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~ MpogomKknm unccrenoBaTbh 3Ty FONOBOMIOMKY M ODCYAMM HEKOTOpble KIlYeBblE
ngen, KoTopble MOTyT NOMOYL B ee SHUN.
MaBHas naes — Ha4YnMHaTb C KPYMHL ryp. Ecnu noHstb, kak pacnonoxeHbl 6011b-
LUMe TPeyroflbHMKK, TO CO CpegHUMM N MareHbKMMW 3nemMeHTamu pasobpaTbces
OygeT 3HaunTenbHo nerve. Kcratu KM3HU Tak — Nyylle pelmnTb CHavana rnas-
Hble BOMnp NOTOM YK€ BTOPOCTEMNEHHbIE U MENTKUE.
Hanpumep, cobupasi 13 MOMHOrMo K eKTa
«6ykBy [l», MOXHO goragatbesi, 4TO SLne
TPEeyronbHUKM MOTYT pacnonaratbcs T 0 Mo
yrnam. 3akoH4nTe peLleHne 3Ton 3aaa npe-
€r1B MOMOoXeHWe OCTanbHbIX AIEMEHT
Cobpatb «OykBy Jl» cnoxHee,
NMOCKOJbKY pacrnonoXuTb 6onpbLine
TPEYronbHUKN MOXHO TPEMS CMo-
cobamu, HO TONbKO OAVH W3 HUX
bt HeT acT pelleHue. 3aBepLuinTe 3TO
peLueHue.
Ewe ogHa nonesHas naes — 3aMmeHa gpu HyTpK
Oroka: nHorga OAvH M TOT e 6ok Mo ocTa-
BUTb M3 pasHbIX YacTen. Ha pucyHke nox 0, Kak
MOXXHO cOBpaTb NPAMOYroNbHY Tpane pems
pasHbIMK CNOCO u.
3JT0 Ha NIOLeHNE NO3BONSET «B bICBODOO b» HY>XHbl€ QPUIYypPKW.
paemM «CTPenouKy», ¥ OHa Yyxe MoyTu Ba, HO B KOHLle OCTanacb Henoaxogswlas
cpeaHsa durypka, a nogxogsuias yxe nb3oBaHa. B gaHHOM criyvae HyxeH cpef-
HUWA TPEYTrONbHUK, @ OH YXXe UCMNOMb30B O CPEAHVIA TPeyronbHUK BXOAWUT B COCTaB
NPsIMOYrofibHOM TpaneLmm, N0O3TOMY MO 0M3BECTU 3ameHy. MNonb3ysicb 3TUM, cobe-
pUTE «CTPENOYKY» MOMHOCThLIO
S
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HeolObl4YHOE onpeneneHmne
KOHWYeCKMX CeYeHUM

J1.EMEJIbSIHOB

AK M3BECTHO, TP KOHUYEC-

KX CeYeHusl — BJLmIC, mnapaboja u
runep60J1a — MOTYT GbITh OIPEIEJIEHbI C [TOMO-
o npamoit d (aupexrpuchl) u Touku F
(doxyca), na sroii npsMoii e gexameii (cM.
pucynok 1, a takske «Kasmefimockon «KBan-
Ta» B 9TOM HOoMepe). Kpusas onpenensercs

d
p(E,d)
_fP__
p(P,d)
FH
NGRS
Puc. 1

KaK reOMeTPUYeCKoe MeCTO TOYEK, [T KOTO-
PBIX OTHOIIEHWE paccTosTHuS 10 (okyca K
PACCTOSTHUIO JI0 TUPEKTPUCHI €CTh 3aaHHast
MOJTOKHUTETbHAS KOHCTaHTa ¢ (9KCIIeHTpHUCH-
ter). Eciu mnpu atom e <1, Mbl mosydnm
ajuic, npu e = 1 Boiiger mapabosa, a mpu
e>1 —runep6osa. CrpaBeuBOCTH pPaau
HA/I0 OTMETHTb U HeGOJBIION HEeJOCTATOK: B
9TOM TPAKTOBKE HET MecTa OKpY KHOCTH (1715t
Kortopoii e =0).

[Tpeumy1iiecTBo 3Ke 9TOTO TOAXO0/A K OTIpe-
JIeJIEHIT0 KOHIMYECKIX CeYeHUil He TOJIbKO B
OJTHOTHITHOCTH, HO U B «KOPPEKTHOM»> TIepe-
xofe depe3 mosoxkenue e = 1. /{1 mpumepa
BO3bMEM OIIPeIeJICHNE JJIIATICA KAK MHOMKe-
CTBa TOYEK ¢ (DMKCUPOBAHHOW CYMMOH pac-
crogamii 10 gorycos. Ecam 3adurcupoBarhb
MoJIoKeHne JBYX (DOKYCOB AJIJIUIICA, & AKC-
LEHTPUCUTET YCTpeMUTh K 1, TO B KauecTBe
«BBIPOKIEHHOTO 3Juauicay st e=1 Mbl
MOJIyYUM OTPE30K, a He mapabouy. AHaso-
rUYHbIE TTPO6JIEMbI BO3HUKHYT IIPH TIepeXo/1e
Yyepes IoJIosKeHre € = 1 «CO CTOPOHBI THIep-
6OJIBT> .

DOI: https://doi.org/10.4213/kvant20211101

B aToil cTaThe mpemsaraercsl aJbTepHa-
TUBHBIN C1I0CO0 OTpe/ie/IeHNs TPEX KOHIIeC-
KUX CE€YE€HUIT HEKOTOPBIM OJHOTUITHBIM TIO/I-
XOJIOM.

PaccmorpuM puKCHpoBaHHbBIE OKPYKHOCTD
o paanyca R u kacareapnyio K Heil [. Ilo
MIPSIMOIT [ CKOJTB3UT OTPE30K AB MOCTOSTHHOM
JUIAHBI 2@, 13 KOHIIOB KOTOPOTO MTPOBOJISTCS
BTOpbIE KacaTeJibHble K (0, OTJMYHbIE OT /.
Haiinem reomeTpudeckoe MecTto TOYEK repe-
CEeUYeHUsT ITUX KAcaTEeTbHBIX.

Ha pucynke 2 mpejictaBjieHbl JiBa BapuaH-
Ta pacnojoxenns: kacateabubix CA n CB.
Touka nx mepeceuennst C M ecTb TOYKA,
MIPUHAJJICKAITAS] UCKOMOMY TeoMeTpuyec-
KOMY MecCTy.

a) 6)
Puc. 2

I'MT 6ynem 3a7aBath aHaguTndecku. /s
onpezaenenus ypasaenuss IMT paccmorpum
cucremy KoopauwHat xOy u TOMECTUM IEHTP
okpyxHoctu B Touky Q(0;—R), npsmas [
6yzner coBmagaTh ¢ ocbio Ox, orpe3ok AB
JUIIHBIL 2a 6yer ckoab3uth mo Ox. B kave-
CTBe TIapaMeTpa, OINpeIeIsTIONniero pacmoJo-
JKEHHe OTpe3Ka, BbIGepeM KOOp/MHATY ero
cepeunl — M (¢; 0). IIpu atom mapamerp ¢
UMeeT TPaBO NMPUHUMATDH JIOObIE 1eHCTBH-
TeJIbHbIE 3HAYEHUsI, a KOOPAWHATBI KOHIIOB
orpeska OyayT TtakoBbl: A(t—a;0) u
B(t+a;0) (puc. 3).

U3 reomerpuueckux coOGpaKeHuil siCHO,
YTO B 3aBUCUMOCTU OT BEJUYUHBI OTHOIIIE-



HEOBBIYHOE ONPEJAEJEHMHNE

CEYEHUH

KOHMUYECKHUX

Hust a/ R, 0603na4nm i
ero 4epes e, Kpu- C
Basi, TIPEJCTABJISIO-
mast TMT, 6yner or-
PAaHWYEHHOU WA
«Pa3opBETCS» C YXO-
noM B 6Geckomeu-
HOCTb. ® Q

CocraBisist ypas-
HEHUS KacaTeJbHbIX
K OKDPYXKHOCTH U3
Touek A u B u Haxo-
[ MX TOYKYy mnepecedeHus: C, Mbl MOJYYHM
cJeayioliee mapaMeTpUYecKoe IMpecTaBJie-
Hue Hamero I'MT:

_ 2R%
- )
t> +R*-d°
Yupaxknenne 1. Ilponenaiite coorBeTcTBYIOIINE

BBIKJAJKA, B Pe3yJabTaTeé KOTOPBIX TOJYYaioTCs
dopmybt (1).

Yro06bl IOHATD THIT KPUBOIi, NCKJIIOYNM ¢ 13
ypastenuii (1). B pesy.ibrare nosyunm ciey-
Iolliee ypaBHEHNE KPUBOI BTOPOTO MOPS/IKA:
Rx? +(R2 -a’)y’ +2R(R2 —2a2)y =

=4R%a". (2)

Puc. 3

~ 2R(a2 —t2)

t> +R* —a*

¢y

Yupasxkuenue 2. Boiseaure (2) nz (1). Ipu atom
MOKHO BOCTIOJIb30BAThCS TaKOH CXeMOii:

1) [ogenuB 01HO ypaBHEHKE Ha IPYTOe, BbIPa3uTe
a® —t? xax JIMHEHHYI0 (DYHKIUIO OT .

2) Tlomyunte M3 OAHOTO M3 yPaBHEHWI SBHOE
BbIpaskeHue s ¢t uepes x, y (1 mapameTpol a u R).

3) [ozcraBuBs BbipakeHue JUist ¢ B IPYroe ypaBHe-
nue, noayunte (2).

Temepp pazbepem Tpu ciydas.

1. IMapaGoxa (a = R).

B atom ciyuae ypasrenne (2) npuHuMaer
BU/T

[
y=—x"—-2R.
2R

Taxum o6pasoM, Mbl HoTydaeM mapabouy ¢

doxycom F (O;—gR] U JaupexTpuconn d,

uMerolell ypaBHeHne y = —gR (puc.4).

2. damnc (a < R).
Vpasuenne (2) umeer Buj
2 _ 2
© mw) (3)

P’ 7

YA
C

\ A./ B >

O X

0
F
d
Puc. 4
rae
R? R?
. R —d® - R? -d*
R (R2 - 242)
Vo= D)
R —a
DOKYChI HJIJHIICA UMEIOT KOOPIUHATHI
2a+ R
F|0;,-R _
1 R +a J Bcer/a BHyTpI/I 0),
2a-R

F, (0§ R R ) — MOJKeT GbITh CHAPY KU (.

Anmune (puc.5)
BBITAHYT 110 oc Oy
11 HUKOT/1a He GblBaeT
OKPY’KHOCTBIO.

3BeCTHO, UTO /151
5JLITICA, 3a/IaHHOTO

KaHOHWYECKHUM yPaB-
2y
HEHHEM — + == = 1,
a b
rne 0<b<a, 3Kc-
LEeHTpUCHTET ompe- 1€ 5
a*-b*

JleqrsieTcsT Kak . Torma n3 dopmya

a
(4) merpyaHo yBUJIETH, 4TO OTHOLIEHNE @/ R,

0603HaYEeHHOE HAMM YEPE3 €, U €CTh OKCIIEHTPH-
CHTET 2JITHTICA.

Ynpaxknenue 3. IIpoBennte BBIKIAAKY, MOKA-
spiBalontyio, uto e =a/R . (He 3alyapre, 4TO
snmrnc (3) BertanyT no ocu Oy.)

3. Tunep6oaa (a > R).

Vpasuenune (2) npunuMaer Buj

2 2
— x_ + (Z/—yo) =1

p2 q2 ’
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x
Puc. 6
e
\/aQ—R2’q_a2—R2’ o
R(R*-2d%)
Yo =W. (5)

Dokycnl rutep6osibt (prc.6) uMeT Koop-
JIMHATHI
2a+ R

Flo-rZTE

1 R+a BHYTPHU O,

2a-R

FE|OGR—— | - -

P R_a BCer/la CHapy»ku .

Yupaxknenne 4. YGenurech B IPAaBUJIbHOCTH
npuBejeHHbIx dopmya. Ilposeaure BbIKJIAJIKY,
MOKa3bIBAIONIyI0, YTO OKCIEHTPHUCUTET PaBeH
e=a/R n B cayuae runep6oant. (Mcmombayiite

ToT (paKT, 4TO /g TUIEPOOJIbI, 33JAHHONH KaHO-
2 2

X Y
HUYECKUM YpaBHEHUEM a—2—b—2 =1, rne a>0,
b>0, 9KCIEHTPUCUTET OMNpejeaseTcs Kak
Va? +b? )
P

[TorrpoGyem To1BeCTH UTOTH HAITIEH PabOThI.

o MbI TIOJTyYMJT NHTEPECHYIO TTapaMeTpu-
3aIMI0 KOHUYECKUX CeYeHUI POOHO-paIno-
HAJIBHBIMHA (DYHKITUSME, TIPUA 9TOM TTapaMeT-
PbI UMEIOT SICHBIN T€OMETPUYECKUI CMBICII.

o Ctporo rosopsi, mbl Hamm He 'MT, a
JIMIIIb MHOKECTBO, cofep:kaimiee ato [MT.
Ho 13 pocTbhiX reoMeTpuiyecKkux coobpae-
HUNI JIETKO IIOHATH, 4YTO HAJ0 HCKJIIOYUTH
JIUTIb OJIHY TOYKY — BEPIINHY KPHUBOI, B
KOTOPOI TIPOUCXO/IUT €€ KaCaHUE C OKPYKHO-

2021 /Nel1-12

CTBIO (0. JTA TOUKA COOTBETCTBYET «6ECKOHEY-
HO y/IaJIEHHOMY» IOJIOKEHUIO OTpe3Ka.

o UTo 00BbeuHseT Bce Tpu caydas? OpHa
KOHCTPYKIIMS, KOTOPasi IPH Pa3JIMYHBIX CO-
OTHOIIEHUSX JIBYX UCXO/HBIX TTapaMeTpoB R
U a orpejieisieT TPU KOHMYECKUX CEUEHUS.

o JKCIEHTPUCUTETOM BO BCEX CIIyYasIX SBJIS-
eTcsI OTHOINEHNeE ¢/ R, KOTOPOe MbI 0603HAUNIIN
€. DTO OUeBUIHO ISt 1TApaboJibl U HETPYIHO
[IPOBEPUTD B CJIy4yassX 3JUIUIICA U THIIEePOOJIbI,
ucxoad us coornowmenuit (4) u (5), onpeze-
JITTONUX JITAHBI TTIOJIyOCel 9TUX KPUBDIX.

o Taxske HETPYJHO MOHATH, YTO OCHOBHAS
OKPY’KHOCTD 0 KacaeTcsl KpUBOH B ee BEpIIHHE,
IPUYEM PaJInyC KPUBU3HBI TTOCTPOEHHOTO KO-
HUUYECKOTO CEUEHHsI PABEH B 9TOH BepinHe R.

e B paccmarpuBaemoii  koncrpykimm  (mpu
3a/IAHABIX ¢ U R) HETPY/HO TIOCTPOUTH TIUPKY-
JieM 1 JIMHEHKON (POKYChI, IMPEKTPUCDHI, TIOJTy-
ocH, acuMIToTbI (114 mnepéomﬂ) Harrrero 'MT.

o [lomyuyennbie pesyJbTaTbl MOXKHO Iiepe-
dopmyuposarh u cieayionm o6pazom. I1o-
CTPOUM OKPY>KHOCTD, BIIMCAHHYIO B KOHMYEC-
KOe ceyeHne, Kacalollylocsi €ro B BepIInHe U
paJyc KOTOPOI paBeH painycy KPUBU3HbI
KPHUBOII B 3TOH TOUKe. 3areM IIPOBe/ieM Kaca-
TEJbHYTO K OKPY>KHOCTH B TOUKE, JIHAMETPaTh-
HO TIPOTUBOIOJIOKHOI BBIOPAHHON BepIInHE,
1 Ha 3TO¥ KacaTeJbHON PACIOJIOKNUM OTPE30K
JUITMHOW, PaBHOW TIPOM3BE/ICHUIO /MaMeTpa
OKPY>KHOCTH Ha 3KCIEHTPUCUTET KPUBOIL.
Torga kacaresbHble K OKPYXKHOCTH B KOHIIAX
OTpe3Ka MepeceKyTcsl Ha 3TOH KPUBOI.

ToBop&T, 4TO y JIO6OTO COMEPIKATETHHOTO
MaTeMaTHIeCcKOro YTBEePsK/IEeHUs eCTh Cojiep-
JKaTebHbIN oO6paTtHbiidi dakt. [laBaiite mo-
mpo6yeM «pa3BepHyTh» KOHCTPYKIo. [1pes-
craBuM cebe, 4YTO OTpe3oK AB HemoaBIKeH,
a OKPY’KHOCTb ® IIE€PEMEIaeTCs, OCTaBaLCh
KacareJbHOH K npamoit [ (copepsxamieit AB).
B ocranbhom ciienapuii ocTaHeTcs MPeXKHUM:
u3 Touek A u B mpoBOIUM KacaTesJbHBIC K O,
HaXO/MM TOYKY UX nepeceueHust C u ornpe/ie-
sgsgeM 'MT mpu BCeBO3MOKHBIX TIOJOKEHUIX
okpy>xHOCTH. YUTO 3TO GyzeT 3a kpuBasi? Ha
MEPBBIil B3I/, HUYETO CYIIECTBEHHO He
M3MEHNJIOCh, MbI TIpocTo (BhIpaskasach (pusn-
YECKUM SI3bIKOM) CMEHUJIN CHCTEMY OTCYETa.
Ho ne toponurech ¢ BbiBogamMu. [l akciie-
PUMEHTOB IPEKPacHO IOJAXOAUT Cpeja
Geogebra. [lepsaiite!



ATMOChepa 3eMnm
N COBPeMeHHas aHepretmka

C.TAH4ANJIAH

POBJIEMA 3ATPA3HEHUA OKPY-

JKaloIell MPUPOIHON CPebl SIBJSETCS
BasKHEUTITEH 9KOJIOTHUECKON TTPOOIEMON CO-
BPEMEHHOCTHU KaK C TOUYKU 3PEHIs HETIOCPE/I-
CTBEHHO 3arpsi3HEHS TPUPO/IbI, TAK 1 U3-32
BJIVSTHUST TIOBBITLATONIEICST KOHIIEHTPALTIH TTap-
HUKOBBIX Ta3oB B arMocdepe Ha KJIIMaT
3emun.

B 2021 romy HoGeseBckas mpeMust TO
¢dusnke (Tounee, MOJOBUHA TpeMun) Gblia
npucykiaeHa kammatosoram Kuaycy Xac-
cenapmany u Ciokypo Mana0s 3a «MOJIeTHPO-
BaHre (DU3UKN KJAUMara 3eMJin, MaTeMaTH-
YeCKOe OICcaHne N3MeHYUBbIX CUCTEM U TOY-
HOE [IPe/ICKa3aHe r106aIbHOTO OTETLIEHUS > .
Mawna6a 66171 OTHUM 13 TIEPBbIX UCCJIE0BATE-
Jiefl, yKasaBIIUX HA BJMSHUE YBEJUYNBAIO-
HIeficst KOHIIEHTPAINU YTJEKUCJIOro rasa B
armMocdepe Ha 3eMHOIl kKaumar. OH xe
B 1960-x Tomax PpPYKOBOAUT pa3pabOTKON
MEPBBIX KOMITBIOTEPHBIX (DU3UIECKUX MO/Ie-
qiet kamMmara. Ciycts IpuMepHO JIeCSATh JieT
rocJie TepBbIX pe3yabratoB Mana6a, Kiayc
XacceJabMaHH CO3/1aJl CBOIO MOJIE/Ib, CBSI3aB-
Y10 BOEAMHO XAOTUYHYIO U CJIOXKHO TIPEI-
CKa3yeMyIo JIOKAJIbHYIO MOrOy U TJI06aib-
HBIii KJIUMAT, a TAK)KE IIPE/IOKILT METOIUKY ,
MTO3BOJIUBIIYIO JIOKA3aThb KJIOYEBYIO DPOJIb
YyeJIOBEKA B MPOUCXO/SIIMX Cefiuac OBbICT-
PBIX KJIUMATHYECKUX U3MEHEHWSX.

OCHOBHOH BBIBO/] MCCJIEAOBAHUI yUEHBIX
TAKOB: Ha CETOHSIIHUH /I€Hb OIpeeIsio-
Uil BKJIaJ B 000CTpeHUE 3TOi MPOoO6JieMbl
BHOCHUT COBPEMEHHAs TTPOMBIIIIEHHAS dHEP-
reruka. [ToMuMo sHEpPreTHKM CyTecTBeHHOEe
HETaTUBHOE BJIUSHUE HA OKPYKAIOIIYIO Cpe-
Jly OKa3bIBAIOT COBPEMEHHAS CTPOUTETbHAS
UHYCTPUS, MPOMBIILIEHHbIE OOBEKTHI Pas-
HOTO IIpeIHa3HAYEH S, TPAHCIIOPT, CETbCKOE
XO3SIUCTBO U APYTHE 06JIACTU JKU3HEIESTETb-
HOCTH YeJIOBEKA.

DOI: https://doi.org/10.4213/kvant20211102

FmobanbHoOe noTenseHue:
Mucg UM peanbHOCTb?

C TOuKM 3peHis YCIOBHIT KU3HU Ye0BeKa
u aBomoru 6uocdepsl B 1e0M, armocdepa
3eMJTH ITPe/ICTaBJISIET 0COOBII MHTEPEC B IBYX
OTHOIIIEHUSX.

Bo-T1epBBIX, COBOKYITHOCTD ITPOIECCOB Mac-
CO-, 9HEpPro- M TEIJIONepeHoca, MpOoTeKaio-
muX B atMocdepe, a TakyKe B3anuMoielicTBre
atMocepbl ¢ OKeaHaMH, CyIIel 1 IMamKkaMn
JIb/Ia Ha TIOTI0CaX 3eMJIH OTIPEACISIOT TI0T0-
ay (Hampumep, B CpeHUX MIMPOTAX 3eMJIH
1060 M3MEHEHHE TIOTO/IbI BbLI3BIBACTCS B
OCHOBHOM aTMOC(hEePHBIMU SIBJIEHUSIMU, B TO
BpeMs KaK I[0ro/ia B TPOIIUKAX OIPe/IesIeTCst
B3auMo/ielicTBreM atMocdepbl U OKeaHa) U
KJIUMAT — KaK YCTOIYMBYIO XapaKTePUCTHKY
MIOTO/IHBIX OCOGEHHOCTEH OTJIEIbHBIX KOHTH-
HEHTOB, KJINMATUYECKUX II0SICOB, TOPHBIX
XpeOTOB U MPOYNX reorpaduueckux 06bhek-
TOB B TeYeHHE MHOTHX JECSTKOB JieT. Bo-
BTOPBIX, XUMUYECKUN COCTaB aTMOCQepbl
’KU3HEHHO BayKeH JI7Ts UeI0BeKa, a TaksKe [T
JKUBOTHOTO M PACTUTEIBHOTO MHUPA B T[EJIOM.

JIoxa HAyYHO-TEXHUYECKOTO U TEeXHOJIO-
ruyeckoro nporpecca B cepeanne XIX Beka
03HAMEHOBAJACh HAYATIOM KJIMMATUYECKUX
U3MEHEHUiT, CBI3AHHBIX C TIOBBIIIEHUEM IJI0-
6aJIbHOI TeMIIepaTypbl HAa 3eMJie, T.€. TeMIle-
paTypbl MTOBEPXHOCTH 3eMJIH, OCPeJHeHHOI
0 TeorpapUuecKuM KOOPAMHATAM, BPEMEHN
CYTOK W ce30Hy. [mo6asbHas TeMmepaTypa
XapaKkTepHu3yeT TepMO-9HEPTeTHIECKOE COCTO-
STHME CUCTeMBbl 3eMJsi—atMocdepa B IEJIoM,
TaK YTO ee W3MEHEeHNe C TOJaMH OIpeesIsIeT
9BOJIIOIIMOHHBIN ITyTh TEILJIOBOIO COCTOSHUS
caMOH ILJIaHeTbl.

Pucynox 1 wtiocTpupyer, Kak MeHsSJIACH
riobasibHas TeMieparypa 3eMJin 3a IMocJie-
nuve 160 ner. Haumnas npumepno c¢ 1860
ro/ia — BpeMEeHU TIePBbIX HHCTPYMEHTAIbHBIX
3aMepOB TIPU3EMHOI TeMITepaTypbl BO3.IY-
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nosbicuach Ha 0,3 °C). VI3MeHeHue teM-
nepaTypbl BO3/[yXa BbI3bIBAET PA3BUTHE
psa IMHAMHYECKUX IPOIECCOB B TeO-
chepubix 1 THAPOCHEPHBIX 000JOUKAX
3eMJin, CIOCOOHBIX OKA3aTh KaK TOJIOKH-
TeJTbHOE, TaK W OTPHIATETHbHOE BO3JEH-
CTBWE HA OKPY’KAIOMNIYI0 HAC MPUPOIHYIO
cpemny. C mocJieiHUM CBSI3aHO CYIIIECTBEH-
HOe CHIKeHre 6e301IACHOCTH U POCT yiiepa
oT cTuXuitHbIX GescrBuii. Tak, o pacue-
TaM aMEPUKAHCKUX CIIEI[MAJUCTOB MOTell-
snenne atmocdepn Ha 1 °C MoxeT nipuBe-
CTU K YCHUJIEHWIO BO3/YIIHBIX [TOTOKOB HA
Arnantuueckom nmobepeskbe CIITA na 40—
60%, 4TO, HECOMHEHHO, yCyryOur u 0e3

7980 rons!

Xa — BILJIOTh /[0 HACTOSIIIETO BPEMEHHU OTMe-
Yaercs TOCTENEeHHBIH POCT TeMIepaTryphl Ha
3emite. [lo nanubiMm Beemuproii MeTeoposio-
THYECKO# OpraHusanuu, rJao0aabHOe TTOBbI-
nenue temmeparypbl 3a nepuoj ¢ 1860 1o
2020 rox cocraBusio okosio AT = 0,9 °C. [1pu
ATOM POCT TeMIIepaTypbl BCE ATH TOIbI TIeJI
HepaBHOMEPHO. /l0cTaTOUHO CTaGUITBHBINA MEJT-
JIeHHBIN T1o//beM oTtMmeuasca B 1860—1940
rofiax, KOTJa TeMrepaTypa Bo3IyXa BO3poc-
jga #a 0,4 °C. [lanee B Teuenme 1940—1980
TO/IOB OTMEYAJICS ATAll YMEPEHHBIX KoJeHa-
HUIl CpeITHUX TOANYHBIX TeMieparyp 6e3 Ka-
KOTO-T00 3aMETHOTO TPeH/a. 3a 3TUM IMOC-
sgenosan repuost — ¢ 1980 roga 10 Hacrosiie-
ro BpeMeHH — OBbICTPOrO MOAbeMa Ia06aib-
HOI TeMIepaTypbl, MPUPOCT KOTOPOIl cocTa-
Buu ene 0,5 °C. B 1980-x — cepeaune 1990-x
rO/I0B ObLT OTMEYEH PSJI UCKIIOYUTETHHO
TEILIbIX ce30HO0B, a 1998 rox oxasascd skcr-
PEMAJIbHO TETLJIbIM 32 BECh TIEPHO/] TPOBE/Ie-
HUS TeMIlepaTypPHBbIX W3MEpeHWi Ha 3eMJie.

Ha cerogugmumii 1eHb OTKPBITBIM OCTAET-
cs BOIIPOC O TOM, HEraTUBHOE HU3MeHeHUe
KJauMara 1 HabJuogaeMoe r106aabHoe IIoTell-
Jienre 00yCJIOBJIEHO JICHCTBUSMHU 4YeJIOBEKA,
BBI3BAHO HEMOJKOHTPOJbHBIMI HaM CHJIAMU
MIPUPO/IBI NI SIBJISIETCST COUETAHUEM PA3HBIX
¢gaxropoB. Hecmorps ma cyiecTBoBaHue
PAa3JINYHBIX TOYEK 3PEHUS Ha TIPUUNHBI 3TOTO
sBJIeHus, caM (PakT ra06aJbHOTO MOTEILIe-
HUA Ha 3eMJe ABJIAETCS HeoCHOpHMBIM (110
maaabiM JOHECKOQO, toabpko 3a mocsegnune
JICCSITD JIET CPE/IHSS TeMITepaTypa Ha MJIaHeTe

TOTO JIOCTATOYHO BBICOKYIO YSI3BUMOCTD
9TOH TEPPUTOPUN OT TPOMTUUECKUX Tai(y-
HOB W yparaHoB.

C KaXKIbIM TOIOM Bce 0OJIbIliee 3HAUEHUE
JUISL 9KOJIOTUH TIJIAHEThI TPHOOPETAeT TEeTLIo-
Boe 3arpssHenue. Ecaw 10 cepefnHBI MPO-
[IIJIOTO BEKa TIPOMBINILIEHHAS JIESITENbHOCTD
YyeJI0BEKa He BbI3bIBasIa 0COO0I TPEBOTH, TO B
MOCJIETHAE JIECSTUIIETHS] BTOPAsk BOJTHA yCH-
JIEHUS TJI06QTBHOTO TIOTETLIEHUST 3aCTaBJISIET
MO-ZIPYTOMY CMOTPETH Ha TEIJIOBOE 3arpsi3He-
HUE, CTaBsI €r0 Ha OJHO W3 MEPBBbIX MeCT
cpe/li HEeTraTUBHBIX IMOCJEJCTBUN desoBeve-
CKOH XO34HCTBeHHOU mesTeabHOCTH. Ilpo-
MDITIJIEHHBIE OOBEKTDI, B TOM YUCJTE U OOHEK-
TBI TIPOW3BOJICTBA 3JHEPTOPECYPCOB, MOTYT
ObITb OTBETCTBEHHBI 32 BO3HUKHOBEHUE TJIO-
6aJIbHBIX, PETMOHAIBHBIX 1 JIOKAIbHBIX (MecT-
HbIX) 3KoJormueckux mpobiaem. Ho ocHos-
HBIM I TI06aJIbHBIM HETATUBHBIM BO3/IEHCTBIEM
MIPOMBIIIJIEHHOW 3SHEPTeTUKM Ha OKPYKalo-
HIYIO CPe/ly CYMTAETCST BBIOPOC B aTMocdepy
MAPHUKOBBIX Ta30B.

Macitabbl COBPEMEHHON MTPOMBITIJICHHO
HHEPreTUKY MMOKA €Ile MaJbl B pPaMKax TpH-
POJIHOTO SHEPreTHYecKoro OajaHca: morpeo-
JIEHVEe SHEPrUH YeJOBEYECTBOM COCTABJISET
BCETO OKOJIO JIBYX JECATUTBICSYHBIX OT CyM-
MapHOTO TOCTYILIEHNS HEPTUU COJTHEYHOTO
U3JIyYeHUsI, MOII[HOCTb KOTOPOTO COCTABJISIET
npumMepHo 1,7 - 10" kBr. Bmecte ¢ TeM, MUPO-
Basi MPOMBIIIIJIEHHAST SHEPTETHKA COM3MEPH-
Ma ¢ aHeprueil, uayieir Ha npoieccsl Goro-
CUHTE32a OPTaHWKHU, U 10 OIIEHKAaM JIOCTUTaeT
okoso 30% or Hee. A 39TO yKasblBaeT Ha
MPUHITUITHAIBHYIO BO3MOXKHOCTD 3aMETHOTO
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BJIMSIHUSL SHEPreTHKH Ha (PU3MKO-XUMUye-
CKHUe 1 OITHYEeCKHe cBoiicTBa atMocdepsnl. 1
BJIMSTHUE TO MOJKET TIPOSIBUTHCS PA3THIHBIM
o6paszoM. C 0JIHOIT CTOPOHBI, H3MEHEHNE OII-
TIYECKIX CBOICTB atMocdepbl MOKET M3Me-
HUTb OOMEH JIYYNCTON sHeprneil Mexay aT-
Mocdepolt ¥ TTOBEPXHOCTHIO 3eMJHd, € JIPY-
TOHl CTOPOHBI, BBI3BAaHHOE UeJIOBEYeCKOI 1es-
TEJIbHOCTDHIO UI3MEHCHUE CbI/ISI/IKO-XI/IMI/I‘IeCKI/IX
CBOICTB arMocepbl MOKET OTPa3UTbCsS Ha
cocrossHuM 6uocepbl, MEHAS K XyJlIeMy
YCJIOBUS SKU3HU BCETO SKUBOTO MUpA.

Bosunkaer ectecTBeHHbIII BOIIPOC: Kakue
npejie/IbHbIe TIPON3BO/ICTBEHHBIC TEXHHUYEC-
KHe ¥ TeXHOJOTHYEeCKHe MOIIHOCTH MOKHO
UCII0JIb30BATh Ha MOBEPXHOCTH 3eMJIH, He
HapyImas TEIJI0BOH 1 9KOJOTHYECKITH OaTanc
6mnochepnr?

ATMoccepa 1 TennioBon GanaHc
cnctembl 3emna—aTtmocdepa

AtMocdepy 3eMan YCTOBHO AesST Ha /IBe
YaCTH: BEPXHIOI W HIDKHIOL. Bepxume u
HIDKHIE aTMOC(DepHBIE CION B3aNMO/IEHCTBY-
10T MEXIY cOO0I MOCPECTBOM pasHooOpas-
HBIX 3JEKTPO(PU3NUECKUX, Ta30[MHAMIYEC-
KUX 1 XUMIYECKUX IIPOLIECCOB, 06Pa3ys CJA0K-
HYIO CHUCTEMY, IO/[BEPKEHHYIO BO3/IEICTBH-
SIM KaK COJTHEUHBIX, TaK U 3eMHBIX I100aTh-
HBIX 9HEPTeTHYECKIX TTPOIIECCOB.

HwxHasag yacte aTtMocdepbl COCTOUT 13
JIBYX CJIOEB C YCJOBHBIMHU T'DAHUIAMU. Y CT-
pPEeMJISSICh BBBICH OT IOBEPXHOCTH 3€MJIH,
CHavasa mormajiaeM B Tpornocdepy, Te MbI
JKUBEM W TAe WAYT JOKIU, TaJaeT CHeT,
maaBaior o6JaKa, ObIBAIOT OYPU U TPO3bI —
T.€. BCE, YTO BXOJUT B TIOHATHE TIOTOABI U
kauMarta. Tpomocdepa mpocTupaercs a0
BbICOTBI 12—15 kM. Bpirite HaunHaeTcst cTpa-
tocdhepa, OHA UMeeT BEPXHIOI TPAHUILY Ha
BbicoTe 45—50 KM, U TeMmIlepaTypa CTpaToc-
depbl ¢ pocTOM BBICOTBI TTA/Ia€T. 3/1€Ch pac-
TIOJIOKEH CJION C MAaKCHMAJTbHON KOHIIEHTPa-
1eii 1oHOB 1 MoJteky1 o30Ha O (Ha BbicoTe
2050 KM), KOTOPBIA 3allMIIaeT Ha 3eMJie
BCe JKMBOE OT TYOUTETBHBIX YIbTPAdUOIeTO-
BBIX JIyueil. Mesky Tporocepoii n cTpaTtoc-
depoit umeercs TOHKWI TTEPEXOHBIN CJIOI,
MMEHYEMBbIH «TPOIONay30i».

Cocras HIDKHEH aTMocephI He Bcersia ObLI
TaKoil, KaKoil MbI ero BuAUM ceiiyac. B

HAYaJbHON CTAUN Pa3BUTUS 3eMJU U HBO-
JIOIMOHHBIX TIPOIECCOB B Grocdepe arMoc-
depa He comeprkasa cBOGOTHOTO KUCIOPO/IA:
OH BXOJIIJT B COCTAB YTJIEKHUCJIOTO ra3a. AHa-
JII3 TOPHBIX MOPOJI 3eMJIN MTOKA3bIBAET, UTO
COBPEMEHHBII coctaB arMocdepbl CO3Aan
JKUBBIC OPraHU3MbI: CBOGOHBIN KHCJIOPO.
HAUaJ TOSIBJSIThCS B aTMochepe MPUMEPHO
1,8 mapa ster maszan (Bospact 3eMan 0KOJIO
4,6 MaIpJL JieT) B pesyJibrare JIeHCTBUS MUK-
poopranusmos (6Gakrepuii), mepepabarbiBa-
IONIUX YTJIEKUCIIBII a3 B KUCIOPOJI, HATHYHE
KOTOPOTO MPUBEJIO K BO3SHUKHOBEHUIO O30H-
HOTO Tosica. CO3/1aIuCh YCIOBUS ISt TIOSIB-
JIEHUsT PA3HOOGPA3HBIX JKUBBIX OPraHM3MOB
U PaCTeHWil, JKU3HEIEsTeTBbHOCTh KOTOPBHIX
cBsi3aHa ¢ 1epepabOTKON MO/1 JIefiCTBUEM COJI-
HEYHOU 9HEPTUH YIJIEKUCIOTO Ta3a atMocde-
PBl B YIJIepoJl OPTaHUYECKUX BEIUIeCTB U B
kucaopos. HiskHsiss atMocdepa COCTOUT B
ocHosHoM 13 azoTa (= 78,08%), xuciopoaa
(=20,9%), aprona (= 0,9%) u cMecu B Ma-
JIBIX KOJIMYECTBAX YIJIEKHUCJIOTO ra3a, HeoHa,
reJius, MeTaHa, KPUIITOHA, KOTOPbIE ONTHYEC-
KU TIPO3PAYHBI JIJIs1 MHDPAKPACHOTO U3JIyYe-
HUSA.

Bepxneit armocdepoii Ha3bIBAIOT BHEITHIOKO
YacTh ra30Boil 0GOJOUKN 3eMJIH, TPOCTHPA-
foryiocst ot BbicoT mopsiaka 50 — 60 kM 10
PACCTOSTHUI B HECKOJIBKO JECITKOB 3€MHBIX
paanycoB (Ry =~ 6370 kM). BepxHiowo arMo-
cdepy YCITOBHO MOAPABIETSIIOT HA PSIT TTEpe-
KPBIBAOIIXCS CJIOEB C HEPE3KUME IPaHUI[A-
mu: Mesocepa (90 kM < R <150 kM), Tepmo-
cepa (150 kM < R <1000 kM), ak3zocdepa
(1000 kM < R < 1500 xm), norocdepa (1200 kv <
< R <1800 k™), mrazmocepa (1600 kv < R <
< 4R3), marnutochepa (4R; < R <30Ry),
mpuYeM TPHU TepBbie cepbl CBSI3BIBAIOT C
HEHTPaTBHBIMI YACTHI[AMH, & TP TTOCTELYI0-
He — ¢ 3apsKEHHBIMU, a IMEHHO HOHAME U
BJIEKTPOHAMH, 00PA30BABIIIMICS B PE3YJIb-
Tare MOHU3AINK aTOMOB U MOJIEKYJI COJTHEY-
HBIM U3JYYEHUEM WJIM 4aCTUIIAMHU BBICOKMX
SHEPIHii.

3HaHUA 0 COCTOSHUN BepXHel armMocdeps,
yMeHUEe MPOrHO3UPOBATH €r0 U3MEHEHHs He-
06XO/INMBI YEJIOBEUECTBY B TaKoii ke crere-
HU, KaK TPOTHO3 MOTO/IbI M KIUMATa, OMpejie-
JIIEMBIX COCTOSTHUEM HIDKHEH aTMocdepsl.
OT cKJITaJIBIBAIONINXCST B BepXHEi atMocdepe




8 KBAHT

YCJIOBHII B HEKOTOPBIX Y3JIOBBIX O6JIACTIX
JKU3HEIEATEIHHOCTH COBPEMEHHON ITUBUJIN-
3aIM’ 3aBUCHT OYE€Hb MHOTOE, B YACTHOCTH —
pa6oTa BCEBO3MOXKHBIX CHCTEM DPa/IOCBSI3H,
HA/IeKHOCTD JIMHAT 3JIeKTPOTIEPEAad 1. .. JasKe
3/I0pPOBBE UesJoBeKa. KocMmIeckyio Moromy
HY’KHO TIPE/ICKa3bIBaTh HE TOJBKO JJISI TOTO,
4TOOBI IPEAYIPEUTh 06 YIPo3e CIyTHUKAM
Wi KocMoHaBTaMm. Hampumep, WHTEHCHB-
HbIe OTOKU 3aPSIKEHHBIX YaCTHIL B HOHOC]E-
pe MH/YIUPYIOT CUIbHbBIE AJIEKTPUYECKUE TOKU
Ha MTOBEPXHOCTH 3eMJIM, KOTOPbIE MOTYT CO-
3/1aTh aBapUitHbIe CUTYAINH [IJIs1 Ta30TPOBO-
[IOB, CHUCTEM HABUTAIMM W CBSI3M, TPAHC-
opMaTOpHBIX TOACTAHINI, BBICOKOBOJIBT-
HBIX JIMHUH 3J€KTporepeadd u T.[I.

Yto6B! OIEHWTL BJISHUE YEJOBEUECKON
JIesITeIBHOCTH Ha OKPY’KAIOIIYI0 Cpefxy, He-
06XO0/IMMO BBISICHUTD, KaKNe 9HEPreTuIecKue
IPOIeCChl TIPOUCXOAAT B aTMocepe n Ha
MOBEPXHOCTH 3eMJIN U KAKOe YUIacTHe B HUX
OPUHUMAET WJIUH MOKET IPHUHATD YeJOBEK.
[Tpu aToM Gy/ieM yYUTHIBATD HEKOTOPbBIE M-
nupuyeckue pakTbl KOCMIYECKOTO HAGJTI0/Ie-
HUS 06 9HEPTETUKE BO3/IEHICTBUST COTHEUHOTO
U3JTyYeHUsT HJIEKTPOMATHUTHON SHEPTUU Ha
cucreMy 3emasg—aTMocdepa.

OO011en3BeCcTHO, YTO TIPU MTPOXOKIEHUH
COJTHETHOTO M3JIyUeHNSI Yepes3 3eMHYI0 aTMOC-
(hepy OIHOBPEMEHHO TPOUCXOIAT TPU TIPO-
iecca 3Hepronpeo6pasoBaAHI:

1) orpaskeHue OKoJI0 34% COJHEYHOTO U3-
Jayuenust o6patHo B Kocmoc (oGmakamu u
camoit atMocdepoii);

2) norsotenne okoJio 19% cou-
HEYHOTO U3Jy4eHust aTMocdepoit,
KOT/JIa 9HEpTHsl nepepabaTbIBaeT-
cst armocepoit u ussydaercs: 06-
paTHO B KOCMHYECKOe TPOCTPaH-
cTtBO B BuAe TemtoBoro (mudpa-
KPACHOTO) M3JTyYeHUs;

3) nporyckanme okoJ10 47 % cot-
HEYHOTO W3JIYYEHHs] Ha IMOBEPX-
HOCTHh 3eMJIU U OTPAXKEHHNE OKOJIO
20% ero 06paTHO B KOCMOC B BH/IE
UHOPAKPACHOTO U3JTYUEHS.

B pesyabrate Bcero 27% coJ-
HEYHOTO W3JIyYeHNUsI, IMOCTYIaio-
IIeTO Ha 3eMJTIO0 N3 KOCMUYECKOTO
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Ha JCIIapeHue U HarpeB BOJIbI, HAIPeB aTMOC-
depnl, o6pazoBaHme BETPOB, BOJH, TEUCHUI
u T.10.

Ecam mpeamnoso:xuTh, 4To mpeobpasoBa-
HUE TETJIOBON dHEPTUU B PabOTy TPOUCXO-
IUT B 0OpATUMBIX Ipolieccax, To Koaddu-
IIMEHT II0JIE3HOTO JeHCTBUS 1 TPUPOIAHON
tenyioBoit Manmmmabl  CosHile—atMocdepa—
3emuist, pabouuM TEJIOM KOTOPOU SIBJISIETCSI
armocdepa 3eMun, ope/IesseTcs 10 U3BECT-
HO# dopmye
Tc —Ts

. -
3necy T =t + 273 — Temmeparypa 1o IIKaJjIe
Kenpsuna, {- = 6200 °C — cpenas temiepa-
typa nosepxHoctu CouaHua u t3 =15 °C —
cpenHgs TeMIeparypa MoBepXHOCTH 3eMJIH,
KOTOPBIE BBIPAJKAIOTCS B rpajgycax Llembcns.
Ecam B mporiecce mpuxo/a n yxoza mpeobpa-
30BaHHOTO COTHEYHOTO N3JTyYeHNUS CYIIECTBY-
IOIMUIl dHEpTeTHYecKuil 6ajaHC B CHCTEMe
3emug—aTMocdepa B 11eJI0M He MEHSIeTcsl, TO
" KJIMMaT Ha 3eMJie He MeHsIeTCs. A M3MeHe-
HIe KIUMaTa MPOMCXOJUT B pe3ysbTaTe Ha-
PYIIEHNS sHEPTeTHUecKoro GasraHca.

W3 pucynka 2 BUJHO, KaKyIO POJIb UTPAET
arMocdepa Kak MCTOYHUK HMHMPAKPACHOTO
U3JyYeHNsT B TETIOBOM GajlaHCEe CHCTEMBI
3emra—atMocdepa. Bynem cuntars, uTo us-
JydeHHe ¥ TIOTJIONIEeHNe B MH(MPaKpacHO
YACTH CTIEKTPa MPOMCXO/AT B HIDKHEH aTMOC-
(pepe BBICOTOH HECKOTIBKO AECSTKOB KHJIO-

T]:

METPOB, I'/le COCPEOTOUEHA TPAKTUYECKH BCST
ee macca. Hwxnuil u nambosee ILJIOTHBII

IPOCTPAHCTBA B 11eJIOM, 1Ipeo0pa-  Puc. 2. CXeMaTn4eckas uiviocTpaums TeMioBoro 6aiarHca cucre-
3yeTCs B 9HEPTUIO, KOTOPast UAET Mbl 3eMIa—aTMocpepa
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caoii (Tpornocdepa), mpocTUpAIOIIUIACS 10
BBICOT TOps/iKa 8—10 KM B BBICOKMX MIMPOTAX
n 10 16—18 KM B sKBaTOpHUATHHOM IIOSICE,
coziep:RuT 0K0J10 80% Macebl Beeii atMocdepbl
U XapaKTepu3yeTcs TOYTH JTMHEHHBIM pacipe-
neserreM (yMeHbIIEHUEM) TeMIepaTypbl ¢
BbIcoTOIl. JlomycTHM TakKe, YTO TeIJIOBble
[IOTOKU PABHOMEPHO PACIIpPe/IeIeHbl 110 T10-
BEPXHOCTH 3eMJIH, T.e. BCe OCHOBHBIE dHepre-
TIYECKUe [TPOIIECCHI yCPeIHeHbl, U 4TO B 06J1a-
cTu uHdPAKPACHOTO CHEKTPA 3eMJIs 1 aTMOC-
depa n3ayvyaoT Kak abCOMOTHO YEPHOE TEJI0
(4TO ZOCTATOYHO XOPOIIO OTPAXKAET Peasib-
HOCTH). A 9TO U3JIyYEHHUE TOMUMHSIETCS 3aK0-
ny Credana—BoJbiMana: sHeprus, HCIycKa-
eMasl ¢ eJIITHUIIBI TIOBEePXHOCTH aGCOTIOTHOTO
YepHOTO TeJa B €AUHUILy BPEMeHHU, paBHa

J=oT", e 6=587-10 Br/(v* - K*) -
nocrosuuas Credana—bBoabpimana, a T —
TeMIepaTypa IMOBEPXHOCTU WU3JIydaTessi B
KeJIbBUHAX.

YcioBre TEIJIOBOrO0 PaBHOBECHS CHCTEMbI
3emsisi—arMocepa BbIPAXKAETCS CJIe/ Y IO
MU YDaBHEHUSIMU:

Jo = /i,
J() +.]2 = .13.

3mech Jy — TOTOK COJTHEYHOTO W3JTydYeHUs,
COCPE/IOTOYCHHDIN B OIITHYECKOI YaCTH CIIEeK-
Tpa U CBOGOJIHO ITPOXOJAIINIT Yepes aTMocC-
depy; J; =0T — norox undpakpacHoro
U3JIy4eHns aTMOChepbl 3a MpeJiebl 3eMJIH,
T, — Temmeparypa BepXHeil 4acT! H3JIydaro-
ITIETO CJIOST TIPUTIOBEPXHOCTHOTO CJIOST aTMOC-
depsr; J, = c5T24 — IIOTOK U3JIy4YeHUS aTMOC-
¢eps! Ha moBepxHOCTD 3eman, T, — TeMIepa-
Typa MPUIIOBEPXHOCTHOTO CJIOSI aTMOC(EPDI;
J3 = 6T4 — noTOK MH(MPAKPACHOTO M3Tyde-
HUSI, UCITyCKAeMOTrO TIOBEPXHOCTBIO 3eMJIH,
T; — cpennsig Temrmeparypa IIOBEPXHOCTH
3eMJn.

