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Konnekuwms roJloBOJIOMOK

...................................................................

CAMGBGOHUA
CAMMETPUN

Ota ronosonomka Jltocu Mayanc (Lucie Pauwels) — xopowas
npoBepka Ansi NPOCTPaHCTBEHHOrO BoobpaxeHns!

B Hewn Bcero Tpu getanu, CoCTaBrieHHble N3 €4MHUYHbBIX KyOMKOB
(oBe petanu — u3 natm Kybukos, ogHa — u3 veTblpex). CocegHue
KyOMKN NepeKkpbIBaOTCS NO YETBEPTUHKAM rpaHen.
TpebyeTcsa COXUTb UX HUX CUMMETPUYHYIO OUrypy.
XKenaewm ycnexa!

E.EnugpaHos
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SeTPY M COMHLY HaBCTpeyy

A.MUHEEB

A nyte v [anex, v [4osor,

U Hesb35 NoBEPHYTHL HA3as.
JIepxuchb, reonor, Kpemnce, reosor,
Tbl BeTpa u cosHya 6par.

[MMH reonoros XX Beka

TMMHETEOJIOTOB XX BEKA PEUD IIIJTA

06 OTKPBITHU T€0JIOTAMU MECTOPOK/Ie-
HUIl, TJIaBHBIM 06pasoM, DY, MeTaJIoB U
HEe60300HOGAAEMbLX NCTOUHUKOB SHEPIUU —
HedTH, Taza W KaMEHHOTO YTJA, ypaHa U
TOPUS U T.JI. A BeTep W COJHIE — «OpaThsi
reojiora» — B 2TOH mecHe mum (poHOM, Ha
KOTOPOM Pa3BOPAUYNBAJIICH OTKPBITUS 1T0JIE3-
HBIX MCKOMAEeMBIX.

B XXI Bexe apyrue BbI3oBbl. TyT yoke
BeTep M COJIHIIE PBYTCA B JIUAEPBI MUPOBOI
60306106.151eMOT HEPreTUKU. PByTCS € Ta-
KOIi CHJION M CKOPOCTDBIO, YTO T'PO3AT 10TEC-
HUTD U JIa’Ke BbITECHUTb CO BPEMEHEM yTOJIb,
HedThb, Ta3 U aTOM C IPOCTPAHCTBA IHEPTETH-
ku. IlpoiigeMcst ¢ pydkoil ¥ GJIOKHOTOM TIO
3TOMY HOBOMY «BO30GHOBJISIEMOMY TIOJIIO» U
TIPUCMOTPUMCS K T paM 1 HEKOTOPBIM TIPO-
6eMaM.

CKONbKO HY)>XHO 3Heprumn?

B nacrosiee BpeMss B MUpe TIPOKHUBAET
okoJi0 7,7 mapp uenosek (Mait 2019 1.) n na
KaKJJOTO B CPEIHEM TPATUTCS MOIIHOCTD
2,3 kBt. OO6mmee mnoTpe6ieHue sHEPTUN
npubusuioch K Bemmunse 0,6-10%" pxoy-
neitsrog, wm 0,6 Q/ron(1Q =10*! [Ix),
1w oxos10 20 TBr morroctn (2-10' Br).

Mioro ato wiu Masio? [lpuBenentas yuesb-
Hasi MOIHOCTb CPEJIHUX TOTPEOHOCTEN JIIo-
neit na 3emuie (2,3 kBt /4es) ckJaabiBaeT-
cs1 U3 GBITOBBIX 3HEProzarpaT (XoJI0MIbHIK
— 150 Br, komnbiotep — 300 Br...), sarpar
Ha TPAHCIOPT, MPOMBIILJIEHHOCTD U T./. Ile-
PENPOBEPUM ellle pa3 yKaszaHHble THQPHI,
BOCITOJTb30BABIINCH cJeaytorieil ungopma-

DOI: https://doi.org/10.4213/kvant20190901

mueii: B 2017 roxy Mup B I1I€JOM TOTPeOUIT
13,5 MuaIMapsoB TOHH HE(DTSHOrO IKBUBA-
aenta (THD). Oxna THI no sneprumn pasHa
4,2 - 10'° Ik, a 13,5 mapa THO cocraBur
0,57 Q /roxm, man JelCTBUTEJHHO OKOJIO
2,3 kBT Ha uenoBeka.

B 6yaymem (k2050 1.) 05KMIAI0OTCS yBEH-
yeHue Hacesienus /10 10 MJIp/1 uesioBeK, HEKO-
TOPBII POCT yIEJbHON MOTTHOCTH TIOTpelJie-
HUsSl 9HEPTMU U B Pe3YJIbTaTe UeJIOBEYECTBY
myskHo 6yzet 1o6b1Bath okosio 1 Q /rox, uin
uenpepbiBHO TI0TPeb.1s1Th 30 TBT MotItHOCTH.

CTpyKTypa NpOu3BOACTBA SHEpPruu
1“3 HeBO30OHOBMSIEMbIX
M BO30OHOBMNSIeMbIX UCTOYHUNKOB

C/Io’KMBIIAsICSI K HACTOSIIIEMY BpEMEHU
CTPYKTypa TPOU3BO/ICTBA SHEPTUU U JIMHA-
MHUKa ee U3MEeHEHUS B Teuenne nocyaearux 10
JieT ipuBeieHbl B Tabumie 1. Uro ciaenyer us
ATON TAGHITHI?

1) HeB0o306HOBIIEMbIE PECY PCBI 06ECTIEYn-
BAalOT OCHOBHYIO BbIPaGOTKYy aHeprum. Mx
nonst ceitwac 6ostee 80%.

2) Jlons aTOMHOI SHEPreTHKH OCTAeTCS
[IPUMEPHO TOCTOSIHHOI Ha ypOBHE 5%.

3) Yro Kacaercss BO306GHOBIISIEMbBIX UCTOY-
HUKOB aHeprun — BV, — rto:

« GOJIBIIIE BCETO SHEPTHUU JIAET MOKA CIKUTa-
HUE JIPEBECUHBI U GMOMACChI, HO JIOJIST 3TOTO
pecypca IOCTENEeHHO MaIaeT U ceifyac cocTaB-
ssteT oxoJio 10%;

«Ha BTOPOM MeCTe — TH/POIHEPTETUKA;
ATOT PECypc MO BeJNIHHE aGCOTIOTHON MOTII-
HOCTH TEHEpallul IMPAaKTUYECKNU BbBIIIEJT Ha
CTalMoHap, TaK KaK pailoHbl, B KOTOPBIX
1esiecoo6pasuo crpoutb ['AC, B ocHOBHOM
y’Ke OCBOEHBI; celfuac OHa coctaBJsieT 2,5%,
HO II0 Mepe PoCTa CyMMapHOTO MOTPebIeH s
SHEpPruu B MUPE JI0JIsI TUAPOIHeprun Oyjer
[IOCTETIEHHO T1a/1aTh;

« JIOJIT BeTpa W COJIHIIA OBICTPO PAacCTeT,
XOTS$I TTOKa B MUPOGOM TIPOU3BO/ICTBE SHEPTUN
OHA HEBEJINKA;



Tabmya 1

Bupg snepropecypca 2008 . | 2018 .

Hedrrb +ras+yromb, % 78 81
HeBosoGHOB/IIEMbIE

ArtomHuast aHeprus, % 5 5
Jlpesecuna u 6uomacca, % 13,5 10
Tuapo, % 3 2,5
Berep+cone, % 0,5 1,5 Boso6Hosnsiembie
Cymma 1o BeeM pecypeam, % 100 100
Boso6nosasiembie (npesecuna + 6o + 17 14
+ruapo + Betep + coJHIe)

. CyMMapHas 1071 BO30OHOBJSIEMBIX pe-
cypcoB (HecMOTps Ha POCT J0JIM BeTpa u
COJIHI[A) TIOKA CHUKAETCS, IJIABHBIM 06Pa3oM
13-32 CHUIKEHUST BBIPAGOTKY S9HEPTUH U3 JIpe-
BECHHBI U GFIOMACCHI.

Ha stom dote niaanbl 0moeibHvlx CTPaH 1o
Pa3BUTHIO BOBOGHOBJISIEMOT 9HEPTETUKH, TTPH-
Be/IcHHbIE B Taljwile 2, BBITJISASAT OYEHD

B 2020 rosy HaMe4YeHO JJOCTUYDb YPOBHS TeHe-
paru sHepruu ot BUI B 27%, k 2030 roxy
TakKe MOXHO oxxkugarb 35—40%. U pmaxke
Dpannus, rae saepHas dHEPTETHKA BCera
Obly1a HAIIMOHAJIbHBIM IIPUOPUTETOM U €€ JI0JIST
B BbIPAaOOTKE 9HEPTUU B HEJABHEM MPOIILIOM
jpocturana 75-78%, B mocjejHee BpeMs Ha-
Meuaet poct goan BUD no 40% (x 2035 r.)

Tabmiya 2
Crpana MHHI_‘Ilzgle.ﬂ?}zlg?é r.) [[(02%51 ? rI./I)3 Hennb
Tepmanuist 80 28% 80% x 2050 r.
Tanuga 5,5 49% 100% x 2050 1.
Nuaug 1400 10% 40% x 2030 r.
Kurait 1400 9% 27% x 2020 r.
Dpanius 65 18% 40% x 2030 r.

aM6u1Ino3H0. OTAENBHO OTMETUM CUTYAIIUIO
B 'epmanun u [lanun. T'epmanus nocsie aBa-
pun Ha ADC B Anouckoil DyKycume MpuHs-
Jla pellleHre TIOJHOCTHIO 3aKPBITh ATOMHYIO
remepaiuio y cebst B crpame 1 hopCHPOBAHHO
nepeiT K BO30GHOBJISIEMBIM HCTOUHIKAM
anepruu. B 2014 rogy cymmapnag o BUO
B Tepmanun cocrasuna yxe 28% (Berep —
10%, coqmue — 6%, ruapo — 3%, 6uo — 9%).
B «xpomieunoit» [/lannn, nmmoHepe ocBOeHNS
BETPOIHEPTETUKY, JOCTUTJIA YPOBHS BETPO-
rerepaiuu B 50% 1 He cOOMPAIOTCS HA 9TOM
OCTaHaBJIMBATLCSA. UTO KacaeTcs «TsKeJToBe-
coB» 1o nacesenuio (Muauga n Kurait), To
Wuausa upeanosaraer soidt Ha 40% B k
2030 roxy. Cyns no Tomy, uto B Kurae yxe

U IOCTENEHHOEe CHIYKEHNE aTOMHOM reHepa-
mmn 10 yposusa 50% (k 2035 r.).

C ueM cBsi3aHO Takoe BHUManue Kk BMI?
TyT HECKOJIBKO COCTABJSIONMX. BO-TIePBHIX
— axoa02uneckas. TIpu IpOU3BOACTBE dJIeK-
TPOSHEPTUK € IOMOIIbI0 BO30GHOBJISEMBIX
UCTOYHUKOB sHeprun (BeTep, COHIIE, THPO)
OTCYTCTBYIOT BpPE/IHbIE BBIOPOCHI U, 0COGEH-
HO, oOpaszoBanue yriekucsoro raza (CO, ),
BJINAIONIETO Ha KJIUMAT U IJ106aJbHOe HOTell-
Jenne. Bo-BTOpbIX — pecypcnas. 3anace
HEBO30OHOB/IIEMBIX MCTOYHNKOB SHEPTUH Ha
3emae orpaHudeHnl. Pecypc ke Betpa u
COJIHEYHOIT SHEPIUU BeChbMA BEIUK 1 IIOAAEP-
JKABAETCS, [IOKA CBeTUT Halle HeGecHoe cBe-
THUJIO.
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HeBo306OHOBNSIEMble UCTOYHUKU SHEPrUMm:
pecypcbi

Ha pucynke 1 mokaszaHbl OCHOBHBIE CTpa-

HBI-IIPOU3BOIUTENN U OKUJIAEMbIE TIEPUO/IbI

MaKCHMyMa I00bIYN 3TUMHU CTpaHaMu HeTH,

raza ¥ KaMeHHoro yrJst. Buano, uto B XXI

2019/Ne9

TeTUKM CYIEeCTBEHHO BbIlie. ECTb BO3MOXK-
HOCTb UCII0JIb30BAHUA KaK yPAHOBOIO, TaK U
TOPUEBOIO TOILJINBA, a TAKXKe COKUTaHUe TOII-
JITBA B PeaKTOpax Ha OBICTPBIX HEHTPOHAX,
41O emie 6oJiee pacHmpsieT pecypcHyio 6a3y
aroMHoOl TeHeparuu. [lo cremenu BausHUS
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Puc. 1. BpemerrHde ronoxerme rmkos go6bidm

crojietun GyjieT TPOHJEH MUK J00bIYU U
JIOJIKHO TIPOU30MTH TTOCTETIEHHOE NCTOIIEH e
3aI1aCOB 9THUX IT0JIE3HBIX NCKOIIaeMbIX. OTMme-
TUM, YTO THK JOOBIYM KaMEHHOTO YIS B
CHIA, IOAP u Kurae y:xe mutosas. /[o6bI-
ya HedpTH W raza GyAeT CHIKAThCS yKe B
OsKaiiime JecaTuaeTss B GOJIbITUHCTBE
ctpaH, 3a uckaouennem CIITA n Kanazasr. B
cnannax (CIIIA) u GUTYMHBIX IIeCKaX H
rmmnax (Kanaga) 1oBosibHO MHOTO HedTH U
rasa, O/IHaKO WX M3BJeUeHNe BbI3bIBAET CEPb-
e3Hble 9KOJOruuecKue mpobembl. B aTom
CMBICJIE PECYPCHI CHIPbSI [IJIsSI ATOMHON 9Hep-

Ha OKPY>KAIOIIyTo cpefty n3 6OJBIION TPOIKN
HEBO30GHOBJISIEMbIX pecypcoB (ras, HedTb,
YTOJIb) Ta3 ABIAETCS HauOOoJIee YUCThIM, Ka-
MEHHBIN yToJ1h — HanboJiee rpsasHbiM (BBIOPO-
ChI 2JIEKTPOCTAHINN Ha Ta3e MPUMEPHO B 2
pasa MeHbllle, 4YeM Ha YIJe; TPHU Ta30BOH
reHepanyuu HeT 30JIbl U CaKM W T.j1.). la3
yuiie, yeM 6uororinBo. Hakomer, ecTb ere
O/THO BaskHeIIee JOCTOMHCTBO Ta30BOU rete-
paIiu 3IEKTPOIHEPTHH — BO3MOXKHOCTD Obl-
CMPotl pezyauposKu MOWHOCMU, YTO BAKHO
npu 6aJaHCUPOBKE TeHepaIii SHEPTUH C ee
norpebJeHIEM.



Bo30GHOBNsieMble MCTOUYHUKMN 3Heprum,
0c06GEHHOCTU reHepauuu

MotopoM, TTPUBOJSIINM B JBUKEHUE OC-
HOBHbIE BO30OHOBJISIEMbIE MCTOYHUKU IHEP-
ruu, siBasetcs uaayderne Comnnna. braroga-
P 9TOMY TEKyT PeKH, JIyeT BeTep W pacTyT
pacTeHnsd. JHEPruio COTHEYHOTO U3TyYeHns,
JIBUYKEHUST BETPA, T€UEHMs BOJbI I GHOMACCY
€CTEeCTBEHHO MCIIOJIb30BATh IS HYK/ 4eJI0-
Beka (puc.2). Ilosydyarb SHEPTHIO MOKHO
TaK>Ke, UCII0JIb3Y S TEIJIOBbIE IIPOLECChI, 1PO-
UCXOJAIINEe B TOJIIE 3eMHO ITOBEPXHOCTU 1

CacC

(COTHEUHDIE HIEKTPOCTAHIINY)

B paio Apxumed, Iacxarv u Hoomon
uzpaom 6 npamru. Apxumeo 600um u Hauu-
nHaem cuumamo. Ilacxanv ybezaem 3a zopu-
soum, a Hovtomon ozasidvieaemcs, Gepem
naixy, pucyem 6oxpye cebs Keadpam co
CMOPOHOTL 00U MeMP U CINAHOBUMCSL GHYMP
Kkeadpama. Apxumeo 3axanuusaem cuumamo,
omkpvieaem zaasa u sudum Hviomona. — A
suxy Hwviomona! — 39, nem! Hwvromon na
keadpammwiii memp 3mo Iackanw!

Mpbl TOKe, Kak M B 3TOH IIyTJIUBOI TIPUT-
ye, IIPUCMOTPHUMCS CHavyasaa U3jlaleKa U 3a-

buomacca

(ruapoaaexTpocTanimm)

Puc. 2. OCHOBHbIE Bkl BO3OOHOB/ISEMbIX UCTOYHIIKOB SHEPrm

OKeaHax. IJTH BO30GHOBJISIEMbIE UCTOUHUKI
9HepPrun Ha HeGOIbIIOM YPOBHE UCIIOIH30BA-
JINCh WCIIOKOH BEKOB, HO CeiiYac Ha HAIIUX
rjiazax MPOUCXO/IUT PEBOJIOIIS B UX [TPUMe-
HEHUN.

3 B0306HOBIISIEMBIX HCTOYHIKOB SHEPTUU
ruapo n 6moMacca 6JM3KH K HACHIEHNIO, B
TO BpPeM:I KaK TeHepalys ¢ TOMOIIbIO BeTpa
coJrHIIa 6BICTPO pacteT. Ha HIX MBI 1 TOCMOT-
puM mo6smke. HaBekuaky — HeT TIpo6seM.
W3BecTtHa Takasg mpuTyIa:

TeM MOOJIDKe, Kakasd MOIHOCTh OT BO300-
HOBJISIEMBIX WMCTOYHUKOB TIPUXOJANTCS Ha
KBa/ipatHbIil MeTp. B posm Hbiotona 3mech
BpicTynut J[Dkeiime Yarr. Ypenabnad Moll-
HocTh um3Jsydennss Cosnia BOM3M OpOUTHI
3emau cocraBager 1,4 KBT/ M? (conmednas
nocrosiiHas). Ecin 6bI 9Ty MOIIHOCTD MOK-
HO 6bLIO 6e3 MoTepb IePEBECTH B AJEKTPO-
sHepruio, To TpebyeMblie uesoBeuecTBy 20—

30 TBr sauguau Obl mJaouajgb BCEro
(1,5-2)-10' m* = 15000 — 20000 kM* . He




6 KBAHT

TaK MHOTO — TLJOINA/b KBajpara cO CTOPO-
noit 120—140 xm.

Ecoi ve BraBaThCs B IeTaJH, TO U C BETPOM
MoX0sKast 6J1aronpusiTHast KapTuna. JleicTBu-
TEJTHHO, MOTITHOCTH N, pa3BUBAaeMyIO Bparia-
IONIMMKCS JIOTIACTSIMU BeTpoarperata, MOK-
HO OIEHUTH B BUJIE IPOU3BeieHne CUIbl F Ha
CKOPOCTb BETpa v: ,

2
N=Fv=piSv, I ﬂ=pi,
2 S 2

rae S — apdexTuBHAA TLIOMA/B, P — ILJIOT-
HoCTb Bozjayxa. [lpu p =1,3 KF/ M u CKOpO-
cti Betpa 0 =10 M/c yaeapHas MOITHOCTD
cocrapiser N/S ~ 650 Br/m* — semuumiy
TOTO JXe OPSIIKA, UTO M COTHETHAS TIOCTOSTH-
Hasl.

Kazamnocw 6b1 Bce xoporo. Ho ecam ipu-
CMOTPETBCS. ..

CouHeuHas reHepanusi. Bemuunna sekt-
pO3Heprun, CHUMAeMOil C e/[HUIIDI TLIOIIAU
COJIHEUHDBIX TIAHEJIel B PedibHblx KOHCMPYK-
4usix, OKa3bIBAETCSI HA HECKOJIBKO TOPSIIKOB
nmxe. [Ipuunn neckosbko. Hampumep:

- n3aydenne ColHIlA, MPOXoAas arMocde-
Py, IPUXOJNUT HA MOBEPXHOCTH 3€MJIH CUJTh-
HO 0CJIa0JICHHBIM;

« B MaTepuaJje COJHEUHOI TTaHe N N3Iyde-
HUE TOTJIONAETCS JIUIIb YaCTUIHO;

« KITI/ npeo6Gpa3oBanus TOTJIONEHHOM
SHEPTUM B 3JICKTPUYECTBO HE CJMITKOM BBI-
COK;

«B HOYHOI Mepuos U Tpu 06JAYHOCTH
U3JIyYeHHe CYIECTBEHHO MEHbIIIE.

Uro moJy4yaercss B UTOTe JJisI PeajbHbIX
KOHCTPYKITUI co/tHeuHbIx naHeneii? [lo gan-
HbBIM HEMEIKUX uccsegaoBareseil (He sauHTe-
PECOBAHHDBIX B 3aHUKEHUU BEJMYNH ), XapakK-
TepHas BeJIMYNHA y/IeTHbHOTO 3HEprocheMa ¢
COJTHEYHBIX TaHeJell CcoCTaBJsIeT BCETO
~1 BT/M2 B cpeaHeM 110 conneunbiM COC B
MUpE, ~ 5 BT/ M Ha teppuropnn TepMarin

n ~20 BT/M2 B Caxape. ITO TPUBOANT K
o4eHb OOJIBIINM TLIOMAASIM U OTPOMHOMY
pacxomy MarepuasoB. B pesysabrare npu
yI€JBbHOM 9HEProcheMe B 5 BT/ M [1s Toa-
HOIT 3aMeHBI TpeOyeMOoll 4eT0BeUeCTBY IHEP-
run (20-30 TBrt) ¢ momompio CIC Tpebyer-
ca momaas maneneit ~ (4-6)-10" m* =
=(4-6)-10% kv? |
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Uro Kacaercs MaTepUaJIOeMKOCTH, TO IIPU-
Be/leM BCero mapy IoKa3aTeJbHbIX IUdP.
W3BectHO, uTO A7 06ecrieueHnst KOHCTPYK-
IV COJTHEUHBIX MTaHe el Tpe6yeTcst HeCKOJTh-
KO KMJIOTPaMMOB QJTIOMUHUST Ha KK IBIH KBAJI-
paTHBIN MeTp X Tonaau. Ecim 1uis oreHkn
B3ATH 2 Kr/ M%, TO TIpH IUIONAN TIAHeJIeH
(4-6)-10" m? norpeGyercsi okono 10" romn
amomunus (1). TIpu T1oii ke oTpeGHOCTH B
MaTepuaJax KasK/OMy MeraBarTy 3JeKTpH-
YeCKOil MOIIHOCTH, CHUMAaeMOMY C COJIHEY-
HOM manesn, coorBeTcTBYyeT 400 TOHH MeTa-
nokoucTpykumii (1).

BerpoBasa renepammsa. IIpu ucnosb3osa-
HUW BeTpa CHUMaeMasi ¢ BeTpoarperara Mor-
HOCTDb OBICTPO PACTeT MPHU YBEJUYEHUN CKO-
poctu (~¢°). Opmako, Kak u B ciydae
COJTHEYHOI TeHepaly, ecTb psia PakTopos,
YMEHBINAIONNX BBIXO/[ SHEPTUU C €TUMHUTIDI
mromaan. Tak, BeTpoarperarsl OJKHBI pac-
MOJIAraThCs HA JIOCTATOYHOM Y/IQJCHUH JIPYT
oT apyra, wHaue OyJleT HapyIleH XapaKTep
TEYEHMS BO3/IyXa; MJIONIA/b JOMACTEH BETPO-
arperata Bcerjla TOpas3jo MEHbIe 3aMeTae-
MOWH MMM IJIONIQ/I; BETpoarperarbl ILJI0XO
pabotaioT npu OoYeHb GOJIBIIOI U OYeHb Ma-
JIOI CKOPOCTH BO3/yXa.

Tunuunoe sHaueHue y/1eJbHONH MOIIHOCTU
Ha eJIMHUILY IIJIOIA U 3€MHON IIOBEPXHOCTH,
oTuyKaaeMoil BerpoarperatoM (110 JJaHHBIM
HEMEI[KUX WCCJeoBaTeieii), cocTaBser
2-3 BT/ M2, Tor ke TTOPSIJIOK, YTO B CJydae
cosiHeuHoi renepanuu. Ilostomy ama noJ-
HOI 3aM€eHBI Tpe6yeMOil ueIoBeuecTByY dHEP-
THW TIPY UCTIOJIb30BAHUT BETPa MOTPEOYIOTCS
TOT K€ OTPOMHBIN YPOBEHb HEOGXOIUMBIX
momaaeit g pasMellleHds] BEeTPOyCTaHo-
BOK, IMOpPS/JIKa 10" M? =107 xM?, u TOT 3KE
YPOBEHDb MaTepuasoeMKocT. B smreparype
MPUBOANTCS Takas Tmmdpa [JiS BeTPSHON
regeparun: 1 MBt coorBerctByer 100 T
CTAJTbHBIX KOHCTPYKITWI BeTpoarperara, T.e.
JUIS TIOJTHON 3aMeHbl TpebyeMoil sHepruu
BETPSIHOI TeHepalieii morpedyercst mopsiKa
(2-3)-10° ToHH CTaTBHBIX KOHCTPYKIHii.

B pesyabrare mosydaercs, 4To nepexo/l Ha
BeTep M COJIHIIE [IOJIKEH CONPOBOXKIATHCS
OTPOMHDBIMH 3aTpaTaMy MaT€pPUAJIOB U OUYCHb
GOJTBITIMHA  TIJIOMIASAMI  [IJIST  Pa3MEIeHs
o6opynoBanus. [1pudeM TPON3BOACTBO ATUX



MaTeprasoB (He rOBOPS yKe 0 PeKO3eMeIb-
HBIX dJIEMEHTAaX, TPeOYIONUINXCs [T IPOU3-
BOJICTBA COJIHEYHBIX Garapeii) He sBjisiercst
akosiornyHbiM. He cayvaiino I'epmanus BbI-
BOJIMT W3 CTPAHBI CTAJIbHYIO U ATIOMUHUEBY IO
OTpacJ TTPOMBITIIEHHOCTH B cTpanbl IO0T0-
Bocrounoit Asun n Bocrounoit EBpombr, 1me-
peMeriasi HedKOJTOTUIHbIE TEXHOJIOTUH B [IPY-
rue pernoHel Mupa. Ho Kyza B TakoM caaydae
IepeMeIiarh, ecJau BCe CTPAHDI pelar Imepe-
XOJIUTh HA BETEp U COJHIlE?

Bpemennoii 6asanc notpedeHus 1 reme-
panun. Ha pucynke 3 mpuBejieH Xapakrep-
HbII BU/] KDUBOIT TIOTPE6JIEHNUST 9JIEKTPOIHED-
TUU B TeyeHHe cyToK. Ha HeM MOKHO BbIe-
A

B NN
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Puc. 3. BpemeHHOW XapakTep roTpebrieHns ek -
TPOSHED MM

JIUTHh YTPEHHUIT U BeYepHUN MK 110Tpe6Te-
nus (6-9 4 u 18—21 4 COOTBETCTBEHHO) U
HEKOTOPBbIii Cllaj| B THEBHOE U HOUHOE BPEMSL.
[IMK IPOU3BOJACTBA 3JEKTPOIHEPIUU IIPU
HCIOJIb30BAHIU COJTHEUHOI TeHepaliuy, Ipu-

b a)

t,u
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Puc. 4. BpemerHo xapakrep cosiHeqdHou (a) u
BerpaHou (6) reHepatmm

XOJAIMICS Ha JHEBHOE BPeMs, IPUBE/EH Ha
pucyske 4,a. YepHast KpuBasi COOTBETCTBYeET
6e306automy HeOy, IBETHbIE — BapuUaHTaM
o6maunoctu. IlepeMeHumBbIil XapakTep Ba-
PHAHTOB BETPAHOII TeHepaluy IIOKa3aH Ha
pucynke 4,6. ComocraBjieHue KapTUH I0-
CTYIUIEHUS ¥ TIOTPEOJIEHUST DIEKTPOIHEPTHU
MOKA3BIBAET, YTO KOPPEJSAIUN MEXKLY HUMU
HEeT 1 coGJIOCTH GaslaHC 8 KAKObili MOMEHM
6peMery TIPY TIPSIMOM HCTIOTb30BAHUN TOJIb-
KO COJIHEUHON ¥ BETPSAHOI reHepalui HeBO3-
MO>KHO.

KoadPpunuenr ncnoabzosanust MOIHoc-
TH BO300HOBJISIEMbIX H HEBO300HOB.II€MbBIX
HCTOYHHUKOB 3Heprum. llepemennblii n naxe
HENPe/ICKa3yeMblil XapaKTep TeHepaIui SHep-
MU BETPa M COJIHIA TPUBOJUT K TOMY, UTO
COOTBETCTBYIOIINE arperaTbl MCIOJb3YIOTCS
HEONTUMAJIbHO 1 KOO UITUEHT UCTIOTb30BA-
HUS MOIHOCTH CHUsKaeTcs. Ha aTOMHBIX
HJIEKTPOCTAHIUAX 9TOT KOO UIMEHT I0CTH-
raer 95-98% (B cpeanem on Bbime 80%).
Jl1s1 BeTpoarperaToB OH cocTaB/sieT IpulIim-
sutesbHO 17% B cpexteM 1o Esporme, 15—
20% B T'epmanun, 15% B Kurae, 25% B CIIIA,
rjle MHOIO TEPPUTOPUI, Ha KOTOPBIX IOCTO-
STHHO JIYIOT CUJIbHBIE BETPbI. J[JIsT COTHEUHBIX
HJIEKTPOCTAHINI KOO MUITMEHT UCTIONB3OBA-
Hig MomHoctu nopsaka 10% B Tepmanum,
15% Bo @pannuu, 15-10% B CIIA. 3T0
03HAYAET, 4TO YCMAHOGACHNAS MOIIHOCTDH
reHeparui BeTpa u COJIHIIA, T.€. Ta, KOTOPYIO
MOKHO GbLIO GBI MOJIYYaTh [P ONTUMAJIb-
HBIX YCJIOBUSIX, CYIIECTBEHHO IIPEBbIIIAET
MOTITHOCTD, KOTOPast (PAKTUYECKH BbIpaGaThi-
Baercs.

Yrto penatb?

Bepuemcst k Tabauie 2, B KOTOPOil oTpa-
JKEHDI IIJIAHbI PE3KOT0 YBEJNYEHUS /1011 BO-
300HOBJISIEMBIX MCTOYHWKOB SHEPIHH, U TO-
mpoOyeM HallynaTh MyTH BBIXOJAa U3 TMPO-
6;1eM GAJTAaHCUPOBKM TEHEPAIu W MOTped-
JICHWS 3JIEKTPOIHEPTUN TIPU BBICOKOM YPOB-
He ObICTPO MEHSIONIENCcS BO BPEMEHU [10J€
BETPSIHOW W COJIHEYHOU TeHeparu. U3 06-
MUX COOOpaKeHuil OTMETHM, YTO HEOOXO-
JIMa cBoeo6pasHasi «OCHOBA», UJIH <«IHEP-
reTuyecKast IOAYHIKa», T.€. <IOCTOSHHbIN
sHepreTHyeckuit ¢oH», Ha KOTOpPOM OyaeT
BbIpacTaTh «Ha/CTPOika» B BUJE IIepPEeMEH-
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HOIl BETPSIHOM M COJIHEYHOI TeHepanuu. 3a-
TEM HY’KHbBI CHCTEMBI, KOTOPbIE MOTYT OBICT-
PO MEHATH BBIABAEMYIO B AJIEKTPHUYECKYIO
CeTb MOIIHOCTb, KOMITEHCHPYS CKAuKH BeT-
PSHOW W cOJIHEYHOH reHepanmu. Haxowrerr,
HEOOXOIMMBI CUCTEMBI HAKOTIIEHUST W3JIUTIT-
KOB HEPTUU € Te€M, 4TOOBI B HY;KHOE BpeMs
MOTPATUTD UX.

Ha posb «IIOCTOSSHHOTO 3HEPreTHYecKoro
(onas ugeasbHO MOAXOIUT ATOMHAS dHEPTe-
tuka. Ee gydiie mokasaTesm COOTBETCTBYIOT
[IOCTOSIHHON MOIITHOCTH TEHEPAIIUHU, [T0ITOMY
HBIHEMHIOW 10110 (5% B MUPOBOM HEpreTH-
Ke) JKeJareJbHO He CHHXKATh, a HAaoGOpOT
HapamuBath. [logxonar u aneprust I'9C,
HbIHEIHUH ypoBeHb Kotopoit (3%) Taxske
YMEHBITaTh HEXETATeJbHO, W HCTOJb30Ba-
HUe GMOMAcChI JJIST TIPOM3BOICTBA AJIEKTPO-
snepruu. Takum o6Gpa3om, MOKHO obecrie-
unTh «hoH» Ha ypoBHe MuHUMYM 20% MH-
poBoro norpebaeHus saekTposnepruu (Jryd-
e — ere GOJIbIIE).

Basxmoit coctaB/igionieil MOXKeT cTaTb ra3o-
Bag renepanusi. OHa, C OIHOU CTOPOHBI,
saBJsieTcs: HanbGoJiee YUCTON M3 HbIHENTHEl
«60J1b110#1 TpOliKK» (ras, Hedrb, yroman). C
JIPYTOii CTOPOHBI — 3aMachl rasa [0CTaTOYHO
peukn (B pamkax XXI Beka). Haxowerr,
ra30Bble 3JIEKTPOCTAHIINN MOTYT YBEJUUH-
BaTb TIOCTOSTHHBIH <«(OH» MPOU3BOACTBA
3JIEKTPOIHEPTUH U, YTO OUEHD BaXKHO, TTO3BO-
JISIOT JIETKO 1 OBICTPO MEHSATD BbIIaBAEMYTO B
CeTb MOMIHOCTD.

BapuanTbi Ha 0CHOBE THAPOAKKYMY JIHPYIO-
mux aJsekrpoctanimit — A9C — Ttakske
BaKHBI IIPU TIOKPBITHH ITMKOB ¥ CIIa/[0B MOIII-
noctu. CorJyiacHo npuniuny jeiicrsust, TA9C
3aKavyuBaeT BOJAYy B GacceilH HaBepx, KOTJa
ecTb U36BITOK MOIITHOCTH, 11 COPACHIBAET BOLY
BHU3, BBIPAOATHIBAsI 2JIEKTPOIHEPTHUIO, KOT/[a
MOIITHOCTH HE XBaTaerT.

Kpowme Toro, ncrospzoBanme 6HOMacchl st
MTPOU3BO/ICTBA SHEPTHH TOKE HEJH3ST COPACHI-
BaTh €O cueTa. Ee MOXKHO nCnoib30BaTh u A1
nojiepskanus «QoHas, u A1 KOMIEHCAIUN
MIUKOB MOTPe6IeHIST MOIITHOCTH.

A 4TO nesaTh, ecJu ypoBeHb BeTPSIHOM n
COJIHEYHOI TeHepalluu CTaHET OYeHb 6OJIb-
mwmM? B atom caywae momnamobsrcs 6osee
pazuKasbHble pelenus. B ureparype npes-
JIOJKEH TaKO# KOMILJIEKC Mep:
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« CO3/IaTh pe3eps MOIIHOCTEN He60306H06-
JSIeMblX UCTOUHUKOB;

 YBEJUUUTD YCTAHOBJIEHHYIO MOTIHOCTD
BO30GHOBJISIEMbIX UCTOUYHUKOB (3anac no ze-
nepayuu BH3I);

« TIePEKAYNBATD MOITHOCTh W3 PETHOHOB,
r7ie OHa B U30BITKE, B T€ PETUOHBI, TJE ee He
xBartaer (cemu mepemaun sHeprum);

« AKKYMYJIUPOBATh U30BITOUHYIO SHEPTHIO
C 1IeJIbIO ee UCIIOJIb30BAHUSI BO BpeMs He/l0-
CTATOYHOU BETPO- U COJIHEYHOU TeHeparun
(naxonumenu).

Kparko ocranoBuMcst Ha 9THX Mepax.

Ecnn aneprocucrema ocHOBaHa TOJIBKO Ha
BETPOBOI W COJTHEUHOI TeHepalnu, To Heob-
XO/IIM pe3epB HEBO30OHOBJISIEMbIX HCTOUHI-
KOB TOH ke MOIMHOCTH. DaKTWYecKw 35TO
TMPUBOIUT K OYOIUPOGAHUIO YCTPONCTB TeHe-
paIum MOIIHOCTH, TIPUYEM KaKIbII W3 3Jie-
MEHTOB HCIIOJb3yeTCS HEONTUMAIBHO.

Ecoi cyniecTBEHHO MOBBICUTH YCTAHOBJIECH-
HYIO MOIIIHOCTD BETPO- U COJTHEYHOI renepa-
UK Tak, 4ToObl Jaxe Ipu cjaaboM BeTpe u
c1a60M OCBEIEeHNN SHEPTHH GbLIO J0CTaTOY-
HO, TO YCTDOIiCTB renepanuu moTpeGyercs
ropaszio 6oJible. BbLTO MOICUNTaHO, YTO IPU
noJie Betpa 1 couHna 60% 9TuxX ycTpoiicTB
HY’KHO BziBoe Gouibiiie, ipu 80% — B 6 pa3
6ompbre u mpu 100% — B 10 pas Gompmre(!).
ITO OTPOMHDIN PACXO PECYPCOB, OMSATD JKe
MCTIOJIb3YEeMBIX Hea(hHEKTHBHO.

Pa3BuTne MarucTpasbHbBIX CHCTEM Tepe/ia-
YW SHEPTUH B IPYTHE PETHOHBI TpeGyeT paju-
KaJbHOTO OOHOBJIEHUSI CETENl U yBeJUueHUst
UX TIPOMYCKHOI croco6HOCTH B 7 pas mpu
joJie Betpa u cosria 60% u B 12 pas mpn
100%. 3ajmada ouenb aMOUIMO3HAL.

Wcnosb3oBanue HaKOIMTENIEH WM aKKY-
MYJIITOPOB 9HEPTHH YIMPOIIAeT 3a1auy 6a-
JIAHCHPOBKHM MPOM3BOANMOI U moTpe6Isie-
MOl MOIHOCTH ¥ B TPUHITAIIE MOMKET I0-
3BOJIUTDH TIOJTHOCTBIO 060UTHCH 6e3 HeBO300-
HOBJISIEMBIX HMCTOYHUKOB sHepruu. OHAKO
XpaHeHne n30bITOYHON dHEPTUU B GOJIBINX
MaciTabax CTAJKUBACTCS C HEPEIIEHHbIMU
moka mpo6eMaMu — eMKOCTHIO HAKOIHTe-
Jieit, pecypcoM, T.e. KOJHYECTBOM ITMKJIOB
3aps/iKa-paspsika, MOTEePSIMU TIPU 3apsiIKe
u paspsike. Kpome rtoro, s uszomosie-
MU HAKOTIUTEJIel HY3KHO 3aTPATUTH J0BOJIb-
HO 6OJIbIIIOE KOJMYEeCTBO sHepruu. Tak, B



EBporie nipu ncrosib3oBannn B KayecTBe Ha-
KONUTes el JUTUH-UOHHBIX 6arapeil u ad-
(EKTUBHOCTH TIMKJIA 3apsi/iKa,/ pas3psijika B
85% /s IPOM3BOCTBA ATUX OaTapeil Tpe-
6yercs aneprusi, B 15 pas () npesbrmaio-
1asi HbIHEITHee TO0BOe TTOTpebIeHne aHep-
run B EBpore.

B nocsieninee BpeMst 04eHb MUPOKO 00CY K-
JTaeTCs MepPexXo/l K TaK Ha3bIBaeMOM BOJOPO/I-
Hoit sHepretnke. CaMo HasBaHMe HaMeKaeTr
Ha HOBBIIl CIOCOO NPOU3EOICMEA dHEPTUN.
Ho daxTtuvyecku 310 OMUH U3 BapUAHTOB
naxonumens (aKKyMyJiaTopa) SHEPruM, B
KOTOPOM CHAYAJIA TT0JTyYal0T BOZAOPO/I U3 BOJIBI,
3arpaunBas 9HEPrHIo, 3areM Xpauar ee (B
6aJLIOHAX MJIM TOILIMBHBIX SYeiiKax) W, Ha-
KOHeII, BBICBOOOIK/IAIOT 10 Mepe HaJ0OHOCTH
(mampumep, B aBTOMOOUIIE).

[IpuMennTeTLHO K MUPOBON SHEPTETHKE C
6OJIBIIION /10JIell BETPO- U COJTHEUHOU TeHe-
paium 3TOT CIOCO6 OKA3bIBACTCS HE CJIUIII-
koM adpdextuBHbM. [efictButenbro, KII/]
MOJIydeHus BOJAOPO/A M3 BObI COCTABJISET
65—70%, a KII/] roJyiydeHust 1eKTPUIECTBA
u3 Boyopoja ~ 50% . Takum ob6pasom, cym-
mapubiii KIIJ[ cocrasisier Bcero 30—35%,

T.e. GOJIBINAS YACTh IHEPTUH BHIOPACHIBAET-
cs1 Ha BeTep. B TO jKe BpeMs UCII0JIb30BAHIE
BOZIOPO/Ia Kak euda monauea (B TpaHcmnop-
Te) B IPUHLUIIE MOXKET CTaTh PEaJbHON 3a-
Menoil HedTH, 3aIachl KOTOPOI BecbMa Or-
paHUYEeHbI.

L

B wurore pasButHio BO306HOBJISIEMBIX HUC-
TOYHUKOB 9HEPrUnu ceityac mpugan 6oJIbIIon
UMITYJIbC. Y POBEHD 3aTpPaT HA BETPO- U COJI-
HEYHYIO TeHePAIIIO TPEBBICUIT OJIUH TPUJLIH-
on posmapos (1). Tlo mepe pocra gosm BUI
MOSBIJINCH TPOGJIEMBbI U (PAKTOPBI, CAEPIKI-
BaloIue ee pasBuTHe: AyOJMPOBAHNIE MOIII-
HOCTEH, YIIpaB/seMOCTb, CETH W TIOTepH B
ceTsAX, pecypc 06OPYAOBaHUS, MeJIeHHOe
passurtue Hakonureseit, KI1/ nakonureeii,
HU3KUI K03((PUIHUEHT ICIOJIb30BAHIST MOTII-
Hoctu. bummkaiimme 10—20 ser mokaxyr,
HACKOJIbKO PeaJIbHbl IJIAHbI 1 aMOUIIH, KAK
YIACTCsI PEMIUTD IIPOOIEMBI U KAKUM OKAKET-
cs Ha ziesie yposenb B B mupe.

Mpwn NoAroToBKe CTaTby NCMOMb30BANUCh AaH-
Hble A AAHnmnorosa, Cbe3rnHa n [.CraHkeBuya.

KapTorpa®una 1 KprBM3Ha

U.TAUMAHOB

3A[[AIIA O ITOCTPOEHUUM HAUBOJIEE
TOYHOU UJIN YIOGHOI JIJIs1 UCIIOIb30BAHUST
KapThl 3eMHOI TOBEPXHOCTU N3BECTHA C J1aB-
HUX BpeMeH. OTo6pajkeHne 3eMHOI TOBepX-
Hocti (MM YacTy ee) Ha IIOCKOCTh Ha3bIBa-
ercsa kaprorpaduueckoil mpoeknueil (kap-
TOI) W COMOCTaBJIAET TOYKE MOBEPXHOCTH
TOYKY Ha TIJIOCKOCTH.

