolero rasa
MOXKHO TIpeHe6pedb.

I1. Kproxos

2. Puucrakep (10 Gannos)

PucyHox 4, Ha KOTOPOM M306paskeH MOrpy3-
YUK /I paGOThI ¢ KOHTEeiiHepaMu — pruycTaKep,
BOCIIPOU3BOJUT CXeMy U3 GYKJIETa IIPOU3BOIU-
Tenst, kutaiickoii ¢upmbpl «Sany». Ilpamoy-
FOJIbHUKY CUMBOJIM3UPYIOT KOHTEIHEPDI, Macca
KOTOPBIX yKasaHa B TOHHaX. JInHeliHble pagme-
PBI IaHbI B MUJIIMeTpax. Macca aToro puucra-
Kepa 72 TOHHBI, PACCTOSHHE MEX/y OCSMU
Hepe/JHAX U 33/IHUX Kojlec 6 M, BHENIHWI Ana-
MeTp TOKpbIIKH koJseca 1670 mm. Pucynok
MOKa3bIBAET, YTO TIPH JAHHOM PACIIOJOKEHIN
MOTPY3YMK MOKET IIPUIIOHSTD JIF0OO0i 13 n300-

30T

15t | 31T

15t | 31T

15t |31t

Puc. 4

pasKeHHBIX KOHTeifHepoB (IIpeaBapuTeIbHO
y6paB apyrue, ecau notpedyercs). [lpu stom
YTOJI HAKJIOHA CTPEJIbl 1 ee JITMHA MOTYT M3Me-
HSTHCS.

1) Ilycrb puucrakep «pasGupaers Oauskaii-
myio K cebe cTONKy KonTeiinepoB. Ha kakyio
MaKCHMaJIbHYIO BEJMUYNHY WM3MEHSeTCS CHJIa
JIABJIEHUST TIEPEJHNX KOJIeC Ha [OBEPXHOCTD
3eMJIM B MOMEHT, KOT/Ia MOrPY34YHK IIPUIIO/IHU-
MaeT KOHTelHep u3 aToil cronku? Cuuraiire,
YTO B MOMEHT TI0/{beMa Ka’K/[0TO U3 KOHTeliHe-
POB I0JIOKEHNE OTPY34YNKa B TOYHOCTHU COBIIA-
JlaeT ¢ 1oKasaHHbIM Ha pucynke. (4 Gasia)

2) Ha KaKoM pacCTOSTHUE MO TOPU3OHTAJHU OT
OCH 33/THETO KOJIeCa MOJKET PACIIOJIATaThCs LEHTP
TSKECTH MOTPY34nKa, ecym sl ero Ge3onac-
HOII paGoTbI HEOOXOJAMMO, YTOObI CHJIA JlaBJle-
HUst TTapbl KoJiec (TepeiHuX WJIH 3a/IHIX) BCe-
rga Gblia He MEHbIIE IIeCTOH 4acTH Beca IO-
rpysunka 6e3 koureiinepa? (6 Gannos)

Cuwraiite, 4TO 1IPU U3MEHEHNU JIIUHBI CTPE-
JIbl U ee HAaKJOHA IIEHTP TSPKEeCTH MOTrPYy3unKa
10 TOPHM3OHTAJN He CMelaercs. YCKopeHHe
cBoGororo mazenust g =10 H/kr.

I1. Kproxos

3. Cryaenr, aeabdun, mogess (12 6asios)
CrynenTt-6modusnk wcciaeayer (usndeckie
OCHOBBI TITaBanmus feabduHoB. OH paccMaTpu-




50 KBAHT

BaeT CJIEYIONTYIO IPOCTYIO MOZeb. O0beM Jeb-
una cxaapiBaercs n3 oobeMa TKaHeil resa V,,
HECKMMAaeMbIX TIPH TIOTPYKEHNH, 1 00beMa pas-
JIMYHBIX Ia30BbIX ToJ10cTeil V, (Hampumep, Jer-
KUX), KOTOPBIl [IPU TOTPY’KEHUH YMEHbIIAETCS
o1 ieficTBHeM faByeHns Boabl. CTyeHT cunTa-
€T, YTO COTJIACHO I'a30BbIM 3aKOHAM IIPOU3BE/IE-
Hue gasaenust p(h) Ha raiybune h Ha 06bEM
Vi (h) nnsa wemsmennoii Macchl Taza J0JKHO
0CTaBaTHCS TIOCTOSTHHBIM Ha BCeX TJIyOMHAX:
p(h)V, (k)= const.

[TycTb nenbgun ABUKETCS] BEPTUKAIBHO BHUS €
XapaKTepHOIl /st ce6si CKOpocTbio v. Pacuernt
CTY/IEHT@ TOKA3bIBAIOT, YTO MO JOCTH)KEHUH
HIDKHEH KpUTHYECKOi riry6unbl A, = 30 M Jesib-
un MoKeT MpojoJLKATh /IBUKEHNE BHU3, He
coBeplllasg HUKakuX ycuauil. Mnaue rosops, He
co3gaBas CUIbl TATH. lIpm ABIDKEHNN BepTH-
KaJIbHO BBEPX C TOH K€ CKOPOCTHIO U, JOCTHUT-
HYB BepXHeil KpuTuieckoii ray6unst /2, = 10 M,
Jeb(UH TPOIOJKUT BCILIBIBATD, HE CO3/1aBast
CUJIbI TATH. ATMocepHOoe J/aBjieHne pPaBHO
po =10 Tla, NJIOTHOCTb BOABI U YCKOpEHUE
cBo6o/iHOTO nasienust pasubl p = 1000 Kr/ M 1
g =10 H/xkr. IlnotHOCTb TKaHel Teaa oTamya-
€Tcsl OT IJIOTHOCTH BOJBI Ha 2 Y. 3aBUCUMOCTD
CHJIBI COTIPOTHBJIEHNST BO/IBI OT CKOPOCTH HEW3-
BECTHA.

1) Omnpepesite oTHOMIEHIE OObeMa TKaHeil
Tesla K 00beMy ra3oBbIX II0JIOCTEN TIPH HyJIEBO#

V.
raybune

T
HYyJICBOU TJIyOGUHE Ia30Bble IOJIOCTH 3AII0THEHDI

MoxkHO cuyuTaTh, YTO IpHU

BO3/[yXOM MpH aTMOC(HEPHOM JIaBJIEHUU pP.
(10 GasnoB)

2) OKCIEePUMEHTAIBHO HAGIIOAAIOTCS TaKue
3HAUEHNS KPUTWUECKNX TAyOmH: h, = 67 M 1
h, = 6 M. Uem MOskeT ObITb OOYCJIOBJIEHO pac-
XOJK/IEHWE TIPE/CKA3aHMii MOJEJN CTyIeHTa U
SKCIIEPUMEHTANTBHBIX Janubix? (2 Gara)

11. Kproxos

4. Axsapuym (10 Gasios)

AxBapuyM B Buzie Ky6a co ctopoHoii @ = 40 cM
3all0JTHeH BOJION /I0BepXy. AKBapuyM HadlHa-
10T OYeHDb MEJIJIEHHO TTOBOPAUYNBATh BOKPYT O/I-
Horo u3 pe6ep TaKk, YTO YIOJ @ MEXKIY IHOM
aKBapuyMa M TOPU30HTAJIBHON MMOBEPXHOCTHIO
yBesmunBaercst Ha 1° kaxk/aple 10 cexyHz, mpu
3TOM BOJIa M3 akBapuyMa BbITekaeT. CKOpOCTb

HCTEYE€HNA BO/bI KOJIMYECTBEHHO XapaKTEPU3Y-

€TCs PacXoJoM Q = A_m, rie Am — Macca BOJIbI,
At
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BBITEKAIONIAST M3 aKBapUyMa 3a MaJoe BPEMsi

At . Pacxom Q MeHseTcs B 3aBUCHMOCTH OT yTJIa
¢. ILnotHocts BoARI p = 1000 KI‘/MS.

1) Haiigure (MOXHO NPUOIMKEHHO) Maccy
BOJIbI, BbITEKatOIel n3 akBapuyma B repsbie 10
cekynz. (3 Gasna)

2) YeMmy paBeH yroi @ B MOMEHT, KOTr/Ja
PacXo/1 BO/bI IOCTUTAET MAKCHMATBHOTO 3HAYE-
Hust Q,,,? (4 Ganna)

3) Onpeaesmre (MOKHO IPUOIIKEHHO) MaK-
cuMaJIbHOE 3HaueHue pacxozga Q, (3 6amna)

ITpumenanue. I1pu pemieHnu 3aiauu MOIyT OKa-
3aThCsl MOJIE3HBIMU CJle/lylollie reoMeTpuyecKue
COOTHOIICHUA.

1. B 1psaMOyro/ibHOM TpeyroibHUKe ¢ KaTeTaMu
a, b u runorenysoil ¢ cymMMa KBa/[paToOB KAaTeTOB
paBHA KBaJpaTy rumotenyss: a” +b* = ¢ (teo-
pema Iludaropa).

2. Ilnomazab IpAMOYroIbHOTO TPEYrONbHUKA €
TUMOTEHY301 1 M MasIbiM OCTpbIM yraoM o (13me-

max *

psercs B rpajycax) NpUOIMKEHHO PaBHA .
360°
MasbIMi BIIOJIHE MOKHO CUMTATh yIJIbl MEHb-

me 10°.

C.Asopanunos

9 knacc

1. Hoxxku nayunaior orpsiBatbesa (10 Gan-
JIOB)

K ryaikoMy TOpH30HTATIHbHOMY MOy TTPUOH-
Ta Tonkasg (BbicOTOIT nmpuMepHo 1 cM) IIaHKa.
Bacs mpucraBus K ITJTaHKE CTYJ TE€PEIHUMU
HOKKaMHU, TPUBS3aJ K BEPXHEll TOUKe CIIMHKI
CTyJIla BEPEBKY U C MOMOIIBIO [AUHAMOMETPA
BBISICHIJI, YTO 3a/[HIE HOKKH CTYJIa OTPBIBAIOT-
€ OT TI0J1a, KOT/Ia K BepeBKe MePIeHANKY IIPHO
IJIAHKE TIPUKJIQIbIBAETCSI TOPU30OHTATbHAS CUIA
F =16 H. 3areM OH HM3MEHWJ TOJOXKEHNE
CTyJIa, U TETIepb CTYJ KacaeTcs TJIAHKA CBOUME
3aTHIMU HOJKKaMH. B aTOM cirydae MUHIMAJIb-
Has CUJa, TPUJIOKEHHAS
MePIIEHNKY TSI PHO TJIaH- N
K€ B TOPH30HTAJbHOM
HaIpaBJeHUU U HEOOXO- L 2
numasi, 4ToObl MepeHie
HOXKH OTOPBAJUCH OT [
1oJIa, OKa3aJaoCh PaBHOM
F,=12 H. Paccrosanue
MEKIy HOKKaMHU CTyJa
a=42 cm (puc. 5). Bor-
COTa BepXHel TOYKY CTTHH-




OJMUMIINA [ BbI 51

KU cTyaa Haj mojgoMm H =72 cm. MoxHO cun-
Tarb, YTO 3TA TOYKA HAXOJHUTCS POBHO HAaJl
JIMHUEH 3a/IHIX HOXKeK. Kakyio MUHUMaJIbHYIO
cuity F; HY>KHO IPUJIOKUTD K BepeBKe, YTOOBI
OT I10JI1a OTOPBAJIUCDH JIEBbIE HOXKKU CTYJIA, CCIN
CTYJl TIPUCTABJIEH K TJTAHKE TTPABBIMU HOMKKA-
Mu? YckopeHHe CBOOGOJHOTO HajeHUs
g =10 m/c?. TIpaBasi u ieBast OJIOBHHKH CTY .12
CUMMETPUYHDI.

C.Bapaanos

2. Peaucrop nauunaer maasurbes (10 Gan-
JIOB)

[Ipm mporryckaHUT TOKA Yepe3 TTPOBOJOYHBIN
PEe3UCTOP OH HATPEBAETCS, MIPH ATOM €T0 TeMIIe-
paTypa B 3aBUCHMOCTHU OT IIPOTEKAIOIIETO TOKA
n3MeHsercss HesuHeiliHo. [Ipm MasbIx TOKax,
COCTABJISIONNX /IJIsT THIIITYHBIX PE3NCTOPOB Be-
Jmunny nopsiika 10 MA, Temmeparypa peswuc-
topa T TIpakTHYeCcKN HEOTINYNMa OT TeMIepa-
TypbI okpyxatommeit cpeapr Ty. Ilpu yBennde-
HUM TOKa /I0 HEKOTOPOTO TIPe/IeTbHOTO 3Haye-
Hust [, PE3UCTOP 0UeHb GICTPO (MOUTH MIHO-
BEHHO) HArpPEBAETCsI JI0 OYEHD BBICOKOI TeMITe-
parypbl u masurcs (cropaer).

[TycTtb compoTnBeHe HEKOTOPOTO PE3NCTOPa
TIPU KOMHATHOII TeMIiepatype 1 Toke 1 MA paBHO
10 Om. UsBecTHO, 4TO 3HAUEHUE MTPE/IETHBHOTO
TOKa /71 aToro peaucropa I, = 1,35 A. Haii-
JIITE CONPOTHBJICHNE PE3NCTOPA W HAIPSKEHUe
Ha HeM npu Toke 0,87, .. MOXHO cuuTaTh, 4TO
COTIPOTUBJICHNE PE3NCTOPA 3aBUCUT OT TeMIlepa-
Typsl mHeiino: R(T) = Ry (1+ a(T - Ty)), rae
R, — conpoTtHB/IeHIe Pe3UCTOpa MPH TeMIIepary-
pe T,, oo — HenspecTHbI KOaduIMent. Mot
HOCTb TEIJIOOT/IauN IPONOPIINOHAIbHA PA3HO-
CTH TEMIIEPATyP PE3NCTOPA 1 OKPY Kalolleil cpe-
bl. VI3Menenne COMPOTHBJICHNS PE3NCTOpa He
BJIMSIET HA BEJIMUUHY CHJIbI TOKA B LETIN.

