










































































24 KBAHT

ecs: CocoOHOCTH U KOe-4TO €My JaeTcs
HEOOBIYHO JIETKO, TO MOXKHO Tiepe/l HUM
MTOCTaBUTH IMOBBINIEHHDbIE 3aJ[a4i, HO HE B
HallpaBJIeHUH OJHOCTOPOHHET0 hopcupoBa-
HUST 3aHATHH MaTeMaTHKOH, a B HaIpasJe-
HUU OOIIEro Pa3BUTHS € TOHATHOW eMy ca-
MOMY TIePCIIEKTHBOU HECKOJIBKO CKOPee 1006-
parbcd U /10 BepILIUH TOi HAyKU, KOTOPOii OH

yBJIEUEH.
Hanummre, uto Bor o ckazannom gymaere?
A. Koamozopos

Mucbmo C.I. KpenHy' (1968 r.)

T'nyboxoysaxaemviii Cenum I'puzopvecuu!

3amerky E.M. CemenoBa s 1mocMOTpio u
TOT/la O Hell OTBeuy aBTOpy. A IOKa OTBeYalo
Ha Bammm 3anmpochbl 0 MIKOJIbHBIX /le/1aX.

1. HeckoJibKO KOMILJIEKTOB (hpaHILy3CKIX
yueOHUKOB B MOCKBE U3BECTHDI U IIPE/IIIO0JIO-
JKEHO KOe-Kakue M3 HUX I1epeBoAuTb. OXOoT-
HUKOB Ha 3TO /IeJI0 Y’Ke JIOBOJIbHO MHOTO, B
TOM YHCJe Kak pa3 W W3 pPabOTaBIINX B
Amxnpe. Bprbop He Tak mpocT, a BOMPOC O
TOM, TIEPEBOJINTD JM Hanbosee «MOAEPHUCT-
ckue» — TeM 6osee. Bo BeskoM corydae yue6-
Hukn Bpuapa, yaocromsuimecst XBamreGHOTO
npeucaosust JluxueposuuaZ®, cojepsKar Ta-
kue Tpyobie omubKu, 4yTo caM JInxHepoBUY
04YeBU/HBIM 00pa3oM uxX He uyutas. Tem He
MeHee, S TOTOB W CaM II03HAKOMUTBLCS C
KOHKPETHBIMH U MOTUBUPOBaHHbIME (B OTHO-
meHun BbiGopa) npemioskenusivu B.11. TTy-
rauesa’ n mepeaTb MX B M3AATETHCTBO /IS
CpPaBHEHUS C JAPYTUMHU.

2. Ilo noBogy Maremaruyec-
KHUX HIKOJI MJIET HEKOTOpasl He-
SBHAST JIICKYCCHS B BepXax.
Hanpumep, MuHHCTpP THpocBe-
menuss CCCP u mMunumCTp
PCDOCP 1o Bceil BuamMocTu
3aHMMAIOT HECKOJbKO PasHbIe
nosuiuu. M3noxy noJsoxenue
B IIOPSI/IKE IIUPOTHI PA3HbIX Ha-
YMHAHUN.

A. DbeccriopHo mnpusHaercs
HEOOXO/IIIMOCTD Pa3BePTHIBAHI
(baky IBTATUBHBIX 3aHATHI TIO
BBIGOpY yuammnxcs. [lasa HEX
MBI COCTABIIN IPHMEPHbIE IIPO- 3
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rpammbl (GKypHas «MateMartuka B IKoJIe» ),
U311 MHOTO MaTeprasioB (TOT ke sKypHaJl,
sorxosmii 8 300000 ax3.). TotoBaTcs cre-
IuasibHble cOOPHUKK Marepuanos (Tuma j1o-
MOJTHUTEIBHBIX TJIaB YYeOHWKOB ¥ Habopa
3aga4, Toke THpakoM B 300000 sx3.). Mnue
KaKeTcsl TepBOi  0OS3aHHOCTHIO KaXKIOTO
VHUBEPCUTETA U MEArOTHIECKOTO HHCTUTYTA
IIOMOYDb PAa3BUTUIO 3TOW (PopMbI PaGOTHI B
cBOeM Topoje u cBoelt obaactu (Jekiuu u
CeMUHAPDI JIJis yYUTesell, MECTHbIE U3/IaHusl,
JIEKIIH 10 TeJIEBUIEHUIO, HEIIOCPE/ICTBEHHAS
pabora B IIKOJIAX CTY/IEHTOB B BUJIe HOBOTI'O
BU/IA [1€IaTOTUYECKOil MPAKTHKU, OPraHn3a-
ST MECTHBIX JIETHUX (PU3NKO-MaTeMaTHiec-
KX IIKOJI B JIATEPSIX /IJIST CTAPIITHIX MIKOJbHI-
KOB).