[ToHsATHS ZOJATOTHI W MTUPOTHI BBEJ B HaUa-
ge II Bexka Hamieidl apbl JpeBHErpeYecKuii
MaTeMaTuk u reorpad Mapun Tupckuii s

DOI: https://doi.org/10.4213/kvant20190902

TOTO, YTOOBI MOCTPOUTD € MX TOMOIIBIO Kap-
Ty, KOTOPast COXPaHsIeT MACIITal [JIMH BIOJIb
9KBATOPA M BCEX MEPHAMAHOB. JTa MPSAMOY-
roJibHast KapTa CTPOUTCS OYeHb POCTO: 060-
3HAYMM Yepe3 ) JO0JTrOTy, a 4yepe3 @ mupo-
Ty; ecau Touka ¢ koopaunatamu (Ag, @)
oro6paskaercst B Touky (0,0), T0o TOUKa C
koop/iHaTamu (A, @) oToGpaskaeTcs B TOUKY
MJIOCKOCTH C KOOPAWMHATAMHU X = A — A,
Yy =@ — @, . Taxas npoexuus (puc.1) HazbI-
BAETCsI PABHONPOMEKYTOYHOMH U /10 CUX TOP
HCIIO/Ib3YETCsT, HATPUMED, B TeonH(pOpMaIm-
oHHBIX cucreMax. [Ipu Heil He coxpaHIOTCS
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HYJEeBOMY MepUHMaHy Ha
KapTe yKasaHbl JOJIOTHI.
Yr0o6bI 36e3KaTh [10J00HBIX
cutyaruii, B KoHie XIX
BeKa ObLJI MPUHAT €/[UHBIIT
HyJIeBoi Mepuanan — ['puH-
BUUCKUH, TTPOXOSATITIH de-
pe3 I'punBHUCKyi0 0o6cep-
BaTtopuio 1o/ JIoH10HOM.
B cepenune XVI Beka
MepkaTop TOCTPOUJ Kap-
Ty, KOTOpas coXpaHser

Puc. 1. PaBHOMPOMEXYTOYHAaA MPOeKLMSA

HU MacmTalbl JIJTWH, HU YTJbI, HO COXPaHs-
T0TCST MacITabbl BJIOJb MapaJiiesieil i Mepu-
JINAHOB, TIPWYEM MacmTaGbl B/IOJb Pa3JIy-
HBIX napasienei (JIMHn MoCTOSHHON IUpo-
TBI () ) OTJIMYAIOTCS APYT OT APYTa, a MACII-
TaGbl BJOJTb Beex MepuuanoB (JiuHuii, BLoJb
KOTOPBIX JI0JTOTa A MOCTOSIHHA) U HKBAaTOpa
(napasenu ¢ y = 0) coBIIAJAIOT.

3ameruM, uro y Mapuna Tupckoro «axBa-
Top» y = 0 npoxoaus yepes octpos Pozoc B
JreiickoM Mope U 3a €To JAJNHY 6blTa TIPUHSI-
ta BeauunHa R, = 33300 kM, T.e. aiuHa
mapaJjienn, mpoxonsdiieli deped Pomoc m
Jiexkareii Ha ypoBHe 36° ceBepHOI MIPOTHI.
Ecmm B pesysbrarte TeorpadmuecKux OTKPbI-
TUI 9KBaTOp ObLT 3apUKCUPOBAH OJHO3HAY-
HO, TO 710 KoHIa XIX Beka HyJieBble Mepu/u-
AHBI, OT KOTOPBIX OTCYUTBIBAIOTCS [[OJITOTHI,
B Pa3HbIX CTpaHax ObLIN pas3jndHbiMu. Ma-
pun Tupckuii, a 3a aum Knasauit [Ttonemeit
u Muorue reorpadn! BIIOTh 10 XIX Beka
ncnoJb3oBaau Mepuuan Meppo, npoxod-
Uil yepe3 OJHOMMEHHBIM KaHApCKUN OCT-
POB, CUNTABIIUICS caMON 3ama/HOW TOUKOM
Craporo cBeta. [lapmkckniit Mepuanan mpo-
xonuJ depes 1eHTp Ilapmska, m 10 cux mop
€ro MeTKM MOXXHO HaWTh Ha yiaumax. B
Poccun otcuer mea ot Ilyakosckoro mepna-
[IMaHa, MpoxoauBinero yepe3 IlynkoBcKyto
o6cepsatopuio o Cankt-Ilerep6yprom. B
WNcnanum ke ObLIO HECKOJBKO Pa3JUYHBIX
MEPU/INAHOB, U BO3HUKIIASA KOJJIU3US JIESKUT
B ocHoBe pomana A.Ilepeca-Pesepre «Kapra
nebecnoii cepnl, uan TaitHblii MepuanaHy .
lepon pomana o6majarorT KapToii, Ha KOTO-
poif yKasaHO MeCTO 3aTOHYBIIEro KopabJis,
HO HE 3HAIOT, TO OTHOWIECHWI0 K KaKOMYy

yrapl. OHa [0 cHUX 1Op
IMPOKO TIpuMensiercs. Ha
Hell TOPU30OHTAJIbHAS KOOPAMHATA X TOXKe
[IPOIIOPIIHOHAJIBHA JloIToTe @ — ¢@y. PaBHO-
poMeskyTouHas kapta MapuHa Tupckoro n
kapta Mepkaropa OTHOCATCS K THJIMHIPH-
YeCKWM, B KOTOPBIX Mapasyen U MepuIna-
HBI TEPEeXOAST B TPSMbIE JUHUU W BCIOIY
MEePIEH/IUKYJISPHDI IPYT APYTY.

M 3BecTHble U3 MIKOJIbHBIX YUeOHUKOB Kap-
TbI YCTPOEHDI CJI0KHEE U OTHOCATCS K TICEB/I0-
nuanHApuyeckuM. OHM YUUTBIBAIOT TO, YTO B
60J1e€ TOYHOM TIPUOJIMIKEHUN MOBEPXHOCTH
3eMuin ABJISAETCA DJLIUIICOUJIOM, M XOTS Ha
HUX BCeTJa yKasaH MacmTab, HO OH TOJBKO
YKa3bIBaeT, HACKOJIbKO MaCIITAONPYyeTCs pas-
Mep 3JITNTICON/Ia Tiepe/l TPIMeHEeHNeM K HeMy
TOW MJIN WHOH KapTorpadmuecKoii MpOeKITHH.
B mr060M cryvae W3MepsTh JIMHBI TUHIH Ha
3eMHOI MOBEPXHOCTH C TIOMOIIBIO KapT MO3K-
HO TOJIBKO TIPUOJITKEHHO, U IIPH 3TOM XOPO-
el TOYHOCTH MOXKHO JJOCTUYD TOJBKO BHYT-
pu MaJbIX 06JacTeil, Kak MOKa3bIBAIOT MPH-
Be/ICHHbIE HAMU IIPUMEPDI.

Crporuii MaTeMaTUYeCKUH KPUTEPUH TOTO,
YTO y4YaCTOK ITOBEPXHOCTH MOXKET GbITb OTO-
6pa’keH Ha IIJIOCKOCTDb TakK, YTOOBI COXPAHS-
JINCb JIIMHBI BCEX JIMHUHM M IJIONAJM BCEX
o6mnacreit, mpuHaaae:xut ayccy. OH cocTo-
UT B TOM, YTO Ha TIOBEPXHOCTH TaycCcOBa
kpuBHU3HA K Kak (PYyHKITUS OT TOUYKHU MTOBEPX-
HOCTH JIOJDKHA BCIOAY 00paIlaTbcs B HOJD.
ITO BBITEKAET M3 6oJee 00IIero pe3yJabTaTa
lFaycca o kpuBH3HE, KOTOPBIi OH Ha3Bas
«Theorema Egregium», 4To mepeBoguTCs ¢
JIATBIHU KaK «3aMeyaTeJsbHasg TeopeMas.

3ameTuM, 4To uHTepec l'aycca x arToii 3a1a-
4ye ObLT BBI3BAH BONPOCOM O IIOCTPOEHHUU
JIOCTATOYHO TOYHBIX KapT, U OH HPEJIOKHII
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HOBYIO TIPOEKITNIO, TOJYyYeHHYIO MouduKa-
nueil u3 npoekiuu Mepkaropa € y4eToM
TOTO, UTO (hopMa 3eMJIH MPUOIUIKAETCS AJI-
JIMIICOU/IOM. DTa IIPOEKIUS 1 OTBeYalonue ei
KoopamHaTh! ['aycca—Kprorepa ncmoib3yoT-
¢S BOCHHBIMU TOTIOTpadami.

layccoBa KpWBU3HA BBIYUCJSETCS OCTA-
TOYHO CJIOJKHO, XOTS ee MOKHO cpa3y Haitn
JIJISE TIOBEPXHOCTEH, KOTOPbIE MOJTYy4atoTCs 13
Jincta 6yMaru CBepTbIBAHIEM B IUIUHID WIN
KOHyC wiau Jio6oit npyroii pedopmariueii,
[IPU KOTOPOU JINCT HE PBETCS: IIOCKOJbKY OHI
Pa3BOPAYMBAIOTCA B IJIOCKMIL JIUCT, UX TAyC-
COBa KPUBHU3HA BCIOJY paBHA HY.JIIO.

Mpr npuBenem st cdepbl paamyca R
Zpyroe o6bsICHEHNE, TOYeMy JI0O0H CKOJIb
YTO/IHO MAJIBIH ee y9acTOK He KapTorpadupy-
€TCS TOYHO Ha TIIOCKYIO 06JIACTb.

Ha mmockocTtn kpaTuaiiinas JUHAS MEX/Ty
J060I Tapoil pas3iIMuHbIX TOYEK SIBJISIETCS
OTPE3KOM MPSAMOIL, a TOUKH, KOTOPbIE OTCTO-
AT OT 3aJaHHON ToukM X Ha PacCTOSHUE 7,
06pa3yIoT OKPY>KHOCTD PAJNYCa ¥ C EHTPOM
B Touke X. IlocMOTpHUM, KaK yCTPOEHbI KpaT-
yaiiime JuHun Ha cdepe. MOXKHO MOTIbITATb-
€S yCTAHOBUTD 3TO KCIIEPUMEHTAIbHO, 3aK-
penuB OJINH KOHEI[ HUTKHU B IT0JIIoce T1o6yca
1, HATATUBAs HUTKY BJ/IOJIb €TI0 IOBEPXHOCTH,
PacCMOTPETH BCEBO3MOKHBIE TTOJIOKEHUS ee
KOHTIOB. Ec/u I7THa HUTKY JOCTaTOYHO MaJia,
TO 3TO OYAYT B TOYHOCTH TAPAJIEJN, U PN
3TOM HUTKA OYJIeT TPOXO/IUTD MO MEPUINAHY .
MareMatn4eck 3TO O3HAYaeT, YTO TOYKH,
OTCTOSIIINE OT TIOJTI0CA Ha PAcCTOsTHUE 7 < TR,
rae R — paguyc riobyca, o6pasyior napajiie-
JI — AHAJOTM OKPYKHOCTEH pajuyca 7, a
KpaTyafiliye JUHUU — 3TO YYACTKU MEpUn-
AHOB, T.€. JJMHUI, KOTOPbIE [TOJIy4alOTCs IPU
nepeceyeHnn chepruuecKkoro riaodyca ¢ mioc-
KOCTbIO, IIPOXOJSIIell uYepe3 ero IeHTp U
nosrioc. MBI MOKeM Bpatath cepy BOKPYT
ee TEHTpa TaK, YTO PACCTOSHUS COXPAHSIIOT-
cs1, a mo6as 3ajlanHast TOYKa cepbl mepeii-
[IeT B J0OYIO APYTYIO 3aJaHHYI0 TOUKY. 11o-
TOMY € COXPAHEHUEM PACCTOSHUN MOXKHO
nepeBectu JI06YI0 TOUKY B MOJIOC U [PUMe-
HUTHb K Hell TpeJbIayIiee paccyskieHue.

Jlunuu — 6oJiblie OKPYKHOCTH, KOTOPbIE
[I0JIy4aloTCA 1IpU llepecedeHnu chephl ¢ I110C-
KOCTBIO, TIPOXO/llell 4epe3 ee ILEHTP,
HasbiBaioTcsl zeodesuueckumu (Ha cdepe).

ITo obIiee MOHsTHE, 06006IAIONEe HA TPOU3-
BOJIbHbBIE METPUYECKHE MMPOCTPAHCTBA TTOHSI-
THE TIPSMBIX C JIBYMSI BAKHBIMH OTJIMYUSIMH,
KOTOPBIE MTPOSIBJISIOTCS JIJISI HEKOTOPBIX MPO-
CTPAHCTB ¥, B 4acTHOCTH, A cdepbl. Bo-
MEPBBIX, YIACTKY Fe0Ie3NIECKUX JTMHII TMe-
10T KpaTyayio JJTMHY CPEIN BCEX KPUBBIX,
COEJIMHSIONNX WX KOHIIBI, HO TOJbKO B CJIy-
Yae, KOT/Ia KOHI[BI JOCTATOYHO OJTM3KU IPYT K
npyry. Hampumep, pacemorpum 6OJIBIITYIO
OKPY’KHOCTD Ha cdepe: ecJu yrioBas AJuHa
JIyT'H OTPe3Ka reo/ie3ndecKoil He GoJiblie T,
TO OH MIMeeT KPATYaillyio [JINHY Cpen BCex
JIMHWU, COEINHSIONIMX €ro KOHIIbI, a eCJu
6oJIbIlle 7T, TO KpaT4alluM sIBJISETCS JIPY-
TOil, IONIOJIHUTEJbHDBII K HEMY, YYaCTOK GOJIb-
IOI OKPY>KHOCTH. BO-BTOPBIX, /IJIT HEKOTO-
PBIX TIap TOYEK KpaTyalllimii OTPe30K reojie-
3WUYECKON, COeIUHSIONNN WX, He SIBJISETCS
€/IMHCTBEHHDBIM: HANIPUMEP, MMPOTUBOIIOJIOK-
Hble TOYKH cepbl CBA3aHbI GECKOHEYHBIM
YUCJIOM KPaTYAHIINX Te0Ie3MUECKNUX JITHHBI
TR .

Mbl IPUXOJUM K CJEAYIONIEMY 3aKJIoue-
HUIO:

1) kparuaiiiue JmHuK Ha cdepe paauyca
R aBnsiiorcst yyacTkaMu GOJIBININX KPYTrOB
(reomesnueckux na cdepe);

2) aHamorm MPAMBIX Ha cdepe — reoesn-
YecKue — SBJISIOTCS 3aMKHYTBIMH JIMTHUSIMH,
OKPYKHOCTSIMU;

3) npu 7 < TR «OKPYKHOCTD PAJNycas 7 ¢
LIEHTPOM B Touke P — aro mapamienb S, ,
KOTOpasl MoJIydaercs: pH Iepecedernu ce-
PBI C TLIOCKOCTDIO, TePIeHNKYIIPHON OCH,
IpOXOJisleil yepe3 TOUKy P U IPOTUBOIO-
JOKHYI0 efi Touky cdepbr (puc.2); 1pu

P

Puc. 2. OKpy>XXHOCTE paguyca r Ha ciepe
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r =R Takas «OKPY>KHOCTb» CJUBAETCS B
TOYKY, IIEHTPAJIbHO-CUMMETPUYHYIO TOUKe P;
paccrostHre OT 060 TOUKH chepbl 0 JIo-
6011 Ipyroil TOUKH He MPEBOCXOAUT TR . ITO
— TaK Ha3bIBAEMDbIil 6HYymMpeHHuil duamemp
cepnr. OH paBeH pacCTOSHIIO MEX/TY IBYMsI
HamboJlee yIaJeHHBIMI TOYKAMH, M3MepEH-
HOMY TI0 cepe, a He HAPSIMYIO.

Ecum 6b1 Masblii yuactok cepor (craskem,
B OKPECTHOCTH €€ MOJI0Ca) MOYKHO ObLIO
a6COJIIOTHO TOYHO KapTorpadupoBaTh yuact-
KOM TJIOCKOCTH, TO [IJIMHBI OKPY’KHOCTEIl U
IJIOMIA/I KPYTOB C OJIMHAKOBBIMU PaJIITyca-
M coBrasamm 6b1. Ha nnockoctu amna [ (r)
OKPY>KHOCTH pajuyca r u miomanb A(r)
OTPAHMYEHHOTO WM KpyTra, KaK WM3BECTHO,
paBHBI

[(r)=2nr, A(r)=m,

Borancanm nx anajgoru [ m A 7S OKPYXK-
HocTelt 1 kpyroB cdepsl paguyca R. Ilomo-

7
KHUM O = — , 9TO — YIJIOBO€ pACCTOAHUE OT
R

[eHTpa /0 OKpYKHOCTH paauyca 7 (cM.
puc.2). Tenepb u3 HOpPMyJI, U3BECTHBIX U3
IIKOJIbHOHN MPOrPaMMBbI, CJIEIyeT, 4TO

[(r)=2nRsina,

~ r
A(r)=2(1-cosa)nR*, o= —.
R

It pyHkmm oramyatores ot Gpynximii [ (r)
i A(r) BCIOMY, B TOM YHCJE U OKOJIO TOYKH
r = 0. IlostoMy HUKaKOI CKOJIb YrOAHO
MaJIbIil y4acToK chepbl HeJIb3st ¢ COXPaHEHH-
eM JIJTMH 1 TII0MaAell 0To6pasuTh Ha y4acTOK
IIOCKOCTH.

BosHukaer BOpoc: rjie B 9THX PacCysK/ie-
HUSX TIPOSIBJISIETCS TayCCOBAa KPUBU3HA?

[Tpu MasbIX 3HaUYeHUSX O (PYHKIMU Sin o
U cosO TNpUOIMKEHHO BeIyT cebs Kak

. 1, 1, 1 4
sina=0o—-=0o’ u coso=1-—_—0"+_—o

6 2 24

U, TOJICTABJISS OTU BbIPAKEHUsST B (POPMY.IbI

st 7w A(r), MBI osrydaem

2019/Ne9

3 n €eCTb raycCcoBa KpHUBU3Ha

cepor pagmyca R. U3 atux dopmys Mbl
BU/IMM, YTO B IIEPBOM TPUGIUKEHUU IIPU
MAaJIbIX 3HAYEHUSIX 7 JIJTMHBI OKPY’KHOCTEN 1
IO KPYTOB BeIyT cest KaKk NX aHAJIOTI
Ha cdepe, a B CIEAYIONINE MO MAJOCTH TI0-
MPaBKU BXOJUT TayCcCOBAa KPUBHU3HA MMOBEPX-
HOCTH.

B cepenune 1820-x rogoB JloGaueBckuit
MTOCTPONJI TEOMETPHIO, B KOTOPOI HE BBITIOJ-
HseTcss akcuoMa EBKJma o mapaJiielbHbIX
OPSIMBIX. JTa AKCHOMA YTBEPIKIAET, UTO ue-
pe3 TOUKY, Jieskalllylo BHe 3a/laHHOii TTPSIMOii,
MPOXOJIUT TOJIBKO OJIHA MPSIMAast, MaPaiesb-
Hasg panuoii. Otpunarb akcuomy EBkimaa
MOXKHO IByMs crioco6aMu: 60 YTBEPIKIas,
YTO Yepes TOUKY He TPOXONT HU O/[HA TTapaJ-
JieTbHAs TpsiMasi, Ju60 — UYTO MPOXOAUT
HECKOJIbKO TTpsaMbIX. [lepBorii coayuait peasn-
3yercst Ha cdepe, ecau Mo/ aHAJIOTOM TIpsi-
MBIX MTOHUMATh Teo/ie3ndecKkue, — Bce GOJb-
e OKPY:KHOCTH Ha cdepe TepeceranTces
JIPYT C IPYTOM B JIBYX TOYKAX, HO TIPH 3TOM
AHAJIOTU TIPSIMBIX He TIPOJ0JIKAIOTCST GeCKO-
HEYHO B 06€ CTOPOHBI, a 3aMbikatoTcst (che-
puueckas 2eomempus).

JlobaueBckuil TOCTPOUJ TEOMETPHIO, He
YKa3aB IIPOCTPAHCTBO, B KOTOPOM €0 FeOMeT-
pust peaymsyercs. Ilpumepbl Takux Tpo-
CTPaHCTB GBLIU MOCTPOEHBI Yepe3 COPOK JIeT
nocse ero nepsbix pabor. Ho JlobaueBckuii
BBIBEJI BCE aHATUTHYECKHWE (DOPMYJBI ATOM
teopuu. Ilpm aToM oOKazajsoch, UTO ecJan
MMOHUMATh MO/l TPEYrOJbHUKAMU (PUTYPDI,
COCTABJICHHBIE U3 TPEX OTPE3KOB Te0/1e3muec-
KHX, TO BOBHUKAIOT HETPUBUAJIBIHBIE COOTHO-
HIEHUST MEXK/IY [IJUHAMU CTOPOH W YTJIaMu
TPEYTOJIbHIKOB, Yero HeT B eBKJIH/[0BOII reo-
MEeTpPHH, & CyMMbI YIJIOB TPEYTOJbHIKOB BCe-
rpa Menbire, yem 7. (JIeskaHap, mbITasich
BbIBeCTH akcuomy EBKimIa U3 Apyrux, 1oKa-
3aJ1, YTO €CJIM CYIIECTBYeT XOTs Obl OJUH
TPEYTOJIbHUK C CYMMOUl YIJIOB, PABHOIT T, TO
akcnoMa EBKJIMzIa BBINOJIHSETCS.) AHAIOTH

rne K= L
R

dywxumit [ (r) u A(r) B reomerpuu JloGaues-
CKOTO BBITJISIISAT aGCOMIOTHO TaK JKe, KaK B
cepudecKoil reoMeTPHH, TOIBKO BMECTO TPH-
FOHOMETPHYECKNX (DYHKI[HI BO3HUKAIOT T'H-
nep6osmdeckie (reomerpusi JIoGaueBcKoro
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YACTO HA3bIBAETCS 2UNepOOIUUecKOl), BUJL
[IPUBEJIEHHBIX TIPUGJINKEHHBIX (HOPMYJ CO-
XpaHsercs, TOJbKO rayccoBa KPUBHU3HA CTa-
HOBUTCS orpuIatesnbroii: K < 0. Jlo6aueBc-
KU TUCaJT, 4TO, XOTS OH U HE MOKET yKa3aTh
SIBHYTO MOJIEJTb, HETPOTHBOPEYMBOCTD €TO0 T'e0-
METPUU BBITEKAET YK€ W3 TOTO, YTO TIpPU
YMHOKEHWH JIJINH CTOPOH HAa MHUMYIO €/INHU-
1y V=1 ero dopmyibl iepexoasaT B hopmy-
Jipl cpepuveckoil reoMeTpun, KOTOPBIE He-
MIPOTUBOPEUUBBI.

O606111eH1IEe TIOHATUS KPUBU3HBI HA MHOTO-
MepHbIE IPOCTPAHCTBA CBSI3AHO C JPYTUM
CBOICTBOM IIPSIMBIX Ha ryiockoctu. Ecou e
Toukn A 1 B coelmHEHBI OTPE3KOM TIPSIMOH 1
BEKTOp © TIPUJIOKEH K TOYKe A, TO mapaJ-
JIEJTBHBIN TIEPEHOC ATOTO BEKTOPa B TOUYKY B
peanm3yeTcst CeMeiCTBOM BEKTOPOB, TTPUJIO-
JKEHHBIX KO BCEM TOYKAM OTPE3Ka TaK, YTO UX
JUTUHBL U YTOJI MEXK/IY BEKTOPAMU W MPSMOii
COXPaHAIOTCSA. DTa MPOolleAypa 1 Ha3bIBAETCS
apaJiiebHbIM tepenocoM. Ecii Mbl Ha 110C-
KOCTHU MOCJIe/IOBATENBHO MAPAJIIETbHO Tepe-
HEeCceM BEKTOP @ BJI0JIb CTOPOH TPEYTOJbHIKA
ABC, to o niepeiiziet cam B cebsi. B uckpus-
JIEHHOM TIPOCTPAHCTBE 9TO HE TaK.

PaccmoTpnM reosie3ndeckuil TpEYTOJIbHUK
ABC na cdepe paauyca R, B3sB 32 TOUKy A
nosrfoc cepsbl, a 3a Toukd B 1 C TOYKK Ha
sxBarope (puc.3). O6o3HauMM Yepes o yroJ

A
(>

Puc. 3. [lapannenbHbivi NepeHoc Ha cgepe

MEX/Y TeoJe3nYecKuMu oTpeskamu AB n
AC, pnpyrue yTJbl 3TOTO TPEYTOJbHHUKA —
npsMble. BosbMeM B TOuke A HeHyJIeBO
BEKTOP ©, HANpPaBJIEHHbIN BJOJb OTPe3Ka
AB. llepenecs ero napaJsjejibHO B TOUKYy B
BJIOJIb OTpe3ka AB, MbI OJy4YnUM BEKTOp 0,

HepIeH/ UKy IApHbI akBaTopy. Temepp me-
peHeceM BEKTOp ©” BJIOJIb 9KBATOPA B TOUKY
C, a 3aTeM 1oJIyYeHHbIi BEKTOp ©” , niepreH-
JIIKY JISIPHBII 9KBATOPY, TEPEHECEM B TOUKY B
A mapannenbHo Baoab otpeska CA m nmoy-
YUM BEKTOD © , TIPHJIOKEHHBIN K Touke A.
O4eBU/IHO, YTO OH HATIPABJIEH B/IOJIb OTPE3KA
AC 1 10aTOMYy 06pa3yeT yroJ o € NCXOHBIM
BEKTOPOM D, T.€. B pe3yJIbTaTe NapaIeTbHO-
'O TIEPeH0Cca BEKTOPa BI0JIb CTOPOH Te0/Ie31-
YeCKOTO TPeyTOJbHIKA MbI OJIY YN APYTOI
BeKTOp. B aTOM mposBIIsieTcss KpUBU3HA TIPO-
CTPAHCTBA, U OHA M3MEPSIETCS OTKJIOHEHUEM
HCXO/HOTO BEKTOpa OT ero IapaJijeibHOro
nepeHoca.

O6paTuM BHUMaHWE W Ha JIPYToil akr:
cymma yrioB TpeyroabHuka ABC paBHa

4A+LB+4C=oc+g+g=a+n,

T.e. 6OJIbIIIE, YeM T, ¥ OTJIMYAETCS OT Pa3Bep-
HyTOro yria uHa o . [lromans S TpeyroabHu-
ka ABC nerko Haitu: S = OLR2, 1, 0603Ha-
4B 4Yepe3 X CYMMY VIJIOB TPEYTrOJIbHUKA,
MBI MOXKEM CBsI3aTb €€ C ILJIOMIA/[bI0 TPEY-
rojbHuKa GopmyJIoit

X=n+KS,

5 -
Jla BepHa /I BCeX TIOBEPXHOCTEH TOCTOSH-
HOM KPHUBW3HBI, B TOM UNCJIE W B TEOMETPUN
Jlo6aueBckoro, B kotopoit K < (0. B gacr-
HOCTH, CyMMa YIJIOB TPEyTOJBHUKA B T€0-
Metpuu Jlo6a4eBCKOTO BCer/ia MeHbllle, YeM
n. Boasee Toro, sra popmyna (Taycca—Bon-
HEe) BepHa /ISl TIOBEPXHOCTEH, Y KOTOPBIX
KPUBU3HA MEHSIETCSI OT TOYKM K Touke (Ha-
npuMep, /st runepOoIouI0B), TOIBKO BMe-
cro KS najso 6paTb MHTErpaJ OT IaycCOBOM
KpuBu3Hbl K 110 BHYTPEHHOCTH TPEYroJib-
HUKAa.

1
Tak Kak st cepor K = = dra Gopmy-
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3apnava M2574 npegnaranuce Ha 36-v1 Matematuyeckon onumnmage Upara, 3apava M2576a — Ha
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XXV TypHupe umenn A.l1.CaBuHa.
ABrop 3apay ®2581-D2584 - C.Baprnamos.

3apaun M2574-M2577, ®2581-d2584

M2574. [lano narypanbnoe uucjo n. [Joka-
SKWUTE, YTO YMCIa Buja X" + y" 1pu BCeBO3-
MO>KHBIX HATYPAJbHBIX X U ¥ AAIOT He GoJiee

n(n+1
qyeMm T Pa3HbIX OCTATKOB IIPpU JE€JTEHNN
na n’.
H.Cagaeu (Hpan)

M2575. /laHo BeliieCTBEHHOE YHCJIO | € (1; 2).
[okaxute, 4TO CyllecTByeT MHOIOYJIEH
P(x) = ax" + a, x""' + ...+ ax + ay, y KO-
Toporo Bee koadpduuuentsr papubl £1 (=0,

1,2, ..., n) u Takoii, uro |P(¢)—-2019|<1.
H.Cagpaeu (Hpan)

M2576. /locka 8 x8 paspesana Ha JOMU-
Hotrky (IpaMoyToibHUKE 1X2 u 2x1).
a) JloKaxkuTe, 4TO JJIMHA TPAHUIIBI MEKLY
TOPU3OHTAJIBHBIME ¥ BEPTUKATBHBIMU JIOMHE-
HOIIIKAMU He TIPEBLINIAeT J2.

6*) Haiinre MakcMMaIbHO BO3MOYKHYIO /I~
HY TPaHUIbl MEX/IYy TOPH30HTAJbHBIMU U
BEPTUKAJBHBIMY JIOMUHOIIKAMHU.
b.®penxun, A.3acaascxuil, E.Apxanuyesa

M2577". BuyTpu ocTpoyrosibHOTO TPEyTroJib-
nuka ABC Boi6panpl Toukn P u Q Takue, 4To
ZABP = ZCBQ n ZLACP = Z/BCQ (r.e.
U3020HAILHO conpsikennvle ToYKK). Uepes
Touku P 1 Q 1poBeJu IpsMble, TepIeHNKY-
nspuble 6uccektpuce yria BAC (em.pucy-
HOK). DTH NEePIEeHANKYISPbI IIEPECEKAIOT OT-

O

peskn AC n AB B T0uKax B, , B,, Cp , Cq.
IIycte W — cepeauna nyru BAC onucanHoit
okpyxkHoctn  tpeyronabHuka ABC. Ilps-
mbie WP u WQ nepecekaior BTOpU4HO Q B
toukax P u Q. [Hokaxure, yto Toukn P, u
Qq Jieskat Ha OIMCAHHOI OKPYKHOCTH Tpalie-
I BquCqCp .

I1. Bubuxoe
®2581. l'esit HaxXOUTCST B COCY/Ie KyOmuec-
Kol popmbl ¢ pe6poM @ = 1 M ¥ JKeCTKUMU
CTEHKaM#, WMMEIOIUMHI HYJEBYIO TeII0eM-
KOCTB U HYJIEBYTO TEILIOPOBOIHOCTD. Cocy/1
JBIDKETCS CO CKOPOCTb © = 1 KM/C B Halpas-
JIEHUM JKEeCTKOHM CTeHKU. YJap — U COCy[
MTHOBEHHO octanoBuJsca. [lo ynapa gaBie-
Hue rasa 6o110 p = 1 Ila, a Temmeparypa 6bL1a
T =1 K. KakoBbl ycTaHOBUBINNECS JaBJIE€HNE
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1 TeMIlepaTypa BHYTPH cocy/ia ocJie yiapa?
Kakum 6bu10 MakcuMaJsbHOE /IaBJeHMEe Ta3a
Ha OJIHY U3 CTEHOK cocy/la IocJje yjaapa?

®2582. B kocMoce BAaM OT APYTUX TeJ
HaXoAATCd 8 OJMHAKOBBIX JIETKUX MaJieHb-
KUX MApUKOB, KaXK/Iblll N3 KOTOPBIX HEceT Ha
ce6e asekrpuueckuii 3apsaza Q. lapuku cBs-
3aHbl TOHKMMU HEITPOBOSAIIUMHI HUTSMU OJI1-
HAKOBOI [umHbl. B cocrosiHuM paBHOBECHS
MIAPUKN HAXOAATCS B BepIINHAX Ky6a ¢ peb-
poM b, a HUTH PACHOJIOKUINCH BJOJb pebep
Ky6a. KaKoBbI CHJIbI HATSIKEHUS HUTEH?

®2583. K 6arapeiike OAKJIIOYEH PE3UCTOP
COTpPOTUBJIEHNEM R, 1 110 HEMY TedeT TOK I.
K aTomy pesucrtopy napasiesbHO eMy 0jI-
KJIIOUIJTA €Mle OJINH TaKOW JXe Pe3nucTop, u
TOK Yepe3 TIePBbIil Pe3UCTOP YMEHBITUICS Ha
OJIHY TIECTYIO YacTb. Pe3nucTop Kakoro co-
MIPOTUBJICHUST HYKHO TIOAKJIOUATD K 3TON
Garapeiike, 4TOObI B HEM BbIJIEJISIACH MAKCH-
MaJibHasg MOIIHOCTh? KakoBa Be/imumHa sToi
MaKCUMAaJIbHOU MOII[HOCTH ?

®2584. MoJI0KO JKHPHOCTDIO 3,2 % TIPOJIHIN
Ha JUCT OyMaru C HareyaTaHHbIM MEJKUM
TecToM. Yepe3 cJIOW MOJOKa TOJIUHON
0,1 MM TeKCT ellle UuTaeTcst, a yepes OoJiee
TOJICTBIN caoit — Her. OreHure pasmepbl
KarleJieK JKupa B TAKOM MOJIOKE.

PeweHusa 3apay M2562-M2565,
®2569-d2572

M2562. Kaxxdoii mouxe A naockocmu cono-
cmasaeno eewecmeennoe uucao f(A). Hs-
secmuo, umo ecau M — mouxa nepeceuenus
meduan mpeyzoavnuka ABC, mo
f(M)=f(A)+f(B)+f(C). Hoxaxume,
umo f(A) =0 0xs écex mouex A.

BosbMeM TIpon3BoOJIbHYIO TOUYKY M IJIOCKO-
cri u gokaxem, uro f(M)=0. s atoro
pPacCMOTPUM TPOU3BOJIBHBIN TPEYTOJBHUK
ABC, nist KoToporo Touka M sBJsieTcs TOU-
Kol tepecedenus Mepuan. O6G03HAYNM Yepe3
D, E n F Touku 1epecevyeHnst MeJlMaH Tpey-
rosbHukoB BCM, CAM n ABM coorBer-
crBeHHO (CM. PUCYHOK).

3aMeTnM, UYTO TOYKa M TakKe SIBJSIETCS
TOYKOI TlepecedeHnst MeJInaH TPeyroJbHUKA
DEF. B camom jiesie, o603nauuM yepes A’
B’ u C’ cepenunbt orpeskoB BC, CA u AB
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A B

coorBeTcTBeHHO. Torga tpeyroiabHuk DEF
noJstydaercst u3 rpeyrosbinka ABC romore-
tueit B Touke M ¢ koadduimenTom 3
MOCKOJIbKY TIPU TOMOTETHH ¢ K03 uinen-

1

TOM — TPEyroJIbHUK ABC mnepexoauT B

A’B’C’, a nipu 1iocjeyiomieii TOMOTETHH €

2
koaddumenTom 3 ~ B TPEYTOJBHIK DEF.

Ho torpa CIIpaBe/lyiiBa CJe/yIolasd IeIoYKka
PaBEHCTB!

[(M)=f(D)+[(E)+f(F)=

+ (F(M)+7(B)+f(C))+
+ (F(M)+(C)+[(A))+
+(f(M)+f(A)+[(B)) =

+
=2(f(A)+ [ (B)+[(C)) + 3f (M) = 5/ (M),
us uero ciemyer, uto f(M)=0, uro m
TPe6OBATOCH JTOKA3aTh.

A.T'onosanoe

M2563. ITawa u Bosa uzparom 6 ciedyrw-
wyro uzpy, deaas x00v no ouepedu. Havwuna-
em Ilawa. H3nauarwno neped maivuuxamu
AeKUM O60IbWOU KYCOK naacmuiund. 3a
odun x00 Ilawa moxem paspezamo a000i
U3 UMEIOUWUXCS KYCKOB NAACMUIUNA HA MPU
yacmu. Bosa ceoum xodom evibupaem Jio-
Ovle 06a Kycka u crenasem ux emecme.
Ilawa nobesxdaem, ecau 6 HeKOMOPbLL MO-
MEHM CPeou UMEIOUUXCS KYCKOG NAACTRUIU-
na oxaxemcs 100 xycxos odunaxosou mac-
col. Mosxem au Bosa nomewamv Ilawe
nobedumn?
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OrBer: Her, HE MOJKET.

[TpuBesem [Ba anropuTMa, TTO3BOJISIONIIX
[Tame noGeautsb (J1I06GOH U3 HUX JAET pelle-
HUe 3a/[aun).

Anzopumm 1. Ilycrb Macca UCXOLHOIO KycC-
ka pasHa 1 kr. Ilama xaxabmM xogoM 6yaeT
0Tpe3aTb OT caMOro GOJIBIIOTO M3 UMEIOTIX-
¢ KYCcKOB nBa Kycka maccoir mo 0,01 r.
[okaxkem, uto He mo3ke ueM uepe3 10000
xonoB Ilamra mobeaut.

[Ipeanonoxum, 4To 310 He Tak. PaccMoT-
pum 100 mocsenoBaTenmbHbIX X0m0B [larmm.
Bcero 3a st 100 xom0B nosiBsitest 200 kyc-
koB Maccoil 0,01 r. Ecau 6bI KasKIbIM CBO-
UM OTBETHBIM XOj0M BoBa ciersii aBa
kycka maccoir mo 0,01 T, To B uTOTE TIOJTY-
gunaoch 661 100 xyckoB maccoit 0,02 T, u
[Tama 6b1 moGeaua. 3HAYUT, MO KpalHEi
Mepe ojun pa3 BoBa me cuienur Mexmy
coboit nBa Kycka maccoit 0,01 r. IToaromy
ciycts 100 xomos [MTamm n 100 xomoB Bosbr
KkoJsmyecTBOo KyckoB Maccoir 0,01 r ysesu-
qUTCST XOTsI ObI Ha 1.

Paszoorem 10000 xopos Ilamm Ha corHmI
nocJsiefoBaTebHbIX. 1o JoKkazanHoMy BbITIE,
rmocjie KasK/JOW COTHM TI0CJIe/[0BATEbHBIX
xom0B llamm n oTBeTHBIX X070B BOBBI KO-
smdectBO KyckoB Maccor 0,01 r yBenmuuBa-
ercst xotst 6b1 Ha 1. Takum oGpasom, depes
100 Takux COTEH IOCJe/10BaTeJbHBIX XO/I0B
KoJIm4ecTBO KyckoB Maccoir 0,01 r yBesu-
yurcest X0t 6b1 HAa 100. [Toatomy Ilama Tak
WJIN WHa4Ye MOOE/InT.

Aneopumm 2. OnAaTh K€ HOJOXKUM Maccy
HUCXOJHOTO Kycka paBHoit 1 kr. IlpuBemem
apyroi amroputm peiictBuii [Tamm. Iloxa
9TO BO3MOKHO, OH OyJeT NOOWBATHCS BBI-
HOJTHEHUs caeyionero yeaoust (s ): mac-
CBI BCEX KYCKOB HA CTOJIE€ COCTABJISIOT 11€JI0e
YHCJI0 TpaMMOB. 3aMernM, uTo BoBa cBomM
XO/IOM He MOKET HapymuTh ().

Ecmn mepen xogom Ilamm Ha croJie ecTb
KYCOK Maccoi XoTg Obl 3 T, OH MOXET OTpe-
3aTh OT HETO [Ba Kycka 1o 1 T, coxpaHss
(). 3maunT, ecam [lama He MOKET caeaaTh
XOJ], KaXKAbII KycoK mMeeT Maccy 6o 1 T,
mi6o 2 r (Takoil MOMeHT 00s3aTeabHO Ha-
CTYTIHT, TaK KaK KOJMYECTBO KYCKOB IEpe]
xozom Ilamm pacrer). Ho Torma om yxe
BBIUTPAJI: B TIPOTUBHOM cJy4ae o0IIasi Mac-
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ca Bcex Kycko (B rpamMmax) MeHble
1-100+2-100 = 300, 4TO HE TaK.
/l.Benos, H.Bozdanos, P.Egdpemos

M2564. /lan ocmpoyzosviblil mpeyzosvHuK
ABC, ¢ komopom AC < BC (puc.1). Oxpyx-

Puc. 1

nocmv npoxodum uepes mouxu A u B u
nepecexaem ompesku CA u CB noemopHo 6
moukax Ay u B; coomeemcmeenno. Onu-
camnmvle oxpyKnocmu mpeyzoivrnuxoe ABC
u A B,C nepecexaiomcsa nosmopmo 6 mouxe
P. Ompesxu AB, u BA, nepecexaromcs 6
mouke S. Touxu Q u R cummempuunovt S
ommocumenvio npamvix CA u CB. Jokaxu-
me, umo mouxu P, Q, R u C nexxam na o0notl
OKPYKHOCU.

Ucnoabsysa okpysxkuoctu (PABC) u
(PAB,C), nonyuaem ZPAB = 180° — ZPCB =
= ZPAB, u, ananornuno, ZPBA = ZPB,A;.
Tem campiM, APAB ~ APAB;. N3 atoro
nopobusa BbITeKaeT, uto LAPA = ZAPB +
+ Z/BPA; = 4BPB, u PA/PA; = PB/PB,.
Cunepnosarenbio, APAA; ~ APBB;, u cylie-
CTBYET MOBOPOTHASI TOMOTETUSI /i C EHTPOM
P, nepeBonsmaga M B B—B1 . ¥YTroJ noBopo-
ta aag h pasen ZAPB = Z/ACB (puc.2).

Tpeyroapuuk A;QA paBeH TPeyroJbHUKY
ASA , KoTODBIIT B CBOIO OYepesb MOomo0eH
TpeyroabHuky B SB (Tak Kak uerbIpex-
yroapuuk AABB — Buucamnbiii). Urak,

tpeyrompuuku A QA u B SB mnono6HbI n
OZMHAKOBO OPUEHTUPOBAHDI, II03TOMY

S = h(Q) u, snaunr, LQPS = ZACB. Ana-
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Puc. 2

sgornuno, ZSPR = ZACB, ZQPR = 2/ACB.
Ho

ZQCR = ZQCA + ZABC + ZBCR =

= LACS + LZABC + £SCB = 2£ABC .

WNrak, mbr gokasanu pasenctBo LQPR =
= ZQCR , 13 KOTOPOTO CJIe/lyeT yTBEp:K/ie-
HUe 3a/1auu.

. Ipoxonenxo

M2565%. @) [lansi n monem nonapno pas-
JUYHBIX MACC U N UAWEYHBIX 6eCO8, N > 2.
IIpu xaxoom e3sewusanuu paspewaemcs
6oIOPaAMb KaKUue-mo 00U 6echl, NOJLOKUMb
HA UX Yawu no 00Ol MOHeme, NOCMOmpemy
HA NOKA3AHUSL 6€CO8 U 3AMeM CHAMb MOHEe-
muvt o6pamno. Kaxue-mo odnu u3 eecos
(neussecmio, Kaxue) ucnopuemnvt u Mozym
evldasamy CAYUAlHbIM 00PA30M KaAK npa-
GUJLHLILL, MAK U HENPASULLHBIL Pe3YJlb-
mam. 3a Kaxoe HauMeHvuwee KOJAUUecmeo
636CUUBANULL MOKHO 3A6eJOMO HAlimU Ca-
MY10 MAKEAYI0 MOHemy?

6) Pewume my xe 3adauy, ecau na wawiu
6€C06 PA3PEULACTNCS KAACTND CKOJILKO Y200HO
MOHEem.

OrtBer: a) 3a 2n — 1 B3BeweBanue;

6) Toxke 3a 2n — 1 B3BelIUBaHMUeE.

a) JlokajkeM cHauaJjia, 4To 3a 27 — 1 B3Belu-
BaHIE MOKHO HAUTH CAMYIO TSIKEJIYIO MOHE-
Ty. BoJiee TOUHO, MBI JIOKAXKEM TI0 UHLYKITUH
IO 72, YTO CAMYIO TSIKEJIYIO U3 1 > 2 TaHHBIX
MOHET MO3KHO OIIPe/Ie/INTh 3a 21 — 1 B3Beln-
BaHue, UMest TPOe BECOB, OJHU U3 KOTOPHIX,
BO3MOJKHO, UCITOPYEHBI.
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Ecnu n = 2, 1o B3BecuM JJaHHbIE /IBE MOHETBI
10 OYepe/iu Ha TPeX Pa3HbIX Becax. Ecuiu mpu
OJTHOM W13 B3BEIIUBAHWII BEChl OKa3aJNCh B
PaBHOBECHHU, TO 3TH BECHI MCIIOPYEHBI, 3HA-
YUT, MBI MOKEM OTPe/IeTUTh 60JIee TSKETYIO
MOHETY TIO TIOKa3aHUSM JIOOBIX U3 OCTAJb-
HBIX BecoB. Ecim paBHOBecust HM pasy He
OBLIIO, TO KAKAsI-TO U3 MOHET TIEPEBECUT XOTsI
6bI 1Ba pa3a — OHA U eCThb (0JIee TSKEJIast, TaK
KaK HEeBEepPHbIN Pe3yIbTaT MOTYT IaBaTh TOJIb-
KO O/IHU BeCbl. JTO JaeT 6a3y MHIYKIIUH.
[Tyctb Teneps n > 3. BoibepeM /1Be MOHETBI I
JIBOE BECOB U CPaBHUM 32 IIepPBbIe /1BA B3Be-
MIUBAHUSL OTH MOHETHI JAPYr C JAPYroM Ha
MEepBBIX W Ha BTOPBIX BecaX. BO3MOKHBI ABa
caydas.