11. Kproxos

3. Per6u (10 6am10B)

Per6u — ato komannast urpa ¢ Mmsiaom. Ilesnb
WUI'PbI — IIPUHECTU MAY B 3a4€THOE I10JIe COLlep-
HUKa, pacIoJOoKeHHOe 3a JHWHHEHl BOpPOT
(puc. 6). Irpok ¢ Ms4OM MOKET OT/AaTh Iie-
pejiauy ApyroMy UrpoKy CBOeil KOMaH/Ibl, IIpU-
4yeM Tiepeiady Hesb3d /IeJaTh BIepe OTHOCH-
TEJIPHO BOOOPaskaeMol JINHUM, TapajiebHOI
JIMHUU BOPOT W TPOXOAIIE Yepe3 HUTPOKa
(npamasg ¢ wa pucynke). IlacoBaTb MOKHO
TOJIBKO BOOK WJIM Ha3aJ OTHOCUTEJIbHO ITOU
gunnn. Vrpoku KOMaH/bl CONEPHUKA HMEIOT
IIPaBO OCTAHOBUTb UT'POKa ¢ MguoM. Ha pucyn-

3auemmnoe nose conepnura

t./] UHUS
15 oA sopom
Al oC a
A
SM
Mol B.
PO M
<—>
Puc. 6

Ke Ipe/icTaB/ieH (pparMenT moJist ¢ TpeMst per6u-
cramu: A u B — urpoxu u3 ojiHoit koman/ipl, C —
UTPOK KOMaHbI comepHuKa. rpokx C BOT-BOT
OCTAaHOBUT UTPOKa A, T0aTOMy TOT Jletaet nepe-
nady urpoky B. UTo6bI c/iesiaTb TOUHYIO mepe-
Jlavy, UTPoK A mpeBapuTeIbHO TPUTOPMO3ILT,
1 B MOMEHT GPOCKA €ro CKOPOCTDb HAIIPABJIEHA B
CTOPOHY JIMHUK BOPOT 11 paBHa v = 2 M/c. Ilyctp
CKOPOCTb UTPOKA B paBHa 8 M/C TP IBUKEHNN
o Jio6oi Tpaekropuu. Pacrosioxenne urpo-
koB A, B u C Ha mmoJie, TokazaHHoOe Ha PHUCYHKe,
COOTBETCTBYET MOMEHTY Opocka. MOKHO cuu-
TaTh, Y4TO MY 10CJe OPOCKA UTPOKA [IBIIKETCS
MPSMOJIMHEIHHO C TIOCTOSTHHOIN CKOPOCTBHIO.

1) C kakoil MEHMMAIbHOI cKOpocThio (0THO-
CUTEIBHO ce6s1) H0JKeH OPOCUTD MY UTPOK A,
4TOGBI UTPOK B MPUHS Tepefavyy u A06exast
JI0 3aY€THOTO TI0JIS COMIEPHUKA 32 MUHIMAJIbHOE
BpeMa? (2 Gama)

2) Tyctb urpok A otiaer nepegady «Ha X0/1»
UTPOKY B ¢ OTHOCHTEBHON CKOPOCTHIO 6 M/C.
Urpok B npuHuMaeT Msd B ABMKEHUU U J100e-
raeT /0 JUHUU BOPOT 3a Bpemsd t. Jlokaxkure,
YTO MUHIMAJIbHOE 3HAYeHNEe BPEMEHN {; /10C-
TUTaeTcs B TOM CJiydae, KOTJa Tocie 6pocka
UTPOKa A MY JIETUT MapasieJbHO JUHUH BO-
por. (4 Gamna)

3) Haiigure Bpems t,,;,. YTBepsKieHUeM U3
m. 2) MOXKHO TOJb30BAThCS (€3 TOKA3aTesb-
crBa. (4 Gamna)

A. Bwuxoe

4. Bosa nauunaer pacuernt (10 Gasios)

Bosa ¢ namnoit noexasn Ha mMamuHe u3 Moc-
kBbI B Cankr-Ilerep6ypr. Ha Tpacce ckopocTb
IX aBTOMOOUTS 6bLa He 6oree 110 kM/4 | Ho HE
meree 80 kM/u. Ot ckyku BoBa penm cHsaTh
Buzieo Ha cMapTdoH. B mose cheMkm momasn
JUKUTI, JIBUTABIIUIICS HEKOTOPOE BPEMS MO CO-
ceslHell 1oJioce ¢ TOH Ke CKOPOCTbIO, UYTO U
aproMo6utb BoBunoro manbl. U Tyt BoBa o6Ha-
PYKIJI, 4TO Ha dKpaHe ero TejedoHa paraib-
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HBbIE TIOTIEPEYNHBI Ha
JIICKe KoJieca [[KH-
na (dpopma amcka
MOKa3aHa Ha PUCYH-
Ke 7) 60 CTOAT Ha
mecte, 160 Mej-
JIEHHO BpAaIaroTcs,
coBepiiasi He GoJiee
onHoro 0o6opoTa 3a
Bpems oxoJio 10 c.
[Tos:xe Ha crosiHKE
10 MapKUPOBKE Ha MOKPBINTKE 0GOTHABIIETO UX
[oxuma BoBa ompesesnns fuaMeTp ero KoJieca,
mosryunocs 72 cM. BoBa 3maer, 4To ero cMap-
ThoH cHUMAeT BH/eo ¢ yacTotoil 30 KajpoB B
cexynay. OH cuuTaer, 4To KaK/blil KaJp IPe/i-
cTaBJisiet co60it MrHOBEeHHYTO hoTorpacduio. Bosa
MO/IyMaJI, YTO TI0 MMEIOIIUMCS IAHHBIM OH MO-
SKET He TIPOCTO OTIPE/IETUTh CKOPOCTD ¥ [KWTIA B
TOT MOMEHT, KOT/Ia OH TOPAaBHAJICS C MaIMHOIN
Marbl, HO M YKa3aTb TPaHUIIbl MHTEpPBaJa
Umin <0 < Upay, B IPEJEIaX KOTOPOTO JIESKUT
3HaYEHNEe CKOPOCTHU 0.

1) Uemy MokeT ObITb paBHa CKOPOCTb 07
IocraTouno oanoro 3Havyernus. (8 Ganios)

2) Oupejieiure rpaHuilbl HHTEPBATIA T, U
BO3MOKHBIX cKopocreil. (2 Gama

IO.Yepnuxos, 11.Kproxos

Puc. 7

z)IIIZlX

5. Tenn Haunnaer npurarusatbest (10 Ga-
JIOB)

[Inpoko M3BECTEH OIBIT, KOTOPBIH OObIYHO
HA3bIBAIOT <«IpUTSITUBatoniecs tenn». [Ipors-
JKEHHDII MCTOYHUK CBETA OCBEIAET JBa TIpe/i-
MeTa, ¥ TeHb OJHOTO Kak Obl MPHUTATMBAETCS K
TeHn Apyroro. OIbIT NLTIOCTPUPYIOT PHUCYHKH
8m9.

PaccMOTpUM  YIIPOIIEHHYIO CXEMY OIIbITa,
uzo6pakennyio na pucynke 10. IIpoTsikernbrit
ncrouHuk AB ¢ monepeunbM pazmepoM D = 6 cM

Puc. 8. Jlamria ocBeLyaer JIMHEevKy 1 KHUXKY. Ha
cTerHe HabroAaTca TeHn

2020/ No4

Puc. 9. Obnactb «IPUTArMBAIOLYUXCAY TEHEU.
@DparmeHT oTorpagum CuibHO yBETNYEH

A
c ) $D
5
a
<>
Puc. 10

OCBeIIaeT KHIDKKY 1 JTHHEHKY. OH pacmosioxKeH
TaK, YTO OceBasg JHWHUSA C TPOXOJIUT dYepe3
cepennny orpeska AB. Paccrosaus, o603na-
YeHHbIe Ha PHUCYHKe, n3BecTHRI, @ = 10 cM.

Kamxka u quHeika oTCTOAT OT OCEBOM Jin-
HMU ¢ Ha oanHakoBoe (HEeM3BECTHOE) PaccTos-
Hue d, Kak CXeMaTH4HO 110~
KazaHo Ha pucynke 11 (co-
OTHOIIEHUST MEeXK/y JIJIMHa-
MU U3MEHEHbI JJIs1 y100CTBa
socrpusaTus). Ilpu kakux
3HaYeHusaX d Ha CTeHe MeK-
Iy 06JIaCTbIO TIOJTHOH TEHM
JIMHENKN 1 06JIACTBIO T10JI-
HOll TeHn kuusKkKK Oyaer Ha- PAc 17
6mosiatbest o6Jiactb ToJiyrenn? Pacemorpure
JIBa CJIy4asi.

1) Touku orpeska AB M3JIy4aiOT U30TPOITHO
(paBHOMEpPHO 110 BeeM Hamnpasenusam). (6 Ga-
JIOB)

2) Jio6ast TOYKa UCTOYHUKA UCIYCKAET JIy4Yu
CBETa, COCTABJIAIONINE C OCEBOH JHHUEH yTOJI He
6oaee ueM o, ipu stoM tgo = 0,15, (4 Gamra)

e

Hpumeuanue. TlonHoil TeHbIO HA3BIBAETCS 06-
JIACTb Ha CT€HE, B KOTOPYIO HE IOIIaJla€T HU O/INH
JIY9 CBE€Ta OT MCTOYHUKA.

I1. Kproxos
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10 knacc

1. Usmepenue ortkaonenuii (10 Ganios)

ConpoTHBJIeHIE TEPMOPE3UCTOPA CHIBHO 3a-
BuUCHT OT Temiieparypbi (puc. 12), osromy ero
UCIOJIB3YIOT B TOYHBIX U3MEPUTEJAX OTKJIOHE-

R)
KOMm \

0,8

0,6 \

0,4

0,2

100 T,°C

20 40 60 80
Puc. 12

Puc. 13

Hus TeMneparypbsl AT OT 33JJaHHOTO 3HAYCHUS
Ty. Cxema maMmepuTessi 1OKa3aHa Ha PUCYH-
ke 13, Tepmopesucrop ob6osnauen R,. Cormpo-
THBJIEHHUE TIEPEMEHHOT0 pesucropa Ry MOXKHO
n3MeHATh B guanasone ot 0 70 900 Owm. Boiso-
JIbI TIOIKJIOYAIOT K WAEAJbHOMY WCTOUYHUKY
nanpsprennem Uy = 6 B. Ilepen nauanom nsme-
pernust orkaoHeHus AT ot temmeparypbt T
U3MEPUTEb KaJuOpyioT, oA6Hpasi COMpOTUB-
Jienne pesuctopa Ry Tak, 4T0ObI HjeaTbHbI
CTPEJIOYHBII MUJLTUBOJIBTMETP MTOKA3bIBAJ HOJTb.
B nmaspHeiinmeM npu M3MEHEHUH TEMIIEPATYPBI
Ha AT COTIPOTHBJIEHWE TEPMOPE3NCTOPA U3Me-
HSIETCSI, MUJLJIMBOJIBTMETD TIOKA3bIBAET HAIPSI-
skenue U.

1) Hust Ty = 50 °C onpeesute 3aBUCUMOCTb
U (AT), cunras usmenene CONpOTHBIICHIS Tep-
MOpe3HcTOpa MaJsibiM. B o6acTu Kakux Temire-
paryp (BBICOKMX MM HU3KHUX) H3MEPUTENb
00ecIiednBaeT MEHbIIYI0 OTHOCHTEJbHYIO TO-
rpemocTs u3Mepenusa? (7 6annos)

Hpumeuanue. Moxer okazaTbCA 110J1€3HOM IPH-
Gmmskennas popmya (1+ Jc)_1 =~1—x, cipaBej-
nuBast st Masbix ¥ (x < 1),

2) B kakoM AuanasoHe TeMIEpaTyp MOKeT
paboTtaTh JaHHBII N3MEpPUTE/Ib, eCJH HesKesa-
TEJBHO, YTOOBI HA TEPMOPE3NUCTOPE BbIIEJIS-
JIaCh TETIOBast MOIIHOCTD GoJibitie Py = 0,15 Br?
(3 6anna)

I1. Kproxos

2. Maspuuk ¢ mapukom (10 Gasios)
Manbunk Buan Geraer 1mo Kpyry, lepixa B
pyKe KOHeI[ HUTKI JUIHHON 2/2 M, K Apyromy
KOHI[y KOTOPOIl IPHUKpPEIICH HeGOJbIION Ha-
JYBHOH MIapuK c requeM BHYTpH. OIuH KpyT
Baayg npoGeraer 3a 2 cexkyHa. Pyka, nepska-
Mast HUTh, JIBUXKETCSI 110 OKPY>KHOCTH PaJIHy-
coM 2 M. Illapuk ABIKETCSA IO OKPY’KHOCTU
TAKOTO0 JKe Pajinyca Ha /IBa MeTPa BbIIlle PYKH 110
Beprukayn. C Kakoil ycTaHOBUBIIEHCS CKOPOC-
TbIO Oy/leT B3JIETaTh IIAPUK, €CIN HUTD OTIIyC-
TUTH? MOJKHO CUUTATh, YTO CHUJIA COIIPOTUBJIE-
HUSI BO3/yXa IIPOIOPINOHATbHA KBAPATy CKO-
POCTH IIapHKa, a PAIYC IapuKka MHOTO MEHb-
11e JITMHBbI HUTH. Y CKOpeHKe CBOOOIHOTO Tajle-
st g =10 m/c?.
C.Bapaanos, I1.Kproxoe

3. Jomumua (10 6annos)

Jommmun (TapoBoii ABUTaTENb, M300pETeH-
nbiil B /Ipesneil I'penun) npeacraBiaser co6oi
MeTaJITMYecKuil KOTea ¢ ABYyMsS TpyOKaMu Ha
KPBINIKEe, HA KOTOPHIX, KaK HAa OCHU, MOXKET
Bpamarbcss TypOWHA B BUE MOJIOTO Imapa C
JIByMsI OTMHAKOBBIMU [-06pas3HbiMu matpy6Ka-
mu (comamu). B KoTes 3aMBaloT BOLy, repMe-
THYHO 3aKPBLIBAIOT €r0 W CTaBAT Ha OTOHbD.
OG6pasoBaBIuiics
MIPU KUTIEHUH BO-
ISHON Tap 1o
Tpy6KaM TocTyTa-
€T B IIap U BBIXO-
IUT ¢ 6OJbIION
CKOPOCTBIO uepe3
COILJIA, 3aCTaBJISASL
map Bpamatrbes
(puc. 14; B3dar us
«Bukuneun»).