[TockoJsbKy TeMmieparypa HUXKHEH aTMOC-
depbr yobiBaer ¢ Boicotoit (T, >T;), TO
Jy > Ji. Crenyer ormerutb, uro T; u T,
OIIPEJICJIAIOTCS HE TOJBKO PAJHAIOHHBIM
N3JIydeHneM, KaKk MeXaHN3MOM Tepe/Iaun TeTl-
Jla, HO ¥ IPYTHMH TPOIeCCaMN, TJIaBHBIM W3
KOTOPBIX SIBJISIETCSI KOHBEKTUBHBIN IIEPEHOC
TeIJIa M3 HIDKHETO U IJIOTHOTO CJIOST aTMOC-
depnt B crpatocdepy. Temmbtii Bo3ayx Jerde

XOJIO/IHOTO, TI0ATOMY OH ITO/IHUMAETCS BBEPX,
a XOJIOHBIN orycKaercst (Ha pucyHKe 2 910
crpesiki 1 1 2 COOTBETCTBEHHO) — BO3HUKAET
KOHBeKIMs. Tenblii BO3/yX HeceT ¢ coOoit
OT TIOBEPXHOCTH 3eMJIH BOJISIHOM 1ap — BasK-
HBIN TTApPHUKOBBIN Ta3. YeM Temsee BO3AYX,
TeM 0OJIbITTIE OH MOJKET «BMECTHTDb» MOJIEKYJT
Bo/ibl. [logHUMAsICHh M OCTBIBASI, TIap KOH/IEH-
cupyercsi — Tak HOPMUPYIOTCsT 06TaKA.

Usycnosus J, > Jycnenyer, utocTy > 2],

win Ty >1,2(]0/0)1/4. Ecau mpezcraButh,
4yTo aTMocdepa 3eMJIH OTCYTCTBYeT IJIN K
OHa ONTHYECKN IIPO3pavHa B HH(MPaKpPaCcHOi
006JaCTH CIEeKTPa, TO YCJOBHE TEIIOBOTO
paBHOBeCHsSI 3eMJIM C OKPYKAIONUM IIPO-
crparcrsoM gaer Jy = 0T, 1.e. Ty = (]0/0)1/4.
[losy4aercs, 4To HMPHUCYTCTBHE aTMOCKEPSLI
MPUBO/INT K HATPEBAHUIO TIOBEPXHOCTH 3€M-
JM, TaK KaK CO3/laeTCs JIOIMOJHUTEJbHbBIN
TOTOK 9HEPTHUH 1 TTOJTHASI MOIITHOCTD 9HEPTHH,
IPUHIMAEMON TOBEPXHOCTBIO 3eMJIH, CyIIe-
CTBEHHO TIPEBBIMIAET MOIIHOCTh 3HEPIUH,
nocblaemoil Ha 3emuio Coustniiem. Takoe
SBJIEHUE HOCUT Ha3BaHUE ITAPHUKOBOTO 3h-
dexra. Coe nazBanue 3HEKT MOTYIUT IO
SABJICHUAM B TEIUINIAX, MEPEKPBITHIX CTEK-
JITHHBIMH KPBIIIAMHI, TOCKOJIbKY CTEKJIO TOKE
JIETKO TIPOIYCKAaeT COJIHEYHOE M3JIydYeHue B
BIJINMOI 4YacTH CIIEKTPA, HO 3a/lep>KUBaeT
nHdpakpacHoe. OmaHako TJaaBHBIH 2] deKT
BCeX TEIIMIl W TIAPHUKOB B JIDYTOM — B
IPE0TBPAIIEeHNN KOHBEKTHBHOTO TIePEMeTITH-
BaHUS 3AIOJIHSION[ET0 UX BO3/yXa ¢ HApysK-
HBIM BO3/JYXOM: KaK TOJbKO OTKPBIBAIOTCS
OKHA TeIJIMIl 1 BOCCTAHABJIUBAETCS CBA3b C
BHEIIHUM IIPOCTPAHCTBOM, Cpasy ke IIpoma-
JIaeT U TAPHUKOBBIN 3P deKT.

BnusiHue 3arpsisHeHMs aTMocdepbl
Ha Tennosown GanaHc

Ha ceromusmmnii eHb HACYIIHBIM SBJISIET-
Cs1 TAKOIl BOTIPOC: KaKue TpeieTbHbIe MOIITHO-
CTU WMCKYCCTBEHHBIX HCTOYHWUKOB TEILJIOBOI
9HEPTUU MOKHO BbIPaGaThIBATh HA MOBEPX-
HOCTH 3eMJIH, He Hapylras TeIJIoBOil 6aTanc
cucremMbl 3emisi—armocdepa?

B coBpeMenHOIl HAyuHOW JUTEpAType MpU-
HSATO CUYUTATH, YTO HEOOPATUMBIE TTPOIIECCHI B
6rocdepe MOTYT HAYATLCS TMOCJE TTOBBITITE-
HUS CpelHell TeMmepaTypbl MOBEPXHOCTH
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3emun nipumepro Ha 1,5 rpajgyca. OneHum,
KaKue JOMOJHUTETbHbIE MOITHOCTH TEILJIOBO-
TO U3JTyYeHNsI, BbI/IeJIsieMble Ha TOBEPXHOCTH
3eMuH, TIpUBEIYT K M3MEHEHUIO ee TeMIiepa-
Typbl Ha AT = 1,5 rpan.

[Tpu moBbITIIEHNHN TeMIIepaTypbl TOBEPXHO-
ctn 3emusn Ha BenmuanHy AT TOTOK mHpa-
KPACHOTO WU3JIyYeHHsI, UCIIYCKAeMOTO C II0-
BepxXHOCTH 3eMJii, ompe/essiercs (cormacHo
sakony Credana—Bosbimana) o dpopmye

J3 =o(Ty +AT)" = oT4 14 48T
T3

CoO0TBETCTBEHHO, OTHOCHUTEJIbHOE N3MEHEHNE
ITOTOKA UCITyCKAeMOT0 N3JIyueHns 6yeT paB-
HO

Al _4AT

J3 T3
MormmocTb TOTOKA MHQPPAKPACHOTO U3JTyUe-
HUSI, MCIYCKAEMOTO ITIOBEPXHOCTbIO 3eMJIH,
COCTaBJISIET

W = J3S = 4nR3 ],

rie Ry = 6370 kM — cpejiuuii pajuyc 3eMn.
Ecmu cuurarh, 4TO CpeiHssS TeMIeparypa
nosepxuoctu 3emun T3 = 288 K, to nosyua-

ercst, uto W = 2,210 kBr. A suauunr, npu
MMOSIBJICHWH Ha 3eMJie J[OMOJTHUTEIbHBIX HC-
TOYHMKOB 9HEPTUM MOIHOCThIO AW =
~3,6-10" kBr TeMrepaTypa TOBEPXHOCTH
3emun mogauMaetcs Ha AT = 1,5 rpan.

CoBpemMenHasi MOIL[HOCTb HEPIHM, BbIpa-
6aTbIBaeMoil Ha 3emJie, JOCTHUIIa BeJTNYNHbI
0,5-10" kBr. Ecomn COXPAHUTCST POCT MUPO-
BOIl 9HEPTreTUKN, HAGJII0/IaeMbIil B TIOCJIETHITE
necatierus (5—7% B roj), TO BeJUYMHA
AW Gyner JOCTUTHYTA B KOHIIE HACTOSIIETO
crosierusi. [Ipu atoM crieryer oTMETUTD OTHO
BasKHOE 06CTOSATEIBCTBO. [lomyuennas oren-
Ka AW siBJISIeTCS CIIPaBe/IJINBOIL, €CJIi COBpe-
MeHHasi 9HepreTHKa He CBsi3aHa ¢ IpoIecca-
MU, TPOUCXOJSIIUMU TPU TOTJIOMEHUH |
ucnyckanuy sneprun 3emJeit. Ho tax kax
3Ta HHEPreTUKa 4YaCTUYHO BIUCHIBAETCS B
OONIMIT UK SHEPTETUYECKUX IPOIIECCOB C
yuactueM 3eMJid, TO Ipe/esibHOe 3HAYEHUe
BBIPAOATHIBAEMON MOTIHOCTH 3HAUYUTETHHO
BBIIIE TTPUBEICHHON OTIEHKH.

Onun u3 HanboJiee BO3MOKHBIX TTyTeil BO3-
JIeiCTBUS YeJIoBeKa Ha KJIMMaT 3eMJI MOKET

2021 /Nel1-12

OBITH CBSI3aH C MCKYCCTBEHHBIM N3MEHEHUEM
OTNITUYECKWX CBOWCTB HIDKHEH aTMocdephl.
OcobGeHHoCcTb COBpeMeHHOiT atMocdepbl 3eM-
JIM 3aKJII0OYAeTCsT B TOM, UTO OCHOBHBIE ee
KOMITOHEHTBI — a30T, KHCJOPOJ M aproH —
MPO3PAYHBI KaK B ONITUYECKOI, TaK W B MH(-
pakpacHoif yactn crektpa. llosaTomy namyda-
TeJbHBIE W TOTJIONIATEJbHbIE CBOWCTBA aT-
Mocgepbl ONpeeTioTcss TazaMu, KOTOpbIe
MIPUCYTCTBYIOT B atMocepe B MAJIBIX KOJIH-
4eCcTBaX, U IPUMECSIMHU.

B undpakpacHoil obsactu creKkTpa m3JIy-
yaresbHbIE CBOWCTBA aTMOC(EPHI B OCHOBHOM
06y CJIOBJIEHBI COOTBETCTBYIOIIUMHE TIEPEXO-
JTaM7 T3 OJTHOTO SHEPTeTHYECKOTO COCTOSTHUS
B pyroe Mosieky.1 Boasl (H,0), yriekuciio-
ro raza (CO,) u o3ona (O3). ArmocdepHbrii
030H TOTJIONAET SKECTKoe YJIbTpadnoJieTo-
BOE MBJIyYEeHUE C YACTOTOH OOJIbIITe 10" T,
KOTOPOe, KaK MbI 3HaeM, aryOHo /ieficTByeT
Ha JKuBBIe opranusMbl. Kpome Toro, atMoc-
(epHblii 030H YACTUYHO TOTJIONIAET COJHEY-
HOE u3Jiydenue B yabTpaduoIeTOBOMI U ONTH-
YecKoil 06JIacTSIX CIEKTPa, TeM CaMbIM 06ec-
MeynBasl TOBBINIEHNE TeMIIepaTypbl B CTpa-
tocpepe u Mesocdepe (ma BbicOTax 20—
30 &m). IIpoGiema arMochepHOro yriaekuc-
JIOTO Ta3a 3aKJII0YAETCS B BBISCHEHUN TIPUYNH
€To HaKomeHusT B aTMocdepe. Hempepnis-
HBI MOHUTOPUHT aTMOC(EPHOTO YTIEKHICIO0-
TO Ta3a, MPOBOJMMBIN YUEHBIMH, TIOKA3bIBA-
€T, 4TO KOHIIEHTPAITIS MOJIEKY.JI YTJICKACIOTO
raza B arMochepe MOHOTOHHO YBEJTMYMBACTCS
(ecmu He yUUTHIBATH CE30HHBIX OCIIUJIJISIIININ ).

B ocHoBHOM UMEIOTCST [BA MEXAaHU3MA JIJIs
POCTa KOHIIEHTPAIIUH YTJIEKUCIOTO Ta3a. Bo-
MEepPBbIX, B pe3yJbTaTe JOObIYM U UCIIO0JIb30-
BaHUsl rOPIOYNX HMCKonaeMbix (yris, Hedru,
IIPUPOHOTO Taza, Topda) yrieposa u3 Heap
3eMJIM BKJIIOYAETCS B PaBHOBECHE MEXKIY
VIJIEKUCABIM Ta30M aTMochepbl W CBSI3aH-
HBIM YTJIEPOJOM Ha MOBEPXHOCTH 3EMJIH.
TeMm cambIM, yBesMuMBaeTCs U Macca yrije-
KucJgoro raza B armocdepe. Bo-BTopbix,
BbIpyGaHe U TOPeHHe JIECOB IIPUBOIUT K
YMEHBIIEHUIO CKOPOCTU (DOTOCHHTE3A U, CO-
OTBETCTBEHHO, K YBEJUYEHWIO MACChl yTJie-
KIICJIOTO rasa B atMocdepe.

BosHuKaeT BaKHBIN BONPOC: MPHU KaKUX
KOHIIEHTPAIUSAX MPUMECH 3TO BJIMSIHIE CTa-
HET 3aMETHBIM M MOKET OTPa3UThCs HA Tell-
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JIOBOM OGasance cucteMbl 3emusi—atMocde-
pa? I/t OLEHOYHBIX pacyetoB Oy/eM CUH-
TaTh, YTO CIIEKTP MOJIEKYJI, KOTOPbIE J00aB-
JsioTest B atMocepy B pe3yJibrare yesioBe-
YeCKOI JIesITeIbHOCTH, HE TTEPEKPHIBAETCST CO
CIIEKTPOM TTOTJIOMEHUS MOJIEKYJT IPYTUX KOM-
MOHEHTOB TPUPOIHOI aTMocdepsl, T.e. 10
BBeJleHUs J106aBKU aTMocdepa po3padHa B
TOW 00JIACTU JIJTMH BOJIH, KOTOpble addek-
THBHO TIOTJIOINIAET M U3JIYYAeT 3Ta KOMIIOHEH-
ta. llosiBieHne paccMaTpuBaeMoil MOJIEKY-
JISPHOI IOGABKH TIPHBOIUT K TOMY, UTO HEKO-
TOpast I0Jisl TOTO M3JIYYEHUS MOTJIOIAETCST
atMocdepoii, a 3aTeM, MOCJT€E BBICBEUMBAHUS
BO30Y3K/IEHHDBIX MOJIEKYJI, YACTUYHO BO3BPa-
MAETCST HA TOBEPXHOCTh 3€MJIH, T.€. YBeJH-
YHBAIOTCS HEPTHS, MTOTJIONAEMAsT TIOBEPXHO-
CTPIO 3eMJIN, U TeMIIepaTypa caMoil MOBEPX-
HOCTH.

OtennM, Kakas KOHIIEHTPAIUs TPUMECH
o0ecreunBaeT MOBBINIEHNE TEMIIEPATYPBI M0~
BepxHocT 3emun Ha AT TpamycoB. 3a cyer
[IPUMECH HA [TOBEPXHOCTb 3eMJIN B eIUHUILY
BpeMeHH MOIa/[aer sHeprusi HHGPAKPACHOTO
U3JTyYeHNUs], paBHAsT

N (x)ho

2t
rae N (x) KOHI[EHTPAIMsl M3/Iy4alolHX
MOJIEKYJT TIPUMECH Ha BBICOTE X PaccMaTpH-
BaeMoro cjost atMocgepbl HaJl MOBEPXHOC-
Tbi0 3emun, 1/T— dacTtora BbICBEYMBAHUSI
BO36Y>KIEHHON MOJIEKY.IbI, /) — SHEPrus nc-
myckaemoro (otona, i — nocrosunas [Lnan-
Ka, O — 4acTOTa I[eHTPa 30HbI MAKCHMAIbHO-

1
TO N3JIy4€HUA MOJIEKYJT ]IOéaBKI/I (MHO)KI/ITGJII) E

YUUTBIBACT, YTO TOJDBKO TIOJIOBUHA NCITyCKae-
MbIX (l)OTOHOB HallpaBJIAETCA B CTOPOHY 3eM-
JII/I). II1oTHOCTD TIOTOKA JIOIOJHUTEJIHHOTO

M3JIyueHns 3a cYeT npuMeck Oy/eT paBHa
L
= h—mIN (x)dx,
T
0
N (x)=N(0)exp _ho
21

(3necp N (0) — mI0THOCTD BO3GY3K/CHHBIX
MOJIEKYJI TIPUMECH Y TOBEPXHOCTH 3eMJIH,
L — BoicoTa Huxkneit armocdepsr). C yuerom
CBSI3W OTHOCUTEJIHHOTO U3MEHEHUSI IIJIOTHOC-
TH HOTOKA JIONOJHUTEIBHOTO U3JaydeHust AJs
¢ TIOJIHBIM TIOTOKOM J3 mosrydaem

AT _h h
4y o “’jN(o —2—‘:’ dx.

ITO COOTHOIIIEHUE y'CTaHaBJ'II/IBaeT CBSI3b MEK-
JIy KOHIIEHTpAIliell MOJIEKyJl IIPUMECH Ha
nosepxtoct 3emsn N (0) u usmenenuem
TeMIepatypbl moBepxHoctH AT, Koropas
CO3/1aeTCs ATOM TIPUMECDHIO.

Takwmm 06pa3oM, MbI BUINM, UYTO COCTOSTHIE
3eMJ KaK OTKPBITOW 9HEPTOCHCTEMBI CUJTb-
HO 3aBUCUT OT arMmocdepbl. 3arpsi3HeHue
aTMocdepbl YeJOBEKOM IIPH COBPEMEHHOM
[IPOU3BO/ICTBE B COCTOSIHUN U3MEHUTD TETLIO0-
Boil GajaHc cucreMbl 3emisg—aTmocdepa.
Hamnpumep, kaumat 60JIbIINX TOPOJOB B Ha-
CTOsIIIlee BpeMsI 3aMeTHO OTJINYAETCS OT KJIH-
MaTa OKpY>Kalollell ero MeCTHOCTH, UTO CBS-
3aHO KaK C JIOTIOJTHUTEJbHBIM BbIJEJIE€HIEM
9HEPIUH, TaK U C U3MEHEHIEM COCTaBa PacIo-
JIOXKEHHOIT Ha/1 ropozioM aTMocdepsl. Mcce-
JoBaHusT aTMocepbl U KauMaTa OOJIBITIX
ropos1oB (0COGEHHO MUPOBBIX TTPOMBINIJIEH-
HbIX HEHTpOB) TIO3BOJIAET YCTAHOBUTDH TEH-
JIEeHIIUN U3MEeHeHIs KJInMaTa Beeil 3eMJIH IIOJT
BJIMSTHUEM YEJIOBEYECKO /IeITeTbHOCTH 1
[IOCTAPATbCS IPEAOTBPATHTD HEXKeTaTeIbHble
U3MEeHeHus] KIUMara.

7
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SAJAYHUK «KBAHTA»

3a4a4u
Mo MaTeMaTuke N Pusnke

3roT pasaen BegerTcs y HaC N3 HOMepa B HOMEP ¢ MOMEHTa OCHOBaHMsA Xy pHana. [Tybnvkyemsie B
HeM 3a[ayn HeCTaHAapTHbl, HO AN UX PELUeHUs] He TPebyeTca 3HaHuV, BbIXOZALUMUX 33 paMKu
LUKO/IbHOW riporpammsl. Hanborsnee TpyaHble 3a4a41 OTMeYaloTcs 38e3404Kk0u. [Tocne ghopmynpoBku
3a4a4u Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPeasIoxus1. PazyMeeTcs, He Bce 3Ty 3a4a4u1 y6nKkyrorcs
Briepssle.

Peluenns 3aaa4 o mMareMatnke U @usnKe U3 3Toro HOMepa C1eAyeT OTMPAB/IATL 10 3/IEKTPOH-
HbIM agpecam: math@kvant.ras.ru n phys@kvant.ras.ru cooTBeTCTBEHHO U/IN I10 1OYTOBOMY aAPECY:
119296 MockBa, JleHnHckmi npocriekt, 64-A, «KBaHT».

YanoBus Kaxxaodi opurvHanbHou 3agayqu, npesiaraeMod A nybnavkauyny, BMecrte ¢ Bawwwim

peLueHuemM 3Tov 3a8a4u MpUCbIIauTe 1o TeM XXe aapecam.
3anayn M2674-M2677 n M2679 nipeanaranacb Ha XLl TypHupe roponos.

ABrop 3aga4y P2681-P2688 — A.Bnacos.

3apaun M2674-M2681, ©2681-D2688

M2674. Tan orpesok [0; 1]. 3a xon paspema-
ercs pas6uTh M060I 13 HMEIOIINXCS OTPE3KOB
TOYKOIl Ha JIBa HOBBIX OTPE3Ka U 3allkcaTh Ha
JIOCKY TIPOM3BE/IeHHE JITHH 5TUX JBYX HOBBIX
orpeskoB. JlokaxkuTe, 4TO HU B KaKOil Mo-
MEHT CyMMa YHCeT Ha JI0CKe He ITpeBbIcuT 1/2.

M. JTyxun

M2675. B oaHOil M3 KJETOK IIaXMaTHOI
nocku 10x10 crout naapd. Ilepexonsa kax-
JIBIM XOJIOM B COCE/THIOIO TI0 CTOPOHE KJIETKY,
oHa 000IIJIa BCe KJETKH JIOCKU, TTOObIBAB B
KaXk/I0fl pOBHO TIO OTHOMY pa3dy. Jlokaxnre,
YTO I8 KayKJIO0H TJIAaBHON JMAroHaJu JOCKKI
BEPHO cJeayloliee yTBepsKAeHne: B MapIipy-
Te JIaJ[bU €CThb JBa II0CJIeJ0BATEJIbHBIX X0/1a,
MEPBBIM M3 KOTOPBIX OHA YIILJIA C 3TOH Jaro-
HaJIi, a CJIeyIoNMM — BEpHYJach Ha Hee.
A.Tpubarko

M2676. Buyrtpu mapamienrorpamma ABCD
B3gTa Takasg Touka P, uro LPDA = ZPBA
(puc.1). Ilycth m; — BHEBIUCAHHAS OKPYIK-
HOCTDb TpeyroJbHUKa PAB, nexarias Harpo-
. TUB BepmmHbl A, a
0, — BIIUCAHHAS OK-
PYJKHOCTb TPEYTOJIb-
nuka PCD. Jlokaxxu-
Te, YTO OJHa M3 00-
MIUX KacaTeJbHBIX K
W T 0, TapajyieTbHa
A D AD.
pac. 1 H.Dponos

M2677. Ha crose B psj aexkar 20 1mioniex
¢ caxapom 1 20 ¢ Kopuiledl B MPONU3BOJIHHOM
nopszake. Magpim 1 Kapscon 6epyt ux 1mo
odepenn, HaumHaeT Masbiii. 3a X0/ MOKHO
B3$ITh OJIHY ILTIOIIKY C JII060r0 Kpasi. Masbiii
X04eT, 4ToObl €My B UTOTe J0CTAJOCh II0
JIeCSITh TUTIOTIEK KaskI0To Buaa, a KapJcon
MpITaeTcsl eMy rnomeniarb. [lpu so6om Jn
HAYAJTbHOM PACIIOJOKEHUHN TLTIOITEK MaJIbIii
MOJKET JIOCTUYb CBOEil IleJ, Kak Obl HU
netictBoBas KapJsicon?

A.Tpubanxo

M2678. [lau tpeyrosbuuk ABC. Ilycts A’
B’, C’ — cepeaunnl cropon BC, CA, AB, a
O,, O, O, — 1eHTpbl OKPY>KHOCTEIl, onncan-
HBIX OK0JI0 Tpeyroibnukos CAC’, ABA’,
BCB’ coorsercreenno (puc.2). Jlokaxure,
yro TpeyroabHuku ABC 1 O,0,0, 1o106HbI.

HAon Jlyy ( Bvemnam)
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M2679. Ha nocke narnucano gucJyo 7. Ilera
u Bacs o oyepeu NpUImChIBAIOT K TEKYIIE-
MYy YHCJy 10 ofHOH mudpe, HaumHaeT llers.
[lndpy MOKHO TPUMHICATD B HAYATIO UNCTA
(KkpoMe HyJs1), B €ro KOHEI WJIM MEXKIY
mo6eivu 1ByMs mudpamu. [lob6esxmaer ToT,
MocJie Ybero XoJa YWCJI0 Ha JIOCKe CTaHeT
TOYHBIM KB/I[paToM. MOKeT Ji KTO-HUOY/Ib
rapaHTUPOBAHHO TOOEUTD, KaK Obl HU UTPAJI
COTIEPHUK ?

A.Tpubarxo

M2680. [lns marypaiabHOro n >1 paccMort-

pUM TIPaBUJbHBIN (2"—1)—yr0ﬂbHI/IK

AgAy Ay ... Ayn_y. JlOKaKuTe paBEHCTBO
1 1 1 1 1
= + + +.o+ s
AAy Agdy  AgAy AgAg Ay Ayt

Jle Xoanz, Hzo Txaii ( Bvemuam)

M2681. Haiigure Bce mapbl MOJIOKUTEb-
HBIX PAIHOHATBHBIX YHCET d < b TaKue, 4To
a _ 1.b
a’ =b".
U./lopogpees

®2681. ToHKoe ynpyroe KOJbIIO PACTIHYTO
U HajleTo Ha TIajKyio cdepy (coBMeleHo ¢
BEPTHUKAJIBHBIM 9KBaTOpoM; puc.3). Tak Kax
COCTOSHME KOJbIIa He-
YCTOHYMBO, TO B HEKO-
TOPbIN MOMEHT OHO CPbI-
Baercss M JABIDKETCS B
TOPU30HTAJBHOM Ha-
npasienuu. Onpejenu-
Te KOOP/MHATY KOJIbLA
B MOMEHT TOKUJIAHWS
cepor. Cunraiite gan-
HBIMH CJIe/IyIOoNe BeJUYWHb: R — paamyc
cdepsr, R/2 — paanyc Kosbiia B HegehopMu-
POBAHHOM COCTOSHUHU, Kk, — Koadduiment
YIIPYTOCTH €IMHUIIBI JITMHBI MaTepraJia KOJIb-
na. Cdepa 3akpensena, TpaBUTAIUSA OTCYT-
CTBYET.

Puc. 3

M2682. Yupyras u o4eHb JeTrKas MIACTIHA,
uUMeIomasl Ha KOHIIAX OJMHAKOBbIe MaJeHb-
KH€e TPY3HKH, ypaBHOBEIIEHA Ha OIOpe U
MOXKeT coBepurath Kojebanus (puc.4). On-

/ﬁ\q

Puc. 4
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peJiesIiTe Iepro/ MajbiX KoJeGaHuii TaKoro
MagTHuKa. CunTaiiTe M3BECTHBIMU CJIEAYIO-
I{e BeJUYMHBL: 72 — Macca KaxJoro rpysu-
Ka, 2/ — inHa miaactunbl, Ry — Koaduiment
VIIPYTOCTH €IUHUIIBI JJIMHBI TLIACTHHBI, § —
YCKOPEHUE CBOOOIHOTO MajICHHUs.

d2683. TlpaBusbHasg nupamujia ¢ KBapar-
HBIM OCHOBaHHEM IITABAET BEPTHKAJIBHO B
BoJie «rosoBoil Buu3» (puc.5). Och cuMMeT-
PUH HPaMU/IBI OPTOTOHATBHA TIOBEPXHOCTH
BOJibI. [1TOTHOCTH MaTepHaia MHPAMUJIBI CO-
CTaBJIsIeT (3/4)3 oT 1I0THOCTH Bobl. OTtipe-
JIeJIUTE YTOJI MEK/LY TJIOCKOCTSMU TIPOTHBO-
MOJIOKHBIX TpaHeil mupamuapl (yron o Ha
pUCYHKe), TpU KOTOPOM ILIaBaHue Gy/er
YCTOWYUBDIM.

Puc. 5 Puc. 6

M2684. IlpoucxoauT yaap mapa u CUMMeT-
puuHOiT yro/ikoBoii miaactunbl (yria; puc.6).
[Tepex ynapom yrou mokontes. [ap sanera-
€T B YTOJI, CKOJIb3SI [0 ero TOPU30HTAJIbHOMN
creHke. OmnpeesnTe TEOMETPHIO U KITHEMA-
THKY (MEXaHUYeCKOe COCTOSTHUE) CHCTEMBbI
TeJT TmocJie abCOMOTHO YIpyToro yaapa. I'pa-
BuTanuu HeT. CKOPOCTD Mapa mnepes yAapoM
0y, Macca MIacTuHbl B 7 pa3 Gouibiie (MeHb-
1e) Maceol mapa. Touka yapa JesKuT BbITie
[EeHTPa MACC IIACTUHDI. TOJIIUHY [1JIACTHHDBI
cuuTaliTe MaJIoii 110 CPABHEHUIO C pa3MepaMu
ee KaTeToB U PAJUyCOM IIapa.

M2685. B o6bemMe mapoo6pasHOro M OHO-
POJIHOTO 0 IJIOTHOCTH aCTEPOU/IA TTPOUCXO-
JIUT BbiJlesieHue Tera. [11oTHocTh netouHn-
KOB TeI1a TIOCTOsTHHA BO BeeM oObeMe (usn-
Ka BBIJIEJIEHUST TETLIA OCTAETCST KOCMUYECKOMN
Taiinoit). OnpegeanTe MUHUMAJbHBIA paau-
yC acTepou/ia, Mpu KOTOPOM BEIIECTBO B €r0
1eHTpe Oy/IeT HAXOUTHCS B JKHIKOM COCTO-
SHUW. BHEIHUX MCTOYHWKOB TeIJa HeT.
CunraiiTe M3BECTHBIMU CJIC/IYTOIE BEJUYU-
HDI: TVIOTHOCTH MOTITHOCTH HCTOYHIKOB ¢, KO-
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(puienT TerIonpoOBOIHOCTH BEIIECTBA aCTEPO-
nja A, remieparypa massenus Ty, Koapduim-
eHT 4epHOTbI (KOa(MUIMEHT U3JTyYeHHs) 10-
BEPXHOCTH acteponja ¢, nocrosHuas Creda-

na—Bospimana 6 = 5,67 -10°° BT/(M2 -K4).
Crienalite YnCIEHHBIN pacyeT [ JKeje3a pu
q=1]bx/(c- %)\ = 92 Br/(m- K), Ty =1539 °C,
o = 0,9 Gkeneszo mmToe, HEO6pPabOTaHHOE).

M2686. [IBa mapasiesbHBIX TTPOBOJSIINX
peJsibca PAaCIOJIOKEHbl B TOPH30HTAIbHON
IJIOCKOCTH U 3aMKHYTBI Ha KOHJEHCATOP
(puc. 7). Ha pesbcax, neprueHuKyJIspHO
UM, JIEKUT TepeMbluka. B o6sactu mpo-
crparcTBa x>0 CyIecTByeT OJHOPOIHOE

B

f—’“ /4/

Puc. 7

MarHuTHoe I110Jie, IepIeHUKYJIIpHOoe I110C-
KOCTH CUCTeMbl. B HayaJbHbBIE MOMEHT Bpe-
MeHHM llepeMbluKe, KOTopas HaXOJAUuTcs B Ha-
vajie cucteMbl KoopanHaT (BOIM3M TPAHUIII
MarHuTHOTO TMOJIs), COOGIIAETCS TOPU3OH-
TaabHast CKOPOCTD vy. OlpesiesnTe XxapakTep
JIBUKEHUS [I€PEeMbIYKH B MArHUTHOM IIOJIE.
[onosnuresnbhble JaHuble: B — HHAYKLIUA
MarHUTHOTO II0JISI, 77 — Macca IePeMbIUKH, [ —
paccrogHue Mexkay pesbcamu, C — eMKOCTb
konzieHcaropa. ColpoTuBJIeHHE IIePEMbIUYKY 1
peJibcoB paBHO HyJ10. Tpenus B cucreMe HeT.

M2687. Cxarasg mpy:KUHA CTOUT Ha CTOJIE
(puc. 8). Tocse nepexxuraHuss HUTH, KOTO-
pagd ukcupyer Npy>kKMHy B CXKATOM COCTOSI-
HUU, IPY’KUHA PACIPAMJISACTC U HOIIPbITH-
BaeT Haj ctosioM. Onpejeure BpeMs B3au-
MO/JICHCTBUS TTPYKUHBI ¢ TOBEPXHOCTBHIO CTO-
Jla, BBICOTY, Ha KOTO-
pYyI0 <«B3JieTaeT» TCHTP
Macc MPY>KUHBI, U 9HEP-
THI0, KOTOPAsi OCTAaeTcs
B IIPY>KUHE B BUJIE dHEP-
ruu koJieGanmii. Macca
HOPY>KUHBL M, ee K0a(-
unment ynpyrocru &,
BeJIMYMHA HAYAJIbHOM J1e-
Puc. 8 popmanuu AL — u3BecT-
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Hble BeIMYnHbl. Permmre 3agady mpu BBITO-
HeHun coornorrenust kAL > mg.

M2688. Ilepennss creHka akBapuyMa sIBJIsI-
eTcst cobMpaloIeil TMH301, 3aHS CTeHKA —
3epKajo. AKBapmyM MOJHOCTBIO 3aJHT BO-
noii. Ilepen mepenHeil CTEHKON CTOUT 3aK-
sxennas cseya (puc. 9). Haiiaure mosmyio

Puc. 9

nHdopmarnmio 06 n306paKeHy CBEYN B JTaH-
HOW HeOOBIYHON omnTuyeckoil cucreme. Cun-
TaliTe W3BECTHBIMH CJIEAYIONINE BEJTMUNHBI:
F — doxkycHoe paccrosinne quna3sbl, L =4F —
JJMHa akBapuyMa (paccTosiHue MesKkLy JIMH-
301 W 3€pKaiIoM), n = 4/3 — mokasaresb
npesromaenust Bojnl, d = 4/3 F — paccrosinue
CcBeYN OT repejHeil creHku akBapuyma. Mu-
dopmartiust 06 U306paXKeHun AOKHA CONEP-
JKaTh KOOpAMHATY u3o6paskenus, Koapdu-
IIUEHT yBEJIWYEHUs, BO3MOXKHOCTL IOJyYe-
HUST N300pasKeHns Ha dKpaHe.

PeweHunsa 3apay M2662-M2665,
®2669-d2672

M2662. B napanrenrozpamme ABCD u3 ezo
6epuLUN BHYMPL He20 6bINYWeHbl LYuu
(puc.1). JTyuu, svixodsuwue u3 sepuun A u
E D, nepecexa-

B /\ c gmc& 6 mouxe

, a Ayuu, 6vl-

xodsauwue uz sep-

F wun Bu C, —
mouxe F. HUs-
6ecmmuo, Umo

A D /BAE = ZBCF,
Puc. 7 ZCDE = ZCBF.

Jloxaxume, umo AB || EF.

3amerumM, uro LAED =180° — Z/DAE — ZADE =
=/BAE + ZCDE = /BCF + ZCBF = 180° -
— ZCFB Ilonyuaem, uro LAED + ZCFB =
=180°.

Ternepb mapasnesbHO TepeHeceM TPEyToJIb-
mnk AED ma Bextop AB = DC, TIpH 9TOM



SAJAYHHUK

OH TIepel/eT B Tpe-
yroabuuxk BGC
(puc.2). U3 napas-
JIEJTHHOTO TIepeHoca
caenyer GE || CD.
Hanee, /BGC =
= ZAED, otkyaa
/BGC + £ZCFB =
=180°, a 3uauur,
BGCF — BricanHbIi
YETBIPEXYTOJBHUK.
CrnenmoBaTenbHO,
ZFGC = ZFBC. Otciona ZFGC = ZCDE,
a tmockobky CG || DE, umeem GF || CD.
ITosyuaercs, uro npsamele GE u GF coBniaja-
1ot (1 coBmagaior ¢ nupsamoir EF). 3nauur,
EF||CD || AB, uto n tpeboBajoCh JOKa-
3aTh.

Puc. 2

B. Ausenwmaom
M2663. /lns kaxdozo Hamypaiwrozo m 0oka-

JKUme Hepaesencmeo {\/77_2} - 1 > ﬁ
m

[yctp [\/E] = k. Torna
‘{M}—%‘ = %\2k+1—2«/ﬂ =

‘4k2 + 4k +1 —4m‘

2 2k +1+2dm

Yucanrenap nociefneii Apobu — HedeTHOE
HATYPATbHOE YHCJIO U TOITOMY He MeHbIie 1.
Taxkum o6pazom,

CERES

2 2k+1+2J_

1 1
> b
2 (4\/7;2 + 1) 8(\/m + 1)

qTo n Tp860BaJIOCb J0Ka3aThb.

A.Tonosanos

M2664. Ha naocxocmu Oana mouxa O.
Haiioume ece namypaivrvie n, 0is KOMo-
DOLX MOXKHO NOKPACUM 1 TNOUEK NILOCKOCTU
6 KpacHoiil yeem max, 4mobvl 01 A100bLX
dsyx kpacuvix mouex A, B nawiacy mpemovsi
kpacnas mouxa C maxas, umo O jexum
cmpozo euympu mpeyzoarvruuxa ABC.

«KBAHTA »

OrtBet: Bce Heuet-
HbIE 1 > 3.
Paccemorpum n kpac-
HbIX Touek. [TpoBe-
JIeM KpdcHvle Ayyu
0O4;, tne A; — xpac-
upie Touku  (cMm.
pucyHok). Moskem
cyurarb, 4TO BCE N
TaKUX JIydeH pasiny-
HBI ¥ CPE/TF HUX HET Mapbl TPOTHBOHATIPABJICH-
HBIX WM coBnagaommx (MHaue ycJaoBue 3a-
JlaYll OYEBUIHO HaApyIIeHO — KaKHe-TO [IBe
KPaCHBIE TOUKHN OKKYTCS HA OHOMN MPSMON
¢ Toukoii O).

Hanee ana xaxgoro kpachoro jayda OA;
poBeJieM  JIOTOMHUTEIbHBIH  (TIpoTHBOHATI-
pasyiennblit) cunuil ayyw OZ;. Urak, y Hac
[IPOBEJIEHO 72 PA3JIMYHBIX [TPSMbBIX Y€Pe3 TOUKY
O, 1 Kax/aas psmMast sIBJsIeTCsT 06 beIIMHEHN-
€M KpacHOro u cutero Jy4deil. Terepb ycsoBue
3aJ]a4n JIeTKO TepedOpMyITMPOBaTh TaK: JJIs
Kask/oro yriaa Z,0Z; (t.e. yraa MEsKAY pas-
JIMIHBIMA CHHUMHU JIy‘{dMI/I) JTOJKEH HAUTHCD
KPACHBIN JIyd, JIeXKaNii BHYTPH HeTO.

IIpn HeWeTHBIX 7 > 3 HECJOXKHO MPHUBECTH
npuMep: nycrb AjA,... A, — TpaBUIbHBIIA
n-yroJbHUK ¢ 1eHTpoM O, TOria COOTBET-
CTBYIOIIE CHHUE JIyYn — OUCCEKTPHUCHI YTIOB
A,0A,, AyOA;,..., A,OA n ycioBue, o4eBU/I-
HO, BBITIOJTHSETCS.

[lokaskeM, 4TO MpPHU YETHOM n = 2k yCJIOBUE
HUKOI/la He BblosHsercd. Ilpeanososxkum
nporuBHoe. Torpa BHYTPU KasKIOTO U3 Md-
JAblx Kpacnvix yriaoB (BHYTPH KOTOPBIX HET
KPACHBIX JIy4eii) 1oJKeH GbITh cunmii ayd. C
JIPYTOif CTOPOHBI, B KAKON-TO MOJYTIIOCKOCTH
OTHOCHTENbHO IPAMOii A;OZ HaXOAATCA XOTA
6b1 k kpacHbix Jydeii (He cunras syda OA,),
a 3HAYUT, He MeHee R MaJIbIX KPACHbBIX YIJIOB
U, CJIeOBATENIbHO, He MeHee R CUHUX JIydeii.
Ho k xpacubix Jyueil, IpOTUBOHAIIPABJIEH-
HBIX 9THM R CHHUM JIy4aM, TOT/Ia HAXO/SATCS
B [IPOTUBOIIOJIOXKHOM IOJYIJIOCKOCTH OTHO-
cutesbHO npsamoit 4OZ;. Utak, B ka0 u3
JIBYX TIJTOCKOCTEN MbI OGHAPY KT XOTSI ObI R
KPACHBIX JIydYelf, TOT[a BCETO KPACHBIX JIy-
yeit, cunrast OA;, ne menee 2k + 1 > n. [Iporu-
BOpeune. 3ajaua pereHa.

MoskHO 6bLI0 €pasdy IEHTPAJIbHO CIIPOEKTH-
POBaTh KaPTUHKY Ha OKPY’KHOCTD C IIEHTPOM
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O, T.e. BMecTO TOYeKk A; paccMaTpuBaTh
TOuKHU lepecevenus ayueit OA; ¢ OKpy>KHOC-
TBIO. Y CJIOBUS Obl TIPH ATOM HE TIOMEHSJIUCD.
OTMeTHM, YTO MOKHO PEIIaTh AaHAJOTHIHYIO
MIPOCTPAHCTBEHHYIO 33/1a4y — PACCMATPUBATH
MHOKECTBO KPACHBIX TOYEK IIPOCTPAHCTBA,
V/IOBJIETBOPSIIOLIIEE YCJIOBUIO: JIJIsT TIOOBIX TPEX
KkpacHbix Touek A, B, C umeercs KpacHas
touka D Taxas, 4To O JeKUT CTPOTO BHYTPU
tetpasapa ABCD. B mpocTpaHCTBEHHOM Ba-
pHaHTe 33Jaui OTBET OYIeT TOJBKO n = 4.
Jlns pernieHuss TPOCTPAHCTBEHHOW 3a/[aun
KOHEYHO TIOTPeOYEeTCS BUIOU3MEHUTD MHOTHE
coobpaskenusi, paboTalolie Ha IJIOCKOCTH.
Hampumep, BMecTo pa3buenus mioCKOCTH Ha
«MaJible KPacHbIe YIJIbl» MOXKHO PacCMaTpH-
Barb pasbueHue IMPOCTPAHCTBA HA MHOTO-
rpanHble yribl ¢ BepimuHoit O. [ yao6eTBa
MOKHO BOCITOJIb30BATHCS IEHTPATBHOM TIPO-
ekieit Ha cdepy c nenrpom O.

11. Kosxeenuros

M2665. Janv mrozourenvt f (x)u g(x). Ha
KOOPOUHAMHOU NAOCKOCTNU OMMEMULU MOYU-
o 4 (0 C)o)

s A,(f (n);9(n)).  Oxaszarocw, umo
A A, ... A, — npasurvnoil n-y2oavnuk. /oka-
JKume, umo cmenenv xoms 6oL 00HO20 U3
MHOzouNeHO8 [ U g He meHvwe uem n — 1.

[IpeanosioxxuM MTPOTUBHOE.

BBenem koMiekcHyto 1ockocTh. Ilo ycmo-
Buio, Touku zj, = f (R)+ig(k), k=12,...,n,
ABJISIOTCS BePUIMHAME [TPABUJIBHOTO N-YTOJIb-
nuka. Ilycrb z, — eHTp 3TOro n-yroJbHUKa,

2n .. 2¢; .
a €=CcoOS—+1S1n— (Oﬂl/IH n3 KOpHeun
n n

ypasuenns x” = 1). Torma BbImoHSAETCS pa-
BEHCTBO (24 —2))—¢€(2,—2)=0 npmu
k=12,...,n-1.

Jlanee paccMoTpum MHOTOYJEH p(x)=
= f (x) + ig (x) ¢ kommIeKcHBIME KO3 DHIH-
eHTaMHu, ero CTeleHb paBHa HanOoJbInell u3
creneneii f u g. Torna umeem p (k) = z, npu
k=1,2,...,n. 3naunt, pasencrso p(x+1)-
—ep(x)+c =0, rae ¢ = (e — 1) z), BbITOMHA-
erca ipu k =1,2,...,n—1. Ho Torna q(x) =
= p(x +1)—ep(x)+ ¢ — MHOTOUIEH CTeNEHN
He BbIIE 72— 2, y KOTOPOTO Hamioch 7 — 1
KOpHeIT, 3HaYuT, ¢ ToskaectBeHHo paser (. C
JIPYTOii CTOPOHbI, €CJU p WMEET CTereHb
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d =1, To Jerko BuEeTh, 4TO K03 UIMEHT
npu x? y muorounena p(x+1)—ep(x)+c
He o6uyJsmuTcs. TakuM 06pasoM, MHOTOUJIEH
» — 3TO KOHCTAaHTA, a 3HAUNT, BCE TOUKH Zj
COBIAIAIOT — TPOTUBOPEYNE.

B.Bbpazun

M2669. Jesamuraracchux Bacsa — 6oavuioil
aobumeny asmozonox. B npownom 200y
Bacs nocmpoun epagux 3asucumocmu cpeo-
HUX CKopocmeu asmomobunei om epemenu
npoxosxdenus ducmanyuu s; (cm. pucynox ).
B amom 200y copesnosanus npoxoousu 6
dpyzom zopode, zde dauna mpaccol Gviad S,.
Iocmpoue emopoti epadpux 6 mex ke Koop-
v Junamax, Bacs, om
Heuezo denamy, nNpo-
6eN NPAMYIO uepes
A, Hawaio Koopounam,
A, Komopas nepecex.d
zpacghuxu 6 mouxax
> AyuA, Y Bacu eos-
HUK 60npoc: Kakotl
Q0J2kHA Gblmd 0UHA OUCTANHUUU 6 CAe0YT0-
wem 200y, umobvl mpemutl zpagpux npowe.
yepes mouxy As, naxoodsuyiocs na cepedune
ompesxa AjAy? IlonpoGyiime u vl omee-
Mums Ha IMom 6onpoc.

3anuiiem ypasaeHus rpaduKoB, H306paskeH-

s Sy
HpIX Ha pucynke: oy (t)= ?1, v, (t) = -
v (t) = at, rae o — yrioBoii Koadduiuent
npsiMoii poriopimonaabroctu. Jlas Touku

s s
Ay monyunM oy =L = at,, = ,/--. Aunano-
t 0]

/s
ru4no, aag Touku A, 6yzer t, = 2 s
o

s
TOYKN Aj, COOTBETCTBEHHO, I3 = 3=
o
t +t 1
“hrh 2 \/S_TJF /S_z . Toraa
2 2l Vo o
2
S5 = s = .
2 2
B.I'peGeny

®2670. Cnaownoti 00HOPOOHDLIL JUCK, KO-
MOPLLL AeKUM HA 27A0KOU NOBEPXHOCIU,
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MOKEm 8pAuAMuCst OKPY2 HENOOGUKHOU
BEPMUKANLHOU OCU, NPOXOOsUEl uepe3 ez0
uenmp, 6e3 mpenusi. Ha xpaio ducxa cmoum
cnopmemen. Cucmema naxooumcs 6 noKoe.
Cnopmcemen desaem 00un npuliKox no Ha-
NPAsIAEHUIO0 NPOMUB UACOBOU CMPEAKU, YO~
OvL nonacmo na Opyzoll kpail ducka. Kozda
CROPMCMEH NPUIEMAUMCSL HA BPAUATOUULCS
OUCK, MO OKAXKemcs 8 Mmoi mouke, 20e OH
npotenyn. Ipu smom duck ne ycneem cogep-
wums noanviii o6opom. Haiidume ommuowe-
HUe MAcCvl CROPMCMENd K Macce OUCKdA.

Ecnu cMoTpeTh cBepxy, TO KapTuHa J0JDKHA
BBITJISA/IETD TaK, KaK MMOKa3aHo Ha pucyHke 1.
IIycTb 3a BpeMs npbLkKa B

CIIOPTCMEH TepeMenaeT-

ca Ha paccrosHue ADB.

[luck, orpearnposaB Ha L A
TOJIYOK CIIOPTCMEHA, 0.1

JKeH HauaTh BpalaThes B
IIPOTUBOIIOJIOKHOM Ha-

TIpaBJIEHNN C TaKOU CKO- Puc 1

pPOCTBIO, YTOOBI K MOMEHTY TPU3eMJICHUS
CIIOpTCMEHA II0BEPHYTbhCA Ha yroa 2n—0. B
9TOM CJlydae CIOPTCMEH IIPU3EMJIUTCSA Ha
MecTe, rzie OoH mpbirHyJa. Ilyetb v m o —
HavyaJbHasl CKOPOCTb CIIOPTCMeHa U yToJ Ha-
KJIOHA 39TOH CKOPOCTH K FOPU30HTY COOTBET-
ctBeHHo, R — paauyc nucka. Torna Bpems

2vsin o

nojera t = , a4 PAaCCTOAHUE 110 TOpU-

30HTAM § =ovtcoso. C Jpyroit CTOpPOHDI,
s =2Rsin 9 Orciofia HafizieM BpeMs IIPbIXK-
Ka cnome\%eHa:
2Rsin 9

2

f=— 2.
VCoSo

[Ipu Tosruke muck mpuoGpeTaeT MOMEHT MM-

IIyJIbCa, PABHBII rOPU30OHTAIBHON IIPOEKIINN
MOMEHTa HUMILYJIbCa CIIOPTCMEHA!