1. O6a pasa nepeBenTBaJa OJfHA U Ta Ke U3
JIBYyX MOHET; Ha30BEM ee MOHETOH ¢, a BTO-
pyio u3 Hux — mMoueroir b. Taxk Kak XoTsi 6bI
OJTHU M3 JIBYX BECOB MTPABUJIbHBIE, TO MOHETA
a JeNCTBUTENbHO TsKesee MOHeTbl b. 3Ha-
qut, b He camas TsKesas. 3ajada CBOIAUTCS
K TOMY, YTOODI OIIPEIENUTD CAMYIO TSIKEIYIO
n3 n — 1 MOHETbI: MOHETBI @ U 1 — 2 MOHET,
He y4acTBOBABIIUX B IIEPBBIX /IBYX B3BEIIIN-
Banusax. [lo mpeanonokeHnio HHAYKIIUU Mbl
MOKEM C/IeJIaTh TO 3a 21 — 3 B3BEIINBAHUS.
Bmecte ¢ mepBBIMU ABYMST B3BENINBAHUSMU
nostydaeM 2n — 1 B3BemuBaHue.

2. JIn6o oHO M3 TIEPBBIX /IBYX B3BEITHBAHUIT
JIaJI0 paBHOBECHE, JINOO Pe3yIbTaThl IEPBBHIX
JIBYX B3BENIMBAHWIT TPOTUBOPEYAT JIPYT JIPY-
Ty: OJINH pa3 TepeBecuyia OJHA MOHETa, a
JIpyroit — mpyras. 3HAYUT, OJHU U3 ABYX
UCIIOJIb30BAHHBIX BECOB TOYHO HCIIOPYEHDI.
Bosbmem Ttperbu Bechl. Torpa onm o6s3a-
TeJIbHO TpaBuJbHble. VlCIonb3ys uX, Mbl
JIETKO MOJKEM OIIPeJIEeIUTh CAMYIO TSKEIYIO
MOHeTy 3a 77 — 1 B3BeIIMBaHWE: CPAaBHUBAEM
MepBYIO MOHETY CO BTOPOIi, 60JIee TSKETYIo
13 HUX C TPeThel, 6osee TSKEMYIo U3 HUX €
4eTBepTON W T.J. J0 Tocaenneir. Bmecte c
MEPBLIMU IBYMSI B3BENIMBAHUAME MOJyIaeM
n+1<2n—1 (rax Kak n > 2) B3BeIMBaHKE.
IToxaskem Temepn, 4To MeHee 4eM 3a 2n — 1
B3BEINIMBAHNE 3aBEIOMO OIIPEIEJSUTb CAMYIO
TSKEJTYI0 MOHeTY HeJib3s. /locTatouno noka-
3aTbh, YTO €e HeJb3s OIPEIEJUTb POBHO 3a
2n — 2 B3BELIMBAHUS, TAK KaK MOXKHO 106a-
BUTbH IIPOU3BOJIbHBIE B3BEIINBAHUS U UTHOPH-
poBaThb UX pesyabraThl. Ilpeamnonoskum mpo-
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THUBHOE: UMEETCSI AJITOPUTM JIEHCTBU, T03BO-
JISTOTIHI OTIPE/IEJIUTD CAMYIO TSIKEJIYIO MOHE-
Ty 3a 2n — 2 B3BENINBAHMNSI.

IIponymepyem MoHeTbl 4ucaamu 1,...,n.
Crnenaem mepBble 21 — 3 B3BEIMIUBAHUS CO-
racHo ajaroputmy. IIpeamosoxuM, 4910 B
KKIOM M3 HUX TEPeBENNBaja MOHETa C
66spmmM  HoMepoM. COTJIacHO TIPUHITHITY
[upuxue, cpean MoHeT ¢ HoMepamu 1,...,n — 1
HafiieTcst Takast, KOTopast 3a IPOU3Be/IEHHBIE
2n — 3 B3BelIUBaHMs «IIPOUrpbiBatar (OKa-
3bIBasach Gosiee JIETKOii) He 6oJiee OJHOrO
pasa; 0603HAYUM HOMED 3TOIl MOHETBI Yepe3
k. KoneuHo e, MOHETA ¢ HOMEPOM 12 HU Pa3y
He <«IpourpbiBaias. ITokaskem, 4To Takue
PEe3yJIbTaThl B3BENIMBAHUN BO3MOKHBI. [[efi-
CTBUTEJBHO, TAKOE MOTJIO TIPOM30HTH 10 Kpaii-
Heil Mepe B CJIEAYIONNX ABYX CUTYAIUSX.
(A) MoHeTbI yIIOPSIIOYEHbI [0 BO3PACTAHIIO
Macc u Bee Bechbl (B TOM Umnc/Ie HCTIOPYEHHBIE)
[TOKA3bIBAJIN IIPABUIbHBIE PE3YIbTATHI BO BCEX
B3BEIIUBAHUSIX.

(B) MoHeTbI yIopsi10uenbl 10 BO3PaCTaHUIO
Macc, 3a HCKJIIOYEHHEM MOHETbl HOMep R,
KOTOpAast camasi TspKesast. IIpi 3TOM Te BecChl,
Ha KOTOPBIX MOHETa HOMep Rk «Ipourpasas
(ecsn Takoe B3BelMBaHue GbLIO), UCTIOPYE-
HBI U B 9TOM B3BEIMBAHUY [TOKA3aJI1 HEBEP-
HBII PE3yJIbTAT, a B OCTAIbHBIX B3BEITUBAHI-
SIX BCE BECBI TIOKA3bIBAJIN BEPHbBIE PE3YIbTa-
TBI.

Paccmorpum n1Ba caryyvast.

1. B mocsennem, (2n—2)-M B3BeLIHBAHNIL,
HE y4acTBYeT MOHeTa ¢ HoMmepoM k. TIpesro-
JIOXKHMM, YTO OISITh TIEPEBECUJIA MOHETA C
6ouibIM HOMepOM. Torja Kaskjasi u3 Cury-
anmii (A) u (B) mo-npeskHeMy BO3MOYKHA.
2. B mocJe/reM B3BEIMBAHUE YYaCTBYeT
MoHeTa ¢ HoMepoM k. IIpeanosioskum, dTo
oHa mepeBecusia. Torya, ¢ OHOI CTOPOHBI,
BO3MO3KHO, 4TO UMeeT MecTo cutyaiust (A) u
ocJie/{Hee B3BENIMBAHUE BBIMOJHSIOCH Ha
ucnopyenusix Becax. C Apyroil CTOpPOHBI,
BO3MOYKHO, 4TO uMeeT mecTo cutyarust (B) u
B TIOCJIE[IHEM B3BENIMBAHUHU BECHI MTOKA3AJN
[IPABUJIBHDIN Pe3yJIbTaT.

Wrak, kakuM 6bI HU OBLIO OJHO OCTaBIIIEECS
B3BEIIUBAHNE, €r0 Pe3yJbTaT MOKET ObITh
TAKOB, YTO TIOCJIEe HETO KaxK/asi M3 CUTYAIui
(A) u (B) Gyzer Ho-1peskHeMy BO3MOKHOI.
Torga Kaskjast u3 MOHET R U 7 MOKET ObITh
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caMoii TsKeJsIoif, T.e. HaM He Y/IaJI0Ch oIpe-
JIEJIUTD CAMYIO TSKEJYI0 MOHETY.

6) HaM Hy’;KHO JIMIIb J0Ka3aTh, 4YTO JAake
€CJIM Ha Yallii BeCOB Pa3pelnaeTcst KJIACThb 10
HECKOJIBKO MOHET, TO BCE PABHO CaMYTo TsKe-
JIYIO MOHETY HEJIb3ST 3aBEJOMO OIPEIETUTD
MeHee ueM 3a 2n — 1 B3BemuBanue. [lomoxmm

N=2"".pn. [IpeanosoKuM, UYTO MacChl
moner paBupl N -1, N -2, N—-4,

., N =2"" (B HEKOTOPBIX eUHHAIAX H3Me-
PEHNsA) M HAM OTKY/a-TO M3BECTHO, YTO OHU
nMeHHo Takue. [lokaxem, uTo, gaske oOsa-
Jlast 3TON JIOMOJIHUTEbHONU uHbopMalueii,
MbI He CMOYKEM 3aBEJIOMO OIIPE/IENUTDH CAMYIO
TSKEJYI0 MOHETY MeHee yeM 3a 2n — 1 B3Be-
muBanue. Tak jke, Kak M B IyHKTE a),
JIOCTaTOYHO JI0KA3aTh, YTO MbI HE CMOYKEM €€
OTIPEZICINTh POBHO 3a 217 — 2 B3BENTUBAHUS.
[ToxkaskeMm, 4TO MpM yKa3aHHBIX Maccax MoO-
HET, eCJIM KOJIMYeCTBA MOHET Ha JalllaX BECOB
PA3JIIUHBI, TO 00SI3aTETBHO O0JIEe TSIKETBIM
SIBJISIETCST COJTEPIKMMOE YaTH ¢ OOTBINTNM YNC-
JIOM MOHeT. [[eficTBUTEJIbHO, TIYCTh Ha OJTHOM
yarie k MOHeT, a Ha Jpyroi [ moner u k > 1.
Torja pasHocTb Macc CO/IEPKUMBIX MTEPBON U
BTOPO#l vai GoJIblle, YeM
k(N =2""")=IN = (k=1)N —k-2"" >

>2N-n-2""'=0,
3HAYUT, COJEP’KUMOE IepBOIl Yalll BECOB
Tsixesnee. Takum 0o6pa3oM, BCSIKOE B3BEIIINBa-
HUE C Pa3HBIM KOJUYECTBOM MOHET HA Yallax
6ecCMbBICJIEHHO: BCET/IA MOJKHO CUUTATD, YTO
MIEPEBECUT Yallia, Ha KOTOPOi GOJIbIlle MOHET,
1 TOT/[a MBI He TIOJIyYUM U3 3TOTO B3BEINBa-
HUSI COBceM HUKakoit nagopmaruu. [Tosatomy
B JAJIbHENIIEM Mbl MOKEM CUYUTATh, YTO B
KaK/IOM B3BENIMBAHWKM Ha YalllaX BECOB Jie-
JKUT TI0 OJIMHAKOBOMY KOJIMYECTBY MOHET.
[lanee, moka)keM, 4YTO €CJU B HEKOTOPOM
B3BEIIMBAHWK HA YalllaX BECOB JIEXUT TI0
OJIMHAKOBOMY KOJHMYECTBY MOHET, TO Gojee
JIETKUM SBJISIETCS COJIEPXKUMOE TOU daliu
BECOB, HA KOTOPOW HAXO/IUTCST caMasi JIerkast
13 YYaCTBYIOIIMX BO B3BENIMBAHUU MOHET.
[leiicTBUTEIBHO, ITyCTh HA OJHOH Yalle BecoB
Jexkat MOHeTbl ¢ Maccamm N =2,
.., N =2%, a Ha gpyroit — ¢ Maccamn

N =27, N-=-2"% tne 4>..>4 u
Ji >...> Jp, IpmueM § > j,, T.e. caMmas Jer-
Kas U3 YYaCTBYIOIINUX BO B3BEITUBAHUT MOHET
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Ha nepBoil vamie. Torja
(N—Z“)+...+(N—2ik) <

‘ i
SEN-2"<kN -2 <
s=0

S(N—2f1)+...+(N—2f’e).

Temepb mokaxkeM, Kak MOAN(UITTPOBATD Pe-
MIEHNe W3 TYHKTa a) B PaccMaTpuBaeMoi
cutyaruu. IIpeanosoxum, 4To UMeeTcs as-
TOPUTM [JIeMCTBUH, TO3BOJSAIONINN OIpe/e-
JIUTh CaMylo TSKeJIylo MOHeTy 3a 2n — 2
B3BemmBanus. IIponymepyeM MoHETbI ymC-
gamu 1, ..., n. Cpenaem mepsble 2n — 3
B3BENIMBAHMS COTJIACHO aaTopuTMy. [715 Kask-
JIOTO U3 ATUX B3BENTUBAHWI HA30BEM 2/1A6HO1
MOHemol Il 9TOTO B3BEITUBAHUS MOHETY C
CaMbIM MaJIEHbKUM HOMEPOM W3 BCEX, yda-
CTBYIOITUX B 9TOM B3BemmBanuu. CoTJiacHO
npuHIIy JupuxJie, cpeji MOHET ¢ HoMepa-
mu 1, ..., n — 1 HaligeTcd Takas, KOTopas 3a
Mpou3BeIeHHbIe 27 — 3 B3BEMMBAHUN OblIa
rJIaBHON He 6oJjiee OJJHOTO pasa; 0603HAYNM
HoMep 3Toi MoHeThl depe3 k. Komneuno xe,
MOHEeTa C HOMEPOM 72 HU Pasy He MOTJia ObITh
raaBuoil. IIpearnosoxuM, 4To B KaXK/OM W3
MTPOM3BE/IEHHBIX B3BEMIMBAHUN «ITPOUTPHIBA-
na» (okasbpIBajach 6oJiee JIerkoii) uara, Ha
KOTOPOU JIEKHUT TJIaBHASI MOHETA 3TOTO B3Be-
mBanus. [lokaxkem, 4TO yKa3aHHbBIE pe-
3yJbTAThl B3BEMWBAHUN BO3MOXKHBI. [leii-
CTBUTEJIbHO, TAKOE MOTJIO TTPOU30HTH 110 Kpaii-
Hell Mepe B CJIeYIONUX JIBYX CUTYAIUSX.
(A) MoHeTbl yIOPSAZI0YEHbI 110 BO3PACTAHUIO
Macc U Bce Bechl (B TOM 4mCJ/I€, MCIOPYEH-
HbIe) TOKA3bIBAJIN TIPABUJIbHBIE PE3YJ/IbTAThI
BO BCEX B3BEIIMBAHUIX.

(B) MoHeTbl yHOPAZI0YEHbI 110 BO3PACTAHUIO
Macc, 3a WCKJIOYEHHEM MOHETbI HOMEp R,
KoTopas camas Tskesas. [Ipu aTom Te Bechl,
Ha KOTOPBIX ITPOM3BO/INJIOCH B3BEIITUBAHNE, B
KOTOpOM k ObLTa rimaBHoll (ecm Takoe B3Be-
muBaHue GbLIO ), NCIIOPYEHBI, & B OCTAIBHBIX
B3BEIINBAHUSAX BCE BEChI MOKa3bIBAJIU BEP-
HbIE PE3YJIbTAThI.

Paccmorpum nBa cayyvasi.

1. B mocnennem, (2n—2)-M B3BemmBaHuH,
IJIABHON SIBJISIETCS] HE MOHETa ¢ HOMEpPOM R.
[IpenrosioxkuM, dYTO OISATh <«IIPOUTpaay
yaria, Ha KOTOPOW JIEXKUT TJIABHAST MOHETA.
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Torga kaxnas us curyauuii (A) u (B) no-
IpeXXHEMY BO3MOXKHA.
2. B iocsaeHeM B3BelInBaHUY IJIABHOM SIBJISI-
eTcsi MOHeTa ¢ HoMepoM k. Paccmotpum Bce
OCTAJIbHbIE YYACTBYIOIINE B 9TOM B3BEITHBA-
o MoHetol. Ilyctp Momera womep [ —
MOHETa C CaMbIM MAaJIeHbKUM HOMEPOM W3
HuX. [IpeIrmomoKnM, 4To «IIponrpasas Jamia,
Ha KOTOPOii Jeskut MoHeta [. Torma, ¢ oHOMI
CTOPOHBI, BO3MOXKHO, YTO UMEET MECTO CHUTY-
amust (A) u mocseHee B3BEITUBAHNE BBITIOJI-
HSJIOCh Ha uCIopyeHHbIX Becax. C mpyroit
CTOPOHBI, BO3MOXKHO, YTO UMEET MECTO CHUTY-
arug (B) u B 11ocse/iHeM B3BEIINBAHUN BEChI
MOKA3aJIM MPABUJIBbHBIN Pe3yJbTar.
Mrak, kakuM 6bI HI OBLIO OHO OCTABIIEECS
B3BENIMBAHNE, €T0 PE3YJbTAT MOYKET OBITh
TAKOB, UTO TTOCJE HETO KaXKaast U3 CUTYaInuii
(A) u (B) Gyzer 10-peskHEMY BO3MOKHOI.
Torpa Kaxk/asd U3 MOHET R U 1 MOXKeT ObITh
caMoil TSKeJsIoN, T.e. HaM He YaJoCh ompe-
JIeTUTh CaMyIO TSKEJIYI0 MOHETY.
A.Tatipyrnun, M./Judun

®2569.! Ha naockoii sepmukanvhoii cmene
BUCAM UACYL, Y KOMOPLLX CEKYHONAS Cpe.l-
Ka deusxemcs naasno (6e3 cxauxog) 6 ep-
muxawnoll naockocmu. /[auna cmpeaxu
R =10 cm, ocv epawenus cmpesok uacos
20PU3OHMANLHA U HAXOOUMCS. HA GbICOME
h =2 mmnad noaom. Ha xonuure cexymnonoi
CMpenKu cudum Myxa u OmHOCUMESLHO
cmpenxu ne 08uKemcs, a no 20PUOHMANb-
HOMY NOJY 6001b CMEHbL C UACAMU HA PAC-
cmosmuu L =10 cm om nee 6exum mapaxan
¢ nocmosannotl ckopocmvio v =10 cmfc. B
HEeKOMOPLLlL. MOMEHM MAPAKAH HAXOOUMCS
Oauxe 6cezo k uacam. Kaxoil no eenuuune 6
IMOM MOMENN MOXKem Obimb CKOPOCL Md-
paxana é cucmeme omcuema Myxu, zoe ond
U CeKyHOHas. CMpesKa udacos NnoKosmcs, d
6€CHL MUP BPAWAEMCS BOKPYZ OCU UACOG?
Kaxoti no seaunune 6 3mom momenm moxem
Obimb CKOPOCM® MYXU 6 CUcmeme omcuema
mapaxana, z0e ezo Mylo8uUe NOKOUMCS,
HOKKU WeGeAAMCA U MUMO HEZO 6eCb MUpP
dsusxemcsi?

! Aprop pertternii 3a1au D2569-D2572 — C.Bap-
JIAMOB.
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B cucreme orcyera, rjie TYJIOBHUIIE TapAKaHa
HEIO/IBUYKHO, & HOXKKH IIEBEJISATCS, CKOPOCTh
MyX# Oy/IeT CKJIa/IbIBATBCSI U3 OTHOCHTEJIb-
HOHl CKOPOCTH TI0 OTHOIIEHHIO K IpPEKHENl
cucreMe otcyeTa, paBroit 2nR/60 ¢ = 1 cMm/c,
1 TIePEHOCHOTT CKOPOCTH, PABHOM TT0 BEJTUYH-
He CKOPOCTH TapakKaHa v, HO HAIPaBJIECHHOII
B IIPOTHBOIIOJIOKHYI0 CTOPOHY . IToaToMy cko-
POCTb MyXU OTHOCUTEJIbHO TapaKaHa MOXKeT
HAXOUTHCSI B [IMANA30He OT Op;, = 9 eM/c
710 Opax = 11 eM/c . Toumnee, ot [o — 2nR/60 c|
10 [o+2nR/60 | .

CKOpPOCTb TapaxkaHa B CHCTEME OTCUeTa MyXH
MoKeT GbITh 6o 2mh/60 ¢ —ov = 10,9 cM/c,
6o 2mh/60 ¢+ o = 30,9 cm/c. Besnuunna
CKOPOCTH 3aBHCHUT OT TOTO, B KAKYIO CTOPOHY
10 OTHOIIEHHUIO K CTeHE GEKHUT TapakaH. A OT
paccTosiHust L OTBETHI HE 3aBHCSIT BOBCE.

®2570. Mexdy deyms domamu ¢ naoCKuMu
Kpolulamu, Komopvie Pacnoidazaiomcst Ha
00HOU 6vicome Had 3eMaell, paccmostue 3
mempa. Bacs npunec na o0ny u3 xpviw dee
JezKue u npounvie 00CKU 00UHAKOBOU WUPU-
HbL U TOJUWUNDL, KAKOAS U3 KOMOPHLY UMEeT
dauny 2 mempa. Cesizaé eepeskamu 3mu
docku max, Kax nokasano Ha pucynxe, Bacs
coedunul Kpvluu 0omos Mocmukxom. /locku

0,95 M 1,05 M

C60UMU C60000HBLMU KOHUAMU ONUPAIOMCSL O
Kpasi Kpolil, <3dx00s» Hd KAKOYIO KPbluly
Ha 2,5 cm. A Kaxooill u3 npuesi3aHHuIX K
dpyeoll docke KOHUO8 0X6aUeH BEpPesKol,
obpasyowetl <odunaproes xoavyo. Macca
Bacu 60 xz. IIpu xaxoti Munumaivotl npou-
HOCMU 8epesoK Ha pa3pvie Bacs moxem, ne
60s1CHL Ynacmy u He Moponsicy, Nepexooumy
¢ 00HOU Kpviuu HA OpYy2zyr0?

[TockompKy cumTaeTcs, YTO JAOCKU JIETKHE,
YVUUTBIBATD B HATPY3KE MOCTUKA HYKHO TOJIb-
ko Mmaccy Bacm. B kakom Obl Mecre Ha
MOCTHKe HU Haxozauics Bacs, cuna natsike-
HNA BEPEBOK HE JOJI’KHA IMTPEBBITITAaTb BEJINYN-
HbBI, TIPU KOTOPOIi BepeBKa peetcs. CienoBa-
TeJIbHO, HY>KHO HaliTH TaKoe roJioxkenue Bacu

2019/Ne9

Ha MOCTHKE, TP KOTOPOM BEPEBKA OJ[HOTO U3
KoJiell HaTsHyTa HauboJjee CUAbHO. JIerko
JIOTAJIaThCsl, YTO BEPEBOYHOE KOJBIIO, H300-
paKEeHHOE Ha PUCYHKE cIipaBa, BOOOIIe He
HaIpsKEHO, TaK KaK BEPXHSS OCKa TP
HarpysKe CBepXy HETIOCPEICTBEHHO YITHPAET-
s B HIDKHIOIO JTOCKY. MIHBIMU cotoBamM, ciJia
HATSKEHUS BEPEBKU 3TOTO KOJIbIA HE BAUSCT
Ha Ge30MacCHOCTh IepPexojla C KPbIIU Ha
KPBIITY U 3Ty BEPEBKY MOXKHO IPOCTO HE
VUHUTBIBaTh. A BepeBKa, M300pa’keHHAs Ha
pUCYHKe cJieBa, Oy/[eT HaTsHyTa, MpuyeM
CUJIA ee HATSDKEHUST 3aBUCHT OT TI0JIOKEHUS
Bacu na moctuke. IlpeneGperast pasuuiieit
qud 0,95 M u 1,05 M, 6yneM cuutaTh, 4To
3T OTPE3KW WMEeIOT OJMHAKOBBIE [IJINHBI.
Korzma Bacs maxoamTcst Ha BepXHEH I0CKe,
CUJTa HATSKEHWS BEPEBKY PACTET 110 Mepe ero
yaaJleHus OT JIEBOTO KOHIIA MOCTHKA BILJIOTh
JT0 KpalfHero MpaBoTo KOHIIA BePXHEH JOCKH.
B aToT MOMEHT cyMMapHas CuJia HaTsSKEHUS
BEPTUKAJBHBIX YYaCTKOB BEPEBKHU € OJTHON 1
JIPyroil CTOPOHBI OT [OCOK JOJIKHA ObITh
pasma 2Mg/3 , rne M =60 xr — macca Bacn.
[Ipu ganbHeiineM nepeMerieH K paBoMy
KOHITy MOCTHKA 110 HUYKHEH JI0CKe CUJIa HATS-
JKeHUs BePEBOYHOIO KOJIbIIA CJIEBA CTAHOBUT-
cst Bce Menbire. TakuM 006pa3oM, BepeBKa
JIOJDKHA BbBIJIEPKUBATD CHJTY HATSKEHUS
F=Mg/3=200H.

®2571. Cnaownoi cmaivHoll wapux paou-
ycom R = 5 cm npusssan monxoii npounoti u
HepacmsKumMol Humvio k¥ OHy cocydd. B
COCYO HANUAU CMOSBKO PINYMU, YO WAPUK
He Kacaemcst OHd, d HUMb HAMSHYMA C CUILOT
F=13,6 H.Bamom xe cocyo donoanumenn-
HO HAAUBANOM CMOJLKO 600bl, 4MO 6eChb
WapuK 0Ka3vleaemcs Huxe ee 6epxuezo ypoe-
ns. Kaxoi menepv cmana cuna namsxenus
numu? I rommocmo pmymu p,,, = 13,6 z/ cm’,
nAOMHOCMY CMaiu Po, = 7,8 z/ em®, naom-
Hocmo 600vL P, = 1,0 Z/CMS. Cuumaiime, umo
g=10 M/ .

CymMa cuJ1, JeiicTBYIONUX Ha OKOSAMMiics
[peIMeT, MOTPYKEHHbI B OMHY WU [[BE
JKUKOCTH, PABHA HYJIO. A CHJIbI 9TH — CUJIA
TSKECTH, HANIPABJIEHHAs BHU3, ApXUMeI0Ba
CHJIA, T.€. BBITAJKUBAIONIASI CUJIA CO CTOPOHDI
OJTHOM WJIN ABYX JKUIKOCTEH, HATIPaBJIeHHAS
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BBEPX, U CHUJIa HATSIKEH WS HUTH, HAIIPABJIEH-
Has BHU3. llTOTHOCTH BO3MyXa HACTOJDBKO
MaJla B CPaBHEHUU C TIJIOTHOCTSIMH BO/IBI,
CTaJM U PTYTH, YTO BBITAJKHUBAIONIEH CUJION
€O CTOPOHBI BO3/IyXa MOKHO CMEJIO TIpeHes-
peub.
O6o3naunm 10110 o6beMa Tapuka V', Haxo-
JIATIYTOCS HIDKE YPOBHS PTYTH, Yepe3 X. JTa
JIOJIST OJIMHAKOBA U JI0 U TTOcje J00aBICHNS B
cocyq Bozibl. [lo TOTO, KakK B COCY/I IOTOJIHY-
TEJbHO HAJUIM BOJY, YCJOBHUE PABHOBECHS
ObLIO TAKUM:

0=Vp.,g+F - xVPyg .
Orciona,

Ppr VPpd

A 1iocsie 106aBJIeHUsT B COCY/T BOJIbI yCJIOBUE
paBHOBecHs OyZIeT JIPYTHM:

0=Vp,g+F-xVp,g-(1-x)Vp,g .

OTCIOZIB. HaﬁlleM HOBYIO CHJIa HaTAKEHUA
HUTHU:

F=xVp,g+(1-x)Vp,g-Vp,g =
= ng(ppT - pB) - Vg(p(,T - pB) =

=F[1-2 vgp [1-Per 481,
ppT pr

®2572. Bodonposodnwiii Kkpau caoMdALCs,
NOIMOMY U3 HEz0 8 PAKOBUHY NOCMOSHHO
Kanaem zopsuas 600d ¢ MeMNePamypol
+60 °C . Booda ckxaniusaemcs ¢ noocmas-
JEHHOU mapesixe, a ee U3Uuex Cmexaem 6
causnoe omeepcmue. Temnepamypa 600vi 6
mapeske uepes Cymxu noCae NOJOMKU Ycmd-
nosuaacv pasnoti +30 °C . Kaxoii cmanem
memnepamypa 600vL 6 mapexe uepes Cymxu
nocJie NOYUHKU KPAHA CAHMexXHuKom [lxam-
WYmoM, ecau nocie <NOYUHKU> UACMOma
nadenus. xaneav Yeeiuduadach 6 4 pasa?
Komnamnas memnepamypa +20 °C . Mouy-
HOCMb MENL08bIX NOMEPL NPONOPUUOHANLHA
pasnuye memnepamyp.

Ilocsie ycraHOBJIEHUSI TEIJIOBOTO PEXKUMA,
KOT/Ia TapeJiKa y»Ke HallOJHUJIACh U JIUIITHSS
BOJ/Ia TIEpeJIUBAETCS 4epe3 Kpail, MOIHOCTD
TETJIOBBIX TOTEPh B OKPYKAIOMNN BO3IYyX
CTAHOBUTCSI PABHOI pasHuUIle MOIHOCTH, 110-
CTyIAIONIEN C T1a/Ial0NIMMU B TapeJKy ropsi-
YUMU KallJIIMU, U MOIHOCTH, YHOCUMOH BO-
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JI0if, BbITEKAIONeH W3 Tapesku. YCJI0BHE
TEIJIOBOTO 6aslaHca MOYKHO 3aIHUCATh B TAKOM
BUJIE!
N(L,-T)=K(T-T,).

3nech N — 9acToTa MajieHus Kareiab B TapeJ-
Ky, K — Hexkuil TOCTOSIHHBIN pa3MepHbIN
Koa(pDUIMenHT, KOTOPBIN ompe/esseTcd ra-
G6apuramu rapesku, 1. = 60 °C, T — ycrano-
BuBIIasicsa temieparypa, I, =20°C. Us
YCJIOBUS U3BECTHA TEMIIEpPaTypa, YCTAHOBUB-
nrasicst 1o «nounnkus: 1 = 30 °C , moaromy
MO>KHO 3aIicaTh

N (60 °C =30 °C) = K (30 °C — 20 °C),
OTKYy/1a
K =3N.
Koraa YJacCTOTa IlaJieHus KalleJb yBEJIU4Un-

Jlach B 4 pasa, yCTaHOBUBIIAACA TEMIIEpaTy-
pa CTaHET 60JIbIIIE:

AN (60 °C = T,) = 3N (T, - 20 °C)
OTKYy/1a HaXO/UM

BUBJINO-I'JIOBYC
Mbl MPEOJTATAEM
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«<KBAHT» AJ4d MJAAININX NIKOJbBHHUKOB

aa4yl

1. B knet4atoMm KBagpaTe 3aKpacuiv
[1Be MaroHanu, nmetoLLme obLLyio KneT-
Ky. B ogHom n3 Hux 20 kneTok, a B
apyron — 19. MoxeT M 3ToT KBagpat
MMeTb pasMepbl 33x 337

A.briviHkoB

2. B BbipaxeHun
'YPY + HOPA + PATY + PYHO

O[MHaKOBbIMUM OyKBaMM 3aIMPPOBaHbI
O[MHaKoBble LMdPbI, Pa3NnyHbIMU OYK-
BaMW — pasfnyHble Lundpsbl. [Jokaxure,
YTO 3Ta CYMMa OeNNTCA Ha TPeX3Ha4yHoe
4MCno.

C Tokapes

3. Havoute OnnHy oTpeska, OTMeYeH-

HOMO Ha PUCYHKe 3HaKOM BOMpoca.
E.hakaes

27K 3apa4n npepnaranucb Ha XXV TypHupe
MaTemaTtuyeckmx 6oeB Mmern AlM.CaBuHa.

4. OpHaxapl Foronb pewnn HanyraTe
TypreHeBa: nepeogenca [MyWKNUHbIM ©
nowlen K TypreHeBy B roctv. A TypreHes
B TOT e OeHb pelwnn Hanyrate Forong:
OH Takxe nepeogenca [lyWKUHbIM ©
nowen K [orono B roctn. POBHO B Moji-
OeHb OHW BCTPETUNNCL Ha TBepCcKoM
OynbBape, HO He y3HanW Apyr Apyra u
npoLnmM MuMo. B 12:45 TypreHes goulen
0o goma lorond, yBuaesn, Y4to Toro Het
OOMa, 1 Cpasy nouwlen Hasad. A loronb
gowen oo goma TypreHesa B 1315 u
TOXe Cpa3y nolles Hasagd, NoToOMy YTO
TypreHeBa He oka3zanocb goma. B 13:45
[oronb 1 TypreHeB CHOBa BCTPETUNMCH
N XOPOM 3akpudanu: «An aa lMywkuH!
AN [a CyKUH CbiH!» KTO M3 HUX W Ha
CKOMbKO MUHYT PaHbLUe BbILLen 13 JoMa?
(Kaxpbl nmcatenb XOAWT CO CBOeu
MOCTOSIHHOW CKOPOCTbIO.)

v.PackmHa, [lXapmc

525

Unmoctpatm [.1puiykoBovi
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JlenaHas
COCYIbKa U
KOCMUNYeCK
TPOC

A.CTACEHKO

JnppepeHinanbHbIi 3aKoH SB/ISETCS Touv
EAUMHCTBEHHOW (POPMOLT MPNYMHHOIO 0ObACHe-
HUA, KOTOPAs MOXET [10JIHOCTbIO Y.4OBJIETBO-
PATL COBPEMEHHOIO @U3NKA. HACHOE MOHMMA-
HUe ANDOEPeHNaTIbHOro 3aKOHa eCTb OfHO
U3 BESTNYANILLINX [YXOBHbIX JOCTUXEHMN HbiO-
TOHa.

ADIHWTENH. DU3MKa 1 peanbHOCTb

TO JKE HE BUJEJI CBEPKAIOIINX HA
COJTHIIE COCYJIEeK, CTOJb OTIACHBIX 110 BecHe!
Beskuit ocTOpOKHDBIN MPOXOXKUIA TOJLKEH TTOM-
HUTH CXEMY COCYJIbKHI
1 niHol L, u3o6paskeH-
L| St Hyto Ha pucyske 1. Ilo-
ds,”  HSATHO, IOYEMY OHA K HU3Y
,/ YTOHYAETCA, — BEJb C yBe-
JIMYEHUEeM KOOPAMHATDI [
ToTIepevHoe Ce4eHue s
JIOJKHO BBIJIEPIKUBATD
Bce GOJIBITYIO HATpy3Ky
HIJKE PACIOJOKEHHOMN
Macchl. Bec aToil macchl,
JIeJICHHDBI Ha ILJIOH[A/b,
0 So Ha3bIBACTCS PACTATHBAIO-
_—7,34—_2 r UM HAMPSKEHUEM G .
IIpencrasum cebe «or-
Puc. 1. BeptvikasibHoe TUMAJIbHYIO» COCYJIbKY, Y
ceqeHmne  «onTy- KOTOPOH HalpPsKEHHe BO
MaJIbHOM» COCYJIbKM  BCEX CEUCHUSAX OJIMHAKO-
— 1ena BpaijeHns 8 Bo. Ha anement o6bema
rose Taxect. BHu-  cocyabkn sdl peiictByer
3y — K orpegese- cuna Ttarorenusi gpsdl.
HUO MaKCMMaﬂbHO: 9710 pupalieHue JT0JK-
r0pafnyca BUCALLEN 1o KOMIIEHCHPOBATHCS
Karuii oAbl IpUpAIeHneM YIpyroit

DOI: https://doi.org/10.4213/kvant20190903

cusibl 6ds. B pesyJibrate uMeeM ypaBHEHUE
gpsdl = ods , wm £=g—pdl. ()
s ©

TyT yK BCSKOMY COBPEMEHHOMY IIKOJbHUKY
5TO ypaBHEHWE HAMOMHHUT POCT GAHKOBCKOTO
Braaga (rae dl — sneMeHTapHOe IIpUpaIeHue

gp
BPEMEHH, & ~ = — NMpOLeHTHAA craBka). Perre-

HIE 3TOTO YPaBHEHNS B CJIydae MOCTOSHHOTO 110
JUTMHE 3HAYEHUsT YCKOPEHUs CBOGO/HOTO Majie-

msa g =g, =9,8 M/c2 U3BECTHO:

S exp(g_plj,

rae S, — IUIONaJb CEeYEeHUs! HIDKHETrO KOHIA
cocysibku. OtMeTM, 4To Ge3pasMepHbIil TOKa-
3aTeJTb 9KCIIOHEHTHI MOSKHO CYUTATH OTHOTIIECHH-
eM OOBEMHBIX ILJIOTHOCTEN IOTEHI[UATbHBIX

. H
sHepruii ¢ pasmepHoctbio [gpl]=[o] = ==
M

=Ha=ﬂ—§<,
M

PazyMHO HpeAnoJOXHUTb, 4YTO pPaaUyC

N
= 20 HUKHETO CeYCHNST COCYJIbKU IMTOPAAKA
T

pasMmepa TOI KallJi BOJbI, KOTOPast y»K ObLIO
co6paJsiach COpBaThCsl BHU3, HO IPU3a/yMasiach
U yCIesia MpuMep3HyTh. JTO U3BECTHAS 3a/1a4a
0 Karie, OTOPBABIIECS TOJ JAEHCTBUEM CO6-
CTBEHHOII CHJTBI TSKECTH, TIPEB3OTIE/IITIEH CUITy
TTOBEPXHOCTHOTO HATSKEHUS:

gm = 2nr o,

rze o ([OL] = H/M) — koaunmeHT MoBepxHO-
CTHOTO HATSKECHUS, 7, — Pajlyc Hepelieiika
(cMm. puc.1, BHU3Y) B MOMEHT OTPbBIBA.
OjHaKo Mopa ¢jieaTh YUC/IEHHbIE OLEHKH,
UCTIOJIb3Ys XapPAKTePHbIE TaGINUHBIE JTaHHBIE

At apa: p =920 Kr/M3 — IUIOTHOCTb, G =
=1 MIla — npeaes ynpyroctn mpu paspbiBe.
[Mosyunm

S [ 98920 1) _
T

=exp(9-107) = 1-0,01.

Taxum 06pasoM, JIJIst COCYIbKH THHOM L =1 M
JTOCTATOYHO MMETD TIJIOTAAb Y OCHOBAHUS BCETO
Ha OJMH TPOIEHT GOJIbIIle, YeM Ha ee KOHIIE.
Koneuno, He Bce cOCyJJIbKI «ONTUMATbHBI> B
PACCMOTPEHHOM HAMU CMbICJE — KaIlJIi BOJIbI
MOTYT OTBEp/ieBaTh, HE JIOCTUTHYB HIKHETO
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KoHI[a. B pesyibraTe cocybKa OKasKeTcsl OTHO-
CUTENbHO TOJIIE B cBOoell BepxHei wactu (cM.
NYHKTUP Ha pUCyHKe 1), ¢ 3amacoM obecnedn-
Basi IIPOYHOCTH CBOETO TeJIa.

Ho uto cocysbkal I[pencraBum cebe pamu-
AJBHYIO IIAXTY, TPOPBITYIO 10 CaMOTO TIEHTPA
O/THOPO/THOTO TPABUTHPYIOIIETO TTapa, HATPH-
mep Jlympl, cmytamka IOmmTepa mam gaxke
3emsm (puc.2). (Koneuno, curyanus BooGpa-

7 A

/L

Sr

g = gor/Rl

/

Puc. 2. K 3gqa4e 06 ontimalibHov ¢popme 1poca
B paanalibHoN LIGXTE B [PaBUTUPYIOLUEM LLUGPE.
LUiTorxoBas KpuBas — CeYeHMe ChHEPUYECKOM
TOBEPXHOCTU [/15 OPERETIEHNSA PAANAITLHOM 3d-
BUCUMOCTH YCKOPEHMS TATrOTeHMS

’KaeMast, MO0 TLTAHETBl YCTPOEHBI CJOKHO.)
slcHo, 4TO CHIa TSKECTH B LEHTPE TaKOro Teja
paBHa HYJII0. A 4TOOBI OIUCATH €€ 3aBUCUMOCTD
OT pajiyca, MOKHO HCIIO/Ib30BaTh TaK Ha3bIBa-
eMyo TeopeMy laycca: IIOTOK BeKTopa § Ha-
NPSKEHHOCTH TIOJISI TATOTEHHsT 4yepe3 cdepy
paanycoM 7 < R TIpOTIOpPIMOHANEH Macce Trapa
paamycom 7 (cM. puc.2, BHU3Y):

4nrig ~ %npcpr3 ,
e P, — CPeAHeOGbEMHAS IJIOTHOCTD TeJa.
Orcio/1a HAXO UM

9(r) =g % ,

e ¢, — 3HAUYEHHE YCKOPEHUs TATOTEHUs Ha
MMOBEPXHOCTH TPpaBUTHPYIOIiero mapa. [loacra-
BUB 3TO BbIpaxkeHne B audepeHImantbHoe

ypasuenue () 1 IPOUHTErPUPOBAB €TI0, MOy~
ynm (¢ yuerom pasBercts R = L w7 = 1)

S pcpgor2
— = exp il A
So 206R

2019/Ne9

SZIGCI) B UucCJuTeJIe ITOKa3aTe/d SKCIIOHEHTbI
MOJKHO YCMOTPETb HAMEK Ha 3HEPIUIO PACTAHY-
2
X

TOI NPY>KUHDI, PaBHYIO - -
A BOT TpHUMep CO3/IaHUSI <UCKYCCTBEHHOM

TSDKECTH» B KOCMHYECKON KarcyJe 3a cuer
neHTpobekHoii cuspr (cuabl urepun). JIse
KaOWHBI Maccoit M BpaImaioTcst Ha TPoce JH-
HOW L KaxJast ¢ yrJI0BOH CKOPOCTBIO  BIAJN
ot Beex Hebecupix Test (puc.3). g ypo6ersa

()

M M
= dr "
i D
ol = @é{ Jo
L "L

Puc. 3. K orpeneneHuio ontimansHovu @opmsl
TPOCa B CUCTEME, BPALYAIOLYEVICA B HEBECOMOCTH
C ITOCTOSIHHOU YI710BOU CKOPOCTbH IO

KOCMOHABTOB 1EHTPOOEIKHOE YCKOpeHnue obec-
MEYUBAETCS] PABHBIM YCKOPEHUIO TSTOTEHUS ()
Ha 3emJe:
o’L = o -

[ToHaTHO, uTO B ypaBHeHue ( = ) HYKHO T0/ICTa-
BUTH JuHeliHy10 3aBucHMOCTb ¢ () = 0°r . D10
Takasi JKe 3aBHCHMOCTD OT PaJyca, Kak U B
cJydae OJJHOPOJHOTO I'PAaBUTHPYIOINIETrO IHapa,
[OATOMY U Pe3yJ/IbTaT MHTerpupoBaHus Oyner
TaKUM JKe.

[Toxoskee BbIpakeHue HOJYYUTCS U JUIS TLJT0-
I1a/11 CeYEH U JIOTIATKN ObICTPO BPAIIAIOIIET0Cs
KoJieca TYPOMHDI ¢ OJMHAKOBLIM MO ee [ITNHE
3HAYEHUEM PACTATUBAIOIIEro HanpsiKeHust. Ko-
HEYHO, TIPY 3TOM CB$I3b IO/ C e IIMPUHON
Oy/ileT uHasi, 4eM B CJydae KPYIJoro CedeHus.

Yuratenb 6e3 oco6oro Tpyaa cjesaer oleH-
KW, aHAJOTWYHbIE MPUBEIEHHBIM BbIme. Ha-
npuMep, MOKHO [T KOCMHYECKOTO Tpoca U
sonatku TypOuHbl BbIGparh P = 1,84 KF/ M
c=1ITla, s,=1 MMZ, mmny L = 100 M aas
tpoca u mupuny 1 cM asa onatku (13 ABYX
HOCJIETHAX JIAHHDBIX MOJYYUM MPEJETbHYIO yT-
JIOBYIO CKOPOCTB @y, )-

Ho Bce ckazannoe BepHO, TOJBKO €CJN TIpe-
HeGpeub Maccoil Karcy (M =0). B nporusHoMm
CIIyuaeB B MPaBoil wactu ypasHenus () HyxK-
HO [06aBUTH 1EHTPOGERHy0 cuiry M o’L,
JIEHCTBYIONIYIO HA KAICyJly 1 PAaBHOMEPHO pac-
MPEIEIEHHYIO 10 MCKOMOW TIJIOTIA/N CEUeHUST
Tpoca. B pe3ysibraTe HHTErPUPOBAHUS JKeEJTAI0-
IIHIE /1 TIOJTyYlT HOBOE BhIpaskeHue /s s (7).
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3apanee npeaynpeaum Yuraressi, 4to oHO Gy-
JIET Ha3bIBaTbCsl CTPAIIHBIM CJIOBOM — TpaHC-
LEH/IEHTHOE.