IIyctp Momi-
HOCTb MMOBO/JA
TeTJIa B BOJIE PaB-
na P=1 xBr,
IO CEYCHUS

A A
5 SN
St
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natpy6ra S = 0,1 eM?) a paccTosTHIE OT COTLIA
jo0 ocu pamenust d =10 cm. Cunraiite, 4T0O
U3 COIJIa BBIXOJUT HACBINIEHHBIH Tap mnpu
armMocdeproM gasienun p, = 10° Ila. Momsp-
Hasg Macca BOJBI 1 ee yAeabHas TeII0Ta mapo-
o6pasoBanusg paBHbl M =18T1/Mom W
L=22- 10° [k /xr coorBercTBeHHO. Tpennem
B OCH ¥ COINPOTUBJEHUEM BO3yXa MOKHO
npere6peyb.

1) Onpeaenre MOMEHT CHJI, AEHCTBYIONMX
Ha IIap cO CTOPOHBI Mapa, ecyn map 3apuKCH-
pOBaH.

2) Kakoe MakcuMa/IbHOE KOJMYECTBO 060PO-
TOB B MUHYTy Oy/€T [ejaTh Iiap, eCJIu eMmy
MMO3BOJIUTH CBOOOHO BPAIATHCS ?

M. Pomawrxa

4. AsromoGubHOe 3epkano (10 6antos)

[Ipu nmazenum cBeTa Ha TPaHUILy pasjena
BO3/1yX—CTeKJI0 (IOKa3aTe b IPETOMICHIUS CTEK-
aan=1,5) N0 MaJbIM YTJIOM K HOPMAJIK 10/
R = 4% sHepruu najaioliero u3ay4yeHus orpa-
skaercst, a 10Jst T = 96% aHepruu mpoXouT BO
BTOPYIO cpefy. IIpu 9T0M HE BaXKHO, B KaKyiO
CTOPOHY PACHPOCTPAHSIETCS CBET: U3 BO3AyXa B
CTEKJIO MM M3 CTEKJA B BO3JAYX.

K npeanbromy sepkany (orpaxkaionieMy Bech
Ao CBeT) MPUCAOHUIN CTEKJIAHHDINR
kaun (npusmy) pasmepom d =10 cM ¢ MaJbIM

AN I

N

\4 \4
Puc. 15

yraom @ = 0,06 pax npu sepiuie (puc. 15).
Ha mpusmy nasaet sa3epHbIil JIyd, HATIPaBJICH-
HBII 10 HOpMaJW K 3epkarny. Ilpm atom Ha
akpane BbIcoTOl H =40 cM, pacmoJsoskeHHOM
TapaJsies bHO 3epKajay Ha paccTosnuu L =1m
OT HETo, HAOIIOAI0T HECKOJIBKO TISITEH Pa3HOl
SpKocTH. PaccTosiHue OT Ja3epHOro Jyd4a /10
HUKHETO KPasi 9KpaHa 1o BepTukayim 2 = 235 cM.

1) Haligure npuGIMMKEHHO PACCTOSHUE OT
BEepXHEro Kpas sKpaHa [0 KaXIOTO MATHA U

2020/ No4

MOJICYUTAIITE [IOJII0 SHEPIUU TA/IAIONIEr0 W3-
ayuenust (B IIPOIEHTAX, OKPYIJIUB JI0 LEJIbIX),
MPUXOSILYIOCS Ha Jiyuu, (GOPMUPYIOIINE ITO
[ATHO. YUTHTE, 4TO TPUOIUKEHHBIE COOTHOIIIE-
HUS Sin o, = oL ¥ tg 0L = 0L € XOPOIIIel TOUHOCTHIO
BBITIOJTHSTIOTCST Iaske J17ist yrioB okosio 0,4 paj.
(6 6amnnoB)

2) Ha Kakoil yroJ cjieyer HoBepHyTh 3epKa-
JIO C TIPU3MOIi B IIJIOCKOCTH PUCYHKA, YTOOBI HA
MeCTe CaMOT0 SIPKOTO MATHA 0KA3aJI0Ch JPYTOE,
caenyiomee no apkoctu? (3 Gasna)

3) AsromoOusibnas kxommnanus Chrysler B
1958 roay mcmosib3oBasIa 3epKaJIo ¢ MPU3MOIA B
KayecTBe 3epKaJjia 3a/[Hero BUJa C JByMsl PesKu-
Mamu paboThi. C MTOMOIIBIO CIIEIUAIBHOTO Phi-
YAJKKA €r0 MOSKHO OBLIO TIEPEBECTU U3 «THEBHO-
ro» PeXUMa B «HOYHOW» TaK, 4To0bI CBeT (ap
eJLyIIIX €33/ ABTOMOGHIIEN, OTPasKEeHHBbIIT 3ep-
KaJioM, He cyernui Bojuresist. OObsiCHUTE TPUH-
U paGoThl TAKOTO aBTOMOGUJIBHOTO 3epKajia.
(1 6amm)

A. Bvuxos

5. MoposuabHuk ¢ ropsiaei crenkoi (10
6aon)

3a/iHssT CTEHKA He OYeHb COBPEMEHHOTO MO-
PO3UJIbHIKA, HA KOTOPOH pacIioararTcs Tpyo6-
KM KOH/IEHCATOPA XOJIOJMJIbHON MAIlnHbI, pa-
6otaionieil 1o o6GpaiienHoMy I1uKay KapHho,
Tpeercst, TaK 4TO ee CpefHss Temieparypa I B
paGoyeM peKuMe Bbllllie TEMIIEPATYPbl B KOMHA-
te Tp. Buyrpum MoposuiabHOIl KaMepbl XOJIO-
JINJTbHAST MAlHA HO//IePXKUBAET TEMIIEPATYPY
T =-23°C.

WNsBecTHO, 4WTO B CTAIIMOHAPHOM pEKHME,
KOT/la TeMIiepaTypa 3a/J{Heil CTeHKHN 1 TeMIepa-
Typa B KaMepe YCTaHOBILINCE, a TeMIIepaTypa B
KOMHAaTe He MEHSeTCS CO BPEeMEeHEeM, MOTOp
KOMITpeccopa 3TOro He O4YeHb COBPEMEHHOTO
MOpPO3UJIbHNKa paboraeT 6e3 OCTaHOBKH.

B xapy, koraa TeMmepaTypa B KOMHATE TIO/I-
HUMaeTcs 10 T](QO) =+27 °C, 3aaHA4 CTEHKa
HarpeBaercs /10 Téo)

nepaTypy 3a/iHeil CTeHKI MOPO3UJIbHUKA 3UMOIi
B XOJIOAHBIH JIeHDb, KOT/]a TeMIepaTypa Bo3ayXa

= +47 °C. Onpenesnte TeM-

B KOMHAaTe yMEHbIIAeTCs [0 TI(;) =+17 °C.
MoTHOCTD TTepeIaun TETJIa OT TOPSTYETO Tesra
K XOJIOZHOMY 3a CUeT TeronpoBogHoctu (Ha-
npuMep, OT BO3AyXa B KOMHATE XOJOAUIbHOM
Kamepe 4epes3 YIIOTHUTEIbHbIE TPOKIAIKI Ha
JIBEpIle) IIPOIOPIIOHAIbHA PA3HOCTUH COOTBET-
cTByfommx Temmeparyp. Ilpm atom criemyer
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CulTaTh, YTO OT ropsyYeil CTeHKU 3a cuer Terio-
IIPOBOJTHOCTH BHYTPb MOPO3UJIbHUKA TEILIO He
HocTymnaer.

I1. Kprokos, A./lepzaues

11 knacc

1. Koae6Ganus suytpu tpyonr (10 Ganios)
Ha BHyTpeHHEH TOBepXHOCTH TPYOBI PaIy-
coM R, Bpamatomeiica ¢
HEKOTOPOI yTIJIOBOI CKOPO-
CTHIO BOKPYT TOPU30HTAb-
HOM ocu cumMerpunr (TouKa
A ma pucynke 16), mHaxo-
aures "Hebobioe Teno. B
MOJIOJKEHNNW PaBHOBECHS
TEJI0 PACIOIATaeTcsT HIKe
ocu TpyObI Ha paccrosiaun 0,8R 110 BepTUKaIM
or Hee. Haiiiure nepuoj Maibix KoJeGaHuit
TeJa B TIJIOCKOCTH, TIEPIIEH/INKYISIPHOIT OCH TPY-
OBI.

Hpumeuanue. Lns manoro yraa & (8 < 1) u
MIPOU3BOJIBHOTO yrja O CHpaBe/INBbl IIPUGJIHU-
JKEHHbIE PABEHCTBA Sin goc +93)=sino+ dcosa
u cos(o+8) = coso—dsina.

Amepuxancxuii Goavriop

Puc. 16

2. Croxt na ToHkuX HOxKax (12 Gasios)

Croa crout Ha TropusonTanbHoM mouy. Cro-
JIEIITHUIY ¥ TOJ MOXKHO CYHTATh a0COJIOTHO
TBEP/IBIMU, & HOKKHU — YIPYTUMHU, MOUUHSIO-
IIMMUCS 3aKOHY ['yKa Mpu BepTUKAJIbHBIX JIe-
dopmarmax. [mpro Maccoit 24 KT cTaBdT Ha
CTOJI TaK, UTO ee I[EHTP MacC pacIoJaraeTcs B

( — = N\

# us)

2 3
a 2a

A 3b

.l 1 b 4 [pa)

E3 t
. J

Puc. 17

touke A (puc. 17; Bua cepxy). Ha ckosabko
N3MEHSIOTCS CHUJIBI JIaBJEHUS HOXKEK CTOJa:
AF, AF,, AF; nu AF, Ha mon mocje 3TOro?
Homepa noskex moxasanbpl Ha pucyHke. opu-
30HTAJIbHBIME /IeDOPMAIMSIMUA HOKEK MOKHO
npeHe6peyb.

A. Bvuxoe

3. Boga—nap—soaa (14 Gannos)
Bone maccoit m =180 r npu mocTOSHHOM
JIaBJIEHUN Py = 10° Ta coobmaor HEKOTOpoe

p,10° Tla

0,95

0,85

0,75

91 93 95 97
Puc. 18

KOJIMYECTBO TETLIOTBI, TAK UTO OHA TPEBpala-
eTcsl B Tap W HarPeBAeTCsT /10 TeMIepaTypbl
T, =105 °C. Tanee nap agnaGaTudecKu paciim-
pseTcss W B KAKOW-TO MOMEHT MPHUXOJUT B
COCTOSTHIE HACBINIEHUST, TIOCJIE YeTr0 KOHIEHCU-
pyertcsi. Ipaduk 3aBUCHMOCTH [IaBJIEHHS] HACHI-
IIEHHBIX TTAPOB BO/IbI OT TEMIIEPATYPBI ITOKA3aH
Ha pucynke 18. Cumras nsMeHeHWe TapameT-
pOB mapa mpn aanabaTHdecKOM PaCITpEeHun
MaJIbIM, OIpe/e/IUTe MPUOUKEHHO TeMIepa-
TYPY BOJIbI B HavaJie KoHjieHcainu. YeMy paBHa
cymMapHasi paboTa rapa Ipu ero HarpeBaHuu
1ocJie UCHApeHust U OXJKJEHUsT /10 Havaja
KoHleHcann? MoJisipHast TeIJI0eMKOCTh apa
1pu nocrossiioM o6beme Cy = 3R.

99 T, °C

ITpumeuanue. Ina ManbIX W3MeHeHUH Ap n
AV Bemmuus p u V cripaBeasuBa NpHOIIKeHHAS
dopmyna A(pV) = pAV + VAp.

I1. Kprxos

4. Kaycruka (18 6asios)

Kaycruka — ato orubaroiiasi ceMeicTBa Jy-
4ell, He TepeceKaloNnuxcsa B OAHOW Touke. B
[JIOCKOM CJlydae, paccMaTpuBaeMOM B 3TOI
3aj1aue, KAyCTUKA — 9TO KpUBasi, KOTOPOil Kaca-
IOTCS BCE JIyYH, OTpaKafoliecs OT HEKOTOPOil
TTOBEPXHOCTH MJIM MCIIBITBHIBAIOIINE TIPEJIOMJIe-
HMe Ha HEKOTOPO# rpaHuiie
pasnena. VHTEHCUBHOCTD
cBeTa BOJTM3U KayCTUK BO3-
pacraet, IO3TOMY KPUBbIE
KayCTHK XOPOIIO BU/HBI
HEBOOPY KEHHBIM TJTa30M 1
Ha ¢dororpadusax.

1) Kpusas cunero msera
Ha pucynke 19 — ato xayc-
THKa, 06pa3oBaHHas MmocJie
OTPaKEHUS ITIyYKa Tapai- py- 79
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JIEJTBHBIX JTydell IUINHAPUYECKOl TOBEPXHOC-
TbIo M, paamyc KoTopoii paBer R. Onpegesnre
paccrostare oT ocu IImHAPa O 10 BepIIMHBI
kayctuku A, a Taxxke paccrosuue PA. 3nech
OO, — ocb cummerpun, PP, — KacaTeabHad K
kaycruke. (5 6annos)

2) VcTOYHMK, OCBEMIAMONMIT [[HINHDHYE-
CKyI0 TOBEpX-
nocts pammycom M
R, pacnonaraer- R
Cs1 Ha PacCTOSTHUI
a=4R or Touku
O Ha ocu cuMMeT-
prn cuctemsr OO,
(puc 20). Ompe-
JIeJTUTE PACCTOSI-
nue or Touku O
JI0 BEPIITIHBI Kay-
CTUKH, (POPMUPYEMOii OTPa’KEHHBIMU JIyYaMU B
atom caydae. (4 Gasra)

B TOHKOCTEHHDBIH CTEKJISTHHBIN TUIWHPUYE-
CKMIl CTaKaH HAJUBAIOT BOJY M OCBEIIAIOT CBe-
toM (oHapsa. Ocb myuyka CBeTa COCTABJISET
PasHbIe YIJIbl O C TOPU30HTATIBHON MOBEPXHO-
cThio cToa. B mynkre 3 crakan dpororpadupy-
1ot cBepxy (onTuueckas ocb OGbEKTUBA Iep-
MEHNKYIAPHA IHY CTAKAHA) U OCBENIAIOT CIIpa-
Ba (puc. 21), a B nyHKTe 4 0Cb OGDBEKTHBA

0, 0

Puc. 20

Puc. 21 Puc. 22

HEMHOT0 OTKJIOHsIeTCs oT Beprukasu (puc. 22).