Io = vacosoccosg.

31ecb ® — YIJoBasi CKOPOCTb BpallleHUs
mucka, I = MR2/2 — MOMEHT WHEPIUU IhC-
Ka, M —ero macca, m —macca cioptemena I[lo
YCJIOBUIO 33/1aun ot = 21 — 6, oTKy1a
2n—06
»=—-"
t
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Wckmouenue coso, ¢, R u3 ypaBHeHUs MO-
MEHTOB IIPUBO/IUT K TOMY, YTO YTroJ1 0 JoJI3KeH
Y/IOBJIETBOPSTDH yPaBHEHUIO

2—msin6+6 = 2m.
M

I'paduk pynkimm y, = %n sin O MOXKET UMETb

JI0 TpexX TOYeK TepecedeHnss ¢ TpaduroMm
dbyukiuu y, =2n-0 B untepsane [0; 2w].
YcnoBuio 3a1aun y10BJAETBOPSIET JIUITD CJIY-
vait, n3o6paskeHubiii Ha pucynke 2. Ousn-

Y
2n
C
1
i Yy
i
i
0 : 2n
0, 0
Yy
Puc. 2

YeCKHUil CMbICJ MMeeT TOJbKO Touka C, B
KoTOpO# rpaduk GYHKINN Y, Kacaercs rpa-
duka Pysxkmmn y,. BBemem o6osHaueHme
m .

i =v. Torga y; = 2ysin 0. 3anumem obree

YpaBHEHNE KacaTeJbHOI B Bu/je

F(0)=1"(60)(06-6y)+[(6))=2m—-6,
rzie 6, — abciycca TOUKM KacaHusi ATOi Mpsi-
Moit k cumycomnzie. Mssectno, uro f(6,)=
=2ysin® u f'(8,)=2ycos 6, [ Toukn
(0, 2m) ypaBHeHIe KacaTeJbHOI HMEET BIJL
£(0)=2y(0-6y)cos6, +2ysin6, =2m, (1)
a s Toukn (2m, 0) —
f(2n)=2y(2m—0,)cos 6, +2ysin 6, = 0. (2)
W3 ypasuenus (2) nosmydyaem

tg 60 = 90 - 271:.
ITo — TpaHCIEeHIeHTHOe ypaBHenue. IIpo-
rpaMma, cocrtaBieHHas B cpemxe MathCAD,
JIaeT CJIe/LY oIl Pe3yJIbTaT: abCIIcca TOUKH

KacaHMs KacaTeJbHOH K CHHYCOW/E paBHA
6y = 1,790 pan. (Metop nocsiejoBaTe TbHBIX
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npubmiKeHnii Toxke JacT Takoil ke pesy.Jib-
tar.) Torpa us ypasnenus (1) Haxoaum

m T
’Y:—:

=2,301.
M -0,cos0, +sin 6,

b.Myxywes

M2671. K yedunenHomy He3APSIKEHHOMY
KoHdencamopy emxocmoro C cHapyxu noo-
HOCSIM MOYeuHblil 3apsio g, pacnodzdas ezo
padom ¢ uenmpom GauNKatwes niacmutvl
sdaiu om ee kpaes. Haiidume nanpsxenue
Ha xondencamope. Kaxyio enewnion cury u
8 KAKY10 CIMOPOHY HYHKHO NPUKIAILIBAMNb K
moueunomy 3apsdy, umodvl yoepKueamo
€20 8 NOKOe OMHOCUMENLHO HEeNOOBUNKHO20
KOHOeHCAmopd, ecau ONOJHUMENLHO U3BEC-
mHvL paccmosinue d mexoy nAdCmuHamu u
paccmosiHue a Mexoy MoueuHbiM 3apsioom u
bauskatiwetl Ka nemy nidcmunou?

[maBHOE CBOWCTBO MTPOBOJHNKOB B 3JIEKTPO-
CTaTUKe 3aKJ0YaeTcs B TOM, YTO 3apsi/ibl
pacrpeaesnsiiorcs 1Mo MOBEPXHOCTH ITPOBO/I-
HUKa TakK, 4TOOBI T0JIe B €T0 TOJIIE OTCYT-
crBoBajio. llpu mpubaMKeHUN TOYEYHOTO
3apsjia ¢ K IpaBoii IJIacTHHE KOH/IEHCATOPa
Ha ee Hapy»KHOU IOBEPXHOCTU MHIYIUPYET-
cs HEPAaBHOMEPHO pacIpe/le/IeHHbIN 3apsj
—(, KOTOpbIii B 00JACTH CJeBa OT 3TOH
+c§/ _(2; +%7 +c27 IIOBEPXHOCTU I1OJIHOC-
TbI0 KOMIIEHCUPYET
1oJie TOYEYHOTO 3aps-
na (em. pucynok). ITo-
3TOMY TOUEYHBIN 3aPsi/l
¢ 11 3TOT HEPABHOMEPHO
pacIipe/ie/ICHHbI 3apa/l —G MOYKHO HCKJIIO-
YUTb U3 PACCMOTPEHUS.
[Tocsie ycrpaneHus: WHYTIMPOBAHHOTO 3apsi-
Jla —¢ TpaBas IJIACTMHA CTAHET 3apsiKeHa
3aps/IoM +¢, KOTOPDBIil paclpeieyuTcs pas-
HOMEPHO 110 + ¢/2 Ha BHyTpeHHEil n Hapy»K-
HOI TOBEPXHOCTSIX, YTOOBI HE BOHUKJIO 1T0JIe
B TOJIIIIE 11PaBOi 1ytacTuHbL. JleBas niactuna
ocTaeTcst He3aps>KeHHOH, HO Ha HEH JOJKHO
TTPOM30NTH TIepepacipe/ieJieHue 3apsijia, 9ro-
OBl KOMIIEHCUPOBATh BHYTPU Hee BHEIIHEEe
1oJie, co3/laBaeMoe CyMMapHbIM 3apsi/ioM +(
Ha TMPaBoOil IJIACTHHE, TI03TOMY Ha JeBOW
MJTACTHHE WHAYIUPYIOTCS 3apsiapl +q/2 u
—@/2 Ha HApY’KHOiT 1 BHYTPEHHeN MOBEPXHO-
CTSIX COOTBETCTBEHHO.

!
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3apsipl +¢/2 Ha HAPYXKHBIX TTOBEPXHOCTSIX
[IJIACTUH HE CO3/1AI0T T10JIe B 06JIACTH KOH/IEH-
catopa, II09TOMY 3TH [Ba 3apsja MOXKHO
HCKJIIOUUTD U3 paccMoTpeHus. Taknm o6pa-
30M, OCTAJIUCD TOJIBKO 3apsi/ibl —q/2 n+q/2 Ha
BHYTPEHHUX IOBEPXHOCTAX ILIACTUH, T.e.
KOHJIEHCATOP 3apsUKeH 3apsaaioM ¢/2 mo Ha-
LIpsKenus

-4

2C

UYrobbr naiitu cuny F, BOCIIOJNb3yeMCsT METO-
JIOM u3006paKeHuit: UHAYIUPOBAHHBIN Ha
HapYy>KHOH MOBEPXHOCTH TPaBOW OOKJIAJKN
HepaBHOMEPHO PpaclipejieJieHHblil 3apsay —q
cosz/iaet B 06JIaCTH CIIPABA OT ATON MOBEPXHO-
CTH Takoe >Ke TIoJle, Kakoe cO37aBast Obl
TOUYEUHbIN 3aps/l —¢, PACIOJOXKEHHbIN CUM-
METPUYHO TOYEUHOMY 3aps/ly ¢ OTHOCUTEJIb-
HO HApPY>KHOH OOKJIAJAKHU MPABON TIIACTUHBI.
[To 3akony Kysiona HaxouM HalIpaBJICHHYIO
BJIEBO CUJIy TIPUTSIKEHUS, EHCTBYIONLYIO Ha
TOYEUYHDBIN 3aps/l CO CTOPOHDI MH/YIIUPOBAH-
HOTO 3apsa —q:
kq*
(2a)°
PaBHoMepHO pacmpe/iesieHHbI IO TTPaBOf
MJIACTUHE CYMMapPHbIN 3apsi/l +¢ OTTATKUBAET

TOYEYHBIN 3ap4/] BIIPABO C CUJION
2
A

1

26,5 17 2cd

(st HAX 0K IeH 1S TLIOMIA/M S TLIaCTHH GbLIa
HCIIOIb30BaHa (POPMyJIa eMKOCTH IJIOCKOTO
konzencatopa C = €,S/d).

JleBast TLIaCTHHA He CO3/eT 1oJie BHe cels,
I09TOMY HMCKOMasi BHEIIHSIS CHJa JI0JDKHA
IPOTUBO/IEHCTBOBATD JIUIIb BEKTOPHOIT CyM-
Me cuat Fy u Fy:

2

k 1
4a®  2Cd
B pamkax ucnosbszoBannoit mozgesnu S > a2,

T.e. F{ > F,, moatomy cusa F HampasJieHa OT
KOH/leHcaTopa.

F=F-F=¢

C.Kpwrxos

®2672. Ecau no obe cmoponvl MOHKOU
JUN3bL HAXOOSMCSL BEUCCMEA C PASIULHBIMU
ONMUUECKUMU NAOMHOCTAMU, NPUUEM MEHD-
wumMu, uem Yy Mamepuaid, u3 KOmMopozo
U320M0OB.1eHd UH3A, MO HOKYCHBIE PACCTNO-
sanus ne 6yoym pasnvimu. Hanpumep, 1un3y



KOHKYPC UMMEHU A.I.CABUHA

Puc. 1

MOKHO 8MOHMUPOBANL 8 OOKOBYIO CMEHKY
axeapuyma ¢ 6odoi. Ipu amom cobupaio-
was aumn3a ocmanemcs cooupaioouwei, a pac-
ceusarowas — pacceusaiowei. Onpedenume,
C Kaxol CMOPOHbL AUM3bL, NOKAIAHHOU HA
pucynxe 1, naxooumcs onmuuecku Gojee
naAOmMHAs cpeod.

[TomecTn™M mepest IMH301 TOYEUHBIN NCTOYHUK
S, HarpuMep Kak Ha PUCYHKe 2, U TIOCTPONM
ero m3oOpaxkenue. IlepBblil Jyd HampaBuM
TapaJiJie;TbHO TJIaBHOM onTudeckoit ocu. [loc-
Jie TIPeJIOMJIEHUST B JIMH3€ er0 TPOI0JIKEHNe
mpoiizieT depes mepeqnuii ¢oxyc . Bropoit
JIyd HalpaBUM Ha 3agHuil Qokyc F, JIIH3bL
ITocste ipestomiieHrst OH TIPOIJIET TIAPAJLIETh-

Puc. 2

HO TJIaBHOU orntuyeckoii ocu. IIpomgomkenus
[IPEJIOMJIEHHBIX JTIy4dell JayT HaM MOJIOKEeHHe
MHUMOTO H300paskeHust ncrounnka S”. Tperuii
JIyd HallpaBUM B ONTHYECKUI IIEHTD JIMH3BI.
[Tponosmkenne TPesOMIEHHOTO JTyva JOJKHO
npoiitn wepes msoGpakenne S’. Bumno, uro
MIPEJIOMJIEHHBII JTy4 COCTABJISIET GOJIBIITHI yTOJT,
yeM najaronuii. Tak Kak HeHTpaIbHyIO YacTb
JIMH3BI MOXKHO CYUTATD YACTBIO ILIOCKOTIAPAJI-
JIEJIBHON TLJTACTHHBI, TO MBI /IE/IA€M BbIBO/I, UTO
JIyd Tiepelesi U3 OnTuvecku 6oJiee ILIOTHOM
Cpe[Ibl B MeHee IIIOTHYT0. 3HAYNT, CJIeBa HAX0-
JIATCST ONITHYECKH 6OJTee TIJIOTHAS Cpefia.
B.I'pebens

KOHKYPC UMMEHU A.II.CABUHA

Mb1 ipogo/mKaemM KOHKYPC 10 PELUEHMIO MaTeMaTtnyecknx 3agad. 3afaHus paccYnutarbl B
OCHOBHOM Ha y4acTHUKOB He MajLue 8-9 knacca, a bonee mMnagLwmm LWKOIbHUKaM COBETYeM
nornpoboBate cBON CH/lbl B KOHKYpPCe XXypHana «KsaHTuk» (cm. cadt kvantik.com).

Bbicbinavite peieHuss 3aAad, ¢ KOTOPbIMU CIIPABUTECh, 3/IEKTPOHHOM IMOYTOH 110 aapecy:
savin.contest@gmail.com. Kpome umeHu v gpamumm ykaxure ropos, LWKosy U Kiacc, B KOTOPOM Bbl

y4ynurechb, a Takke ob'paerlﬁ 104TOBBIV agpec.

Mbi npuBeTCTBYyeM y4acTve B KOHKYpCe He TOJIbKO OTAE/IbHbIX LKOIbHUKOB, HO Y KOMaHg (B Takom
Iyyae npucsInaeTcs oaHa paborta co CrMckoM y4acTHUKOB). Y4acTBOBaTh MOXHO, Ha4Y1Has € J1lo6oro
Typa. lobegurenesi XAYT AUMNIOMbI XypHana «KBaHT» U rpu3sbl.

3apanus, pewienus u pesynbTatel nybnnKyOTCS Ha calTe sites.google.com/view,/savin-contest

Xenaem ycriexa!

9. Ha pucynke 1 BbI Bugure 4actb 6ecKo-
HEYHOH PeIeTKH, COCTaBAEHHON N3 TTPABUIb-
HBIX IIECTUYTOJbHUKOB. Bce BepimuHbI 1ec-
TUYTOJBHUKOB PACKPACH/IN, KKIYIO — B
yepHblil nan Gesbiit 1BeT. JlokaskuTe, 4YTO
HAWIyTCS TP OTHOIBETHBIE BEPITHHBI, 00pa-
3yfolline PaBHOCTOPOHHUI TPEYTOJbHUK.

M. Eedoxumos

10. ITerda 3amceiBaer 9-3Haunble uncaa. Ha
nepsoe Mecto (camoe J1eBoe) OH IUMIIET JIIO-




20 KBAHT

6yto mpy ot 1 10 9, Ha BTOpOE MeCTO — OT
1 o 8, ma Tpetbe — oT 1 10 7, ..., Ha AEBATOE
(camoe ipaBoe) — nudpy 1. Cronbko uuce,
JIeTIAMUXCS Ha 7, MOXKeT Toyynuthb Ilets?
H. Cupomosckuii

11. Ha otpeske AB ormerniun Touky C u
MTOCTPONJI TIOOGHBIE TPEYTOTHHUKH TI0 OTHY
ctopoHy ot AB Tak, uro AACM ~ ACBN

AC CM AM

— =——="—"—| J[loKaxkuTe, 4TO KpacHasg

CB BN CN

M,
N

A C B
Puc. 2

U CHHAA 4YacTH Ha PUCYHKe 2 PaBHBI IO
TLTOTITA/TH.
B.Pacmopeyes

12. Nmeercst n KoIebKoB. B iepBoM JiexxuT
O/lHa MOHETa, BO BTOPOM — /IBE U TaK Jlajiee
BILJIOTD /IO 72-TO KOIIIEJIbKA, B KOTOPOM JIEXKUT 7
MOHeT. 32 OJINH XOJI pa3peliaeTcst BhIGparh /1Ba
JI06BIX Kolteabka A 1 B TaK1X, 4TO B KOIIIEIb-
ke A 6oJsbllle MOHET, 4eM B KOIleJgbke B,
1ocJie 4ero MepesioKuTh U3 Koiiedbka A B
KoIeJiek B CTOJIbKO MOHET, CKOJIbKO B HEM
yoxe umeercs. IIpw KakmxX 7 MOXKHO 3a He-
CKOJIBKO XO/I0B JJOOUTHCA TOrO, 4TOOBI BO
BCEX KOIIEJIbKAaX MOHET CTAJO TIOPOBHY ?

. Axyauy

13. Korna Po6unson Kpyso monan ma
HEOOWTAEMbIIl OCTPOB, y Hero 66110 200 py-
JKeHHDBIX 3apsiioB. Paan X sKOHOMHU OH
PEIIIT KaXK/Ibli JIeHb TPATUTh HA OXOTe He
6oJtee 5% UMEIOIIMXCSI Ha TO YTPO 3apsiio. B
KaKoii-To MoMeHT PoOHH30H yXKe He MOT
JlelaTh BBICTPEJIbI, MPUIEPIKUBASICH CBOErO
npaBuia. CKOJBKO MAaTPOHOB OH MCTPATIIT K
ATOMY MOMEHTY ?

C./Asopanunos

14. Tlpu xakux N OGOJIBIION KJETYaThII
YTOJIOK, COCTOSNM 13 Tpex kBajipaTtoB N X N,
MOSKHO Pas3pe3aTh 10 JUHUSM CETKH Ha 00BIY-
HbIe TPEXKJETOYHbIE YTOJIKU?

M. Egdoxumos

2021 /Nel1-12

15. IIIKoJbHBIH TYPHUP 10 HACTOJBLHOMY
TEHHUCY I[IPOXOAMJ II0 Takoll cucreme: Ha
KayKJIOM STarle UTPOKHU pa3OnBaINCh Ha TTapbl
U Urpaaud OAHY IIapTHUIO, Ha CJeAyIoLeM
aTare onsaTh pa3éUBAINCDH HA TTAPbl U UTPAJN
oany naptuio (mapbl He IIOBTOPSINCDH) U TaK
nasiee. [IKOTBHUK, ABAKIbI MTPOUTPABIIHUH,
BBIOBIBAJI M3 TypHHpa. Eciu Ha KaKOM-TO
JTare KOJUYECTBO YYACTHUKOB HEYETHO, TO
O/IMH TIPOXOJMJI HA CJeAyIoNuid aran 6e3
urpbl. CKOJBKO YEJTOBEK yU4acTBOBAJO B TyP-
HUpe, ecan 10 HUHATA, B KOTOPOM JIOJIKHDBI
OBLIN UTPaTh ABOE, OBLIO CBHITPaHo a) 29; 6)
30 mapTwmii?

A.baunkos

16. Ha oxpysxnoctu ormedena 101 Touka,
Kak/as U3 HUX IOKpalleHa B CHHHUN WJIN
KpacHbI 1BeT. VI3BecTHO, 4YTO HeT mapbl
CHHUX TOYEK, MEXKIYy KOTOPBIMU HAXOIUTCS
posao 19 mmm 20 apyrmx Touek. Kakxoe
HanboJIbIllee KOJTUIECTBO TOUEK MOXKET OBbITh
cuHUMU ?

E.Baxaes

BUBJINO-ITIOBYC
Mbl NPEOJTATAEM

BOJIbLLOW BLIEOP TOBAPOB W YCIYT

YCNyrun ACCOPTUMEHT
Wurepuer-marasua I Kauru
www.bgshop.ru 1 AyAMOKHUTT
Kade

1 AuTHKBapHuaT
¥ IIpeAMeTHI
KOJUIEKIIIOHUPOBAHUS

Kiy6Hble (IUCKOHTHEIE)
KapThl U aKIUU
ITogapouHble KapThI
IIpenBapuTesbHbIE
3aKasbl HA KHUTU
Berpeun ¢ aBropamMu

1| PunbMbI, My3bIKA,
UTpBI, COPT

1 Kanuensapckue

1 o(pHCHBIE TOBAPBI

YuraTeabCcKue KIyObl 1 IBersr
110 HHTEpecam
P 1 CyBeHUpBI
WHauBnayaasHOe
o0CcIy;KUBaHUE

ITogapounas ymakoBKa

JlocraBka KHUT 13-3a PyOesKa
r. Mocksa,

M. JlybsaHka,
M. Kutan-ropog
yn. MsacHuukas, a. 6/3, ctp. 1

8 (495) 781-19-00

www.biblio-globus.ru
nH —nt 9:00 - 22:00

BricTaBKU-IPOAAIKU

c6 - Bc 10:00 - 21:00
6e3 nepepsbiBa Ha oben,



«KBAHT» AJAd MJAJIINX IMIKOJbDHUKOB

aa4yl

1. Ecnm 13 KBagpaTHbIX MAWTOK, KOTO-
pble OTNNYAIOTCA TOMBbKO PAaCLBETKOM,
CNOXUTb MPAMOYroNbHUK 3 x4, KaK Ha
PUCYHKE, TO LLeJIKOM B HEM MOMEeCTUTCA

6 4Yepenallek. A CKOMbKO Yepenaluek
NMOMeCTUTCA LIeNMKOM B COCTaBJIEHHOM
TakMM ke 00pa3oM MNpSMOYronbHMKe
20x21?

T.Kop4yemkiHa
Z [lokaxuTe, 4to y pebyca ATD 5
] ' IIECTH 6

HeT pelweHur. (Kak obbl4HO B pebycax,

OQWNHaKOBble 6yKBbI obo3HavaloT oan-
HaKOBble LI,I/Iq)pr, a pa3Hble 6yKBbI -

pa3Hble UUdPBbI.)
E.bakaes

3apada 1 npemnaranacs Ha XLIV TypHupe nme-
H1 M.B.JTomoHOCOBa, 3aaa4v 2—4 npegnaranncb
Ha XXVI TypHupe mMaTeMaTu4ecknx 6oeB nmeHu
A.MN.CaBVHa.

3. Ha ocTpose xuByT 100 abopureHos
pa3Horo Bo3pacra. Kaxnapin 13 H1X BCe-
r0a roBOPWT MpaBAy WU BCerfda BpeT.
OpnHaxabl BCe XUTeM OCTPOBA BCTanu B
Kpyr, U Kaxnapll ckaszan, 41o oba ero
cocefla Crapwe Hero. Ho4bio HeckoJib-
KX abopureHoB Cbenv, a Ha cnenyto-

R \

LM OeHb OCTaBLUMECs CHOBA BCTaNM B
Kpyr, U KaxzblA 3asBu, 4to oba ero
cocefa Mnagle Hero. Kakoe HaMMeHb-
lee 4ncno abopureHoB MOrMIo ObITb
cbeneHo?

A.[prbariko

4. B knetkn Tabnuupl 6x8 HyXHO
Bnmcatb Ymncna 1, 2, ..., 48. Kakmx cnoco-
©oB DOonbLue: Tex, rae B KpanHMX KneTkax
POBHO Ce&Mb MPOCTbIX YWUCen, U Tex,
roe npocCTbiX YWMCen Ha Kpak pPOBHO
BOCEMb?

A.lllarnoBasios

Unmoctpavmm [.1puiykosovi



INKOJA B «KBAHTE »

nnpoyaap
1 Npooow

31eKTpoKabens

A.CTACEHKO

..KaK B HaLLI1 [HMU
BoLL/es] BOAOMPOBOL,

CpaboTaHHbIV
eije pabamu Puma.

B. MaskoBcKunm

YBbI, HE yMeJsn B APEBHOCTH JieJIaTh TPYObI —
B pe3yJbTaTe MIPUXO/IIOCH NCTIOIb30BATh KOM-
TTOHEHTY YCKOPEHWsS TATOTEHUS ¢sind, T.e.
Y/ZIeJIbHYTO CKATbIBAIOILYIO CHJY B/IOJIb HAKJIOH-
Holi tockocTu (puc. 1). Kak TyT He BOCXUTUTD-
Cs1 yMEHHEM MacTepoB C03/1aTh KaMeHHOE PYCJIo
6e3 1eJieit, Jja ele MOAHATD ero Bblile JOMOB!
BrpoueM, HaBepHSKa ObLIN YTEUKU.

[leso TonIo Ha J1aJ], KOTJa Havaal KaTaTb
TPYObI U UCIIOJIB30BATh BOJOHATIOPHbIE GAITHK
1 KOMIIPECCOPBI /11 o6ecriedeHns: BbICOKOTO
JaBseHus Bo/pl. Ho Tyt o6Hapyskniach Apyras
6e1a — TIPY CIUIIKOM GOJIBIIOM JIaBJIEHUHU TPY-
Obl Jionannch. Bee ABJICHUA IHAPABINYCCKOTO
yaapa OODbICHAINCh BO3HIKHOBEHHEM U pac-
MIPOCTPAHEHNEM y/JapHOH BOJHBI, BO3HUKAIO-
nieii B pesyJibraTe CJUIMIKOM ObICTPOTO Iepe-
KPBITHS MOTOKA.

T
m-n\m

Puc. 1. [jpesHini akBeayk. [TepekppiBas 3ac/IoHKy (CreBa), Mox-
HO 16PEAaTh MOFYIMPOBAHHbIV CUIHA/ 110/y4atTento (Crpasa).

Basxneitryio posib B pelieHUH T1po6JeMbl
CBITPAJN HCCJIEJJOBAHUS PYCCKOTO YYEHOTO
Huxonas Eroposuua Kykosckoro (1847—
1921), pe3yabTaThl KOTOPBIX M3J0KEHBI B €TO
Jokaaze «O THAPaBINYECKOM yjAape B BOJO-
npoBoHbIX TpyGax»' . dra paGora Oblaa He-
Me/IJIEHHO TiepeBe/leHa Ha HeMEeIKWii, aHrJInii-
CcKuil m (PpaHIly3CKUil S3bIKM M C/lesaja €ero
3HAMEHUTBIM 33JI0JIT0 JI0 TOrO, Kak OH OblLa
IIpU3HAH <OTIIOM PYCCKOIl aBHanuus. B uact-
HOCTH, UM OBLTIO IIOJIy4eHO IIPOCTOE U IPAKTHU-
YeCKHU Ba)KHOE BbIPa’KEHUeE JJIS Iepelaja /1aB-
JleHuit Ap:

Ap=p-Av-c, €))

rje P — IUIOTHOCTb BOJbBI, Av — pa3HOCTb
CKOpOCTeii OTOKA JI0 1 TI0CJIe BHE3AITHOTO N3Me-
HEHNS €T0 CeUeHNs, ¢ — CKOPOCTDb PacIIpoCTpaHe-
HUS BO3MYIICHUS C YIeTOM CKUMAEMOCTH BOJIBI
n ynpyroit jiepopMariiu CTeHOK TpPyObl.

Ho — passe Boma cxkumaemal!? — Moxer
BOCKJMKHYTb Crioco6ubIil Yuenuk. Iloatomy
pacckaskeM Bce 10 TopsiiKy. Pacemorpum /Be
CUTYAITIH.

[TepBas cutyanus: mapuk Maccoil m, mojBe-
MIEHHBIN Ha TIPYIKIHE YKECTKOCTBIO R, COBEpIa-
et Masibie KoseGanus B kuakoctu (puc. 2,a).
[Tpene6perast BA3KOCTBIO XKU/IKOCTH, 3aITUIIEM
ypaBHEHHEe BTOPOro 3akoHa HbloToHa:

2
mﬂzmﬂz—ks, 2)
dt  dt*
rjie § — CMelleHNe 1IapuKa OTHOCH-
TeJIbHO TT0JI0KEeHHs paBHOBecHs. Kak
M3BECTHO, PEIIeHNe 3TOTO ypaBHe-
HUSI 3aIMCbIBACTCS B BUJIE TAPMOHM-
4yecKkoll (DYHKIIMU € 9acTOTON

fk
0= [—
m

Bropast curyanus: ajekTpudec-
KU KOHTYP, co/iepKalluil eMKOCTb
C v ungaykrusaocts L (puc. 2,6).
Ypasuenune, onucbiBaioniee mn3Me-
HeHue BO BpeMeHU ToKa I uepes
KaTYIIKY UHAYKTUBHOCTU W 3apsia
¢ Ha KOHJICHCATOPE UMEEeT B/

2
gd o pda_a ()

[lpu1 pe3koM repexpbITvM 3aCTIOHKN MOXET BO3HUKHYTb MMAPO- dt dt> C’

yaap

DOI: https://doi.org/10.4213/kvant20211103

! Bronnerens [ommrexamaeckoro O6mecTsa. —
1899, Ne5.



IIKOJA B

a) 6)

b —q9|149

Puc. 2. neKTporvapoanHamMm4eckas aHamornis

Ito 3axon Kupxroda A7 2JIeKTPUIeCKOi Ienn.

CpasuuBag ypasnenus (2) u (3), MoxHo
YAUBUTBCS TOMY, YTO CTOJIb PA3JIMYHBIE 10
cBoell (DU3UYecKoil CyTH IMPOIECcChl OMUCHIBA-
10TCST OJIMHAKOBBIMU ypaBHEHUIMHU. TyT Xopo-
10 BUJIHA SIBHAS QHAJIOTUS BXOJSIUX B HETO
BEJIMYIH:

1
seqg ool me L kHE.
3HaYnuT, MOKHO Cpasy CKa3aTh, YTO YacTOTa
KosieGaHuii TOKa ¥ 3apsija B 9JEKTPUYECKOM
KOHType 6y/IeT paBHa

0)=\/?H\/§.

I1o popmyaa Yumbsma Tomcona (1824-1907),
0 KOTOPOM Oy/IeT PAacCKa3aHo JjaJiee.

A ceityac Boo6pa3uM, UTO IapPUK pacKaTaH B
JIICT ¥ CBEPHYT B TPYOY, KOTOPYIO 3aIl0JTHIIN
OKpYZKalolllell ero pamHee BOAOH, — 3TO yxKe
MHTEpeCyIOmuil Hac BOJONPOBOA. A POJIb KOH-
JIEHCATOpa M KATYIIKK BBINOJIHSAET Kabesb C
HeHTpaabHOI kuoi. Ternepb aTO yCTPOHCTBO
6yzieT 06saziaTh pacipe/ieIeHHbIMU 110 JIJTNHE
MH/YKTUBHOCTBIO L, ¢ pasmepHOCTbIO T'H/M 1
emkoctbio C; ¢ pazmepHOCTBIO D/M.

WNurtepecHo, Kako#l CMBICT B 3TOM CJIydae

G
6yZeT WMeTb BBIpasKeHHe ?? Herpynno
0GHAPY>KNTH, YTO PA3MEPHOCTD 3TOTO BbIPAsKe-
st ectb M/c. Ho 210 ke He 4TO MHOE Kax
CKOPOCTb PaclpOCTPAaHeHHs CUIHAJIA 10 Kabe-
mo! VHpiMu cjaoBaMu,

e
L

3HaunT, OMMpasch Ha YCTAHOBJIEHHYIO BBIIIE
AQHAJIOTHIO, MOKHO IIPE/IJIOKUTD M BbIpasKeHue
JUISE CKOPOCTH PAaCHpPOCTPAHEHUS] CUTHAJIA B
Bojie. JlJ1s1 9TOTO HYKHO 3HAMEHATENb B TIOCJIe-
ntHel popMyIe 3aMEeHUTD pacpe/ieIeHHON Mac-
COI, a YMCJINTENb — paclpeie/IeHHOI JKeCcTKOC-

«KBAHTE»

TBIO, T.€. IJIOTHOCTBIO BOJBI P C PA3MEPHOCTHIO
kr/M? 1 Moy eM ypyrocti E ¢ pasMepHOCTbIO
H/M? — TeM caMbiM, KOTOPbIiT BXOJHT B H3BECT-
HbIT 3aKkoH [yka g ympyroit gedpopmarim
TeJa.

Wrak, cKOpoCcTb cuTHAJIA B BOJle paBHA

2-10° H/m?
10° wr/m*

=1400 m/c.

Onennm no popmyse sKykosckoro (1) gas-
JIEHWE TIpU TUAPOYJape B CJydyae BHE3AITHOTO
IEePEKPHITHs MOTOKA BOABI, ABHIABLIETOCS CO
ckopoctbio 1 M/c:

Ap =107 kr/M® -1 m/c - 1400 M/c =
=14-10° H/m? = 14 ar™.

Tak uTo 6y/bTE OCTOPOKHBI C OTKPBITHEM Kpa-
Ha Ha KyxHe! A TeM 60see — ¢ THIPOYIapoM B
KPOBEHOCHBIX cocyzax (aHajorus B MeAUIU-
He).

Ho nesio He TOJIbKO B ONIpeieIeHnn JaBJIeHus
rugpoynapa. Bor YTo BCIIOMUHAET akKaJeMUuK
A.H. Kpbuios o gokaaze H.E. 7Kykosckoro B
Pycckom rtexnuueckom oOtiectBe: «B komie
1880-x n mauvase 1890-x rogoB H.E. 7Kyxos-
CKUII MHOT/Ia Hae3:KaJI 1 Jlefaa B TeXHndecKoM
o0IIlecTBe CBOM JIOKJIA/IbI WJIM BBICTyIAT Ha
YyXKUX JIOKTa/1ax. MHe 0CO6EHHO 3aIIOMHILIICS
ero gokaaa “O6 omnpeneseHI MecTa MOPUYU B
BOJIOITPOBO/IHBIX TpyOax”; KOHEYHO, He TOr/a,
KorJa Boja 6beT (DOHTAHOM [0 TISATOTO ATAXa,
HeT, a KOT/J[a CHapy»kK1 HUYero He BUIHO. MeTo-
na sKyKoBCcKOTO, OCHOBaHHAasI Ha PaccMOTpe-
HUM 3allUCU JaBJICHUS II0CJE€ BHE3aIHOIO OT-
KPBITHS KJMHKETa, YCTAHOBJEHA OJECTSINM
MaTeMaTHYeCKUM aHaJIu30M. JTa METO/a TOr/a
’Ke OblJIa TTPOBepeHa OIMbITAMH Ha MOCKOBCKOM
BOJIONIPOBO/IE 1 BOILJIA B IPAKTUKY . JI1060TIBIT-
HO COIIOCTaBUTHh 3Ty MeTony sKyKOBCKOTO ¢
meronom snopaa Keapsuna (V. Tomcona) on-
penesieHns MecTa TIOPYH TIOIBOHOTO Tesrerpad-
HOro KaleJd; MaTeMaTHyecKas aHaJIOIus J[0-
BOJIbHO 3aMeyaresbHas .2

OmHako MBI yKe pealn30BaIn 3TO TOXKeTa-
nue akagemuka! Ocranoch Hammcath audde-

2 Axagemnx A.H. Kpouios. Bociommnanms n
ouepku. — M.: Usnateancteo AH CCCP, 1956.
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pEeHNHMaIbHOE YPaBHEHNE B YACTHBIX TIPOM3BO/I-
HbIX, TIOCKOJIbKY BCE UCKOMbIE BeJIMUMHbI (CKO-
poCTb cMelienus, ynpyras aegopMaiys, 1aB-
JIEHHe — B CJlyyae BOJOIPOBOJA U TOK, ILIOT-
HOCTb 3apsi/la, PAa3HOCTL MOTEHIIMATIOB — B
caydae Kalesisg) 3aBHCAT OT JABYX IlE€peMeH-
HBIX — BPeMeHU ¥ KoopauHatbl. (JTH ypaBHe-
HIS MOXXHO CBECTH K O/IHOMY, Ha3BaHHOM IIO
BIIOJIHE TTOHATHON MMPUYNHE «ypaBHEHUEM TeJie-
rpaducros».) Ipasaa, 1 6e3 5STUX ypaBHEHHI
MOHSTHO, YTO TIPYW HAJTHYNH TIOBPEKIACHWIT Ha
Mecte ruzpoyaapa Tpy6onposoga (roBops mo-
JINTKOPPEKTHO, <IIPU HECAHKIMOHMPOBAHHOM
or6ope») mam npu Mpo6oe HJEKTPOKaOeTs Ha
JlHe OKeaHa OTPASKEHHbIN CUTHAJ U BPEMS €ro
nosiJieHust Gy1yT CUJIbHO OTJINYATBCS OT 6e3a-
Bapuiinoro ciaydas (puc. 3).

JI1060TIBITHO COTIOCTABUTD WM CYALOBI JIBYX
BesukuX Jiojgeil — Yusubsam ToMmMcoH nosydns
(1892) or koposesbl Bukropuu tutysi «6apon
KenbBun», mocse 4ero ero craju Ha3bIBaTb
sgopaom KesbBunowMm, a npodeccop H.E. IKy-
koBckuit ocnoBast (1918) snamenutsiit Ilent-
PAJIbHBIN  A9POTH/POAMHAMUYECKUN WHCTUTYT
(ITAT), KOTOpBIN CHpaBeIMBO HOCHT UMS
Y9EHOTO.

A BOT uTO emre coo6mIIaeT aKaJeMuK
A.H. Kpbuios: «Muorue pa6oror 7KykoBcKoro
UMeJIN HeTOCPEeICTBEHHOE TPAKTUYeCKoe 3Ha-
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A

Puc. 3. CxematndHoe 1300paxeHmne pacrpocToa-
HEHUA CUIHA/IOB, OCTIAHHBIX 13 A 1 OTPAXKEHHBIX
B TO4YKE B. BBEDXY — B CUTyHae «340POBOUY» JINHMIY,
BHU3Y — WCIIOPYEHHOV B ToYke D, wtpuxossie
JIMHNN — UCK@XKEHHBIVT CUTHAIT

yeHue, u ecyau 6bl OH, 100610 Jopay KesbBu-
Hy, pa3pabaTbiBaj UX JI0 MPAKTUIECKUX J[ETa-
Jieii u 6paJi ObI TIATEHTBbI, TO U OH UMeJ Obl U
CBOIO SIXTY, W BUJLIBI, U 3aMKU.... JKyKOBCKUii
JKe HUKOT/Ia HUYETO He TTaTeHTOBAJT, TPEI0CTaB-
JISIsl BCe CBOU OTKPBITHS B O0I1lee TI0Ib30BaHIE,
BUJISI B HAYKE HE CPEJICTBO JUJIST JIMYHOW HAKU-
BbI, a CPEJCTBO HPUYMHOXKeHUsT OJara Juis
yestoBedyecTBa...» (CM. CChLIKY 2).

Tak 4To0, €cyim y Bac €CTb MBICJU — CPOYHO
TMaTeHTyiTe, rocmoal

OU3UYECKUN ®AKYJIbBTATUB

EXaHVI3M V3MyHeHs
VCKOPEHHO
OBVKYLLErocs 3apsaa

C.BAPJTAMOB

S OrNIFHYIICS MOCMOTPETE,

He OITISHYIaCk JIv OHa,
Y106 rnocmorpers,

HE OITISHYIICA JIM £

M.JleoHnpos

Ecau B HexoTopoii mHEpIMaJbHONU cucTeMe
orcuera (MICO) aJIeKTPUYECKH 3apPssKEHHDIN

DOI: https://doi.org/10.4213/kvant20211104

TIpeIMeT JIBUKETCS MOCTYIATEeIbHO C TIOCTOSH-
HON CKOPOCTBIO, TO TIPOCTO BBIGOPOM [IPYTOii
M CO MOKHO 106UTHCS TOTO, YTOOBI ATOT MIPE/I-
MeT HaXO/JUJCS B TOKoe. B TakoM ciyuyae oH
(mpeaver) cosgaer B IIPOCTPAHCTBE BOKPYT
ce6s cTalOHAPHOE 3JIEKTPUYECKOe 1oJie (a1eK-
TpocTaTH4eckoe moJje). ILI0THOCTh SHeprun
9TOTO TII0JISI OCTAeTCsl HEM3MEeHHOH B JII0OOM
MeCTe TPOCTPAHCTBA, T.€. HUKAKUX 3JJIEKTPO-
MATHUTHBIX BOJIH 3apSDKEHHDBINH IpeIMeT He
U3JIyYaer.

Korpa Ha Takoii npeamer 1ojieiicTByeT BHe-
ITHSS CHJIA M 3aCTABUT €TO JABUTATHCS C YCKOPe-
HUEeM, 3JIEKTPUYECKOoe ToJie B TIPOCTPAHCTBE
BOKPYT 9TOr0 1ipeiMeTa GyAeT u3MEHSIThCS, YTO
MPUBEIET K TOSIBJIEHUIO MArHUTHOTO MOJIsT, KO-
TOPOE, B CBOIO OYepPe/Ib, TOXKE Oy/IeT U3MEHSITh-
csl, TIOPOJK/Iasi U3MEHSIONeecs JIEKTPUIECKoe
moJie, M T.J. DTa CUTyaIns o6pasHo OTpakeHa
B U3BECTHOII IIeCHE CO CJIOBAMU, BbIHECEHHBIMU
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B arurpad. CBA3aHHBIE [PYT C APYTOM N3MEHe-
HUS ToJiel, BO3HWKINNE B TOT TPOMEKYTOK
BpEMeHN, KOT/ia 3apsKEHHBIN TpeIMeT [BUTAJI-
CsI C YCKOPEHUEM, «ITyTelIeCTBYIOT B IPOCTPAH-
CTBE CO BPEMEHEM», T.€. MOSIBJISETCS JIEKTPO-
MarHUTHAs BOJIHA, y6eraromiasi OT MpeiMeTa B
pas3Hble CTOPOHBI.

Mpr yxe Boi6pasm MICO, B KoTopoii 10
BO3/ICHICTBIS CUJIBI TIPEMET TOKOMJICS. PasyMm-
HO MTOCTaBUTb BOIPOC: MMOUEMY JeHCTBHE CHUJIbI
Ha MpeIMeT He TOJIbKO M3MEHSIET ero KUHEeTHU-
YecKylo dHEepruio, KOTopasl IocJe TpeKparie-
HUS eHCTBUS CUJIBI CTAHOBUTCS PABHOM mo? / 2,
HO U TIPUBOJUT K TIOSIBJIEHUIO 3JICKTPOMATHUT-
HOW BOJIHBI, KOTOpasi TOXKe HeceT ¢ co06oii
9HEPruIo?

[lns oTBeta Ha TaKkoW BOIPOC PACCMOTPHUM
MOJICTBHYIO CHUTYAITIIo, B KOTOPOW 3apsiKeH-
HBII TIPE/IMET MPEICTaB/IsIeT COO0I ranTesb u3
JIBYX O/IMHAKOBBIX MIAPUKOB OYE€HD MAJIBIX Pa3-
MEpOB, 3apSKEHHBIX OJMHAKOBBIMHU 3aps/IaMi
g n g (cyMMapHbIii 3apsa/] paBeH 2¢) U UMEIO-
IIMX CyMMapHYIO Maccy 7. DTHU IMIapUKI COe/IU-
HEHBI )KECTKUM HEBECOMBIM CTEPKHEM JIJIITHOI
L. Cuna fgeiicTBoBasa Ha 3Ty KOHCTPYKIIIO B
HaIlpaBJIEHUN BJIOJTb CTEPXKHA U coobImaia
ImapuKaM ycKopeHue d. BpeMs 1eiicTBHs CUJTbI
T = L/c, Tie ¢ — 3T0 CKOPOCTD cBeta. [IpomMexy-
TOK BPEMEHU CIIeIINAJbHO BBIOPAH TaKWUM, YTO-
6Bl B TeUYeHHE HETO BHEIIHee 3JIeKTPUYecKoe
10JIe, B KOTOPOM HAXO/UJICS KayKIblii 3apsyKeH-
HBII NIAPUK, HE YCIIeJ0 N3MEHUTHCS.

Kaxxaprit 13 MapuKoOB TTepeMecTH/ICS Ha pac-
crosimne at’/2, npu s1oM ozun (nepsbril) ma-
PUK IPUOIN3UIICS K TOMY MECTY, T/ie HaXOJIHI-
¢S BTOPOI IO MOMEHTa HavaJia IeHCTBUS CUJIBI,
a BTOPOI TAapuK yAATUICS HA TAKOE JKe PaccTo-
SHYE OT TOTO MecTa, T/ie TePBOHAYAIBHO HAXO-
quics TmepBbrii. CyMmapHas TOTEHIMATbHAS
SHEprusi B3aMMOJENCTBUS KaXK/Or0 U3 IIapu-
KOB C BHETITHUM [IJIST HETO ITOJIEM M3MEHUJIACH Ha
BEJIMUNHY

g =t |1
L+%&
2

1 1 a*t a’t

+ kq* —— = kG — = k¢* —

q at’> L q 413 q 4¢3
b=

Ecim mosrydeHHyI0 3HEPTHIO Pas3jie/uThb Ha
MTPOMEKYTOK BPEMEHH T, TO MBI TIOJIYINM (op-
MyJ1y, KOTOpast cooTBeTcTByeT (110 BXOASAIIUM B
Hee PU3MYECKUM BEJMYMHAM) M3BECTHON (hop-
myJe Jlapmopa
2kq*a*

3¢?

JUIST CYMMapHOI MOIITHOCTH M3JIyYeHUs 110 BCEM
HAalpaBJIeHNsIM, KOTOpasl «yXOJUT» OT YCKOPEH-
HO JBIDKYyIerocs 3apsiia. B aroit dopmyJie
YCKOPEHHO JBUXKETCSI OAUH 3apsifi ¢ u Oe3pas-
MEpHBIN MHOKHTEb paBeH 2/3.

Komneuno, B MofieTbHOI 1 OUEHD YTIPOIIEHHON
CUTYaIIUH TOJYYUTb TOYHDIH YNCIEHHBII MHO-
JKuTeab ObLIo Obl OrPOMHON yjaveil, HO He
TOYHDIE BBIYICJICHNS SABISAIOTCS TIEJIBI0 HAIIIETO
paccmorpenns. lleap — T1okaszarth «Ha Tasib-
1ax», OTKy/Ja Oepercsi SHeprus M3JIyd4eHus U
KyJa JIeBaeTcs.

[TpososknM  Hatie MoOJIeTbHOE  paccMOTpe-
Hue. Cuia nepecrasa AeiicTBOBATD, W KayK/IbIii
13 3aps/I0B BHOBb OKA3aJICSI B TAKOM JKe, KaK U
JI0 EHCTBYS CHUJIBI, BHEIITHEM [IJIST HETO 3JIEKT-
PHUYECKOM II0JIe, T.e. CyMMapHasi OTEHINAJIb-
Has SHEPTUS 3TEKTPOCTATHYECKOTO B3aNMO/IeH-
CTBUSL BEpHYJach K mpexHeMy (/10 CHIOBOTO
Bos/elicTBus) sHauenuio. Ho sHeprus mpocro
tak ne upornagaer! Bosnukias pobGaBoumas
SHEPTHS HE CBSI3aHA C 3aps/laMy, JBUTaBIINMU-
Cs1 KAKoe-TO BPeMsl yCKOPEHHO, OHa <«OTOpBa-
Jlach» OT HUX M CYIIECTBYeT B BH/le 9HEpPIUH,
pacIpocTpaHsIonieiicss B MPOCTPAHCTBE 3JIEKT-
POMarHUTHOIT BOJTHBI. [IoCKOIbKY 3apsi/ibl BbIO-
PaHbl O/IHOTO 3HAKA, TO TI0JIs, CO3/JaHHbIE UM,
Ha GOJIBIINX PACCTOSTHUSIX OT KOHCTPYKIH 32
cueT nHTepQePeHINHN CJI0XKATCS 1 0OPATHO sHEpP-
THUS yXXe He BO3BPATHUTCA.

A ecJit B3TJISIHYTb Ha MOJIYYEHHYIO (POPMY.JTY
1 3aMEHUTD 3HAK OJ[HOTO M3 3apsi/IOB HA IIPOTH-
BOTIOJIOKHDBIN, TO TIOJIYYWUTCS, YTO M3MEHEHHE
MOTEHIMAJIbHOIN SHEPTUH 3apsi/IOB CTAJI0 OTPH-
rateabHpIM. OJIHAKO TIOJS, CO3/IaHHBIE KaXK-
JIBIM U3 3apsI/I0B, Terepb Ha GOJBIIOM PaccTo-
SHUN OT KOHCTPYKITIN 32 c4eT NHTepdepeHinm
«TIOTACAT JIPYT JIpyra» 1 3HePrusl BO3ZHUKIIETO
N3MEHEHUS 3JIEKTPOMArHUTHOT'O TI0JISI BEPHETCS
K qunosio. VIHbIMU cioBaMM, B cJydae, KOTAa
CYMMAapHbIii 3JIeKTPUYECKHI 3apsiji paBeH HYJTIO,
10JIe U3JIy4eHHsT Ha OOJIBIINX PACCTOSHUSIX OT
YCKOPEHHO JIBIKYIIEHCs] KOHCTPYKIMK Gy/ieT
OTCYTCTBOBATb.