[lanbie — Goabirte. UTo ecsin cBSI3aTh JPYT €
JIPYTOM JIBa aCTEPOU/Ia, BPAIIAIOIINXCS BOKPYT
OOGIIIero MeHTpa Macc? ITO 0YeHb 00JIETIHIO ObI
Ipy301epeBo3ku Mesk/y Humu. TyT ysx nmpu/er-
Cs1 y4ecTb M TPABHUTAIMIO, TaK Y4TO CyMMapHast
ILIOTHOCTH SHEPruH B Touke 7 (cM. puc.3) Oyaer
paBHa

o’ 1 1

+GM
2 L-r L+vr

rae G — rpaBUTAIlMOHHAs MOCTOSTHHAA. BuiHo,

YTO CUJIA TPABHUTAIMK 3ACTaBUT CJIEJATh TPOC

ele TOJIIIIE.

MoskHO HazesaTbes, uTo UnraTesapb y:Ke MpH-
o6pes JIOCTAaTOYHBIH OIBIT B PENIeHnun Toa00-
HBIX UHKEHEPHDBIX TPOGJIeM. A ¢ TOUKH 3PEHUST
(u3KKH B IPUBEIEHHDIX PACCYK/ICHUSIX TPABU-
TAIMOHHAsT M MHEPTHASI MACChI MOJTYAJIUBO MTPE/I-
roJiarajauch oguHakoBbiMu. OIHAKO, UX 9KBU-
BAJIEHTHOCTD HA 3ape COBPEMEHHOH (DU3NKH
(ombiTel Tanuies) He kasajgach O4EBUIHON, 1
TOJIbKO GJiarojiapst Bce 60Jiee TOHKUM 9KCIepu-
MEHTaM K HayaJy IPOIILJIOro BeKa OHA OKa3a-
JIACh OJTHUM W3 HamboJiee TOYHO YCTAHOBJIECH-
HbIX hakToB. Hakowrerr, A.JiHIITEH Jorasat-
S CBA3aTh TOJIE TSYKECTH ¢ YCKOPEHHO JIBIIKY-
[elicss CHCTEMOM OTCYeTa, IT0JIOJKUB HaYaJo
COBPEMEHHOI TeOpUN OTHOCUTEJNBbHOCTH.

MATEMATUYECKHUUN KPYJXOK

OYyKa Hareng
N OKPY>XXHOCTU
NATV TOYeK

H.BATKUH

IMPON3BOJIbLHOM TPEYTOJIbHUKE ABC
BBITIOJTHIM CJIeyTotee octpoerne. Ha mpo-
nomkennn orpeska AC 3a Touky C OTJIOMKHUM
OTPE30K, PaBHbIN 10 AaHe AB. AHATOTMYHBIM
06pasoM IIOCTPOUM ellie IIATh 0Tpe3koB (puc.1).
3BecTHO, YTO KOHIBI IIECTH MOCTPOEHHBIX

Puc. 1

DOI: https://doi.org/10.4213/kvant20190904

OTPE3KOB JIe)KAT HA OJHOW OKPY’KHOCTH — OK-
pysknoctn KonBes. Ee mentp coBmamaer c
neHTpoM I BrnucanHoil B tpeyrosbHuk ABC
OKPY>KHOCTH.

OxasbIBaeTcs, ecJi OTPE3KH, PaBHbIE TPOTH-
BOTIOJIO’KHBIM CTOPOHAM, OTKJIAQJBIBATDh B JPY-
IYIO CTOPOHY, IOJIy4aeTcss He MeHee WHTepec-
Has IIeCTepKa TOYeK, KOTOopast CBSI3aHa C MmoY-
xoti Hazens (Touxoil nepeceyeHusi OTPE3KOB,
COCIMHSTONTIX BEPIIMHBI TPEYTOIbHUKA C TOU-
KaM1 KaCaHUs BHEBIMCAHHBIX OKPYKHOCTEH €O
CTOPOHAMN).

ITOI KOHCTPYKITMH U TIOCBSIIEHA HACTOSTIAS
CTaTbs.

WTak, paccMOTpUM ITPOM3BOJILHBIN HEPABHO-
Genpennnplii Tpeyrosibiuk ABC, s ornpeje-
JIEHHOCTH YTIOPSIIOUNM JIJINHBI €T0 CTOPOH: @ =
=BC <b=CA<c=AB. Haaysax ACu AB
orMetuM Toukun B, u C, COOTBETCTBEHHO,
takue, uto AB, = AC, = a. Anasoruuto, Ha
ayyax BC, BA u CB, CA ormerum TO4Ku Ay ,
C, m A., B, COOTBETCTBEHHO, TaKHe, YTO
BA,=BC,=b u CA,=CB,=c (puc.2).
3aMeTHuM, 4TO PaCIOJOKEHNE OTMEUCHHBIX TO-
YeK Ha CTOPOHAX TPEYTOJbHUKA UJIU UX IPO-
JTIOJDKEHUSIX OJTHO3HAYHO OTIPeIeJiieTcsl Hepa-
BeHCTBOM ¢ < b < c.

1. VI3 mocTpoeHns 04eBUIHO, YTO TPEYTOJIb-
nuk AB,C, paBHoGeapennbii u npsimas B,C,
nepreH/uKyasipaa 6uccextpuce yriaa BAC.
Ananoruuno, npsamble Cy A, n A.B, nepien-
JIUKYJISIPHBI COOTBETCTBYIOIIUM GUCCEKTPUCAM.
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Puc. 2
Kpome toro, AB,=AC,=c-b, BA, =
=BC,=c—-a, CA, =CB, =b—-a.Tpeyroan-
muk AB,C, paBHOGeAPEHHDIH, OTKYy/Ja BUIHO,
4TO
« npsmas. B,C, napainemvna Guccexmpuce
yeaa A (puc.3).

¢

Puc. 3

AHaJIOTMYHO BBICHAIOTCS HAIIPABJICHUS [IPSI-
mbix A,B, u C,A, .

2. JlokaskeM, 4TO

«npamvie A,B,, B.C, u C,A, nepecexa-
1omest @ 00HOU mouke.

O603HaYNM I[EHTPDI BHEBIHCAHHBIX OKPYK-
nocteil Tpeyronbuuka ABC xak [,, I, u I,
(I, coorserctByer cropore BC u T. 11.).

Kak 6pL710 3aMedeHO paHee, TPEYTOJbHUKH
BA.C, n CA,B, pasHoGenpennble. CepenH-
HbIe TEepPHeHANKYJISAPbl K MX OCHOBAHWUAM CO-
BIIQ/IAIOT C BHENIHUMHU OHCCEKTPUCAMH Tpe-
yrombunka ABC. Tpeyromsnnk AB,C, Taxxe
paBHOGeIpeH DIl 110 mocTpoernio. Cepeit-
HBII NEPIEH/INKY ISP K €r0 OCHOBAHHWIO COBIIA-
JaetT ¢ OHMCCEKTPHCON yriaa A TpeyroJbHUKA
ABC. Cuneposarensno, [,A, =1,B,=1,C, =
=1,A.. 3umaunr, Tourkn A4,, B,, C,, A,
nexar Ha omHoit okpysxnocru (puc.4). O6o-
3HAYMM €ee (), . AHAJOTMYHO OIPEJEJUM OK-
PY’KHOCTH M U @ .

2019/Ne9

Puc. 4 1

Jlna oxpysknocreit @, u o, npamas A,B,
ABJIAETCS PaMKanbHoii ocbio (cM. puc.4). Tak
JKe JIJIST TIap OKPYSKHOCTEH M, , M, U y, O,
upsimbie C,A, n B.C, ABsIOTCS PaINKAIbHDI-
MH OCSIMH, II09TOMY BCe TPU IIPSMBIE TIepeceKa-
I0TCSI B OJIHOW TOYKE — PaJMKAJIbHOM IEHTpE
OKpYysKHOCTEH ®,, ®, u o, (oueBUAHO, 5TU
[pSAMbIE HE MapaJle/bHbL).

Touky nepeceuenusa npsamoix A,B,, B,C, u
C,A, nasosem N.

3. IlpoBexeM eme OfHO paccyskieHue, U3
KOTOPOTO BBITEKAET JPYToe orucanue Toukn N.

[Iyctb I — 1eHTp BIMCAHHON OKPY>KHOCTH
Tpeyroibauka ABC, Takske 0603HAYNM yepe3
M,, M,, M, cepeaunbi ero cropon (puc.5),
7 mMycTb S — TEHTP BIMCAHHON OKPYXKHOCTH
cepeuHHOTO Tpeyroabuuka M ,M, M. (Touka
S rakoke HaszbiBaercd 1entpoM Hlnukepa Tpey-
rosbiuka ABC).

[Tycrp myuw M_.S nepecexaer ctopony AC B
touke P. Kax wussecrtno, BC| M,M, n
CA|| M, M., noatomy CI || M .Pu LM,M P =
= ZBCI = ZICM,, = LM _PM,,, otkyna PM, =
=M,M, =a/2. lanee, CP =CM, - PM, =
=(b-a)/2=CB,/2.Takxe M .S || CI || A,B, .

c
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ITO 03HauaeT, uTo nupsaMad M .S Jexur «mnoce-
peante» Mexay npsmbivu CI u AyB, (unaue
TOBOPSI, cepe/lnHa JT060T0 OTPe3Ka ¢ KOHIIAMH
na npsmpix CI m A,B, JeXnT Ha HPSIMOM
M_S). Torma A,B, 1pOXoauT Yepes3 TOUKY,
cummerpuunyio I otHocutesbHO S. To ke Bep-
Ho u ang npambix B.C, n C,A, .

[Tosrywaercst, uro N — TOUKa, CUMMeTpUYHAS
I otHOCcuTenbHO S. OJHAKO N3BECTHO, YTO /LIS
JOO0TO TPEYTOJIbHUKA TEHTP BIIMCAHHOW OK-
pyxuoctu I, touka Haresna u nentp lnukepa
S JeskaT Ha OJHON TPSIMO — TaK Ha3bIBaeMOl
npamoti Hazens, npudyem S gBiseTca cepeiu-
HOI oTpeska Mesxay I 1 Toukoit Harens. 9to u
O3HavaeT, 4To

« N — mouxa Hazens!

ITo mytnm eme orMeTmM, YTO Ha MPSAMOH
Harena IN nexut takske u Touka M nepeceue-
wnst Meqman, ipi stom MN = 2IM | a B ientpe
[IInukepa TpeyroJbHUKA HAXOIUTCS IEHTP TS-
JKECTU IIPOBOJIOYHOTO Tpeyroabnnka ABC, cro-
POHBI KOTOPOTO SBJISIOTCS TOHKUMHU OJTHOPO/I-
HBIMH CTEP>KHSIMH C MacCaMH, PAaBHBIMU JIJIN-
HaM COOTBETCTBYIOMINX CTOPOH. DTO CBOICTBO
nenrpa Illnmkepa Mbl Jj0Ka3biBaTh HEe Oy/€EM.

4. Coryacno ncxoiHoMy nocrpoenuio, AB, =
=AC, =a. IJT0 O3HayaeT, 4TO MbI MOXKEM
BITHCAThb B yroJ A OKPY>KHOCTb L, , Kacaroly-
10CsI CTOPOH YIJla IMEHHO B Toukax B, u C, .
Tak ke TOIy4nM OKpYKHOCTH £, m £,
(puc.6). Ux nentpot o6osuaunm O, , O, u O,
COOTBETCTBEHHO.

JlokaskeM, 4TO

« N zexum ma xaxooii us oxpyxuocmei
Q,, Q, u Q_, m.e. 6ce onu nepecexarmcs 6
mouxe N (cm. puc.6).

oxaxeMm, uto N € Q, . 3aMeTnmM, 4TO

2/B,NC, = 360° - 2/CA,B, - 2/C,A.B =
=360° - £C — ZB =180°+ LA = ZB,0,C, .

Puc. 6

(O6paruTe BHEMAaHKE HA PHCYHOK 7, 9TOT YTOJI
GoJbiiie pasepHyToro.) 3uauut, yron B,NC,
paBeH ToJioBHHe TenTpaabnHoro yraa B,0,C,

A
Puc. 7

C

okpyxnoct Q, . V3 aroro ciexyer, 4ro ga-
HBII YTOJI SIBJISIETCST BIIMCAHHBIM B OKPYXKHOCTD
Q,, noatomy N € Q, . IIpoBess anajoruymbie
PACCYKICHUS JUISL IBYX JAPYTHX OKPYIKHOCTEH,
HOJIy4UM, 4TO TOYKa N TNPHHA/IEKUT BCEM
TPEM JIAHHBIM OKPY’KHOCTSIM.

5. Bepuemcst k paBHOGEPEHHBIM TPeyTOJib-
nukam AB.C,, BA.C,, CA,B,. Ouucannbie
OKPY’KHOCTH 3THX TPEYTOJBHUKOB 0603HAYNM
Agr My Mg

IToxasxeMm, uTo

« cepeduna M, Oyeu ACB onucanmnoi ox-
pyxnocmu mpeyzonviuxa ABC asasemcs uen-
mpom oxpyxnocmu h, (puc.8).

Umeem AM] = BM,, ZM,AC = ZMBC =
= /M/BA, . Ho AC = BA, = b, caenosareJib-
Ho, AM/AC = AM/BA, , otkyna M.C = M_A,.
Awnasornaio, AM,AB, = AMBC , 110CKOJIbKY
AB, = BC = a . 3uaunur, M.B, = M.C . Tlo-
JaydaeM Tpebyemoe: M, — LEHTp ONUCAHHOMN
okpyxknoctu ACA,B, .




28 KBAHT

ITockoabky CA, = CB, , Bo BHeunwuii yron C
MOKHO BIIHCAaTb OKPY)KHOCTDb, Kacalomlylocs
ACuBCsB B, u A, coorBerctBeHHO. O003Ha-
unM ee tentp O, . Ouesngno, OB, L AC u
O.A, L BC , nostomy O — TOYKa Ha OKPYK-
HOCTH A, , AMaMeTPasbHO IIPOTHBOINOJIOXKHAS
touke C (cMm. puc.8).

AwnasioruyHo onpesesstiorest touku O, , O) u
M, M, . Jlns HUX TaKKe BEPHBI COOTBETCTBY-
IOIHe YTBEP>K/ICHNU.

6. /lanee maM MOHAKOGATCS /1B JIEMMDI.

Jlemma 1. [lycmo nexomopas oxpyKHOCMY
0 enucana 6 yzon A mpeyzorvnuxa ABC.
Bausxnioro k eepwune A mouxy nepeceuenus
npamott AN — nazeauanvt — ¢ OKpYKHOCMBIO O
o6osnauum uepes P. Tozda xacamenvnas x
oxpyxnocmu O e mouxe P napanrenvia BC
(puc.9).

Puc. 9

[doka3zateabctBo. [locKObKY OKpY’KHOCTD
0 BmHMcaHa B yrox A, To CyIiecTByeT TOMOTETHS
C IIEHTPOM B TOUKe A, TIepeBoAIIas BHEBITUCAH-
HYyT0 OKPY>XKHOCTB TpeyrosabHuka ABC, kacao-
ytocs ctoponbl BC B Touke Q, B OKPYKHOCTD
0 . [Ipu rakoit romoterun npsimas AN 1epeii-
JleT B ce0s1, HO Tak Kak Touku A, P u Q jexar
Ha ozHoit nmpamoit (eMm. puc.9), To Q nepeiizer
B P, a kacatenpHas BC TiepeiijieT B TapaJijiesb-
HYIO eli KacaTeJbHYI0 K OKPY>KHOCTH @ B TOUKE
P. Jlemma okasana.

Jemma 2. [Tycmo mpu oxpyxrnocmu nepece-
Karomest 6 o0noti mouxe. Tozda s3ma mouxa
JeKUM Ha 00HOU OKPYIKHOCIU C UX YCHMPAMU
moeda u moavKo mozdd, Kozdd ux nonapHle
MOUKU nepeceuerust AeKam Ha 00HOU NPIMOLL.

HdokaszareabctBo. [lycto O — o6iast Touka
Tpex okpyxkHocreit, A, B u C — ux nonapHble
touku nepeceuenus, Oz, O, u O; — LEHTPbI
atux okpyskuocrein (puc.10). Torma umeem

pasercrBa Z00,03 = %40013 =Z0CB n

2019/Ne9

Puc. 10

Z£00,05 = %AOOQA = ZOCA . Ho paBenctBo

yrioB OCB nu OCA o3HavyaeT KOJJINHEAPHOCTD
touek A, B u C, a pasenctso yrinos OO05; u
00,04 BIINCAHHOCTb YeTBIPEXYTOJbHIKA
00,0,05. U3 atoro ciaemyer yTBep:KAeHUE
JIEMMBL.

O6o3HauNM BTOPYIO TOUKY epecedenust (01-
JuuHyo ot N) OKpyskHOcTell Q, u Q, Kak
D, . Ananornuno onpezeaum Touku D, u D, .

JloxkaxeM, 4TO

«mouxu O,, O,, O., M. u D, nexam na
oonoii oxpyxnocmu (puc.11).

3ameTnM, 4TO

ZB,D,A, =180° — ZD, AN — ZA,B,D, =

= 180° - %LDCO,,N - %LNOaDC =

= 180° - £D,0,0, - £0,0,D, = £0,D,0,.

Yron O,D.O, mo cytnm paBeH yTJIy MeXIy
OKpy»KHOCTAMU £, 1 &, , HO [IOCKOJIbKY Kaca-
TeJIbHbIE K HUM B TOUKe N TapajuieibHbl COOT-
BETCTBEHHBbIM CTOpOHaM TpeyroabHuka ABC
(no nemme 1), to «£B,CA, =Z£0,D.0, =
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= /B,D A, , cieposarenbHo, Touka D, mpu-
HA/IIEKUT OKPY’KHOCTH A, .

[Tpumensist emmy 2 [ OKpPy’KHOCTEH A, ,
Q, u Q, (rouka D, pna Hux ofmas, a
HollapHble UX TOUKU epecevenusd — A, , B, u
N KoJTMHeapHbI), TONYYaeM, YTO UeThIPEX-
yroabtuk O,D,M.O, BIUCAHHbIII.

Jlamee 3aMeTHM, UTO TOYKH O;, O, n B,
kak 1 O., O, n A,, KOJJIMHEAPHBI, OTKY/IA

£0,0,D, = £B,0,D, = 2/B,ND, =
=2/A,ND, = ZA,0,D, = £0,0,D, .

3uauur, uerbipexyroybiuk O,D. 0.0, takke
BITHCAHHDII.

SIcHO, UTO 3TH /1BA UETHIPEXYTOJbHIKA BITHICA-
HBI B O/IHY OKPY>KHOCTb, TaK 4TO BCE IITh TOUEK
O,, O,, O., M, u D, Jnexar Ha OJHOIi
okpy:xHOoCcTH. HaszoseM ee oxpyxnocmovio namu
mouex 05 eepwunv, C 1 0603HAUNM T, .

7. 3amepinas ucciae0OBaHUE Hallell KOHCT-
PYKIIMH, JIOKa’KeM COBEPIIEHHO YANBUTEJIbHOE
YTBEp K/e€HHE, CBSI3bIBAIOIIEE OKPY>KHOCTH MSTH
TOYEK BOEINHO:

o MPU OKPYHKHOCIU NAMU MOYEK MPEY20Tb-
HUKA nepecexaiomcsi 6 00HOU MouKe Ha Onu-
Canmnoll OKPYKHOCMU 3MOZ0 MPEY20JbHUKA.

[l nokasatesbcTBa HaM T1OTpebyeTcs ere
O/lHa JIeMMa.

Jemma 3. ITycmv D, E u F — obpasv
npou3eoabHOU mouku P npu cummempuu om-
nHocumenvio cmopon AB, BC u AC mpeyzonv-
nuxa ABC. Tozda onucaumnvie oxpyxHocmu
mpeyzoarvnuxos ADF, BDE u CEF nepecexa-
10mcst 8 00HOU MOUKe HA ONUCAHHOU OKPYHKHO-
cmu mpeyzomvnurxa ABC (puc.12,a).

Hoxka3zaTeabcTBO. [IycTh OMCcaHHbIE OKPYIXK-
HOCTH TpeyroibHnkoB ADF n BDE BTOpu4HO
nepecekaiorcs B Touke Q (puc.12,6). Tak kax
touku D n I cumMerpuynbl Touke P oTHOCH-
TeJbHO CcTOpoH yria A, to LFAD =2/A n
AF = AP = AD, orkyna £ZDFA =90° - ZA.
Ananornuno, /BED =90° — /B . 13 Brimcan-
HOCTH 4YeTBIpeXyroibHukoB AFQD u DQEB
umeeM £DFA =/DQA w ZBED = ZBQD.
OO6benHSs BCe 3TO, MOJYYNM

/BQA = ZBOD + Z/DQA = /BED + /DFA =

=90°- 4B +90°-4ZA = ZC.

ITO 03HAYaeT, YTO TOUKa Q JIEXKUT Ha ONHICAH-
HOI okpyxkHOCTH TpeyrojbHuka ABC. Tem
caMbIM, J00ble JBe M3 TpeX OKpPY’KHOCTei
TepeceKaloTcs Ha OMHCAHHOM OKPYKHOCTH Tpe-
yrosbuuka ABC. TloaTomMy Bce Tpu OKPY>KHOC-

THU IIepeceKaloTcsl B OJJHON TOuKe, JesKalleil Ha
OIMCAHHOH OKpPY>KHOCTH TpeyrosbHuka ABC.
Jlemma JJoKasaHa.

[lepeiigeM HeMOCPEACTBEHHO K /I0KA3aTeh-
CTBY YTBepKAeHHs. [l 3TOrO paccMOTpUM
TPU OKPY’KHOCTH: OKDPY)KHOCTb €, , BIHCAH-
Hy1I0 B TpeyrojbHuk ABC, U BHEBIIHMCAHHYIO,
Kacarontytocst cropoubl BC. A MMeHHO, ux
nenrpel — O, , I n [,, KOoTOpbIE JIesKaT Ha
Guccektpuce yrjaa A, W TOYKH KaCaHHUS CO
croporoit AB-C,, L u K (puc.13).

Puc. 13

3amernM, 4to orpeskun KL n AC, coorsert-
CTBEHHO IIPOIOPLUOHANbHbI OTpe3kaM [I, n
AQO, . C npyroii croponnr, KL = AC, :

KL=KA-LA=

:a+b+c_b+c—a:a:ACa.
2 2

Canenosarenbno, AO, =11, .

Tpeyronbuuk
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Puc. 4

ABC gBngercs OpPTOTPEYTOJIBHUKOM B Tpe-
yroabuuke [,I1,, a AM,M,M, — cepeanH-

c
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HBIM TPEYTOJbHUKOM; 9TO U3BeCTHbIe (PaKTbl.
[Toatomy M;M; — CepeIMHHbIN IepIIeH/IUKY-
aap x orpe3ky Al, . Iloaywaercs, 9T0 TOUKHN
O, u I cuMMeTpUYHbI OTHOCUTEIbHO MPSMOI
MM (puc.14). AHanOrHIHbBIE PACCYKACHUS
BepHbl As4 map Touek Oy, I'u O, 1.

[Tpumensaa nemmy 3 AJd TPeyroJbHUKA
M, MM/ 1 TOUKH [, TOIyIaeM, UTO OIHCAH-
Hble OKPY;KHOCTU Tpeyrojibhukos O,M.O ,
O,M, 0, u O,M;0, nepeceraoTcss B OIHOI
TOUKe Ha OIMCAHHOI OKPY>KHOCTH TPEYTOJIbHU-
kKa M, M;M,. OpHako 3TH OKDPYXKHOCTU B
TOYHOCTU SBJIAIOTCA OKDY’KHOCTSMU IIATH TO-
4yek TpeyrosbHuka ABC, a onmcanHas OKpyXK-
HOCTB TpeyroJbanka M, M, M, siBjsieTcsi onm-
CaHHOI OKPY3KHOCTbIO TpeyTombHIKa ABC. Y 1-
BepyKJeHUe JJ0Ka3alo.

B zakiouenne aBTop Bblpa)kaeT UCKPEHHIOI0
6marogaprocts A.W.Ileperyamay u I1.A.Ko-
JKEBHUKOBY 3a IJIOJIOTBOPHOE OOCY K/ICHUE Ma-
TEpPHAJIOB HACTOSIICH CTATbU U IICHHbIE 3aMeda-
HHA 10 €e COJAepIKAHUIO.

oYykKa Hareng
N Pa3HOCTHbLIN
TPeyronbHuK

C.APYTIOHSAH

OTOW CTATBE PEUD HOMJIET OB O/THOI

3aMevuaTesbHON TOUKe TPEYTOJIbHIKA — TOY-
ke Haresss. 9To TouKa mepeceueHnst OTPe3KoB,
COE/IMHSIONINX BEePIINHBI TPEYTOJbHUKA C TOU-
KaMH KacaHHs IIPOTHUBOIIOJIOXKHBIX CTOPOH C
BHEBNHUCAHHBIMI OKpY)XHOCTAMHU. C TOUKOI
Harenst cBA3a0 MHOTO KPaCHBBIX I'€OMETPH-
yecKuX (PakToOB. Y IOMSTHEM M3BECTHDII (haKT O
npamoti Hazens, KOTOPbIM Mbl OYyJIEM T10JIb30-
BaTbCS:

s 1106020 mpeyzonvnuKa ueHmp nuUcan-
Hotl okpykrnocmu I, mouxa Hazena N u mouxa
M nepeceuenus meduan nexam na 00HOU
npamotl, npu smom MN =2IM .

HemHuoro mo-zpyromy aT1oT (hakT MOXKHO Iie-
pedopmysposars Tak. Illyers M, , M, M

c

DOI: https://doi.org/10.4213/kvant20190905

— CEpeNHBbI COOTBETCTBYIOIINX CTOPOH Tpe-
yrosibHUKA. Toraa mpu roMOTeTHH ¢ IIEHTPOM B
M u xoapuimenrom —1/2 Tpeyrompank ABC
nepexoaut B AM M,M_, a Touka N — B TOUKY
I, 1.e. I aBasiercst roukoii Harens nig cepeinn-
noro tpeyroabnuka M, MM, .

A Temepb IOCMOTPHM Ha OJMH 3aMevyaTesIb-
HBII KJIaCC TPEYTOJIbHUKOB — TaK Ha3bIBaeMble
pasnocmmuvie mpeyzoavHuKku. Pa3HOCTHBIM Ha-
3BIBAIOT TPEYTOJBHUK, [JIMHBI CTOPOH KOTOPO-
T'O COCTaBJISIIOT apruMETHUECKYIO ITPOTrPECCHIO.
Y kJlacca PasHOCTHBIX TPEyTOJbHUKOB CYIIe-
CTByeT MHOTO JIDYIMX KPACHBBIX 3KBUBAJIEHT-
HBIX OIpe/iesIeHnit. JTOMY KJaccy, HalpuMep,
mocBsamen maparpad kuuru  A. /. Bimnxosa
«Knaccmueckne cpennme B apudMeTnKe u T€0-
merpun» (M.: MITHMO, 2016). Ynomsanem
JIBA yCJIOBUSI, SKBHBAJEHTHBIX YCJOBHIO pas-
HOocTHOCTH (IIPH TOM OrPAHUYMMCST PACCMOT-
PEeHHeM TOJIbKO HepaBHOOEIPEHHBIX TPeyToJib-
HUKOB).

Urak, nyctb ABC — HepaBHOGEIPEHHbDII
tpeyrosbuuk, a = BC, b = CA, ¢ = AB. Torna
CJIE/IYIOIIE YCJIOBHUSI 9KBUBAJEHTHDI:

(1) @ + ¢ = 2b (r.e. TPeyroJbHUK Pa3HO-
CTHBII, €O cpeHeil 10 AmHe CTOpOoHOH b);

(2) mouxa I pasnoydarena om M, u M,
(puc.1);

(3) uemmipexyzonvrux BM 1M , — enucanmwii.
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Puc. 1

VYenosue (3), 0O4eBUIHO, 9KBUBAJTEHTHO yC-
JIOBUIO HA YTJIBI

(3) £M, M, =180° - ZABC .

[TorrpoGyem noJiy4uTh yCJI0BUST HA TPEYTOJIb-
HUK, 9KBUBAJIEHTHbIE NPUBE/IEHHDBIM, HO CBS-
3aHHble ¢ Toukoil Hareus.

PaccMoTpeHHast BbIllle TOMOTETHS TIEPEBOJIUT
tpeyroibuuk ANC B AM ,IM,. A 310 3HauuT,
4o yesopue (2) 5KBUBAJEHTHO YCIOBHIO

(4) mouxa N paenoydarena om A u C.

[la, okasbiBaercs, u3 pasenctsa NA = NC
COBEPIIEHHO He CJIe/YeT, YTO TPEYTOJIbHUK PaB-
nobeapennbiit! Heoskumanuo, HO KpacuBo!

Yoxe Hemsoxo. [lompoGyem mnopa6oraTtb ¢
JIPYTUMH yCJIOBUSIMHU.

Bce Ta xe romoteTns moMoraet nepedopmy-
auposarb yeaosue (3) Kak

(5) ZANC =180° - ZABC .

Paccvorpum touky N, cummerpuunyio N
orHocureabno AC, tak uto ZANC = LZAN'C .
Vemosue (5) 3KBUBAJEHTHO TOMY, YTO
ZAN'C + ZABC =180°, T.e. TOMy, YTO Y€TbI-
pexyrosibhiuk ABCN’ BUUCAHHbIIL, WK YCJIO-
BUIO

(5') N’ zexum na onucannoii okpyKHocmu
mpeyzoavnuxa ABC.

Kaxk m3BecTHO, TOYKA, CHIMMETPHYHAS OPTO-
1eHTpY H OTHOCUTETHbHO TIPSIMOI, COJIepIKaIieit
CTOPOHY TPEyTOJIbHUKA, JIEKUT HA ONMCAHHOM
okpyxkHocTu. OTpaskeHune oTHocuteabHo AC
JIaeT BO3MOXKHOCTb Terepb Ieped)opMy.THpO-
Bath ycaosne (5) kak

(5") mouxku A, C, N, H nexam na o0Hoil
OKPYKHOCTIU.

3amerumM, uto us yeaosus (3') caenyer (4),
snaunt, AN =CN’,1.e. N’ —cepeauna ayru.

MMonyuaercs, uro (5) akBuBaseHtHO (QOP-
MasbHO GoJiee caboMy (hakTy

(5”) N’ ssasemcs cepedunoii dyzu AC (me
cogepskaleil Touku B).

BuuM, 4To B pa3HOCTHOM TpeyroJbHiuke N’
JIKUT Ha O6uccekTpuce yria B. IToT daxr
MOXKHO TIepedOpMyTIPOBATh B TAKOH 3aHATHOI
dopme. Ilyctp umeercss G6uibsipn B ¢opme
tpeyroabauka ABC, B KoTOpoM a + ¢ = 2b.
Torna OUIbSPAHDIN IMAp, BBIMYIIEHHBINH U3
BepiuHbl B Brosb 6uccextpucol yraa ABC,
mocJie OTPaKeHUst OTHocuTenbHO Gopra AC
npoiizer uyepes Ttouky Haressa. IIpennaraem
YUTATEJIO MOJyMaTh, BEPHO JIU YTBEPIK/IEHHE,
o6parHoe JaHHOMY.

MoKHO TPOAOJKATD M TIOJIYYaTh [JPyrHe
YCJIOBUSI, B TOM YHUCJE W HE HCIOJIb3YIOIINe
Touky N. Hampumep, mpu MOMOIIH N30TOHAb-
Horo conpskenus yeaosue (5 ) MoxkHO Tepe-
¢opmympoBath Tax.

[Tyctb S — HEHTP TOMOTETHH C MOJIOMKUTEb-
HbIM K03(DUIUEHTOM, TIePEeBO/ISAIIEH BITMCAH-
HYI0 OKPY>KHOCTD B OTHcaHHy10. Torzia ycioBue
(5”) sxBuBasenTHo Tomy, uro mouxu A, C, O,
S aexam na oonou oxpyxnocmu (puc.2).
Cexpet 31ech B ToM, uto O 1 H, a Takxke S u
N — napbl U30rOHATIBHO COTIPSIKEHHBIX TOYEK;
a kpome Toro, ecau Toukn A, C, X, Y jexxar Ha
OJTHOUl OKPY>KHOCTHU, TO K€ BEPHO U JIJIT TOUEK
A, C, Xy, Y, e X; u Y, — Touku, U30ro-
HambHO conpsbkennble ToukaM X u Y. (J{oka-
xKuTe 910! )

Ho Bepuemcsa x ycaosuio (5). IIpogmmm
orpesku AN u CN no nazeauan AN, u CN, .
Venosue  (5)  npuBosuM K BHUAY

Puc. 2
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ZN,NN, =180°- 4N,BN,.. A 310 3KBuUBa-
JICHTHO TOMY, YTO

(6) mouxu B, N,, N, N, nexam na 00Hoil
oxpysxnocmu (puc. 3).

IIposeaem oxpyxuocts CNN, u Haiijgem
touky T ee mnepeceueHuss ¢ AC. Toraa
ZNTA = ZNN,C . Ycnosue (6) 9KBUBaJICHT-
HO PaBEHCTBY

ZNN,B = ZNN,C < ZNN.B = ZNTA

caenoBaresbno, Touku A, N, N, T nexar Ha
o/tHO#  okpyskHOCTH. WHbIMU coioBamu, (6)
9KBUBAJICHTHO TOMY, 4TO OKpy>kHocTH CNN, 1
ANN, mepecekatorcst Ha AC.

B pasHocTHOM TpeyroibHUKE, C YIYETOM yCJII0-
Bug (4), noayyaem

ZCN.T = ZNAC = ZNCA = ZAN,T .

Torna tpeyromsuukn ATN, n CTN, paBHO-
6eapennblie 1 T — TOUKA MepecevyeHms Cepe/IinH-
HBIX MEepPIeH/INKYIIPoB K Hareananam AN, u
CN, . (IToxymaiite, caemyer Jiu U3 TOTO, 4TO
cepe/inHHbIE TepHeH/INKYJISIpPbl K HareJanaHaM
AN, n CN, nepecekaorcsa na AC, 4ro Tpe-
yroapauk ABC pa3HOCTHBINA. )

[TpoosskaeM paccyskieHus 71 Pa3HOCTHO-
ro tpeyronbuuka ABC. Tpeyrombuuku TCN,,
u TN, A passbl (IOJTYy4AOTCS O[UH U3 IPYTOTO
[OBOPOTOM BOKDYT Touku 1), 3Hauut, T paBHO-
ynaneHa ot mpsMpix AB u BC, T.e. T aBasetcsa
OCHOBaHHEM OUCCEKTPHCHI!

B 3aBepuienne o6CyMM CHTYaIMio, KOT/a
oTrpe3ok BD neaut tpeyroibHuk ABC Ha JBa
PasHOCTHBIX TpeyrosbHuka ABD u CBD co
cpeaueii croponoit BD (puc.4). Herpyato
nouatb (czaesaiite 910), Y4TO B TAKOM CJydae

2019/Ne9

Puc. 4

BD o6gasana ObiTb Hareauanoii BN, , u npu
atoM BN, = p/2, T.e. HareJmaHa paBHa deT-
BeptHu nepumetpa. Ecsint 310 ycoBue BbITOHE-
HO, To Touku Harenss Ny u N, TpeyrojabHUKOB
ABD u CBD paBHOyJaJeHbI OT Touek B u D,
orkyna BD 1 NN, .

3a1aiuMcst BOIIPOCOM — BEPHO Jit 06paTHOEe?
Cunenyer mm us ycaosuda BD L N{N, T0, 4TO
BD = p/2 ? OxasbiBaeTcsi, OTBET Ha HTOT BOII-
POC TOJIOKUTENbHBIA. [loKakeM 3To.

Brnmmem B Tpeyromsnuku ABD u CBD ok-
pyskHOCTH C ueHTpamu J; u J, U OTMETHM
touku P, Q, Q,, P, UX KacaHus ¢ OTpe3Ka-
mu BA, AD, DC, CB cooTrBeTcTBeHHO. Tak:ke
o6osnaunm uepe3 K, L;, L,, K, cepeauHbr
otpe3skoB BA, AD, DC, CB coOTBETCTBEHHO.

[lns Toro uTo6ur nMesio Mmecto NyN, L BD |
HeOOXOAMMO U  JOCTATOYHO, YTOOBI
N,B? - N,D* = N,B?> = N,D* (uposepbre
910). PaccMaTpuBasi rOMOTETHIO, YIOMSHYTYIO
B JIoKaszatesbeTBe yeaosus (4), nosyuaem, 4to
DN, =2K,J; n BN, =2L,J;, DN, =2K,J, n
BN, =2L,],. Otciona

N,B*> - N,D* = N,B* -N,D* &
& LWL - JKE = LI - ,K; &
& (1O +Oi7) = (/P + PKT) =
= (]2Q22 + Q2Ié) - (]2P22 + PzK22) <
© OLf - BK{ = Q,1; — KK} &
& (AB - BD)’ - (AD - BDY’ =
= (CB-BDY -(CD-BDY &
AB? - BC* + CD* - AD?
2(AB-BC +CD - AD)
¢, BC=a, AD = p — ¢,

< BD =

IToxcrasus AB =



CD = p — a, nony4yaeM

_-d+(p-a)-(p-¢c) p
Bb = 2(c—a+(p-a)-(p-c)) 2

Hetpyato 3aMeTuThb, 4To IIpOBe/ieHHble BbIIlIe
paccy»K/ieHusl He M3MeHsIOTCS, eCJIU «BbIPOXK-
JIEHHDIN 4eTbIpexyrobHuky» ABCD 3aMeHUTb
Ha J1000Il Apyroil YeTbIpexyroJbHUK, B KOTO-
pom BA + AD = BC + CD (1 Takux 4eTbl-
PEeXyTOJbHUKOB, KaK U /U ONUCAHHDIX, CyIIle-
CTBYET OKPYXKHOCTDb, KacaloIlascsl BCeX IIps-
MBIX, COZIEPIKAIINX UX CTOPOHBI).

3aBepIras Halll PacCKa3, OTMETUM, UTO €CTh
HECKOJIbKO JIPYTUX MHTEPECHBIX CBOHCTB, CBS-
3pIBafONMX Touky Haremns ¢ TpeyroibHuKamu,
B KOTOPBIX OTHOIIEHIE CYyMMbI JIJINH JABYX CTO-
POH K JIJTMHE TPeThell CTOPOHBI PABHO HEKOTO-
pomy duKcHpoBaHHOMY 4uCIy. TpeyrosibHU-
KU, /IS KOTOPBIX 3TO OTHOIIEHWE paBHO 3,
XOPOIIIO MCCJAEOBAHBI M PO HUX MOXKHO TPO-
quTaTh B cTaThe A.3acaaBckoro «IIpukmioue-
HHUS o1HON 3amaun» B «KBante» Nel2 3a 2017
roj. Yurareyab MOKET CAMOCTOSITENBHO TTOTIPO-
60BaThb UCCJEAOBATh CBOMCTBA TAKUX KJACCOB
TPEYTOJHHUKOB ¥ CBSA3aTh UX € TOUKoi Haress.

Mbi Ha4YrHaeM o4epenHoVi KOHKYPC 10 PeLLIeHUI0 MaTeMaTn4yeckmx 3a4ay. OHU paccynTa-
Hbl B MIEPBYIO oYepesb Ha yyalmxcs 7-9 KaccoB, HO Mbl 6ygem paabl yHacTuro LWKOIbHUKOB
Bcex Bo3pacroB. KOHKYpC rpoBoanTcs COBMECTHO € XKYpPHanom «KBaHTUK.

Bbicbinavite peweHns 3a4aY, ¢ KOTOPLIMU CIIPaBUTECH, 3/IEKTPOHHON MOYTON 110 aapecy:
savin.contest@gmail.com v obbryHOV moyTou no agpecy: 119296 MockBa, JIeHUHCKUI MpPo-
crnekt, 64-A, «KBaHT» (c nometkou «KoHKypc umenn A.l1.Caura»). Kpome nmerun n gpamuinm
YKaxxute ropoa, KOsy U KJ1acc, B KOTOPOM Bbl Y4YUTECh, a TaKXKe 06paTHbIV MOYTOBbIN aAPEC.

Mb1 npuseTcreyem y4acTve B KOHKYpce He TOJIbKO OT/A€e/IbHbIX LLUIKOIbHUKOB, HO U KOMAaH[g
(B Takom cy4ae npucbiIaeTcs ogHa pabota co CrIMCKOM y4acTHUKOB). Y4acTBoBaTb MOXHO,
HayumHas ¢ /moboro Typa. [Tobegurenes XAyT ANMIOMbI XYpHana «KBaHT» v npu3sbl. 3agaHus,
peLueHns 1 pesynbTaTtsl My6uKyloTca Ha caiTe sites.google.com/view /savin-contest

Xenaem ycriexa!

1. Bacsa xouer BoiGpath cpeau yncen a) 1,
2,...,50;6) 1,2, ..., 51 xaK MOXHO GOJIbIIIE
YUCes Tak, YTOOI JT0ObIE /[BA YNCJIA PA3JIU-
vanuch Xorst 661 Ha 3. CKOJIbKO crioco6oB
ciesath aTO ecTb y Bacu?

I1. Ko:xesnukoe

2. KsanTtuk 3arajaJ mesoe uncsao oT 0 1o
99, a Hoytuk ero otrazpiBaer. Yucao cum-
TaeTcsl OTrafanubiM, ecau HoyTuk ero ma-
3Bai. 3a xox Hoyruk nasbiBaeT uerbipe
menblx umcaa or 0 mgo 99, ob6iajgaronmx
OJTHUM W3 JIByX CBOWCTB: NGO MepPBbIil pas-
Py BCEX YHUCENJ COBIAAET, a BTOPbIE
pa3psi/ibl TIOCJE/I0BaTebHbIE, JUGO BTOPON
pa3psi/l y BCEX YHCEJ COBIIAJIAET, a MepBbIe
paspsabpl nocaenoBarenbubie (y 0QHO3HAY-
HBIX YHNCEJ TIEPBBIH pPaspsii CUNTAeM paB-
ubM 0). Hanpumep, naGopsr 13, 14, 15, 16
u 3, 13, 23, 33 moaxoxsT, a Habop 18, 19,
20, 21 — Her. 3a Kakoe MUHUMAJbHOE YKC-

Jo xo0B HoyTnk MOkeT TapaHTHPOBAHHO
OTralaTh YUCJO?
IO.Mapxenos, C.Mapxenos

3. las 0Tpe3oK @ 1 MPaBUJIBbHBIN TPEYTOJIb-
HUK co cToponoii b. [Tocrpoiite (MpKy.IeM n
JIMHEHKOM ) BHYTPHU 9TOTO TPEYTOJIbHUKA MTPa-
BUJTBHBIA TPEYTOJBHUK CO CTOPOHOMN @ TaKOH,
YTOOBI BEPITUHBI BHEITHETO TPEYTOJbHIKA
JIeKAJM HA TIPOJIOJIPKEHUSIX CTOPOH BHYTPEH-
HETO.

E.Bbaxaes

4. Bepno nu, yro umcia Bupa 14+ x+

+x2()17 +x2()18 +x2019

MU I BCeX HaTypasbHbIX x > 17
B.Pacmopzyes

ABJIAIOTCA COCTaBHDbI-




IK3AMEHAIINOHHDBIE MATEPHUAJBI

E['2 no u3mke

BapwvaHTel EM2 no dusnke 2019 roga He oTnu-
Yanumcb Mo CTPYKTYpe OT BapMaHTOB Mpeablaylie-
ro roga. OHn copep>Xanu 32 3afaHusa, U Makcu-
MasibHasi CymMMa MnepBUYHbIX BannoB coctaBnsana
52 Ganna. Mpwu 31om 17 3aganun (1—4, 8—10, 13—
15, 19, 20, 22, 23, 25—27) oueHMBaNUCb Makcu-
mym B 1 6ann, 10 3apganun (57, 11, 12, 16-18, 21,
24) oueHMBaNMCb MakcMMym B 2 Ganna, 5 3aga-
HUI (28—32), Tpebyiolime pa3BepHYTOro petlie-
HUS, OLEHMBANVCh MakcMMyM B 3 Banna Kaxaoe.