3) Besmunna yria oo — OKOJIO 45° . B6iusu
JTHA CTaKaHa HaOofacTcs KpUBasg C JABYMS
BepITUHAME, YaCTH KOTOPOH HATIOMUHAIOT KPH-
Bylo n3 mynkta 1. Ha pucynke 23 Beprmnbl
o6Besienbl KBajpatukamu. O6bsicHuTe HAOIIO-
naemyio kapruny. (3 Gasna)

4) Paamyc ocHoBanmsl crakaHa R = 4 cM.
donapb pacrioraraercst Ha pacctossann @ = 10R
OT OCH CTaKaHa. YTOJ O MOKHO CUMTATh Ma-
sbiM. CHapysKu CTakaHa BUIAHA KayCTHKa, 006-
pasoBaHHAas POIIEANIMMU YepPe3 CTAKAH JIyda-
mu (puc. 24). OnpenenTe IpUOINKEHHO Pac-

2020/ No4

Puc. 24

CTOSIHME OT CTaKaHa JI0 BEPUIMHBI KaycTuku (10
BEpIIMHBI «KOHyca» ). IlokaszaTesb mpeaoMie-
nus soapl n = 1,33 . (6 6amios).

A.Bwvukos, I1. Kpiokos

5. TenuoBoii unaykrop (18 Gasmios)

dnement IlesbThbe COCTONT U3 ABYX TITACTHH,
pa3/ieJIeHHBIX GOJBIINM KOJUYECTBOM TIOJY-
POBOHUKOBBIX 010K0B (puc.25; B3aT u3 «Bu-
KHIIeJIUN » ), U TIPEJICTaBIsgeT co6oii mpeoGpaso-
BaTeJsb HJIEKTPUYECKON HHEPTHU B TEIJIOBYIO.
On Ttakxke MOXKeT paboTaTb U B OOPATHOM
pesxkume — BbipabarbiBath J/C mpyu HAIUYNK
pa3HOCTH TeMIepaTyp Ha IJIACTHHAX.

Ha pucynke 26 cxemaTndno u300pasKeHO
YCTPOiicTBO Ha ocHOBe aJieMenTa Ilesbrbe. Huoxk-
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+ TIopsiuas
\ nadacmuna

\

N |

e
/ ﬂﬂ ’fﬂ ol
Xoaoonas
naacmunda
Puc. 25
L
AV
1 T
+ —
TT
Puc. 26

HSS TJIACTHHA HAXOANTCS B KOHTAKTE C «TETLJIO-
BbIM pe3epByapoM» — GOJIBIINM TEJOM, TeMIIe-
parypy Kotoporo 7, MOKHO CUUTaTh ITOCTOSH-
HOI. BepXHsIs nmacTiHa KOHTAKTHPYET C TeJI0M
¢ termoeMkocTbio C n Temmepatypoit T', KoTo-
past uaMensieTcs co BpemeneM. CBepXIpoBO/Is-
Imast KaTymika ¢ MHAYKTUBHOCTBIO L BKJIIOUEHA
MeK/y KOHTaKTaMM 3JeMeHTa. B HauasbHbIH
moment T =Ty, Ty > T,.

B mamHHBIX yCTOBHAX BepxHee TeJI0 OTAaeT
2JIEMEHTY 32 BpeMs Af KOJNYEeCTBO TEIJIOTbI
AQ = oTIAT, rae o — HOCTOSIHHBIN K03 du-
1ueHT, I — TOK yepes ajieMeHT. B To ske BpeMs
TETIJIOBOH pe3epByap TOJIy4daeT OT 3JeMeHTa
HEKOTOPOE MeHblllee KOJMYECTBO TEIJIOTHI,
¢opMyIa KOTOPOTO /ISl pelieHus 3a/aun He
Hy>kHa. JieMmeHT IlesbTbe 1mpu sTOoM BbIpaba-
toiaer JJC & =o(T —T,). Honsapuocts co-
smasaemoit I/IC (maa T >T,) cosmamaer ¢
yKa3aHHOU Ha pucyHke. IlosoxurenbHbIM Ha-
IIPABJIEHUEM TOKA CUMTAETCSl HAIPABJIEHHE OT
«IuIoca» K «MuHycy». ColporuBieHue 3Je-
menTa llenbrbe paBHO R.

OxasbpiBaeTcsl, B pacCMaTpUBaeMOil crcTeMe
BO3MOXKHO TE€PUOIMUECKOE N3MEHEHHE TeMIle-
parypsot Tesa T'(t) u Toka B enu [ (¢). B sagaue
IIpe/iIaraeTcst NCCeoBaTh KorebGaHus TOKa 1
TeMIIepaTyphl MPH PA3JINYHBIX 3HAYEHUAX TIa-
pamerpos 7T,, T,, C, o, R, L, xoropble
CUNTAIOTCS N3BECTHBIMU. TOK B Ile1n B HA4YaJIb-
Hbiil MOMenT pasen nyqo: [(0) = 0. Pasnocrp
TeMIepaTyp Tesa 1 pe3epByapa MOKHO CUUTATh
magoii: [T = T,| < T, B mo6oii MOMeHT BpeMenn.

1) PaccMoTpUM H/ieaIM3upOBaHHbLiL Caydaii,
KOT/Ia CONPOTHBJIEHNE R paBHO HYJIIO U TeILJIO-
0OMEH ME3K/Ly TEILJIOBBIM Pe3epBYapoM M TEJIOM

3a CUET TETJIOMPOBOIHOCTH OTCYTCTBYET, & YU~
TBIBAETCSA TOJBKO TEIIOOOMEH MEK/Y TEJIOM 1
BepXHel TJIACTUHON aJeMeHTa.

1a. Tlonyunre auddepeHnnaibHOe ypaBHe-
nme s Gynknun [ (¢). (2 6anna)

16. IIpeoGpasyiite 1oJyueHHOE ypaBHEHUE C
yuerom yenosus [T — T, < T, u naitanre yacto-
Ty O, KosneGauuii Toka. (3 Gamia)

1B. HaiiinTe 3aBUCIMOCTD TEMIIEPATY PBI TEJIA
ot Bpemenn T (t). (1 Gasr)

2) DusnyecKy cayyaii, OIMCAHHbBLI B ITyHKTe
1, HUKOT/Ia He peanusyercsi. PaccMoTpuM mapa-
METPbI CHCTEMbI, GJIM3KIE K peasbHOCTH. [TycTh
M3BECTHO CONPOTUBJEHUE dJIEMeHTa R, Mo
HOCTb MEPeIaun TeIlIa OT TeJla Pe3epByapy 3a
CUET TEIJIONPOBOHOCTH OIPE/IEIAETCS COOTHO-
utennem P =k(T -T,), rae k — u3BecTHbIil
KO3 DUIMEHT, a [FKOYJIEBO TEILIO, BBIIEJSIO-
meecss B 9JIeMEHTe, JeNUTC MOPOBHY MEXIY
mactuHamMu. B aToM cayuae koseGanust GyjiyT
3aTyXAMOIUMH.

2a. Moayuure pauddepeHimanbHoe ypaBHe-
uue jis yuknun [ (t). (3 Gamna)

26. TIpeoGpasyiiTe MoyUYeHHOE YPABHEHNUE C
yuerom ycaosust [T —T,| < T, x Bugy I” + 2yI’ +
+®*] =0 (ypasHenme saryxaiomux Kose6a-
nuit). Yemy paBubl Kodapduumentsr Yy 1 @ ?
Kakos ux ¢usnueckuii cmpica? (4 Ganna)

2B. Ilonaras saryxanue cjaaObIM (72 < 0)2),
OIIPEJIENITE OTHOCHTEIbHOE U3MEHEHHE aMIIJIN-

TyAbl TOKa 3a IEPpUO/] ﬁ. OtBer BbIpa3nuTe

max .
4yepe3 K0a(PDUIMEHTH YpaBHEHMS KOJIe6aHUit

Y u o. (3 6anma)

3) Ilpeaaraercsa co3aarh Ha OCHOBE JJAHHOTO
YCTPONCTBA YCTAHOBKY I/ TOUHOTO M3MEPEHMST
tersioeMkoctu Tesi. [lapamerpor 7, , o, k, R, L
n3BECTHbI, UX I/I3MepI/I]II/I paHbme C BbICOKOﬁ
TOYHOCTBIO. B pacropsiKeHun sKcIepuMeHTa-
TOpa €CTh 2JEKTPOM3MEPHUTEIbHbIE MPUOOPHI,
ociyiorpad M reHepaTop MEepeMeHHOrO Ha-
MPSIKEHUS, YaCTOTY KOTOPOTO MOKHO MEHSITh B
HIMPOKOM AmarnazoHe. Onuimre KOPOTKO BO3-
MOKHYIO cXeMy akciepumenta. (2 Gasia)

11. Kproxos

ITyonuxayuio nodzomosuru I1. Kpiokos,
A.IT'nasos, A./lepeaues




OTBETHI,

«KBaHT» anga Mnagwmx LWKONbHNKOB

3apgaumn
(cm. «<Ksanm» No3)

1. BoiGepem tucpoi 0, 3 u 6. Torzpa umcsio 360 neurest
Ha 2, 3, 4, 5,6, 8,9 uuna 10, a uncao 630 — na 7.
2. He morJio.

Tlpennonoxum, uto B 3ane mMor ObiTh poBHO 101
yesioBeK. Tak Kak Kak/blii yKasaJd Ha OJHOTO W3
MIPHUCYTCTBYIONINX, & HA KAYKOTO U3 IPUCY TCTBYIOMINX
KTO-TO YKa3aJI, TO Ha KaXK/[0T0 yKa3aJ POBHO O/INH U3
MIPUCYTCTBYIONINX . 3aAMETUM, YTO PBIIIAPh MOT YKa3aTh
TOJIBKO Ha JIKEIa, a JUKeIl — TOJIbKO Ha PhIaps.
ITocmoTpuM Teneps Ha kKakoro-HuGy b poinaps A. On
yKa3aJ Ha Kakoro-To Jukera. ToT ykasas Ha Kakoro-To
poiaps. IIpogosskas aTy «I1enouky», Mbl HOTY4nM,
YTO PAHO WJIHM TO3[HO KaKOI-TO JUKEI[ YKaKeT Ha
phIlaps A, Tak KakK Ha JPYTHUX JIOJIEi B IIEMOYKe YKe
KTO-TO yKasaJ. I[loaToMy Bce mpucyTcTByIomue paso-
GbIOTCS HA 3aMKHYThIe IenouKy (IMKJIbI) YeTHOI a/1u-
upl (Bo3moxkHO, jumHbl 2). Ho 101 — HeueTHO.
[TporuBopeune.

3. Uepes 157,5 munyr.

Ilycrp S — aumHA Tpacchl, TOT/Ia CKOPOCTDb TIEPBOTO
BeslocuTieIneTa papHa S/, Broporo — S/7, Tperbero —
S/9. Toaromy Bpemsi T 10 BCTPEUH BCEX BEJIOCHIIE-
JIUCTOB OTIpe/iesisieTcss paBeHcTBamMu 1 (S/S - 5/7) =
=nS,T(S/7-5/9)=mS, rae
n, m — HATypaJbHbIE YUCJA.
Orciona n/m = 9/5. Haumenn-
nree TOJAXOASAIee 7 paBHO 9.
3uaunr, T (1/5-1/7)=9. Tor-
Jla MUHUMAJIbHOE BPeMs PaBHO
T=9(7- 5)/(7 -5)=157,5.

4. ITosryunTcs npaBUIbHBIN OK-
Tas/[p C BEPIUINHAMU B IIEHTPaX
rpaneii kyGa (puc.1).

Puc. 7

KoHkypc nmeHun A.M.CaBnHa

(cm. «Keanm» No2)
21. 2020.
[Ipeanonoxum, 4to a10 uncsao Bujga 1***. B uem oxaun
01 xors1 661 oia 1 (OHa y2Ke CTOMT Ha IepBOM MecTe) .
3HAYNT, KOJIMIECTBO APYTHUX 1P BMeCTe He 6OJIbINe
JIBYyX, TOTJIa ¥ TIO BEJUYNHE OCTAJbHBIE H(PPHI HE
6oJbine 2. Tax kak uncJio mpu atom 6ouibiire 1210, To
ono Buja 12**. Torma B mem oxnu 0, 18e 1  oxHa 2,
aTakux unceJ, 6ospiux 1210, ner. Vtak, ator cayyait
HEBO3MOJKEH.
Ecmm yncio naunnaercs ¢ 2 n menbine 2020, To oHO
Buzta 200* nmm 201%*. IlepBblii BapuanT HEBO3MOKEH
13-3a TOTO, 4TO 2 B HEM €CTh, a ee ObITb He JOJIKHO.
Bo Bropom BapuanTe anajornytas mpoésema c 1.
22. Ilepsoe pewenue. O603HAYUM TOUKM, KaK Ha
pucyske 2. Vcnomp3ys nogo6ue TpeyroabHuKoB BPQ
n BMK 1 oyeBu/{HbIe PABEHCTBA OTPE3KOB, TOJIYYUM

BP _BP _BM _BM
PS PO MK MA

YKA33AHUA, PEIIEHNA

A
M5 o
/”’J . L

B P K S C

Puc. 2

[TpuBeieM 1Ba BO3MOKHBIX CITOCO6A 3aBEPIIUATH JOKA-
3aTEJIbCTBO.

1) PaccMOTpHEM rOMOTETHIO € IEHTPOM B, mepesois-
uryio P B S. V3 10Kka3anHOrO paBeHCTBA OTHOIIEHUI

BP BM "
—— cJjejayer, 4ro Ipu 3Toil romoretrnn M

PS  MA
nepeiizer B A. Torpa npamasa PX nepeiijier B napaJ-

JIeJIbHYI0 eii npsamyio SR; anasornyno, npsamas MX
niepeiiier BAR. 3na-
quT, Touka X 1epe-
ceuenug PX u MX
nepeiijier BTouky R
nepecedeHuss SR un
AR. CurenoBaresib-
HO, X 1 R jekaT Ha
OJTHOH TIPSIMOTA C TTeH-
TpoM romoreruu B
(puc.3). Puc. 3

2) Tlycts BR nepe-

cexaercst ¢ MK B touke X;, a ¢ PQ — B touke X,.
[Toxaskem, uTo a1 JIBe TOUKHU coBraaroT. [lo Teopeme

Dayteca, % = ﬂ AHaJIOrnaHo, BX, = @ Cute-
X\ R MA X,R PS
JIOBATeJIbHO, BX, = %, T.e. Touku X; u X, coBia-

X R X,R

JIAI0T, TOI/IA O COBMaAAIOT 1 ¢ X, 4 9TO 3HAUUT, UTO
X nexur Ha BR.