Temepp BepHEMCS K ONUCAHUIO TOBEJACHUS
namreil xoncrpykuuu. Ona ABIDKETCS € YCKO-

W =
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PEHUEM, a BHENIHssA CUJIa 3 CUeT CBOeH paboTh
CO3/IACT M KUHETUYECKYIO SHEPIUIO MPEAMETOB
(IIApUKOB), W BHEPrHIO 10JA. DTO O3HAYAET,
4TO JIefiCTBYIOMAsS Ha KOHCTPYKIIMIO BHENIHSS
cua no Bestmurie 6oJbiie, uem ma! Tomyyaer-
CsA, UTO HA 3aps/bl JEHCTBYET He TOJBKO BHE-
IIHASA MEXAHUYECKAst CHJIA, HO M HAIIPABJICHHAST
HABCTPEYy YCKOPEHHIO CUJIA CO CTOPOHBI HJIEK-
TPOMArHUTHOTO MOJISl UBJIYYeHUS. DTy CHITY
HA3BIBAIOT «CUJIOH PaIMAIIMOHHOTO TOPMOKE-
Hust». MomHOCTh CcuJibl, Kak ussectHo (110
ONPe/IEIEHNI0), PaBHA CKATSPHOMY IPOU3BE-
JICHUIO CHJIbI HA CKOPOCTb JBUKEHUS TOYKH
NPUIOKEHHsT CUJIbL. B flaHHOM c/Iydae Motil-
HOCTb, pa3BUBaeMas CUJIOH PaJMAIMOHHOrO
TOPMOYKEHUS, JIeHCTBYOMEN Ha 3apsi/ibl, OTPH-
naTeJqbHa, a CUJa, JAEHCTBYIONAsA CO CTOPOHBI
3apsijla Ha MoJIe, TIOJIOKUTETbHA. Bropoii 3akon
Hpiotona GyaeT uMeTb BUJ

ma = FBHem + FpaL[A TOPM.*

Camoe cyIiecTBeHHOE B PACCMOTPEHHON Cu-
Tyaluy 3aKJII0Ya€eTCs B TOM, UTO JIJIs1 BOBHUKHO-
BEHUS U3JTyUYeHUsI 3aPSIKEHHbIN U IBUIKY LITUICS
YCKOPEHHO IIpeIMeT J10J/IKeH UMeTb KOHEUHbII,
T.e. He PaBHBIN HyJ0, pa3Mep. W xorg atoT
pa3Mep L B mosryueHHYIO GOPMYJY [UJIS U3JY-
YeHWs U He BOIIEJ, HO OH ChITPAJ CBOIO POJIb,
obecrieunB BpeMsi 3a/iepsKKu L/c, depes3 KOTo-
poe 3apsi/ibl, paciipe/iesieHHble B IPOCTPAHCTBE,
[IOYYBCTBYIOT IIPOU30LIe/(II1e U3MEHEHUS 11014,
CO3IAHHOTO /I HUX JAPYTUMH 3apsigamu. B
YACTHOCTH, U3 ATOTO PACCMOTPEHWS U W3 TOTO
daxra, 4TO 3apsLKEHHbIE YACTUIIBI — AJIEKTPO-
HbI ¥ IPOTOHBI — U3JIYYAIOT, €CJIU JIBUMKYTCS C
YCKOpPEHUeM, CJeJyeT, 4TO 3TH YacTHIlbl He
MOTYT GbITb TOYEYHBIMHU, T.€. OHU KAK-TO Pac-
npeesedbl B TpocTpancTBe! XapaKTepHble
pasMepnl TaKOTO pacrpesieJeHns MOTYT OBITb
OuYeHb MAJbIMU, HO HE PABHBIMU HYJIIO.

Cuna pagualiioHHOTO TOPMOXKEHUS CyIile-
CTBYeT TOJIbKO B TOM CJIydyae, KOTJla eCTb BHe-
MIHASA cHJia, 06ecTIeInBatoNIas ABMKEeHNe 3apsi-
JKEHHOrO Tesa ¢ yckopeHueM. Ecsin BHemneit
CUJIBI HET, TO HET W He MOJKET ObITb CUJIBI
paaranuonnoro Topmoskenus. [lostomy Gymer
HEKOPPEKTHO 3aIrucaTh BTOPOi 3akoH HbioToHa
JUISL IBUSKEHUST 3aPSI)KEHHOTO TeJsia B IIPUBe/IeH-
HOM Bbllle BHUJie, CUNTasl, YTO BHEIIHAS CHJIA
IIPOCTO paBHA HyJ0. TeM He MeHee, HEeKOTOPble
TEOPEeTHKH, HamncaB (GOPMaJbHO TaKOE YpaB-
HeHUe, HaXOJST B YHCJIe BO3MOYKHBIX PeITeHni
JIBIDKEHNE C YBEJUUYUBAIONIUMCS YCKOPEHUEM.
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IT0, KOHEYHO, HEMpaBUIbHO. /leso B TOM, 4TO
TIPU 3TOM NPUYNHY — JBIDKEHNE C YCKOPEHHU-
€M — U CJIeJICTBHE — BO3HUKHOBEHHUE pajallu-
OHHOI TOPMOBSIIIEN CUJIBI — TTOMEHSII MecTa-
MH. JTO MPOTHUBOPEYUT JIOTHKE.

Dopwmya JlapMopa cripaBeiinBa I U3JIy-
YeHNS 3apsDKEHHBIX YAaCTHUI[, ABIDKYIIUXCS CO
CKOPOCTSIMH, KOTOpBbIe 3HAYNTETHHO MEHbIIEe
cKopocTH cBeTa. KoHeuHo, (HU3UKKM HAILIH
dopmyJibl U st JTI0OBIX BO3MOKHBIX CKOPOC-
Teil IBVKEHUS YaCTHIL, HO 3TO yIKe JApyTas — He
HIKoJIbHasA, a 6oJiee cepbe3Hast PU3HKA.

Ha atom, moskamyii, u ciaeqoBaso 661 3aKOH-
YUTb PACCKa3 00 U3JIydeHUH, BO3HUKAIOIIEM
[IPU YCKOPEHHOM [IBUJKEHUU 3aPSKEHHBIX Yac-
tui. OIHAKO HYJKHO TIOMHUTD, 4TO Teopus 6e3
pEIIeHNs 33/]a4 «CyXay.

A BOT U 33/1a4:

1. IIpoToH pasroHsercs, ABUTASICH MO TIPs-
MOH TPAeKTOPHM W3 TOYKH C TIOTEHI[HATIOM
¢y =0 n ¢ HavaTBHON HYJIEBOH CKOPOCTHIO B
TOYKY C IOTEHIUAJIOM @ = -10% B. Ornenunre
SHEPIHi0 M3JIy4YEeHUsI, BO3HUKIIETO BO BpEMs
ATOTO JBUKEHUs. ToYKa cTapra HaXOIUTCS OT
TOYKN hUHUIIA Ha paccTogann L =1 M. JJek-
TpHUYECKoe TI0JIe OJHOPO/THOE.

2. JJIEKTPOH TPUOIIIKAETCST K TIPOTOHY C
paccrosnua 1M g0 paccrosuua 107" M. Ha-
YyaJabHas CKOPOCTb 3JIEKTPOHA paBHA HY.JIIO.
Kakas sHeprus nepeiizer B ussaydenue?

3. IIpoToH ABMKETCA B OTHOPOTHOM MarHWT-
HoM moJie ¢ nuaykmeit B =0,1 Tu, mpuyueMm ero
CKOPOCTD MEPIICH/IUKY IAPHA MATHUTHOMY TOJTIO.
HavanbHublil pagnyc KPUBU3HBI TPAEKTOPUU
nporona R=1 M. Uepe3 kakoe BpeMs 3TOT
paJuyc craHer paBHbIM R/2?

4. DIEKTPOH BJIETAET CO CKOPOCTBIO ¥ = ¢/20
B 06J1aCTh C OJIHOPO/IHBIM MATHUTHBIM TIOJIEM C
nuaykipeit B=1 Ta. Caenas mnosoBuny 060-
pora, 3JEeKTPOH TOKugaer 3ty ob6jactb. Ha
CKOJIBKO YMEHBIINIACh €0 CKOPOCTb K MOMEH-
TY BbLJIeTa M3 06JACTH C MarHUTHBIM IOJIEM?



MATEMATHUYECKUMN KPYJXOK

JIBOMNYHaA
apudmMeTmKa
DpaHyecko bpyHeTT

A.3/IATOMOJIbCKUY

B 1746 rony ®pamuecko bpynerrn, nraib-
SIHCKUI MaTeMaTUK, Kale/IaH Malbl PUMCKOTO
Benepukra XIV, omy6amkoBaja KHUTY
«Arimmetica binomica, e diadica, in cui tutte
le operazioni fi fanno colle fole figure Uno, e
Zero» («ApmbMeTHKa OMHOMUAJbHAA, WJINA
JIBOMYHAsA, B KOTOPOIl BCe OMepaInl IIPOU3BO-
JIATCS TOJIBKO ¢ nu(paMu OJMH U HOJb» ).

B xHUTe OH NMPUBOAUT TPUMEPHI TBOMYHBIX
YHceJ 1 METOINKY BBITIOJHEHUS apudmeTmaec-
Kux ornepanuii ¢ tumu (B TOM 4mc/Ie ¢ APOGAMU
U CMENTaHHBIM IHCJIaMN).

Ha o/1oii 13 cTpanul B aT0H KHUTE IPECTaB-
JIeHa 3aIliCh, CBA3aHHas co caokenueM (puc.1).
3amuch crpaHHas, Ha

[EePBbIil B3I — He
uMerorast empica. Ho 8 g
aT0 He Tak. [lemo B
TOM, YTO YYTh BBIIIE @) 5 3

bpynerrtu numer: «
IyMaJ O KaKOM-HU-
6yzib criocobe coKpa-

H[EHUST KOJMYECTBA —
nmudp mwpm 3anucu

60JbIMNUX <JBOUY- 6
HBIX> YUCEJT U [pPU- 09 3
meJg K BBIBOAY, UTO
HIKEC/IeYIONIEe SIB-
JsieTcst HanGoJIee oI
xomsmmM criocobom». (Kak m3sectHo, Hemo-
CTaTKOM /JIBOMYHON CHCTEMBI CUMCJIEHHUS SIBJISI-
ercst GoJsblast </JIMHA» 4uCeJa B Heil.) 1o
<HIDKECJIEYIOIIEe» 3aKTI0YAETCSI B TOM, YTO OH
[pe/IJIaraeT 3aluchiBaTh TOJBKO HoMepa (B
BH/IE IECITHYHBIX TIMGP) PasPs/IoB, B KOTOPHIX
IPEICTABICHDI euHnIbl (IPH HyMepanun Ha-
unHag crpasa). COTJIacHO 9TOH cucreme, JBO-
manoe urncao 101000 (40,,) BbirasauT Tak: 64,
a uucao 1010010 (82,,) — 752. BuaHo, uto
1pBI 3AMUCHIBAIOTCS B HOPSI/IKe YOBIBAHUS.
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Puc. 1

ARIMMETICA

BINOMICA. E DIADICA.

In cui turee e operazioni i fanno colle fole
figure T'we, ¢ Zere
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[Mopsinkosbie HOMepa 1dp, OoJbiine 9,
Bpyuertu npe/iaraer 0603HAYUTH KaK MX MOC-
nepmoio mudpy (0, 1, ..., 9), samucwiBas
crpaBa oT BeexX Takux mudp sanaryio (mrpux),
a HoMepa, GoJibiiie 19, — aHAJOrUYHO € JIBYMST
3aIAThIMU U T. [. B KOHIle Takoii 3arucu aBrop,
KaK [paBMJo, CTAaBUT TOUYKy. Tak, 3ammch
1,50,862 cooTBeTcTBYET [BOMYHOMY YHCJY
100000100001010100010.

Takast cucremMa 3aIicH JABOMYHBIX YUCE TI0-
3BOJISIET JIETKO CPABHHUBATH WX — JOCTATOYHO
COIOCTABUTD TOJIBKO TepBble MUQPHI KAXKI0TO
yieaa (6 > 54321; 432 < 51 u 1.11.).

Bepuemcst kK ipuMepy CI0KEHMs, TOKA3AHHO-
My Ha pucytke 1. COrJacHO MpPesIoKEeHHOMY
BpyHertu crocoly 3anmucu JBOUYHBIX UYHCET,
peub B HEM H/IET O CJOXKEHUU TPeX JBOMYHBIX
3HAYEHUN:

10000100

1000010100

10001100
Kaxk nipoBojut pacuerst aBrop? Ou oriepupyer
He JBOMYHBIMHU I1dpaMul, a JecaTUIHBIMU
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sHavenuamMu (MOPSAAKOBBIMU HOMEPAMHU €U~
HUIL).

PaccmoTpuM crioskeHme IBYX OJMHAKOBBIX
O/IHO3HAUHBIX 3HaueHuil. BoT cooTBeTCTBYIO-
mas tabsuna ciaoxkenus (yoeaurech B ee crpa-
BeINBOCTH! )

1+1=2
2+2=3
3+3=4
8§+8=9
9+9=0,
0,+0,=1,

IIpu cooxeHun Bce 3anMcaHHbIE 10 METOLY
Bpynertn umcia MOKHO BBIMHCATbD B OJHY
CcTpoKy. B paccmarpuBaeMoM IpuMepe MoJIy-
yuM

830,53843.

HaunmaeM paccMaTpuBaTh MEHUMAIbHBIE (-
pol (HoMepa). BMmecTo [BYX TpoeKk MOKeM
3anucarb 4:

830,53843 — 830,5844.
Bmecro aByx yerBepok — 3:

830,5844 — 830,585.
Janee aHaJ0rM4HO:

830,585 — 830,68 — 9360,

(u3 pucynka 1 Bugno, 4to 3amsartoit (mrTpuxa)
pagom ¢ uudpoit 0 mer). 3anmcas yYeTbIpe
ocraBiecss TGPl B TOPSAKE YMEHDBIICHUS,
nosyunM pesyabraT: 0,963.

MoskHO 6BLIO TakyKe cpasy 3almcarb Bce
ucxojHble 1Udpbl B TOPsijike yObIBaHUST —
0,8854333 («3a6bIB> O CKJIABIBAEMBIX YHC-
Jlax) ¥ IPOBECTH aHAJOTMYHbIE JCHCTBUA:

0,8854333 — 0,885443 — 0,88553 — 0,963

Wrak, (BOMYHBIN pe3y/bTaT CIOKEHHUA pa-
Bern 1100100100. A BOT pacueTsl ¢ COOTBETCTBY-
IOIMMU JBONYHBIME YHCJIAMU:

10000100
1000010100
10001100
1100100100

Ecmun B cinaraempix Bce HI/I(bpr pa3Hbie, TO
pe3yabTaT IpeACTaBJIsSIET co6oit IocJjie10BaTeIb-
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HocTh udp B mopsi/ike yopiBanus. Harpumep,

63 + 71 + 54 = 765431.

Mo:xkHO czies1aTh BbIBOJI, YTO KOT/IA CKJIA/Ibl-
BaeMble JBOUYHbBIE YHMCJA YIKe IPe/[CTABJIEHbI
10 cucreMe 3arucu BpyHerTH, TO Mpe/IosKeH-
HBIIT UM MeTOJI cJIoXKeHus 6y neT adpderTuBHee,
4yeM TIpe/IBAPUTEIbHAST 3AIUCh [[BOUYHBIX CJIa-
raeMbIX U MX cymmupoBahue (KOHEYHO, Npu
OIIPE/IEICHHOM HaBbIKe pacueroB). OcoGeHHO
aTOT MeToZ a(PPEeKTUBEH IIPU OOJIBIIOM YHCJIE
cJIaraeMbIX WJIM/W TIPU CJOKEHNH MHOTrO3Hay-
HbIX unceJi. BoiBos o ToM, siBiisiercs: Jin addex-
TUBHBIM TIpeiokenHblii B X VIII Beke crioco6
CJIO’KEHNUST IBONYHDBIX 3HAYEHHI, KOTOPbIE HAJI0
IIPE/IBAPUTEbHO MOJYUUTh U3 33/JaHHBIX [IeCs-
THYHBIX YHCEJ, TPEJJIaraeM C/IeJIaTh YNTATeISIM.

AHAJIOTUYHBII 110 CYTH ITOJXO0/] UCIIOIb30BaH
B KHUTe BpyHeTTn 1 /17151 BIYNTaHUS, YMHOKE-
HUS U JIeJIeHUsT 3alMCAHHBIX I0-0CO00MY 3HAYe-
HUI ABONYHBIX UKCEJI.

[Tpn Bbruntanun B cucreme bpynerrn n3 mud-
pot (uncna) a uudpst (unciaa) b pesysbrar pa-
et (a —1)(a —2)...b. Harpumep,

7-3=6543; 5-3=43; 6-5=0.

Eme ogno BaxHOe 3amedanue. Bce nmdpot
YMEHbBIIIAEMOr0, MeHbIIINe MUHUMAJIbHOI 11d-
PbI BBIYUTAEMOTO, «OCTAIOTCSI» B PA3HOCTH.

Paccemorpum Beruntanue yucsia 853 u3 0,952.
BormmiieM BbIUnTaeMoe 1O/ YMEHDITAeMBIM:

0,952
853

Kak Tospko uto orMeudasnoch, mudpa 2 6ymaer
nocjenHeil B UCKOMOH pasHocTu. Tak Kak
9 -3 =_876543, a0,—8 =98, T0 pasnocts Gyer
paBra 988765432 =0,765432.

MoskHO GbIJIO TaKsKe IPOBECTU PACYETHI TAK:
0,-3=9876543; 9 -8 =38, pesyiabraT paBeH
988765432 = 0,765432.

Heckoubko Gotee caoskHbii caydait: 621 — 543.
Borunrtaem u3 6 so6yio 1ud)py BbIYUTAEMOTO:
6 — 3 = 543. Tak KaK HYKHO ellle BbIYeCTb 5 1 4
n ydectb Tdpel 2 1 1, TO uCKoMas pasHOCTD
Oyner pasua 321.

Tenepnb nepeiizem Kk yMHOKeHU10. Pe3ynbra-
ToM yMHOKeHuss AByX 1udp (uucen) a u b
Oyner axb =a+b—1 (uposepbre!).

CorylacHo TIpaBUJIaM YMHOKEHUS B CTOJIOUK,
nmpousBesieHne <«uncea bBpynertm» 321 m 31
BbIUHUCAETCS Tak: 321x1=321; 321x 3 = 543



HAIIN HABJIOAEHUNA

(Bce mdpbI IEPBOTO UMIC-
JIa YBEJIMUUBAIOTCS Ha 2). 8 53
Pesyabrar paBen
543321 =621. 92

964
6319

BoT Kak KOMIIaKTHO
BBITJISIZIUT B KHUTE JIPY-
TOIl IpUMep YMHOXEHUS
(puc. 2).

[lesienue B CTOJIGUK 110
MeTtoy BpyHertH, Kak u
06BIYHOE, CBOJIUTCS K TTIOC- 6
JIeJIOBaTeIbHOMY TTI0J100PY 3 1 99 64
o4epesiHON 1UQpPbI, yM-

HOJKEHUIO Ha Hee U Bbluu- APuc 2
tanuio. Bor npumep genenus 642 Ha 21:

o 64 mpm nesenun Ha 21 maer mudpy 4;

o yUnTBIBad, 4TO 21X 4 = 34, BorunTaem 64 —
-34=35;

e CHOCHM 2 — TIOJIy4aeM 52, KOTOpOe IpH
nenennu Ha 21 naer 3 (4 — He OAXOANT);

o 21x3=43;

o 52-43=32;

o JiesieHie 32 Ha 21 raeT nocJieiHio0 nudpy
2, T.e. Bce wacTHoe paBHO 432 (mposepbre,
HOJEIUB TU YMCJIA B JCCATUYHON cUCTeME).

B 3axuouenne 3ameTnM, uTto Asg BpyHeTTH,
KaK M JJIg IPYTHX YYEHBIX, OMICHIBABIINX [[BO-
MYHYIO CICTEMY CUNCJICHNS /10 HETO, 3Ta CHCTEMA
6bL71a aOCTPAKTHBIM OOGDBEKTOM HUCCJIEIOBAHUS,
HE UMEIOIUM TTPAKTUYECKOTO 3HAUCHUS.

Kanny TymMaHa
B Jly4e CBeTa

O.[ITYLWEHKO, B.[NTYLUEHKO

BzanmogeiictBie — 310 (yHIaMEHTATbHDIE
noustue Gpusnku. BaanMozeiicTBUsME BbI3Ba-
HbI BCe IIPOIIECCHI B HarieM Mupe (KpoMme, passe
YTO, PABHOMEPHOIO IPSIMOJIMHEHHOIO JIBHIKE-
HUSI) — OT Pacra/ioB 3IeMEHTaPHBIX YaCTHI 10
KpyroBopoTa Boabl B Ipupojge. Kpome Toro,
B3auMO/IeIICTBUS UTPAIOT TO3HABATENbHYO (THO-
CEOJIOTHYECKYI0) POJIb: 060 0OBEKT MbI BU-
JIVIM WJIH CJIBIIINM, WJIH OGHAPYIKUBAEM 32 CYET
TOTO, YTO OH C 4eM-TO B3auMoJeiictByer. YacTu-
I[a, KOTOpas HH C 4eM He B3auMoJjelicTByerT,
O6bl1a Obl B IPUHIMIE HEOOHAPYKUBAEMON.
BeroMunM, Kakue CIOKHOCTH BO3ZHUKAJIM HA
Iy TH PErUCTPALNH HEHTPHHO, KOTOPOE YPE3BbI-
YaifHoO €J1a60 B3aUMOJEHCTBYET C BEIIECTBOM.

BrpoueM, HeT HCOOXOAMMOCTH 3a0HPAThCI B
Takne <«(yHpaMeHTalbHble BbICU» U Pa3bu-
paTbCcsl B CJOXKHEHIIeH SKCIepUMEHTATbHOI
TeXHUKE, YTOOBI ONEHUTD UCTHHHYIO TIEHHOCTD
B3aumo/ieiicTusi. OJIMH U3 CaMbIX SIPKHUX IIPHU-
MEpOB — ¥ B IIPSIMOM, U B IIEPEHOCHOM CMBICJIE
3TOTO CJI0OBA — 3TO B3aMMOJEICTBHE CBeTa €O
B3BCIICHHBIMI B BO3yX€ YaCTUIAMU, IIBIJINH-
KaMI UM KalleJbKaMU TyMaHa, KOTOPBIE pacce-
MBAIOT CBET U [IEJIAIOT €r0 PACIPOCTPAHEHUE B
cpejie BUAUMBIM, KaK Obl <IIPOSIBJSIOTS IyTH

DOTI: https://doi.org/10.4213/kvant20211106

ceera. Ho poabp Ttakoro B3aumojeiicTBUA —
000I0/THAsI: KaK B3BEIICHHbIE YACTHUIIbI TT03BO-
JITIOT OOHAPYKUTD JIy4 CBETA, TAK U PACCEUBA-
eMBbIll Ha YaCTUIAX CBET JeJIaeT UX BUIMMbBIMU.
Ecam xoHIIEHTpaINS YacTHIl He OUYeHD BEJTIKA 1
€cJIn MbI MO3KEM 110/{06paTh MOXOSIIHIA TPO-
CTPAHCTBEHHDBIN 1 BPEMEHHOI MaciiTaGbl CheM-
KH, TO MOKHO TIPOCJIEIUTD 32 CYAbOOM KaKI0i
U3 YACTUI[, KOTOPbIC IIPEBPAIIAIOTCS B Jydye
CBETA B CBETSIIUECS TOYKU.

Ha pucynke 1 (a Takke Ha 4-ii crpanuie
O6GJTIOKKY KypHasta) mpuseaena dororpadus,
clieaHHas B TyMaHHbBINA Bedep ¢ 60-mMusiuce-
KYH/ITHOH BbIJIep:KKOii. [Ipurasaurech: HeCMOT-
pst Ha obuJine MUKPOCKOIMMYECKUX KareseK B
KaJipe, BUIHDBI TPACKTOPUY OT/ICIBHBIX KaTleJb!
[IpryemM TpaeKkTOpUM 3TH WMEIOT TIPUMEPHO
OIMHAKOBYIO JIJIHY 1 HaIpaBJeHUe, YTO TOBO-
PUT O ABIXKEHUU TOI Macchbl BO3/yXa, B KOTO-
POl 9TH KameJbKH B3BeIIEeHbl. MOKHO OIIEHUTD
U CKOPOCTb 3TOTO JIBMKEHUSI — OHA TOPS/IKA
JIeCSITKA CAaHTUMETPOB B cekyHAy. Ha done
00T1eTO ABMKEHNS BO3/TyTITHON MaCChI BUIHBI I
BapHalluy B UWHIUBHU/YaJbHBIX JBHKEHUIX Ka-
nenex. MOKHO MOMTY4NUTDb U MPECTaBJICHUE O
TOM, KaK MEHSeTCSl BeJWYMHA CKOPOCTH WJIN
HaIPaBJIeHUE BO3/YITHOTO MTOTOKA 33 CEKYH/IBI,
ciesaB aBa Kaapa noapsa. Kak BugHO u3
pucynka 1, B HauteM ciydae (Korja uHTepBas
MEK/Y ChEMKAMH COCTAaBJISJ OJHY CEKYHILY)
3TO M3MEHEeHHE OblJIO0 HE3HAYUTEJbHBIM.

Komeuno, B TakoM criocobe U3y4deHust [BUKe-
HUS YaCTHUI[ €CTb W MHOTO ITO/[IBO/ITHBIX KaMHEI.
Hampumep, o dororpadun cI0KHO OIEHUTDH
MOJTO’KEeHNE YACTHIIBI TI0 OCH, TIePIEeH/INKYISP-
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HOM TIJIOCKOCTH CHUMKA, a
3HAYUT — U €€ PACIOJIONKe-
HI€ 110 OTHOIIEHHIO K CBe-
TOBOMY KOHYCY: TOJIbKO
HaXO/ISICh BHYTPH HETO, Ya-
cruiia Gy/leT CBETHUTHCS.
[Tostomy He Bcerza JIeTKO
MOHSTD, KaKyIO 4acTh Tpa-
eKTOPUH YaCTHI[bl 3 Bpe-
MS$1 9KCITO3UIIH MBI TTOIIMa-
1 B Kaap. Oco6eHHo X0-
POIIIO 3TO 3aMeTHO Ha (Ho-
Torpadpum Ha pHUCYHKE 2,
CHATOH ¢ TOpas3no GoJib-
UM BpPEMEHEM HKCII03M-

Puc. 1. Karnm TyMaHa B CBETE POHAPUKE, CROTOIPAPHPOBAHHDBIE C MHTEP-  LIuU: TPACKTOPUH YiKe He
BaJsloM OKOJIO 1 C ripy BpemeHy 3Kcriosvymmi 60 MC. BygHbl TPGEKTOPUM  Bre3aloT B OCBEIEHHYTO

OTAeJIbHbIX Karie/ib

Puc. 2. Te xe Karmm TyYMaHa, HO BpeMs 3KCro3um-
ymn terepb 8 ¢

DuU3nKo-MaTeMaTnyeckas

MaTtemaTtuka

10 knacc
BapuaHT 1

1. Touka D nexnt Ha cropore AC Tpeyroin-
nuka ABC. OXpyXHOCTb ¢ amamerpom BD
nepecekaet ctopoubl AB nu BC B toukax P u T
cooTtBeTcTBeHHO. Touku M u N — cepeiuHbl
orpe3koB AD u CD cootBetcTBeHHO. 3Bect-
Ho, uto PM || TN.

a) Haiigure yron ABC.

6) IlycTh JOIOJHUTEIBHO M3BECTHO, YTO

1 5
MP = > NT = > BD = 2. Haiinure riomaib

Tpeyrosibuuka ABC.

006.J1aCTh, U JIJTHHA UX Orpa-
HIYMBAETCS TOJIBKO TPAHUIIAMH CBETOBOTO KOHY-
ca. IlepreH Ky IAPHYIO ITOCKOCTH CHIMKA KOM-
MOHEHTY CKOPOCTH TaKUM IIPOCTBIM CIIOCOOOM
TOKE ONPEAEINTh, KOHeYHo, He ymacres (ecm
TOJIBKO He JIeJIaTh O/THOBPEMEHHbIE CHUMKH Pa3-
HbIMK (hOTOANIIAPAaTAMK ¢ PA3HBIX CTOPOH).
BropoueM, He3aBHUCHMO OT 06CY’KIaeMOM TI0-
3HaBaTeJIbHOU 1IeHHOCTH B3alMO/IEICTBUS CBETa
C KaIUIsIMd TyMaHa, Y Hero ectb W O4YeBUHAs
acTeTndecKas IeHHOCTh. Y meiicTBuTe/IbHO, I10-
JIET CBETSIIMXCS B Jiyde (hOHAPHKA KalleIh TyMa-
Ha He MeHee KpacwB, YeM [yTH, IIpoYepyiBae-
Mble 3Be3/iaMi Ha ¢oTorpadusax HOUHOTO Heba.

onuMnmaga «Pustex»

2. Pemmre ypaBHeHue

Ve+4—J6-x+4=2V24+2x - 12

3. Ha nuockoctn Oxy ypaBHeHHEM
26a* — 22ax — 20ay + 5% +8xy + 4y> =0
3a/laHbl KOOPpJANHATDbI TOYKHN A, a YpaBHEHUEM
ax? +2a2x—ay+a3 +1=0

— mapaboJsia ¢ BepmmHON B Touke B. Haiiante
BCe 3HAUCHUS IapaMeTpa @, ITPU KOTOPBIX
Toukn A m B JjekaT 1o pasHble CTOPOHBI OT
npsamoit 3x — y = 4 (toukn A u B He nexar Ha
STON MPAMONA).
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4. Pemmre cucreMy ypaBHEHMi

22+ 47

o+ gt +32%y% = 5.

5. Ha mmockoctu ¢ 3aaHHO# TIPSIMOYTOJIb-
HOH JIEKapTOBOI CUCTEMON KOOP/IMHAT HAPUCO-
BaH KBajpart ¢ Bepmmnamu B toukax (0; 0), (0;
59), (59; 59) u (59; 0). Haiizure KoamuecTBo
c11oco60B BBIGPATh [Ba y3Ja CETKU BHYTPU
sToro kBajpaTta (He BK/IIOYAs €ro IPaHUILY)
TaK, 4TOObI XOTsI Obl OJIIH 13 3TUX Y3JI0B JIEXKAJ
Ha O/IHOM U3 IPSIMBIX iy = X Wn y¥ = 59 — X, HO
00a BbIOPAHHBIX y3J1a He JIesKaJ HU Ha KaKOu
MIPSIMOIL, TTapaJsiieibHOl JII060H 13 KOOpAMHAT-
HBIX OCeil.

6. /{maronaJy BbIIYKJIOTO YETHIPEXYTOJIbHU-
ka ABCD nepecexaiorcs B Touke O, 1 IPH 9TOM
tpeyroibHukun BOC u AOD — npaBuJbHbIE.
Touka T cummerpuyHa Touke O OTHOCUTEJIBHO
cepenHbI cTOpoHbI CD.

a) Jokaxure, uto ABT — npaBuibHbIil Tpe-
YTOJbHUK.

6) Ilyctb [OIOJHUTEIBHO HM3BECTHO, YTO
BC =3, AD =7. HaiiguTe OTHOILIEHNE ILJIOIA-
qu TpeyroapHuKa ABT K TIONmaan 4eTbipex-
yrombanka ABCD.

11 knacc
BapunaHT 1
1. (5 Gamnos) Pemute cucreMy ypaBHEHMi

J3x =2y +3y -2x =7,
(x-y)? =x+y+12.

2. (6 6asnoB) JlaH KBajipaT, CTOPOHBI KOTOPO-
ro pasubl 200. Ero ctopoHbr pa3éuthl 0TMEYEH-
HBIMU TOYKAMH Ha OTpe3Ku JiHbl 1 (BepumHbl
HCXOJ[HOTO KBajipata ToxKe orMeueHbl). Haiim-
Te KOJIMYECTBO YETBEPOK 13 OTMEYEHHBIX TOYEK,
SBJISTIONIUXCST BEPITMHAMU TIPSIMOYTOJIbHUKOB.

3. (7 Gamnos) J[laH OpPAMOYTrOJBHBIA ma-
pamnenenunes ABCDA;B,C\D;, B KoTOpOoM
AB=AD =13, AA; =16. Touka Q J1exur Ha
muaronamun BD ocuoBanus ABCD. Buyrtpn
napaJijiesieliuie/ia pacioyosKeHbl /[Ba Kacalo-
MUXCs PYT Apyra Iapa PasHbIX PajiiycCoB.
LlenTp MenblIero mapa JeXXUT Ha orpeske BQ.
[ITapbr kacaoTCss HEKOTOPBIX I'PaHeil mapaJiie-
Jernumeja Tak, 4TO CyMMapHOe 4YHCJO TOYeK
KacaHWs TpaHell JaHHBIMM IIapaMu paBHO §;

Ipu 9TOM OGOJIbIINIT IIAD KacaeTcs rpaHn
AyB,C,D,, a mMenbinuii — rpanun ABBA;.
a) Kakxux eme rpameil Kacaercst KaskIblit

mmap? B
6) Haiiaure otnomenue % 1 pajinyC MEHb-

1rero mapa.
4. (6 6annos) Pemmute ypasHeHue

\/2cos4 X+ 3sin4dx — 2sin 2x = —sin 2x.

3. (6 6amnoB) Haiigure Bce 3HaYeHus X, IPU
KOTOPBIX HEPaBEHCTBO

4log 2, +log o, (2= 2)4 <

<QFTP 4 oM

BBITIOJIHSIETCST /1151 JII0OOTO 3HAYEHUsT TTapamer-
pa p.
6. (6 Gannos) Touka K — 1IeHTDP OKPYIKHOCTH
, Bruucanuoii B tpeyroapauk ABC (mpuuem
AB < BC). llpsamas BK mnepecekaer CTOPOHY
AC B Ttouke L. Yepe3 Touky K mpoBezeHa
npsmas [, Kacaiomasicsi OKpysKHOCTU, ONUCAH-
Hoit okosio Ttpeyrosbauka ACK. Ilpsimas [
nepecexkaet ctopoHbl AB u BC B toukax M u N
cooTBeTcTBeHHO, TipudeM MN = 10.

a) Hailgure npoussejeHue IJIMH OTPE3KOB
AM u CN.

6) IlycTh OTOJHUTETHHO U3BECTHO, UTO pa-
JIIyC OKPY;KHOCTH  paBeH 4, a KL =5. Haii-
auTe JAIUHY oTpe3ka AM.

BapuaHT 2

1. (5 6amnos) Iycrs S — cymma nepsoix 10
4YJIEHOB BO3pacTaiolieil apud)MeTndaecKoil mpo-
rpeccuut dy, dy, ds,..., COCTOSIIEH M3 IEJbIX
yncena. MsBectHo, dUTO dgdyy > S+1,
a;a;; < S +17. Yxaxure Bce BO3MOKHbIE 3Ha-
YeHus dj.

2. (5 6annoB) PaccMOTpEM BCEBO3MO>KHbIE
rerpasipsl ABCD, B xotophix AB=2, AC=
=CB=)5, DB=6. Kaxaplii Takoil TeTpasap
BITUIIIEM B IUJIMHJP TaK, 4TOGBI BCEe BEPIIMHBI
OKa3aJIMCh HA ero GOKOBOIT MOBEPXHOCTH, TIPHU-
4yeM peGpo CD 6bLJI0 TTapasiiebHO OCH TIHJIHH-
Jpa. BoiGepem TeTpas/ip, /1JIs1 KOTOPOTO PAIyC
UJINH/APA — HAUMEHDBIIMH M3 TI0JyYeHHbIX.
Kakne snavenns MosxeT npuanMath aiamaa CD
B TaKOM TeTpasipe?

3. (7 6annos) Ilyctb M — (urypa Ha gexap-
TOBOM IIJIOCKOCTH, COCTOSIIIAs M3 BCEX TOYEK
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(JC; y) TaKUX, YTO CYIIECTBYET I1apa BEIIECTBEH-
HbIX Yucesa a, b, IIpn KOTOPbIX BbIIIOJTHAECTCA
CUCTEMA HEPABEHCTB

(x—a) +(y-bY <2,
a’ +b* < min (2a + 2b;2).

Haiigute nomans urypsr M.

4. (5 6annos) Haiiure KOIMYECTBO TPOEK
narypanbublix uncea (@;b;c), yaosiersopsio-
IMX CUCTEME ypaBHEHUIt

HO/I(a;b;¢) = 6,
HOK (a;b;c¢) = 2" - 3'6.

5. (5 6annos) Tanpr uncnalog s— (4x +1),
2

108, 441 §+ 2, log£+2 (5x —1). Ilpu kakux

X JIBa U3 3TUX YHCEJ PaBHBI, & TPEThE MEHBIIE
nx "Ha 1?

6. (7 6asnoB) OCTPOYroONbHBIN TPEYTOJbHUK
ABC BmHcaH B OKPY>KHOCTb ® ¢ IieHTpoM O.
OXKpy»KHOCTD, TIpoxo/dinas yepes Touku A, O
u C, nepecekaer orpe3ok BC B Touke P.
Kacaresbabie K (), IPOBEIEHHDIE Yepe3 TOUKH
A u C, nepecekaiorcst B Touke T. Otpesok TP
nepecekaet ctopony AC B Touke K. M3BecTHO,
yTo Tomaan tpeyroabHukoB APK un CPK
paBHbBI 6 U 4 COOTBETCTBEHHO.

a) Haiigure miomanp tpeyroabuuka ABC.

6) IlycTb [ONOJHUTETLHO W3BECTHO, YTO

ZABC = arctgg‘ Haitaure AC.

dunsunka
9 knacc

1. /leBouka 6pocaet BepTUKAJIBHO BBEPX MSIY.
B MomenT, kKorja Mg4 JOCTUT MaKCUMAJbHOI
BBICOTBI, JIEBOUKA OPOCAeT BEPTUKAIBHO BBEPX
BTOPOiIl MY € TOro ke Mecra U C TOil ke
CKOPOCTBIO, YTO U IepBblil. B pesynbrate Maun
CTOJIKHYJIUCb 4epe3 BpeMsi T rocJje Gpocka
Broporo Msaua ConpoTUBIEHUE BO3/IyXa He y4u-
ThIBaiiTe.

1) Kakoii MakcuMaJIbHOI BBICOTBI, CYUTASI OT
MecTa 6POCKA, JJOCTUT TIEPBbIN MsTd?

2) Ha kaxkoii BpICOTE, CUMTast OT MecTa GPOCKa,
CTOJIKHYJIFICD MsT4N?

3) Haiigure oTHOIIEHKE Ty Tell, TPOHAEHHBIX
MSYaMHA 10 CTOJIKHOBCHHUS.

2021 /Nel1-12

2. B cocyne ¢ Bomoii
Y/IEP’KUBACTCST B BEPTHU-
KaJIbHOM TI0JIOKEHUN
Tpy6a, MpUKpPEIIeHHAst
R K cocyay (puc.1) Ilop-
HI HIeHb MI0AbI0 8 cM>

n maccoit 50 T, Jsexa-
U Ha BOJ/e, CBS3aH C
IPY30M JIETKOH HUTBIO,
nepeKknHyToll dvepes
610k. B pesymabrare
pac. 1 BOJIa TIO/IHSJ1aCh HA BbI-
cory H =10 ¢M 110 CpaBHEHUIO C yPOBHEM BO/Ibl
B cOCy/le, U CHCTeMa OKa3asach B PABHOBECHH.

1) HaiiguTe naBjienue B BOze HEOCPEACTBEH-
HO TI0/1 TIOPIITHEM.

2) Haiigure mMaccy rpysa.

3) Ha KakoM DacCTOSHHH OT TIOBEPXHOCTH
BOJIBI B COCY/Ie OKaKeTcsT HYDKHWI Kpail TOpIITHSA,
€CJIH Ha MOPIIeHb TIOCTaBUTb TUpIo Maccoit 120 r?

Armocepnoe nassenne py = 100 «lla, miot-

noctb Bozbl P = 1000 KF/MS, yCKOpeHue CBO-

6oxmoro masienus g = 10 M/ 2 TpenueM B ocu
6JI0Ka U MOPIIHS O CTEHKU TPYObI IpeHe6pedb.

3. VMeroTcs /1Be OIMHAKOBBIE JIAMITOYKHN Ha-
kasmBaHus. IIpn nx mapasiesbHOM cOe/He-
HUM W TOJKJIIOUEHNH K NCTOYHUKY C HallpsiKe-
mnem U = 12 B Ha kasx101i 1aMIouKe BbIIENA-
ercs momuoctb P, =20 Br. IIpn nx mocaeno-
BaTeJIbHOM COE/INHEHNH U NOJIKJIIOYEHUH K TOMY
JKe MCTOUHHKY Ha KasK/I0l JTaMITOUKe BbI/leJIsIeT-
cst MorHOCTh P = 6,6 Br.

1) Haiignte TOK B KaKJOH JaMIIOUKE IIPH
TapasIeJbHOM COeTNHEHNN.

2) Haiigure TOK B KaXK/JOH JTaMIOYKe IMPU
IOCJIE/IOBATEbHOM COE/IMHEHNN.

3) Kakas MOIIHOCTb Gy/eT BBLACJITHCS Ha
OJIHOIl JIaMIIOYKe IIPU MX I10CJIe/[0BATEJbHOM
COeINHEHNN W TIOJKJIOUEHNN K HCTOYHHUKY C
HanpsorenueM 2U,?

4. Kina naxoauTcd Ha TJIAJKONW TOPHU30H-
TAJbHON MOBEPXHOCTHU cToJsa [1a/ikas mosepx-

HOCTb KJIMHA cocTasisier yron o (cos o = 4/5)

¢ ropusonToM (puc.2). B6m3u BepIuHbl KJin-

Ha Ha BbicoTe H y/Iep:KUBAiOT HeOGOIBIIYIO 110

pasmepam Iaiby mac-

coii m. Macca ksuna 3m.

H 1) 3a Kakoe BpeMs

maiiba chesleT ¢ KJIMHA,

€CJIU KJINH Y/IePIKIBaTh,
Puc. 2 a maiféy OTMyCTUTD?
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Kome n maiiby ofHOBpeMeHHO OTIyCKAaloT, 1
OHW Pa3be3sKaroTCs.

2) Haligure yckopenne KamHa.

3) Uepes Kkakoe BpeMs ImaidGa TOCTUTHET
crosa?

Hanpayiennst Bcex ABUKEHUN HAaXOIATCSA B
OJ/THOI BEPTUKAJbHON TJIOCKOCTH.

3. V3 mianra XOTAT HAIIOJHUTD BOJOW BKO-
MAaHHBIA B 3eMJIIO [IUJIMHPUYECKUIT 6aK ¢ Bep-
TUKAJIbHOI CTEHKOI
BbIcOTOM H n pajan-
ycom aua H (puc.3). f N
Koner mianra ma-
XOJIUTCS HA PACCTO- 20 \ H
anun H 1o BepTuka-

Ju u H 110 TOpu30H-
tami ot Gmmkmero 1¢ 3
Kkpas 6aka. IIpu BbIXO/le W3 IIJIaHTA TLIOINA/Ib

MOTIEPEYHOTO CeYeHnst CTPyn S, a CKOPOCTDb

Bozbl © = 4/0,5gH . Cuwuraiite, uT0 mHOIEpPEY-

HbBIE€ PAa3MEpbl CTPYU IIPU IOJIETE BO/bI 3HAYM-
TespbHO Menbite H. Boga B cTpye ABIKETCS B
IJIOCKOCTH prcyHKa CONPOTHBJICHIEM BO3/1yXa
MOJKHO TIpeHeOpeyb.

1) 3a kakoe BpeMst Gak 3aroJHUTCS BOJOI,
ecyin CcTpys mornajaer B 6axk?

2) Tlox KakuM yrioM K TOPU3OHTY AOJKHA
BBIXOJIUTD CTPYST BOJBI U3 IMIJIAHTA, YTOODI TIO-
macTb B GJIDKHIO BEPXHIOW TOUKy A 6aka?
MokHO HallTH 3HAYEHHME TAHTEHCa YIJia.

3) Tlojt KaKUMH yTJIaMK K TOPH30HTY JI0JIKHA
BBIXO/UTH CTPYs BOJDBI U3 NIJIAHTA, I{TO6I)I 110-
mactb B 6ak? MOJKHO HaiiTH /[1ara3oH u3MeHe-
HUSI TAHTEHCOB YTJIOB.

1
——

Anra cnpasku: 1+ tgzoc = .
cos” o

10 kracc

1. Masnbunk O6pocaeT BEPTHKAJIBHO BBEPX
MY CO CKOPOCTBbIO Uy. B Moment, korzga msd
JIOCTUT MAaKCUMAJIbHON BBICOTBI, MaJb4uK GpO-
caeT BePTUKATIBHO BBEPX BTOPOI MU € TOTO Ke
MecTa ¥ ¢ TOH JKe CKOPOCTBIO, YTO 1 MepBBIi. B
pesyJbTaTte MAYH CTOJKHYJNCh HAa HEKOTOPOI
BbICOTE OT Mecta 6pocka. ColpoTuBJieHEe BO3-
JlyXa He Y4YHUTbIBaliTe.

1) Haiigure BpeMs 1oJieTa MepBoro Msva /10
CTOJIKHOBCHUS.

2) Haiigute OTHOIIEHME BpPEMEHM II0JIETA
IIEPBOTO MA4Ya K BpEMEHH TT0JIeTa BTOPOTo MsAva
/10 CTOJIKHOBEHMUSI.

3) Ha kaxoii BbicoTe oT MecTa GPOCKa CTOJI-
KHYJIUCH M9 ?

2. Konunueckuil cocy/i ¢ BO/OI W IIapom,
JIeSKAIM Ha JIHE COCY/la, BPAIAIOTCs BOKPYT
BepTHKaIbHOI ocn OO, ¢ yri0Boil CKOPOCTHIO
o (puc.4). ILmot- 0
HOCTb BOJIBI ), ILJIOT- hand
Hocth mmapa 6p. Pa-
auyc mapa R, nenrp

o R
mapa HaxoJHTCs Ha
paccrostnun 1,5R ot O,
OCH BpallleHust. YToJ 3
MESK/Ty TOPH30HTAIb- R
Puc. 4

HBIM THOM 1 GOKOBOI
crenkoii cocyna o (tg oo = 3/2). Buyrpenuss
MMOBEPXHOCTDh COCY/IA TJIa/IKas.

1) C kaxoii cusoit N map gaBuy 6bl Ha JHO,
ecam 6bI COCYJI HE Bparascs?

2) Haiigure cuny N, JaBJieHus apa Ha JHO
TIPU BPAIeHNN COCY/Ia.

3. BoagHoil map M30TepMHYECKH COKIMAIOT
mpu temmepatype 81 °C. O6bem mapa yMeHb-
mmacs B 7 pa3 u cran 1,7 g, a naBienue
BO3pocJio B 3,6 pasa. /laBieHne HACHIIEHHOTO
BogsHoro mapa npu 81 °C pasuo 0,5-10° Ila.
[Tap cuuraiite naeanbHbIM razoM. MonsgpHas
Macca mapa M =18 r/Mosib. YHuBepcasibHas
rasosas nocrostnas R = 8,31 [k /(Mo - K).

1) Haiigure HavajabHOE JaBJEHUE Tapa.

2) Haiigure HavyabHYIO Maccy napa.

4. Ha rmagkoil TOpu3oHTAJIbHON MTOBEPXHO-
CTH CTOJIA HAXOAUTCS KJuH. [J1azikas moBepx-
HOCTB KJIMHA cocTtasJster yroa o (cosa = 3/5)
¢ ropusontom (puc.5). Ha
BepIINHE KJINHA HA BbICOTE
H ypieps:kuBaior HeGOJIbINON
1o pasmepam Gpycok mac-
coit m. Macca kauHa 2m.

1) 3a kaxoe Bpems Opy-
COK CBeJleT ¢ KJIWHA, ecyn
KJWH YIep>KuBatb, a 6py- APuc 5
COK OTITYCTHTD?