B 2020 rogy cTpykTypa BapraHToB Mo pusnke
HEMHOro M3MeHUTCS. 3adaHum byaeT Takxe 32, Ho
3afaHve 27 nepevper M3 pa3psga 3adaHnm C
KpaTKVIM OTBETOM B pa3psf, 3a4aHNMN C pa3BepHy-
TbIM OTBETOM U Oy[EeT OLEHNBATLCH MakCUMyM B
3 6anna. MakcumanbHas cyMMa nepBuydHbIx 6an-
110B COCTaBUT 54 6anna. M ele ogHO HOBLLECTBO:
3afaHue 24 (no acTpoHoMMK) BymeT copepXkaTb
HeonpefeneHHoe KOJIMYeCTBO MPaBUSIbHbLIX YT-
BEPXOEHUN — OT OAHOro A0 NsATW. B oTBeTe Hago
yKa3aTb HOMepa BCEX NPABUNbHBIX YTBEPXKOEHUN.

MprBenem OMH 13 BapraHTOB OTKPbLITOrO cer-
meHTa 2019 ropa.

BapuaHT 1

Hucmpyxuus no evimoanenuio padbomot

J1J151 BBITIOJTHEHUST 9K3aMEHAIIMOHHOI PaboTb
no ¢usuke orBogutest 3 yaca 55 munyT (235
MUHYT). Pa6oTa coCTOUT U3 JIBYX YacTeii, BKJIO-
YaoNMX B cebd 32 3aaHusl.

B saganuax 1-4, 810, 14, 15, 20, 2527
OTBETOM SIBJIAETCS II€JI0€ YHUCJIO HJIM KOHEYHas
aecstuanas Apo6b. OTBET 3amuimure B I0Jie
oTBeTa B TeKCTe PAGOTHI, & 3aTeM IIEPEHECHTE 110
[IPUBEICHHOMY HUKe 06pasily B OJIaHK OTBETOB
Nel. Equnanist naMepeHnst GU3NIECKUX BEJH-
YUH IHCATh HE HYXKHO.

Orser:=2,5 m/c?. 8§ - 2 , 5

OtBeToM Kk 3aganusam 5—7, 11, 12, 16—18, 21,
23 m 24 gBisgeTcs TOCJIe0BATETHHOCTD BYX
1udp. OTBET 3aNuINTe B [10JI€ OTBETA B TEKCTE
paGoThbl, a 3aTeM TIEPEHECUTE T10 TIPUBEIEHHOMY
HIKe o6pasity 6e3 1po6esioB, 3alsIThIX U [IPY-
IUX JIOTOJHUTEIBHBIX CUMBOJIOB B GJIAHK OTBE-
ToB Nel.

Orser: AlB 7L|1

411

OtBeroM K 3azanuio 13 gBisieTcs CJIOBO.
OTBeT 3anuImre B MOJIE OTBETA B TeKCTe pabo-
TBI, & 3aTeM IIePEeHeCUTe 110 IPUBEIEHHOMY
HIDKe o6pasily B 6JaHK oTBeTOB Nol.

Ortser: 8rpaso. |3 BTIPABO

OtBeroM K 3amanusam 19 u 22 gaBisioTcst aBa
ypcsa. OTBET 3alUIINTE B IIOJIE OTBETA B TEKCTE
paboThI, a 3aTEM MIEPEHECHTE 0 ITPUBEICHHOMY
HIDKe 00pasily, He Pas3jiesisist dicaa mpolesiom,
B 6J1aHK oTBEeTOB Nol.

3apsin| MaccoBoe
sapa | 4ucyIo
V4 aapa A

38| 94

133894

OTBeT:(1,4i 0,2) H.221 40,2

buank

OtBer K 3azannaMm 28—32 BKJuUaeT B cebsd
oIpOGHOE OTNMCAHNE BCETO X0/ BBITIOJTHEHWS
3amanng. B 6manke orBeToB Ne2 yKakuTe HO-
Mep 33JIaHUS ¥ 3ATTUIINTE €T0 MTOJTHOE PEIIeHne.

[Tpn BbIUNCTIEHUAX Pa3penIacTcs MCIOIb30-
BaTh HEIPOTPAMMUPYEMbBIN KaJbKYJISTOP.

Bce 6mankn ET'D 3amnosiHgioTes SpKuMu dep-
HBIMU 4YepHUJIaMH. /[omycKaeTcss MCIoJIb30Ba-
HUE TeJeBOI MM KanWJISPHON PYYKH.

[Ipu BbITOIHEHWN 3a/IaHUTT MOKHO TOJIB30-
BaTbCs YEPHOBUKOM. 3alHCH B YEPHOBHKE, a
Tak:Ke B TE€KCTe KOHTPOJbHBIX H3MePUTEJb-
HBIX MaTepHaJOB He YUYHUTHIBAIOTCS INPHU OIle-
HUBaHUM PabOTHI.

Baser, morydennanle BamMu 3a BbITIOTHEHHBIE
3ajanus, cymmmpylorcs. Ilocrapaiitech BbI-
[TOJIHUTHh KaK MOKHO OOJIbllle 3aaHuil M Ha-
6patb HauboJIbIIee KOJIUIECTBO OGAJLIOB.

[Tocuie 3aBepiieHust paboThI IPOBEPHTE, UTO-
OblI OTBET Ha Kaskjo0e 3ajaHue B OJJaHKaX OTBe-
ToB No1 m Ne2 6wl 3ammucan 1o/ MPaBUJIbHBIM
HOMEPOM.

Kenaem ycnexal

Huske mpuBeieHb! cIpaBovHbIE JIAHHDIE, KO-
TOPbIE MOT'YT NOHAI06UTLCST BaM 11pu BbIIOJIHE-
HUM paGoThI.
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HECATUYHBIE MPUCTABKWN

HaumenoBanue | O6o3nauenne | MHOXUTEND
rura r 10°
Mera M 10°
KHJIO K 10°
TeKTO r 10?
Jer il 107"
canTtu c 1072
MUJLITT M 1073
MUKPO MK 1078
HaHO H 107°
[TUKO I 1072
KOHCTAHTbI
YUCJIO T
n = 3,14
yCKOpeHue CBOOGOHOTO MajileHnst Ha 3emJie
g=10 M/ c?

I'paBUTallTMOHHaA IMOCTOAHHaA
G =6,7-10""" H-m*/xr?
yHuBepcCabHasl ra3oBast IMMOCTOSAHHAA
R = 8,31 [ls/(mous - K)
IIOCTOAHHaA BOJIbL[MaHa
k=1,38-10"% JIx/K
IIOCTOAHHAaA ABoraapo
N, =6-10% momp™!
CKODOCTb CBE€Ta B BaKyyMe

c=3-10° m/c
K03 HUIUEHT TTPOTIOPIIMOHATBHOCTH B 3aKO-
ne Kysona
k=— —9.10° H-m?/Kn?
e,
MOJLYJTb 3apsA/ia aJeKkTpoHa (sjeMeHTapHbIit
SIEKTPHYECKHUIT 3apsiy)

e=16-10"" Ku
nocroganag [lnanka
h=6,6-10" Il -c
COOTHOLUEHWME MEXAY PA3NTNYHBbIMIA
EOVHNLAMWN

TeMIepaTypa 0K =-273°C

aToMHas e[UHNIIA

MacChI 1a.e.M =1,66-10727 xr
1 aroMHas eguHUIA

Macchl skBuBajienTHa 931,5 MaB

1 57IeKTPOHBOJIBT 1sB=16-10" Ik

1 acTpoHOMUYECKas

eInHUIA 1 a.e. =150 000 000 kM
1 cBeTOBOII TO/ 1 c¢B. Tox = 9,46 - 10" M
1 mapcex 1k = 3,26 cB. roza

MACCA HACTAL,

anmexktpora  9,1-107! kr=5,5-107" a.e.m.
MIPOTOHA 1,673-10727 kr = 1,007 a.e.M.
neiitpona  1,675-107%" kr = 1,008 a.e.m.

ACTPOHOMWYECKWE BENYIHbI

Rg =6370 xm
Ry =6,96-10°% m

cpeHuil pagunyc 3eMan
paauyc CouHila
TeMIepaTypa IOBepXHO-

cru Cosnia T = 6000 K
MAIOTHOCTb
BOJIbI 1000 kr/m’
apesecunbt (cocna) 400 r/m’
KePOCHHa 800 kr/m’
IIO/ICOJTHEYHOTO MacJia 900 Icr/M3
ATIOMUHNIS 2700 xr/m’
JKesesa 7800 kr/m’
pryTH 13600 Kr/um’
YAENbHAS TEMNOEMKOCTb
BOJIBI 4,2-10% Jlx/(xr - K)
JIbJIa 2,1-10° II)K/(KF -K)
JKeses3a 460 [[)K/(Kr -K)
CBUHIIA 130 [l /(xr - K)
AJTIOMIHYS 900 [ix/(xr - K)
MeJTH 380 Jix/(xr - K)
uyryHa 500 [ix/(xr - K)

YOEJTIbHAA TEMJIOTA

2,3-10% ik /xr

2,5-10" Tk /xr

3,3-10° [ii/xr
HOPMAJIbHBIE YCJTOBUA

nasnenne — 10° Ila, temmeparypa — 0 °C

HapOOépaSOBaHI/IH BO/1bl
IIJIaBJIEHUA CBHHILA
IIJIaBJICHUA JIbJa

MOJAPHAA MACCA

azora 28-107° KI'/MOJIb
aprosa 40-107 KI/MOJID
BOJZIOpPO/IA 2-1073 KI/MOJTb
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BO3/yXa 29-107% kr/mostb
BOJIBI 18-1073 KI/MOJb
rems 4-107 kr/moub
KHUCJIOPOIa 32.107 KI/MOJIb
JINTHS 6-107 KI/MOJIb
HEeOoHa 20107 KI'/MOJID

YLJIeKncI0ro rasa 44 -107° kr/moun

YACTb1

Omeemamu x 3adanuam 1—24 aena-
10mcs CJA060, UUCAO UJAU NOCACO08d-
meavnocmo uudp uau uucen. Omeem
3anuwume 6 noJe omeema 6 mekcme
pa6omov,, a 3amem nepenecume @
BJIAHK OTBETOB Ne 1 cnpasa om
HoOMepa coomeemcmaeyiousezo 3adanus,
Hauunas ¢ nepeoii kaemouxu. Kaxowtii
CUMBOJ NUULUMeE 6 0MOebHOIL K1emou-
Ke 8 coomeemcmeuu ¢ npuéedeHHbLMU 6
6aanxe ob6pasuamu. Edunuust usmepe-
HUs usuueckux eeaudun nucamov He
HYKHO.

1. Ha pucynxe 1 npejcrasien rpadpuk 3aBu-
CHMOCTH CKOPOCTH © TIPAMOJIMHEHO JABUIKY 11~

v, M/c A
10

0O 1 2 3 4 5
Puc. 1

rocs tesia ot BpeMenu ¢. Onpe/esnte 1o rpadu-
Ky MyTb, IpPOI/IEHHBbII TeJOM B HWHTepBaJe
Bpemenn ot 0 10 3 ¢ mocJie HavasIa JIBI>KEHHS.
2. Ha pucynke 2 mpe/cTaBieH Tpaduk 3aBu-
CUMOCTH MOJLYJIsSI CUJIbI ypyroctu F ot yam-
HeHusT NMPY>KNUHbI X. KakoBa JKecTKOCTb Ipy-

SKUHDI?
3. /IBa Tesia IBIDKYTCS TO B3aUMHO TI€PIIEH-
JIKYJISIPHBIM TI€PECEKAIONTIMCST IPSIMbIM, Kak
MOKAa3aHO HA PUCYH-

F, HA ke 3. Moayap um-
90
Y
60
Pi
30
0 2 4 6 »
X, cM 2 *
Puc 2 Puc. 3

2019/Ne?9

IyJIbCca TIEPBOTO Tesa p; = 8 Kr - M/c, BTOPOTO
Tena py = 6 xr-M/c. KakoB Moy/ib UMy ibca
CHCTEMBI 3THX TeJI IocJle UX a0COJIOTHO HEYII-
pyroro ynapa?

4. Masbunk B3BeCUJT pbIOy Ha CaMO/IETbHBIX
Becax M3 Jierkoil yjaouku (puc.4). B kauecrse

0404/

TUPH OH HCIIOJIb30Baa 6aToH XJeba Maccoii
1 xr. Omnpenesnte Maccy puIOBI.

d. YueHHMK MOMeMaJ HUJIUHAD O0beMOM
V =10 cM®, He y/AepsKUBAsi €ro, B PasJIMdHbIE
JKUJIKOCTH, TUIOTHOCTH KOTOPBIX MTPE/ICTABJICHBI
B TabJuIle, 1 u3Mepsii 00beM MOrPY’KEHHO B

JKunkocts | Bensun | Criupt | Bosa | Timunepun
p,r/eM® | 0,71 0,79 | 1,0 1,26
Xaopodopm | Bpomodopm | [duitogmeran
1,49 2,89 3,25

SKUJIKOCTD qacTd HuanHApa Vo, . TIo pesyJib-
TaTaM u3MepeHuii Oblia 10y YeHa 3aBUCUMOCTh
o6beMa TIOTrpy:KeHHoi yacTi muannapa Vo,
OT 1IoTHOCTH kuAKocTH P (puc.5).

BoiGepuTe iBa BepPHBIX YTBEPIK/ICHNS, COTJIa-
CYIONINXCST C JIAHHBIMH, TPEJCTABJICHHBIMU Ha
pHCYHKE U B TabJIHIIE.

1% e’

morp?

A

10
9

—_ N W s U1
/

0 0,51,0 1,52,0 2,5 3,0 3,5 4,0
Puc 5 p,r/em’
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1) B Gensune m cnupre cuia Apxumesa,
JIEHCTBYIONIAsT Ha IUJINH/D, OJMHAKOBA.

2) lmuugp TOHET B crmpTe.

3) Ha numnzap, miasaommii 8 6pomodop-
Me, JIefiCTByeT BBbITAJKMBAIONAs CHJA OKOJIO
35 mH.

4) TuaMHAD IJIABAeT BO BCEX JKUAKOCTSX,
YKa3aHHBIX B Ta0JuIIe.

5) lpu miaBarnu UIMHAPaA B XJI0podopme
U niioiMeTaHe cuja ApXuMe/ia, 1eicTByoIas
Ha HETO, OJINHAKOBA.

6. IlosBemenHblil HA MPY’KUHE T'PY3 COBEP-
IIaeT BEePTHKAJbHbIE CBOGO/HBbIE rapMOHHYeEC-
Kue KosteGanus. Maccy rpysa yBeJHYNJIH, OC-
TaBUB JKECTKOCTD IIPYKUHDI ¥ AMIIUTYLY KOJIe-
Ganuii HemaMeHHbIMU. Kak 1pu aToM n3MeHn-
JINCh YacToTa KOJIeGaHWil Tpy3a M ero MaKcu-
MaJIbHas CKOPOCTH?

JL7s1 KK 10 BeJIMUMHDI OIIPE/IETITE COOTBET-
CTBYIOIHI XapaKTep N3MEHEHHUsI:

1) yBeqnunmiace;

2) yMEHbIINIACh;

3) He M3MeHUIACH

3amumire B TabJUIy BbIOpaHHDBIE TUQPHI
JUUTS KasK101 pusmaeckoii BemmynHbl. g por B
OTBEeTe MOTYT MOBTOPSITHCS.

Yacrora KoJsie6aHuit MakcumasbHas
rpysa CKOPOCTb Ipy3a

7. Tlocne ymapa B Momenr t = 0 maiiGa
HAYMHAET CKOJIb3UTh BBEPX M0 TJIAJKOI Ha-
KJIOHHOH ILJIOCKOCTH € HadyaJbHOH CKOPOCTBHIO
0y, KaK TOKA3aHO
Ha pucynke 6, n B
MOMEHT ¢ =1, BO3-
BPAIIAeTCs B UCXO/I-
HOE II0JIOYKCHUE.
I'padukn A u b
(puc.7) oro6paska-
Puc 6 [OT U3MEHEHMNE C Te-

YyeHUeM BpeMeHHU
(pusnuecKX BeJIMUNH, XapaKTepU3yIOHX /IBU-
JKeHUe 11aiobl.

YcranoBure cooTBeTcTBHE MKy Tpaduka-
MU U (DU3UYECKUME BEJUYHMHAME, M3MEHEeHUe
KOTOPBIX CO BpeMeHeM 3TH TrpauKu MOTyT
0oTOGpaKaTh.

K ka0t mo3uimu mepBoro croJbia mogabde-
pHUTE COOTBETCTBYIOIIYIO MO3UIUIO U3 BTOPOTO
cTonflla U 3amuninTe B TabJIMIy BbIGpaHHbBIE

1upbl 1OJI COOTBETCTBYIONMMU GyKBamMu A
n b.

TPADNKN OU3NHECKWE BENNYMHDBI
A) A 1) KuHeTHUeCKast
t :—2)1){epr1/1;1 E,
o> MIPOEKITHST YCKO-
0 \E £ penns a,
J 3) KoopauHaTa X
B) 4) TIpOEKIMs CKO-
pocti v,
. 8. Ilpu ysesnue-
0 ty t Hum abCONITHOM
Puc. 7 TEMIIEPaTypbl Cpel-

HAS KHHETHYeCKas
9HEPIHUs XAOTHYECKOTO TEIJIOBOTO JBIKEHUS
MOJIEKYJT TeJTis yBeJandnaach B 2 pada. Komeu-
nag Temneparypa rasza pasua 400 K. Kaxosa
HavaJbHas TeMIeparypa raza?

9. PaGouee Tesio TenioBoii Mammnabl ¢ KIT/]
30% 3a TWKJ PabOTBI OTAAET XOJOAUTLHUKY
KoJIm4ecTBO TerioThl, paBuoe 70 /[xx. Kaxoe
KOJIMYECTBO TEIJIOTHI 32 IIMKJ pabouee TeJo
[OJIy4aeT OT HarpeBaTesisi?

10. TemmepaTypa MeJHOI JeTaT CHU3UIIACH
¢ 80 mo 40 °C . Macca gerasm paBHa 0,4 Kr.
Kaxoe Koim4ecTBO TenJaoThl 0T/1aJ1a IeTaab Ipu
OCTBIBAHWN ?

11. B cocyze nox nopurHeMm npu KOMHATHOIX
TeMIIepaType J0Jroe BpeMsi HaXOsITCs BOAa U
BO/ISTHOI map. Macca Bozibl paBHA Macce Tapa.
O61beM cocyia MeIJIeHHO N30TePMUYECKU yBe-
JIMIUBAIOT B 3 pasa.

BbiGepute aBa yTBEpIK/IEHUSI, KOTOPbIE BEP-
HO OTPAXKAIOT Pe3yJIbTaTbl ATOTO OIbITA.

1) I1noTHOCTH Hapa B Hayase U KOHIE OIIbITa
O/IMHAKOBA.

2) Masjenue napa cHadaga ObLIO HOCTOSH-
HBIM, a 3aTeM CTaJ0 YMEHDIATDHCS.

3) Kommenrpanus mapa B cocy/ie B Hadase
OIIbITa 60JIbIHe, 4YeM B KOHIIE OIIbITa.

4) B KOHEYHOM COCTOSIHME JaBJICHHE T1apa B
cocyne B 3 pasa MeHbIIIe TIePBOHAYAJIbHOTO.

5) Macca napa B cocyjie He U3MEHSIETCH.

12. Ha pucynkax A u B (puc.8) upusenenbt
rpad UK ABYX TpoIeccoB 1—2 u 3—4, Kax/iblii
U3 KOTOPBIX coBepiiaeT 1 MoJib pa3peskeHHOro
aprona. I'paduku mocTpoeHbl B KOOPAMHATAX
p—T u V=T, rne p — naBnenne, V — o6bem u T’
— abcosTroTHAs TeMIleparypa rasa.

YcTanoBuTe COOTBETCTBHE MEXAY Tpaduka-
MU ¥ YTBEPKJICHUAMH, XapaKTepU3YIOMNMIT
n300paskeHHble Ha rpaduKax IMPOIECChI.
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K kaxxoit mosuium nepBoro croybia mojaoe-
pHUTE COOTBETCTBYIONLYIO MO3UIUIO U3 BTOPOTO
cTosiblia u 3anummnTe B TaGJHUIly BbIOpaHHbIE
nudpbl O/ COOTBETCTBYIOIUME OYKBaMu A 1
b.

TPADUKN YTBEPXKIEHVA

1) Tas moJryyaer KoJm-
YeCTBO TEIJIOThI, MPH
9TOM €ro BHYTPEHHSIsSI
9HEPIHsl YBEININBACT-
csl.
2) Ta3 oTjaer Komye-
o CTBO TEIIOTBHI, IIpH
9TOM €ro BHYTPeHHssI
9HEPIrHsl yMEHbIIAETCSI.
3) I'az nosry4aer KoJu-
4 3 4ecTBO TEIJIOTBI U CO-
BepIIaeT IOJIOKUTEb-
HyI0 pa6oTy.
4) Hapn rasom cosep-
AT TOJOKUTENb-
HyI0 paboTy, IIpu 3TOM
ra3 OT/aer TeruIo.
13. IIpotoH p BJeTE] B 3a30p MEXK/Y IOJIO-
caMU MarHuTa co CKOPOCTBIO O, IEPIICHINKY-
B JISIPHOI BEKTODPY WH-
AyKIun B Maraur-

At !

B)v4

0 T
Puc. 8

S |« noro mnoas (puc.9;
L ® 3HayKOoM ® TOKa3a-
HO HaIrpaBJIeHIE IBU-

Puc. 9 p

SKEHUS TPOTOHA).
Kyna mampaBseHa OTHOCHTEJIBHO PHCYHKA
(énpaso, eaeeo, 66epx, 6nu3, Kk HabI0-
dameno, om nHabGawdamens) reicTByo-
mas wa nporon cuna Jlopenna F ? Omeem
sanuwume caoeom (caoeamun).

14. Paccrogame MeXmy IBYMS TOYCYHBIMU
3apsaMy YBEJMUNJIN B 3 pasa M KaXIblH 13
3apsI0B YMEHbITIIN B 3 pa3a. Bo ckobKo pa3
YMEHBIIUJICS MOJYJib CHJIbI B3aUMOJIEHCTBUS
MesK/y HUMU?

15. Kakas Touka siBJsieTcst M306pakeHneM
toukn S (puc.10), cozaBaeMbIM TOHKOH coOn-
patomeii mH301 ¢ POKYCHBIM paccTosnneM F?

b2l 34
S F F

16. Tlo riagkuM mapasIe bHBIM PEJIbCaM,
3aMKHYTBIM Ha PE3UCTOP, TIEPEMEIAIOT JETKIi

2019/Ne?9

TOHKHUI TIPOBO/IHUK. PeJbchbl, peancrop u mpo-
BOJHHK 00Pa3yIloT KOHTYD, KOTOPBIN HaXO/HT-
Cs1 B OJJHOPOJHOM MarHUTHOM II0JIe, KaK ITOKa-
3aHo Ha pucyske 11,a. Ilpu nBmxeHnn TpoBo/I-
HUKA IJI0Ia/lb KOHTYPA M3MEHseTcs TaK, Kak
yKasaHo Ha pucyHke 11,6.

S, M2 6)
d) 0 8
0,64
— &F 0,47
0,2
0 10 20 30 40

Puc. 17 t,c

Boi6epute fBa BepHBIX yTBEPIKIAECHUS, COOT-
BETCTBYIONIUX MTPUBEIEHHBIM JAHHBIM 1 OTIHCA-
HUIO ONBITA.

1) TToCKOJIbKY PeJibChl IIaKue, /s epemMe-
IIEHMST TIPOBO/IHUKA B JII0G0I MOMEHT BpeMeHH
CUJTy TIPUKJIAbIBATD HE HAJO.

2) Maxkcumanbtas O J[C HaBOAUTCS B KOHTY-
pe B unTepsase ot 10 xo 30 c.

3) Cusa, npuk/IagbiBaeMas K IIPOBOAHUKY
JUUISI €T0 TIepeMellenus, MaKCUMaJbHa B HHTEP-
Basie Bpemenn ot 30 go 40 c.

4) B teueHue mepBbix 15 ¢ TOK Teder uepes
PE3UCTOP HEIPEPBIBHO.

5) B unrepsane spemenu or 15 10 25 ¢ uepes
PE3nCTOp TeyeT TOK.

17. Pesuctop R, m peoctat R, MOAKIIOYEHDI
TOCJIeIOBATEIbHO K HCTOYHUKY Hanpspkenus U
(puc.12). Kak wus-

MEHSTCS CUJIa TOKa

B IIETIN ¥ MOTITHOCTb, R,
BbIIesigonascs Ha U
pesuctope R, , ecan T
MOJIBYHOK peocTara
nepeMecTuTb [0
KoH1a BBepx? Cun-
TaiiTe, YTO HATIPSIKEHUE HAa BBIBOJAX HCTOYHUKA
OCTaeTCs TIPH 3TOM TIPEKHIM.

[ Kask /1011 BeJTMYMHDBI OTIPE/Ie/INTe COOTBET-
CTBYIOINHN XapakTep N3MEHCHUS:

1) yBeamuurcs;

2) yMEHBUINTCS;

3) He M3MEHHTCS.

3armmmmTe B TaGJUIy BBIOpAHHBIE IO
JUIS KaKI01 pusmraeckoit Bemmanubl. [{udpor B
OTBETE MOTYT TTOBTOPSITHCS.

18. Komnjencarop xose6aTebHOTO KOHTYPa
JUTMTEIbHOE BPeMSs TIO/IKJIIOUEH K MCTOUHHUKY

1
L
R,

Puc. 12
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|t MOCTOSTHHOTO HATIPSIXKEHUST
I| (puc.13). B moment ¢ = 0
nepexJovaresb K nepeso-
C 9T u3 nojoskeHusi 1 B
4| K>#! nonoxerme 2. I'padpuxu A

eo 1 B (puc.14) oro6pasaior
nsmMenenusi (GU3NIECKUX
I BEJIMYMH, XapaKTepusyio-
X KosieGaHust B KOHTYPe
nocye aroro (T — nepuoz
KoJeGannii).

YcranoBure cooTBeTcTBHE MKy Tpaduka-
MU 1 (PU3NYECKIMU BEJTMYMHAMU, 3aBUCUMOCTH
KOTOPBIX OT BPeMeHH 3TH TpaduKi MOTYT OTO-
6paskath.

K kask10ii osuiu mepBoro cto6ma mnoate-
pHUTe COOTBETCTBYIOIIYIO MO3UIUI0 U3 BTOPOTO
cTosiblla U 3anunmTe B TabJMIly BbIGpaHHbBIE

1PbI O/ COOTBETCTBYIOMNME GyKBaMH A 1
b.

Puc. 13

TPADUNKMN OUBNYHECKWE BEJTNYMHDI
A) 1) cuna Toka B Ka-
TyLIKe

|

|

| 2) sapsan neBoii 06-
! KJaIK1 KOHAEHCaTO-
1

0 T ¢ P2

3) sHeprus s1eKTpH-

YeCKOro 108 KOH-
> JleHCcaTopa
4) 3apsaj npasoii 06-
KJIaJIK1 KOH/IEHCATO-
pa

19. dapo '920s ocMus ucHBITBIBACT BIICKT-
ponnblil § -pacmaj, Ipu 9TOM 06pasyercs AIpo

Puc. 74

anementa 4 X . Kakosbr 3apsix Z (B equnniax
HJIEMEHTAPHOTO 3apsijla) U MaccoBoe 4ucjo A
o6Gpasosasiierocst sijippa X?

MaccoBoe 4ucJio

3apsan aapa Z spa A

B 6aank omeemos N 1 nepenecume
MmoJabKo uucaa, He pazoenss ux npooe-
JOM UsU OpYeum 3HAKOM.

20. Kakag moust OoT MCXOZHOTO OGOJIBIIOTO
KOJIMYECTBA PAMOAKTHBHBIX SI/IEP PACTAIETCs
3a MHTEPBAJ BPEMEHU, PABHBII JIBYM TePHOIaM
moJrypactaza’?

21. Ha ycranoBke, mpejcTaBJaeHHOH Ha (o-
torpadpun (puc.15; a — obmwmii BUL, 6 —

Puc. 15

(oTOBIEMEHT), MCCIEA0BAN 3aBUCUMOCTD K-
HETUYecKOil aHepruu )OTO3JIEKTPOHOB OT Yac-
TOTBI Tajfaforiero csera. [l aToro B mpopesb
OCBETHUTEJIS TIOMEIIAIN PA3JINYHbIe CBETO(MUIID-
TPbI U U3MEPSLIU 3alpaoliee Hapsukenne. B
MEPBOIl CEPUH OIIBITOB HCIIOJIb30BAJICS CBETO-
PUIbTP, IPOITYCKAIOINIT TOJBKO KPACHBI CBET,
a BO BTOPOIi — IIPOITYCKAIOIIUI TOJIBKO KeJThlii
CBeT.

Kaxk nsmensorcss MOy Ib 3aniparoniero Ha-
MPSKEHUST 1 MAaKCHMAJIbHAsE KHHETUYECKasi 9Hep-
rusi POTO3JICKTPOHOB IIPH TIEPEX0/ie OT MEePBOIt
cepuu OIbITOB KO BTOpon? [lyis Kask/0i1 Besu-
YITHBI OTIPEIETUTE COOTBETCTBYIONINI XapaKTep
N3MEHEeHNS:

1) yBennmumBaercs;

2) yMEHBIIAeTcst;

3) He u3MeHseTCs.

3anmmure B TabauIy BbIOpaHHBIE UQPHI
JUIST KXKI01 pusmdeckoii BesmanHbl. [{udpor B
OTBETE MOTYT TTOBTOPSITHCS.

MaxkcumabHast
MOH};{;’T 3;;%%31211[“0 KUHETHYEeCKast SHeprus]
P (oroanexTpoHOB

22. Ormpenenure MOKA3aHUS [UHAMOMETPA
(puc.16), ec/m NOrpenHOCTb IPAMOTO U3Mepe-
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HUS CHUJBI paBHa
IeHe JIeIeH s JINHA-
MometTpa. Jlunamo-
METp MPOrpapyupo-
BaH B HPIOTOHAX.

B 6aanx omee-
moe Ne 1 nepene-
cume mMoOALKO
uucaa, He pasoe-
A ux npobenom
uau Opyeum 3na-
Kom.

111
w
(8}

L

b

|

J )
L —

Puc. 16

23. YueHuKy HYK-
HO OGHAPYIKHUTb 3aBUCHMOCTD I1epHo/ia CBOGOI-
HBIX 2JIEKTPOMArHUTHBLIX KoslebaHuii B koseba-
TEJBHOM KOHTYpE OT €MKOCTH KOHJEHCATOpA.
Kaxwe aBa KoseGaresbHbIX KOHTYpa (puc.17)

1) 4)

L —) ) L —O)
2) 3)

1 1

~-L —— 3L —

2 1 2C = ¢
3)

1
2L —
p— 2C
Puc. 17

OH JIOJUKEH BBIOpATh [JIs1 TIPOBEIEHIS] TAKOTO
HcCIe/IoBaHus ?

3anuimre B OTBETE HOMEPA BBIOPAHHDBIX KO-
J1e6aTeIbHbIX KOHTYPOB.

2019/Ne?9

24. Paccmorpure TabuuIly, COepIKaIlyio
CBEJICHNS O SIPKUX 3Be3/iax.

Boi6epure aBa BEepHBIX yYTBEPIK/ICHUS, KOTO-
pble COOTBETCTBYIOT XapaKTEPUCTUKAM 3Be3/I.

1) 3Besna Puresib ABJASETCS CBEPXTUIAHTOM.

2) 3Besma AmbaebapaH SBIAETCS KPACHDBIM
THTaHTOM.

3) Tak kax 3Besabl Aurapec A u an-Huar
UMEIOT IPUMEPHO O/IMHAKOBbIE MAacChbl, OHH
OTHOCATCSI K OJTHOMY CHEKTPAJbHOMY KJaccy.

4) Temneparypa IMOBEPXHOCTU 3Be3jibl De-
Tesbreiise BbINIE, YeM TeMIlepaTypa IT0BepXHO-
ctu CoJHita.

5) Tak kak 3Be3abl Purenb u Beresbreiize
OTHOCSITCSI K OJTHOMY CO3BE3/IMI0, OHM HaXO/sIT-
Cs1 Ha OJIMHAKOBOM PACCTOSTHUM OT 3eMJIH.

YACTb 2

Omeemom x 3adanusm 25—27 saeas-
emcst yuca0. Mo uucao 3anuwiume 8
no.sie omeema 6 mexcme paGomol, a
3amem nepenecume 6 BJ/IAHK OTBE-
TOB Ne 1 cnpasa om nomepa coomeem-
cmeyiouiezo 3adanusi, HAYUHASL C nep-
8oii kaemouxu. Kaxxovtii cumeon nuwu-
me @ omoebHOU KemoukKe 6 coomaem-
cmeuu ¢ npusedennvimu 6 Gaanxe 00-
pasuamu. Eodunuuvt usmepenus dusu-
YecKkux e UYUH NUCAMb He HYKHO.

25. Kakoii myTb npoiijer Teso 3a 2 ¢, ABUTra-
SICh 10 TIPSIMOIT B OZTHOM HATIPABJICHUH, €CJIH €70
CKOPOCTD 32 3TO BpeMsI YMeHbIIIaeTcs B 3 pa3a?
Mojty/ib ycKOpeHust Teia pasen 5 m/c?.

26. IIpu ©30XOPHOM HATPEBAHUN U/IEAJTBHOTO
razaaa 300 K ero gaBsienne yaBonaoch. Kako-
Ba ObLIa TIepBOHAYATbHAS aGCOMOTHAS TEMITE-
parypa raza?

Haumenosanne | Temnepatypa | Macca (B mac- | Paguyc (8 paany- | Hassanue
3BE3/1bI nosepxnoctu, K | cax Couanna) | cax Cosnina CcOo3Be3usd
AnpieGapan 3600 5,0 45 Teunery
Meporma 14000 4,5 4 Tenery
AnTtapec A 3400 12,5 b} CKopInoH
an-Husr 30700 15 5 Croprnon
Mupdax 6600 1 56 Iepceit
Anroas A 12000 3,6 2,3 ITepceit
Purenn 11200 40 138 Opuon
Berenbreiize 3100 20 900 Opuon
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27. ]JIBe 4YacTUIIBI C OTHOIIEHWEM 3apsi/IOB

1

P - 3 JBIDKYTCS B OTHOPOHBIX MATHUTHBIX
d

MOJIIX, TIEPHEHIUKYJISIPHBIX WX CKOPOCTSIM:

nepsas — B HoJIe ¢ NHAYKIEH B ; Bropas — B

nose ¢ uHAyKnueit B, . Haliaure ornomenune

. R
pPaaAnyCoOB TPAEKTOPUUN HYaCTHUIL —2, €CJIn UuXx

1 o
UMITYJbCbl OJJTUHAKOBbI, a OTHOIIEHNE MO/1YJIEU

UHYKLIUU ﬁ =2.
B1

He 3a6yodvme nepenecmu eéce omeae-
muL 6 6ank omeemos Nef 6 coomeem-
cmeuu ¢ uHcmpyruueil no 6vINOIHEHUIO
pabomuoi. IIpoeepvme, umobvt Kaxoviil
omeem 6ol 3anucamn 6 cmpokxe ¢ Home-
poM coomeemcmeyiouiezo 3adanusi.

s 3anucu omeemoe na 3adanus 28—
32 ucnoavsyime BJIAHK OTBETOB
No2. Banuwume cnauana nomep 3ada-
Hus (28, 29 u m. 9.), a 3amem pewenue
coomeemcmeyioueii 3adauu. Omeemot
3anucoieéaiime uemxko u pazéopuueso.

28. B cocya HaquBaioT BOJY IPH KOMHAT-
HOHl TemmepaTrype. B BoAy norpyskaior Harpe-
BaTeJIbHBIE DJIEMEH-
TBI C COIPOTHUBJIE-
Husmu Ry n Ry,
K MTOJIKJIFOUEHHBIE K
HUCTOYHUKY TOCTO-
SIHHOTO HAaIpsKe-
HUS TaK, Kak IOo-
Ka3aHo Ha PHUCYH-
ke 18,a. OcraBus
KJIOY B IIOJIOXKe-
Hun 1, 10BOIAT
BOJLy /IO KHIIEHUS.
3aTeM KHUNSATOK
BbLIUBAIOT, COCY[
OXJIAXK AT /10
KOMHATHOI1 TeMIle-
paTypbl, BHOBb Ha-
TIOJTHSTIOT TAKUM K€
KOJINYECTBOM BO/JbI
IpH KOMHATHOI
TeMIiepaType H, moBepHyB KJiod K B mosiosxe-
nue 2 (puc.18,6), nosropsor onbir. Hampa-
JKeHHe MCTOYHMKA B OMbITaX OJuHaKoBo. Omu-
pasicb Ha 3aKOHBI 3JIEKTPOAMHAMUKHA U MOJIe-
KyJIIpHO#T (pusnuku, oObsICHUTE, B KAKOM W3
TIPUBEAEHHBIX OIIBITOB BO/JIa 3aKUIIUT 6I)ICT-
pee.

DU

Puc. 18

IToanoe npasuavnoe pewenue Kax-
doii u3 3adau 29—32 0doaxno codep-
Jkamo 3axonvl u hopmyavt, npumenenue
KOmMopvlx Heo6x00umo u 0ocmamouno
0 pewenus 3adavu, a maxkxxe mame-
Mamuueckue npeolGpaszoséanust, pacue-
Mol CUUCLEHHBIM OMEEMOM U RPU HEOO-
X00UMOCIU PUCYHOK, NOACHAIOWUL pe-
wenue.

29. HeGoubimoii 6pycok maccoit m = 100 T,
CKOJIb3SAINI 110 TJIQJIKOH TOPU30HTAJIbHON T10-
BEPXHOCTH, a0COJIIOTHO HEYIIPYTO CTAJIKHBACT-
CS ¢ HENOJBUIKHBIM TeJloM Maccoit M = 2m.
[Tpu gasbHelieM mocTynaTe IbHOM JIBHKEHNUH
TeJla HAJIETAoT Ha HeaeOPMUPOBAHHYIO MPY-
JKIHY, OJTHUM KOHI[OM TIPUKPETIEHHYIO K CTEHE
(puc.19). Uepes kakoe BpeMs ¢ ocJie aGCOTIOT-

mES

5 L ;
Puc. 19

HO HEYNIPYTOro yapa 6pyCKU BEPHYTCS B TOUKY
cTosikHOBeHust? CKOpOCTb [BUIKEHUST GpycKa
JI0 CTOJIKHOBEHUSI © = 2 M/C , JKECTKOCTh TIPY-
sxuabl k=30 H/M, a paccrosiane or TOYKN
CTOJIKHOBeHUs /10 npyxunel L = 10 cm.

30. /IBa 0IMHAKOBBIX TENJION30JNPOBAHHBIX
cocylla COeJIMHEHbI KOPOTKO#l Tpy6Kol ¢ Kpa-
HoM. B mepBoM cocy/ie HaxoanTes vy =2 MOJIb
resua npu temneparype 73 =400 K, Bo BTO-
poM — v, =3 MOJIb aproHa IIpu TeMIepaType
T, =300 K. Kpan otkppiBaior. B yctaHOBUB-
IIeMcsT PAaBHOBECHOM COCTOSTHUW JIaBJIEHUE B
cocyzax cranosutces p = 5,4 klla. Oupenesnure
o6beM V' omnoro cocyga. O6beMoM TpyOKH
npeHe6peyb.

31. B asiekTpuueckoil 1enu, MoKa3aHHON Ha
pucyake 20, » = 1 Om, R = 4 Owm,
R, =7 Om, C = 0,2 Mmx®, xmou K gm-

i

E,r K »1
T )

Puc. 20
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TeJIbHOE BPeMST HaXOAUTCS B mosioskenun 1. 3a
JUTITEJIbHOE BPEMSI MOCJIe TIePeBo/a KJiovya B
MoJIOXKeHne 2 u3MeHeHue 3apsijla Ha TPaBoii
obkIagke KoujeHcaropa Ag=-0,55 MK
Haitgure 9/1C ucrounuka &.

32. Ha nsiockyio IMHKOBY 0 miactunky (A, =
= 3,75 3B) najaer 31eKTPOMATHUTHOE H3JTye-
Hue ¢ aaunoit Bosnel 0,3 MrM. KakoBa narmps-
SKEHHOCTD 33/I€P3KUBAIOIIETO OJIHOPO/THOTO 3JIEK-
TPUYECKOTO TI0JIsT, BEKTOP HANPSIKEHHOCTH KO-

2019/Ne?9

TOPOTO TIEPHEHNKYJISIPEH TLIACTUHKE, €CJIH
(hoTOIEKTPOH MOKET YATUTHCS OT OBEPXHO-
CTH TUIACTUHKYM HA MAaKCUMAJbHOE PACCTOSTHUE
d =25 Mm?

IIpoBepbTe, YTOOBI KasKkAblii OTBET ObLI 3a-
MUCAH PSIOM C HOMEPOM COOTBETCTBYIOMIETO
3a/laHuA.

ITy6auxayuio nodzomosuu
M. /lenudosa, A.Yepnoyuan

M OCKOBCKM rOoCy0apCTBEHHbIV
YHUBEPCUTET MMEHM
M.B.JlomoHocoBa

OPUN3UKA
[ToodmribHbI 3K3aMEH

B 2019 rogy npounbHbINA 3k3aMeH ([0NoNHM-
TenbHOe BCTYNUTeNIbHOE UCMbITaHKe) no dusnke
B MI'Y 1 ero CeBacTononbCckom unmane npoBo-
AWnca B NUcCbMeHHoW dopme. Tvnosoe 3agaHne
ona abuTypueHTa OXBaTblBaio BCE OCHOBHbIE
pa3fenbl MporpamMmMbl Mo GrsMKe Af1d NocTynato-
wux B MIY: 1) MexaHuky, 2) MOeKynfpHYyto
V3VKy U TepMoAMHAMUKY, 3) 3NeKTPoANHAMM-
Ky 1 4) onTuky. Mo KaxZomy pa3geny nporpam-
Mbl aOUTYypUEHTY Npeanaranncb KpaTkmMi BOMpoc
no Teopuu W [OMOMNHAIOWaEA ero 3agada. Ha
BbIMOJSIHEHVE BCErO 33aHNsA OTBOAMIIOCH YeTbipe
aCTPOHOMUYECKMX Yaca.

Huxe npmBoasaTca npvMepbl 3adaHWA Mpo-
punbHoro sk3ameHa 2019 roga.

MEXAHUKA

1. 3ammmmmTte GOPMYITBI 119 3aBUCHMOCTH OT
BPEMEHN KOOPAMHATBI M CKOPOCTH TOYKH, CO-
BepIIAIOIEH TPSAMOJMHENHOE PaBHOMEPEMEH-
HOE JIBU)KEHHeE.

3adaua. ]JIBa OJMHAKOBBIX TPy3a Maccoi
M = 1 Xr KaXJplii cCOeIMHEHBI MEXKIY co60it
JIETKOH HepacTsKUMOI HUTBIO, TiepeGpolieH-
HOU 4epe3 HeBecOMbIil GJIOK, IpUYEM IPaBblii
rpys mHaxomurcsa Boime gesoro (pme.1). Ha
MIPaBblil TPY3 OCTOPOXKHO MOJIOKUJIM Heperpy-
30K B BH/IE JINCKA C TPOPE3bI0, BHICTYIAOIIETO
3a Kpasl Tpysa, IOCJIe 4Yero CHCTeMa TI'Py30B
TpuIIa B ABIKenne. IlepeMecTnBINCch BHN3
Ha HEKOTOPOE PACcCTOSHIIE, TPaBLIii TPY3 BCTPe-

THJI OTPAaHUYUTENb B BUJIE
TOPU30HTAJIBHO 3aKPerlJieH-
HOTO KOJIbII4, CKBO3b KOTO-
poe rpys Tpoiures Gecrpe-
ISTCTBEHHO, a Teperpy3oK
ObLT yiepskaH KosbioM. Ha
Kakyno Beauuuny AT us-
MEHUTCSI CUJIa HATSKEHUsT
HUTHU TIOCJIE TIPOXO3K/EHUS
IIPaBBIM I'PY30M KOJIbIIA OT-
paHUYHTENSI, €CJU Macca
meperpy3ka m = 250 r?
Yckopenue cBO6GOJAHOTO
Ma/IeHUsT TPUMHUTE PABHBIM
g=10 M/ .