Bmopoe pewenue. JlokaxeM paBeHCTBO TPEYTOJIbHI-
koB PXK u SKY. Hec/oXHO IIOHSTH, 4YTO OHH
nogo6ubr. Pacemorpum kBaapar (ma pucynke 4 om
JKEJITBIN) ¢ yrioM A, ONUCAHHBIH BOKPYT KBajpara
PQRS. Pa3Hoctb CTOPOH KEJITOrO U CHHETO KBa/lpa-
TOB KaK Pa3 paBHA COOTBETCTBYIOIMINM BBICOTAM 3THX
JIBYX TPEyToJbHUKOB. Torza cooTBeTCTBYIOMINE BBICO-

A
Q R
M \ o
\ ,\3\'// L
/”//X \\ Y,
B P K S C
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TBI HOZIOOHBIX TPEYTOJbHUKOB PABHBI, a 3HAYNT, 1 3TH
TPEYTONbHUKY paBHbI. Cre/10BaTe/IbHO, IPH IIOBOPOTE
kBazipata PORS BokpyT cBoero enTpa Ha 90° touka
X nepexonut B Touky K, a orpesok RX — B QK,
noaromy RX L OK. B rpeyrosbiuke BKQ BbICOTDI
KM wn QP mnepecekaiorcss B Touke X, 3HAYWT,
BX 1 QK. Apa3BX u RX niepneHinkyJisipHbl O/THON
u TOH e npsiMoii, To B, X n R KoJIMHeapHsl, 4TO U
TPe6GOBAJIOCH IOKA3ATD.

23. /laHHOE B YCJOBUH HEPABEHCTBO TIPE/ICTABJSET
co60it CyMMY TpeX HEPABEHCTB TAKOTO BUJA:

URPST]

yv+z o 2
Jlpyrue /1Ba 0JIy4atoTcs IMKJIMYECKUM C/IBUTOM Ilepe-
MEHHbIX X, ¥, z. JloKaskeM O/HO 9TO HepPaBeHCTBO, a
Apyrue Oy1yT JI0KasblBaThCs aHal0ornuHo. Ienoukoit
PaBHOCUJIbHBIX TTpeo0pa3oBaHuii cBeieM ero k 6oJiee
HPOCTOMY:

2y < (y2 +z)\/@, 293z < (y2 +2)W,
2yx/;S vz

3/1ech yske MOXKHO 3aMETUTh HEPABEHCTBO O CPETHEM
apudMeTIIecKoM U CpefiHeM TeOMETPHIECKOM 160
IIPOJIOJIKHUTD PEOOPA30OBAHNSI:

0Sy2+z—2yx/;, OS(y—\/;)
CripaBeI/TBOCTD TIOCJIC/THETO y>Ke OYEBUIHA.
24. 1756863020.
[l Havaa pazpenmm (puiKaM 0JJHOBPEMEHHO 3aHH-
MaTb OJHY KJIETKY U TIOCIUTAEM, CKOJIBKO BCETO OYAET
€110c060B COBEPIINTD IT€PE/IBIYKEHNUSI C YIETOM TAKOTO
pasperieHus. Y KpacHou (UIIKN ecTh Cfg croco6os!
JIOUTH JI0 APYTOTO yTJIa, TOTOMY YTO BCETO eif IpueT-
ca cpenarb 9 maros BBepX U 9 BIpaBO, MHBIMU
cJoBaMu — BbIGparth, Kakue 9 maroB u3 18 memnarth
BIIPABO, a OCTAJIbHBIE OHA Gy /IeT iesiaTh BBepX. CTOIbKO
JKe CII0c060B ecTb y cuHeil (PUIIKH JIOITH JI0 TIPOTHBO-
TIOJIOZKHOTO yTJia. 3HAYNT, BAPHAHTOB TTE€PE/IBILKEHIS
JIBYX (DUIIIEK, T.e. BCEBO3MOKHBIX ITap X MapIIpPyTOB,
BCETro (C198) .
Tenepp Ha/10 y6paTh 13 3THX BAPHAHTOB T€, T/i€ (PUIITKI
OJHOBPEMEHHO 3aHNMai ofHy kjaeTky. Ilocre 9-ro
mara o6e GUITKKN OKaxKyTcsl Ha quaronasi. /Lo atoro
7 TIOCJIe 3TOTO OHU OYAyT HaXOJWTHCS IO Pa3HbIe
CTOPOHBI OT IUArOHAIN. SHAYUT, BCTPETUTHCS (PUIIKHI
MOTYT TOJIBKO Ha IHaroHasu mocje 9-ro mara.
[IpoHyMepyeM KJIETKH 3TOI AnaroHas i yucaamu ot 0
710 9 caesa nanpaso. IlocuntaeM KOJIMUECTBO TaKUX
BapHUAaHTOB MEPEBUKEHNIT, KOT/Ia OHU BCTPETUIUCH HA
nosie nomep k (puc.5; speco k= 3). U nmyTp kpacHoii
unku Jo/DKeH IposieraThb 4yepes Ty KJIETKy, U Iy Tb
cuneii. [TocuntaeM, CKOJIbKO TTOCIEI0BATEILHOCTEN 13
18 X0710B KpacHOiT (PUIIKY 33/1a10T MAPIIPYT, TPOXOJIS-
muii yepes aty KJaeTky. V3 nepspix 9 x0/108 poBHO k&
JIOJKHBL ObITh BIpaBo (ocTajibHble — BBEPX), a U3

2

! Kak 00BIYHO, Yepes C,’f 0003HAYACTCS KOJUIECTBO
croco6oB BbIGPATh k MPEAMETOB U3 1 PA3JIMYHBIX.

() 9

A Ak e
k X0/10B BIIPaBO

Puc. 5

nocsefHuX 9 X0/10B POBHO R JI0JKHBI OBITH BBEPX
(ocranbHble — BIIPaBo). 3HAYMT, TAKMX MapHIpyTOB

k X010B BBEPX

ck 2 i .
9 ) . Ho u MapumpyT cuneil Gpuuiku Toxe J0JIKeH

JIeXKATD 4epe3 3Ty KJIETKY , U TAKUX MAPLIPYTOB CTOJIbKO
’Ke. 3HAUNT, BCEBO3MOSKHBIX IEpE/BIDKEHUI Iapbl

urex (T.e. Iap MApPIIPYTOB), KOTOPbIE HA/I0 yOPaTh,
4
(C‘(’;e ) . TIpoii/ist Bce BO3MOKHBIE R, TIOJIYYUM, 4TO HA/I0

4 4 4 4
BBIYECTH CYMMY (Cg) + (Cé) + (Cg) +.+ (Cg) .
[Ipumerus hopmyry CF = C"*, 510 BBIpaskenme MosK-

2((@)' +(ch)' +(c3) +(@) +(cd)').
OtBer HoIyyer:
(Ch) ~2((c8) (i)' +(cd) +(ch)' (i)'
BbIUHC/IITD €TI0 MOYKIIO, OACYHTAB COOTBCTCTBYIOLLIC

n!
 wm

yyceJia couetanuii o popmy.ie C,’f = m
I(n—

Haiizs ux B TpeyrosbHuke [Tackass.
NcTtouyHUKM NeKTpuyecTtBa

1. D70 rpaBUTAIOHHOE, 3JIEKTPOMATHATHOE, CHIIbHOE
u ci1aboe B3anMo ieiicTBust. I'paBurannontoe B3anmMo-
JielicTBIE PacIIPOCTPAHSIETCSI CO CKOPOCTBIO, KOTOPYIO
MPUHATH Ha3bIBATh CKOPOCTBIO CBETA, 3JIEKTPOMArHHUT-
HOe — B BaKyyMe C Heil JKe, B CPe/laX — Kak I10Be3eT
(nomuute popMysty ¢ KO PHUIMEHTOM HpeoMIe-
Hust?). Bripouem, ckopocreii-to aBe — haszoBast CKo-
POCTb U IPYIIOBasi CKOPOCTb.

2. Tpenue TBEpIOTO TI0 MATKOMY MOKET OBITb 6OJIbIIE,
YeM 110 TBEP/JOMY, TOTOMY UTO TBEP/IO€ BHEJPSETCS B
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MSATKOE ¥ IPH JABWKEHUN BBIHYK/JCHO PBATh MATKOE,
T.e. K03 PUINEHT TPeHHs B Hape TBepAoe—MATKoe
OKA3bIBAECTCSI 3ABUCSIIMM OT IMPOYHOCTU MSITKOTO.
[lnasiekTprdecKast MpOHUIIAEMOCTD — 3TO OcJ1abJIeHne
BHEIITHETO TI0JisT COOCTBEHHBIM TIOJIEM 3aPSIZIOB Bellle-
cTBa. B HemoJsisipHOil cpefie — 9TO 3apsiabl saep U
3JIEKTPOHHBIX 000JI0YEK, B MOJISIPHOI — eIIie 1 3apsi/ibl
MOHOB. DJIEKTPOHHBIE 060JIOYKHI PearnpyioT Ha BHEIII-
Hee T10J1€ GBICTPEe, YeM MOJIEKYJTbI, HO BO3HUKAIOIIEe
TIPH 3TOM MHAYIIPOBaHHOe 1oJie caabee. [Toatomy y
TIOJISTPHOM JKUIKOCTH JTNAJIEKTPUYECKAs TIPOHUIIAEMOCTD
60JIbIIIe, HO OHA 3HAYNTEIHHO YMEHDBIITAETCS C YBeInye-
HHIEM 4aCTOTBI, KOT/Ia MOJIEKYJIbI He YCIEeBAIOT ITOBOPA-
YNBATBHCS B IEPEMEHHOM BHEIITHEM TI0JIE.

3. IIpu MasbIX TOKaX BHyTPEHHEE COMPOTHBJIEHUE
OKakeTcsl GOJIbINE CPEHETO 3HAYeHUs, Tpu 6OJb-
muxX — MeHbine. OHO PaBHO CKOPOCTU YMEHDIIECHUS
HaNPSKEHUS NP yBEIMYeHun Toka, T.e. 7 = AU/AI —
caesictBue 3akona Oma. [1pu uneitHoi 3aBucuMocTi
U (I ) MOIIIHOCTD TETJIOBBIJIe/IEHUs JIeNCTBUTETbHO
P = I*r, 510 MOXKHO IIOKA3aTh PSIMBIM BBIYIC/ICHIEM.
[17151 peasTbHOI XapaKTepUCTHKHY 3T0 He Tak. Hampumep,
pPAcCMOTpHUTE CHUTYaIlNIo, KOT/Ja Ha XapaKTepHCTHKe
€CTb XOTb HeGOIBIIOIT y4acTOK ¢ GOJIBITNM 3HAYEHIEM
AU/AI. Torpa na stom yuactke [ 2y Bpose GBI CKOMD
YTO/THO BEJIMKO, XOTSI OHO OTPAaHIYEHO CBEPXY BEJIIYH-
HOIl &1 — TOJIHOI MOIITHOCTHIO NCTOYHMKA.

4. He MoxeT OBITb HAIIPSPKEHHS HA HYJIEBOM COTIPO-
THBJIEHUN 1 HE MOKET OBITh TOKA Yepe3 OeCKOHETHOE
COIPOTUBJICHNE. DTH MOJIEJIU XOPOIIIO paboTaloT, T.€.
TI03BOJISTOT MTOJIYYaTh TPABUJIBHBIC PETICHIS , €CJTH MbI
He COGMPAeMCst NCTIOIb30BATh, COOTBETCTBEHHO, OY€HD
MaJible 1 OYeHb GOJIbIINE COTPOTUBIIECHIS HATPY3KH.
KoHKpeTHO B a/IeKTpOHIKE 5TO OBIBACT HYKHO JIOCTA-
TOYHO YACTO IS TOTO, YTOGBI ATU MOJETH aKTHBHO
UCTIOIb30BAIICH. MOo/IesIb CTOUYHMKA TOKA MTPOCTa —
3TO MapaJIJIeJbHO BKJIIOYEHHBIC MCTOUYHUK TOKa | U
COTIPOTUBJIEHNE 7. Y GETUTECH TTPSIMBIM PACYETOM, UTO
B 9TOM CJIy4ae HArPY30UHAST XapPaKTEPUCTHKA — TIPsi-
Masi, TOK KOPOTKOTO 3aMbIKaHWs paBeH [, a HampsixKe-
HHUE XO0JIOCTOTO X0/1a PaBHO 71 .

3. U3 T0T0, KTO CO3/1aBa/l MArHUTHBII IIOTOK — GOJIbIIE
HeoTKy/a. Ho 4yTo m3MeHuTCS, KOT/Ia TOMECTHIIH TIPO-
Boanuk? Ilomesn Tok, OH co3/1aeT MarHuTHOE TOJIE,
HalpasJIeHHOe TPOTUB u3MeHeHni (TOMHITE MPaBIIO
Jlenna?). VI majamdme 9Toro «IpOTHBOIOJSg» TpeGyeT
YBEJITICHUS PACX0/Ia SHEPTUH CO3/IaTeIeM MarHITHOTO
MOTOKA, €CJIN MbI XOTUM, YTOOBI TIOTOK HAPACTAaJ, KaK
paHbIIIe.

6. KIT/[ 100% He ObIBaeT, Tak 4To rPeThest yCTPOHCTBO
Oyzet 06s13aH0. MakcuMasibHast CKOPOCTD OyIeT TaMm,
T/ie TPOM3Be/IeHIe HATIPSIKEHNS Ha TOK OYIeT MaKCH-
MaJIbHO, T.e. Ha Ieperu6e. Tam sxe OyieT 1 MEHIMAJIEH
HaTpeB.