Ha moxownBmmiics BHavaste KJIMH CTaIN Jieii-
CTBOBATbH C MOCTOSTHHOI TOPU30HTAJIBHON CUJION
F=mg, a 6pycok ormnyctuau. B pesysbrare
KJIFH CTaJI IBUTATDHCS MTOCTYTIATEIbHO IO CTOJTY,
a 6PYCOK — BHU3 [0 KJIHMHY.

2) Haiignre yckopenne KinHa.

3) UYepes kakoe BpeMs GPYCOK TOCTUTHET
crosa?

HarpasJiienust Bcex JIBUMKEHUI TPOUCXOMAT B
O/IHO¥ BEPTUKAJIBHON IIJIOCKOCTH.
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3. Y ujieaqbHOro OJHOATOMHOI'O Ta3a B HEKO-
TOPOM TIPOIIECCE [aBJIEHIE YMEHBIIHIOCh Ha
1%, a obbem yBeauunsics Ha 2%. B arom
[POLlecCce OTHOCUTEJIbHbIE M3MEHEHUs JlaBJie-
Hiist, 00beMa 1 TEMITEPATYPBI CYUTAITE HAMHOTO
MEHbIINME €JUHUIIbL.

1) Kak u Ha CKOJIbKO TIPOIEHTOB U3MEHUIACH
TeMIiepatypa rasa’?

2) Haiigure B 9TOM TIpolecce OTHOIIEHUE
[OJIyYEHHOTO T'a30M KOJMYECTBA TEIJIOThI K
M3MEHEHUI0 BHYTPEHHEN SHEPTHUN Tasa.

77 knacc

1. KimH HaxonTCs Ha TOPU3OHTAJIBHON 110-
BEPXHOCTH cToJIa. JIerkast HepacTsskuMasi HUTb,
MepeKNHyTasl uepe3 yKPelJIeHHbII Ha KJnHe
Jerknii 6JIOK, TPUBsS3aHa K HeOOJIBbIIOMY II0

pa3mMepam Imapy u cre-
C A ne (puc.6). Cucremy
a YAEPKUBAIOT B MTOKOE,
. OTBE[S Iap B CTOPOHY
$H TaK, YTO HUTb COCTaB-
asier yTOJI o
pac. 6 (cosa = 5/13) c ropu-
30HTOM, y4acToK HUTH CA ropusoHTaseH, map
Haxo/nTcs Ha paccrosiuun H or crosa. 3arem
CHCTEMY OTITYCKAlOT, OHA JBUIKETCS, IIPU 3TOM
YTOJI OL HAKJIOHA HUTH K TOPU30HTY HE M3MEH:I-
eTCsl.

1) Tloj1 KaKUM YIJIOM K TOPUBOHTY HAIIPaBJIe-
HO yckopenue mapa? Haiinnte snadenue Jro-
6011 TPUTOHOMETPUYECKOIT (DYHKIMU HTOTO YTJIa.

2) Haiizure yckopenue kauna. OTBeT BbIpa-
31Te uepe3 YCKOpeHHne cBOOOHOTO TaJIeHNs §.

3) Haiinre oTHOIIIEHIE MACCHI TITAPaA K Macce
KJIIHA.

4) Yepes kakoe BpeMs [ap JOCTUTHET CTOJIA?

TpenuneMm B cucreme npenebpeub Bee Toukm
CHCTEeMbI [IepeMelaoTcs B BePTHKAIbHOM T1J10C-
koctu. KimH nve nepeBopaunsaercst [lap soc-
THTaeT CTOJIa paHbllle, YeM KJIMH Joe3XkKaeT /10
CTEHBI.

2. l'enit B KOJMYECTBE V MOJIb OXJIAXKIAETCS
oT HauasbHOII TeMiepaTypel 1 B IIpolecce ¢
MOJIIPHON TENJIOEMKOCTHIO, 3aBUCSIIENH OT

temrepatypsl T mmneitno: C (T) =3R Tl 3nech

0
R - yHUBEDPCaJIbHaA Ta30Bad IOCTOSAHHAA. le-

JINI cuuTanTe u/ieaJbHbIM ra3oM.
1) Kakoe xommnuectso rersorsl Qp (Q; > 0)
OT/IACT Ta3 B TAKOM ITPOIIECCE MTPH YMEHbIIIEHHH

TemIepatypsl ot Ty 10 %TO?
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2) [To KaKoii TeMIiepaTypbl HaJl0 OXJI/IUTh ra3,
4TOOBI OH COBEPIIIJ MUHUMAJIBHYIO paboTy?

3) Haiigure 5Ty MUHMMaIbHYIO PaboTy.

3. Ilenb co6paHa M3 npeBapUTe]bHO He3a-
PSIPKEHHBIX KOHJIEHCATOPOB. Koy pasoMKHYT,
I PEXKUM  yCTAHOBUJICS
e, (puc.7). Tlapamerpsr
IeNu yKa3aHbl HA CXe-

jp— e R Me, IpudyeM C2 = C,
é G, C, =4C, ucrounux
neanbHbIil. Kitou 3a-
MBIKAFOT.
Puc. 7

1) Haiigure Tox ue-
pe3 pe3ucTop cpasy IMocJe 3aMbIKaHNS KJI049a.

2) Kakoe KOJMYECTBO TEIIOThI BBILIETUTCS B
[eIU TI0CJe 3aMbIKaHUs KJIio4ya?

3) Haiigure Hanps>KeHNE Ha PE3UCTOPE MOC-
Jie 3aMbIKaHMs KJIOYa B MOMEHT, KOT/IA TOK
4yepe3 KoHgeHcaTop eMkoctbio C; paBeH [).

4. Ilo 1ByM mapaJsiie TbHBIM XOPOIIIO TTPOBO-
JISIIAM PeTbcaM, HaXOASIIUMCS B OJJHOW TOpH-
30HTAJIBHOI TIJIOCKOCTH ¥ B OJTHOPOTHOM BEPTU-
KaJbHOM MarHUTHOM TIOJIe ¢ WHIyKIueir B,
MOTYT CKOJIb3UTH 6€3 TPEHUS JIBe TIePEeMbIYKI
(puc.8). Paccrosinue
MeKIy peabcamu L.
ITepempruka 1 mmMeet
Maccy 2m u COmnpo-
TUBJIeHNE R, y mepe-
MBIYKI 2 Macca m |
compoTuBieHne 3R.
Brauase mepeMbIuKE MOKOWINCH. 3aTeM Tepe-
MbIuKe 1 coo0MmuIm CKOPOCTb Uy B HAIIPABJICHIN
BTOPO# mepeMbluku. V3BeCcTHO, UTO NepeMbly-
KU HE CTOJIKHYJUCHh. VIHAYKTUBHOCTD KOHTYpPa
13 MepeMbIueK U PEJbCOB HE YUUTHIBANTE.

1) Haiigure yckopenue nepembiukyu 1 B Ha-
YaJIbHBIN MOMEHT.

2) Haiiure CKOPOCTb KayKIOW TIEPEMBIUKH de-
pe3 MPOIOJIKUTEIbHDII TPOMEKYTOK BPEMEHH.

3) Haiiaure paccrosinue Mex/Ly IepeMbluKa-
MU Yepe3 POI0JKITETbHBIN TPOMEKYTOK Bpe-
MEHH, eCJU B HAYaJbHBII MOMEHT PAaCCTOSHUE
MeX/ly HUMH OBLIO .

3. Tomkas smH3a ¢ HOKYCHBIM PACCTOSTHHEM
18 cm 3akperiena Ha mraruBe. Ha crene Bu-
cuT HeboJIbITIas Kpyrias KapTuHa AB nuamer-
pom H =9 cm Ha paccrosgsauu 72 cM OT JIMH3bI
(puc.9). HabmomaTesib paccMaTpuBaet riasom
I' nmefictBuTepbHOE W300pa’keHne KapTHHBI B
JINH3e, aKKOMO/JWPOBAB IJa3 Ha PaCCTOSHUE
24 cm. ma3 u 1eHTp KapTUHBI HAXOSATCS Ha
IJIAaBHOM ONTHYECKON OCU JIMH3bI.

Puc. 8
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1) Ha KaKoM pacCTOSIHUM X OT JIMH3BI PACIIO-
JIOJKeH rJia3?

2) Haiigure MUHMMAJIbHBIA AMAMETP D in
JINH3DBI, TIPU KOTOPOM HAOJIIO/IATEeNIb CMOKET
YBUJIETD IIEJUKOM BCe M300pakeHne KapTHHDI.

3) Ha KakoM pacCTOSHHUM OT JIMH3BI M TJie

MeK/Iy KapTHHOI 1 ee M300pakeHNeM B JIHH3E

cJIe[lyeT MIOMEeCTUTH HeGOIbIION HeIIPO3PAUHbIi
9KpaH, uTOoObI He BWJIETb HM OJIHON JeTayu
n3o06paskeHns ?

Pasmepamu 3pavka Tyra3a m aKpaHa MOKHO
npeHe6peub M0 CPABHEHUIO C JUAMETPOM JINH-
3bI.

Hy6auxayuio no mamemamuxe nodzomosUIU
H.Azaxanos, H.Bozdanos, U.I1yxos,
A.Tonosxo, C.Iopodeyxuii, B./lyounckas,
H.Kopoaes, IO.Kysvmenxo, E.Moauanos,
I1.Ocmanun, O.Ilodauncxuil, C.Cayrun,
A.Crybauescxuil, /1. Tepéuun;

no ¢usuxe — B.Husunés, B.Yckos

HoBoCKMOMPCKNM
roCy0apCTBEHHbIV YHUBEPCUTET

dusuka

Onumnuaga
«TBOW NYyTb B HACTOSILLYIO HayKy»

| (oTGOpPOUHbIN) 3Tan
YCcTHBIN TYp
8 knacc

1. Taus u [lers Boim U3 JoMa B yHUBEPCH-
TEeT, paccrosinue 10 KoToporo pasHo [. Cko-
poctb Iletm B 2 pasa TpeBbIMaeT CKOPOCTH
Tanu. Tans nomuwia o npsiMoit, a [lers cnavasa
MPOIIIeN TyTh /i NePHeHuKyIIPHO ITON Mpsi-
MOt 10 MaTa3WHa 3a TeTPAIKOM, a 3aTeM TIOIIesT
110 KpaTyaiinemy
MyTH B yHHUBEp-
curer (puc.1). s Vnuusepcumem
Uemy paser iytb /2~ 2] S
h, ecin Tanga u
Ilersa npuniiu B
YHUBEPCUTET OJI-
HOBPEMEHHO? puc 1

2. 13 BostoeMa ¢ TIOMOTIIBIO TPOCA ME/IJIEHHO
BBITACKUBAIOT BEPTHUKAJBHO PACIIOJI0KEHHDII
MeTasinaeckuii ¢tos16. Korga Hajl moBepxHoc-
THIO OKa3aJuch 25% OT BBICOTHI CTOJI6A, TPOC
o6opBasicsi. Bo ckoJIbKO pa3 HaJ0 yBEeJUYUTD
MIPOYHOCTb TPOCA, YTOODI JJOCTATh BECH CTOJIG?
IInotHOCTH MeTasIa 3 r/ CMS, Bogpr I T em®,

3. K omHOMY KOHIy pasHOIJIEYNX HEBECO-
MBIX BECOB IPUKPENUIN JMHAMOMETD, a BOJIU-
31 TPOTHBOTIOJIOKHOTO KOHIA MOJTOXUIN KY-
6ux (puc.2). /IluHAMOMETP TSHYT BHH3 TaK,

S [Ep
al

F2
7AN

Fy=?

4TOOBI BEChl OCTABAJUCh B paBHOBecuu. [Ipu
9TOM JINHAMOMETP ITOKa3biBaeT cuy F. Korza
PSIOM BILJIOTHYIO € IIEPBBIM KyGUKOM IOJIOXKH-
JIIL BTOPOII TOYHO TaKoIl JKe, AUHAMOMETP CTaJl
nokaspiBath F,. Kakyio cuiy mokaxer amHa-
MOMETp, ecan [100aBUTb TPETHil TakoW IKe
Ky6OuK?

4. Boay B KacTpiosie HarpeBaioT Ha mre. B
HEKOTOPBIII MOMEHT BPEMEHH B KaCTPIOJIO JI0-
JIMBAIOT CTAKAH XOJIOAHON BOABI. 3aBHCHMOCTD
TEMIIEPATYPbI BOJBI OT BPEMEHH TOKA3aHa Ha
pucyHke 3. Omnpejesure TeMeparypy BOJAbI B
crakaHe. TeraoeMKOCTbIO KAaCTPIOJIH, a TaKXkKe
TEIJIOOGMEHOM C OK- T °CA
pykatomeii cpenoit " g
npene6bpeyb. Cum- 70
TaTh, 4TO K KaCTPIO-

P

Puc. 2

Jie TIO/IBOJINTCS TIO- 60
CTOSTHHASI TeIlJIOBast 50 1 2 3 4 t,mun
MOII[HOCTb. Puc. 3
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9 knacc

1. Besocuteaucr, aBurasicb ¢ IIOCTOSHHON
CKOPOCTBIO B/IOJIb TIPOCIIEKTA, 3aMETUJ, YTO
BCTPEYHbIE aBTOGYCBI €My BCTPEYAIOTCS KaK-
aple ¢ =1 MUH, a TOIyTHBIE — OGrOHSIOT €ro
Kakaple t,=5 MuH. Cumras, 4ro aBTOOYCHI
JIBUYKYTCSI PABHOMEPHO C OJIMHAKOBBIMHU CKOPO-
CTSIMHU ¥ C OJMHAKOBBIMHU HHTEpBaJaMu B 00e
CTOPOHBI, ONPEIEJTHUTE MTPOMEKYTOK BPeMEHN ¢
MeXK/ly BCTpeyaMu aBTOGYCOB JIPYT C JPYTOM.

2. InMHAPHYECKHH TPOBOHUK HAXO/NJICS
B IMJMHPUYECKOM CTaKaHe IJIOIMAa/Abio S

(puc.4). Crenxu cra-

I KaHa HETPOBO/ISIIIE,

JTHO — UIeAbHO TPO-

Bojsiee. [IpoBomHuK

IR1 R, TPHIABUIN  CBEDXY

2 maeasbHO TIPOBOJS-

S UM TIOPIITHEM TOTO

Puc. 4 JKe ceueHus1 S u uaMme-

PHJIN  COIPOTHUBJICHIE TIPOBOJHUKA, KOTOPOE

0Ka3aJI0Ch PaBHBIM Ry. 3aTeM MPOBOJHUK Pac-

IIJIABUJIH, A OPIIEHD OMYCTUJIH TaK, YTO MEXK/LY

MOPIITHEM ¥ JIHOM He ocTasnoch imyctor. Korza

IIPOBOJIHUK OCTBLI /IO 1IePBOHAYAJIBHOI TeMIle-

parypbl, CHOBA U3MEPHUJIN COIIPOTHBJIEHHUE TTPO-

BOJ/IHMKA, KOTOPOE 0KAa3aJI0Ch PaBHBIM R,. Uemy

Obly1a paBHa IJIONIA/(b CEYEHUS TIPOBOJHUKA /10
TOTO, KaK €ro pacIJaBHJII?

3. Ilsa rpysa maccamu m u M (m<M)
COe/IMHEHDI JIETKOH HEPACTSXKMMON HUTBIO, KO-
TOpasi TEepPeKuHyTa 4Yepe3 HeBeCOMblil OJIOK
(puc.5). Ocb 60Ka IIEepeMElaT BBEPX C
MOCTOSIHHBIM ycKopeHueM. Ilpn kakom MUHH-
MaJIbHOM 3HAYEHHH YCKOPEHUS @ YCKOPEHUs
060X TPY30B He Oy/yT HAIPaBJEeHbl BHU3?
Yckopenne ¢BoGOIHOTO TA/IEHNS ¢.

v

m M
Puc. 5 Puc. 6

4. Becpl npejcTaBisior co60it MIOCKYIO ue-
TBIPEXYToJibHYyI0 paMky ABCD, 1o/iBellieHHy 1o
Ha VITHHBIX HUTSX, TPUKPETIJICHHBIX K BepIIIH-
uam B u D (puc.6). Pamka cocTout us Heseco-
MBIX CTEpKHEH, MAapHUPHO 3aKPEIIEHHBIX B
BepmuHax. Jmnbl ctopon AB u AD paBHbI @.
lmsbl cropod BC u CD pasubl b. K Bepinn-
HaM A 1 C IpUKpENJIeHb! TPY3bl MaccaMu m 1

a—"?

QM
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M. Onpepnenure paccrosinue BD, ecau usBec-
THO, YTO BECbl HAXO/SITCS B PaBHOBECHH B
TOPU30HTAJIBHOI MJIOCKOCTH.

10 knacc

1. V13 ogHOpOIHOI TTPOBOJIOKH ceatn hu-
Iypy, COCTOSAIIYIO U3 Tpex orpe3kon (puc.7.)
JITMHbBI BEpTUKAJBHBIX OTPE3KOB PABHBI, a TO-

B B, DPHU3OHTAJBHBII OTpe-
30K B II0JITOPA pasa
JIJIMHHEE KasK/I0ro 13
BEPTUKAJBHBIX. Bo
CKOJIbKO pa3 yMeHb-
ITATCS  COTIPOTHUBJIE-
HUE MEXIY TOUKAMUI
A u B, eciii 3TH TOYKH COEJIMHUTH IPSAMbBIM
YYaCTKOM TaKOM >Ke MPOBOJIOKN?

2. T'opu30HTATBHBIHN AUCK paaiycoM R Haca-
JK€H Ha BEPTHUKAJBHYIO OChb W BpalaeTcs C
YTJIOBOI CKOPOCTBIO () HA BBICOTE /2 HAJL CTOJIOM
(puc.8). JlBe ManeHbKHe HIAHObBI, CBA3aHHBIE
HEBECOMOH HUTBHIO [JUHONW 2R, BpamaoTcs

A ‘A
Puc. 7

Puc. 8

BMeCTe € INCKOM, HaXO/ISICh Ha ero Kpasgx. Huth
nepepesator. [laiiGbl cpbIBaOTCS € [UCKA U
MmajlaloT BHU3 Ha croJi. Haiigure paccrosinue
MeXK/ly TOUYKaMK IEPBbIX y/apoB Maiié 0 CTOJI.
Tpenust Het. Y ckopeHne cBOGOIHOTO TTa/IEHNS ¢ .
3. Cm. 3amauy 4 ans 9 kaacca.
4. Tlo TOPMBOHTATBHON IJIOCKOCTH KAaTHUTCS
6€e3 MMPOCKATb3bIBAHMUS KO-
lg Jsieco paguycom R (puc.9).
‘ Or 3ajH€el yacTu KoJeca
o Ha BBICOTE, PaBHOH R, OT-
PbIBaeTCs KyCOUYeK IPSI3U.
[Ipu kakoit MUHUMAJTBHOI
CKOPOCTH O JIBUXKEHUS KO-
Jleca aTOT KyCO4eK T'pS3n
OTIATD TIOMA/IET B TY JKe TOYKY KoJieca? Y cKope-
Hue cBOOOIHOTO TAJIEHUS §.

Puc. 9

77 knacc

1. Masbuuk cTosii oyeHb 6JIM3KO K Kapyce-
JIM, JBHTAIONIECS O KPyry paauycoM R, u,
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KOT/1a ero 6par, CusIuii /N lg
Ha KapyceJsu, NOPaBHSII-
st ¢ HUM, GPOCUIT CHESKOK
CTPOTO TIO [HAMETPY Ha
[POTHBOMOJIOKHBINA KO- 0=7?
Hel Kapyceium ¢ MuHH- Puc 10
MaJIbHO HEOOXOJMMOIl JIJIT 3TOr0 CKOPOCTHIO
(puc.10). Korma ero 6par cOBepHIIMI MOJ-
0060pOTa 1 OKA3aJICS Ha JIPYrOM KOHIIEe Kapyce-
JIM, CHEXXOK moras B Hero. Haiinre ckopocTn
JIBVSKEHUS] MAJIbUMKA, CHJISIIEr0 HA KapyCeJn.
Yckopenne cBo6oHOTO najieHus g. Pazmepamn
MaJIbYMKOB M BBICOTON Kapycesu mpeHeGpeyb.
2. 3ap4n g ByeTaeT B KOHIEHCATOP MO/ YTJIOM
o K mractuae (puc.11) u HauwHaer sames-
JISITBCST TIOJT JIEHCTBUEM HJIEKTPUYECKOTO TTOJIS.
KuHernveckasi aHeprusi 3apsiia Ha BJeTEe B
konzeHcatop T. Hampsikenne Ha KOH/JEHCATO-
pe U. Ilox kakuMm yrjoMm 3apsiji BBLIETUT W3
KOHJIeHcaTopa?

_ g_p
Ul >\/[—?

/jOL T
q S
Puc. 77 Puc. 12

3. 3axpbIThlil BEPTHKAIbHbII IIHINHPHYEC-
KUt COCY/I C U/IeaIbHBIM ra30M Pas/ieJieH Ha TPU
YacT! JIByMsI OJJUHAKOBBIMU MACCUBHBIMHU TIOP-
mnamu (puc.12). JlaBiaenue B BepxHeil yactu
cocyza p. llopumHn 3apsaniam HeKOTOPBIMH
3apsilaMu, TOCJIe 4Yero OObeM Hajl BEPXHUM
MOPIITHEM YMEHbBIIHJICS B 3 Pa3a, a 00beM 10/
HIDKHUM TIOPIITHEM YMEHbIIHUJICS B 2 pasa.
Haiinure maccy nopinneii. Y ckopenue cBo6o/1-
HOTO Ta/IEHNs ¢, TIJIOIMA/b CEYeHUs cocyaa S.
Temmeparypa mocTosTHHAS.

4. Tlpm xakoif MUHIMAaJBHOW CpeHel MI0T-
HOCTM MaTepuaJia MmapooOpPa3HOro acTepou/ia,
COCTOSIIIETO U3 MEJKHX KAMEHHBIX 06JIOMKOB,
neprosi o6palieHnss BOKPYT CBOEH OCH 3TOTO
actepoujia MoxkeT 6bITh paBeH 1? I'paButanu-
onnag moctosHHasg G. AcTepom MOKHO CUHU-
TaThb OJTHOPOHBIM.

Il (3akntounTenbHbIN) 3Tan
8 knacc

1. Toaa u Ilossa GeraloT Ha CTaaNoOHE IO
kpyry. CrapTroBaB u3 OHON TOYKU U JBUTASICH
PaBHOMEPHO B ITIPOTHUBOIIOJIOKHBIX HaIpaBJIe-
HUSIX, MIKOJBHUKYM TEPUOJINYECKH BCTPEYAIOT
JIPYT JIpyra B pa3HbIX Toukax crajuoHa. Haii-
qure ckopoctb [losn, ecim ckopocts Tosm

pasua 12 km/4, on Gexxur Obictpee Iloui, a nx
3-4 BcTpeda TPOM30IIIA B TOYKE CTapTa.

2. B Tersion3o/mpoBaHHbIil cOCy/1, cojieprKa-
it 1 Kr BOJIbI TIPU TEMIIEPaType 3aMep3aHst
0 °C, mamuBaior 3 Kr jKH/IKOTO a30Ta, HAXOJIsi-
merocst ipu temneparype kurenus —196 °C.
Haiigure ycranosusurylocs temieparypy 1 B
cocyne. YpaeabHas TeMJOTa TLIABICHUS JbIA
336 x/[>x/KT, yaempHAs TEMJIOEMKOCTD JbJa
2,1 xJIx (Kr-rpall), y/eJibHas TeIJIoTa ucla-
penust azora 200 x/[x/xr. Cocya He mpersiT-
CTBYET BBIXO/ly MCTApSIONINXCsA Ta3oB. Kakoii
craHer Temreparypa T, B cocyzie, ecju B HEro
JOJUTD efte 1 KT JKUAKOTO a3oTa?

3. B nmumHApUYECKOM cocy/ie € Y3KUM TOp-
JIBIIIKOM — OYTBLIKE — HAXOJUTCS JIETKAsI 1aii-
6a. B cocyn paBHOMEpPHO HAJWBAIOT BOMIY,
J06ABJISIST OJIMHAKOBBINA OGBEM BOJIbI B €/IHHUILY
BpeMeHU. Boma MokeT moATeKaTh moj maiify.
I'padmk 3aBUCHIMOCTH BBICOTHI YPOBHS BOJBI B
GyTbLIKEe OT BpEeMeHHU T0Ka3aH Ha pucyHke 13.

h,cm
)

>

0 5 10 t,c
Puc. 13

Oripe/iesinTe TJIOTHOCTD MANGDI, €CJH ILJI0T-

HOCTb BOJIBI ).

4. B mmimHAPUYIECKOM cOoCye C *KUAKOCTHIO
IJIOTHOCTBIO Py TiaBaeT Teqo (puc.14). 3atem
B COCY/I JIOJIUBAIOT BTOPYIO KUIAKOCTH ILJIOTHO-
CTBIO Py < Py [I0 TeX
op, TOKa TeJIO TI0JI-
HOCTbIO He BbITecHnT- A . . lg
C4 13 TIepPBOH KUJIKO- AP N
cru. ITocse atoro 06-
I ypOBEHb KUJI-
KOCTH B CTaKaHe yBe-
Jgmanics Ha AH, a ypOBeHb TIepBOIl JKUAKOCTH
yMenbimiicst Ha Ah. Haiinnte ToqmumHy cios
BepXHell JKUJKOCTU T0CJIe TOrO, KaK Tejo W3-
BJICKJIN M3 COCY/A.

Puc. 14

9 knacc

1. Tona u Ilosst GeraloT Ha CTafUOHE IIO
kpyry. CtapToBaB U3 OHON TOYKH W [BUTASICH
PaBHOMEPHO B MPOTHBOIOJOKHBIX HaIpaBJie-
HUSX, MIKOJbHUKHU MEPUOANYECKH BCTPEYAIOT
JApyT Apyra B pasHbIX TOUKax crajuona. Haii-
qute cKopocTb [losn, eciim M3BECTHO, UTO CKO-
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poctb Tosm paBua 12 kM/4, oH 6eXXuT GbICTPEE
[Tosn, ckopocTn pebAT OTIMYAIOTCS MeHee YeM
B 2 pasa, a uxX 7-g BCTpeYa MIPOU30IILIA B TOUKE
crapra.

2. J/IBa OTHOPOTHBIX CTEPIKHS, C/ICTAHHBIX U3
Pa3HBIX MaTepuaJsioB, UMEIOT IVIMHBL Ly 1 L, 1pu
temrieparypax 1; u T, coorBercTBeHHO. Koad-
(puTIeHT JMHENHOTO TEeNJIOBOTO PACIINPEHNS
(k02D PUIMEHT TTPONOPUUOHATEHOCTH MEKLY
OTHOCHUTEJIbHBIM U3MEHEHUEM [IJIHbBI U BbI3BAB-
MM €ro U3MEHEHHeM TeMIIePaTypbl) MEPBOTO
CTEP>KHS 0y, @ BTOPOTO O.,. IIpu xakoii Teme-
parype T (oauHAKOBOM /1711 060UX CTEPsKHENT)
CyMMa JIINH CTep:KHel He N3MEHUTCS TI0 CpaB-
HeHuIo ¢ ucxouoi? Cuuraiite, YT0 U3MEHEHUS
JUIUH MaJibl 110 cpaBHeHuIo ¢ Ly u L,.

3. Cm. 3agauy 4 nug 8 kJacca.

4. Tpu mopocenka crpousu aoM. [Lias otmesn-
KU Yep/aKa UM MOHAJ06UIICS OTHOPOAHBII JIe-
PEBSAHHBIH JIICT B BU/Ie TPEYTOIbHNUKA C YTIaMI
45°, 90° u 45°. Tlopocsita B3siiM JIKCT 3a
BEPIIUHbI U IOHECTH ero B TOPU30HTAJbHOM
MTOJIOXKEHUN K cTposiieMycs qomy. Okasanoch,
4yTO Bec, KoTopbiii npuinesncs Ha Hyd-Hyda,
B34BINETOCS 32 BEPIIMHY TPEYTOJbHUKA C yT-
gom 90°) pagen P =50 H. Omnpenennre maccy
TPEYroJibHUKA. YCKOpeHue CBOGOIHOTO Iajie-
Hug g =10 M .

5. K ropusonrampHoMy croiy B Touke O
MPUKPETJIEHa BEPTUKAJIbHAS TJAAKas CIIUIA
(puc.15). Ha ciumiy Hanusana MajieHbkas Oy-

CHWHKa Maccoil m, KoTopas

""" m VIEePKUBAETCS HA BbBICOTE

g L nan cronom. I'pysuk mac-

l coit M mpukpenyieH k 6y-

CHHKE ITPH TIOMOIITH Hepac-

O TSDKUMOI HUTH, TTPOITYIIeH-
HOI 9epe3 OTBEPCTHE B CTO-
e M Je Ha paccrosHun L/2 or
toukn O. Bycunky otmyc-

KafoT, U OHA HAYMHAET IIa-

natb BHU3. Haiiiute ckopocTb OYCHHKH B MO-
MEHT, KOT/la OHAa KOCHETCS TTIOBEPXHOCTH CTOJIA.
Yckopenue cBOOOHOTO Tiajienus g. TpeHnst Her.

N

Puc. 15

10 knacc

1. JKecTkuii cTep:KeHb JABUXKETCS, OCTABASICh
BCce BpeMs B IJIOCKOCTH X¥y. B HeKoTOpbIii
MOMEHT BPEMEHU O/[MH 13 €r0 KOHI[OB HAXO/UT-
Cs1 B HAYaJIe KOOP/IMHAT, & KOOPMHATBI BTOPOTO
paBHBI X, =40 cM, y, =30 cm. IIpu saTom mpo-
€KIIUI CKOPOCTEN MEPBOTO M BTOPOTO KOHIIOB
CTEPXKHSI HA OCHM X W y paBHbpl v, =0,
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v, =15M/c, vy, =15M/c cooTBeTCTBEHHO.
Haiinnre v,,.

2. OIHOPO/IHBIN CTEP)KeHb UMeeT JUIMHY L
npu remiiepatype 7. Kakyio aiuny 6y/er umMeTh
CTep KEeHb, €CJIH OJIUH €T0 KOHEI] TIO//IEPKIBATH
npu Temnepatrype 7;, a Ipyroii — mpu temmepa-
type T,? KoadpuimenT JMHENHHOTO TETI0BOTO
pacummperuss o (KoapduIUEeHT TPOIOPIUO-
HAJIBHOCTH MEX/Iy OTHOCUTEJbHBIM M3MEHEeHN-
€M JIJINHBI U BBI3BABIINM €TI0 M3MEHEHUEM TeM-
neparypsol). Cumraiite, 4T0 M3MEHEHHE JJMHBI
MaJIo TI0 CpaBHEHWO ¢ L.

3. BepTukasbHBIH TUJIMHIPIYECKUN COCYT
IJIONA/IbI0 S pas/iesieH Ha JiBe 4acTH JIErKUM
MOPIITHEM, KOTOPBII MOXKET IrepeMeraTbest 6es
Tperus. VjaeanbHblil Ta3 1MOJ MOPITHEM 3aHU-
MaeT o6beM Vi, a HaJ TOPIIHEM HaXOJUTCS
JKUKOCTD IIJIOTHOCTBIO P, 3aHUMAIOTIast 06beM

V,, a Takke njeasb-
lg Vs HbIiT Ta3 o6beMoM Vs
v, p p—? (puc.16). Iopmenn
HAXO/IUTCSI B PABHO-
v, BeCHH. 3aTeM COCY[
nepeBepHyJsn. B HO-
S BOM ITOJIO3KEHUH PaB-

Puc. 16

HOBECHA TIOPHIEHD
OKasajcs Ha Tol ke Bbicote. Ompenesnnute
MOKa3aHne MAaHOMETPA, MOAKIIOYEHHOTO K Bep-
XHeMy 0GBEMY COCyJa B HOBOM IOJIOXKEHHU.
TemmnepaTypa TOCTOSTHHA. Y CKOpeHue cBOGO/I-
HOro majeHus ¢. /[laBieHHMeM HACBIIIEHHDBIX
1apoB npeneGpeyb.

4. OIHOPOJHYIO TOHKYIO PEUKy AanHO [ 1
Maccoit M TOJIOKUIIN TIOTIEPEK 3aKPETICHHOTO
FOPU3OHTAJIBHOTO IIHJIMHPA PAIIYCOM R Tak,
YTO OHA HAXOJUTCS B PABHOBECHM B TOPH30H-
I M TAJbHOM IOJOKEHUN

- lg (puc.17). Barem K se-

BOMY Kpaio peiiku 1pu-

m—7? ¢ Kpenuan MaJIeHbKUI
TPY3UK 1 aKKYPaTHO OT-
Puc 17 MyCTHJIM TaK, 4TO peiftka

TIPUTILJIA B HOBOE PABHO-
BeCHOe TIOJIOXKEeHWEe — MO/ YTJIOM ( K TOPH30H-
tasm (yros uamepsiercs B paquanax). Haiigure
Maccy m rpysuka. B mporecce mepexona B
HOBOE TIOJIOJKEHHUE pelika He MPOCKATIb3bIBaIa
OTHOCHUTEJIbHO THUJIUH/IPA.

5. IIpaBbrii Kpail TOHKOTO HEBECOMOTO CTEPIK-
HS 3aKpeIvieH IMapHUPHO Ha BEPTUKATIHHOM
CTeHe, JIEBBI ONMpaeTcs Ha BEPTUKAJIbHBIH
TOHKUU IIUJIUH/P, ONUPAIOIIIICT HA TIPYKIHY
secTkocTbio k (puc.18). Ilumunap MoKer me-
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PEMeTIaThCs BEPTHKATb-
Ho 6e3 tpenus. Crep-
JKEHD 3aHIMAET FTOPU30H-
TAJbHOE IOJIOKEHHE B
paBHOBecuu. Paccros-
HHe OT CTEHBbI JI0 IINJINH-
apa L. 3arem Ha crep-
JKeHb HaJiesan OyCHHKY
Maccoii m, KoTopas Mo-
JKeT IepeMelaTbes
Brosab uero. Koadbdu- p - 78

IIIEHT TPEHUS MEXJy

6ycuHKOIT 1 cTepskHeM W. TpeHns Mexxay crep-
JKHEM W IIUJINH/POM HeT. Haiinte MakcuMash-
HOE PACCTOSIHUE X MEXIy OYCUHKOI U CTEHOH,
IIPU KOTOPOM GYCHHKA OCTAHETCSI B [IOKOE, eC/In
x < L. Ycxopenue cBo60OHOTO TAJIEHUS §.

17 knacc

1. JKecTkuii crepsKeHb IBUKETCS, OCTaBasACh
BCe BpeMs B IJIOCKOCTH Xy. B HEKOTOPBII
MOMEHT BpPEMEHH YrOJ MEXKAy CTeP:KHEeM W
ocbio x paser 60° (puc.19). Ipu 5TOM MpoeK-
MU CKOPOCTEil IEPBOTO M BTOPOr0 KOHIOB
CTEPXKHS HA OCH X W Y PaBHBL Upy, Uy, Vo
cooTrBeTcTBeHHO. Haiignre Vg

Y viy
P
v1x P ! lg
60°
x
Uy =7? ®x -7
Oy
Puc. 19 Puc. 20

2. B BepTHKAJbHOM IIUJIMH/PUYECKOM COCY/Ie
PACIIOJIOKEH TOHKUI HeBecOMbIi opiiieHb. Co-
Cy/l HaJ] IOPITHEM OTKPBIT, IO/ TIOPIITHEM HaXo0-
INTCS BO3AYX TPH aTMOc(hepHOM AaBICHUH.
[Topuiens yaepKnBaioT M HAJMBAIOT CBEPXY
60JIBIIIOE KOJIMUECTBO JKUKOCTU ILJIOTHOCTHIO P
(puc.20). B crenke cocyaa mpsiMO IO/ TIOPII-
HeM o6pasoBasiach MajeHbKas JIbIPOUKa, Yepes
KOTOPYIO MOKET Me/IJIEHHO BBITEKATD *KUIKOCTD.
[Topmtens ormyckaior. OmnpesennTte, Ha Kakoi
BBICOTE HAJ| IHOM YCTAHOBUTCS MOPIIEHD, €CJIN
K 39TOMY MOMEHTY BBITEKJIA He BCS SKHJKOCTD.
ArtMocdepHoe 1aBieHne p,, ycKopeHue cBo6o/1-
Horo najienust g. TemiepaTypy cuurtaiiTe mocro-
SHHO¥, TPEHWEM MOKHO TpeHeOpeyb.

3. /IBa MOTOIMKJINCTA [TOKOSITCST HA PACCTO-
auun [ apyr or apyra. OHEM OJHOBPEMEHHO
CTapTyIOT W B JaJbHEHIIEM ABIKYTCS PaBHO-
YCKOPEHHO. Y CKOpeHne @ TePBOro MOTOIIMK-

JILCTA BJIOJIb TPSIMOM, COEIUHSIONEN MOTO-
IUKJUCTOB. Y CKOPEHHUE dy BTOPOTO MOTOTIMK-
JIICTA HAMPABJIEHO MEPIEHUKYJISIPHO ITOM
npsaMoil. Uepes kakoe BpeMs ¢ mocJie cTapTa
paccTosiHe MeXAy HuMHU Oy[eT MUHUMAaJb-
HBIM ?

4. TlmacTuHbBI TIJIOCKOTO KOHAEHCATOPa, HA
KOTOPBIH T0JIAHO HEKOTOPOE HATIPSIKEH e, Y/iep-
JKUBAIOTCST HA paccTosiiuu d JIpyr OT Jpyra
HECKOJIBKUMU OJINHAKOBBIMU HETIPOBO/ISIIIUMHE
NPY>KUHAME, CKaTbIMK Ha Besnuuiy x (JiinHa
HeC)KaThIX NpyskuH paBHa d + x). TTocae men-
JIEHHOTO YBEeJIUYEHHs] HAIPSIKEHUsT PaBHOBEC-
HOE PACCTOSTHUE MEK/IY MJIACTHHAME YMEHbIIIN-
Joch Ha Ad. Bo ckoJibKO pa3 ObLIO yBEJHYEHO
Harnpsiokenane? CHJbl TSKECTH HeT.

5. 3amava-omenka. Becenmsiss kamesb: ¢
KPBININ TATHATAKHOTO JOMa TAJAi0T KaIlJin
Bofpl. OIeHNTe XapaKTePHYTO BEJMUNHY JaB-
JIEHWsI, OKa3bIBAEMOTO Karuieil npu yjaape o0
acadgbr. Ilpeanonaraercst, uto Bl xoporio
MpeJICTaBJIsIeTe SIBIEHNE, MOYKETE CaMU 3a/1aTh
HEJIOCTAION[NE B YCJOBUU 33/[a4U BEJTUUYHHBI,
BBIOPATH UX YUCJIEHHBIE 3HAYEHUS U [TOJYIUTh
YHCJIEHHBII Pe3yIbTaT.

6. 3agaua-gemoncrpanus (J1eMOHCTPUPYET-
¢ BUAEOPOJMK). MexX/ay JaMIoi HaKaJauBa-
HUS 1 GeJIbIM HKPAHOM PACIOJIOKEHA peleTKa
¢ Beprukanbbivu measmu (puc.21). Ha skpa-

benvui skpan  Pewemxa

Visxue
n0J0CHL Bepx
NI N
) an
= Taw Hus
IITupoxue nosocoi
Puc. 21

He MEK/Iy IIMPOKUMU TEMHBIME TIOJIOCAMY BH/I-
HbI TeMHbIe y3Kue noJyiocku. [lpu mpubimke-
HUU PelleTKH K dKPaHy B OINpefeJeHHbIH Mo-
MEHT H_[I/IPOKI/Ie IIOJIOCBI OCTAIOTCA TEMHbIMU, a
y3KHe TIOJIOCKU TIPEBPAIAIOTCST B CBETJIBIE.
O6pbsicanTe HabIOLaeMOe SIBJIEHUE.

ITy6auxayuio nodzomosunru B.Boposkos,
E.2Kdanoe, A.Kunpusnos, C.Jlexnun,
M. Maxmyouan, A.Henawes, E.Ilarvuuxos,
A.Ilozocos, /l.Iloxabos, I'.Dedomosuy
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VIHCTUTYT KpUnTorpagum, CBA3N
1 HopmaTnkm Akagemmin GCb Poccnmn

MeXpernoHanbHas onumnuaaa
LUKONbHMKOB Ha 6ase
BeJOMCTBEHHbIX 00Opa3oBaTesbHbIX
opraHusauumn

MaTtemaTtuka
1. a) (9, 10 xa.) ¥V Outera ectb 550 py6uieii,

n OH XoueT Iojaputh Mame Ha 8 Mapra
TIOJIBIIAHBI, IPUYEM HENPEMEHHO UX J[OJIKHO
ObITh HEYETHOE YHUCJIO U HU OJINH OTTEHOK
[[BeTa He JIOJUKEH MOBTOPIThCs. B Marasune,
kyzaa npuuies OJgier, OAMH TIOJbIAH CTOUT 49
pyO.Jieil 1 ecTb B HATMYMH I[BETHI OJIMHHA/IATH
orreHKkoB. CKOJIBKO CYIIECTBYeT CIOCOGOB Y
Ounera nogaputh Mame nserbr? (OTBer B 3a1a-
4ye JI0JIKEH ObITb KOMITAKTHBIM BBIPAKEHUEM,
HE COJIEPIKAIIIM 3HAKOB CYyMMUPOBAHUS, MHO-
roToumii u T.11.)

6) (11 x1.) Ta e 3agaua, Ho ucxoaHo y Ouiera
1000 py6useii, a UBETHI ABAJALATH OTTCHKOB.

2. (9, 10 x1.) OTMYHbIE OT HYJIS YUC/IA d U
b SIBJISIOTCST KOPHSIME KBaJ[PATHOTO yPaBHEHUST
x? = 5px +2p° = 0. Ypasnenne 2 —ax+b=0
uMeeT eJINHCTBeHHbI Kopenb. Haiigure p. Pe-
neHne o60CHYTiTe.

3. (9,10 xu1.) Tpuaymaiite Kakyio-HuGy/b
CHCTEMY U3 JIByX YPaBHEHUI ¢ IBYMs Hen3Bec-
THBIMH X ¥ , 4TOOBI €e PEeIIeHus MU ObLIH
MOJILKO CJIeLyTOIINe TPH aphl ynces: x =y = 1,
x=y=2mux=3, y=4. B 3anucu ypaBHeHUii
CHCTEMbI, IOMIMO YHCET U COOCTBEHHO HEN3Be-
CTHBIX X U ¥, Pa3pemiaeTcst UCH0JIb30BaTh CKOO-
KM, 3HaK =, CTaHJapTHble apudMernyecKie
orepaluy n aJeMeHTapHble (DYHKIUY.

4. (9,10, 11 k1) @ynkuus y = f (x) onpe-
Aenena Ha MuoskecTse (0; +eo) M IPUHUMAET Ha
HEM T0JIOJKUTEIbHbIE 3HaueHus. VI3BecTHO,
41O s J00bIX Touek A u B Ha rpaduke
yurnmun mromaan tpeyroabauka AOB u
tpanennn ABHgzH, paBubl Mexay co6oii

(puc.1; H,, Hy — OCHOBaHWS IEPIIECHIUKY JISI-
pPOB, OMYIIEHHbIX U3 Touek A u B Ha ocb
a6ciuce, O — Hawyano xoopaunat). Haiigure
Bce Takue pynknun. Pemenne o6ocuyiire.

3. (9, 10, 11 kn.) Ha croponax BC u CD
kBajipata ABCD BbiGpanbl Toukn E 1 F takum
obpasoMm, uro yron EAF pasen 45°. [limna
CTOpOHbBI KBajipata pasHa 1. Haiinure nepumerp
tpeyroapauka CEF. Perenue o60cHyliTe.

6. (9, 10, 11 xu1.) Iycts 2 U x5 — HAUGOTB-
e kopHu Muorousienos [ (x)=1-x - 4x* +
+ax" m g(x)=16-8x 162> +x" coorser-

. X .
crenno. Haityure =L, Pemenue oGocHyiite.

Xy
7. (9, 10, 11k1.) Bbluncsanure ¢ TOYHOCTBIO 10
OJIHOIT JlecAToll 3HaUeHUE BBIPAYKCHUS

\/86 + 41486 + 414/86 + ...

8. (9, 11 ku.) Ilycts A u B — HeKOTOpBIE
YKUCJIOBbIE MHOKECTBAa, a MHOMXECTBO
C= {a + b| aec Abe B} pe/ICTaBJIsIeT co60il NX
cymmy. (JIpyrumu caosamu, MuoxkectBo C €o-
CTOUT 13 BCEBO3MOKHBIX CYMM 3JIEMEHTOB MHO-
xectB A u B. Ecim, nanpumep, A4 ={0,1,2},
B={12}, to C={1,2,3,4}.)

N3BectHO, uto C = {0, 1,2,.. }, a MaKCu-
MaJIbHBII 9JIEMEHT MHOKecTBa A paBeH

max 4 = (V2 -1+ (3 +1)"

JlokaskuTe MM ONMPOBEPTHUTE CJEAYIONIHE yT-
BepokaeHns: 1) MHOXKECTBO A M MHOKeCTBO B
cozlepsKaT KOHEYHOE YHCJIO YJIEHOB; 2) Bce
2JIEMEHTBI MHOKecTB A m B — 1iejble 4ucJIa;
3) max B > 2.

9. (10,11 xx.) UsBectHo, uTo uncaO €Os6°
ABIACTCS KOPHEM ypaBHeHus 32t° — 4067 +
+10t — \/5 = (0. Haiigute ocrasibHble 4YeTbIpe
KopHs artoro ypashenus. (OTserbl B 3amade
JIOJKHBI OBITh KOMITAKTHBIME BbIPAKEHUSIMU,
He CofIepsKaIUMI 3HAKOB CYMMUPOBAHNUS, MHO-
roToYuil u T.11.)

. 22828

dusuka

9 knacc

1. ABTOMOOUJIb Maccoil m = 2,5 T JABWKETCH
C TIOCTOSIHHON CKOPOCTBIO ¥ = 34 KM/d 110 BOT-
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HYTOMY MOCTY C PaJiifycoM KpuBU3HBI R = 90 M.
C kakoii cuioit F aToMOOHIb JaBUT HA MOCT,
mpoesskas ero cepegnny ? Cunratb g = 9,8 M/ .
(15 GasoB)

2. [lnaBast B SKUJKOCTH C HEH3BECTHOI TJIOT-
HOCTDBIO, Ky6UYIecKoe TeJIo MorpysKaeTcs Ha TJIy-
6umny hy. IlnaBas B SKUAKOCTHU C APYToil HEU3Be-
CTHOI TJIOTHOCTBIO, 3TO K€ TeJIO MOTrPY’KaeTcst
Ha riy6uny h,. Kaxosa 6y et riy6uta H norpy-
JKEHHS 3TOTO TeJa B JKMIKOCTH C IJIOTHOCTBIO,
paBHOII cpesiHeil apudMeTHIecKoil TIIIOTHOCTE
TEPBBIX JIBYX JKUIKOCTEN (p =(py +p, )/2)?
I'panu norpyskentoro Tea B ¢popme Ky6a 6o
HapaJsiesbHbl, U0 NepHeH/IMKY JISTPHBI TTOBEPX-
HocTaM xuakocreii. (156.)

3. CummMeTpuuHyio TpaHaTy GPOCHIN CO CKO-
POCTDBIO ¥y OJL YTJIOM 0L K TOPU30HTY. B BepxHeii
TOYKE TPAEKTOPUH TpaHaTa pas3opBajach Ha
MHOXeCTBO OJIMHAKOBBIX OCKOJIKOB. Kakylo cko-
POCTb % UMEET Cpasy 10cJIe B3PbIBa TOT OCKOJIOK,
KOTOPBII TIEPBBIM yHajeT Ha 3eMiio? Maxcu-
MaJslbHast CKOPOCTb OCKOJIKOB TI0CJIE B3PbIBA ).
(20 6.)

4. OTHOPOIHBIN IMNT, IMEIOTTIH popMy TIps-
MOYTOJIbHUKA, CTOUT HA TOPU30HTAJIBHOM T0JIY
MpUCJIOHEHHBIM K cTene. Koadduiuentnr Tpe-
HUSI CKOJIbXKEHUS TUTa O T0J k, U CTeHy k.
u3BecTHbI. [Ipn kKakoM MUHHMAJIBHOM YTJIe Ha-
KJIOHA Ol TUTA K TIOJIY IUT He 6Y/IeT CKOJIb3UTh
no nosy? (20 6.)