B. Ilonoxernne o (akyTbTaTUBHBIX 3aHS-
TUSX TPEIyCMaTPUBAET, YTO B MHOTOKOMII-
JIEKTHBIX MIKOJAaX MPU HAJIUYMH HAJJTesKa-
NIUX YCJOBWIT 6 4aCOB OCHOBHBIX 3aHATHH 1
2 yaca ¢akyJbTaTUBHBIX MOTYT ObITb 06be-
JIMHEHDbI B OJIHOW U3 TMapaJuiesieil B eIUHbIN
kypc. Ho 3zeco eme nenio uzger o pabore ¢
npumepo 30% MIKOJIBHUKOB 6e3 GOJIbIIOT0
orbopa u TeM 6oJiee — KOHKYPCHOTO.

B. IIxoJbl ¢ BBIYUCIUTEIBHON CIIeIan-
3armmeil HUKeM He YIIPa3IHEeHbl, HO CYIIEeCTBY-
€T JIOBOJTbHO CHJIBHOE CTPEMJIEHUE paspe-
MIaTh UX TOJBKO TaM, T/Ie UX CTICITNATN3ATIHS
peasbHa U obecieueHa TeEXHMUCCKH.

IToxa ne pewtennl kak caenyer sajgaun A, b
u 3agaua I (0 KOTOpo# mamee), s CKJIOHEH
BCSTUECKU 3AIUIIATDh CYULLCMBYoujue 1IKo-
JIBI C BBIUMCJIUTEIbHON ClIeIaan3alimei jaxe

1.Efenaisia 4afaacdo i 6-aieeaie géiel
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B TeX CJydYasX, KOTJa 3Ta BbIYMCJINTEIbHAS
cnenuanusanus B Hux ¢ukrusna. Ho korzpa-
60 OT TOTO CJIEAOBATO OBl OTKA3ATHCS.

I'. Tlocremennoe pacmmpenne cetn Gu3n-
KO-MaTeMaTHYeCKUX ITKOJ C OTKPOBEHHO KOH-
KYPCHBIM HaGOpPOM TOPMOBWTCS M3-3a Psijia
MOOOYHBIX OOCTOSTENLCTB U BBICKA3BIBAHUI
MIPOTUB HUX HEKOTOPBIX BECbMa aBTOPHUTET-
HBIX JIIOJIeH, a OTYaCTH U OT HE3/I0POBOTO UX
pexnamupoBanug (ocobenno Hosocubupce-
KOii mKouibr) . IToKa mmpe B 9TOM OTHOIIEHUI
[pysus, Apmenus, JlutBa (MMEIOT 110 IIKOJIE-
untepHary). K coxkasnenunio, B Mockse Bce
3a/IepP’KUBAETCS BOIPOC 06 OKOHYATEJbHOI
JIETATM3AITIN [ITKOJI, AHAJIOTHYHBIX (DHU3. MaT.
HIKOJIAM-MHTepHaTaM, /g MockBuueit. Ho
(axkTuyeckm xopomas 2-9 u 6oJiee COMHU-
TeJabHas 7-g TIKOJBI CYMIeCTBYIOT. Taxmx
MIKOJI HaJI0 He CJIUIIKOM MHOro, M.0. 20-30 Ha
Becb CCCP. 4 yxe HeolHOKPATHO TOBOPHI,
YTO TOTOB B JIIOGOH MOMEHT MO/IJIEPKUBATD
OTKPBITHE Tako#l mKoJabl B Bopouexe (B
caydae BopoHeka — cMeliaHHON — HHTepHa-
Ta JIJIS1 HECKOJIbKUX 06JIACTEll M KJIacCOB st
roposkan). ITpu noddepixre mecmuvix opza-
Huzayui M.6. 3T0 MOKHO ObLIO ObI OCyIile-
CTBUTD W /IO pelIeHust o6IIero BOIpoca.