7. I1pu mpaBUIbHOI KOHCTPYKIINH MaKCHMATbHOE HA-
MPsDKEHNe OTPAHIYEH0 TTPO6oeM B BO3/yXe BOJIM3H
MOBEPXHOCTH MApa. DJIEKTPOIPOYHOCTH BO3/LYXa OKO-
1030 kB/cm. ITpu anamerpe mapa 2 M MaKCUMaIbHOE

2020/ Ne4

Hanpsprerne 6yaer 30 MB. OHeprus HakammBaeTcst
3a cdyer pabOThI 110 TOBEMY 3aPSI/IOB ITPOTHB HOJIS.
WHoraa nuiinyT, 4To HOHbI IIEPEMEIAIOTCS HA MIap, HO
9TO HETPABUJIBHO — OHM OOGMEHUBAIOTCS 3aPsI/IaMU C
[TapOM U TTPEBPAIIAIOTCST B ATOMBI.

06 YKnagke ONnuHOB, KOTNET M anenbCUHOB

1. O6s3aTebHO.

ITpoBemeM MbICTEHHO Ha GOJBIIOM TPOTHBHE IBA
paspesa, COeJIUHUB CEPE/IHBI IO TPOTUBOMOIOKHBIX
cTOpOoH. [IPOTHBEHD pas3IeIMTCs Ha YEThIPE OMHAKO-

BbI€ YaCTH B/IBO€ MEHbBIIIETO

pasmepa. Ha xaxxmoii n3 Hux
MO>kHO OyzieT pasmectntb 100

MaJIEHbKUX TTeYeHUIT — TEM JKe . .
criocob6oM, Kak u OOJIbIINE

Ie4eHbda Ha HCXOJAHOM IIPO- I

tusHe (Ha pucynke 6 npuse-
JIEH TIpUMeEDP 11 5 TIeYeHMi). . .
Benb pa3Mepnl meyeHmii Toxe

YMEHBIIUJIUCH B /iBa pasa. B
UTOTE Ha TPOTHUBHE pa3Mec-
TaTcs Kak pa3 400 MaseHbKUX
TIeYEHHIt.

2. OTMeTHM TI0 TIEPUMETPY BepXHel YacTH TOpTa MATh
TOYEK, KOTOpbIE JIeJIAT TepuMerp Ha MATh dacTeil
O/IMHAKOBOI JIJINHDBI, W COEIUHUM C 3TUMHU TOUYKAMU
nentp ksazgpara (puc.7). [To mpoBeIeHHbIM JTHHUAM
paspeskeM Topt. OYEBH/IHO, YTO
6OKOBas 4aCTh IJ1a3y P HA TOP-
TE Pa3/IeINTCS TIOPOBHY MEXKIY
Kyckamu. OcTaeTcs 10Ka3arh,
YTO IJIONIQ/IN [IATH YacTel Ha
pucyHKe pasHbI (TOr/1a 1 TopTra
OyJIeT TIOPOBHY, W I'JIa3ypH Ha
KyCKaxX CBEpXy).

PasgesmM deTbIpexyrosbHbIE
yacTu Ha TpeyroJabHuku. Ilmo-
a/{b TPeYroJAbHUKA paBHa al/2, r/ie a — OCHOBaHue,
a h — BbIcoTa, TPOBEJIEHHAST K ATOMY OCHOBaHUIO. B
Ka’K/[OM TPEYTOJIbHIKE HA PUCYHKE TIPOBEJIEM BBICOTY
13 IeHTpa KBajpara. [[JTMHBbI 3THX BBICOT OYIYT O/IH-
nakosbl. Ho n ocnosanus tpeyrombnukos (Ha KoTo-
PBIE OTYIIIEHBI BBICOTBI) B KAK/IOM KyCKe TAl0T B CyMMe
O/IHO U TO K€ YUCJO — IMATYI0 4acThb IHEpPUMETpa
KBajipaTa. 3HAYUT, U IIONAIN BCEX KYCKOB OYIyT
OJIMHAKOBBI, YTO 1 TPEGOBAIOCD.
[lpyroe perienne MOKHO TIOJTy-
YHTH, MBICJICHHO Pa3/1eJIuB Bep-
xHI010 (KBaIpaTHyI10) 4acTh TOP-
Ta Ha 25 kjerouek. CHosa Je-
JIVIM TIEPUMETP KBA/[PATa Ha PaB-
HbIE YaCTH, & CaM KB/[PAT IeTIM
Ha IIATh YacTeil, II0IMa/Ib y Kaxk-
JIOH — 5 KJIETOYEK,, KaK TIOKa3aHO
na pucynke 8. IIposepbre!

3. Ynacres.

Mo>kHO TOMecTHTD 4 1 anesTbCHH, YJI0KHB UX TaK, Kak
nokaszano Ha pucynke 9 (ameabcunbl u306paxkaem

Puc. 6

Puc. 7

Puc. 8
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Kpyramu, IIeHTPbl KPyTOB NN
06pasyioT TPeyTOIbHYIO pe-
wetky). [Tonyuaercs 5 psi-
JIOB 110 5 KPYroB u 4 psija
mo 4 xkpyra: 25+ 16 =41.
ITo mmpuHe psi/IpI BJIE3AIOT B
KOpPOOKY, HO HaJl0 IpOBe-
PHTb, UTO U TI0 BBICOTE BJIe-
3yt. Ilycrb pagnyc kpyra i,
Torza BbicoTa KOpoOku 16.
ITpoBeseM B Kax/10M ropu-
30HTATBHOM DALY HPAMYIO
4yepes LeHTpbl Kpyros. Pac-
CTOSTHIE MEK/Iy COCETHUMI
TIPSMBIMH PaBHO BBICOTE TIPaBUJIBHOTO TPEYTONbHIKA
€O CTOPOHOII 2, T.€. PaBHO V3. Boicora KOHCTPYKIIMU

13 KpYroB, T.e. 8J3 + 2, Menbine 16, Tak Kak
2 2
(8V3) =192<196 =14°,

Puc. 9

XLI TypHup roponos
3apaun BeceHHero Typa
Ba3oBbIl BapnaHT
8—9 knaccwl

[\

1. Moxer.
O/H 13 TPUMEpPOB MpuBejieH Ha | |
pucynake 10. Ilyctpie xJaeTkn —
KOPOJIEBCTBA, a nudpa B KJIeTKe
0603HAYaET, CKOJIBKO KOPOJIEBCTB 7
MIPEeTEH/IyeT Ha 3TY CIIOPHYIO Tep- 4
UTOPUIO.

I2). 22pq1/1cna. pac 10
Ouyenxa. lIpeArnonoxnuM, 4To MOJYIUI0CH BBIITICATD
TaKue PAa3JIUIHDBIE TUCTA Xy, ..., Xy3, UTO CYyMMa KaK-
abix 11 noapsa waymux pasHa A wamn B. Ilycrb
Sy =X, + ...+ Xy 0. 3amerM, uto Sy # Sy, (unave
X = Xppqy ). 3uauur, Sy =Sp. Ilockogabky
X1+ Sy + 813 =85 +Spy + x93, 70 Xy = Xy3. [IpoTHBO-
peyne.

Ipumep. Boibepem 10 HaTypasbHBIX YHCEI C HIATOM 3,
a o/IMHHA/IIIaToe — JomnodHsmolee ux cymmy 0 100.
Torna pan xy,...,x, X +1, 00 =1, x5 +1, 1, =1, ...
..., xy1 + 1 6yzer uckompbiM. Hanpumep, Tak: 0, 3, 6,
9,12, 15, 18, 21, 24, 27, -35,1, 2, 7, 8, 13, 14, 19,
20, 25, 26, —34.

3. Tlocrpounm pom6 APXB (puc.11). Toraa yerbipex-
yroabHK CBXQ — tosxke pom6, a ADQX — mapaJie-
gorpamM. [loatomy PB L AX || DQ, 1.e. ipsmas PB

[923[F)

P
Q

A

Puc. 17

COZIEPKUT BBICOTY Tpeyrobunka DPQ. Anasorndso,
npsimast QB cosep:kuT BbIcOTy TpeyrosbHuka DPQ,
4TO U TPe6GOBATIOCE.

4. JlokasaTesbCTBO CJIe/lyeT M3 TOXK/IEeCTBA x2+ y2 +
+2-xy-ypr—za=@-2*+ (-2 - -2y -2.
5. Bacs.

Baca cpenaer Ttak, uto Ilerda nmepBbIM BbICKOYUT Ha
BepxHIOl0 niau npasyio junuio. Ilocne storo Baca
casuner oty Gumky B h8 u mobexur. /{o sroro Bacst
IPUEPIKUBACTCA CJIe/yIONIeH CTpaTerny.
Wsnavasbio umku crosat xHa guaronann al — h8, e
cocezctBys. llers c6eraer ¢ nee, a Bacs, eciin Mmosker,
BO3BpalaeT 3Ty (UIIKY Ha JAHAaroHagb, COXPAaHWUB
YKa3aHHYIO CHTyaluio. Bacs He cMOXeT 3To c/iesathb
TOJIDKO TOT/Ia, Korja (PUIIKU OKaXKYTCS B OJHOI 11n
cocepnux munuax. Torga Baca caenaer takoit Xoz, 4To
urmkn 06pasyor JOMHHOMKY. SIcHO, 9TO 3TO BO3-
MoskHo. [locste atoro Bacst 6yner coxpansartb jomu-
HOIIKY, T.e. HOBTOPATDH X0z lletn apyroii pumxoit. B
KOHIIe KOHIIOB IleTs mepBbIM BBICKOYHT Ha BEPXHIOO
UM IIPABYIO JIUHUIO.

10—11 knacce!

1. MoxHo.

Hpumep. CrenaeM 310 11 TPOU3BOJBHON TaGJIHIIbI.
Pasobbem ee ceTkoil HA TPSIMOYTOJbHUKH TaK, 4TO
MINPUHA TTOJIOC 10 KAyK/IOMY HAIIPABJICHIIO YePEyeTCs:
1,2,1,2.... dcno, uro ato Bo3mokHo. Torma Tabmia
pasobbeTcst Ha KBAIPaThl 2 X 2, TOMUHO 1 X 2 1 KBaipa-
tukn 1x 1. B kBajiparsl BIuieM ABOIKH, B IOMIUHO —
€/INHAUIIBI, B KBA/PATHKH — HYJH. YcJoBHe Oyier
BBITIOJIHEHO, MOCKOJbKY (DUTYPKH OJHOTO BHIA HE
UMEIOT OGIINX CTOPOH.

2. B geTpIpex MecTax.

Ouenxa. 1lpennonoxuM, 4To XBaTHIO TPEX TOUYEK.
OHHI OmpeesISIOT TIOCKOCTh. Ecm oHa mpoxoanT
vyepe3 1entp cdepsr, To Cama ne ObBag B ABYX
nosycdepax, BbICEKaeMbIX 9TOI MJI0CKOCTbIO. [IpoTi-
BOpeule.

Ecnn me mpoxoauT, TO MapasiebHON IIOCKOCTBIO
orceueM nosycdepy, B Kotopoii Cairra ve 6piBas. Bo
Bcex noJycdepax, MoryyaeMbIX 13 Hee MaJIbIM IITeBeJie-
nuem, Carma toxe He GpiBast. CHOBa IIPOTHBOPEYNE.
Ipumep. BospbMeM Ha HEKOTOPOIT 6OJIBIION OKPY KHO-
CTU TPU TOYKH, 0OPA3yIOIe OCTPOYTOJbHBIN TPEY-
TOJBHUK, 1 JTI0GYIO TOUKY BHE ee (9T0 MOYKHO C/1e/1aTh
TaK, 4TO OJMHOI U3 TOYeK OyAeT TOpoll, B KOTOPOM
sxuser Cama, a apyroit — Apanc-AGe6a). 13 aByx
nosrycdep, BbICEKAeMbIX 3TOi OKPYsKHOCTDIO, Carra He
ObIBaJI POBHO B O/1HOI. EcJiit ske ipoBecTH yepes meHTp
3eMJu IPYTYIO MJIOCKOCTD, TO OHA BBICEYET JANAMETD B
MCXO/IHOI OKPY>KHOCTH, 10 KaK/YI0 CTOPOHY OT KOTO-
poro GyJer Touka, B Kotopoii Cara 6bIBaJ.

3. Bepno.

Paso6beM Bce OYKBbI HA TPYIIITBI OMHAKOBBIX TTO/PSIT
uaynmx. KomrdectBo 6yKB HEUETHO, TOATOMY HANIET-
csl «HeuyeTHasi» rpynmna. 3ameHamu AA <> BABA <
< BB ciiesiaem 13 Hee 0iHOGYKBEHHYIO TPYTIILY, TTOCJIE
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vero OyzieM yAamAaTh cocefieil aToil GYKBBI, MOKa 3TO
BO3MOXKHO. [leficTBYS TaKIM 06pa30M, OCTABIM TOJIb-
KO ofiHy GYKBY.

4. He cymiecTByer.

IIyctp HenysieBoit MHOTOUJIEH P mpeacTaBuM B BH/IE
CYMMBI KBaJpaTOB /JBYX MHOTOYJIEHOB, T,€.
P = F? + G 3amernm, uro F? + G* = (cF +SG)2 +
+(sF - cG)Z, rae ¢=cosco, s=sino. Ilomaras
0 <o <m2, nosyunm GeCKOHEYHO MHOTO TIPECTAB-
JIeHHit.

[lomycTM, Kakume-TO JBa M3 HUX COBHAIYT, T.€.
(¢F + s1G)2 =(eyF +32G)2 win (¢ F +S1G)2 =
= (5,F — c2G)z. ITepenocs BieBO M pacKIaabIBas Ha
MHOXKHTEJIN, TIOJTyYNM, YTO KaKasi-To 13 CKOOOK paBHA
HYJIIO B 6ECKOHEYHOM YHCJIe TOUEK, CJIe/I0BATEIbHO, B
Heii cTouT HyJ1eBoil MHOTOUJIeH. [TocMoTpiM Ha Koad-
urentsl tepest F 1 G B 91011 cko6Ke. X0Tst ObI O/(1H
13 HUX He paBeH HYJII0, TaK KaK YHCJIa ) + Cy, € — Cy,
¢ + 8y, S + ¢, Henysesble. 3uaunut, I u G muneiino
3aBUCHMBI. MOKHO cunTarh, 4T0 G = tF 1151 HEKOTO-
poro uncia t. Torna P = (1 + t2)F2. ITockomnbky F —
HEHyJIeBoil, TO, TI0-pasHOMY pacKiaibiBas 1+ (> B
CYMMY KBA/IPATOB [[BYX YHCEJI, TOJIYINM OeCKOHETHOe
YHCJIO IPE/ICTaBICHUI MHOTOUIeHa P.