2. CohopmyanpyiiTe 3aKOH COXPAHEHUS Me-
XAHUYECKOW SHEPTHH CHCTEMbl MaTePUATbHbBIX
touek. [losicHuTe CMbICJA BXOMSINIMX B ITOT
3aKOH BEJIMYNH.

3adaua. Ha kpaio crona jexkut maiiba 1
pammyca R = 10 cmM, Takas ke maii6a 2 Haxo-
JIITCSI HA paccTosiHuM s = 15 ¢M oT mepBoii
maiiéer (puc.2). Kakyio MUHUMAJIbHYIO CKO-

Puc. 7

2 v, 1
R ———
s
Puc. 2

POCTb ¥, HAJIO yIapOM COOOIINTD BTOPOIL IIaii-
6e B HAIPaBJIEHNH TIEPBOH, YTOOBI Ta yHasa co
crona? KoadpdurmenT Tpenus mraii6 o mosepx-
Hocth ctosa W = 0,2. Coymapenue mraii6 cau-
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TaliTe IEHTPATbHBIM 1 aGCONIOTHO YIPYTHM.
[lenTpnr mait6é pacmoToXeHbl HA OJHOM Mep-
HEeHIUKYIIpe K Kpafo CTosa. YCKOpeHne CBO-
60/lHOTO MajleHus] INPUMUTE PABHBIM
g =10 M/ et

MOJIEKYNIAPHASl ®U3NKA U TEPMOANHAMUMKA

1. Cdopmysupyiite OCHOBHBIE TTOJOKEHUS
MOJIEKYJISIPHO-KHHETUYECKON Teopui. KakoBbl
110 TIOPSI/IKY BEJMUYMHBI MACCa U PA3MePbI MOJIe-
KyJ?

3adaua. B 1Ba OJMHAKOBBIX HMUJIMHIPUYEC-
KHMX COOOIIAIONIMXCS COCY/IA, TePMETHYHO 3aK-
PBITBIX KPBIMIKAMHU, HAJUTA KUJKOCTD TLJIOTHO-
croio p =10° kr/mM®  (puc.3). Ceepxy man
JKUJIKOCTBIO HAXO-
JIUTCST W/I€aTbHBIN
ra3. Paccrosnue
MEXJY YPOBHEM
KUKOCTU "
KPBIIIKAMHI  COCY-
nosh = 50 cm. B
HAYAJTBHOM COCTO-
SIHUU TeMIIepary-
pnc. 3 pa u JaBJeHue
raza B o60ux cocyZax ObLIM OJMHAKOBBIMH 1
pasupiMun T, = 300 K u p, = 10% Ma coot-
BerctBenHo. Otpesesnnre, 0 Kakoil TeMiepa-
Typbl T HaJl0 HArpeTh ra3 B IMPABOM COCY/IE,
4TOOBI B JIEBOM COCY/I€ JKHU/IKOCTD TOHSLIACH HA
BbicoTy Al = 1 M, eciiu TeMIiepaTypy rasa B
JIEBOM COCYyZie IoAep kuBaTh panoii T . /las-
JIEHHEM TapOB JKUJAKOCTH, TEILJIOBBIM PaCIIHpe-
HUEM JKHJIKOCTH 1 COCY/IOB MOKHO TIpeHeOpEUb.
Yckopenne cBOOOHOTO TTA/IEHUsT CUUTANTE PaB-
upiM g =10 M/c2 .

2. Coopmysmpyiite onpenesieHne BHyTPeH-
Hell SHEPTUu TEePMOJNHAMUYECKON CHUCTEMBI.
Ykaskure croco6bl M3MEHEHUs] BHYTpPEHHEeN
SHEPIUHu.

3adaua. Haji HEKOTOPBIM KOJMYECTBOM H/Ie-
QJIBHOTO  OJIHOATOMHOTO Ta3a OCYIIECTBJSIOT
Tpoltecc, TIPeICTaBJCHHBIN Ha pUCYHKe 4, Te
yuactok —2 — agmabarHoe paciupenne. Haii-

el

PA
2o 1 3
/‘
/2
Po P
0 V, 2V, 3V, V

Puc. 4

JIUTE€ OTHOIIEHUE M paéOTbI, COBepLHeHHOﬁ
Ta3oM, K KOJUYECTBY TEIJIOTBI, IMOJYyYEeHHOMY
ra3doMm OT HarpesaTeJid.

SJIEKTPOOUHAMUKA

1. [laiiTe ompesiesieHne MOTEHITIATA 3TEKTPO-
CTATUYECKOTO T0JIA. 3anumuTe (GopMyJIy, CBS-
3BIBAIOIIYIO0 PA3HOCTb MOTEHIMATIOB C HANPS-
JKEHHOCTBIO OHOPOHOTO 3JIEKTPOCTATHYECKO-
TO TIOJIS.

3adaua. Tpu 0MHAKOBBIX MAJEHBKUX THAPU-
Ka Maccoit m = 10 T KaxxJplii, HeCyIe 3apsi-
bl g = 1078 K, cBasanb TpeMsI HeIIPOBOJ-
MUMU HUTSMHU JUIAHOW [ = 5 cM Kaxjas u
pacrioiaraioTcs Ha
TJTaJIKOM HETPOBO-
JIATEM TOPU30H-
TAJbHOM CTOJE,
o0pasysi MpaBUIb-
HbIIl TPEeyroJIbHUK
(puc.5). Hurs, co-
eNHSIONIYI0 IIma-
pukn 1 u 2, mepe- pyc 5
pesaroT, U MapuKn
npuxoasT B aAmxenue. [Ipenebperas noJspu-
3alfeil MOBEPXHOCTH CTOJIA, HAWIUTE MaKCHU-
MaJIbHYIO CKOPOCTh U5 MIApHKa 3. DJIEKTpHYec-
Kast mocrosiHHast €y = 8,85-1071 @/u .

2. Kak oripeieiTioTcst BeJIMYMHA U HATIPaBJIe-
HUC BEKTOpa MarHUTHON WHIYKIINN?

3adaua. ]JlepeBSHHBIN HUIUHIP Maccoi
m = 25t u gmuoit [ = 10 cM Jjexur Ha
HAKJIOHHOII 1JI0cKOCTH, oGpasyiolieil ¢ ropu-
3ouTOM yros o = 30°, Tak, 4TO OCh IUJIHH/PA
ropusontabHa (puc.6). [lumunap mworno (Ges

Puc. 6

3a30pa) OXBaTbIBaeT 3aKpeIlJIeHHAs Ha HEM
TOHKas MPSIMOYTOJIbHAS MPOBOJIOYHAS PaMKa,
MJIOCKOCTh KOTOPOH TPOXOJUT 4Yepe3 OCh ITH-
guugpa. Bed cucrema HaXOAWTCS B OTHOPOJI-
HOM MaTHUTHOM TIoJie ¢ mHayKimeir B = 1 T,
BEKTOP KOTOPOI HalpaBJeH BepTUKaJbHO. Ka-

KO MHUHHMaJIbHbIN TOK Irnin HYJKHO IIPOILyC-
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TUTH 110 PaMKe, YTOObBI IIIJTHH/IP He CKAThIBAJICS
M0 HaKJOHHOH TaockocTn? Tpennme Mexmy
MUJINHAPOM W HAKJOHHOW TLIOCKOCTBIO JOCTA-
TOYHO BEJHUKO [JIsE TOTO, 4TOOBI IUJUHAD HE
CKOJIB3MJI. Y CKOpeHne CBOGOJIHOTO IaJIeHUsT

IPUMHUTE PpaBHbIM ¢ = 10 M/ .

ONTUKA

1. Kakume JWH3BI HA3bBIBAIOTCS TOHKIIMU?
[afiTe onpenesieHNsT POKYCHOTO PACCTOSHUS 1
ONTHUYECKON CUJIbI TOHKOH JIMH3DI.

3adaua. lpenmer BoicoToit i = 2 cM pacrio-
JIOKEH Ha paccToguu @ = 20 ¢M OT TLIOCKO-
BBIMYKJION TOHKOU JIMH3BI ¢ (POKYCHBIM PACCTO-
gaueM IF = 16 cM nepreHauKyJIsSIpHO ee IJaB-
HOIl onTryeckoil ocu. Bblryk/as 10BepXHOCTD
JUH3BI obpameHa kK mpeamery. OmpenesnnTe
BbIcOTy H m300paskeHus TpejMera, 1aBaeMoro
9TOH JMH30H TOCJe TOTO, KakK ee IJIOCKYIO
MMOBEPXHOCTH MOCEPEOPSIT.

2. ITocTpoiite X0/] CBETOBBIX JIyUeii B TIPU3ME.
Yto Takoe MOJHOE BHYTPEHHEE OTpasKeHIe?

3adaua. Tlepe]l IOCKUM 3€PKAJIOM, PACIIO-
JIOKEHHBIM BEPTUKAJIBHO, CTOUT TOPSIIAS CBe-

2019/Ne?9
/
| n
i /
/
d
/
Puc. 7 —

4a, n300paskeHre IJIaMeHn KOTOPOii paccMmar-
PUBAIOT, HAIIPABUB B3TJISIJ 110 HOPMAJIKM K TO-
BepXHOCTH 3epkaja. Ha xakoe paccrosiHue x
CMECTUTCST N300PasKEHNE TJIAMEHH, eCTH MeX-
Iy CBEUOH M 3€pPKaJOM TOMECTHTDb IJIOCKOTIA-
paJLIeNbHYI0 CTEKJISHHYIO MJIACTHHKY, Tapai-
nenphyio sepkaiy (puc.7)? Toammua miac-
tuaku d = 1,2 cM, OKa3aTeJb MPETOMJICHUS
creksaa n = 1,5. YruIbl majieHus cBera Ha ILa-
CTUHKY ¥ TIPEJIOMJIEHUS B Hell cunTaiite MaJsbl-
MH. YUTHTE, 4TO /IS MaJIblX 3HAYeHUil apry-
MEHTa 0, 3a/IaHHOTO B pajinaHax, CIIPaBe/In-
BO NMPUGIMKEHHOE PABEHCTBO SinoL = tg ol = oL .

Hy6uxayuio nodzomosun C.Yecnoros

Du3mKo-MaTeMaTnyeckKas
onnmMnumaga «Pumstex»

Onumnuaga «Pustex» NPOXOAMT B ABa 3Tana,
OTAENbHO MO MaTeMaTuke U dur3mKe. 3akITioHn-
TeNbHbIW 3Tan onMMNMagsl NPOBOAMTCA OYHO B
ropofax Poccum u GnnxHero 3apybexbs. Mobe-
OUTENN 1 NpU3epbl MMEIOT NbroThl, onpegense-
Mble MPUEMHON KOMUCCMEW BYy3a, B KOTOPbIN
noJaloTCs LOKYMEHTbI AN MOCTYMNEHNS.

dusnko-MaTeMaTnyeckas onuMmnuaga «dums-
Tex» BXOAMT B NepeyeHb ONMMMNAZ, LKONbHMUKOB,
YTBEPXKAEHHbIM MUHNCTEPCTBOM MPOCBELLEeHMS
Poccumckon depepaumn.

Huxe nprBoaATca mMaTepuansl No MaTeMaTuke
n Gusnke, npegnarasmeca B 2019 rogy Ha
3aKJTIOYUTENBHOM 3Tane onnMnMagbl «PusTex».

MATEMATUKA
77 knacc

BapuaHTt 1

1. Jlampl KBajgpaTHbIe TpexueHsl fi(x

(
=xt—ax+2, f(x)=2"+3x+b, f(x
3

=322 +(3-2a)x+4+b wu f(x)=3x"+

+(6—a)x+2+2b. Ilycts pasHOCTH MX KOp-
nett paBubl A, B, C u D cOOTBETCTBEHHO W TIPU
9TOM |A| * |B| . Haiigure orHOIMIEHNE
c? - p?
A -B*
3uauenua A, B, C, D, a, b He 3ajaHbl.
2. NsBecrtHo, 4TO
cosx —sinx 1 x+y

= t
32 8T

siny

sinx +cosx _ —6\/§tgx+y
cosy 2

Haiijiute Bce BO3MOJKHBIE 3HAYEHUST BbIPasKe-
nust tg(x +y), ecam M3BECTHO, YTO HX He
MeHee TpeX.

3. Ha crose sieskar 130 pazimuHbIX KapTOUeK
¢ yncaamu 502, 504, 506, ..., 758, 760 (ma
Ka)K/IOH KapTOYKe HAIMCAHO POBHO OJIHO UKC-
JIO, KQK/JI0€ YHUCJIO BCTPEYAETCS POBHO OJIMH
pa3). CKoJIbKMME crioco6aMyu MOKHO BbIOpaTh



O9K3AMEHAINMMOHHBIE MATEPMAIJbBI

3 KapTOYKH TakK, 4yTOObI CyMMa 4HCeJ Ha BbIO-
PaHHBIX KapTOYKax Jesnaach Ha 37

4. OxpyskHOCTH Q W ® KACAIOTCS BHENTHUM
o6pazoM B TOoukKe F, a ux oO0Iias BHEIIHSS
KacaTeJbHast KacaeTcst OKpysKHOCTel Q 1 o B
toukax A um B coorBerctBeHHo. IIpsimast [
MIPOXO/INT Yepe3 TOUKY B, BTOPHYHO TIepeceKa-
€T OKPY’KHOCTb ® B Touke C, a Tak:Ke Tepece-
Kaet Q BToukax D u E (touka D pacmooxena
mesky C u E). O6mas KacateabHast OKPYKHO-
cTeil, mpoxo/sIas yepes Touky F, mepecekaer
npsimbie AB n BE B Toukax P u H cootBeTcTBeH-
Ho (Touxa F jeskut mesxay toukamu P u H).
WNsBectno, uro BC = 42, DH = HC = 4.
Haiigure aamuny orpeska HP u pajuycbt o6enx
OKpY>KHOCTEH].

5. Pemmte HepaBeHCTBO

IOgéxz_é +§(1+4x2)><
2" 3%

X logéxz_g +§(1—4x2)+1 x
27" 73"

3¢ 4x 5
xlog, (ol == +=|=1.

—16a 2 3 6
6. Oxpy»KHOCTD, IIEHTP KOTOPOH JIEKHUT Ha

. 3

psiMoii y = b, nepecekaer napabony y = sz
X0Ts1 Obl B TPEX PA3JMYHBIX TOYKAX; OJHA U3
ATUX TOYEK — HAYAJI0 KOOP/HMHAT, a /[BE U3

o 3
OCTaBIIUXCS JlesKaT Ha IPAMOH y = Zx +b.

Haiigure Bce 3nauenus b, npu KOTOPBIX OIK-
caHHast KOH(MUTypalus BO3MOXKHA.

7. Ha pe6pax AC, BC, BS, AS npaBusbHOi
TpeyroJyibHOl nupamuibl SABC ¢ BepiuHoii S
BbIGpanbl Toukn K, L, M, N COOTBETCTBEHHO.
NsBectno, uro Toukn K, L, M, N nexar B
ofHON TIOCKOCTH, TipuueM KL = MN = 2,
KN = LM = 18. B uernipexyronpunke KLMN
PACIIOJIOXKEHbI JIBe OKpPYsKHOCTH Q 1u Q.
IIpUyYeM OKPYKHOCTb £ KacaeTcsd ctopoH KN,
KL w LM, a okpy»KHOCTb £, KacaeTcs CTOPOH
KN, LM u MN. IlpsiMble KPyroBble KOHYCBI
F nm F, cocHoBanmamMu Q; n Q, cooTBer-
CTBEHHO PACIIOJIOKEHbI BHYTPH JAHHOH THpa-
MU/IbI, TIpUYEM BepiinHa P Konyca JF| JeXXuT Ha
pebpe AB, a BepmmnHa Q KoHyca F, JISKUT HA
pebpe CS.

a) Haiiqure £SAB.

6) Haiigure piuny orpeska CQ.

BapunaHt 2

1. [Jana ymneiinas Gynkuus f(x). Ussect-
HO, UTO PACCTOSTHUE MEXK/Iy TOUKAMU Iepecede-
nust rpadukos y = x> +1 u y = f(x) pasno
32, a paccTosiHie MesKIy TOUKAMH Tepecede-
nns rpadukos y = x> u y = f(x) -2 pasmo
JV10. Haiiure paccrosinme MexJy TOUKAMI
nepeceuenust rpadukos GyHKIMil y = 12 ny =
=),

2. NsBecrtHO, 4TO

cos 3x

=2+cosz(x+y)
(2cos2x —1)cosy 5

sin 3x

- =§+sin2(x+y).
(2cos2x +1)siny 5

Haiimnte BCce BO3MOKHbBIC 3HAUCHWS BBIpaske-
Husi cos(x + 3y), ecanm M3BECTHO, YTO HX He
MeHee /IByX.

3. Ecrb 207 pas/imyHbIX KapTOUEK C YUCIAMU
1, 2,3, 2%, 3%, ..., 219 39 (4a kasnoit
KapTOYKe HAMMCAaHO POBHO OJHO YMCJO, KaiK-
JI0€ YMCJI0 BCTPEYAETCs POBHO 0/inH pas) . CKoJib-
KIMHI CTTIOcO6aM¥ MOXKHO BBIOpPATh 3 KapTOUKH
TakK, 4TOODbI TIPOM3BEEHNe YHCeT Ha BBIOPAH-
HBIX KapTOYKaxX ObLIO KBAIPATOM IEJIOTO JHC-
Ja, genasmierocs Ha 67

4. Xopaet AB u CD oxpyxkuoctu ' c
neHtpoMm O umetor anuny 4. ITponosmxenus
orpe3koB BA n CD 3a Touku A u D cooTBeT-
CTBEHHO TepecekaioTes B Touke P. [Ipamas PO
nepecekaer oTpe3ok AC B Touke L, mpuiem
AL:LC = 2:3.

a) Haiigute AP.

6) TIycTb JOIOJHUTENLHO U3BECTHO, YTO Pa-
quyc okpyskHoctdn I paBeH 2,5, a Touka T —
HEHTP OKPY’KHOCTH, BIMCAHHOI B TPEYTOJIbHUK
ACP. Haiiaure anuny orpeska PT u mioniaib
tpeyronbauka ACP.

5. Pemute HepaBeHCTBO

log,, » (1 + 27x5) +108, 40 00 (1 + xz) <
<1410 )0y, (1 + 27x5) .

6. Haiigure Bce 3HayeHus mapamerpa @, mpu
Ka)K/IOM M3 KOTOPBIX y CHCTEMBI yPaBHEHUI

x* +y* = 26(ysin 2a — x cos 2a),
2% + y* = 26(y cos 3a — xsin 3a)

CYIIECTBYIOT /IBA PEIICHUS (x1;y1) n (xz;yg)
Takue, YTO pACCTOSHUE MEXKAY TOUYKAMHU
P(xﬁ%) u Q(xg;y2) pasuo 10.
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7. Jlana yceuennas mupamunga ABCAB,C; ¢
6okoBbiMu  peGpamu  AA;, BBy, CC
(ABC || AB,C,; ) Ttakas, uTO TpeyrOJbHUK
ABA; — pasnaocroponunii. Ha pebpe CCi,
nepreHAnKyJIsspHoM ocHoBanuo ABC nupamu-
Abl, JIeXNT Toyka M Takas, uUTO
CM:MC;=1:2. Cdepa Q c paanycoMm
R =+/5 HPOXOANT 4epes BepUIMHBI TPEYIOIb-
nuka ABA; u kacaercst orpeska CC; B TOuke
M.

a) Haiigure anuny pe6pa AB.

6) IlycTh [OMOJHUTEIBHO H3BECTHO, YTO

Z/BAC = alrcsinL .

npsamoit CC; u mnockoctblo ABA;, a Takxke
nnuny pebpa AC .

Haiigure yroa mexay

U36parHble 3aqa4m 45 10 knacca

1. Haiiiute Bce 3HAUEHUs TIepEMEHHON X, TIPH
Ka’kJOM H3 KOTOPBIX o06a BBIpa’KEeHUS

f(x)=v21-x*—4x n g(x)=|x+2 onpe-

x+4

nenenst, npuyem min (f (x);g(x)) >

2. Haiigure mepBbIii 4jieH W 3HaMeHATENh
6eCKOHEYHO yObIBAIOIIEN TeOMETPUYECKON ITPO-
I'PECCHM, ecJid OTHOIIEHNEe CyMMbl Ky6OB BCEX
ee YJICHOB K CyMMe BCEX YJIEHOB 3TOH Iporpec-

CHUN PaBHO —-, a OTHONIEHUE CYMMbI Y€TBEP-

TBIX CTeTleHell UJIeHOB K CyMM€ KBa/JlpaToOB 4JIE-

. 144
HOB 3TOH IIPOrPecCUy paBHO — .

3. [lana pasuoGokas tparnenuss ABCD
(AD||BC, AD > BC). OkpyxHocrtb Q
BIMcaHa B yrosa BAD, kacaetcs orpeska BC B
touke C u oBTOpHO 1tepecekaet CD B Touke E
tak, yto CE =9, ED = 7. Hafiaure pammyc
OKpYy’KHOCTH Q 7 Tromaab Tpanernn ABCD.

4. Ha xoopamHATHOM MIJIOCKOCTH paccMaTpu-
Baercsi hurypa M, cocrosiiasi U3 BCeX TOYEK,
koopzauHatel (x; ) KOTOPBIX YIOBJIETBOPSIOT
cucTeMe HEepaBeHCTB

lx =1 +1]5 - x| < 4,
2
x°—=6x+2y+7 <0.
y+x—4

WN3so6pasute purypy M 1 HaliinTe ee MI0MaIb.
5. Pemmute HepaBeHCTBO

. >0,
(2 = 4]])" - 82 + 32| - 48
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6. B oxpyxuoctb Q pazauyca 13 Brnucanbl
tpanenuss ABCD (AD || BC ) u 1psaMoyroJib-
K A B,C,D; takum o6pasom, uto AC L B,D,
BD 1 A,C,. Haiigute oTHOIIEHHE IJIOMIAN
ABCD x mnomaau A B,C,D;, ecau U3BecTHO,
yro AD =10, BC = 24.

OPUN3INKA
9 knacc
BapunaHt 1
1. TlioBelr TeperJibiBaeT Yepe3 peKy IMupu-
Hoit d = 100 M 3a HamMeHbllee BpeMs
T = 100 c. 3a 310 BpeMs TeyeHne CHOCUT €TO

na s = 200 m. CHoc — 3TO paccrosHue, Ha
KOTOPOE CMECTUTCS TIJIOBEIl BAOJb PEKH K MO-
MEHTY JIOCTUXKEHUS [TPOTHBOIOJIOKHOTO Gepe-
ra. B noaBuskHOI cucreMe oTcueTa, CBsI3aHHOM
C BOJIOH, TIJIOBEIT ABIKETCS C TMTOCTOSHHOM CKO-
poctbio. Haiigure:

1) CKOpPOCTb © TEYeHUs PEKH;

2) CKOPOCTbD % IJIOBIA B HOBIKHON CHCTEME
OTCueTa, CBSI3aHHON C BOJION;

3) npomosKuTebHOCTh T 3allibiBa, B KOTO-
poM cHOC 6yZeT MUHUMAJIbHBIM.

2. Ilmockmit ckJOH XoiMa o6pasyeT yrosa
o =30° ¢ ropusoHTOM. M4, GPOIIEHHBIH C
MOBEPXHOCTH CKJOHA B TOPU30HTAJIBHOM Ha-
[paBJICHUU BHU3 I10 CKJIOHY, yepe3 T = 0,5 ¢
JBIIKETCST €O cKopocTbio vy = 13 M/c . Yexope-
Hue cBoboanHoro maseHns g =10 M/ ¢ . Cuny
COIIPOTHUBJIEHUSI BO3/yXa CUHUTaiiTe mnpexeOpe-
sKkuMo MaJsioin. Haiiure:

1) HAYANbHYIO CKOPOCTb 0, MSUa;

2) yepes Kakoe BPeMsi f; MOCJIE cTapra Msd
HaXO/WJICS HA MaKCHMAaJbHOM PACCTOSHUU OT
TTOBEPXHOCTH CKJIOHA;

3) Ha KaKOM MaKCHMaJbHOM PaccTOsSHUM H
OT TIOBEPXHOCTHU CKJIOHA HAXOUJICS MSTY B 3TOT
MOMEHT.

3. HunmHApUYecKnii coCy/ ¢ BOJOW CTOUT HA
Becax. Ilokasanme BecoB P, = 10 H. B Boxy
OIYCTHJIN JIBIMHKY C BMOPOKEHHBIM B Hee
METAJITMYECKUM HIAPUKOM. Y POBEHb BOJIBI B
cocy/ie TOBbICUJICS HA h = 4 cM, a JbJUHKA
cTajla TJIaBaTh, TOJHOCTBIO MOTPY3UBIINCH B
BO/My, HE Kacasichb [HA U CTEHOK. [lsoTHOCTH
Boanl p =1000 KI“/MS, MJOTHOCTDH Jibja
py = 0,9p, mroTHOCTH MeTaMIA P, = 2,7, TIO-
majab TMONMEPEeYHOT0 CeYeHHUsI Ccocy/a
S =100 cm?, Yckopenne cBOGOIHOTO TTa/I€HIST
g=10 M/Cz. Haiignre:
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1) nokasanue P, BECOB 1OCJIE OTPYIKEHUS B
COCy[l JIbJINHK;

2) Macey my JIbIa;

3) U3MEHUTCS JIM [OKA3aHUE BECOB IOCJe
TasiHUS JIbJIa, OTBET 00OCHYIiTe.

4. B cucreme, nokasaHHoii Ha pucyske 1,
Macchl Tpy3oB paBHbl my =m3 =m =0,1kr,
m, =3m COOTBET-
crBerHo. IlepBona-
YaJIbHO CUCTEMY Y/IEp-
JKUBAIOT, 3aTeM OTITyC-
kator. I'pysbl mpuxo-
AT B ABMKenue. Ha-
YaJbHBIE CKOPOCTHU
BCEX I'PY30B HYJICBbIC.
Yckopenne ¢cBOGOTHO-
ro mnajeHus PaBHO
g=10 M/c2 . Maccbt
6JIOKOB U HUTEH TIO
Puc. 1 CPaBHEHUIO C Maccoi

IPy30B TIpeHe6pesKu-
MO MaJjbl. HepactsokuMble HUTH CBOGO/IHO
cKoJIb3T 10 GyiokaM. Haiiure:

1) ckopoctb v; Tpy3a 1 B TOT MOMEHT, KOT/[a
rpy3 2 omycturcs Ha H = 0,5 M;

2) cuny T, HaTaKeHUS HUTH, Ha KOTOPOIi
TTOJIBETIIEH TPY3 2.

5. Tlpn MOAKIIOYEHNN WCTOYHUKA TOCTOSH-
HOTO HalpsKeHus K ToukaMm A n B asekrpudec-
KOU TIIeru, cXeMa KOTOPOIl Ipe/cTaBjeHa Ha
pUCYHKe 2, B II€MU BBIIEJISETCS MOIIHOCTH

N
Ry
R, R,
R,
[
D — C
Puc. 2
P, = 100 Br. Ilpn noax/JmoYeHUH TOTO Ke

UCTOYHNKA TTOCTOSIHHOTO HAMPSDKEHUs K TOY-
kaMm B u C B 1enu BbBIJEISETCS MOIIHOCTD
P, = 2P, . Haiigure:
R,
1) orHOmIEHUE R
1
2) Kaxas MOIHOCTb P; GyJIeT BbIIEIATHCS
B II€NH TIPU MOJKJIIOYEHUH TOTO K€ NCTOYHNKA
TTOCTOSTHHOTO HampsiKeHns K ToukaMm A n C.

BapunaHt 2

1. JlogoyHuK mepeceKaeT peKy IMUPUHOI
d =200 m 3a Bpems t = 200 c. 3a arto
BpeMs TEUeHHe CHOCUT JIOJKY Ha S = J3d. B
MO/JIBUZKHON CHCTEMe OTCYeTa, CBSI3aHHOII C BO-
oM, JOAKa JBWXKETCS CO CKOPOCTBHIO
u =1,3 m/c . Croc — at10 paccrosinne, Ha KOTO-
poe CMeCTHUTCS JOAKA BIOTb PEKH K MOMEHTY
JIOCTUKEHMS TTPOTUBOIOJIOKHOTO Oepera. B
MOJIBUZKHON CHCTEME OTCYETa, CBSI3AHHOI C BO-
JIOW, JIO/IKA JIBUIKETCS C TIOCTOSIHHOW CKOPOC-
Thio. Haiinure:

1) CKOPOCTb © TEYEHUSA PEKH;

2) 3a Kakoe BpeMs T JIOfIKa TIepecedeT PeKy,
JIBUTASACH MO Kpardaiinemy (OTHOCUTENBHO Ge-
pera) myTH.

2. Ha mJI0CKOM CKJIOHE ¢ YKJIOHOM O = 45°
6pocaioT M4 € HavYaJbHOIl CKOPOCTHIO
vy = 20 M/c , neprieHNKYyIIPHOIL cKT0HY . Tou-
Ka cTapTa HaXOANTCS Ha TTOBEPXHOCTH CKJIOHA.
Ycxopenne cBO60HOTO TajieHnsa g = 10 M/ c?.
Haiinnre:

1) xaxoe Bpemst T mocse crapra Msd Gyner
HAXO/UTbCS HA MAKCUMAJTHHOM PACCTOSTHUU OT
MMOBEPXHOCTU CKJIOHA;

2) CKOPOCTb v, MsiYa Mepej] COyAaPEHHEM €O
CKJIOHOM;

3) Ha KAKOM PACCTOSHUM S5 OT TOYKH CTApTa
M4 yTIaJieT Ha CKJIOH HOCJe JIBYX aOCOJIOTHO
YIPYTUX YIAPOB O CKJIOH.

3. Hexoropbie mianerst (Benepa, 3emus,
Henryn) auxkyress Bokpyr CoJaHna no opGu-
TaM, OJIM3KUM K KPYrOBbIM. Benepa cosepiiaer
onuu o6opor Bokpyr CouiHlla 3a BpeMs
Ty =0,615-T5, rne T3 = 365 cytok — 1po-
JIOJDKUTENbHOCTD 3€MHOTO Toz1a. [lnaneTs nBu-
JKYTCS MO Op6UTaM B OJHON IJIOCKOCTH U B
OJTHOM W TOM >Ke HampaBJjeHun. Haiinure:

RS o
1) oTHOUIEHNE R. pajiyca 3eMHOI OpOUTHI

K pajuycy opéuTbIBBeHepr;

2) 4epe3 Kakoil HaMMEHBIIMIT MTPOMEKYTOK
BpeMEHH T paccTosHue Meskly 3emJeil u Bene-
POl TIEPHOJMYECKN JOCTHIAeT HAUMEHDIIErO
3HAYCHUS.

4. Ha HaKJIOHHOII IIJTOCKOCTH € YTJIOM HaKJIO-
Ha O/ K TOPU30HTY KO3(PHUITMEHT TPEHMS CKOJIb-
JKEHMsT 1aii6bl 110 TIJIOCKOCTH HAa BbBICOTAX,
MEHDBIINX HEKOTOPOH HEM3BECTHO BBICOTHI /2,
paser W, (W, >tgo), Ha GOJBIIMX BBICOTAX
KO3(PPUIMEHT TPEHUS CKOJbKEHUS MIaiObI
paseH W, (W, <tgo ). ITo HAKJIOHHON TJIOCKO-
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CTH ¢ BBICOTBI H mraiiba ABMKETCS ¢ HYJIEBOI
HAYaJIbHOH CKOPOCTBIO M OCTAHABJIMBACTCS y
OCHOBAHMS HAKJIOHHOM MJIOCKOCTH. Y CKOpEHWe
cBOOGO/IHOTO TIaJieHnsi paBHo ¢g. Haiiure:

1) BbIcOTY /5

2) MaKCHUMaJbHYIO CKOPOCTb O
Tpotiecce JBWKEH;

3) npogoskuTenbHOCTb T IBUKEHUS Ha yua-
CTKe pasroHa.

5. Ha conporusnennsix R, R,, R; upu
rojiladye Ha KayKJ0€ M3 HUX OJHOr0 M TOTO JKe
HANpPsDKEHUs BbeNsA0TCS MontHoctn P, 2P,
3P coorsercTBenHo. Haiigure:

1) Kakasg MOMHOCTb P Oyjer BbLIeJAThCs
Mpu TIOJja4e TOTO >Ke HANPSDKeHWS Ha 9TH
TPHU COIIPOTUBJICHUS, COEAMHEHHBIE TOCJIE/0-
BaTeJIbHO;

2) Kakas MOUIHOCTb P, GyJeT BbIJEIATHCS
MpU TO/Iave TOTO Ke HANpPsDKeHUs Ha Ielb, B

max 1TAHOBI B

Puc. 3

KOTOPOU 3TH COIPOTUBJIEHUS] COEAMHEHDI TI0
cxeMe, IPUBEJICHHON Ha pucyHke 3.

10 knacc
BapuaHTt 1

1. Ilymka ycraHoBjieHa Ha IIJIOCKOM CKJIOHE
ropbl, o6pasyonieM yros o = 30° C TOPU30H-
toM. IIpu BbICTpEsie BBEPX IO CKJIOHY CHapsij
TmajaeT Ha CKJOH Ha paccrosuun s = 700 M
OT MecTa BBICTpeJa. B MOMEHT majieHust CKo-
pPOCTDb cHaps/a MepHeHINKYIIpHA TTOBEPXHOC-
™ ckjoHa. Ilymky pasBopaumBaioT Ha 180°
1 TIPOU3BOJIAT BTOPOIi BBICTPEJ BHU3 110 CKJIO-
Hy. 3areM IyIIKy ITIlepeMelaioT Ha TOPU30H-
TAJbHYIO MOBEPXHOCTb W TPOW3BOJAT TPETHil
BBICTPEJI. YCKOpeHue CBOGOJHOTO IIafeHust
g=10 M/ e Cuy coOmpoTHBJICHHS BO3AyXa
cuuTaiiTe MpeHe6PERKUMO MAJION. YTOJ HAKJIO-
Ha CTBOJIA K TTOBEPXHOCTH, C KOTOPOH CTpeJisi-
10T, TIPH BCeX BBICTpesax ojuHakoB. Haii-
JuiTe:

1) Ha KAKOM PaCCTOSIHUK S5 OT MECTa BTOPOIO
BBICTpEJIA CHAPSA/ YMaJeT Ha CKJIOH;

2) manbHOCTD L CTPebGbI MPH TPEThEM BbI-
cTpeue.
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2. Ha nmrepoxoBaToii TOPU30HTAIbHO MOBEPX-
HOCTH CTOJIa TIOKOUTCSA 4Yaiia. BHyTpeHHsAS no-
BEPXHOCTHU Yallli — TJaJKas moaycdepa paau-
ycom R. Ha paue wvamm jexut He6OJIbIIAS
maiiba maccoii m. Macca vamm 3m. YaapoMm
nraitbe coo6IAa0T TOPU3OHTAIBHYIO CKOPOCTH

vy =+2gR, Toe g — yCKopeHHe CBOGOAHOTO

nazenns. CKOJbKeHNe Yallll HAYMHAeTCS B TOT
MOMEHT BPEMEHH, KOT/Ia BEKTOP CKOPOCTH MIaii-

T "
6bl TTOBEPHETCS HA Yroyl O, = 5 Haiiure:

1) ¢ kakoii cuiaoil P maii6a nefictByer Ha
Yairy B 3TOT MOMEHT;

2) K0d(h UIMEHT W TPEHUs CKOJIbKEHUS
YAl 10 CTOJY.

3. Tmagkas ympyras maitba pagumycom R,
JIBIDKYIIASICST CO CKOPOCTBIO ¥y , YIIPYTO CTajl-
KHUBAETCS C TAKOU JKe 1Iailboll, MOKosIIeicsa Ha
IJIaJIKOI TOPU30HTAJBbHON TToBepXHOCTH. B pe-
3yJIbTaTe CTOJKHOBCHUS CKOPOCTD HaJIeTaloIei
maiiopl yMenblnaercs BaBoe. Haiigure:

1) paccrostae d OT TEHTPAa MOKOWBIIEHCS
1Iaitbpl 10 TPSIMOl, TI0 KOTOPOW JIBUTAJICS
LEHTP HaJeTalomell manoor;

2) 4epes kakoe BpeMs T 1ocje coyaapeHus
paccTosinie Mex/y HeHTpamu maiiG 6yer pas-
HO S.

4. Topu3oHTANbHBIN MUJWHAP [AJIUHON
L = 0,5 M BHauaJe OTKPbHIT B arMocdepy u
3aMoJiIHeH BO3JYXOM INPU TeMIepaTrype
T, = 300 K. IIumuuap IIOTHO 3aKpbIBAIOT
TOHKMM TIOpITHEM U oXJaxzmafoT. llopiieHb
CMETIAeTCsT M OCTAHABJIMBAETCS HA PACCTOSTHUN
h = 0,4 mor gua. /lanee nnanHIP HArPEBAIOT
10 TeMmriepatypsl 1j, TIpu KOTOPOH MOPIIEHDb
ocTtaHaBMBaeTcs Ha paccrosiniun H = 0,46 M
oT  [JHAa. AtMocdepHoe  maBJiieHUE
po = 100 xIla, momaap momepevHoOro ceve-

st mEpa S = 0,1 M2 Buyrpenunss suep-

rug Bosayxa U = ng , rae p — jpasaenue, V

— ob6beM. Cuntaiite CUJIy TpeHUs, JACUCTBYIO-
IyI0 Ha IOpIIeHb, IOCTOSHHOW B Iporecce
ABikeHus nopuHsa. Haiiaure:

1) 110 kaxoii remneparypbl T; ObLI OXJIaK/IEH
BO3/yX B IWJINH/PE;

2) cuny tpennsi [, , A€fiCTBYIONLYIO Ha OP-
IIEHb B IIPOIlECCe /IBUXKEHUS TTOPIITHS;

3) Kaxoe KoJam4ecTBO Q TEIIOTHI TIO/IBENH K
BO3/IyXy B IINJIMH/IPE B IIPOIlECCe HArPeBAHNUS K
TOMY MOMEHTY, KOT/Ia TIOPIIeHb HadaJa CcMe-
maThes.
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5. Ternon30MpOBaHHBIN IIUIUHIP 0OBEMOM
V' pasgesien Ha [Be 4acTu Teperopojikoil. B
OJTHOII 4aCTH HAXO/IUTCS BOJOPO/L B KOJIMUECTBE
v 1pu temreparype 1y, a B Ipyroii — as3or B
kosmuectBe 1,5v 1pu temneparype S5/4T; u
JIpyroM jasjienun. Ileperopojika mpopbiBaet-
ca. Haitaure:

1) kakas rtemneparypa T,, YCTAaHOBUTCS B
cMecH;

2) JaBleHUE p B CMECH.

BapuaHt 2

1. Tennucuct TpeHUpyeTcs: Ha TOPU3OHTAJIb-
HOH TIJTOIA/IKE, TTOChLIast MSTY K BEPTHKAJIbHOM
CTeHKe. B mepBoM ciydae Ms4 1ocje yaapa
PAKEeTKOH JIETUT MTPAKTHYECKH C YPOBHS 3eMJIH
€o ckopocTpio v, = 18 m/c moa yriaom o = 30°
K TOPU30HTY U y/IapsieTcsi B CTeHKy. Bo Bropom
caydae M4 CTapTyeT M3 TOH >Xe TOYKH CO
CKOPOCTBIO Upy/2 1O yrioM 20, K TOPU30HTY 1
yAapsieTcs B Ty ke TouKy creHku. Coymapenns
Mf4Ya CO CTEHKOI aGCcomoTHO ympyrue. Msd
JIBIDKETCA B BEPTUKAIBHOM MJIOCKOCTH, TIEPIICH-
qukyaapnoit crenke. CHJIOH CONPOTUBJICHUS
BO3/yXa TpeHe6peyb. Y CKOpeHHe CBOGOHOTO
nagenus g =10 M/C2. Haiigure:

1) uepes kakoe BpeMsi T Msu GyJeT Haxo-
JIUTHCST HA MAaKCHMAJbHOW BBICOTE B IEPBOM
crydae;

2) Ha Kakofl BbIcOTe h MY ymapurcs B
CTEHKY;

3) Ha KaKOM PAcCTOSHUM L OT CTEHKH Msd
yHajeT Ha IJIONa/IKy BO BTOPOM CJIydae.

2. TOHKOCTEHHBIH TOJBIH Iap pagnycoM R =
=0,05 M 3axar Mex/y [IBYMSI TOPH30HTAJIb-
HBIMH TApaJIJIeJIbHBIMU TIJIACTUHAME, O/IHA U3
KOTOPBIX [IBUKETCSI BIPABO CO CKOPOCTHIO
v, = 0,8 M/c, a pyrasi — BIEBO CO CKOPOCTBIO
v, = 0,2 M/c (puc.4). [IpocKanb3bIBAHUS MEK-

9

y =

0y
0 x
Puc. 4

Jly TJIacTHHAMU U mmapoM HeT. Ha BHyTpenHei
MOBEPXHOCTH IOJIOTO Tapa CUANT KYK MacCoOi
m = 2 T. YcKkopeHue CBOGOJHOTO Ia/leHUs
g=10 M/c2 . Hatiure:

1) 3a kakoe BpeMsi T 11ap COBEPIIAET OJMH
0060POT BOKPYT TOPU3OHTATIBHON OCH, TPOXO/Isi-
1Iei yepe3 ero meHTp;

2) cuaty P, ¢ KOTOPOIi 5KyK JeiiCcTByeT Ha 1map,
B TOT MOMEHT, KOT/Ia )KyK HaXO/IUTCS B BBICIIIEH
TOYKE TPAEKTOPHH.

3. /IBe oiHAKOBDIE IVIA/IKHE YIIPYTHE MailObl
JBIDKYTCS TO TJIQJKONH TOPH3OHTAJbHOH IIO-
sepxnoctr (puc. 5). CKOpOCTb nepBoii maiGot

Puc. 5

¥, ckopoctb Bropoit (=20). [las kaknoii
MIaif6bl MpsiMasi, COHATIPABJIEHHAS C BEKTOPOM
CKOPOCTHU U TPOXO/IATIAS Yepe3 IEeHTP MIaii6bl,
Kacaercst Apyroi maiiGer. ITpoucxoaut aGeo-
JIIOTHO ympyroe coymapenne. Haiianre:

1) ckopoctb v (10 MOy JII0) BTOPOH MaiiGbr
mocJie CoyJapeHus;

2) Ha Kakoil yrom B II0OBEpHETCS BEKTOP
CKOPOCTU BTOPOI maii6pl B pe3yibTaTe cOy/a-
peHMS.

4. B mmimaape ¢ BePTUKAJTbHBIMH TJIQIKAMI
CTEHKAMU TOJ] TIOKOSIMNMCS TOPITHEM HaXo-
JISITCST BOJIA M BJIAYKHDBIN BO3/IYX IIPU TEMIIepaTy-
pe t, =100 °C . Ilnomazms mopmasa S = 80 em?,
Macca M mopmHs Takosa, uto Mg =0,3p,S,
rae py =10 10° Ila — gaBienue B OKpY>Karo-
mmieit atMocdepe. Brprcota OPIIHS HaI TOBEPX-
noctbio Boanl H = 30 cm. Temmeparypy B
IUJIMH/IPE Me/IJIEHHO YMEHbIIAIOT /10 ¢, = 4 °C .
[laBieHre BOJSTHOTO Tapa Hpu ¢, CcuuTaiTe
peHe6peKNMO MaJIbIM. Y HUBEepCcaJbHas Ta30-
Basi moctosuHas R = 8,31 Jlx /(Mo - K). Mo-
nspras macca Bogsl M, = 18107 kr/Moun .
Haiigure:

1) maccy M, mapa B IUJUHADE TIpU
t, =100 °C;

2) Ha KaKOM PAaCCTOSHUM /i OT TIOBEPXHOCTH
BO/IbI OCTAHOBUTCS TIOPIIEHb NP TeMIepaTy-
pe &,.