[uckyTtupyercs BOIPOC O TOM, € KaKOro
KJIacca HaumHATH MoI06HoE BhIleeHue. [1po-
THB HAYAJIA panee 60CbM020 KAACCA 5T CTA 6bI
Bo3paxkatb. MbI B MOCKOBCKOM HWHTepHAaTe
BITOJIHE Y/IOBJIETBOPEHDI HAYATIOM C 0€GsIMO-
20, XOTUM TOJIbKO 3aBECTU 3A0UHY10 TIOITOTO-
BUTEJIBHYIO IITKOJTY [IJI1 BOCBMUKJIACCHUKOB 1
XOTHM IIUPe Pa3BUBATh HAOOD yepe3 JeTHUe
garepu.* B aTOM rofy s caMm BeJ JIETHIOIO
HIKOJIY JIJIsl OKOHYMBIINX BOCEMb KJIAcCOB B
WBanosckoit u dpociaBckoit o6mactsix. Mbr
U3 Hee B3s/IUM B MHTEPHAT 1e/blii kaace (27
4eoBeK).

Terepb 0IMH BCTPEUHBIN BOMIPOC: MBI TTOJI-
TOTOBUJIN BCTYTIUTEJbHOE 3a/IaHNe JIJIST 3204-
HOH TITKOJIbI BOCBMUKJACCHUKOB. lIBaHOBC-
KUH TelaroTnYecKnii MHCTUTYT B3$1JICS BECTH
LEepelucKy 110 9TOH MLIKOJIe C ydyallUuMUCcs
MBanosckoil u SIpocaasckoii obmacrein (me
u3 caMux 06JIACTHBIX TOPO/IOB, T'/le eCTb 0Y-
Hble BevyepHHe OHOUIeCKHe MKoJbl). He
BO3bMeTCs i BopoHesk Ha GJmKalimii 1o/
3a aHajJoruyHoe Jejo 1o BopoHexckoil n
M.6. eme Kakoii-nmu6o ob6maactu? Ilumnry wa

3aMom 200, TaKk Kak Jlajee, BOSMOKHO, Bbl
He 3aXOTHTE OBbITh TOJHKO HAIINM (DUINAJIOM.
Baw Koamozopoe

KommeHTapumn

1. Cesmum I'puroppesuy Kpeiin (1917-1999) —
yuennk H.H. Borosio6oBa, u3BecTHbIll MaTeMa-
TUK W TIeJ[aroT, JIHUJIeEP BOPOHEXKCKOW MaTeMaTu-
YECKOI TITKOJIBI.

2. Anppe Jluxueposuu (1915-1998) — dpan-
my3ckuit Mmaremaruk u ¢usuk. Ymien [Tapuxckoii
akazemun. Cioxer ¢ yyeOHukamu Bpuapa o0yc-
qgosaen nHTepecoM A.H. Kosmoroposa x 3apy-
6EKHOMY OIIBITY B CBSI3U C IIPOBOJIUMOI B 3TO
BpeMs pedopMoil MaTeMaTH4ecKOro 06pa3oBaHus
B CCCP.

3. Bopuc ITasiosuy ITyraues (1923-2010) —
JIOLIEHT BOPOHEKCKOTO yHUBEPCUTETA.

4. Ora momnbiTKa Oblaa peannsdoBana B 1968-70
rogax, HO 3aTeéM II0 TEM WJW WHBIM IIpUYNHAM HE
HOJIyYHJIA PA3BUTHS.

Mucbmo’ A.N. TuHskoBy
(1968 r.)

TI'ny6oxoysasxaemviii Anexcandp Ilasrosuu!