5. B ropmsoHTaIbHO PACHIOTOKEHHOM IH-
JIMHJIPUYECKOM COCY/Ie [VIMHOW L HaXoJsATCs n
MOJIBUZKHBIX (pu3nyecku GEeCKOHEUHO TOHKUX
TETLIOHENTPOHUTIAEMBIX TIOPIIHEH, JAEJISIIIX CO-
cyn Ha n+ 1 orcek. IlepBoHavasbHO O6BEMBI
BCEX OTCEKOB OJMHAKOBDI, TEMIIepaTypa rasos
BO BCeX OTceKax paBHa T,. 3aTeM ras B caMOM
JIEBOM OTCEeKe HarpesaioT /0 Temieparypbl T
(T > T,). llpu 910M B APYTUX OTCEKAX TOJ/IEP-
JKUBAIOT IIpekHIoo Temuepatypy 7. Ha xakoe
paccrossaue AL cMeCcTUTCS caMblil IpaBbIii TTOP-
menb? (30 6.)

10 knacc

1. B 1827 rony 6oranuk P.BpoyH, uccaemnys
IBLIBILY 1IBETOB IO/l MUKPOCKOIIOM, OOHApYy-
JKWJI, 4TO IJIaBaloIe B BO/I€ 3€PHDBINIKN ITbLJIb-
1Bl JIBUTAIOTCS] HEIIPEPBIBHO U XaoTu4yecku. On
3aMeTUJI, 9YTO B TOPSUYeil BO/Ie 3€PHBIIIKA TIepe-
MelaioTess ObicTpee, YeM B Xo0JofgHOU. Bo
CKOJIBKO Pa3 CKOPOCTb 3€PHBIIIEK TIPU TeMIIe-
parype 50 °C Goubuie, yem mpu 20 °C? (20
6asmoB)

2. JJIEKTPOIBUTATEH TIOAKIIOUEH K UCTOU-
HUKY noctosinaoro Toka ¢ AJIC & =12 B. Ilpn
[IOJIHOM 3aTOPMAKUBAHUY SIKOPSI 3JIEKTPO/IBU-
ratesg B Henu TtedeT Tok [y=3 A. Kakyio
MOIIHOCTb P pasBuBaeT aJjekrpoasuraresab (¢
HE3aTOPMOKEHHDBIM SIKOPEM), KOIJa IO €ero
o6motke Teder Tok =2 A? (20 6.)

3. Cocyn BMectumoctbio V =30 11 pasgesen
Ha TPHU PABHbIE YaCTU HEIMOJBUKHBIMU TIOJIY-
MPOHUIIAEMBIMU TOHKUMU T€peropojaxkamMu. B
JIeByto yacTb BBOAAT 30 T BOJOPO/Ia, B CPEIHIO
160 r kucsioposa n B IpaByio 84 T azota. Uepes
JIEBYIO TIEPETOPOJIKY MOKeT NG yHANPOBATD
TOJIBKO BOJIOPOJ, Yepe3 TPaBYI0 — BOJOPOJ U
azor. Kakoe nasienue 6yeT B K&K/I0W 13 TPEX
yacTell cocy/a ImocJie yCTaHOBJIEHWSI PABHOBe-
CHSI, €CJIM OHO TIOJ/IEP>KIBAETCS TIPH TIOCTOSTH-
Hoii Temneparype T =300 K? (20 6.)

4. 3apspkennas yactuila Maccoit 1 MT Haxo-
JUATCS B BAKYYME B 9JIEKTPUYECKOM T10JIe HETIO/1-
BIJKHOTO DPAaBHOMEPHO 3apsKEHHOTO Iapa.
Yactuily yaep:KUBalOT B COCTOSIHUU TIOKOS HA
HEKOTOPOM PAaCCTOSHWUU OT IIEHTpa Tnapa, Jeil-
cTByd Ha Hee cuioii 1 MH. 3arem wuactuiry
OTITYCKAIOT, U OHA HaYMHAeT ABurarbes. [1poii-
JIs OT UCXO/IHOTO TI0JIOKEHUsT paccTosinue 1 M,
vacTuia npuobperaer ckopoctb 1 m/c. Kakoso
YCKOPEHHUE YaCTUI[bI B 3TOT MOMEHT BPEMEHU?
Yacruia v map sapskerst ognonmento. (20 6.)

5. M3BecTHO, YTO Karljist JKUIKOCTH B HEBECO-
MocTH rpuHuMaet cepudeckyio popmy, o0yc-
JIOBJIEHHYIO COOCTBEHHDBIM TIOBEPXHOCTHBIM Ha-
TSDKEHUEM, BEJIMYMHA KOTOPOTO OIPe/esIsieTCst
K03 DUINEHTOM MTOBEPXHOCTHOTO HATSKEHUS
o. B atom caydae Ha eMHUILY TTOBEPXHOCTH
KaTJIA pajiycoM R JeiCTBYeT CHJia JIalJIacoB-
CKOTO JaBJjeHust pj = 20/R, HampaBienHas
BHYTPb ITOBEPXHOCTH U MEPIIEH/IUKY JISIPHAS €il.
[Tycrp Terepb Ha Kariio MOMECTUJIHM 3apsifl ¢,
PaBHOMEPHO PacIpe/le/IeHHBII 110 ee TOBePXHO-
ctu. Haiinure BesinunHy ¢, ipu KOTOPOIi Karist
MOXKET ToTepaTh cepmieckyio ¢opmy. Bemn-
4iHbI O U R u3BectHbl. c1o/b3ys norydeHHoe
BbIpAKEHUE [ ¢, paccuuraiite g upwu
6=0,073H/Mmu R =1 cm. (20 6.)

11 knacc

1. Cm. 3amauy 4 a1 10 xnacca. (20 6anios)

2. Cwm. sagauy 5 aag 9 kaacca. (20 6.)

3. llenrpampHasg vactb 3eMJIU — SAPO —
COCTOWT W3 Keje3a. BHyTpeHHAS wacTb sapa
paamuycoM R TBepias, a BHENIHSS 4acTb pac-
nassena. SIapo measnento ocrbiBaer. Ouenn-
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Te, Ha CKOJIbKO AR MeTPOB M3MEHUTCS PAIIyC
TBEP/IOil YacTU TIPU OCTBIBAHWU s/[pa Ha |AT|
KeJbBUHOB. Y/edbHas TEIJoTa IJIaBICHUS
’Kejesa ¢, HadaJbHasg Temmepartypa saapa T,
TIPU 3aTBEP/ICBAHNN TJIOTHOCTD JKeJe3a yBeJH-
YIBAETCSI HA BEJIMYUHY AP, MATYIO 110 CPaBHe-
HUIO ¢ camoil ToTHOCcThbio. C yBesmueHneM
JIaBJIEHUsT TeMIlepaTypa TLIaBJICHUS >KeJse3a
BO3pacTaeT corJacHo ypaBHenuio dp/dT =
= q/ (TAV), rae AV — mpupanienne yJeJabHOro
oObeMa 1pu naBiennn, dp n dT — npuparie-
HUS IABJICHUS U TEMIIEPATYPbI COOTBETCTBEHHO.
(20 6.)

4. Ha XecTKO 3aKperyieHHOH IUIMHApHYE-
CKOIT cepeOpsiHOil cTpyHe Maccoil m, AJuHOil [
U TJIONIA/IbIO TIOTIEPEYHOTO cedyeHust S Mpu
temrieparype T =0 °C B0o36yXIaIOT CTOSYYIO
BOJTHY € MaKCHUMaJIbHOI AJnHON BosHbI. Cnia
HATSKeHUs1 CTPYHbI N, ee 3KeCTKOCThb R, Koad-
(putIeHT JIMHEHHOTO PACIIIMPEHN o, YAeTbHOE
COTIPOTHBJICHNE P, yAeJbHAS TETIOeMKOCTD C.

. N
CxopocTb BOJHBI TPUHATbL PaBHOH 0 = ,[—

)\‘ ’
rae A — JimHelHas TJIOTHOCTb CTpyHbl. Uepe3

CTPYHY MPOIYCKAKOT MOCTOSHHDIN 3JIEKTPHYEC-
kuii ToK /. O6GbEeMHBIM paciIipeHneM, Terjio0T-
Jlaueil ¥ 3aBUCUMOCTHIO COIPOTUBJIECHUS OT TEM-
nepatypbl npereGpeub. Haiigure wactory Ko-
neGannii [ uepes spems t. (20 6.)

3. Cm. sagauy 5 aag 10 kaacca. (20 6.)

MaTtemaTuka n Kpunrorpadpusa

1. (8-11 kmaccer) Haiianre mamGosbuiee
MISATU3HAYHOE YUCJI0, KoTopoe B 51 pas 6oJibiie
KBajipata cymmbl cBoux 1udp. Pemenne o6o-
cHyfiTe.

2. (811 xn.) Ha koopauHaTHOil mIpsAMOii
OoTMeYeHbl 9 Touek ¢ KoopAauHaTamu 2; 25; 7; —3;
12;19; —5; 8; 9. Haiiante KoopAWHATY TOYKH,
CyMMa PaCcCTOSIHUI OT KOTOPOH /10 yKa3aHHBIX
9 Touek MuHuMasbHA. OTBET 06OCHYITE.

3. (811 k1) Kmouom mmdppeucreMsr ciy-
JKUT Tabsuma 4 X 4, B KAKAYIO STYEKY KOTOPOIt

1|22
2 M| A7 2
00T 2
o] 2 e
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sammcana oana us undp 0, 1, 2 (puc.2). Ipu
3TOM JIOJUKHBI JIEUThCS Ha 3 cymMma nudp B
KasK/I0l CTpOKe, cyMMa IdpP B KaKIOM CTOJI6-
1e, a Tak’ke CyMMBI IIdp Ha KaKIO0H M3 ABYX
JIaroHasei, OTMeYeHHbIX MyHKTHpoM. Ha pu-
CYHKe TIPUBE/IEH OJIUH 13 BO3MOKHBIX BapHaH-
TOB KJI04a. CKOJIBKO CYIIECTBYET BCETO Pa3JIny-
HBIX KJIFOUeil?

4. (8-10 xn1.) Ha rpanune Kpunronanguu
yCTaHOBJIEHA TIPOTYCKHAS CHCTEMa, MMeIoIast
20 Bxo0B 1 20 BbIX0/10B (BXObI IIEPE TPaHN-
neit, Borxo/pl — yaxe B Kpunronananu) . Bxoast
1 BBIXO/IBI 3aHYMEPOBAHBI HE3aBUCHMO JIPYT OT
npyra yncaamu ot 1 1o 20, mpudeM B Hen3Be-
ctHoM st Kpunrosanaun nmopsiake. OT Kak-
JIOTO BXOJIa TIPOJIOKEH OJIMH <IPSIMOii» TYH-
HeJTb K OJTHOMY U3 BBIXO/IOB, IPUYEM OT PA3HDIX
BXOJIOB — K pa3HbIM BbixojaM. OT KaxKJ0ro
BBIXOJIa TIPOJIOSKEH OJITH «0OPATHBIIY» TYHHED
KO BXOJIy C TeM >Ke HOMEpPOM, 4TO y 3TOTO
Bbixoga. Ilocerurenb cam BbIOMpPAeT OWH U3
BX0/I0B. Boiiznsg B Hero, o nomnazaaer B audrT, B
KOTOPOM €CTh 2 KHOIIKHU: 3eJIeHasi — «eXaTh»,
KpacHas — <«BBIXOAUTb». Cucrema paboraer
caemyronM o6pasoM. IloceTnresns, HaXOACH B
JudTe OKOJIO BXO/IA, HAKNMAET 3€JI€HYI0 KHOTI-
Ky, JIUQT 110 IPSIMOMY TYHHEJTIO TOCTABJISIET €70
K COOTBETCTBYIOIIEMY Bbixozty. Haxozsich B e
OKOJIO BBIX0/Ia, [TOCETUTEIb MOKeT: 1) HaxkaTb
3eJIeHyI0 KHOIKY, U TorJa JUPT 1m0 06paTHOMY
TYHHEJIO JOCTAaBUT €T0 KO BXOAY C TeM Ke
HOMEpPOM; 2) Ha)KaTh KPACHYIO KHOIKY, M TOT/a
BBIXO/l OTKPOETCs, HO TOJIbKO €CJIH €ro HOMEP
COBITQ/JIa€T ¢ HOMEPOM TOTO BXO7a, Yepe3 KOTO-
PBIii TIOCETUTETb BOIIET TIepBOHAYaIbHO. B 11po-
TUBHOM cJiydae (IIPU HECOBNAJIEHUH HOMEPOB)
nocetuTesb OyjeT yjajnen 3a npejesbl Kpui-
TOJIAH/IUU W CMOJKET BOCIIOJIb30BATHCS TTPABOM
MOCEIEH NS TOJIBKO Yepes3 TOfI.

AJmica penrmia IpoBecTH KaHUKyJIbl B Kpuri-
tosanaun. [Ipu aTOM eif ctasa U3BeCcTHA cXeMa
NPSAMBIX TyHHeJIel cucteMpl iponycka (puc.3).
31ech BepxHee YHCJO0 SIBJASIETCS HOMEPOM BXO-
J1a, a CTogIIee 10/l HUM YHCJIO — HOMEPOM TOTO
BBIXO/Ia, K KOTOPOMY BeleT TIPSIMOIl TYHHEb.
3a Kakoe MUHUMAJIbHOE YHUCJO II0€3/[0K II0

112131456 [7[8]9]10
20111012181 |4 |7 |17 8

1111213141516 |17 [18|19] 20
S|1916 |3 (139|162 14|15

Puc. 3
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TyHHEJISAM AJIMCa CMOYKET TapaHTHPOBAHHO MO~
nactb B Kpunronauauio? OTBer o60CHYITE.
3. (8—11 ku1.) [lng sammdpoBaHust OCMbIC-
JIEHHOTO CJIOBA €ro GYKBbI 3aMEHWJIM YMCIaMU
X, X9, ..., X, 10 Tabmune (puc.4). 3arem BpIGpa-

KOe-HUOY /b 11eJI0€ YnCJI0 ¢ = 0 1 C/IBUHEM TT0JTY-
ymBmryocs cTpoky 01001 mmkamyeckm Ha ¢
nosutwii BreBo. Hampumep, mpu ¢ =1 momy-
gurcst crpoka 10010, nmpeacrasisionias co6oit
JIBOMYHYIO 3anuch yucaa 18. 3Hauut, cABUTOM
Ha OJHY TIO3WUIIMIO W3 YHucaa 9 moJrydaercs

A|B|B|T|A|EE[K|3|M|I|K|J|MH|O|TI| wuncro 18; GymeM 5TO 3amiCHIBATL Tak:
ol1|2(3|4| 5 |6|7]|8]|9(10[11]12[13[14]|15] 9<<<1=18. (Ec;m 01001 capumyTh BIEBO Ha
plclT|y o x [yl bl bl o o] 4 SBe HO3_I/I]_II/II/I, to moayunutcss 00101, Tt.e.
<<< 2 =35.) Utak, s <<< ¢ = 9T0 YUCJIO, TOIY-
16(17(18]19]20(21|22|23|24|25|26|27(28|29|30| 31| yyupmeecs CHABUTOM uMCIAa S HAa C TO3HITIA
Puc. 4 BJIEBO.
JIU YETHBbIE HATYPAJbHBIE YUCJAA P U ¢ U [ Jlist 3amudpoBaHusl OCMBICJIEHHOTO CJIOBA
KaK/I0T0 YNCJIA X; U3 COOTHOIIECHUH X; = ¥; + pz;, BBIGUPAETCST CEKPETHBIN KJI0U — HAabop u3 64
z; = Y; + qx; HaILIM 11eJble uncaa y; u z;. [lorom qucesn  Ry...,kp €40,...,30} m c¢f...cpn€
o popmyam z; =13, (z;), i =1, ..., n, moayuu- £ {0,1,2,3}. 3arem ¢ kax10ii GykBoii caoBa (110
T ¥WCaa Zzj,...,2, (rae ry,(a) — ocraTok ot OT/IEJIBHOCTH ) TIPOJIE/IbIBAETCs caeytoniee. Byk-
JelleHnsl ducia @ Ha 32), KOTOpble BHOBD By 3aMEHSIIOT YHCJIOM ¢ 110 Tabimie (puc.5) u
3aMeHIIM GyKBaMU COTJIacHO Tabmuie. B pe- ~ —
gyabrate mosayunan BoT uro: JKAIOIKP. AIBIBITIAE EPKISIMUIKITIMHIO|
Haiinre ncxoHoe cjoBo, ecau u3BectHo, uro |0 12 (3[4 5 | 67| 8 |9(10{11|12{13|14
OHO HaymHaeTcs Ha 6YKBY B. clry[o]x[ululmms|bl] b2 0] g
6. (8-11 wun.) Verpoiicrso mpmmmmaet ma Lot et ol 011155193194 25 261 27| 28| 29 30
BXO/I M BbIJIaeT Ha BBIXO/l HAGOPBI U3 1 OUTOB
(npuuem n > 4). Tomanublii Ha BXOA HaGOP Puc. 5

x =(xy,...,%, ) npeoGpasyercs B BBIXOHOIT Ha-
6op h(x)=(x®x, 1,2, ® 1,1, ® x3,203 @
@ Xgyeeey X,y D, 4,2 @), TAE @ — CTAH-
JapTHas olepanus CJI0KeHUsS OUTOB:
000=1®1=0, 0®1=1®0=1. ITogas Te-
nepb ator Habop /2(X) Ha BXOA, MOJIYYMM Ha
Boixoe ma6op h(h(x))= 1 (x), xoTOpBbIf
BHOBb TIO/Ia/IIM HA BXOJ[ U TIOJyYUM /1 3) (x),
ur.a. Jokaxkure, 4TO ecau Bce HaGOPbI
x,h (x),h(z) (x),...,h(k) (x) oxasamich pasmy-
HbIMH, TO B < 2" —1,

7. (11 k1) Ienoe uncio s € {0,...,30} mosxer
ObITb 1TPe00PA30BAHO  CJIEYIONINM  0GPa3OM.
IIycts, mampumep, s=9. IlpeacraBum ero B
JIBOMYHOI CUCTEME CUMCIEHUS MATU3HAYHBIM
ycaom: s =9 =01001,. Tenepp BbIGEepeM Ka-

TI0CJIeIOBATEbHO BBIYUCISIOT ¢ = (@ + k) <<<
«<<c, @=(q+k)<<<c, .., ap=
= (a3y + kgy) <<< ¢35 Vicxoanyo GykBy 3areM
3aMeHSIIOT Ha GYKBY, COOTBETCTBYIOILYIO YHCJTY
4. (Ecaiu B poliecce BbIYUCJICHUI 10Ty YaeT-
cst yncJIo, pesbimaioriee 30, TO OHO 3aMeHsieT-
cst octatkoM ot gesnenns Ha 31. Tak, cymmy
20 + 17 crenyer 3amMenuts Ha 6.)

B pesyabrare samudpoBaHus OIYIUICA
na6op 6yks SATKBIHU. Haiinute ucxomgroe
CJIOBO, €CJIM H3BECTHO, YTO IPH 3ammppoBaHun
Ha aToM Kiiiove 6ykBa b nepexoaut B 6ykBy b,
a oyksa II — B E.

ITybruxayuio no mamemamuxe, a maxxe
no mamemamuxe u Kpunmozpagpuu
noozomoguau C.Pamodanos, O.Illabanumn,
no ¢usuxe — B.I1lonos
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«KBaHT» Ang Mnagmx LWKONbHUKOB

3apgaum
(em. «Keanwm» No10)

1. 27 xpacupix u 36 CHHEX.
CHHUX 30HTHKOB BJIBOE€ MEHbBIIE, YeM JKEJThIX U
KPacHbBIX. JTO O3HAYAET, YTO CHHUE 30HTUKH COCTAB-
JISTIOT TPETh OT BCeX. AHATOTHYHO, KPACHbBIE 30HTHKI
COCTaBJISIIOT YeTBEPTh OT Bcex. Hapucyem oTpesok,
nzobpaxaomuii Bce
el sontukn (puc.1). Uro-
Puc. 1
6bI Ha HeM y00HO n3006-
pakajuch W TPETh, U YETBEPTH OT BCETO OTPE3KA,
crenaeM ero jummHON 12 kierox. CUHUM 30HTHKAM
COOTBETCTBYET OTPE30K B 4 KJIETKH, KPACHBIM — B 3
KJIETKH, a Ha JIOJIIO JKeJIThIX ocTaHercss 12 -3 —4=35
KJIeTOK. Ecam 45 30HTHKOB M300paKkaioTCsl Kak S
KJIETOK, TO Kask/Jas Kjierka — 910 9 3oHTHKOB. Torga
CHHUX 30HTUKOB 4 -9 = 36, a kpacupix 3-9 = 27.
2. 6:4.
TTo okoHYaHWE BOCHMOTO payHIa BO3MOKHBI JIBA
BapuanTa cdyera (yuMTbIBas, 4TO Wrpa uger ao 6
OYKOB W elle He 3aBepmmiach): 4:4 mmm 5:3. U3
MePBOTO Y3HATH MCXO/I CJEAYIOMEro PAyHIa HeJIb3sl,
MI09TOMY OCTAETCS TOJIbKO BapuanT 5:3. Torma mmeem
TPH BO3MOKHBIX (DUHATBHBIX cueTa: 6:3, 6:4 mau
6:5.
Tlepem cuetom 5:3 MoT 6BITH JTOO cUeT 5:2, 160 4:3.
Ecau 6p1 urpa 3asepmmmiach co cuerom 6:3, TO B
Ka)K/IOM M3 3TUX [BYX CJIy4aeB MOJKHO ObLIO Obl
OJTHO3HAYHO OIPE/ICIUTD UCXO/IbI OCTABIINXCS PayH-
1108, oatomy Outer 3uaJ ObI NX He TI037Ke YeM MOCJTe
celbMOTO payH/a.
Ecsu 6b1 urpa 3aBepinuiach co cuetoM 6:3, TO Tepe;
MOCJICTHUM PAayHIOM ObLT ObI cYeT 5:5, He MO3BOJIS-
fOIUiT OTpeIeTNTh, Kakas M3 KOMaH/ TOGeInT.
A BOT 3Hanue (pUHAILHOTO cueTa 6:4 03BOISIET IpH
cuete 5:3 OJHO3HAYHO OMPEIEJTUTh MCXObI MOCJIe-
JTHUX JIBYX payHJoB. [Ipu aTom eciit ocste ceIbMOTo
payHzaa ObLI cueT 4:3, To cuTyalus Oblaa Heolpe/e-
JIEHHOII: Jlayibliie MOrJIo OBbITh Kak 4:4, Tak m 5:3.
3. BbibepeMm u3 KaxKJ0ro IaKera CaMmyio JETrKyio
CJIMBY U CJIOKUM nX Bee B 21-i1 naker. Tak kak Macca

" . 1
KasKJI0i BbIOPAHHOI CJIMBBI He MPEBBIIIAeT — KT, TO
ux obmasg mMacca He OOJIbIie %< 1 xr. IIpu atom

Macca KasKIOTO HMCXOJHOTO ITaKeTa CTaja MeHbIIe
1kr, 1 B HEUX ocTajsoch 1o 25 cuaus. IloBropum
OTIEPAINIO: TIEPEJIOKUM CaMYyIO JIETKYIO CJUBY U3
KayK/IOTO MCXOMHOIO IMakeTra B 22- maker, o0Iast

20
MaccCa CJIMB TaM 6yZIBT MEHDbIIIE —SKI“ HpO[IOJI}KaSI

TaKylo Ollepalulo, J0BeJeM YUCJIO HMAKeToB 10 26.
4. 23,14.

@

Puc. 2

Pazo6bem noGassennyio Taweil miomajab Ha ST
MIPSIMOYTOJIBHUKOB IUPUHBI 1, ¥ KaXI0ro M3 KOTO-
PBIX OJIHA U3 CTOPOH COBIAJAET CO CTOPOHOU MCXO/I-
HOTO NIATUYTOIBHIKA, 1 HA CEKTOpPA KPYTOB PaJIyca
1 ¢ BepUIMHAMY B BEPIIMHAX NATHYTOIbHUKA (puc.2).
[lo6GaByieHHas TIONIA/b paBHA CyMMe TLIONIaieit
MIPSIMOYTOJIBHUKOB U TLIOMazell ceKTopoB. Cymma
IJIOMa/eil TPSIMOYTOTbBHUKOB paBHA IPOM3BE/ICHNUIO
mupuHbl (PaBHON 1) HA CyMMy JJIMH CTOPOH TISITH-
yrosbauka: 1-20. Cexrtopa >Ke CKJa/JbIBAIOTCS B
OJIMH TIOJIHBII KPYT, TJIOMIAb KOTOPOTO PaBHA T - 12
CuieioBare ibHO, 106aBIEHHAS TIIOIIAb COCTABJISIET
20+ = 23,14.

Kommenmapuii. O6bscHUTD, MOYEMy CEKTOpa Jieii-
CTBHUTEJBHO CKJIQJBIBAIOTCS B MOJHBIH KPYT, MOXXHO
CIAEAYIONM 06pa3oM. Y [IBYX COCEIHUX CEKTOPOB
JIBA OTPAHUYMBAIONINX PAUYCA SBJSIIOTCS TPOTUBO-
MIOJIO’KHBIMH CTOPOHAMU TIPSMOYTOJbHUKA. 3HAYUT,
€CJIN «CXJIOMHYTh» TIPSMOYTOJbHNUK, CTOPOHAME KO-
TOPOTO OHU SIBJISTIOTCSI, TO J[BA COCEHUX CEKTOpa
00benHATCST B OuH ceKTOp. CriesiaB Tak ¢ KasK/Ioi
Mapoii, Mbl TOJYYUM LEJbIH KPYT.

[IpuBeseHHOE paccysK/eHUE CIIPABEIJINBO IS JIIO-
60TO BBIITYKJIOTO MHOTOYTOJIBHUKA. YTOJ CEKTOpa
pPaBeH COOTBETCTBYIONIEMY BHEIIHEMY YIJIy MHOIO-
YIOJIbHUKA, TaK 4YTO TI0 CYTH Mbl JIOKA3aJi, YTO
CyMMa BHEIITHUX YTJIOB BBITYKJOTO MHOTOYTOJbHUKA
pasra 360° (cM. mo aTomMy noBoay Taxke https://
etudes.ru/models/exterior-angles-sum/).
Ananornynas GpopMyJa IS IO «OKPECTHOC-
TH» BepHA /IS MTPOU3BOJBHBIX OIPAHUYEHHBIX BbI-
nykapix puryp. O6 atoit Teopeme IllTeitnepa MoxHO
npountarh B crarbe JI.JIokynuesckoro u B. Tuxomu-
poBa «BbimykJibrii anams na miockoctn» («Kpanr»,
2018, Ne 5).

3apgaun
(cm. <Keanwms» Nel1-12)

1. 380.

3ameTuM, YTO dYeperamKka TOrja U TOJBKO TOT/A
MOMETIAETCsT B MPSIMOYTOJBHUKE TIEJINKOM, KOT/a
HEHTP ee MAHIMPST HAXOANUTCS B y3JI€ CETKH, KOTOPbIil
JIGJKUT HA FPAHUIIE YEThIPEX IIUTOK. TaKuX y3jioB B
npsimoyrosibauke 20X 21 6yzer 19 x 20 = 380.

2. llepenmmem paBeHctBo B Buae IIATbx6=
=IIIECTDb x 5. Pa3 npaBas 4acTb JeJUTCS HA 5, TO
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U JieBast TOKe, a 3HauuT, b gesaurcs va 5. AHasornd-
HO, pas3 JieBasi 4acTb Y€THA, TO U MPaBasi TOXKe, TAKUM
o6pasom, b verno. Craenosarenbio, b =0. Coxpa-
tuB IIATb uw HIECTD ma 10, moayumm IIAT u
HIECT. [ns HuX TO e paccyK/eHue I03BoJiseT
caenarb BbiBoL, uro T = 0. Ilomyuaem mporusope-
qie: JBe pazHble OYKBBI HEe MOTYT 0603HAYATh OJHY
n Ty ke Indpy.

3. 3 a6opurena.

Ouenxa. PaccMOTpIM JIBYX CaMbIX CTapbixX abopure-
HOB. OHU SIBJISIIOTCS JDKEIAMHU, TIOCKOJIbKY HE MOTYT
OKazatbest MTaaie o6onux cBoux coceneit. CoemoBa-
TEJIbHO, BO BTOPOII /IEHb CaMblii CTapblit aGopureH He
MOr CKazaTb, 4Tto 00a ero cocela MJA/IIe HEro,
TI03TOMY €To cbhesn. Toraa o aHaJornYHbIM co00pa-
SKEHUSM CHEJIH M BTOPOTO TIO CTapITHHCTBY.
Tenepb paccMOTpUM €aMOTO MOJIOZOTO abGopureHa.
OH feiicTBATENIBHO OBLT MJaIIe 000X CBOUX COCE-
Zieit, moatoMy sBJsercs poiapeM. Ecam 6br ero e
CheJin, TO BTOPOIl pa3 PO CBOUX COCEEl OH CHOBA
cKazas Obl, YTO OHU CTapile HeTo. 3HAYUT, W €ro
ToxKe cpesm. TakuM o6pasoM, Bcero ObLIO CheleHO
He MeHee TpeX aGOpUTEHOB.

ITpunep. TIponymepyem abopureHoB yncaamu ot 1 10
100 B Mops/IKe yBEIMYEHUS BO3pACcTOB. PaccTaBuM nx
B TaKOM >Ke TIOPSI/IKE TI0 KPYTY, MOMEHSB MecTaMu
a6opurenos 98 u 99. Ecim aGopurenst 1 u 98 —
pBIIIapu, a BCE OCTAJbHBIE — JDKEIBI, TO KasK/BIi
MOXKET CKa3aTb, 4To 00a ero coceia crapiie uero. Kak
MOHSITHO 3 OTIEHKH, JOJUKHBI GBITh CheeHbI abopH-
rernl 1, 99 n 100. ITocse aToro ocrasimecs BCTAIOT B
TOM JKe TIOpSI/IKE, KaK ¥ PpaHbllle, TOTJA KasK/bIil
MOKET CKa3aTh, 4TO 00a €ro coce/la MJIA/IIIE HeTo.
4. Iloposny.

3amerum, 4To B Tabuuile 24 KpaiiHue KJIETKH U
CTOJIbKO JKe He Kpaiinux. Kpome Toro, cpein unces
ot 1 1o 48 posuo 15 npocreix: 2, 3, 5, 7, 11, 13, 17,
19, 23, 29, 31, 37, 41, 43, 47.

PackpacnM KpaiiHue KJIeTKH ITPOM3BOJIBHBIM 00pa-
30M B 24 mBera (KaKAyI0 KJETKYy — B CBOW I[BET) M
TaK ke TOCTYNUM C BHYTPEHHUMH KJETKaMU, WC-
MOJIBb3YST TOT Ke HAaGOop I[BETOB. PaccMOTpuM KaKoii-
HIOY/Ib COCO6 HyMepalni KJIeTOK € CEMbIO ITPOCTDI-
MU YncJaMi Ha Kpato. [loMeHsieM Mectamu Bce vmcia
B Tapax OJHOIBETHBIX KJETOK. Bce ceMb MPOCTHIX
4ices ¢ Kpas YiayT BHYTpb, a Ha Kpail U3 BHyTPEH-
HUX KJIETOK MOMa/yT OCTAaBIINECS BOCEMb ITPOCTBIX
yuces. Takum o6pasoM, BbiGpaHHOMY c11ocoGy pac-
CTAaHOBKHM € CEMBIO IMPOCTBIMU YHCJIAMH Ha KPaio
COOTBETCTBYET CIOCO0 PACCTAHOBKH C BOCEMbBIO TIPO-
CTBIMU YHCJaMHU Ha Kpaio. TakuM ke oOpasoM u3
crocoba ¢ BOCEMBIO TPOCTBIMU YUCJIAMU HA KPaio
MOJIy4aeTcst Croco6 ¢ ceMbIo MTPOCTBIMU Ha Kpaw. B
UTOTE MEK/Y YKa3aHHBIMU CIIOCOOaMI PACCTAHOBKHI
YICes YCTAHOBJICHO B3AMHO O/IHO3HAYHOE COOTBET-
CTBHE, MO3TOMY WX OJMHAKOBOE KOJUYECTBO.

KoHkypc umenn A.MN.CaBnHa
(cm. <Keamnm»> No9)
1. Moxwno (puc.3).
2. a) /la, HanpuMep, IPSIMOYTOIbHUK 3X 4 (puc.4).
6) [la. [IpuMep npuBegeH Ha PUCYHKE 5.

IIpoBepuTh, YTO TPEYTOTH-
7777 | 7788 | 8877 | HuKu pasHbie, MOXKHO IO
IO/,
7878 | 8777 | 7787
8787 | 7877 | 7778
puac. 3 Puc. 4

Puc. 5

3. Ilycrp sumk umeer mmuny /[, mmpuny [ u
BpIcOTY B. IlepBbIM M3MepeHmeM HATSHEM BEPEBKY
MeX/1y TIPOTHBOIOJIOKHBIME BEPIIMHAME W HaiiieM
JumHy riaBHoil auaronanu. Ilo teopeme Iludaropa
ee KBaJ[paT paBeH JI2 + 1012 + B2, Bropsim usmepe-
HHEM TIPOJIOXKMM BepPeBKY BJOJTb TPeX IOCJIe0Ba-
TEJIbHBIX pedep B Pa3/INYHBbIX HAIIPABJICHUSAX W y3HA-
em cymmy /I + 11 + B. Tenepb Mbl MOKeM BBIYUCIUTD

(L+ 111+ B) —(/12 + 1112 +B2):2I[HI+ZBHJ+2B£[,

YTO PaBHO CyMMe TLIONa/eli Tpaneii smmKa.

4. Paccmorpum manubiit TpeyroapHuk ABC u mpo-
usBouibtibie Touku Ay, By, C;, o6pasyiolue mpaBuib-
HBIii TPEyroJIbHUK 1N coBrajaonue (orpesku AA,,
BB, CC, He o0g3are/IbHO pasubl). Ilpeanososxum,
gyro Bepimubl Aj, B, C; nayt no 4acoBoii crpeske
npu o6xoze rpanuist Tpeyroabiuka A BiC; (puc.6).
[lanee, BMECTO TOTO 4TOGBI IICATh «BEPIIHHBL TPEY-
rosipHuKa XY Z 1epedncyenbl mpu 00Xo/ie TPAHUIIbI
110 9acoBOi CTpeske», OyJeM IHCaTb COKPAIICHHO
«XYZ (1o 4.c.)».

Otmerum Toukn C, u Cy Takue, 4TO TPEYIrOJbHUKU
ABC, (10 u.c.) m ABC; (110 4.c.) TpaBUIbHBIE.
Torma (M3 CBOWCTB MOBOPOTA; TaKKe MOKHO MOJTY-
YUTh HTO U MPOCTO M3 PABEHCTBA TPEYTOJHHUKOB)
AA; = C;C, u BB, = C)C,. 3nauur,

CC, + BB, + AA, =CC, + C,C, + C,C; = CC,

1o HepaseHncTBy Jomanoil. Ilocrpoenme touxn Cg
He 3aBuceso or BboiGopa Touek Aj, By, C;. Taknm
06pa3oM, OlleHKa 3aBeplieHa.
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Puc. 6

IToctpoenue npumepa nouarHo us onenku. [locrpo-
UM TpaBuiIbHbIN Tpeyroabuuk ABCs (o u.c.).
Yro6sr orpeskun AA;, BB;, CC; Oblii pPaBHbI U
UMeIN HAaNMEeHBINYI0 BO3MOKHYIO JITNMHY, HYyKHO,
uyroObl orpeskun CCy, C,C,, C,Cs Gblaum paBHbBI U
UMeJIN HauMEHbIIYI0 BO3MOXKHYIO JUIMHY. 3HAUUT,
cnesyer paséutb orpe3ok CC, Ha TPM PaBHbIE yac-
1 toukamu C; n C,, Toce Wero MOCTPOUTDH Mpa-
BusbHbI Tpeyrobank A BC, (o 4.c.) u sarem
npasuabHblil Tpeyrombank A;B;C; (mo u.c.).
AnasornvHo, ecaiun Beputnubl 4, By, C; uayt nporus
JacoBOIl CTpesKn MpH 00X0je TPaHUIIBI TPEYrob-
unka A;B|C,: Torna HanMeHbIllee 3HAUYEHNE BbIPAKe-
wus AA + BB, + CC, pasuo CCj, tie Touka Cy
Takas, 410 ABC; UpPaBUIbHBLI 1 €ro BepLIMHBI
HasBaHbI IPH 06XO0/ie TTIPOTUB YacOBON CTPEJIKM.
Octanoch BbIOpaTh n3 oTpeskoB CC; n CC3' Kpar-
vaiimmii. Tak kak Toukn C; u C; CHMMETpHUIDBI
otHOCUTEIbHO AB, T0 O6smske K Touke C M3 HHUX
6y/ieT Ta, UTO JEXKUT ¢ Helf B OJHON MOTyTIJIOCKOCTH
OTHOCHUTEJIbHO IpsMoil AB.

MexaHn3M n3ny4yeHUsi YCKOPEHHO
ABMXYyLerocs 3apapa

1. TlocKo/bKY KHHETHYecKas JHeprusi, KOTOPYIO
npruoGpeTeT MPOTOH TIPU TAKOM IIE€peMelleHin B
anekrpuueckom nosie (1 M»aB), 3HaUNTEIHHO MEHD-
me co6cTBeHHON aHeprum mporona (mc’ =
=938,27 MaB), To ero ABW)KEHHE OIMNCHIBACTCS B
paMKax KJACCHYECKOH MEXaHUKH W JIJIsl BbIYHCJIe-
HUSI DHEPIUM WM3JIyYeHUsl MOKHO BOCIIOJIb30BaThCSI
dopmyoii Jlapmopa. OGosHaumMm 3apsi[i IPOTOHA
4yepe3 ¢, a €ro maccy depe3 m. YcCKOpeHHe
a=qU/(mL), tne U = ¢ —¢,. Bpems apmwxenns ¢
Takoso, uto L = at’[2, T.e. t = (2L/a)1/2. IToncras-

2021 /Nel1-12

JIsist IOJTy4eHHbIe cooTHOIIeHus B hopmyry Jlapmo-
pa, MOJIy4aeM 9HEPruio BO3HUKIIETO H3JTy4YEHUS:

; 12
2kq?a® (2L / _

E=Wt="1]
3c a

3/2

_k’(2qU
3L 3L | mc?

Uucsennoe 3HaueHue MCKOMOI BEJMUYMHDBI B 9TOW U
MOCTEAYIONINX 3a/[a4aX YUTATEJN CMOTYT MOJYYUTH
CaMOCTOSITEJIbHO.

2. Kunetndeckas sHeprus 2JEKTPOHA, KOTOPYIO OH
pUOOPETET, COBEPIINB TAKOE <ITyTEIIECTBHUE», CO-
craBut npumepHo 20 3B. Dta BesmunHa 3HAYUTE -
HO MeHbIIe COOCTBEHHON SHEPTUH 3JIEKTPOHA
0,51 M»sB, a 3HauunT, BWYKEHNE YaCTHUI[BI MOKHO
OTIMCBHIBATH B PaMKaX KJaccuyeckoil Mmexanuku. [l
BDBIUNCJICHUST 9HEPIUU U3JIYUYEHUs] OISITD K€ MOXKHO
BocIoJib3oBarbesi dopmyJioit Jlapmopa. Koneuno,
JIBIDKEHIE YaCTUI] MUKPOMUPA HE ONNCHIBACTCS KJIac-
CHYECKOIl MeXaHHKOil, HO CPAaBHHUTH, XOTS ObI TPy-
60, TPEICKA3aHUsI <«KJIACCUKI» C TeM, 4TO JaeT
KBaHTOBasE MEXaHUKAa, MOKHO. VTOr BblUHCIEHUS
TaKOB: M3JY4YaeTCS SHEPIHS

2kq*a’ 1 m| kq

3¢3 - 7.5v2 | mR

Borpaskenne B KDPYTJIbIX CKOOKaX WMeeT pa3Mep-
HOCTb KBajpara ckopoctu. M3 ¢opmymasl BuaHo,
YTO IHOJIy4eHHOE 3HA4YCHHUE SHEPIUU U3JIyYeHUS To-
pasjio MeHbllle KHHETHYeCKOH sHepruu, Ipuobpe-
TEHHO! 3JIeKTPOHOM.

A BOT ecsm Temepb 3JIEKTPOH «3aleNUTCS» 3a TIPO-
TOH 1 Oy/IeT U3JIydeH KBAHT CBETA, TO KHHETHUEeCKast
SHEPIUsl 2JIEKTPOHA YMEHBIINTCS B JBAa Paza M y
CHCTEMBI TPOTOH-3JIEKTPOH MOSBUTCSI MOMEHT WM-
mysabca. IIpm atoM «yJsereBnmmii» KBaHT CBeTa yHe-
cer ¢ co60i 1 HEIOCTAIONLYIO SHEPTUIO, U NMILYJIbC,
1 TaKOH MOMEHT MMITyJIbCA, YTO CYMMapHBIH MO-
MEHT MMITy/Ibca TIPOTOHA, 3JeKTpoHa u (hoToHa Oy-
JIeT TaKUM K€, KaKuM OH ObLT 10 00pasoBaHU
CBSI3aHHOM CHCTEMbl 4aCTHI[ IIPOTOH—3IEKTPOH. Ta-
KUM 06pa3oM, OUEeBH/IHO, UTO <«KJACCHKa» He MO-
JKeT OIMCaTh KBAHTOBBIE CBOWCTBA paccMaTpHBae-
MO CHCTEMBI.

3. U3 ypaBHeHHS ABMKCHUS 3aPSKEHHOI YaCTHIIBI
B MarHUTHOM IIoJie quB = mv2/R HaiiJieM CKOpOCTb
ABWKenus mpotona: o = gBR/m =107 m/c. Momy-
YeHHasl BEJMYMHA CYNIECTBEHHO MEHbIIE CKOPOCTH
cBeTa, I03TOMY /I PACYeTOB JABMKCHUS MOXKHO
[10JIb30BATbCS  KJIACCHUYECKOil MexaHukoil. Pamamyc
KPUBW3HBI TPAeKTOPUHU BBIPA3NM Uepe3 KHHeTHIec-
Kylo oHeprmio E W mosydnm R:(2mE)1/2/(qB).
Ksazipat ycxopenust Toxe MOKET ObITh BbIpaKeH
4epes KHHETHUECKYIO SHEpruio: a’ :4E2/(mR)z.

3/2

5 \3/2

oo

E usn J-
R
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IToxcraBum atu BeIpaskenust B hopmy.ty Jlapmopa:

dE _ 2 kq AE® 4 kq'B’
dt (mR) 3 (mc)3
niamn
dE _ —Adt.
E

Irto npocroe auddepeHnaibHOe ypaBHEHNE, pe-
IIeHNe KOTOPOTO €CTh 3KCIIOHEHTA

E, = Ejexp (-At).

Yro6bl pajinyCc KPUBH3HBI TPACKTOPUH YMEHBIIINIICS
B [[Ba pas3a, KMHETHYECKAst SHEPTHs JOKHA YMEHb-
IIATBCS B 4 pasa, T.e. JOJUKHO OBITb BBITIOJHEHO
yerosue exp (—At) =0,25. ITo o3HavaeT, 4TO IOJ-
JKHO TipoiiTn Bpemst ¢ = In4/A.

4. TloHsTHO, YTO W3MEHEHWE CKOPOCTH OyaeT Ma-
JBIM B CPaBHEHHH C caMoi cKopocTbio. Iloatomy
aTa 3ajlaya MOKeT ObITh 6e3 Tpy/a pelleHa 4nTare-
JISIMH CaMOCTOSITEJIBHO.

dusnko-matemaTnyeckas onmmnuaga
«Punstex»

MartemaTtuka
10 knacc
BapuaHT 1

2 90°; 6) N7 gf

a) Toukn P u T JiekaT Ha OKPY>KHOCTH C JlhaMerT-

pom BD, nostomy £ZBPD = /ZBTD =90°. Cneno-
BaTesibHO, TpeyrojabHuku ADP u DCT upsmo-
yrosbuble; PM un TN — ux meamanbl. Tak kak
MeJfaHa IPSMOYTOJIBHOTO TPEYTOJbHUKA, IPOBeE-
JleHHas K TUIoTeHy3e, paBHa ee 1oJioBuHe, TN =
=CN=DN, PM =AM =DM. Ilycro £TCD =¥y.
ITockombky TtpeyrospHuk CTN paBHOGEADPEHHBIH,
10 ZCTN =y, ZTND =2y (kak BHeUHHi yrou
ACTN). Yravt PMA u TND pasubl B cuiy na-
pamnenpHoctn npsamMbix PM uw TN. A Ttak Kax
TpeyroabHuk AMP Takxe paBHoéeapeHHbH‘/i, TO

ZPAM = 90° - ELPMA 90° - 2LTND 90° —.

3naunt, cymma yriios A u C tpeyrosmpunka ABC paBHa
90°, n ero Tperuit yron ABC rtaxxe pasen 90°.

6) B cuny ckasannoro soime CD =2NT =5, AD =
=2MP =1. O6osnaunm LZADB = y. Torna ZBDC =
=180° —y. Ilo Teopeme KOCUHYCOB /s TpeyFOJIb-
unkos ABD u ACD mnonxydaem, 4TO AB? =
=4+1-4cosy, BC?=25+4-20cos(180° - ).
Ho no reopeme Iludaropa AB? + BC? = AC? = 36,

1
OTKyZa CJedyeT, 4To COSY = g ﬂaJICC HaXo/ UM

siny = +/1—-cos®y = %,

YKA3AHNA,

PEIMEHMU A 49

Saapc =Saasp + Sapen =
:%DA -DBsiny + %DC . DBsm(180° - \u) 97
2.5, i\/ﬁ

2
O6oznaunm VX +4 —+/6 —x =t. BosBoasa o6e uac-
TH 9TOrO PaBeHCTBa B KBajpaT, noJyuyaem (¥ +4)—

-2 (x+4)(6—x)+(6—x)=t2, OTKYy/1a

W24 + 2x — 2% =10 — ¢2. YpasHenue npuHuMaeT Buj

t+4=10—-¢ orcioma t =2 wn t =—3. [laee pac-
CMaTPUBAEM KQK/BIH U3 CIy4aeB B OTIEJIbHOCTU:

t=2oVJx+4-Jb-xr =2
S x+4=4+6-x+4J6—-2x>
24W6—x =x-3,

—4Sx£6<:){
—-4<x<6,
OTKyJIa
X =-3umx =,
{SSxSG

", CJeI0BaTeNIbHO, ¥ = 5;

t=-3oJx+4-6-x=-3
o 6vx +4 =-7-2x,
—-4<x <6,
OTKY /12

X =
=4

2+ 311
—

-4 <x<-35

2-3J11
—

u, cjaeaoBaTresJibHO, X =

3. (—eo3-1) u[—%;OjU[gﬁw}

[lepBoe ypaBHeHHE MOJKHO NMpeo6pasoBarh TaK:
(49 + 4Qx - S)y ) + 50 = 22ax + 26a” = 0,
OTKYy/la ITI0JIydaeM
(2y +2x —Scz)2 +(x - a)2 =0.

Orcioa HAXOIIM, 9TO KOOPAMHATHI TOUKT A (45 4)
YIOBJIETBOPSIOT paBeHcTBaM 2X +2y—5a =0 n
3a

x—a=0,T.. Xy =a, yA=7.

Tax xkax Bropoe ypasHeHHe 3ajaer mapa6ouy, TO
a # 0. Ilpn aToM ycI0BUM ypaBHEHHE MOXHO IIepe-

1
mucath B Buge y = x° + 2ax +| a® + — |. Koopamma-
1
I TOUKH B cepylonue: Xp = —a, yYp = y(-a) = p

O6osuaunM [ (x;y)=3x -y —4. Touku A u B ie-
JKaT 110 pas3Hble CTOPOHBI OT MNpsAMOH 3x —y —4
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TOT/IA I TOJIBKO TOTa, KOTAA [ (X 4544 ) 1 f(xgyp)—
yuc/la PasHBbIX 3HAKOB. llocie/Hee pPaBHOCHUJIBHO
mepasencTBy [ (x,;94)f (¥5;y5) < 0. Meem

3 1
—a—(3a—-4)|| ——(-3a-4) |<0,
[Jo- a0 (a1
OTKy/la HaXOJMM OTBET.
4. (1£1), (-1£1).
BBeseM HoBbIe mepeMenmbie u = 12 + y°, v = 12y’
i, 4 2, 2\ 29 _ 2
Torma x" +y =(x +y) -2x"y"=u"-2v, mu

CUCTEMa IPUHUMAET BUJL

g+v:2,
u
W +0=75.