5. TemnousonupoBanublii cocyn o6bemom V
pas/ieJieH Ha JIBe YacTH Ieperopojikoii. B ogHoi
YaCTU HAXOJWTCS TeJIUil B KOJIMYECTBE V TPHU
temnepatype 1;, a B Ipyroii — KHCJIOPOJ B
KoJimyecTBe 2v mpu teMueparype 4/57; n npu
apyrom naasienun. Ileperopogaka mpopbiBaet-
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ca. V3BecTHO, 4TO MOJIAPHAS TEILIOEMKOCTD
KHCJOPOAa TPH IMOCTOSHHOM 00beMe paBHa
2,5R. Haiigure:

1) xaxas temmeparypa T, , YCTAaHOBUTCS B
cMecH;

2) JaBJiCHUE P B CMECH.

11 knacc
BapuaHTt 1

1. Ha ryiajikoii ropu3oHTaJIbHOI MOBEPXHOC-
TH CTOJIA TIOKOUTCS KJIUH. [/1ajiKast HaKJIOHHAsS
MTOBEPXHOCTDh KJWHA 06pa3yeT C TOPH30HTOM
yroa o Takoil, d4To
coso. = 0,6 . Ecuu mraiiGe,
HaXOJISNIENCs y OCHOBAHMS
KJIMHA, COOOGIIUTD HAaYaJIb-
HYIO CKOPOCTb ¥, BJIOJb
MOBEPXHOCTHU KJIWHA
(puc.6), T0 K MOMEHTY J10-
CTHZKEHUS Maitboi BbIcteit
TOYKU TPACKTOPUHU CKOPOCTD
11aii6bl YMEHDINAETCS B 1 =
=5 pas. B nporecce aBuwxenus maiib6a 6e30T-
PBIBHO CKOJIB3WT TI0 KJMHY, a KJIMH — TI0 CTOJIY.
Yckopenne cBO60IHOTO TTaieHust paBHo g. Cun-
TaiiTe U3BECTHBIMU 0, n u o . Haiigure:

1) orHomeHue m/M Macchl mai6bl K Macce
KJIMHA;

2) Ha KaKyl0 MaKCUMaJbHYyIO BbicoTy H,
OTCYMTAHHYIO OT TOYKW CTapTa, MOJHIMACTCS
maii6a B 1poiecce JABMKEHUS 110 KJIUHY;

3) uepes kaxoe Bpems T 110cIe cTapTa maiiba
MMOTHUMETCSI HA MAKCHMAJbHYIO BBICOTY.

2. TToABMIKHBII TTOPIIEHD A€aUT 06bEM TOPH-
30HTAJBHO PACIOJIOKEHHOTO COCy/ia Ha JBa
oTceka ¢ o6nmmM o6bemom V- = 150 1. B nep-
BBIfl OTCek BBeain Vv = 1 MoOJDb BOJBI, a BO
BTOPOH BBeJMH V, = 2 MOJb asora. MOXKHO
CUUTATH, YTO O6BEM BBEJIEHHON BOJBI HAMHOTO
Menbiie V. B orcekax yctaHOBHMJIACH TeMIIepa-
typa T} = 275 K. Cocyn BmecTe ¢ coepsku-
MBIM TPOTPEBAOT A0 TEeMIIEepaTyphl
T, = 373 K. /laBienue HaCBIIIEHHOTO Iapa
BOAbL 1npu remueparype I paBHO
p, = 705 Ila. Ilmoraocts Bosb P =1 r/CM3 .
Tpenunem Mexxay TOPITHEM U CTEHKOW COCyza
npene6bpeun. Haiigure:

1) naBieHue p; B cocy/ie 0 TPOrPEBAHMUS;

2) o6beM V, MepBOro oTceKka /0 Mporpesa-
HUS;

3) maBnenuie p, B COCy/ie MOCJE IPOrpeBa-
HUS.

Puc. 6
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3. B asextpudeckoii
nenn (puc.7) Bee ane- R
MEHTBI U/I€aJIbHBIE, UX ‘5__
napamMerpbl yKasaHbl. | L
Kimou K 3ambIKaior.
Haiigure:

1) HanpsokeHne Ha
KaTyIIKe NH/yKTHBHO-
CTH cpasy TIocJie 3aMbIKAHUs KJII0Ya;

2) MaKCHMaJIbHYIO CKOPOCTb U3MEHEHUSI SHEP-
run N, B KaTyliKke WHIYKTUBHOCTH;

3) CKOpPOCTb M3MEHEHHs TOKA B IIEIU B MO-
MCHT, KOT/Ia CKOPOCTh M3MCHEHUS 3HCPTUH B
KaTyIiKke paBHa 24/49 OT MakCHMaJbHON CKO-
poctu N, -

4. Tlo 1/IMHHOMY COJIEHOH[Y IPOITYCKAETCs
MepEMEHHDBII TOK, U3MEHSIONIUIICS 10 TapMOHU-
YECKOMY 3aKOHY C IIUKJINYeCcKOoi yactoroii o . B
pesyJbTarte BAATH OT TOPIIOB COJIEHONIA BHYT-
pU HEro BO3HHUKAET OJIHOPO/JHOE MarHuTHOEe
ToJIe ¢ MaKCUMaIbHOHN nHAyKIned B . B mioc-
KOCTH TOPI[A COJIEHOU/IA MEXK/IY [IBYMsI 3aKperl-
JICHHBIMH TOHKUMHU TJIAJKUMH CTEKJISTHHBIMU
MJIACTUHAMY TIOMEII[eHA TIPSIMOYTOJIbHAS KeCT-
Kas paMKa 13 TPOBOJIOKH CO CTOPOHAMM d U 2d
(puc.8). 3asop Mexay NIaCTHHAMM He3HAYU-

Puc. 7

L=

Puc. 8

TeJIbHO GOJIbllle Auamerpa rnpoBosioku. Corpo-
TUBJICHWE €IUHUIbI JJUHBI MPOBOJOKU p .
MarsnuTHOe TI0Jie, CO3/ITaBaeMOe TOKOM B PaMKe,
3HAUNTEJbHO ciabee Mo cojeHona. Pasme-
PbI PAMKH CPABHUMBI C JINAMETPOM COJIEHOU/IA.
Haitnnre:

1) MakcMMa/IbHBIA TOK B PaMKe;

2) MAKCUMAJIbHYIO CHJIy HATSXKEHMS JJIHH-
HOIl CTOPOHBI PaMKH.

d. Ha ryiaBHO# onTnyecKkoii ocu TOHKOI pac-
cemBaromiell JUH3LI ¢ (POKYCHBIM PACCTOSHUEM
F =-30 c™ HaxoauTcs mypaseil S Ha paccTo-
auun d; =45 cm ot muassl (puc.9). Io apy-
TYIO CTOPOHY JIMH3bI
HaXO/JUTCS TIJIOCKOE _¢
3epKaJjio, TepeMera-
1oreecs B/IOJb TJIaB-
HOI ONITHYECKON OCH
JINH3BI CO CKOPOCTBIO
v =6 Mmm/c . B Heko-

on

Puc. 9
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TOPBIIl MOMEHT BPEMEHHU ¢, 3epKaJo ObLIO Ha
paccroganu L = 6 cM ot juu3bl. Haiinure:

1) Ha KaKOM paCCTOHHI/II/I OT JINH3bI HOJIy‘-II/IT-
cs1 1306paKEHUe MyPaBbsi [IPU OTCYTCTBUU 3eP-
KaJa;

2) Ha KaKOM PAaCCTOSHUM OT JIMH3bI II0JIYYHT-
cs1 u3o6paskeHne MypaBbsi B MOMEHT BpeMEHH
fy B OIITUYECKON CUCTEME, COCTOSIIIeH 13 JINH3DI
U 3epKaJia;

3) ¢ Kaxoii CKOPOCTBIO JBUKETCS M306parke-
HUE MypaBbs B MOMEHT BpEMEHU f, B 9TOi
OIITUYECKOH crucTeMe.

BapuaHt 2

1. CamouJieT coBepIIiaeT mepeJieT AaJIbHOCThIO
L = 2000 &m Ha BoIcoTe 7 = 10 KM C TOCTOSTH-
HOH cKOpoCThi0. OTHOIIEHNE TIOTbEMHON CHUJITBI
K CHJIe COIPOTUBJIEHUS Bo3ayxa (aspoanHaMu-
YeCcKoe KaueCTBO CaMOJIeTa) OCTAETCS TI0CTOSTH-
HbIM u paBHbiM K = 20 moutu Bce BpeMs
noJieta. KIT/[ aBuraresnss = 40% , ynenbHas
TerioTa cropanms tommmsa g = 50 M/Dk/xr .
Macca n3pacxo/[0BaHHOTO TOILJINBA 3HAUNTE -
HO MeHblIIIe 06I1ei Macchl camoiera. Burisiauem
BeTpa TpeneGpeub. CUia COMPOTUBIIEHUS Ha-
rpaBJjieHa poTuB ckopocTu. IlombeMuas cuia
nepreH/ Ky asgpia ckopocru. Haiiure:

1) orHomenune x cuipl TArE (pasBuBaercs
JIBUTATEJIEM B HAIIPABJICHUH CKOPOCTH) K CHJIE
TSKECTH, JIeHCTBYIONIEH Ha caMOJIeT;

2) I0JTI0 0. MAaCChl U3PACXO0BAHHOTO TOILIN-
Ba OT MAaCChl CaMOJIETA.

2. Ha aiparpamMMe 3aBUCUMOCTHU TEMIIEPATYPBI
T taza ot o6bema V [T TeJUsT B KOJIMYECTBE
v =1 mosp nokasano (puc.10), 4ro cnavasa
raz MepeBOIUTCS
U3 COCTOSIHUS C
TeMIepaTtypoi
7,=100 K B
. npoimecce -2
e 3 IpAMOiT  TIpOTIOp-

0 ;/ [HOHAJIBHON 3aBH-
Puc 10 CHMOCTH TeMIIepa-
Typbl OT 0o6beMa,
1pu 5TOM 00'bEM ra3a yBEJHMUUBAETCS B 2 pasa.
3aTeM ra3 OXJIAXK/AETCS /10 TeMIIepaTypbl
T; =T, B msoxopuueckoM Inporecce 2—3. [a-
Jiee B U30TEPMUYECKOM Iporiecce 3—1 ra3 nepe-
XO/IUT B HAYAJBHOE COCTOSTHUE, TTPH ITOM BHEIII-
Hee JlaBJIieHUWE COBEPIIAeT Haj ra3oM paGoTy
Az = 576 [Ix. Haiinure:

1) MaKCUMaJbHYIO TEMIIEPATYPY Ta3a B 9TOM

IUKJIE;

T 2

2) pa6oTy, COBEPIIEHHYIO Ia30M B IPOIECCce
1=2;

3) KII/I unkia.

3. B amexrpuueckoit nenu (puc.11) Bee ae-
MEHTBI W/eajbHbIe, WX TapaMeTpbl yKa3aHbl,
KOHJIEHCATOD He 3apsi-

— e ——
sked. Koou K 3ambl- K
kator. Haiigure: &

1) xakoil Makcu- ——C —
MaJIbHBI TOK Oyjer R
Teuyb Yepe3 PE3UCTOP 1
mocjae 3aMbIKaHUA
Puc. 11

KJTIOYa;

2) MaKCUMaJbHYIO CKOPOCTb M3MEHEHUS! SHEeP-
run N, KOHJeHcaTopa;

3) HanpsKeHue Ha KOHAEHCATOpe B MOMEHT,
KOT/Ia CKOPOCTH NU3MEHEHUS 9HEPTUU KOH/ICHCA-
Topa paBHa 5/9 OT MaKCUMAJTbHOW CKOPOCTH
Nmax N

4. B 1enm, cxemMa KOTOPOW TIOKazaHa Ha
pucynke 12, Bce 2JeMEHTBI HcaJbHBIE, WX

Puc. 12

mapamerpbl ykasanbl, npuueM Ly = L, L, = 2L,
L;=3L, L, =4L . Konzgencarop emkoctbio C
3apspKeH J1o HanpspkeHnst U, KJIIOYM pa3oMK-
HYTBI, PEXXUM B Ilenn ycranopuics. Kmou K
3ambIkaioT. Korga Hampsbkenne Ha KOH/EHCA-
TOpe YMEHbIMaeTcs B 3 pa3a, 3aMbIKAIOT KJIIOY
K, . Haiigure:

1) Tok I, uepes L, HENMOCPEACTBEHHO HEpe]
3aMbIKaHueM koua K, ;

2) HanpsKeHHe Ha KOHJEHCATOPE B yCTaHO-
BUBIIEMCST PEXXUME TOCJ€e 3aMBIKAHUS KJIoua
Ky;

3) KOJMYECTBO TEILIOTHI, BbIJIEIMBIIEECS B
L[elH [ocJIe 3aMblKaHud Kaoua K, .

5. Ha ryiaBHOI ONITUYECKON OCH TOHKOH cO6u-
patorieil JUH3BI ¢ (POKYCHBIM PpacCTOSHUEM
F = 16 cM maxoamtcsa Myxa S Ha PACCTOSHIN
d;, = 24 cm or mamser (puc.13). Ilo apyryio
CTOPOHY JIMH3bI PACIIOJIOMKEHO ILIOCKOEe 3epKa-
JI0, TIepeMeIaronieecs BA0JIb TJIABHOI oNTHYec-
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v Koil ocu JIMH3bI CO CKO-

pocrsio v =1 Mm/c . B

S S I - HEKOTOPBIE MOMEHT

BpeMeHu ¢, 3epKaJjo

6bLTIO HA PACCTOSTHUM

L = 36 cM or jmH-
3bl. Haitgure:

1) Ha KaKOM PACCTOSHUHM OT JIMH3bI OJY-
quTesl M300pakKeHne MyXH IPU OTCYTCTBUH
3epKaJa;

2) Ha KaKOM PACCTOSIHUU OT JINH3bI TIOJTyYUT-
cst n306paskeHre MyX# B MOMEHT BPeMeHH ¢, B

Puc. 13

OTBETHI,

«KBAHT» AJia MNAALWNX LUKOJIbBHUKOB
3AOAYN

(cm. <Keanms No8)

1. Pemenne mokazano Ha pucyHke 1.

N

4 i > - —»
i, v
2. 10.

Ouyenxa. EcTb pOBHO [1Be BEPTUKAJN W POBHO [JBE
TOPU30HTAJIN, KOTOPbIE He 3aHATHI Jabsamu. Ha nx
repecevyeHnsiX POBHO YeThipe KaeTku. CIOHBI MOTYT
CTOSITh TOJIBKO B 3TUX
C|C| xJerkax, MO3TOMY WX
it He G6OJIbIlIEe YETbIPEX.
T Ipumep moxazan Ha
pUCYHKe 2.
3. Ulectn.
llepeoe pewenue.
J1 ToJbKo 0HO ABY3HAY-
JI HOE YHCJIO 3alHCbiBa-
eTcs IBYMS TBOWKAMU
Puc 2 — 9TO 22, TO3TOMY
TOJIBKO OJTHO M3 YKa-
3aHHBIX YHCeJ MOXKeT ObiThb 6e3 1udpnr 2. Cyiie-
CTBYIOT TOJIBKO [[Ba /IBY3HAUHBIX YNCJA, B 3AIHCH
KOTOPBIX ecTh U 2, u 3, — 310 23, 32. Ente B oxnoM
qicjae MOXeT ObITh TpoWKa 6e3 MBOWKU. ITH TPH
YlCJIa COCTABJISIOT MO KpaiiHeil Mepe TOJIOBHHY OT
3a/IaHHBIX, HO W3 YCJIOBHS 3a/la4ll CJEeIyeT, UYTO
Bcero umuces He Menee imectu. CrieoBaTesbHO, WX
POBHO TECTh. ITO BBITIOJHSIETCS, HAIPUMEp, s
Habopa 22, 23, 32, 25, 52, 30.

Puc. 1
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OIITUYECKON CHUCTEME, COCTOMAINEH U3 JUH3bI 1
3epKasa;

3) ¢ KaKoii CKOPOCTBIO JBUKETCS N306pasKe-
HUEe MyXH B MOMEHT BPEMEHN ¢, B 3TOii OnTHYeC-
KOl cucTeMe.

IMy6aukayuio no mamemamurxe nodzomosuULU
H.Azaxanos, H.Bozdanos, U.I1yxos,

A.Tonosxo, C.Iopodeyxui, B./Ayouncras,

IO.Kysomenxo, O.Ilodaunckuii, /.Tepéwun,

no ¢usuxe — B.babunyes, B.Ilwuc, B.Yc-
xoe, B.Husenés, A.Illeponos, FO.FOpves

YKA3AHUNA, PEIIEHNA

Bmopoe pewenue. V13 ycnoBus 3asaunm CJejiyert,
YTO KOJMYECTBO Ynces KpaTHO mectr. [Ipeamoso-
SKMM, 4TO WX XOTs Obl 12, Toraa m ABOEK XOTST Obl
12. Tak Kak TOJIbKO B O/{HOM uucJie 22 MOTyT ObITb
JIBE JIBOIKM, TO HE MEHee [EeCATH YUCEJ J[OJIKHDBI
cofiep:Kath IBOWKY n apyryio mmdpy. Ilpn atom B
IIECTH YHCAaX ecTh Iudpa 3. 3HAUNT, HE MeHbIIe
yem 10 + 6 — 12 = 4 uncsa JODKHBL COJepKaTh U 2,
n 3. Ho aBysHauHbIX uuces1, cojep:Kamux 2 u 3,
Tobko aBa: 23 m 32. IlporuBopeune. 3nauwr,
yrces mrecTs. Ilpumep mpusesieH Bbllne.

4. a) Pemienue 3TOTO MyHKTA CJEIYET U3 PEIICHUSI
nyHkTa 6).

6) Iepeuiii cnoco6. BpibepeM BOIPOC € 3aBEAOMO
N3BECTHBIM OTBeTOM, Hampumep: <«BepHo s, uTO
JIBAK/IBI /IBa pAaBHO veTbipeM?» Temepnb OyzeM 3aj1a-
BaTb €ro OCTPOBHTSHAM, MOKAa HE MOJYYHM CEMb
OJITHAKOBBIX OTBETOB. Tak Kak pBIapW M JIKEIlbl
JTAIOT Ha 3TOT BOIIPOC Pa3HbIe OTBETHI, M KaXK/IbIX U3
HHUX Ha OocTpoBe He 6oJiee IIECTH, TO CPeAn CeMH
OJITHAKOBO OTBETUBIINX OCTPOBHUTSH €CThb MOHAXM.
A Tak Kak Bce MOHAXW OTBEYalOT OJWHAKOBO, TO
cpear OTBEeTHBIINX WMHade uX HeT. HasoseM aTy
rpyuiy Jojeil «uucroii». [lasee sameruM, 4To, BO-
MepPBbIX, MBI 3HAEM, W3 JDKEIOB WJIM PbIapeil co-
CTOWT <4YHCTasg» TPYIa, a BO-BTOPBIX, 3HAas, KTO
nepen Hamu (ppilapp WIM JDKEN) W 3a/aB JBa
Borpoca <1 pomapn?» u « swken?» (u 3amenus
OTBETHI HA TIPOTUBOIOJIOXKHbBIE, €CJM PA3rOBAPHBA-
€M CO JIKEIOM), MBI CMOYKEM Y3HaTh, KTO MBI,
Bosmosknbl Tpu ciyuas.

1) Ecan B «4mcTOil» TPyIIE HUKOrO HE OKA3aJ0Ch,
TO TMOMNBITAEMCS BCE K€ HANUTH YeJOBeKa B 3Ty
rpymiy. B XymameMm coaydae Mbl MOXKeM 3amath 12
BOIIPOCOB M TaK HUKOTO U He HAiTH, NPOJ0JIKas
HoJIy4aTh OJUH U TOT ke oTBeT. Ho Torza, ecau st
OJITHAKOBBIE OTBETHI OBLIN «/1a», TO 3TO 6 pbIapei
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1 6 MOHAaXOB U GOJIbITIE X HA OCTPOBE HET, CJIE/[0BA-
TEJIbHO, 3/1aI0IIHI BOIIPOCHI — JIKell. AHAJOIHYHO,
€CJIN 3TO OTBETHI <«HET», TO 3aJal0IMHUil BOIPOCHI —
PBILAph.

2) Ecim ypanoch koro-to Haiitu gu60 B «4UCTOMN»
rpymie yxe ObLI0 OT OJHOTO [0 TIATH YeJOBEK, TO
3a/1aH0 He 6osiee 12 BOMpoOCOB, M 3a /IBa BONPOCA
IIPEJICTAaBUTEII0 YUCTOH I'PYIIBI 3aJAIONUN BOIIPO-
CBI y3HAeT, KTO OH.

3) Ecau B YHCTOH IpyIlie I1IECTb YEJOBEK M ITO
PBINIAPH, TO, BO-TIEPBBIX, PbIllapeil Ha 0CTPOBE OOJIb-
e HeT, a BO-BTOPBIX, 3aJaHO POBHO 13 BOIPOCOB.
3Ha4yuT, 3a/1a01IIT BOIIPOCHI — HE PBIApb, U J0C-
TATOYHO ellle TOJIBKO OJHOTO Bompoca « Juxer?».
Torga B ciydae OTpUIATEIBHOTO OTBETa 330U
BOIIPOCHI — MOHAX. AHAJOTMYHO, €CJIH 9TO JIXKEIIDI,
TO 3a/IAI0MIHMI BOIPOCHl — HE JDKEI, M JJOCTATOYHO
cpocuTh «S peiaps?». B caydae moJoKUTETbHO-
IO OTBETa OH MOHaX. boJee 1ecTH 4eI0BeK B «4UC-
TO¥» rpytme 6biTh He Moxker (1o npuniny npux-
ne).

Bmopoii cnoco6. ByaeM KasKIOMY OCTPOBHTSIHIHY
JIBa pasa nopsi/i 3aj1aBaTb Bopoc «loBopus i g ¢
TOG6OI cerofHsa?» Poimapnm GyayT oTBeYaTb <HET,
Jlay, JOKEIbl — <«J/la, HeT», a MOHAaXW /[Ba pasa
OTBETAT 0AAMHAKOBO. OMPOCHB TaKUM 00Pa30M IIECTH
OCTPOBHTSIH, MBI NGO HaliZieM PbIIaps WM JoKela
W 3a JBa BOIpOca y3HaeM y Hero, KTo Mbl (cM.
nepBbIil crmocol6), 6o HaiigeM mecTb MOHaXoB. B
3TOM cJirydae 0OJIbllle MOHAXOB HET, 3HAYWT, CIpa-
MIMBABIIMI — HE MOHAX. 3a/aJiiM elle KOMY-HH-
Oy/ib BOIIPOC C 3aBEJOMO M3BECTHBIM OTBETOM, YTO-
Obl y3HATh, pBIIApb OH WM JoKell. [locaemanm
BOIIPOCOM Y3HAeM y HEro, KTO MbI.

3aMeTuM, 4TO B TOCJEIHEM CJydae MOKHO OBLIO
3a/1aTh Ha OJIMH BOIIPOC MEHDBIIE, TaK KaK y3HaBaTb,
C JDKEIOM WJIM PBIapeM MbI PasroBapuBaeM, He
00513aTeIbHO, MOJKHO CPa3y 3a/J1aTh BOIPOC MPHMEP-
HO Takoii ¢opMbl: «UTO OBI THI MHE OTBETHJI, €CJIH
Obl gy TeGs CIPOCHJI, PbIApb JHU $?» IJTOH Ke
ujieeit 6y/ieM moJIb30BaThCs B CAEAYIONIIX CIOCO6AX
peteHns.

Tpemuii cnoco6. HazoBeM pbIlapeil 1 JIKEIOB «MHU-
panamu». [Ipugymaem Bompoc, Ha KOTODPbIH MOHA-
XU JIal0T OJMH OTBET, a MUpsiHe — Apyroii. Hampu-
Mep: «UTo 6bI TBI MHE OTBETWJI, ecqu Obl s TeOs
CHPOCHUJI, BEPHO JIM, YTO MOHAX JAaCT OTPHIIATE]Ib-
HBIIf OTBET Ha 3TOT Bompoc?» Byaem 3amaBath aToT
BOIIPOC, MOKa HE MOJYYUM 7 OJJMTHAKOBBIX OTBETOB.
Sdcno, 4yto 3t0 OyayT MUpsiHEe, TaK KAaK MOHAXOB
BCETO TeCTh. JTO TPOU30IIIET He MO3Ke YeM depe3
13 Bompocos. Ilpum arom ecnam 3amano posHo 13
BOIIPOCOB, TO BCEX MIECTEPbIX MOHAXOB Mbl YKe
HaILIM U CIpalIMBaONil — He MoHaxX. [loatomy
JIOCTATOYHO 33/IaTh OJIMH BONPOC MUPSIHUHY. A ecan
3a71aH0 MeHee 13 BOIPOCOB, TO Yy CIIPALIMBAIONIETO

0CTaJIOCh /IBa BONPOCA K MUPSIHUHY, 4TOObI Y3HATD,
KTO OH.

Yemeepmoii cnocot. Ilokakem, uto xBatnt u 13
BONPOCOB. By/eM 3amaBaTbh OCTPOBUTSIHAM BOIIPOC
«YUto OBl TBI MHE OTBETHJ, ecau Obl 51y TeOs
CIIPOCUJT: BEPHO JIM, YTO OTBETBI Ha BOMPOCHI “S1
poiapb?” u “SI ¢ To6oi ceromHsl yxKe pasroBapu-
Basi?” pa3aMYHbI?»> 3aMETHM, YTO TOJHKO MOHAXU
Ha 3TOT BONPOC MOTYT OTBETUTb HEMpaBAy U YTO
TOJIKO OHH HA HETO /[BA Pa3a OTBEYAIOT OJINHAKOBO,
a OCTaJIbHbIe IepBblil pa3 (aKkTHIeCKH COOONAIOT
3a/1aloNeMy OTBET Ha BOIPOC, PBIIIapb OH WJIM HET.
[ToaTOMy aHAJOrMYHO BTOPOMY CIIOCOGY PEIICHUS
3a/1a/IUM 3TOT BOIIPOC 10 [Ba Pasa IIeCTH OCTPOBU-
TsaHaM. Ecsim MBI TOTy4nJ/In 1ecTb nap OJMHAKOBBIX
OTBETOB, TO BCE MOHAXW HAI/[EHbI U JOCTATOYHO Y
J1I060TO OCTABIIETrOCsT JKUTEJIS 32 OJUMH BOIPOC y3-
HaTb, KTO CIPANIMBAIONINI: PBIIApb WJIN JIKEIl.
Ecsm 3xe KTO-TO OTBETHJI TO-PA3HOMY, TO CIIPAIIU-
BAIOIUIl y3HAET, pblllapb OH uiau Her. Ecan ner, To
y 3TOTO K€ OCTPOBUTSHMHA 3a OJMH BOIPOC OH
Y3HAeT, KTO OH: JIKEI[ WM MOHAX.

Er3 MO ®U3UNKE

OtBersl K 3aganusim 1 — 27

1 2 (3| 4 |5|6|7| 8|9 |10
25(1500(10]0,75] 25| 22| 43| 200 | 100 | 6080

1112 13 [14|15|16|17 (18| 19 |20
23|32 |BBepx| 81| 3 [35]22]32| 77195 |75

21| 22 |23(24|25]| 26 |27
11(4,70,1{ 14| 1220|300 | 4

Pemenus 3aganmii 28 — 32 (opunmanbubie penre-
HUSI [IPEIMETHOIT KOMUCCHN)

Ut
28. CornacHo 3akony /Ixoymns—Jlenna | Q = =
PN TIPOTEKAHWHU 3IEKTPHUECKOTO TOKa depe3 Ha-
rpeBaTeIbHbII 3JIEMEHT BBIIEISIETCST KOJTMUECTBO Tell-
JIOTBI, KOTOPOE PACXO/YeTCsi Ha HAarpeBaHue BOJbI I
moBoaut ee o kumennst: Q = cm (t,, —t,). B mep-
BOM OIIbITE K NCTOYHHKY MO/IKJIIOYEHBI JIBA HArpeBa-
TEJIbHBIX 3JJIEMEHTA, COeMHEHHbIX I0CJe/[0BATeb-
Ho. Ux o6mee comporuBieHne R =R, +R,. Bo
BTOPOM OIIbITE TIPH IepekJiodeHnn kJaoda K B
HOJIOXKeHUe 2 HarpeBaTesIbHBbINH 9JIeMEHT COIPOTHB-
JeHneM R) OTKJIOYAeTCst OT MCTOYHMKA, MPU 3TOM
oflee coONMpoTUBJIEHHE yMeHbinaercs: R =R;.
YMenblienue o61ero CONPOTUBJIEHHST HATPEBATE b~

HBIX 2JIEMEHTOB R IIPUBEJET K YBEJMYEHUIO BbI/JE-
2

JISEMON TeIIoBoi MoiHocTn: N = R CuenoBa-
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TeJbHO, BO BTOPOM OIIBITE /TS JIOBEJEHHS BOJBI JI0
KHIIeHus norpebyercst MeHblle BpeMeHn: Q = Nt.
Bopga saxumur GpicTpee BO BTOPOM OIIbITE.

29. B mpouecce a6CoIIOTHO HEYIPYTOTO CTOJKHOBE-
HUS COXPaHsSeTCs CyMMAapHbIi HMITYyJIbC CHCTEMBI
ten: mo = (m+ M)ovy, TAe U — CKOPOCTb TeJ HocIe
cronknoBenns. Tak Kak MOBEPXHOCTD TJIaaKasi, TO
TPEHUST HeT M JBIDKCHUE TeJI OT MOMEHTa yjapa /o
MOMEHTa KacaHusi cBOGOJHOTO KOHIA NIPY’KUHBI Oy-
et papuoMepubiM: L =vl;, tme t; — BpeMs JIBU-
JKeHUsT Ha 9TOM yuacTke. Ilocse xacaHusT Ipy>KUHBI
1 JI0 OTpbIBa OT Hee Tesa GYAyT ABUTaThCs, COBEP-
mas rapMoHWJeckre Kojeb6anus. [[o oTpbIBa mpoii-

T .
et BpeMs b :5, rne T — mepuon koJsebanuit

/ M
rpysa Ha npyxune: T = 2m % . OTpBIB TEJ OT

IIPY’KUHBI IPOU30HAECT B TOUKE KACAHUS IIPYSKHHDI.
ITo 3aKOHY COXpPaHEHUs MEXaHHYECKOil SHEPTHU IIPH
rapMOHUYECKUX KOJEGAHUSAX, CKOPOCTb TeJ B TOUKE
orpbiBa paBna vy . [lanbieiinee aBmkenue tex Gy-
JIeT paBHOMepHbIM. I10aTOMY 110JTHOE BpeMs JBUKe-

HUS TeJ 0 TOUKH CTOJKHOBEHUSI PABHO
oot 4t :%+Z:2L(m+M)+n m+ M _
o mo k

YuurpiBast, uro M = 2m, TOJYyYUM

t=6—L+n/3L”=0,614c.
v k

30. HOCKO]Ibe B YKa3aHHOM IIpolecce ra3 He CO-
BepIIaeT paéOTbI n cucrteMa ABJIACTCA TeIJIOU30JI1-
pOBaHHOﬁ, TO B COOTBETCTBUM C II€PBBIM 3aKOHOM
TEPMOJMHAMUKN CYMMapHasd BHYTPEHHAA SHEPrusda
Ta30B COXpaHAETCA:

3 3 3
—Vv,RT, + =v,RT, = —(v{ + Vv, )RT
o Vi TS Vol 2(1 2) ,

rae T — rtemiepatypa B 0ObeJMHEHHOM COCY/le B
PABHOBECHOM COCTOSIHUM TOCJIE OTKPBITHS KpaHa. B
COOTBETCTBUM ¢ ypaBHeHueM Meneneesa—Kiarneii-
pOHA IS KOHEYHOTO COCTOSTHMSI MOXKHO 3aIUCaTh
p(2V)=(vy+Vy)RT.

Wckmmovast U3 IByX 3alCAHHBIX YPABHCHUIT KOHEY-
Hy10 Temrepatypy 1, mojiyuaeM HCKOMOE BbIpake-
Hue 114 oObeMa:

v Wl + V)R 1

2p

31. Koraa xitou K Haxoautesd B moJioxkennn 1 (cM.
puc.20 B cratbe), SKBUBAJEHTHAS CXeMa JJIEKTPH-
YeCKOi IleNM BBITJINT, KaK ITOKA3aHO Ha PHCYH-
ke 3. Korma sapsij Ha KOHIEHCATOpPE y:Ke YCTaHO-
BUJICSI, TOK 4epe3 KOHJeHcaTop paBeH nysio. Ha-
NpspKenne Ha KOH/IEHCATOPE PABHO HAPSIKEHUIO HA
pesucrope R;:

Upc=IR, tne 1=

3nmP .

_ 6
r+ R +Ry,

2019/Ne9

3aps/ KOH/IEHCATOPa PaBeH

CER,
G =CUjc = ————.
r+R +R,
IIpaBas o6xsajgka .
KOH/IEHCATOpA CO- _L
e/IMHeHa ¢ TIOJIOKH- R
1

TEJIbHBIM ITOJIIOCOM
UCTOYHMKA W 3aps- 6,7
JKeHa TT0JIOJKHUTE b- f—
Ho. [Toaromy ee 3a-
pSiL paBeH ¢ . R,
Korga kiaou K Ha-
XOAUTCI B IIOJIOJKE-
HUJ 2, 9KBUBAJNEHT- Py 3
Hasl CXeMa AJIeKTPU-
YEeCKOII 11eI1 BbITJIs-
JINT, KaK TIOKa3aHo
Ha pucynke 4. Kor- R,

Ja 3apsjl Ha KOH-
é,r

-

JleHcaTope yike yc-
TAHOBUJICS, TOK ue-

pe3 KOHJeHCAaTOp C
pasen mymo. Ha- R,
MpsUKEHNe Ha KOH-
JleHcaTope paBHO 1—
HAIPSKEHUIO HA Pe- - 4
sucrope R, : ’
&
U,- = IR T/e mno-npexkHemMy | = —— .
2 20 P Y r+R +R,
3aps/ KoHjeHcaTopa paBeH
CER
=CUy =——2—.
@ S R +R,

[TpaBast o6kJaika KOHEHCATOPA COEIMHEHA Terepb
C OTPHIATE/IbHBIM TI0JII0COM HCTOYHUKA U 3apsiKeHa
orpuratesibio. IToaTomy ee 3aps pasen (—¢,).
V3menenne 3apsijia Ha 1MpaBoit OOKJIA/IKe KOHIEHCA-
TOpa PaBHO
A = (=a») CE(R + Ry)
I=\"D0)~h="""T5H 5
r+ R+ R,
OTKY/la HaXOANM
_ (-Aq)-(r+ R+ Ry)
C(R+Ry)

32. Ypasuenne JitHmreitna 111 poToaddexTa cBs-
3bIBaeT JIJIMHY CBETOBOIl BOHBI A C paGOTOil BBIXO-
na doroasiekTpona A, U ero MaKCHUMAJIbHON K-
Hetudyeckoi snepruein W, :

he A
7 — “IBpix
q)OTOSJIeKTpOHbI OCTaHaBJIMBAIOTCA, €CJIN
W =eU.

KHH
Css3b PA3HOCTU MOTEHIMAJIOB Uc HalpAXKEHHOC~
Tpi0 E OHOPOJZHOTO 3JIEKTPOCTATUYECKOI'O I10JIA

=3B.

6

+ W,

KHH -
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nMmeeTr BU/
U =Ed.
Oé'bC[[I/IHHH TpU COOTHOILIEHUA, I[OJYyYaeM
hc
T - ABbIX
E=2 " _{50B/u.
ed

MOCKOBCKWU FOCYOAPCTBEHHbIA
YHUBEPCUTET UMEHU M.B.JIOMOHOCOBA

OPU3IUNKA

IIpopurvroiii sx3amen

MEXAHUKA

1. YpaBHEHUS JBUXKEHUS JIEBOTO U IIPABOTO TPY30B
COOTBETCTBEHHO HA HAYaJbHOM 3Talle MMEIOT BH/L
Ma=T,-Mg, (M+m)a=(M+m)g-T,. Or-
CIO/Ia HAXOJMM CHUJIy HATSKCHUS HUTH HPH YCKO-
2M (M +m)
2M +m

[Ipn paBHOMEPHOM [BI)KEHUH CHCTEMBI, KOTAA Tie-
Perpy3ok y/ajeH OorpaHH4nuTeseM C IIPABOTO T'PYy3a,
Hatspbkenue Hutu pasuo 1, = Mg . Vickomas BeJu-
YIHA PaBHA

PEHHOM [JBUKEHUU CUCTEMbI: T1 =

Mmg
2M +m

2. CkopocTb Hajeraiomieil mai6bl HEIoCpeCTBEH-
HO TIepe/l yZapoOM MOKHO OIpeJeUTh U3 3aKOHA

AT =T, -T, = - ~1,11 H.

muy mo;
COXpaHeHNs SHepruu 5 umgs = — 31ech
YUTEHO, 4TO PaboTa CUJIBI TPEHUS CKOJIbKEHUsT Wng
JI0 yAapa orpunarejbHa. VI3 3aKOHOB COXPaHEHUS
UMILyJIbCA U MEeXaHWYeCKOil sHepruu mpu abcoioT-
HO YIPYTOM I[eHTPaJbHOM yJape OJMHAKOBBIX IIaii6
CJIelyeT, 4TO IMail6bl OOMEHMBAIOTCS CKOPOCTSIMH.
Takum o6pasom, v; Oy[IeT HAYAJIBHOI CKOPOCTBIO
JIBIDKEHNS TMaii6bl, JeskaBllell Ha Kpaio cToma. JTa
maiiba ymajer, ecjam IOcje yjapa CMECTHTCS Ha
paccrosinne R. Iloatomy ©; jospkHa ObITH GOJiblile
3HAUEHNS, KOTOPOE MOXKHO HaliTH U3 paBeHCTBA
moi.

2

HEHUA, NPUXOAUM K BbIBO/Y, YTO HMCKOMas MUHU-

—umgR =0 . Vcnonb3ysa s3ammcaHHbIE ypaB-

MaJbHask CKOPOCTb PaBHA
vy =+2ug (s + R) =1m/c .

MOJIEKYNIAPHAS ®U3NKA N TEPMOANHAMUKA

1. ITocre ToroO, KaK B IIPABOM COCY/le M3-3a HarpeBa-
HUA Ta3a ero o6beM YBEINYNTCS, YPOBEHD JKHIKO-
CTHU B TIPABOM COCY/Ie OIIYCTUTCSI HA BEJIMUUHY AL 1
(¢ y4eroM OMHAKOBBIX MJIONAEN COCYNIOB) Ha
CTOJIBKO >Ke MOJHUMeTCs B JIeBOM cocy/ie. PasHoCTb
JIaBJIEHUN Ta3a B 3TUX COCYJaX CTAaHeT PaBHOIL

Py — py =2pgAh . TIockoJbKY TeMmiieparypa B Jie-
BOM COCYy/le OCTAeTcsi MOCTOSIHHOW, TO, COTJIACHO
saxony Boitms—Mapnorra, pyh = p; (h - Al), otky-
Poht
h—Ah
0Obe/IMHEHHDBI Ta30BbIi 3aKOH, IOJYYNM DPaBeH-
o (B + Al
Pl _ o (h+Ah) , OTKy/la py = __PohT__ .
T (h+ AR)T,
CueioBaTeibHO, CIIPABEAJUBO DPaBEHCTBO
pohT Polt 9
- =2pgAh . Orciona maxomum
(h+ AT, h-ah Y 8 8
HCKOMYIO TeMIepaTypy:

It AR (o ogan+ Pl 2373k |
o h—Ah

2. Pabota A rasa paBHa cymMe paboT A, + Ay .

Ha srane agmaGarnoro pactmpennst (Q = 0) pa-

6ora paBHa A, =-AU,, = —§(&-§VO - pOVoj =

3 2
=§p0Vo . Ha BTOpPOM aTalle paéoTa BbIUUCJIACTCA

aa pp = . I[JIH IIpaBOro COCy/Za, UCIIOJIb3YS

CTBO

T=T,

Kak TIOMA/b 10 TpadUKOM 3aBUCHMOCTU p(V),

2 2 ]2 8

oM, A= Ep(,VO . Temno ras mosydaer TOJBKO Ha

T.e. Ay = 1(;90 + &J-EVO = ngVO . Takum o6pa-

aTale yBeJndeHns JaBiaeHus. [losyyenHoe xourmde-
CTBO TEIIOTBI PABHO CyMMe IIpHpAIleHNs BHYTpPEH-
Heil 9HepTUH U paboThl, COBEPIIEHHOI ra3oM:

Q3 =AUy + Ay =

3 3 9 9
= —[Po -3Vy —&'EV()]‘L—POVO ==pV -

2 2 8 2
Wckomoe oTHOIEHNnE PABHO
_3pV/2 _ 1
IpeVo/2 3
SNEKTPOANHAMUKA

1. [TockombKy CHIIBI B3aUMOAEHCTBUSA MEK/IY HIapu-
KaMHU SIBJISTIOTCS BHYTPEHHUMHU W KOHCEPBATHBHDBI-
MH, B CHCTEME W3 TpPeX IIapUKOB COXPAHSIOTCS
MMITYJIbC ¥ TIOJTHAST MeXaHudecKkas aneprusi. B mpo-
EKINM Ha BEPTUKAJbHYIO OCb 3aKOH COXPaHEHUS
UMITyJIbCA [Ia€T PABEHCTBO MU; —My; —moy =0 .
Orcioma n u3 cooOpaKeHNIl CHUMMETPHU CJEAYeT,
4TO V) = Uy = % . Vlcniosbayst dpopmy.ty IS OTEH-
IIAbHON 9HEPTUU B3AUMOJCHCTBUS [BYX TOYEYU-
HBIX 3apsIIOB ¢y U (5, HAXOMSIINXCS HA PACCTOSI-
D492

4megx
TEHINAJbHYIO SHEPTUI0 CUCTEMbI B HAYaJIbHOM CO-

=W+ Wiz + Wy =3 Mo-
4me,l

TEHI[MAJIbHAA SHEPIusd CUCTEMbDI 6y1I€T MUHUMAJIb-

HUM X Jpyr oT apyra, W = , HaXOAMM IIO-

croauuu: W,

HOI‘/'I7 Korjga 3apsa/bl yAaJdaTca Ha MaKCUMaJbHOE
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paccrosiHue, T.e. OyJIyT pPacloJiaraTbCs Ha O/HOM
[IPSMOIL:

Wion = Wig + Wos + WY, =

KOH

P -
dmegl  dmey o201 4mey - 20
U3 3aKkoHa cOXpaHEHHS MEXAHUYECKON DHEpruu Ha-
XOUM

2

03 ZLZ&SCM/C.

J6mmel
2. [nmup HAXOAUTCS B PABHOBECUHU TIOJT JIEHCTBU-
€M CHJI, MOJIYJ 1 HAlpPaBJeHUS KOTOPBIX MOKa3a-
HbI HA PUCYHKE 5, T/Ie
Mg — MOJYJDb CHJIBI
tsokect, N — Mo-
IyJb HOPMAaJbHOI
COCTaBJIAIONIEN CUJIbI
PeaKIy HaKJOHHOI
maockoctu,  F,
MO/LYJIb CHJIBI TPEHUS
nokost, Fy — Momynb
cuJsbl Amriepa. 3aru-
cbIBasg ypaBHeHHe
MOMEHTOB OTHOCH-
TEJIbHO OCH IHJINH[I-
pa, nmeeMm 2F,Rsing = F R, rie R — paauyc
IUINHAPA, ¢ — YToJ, KOTOPBIH TJIOCKOCTb PaMKH
o6pasyeT ¢ TOpu3oHTOM. V3 ycJjioBusI paBHOBeECHS
IUJIMH/pA CJAEYET, uTO FTp =mgsind . [To 3aKOHY
Amnepa, F,y =IBIl. YuurbiBag 5TH COOTHOIIEHUS,
HaxoauM TOK [. MuHuMajJbHOEe 3HavYeHue HaiijieH-
HBIIl TOK HpUHUMaeT Ipu sin@=1, T.e. mpu
¢ =90° . Taknm o6pasom,
J mg sin o
min 2

Puc 5

=0,625A.