OrBeyato Ha HeKOTOpble Baimm 3ampochr
TOJIBKO ¢ OOJbIIUM omo3ganneM. I Mor Obl
npuexatb B CuM@eponosb B cpoku BOJIU3N
cryaendecknx Kauukya (24 susaps — 6 des-
passt). TToeska IIaHUPYETCs KOMILIEKCHO.
Tax kax s1 106110 MOpe, XOTs1 6bI U HE OY€HD
[IPUBETJINBOE, MEHS 3aHMMaeT, Halpumep,
3UMHEE PacluCaHue CyJ0B, KOTOPHIE J0CTa-
B Obl Mens w3 Aarer B8 Cyxymu. Ho
BO3MOJKHO U Tiprcniocobenne Kk Bammm y06-
CTBaM C TeM, YTOOBI MOKHO OBLTIO BCTPETUTb-
¢ ¢ yuutenrsaMu o0JacTu ¥, MOXKeT ObITb,
noracTb Ha <«ceccuio» Bameit MAH.

Bo3MOKHO, 4TO KaK cTapblii >KUTe b Kpbi-
Ma Bbl MOkeTe oka3aThb HaM CO/IEHCTBHE ellle
B 0/IHOM oTHOIIeHUK. Ham maTemaTuyeckue
wkoabHukn (13 unreprara Ne 18 pu MT'Y)
B 1966 roay paborasu jerom okosio 20 jHei
B CTEIIHOM COBXO03€ OK0JI0 EBnaropuu u Ha
3apaGoTaHHbIe IEHbTH TPOXKUIIN etre 16 aaeit
B COOCTBEHHBIX Tasnatkax B 6yxrte Jlacmm,
mosydas 3a 90 Kom. ¢ uesoBeKa B [I€Hb
MUTaHWe B TMMOHEPCKOM Jarepe. AHAJIOTHY-
HOE TPYJI0BOE HaUMHAHKE ObLIO TPOBEJCHO B
1967 romy oxos0 AHambl B COBXO3€, T7i€
pabotator cryineatol MIY. Ceituac y Hac
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JIOCTATOYHO <«CBOUX» CTYJeHTOB (13 OKOH-
YUBIIUX MHTEPHAT U C OIIBITOM C.-X. JIETHEN
paGoThl), ¥ MbI HPEANOYHTAN Obl JIOTOBO-
PUTBCS ¢ KaKUM-JIN60 COBX030M B Kpbimy
CaMOCTOSITEJTbHO WJIM COBMECTHO C KaKWMMU-
JI60 XOPOIIO OPTaHU30BAHHBIMEI KPBIMCKH-
MU ITKOJbHUKAMN 3Ke. VI3 HammX cTy/1eHToB
€O KOJbHUKAMU (KOHYMBIIMMY JI€BATBINA
KJ1aCC) TIOE/LYT TOJBKO T€, KOTOPBIX MbI OTOe-
peM KaK TPUTOAHBIX JIJIS BOCHUTATEJIbHON
pa6orel. Pacrosiarath Tpy/10Boii Jarepb psi-
aoM ¢ BauuM yueGHbiM (faxe ecan Gbl 910
GBLIO BO3MOKHO B MaslopedeHcKe) 110 TIOHAT-
HBIM coo6pakeHusiM He 1esiecoo6pasno. Ho
[IocJle OKOHYAHMS TPYJOBOIO IE€pUOJa Mbl
npuexaan Obl B JIETHUH yueGHBIN Jarepb
MAH co cBoum aBroGycoM (M ByMsI aBTO-
GycaMu) M CBOMMM TTaJaTKaMu B rocti. Bee
HaunHanue MbicauTcs Ha 20-30-40 mxoabHN-
KOB M C HUMU 10 /IeCATKA CTY/IEHTOB.

Kpome toro, y Hac Hanmch 6bI OXOTHUKHI
Ha CKPOMHO OITaunBaeMyto (B CMbICJIe KOM-
HeHCAIMU JIOPOTH U TPOXKUTHS) paGoTy Ha
APXe0JIOrMYECKUX PACKOIIKAX UJIU B F€0JIOTU-
YeCKOM IapTHUU: Mbl COBCEM HE CTPEMUMCS K
TOMY, 4TOOBI W JIETOM HAIIM HIKOJbHUKI
CJIMIIIKOM MHOI'O 3aHMMAJIUCh MaTEeMaTHKOM.