2
K] IIepBOro ypaBHeHusd o0 = 2- —; IIoACTaBJIAEeM 3TO
u

BBIPAJKEHHE BO BTOPOE YpaBHEHHE W PEIIaeM €ro;
HaxomuM u = —1, u = 2.

Taxk xak u > 0, TO IMOJXOAUT TOJIBKO 3HAUCHUE 1 = 2.
3HaunT, v =1, ¥ B UCXOJHBIX MEPEMEHHBIX MOJIyYaeM

x? :2—y2,
(Z—yz)yZ =1

Orciofia cyefiyer, 4to CUCTEMa UMeeT 4 pelleHus:
(5£1), (=5£1).

3. 370330.

Boamoskubl aBa cayvasi.

1) OGa BbIGpPaHHBIX y3Ja JeKaT Ha YKa3aHHbBIX B
ycJI0BUN TIPAMBIX. Ha kak10ii 3 HUX BHYTPH KBajI-
para Jeskar 1o d8 TOYeK, MPUYeM ITOBTOPSIONIMXCS
cpeau Hux HeT (TOYKa Mepecevenns MpsMbIX HMeeT
Heresble KoopauHathl). /I BbIGopa 1epBoil TOuKK
ectb 116 croco6oB, a /it BbIGOpa BTOPOIt — Ha 3
Menbie (IIOAXOAAT BCE TOUKM, KPOMe MepPBOH 1
JIByX TOYEK, JIeXKAIUX C MepPBON Ha TOW »Ke Topu-
30HTa/IM WM BepTHKaau). IIpn aToM Mbl yunTbiBa-
JIN YIIOPS/IOUYEHHDIE Mapbl TOUEK, TTO3TOMY KasKIYIO
mapy TOYeK Mbl IMOCYUTAIN JBAKAbI. 3HAYUT, B

16113 = 6554 crnocoba.

2,2

+ =2, . 5
Ty (:)xzzyzzl.
xy? =1

9TOM CJIy4dae I0JIydaeM

2) PoBHO OuH 13 BBIOPAHHBIX Y3JI0B JEKUT Ha
JIAHHBIX B YCJOBHH TIPSIMBIX. BbiOepeM cHavaIa
y3es, Jexaumit Ha ogHol u3 mpambix (116 croco-
60B). TTocunTaeM, CKOJIBKO TIOCJE 3TOrO €CTh CIIOCO-
608 BbIGpaTh BTOPOil y3ea. Bcero B kBajpare OT-
Meuenbl 587 y3/10B; U3 HIX Mbl Z0DKHBI HCK/IIOUUTD
y3abl Ha anaronasax (116 mTyk), a Takxke ysJbl,
cTosiue ¢ BbIGPAHHBIM Ha OAHON ropusontamm (56
MTYK € YY4eTOM HCKJIIOYEHHBIX paHee [MaroHaJb-
HBIX) WM Ha opHoll Beprukaam (56 mryk). Otcio-
Jla BTOPOil y3ea MoxHo BhGpath 58% —116—112 =
= 3136 cmocobaMu, a KOJIMYECTBO CIOCOOOB BBIO-
patb mapy ya70B pasuo 1163136 = 363776.

2021 /Nel1-12

C1o:x1B ToJiydeHHnblie 4uncJja, IoJydaeM OTBET.

6. 6) .
100
a) Hecnoxno mokasatb, uto ABCD — pasaoGej-

peHHasl Tpamenns WM TIPSMOYTOJBHUK, IO3TOMY
BOKPYT ABCD MOHO ONHCaTh OKPY>KHOCTD, HA30-
BeM ee Q. [lmaronamu uerbipexyrosbhuka CODT
TOUKOI IepeceyeHust JessaTcs MOToJaM, I03TOMY
OH mapaJuiesorpamm, u npu atom ZCTD = ZCOD =
=180° - ZAOD =120°. Ilockombky ZCAD =60°, B
yerbipexyrosbiuke CADT cymMma NpPOTHBOIIOJIONK-
HbIX yrioB paBHa 180°, n BOKpPYr HEro Tak:ke MOK-
HO ommcaTh OKpykHOCTh. CrepoBaTenbHO, Bce O
touek A, B, C, T, D nesxxat Ha OKPY>KHOCTH L.
Yravt ATB u ACB Brincanbl B Q U onupaioTcs Ha
O/IHY [JIyTYy, T03TOMY OHM paBHbl, u LATB = 60°.
Ilanee otmetuM, yro ZDBT = Z/DCT (Bnucanubie,
OIMPAIOTCS Ha OJIHY 11yry), /DCT = #BDC (1o-
ckoanbky BD || CT), ZBDC = Z/BAC (rpanenus
paBHOGOKAs).

Orciona caenyer, uto LABT = ZABD + ZDBT =
= ZABD + ZBAC =180° - LAOB = 60° . Urax, n0-
Ka3aHo, 4To B TpeyrojbHuke ABT aBa yria paBHbl
60°, 103TOMY OH PaBHOCTOPOHHMIA.

6) Ilo Teopeme KocuiycoB u3 TpeyroabHuka ABO
naxoum AB* = AO® + BO* =240 - BO cos120° =

=79. Torpa momans S tpeyroabunka ABT pasna

AB2§ = % ITaomaap Tpamerumu S, HAXOIUM

KaK IOoJIylpou3sBeaeHune Z[I/I&TOHa]Ieﬁ, YMHOK€HHOE

100/3
4

Ha CHHYC yTJla MeKay HuMum: S, = . Otciona

S, 1S, =79:100.

11 knacc
BapuaHT 1
1. (15;22), (22;15).
Iycrs \/3x -2y = a, /3y —2x = b. Torxa cucrema
HPUHIMAET BH[L
a+b=17,
a? - b? ’
5

=a’+b>+12.

W3 nepsoro ypasnenust cucrembl b=7—a. llog-
CTaBJIsIeM BO BTOPOE YPaBHEHUE U PELIaeM ero:
1o 2\2 _ o 2
Z—S(a -T7-a ) =" +T-a)"+12
2 2
& (14a - 49)" =25(24” ~14a + 61),

oTKyZla a =6, a =1.
3naunt, BoaMoxHbI ABe napel (a;b): (6;1) u (1;6).
Jlasiee HAXOAMM X U ¥.
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Ecmm a=6, b =1, to
3x -2y =6, {336 -2y = 36, {x =22,

m:1 3y-2x=1 y=15.
Ecin a =1, b =6, 70, ananornuto, x =15, y = 22.
2. 40596.

PaccMOTpHM IPSAMOYTOJIBHYIO CHCTEMY KOOPJMHAT
Oxy un kBaapar ABCD co cropounoii, pasuoit 200,
BEPIIMHBI KOTOPOTO MMEIOT CJIEAYIOINe KOOpAnHA-
to1: A(200;0), B(200; 200), C(0; 200), D(0; 0).

[TocunTaeM KoJMYECTBO MPSIMOYTOJBLHUKOB, CTOPO-
HbI KOTOPBIX TIapaJIIeJbHbI CTOPOHAM UCXOIHOTO
KBajipaTa. Y Kask[0ro TAKOTO MPSIMOYTOJbHIKA €CTh
rapa IPOTHUBOIOJIOKHBIX CTOPOH, PaBHBIX CTOPOHE
KBa/lpaTa, I03TOMY OH OIpe/e/seTcsl mapoil TOYeK,
neskanux an6o na AD, nu6o na CD. Koanuectso
crocoGoB BbIGpath ABe Touku Ha CD paBHO Ciy-
CToJIbKO 3Ke CIoCcO00B MMeeTcsl /g BBhIGOpa ABYX
touek Ha AD. Ucexoanbiii kBagpar ABCD mocuntan
HAMU J[BAXK/IbI, IOATOMY HCKOMOE KOJHMYECTBO TIPsi-
201-200

2

MOYTOJIbHUKOB PaBHO 202, -1=2- 1=

=40199.
Ternepb nocurTaeM KOJMYECTBO TIPSIMOYTOIBHUKOB, CTO-
POHBI KOTOPBIX HE MapaJIIe/IbHbl CTOPOHAM MICXOHOTO
kBazipara. Pacemorpmm toukn N (a;0) u M (0;b), tae
0<a<200, 0<b<200. IIyctrb MNKL — mpsmo-
YTOJIbHUK C BepLUINHAME Ha CTOPOHAX KBasipata ABCD,
npuuem K gexur Ha AB, a L na CB. Ilyctb
ZMLC = o. Torna ZCML =90°—a, ZBLK =180° -
- ZKLM - ZCLM = 90° — o.. AHAJIOTHIHO TOKA3bI-
BaeTCsI, YTO OCTPbIE YTJIbl MPSIMOYTOJBHBIX TPEY-
rosbHUKOB AKN, DMN, BKL pasubt o u 90° —a..
Taknm 06pa3oM, MO BTOPOMY TIPHU3HAKY DaBEHCTBA
tpeyroabHukoB ALCM = ANAK, AMDN = AKBL.
CrenosareibHo, Toukn K 1 L UMEOT KOOPANHATHI
K (200;200 - b), L(200 — @;200). 910 03HAUAET, YTO
KQK/IBIH TIPSIMOYTOJBHUK OJIHO3HAUHO OIPEIEISeT-
cs1 napoit uncen (a;b). Jlanee 3aMeTHM, UTO IPSAMO-
yrosbHble TpeyronbHukn LCM uw MDN mnompoGHbI
(o ;ByM yriiam), OTKyaa CJIeIyeT, uTo

CL MD 200-a b

CM DN 200-b a
IIpeo6pasys mocseanee paBeHCTBO, MOJydYaeM, YTO
(a-0)(a+b)=200(a-b), T.c. 60 a=b, mbo
a+b=200. (MoXHO OTMETHTD, YTO B MEPBOM CJTy-
yae CTOPOHbI paMoyroybHiuka KLMN napaJiesnn-
HBI JMaroHaJIsIM KBaJpaTa, a BO BTOPOM CJIydae
KLMN saBngerca kBaapatom.) Takum o6pasoM,
BbIGpaB Touky N (¢;0), MBI MOXXEM OIpEIe]NTh
ocTaJibHble BEPIINHBI TNpaMoyrojabHnka MNKL.
Kaskomy 3Hauennio @ us orpeska [1;199] coorser-
crBytoT aBa sHadenns b (b=a n b =200-a). Ho
ecom @ =100, To 5TH [Ba 3HAYEHWST COBIAAIOT, W

BBIXO/IAT TOJIBKO OJIUH MIPSIMOYTOJIbHUK BMECTO JIBYX.
Wrak, 4ucao npsiMOyroJbHUKOB, CTOPOHBI KOTOPBIX
He MapaJsiefibHbl CTOPOHAM HCXO/IHOTO KBajpaTta,
paBuo 2-199 -1 =397.
OKOHYATEJbHO, UCKOMOE YHCJO MPSIMOYTOJbHIKOB
pasro 40199 + 397 = 40596.
3. a) Menbmaa cdepa xacaercs rpameii ABCD,
ABB;A; n BCCB|, Gosbmasi cdepa — rpaneit
ABC,D,, ABB,A;, BCC,B;, CDD\C; u AAD\D,;
6o BO_ 80

2" BD 351
a) Hasosem Gosbmmii map Q, a MeHbIIMH — @,
[Tapannenenumes CHIMMETPUYEH OTHOCUTEIBHO TLITOC-
kocti BB,D\D, a npsamasg B/Q nexxur B 3101 110C-
koctu. Ilentp mapa o Jtexur na BQ (3maunr, u B
mnockoctn BBDD), u o kacaercs rpanu AA BB,
noastomy @ takke Kacaercst rpann BB,C,C. Orcioa
CJIe/lyeT, 9To M He MOXKeT KacaTbesi rpaueit AA DD
u CCDD. (Ecmn 6bI map Kacascst XoTst Obl OHO
13 9TUX TpaHeil, TO B CHJIy YKA3aHHOIl BbIIIE CHUM-
MeTPHHU OH KacaJicsl OBl U BTOPOIl TPaHH, U TOTAAa OH
Kacascs Obl BceX YeTbipeX OOKOBBIX TpaHeil mapaJ-
Jlesienine/ia. DTo 03HAYAM0 Obl, YTO PAJAUYC M MAK-
CHMaJIbHO BO3MOJKHBII LIS T1apa, PacIoJOKEHHOTO
BHYTPH HapaJlieelune/a, a 3T0 ITPOTHBOPEYUT yC-
JIOBIIO, TaK KaK BHYTPH IapaleslellnIe/la ecTb
emte map  GOJbIIETO pajuyca.)
3aMeTuM TakyKe, YTO () HE MOXKET KacaTbCs I'DaHU
AB(C,Dy, tak Kak paccTOsHHE OT 060 TOYKH
orpeska BQ 10 atoii rpann GoJbile, 9eM PacCTosi-
nue jio rpaun ABB;A;. [leiictBuTe/bHO, paccTosine
ot Q no rpanu A B;C;D, paBro 16, a paccrosHue ot
Q mo rpann ABBjA; He TIPEBOCXOANUT CTOPOHBI
ocHoBanus, T.e. 13. [l IpOM3BOJIBHON TOYKU OT-
peska BjQ paccrosiuus /10 yKazaHHBIX TpaHeil yMeHb-
MIAIOTCS  MPOIOPINOHATBHO. 3HAUUT, ( Kacaercs
rpanun ABCD (unauye o kacascst GbI TOJBKO JIBYX
rpaHeif, a 370 Obl O3HA4YasT0, 4YTO Q KacaeTcs BCeX
IIECTH TPaHel, YTO HEBO3ZMOKHO).
Torma Q xacaercs TSATH TpaHell mapaJuiesienumne/a:
BceX GOKOBBIX TpaHeil n ocHoBauust A B,C\ Dy, a ero
pajnyc R paBeH IIOJIOBHHE CTOPOHBI OCHOBAHUSA,
T.e. R = B

2

6) Paccmorpum 1wiockocts BB D;D. OG6o3uaunm
1enTp Q uepes O, 1eHTp ® uepe3 P, paamyc
4yepe3 7, TOUKy Kacanus S ¢ miockocteio AiBCiDy
yepe3 K, Touky xacanus o ¢ ABCD uepes T. Ilyctb
H u F — npoektun O n P na pe6po BB, coOTBeT-
ctBeHHO, a mnpamble PF u KO mnepecekaiorcst B
Touke E.
Jlaee HAXOIUM:

OH = RJ2, FP =12,
PE = FE—-FP =0H - FP = R\2 - 1/2,
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OP = R +r (B cuty Kacanus 1mapos),
OF =\OP? ~PE? = |(R+ 7 - 2(R—r)} =
=V6rR-r* - R?,
BB, = BF + FH + HB, = TQ + OF + KO =

=r+0OE+R=R+7r+\6Rr—r> - R’

TTo ycaoBuio BBy = 16, a Bbiie 6bLIO HalifIeHO, YTO

R = g [Toyuaem u penraeM ypaBHeHHe:

19 169

Z—r= 39 -r"-—2 o
2
Q—r}O,
< 3261 169
7—19r+r =39r—7% -

b)
OTKYy/la HaXO[AuM 7 = 5

Tenepp naiizem otnomenne BQ:BD. W3 nogobus
tpeyrobiukoB PQT u B;QB crenyer, uro BQ : TQ =

BB, : PT=16:2 =2,
25

TaKKaKBQ=BT+TQ=T\/§+TQ=i+TQ,TO

V2
[ocJielHee COOTHOIIEHUE MO’KHO 3alllicaTb B BHJE
5 32 25
=—, orkyma T ——. B wurore mno-
TQ\/— yaa 1O = 272

nyuaem BQ = @ = %, BD = AD\2 =132,

5
BO 80
BD 351
b
4. x = -arcctgd+mn, x = 5 +7n, x = —arcetgy2 +
+7n, n€ Z.
[lanHOEe ypaBHEHHE PAaBHOCHJDBHO YyPaBHEHUIO
2cos® x + 3sin 4x — 2sin 2x = sin? 2x [IpU  yCJIOBUU
sin2x < 0. Tlpeo6pasyem ypashenue (IpuBOANM
€T0 K OTHOPOIHOMY YPaBHEHHIO OTHOCHTEJBHO Sin X
H COSX):
2cos® x + 6sin 2 cos 2x — 4sin x cos x =
— (9 e )2 A < e [ e 2 ) —
=(2sinxcos x)° < cos” x +6sinx cosx(cos” x —sin” x
—2sin x cos x ((:os2 x +sin® x) = 2sin’xcos’ 1 &
& cos® x +4cos® xsinx —

—2cos® xsin® x — 8 cos xsin® x = 0.
Ecan sinx =0, To U3 ypaBHeHUS CJeyeT, YTO
cosx =0, a 3T0O HEBO3MOKHO. 3HAYHT, sinx #0, u,
pasgennB o6e 4acTH ypaBHEHUST HA sm X, HOJIy‘-Id.—

eM paBHOCMJIbnoe ypaBHeHHE ctg X +4ctg X -
- ZCtg x —8ctgx =

2021 /Nel1-12

OTKYZAa
ctg’x (ctgx +4) - 2ctgr (ctgx +4) =0,

ctgx (ctgx + 4)(ctg2x - 2) =0,

ctgx = 4, ctgx = 0 wmm ctgx = +2.
Yurem HepasencTso sin 2x < 0. M3 dopmyrsr
2sinxcosx _ 2ctgx

sinx +cos’x  1+ctgiy

sin2x = 2sinxcosx =

cjaeanyer, 4To 3HakK sin 2x coBIajlaeT co 3HAKOM
ctgx, II09TOMY MNOAXOJAT BCE HEIOJOXKUTEJTbHDIE

3HaueHus ctgx. 3uauur, x = —arcctgd + mn, x = g +
+7n, x =—arcctg2 +mn, ne Z.

5. (- =53] U[-1,0) U [5;+e0).

3adukcupyem kakoe-nm6o 3HavyeHue x. IIpu artom
JieBasi 9acTh HEPABEHCTBA o6palraeTcs B KOHCTAHTY,
a B TIPABOM OCTAETCST BBIPAKEHNE, 3aBUCSIIEE TOJIb-
KO OT p, T.e. Mbl HOJY4YUM HEPABEHCTBO BHJA
C < g(p)- Ana toro uroGbl OHO BBHIIOJIHAJIOCH TP
M060M p, HEOOXOMMO U JOCTATOUHO, YTOGBI MIUHN-
MaJIbHOE 3HaveHHe MPaBOil YacTh GbLIO0 HE MEHBIIe
C. IlockosbKy TpHBEJEHHOE BbIIIE PACCYK/EHHEe
CIIPaBE/IJINBO JIJIST TIPOU3BOJIBHOTO 3HAYCHUS X, YC-
JIOBUIO 3a/[a4ll Y/IOBJETBOPSIOT BCE 3HAYEHUSI X Ta-
KHe, 4To

6x
4logx2+5(x 2)+ log . (x- 2y <

<min (2‘”“” 4 22Px ),
P
Il B IpaBoil YaCTHM 3alllCaHO ee MUHIMAIBHOE

3HAYEHNE IO TIEPEMEHHOI p.

CorJiacHO HEPaBEHCTBY MESK/LY CPEJHUM apudmMeTn-
YECKIM U CPEIHIM TeoMeTpiaeckuM, 2% 7 4 22774 >
> 24/2°7P . 22*P7Y = 4, npudeM pABEHCTBO JIOCTHTA-
erest mpu 2577 = 2P e mpn p=x-1. 910
03HAYAEeT, YTO TIpU JTOOOM 3HAYCHNN X MUHUMAJD-
HOe IO p 3HAYeHHE IPaBOH 4YacTW paBHO 4, U
HEOGXO/IMO PEIIUTh HEPABEHCTBO

410g12+3(x67_xz)+ 10g12+5(x -t <4,

O/I3 uepaBeHCTBA ONpeJENseTCS YCJIOBUSIMU

6x2 >0, (x —2)4 > 0. Ilep-

22+5>0, X2 +5#1,

BbI€ /IBa BBIMTOJHEHBI TIPU BCEX X, TIOCJE/IHEE — TIPH
X #2, a U3 TPETbero HepaBeHCTBA X € (—°°;0)U
U (2+4e0). Taxkum o6pazom, ¥ € (—o0;0)U (2;+e0).
Ynpomaem u pemaeM HepaBeHCTBO (yuuTbiBaeM,
YTO OCHOBaHMe Jjorapudma Goubie 1 mpnm Beex X;
MOJT PAaBHOCHJIBHOCTBIO HIKE MOHMMAIOTCS PaBHO-
cunpibie Ha OJ13 npeoGpasoBanus):

4108x2+5(67x2 +log » o (x —2)/l <ds
T ;
elog .. (Gx) <log », (x +5)4
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ITO HEpPaBEHCTBO NMPUBOJUTCS K BHULY
(x+5)(x+1)(x=5)(x-1)20,
orkyna x € (—oo;=5]U[-1;1]U[5;+e0). VuurniBas

O/13, momyyaeM OTBeT.
6.a) AM-CN = MN?/4=25,6) AM =1.

BapuaHTt 2
1. —6; =5; —4; —=2; —1; 0.
OG6o3nauuM pasHocTb mporpeccun yepe3 d. [lan-
HbIE B YCJIOBUU HEPABEHCTBA MOYKHO MPeo6pa3oBaTh
CJIEYIONIM 06pa3oM:

(ay+5d)(ay +11d) > S +1,
(@, +6d)(a; +10d) < S +17

a? +16a,d +55d* > S +1,
a? +16a,d +60d* < S +17.

Borunras us Broporo mepasencTsa mepsoe (a 310
MOKHO C/le/laTh, TaK KaK OHM Pa3HOTO 3HaKa),
oJTy4yaem 5d% <16. U3 yeaoBus cefyer, utod € N,
moatomy d=1. Torma  ay=a;+9 n

S = &2‘110 -10 =10qa, + 45, u cucreMa HepaBEeHCTB
[IPUHUMAET BUJ

at +16a, +55 > 10a, + 45 +1,

a? +16a, + 60 < 10a, + 45 +17,

OTKY/1a
a, # -3,

a, € (—3—\/ﬁ;—3+\/ﬁ).

Tak xak @ € Z, 1o a; € {-6,-5-4;-2;—1,0}.

2. /34 £23.

Ilyers E — cepepuna AB, CE u DE — Meamanbl
paBHOGeIPEHHBIX TpeyroJabHukoB ABC u ABD, a
3HAYNUT, OHWCCEKTPUCHI ¥ BBICOTBI. TeM caMmbIM,
AB 1 CE, AB 1L DE. 3unauut, otpe3ok AB mepren-
nukyagpen maockoctu CDE, caegoBaTtesibHoO,
AB L CD. Takum o6pasom, AB JeKUT B IJIOCKO-
CTH, TEePHEHAMKYJSPHOI OCH IMJINHApA, 0603HA-
YUM 3Ty ILTOCKOCTh depe3d o. Ceuennme HIUIMHApA
9TOH IIOCKOCTBIO — OKPY)KHOCTb, a AB gBisgercs
XOp/I0ii aToi OKpyskHOCTH. Toraa pajnyc HUJIUH/I-
pa MUHNMaJIeH, ecan AB — guamerp. OTMETHM, 4TO
3TO BO3MOXKHO B CHJy TOro, uTo oTpesku DE u CE

1 .
JUINHHEe, 4YeM EAB =1. [leiicTBuTE/JbHO, U3 TpEY-

roapaukoB ACE u ADE cnenyer, uto CE =

=52 -12 =26, DE =62 — 12 = /35.

Pacemorpum terpasap, B KotopoM AB  aBisiercs
JIMaMeTPOM IMIMH/PA. BO3MOXKHBI 2 corydast: TOUKH
C n D nexxatr MO OAHY WM IO pasHble CTOPOHBI
ILJIOCKOCTH OL.

[Tycrs H — npoexius touek C u D Ha MJI0CKOCTD OL.
Yron AHB pasen 90°, Tak Kak OH BIIMCAH B OKPY>K-
HOCTb M onupaercst Ha ee quamerp; AH = BH B cunty
paBeHcTBa TtpeyroibHukoB ACH m BCH. Torma
AH = BH =+/2. Ilo Teopeme ITudaropa B npsamoy-
rosibHbIX TpeyroabHukax AHC u DHC cootBer-
ctBenno: CH =+/25-2 =+/23, DH =36 -2 = /34.
Torpa, ecin Toukn C n D jexkar 1o 0J{HY CTOPOHY
oT 1ockoct o, To CD = DH —CH =+/34 —+/23.
Ecou toukn C m D jexar 1o pasHble CTOPOHBI OT
mwaockoctu o, o CD = DH + CH =+/34 + \/%
3. 6m—+/3.
Bropoe mnepaBeHCTBO pPaBHOCHJIBHO CUCTEME Hepa-
BEHCTB

> +b* < 2a + 2b,

a>+b* <2,

3HAUUT, UCXO/HAS CUCTEMA PABHOCHJIbHA CJIEYIO-
II[HIM:

(x—a) +(y-b) <2
@ +b* <2a+2b,

@ +b* <2

(a—x) +(b-y) <2,
o fa-1+(b-17 <2 (1)
a+b? <2,

MHoOkecTBa TOYEK, 3aJaBacMbIX 3THMH HEpaBeH-
crBaMn Ha 1ockoctn (a;b) (x i y mpn 5TOM BBICTY-
[AIOT B POJIM MAapaMeTpoB), — 9TO KPYTH My, Oy, 03
paanyca ~/2 ¢ uentpamu P(x;y), B(1;1), A(0;0)
COOTBETCTBEHHO. YCJIOBHE 3a/a4ll O3HAYaeT, YTO
cucrema (1) 105KHA UMETh PENIEHNE OTHOCHUTENBHO
(@;b), T.e. Bce TPH Kpyra JOIKHBI HMETD 10 Kpaii-
Heil Mepe O/lHY OOIIYIO TOUKY.

[Tycth OKpY’KHOCTH, OrpaHWYMBAIONIAE My H 3,
nepecekaiorest B Toukax C u D (Torga TpeyrosibHu-
kn ABC u ABD — pasHoctoponnue). Ilepeceuenne
KPYTOB ®, 1 03 ecTb durypa F, mpeacTaBJsiomas
c060ii COBOKYITHOCTD /IBYX MEHBIINX CETMEHTOB 3TUX
KpPYyTOB, orpanmyeHHbix xopzaoii CD. Torga durypa
M CcOCTOUT 13 BCEBO3MOKHBIX TOUCK (X} ), HAXO/S-
IAXCS Ha PACCTOSHUN He 6oee ~/2 ot purypsr F.
(DT0 COBOKYITHOCTD BCEX KPYTOB paiuyca /2, IeH-
TPBI KOTOPBIX TpuHaiexar (urype F.)

[Tycrp Toukn P u Q cummerpuuHbl Toukam A u B
(cootBercTBEnHO) OTHOCHTENBHO ToUKK C; Toukm T
n R cumMmerpuyHbI Toukam A n B (COOTBETCTBEHHO)
ortnocutesabHo Toukn D. Herpyano nouars, uro M
ectb 0GbeMHEHNE YeThIpex CeKTopoB (1leHTpaJib-
HBIH yroJ BeexX ceKTopoB Menbine 180°):

cextop PAT kpyra ¢ IeHTpOM B TouKe A I paany-
com AP,

cextop QBR kpyra ¢ 1IIeHTpPOM B Touke B u paany-
com BQ,

cextop PCQ kpyra ¢ 1meHTpoM B Touke C U pajny-
com CP,



54 KBAHT

cektop RDT xpyra ¢ 1eHTpoM B Touke D u pajany-
com DT.

3aMeTnM, UTO TIepBBIE JIBa CEKTOPA IMepeceKaroTcs
o poM6y ACBD m HUKaKUX JPYTUX IepecedeHuit
Mex/ly cextopamu Her. IIpn aToM mepsble jiBa cek-
TOpa PaBHbBI MEX/Ly co60ii, I TOCAEeHUE /[BA CEKTO-
pa Taxk)ke paBHBI Mexay co6oii. Takum oGpasom,
miaomaab ¢urypsl M paBHa

Sar = Spar +Sosr + Spco + Sror = Sacep =

n(242) n(v2) NP,
.(3)+z. (6)-23(@):6n_¢§,

4. 7560.

Hycrs a = 2% -3%, b=2P 3P ¢ =2".3" (mmka-
KHMX JPYIUX MPOCTBIX MHOXUTeNeH uncia a, b, ¢
co/iepKaTh He MOIYT — MHadye HapylIaeTcsl BTOPOE
yeosue cucrembn). Otciona

HOK (4;b;¢) = gmax(eiByivi) | gmax(cibira),
HO/l(a;b;¢) = gmin(o;Byvr) | gmin(oniByivs),

YaursiBas JITaHHYIO B yCJIOBHUU CUCTEMY, IIOJYyYaeM
COOTHOIIICHUA

max (oy;By5v1) = 15, . {max(az;ﬁ2;y2) =16,
min (o5 B37) =1 min (oty;By; v, ) = 1.

Paccmorpum niepsyto cucremy (2). BosMosKHBI cJie-
Jyiotue HaGopbl YHCET:

(1; 1; 15) — 3 ma6opa (3a cueT pasIMIHBIX MEpecTa-
HOBOK 3TUX YHCEJ);

(1; 15; 15) — Takxe Tpu Habopa;

(1; k; 15), tne 2< k<14 — ectb 13 pasMUHBIX
3HAvYeHNil k, W U KaykJoro u3 Hux 6 mepecraHo-
BOK — BCero 78 BapHaHTOB.

Wrax, umeercs 3+ 3+ 6-13 =84 crnocoba BbIGpaTh
Tpoiiky umces (0t;B;Y;). AHATOIMYHO yCTaHABIIH-
BaeM, d9To aas BbIGopa (0;PyY,) mMeeTcs
3+3+6-14 =90 crioco6oB, a Tak Kak OJUH BBIOOD
OCYIIECTBIISIETCS HE3aBUCUMO OT J[PYroro, ooiee
KOJIYECTBO crtoco6oB paBHo 84 - 90 = 7560.

3. x=2.

x
N3 ycnoBus cremyer, uto dpynkimu 4x + 1, §+2,

)

5x — 1 MOJIOKUTENBbHBI U He IIPUHUMAIOT 3HAYE€HUA 1

IpU BCeX X W3 O06JIACTH JIONMYCTHUMBIX 3HAUEHUIL.
IIyctp

a= log\/SxA (4x + 1)y b= 10g4x+1[§ + 2)7
c= log§+2 (5x -1).
Torma
x
abe =log 7 (4x +1)- log4x+1(§ + 2]~ logngz (5x-1)=

= 2logs, (4 +1)- 2logy,.y (g + 2) 1B =0 _
108,44 (g + 2)
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o ycnosuio uncna (a;b;¢) yAOBICTBOPSIOT OJHO-
My M3 TpeX YCJOBHIi:

a=bna=c+1; 3)
b=cuc=a+1; (4)
c=ana=b+1. (5)

Paccmorpum  cayuaii (3). Iogcrasasgs b=a u
¢=a-1 B noyueHHOe BbIlle ypaBHeHue abc =4,
umeeM a-a-(a—-1)=4, orkyma a-a®-4=0,
(a— 2)(a2 +a+ 2) =0. Tak Kak MHOTO4YJEH
a* +a + 2 He uMeeT KOPHEH, TO eMHCTBEHHBIM pe-
[IEHUeM yDaBHEHHsSI SBJSETCA @ = 2, NOITOMY CHU-
creMe YJIOBJIETBOPSIET TPOWKa wncesn a =2, b =2,
¢ =1. Cayuan (4) u (5) paccmarpuBaioTest aHamo-
IMYHO; U3 HUX TI0JyyaeM, uTo Jn6o a =1, b =2,
c=2, 60 a=2,b=1, ¢c=2. Teneppb a1 Kaxx/10i
13 MOJIYYCHHBIX Tpoek wmcel (a;b;c) HaiizeM x.

Ecmu ¢ =1, to 5x—1=§+2, T.C. xz%. TToatomy

1 .
a= 210g7§ #2 ¥ 3HAYEHWIT X, TPU KOTOPBIX

3

a=>b=2, c=1, He CyIIECTBYET.

Ecmia =1, to 4x +1=+/5x — 1. Bo3sozs o6e yactu
TIOCJIe/THETO YPABHEHNS B KBa/par, TOJydaeM ypas-
uerne 162 + 3x + 2 = 0, KoTOpOE He UMeeT KOpHEIi,
noatoMy cayvail @ =1, b =c¢ =2 Takxe He NOJAXO-
JIT.

2
Ecmm b=1, 10 (§+2j =4x+1. 910 ypaBHEHUE

SKBHBAJICHTHO YPABHCHUIO x> — 8x + 12 = 0, KOpHs-
MU KOTOPOTO SIBJISIOTCS X =2 u X =6, HO X =6 He
MO/IXO/IUT, TaK KaK B 9TOM CJlyyae d = log@ 25 # 2.
3Hauenne x =2 TOAXOANUT: da= logﬁg =2,
c=logz9 =2
Wtak, x =2 — eIMHCTBEHHOE pelleHne 3a/1avyH.
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6. S =25,06) AC = —.
a) Sipc ) \/E

Tax kax npampie 7C u TA — xacareJbHble K O,

OHU IepIIeH/INKYJIIPHDI PA/ycaM, IIPOBEACHHBIM B
roukn kacauusg, 1 ZOCT = ZOAT =90°. Orcioga
caenyet, 4to Touku A 1 C JiesKaT Ha OKPYKHOCTH C
nuamerpom OT, HazoBeM 3Ty OKpyskHOCcTh Q. Ha
3TOMN K€ OKPY’KHOCTH JISKUT TOUKa P, MOCKOJbKY
OHa JIESKAT HAa OKPYXXHOCTH, HPOXOAsIeil depes
toukn A, O, C. O6osnaunm LABC =f. Torpa 1o
CBOJCTBY yrJjIa MeK/y XOp/oil U KacaTeJbHOM! IMoJTy-
qaeM, uto LTAC =f. Hdanee, LTPC = £LTAC =f
(yruibl, BrmcaHHble B OKPYsKHOCTH Q). V3 TOTO, 4TO
ZTPC = ZABC, cnenyer, uto AB || PT.

Tak xak y tpeyrouabuukoB APK u CPK o6mas
BBICOTA, IPOBE/ICHHAs U3 BEPIIMHBI P, TO UX ILIO-
Maan OTHOcATCA Kak ocHoBauus, T.e. CK : AK =
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= Sacpr Samaprg =4 :6=2:3. Tpeyrompnuxku ABC
n KPC mnono6ubpl, nockoimbky PK || AB, n Koa(b

dunuent nosxo6us k paBeH K-
AK+KC AK 5 2
= " —-1+—== HorormaS =k°S =
CK CK 2 ApC T macrK

2
5‘]‘ 4=25

6) Tlockoabky LABC octpeiii, to LAOC =
=2/ABC =23 (uentpanapHbIi yroa BABOE
6osbiie Brucanuoro), LZAPC = 2/ZA0C = 2B (snu-
CaHHble B Q YIJIbl, ONUPAIONINECS HA OAHY JIYTY).
CurenoBarenbio, PK — Guccektpuica TpeyroJbHUKa
ACP. buccexrpuca TpeyrojbHUKa JeJIUT IIPOTUBO-
MIOJIOXKHYIO CTOPOHY IPOIOPIHOHATBHO IBYM JIpY-
rum croponam, nmoatomy CP : AP =CK : AK =2: 3.
Iycts CP =2y, torna AP = 3y.

W3 1omoHUTENbHOTO yCaoBust 3 = arctg%. Careno-
BaTeJbHO,

1-tg’B 12
1+tg®p 37

cos® B —sin’ B B
cos? B +sin’p

. 12 1235
sin 28 = |1~ cos” 2B = (1§)(1§)§

[Tnomanp Tpeyrompanka ACP paBHa % -CP-APsin2 =

cos2p =

195 2 o Ja noJyyaeM @f —10, 2= 4
377 Y Y 37 Y=o
ITo Teopeme xocunycoB u3 tpeyroapauka APC Ha-
s 625
XO/IUM, 4TO AC? = —yl u, suaunr, AC = &
37 P21
®dusumka
9 knacc

1. Ilyctp A — Touka 6pocka, B — TOUKa MaKCHMaJIb-
Horo mogbema, C — Touka CTOJKHOBeHHs. Torma
BpeMs Ly =tpe =T, Lyp = 2T, b g0 = 3T

1) h= %g(Zt)z - 27,

2) /z—H:%gr H = h——gr =§gr2.

3) S h+(h-H) _2h-H _5

Sy H H 3
(3azaqy MOXKHO PEIIUTh U APYTUMHU CIOCOGAMU. )
2. O6oznaunm S =8 cm?, my =501, m=120r.
1) JlaBieHue HEIOCPEACTBEHHO 110/ TIOPIUIHEM PaB-
HO p = py —pgH =99 klla.
2) YcaoBue paBHOBECUS OPIIHSL: PyS + Mg — myg =
=(py —pgH)S. Orciona my = my +pHS =130 1.
3) Ilycrb nopuieHb HAXOAUTCS HUXKE YPOBHS BO/IbI
B cocysie Ha Hj. YcjoBue paBHOBeCHs MOPIIHS

YKA3AHNA,
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nMeeT BU/

(po +pgH,)S +myg = (my +m)g + p,S,
OTKY/la HAXO/iM
my +m—m,
pS
3. ComnporuJieHne JaMIOUKH 3aBHCUT OT TOKa B
Heil.

H, = =J5CM.

1)11:ﬁ:§Az1,67A.
U, 3

2) I, = L) =11A.
U02

3) Py =P =20 Br.

H
4. 1) U3 yPaBHEHUS JIBUJKCHUS KJIMHA — =
sino.

=- (g sin o)t} HaxomuM ¢ = 2H
\ gsin®a \

2) Iycrp M = 3m — Macca KJIuHa, d — yCKOpEHHE
KJIWHA, d) — YCKOPEeHHe IMaii6bl OTHOCUTENbHO KJIN-
Ha, N — cmjia HOPMAJbHOH PpeakIuy KJIMHA Ha
maiify. Yckopenue maibbl paBHO CyMMe MepeHoC-
Horo (yCKOpeHHe KJMHA) U OTHOCHUTEIBHOIO yCKO-
peHMit. YpaBHeHNe ABIKEHNS KJMHA B MPOEKITHAX
Ha FOPU30HTAJIbHYIO OCb: N sino = Ma. ¥Ypasuenue
JIBIDKEHNST MIAifi0bl B ITIPOEKIMSAX HA HOPMATb K
MOBEPXHOCTH KJuHA: N —mgcoso = —masin o.

Orciona
_mgcosasino 1
M +msino 7
3) YpaBHeHne ABMKEHUS MAHGbl B MPOEKIMAX Ha
O0Cb BJOJb MOBEPXHOCTU KJIHHA: mgsind =

=m(ay — acosa). Torna
. 5
4 = gsin®+acosa=—g.

ypaBIIEHI/Ie JIBUJKEHUA Iaitobl OTHOCUTEIHHO KJIMHA:
H

sin o

1
= —a0t2 , OTKyJa

14H
ay sin o Sg

5.1) oT-S = nH? - H, oTKyfa BpeMsd HaIllOJHEeHUA
6aka

B TEH3 B TE\/EHB

oS SJgH

2) Hauano KOOpAMHAT MOMECTHM B KOHEIl IIJIAHTa,
OCH X M Yy HalpaBUM TOPH3OHTAJILHO HAIIPaBO U
BepTukasbHo BBepX. Torga x =vcosa-t, y=

=ovsino-t — Eth. Haiinem yros, npu KOTOpPOM
CTPYSI TONAJIeT B TOUKY A:

H =vcosa-t, —H = vsinoc~t—%gt2;
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UCKJIIOYasl BpeMs ¢ € Y4eTOM BBIPaKEHUS I 0,
nosyvaem tg’o—tga =0; orcoga tgo=1 uwm
tgo = 0. Vimeem aBa 3navenus yraa: o = 45°, o = 0.
3) Haiigem yruibl, npu KOTOPBIX CTPYsl MOMAET B
JATTBHIOI0 BEPXHIOI TOUKY B 0aka:

3H =vcosa-t, -H = vsinoc~t—%gt2;

UCRJIIOYass BpeMA tc y4€TOM BbIpakKeHuda [Jid o,
IoJiydaeM

9tg? o - 3tga+8 =0;
9TO ypaBHEHHUE He UMeeT KOpHefI, cJie1oBaTe/bHO,
HU PN KaKUX yrJjlaX CTpys HE [JOCTUTHET TOYKU B.
I/ITaK, qTOébI II011aCTh B 6aK, CTpyA HOJI’KHaA BbIXO-

JIITD TIOJ] TAaKUMHU yTJaMu, 4To6bI 0 < tga < 1 (nm
0<o<45°).

10 ksacc

1. [Tyctp A — Touka 6pocka, B — TOUKa MaKCUMaJIb-
Horo moxbema, C — Touka cToJKHOBeHHs. Torma
BpeMst L o =tge =7, typ = 2T, typc = 3T.

3
Doy=g- 2, 1=, ¢t =30=20
3 2" =2
2)t—1=—1=3
2 T 2
3)H=z)017—1g1:2=§v—0.
2 8¢

(3azauy MOXKHO pEIUTH U APYTUMHU CTIOCOGAMH. )

2. IlnotHOCTD Tmapa Py = 6p, ero obveM V = %nRS,

r:gR — pacCrodHue OT HEHTpa IMapa /A0 OCH
BpalleHusd.

20
1) Ny =pVg-pVg =(pyg—p)Vg = gﬂRSpy

2) Topu3oHTaNbHAS COCTABJSIONAs CUIbI ApXUMe-
na Fy, =pV-o’r. Bepruxkaibhas coctaBisionias
cutpl Apxumena Fu, =pVg. Ha map gefictByor
eme cuta N, o CTOpPOIBI /iHa, ciyia Q CO CTOPOHBI
CTEHKH M cHJIa TsKecTH, pasnast PgVg. Ilo Bropomy
3axoHy HbloToHa /I mapa B IPOEKIUSAX HA TOPHU-
30HTABHYIO U BEPTHKATBHYIO OCH

Fyy +Osina = pyV - o’r,
Fyy + Ny —pgVg—-0Qcosa =0.

Ortciofia, ¢ y4yeToM BbIpaKeHUil A1 Py, V u 7,
HaXO UM

(,027'

N, =(pg - p)V[E + g] 230 nij((an + g).
3. O6osnaunm T =354 K, p, =5-10° Ia, V; — Ha-
YaJIbHBI 06beM, V5, — KOHeuHbII 06beM Tapa.

1) Ipu cKaTim 4acTh mapa MPEBPATUTCS B BOLY 1
Pu
3,6

IIap CTaHET HACBIMEHHbIM, IIO3TOMY Py =

~0,14-10° Ia.
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2) pV, = %RT, Vi =7V,, mayanpHag Macca ITapa

_pMVs T o
RT 36

2H 5 |2H
1) .H =lgsin(x-t12, t = —— == .
sinow 2 gsin“o 4\ g

2) Ilycts M =2m — Macca KJIMHA, d — yCKOPEHHE
KJIMHA, dy — YCKOPEHHE Taiibbl OTHOCUTENBHO KJIH-
Ha, N — cuja HOPMAJbHOW peakluu KJIMHA Ha
maity. YckopeHme maii6bl paBHO CyMMe IepeHOC-
Horo (yckopennme KauHa) W OTHOCHUTEABHOTO YCKO-
peHuii. YpaBHeHMe JIBUKEHUS] KJIMHA B IPOEKIUSX
Ha TOPU30HTAJIbHYIO ocb: F — Nsino = Ma. Ypas-
HEHHe JBVKCHUS TMaiiObl B TPOEKINAX HA HOPMAJb K
MOBEPXHOCTU KJMHA: N —mg cos o = masin o.
Orcoza

Kr=1r.

_ F-mgcosasino. 13

M +msin’ o &

3) YpaBHeHHe ABMKEHUS MAiGbl B IPOEKIHUAX Ha
0Cb BJIOJIb IOBEPXHOCTH KJMHA: Mgsin o = m(ao +

. 15
+acosa), OTKyaa dy = gsin o — acoso. =ig.

ypaBIIeIII/Ie JABUKEHUA maiibbl OTHOCUTEJIBHO KJIU-

1
aotz , OTKyJa

2H 1H
ay sin o 39

5. 1) pV =vRT, (p+Ap)(V +AV) = VR(T +AT),

a: —
sin C(

A AV AT A0 01, AV L 002, toraa
p \% T p Vv
AT

— =0,01, T.e. TemMueparypa yBesnunaach Ha 1%.

2) AQ=AU+ A, AU = v-%RAT, A = pAV, rorna

&:1.{_ 2% Z
AU 3Ap/p+AVIV 3
11 knacc

1. Ilycts M — Macca mapa, m — Macca KJnHa, d@ —
ycKkopenne kiauna, T — cujaa HATSDKEHUS] HUTH.

1) Yckopenne mapa OTHOCUTENBHO KJIMHA TOXKE d.
Vckopenue 1mapa d,, paBHO CyMMe MEPEHOCHOrO U
OTHOCHTETBHOTO yCKopeHfo’I (puc.7), B =90°-0a/2,

sinB:cosgz 1+Cosoc cosP = B=§.

2 J— ' f 2
2) YpaBHeHme IBUXKe-
HUSI [Iapa B IPOEKIUSIX
Ha 0Cb, MePHEeHANKYIAP-
uyio mutn: Masino =
= Mgcosa, orkyaa

Puc 7 tgoo  sino 12

a a B g _gcosa _ 5
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3) YpaBHeHUs JBUKEHUS B IPOEKIMAX HA TOPH30H-
TaIbHYIO OCh JUIA Mapa u KiauHa: M (a —acoso) =
=Tcoso, ma =T -T coso. OTciona

M coso. 65

m (1—cosoc)2 T64

1
4) OrHocuteabHo crona H = —asmoc 2. Tak Kkak

2H 26H
gcosoc Sg
3ameuaHue. Bpemsi MOKHO HaliTH, pacCMOTPEB /[BU-
JKEHME Iapa OTHOCHTEJIbHO KJMHA.
2. Ilnomazapb 1noj rpauKoM 3aBUCUMOCTH TEILJIOEM-
KOCTH OT TEMIIEPATYPbI €CTh KOJUYECTBO TEIJIOTHI,

[0JIy4eHHOe Tra3oM. 3aBUCHUMOCTb JinHeiiHas Ilpu
n3Menenun Temrneparypot ot Ty jo T

0 =v-Z(C(T)+ C(T))(T -Ty),

1 3 3 24
0 -a=v-if e rjectm) |57 =,

24
= —VRT;
O 55 VRlo.

a= ,

D O(1)=v-5(C(1)+ ()T ~Ty) -

3 T 3
=VR§[1+F0](T_E))7 Q(T)=VER(T—YE))+A,

3VR
A= 2\; (T -T))T. Umeem mapaGoTudecKyo 3a-
0

BUCHMOCTb. MunnmasbHast padora A, coBepiaer-
1

—T,.

2

vRTO <0.