ONTUKA

1. Xop syueit, hopmMupyomux n3o06paskenue mpes-
MeTa, u306paxkeH Ha pucynke 6. JLas mpoCTOTbI

03

Puc. 6

pacueta cjejfyeT yuecTb, UTO NocepeGpeHHyIo JH-
3y MOJKHO PAacCMaTpUBATh KaK CHUCTEMY JIBYX ILJIOC-
KOBDBIIIYKJIbIX JIMH3, IPUXKATBIX ILJIOCKMMHU [10BEPX-
HOCTSIMU  BILIOTHYIO Jpyr K Apyry. Omnrtudeckas

2019/Ne9

. 2
CHJIA TAKO CHCTeMbl D = ik a ee okycHoe pac-

F .
crosune F = 5" CorsacHo ¢opMyJre TOHKOH JINH-

T 1t 1 2

3bl, —+— = — = —, Tlie b — paccTosiHue OT JUH3bI
a b F F
a0 usobpaxkenus npeamera. CueqoBaTesnbHO,
b aF - H b
=——— . TIoCcKOJIbKy —— = —, TO UCKOMas BbI-
2a-F Y h T a
coTta M300pakeHnsT MpeMeTa paBHa
Fh
H=———=13MM.
2a—-F

2. Xopx oxHoro us Jyueii, gaomunx nzoOpaxenus M
n M, nnamenn cBeun C, NOKa3aH HA PHUCYHKe 7.

m97/>

Puc. 7

BykBoit A ormeuen Jiyu, paclnpocTpaHsIONIMNCS B
OTCYTCTBHE TLIACTUHKU, GYKBOW B — mpu HAJIUYUK
miractuaku. [lycts o — yron majgenus syda Ha
IJIACTUHKY, a 3 — YroJi mpeJjioMJeHus B Heil. Yuu-
TBIBasl MAJIOCTb ATUX YIJIOB, 3alUIIEM 3aKOH Ipe-
Jgomenus B Buge o = nf . V3 pucynka BHIHO, 4TO
HaJIMYKe TIACTUHKU TPUBOUT K CMEIIEHUIO BEpPTH-
KaJbHO BHU3 OTPAKEHHOTO OT 3epKaja Jjyua B Ha

n—1
ITockouin-

paccrosmue y = 2(a—P)d = 20d

n

Ky Y — o, 10 uckomas semmumma paBHa
x

n—1

x=2d =0,8cm .

n

PU3NKO-MATEMATUYECKAS
ONIMMMNUALA «DPUSTEX»

MATEMATUKA

11 knacc
BAPUAHT 1
1
1. —.
[Mycts ox? +Pa+y — KsajgparTHblii Tpexusen c

ITOJIOKUTEJIbHBIM JII/ICKpI/IMI/IHaHTOM T TOFJIB, ero
BT
b

KODHH OTIpe/Ie/ITIoTCS (DOPMYJToN Xy, = 2
' o
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II09TOMY

" _x‘_\—mﬁ—(—ﬁ—ﬁ)\_@
2 1_‘ 20 ‘_\oc\ ’

[Tpumenss sty dopMyTy deTbIpe pasa, HOTydaeM

B=+9—_4b,
C:%Jw—wf—u@+w,

A=+a* -8,

1>=%Jw—2@2—1ﬂ2+2m.
Orciozia ciefyer, 4to
C*-D*=
=3Wﬁ—um4%—wy@%4M—Mmqm:

—-B*=d’+4b-17.
1
3H8.‘{I/ITy HNCKOMOE€ OTHOLIEHME paBHO - .

3
2. —1,2 W —2.
35 35

Ilepemnokaa Ba JaHHBIX PpaBEHCTBA, IOJy4YaeM

::%@f+4b—n),A2

2 .2

cos” x —sin” x

—— =-2, uyro na OJ/I3 paBHOCWIBHO
cosysiny

caeayomemy:

cos2x = -2sinycosy < 0052x+c05(2y—g) =0&e

<:>2cos(x+ —chos(x— +Ej—0
Yy 4 Y )=

T
OTKyJa cJjemyer, 4to Janbo X+ y— Z = 5 + 7k,

ke Z , nubo x—y+g=g+nk, kelZ.
3
B nepsoM ciyuae mostyyaeMm, 4to x+y:£+nk,

keZ, oTKyjga MTHOBEHHO CJEJIyeT, YTO
tg(x+y)=-1.
Bo BTOpOoM ciyuae x =y +%+ nk, ke Z . Beoaa

JIOTIOJIHUTEJIBHBIIL yToJ1, MOXKeM 1peo0pasoBaTh YuC-
JITEsb IPO6U B JIEBOI YAaCTH BTOPOTO M3 MCXO/HBIX
YPaBHEHUIA:

sinx 4+ cosx =
1 T
sinx + ——cosx | = /2 cos x—z .

- o

TIopcTaBsieM clofia BBIPasKeHHe Ui X U ToJydaeM
\/Ecos(y+%+nk—gj =2 cos(y +mk) =

= 2 (cos y cos mk — sin y sin k) = (—1)k V2cosy -

BTOPOB YpaBHEHUE 1TPU 3TOM HNPUHUMAET BU/

(-1 V2 = 642 tg ™

YKA3AHUA,
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xX+y 1
Orciona tg MOJKET IPUHUMATD 3HAUEHMS ig .

3Hayur, {
X+
2tg—7?2 2'(i6) "
tg(x+y) = e 1 :ig.

Tak kax B yCJOBUM 3aJaHO, YTO BbIpa)KeHUE
tg(x +y) Moxer mpunumarb 10 Kpaiimeil mepe 3
Pa3JIMYHBIX 3HAYCHIS, BCE TP MOJTYYECHHDIX CJIydast
BO3MOJKHBI.

3ameuanue. Hecnoxuo yoeuThest B TOM, 4TO BCe 3
cIydast peasynsyrorcs.

B nepBoM ciiyyae moJsiydaeM cucremy

V2 cos (x - g)

cosy

x=37n—y+ﬂ:k,keZ

_Gﬁtgu7

cos| E -y +mk
2 Y ——6tg(3n Ttk)
o cosy 8§ 2)e

x—i—n—y+nk keZ

3n  mk
(-1) tgy = ‘Gt&(if*'ffj
PN

x=3zn—y+nk,keZ.

O‘{(:‘BI/IJIH(), Yy IIEpBOro ypaBHEHUS €CTb PEIICHUA
(TaHFCHC IIpUHUMaeET Jto0bIe 3Ha'ﬂICHI/I$I)y a 3HayurT,
€CTb peleHusa 'y CUCTeMbl.

Bo BTOPOM CJjydae IOJACTaBUM X HE TOJIBKO B JIEBYIO
4aCTb BTOPOI'O ypaBHEHUA, HO U B IIPaBYIO!:

(-1)" 2 = —Gﬁtg(y+g+%k] o

k+1
k) (-1)

t - .
=N g(g+8 + 5 ) G

Hec/10xH0 BUIETD, YTO 9TO ypaBHEHIE NMEET pellre-
HUSI TIPU JIOOBIX TEJIBIX R, M03TOMY 0062 3HAYEHUS
tg(x +y) MOryT npuUHHMATDLCS.

3. 119282.

Jlanmble yncaa, pacroJiosKeHHbie B MOPsI/IKE BO3pa-
cTanusi, 06pa3yioT apudMeTHIecKyio MPOrpeccuio ¢
pasuocTbio 2. CireloBaTeIbHO, OCTATKH OT [IEJTEHIS
Ha 3 y aTHX 4nceJ 4epeayiorcs. /leiicTBUTEBHO,
ec/l KaKoe-TO M3 9THX 4YKCeJ JEJIUTCS Ha 3, T.e.
umeer Buj 3k, tie ke N, 1o crueayiomee 3a HUM
ynueJo ectb 3k + 2 — W OHO JaeT OCTaTok 2 OT
neneHuda Ha 3, gaJee uaer 3k + 4, matomiee octatok
1 or menenust Ha 3, a 3areM 3k + 6, KOTOpOe CHOBa
pesrest Ha 3. Takum o6pa3oM, OCTaTKU OT JIeJIEHUST
JIAHHBIX yuces Ha 3 uayT B nopsiake ...0; 2; 1; 0; 2;
1; 0...
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Cpenn TaHHBIX HAM YHCes ecTh 44 uucia, jaroriue
ocratok 1 ot genenus na 3 (onn 06pasyoT MHOKe-
ctBo A = {502; 508; 514; ...; 760}), 43 umucia,
nenamuxes Ha 3 (B = {504; 510; 516; ...; 756}),
43 4ncaa, faoIMX octatok 2 ot geaenus Ha 3 (C =
={506; 512; 518; ...; 758}).

CyMMa Tpex 4ncest MOXKeT JIeJUThCS Ha 3 B CJIe/y10-
MIUX CJIy4YasX.

1) Bce Tpu ymcIa AT OJMHAKOBBIE OCTATKH OT
nenenns na 3. Ects Cj; cmoco6os BbiGpath 3
unca w3 MuoskectBa A 1 o Ciy croco60B BHIO-
patb 3 umcia mu3 MHO)ectB B m C. B cymme
ToJIy4aeM

44-43-42 43-42-41
5 +2-

=13244+2-12341=

= 37926 croco6os.

2) Ecun He Bce OCTATKM OJMHAKOBDI, TO IOIXOIUT
TOJIBKO CJIyYaii, KOT/Ia BCE TPH OCTATKA Pa3HbIe, T.e.
MBI JJO/DKHBI BBIOPATD MO OJHOMY YHCJIy U3 KaskKI0TO
u3 muoxects A, B, C. Ilomyuaem 44-43-43 =
= 81356 croco6os.

B cymme Borxomut 119282 cnocoba.

4. HP =746, r=5/§, R:S/%.

Tpuskapl IpUMEHSeM TeopeMy O KacaTesbHOil u
cexymeii (puc.8):
HF?>=HC-HB =4-46 = HF = 246 ;

2
HFZ:HD-HE:HE:HF
HD

=46,

BA? = BD - BE = 5092 = BA = 1046 .

HOCKOJIbe OTPE3KU KacCaTeJbHbIX, ITPOBE/IEHHDBIX K

Puc 8

OKPY>KHOCTH U3 O/{HOI TOUKH, PaBHBI MKy cO6Oii,
PF = PA = PB, cnenoBatenbHo, PF = %AB =
=5V46 . Urax, PH = PF + FH =746 . Tlycts
ZBPH =vy. Toraa o TeopemMe KOCHHYCOB [IJIsl Tpe-
yroapHuka BPH mnoaysaem BH 2= Hp? + BP? -
—2BP-PH -cosy, Tt.e. 46%=7%-46+5 46—

2019/Ne9

—70-46cosy , OTKyaa 46 =49+25-70cosy,
2
cosy =c.

IIycte O uw Q — mentpnl, a R m r — paamycsl
OKPYJKHOCTEl Q ¥ () COOTBETCTBEHHO; TaK KakK
OKPY’KHOCTH KACAIOTCs, TOUKA Kacauust F JIEKUT Ha
gunnn 1entpos OQ u nipu atom OQ L PH . Yribl
A u F yerpipexyrosbHuka AOFP npsiMble, 1109TOMY
ZAOF =180° - LZAPF = ZBPF =v..

PaccmorpuM mpsMoyrosibHyIo Tparnermo ABQO. B
Heit OO =R+7r, OA=R, BO=r, AB=1046,
ZAOQ =vy. Onyckasa us Toukn Q Bbicoty ON Ha
ocnosanne AQ, mnosyyaeM HIPSIMOYIOJbHBIH Tpe-
yroibHuk ONQ, B kotopom ON = AB = 10@ ,
ON=R-7r. ITo Teopeme [Mudaropa,
(R+7) =(R-7) +(1O\/E)2 ; KpoMme  TOrO,
2 R-7r

Z =cosy =
5 ! R+r

7
JIiydaeM szi’, a u3 IepBoro cJuaeapyer, 4To

. U3 TIOCJIEAHETO YPpAaBHEHUA I10-

Rr =25-46 . Pemas ary cucreMy ypaBHeHHUil, Ha-

S5+/322 S\/138

XO/IUM, 4TO0 R = , ¥ = .

NE] J7

1 1 1 1 1 1
5. xe(—5,—§}U[—E,—§)U[—ﬁ,OJU(O, g]

O/13 norapudmMoB HepaBeHCTBA OIPEAE/IIETCS yC-
JIOBUSIMI

1

1—4x2>04:)—1<x<7,
2 2

1162t 21220,

1+4x2>0<:)xeR,

3¢ 4x 5
———+4+—->0s xR,
2 3 6
5 1
3x 4dx 5 x =,
———t—zls 9
2 3 6

x#1.

( 1 1) 1
B urore nonyuaem x €| ——;=|u x#0, x #——.
22 9

2
O6o3HauYUM 3 Ax + E =

2 3 6
1-42? = w. 3amucpBaeM u TpeoGpasyeM Hepa-

BEHCTBO!

u, 1+4x2:v,

(log, v-log, w+1)log,, u>1&

log,v-log,w+1

120 &
log, vw

- log, v-log, w+1-1log, v-log, w 500
log, vw

- (log, v —1)(log, @ —1) S

0.
log, vw
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Jluist peleHns: HTOro HepPaBEHCTBA Jlasiee TIPUMEHsIeM
MEeTOJi PalMOHAJU3ANUU: 3HAK PAa3HOCTH
log, b —1log, ¢ Ha obaacTn JOMYCTUMBIX 3HAYEHWI

COBITQ/Ia€T CO 3HAKOM BbIPpa’KE€HUA

; B 4aCTHO-

cru (npu ¢ = 1), suak gorapudma log, b cosnana-

€T CO 3HAKOM BbIPa’K€HUA . TOFL[B. nu3 1ocJe-

JIHETO HEPABEHCTBA I110JTyYaeM
(o—u)(u—1)(w-0) >0 o (v—u)(w-u) >0
(u—1)(u—-1)(vw-1) (u—1)(ow-1)

IMojicTaBasieM cloja BbIpaXKeHus s u, 0, @ 1

peliaeM IoJIyyaloleecss HepaBeHCTBO:

502 4x 1) 11x? 4x A
—t—+ ||+t +=
2 3 6 2 3 6

' >0

8¢ i D)6 -
2 3 6
(15x2 +8x+ 1) (33x2 —8x— 1)
P= 5 5 >0
x (9x —8x—1)
(Sx+1)(3x+1)(3x—1)()11x+1)20@

2% (x=1)(9x +1

1 T N, L. A
@xe("”"ﬁ}u['g’ 9)U[ 11’0)U(0’3}U
Ultite0) -

C yuerom O/I3 ocraercs

L P B O B P R A
”(_5’ S]U[ 5 9)U[ 11’°JU(0’3]

25

6. b= o
Paccvorpum cHavasa b > 0. O603HaunM HadaIo
koopzaunar uepes O(0;0) (puc.9), wmenrp oxpy:x-
nocrn — uepes O (a;b)
Y (TaK Kak OH JIEKUT Ha
o npsiMoit y = b, ero op-
B mHarta paBHa b), Tou-
KI TiepecedeH st mpsMoit

T ¢ mapabosioii — uepes

o A(x1;y1) u B(x2;y2)

H| (% <0, x,>0). Iycrp

A taxe T (0;0) — Touka

nepecevyenuss JaHHON
IpAMOil ¢ OCbIO OpAM-
puc. 9 nat, C — Touka nepece-
YeHNS OKPY’KHOCTH C OCbIO OpJMHAT, OTJMYHAS
or O.

Tpeyrombank QOC pasroGeapernniii (QO = QC
Kak paanmycbl), QT — ero BbICOTa, CJEIOBATEJIBHO,
OT rakske u meguana, CT = OT, noatomy Touka C
nmeer koopaunarol (0;2b). OmycruM u3 touxku A
neprenuKyJasap AH na ocb opaunHatr. Torma £LTAH

=)y

O

3
€CTb yToJl HaKJIOHA MPSIMOMN, €ro TAaHI€HC paBeH i
OTrcoza
4 ) Sy
COSZTAH=5, AT = AH : cos £ZTAH = ZAH ==
Sxy
AHaJIOTMYHO Haxo uM, uro BT = 7 .

Orpeska AB nu OC — n1Be XOpAbI JaHHON OKPY’KHO-
ctu. Ilo Teopeme o TepeceKaoNMXcs XOPAaX,

CT-OT = AT BT, 1. b-b=-"%.7%2 (3,

MetuM, 4TO s otpeskoB AB u OC, nepecekaio-
muxcss B touke T, ycaosue CT-OT = AT - BT
SIBJISIETCS] HEOOXOMMBIM U JIOCTATOUHBIM YCJIOBUEM
toro, uro uerbipe touku A, B, C, O jnexar Ha
OIHON OKpYysKHOCTH.) AGCHMCCBI X{ W X, TOYEK

. 3
nepecedeHns NPSAMON y:Z+b u 1mapaboJibl

3 2 3 2 3
Y =—Xx° ONPEJeNAIoTCa ypaBHEHHEM ¥ =7 +
+boxt—x- % =0. Ilo Teopeme Bmera, xx, =

=—@. 3maunr, b =—§-(—@j<:>b2 =@,
3 16 3 12
OTKY/a b—§
127

3uavennie b = (0 He TOAXOAWT, TaK KaK TPH ITOM
3
3a/laHHasg [psiMasi MPUHUMAET BUJL y:zx, T.e.

MPOXO/IUT Yepe3 Havyajo KOOPJUHAT, YTO TPOTHUBO-
PEYUT YCJIOBUIO.

IIpu b < 0 (ecTecTBEHHO, MBI PACCMATPUBAEM TOJb-
KO Te b, TIpu KOTOPBIX HpsiMast ¥ HapaboJsia UMEIoT
JIBE TOUKH Iepeceuennsi) o6a uucia Xy U Xy MOJO-
skutesabHbl. Touka T sBIsIeTCST cepeinHON OTpe3Ka
OC (coxpanseM Bce 0603HAYCHHS TEPBOTO CJIy-
vyag). Torjga, ¢ OAHOI CTOPOHBI, BBIXOAUT, YTO
touka T — cepeauna xopapl OC, T.e. JIEKUT BHYTPH
okpyskHoctu. C apyroii croposbl, Touku A u B
JIeXKAT HA OKPYKHOCTHU, 103TOMY AB sBJIercs: Xop-
JIOI 9TOH OKPY’KHOCTH, a TOYKa 1 JIESKUT Ha IIPO-
JIOJIKEHUH Xop/ibl AB, T.e. BHe okpyskHocTH. [Toty-
yaeM [POTUBOPEYUE, U ITOT CJIydail HEBO3MOIXKEH.

7.a) /SAB = arccosé :6) CO = %
[IpoTuBONOIOXKHBIE CTOPOHBI YETHIPEXYTOJbHUKA
KLMN mnonapuo pasubr (puc.10), Tak uTo OH ma-
pasiesorpamM. [Tockosbky miockocts KLMN ne-
pecekaer mnockoctu ABC u ABS 1o mapasiesb-
HbIM TipssMbIM KL 1 MN, 3Ti npsMble mapaiiesib-
HbI TIPSAMOI TlepeceyeHus: IIocKocTeir — T.e. AB.
Ananornuno, NK || LM || SC . B npasuibHoil Tpe-
YTOJIbHOH THpaMu/ie CKpeluBaomuecs pedpa mnep-
HEeH/IMKYJISIPHBL IpyT Apyry, noatomy SC L AB, a
KLMN — npsaMoyToJbHUK. 3HAYUT, PAJUYChI OK-
pykHocTeil Q; n Q, pasubI 1.

Orcro/ia TakKe cJeyer, 4to npsMoyroabHuk KLMN
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CHMMETPHYEH OTHOCHUTEJIBHO IIJIOCKOCTH O., COJep-
skareit pe6po SC u cepenuny AB. Torna u kKoHycbt
F u F, Takke CHMMETPUYHDI

S OTHOCUTEJIBHO ATOM TIIOCKOCTH.
[Toatomy P — cepenuna AB.
Oo6osnaunm yepes X n Y cepe-
Y nuabl ctopon KL u MN coor-
Q 0O, BeTcTBEeHHO, a yepe3 O u O,
— IEHTPBI OKPY)KHOCTEH £y 1
Q, coorserctBenHo (puc.11);
9TU YeTbIPe TOYKHU JIeXKAT Ha
OCH CHMMETPHH IIPSIMOYTOJIb-
Huka KLMN, mapannenbHOi
KN, a 3HaYUT — B ILJIOCKOCTHU
H O, o . bosee Toro, XY | SC,
T.e. Tpeyrosibhuku PCS u PXY
Cc X P nono6mubr.
Puc. 11 [Tycts AB = BC = CA = 2a,
SA =SB = SC =1, v=a/l. Torna CP=av3,
SP =+I* —d? . Tockoabky XY = KN = 18, us
6 XP XYy XP 18
noo0us  1oJIydaeM cP-cs’ e g B
XP = 18/3a =18v/3 . AHaJIorn4Ho, e = ﬁ,
/ SP CS
Yp 1 NIZ—a?
S—P=78, WL mat ll T —18V1-v? . C apy-

roif CTOPOHBI, TAaK KaKk KOHyC JF{ — IpAMOii, nMeeM
PO, L XY, npuuem XO; = %KL =1, YO = XY -
-XO, =17 .
Orciona
172 -12=0,Y? -0,X? =
= (0¥ +0P?) - (0X* + OP?) =
=PY? - PX* =18 (1-v* - 3v?) ,

nim 16~18:182(1—4v2), OTKy/1a Vzé. 3na-

2019/Ne9

ynr, LSAB = arccosA— = arccosv = arccosl.
AS 6

Urak, [ = 6a, n u3 nmogobus nmeem

2_KL_CX_1 XP { XY 18 { 3

e T N e D

2¢a AB CP  CP cs I a
orkyna a = 4 u | = 24. Ilycrs PO, mnepecekaer
SC B Touke H. Torga PH — BblcOoTa TPEYroJbHUKA

SCP, npuuem  (IOCKOJBKY XY ||CS)
CH XO1 = i . 3naunt, CH = & = é . Ilo-
cS XY 18 18 3

ckosibky 0,0 L XY, HO,0,0 — npsiMOyroJibHUK,
rak uto HQ = 0,0, =16 . Orcioga
CO=CH+HQ= %2 .

BAPUAHT 2

1. 26 .

ycts f(x) =ax +b . Toraa aberycesl ToYek mepe-
ceueHnst rpacbI/IKOB B IIEPBOM CJIyYae OIpe/e/IaioTcs
u3 ypasnenus x2 +1=ax+b, a Bo BTopoM ciydae
— U3 ypaBHeHnsi x° = ax+b—2 .

PaccMOTpUM TIepBbIil cnyqan nozpoGHee. YpasHe-
HHe uMeeT BHJI 2 —ax - (b—1)=0, orkyna

a+~Na® +4b -4 ;
Tp=——— ey — x| =a’+4b-4.
Tak xak Touku nepeceueHus rpadukoB JeKaT Ha
HPSMOI € YIJIOBBIM K03(DDHUIIMEHTOM @, pacCTOsSTHUE
Mexay Toukamm B a® +1 pas Goabuie, ueMm
|2, — 4| . Buaunt, paccrosnne Mex Ay TOUKaMI pas-

HO \/(az + 1)(a2 +4b — 4) . AHAJIOTMYHO HaXOJ/uM,

YTO BO BTOPOM CJiy4dae pacCTOAHUE MEXJAY TOYKaMu

PpaBHO \/(az + 1)(512 +4b — 8) . 13 ycnoBua nosyva-
€M CHCTeMy ypaBHeHUil

(a2 +1)(a2 +4b—4) =18,

(a® +1)(a* +4b - 8) =10,
pelrasi KOTOpyio, HaXOIUM, 4YTO a*=1,b=3.

Haiigem meo6xommmoe paccrosiame. AGCIHCCHI TO-
YeK TIepPECEYEHUs ONPeAeII0TCS ypaBHEHUEM

x? —ax-b=0, mosromy |v,-x|=+a*+4b=
=+/13 , a paccrognue MeXx1y CaMHUMHU TOUKAMU IIe-
peceuenns ectb |, — x|Va® +1=13v2 = y/26.

1
2. 1 wm —.

5
3aMernM, YTO
cos3x = cos(2x + x) = cos2x cosx —sin2xsinx =

= c0s2x cos x — 2sin’ x cosx =

=cos2xcosx — (1 - cos2x)cosx =

=(2cos2x —1)cosx,
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sin3x = sin (2x + x) = sin 2x cos x +sinx cos2x =
= 2sin x cos? x + sin x cos 2x =
= sinx (1+ cos2x) +sinx cos2x =
= (2cos2x +1)sinx .

C Y4E€TOM ITOTO [JaHHbIC B yCJIOBUU PABEHCTBaA IIPpU-
HUMaIOT BHU/|

cosx 2
= +cos (x+y),
cosy
1
0L -2 hsin? (x+y) @
siny 5

3amenss Bropoe ypasrenue cucrembl (1) Ha cymmy
000UX yPaBHEHHUU 3TOH CUCTEMbI, MOJTyYaeM PaBHO-
CHJTBHYIO CHCTEMY

cosx 2

2
=2+ +y),
sy 3 cos” (x +y)

. (2)
cosx  sinx
—t+—=2.
cosy siny

Bropoe ypasnenne na O/[3 paBHOCHIBHO CIT€IYTO-
meMy:
cosxsiny +sinxcosy =2cosysiny <

& sin(x+y)=sin2y &

X+ y =2y + 2mk,
= =
X+y=n-2y+2nk, ke Z

X =y + 2mk,
x=n-3y+2nk ke Z.
3naunt, cucremMa (2) 9KBUBaJEHTHA COBOKYITHOCTH
JIByX CHUCTEM.
cosx _ 2 +cos” (x +y),
cosy S
X=y+2nk ke Z

3)

cosx 2 2
== +cos” (v +y),
cosy S (4)

x =n-3y+2nk ke Z.

Paccmorpum cucremy (3). TNoacrasnsis x u3
BTOPOTO YypaBHEHUs B IepBoe, IOJydyaeM

1=§+cos2 2y & cos’ 2y =§. IIpu stom

cos(x +3y) = cos(y +2nk + 3y) = cosdy =
1
=2cos?2y—1==
=75
[lns cucrempl (4) M3 BTOPOTO ypaBHEHUsI CJE/IYeT,
uto X +3y =n+2nk, ke Z, n cos(x+3y)=-1.
[TocKOJIbKY B yCJIOBHU 3ajlaud CKa3aHO, YTO BbIpa-
xenne cos(x +3y) MOXKeT IPUHUMATD 110 Kpaiineit

Mepe /IBa PasJMYHbIX 3HAUYCHUSI, MOKHO HE MPOBe-
psath, coBMecTHbI Jiu cuctembl (3) u (4).

Urak, cos(x +3y) MoxeT GbITb paBeH % nmn —1 .

3. 267903.

PaccMorpuM ciyvaii, Korjga Ha OJ[HOIT U3 BbIOPaH-
HBIX KApTOUYeK HAIcaHa efnHuia. Toraa Ha AByX
JIPYTUX KapTOYKAX JOJUKHBI OBITb 3alMCaHbl YeT-
HbIe cTeleHu JBoek u Tpoek. Ectb 51 crocob BbIO-
paTh YeTHYIO CTeleHb ABOWKE 1 51 ¢1moco6 BbIOGpaTh
YeTHYIO CTElleHb TPOIKH, a TaK KaK 3TOT BBIOOD
OCYIIECTBJISIETCS HE3aBUCHMO OJIMH OT JPYToro, TO
o6l1iee KOJMYECTBO CIIOCOGOB B 9TOM CJIydae PaBHO
51 = 2601 .

Tenepp mepeiiieM K ciydam, KOrja KapTouyka C
e/INHUIEIl He MCIOoJb30BaHa. ECTb JiBE BO3MOKHOC-
TH: B3STH JIB€ KAPTOYKU CO CTEIIEHSIMU TPOWKN |
OJIHY CO CTENEHbIO JBOIKHN HJI HA00OPOT.

[Tyctp MbI GepeM [1Be KAPTOUKU CO CTETIEHSIMHE /[BOM-
k. Tak Kak B NpPOM3BEJAEHUN BBIOPAHHBIX YHCEJ
JIBOIIKa 06si3aHa NPHUCYTCTBOBATH B YETHON CTere-
HU, CTEeTeHN JBOIKH HA B3SITBIX KAPTOYKAX MOJIK-
HBI UMETb O/ITHAKOBYIO YeTHOCTh. Bcero y Hac ecTb
52 KapTOYKH C HEYETHbIMM cTeneHsMu u 51 Kap-
TOYKA C YETHBIMKM CTeleHsMU. 3HAuuT, €CTb

C2, =H =1326 cnoco6oB BLIOPATD KAPTOYKU

2 51-50

2
c HedeTHbIMH cremeHsMu u C5) = =1275

croco60B BBIGPATh [[B€ KAPTOUKH C YETHBIMH CTe-
neHaMun — Bcero mouaydaeM 2601 cmoco6. Ilocae
TOTO, KaK BbIGPAHbI KAPTOUKU CO CTEHEHSIMU JIBOii-
KM, Mbl MOJKeM BbIOpaTh JOGYI0 KapTOUYKy C 4er-
Holi cremenbio Tpoiiku (51 cmoco6). Tak Kak BbI-
60p KapTOYKH CO CTEIEHBIO TPOIKHU OCYIIECTBJISET-
Cs1 HE3aBHCHMO OT IPE/IbIAYIIEro BbIOOPA, BBIXOAUT
2601-51=132651 croco®.

HecnioskHO BuzieTh, 4TO €C/ Mbl BO3bMEM JIBE Kap-
TOYKHU CO CTEHeHsIMU TPOHKHU 1
OJIHY CO CTCTICHBIO TBOWKH, TO
KOJIMYECTBO Cc11oco6oB  Oyger
TEM JKe CaMbIM, YTO U B IIpe-
apiaymeM caydae. Wrax, mo-

aydaem 2601+ 132651-2 =
= 267903 cmocoba.
4.a) AP =8;
6) PT = —V43_57
_ 5760
MPC = 007

a) Onycrum u3 Touku O nep-
neuaukyasapsl OH n ON Ha
xopael CD m AB coorBet-
creenno (pmc.12). Tak kak
9TH XOP/bI PaBHBI, TO U pac-
CTOSTHUST OT HEHTPA OKPYIKHO-
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CTH JI0 HUX paBHbl, 1oatomy OH = ON. Ilpsamoy-
ronbuble Tpeyroibuuku OPN u OPH paBHbl 110
katery u runorenyse (OP — ofmas), moatomy
PN = PH, /OPN = /OPH (uocnejnee o3Haua-
er, uto PO — Guccexrpuca yraa BPC). Tax kak
JIaMeTp, MepHeHANKYJISPHBIH Xopae, JeJuT ee 1Mo-
mosiaM, Toukn H u N sistorest cepepuaamu CD u
AB cootBerctBenHo, noatomy AN = HD = 2; otcio-
na caenyetr, uyro AP = DP. Ilycte AP = DP = y.
Tak xak PL — 6uccexrpuca tpeyroibauka APC, 1o
PA AL Y 2 _
—— ==, oTKyJa ==, y=28.
PC LC y+4 3
6) Tpeyronbauku OPA u OPD paBHbI 110 JBYM
cropoHaM u yray mexxay Humu (PO — obmas, AP =
=DP, ZAPO = ZDPO), nostomy ZAOP = ZDOP.
OT0 03Hauaer, uro orpe3ok OP pemur ayry AD
norosiam. OGO3HAYMM TOUKY TI€PECEYeHUs] OTpe3Ka
OP c okpy:xuoctsio yepe3 J. Torpa CJ — Guccekt-
puca yraa ACD (erIbI ACJ u DCJ — BnucaHsble,
omupatorest Ha pasuble ayru). Kpome toro, PJ —
6uccexrpuca yraa APC, moatomy J — TouKa mepece-
yeHUst GuccekTpuc Tpeyrosibauka APC, T.e. 1meHTp
€ro BIUCAHHON OKpyskHOCTH. Takum o6pasom, TO4-
ku J u T coBmajaior.
ITo teopeme Iludaropa st Tpeyrombauka DHO
25 9

nonyusaem OH? = OD? - DH? = T 4= T Ilo
teopeme Iludaropa nns tpeyroabuuka PHO:
PO* = PH? + OH* =10? +% = % Caenosa-
teabto, PT :PO—OTz%—% .
Tlycre ZCPO =@ . Torpa
OH 3 +/409 3
sinf=——==-1—=——
oprP 2 2 409
20
cosP = /1 —sin? = —,
g g 409
120
sin 20 = 2cosBsinP =—,
in2B Bsinp 209
1 1 120 5760
S =—PA-PCsin2=—=-8-12-—=——
MPC = map=7 409 409

J. xe[—%;—%}U(— 2—27;0JU[0; %JU{%}

Hycro 1+ 22 =u, 1-222 + 272" =0, 14272 = w.
Torga gaHHOe HEPABEHCTBO MPUHUMAET BUJL
log, w +log,u—1log,w—-1<0. [lanee ero MOKHO
mpeo6pasoBaTh Tak:

log, w +log, u—log,u-log,w-1<0 &
& (log, w—-1)(1-log,u)<0 &
& (log, w - log, u)(log, v —log, u)< 0 .

ﬂJIH peHIeHus STOT0 HEPABEHCTBA /laJiee TIPUMEHAEM

2019/Ne9

METOJ palMOHAIM3AlUN: 3HAK Pa3HOCTH
log, b —log, ¢ Ha obsacTu JOIYCTUMBIX 3HAYCHMUIL

COBIIQ/IA€T CO 3HAKOM BbIPDaKEHUA 1 ; B 4aCTHO-
a

cru (npu ¢ = 1), 3nak jorapudma log, b cosnamaer

-1
. Torga us nocieaHe-

CO 3HAKOM BbIpasK€HHA

IO HEPABEHCTBA I0JIy4aeM
(w—u)(v—u)so. )
(u-1)(v-1)
O/13 MCcX0IHOTO HepaBEHCTBA 3a/1a€TCS YCJIOBUSAMEI
u>0,0>0 ©w>0, uzl, v#1. [Ipu atom
MoCJIe/IHNE J[BA OTPAHUYEHUST BBINOJHEHBI aBTOMa-
THUeCKN I mo6oro pemenus (*), Tak Kak IIpH
u =1 nmm v = 1 3HaMeHares b ApoOu 0OpaIaeTcs: B
1016, TToMumo aToro u =1+ 2% v =1-2x% + 27x*
MOJIOKUTEIBbHBI TIPU BceX 3Hadenusx x. CremoBa-
TeJIbHO, eMHCTBeHHOe orpanndenne u3 O/13, koro-

poe Heo6XOAMMO YUYeCTb, — 9TO HEPABEHCTBO
1
1+272° >0 , OTKyJla X > —W . Bosspamaewmcs B

(*) K mepeMeHHOI x M pemiaeM MOJyYeHHOE Hepa-
BEHCTBO:

(27x5 +1— 22 —1)(1 —2x2 +27x% 1 —x2)
(1+x2 —1)(1—2x2 + 272 —1)
3xt (27x3 —1)(9x2 —1)

<0

=3 <0e
xf (27x2—2)
x#0,
2
& {(Br-1)(9x +3x+1)(3x+1)(3x—1)s0
(27x2—2)
x#0,
2
(3x+1)(3x—1) <0o

2 2
X= = | x+.,=
e

x#0,

(Bl

C yuerom O/I3 oKkoHUATEIbHO HOJyYaeM

11 [2 2 1
rve|—s=i=7 |U| =/57: 0 |U| 0= |Ujz¢.
[ 7 S}U[ 27 ]U( 27]U{3}
= 19 nk m 27k
5 169 5 10 5
BbI[[eIIHH II0JIHbIE KBa/J[paThbl, IEPEInChIBa€M CUCTE-
My B BuUje

, e ReZ .

(x+ 13c052a)2 +(y - 13s.in2cz)2 =169,
(x +13sin3a)’ + (y —13cos3a)’ = 169.



OTBETbl, YKA3AHUA, PEINIEHUA 63

Kax/oe u3 aTuX ypaBHEHHil 3aJaerT OKPY’KHOCTD
paauyca 13; y nepBoil U3 HUX IIEHTPOM SIBJISIETCS
touka A(—13cos2a;13sin2a), a y Bropoit — Touka
B(-13sin3a; 13cos 3a) .

Ec/m 3TH ypaBHEHUS 33/JaI0T OJIHY U TY K€ OKPYXK-
HOCTD, TO Ha 3TON OKPYXKHOCTH HAN/[yTCS TOUKH Ha
paccrosanun 10 apyr ot gpyra. OKpy>KHOCTH COBIIA-
JIAIOT B CJIy4ae, KOTrJia Y HUX OJMHAKOBBIC I[CHTPDI.
Ionyuyaem

cos2a + cos(g + ij =0,

cos 2a = sin 3a,
sin 2a = cos 3a <
St cosSa+cos(g+2aJ= 0
2COSrn+10acos1t+2a -0,
4
2cosL10acosn_Tza =0.

ITu paBeHCTBa BbBINOJHAIOTCA, €CJaN 6o

Cosn+10a:0, m60 cosn+2a:cosﬂzo,
B nepBoM ciyuae 1oJiyyaem
a:£+2kl, ke Z
10 5
Bo Bropom ciyuae n+2d—£+nk n n-2a_x
P Y 4 2 4 2

T T

+nl, kleZ, 1e. a=—+2nk nw a=—-=+2nl,
2 2

YTO HEBO3MOJKXHO.

IIyctb Tenmepb paccMaTpuBaeMble OKPYKHOCTH pas-

JUYHBI U Tepecekatorcs B Toukax P u Q. Torma
uerbipexyronbHnk APBQ — pom6 (puc.13). Nssec-

P
I~
“V

0

Puc. 13

THO, 4TO B JTI06OM mapasiensorpamme (B TOM umcie
u B poMbGe) cyMMa KBaJpaToB JuMaroHajeil paBHa
CyMMe KBaJIpATOB BCEX YeTbIpEX CTOPOH, OTKy/a
AB? +PQ2 = 4AP?. Tak Kak Mbl XOTUM, YTOGBI
Toukn P wm Q pacrnomnaramuch Ha paccrosHun 10
apyr or apyra, PQ = 10, mostomy AB? +100 =
=4-169, AB = 24. Wrak, HeoOXOAUMO, YTOOBI
paccTosiHue Mex/y IleHTpaMu OKpyskHocreit A u B
6b1710 paBHoO 24. Otcioga

J(~13sin3a + 13cos 2a)’ + (13cos 3a - 13sin 2’ =
=2 <

< 338 — 338sin 3a cos 2a — 338 sin 2a cos 3a = 576 &
& 338sin5a = -238 <

k+1
@azﬁarcsin£+k§ L ReZ.

7. a) AB=15; 6) Z(CCy,ABA)) = arcsini

1—6 ’
/5
A1C1 = 5 .

a) Ilyctb O — wmenrp cdeppr Q, Q — wmenrp
tpeyroapuuka ABA;, AX - ero menmana
(puc.14). Torna O nexkut Ha meprneHuKyasape [ K

By

Puc. 14

mockoctu  ABA; , npoxopsiiem vepe3d Q. C apy-
roif ctoponbl, O JIEKUT B MJIOCKOCTU O, TPOXO/IS-
meit yepe3 M mnepnenaukyasgpio CC; — Tt.e. ma-
pannensio (ABC). 3amerum, uto Q JeXHUT B O,
nockosibky XQ :QA4;=1:2=CM : MC;. Ho Q
nexur u Ha [. Ecim 61 miockocts (ABBA;)
6bL1a neprennKy.spha miockoctn (ABC), To Bee
Tpu GOKOBbIe TPaHW ObLINM Obl TEPIEHAUKYJISPHDBI
OCHOBAHHIO, YTO HEBO3MOXKHO B YCEUEHHOIl Mupa-
muje. CrenoBaTesbHO, O U [ TIepeceKarTcsi POBHO
B OJIHOI Touke — B Touke Q. Nrak, Q = O.
3HAYUT, OKPY’KHOCTD, OIMHMCAHHAS OKOJIO TPEYTOJib-
HuKa ABA;, aBisercs GOJBIIONH OKPYKHOCTBIO Ha
chepe Q u ee paamyc paBeH R. Orcioga

AB = RJ3 =415 .

6) Iycrs Y u Z — npoexunu touek A; u O Ha
miockoctb ABC; rtorma Z penut orpe3ok XY B
orHomennn XZ:ZY = XO : OA; =1:2 . TTockob-
ky CC; L ABC, touka Y sexxkut nHa mpsimoit AC.

[Ipsimoyrosibibie  Tpeyrosipuukn AYA u AYB
PaBHBI 10 KaTeTy M I'UIOTeHy3e, Tak uto YA = YB.
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3naunt, Mepuana YX TpeyrosabnHuka ABY aBiser- B o C
Cs1 TAaK’Ke ero BBICOTOH U OHA paBHa Y
XAtgLBAC:Ev\/I:\/EA X T
' 2 N2 8
W3 npamoyrosnbnoro Tpeyrosnbhnuka A;YX Haxo- A
UM Puc 15
oYX
Z(CC,ABA)) = LYAX = arcsmm = =5, umeen
5 (5 . T =NcZ2—z1% = [5-3 _ 210
= arcsin[ — [— . \/ED = arcsin — 9 3
8 2 \/g Orcojia
Kpowme Toro, AC =YC=CT-YT = _2\/E — _\/5 = 2 .
3 32 \2

YZ=£YX=\/§.
3 6

Ilycts T — npoekimsa Z na AC (puc.15). Torma

NG

ZT =YZcos£YZT =YZ cos ZBAC = ? u

(lpogomxexune cregyer)
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IMMAXMATHAA CTPAHUUKA

npemMyLIJ,ECTBO
[BYX C/TOHOB

ITpakruyeckn oS0l HAUMHAK)-
MAH MAXMATHCT 3IIAET, YTO CJOII
1 KOHB OTHOCATCA K JeTKAM (DUTY-
paM I <«CTOST» IO TPH IIENIKH.
Koub siyutiie ce6s IYBCTBYeT B
3aKPBITHIX TTO3UIUAX, a CJIOH — B
otkpwuITHIX. Ilpnm sTOM Cotor Bee
JK€ HEMHOI'0 CHJIbHEe, a CHJIA CO-
I1aCcOBAIIIBIX JeHCTBUH IBYX CJI0-
HOB TOJYYMJIA OTAETbIIOE IaX-
MAaTHOC HAUMCHOBAHHC: <IIPCUMY-
MIECTBO ABYX CJIOHOB». Pas6epem
JIBE LLaPTUU HEJABHErO CYLePTYp-
HUpa B 3arpebe, JeMOICTPUPY-
e CHJIY JBVX CJOHOB B pyKax
JIYYITHX TPOocMeHcTepoB.
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43. @c4g3+ 46. 2g1 & f447.
é’;.di % ¢6 48. b3 2 h6 49. a>
% e4l. Ha pocke moutn 1myri-
BaHT: Genblif KOPOTh BBIHYKIeH
TTepeMeraThess MeskTy mossmu 1
u g1, B TO BpeMsd Kak ero YepHbIH
onmoHeHT ¢ peuatonM addex-
TOM TIePeBOJUTCI T1a (Qep3eBblil
paanr. 50. 2f1 #g7 51. gl
® {6 52. 211 26 53. hS #d5
S4. a6 ®2d4 55, & gd 23 56.
He6 £¢257. Aad &7 58.
ab7 &d3+ 59. gl 4 a6.
UepHbIC MOTJIH TOCTABATD 3(hdhek-
tHYI0 Toury: 59...&ed 60. &h3
L b661. 211 2d2! 62, h6 g2+ 63.
Hg2 & d3x!, HO W coeanHoOTO B
TapPTHV X044 JOCTATOTHO IS 10-
Geibl. BHIMTPHIMT YepPHBIX.
A.Pycanos
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