3. Ilyctp A Jtekut Ha OZHOI OKpYy’sKHOCTH, B — Ha
JIpyroii. /IBa pas/MYHbIX coIydas PACHOI0KeHIs IPH-
BeJieHbl Ha pucynkax 12 u 13. Pemenue rogures s
BCEX CJIy4YaesB.

TTo Teopeme 06 yriie MeX/y XOP/OH M KacaTeTbHON
[IOJy4aeM pPaBeHCTBO OPUEHTHUPOBAHHBIX YIJIOB
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(AC, AP)=(AQ, QP)=(BC, BP). CuenoBarenn-
HO, Touka C JIEXKUT Ha ONHCAHHONH OKPY>KHOCTH
tpeyrobuika APB. Torna (CP, PB) = (CA, AB) =
= (AP, PQ), T.e. GHCCEKTPHCHI HEOPHEHTHPOBAHHBIX
yr10B CPQ 1 BPA cOBIIaIa1oT MJIH HEPIIeH/INKY JIIPHBI.
Ecm touka Q nexur mexay A u B, o APBC —
BBIITYKJIbIii 4eTbIpeXyroJbHuK. Ecim ske, nanpumep, B
aesxxut Mexxagy Q u A, 1o PBAC — BBITYKJIbBIH
YeThIPEXyToJabHIK. B 060oux cayyasx PD — GuccexT-
puca tTpeyrosabHuka PAB. HeTpyaiHo BuieTh, uTo Bce
3TU TPEYTOJLHUKH TT0{00HDI IPYT APYTY U OINHAKOBO
OPUEHTUPOBAHbI. 3HAUUT, BCe TPEYroJbHuku PAD
Tax:ke MOJOOHDI APYT APYTY U TIPH ABIKEHUHN TOUKN A
10 OKPY>KHOCTU D TaksKe ABUKETCS 110 OKPY KHOCTH.

CNo>XHbI BApUaHT
8—9 knaccei

1. CymtectByer.
[Tockoabky 2020 = 20 - 101, TO OAXOAUT, HALIPUMED,
uypcyao 10198987676545432320.
2. Cmoryr.
EcJm 4mcio Tos10B 4eTHO, GOTaThIPH MOTYT YMEHBIINTD
€r0, COXPAHUB YeTHOCTD. /leficTBUTENBbHO, €CJIN FOJIOB
4n — 2, 10 mocse ynapa Woibn ux craner 2n — 2. Ecin
Ke TOJIOB 477, TO TIocJIe yiapa AJIeIn UX cTaneT 3n — 3,
aTIoCIe CIeyIonero 3a HuM yapa JJoOpbIiHi X CTaHeT
2n — 4. BoraTbIpi MOTYT TaK JIeHCTBOBATh, MOKa He
OCTAHETCST YETBhIPE WJIU JIBE TOJOBBI, JIJIs KOTOPBIX
XBaTHUT OJHOTO yaapa Asernu win Vabn.
3. a) He cymecrsyer.
[TycTp Taxoit 19-yroapauk cymectByer. Paccmorpum
BITHCAHHDBIE YTJIbI, OMUPAIOIINECS HA €r0 TOCIe10Ba-
TeJIbHbIE CTOPOHDI. Bee oHM pasHble, 1 cyMMa Kask/[bIX
JIBYX YIJIOB, COOTBETCTBYIOIINX COCEJHIM CTOPOHAM,
nesas (OHa JOMONHIAET OMH U3 yrJI0B 19-yroabHuKa
10 180°). PaccMoTpuM /iBa carydast.
1) Bce oTn BuMCAHHBIE YTJIBI BBIPAKAIOTCS TIEJIBIM
YHCJOM TpaaycoB. Torma mx cyMMa He MeEHbIIe
1°42°+...4+19° > 180°, 4TO HEBO3MOKHO.
2) Ectb yroa ¢ nenysesoii apo6noii yacteio €. Toraa
y cocefiHero yria Apo6Has 4yactb paBHA 1—g, y
caemyionero — cuHoBa € u T.A. llockombky 19 —
HeueTHoe uKcIio, To € = 1/2. Ho torga cymma yriios,
OTMPAIOIINXCS HA BCE CTOPOHDI, HE MEHbIITE

o o o o
1 +1l +21 +...+181 =
2 2 2 2

= %(1°+ 3°+5°+...+37°) = % -361° > 180°.
CHoBa IPOTUBOpPEYHE.

6) CyuiecrByer.

IHpumep. IlycTdb BIMCAHHDIE YTJIBI, ONUPATOIIHECs Ha

1oCIe0BaTe/IbHble CTOPOHDI 20-yrOJIbHUKA, PaBHbI
1e ,2° _1° _2° 1°,2°

4= , 4= ,5- ,5- ,..,13= ,13= . Cymma atux
3 3 3 3 3 3 Y

upcest paHa 2(4°+5° + ... +13°) + 10° = 180°. Kasx-

noiii yrost 20-yronbHuka pasen 180° munyc cymma



OTBETHI,

JIBYX COCETHIX 13 YKa3aHHOTO CIIICKA YIJIOB, a BCE 3TN
CYMMBI IIeJIblE.

4. JIna Bcex N > 1.

Ha pucynxkax 14 u 15 npuBeens! npuMepst 11 N =4
n N = 5. AHAJIOTUYHO CTPOSITCS IIPUMEPBI ST BCeX
ueTHbIX (HeueTHbIX) N B 1IEPBOM CTOIOIIE PEaTu3yIoT-
cst Bce cyMMBI oT 1 1o N —1, Ha CTbIKe IepBOTO U
Broporo crosi6ios — or N go 2N —1, Bo BTOpOM
crosbre — ot 2N 10 2N —2 u T.1.

0519 14/18
014711 115 ]10[14]19
114]8 |11 116 [10[15]19
115812 216 [11/15]20
2151912 27 |11116/20
Puc. 14 Puc. 15

3. IIposenem Boicoty CY (puc.16). Tpeyroapuukn
ADY un AKC pasnoGenpen-
uble 1 nogo6ubie (yron KAC,
KaK yroJ MeXX/1y KacaTeIbHOMI
u Xopzoii, pasen yriy DAY,
OIMPAIOIIEMYCSI Ha TAKYI0 JKe
nyry). Torma momo6ubI u Tpe-
yrosbuukn ADK n AY C (ana-
JIOTUYHO, paBHbl yriibt KAD v  p, - 75

CAY, a KA:AC= DA : AY

B cuay muepBoro mnogo6us). CiefoBatesibHO,
ZADK =90°.

6. 15 ouxoB.

Cum. pemenue 3agaun 6 musg 8 kmacca LXXXIIT
MOCKOBCKOII MaTeMaTH4ecKoil OJIMMITNa/bl Ha caiTe
olympiads.mceme.ru/mmo/

B

10—11 knaccei

1. CymiecTByer.
Kacarespras K 1iepBoit apa6oJie B TOUKe (a; a* ) nmeer
2
ypasuenue y = 2a(x —a)+ a”. Toukn nepecedyeHus
9TON mpaAMOil co BTOpoil mapabosoil — 3TO
2 2
A(d -1 (a—1) —1)I/IB(a +1; (a+1) —1). Orpesok
AB memukom Jjexut B U, a KBajpar ero JJWHDI,
paBHDII 2% +164> , MOJKET GBITb CKOJIb YTO/IHO BEJINK.
2. ITycTb IpOM3BOJIbHOE IIPOCTOE P BXOJNUT B X, ¥, Z B
crenensax k=1 >m. Eciau [ > 0, TO MOXKHO U3MEHUTD
m B npesiesiax ot 0 j1o [, ne mensist a, b, c. Ioaromy
X, Y, Z TIOTIapHO B?aI/IMHO MPOCTBbI. 3HAYNUT, d = XY,
HOK (a,b
HO/] (a,b)
6. Jlemma. CymMa KBa/ipaTtoB 2k m TI0CJIE/IOBATEIbHBIX

b=xz,c=yz=

esbix uucest (k> 0, m HeuerHo) aeutest Ha 287" Ho
He JIeJInTCs Ha 2 .

HoxkasateabctBo. Vuaykuus no k. Basa (k = 1).
CyMMa JIByX I10CJIe/I0BATETbHBIX KBAIPATOB HEUETHA,
3HAUKT, CyMMa 27 T10C/IeI0BaTeIbHbIX KBAJPaToOB —
CyMMa HEUYETHOTO YMCJa HEYETHBIX CllaraeMblX, T.e.
HeyeTHa.

YKA3AHNA,
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Hlaz undyxuuu. Tyctb k22,0 =2"m, a;, ..., a,
nepBble 7 U3 21 TOCJAe0BaTeNbHbIX vucea. Torma
al 4. +a:+(ay+n) ..+ (a, +n) = 2(@2 +.
ay)+2n(a +.+a,) 0,
Ka}moe U3 TPEX CIaraeMbIX JIeJTUTCS Ha 2kt (nepsoe —
0 TIPEATIONOKEHNIo nuayKimn). [pn aTom nepsoe
cjlaraeMoe He JICJUTCST Ha 27, a APyTrue Ba JIeJIsITCs.
(Bameuanue. JIpyroe [0Ka3aTeabCTBO JEMMbI MOKHO
HOJTYYHTD, BOCTIOJIB30BABIINCH (DOPMYJIOH JIJIST CyMMBI
KBaJIPaToOB HATyPaJIbHbIX unces ot 1 1o N.)
BepHeMCH K 3asave. 3ameTnM, 4To (& + b)
+ (d b) =2 (a + bz) CreoBate/ibHO, Ha KaKOM
Iare cyMMa KBaJipaToB 21 YHCeJI HA IOCKE Y/[BABAET-
cs. Ilo emMMe OHa HHUKOIJa HE CMOYKET SIBJISITHCS
CYMMOIi 27 TIOCJIeIOBATEIbHBIX KBAIPATOB.
7. Jlnist Bcex HATYPAJBHBIX R.
Ectb 4 Buzia inuwmii. JIunuu, Ha KOTOPBIX €CTh YepPHbIE
KJIETKH, Ha30BeM nokpuieaemvimu. TpebyeTcs, 4To6b
Ha KaXK/I0# MOKPHIBAEMON JIMHUK OBLIO POBHO 1O R
YEePHDBIX KJIETOK.
Hab6op uepHbIX KJIETOK, /IJIST KO- X \4
TOPOTIO Ha Kax/[0}i ITOKpbIBaeMoii | y X
JIMHUU COJIEPKUTCSI POBHO R KJTe-
TOK, Ha30BeM k-Habopom. V13 k-
Ha6opa MOKHO Hosyuntb 2k-ra- | X Y
60op. JlJist aTOTO BBIPEKEM KBAJI- Yy X
par, cofepxkaruii k-Ha6op, 1 pas-
MECTHM €ro KOIuM B KBajipatax, ~Auc 17
OTMeYeHHBIX GYKBAMU HA PUCYH-
ke 17.
Haszosem k-zHaGop cyneprnabopom, ecy ero MOKHO
pasbuthb Ha 1-HAGOPDI € TEM Ke MHOKECTBOM TTOKPBI-
BAEMbIX JMHUN Y KaXK/10T0. YKa3aHHbIN BbIIIE METO/
u3 k-cynepua6opa crpour 2k-cynepua6op. [eiictsu-
TeJIbHO, pa3obbeM R-cyniepHabop Ha 1-Ha6opbl. Bozbmem
o/nH u3 HuX. Ero xommu Ha 0fHOGYKBEHHBIX MECTaX
06pasyioT 1-Habop, KOTOPDI TIOKPBIBAET TO K€ MHO-
JKecTBO JImHWH, uto m 2k-Habop. Bech 2k-HaGop
pasobbercss na Ttakue 1-nHabophl, 3HAYHUT, ITO
2k-cyniepra6op.
B k-cynepraGope Jierko BbIesInTh [-Habop /115t 11060~
ro [ <k : B39Tb B HeM [ pa3HbIX 1-Ha6OPOB C TeM Ke
MHOYKECTBOM MOKPBIBAIOIINX JUHAH Y KaK/OTO.
Ocrasioch 3aMeTHTD, YTo 1-cyrmepHabop CyIecTByer:
OH COCTOWT, HAIIPUMEP, U3 OJHOI KJaeTku. Torma nis
KaK/IOTO R MBI CMO’KEM CO3/IaTh cHaya a N-cyrmepHa-
60p ¢ N > k, a 3areM IOJIyYUThb U3 HETO HY KHbIIA HAM
k-Habop.

YcTHbIN Typ Aanga 11 knacca

1. 2019!.

ITpumep. Y cJIOBHIO 3a/1a41, OYEBU/IHO, YAOBIETBOPSI-
ot uncsra 1, 1, 21, 3!, ..., 2019!, tak kak npu mo6om
HATypPaJbHOM k YUCJIIO (k +2)! nemmresnna (k+1)!1,
nua (R+1) +kl=kl(k+2).

Ouenxa. 1lyctb a, b, ¢ — Tpu MOAPS WYX YHCTIA
B CTPOKE, HO He IepBble TPU 4ucia. JJoKa)eM, 4To

c c
—2—+1. Ilo ycnoBuo, —=x, —=y, Tie ¥ u y
b a a b

narypasbiblie. Torga ¢ = by = axy, upudem ¢ geanTcs
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Ha b+a=ax+a=a(x+1). Ilomygaem, uro axy
nesrest Ha a (x + 1), otkyna xy gemuress Ha x + 1, a
Tak KaK X M .x + 1 B3aMHO IPOCTBI, ¥ fenntess Hax + 1,
T.. ¥ 2x+1, 4ro U TPeGOBATIOCD.

3aMeTuM, uTO IePBbIE /[BA UICIa He MeHblIIe 1 Kaskoe.
Tpetbe uncao Gospine BToporo (Tak Kak AeJuTcs Ha
CyMMy BTOPOTO U TIEPBOTO), & 3HAUUT, XOTsI Obl B /[Ba
pasa GoJbie BToporo (Tak Kak IeJUTCs Ha HETO U He
pasno emy). [1o [0Ka3aHHOMY BbIIIIE, YETBEPTOE YHCJIO
Toria XoTs 6bl B 3 pasa 6OJbIle TPEThero, IMAToe —
X015t ObI B 4 pasza GoJiblile YeTBEPTOro U TaK JaJiee,
OTKy/Ia TI0 MHAYKIMU TOJIydYaeM, 4To k-e 4mcJjo He
menbine (k—1)! mpu Bcex HaTypaJIbHBIX K.