3) Amin A( mm) -

3. 1) Mo sambIkanus Hanpsmcenne Ha KOH/IeHCaTope

emroctpio C, paBHO Uy = £ :éé‘. Tox
Ci+Cy S
=l _46
TR SR
2) Pa6ora wucrounuka A=Q+AW,, A=
2
=6[C1€ CC1C2C 3 (SJ C1C+ ng Wamenenune suep-
1 1
UM KOH/IEHCATOPOB AWC=§C162 2C1C1+C2Cz &2 =
g .
- 6°. Orciona Q = =—C
T2C+G, na Q= 2c1+c2rg 566

3) IlycTb B HEKOTOPBII MOMEHT TIOCJE 3aMbIKAHMSI
3apsf AeBoil 06KJIaJKN KOHJEHCATOPBI eMKocThio C;
paBeH ¢, a 3apsijl HIDKHEN OOKJIAIKA KOH/IEHCATO-
pa emkoctbio C, paBeH g,. Torzaa Sy D22, 3a
1 G
A
Gy Do - An
¢ G AtC,

Mazoe Bpems At Gyner A(— +

YKA3AHNA,
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+A672 =0,—£+I—2= ,AZIZ YHdL L=1,
AtC2 C1 C2 C1 CZ 4

1
I =1, 1I,= ZIO. Tox B pesucrope [ = I + 1, = %[0.
Hamnpsxenne na pesucrope U = IR = %IOR.

BoyL
R+
BI,L By, I

HCpBOﬁ IepeMbIYKHN a01 = = =
m o omy (R +Ry)

4. 1) Hauwampneri Tok [, = . Yckopenue

1 Byl
8 mR
2) Cymmapnast cujia, AeficTBYIONAasd Ha TIePEMbIUKH,
pasra Hy110. [oatomy myuy = (my +my)v, v = 20y /3.
3) IlycTb B IPOUSBOJIBHBL MOMEHT 0y U Uy =~ CKOPO-
CTH IIepeMbIYeK, s U Sy — ux mytu, I — tok. Torzga

my 222 Avy — BIL = BL BU1L—BUZL7
At R + R,
B 272
ey < pp BOML=BoNL | BE
R +R Rl +R,
CymmupyeMm: m, (v -0 s . Hano
YMMHDY 2 (0-0)= RTR, (s1-5)
Haiftm s =55 —(s; —$;). C yueroM cooTHOMmEHNS
8vyRm
0 =20,/3 HAXOAUM S = §) — — 0
o/ " 3B

5. Ha pucynke 8 mocrpoeno usoGpaskenne A Bj,
paccmarpuBaemoe tazom I Y nac dokychoe pac-
crosuue auusbl F =18 cm, d =72 cMm, dy =24 cMm.

d

X

N
7

B<

VYV.

'\< A, do T
\, 3

6 A
Puc. 8
1) f=dd_7FF=24CM,x=f+d0=48CM.

2) Ha pucynke nokasan Xoj Jydeii yepes JUH3Y OT
TOUKN B TIpN MUHUMAaJIbHOM JHaMeTpe AUH3bI D ;.

Iycrs AB; = h. Torna h :§H =3cMm, Duin _ ; ,
0
D,y =h—x=6CM
dy

3) Bce Jiy4du, IIOllaBIIME€ B 3pa4voOK IJla3a II0CJ€e
TIPOXOJK/AECHUA JIMH3bI, JOJIZKHDI BBINTH W3 TOYKH,

. 11 1
COIIPSDKEHHOI 3pauKky B JIMH3E! — + — = i IKpaH
z X

HaJ0 MOMECTHTHh Ha TJIABHON ONTHYECKON OCH JIMH-
3bl CJIEBa OT JIMH3bI Ha PaCCTOAHUN

xF

7= = 28,8 cm.
F

x -
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HoBocnbunpckun
rocyfapCcTBeHHbI YHUBEpCUTeT

dusuka

Onnmnuaga
«TBOM NYTb B HACTOSILLLYIO HayKy»

| (0TGOPOYHDIN) 3Tan

YCTHbIN TYp
8 knacc
1. h= §l.
2
4
2.B 3 pasa.
3. F, = 3F, - 3F,.
T,-T 80 -60
4. N 2 1 — o _ oC = oC.
=T, ) 1 60 °C 02, C=20°C
(AT/At), 20/2
9 knacc
1. ¢=t__ 5
t+t
2.58=S8 &
R1
M -m
3. a= m g (¢ TakuM yCKOpEHHEM JBHIKETCS

MEHDIIHUI TPY3, & yCKopeHue GOJIbIIEro IPy3a PABHO
HYJTI0).

2,222
4 Bp = MY M a”
M* —m
10 knacc
1. B 2,4 pasza.

2. L=2R /1+m2%
g

4. v=ngR (B cmcreMe oTcuera, JBIDKYIIeiCs
TOPU30HTAJIBHO CO CKOPOCTHIO ¥, KOJIECO BPAIAETCs
Ha MeCTe BOKPYT CBOEH OCH, a KyCOYEK TPsSI3U OTPbI-
BaeTcsl BEPTHKAJIBHO BBEPX CO CKOPOCTBIO U).

71 knacc
1.0= gJ gR (Mabunk GPOCHI CHESKOK O/ YIJIOM

45° K TOPHU30HTY).
2. 3aps/ BBUIETHT U3 KOHJEHCATOPA I0J YIJIOM
o =0 ecamn T —|qU| < T cos® o.. B mpornsHomM ciy-

T
yae o = arccos |——— cosd.
T -|qU]

3. M = ';)—S (paceMoTpuUTE CHCTEMY, COCTOSIILYIO 13
g

JAIBYX HOpI.HHefI 1 CJI0A Ta3a MEXAy HUMH; Ha HeEe

2021 /Nel1-12

JIEMICTBYIOT TaKHMe CHJIbL: CHJIA TSKECTH ILJIaCTHH
(BHM3), cusa aBJIeHNs ra3a BepXHeH yacTh cocy/ia
(BHM3) W cuyla TaBJIeHus Ta3a HUKHEH 4acTh cocy-
na (BBepx); GamaHc CHJI COXPaHSETCS M MOCJTe 3a-
PAJIKU TOPIIHEH ).

4. IlnorHOCTH HOJIKHA OBITH JOCTATOYHO BHICOKA,
4TOOBI CHJIA TSKECTH He JlaBajia 00JIOMKaM pasJie-
TEThCST TIOJ] JIeHiCTBUEM IEHTPOOEXKHOI CHabl. [lpy-
TUMH CJIOBAMH, YCKOpeHUEe CBOOOIHOTO TAJeHUst g
Ha MOBEPXHOCTU ACTEPOH/IA JOJIKHO ObITh GOJIbIIE,
YeM LEHTPOCTPEMUTEILHOE YCKOPEHUE a, .

Macca acreponyia M paBHaA TIPOU3BE/IEHUIO €TO TIIOT-

41T -
HOCTH p 1 o6beMa ?R‘g , Tie R — pamuyc acrepou-

na. CoryacHo 3aKoHy BeeMupHoro tarorenus Hpioro-
Ha,

HauGosbIiee 1eHTpOCTPEMUTEIBHOE YCKOPEHNE [I0-
CTHTAETCST HAa 9KBATOPE acTEePOUa M PAaBHO
2
2n
e = o’R=| == R,
T
3anuuieM ycJaoBHe g > d,.:

2
4T 2
Gp—R>| = | R,
3 T
OTKyI[a HOJ'Iy‘-II/IM MI/IIII/IMaJ'IbHyIO IIJIOTHOCTD aCTepo—

uua:
3n

GT?*

pmin =

Il (3aknounTenbHbIN) 3Tan

8 ksiacc
1
1. vy = Ev—r =6 KM/4.
2. B TIepBOM cnyqae BECHb a30T UCHTAPUTCA, BCA BOJia
3aMep3neT, a JieJa oOXJiaJUuTcsd. B cocyae yCTaIIOBI/IT-
Cd TeMliepatypa

Lama - }\'.ﬂm,'l

T, =T, - ~ —126 °C.

c]lmfl
Bo BTOpOM cirydyae WacTh a3oTa He WCHApUTCS, 1 B
cocy/ie yCTAaHOBUTCSI TeMIlepaTypa

T, =T, =-196 °C.

t 2
3.p=p)—L+——=2p,(t, =2 ¢ — nepsasg Tou-
P p0t1+(t3—t2) Spo 1 p

Ka mayioMa rpaduka, Korja Imaii6a mepecTaeT Ka-
caTbCd JlHa cocyla; t, =10 ¢ — BTOpas TOYKa U3J10-
Ma, Korjia Imaiiba kacaeTcsi BepXHell 4yactu OyTbLI-
KH; f3 =13 ¢ — TpeTbsl TOUKa M3JOMa, KOT/Ia BOJA
HAYMHAET 3AMOJIHATH TOPJBIIIKO COCY/A).

4 Hy=AH +AR| 1= |,
P2



OTBETHI,

9 knacc
3

1. oy =0 =9 kM/u.

92 T = o LT + 0‘212T2.
oLy +onyl,

4. m=3—P=15Kr.

5. v= gL(2 + ﬂ(\/g - 1)) (corsacHo 3akoHy
m

COXpaHEHUA 9HEPTrur, KUHETUYECKasd SHEPIruAd 6y-

CHUHKM paBHa M3MEHEHUIO MMOTEHI[MAIbHOI aHeprun

CHCTEMDbI).
10 knacc
1 _ Xy _
-0y =0y, + (0, - va)y— =-5M/c
)
(npoexin  cKopocTeil KOHIIOB CTep:KHSA Ha cam

CTEPIKEHb JOJIZKHbBI OBITh O/IMHAKOBbIMI, MHaYe JJIMHA
CTEPIKHA MEHAJACh OBI CO BpBMeHeM).

L+T

2. L'=L|1+a Tj (pacrpe/iesienye TeM-

HEepaTypbl BIOJIb CTEPKHS OYACT JUHEHHDIM).

3. p= Pg ViVoVs
.p=—= .
S Vs(V3+Vy) =V, (Vi =V3)

4om=2R0_

L-2Ro
5. = ML

mg

11 knacc

U1y — 0Oy
— 1x 2x

1. v, =7, + 5
1IOB CTEPJKHA Ha CaM CTEPIKEHb OIII/IIIE].KOBI)I).

(mpoekIuu CKopocTell KoH-

2. x=20
Pg
3. t= %
ap + a;
4. ﬂ: 1_ﬂ 1_A_d (korjga KoHIEeHcaToOp
U, d x

HaXO/JUTCA B paBHOBECUU, CUJIa HATAKEHUSA HPYIKUH

YPABHOBEIMBAETCA CHUJIOW HJIEKTPOCTATUYECKOIO
NPUTSKEHNS TIACTUH).

5. BBenmem Hekotopbie o6o3Havenusi: H — BBICOTA
JIOMa, M — Macca Kalljid, 0 — CKOPOCTb KallJiu Hepe/
yAapoM, @ — BbBICOTAa Kallid, S — IJIOMaib ee
MOTEPEYHOTO CEYEHNsI, P — TJIOTHOCTh BOABI. Cuiry
F paiennst Karin npu yjaape 06 acdaibT MOKHO
OILICHUTh KaK OTHOIIEHHE HMILYJIbCa Kalllkh M0 K
BPEMEHU ee CONPUKOCHOBEHHUS ¢ ac(abTOM, PaBHO-
My ajv:

mo

%.
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CkopocTb Karuii v = A/2gH (1pu najieHun ¢ BbIco-
TBI IATHATAXKHOTO JOMa COIPOTHBJICHHEM BO3IyXa
MOKHO Tpene6peub). Maccy Karim OIEeHMM Kak
m =pSa, cuanutasi [IJsl MPOCTOTDI, YTO KAILIS HMeeT
¢opmy mmmuHzApa. IloacTaBiss aTH OleHKH, Haii-
JleM CHJy JJaBJIEHUS M caMO JlaBJIeHHe:

F =2pgHS, p=§=2ng.

C yueroM uHCIOBBIX 3Hauenuii p =103 Kl‘/MS,
g =10 M/cz, H =15 M, noayuum p = 3-10° Ila.

6. PemreTky MOXXHO paccMaTpmBaTh Kak Ha6op He-
IIPO3PAYHBIX IIPYTHEB, PACIOJOXEHHBIX HA OJIHA-
KOBOM PACCTOSHUU JAPYT OT Apyra. Kaxapli mpyt
co3/laeT Ha dKpaHe 06JIACTb 3aTEHEHNsI, COCTOSIIYIO
U3 TeHU U JABYX noJyreHeii (puc. 9; B cBepxy).

Tenv

Hoaymenov p Iloaymenv

D \ /
<— !
I\\ //I H
N pymoa
! \V/ ! pewemxu
P
AN
l// \\I
7 \\J
—
Humv naxana
Puc. 9

Tenb He OCBellleHa JIAMIION: TIPYT PENIETKH 3aropa-
JKUBAeT BCIO HUTh HaKaJja JjaMibl. Ilosyrenp dac-
THYHO OCBEIeHa: MPYT 3aKPbIBAET TOJBKO JIEBYIO
(M TOJTbKO TIPaByIo) YacThb HUTH HAKAJIA.

B MCXOIHOM IOJIOXKEHNH 9KpaHa IIMPHUHA 00JacTi
3arenennst W HeMHOTO TIPEBBIIIAET MEPHO/] PEIeT-
ku d. Iloaromy o6sacTé TOJNYTEHH OT COCEQHUX
npyThes nepekpbiBaorest (puc.10). Mecra tepe-
KPBITUSI COCEIHUX TOJIyTeHell — 3TO M eCTb y3Kue
TeMubIe 1M0J0chl. OHN TeMHee OKPYIKAIONNX y9acT-
KOB MOJIyTeHell, TaKk KaK B MOJTyTEeHU peIIeTKa 3aro-
PaXKMBAET TOJDBKO JIEBBI WM TIPaBbIl Kpail HUTH
HaKkaja, a B MeCTe IEepPEeKPBITUS IOJyTeHell OHa
3aropaskuBaer 006a Kpas HUTH Hakaja. B pesy.bra-
Te y3KHe TEMHbIE MOJIOCHI OCBEIAIOTCS TOJIBKO CPe/i-
Hell 4acThIO HUTH HAKAJIa, KOTOPAst COCTABJISIET JIUIITD
Maqyio gouio (okoso 1/3) or Beeit HuTH.

Korga pemrerky npnOamsuiIn K SKpaHy, IIHpUHA

Tenv Tenv
Honymenw

Honymenw Honymenu
A A A
Ikpan

w \y 3KAS MeMHAS NOJ0CA
W >D

Puc. 10



60 KBAHT

Tenw Tenv
Hoaymenv Hoaymenu Ioaymenv

e e
TN

W <D

dxkpan

V3kas ceemaasn nosoca

Puc. 11

obmactu 3arenennsi W yMeHbIIHJIach M Craja He-
muOro Meubite d. [loaTomy Mexmy 00JacTsIMU 1M0-
JIyTeHEHl OT COCeIHUX IPYTHEB IMOSIBIINCH 3a30PbI
(puc. 11). DT 3a30pbl U ABJISAIOTCS CBETJIBIMU
1oJIOCAMI Ha 3KpaHe, MOCKOJIbKY OHHI IIOJHOCTBIO
OCBEIIEHDI JIAMIIOH.

NHcTUTYT KpunTorpaduu,
CBSI3N N UHPopMaTUKU AkagemMumn
®CBb Poccnm

MaTtemaTtunka

1. a) 1024; 6) 2.
a) V3 ycJI0BUSL OUEBUIHO, UTO MAKCUMAJIBHOE KOJIU-
YecTBO IBETOB B Oykere paBHO 11.
ITepeuiii cnoco6. VIcionb3yst CBOHCTBO GHHOMMAJD-
HBIX K03 HUIINEeHTOB
Cl+C3+CS g =2m )

a TakXKe YYHTbIBasg WX KOMOWHATODHBIN CMBICI,
MOJIYYUM, YTO YHCJIO0 CrocoGoB copmupoBars Oy-
KeT 13 HeYeTHOrO0 KOJIMYecTBa IBeTOB He 6osee 11
orrenkoB (IIpM yCJOBUM, YTO HU OJAMH OTTEHOK He
JIOJIZKEH TOBTOPATBCS) PABHO

ch+C+C+..+cll =29 =1024.
Bmopotii cnoco6. Pacemorpum 10 mseros 10 pas-
JIMYHBIX OTTeHKOB. Cob6parh OyKeT M3 3THX IIBETOB
6e3 yaera gernocrn mMoxuo 2'0 croco6amu. Ecmir B
OyKeTe HEYeTHOE KOJIMYECTBO I[BETOB, TO MBI €r0
OCTaBJISIEM, €CJHM JKe 4YeTHoe — J06aBJisieM HEWUC-
MOJb30BAaHHBIN OJAMHHAAIATHINA 1[BeTOK. TakuMm 006-
pasom, o0Iiee KOJIMIeCcTBO Croco6oB coOpaTh GyKeT
pasno 2'°.
6) Peuenne anaorudHo 1. a).
2. 3.

Tak kak ypasmenme x> —ax+b=0 umeer emun-
2

. a
cTBeHHBIN Kopenb, To b =—. Ilo Teopeme Buera

1MeeM paBencTsa @ +b = 5p; ab = 2p°. Tloacrasss
a

b =— B IOCJeJHEE DPABEHCTBO, HOJIYUUM d = 2.
4

YuurbiBasi, 4To ¢ U b OTJIMYHBI OT HYJsI, Haiijem
p=3.
3. Hampumep,

(x-1)(x=-2)(x-3)=0,

(ke =11+1y = 1) (ke = 2+ |y = 2) (e = 3|+ |y — 4]) = 0.

4. f(x)=

C
—, ¢>0.
X
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IIyetb M — Ttouka mnepecevyenusi orpe3koB OB u
AH ,. Tax kax miaomamu tpeyroibinka AOB wu
tpanermn ABH gH , paBHBI Meskay co0oif, TO TLIO-
mazn tpeyroabankos AMO n tpanermu MBHgH ,
TaK)Ke paBHbI MexAy coboit. OTciosa ciefyer, uTo
paBHBI U MIomaan tpeyroibaunkoB AOH 4 u Tpare-
wim BOHp. Tlycre aGenmecsr touek H, u Hyp
PaBHBI X U ¢ COOTBEeTCTBeHHO. Torya nmMeeM paBeH-
crBo x - f (x)=t-f(t). lpu dukcupopamiom ¢ 1mo-

nyqaem f(x)= £ e>o0.
x
5. 2.

Ecan orpasurs Touky D oTHOCUTEJbHO IpsaMoit AF,
a 3aTeM OTHOCUTEJbHO IpsMOil AE, TO oHa mnepeii-
JleT B TOuKy B. JleiicTBUTEIHbHO, KOMITO3UIUS JIBYX
OCEBBIX CUMMETPHil OTHOCHTEJBHO IepeceKaloniX-
csl IPSMBIX — 3TO IMOBOPOT Ha Y/BOEHHBIH YroJI
MeX/ly IpsIMbIMU. TaxuM 06pa3oM, B HAIleM CJIydae
3TH JBE€ CHMMETPHUH SKBHBAJEHTHBI IMOBOPOTY Ha
yros 90° oTHOCUTENBHO TOYKH A.

910 03HavaeT, YTo 06pa3 TOUKW D mpnu cMMMeTpHH
oTHOCUTENBHO AF 1 06pa3 TOUuKN B 1Ipu CUMMETPUN
oTHOCHTeNbHO AE — 3TO O/Ha M Ta ke TOYKa; Ha
pucynke 12 ona o6osnavena K. 13 touxku K orpes-

B E C
T K
\\\ F
452 \
A D
Puc. 12

kn AE u AF supunt oz yriom 90° (mpu cummerpun
COXPAHSIOTCSI BEJUYMHBI YIJIOB, 09TOMY, HAIpU-
mep, yrabl ABE u AKE pasubl). 3HauuT, TOYKa
K — aT0 ocHOBanue HepIeH/UKYJISAPA, OIYIIEHHOrO
u3 toukn A Ha nupsamyio EF.
U, makonen, nockosbky BE = EK u DF = FK (ipu
CUMMETPHU JIIMHBI OTPE3KOB COXPAHAIOTCA), BH-
uM, uTo 1epuMetp Tpeyrosibiuka CEF paBen cym-
Mme aiuH cropod BC u CD xBajapata.
6. 0,5.
Ilepeoii cnoco6. 3amernm, uto g (2x)=16f(x).
[ToaTomy xy — xopenb f (x) TOTJI[a U TOJIBKO TOT/a,
x 1
korja 2x; — xopens g (). CuegoBarelibio, paialt
Bmopoii cnoco6. Cpasuenie KO:a(b(bI/ILII/IeHTOB2 MHO-
rOYJIEHOB

y 4 4
f(x)=1-x-42" +x" 1 g(x) =16 - 8x - 1627 + x*
1I0Ka3bIBAET, YTO B COOTBETCTBHH ¢ (OpMy.IaMu

Buiera kopHn MHOrOUIeHa ¢ (X) ABIAIOTCS YABOCH-
HBIME KOpHAMH MHOrouseHa f(x).
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7. 43.
PaccMOTpHM cTPOro BO3pacTalomlyo MOCIeI0BATEb-
HOCTb 3HAYEHU:

/86,/86 + 41@,\/86 + 41486 + 41486 ,...

Ecam aTa nocsieoBaTeibHOCTb OrpannyeHa cBepxy,
TO 3HaueHueM [ SIBJISIeTCST TOYHASI BEPXHSIS TPAHMU-
ma, u torga F — felicTBUTEbHOE 4YuCJ0. Takum
06pa3oM, JOCTATOYHO JI0KA3aTh OrPAHUYEHHOCTD
YKa3aHHoU nocJjeoBaTebHoCTH. [lokaxeM, 4To aTa
[I0CJIE/IOBATEJIbHOCTD CBEPXY OTPAHMYEHA UHCJIOM
43. JleiicTBUTEIBHO,

\/% < 43,cneoBaresibHo, 4186 < 41- 43,
orkya 86 +413/86 < 86 + 41-43 = 437,
3HAUNT, 86+41\/% <43 u T.1.

OueBUHO U3 yCJOBUsSI, 4TO F SIBJSETCS TOJIOKU-
TeIbHBIM KOpHeM ypasienus F2 = 86 + 41F . Otcio-
a HaxoauMm F =43.

8. 1) Bepno. Ecu MHOKeCTBO A mm MHOKECTBO B
6eckoneuHo, To0 u MHOXKeCTBO C Gymer GeCKOHETHO.
TToaromy mMoxkem 0603HaunTH Yepes a, b, ¢ Makcu-
MaJIbHbIE€ 3JIEMEHTBI STHX MHOKECTB COOTBETCTBEH-
HO W 3aMeTHTh JJs pemeHus 1.3, ut0 a+b=c.
OT/IeIbHO OTMETHM, YTO TaKie MHOXKECTBA CyTie-
creyior: nanpumep, A ={0,...,a}, B={0,...,c —a}.
2) Bepro. Yepes passoskenne 1m0 GHHOMY JTOKa3bl-
Baercs, uTo @ 1esoe. Torypa ecau Obl B comeprasio
Heresiblie yucsaa, o u C cojep:kano Obl Hellesble.
IToatomy Bce asnementbl MHOXecTBa B 1esbie. Ot-
clo/la aHAJOTHYHO IOJy4aeM, UYTO BCE 3JIEMEHTDI
MHOKecTBa A IieJible.

3) Bepmno.

3amMeTuM,

4To 2020 =5-404, 2828 =7-404,

a<1+ay, rue

- ((ﬁ 1) jw = (41+29v2)""

=(82.0..)"" <127 =

T PR RSP GRS U DN
128 128

Torga b =c—a>2%8 - (1 427828 _ 2) =1.

9. OcrasbHble YeTbIpe KOPHS MMEIOT BUJL = COS ),
re ¢ € {78°,150°,222°,294°}.

CremaeM 3aMeny ¢ = cos@. YpaBHEHUE IIPUMET BUJT
32cos’ ¢ —40 cos® ®+10coso = J3. [Ipeo6pasys
JIEBYIO YACTh, TTOJIYIUM

2005@(160054(p—200052(p+5) =2c0850,

2nn
OTKY/Ia COS 5 = \f/21/1(p +%+?,neZ ITo-

CKOJIBKY Y TI€PBOHAUATIBHOTO YPABHEHNSI POBHO IISITh
JeficTBUTEIbHBIX KOpHEH (M0 yCIoBUI0), TO, 4TOGBI
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UX TIPEIDbSBUTH, [AOCTATOYHO B3SITh KaKue-HUOY/Ib
[ATh 3HAYEHUH (@, KOCHHYCHI KOTOPBIX Pa3JIMYHbI.
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9 knacc
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11 kriacc

3q|AT|

3. AR=————.
4AnGRT Ap

\/(NScm - koc]2lzpt)(Scm + oclzlpt)
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Ne sxypuana  c.

Mamstu B.!U.ToaxyGesa 4 26
Mamsaru 10.M.Bpyka 5> 16
Mamarn H.H.Koncrautunosa 7 29

Crartby o maremarvke

[lecaras mpobaema ['mibbepra.

FO.Mamuscesuu 2 2
M3o6perast orapnMudecKkyio JTHHEHKY.

B. Kaenuvin 9 9
Kparuaitime nytu u runoresa Ilyankape

(okonwanue). B.IIpomacos 1 12
JInneiiHas HEe3aBUCHMOCTD Pa/IMKATIOB.

A.Kanyunuxos, H.Bopobves 3 12
—<= 4 6
HeoObiuHoe ompejiesieHie KOHMYECKNX

ceuennii. JI. Emenvsinog 11-12 2
06 oamnoii 3agaue B.A.Cengeposa.

H.Cagaeu 10 2
O pacnpejiesieHIN TIap B3aMMHO IIPOCTBIX

yuces. A.Psbuenxo 5 13
Teopust umcesn B pa6ortax UeGbIéBa.

M. Kopones 8 2
Yebbimiés, AGesb 1 9JIUITHYECKIE

unrerpasbl. A.Becenog 7 2
UYeObIéB 1 Teopust MPUOIMUKEHUI.

B.IIpomacos 6 2
Cratbu no ¢gusnke
Anppeit [ImutpueBua Caxapos S 2
ArMocdepa 3eMJ U COBpeMeHHast

suepretuka. C.Iandunsn 11-12 )
Besble KapJuky — KPUCTAJJIMIECKIE 3BE3/IbI.

IO.Bpyx, B.Tennep S 17
Bpemst skusHm mumnydeil TaGIeTKI B CTaKaHe

Boabl. A. Mumpoghanos 9 2
—«= 10 12

HeomnpeaeneHHocTh — OCHOBA KBAHTOBOI
¢usuxn. A Bapaamos, 7K. Buinen,

A. Puzanonmu 1 2
[Toa3us u 3axonbr pusuku. A.Cmacenxo 8 10
Temnooe pacmmpenue. E.Coxo06 2 9

TepMoasieKTpUYECTBO: OT JYyTu AJieccaHipo
Bosbra 10 hepposkuaKoCTHBIX
TEPMO3JIEKTPUYECKUX TeHepPaTOpPOB.
A.Bapaamos, C.Ilapanos, FO.[luxuna 7 8

Ynap u ero oxkpecrnoctu. JI. Awkunasu 6

UepHnblie abipbl cymiectByior. JI. beaonyxos 3 2

OTOIEHTPU3M, CHCTEMbI MUpa ¥ BO3/YIIHBIN
mapuk. E.Coxo.o6 4 2

(921

U3 ucropun Hayku

BoiBator mu orpunaresbuble nudpbi?

/1. 3ramononvcrui 4 11
K 130-nernio Y1.M.Bunorpanosa 9 13
K 200-neruio I1.J1.YUe6bnuésa. B.Kosnoe & 25

Ne sxypuana  c.

Mapku k 200-seruio I1.J1.YeObimépa S2-sc.
00.1.

Tpu mepuoja U3yYeHUs] TEOPUH BEPOSATHOCTEH.
A.ITupses S 26

ZagayHmk «KBaHTa»
3ajgaun M2634 — M2681, 2641

D2688 1—12
Pemenng 3agau M2618 — M2665,
MD2625— D2672 1—12
O BssemmBannn BecoB. A. I'pubaixo,
A.3acnascruil, O.Manxuna 2 24

O/IHOIBETHBIN TPEYroJIbHUK Iiomaam 1
Ha MOKpalleHHoi miockoct. B.Bpaeun 5 37
IlenampHbIC OTPE3KM: TAE MAKCHMyM?

M. JJuoun, II.Koxeenuxoe 6 18
IToroga B mycteine Caxapa. C.Bapaamos 2 28
TMomumuno. FO.Mapxenos, A.Caiipanos 1 36
Cxpbitas cummerpus. E.Bakaes 6 22
«KBaHT» [/11 MI[LINX LUKOJTbHUKOB
3amaun 1—-12
CTaTbum Mo MaTeMaTHKeEe
B mounckax onTuMajybHBIX TTOCTPOEHHIT.

I'. Dunrunnoscruil 9 25
Mermraer i nTUIIAM TOMYTHBII BeTep.

H.Koncmanmunos 7 31

CraTtpum mo dusnke
TlepeuntniBas antacros. C.Ilapnosckuii 6 24
TTouemy camoJieT B3JIeTaeT MPOTUB BETPA.

C.sopanunos 1 39
TauncrBennas mkasia, uan He6obinoe

paccaenoBanne. C./eopanunoe 8 22
®dantactuka n peanvrocts. C./Jeopanunoe 7 36
Uro rakoe mmyntux? C./sopanunos 9 24

KoHkypc nmern A.l1.CaBrHa

3agaun 1—4, 9—12
Wrorn koukypca 2020/21 yue6Horo roga 6 26

Kanevigockon «KBaHTa»

MaTtTeMaTuKka

Konnueckue ceuenus 11-12 32
Mexanusambr 11.J1.Uebbimiéna S «
O Tpex paBHBIX OTpe3Kax 1 «
ITocMOTpIM Ha YepTeXX ¢ Pa3HBIX CTOPOH 9 «
Dduszuka

Boruncienus u oneHku 8§ 32
Moypenu 1 naeannsanumn 10 «
PasmepHoCTh 1 TIO1OGTIE 6 «
®usnka n reomerpust (IIaHUMETPHUS) 2 «
®usnka u reomerpus (crepeomerpusi) 3 «
Dusnueckue n3MepeHust 7 <«
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Ne sxypuana  c.

Likona B «KBaHTe»

MarteMaTuka
Wiem «3KCTpeMasIbHblil» 9KCTPEMYM.
B.Toaybes 4 26
Ddusuka
B kocmoc — Ha 6e3BO3IyNIHOM Iape?

J. Awurunasu 10 23
Tne nocrarb nossipusoBaHHbIil cBET?

M.Cmapwos 2 35
Tugpoyaap u mpo6oit ssekTpoKalbes.

A.Cmacenxo 11-12 22
Kax Tomuk Bryakua ¢usukoii yBiexcs.

C./lsopsanunos 3 34

JlyHublit TopMo3, croskHoBenue ¢ Tefieii
U 3aKOH COXPAHEHUS] MOMEHTA HMILYJIbCa.
C.Ilapnosckuii S 39
«He sa0ymapre npo yacet!»> C.ITapnoscruii 8 25

Dusnqecknii QpakynbTaTus

3akoH ApXI/IMEZ[a 1 3aKOH COXPaHEHUA

snepruu. C./leopanunos S 41
N3paneka J0Jro Teyer peka...

A.Cmacenxo 6 36
Kax BosHmKaer xaoc. 3aKOHBI PaBHOBECHOTO

Xaoca ujaeanbHoro rasza. A.Baacoe 4 30
Kr0 MCKPUBHI MPOCTPAHCTBO-BPEMSs?

A.Cmacenxo 10 26
MexaHusM U3JIYYEeHUsT YCKOPEHHO JABUYKYIIErocst

sapsana. C.Bapaamoe 11-12 24
O6 o/HOI OIMMITHA/IHON 3aj1a4e 110 (pusuKe.

I'.Taiidyxos, A.Pymsnuyes 7 37
Prytp n Boma — audpdysus n ucnapeHue.

J. Awrkunasu 1 42
DazoBbie guArpaMMbl KOJIE6ATEIbHBIX CHCTEM.

®.Benos 9 29
OHepPrust HOHU3AINN BOIOPOIOTOTOGHBIX

nonoB. C.Bapaamos 8 31

Maremarudeckmii Kpy>xkok

AHCJII)CI/IHbI, KaHaJIn3allTuOHHbIE JIIOKH
1 pa3pe€3aHue [AJMHHOIO NpAMOYTOJIbHUKA.

A.Axonan 9 40
[lBonunas apudmernka MDpaHuecko

bpynerru. /.3zamononvckuil 11-12 27
3afaya o mape B TPEYTOJbHOI IpHU3Me.

I'.Illapvizun 6 27
3agava [IpomsBosoBa 0 cymme MojyJieit.

E.baxaes 1 44
Herpansurtusnble xocru. A.Hecmepenxo 10 30
Iono6ue ¢ menuanamu. /. I1seyos 7 42
ITocrpoenue cpejpneil JUHUK TpPATIEIUN.

A.T'pubanro 8 27

Packpacka ta6aunnl B Tpu 1seta. A.boae,
JI. Padsusunioscxuil 3 37

Ne sxypuana

Cnosa teopema Illteitnepa — Jlemyca.
3. Aezmapesa, /l.Maxcumoe 2

Jlaboparopus «KsaHTa»

3arajika miockoro creknaa. J Awkunasu 9
[Tajienne Marnura B aJIOMUHEIEBOIT TpyOKe.
A.Knsses, A.Kussee (Mmi.) 1

Hawm HabnopeHus
Kamm tymana B myue cseta. O.lImywenxo,

B.ITmywenxo 11-12
Kporosble nopnt Ha Jabay mops. E.Kpachosa,
B.IImywenxo 2

UYro Taxoe poxaesanue. C./Jeopanunos 6
Onumnuagsl

Beepoccniickas onmmmnuaza mo dusnke
nmernn /. K.Maxcsesia 7
3axJsrountenpHblit atan XLVII Beepoccniickoit
OJINMITNA/IBI MIKOJIBHUKOB 110 MaTeMaTuke 7
3akmounrtesbhbiit atan LV Bceepoccuiickoii

OJIMMITHA/IBI TITKOJIBHIKOB 110 (PU3nKe 7
Ns6pannnie 3amaun XXVI Typuupa

nmenn A.Il.CaBuna 9
LXII Mesxaynaposnasg MaTeMaTHuecKast

OJTMITHA/IA 8
XXVIII MesxayHapoHast oJuMIInaia

mKosabHuKOB «TyfiMaana». dusnka 8

Mesxaynaponnast dbusudeckast oanmmuaga 10
LXXXIV MockoBckasi MaTeMaTHIeCcKast

OJIMMITHA/IA IIKOJIbHUKOB 6
MockoBcKast OJIMMINAJA IIKOJbHIKOB
o ¢usuke 2021 roga 6

Pernonasnpnbiit atan XLVII Beepoccuiickoit
OJIUMITUA/IBI TTKOJBHIKOB 110 MaTeMaTnke 3

Pernonaspnbriii atan LV Bcepocceniickoit
OJIUMITHA/IBI TITKOJBHIKOB 10 (PU3UKeE.
Iepsbrii Typ 2

Pernonaspnbriii atan LV Bcepocceniickoit
OJIUMITHA/IBI TITKOJBHIKOB 10 (PU3UKeE.

Bropoit typ 3
XLII Typuup roposos. 3ajauil BECEHHETO
Typa B
XLII Typuup ropozos. 3ajauul OCEHHEro
Typa 2
IK3ameHaLNOHHbIe MaTepuasbl
ETD no ¢usuke 9

Wucruryr xpunrorpaduu, CBs3H
n nadopmarnkn Axagemun OCb
Poccun 11-12
MockoBckuil rocyapcTBeHHbII
TeXHNUecKnil yHUBEepCUTeT

umenu H.9.baymana 10
MockoBCKUIl TOCYZapCTBEHHDLII YHUBEPCUTET
umenn M.B.JlomonocoBa. dusnka 9

C.
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38
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48
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Ne sxypuanra  c. Ne sxypuanra  c.

HarnmonaibHblil 1CC/e/[0BaTeIbCKUIT
yausepcuter «MUIT» 8 41

lporynku ¢ ¢pusmkon

. . «Berpy u oputy... Her 3akoHa» 8 d-sac.
HoBocubupckuil rocymapcTBeHHbII o6
YHUBEpCHUTET 11-12 37 Bopna, Bonma, kpyrom Bosa 7 «
Oumummmaga «JIomonoco». Dusnka 4 36 Topstamii aymmn 1 3amaBecka 4 «
Osmumnnana «IToxkopu BopoObesbl ropeil» 1 53 JLIHTEbHOCTD CYTOK 5 «
Cankr-IlerepOyprekuil OJNTEX HIYECK I 3aMOPOSKI 1 ... I0K/CBATIe 6 <
yausepcuteT Ilerpa Bemmkoro 10 47 BuMitee «IBIXAHHE> MOPS 2 B
Dusnko-MareMaTH4eCKast OJUMITHATA KaK B3JICTACT CAMOJICT 1 «
«Dustex» 1112 30 «Ornycrure Mens B I'mvaman...» 3 <«
Ungpopmavyns Caer u TyMaH 11-12 <«
3aoynag mkosa CYHIL HI'Y 6 51 Hepes OKOHHOE CTEKIO 9 <
Ouepeanoii HaGop B B3MIII S 47
Urpsbi n ronosonomku
Mertpudeckuii KpoccBOPJ 10 4-a c.
00.1.
Heucuepnaemplii TaHrpam 9 22
Ham nmwyr
Boxpyr samaun M852 8 12
«KBaHT» ynblbaercs
Bannana o6 actponante B 23
BHumaHunto Hawmx yntarenevi  1—11-12
Konnexkuymns ronosBosiomok HOMEP 11O ar OTOBHU.IHN
Hewcuepnaempiii Tanrpam 9 2-1 c. E.B.Bakaes, E.M.Enudanos,
06U A.10.KotoBa, H.M.MaHioHuH,
—«— 10 « B.A.Tuxomuposa, A.U.YepHoyuaH
—<= 11-12 « HOMEP O®OOPMUJN
ILatb kyGos 7 « M.H.Fonosanosa, A.H.MNpuwykoea,
Crenc 8 « A.E.Nauyxsepusa, M.H.CymHuna
JInHrBncTn4eckne 3agaqv XY TO3KECTBEHHBI i
Bpems mo-Benrepcku 42-9c PEJTAKTOP
061 E.B.Mopo3oBa
Tnarommia 1 «
Jlpyroii pycckuil S3pIk 6 < KOMIIBIOTEPHAA TPVYIIIIA
C unjone3uiickoro Ha Kutafckuii 3 <« M.H.lpuuyk, E.A.Mutuenko
Anounckuit riaros 2 «
XypHan «KBaHT» 3apeructpupoBaH
LlaxmatHas cTpaHn4ka B Komurere P® no neuaru.
BosBpallenie B aJIuTy 834 c Per. ce-Bo MU Ne®dC77-54256
00J1. Tupax: 1-i 3asog 900 3k3. 3akas Ne

Kpusuc Bapuanra

Ha iyt x osumiy
Ha poccwuiickux mossix
Hosbliil nperenjient
IlosnmmonHnas sxeptBa
Icuxomorus pemnraer
Pajioctubie maxmarbl
Pexopanas naptust 11-1
Typuup B Byxapecre

[Taxmatbi-960

« Appec pepaxkuuvm:

« 119296 Mockea, JleHuHckuii npocnekr, 64-A,
« «KBaHT»

< Ten.: +7 916 168-64-74

E-mail: math@kvant.ras.ru, phys@kvant.ras.ru

-

CAN = UNTWRARNON
A

<« OrtneuaraHo
« B COOTBETCTBMM C NMPEAOCTABIIEHHBIMU
« marepuanamm
B 000 «Mpunt-Xayce» r. Huxuuit Hosropop,
yn. UutepHauuoHansHas, a. 100, kopn. 8
Ten.: (831) 216-40-40



IMMAXMATHAA CTPAHUUYUKA

PeKopp,Haﬂ
[MAPTNA

YBepenHoit mo6enoit aencTBy-
IOI[ETO YEeMIINOHA 3aBEPIINJICS
MaT4 Ha MePBEHCTBO MUPA MEXK/Y
Marnycom Kapicenom n Anom
Henomusammum. Pemaromeit B 110-
eMHKe oKa3anach 6 mapTisi, Ko-
TOPYIO B yNopHOil 6opble BBINUT-
paJl HOPBEXCKHII TpoccMelicTep.
JTa MmapTus craja PeKOpIHON B
UCTOPUU MaTyeil 3a MaXMaTHYIO
KOPOHY TI0 YHCJIY CJIeJAHHBIX XO-
nos — 136.

M.KapnceH - .HenomHsawunn
Ay6an, 2021, 6 napTus

1. d4 2f6 2. 2f3 d5 3. g3 e6
4. Hg2 Le7 5. 0-0 0-0 6. b3 ¢5
7.dc Lc5 8. c4 dc 9. Hc2 We7
10. @bd2!? TIpemraras kepTBY
nemku, Gejible CTPEMATCS: K I10-
no6uomy Bapuaunty: 10...cb
11. @b3 £b6 12. a4 Wc7 13. ¥c7
L0714, £a3 2d8 15. @d4 ¢ mom-
HBbIM JlaBJieHHeM Ha (Hep3eBoM
¢daamnre. 10...4c6! 11. Qc4 bd
12. Qced Ab4 13. ¥b2 4b7 14.
a3 Ac6 15. 2d3 £b6 16. Lg5
Efd8 17. &f6 gf 18. Bacl Ad4
19. Ad4 4.d4 20. a2 4g2 21.
Qg2 Wh7+ 22. 2g1 We4 23. ¥c2
ad 24. Bfd1 2g7 25. Bd2 Eac8.
Hapnexnee 25...b4, no dn, suan-
MO, PACCUMTBIBAJ MOMIPATh Ha
nobexy. 26. ¥%c8 Ec8 27. Ec8
Wd5 28. b4 a4 29. e3 Le5. Un-
tepecnee 29...8b2, BBIHYyKIAA
Gesbix mobiti Ha 30. Bcd W d6
31. Bb2 W d332. B bc2 ¢ pasme-
HOM r1eriek Ha epaeBoM aiare u
mmubeit. 30. h4 hS 31. ®h2 £b2?
V3Ke no3/1H0, Tak Kak GeJibie ycre-
st nepecrpoutbest. 32. Bed! Wd6
33. Bd1? B weiitHore Marnyc
npomen mumo 33. Bee2! £La3
34. af4Wb4 35. Bd7 ¢ permaromieit
arakoil. 33...4a3 34. BbS Wwd7
35. BcedS e3? Topasmo cuibhee
35...4b4, moap3ysACch CBAZKON
xonsa. 36. Bc2 Wd5. U cuosa
HETOHATHO, TOYeMy YepHbIE TIPO-
cro He 3a6panu Ha b4. 37. Bdd2
Wh3 38. Ha2 e4? [losuumonHas

onmobKa — 4YepHbIE JUIAIOT e
BO3MOKHOCTH ChITPATh B Gy/1y1ieM
f4, paspyiuast IPUKPbBITHE KOPO-
1. 39. Acd Wb4 40. 2e4? Orser-
Hasg jmo6estoctb. ITocae 40. Bdce2!
5 41. Qa4 Wa4 42. Bc3 Gemble
HOGEK/IAI0T BBU/LY JIyUlll€eii etey-
HOU CTPYKTYPBI Ha KOPOJIEBCKOM
(aanre. Ho... 40...b3 41. Bac2
Lf8 42. Qcd> Wb5 43.4d3 a3
44. Df4Wa545. Ha2 8b4 46. Bd3
®h6 47. Bd1 Wa4 48. Bdal £d6
49. 2g1 Wh3 50. Qe2 Wd3 51. 2d4
®h7 52. 2h2.

32...We4? Cepbesnas omoOKa,
paiomasg GesIbIM BO3MOKHOCTD
nourparb Ha moGefy, MOKepTBO-
BaB KadecTBo. /[lyig HUUbeil uep-
HBIM JIOCTATOYHO «CTOSATH HA MEC-
Te», c/IesIaB J060H X0/ KOPOJIEM.
53. Ba3! Wh4+ 3a6upars 1aapio
OlIacHO BBUJY cJ1a6oCTeil Ha KO-
POJIEBCKOM (DJIaHTEe U OTCYTCTBUS
KOHTPHTDPBI. 4. 2g1 We4 55. Bad
Le5 56. Qe2 W2 57. B1a2 Wb3
58. 2g2 Wd5+ 59. £3 Wd1 60. f4
Lc7 61. 2f2 4b6 62. Bal Wb3
63. Bed 2g7 64. Be8 {5 65. Haa8
Wh4 66. Hac8 La5 67. Bcl £b6
68. 2e5 Whbh3 69. Be8 WdS
70. BEcc8 Whi 71.Bcl1 wWd>
72. Bb1 £a773. Be7 Lc574. Hed
wd3 75. Bb7 Wc2 76. BbS La7
77. Ba> 4b6 78.Eab> 47
79. Bf5! Expuncrsennbiii croco6
UTPBHI Ha BBIMTPBIII — 3a6upast JBe
MeIKN ¥ cJoHa B OOMEH Ha Jia-
[Ibt0, GeJible MOJIyYarT TeOoPeTU-
YecKU HUYeHHbI sHammmiab 6e3
pHCKa IPOUTPaTh, B TO BPEMS KaK
YepHbIe JI0JKHBI HAXOUTh €/[1H-
CTBEHHbIE XO/bl, YTO MOJ CHJIY
TOJIBKO KOMITBIOTEPHBIM ITPOTPaM-

MaM. 79...Wwd3 80. Bf7+ 27 81.
Bb7+ 2g6 82. Ba7 Wd5 83. a6+
©h7 84. Bal 2g6 85. Ad4 Wh7
86. 2a2 Whi 87. Ba6+ 22f7 88.
af3 whi 89. Bd6 g7 90. BdS
Wa2+ 91. Bd2 Wb1 92. Ee2 Wb6
93. Bc2 Whi 94. &d4 Whi
95. Be7+ 2f6 96. Bc6+ 927
97. af3 Wwbi 98. Qg5+ w2g7
99. Qe6+ 2f7 100. 2d4 Whi
101. Bc7+ 2f6 102. &f3 b1
103. Bd7 Wbh2+ 104. Bd2 Wbi
105. 4agl Wwb4 106. Bd1 %2b3
107. Bd6+ t2g7 108. Bd4 Wbh2+
109. Qe2 Wbh1i 110.e4 ¥Whi
111. Bd7+ %2g8 112. Bd4 Wh2+
113. 2e3 h4 114.gh Wh3+
115. 2d2 Wh4 116. Bd3 28
117. B8f3 Wwd8+ 118. Re3 Wad
119. &f2 Wa7+ 120. Be3 Wd7
121. Qg3 Wd2+ 122, =f3 wdi+
123. Be2 Wb3+ 124. g2 Wh7
125. Bd2 Wb3 126. Bd5 ®2e7
127. Bed+ 7 128. Bf5+ ®e8
129. e5 Wa2+ 130. Rh3 We6.
[IpourpeiBatomuii xox. Komribio-
TepHble TAGJUIBI [TOKA3bIBAIOT,
YTO YepHBIM HEOOXO/MMO UTPATh
130...Wc2 nan 130...Wh1, yTo6bHI
KOHTPOJINPOBATD MOJE €4 U IMETh
B BU/Iy CBSI3KY IO JIaronasu el-
h4, me myckas Koposst GeJsbix
Briepes. PaccunraTh Takoe 3a 10¢-
KOl Ha BOCbMOM 4acy UTPbl He 110
CHJIAM JIasKe TPOCCMEIiCTepy 9KCT-
pa-kjacca. 131. 2h4 Whé6+ 132.
ahd Wh7 133. e6! Wg6 134. Bf7
@2d8 135. 5 Wg1 136. &g7, u
YepHbIe CAAIUCH, TIOCKObKY Oe-
JIBIIT KOpPOJIb y6eraeT OT BEYHOTO
maxa Ha g8.

K coxanenuto, onpaButbcst OT
TAKOTO TSIZKEJIOTO TIOPAsKEHUS POC-
CHICKUI MIaXMaTHUCT HE CMOT U
JIOTTYCTHUJT B CJEYIOMNX TTapTHIX
PS/L 4y IOBUIIHBIX OHIMOOK, abCco-
JIIOTHO HEe CBOWCTBEHHBIX UIPOKY
TAKOr0 YPOBHsI. MaTy 3aKOHYMJI-
¢Sl JIOCPOYHO cO cveToM 7,5—3,5.

[Mpubnuskaercss HOBBIN TOM, U
MbI JKesaeM SIHy BOCCTAaHOBHUTDH
CHJIBI U1 Y/IAUHO BBICTYTIUTD B HOBOM
TYPHUPE TIPETEH/IEHTOB, KOTOPbIi
COCTOMTCS CJICJIYIONIUM JIETOM.

A.Pycanos



UHpekc 90964

CBET N TYMAH

_;;;: ) 1\

Oka3blBaeTcsl, BO3MOXKHO Haﬁl\IO.AaTb ABVDKeHue
Ad>Ke OTAeAbHbIX KaneAb WMéHEI...
. .

(MoAPOBHEE — HA C. 29 BHYTPU XXYPHANA)
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