2. 3amernM, uto ecau O — IEHTP OIMHICAHHON OKPYK-
nocru, 10 LACO = £ZCyCB = /2 - £B. Cnenosa-
tesbHO, Toukn O 1 C; CUMMETPHYHBI OTHOCUTEIHLHO
6uccexrpucer yria C n IC, =10, rue I — uenrp
BIHUCAHHOI OKPY KHOCTH. AHaJoTHYHO,
10 =1A; = IB,, 1.e. [ — 1leHTP ONUCAHHON OKPY3KHO-
ctn tpeyroabnuka A;BiC; .

3. Her.

Paccemorpum kietdatsiit kBaapat pasmepom 11x11 u
yJIaJIIM U3 HeTO BHYTPEHHUI IIeHTPaJIbHbIH KBapaT
9x9, ocraBuB TOJBKO pamMKy ToJmmHON 1. B pamke
Oyzet Kak pa3 40 kietok. /lokaskeM, 4ToO Ha TJIOCKOCTH
HeT KJIeTYATOTO MPSAMOYTONbHIKA, CO/IePIKAIero POB-
1o 20 u3 atux 40 KJIeToK.

[lomycTuM, Takoil IPsIMOYTOJIBHUK eCTb. I1ycTb B HeM
€CTh KJIETKN U3 00enX BEPTUKAIBHBIX CTOPOH PAMKI.
Torza kaskast ropU30HTAIbHAS CTOPOHA PAMKH JIHG0
TIOJTHOCTBIO BKJTIOUEHA B IPSIMOYTOTBHIK, JIHOG0 BOBCE
He BKJoYeHa. Ecsin BKlouena poBHO 0/iHa TOPU30H-
TaJbHast CTOPOHA, YNCJIO KJIETOK B IIPSIMOYTOJIbHIKE
HeueTHo, ecan 06e — Kaetok 40 (cammkom MHOTO), a
eCcJ HU O/IHOW — KJIeTOK MakcumyMm 9 + 9 = 18
(comkom Mao).

3HAuNT, B IPSIMOYTOJbHUKE MOTYT GbITh KJIETKH JIUIIb
13 O/IHOI BePTHKATbHOI CTOPOHBI PAMKH 1, aHATIOT Y-
HO, JIUIIb 13 OJ{HON TOPU30HTAJIBHON CTOPOHBI PAMKH.
Ho atn cropoHb! coce/iHie, 1 CyMMapHO B HUX MAaKCH-
MyM 19 ki1eTok — cammikom Maso. IIpornBopeune.
3. Ilycte O — uentp cdeps, a ABC — jaHmblii
chepuuecknit Tpeyroabrauk. ITo dopmy.te miomamm
cdepuueckoro TpeyroapHuKa, T=S,pc =LA+
+4B+£C -7, 1.e. LA+ 4B+ ZC =2n. (Jloka-
3aTesIbCTBO (POPMY.JIBI IJIONA/[H 3aKTI0YAETCS B IPIMe-
HeHnH (POPMYJIbI BRITIOUEHNH-NCKTIOYEHUI K TPEeM I10-
sycdepa, mepecedeHreM KOTOPbIX SIBJISIETCS JaHHbII
TPEYTOJIBHIK. )

TToctpoum Ha cdepe Touxy D, nexkariryto ¢ C B pa3HbIX
MOJIYIJIOCKOCTAX OTHOCHTe1bHO OAB U Takylo, 4To
/4DAB = ZCBAu £ZDBA = ZCAB (umeiorcst B BuiLy
chepryecKe yIJabl; THa4Ye FoBopst, TouKa D mosrydeHa
13 C KoMITo3uInel CHMMeTpun OTHOCUTEIbHO OAB 1
CHMMETPUH OTHOCUTEJIBHO CePEe/IMHHOTO TePIEeH/IIKY -
ngpax AB). Torpa tpeyrombunku ABC u BAD paBHbl.
3nauut, BD =ACuAD = BC. Ho u3 ycioBus nmeeMm
£ZDAC = ZDBC = ZACB, cnenoBatesbHO, chepu-
yeckue tpeyroabuukun CDA n DCB Taxk:xe paBHbI
tpeyrosibHuKy ABC. YeTblpe 0JIyYeHHbBIX TPEYI0Jib-
HIKa IIOKPBIBAIOT CHepy.

2020/ Ne4

6. Crenenn 1BOIKIM.

[Ipucsoum nseram ocrarku 0, 1, 2 or gesenus Ha 3
IIPOM3BOIbHBIM 06pa3oM. Bee oneparin ¢ HuMu Takxe
Oy/zieM 1pou3BonTH 1o MoayJo 3. Toraa oneparus
po6oTa TAKOBA: €CJIN YHIHUYTOKAIOTCS KYOHKH IBETOB ¢
u b, T0 nosiBsIETC KyGUK 1Beta —a —b

Ecanr N =2, 10 m0cie Kasioro mpoxoa moaHoro
KpyTa KOJIMYeCcTBO KyOMKOB YMEHbBIIAETCS BJIBOE, a UX
CyMMa MEHACT 3faK. 3HaYUT, B KOHIIE TMOJYYHTCS
ky6uk useta (—1)" (@, + ...+ ay ), BHe 3aBUCHMOCTH OT
MeCTa CTapTa, T.e. CTENeHN [BONKU yIauHbIe.

Ecin N =28 +d, rae 1< d < 2% -1, o paccmorpnm
PacCTaHOBKY M3 OAHOTO KpacHoro xy6mka m N —1
6esioro. Ecsit po6oT cTapTyer mepe/ KpacHbIM KyOu-
KOM, TO 1ocJie d XO/I0B OCTAHYTCST O/INH CHHUIT KyOUK
1 2% —1 Gespix. Ec/mi po6oT crapTyer mocJie KpacHoro
Ky6uKa, T0 yepe3 d XOJI0B OCTAHYTCST OJIMH KPACHDII
KyOuk u 2% —1 Gesbix. B 00enx cutyanusix nToroBble
1Beta GyIyT pasubiMu, T.e. N HeyJIaqHoe.
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IMMAXMATHAA CTPAHUUKA

npepBaHHbM

TYPHIP

TmaBHBIM cOOBITHEM ITAXMATHOM
BECHDBI CTaJl TYPHUD IIPETEeH/ICeH-
toB. Hawano typumpa yganoch
poccuiickoMmy rpoceMeiicrepy SAny
Henomusamemy, koTopblil crapro-
BaJI C IBYX M0OGEJT, OJHAKO ITTOCJIe
MTOPasKEHNs B TIOCJIE/THEM Type €ro
noruas gppanitys Makcum Baibe-
JlarpaB. VMeHHO 3T [1Ba TpOC-
cMeiicTepa, cKkopee BCero, pasbir-
paroT MexkIy co6oil mpaBo cpa-
surbes ¢ Marnycom KapiiceHoM.

A.T'wpn - .HenomHsALWMN

EkaTepuHGypr, 2020

1. af3 Af6 2.c4 c5 3. 2c3
Ac6 4.d4 cd 5. ad4 e6 6.¢3
W b6 7. AdbS Aes 8. Af4 Afgh
9.e3 a6 10.h3 ab 11. hg Ac4
12. Bel dS 13. b3 Lb4! (rakru-
YeCKUH pecype, MO3BOJISIOIIIIA CO-
XPaHNTh MHUIMATHBY Ha (epse-
BoM (paianre) 14. be Ea3 15. Led
f6 16. &d4 Waj5 17. fe2 4c3+
18. Bc3 Ec3 19. &f1! JKeprsa
KauecTBa PACKPBIBAET CYTh J€6I0T-
HOTO TIaHa GesblX, PacCUUTbIBa-
IOLINX Ha AKTUBHOCTb Y€PHOIIOJIb-
Horo cioHa. 19... b4! 20. g5 e5
21. &3 be 22. gf gf 23. ¥b11?
(Banquias nemky Ha a2 1 KOHTPO-
mupys £5) We7! 24, ¥d3?! (cunb-
ree ¥b4, mmm b5+, we qomyckas
orser uyepnbix) b3! 23. ¥ce3 be
26. e4 de 27. 2h4 46 28. Be4
0-0 29. fac4 s2g7 30. ¥b3 EbS
31.&e6! JKepreys depss 3a na-
JIbIO CO CJIOHOM, GeJible MOIYYatoT
TEOPETHYECKN HUYEHHBIH 9H/III-
. 31... Eb3 32. Bg4+ 2f8
33. &b3 Wi+ 34. g2 W6+
35. 2g1 h5 36. B g8+? (Crasur
GesibIxX Ha rpaHb nopakenust. [Ipa-
Bunbnoe 36. Bhd Wf3 37. &c4!
f5 38. &f1 f4 39. gf of 40. Lg2
HO3BOJISIJIO MIOCTPOUTD HUYEHHYO
kperoctb.) 36...%e7 37. Bg7+
246 38. Bh7 W3 39. Bh8 e4
40. Bd8+ ®e7 41. Hd1 W3
42. Bd5 h4! (eme oaun memeu-

HBIA BBITAJ BBIHYKAACT OEJTBIX
ornarp ciona) 43. gh £5 44. BfS
Wel+ 45. 2g2 Wd1 46. Bg5
Wal 47. Hg4 Wbi 48. Bg3
Wa2,

®

i B
B
W 83

UepHble JOCTUTJIN TeopeTHyec-
KN BBIUTpaHHON Tmo3urmu. bes
nemek e4 u h4d sro0 ObLma Obl
HUYbS, TaK KaK YEPHbIA KOPOJb
He ¢MOT Obl 106paThCst 10 TENKN
2, a Tenepb NJIaH YEPHBIX COCTO-
UT B TOM, 4TOGBI TIOCTAaBUTH KOPO-
ag wa d4, a dep3s wma d3 wu,
HOJIb3YsICh YIPO30I CO3/IaHUS TIPO-
XOJIHOI1, TIPOHUKHYTb KOPOJIEM Ha
BTOPYIO Topu3oHTa b, OnHAKO B
HepBYIO oYepe/b Hal0 M36aBUTDH-
ca or nemku h4. 49. Bh3 wWds
50. 2f1 Wd1+! Koposa Henbsa
IIyCKaTb Ha €2, 4ToObl OH He yCIiet
3a6JI0OKMPOBATDh IPOXOJHYIO.
51. 2g2 Wg4+ 52. Hg3 Whj!
(52...Wh4? 53. 2f1, u xopob
yxoqur Ha €2) 33. Ba3 Wd5
S4. kgl 2f6 55. Bg3! (Gesbie
CTAPAOTCsl MAKCUMAJIBHO Y CJIOK-
HUTH 3a/la4y YEPHBIM, OTpe3ast
Kopoast or aunmm h) Wdi+
56. 2g2 ®f5 57. Bg5+ ®2f4
58. Bg3 WdS 59. &f1 wd2
60. 2g2 Wd1 61. Be3 2f5. Uep-
HbIE YIYCKAKOT KPACHUBBIN BbIMI-
poi: 61.. Wd5+! 62, Rf1 We4+
63. Rel Wel+ 64. Qe2 We3+ 65.
fe ®g4, m oxma TemKa CUJIbHEE
nByx! 62. Bg3 26 63. BEh3 2g6
64. Eg3+ 2h5 65. Eh3 ¥h1! 66.
He3 ®h4 67. Eg3 2h5 68. Eh3+
®g469. Eg3+ 2f470. Be3 Wdil
71. Ba3 ®e5 72. BEg3 %d4
73. Be3 Wd3. Vckomast mosuius
JIOCTUTHYTa, U GeJible CAaJuCh.

M.Bawbe-JlarpaB -
f.HenomHsAWMN

ExaTepuHOypr, 2020

1.e4 e6 2.d4 d5 3. &c3 L&b4
4.ed> ¢d> 3.a3 4c3+ 6.bc ae7
7.h4 Wc7 8.h5 h6 9. BEb1 b6
10. g4 Eg8 11. Lb5+ %f8
12. £.d3 £a6 13. dc £d3 14. cd
A d7 15. d4 be 16. ¥ d1!

] Y]
i W22
i
A

i

A
i 8
B
8 8

8 8
Bowe WA

KoMmmbioTep OlleHUBAET 3Ty TO-
3UIUIO KAK TIOJTHOCTBIO PABHYTO, &
4yeJI0BeUYeCKUil B3TJIsL oOpaliaer
BHUMaHWME HAa PA3HUILY MOJIOXKe-
HUT Ja/ielt Ha KOPOJIeBCKOM pJiaH-
re. 16...Wa5 17. &£d2 2b8
18. Qe2 c4?! Dukcupys nemky,
YepHBIE PHCKYIOT OCTATHCSI COBCEM
6es akTuBHOi urper. 19. 0-0 Zb6
20. ¥c2 £h821. a4 ®e822. Eb4
Ac6 23.f41? Ae7 (upunumarnb
JKEPTBY CJNIIKOM OIACHO:
23...4Db4 24. cb Wa6 25. b5 W8
26. 5 ¢ mocaeayomum b4 un
af4) 24. Bfb1 £5 25. BbS W a6
26. fcl 2f7 27. &a3 Ehb8
28. Le7 2e7 29. g4 b5 30. ab
EbS5 31.gf Ebi+ 32. ¥b1 ef
33. Qg3 Wb6 34. Af5+ 2f8
35. ¥ a1. Besbie yKIOHSIOTCS OT
pasMeHna epaeii, Tak Kak B KOHe-
BOM SH/IIIITIJIE Y YEPHDIX TTOSIBSIT-
Cs1 TITAHCHI 3 CUET JIUTITHEN MeNnTKn
Ha depsesom daanre. 33... Web
36. Ag3! W g4 37. 2g2. Hecmor-
PST HA PACKPBITOE MOJIOKEHIEe KO-
poJis, mojo6paThes K HeMy HEBO3-
MOKHO. 37...%f4 38. ¥a7 ®e7
39. a3+ 2d8 40. ¥d6 g5 41.
hg h3 42. g7, u yepusbie caanucs.

A.Pycamnoe
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