S moHumalo, yTO B 9TOM CJyyae § Ipe/la-
railo Bam He peasbHYIO TIOMOIH, a CKOpee
HOBBIE 3260TbI O HAC, HO M.6. Bce HAUMHAHWE
O6yZieT B KaKOW-TO Mepe TOJIE3HBIM W ISt
MAH c¢ uncro MOpaJbHON CTOPOHBI; MOy T
caMble JIydlide Haim pedsita He TOJbKO B
CMbICJIe MAaTEMATHKH, HO ¥ B CMbICJEe 00IIie-
CTBEHHO aKTUBHOCTH.

ITHUM JIETOM 1 PYKOBO/IUJI JIETHUM JIarepeM
ITKOJIbHUKOB  VIBanoBcko# 1 SpociiaBckoii
o6sacteii Ha Py6ckom o3epe 1101 MIBaHOBBIM.
[Tpu oxroBpementom coctase (90 yenoBex n3
KOHUMBIIINX BOCBMON KJIaCC W SICHOU IeJ1
ot6opa B MOCKOBCKYIO KOy 30-1 4es0BeK )
3aHATHS, €CTECTBEHHO, 1IIJIM JJOBOJIBHO MHTEH-
CWBHO U CHCTEeMaTH4YHO. BripoueM, o6s3aTein-
Has HArpy3Ka COCTOSIA U3 TPEX YaCOB YTPOM.
Kaxaplit leHb HauMHAJICA C KOPOTKOMH JIeK-
1IN JIJIS] BCEX 110 OJTHOMY U3 [IBYX IIPE/IMETOB
(<amre6pa» — KomMOropos, <«reoMerpusi» —
C.B. CmupHOoB?), KasK/blil JEKTOP HPUXO-
JULT 4epes JIeHb ¢ 6pUrajioil U3 1IeCTu CBOUX
HOMONIHUKOB (B OCHOBHOM W3 CTY/ICHTOB
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ApocmaBckoro megarornYecKoro MHCTUTYTA,
KOTOpBIE CHJIETH Ha 0c000i 60KOBOIT CKaMeii-
Ke Ha JIEKIMH, a [OTOM Pa3BOJMJN CBOUX
HMUTOMIIEB JIJIS 3aHATHI B KJaccax). Matepu-
aJIBI TKOJTBI ceifuac TOTOBATCS ST N3/IaHUS
B BuJie HeOOJIbIION KHIKKY . DL, KOHEUHO,
U JIOTIOJIHUTEJIbHDBIE KPYJKKOBbIC 3aHATHS
nocJie o6esa. Komanjia ctyienToB Oblia elie
TeM XOpOIla, YTO COCTOSIJIa M3 XOPOIINUX
CTIOPTCMEHOB U Jaske MoOenaa B KOMOMHI-
posanHoii sctadere (Ger, 3a6pacbiBanne MsUYa
B ceTKy, 6Ger, rpelis, miuaBanue, 6er) KoMaH-
[Ty WHCTPYKTOPOB (DU3KYIBTYPBI CTy/I€HYEC-
KOTO Jiarepsi.

Bbl nomMuuTe, 9TO S BCerga roroB Kak-an60
[IOMOTaTh OPraHU3AIMK TaKOU 60JIee 1eseyc-
TpeMJIEHHON paboTbl ¢ Banmmmu mKoIbHIKA-
MH. ITO He 3HAYNT, YTOOBI S OTHOCHUJICS
OTPHUIATENBHO K 60Jiee THOKON OpraHu3ainm
Bamux c60poB, HO TPOCTO JIPYTOW CTHJIb
MeHs1 GoJibllie TMpuBJeKaer. BrpoueMm, Tpu
«OJIUMITHA/IbI> TI0 cy660TaM Mbl TIPOBEIH B
COOTBETCTBUU C CHCTEMOI, KOTOPYIO 5 3aUM-
crtBoBas B MAH.

Baw Koamozopoe

KommeHTapumn

1. IlmcbMO TPOJOJIKAET <«KPBIMCKMH ITMKJI».
A.H. Kosmoropos ouenb o611 KpbiM, HeoHOK-
patno, Haunnasg ¢ 20-X rojioB, ero Iocemasa u
xopoio 3Han. B 60-e ro/pr O TPUIOKNI MHOTO
YCHJINT /171 OPTaHU3AIUY JIETHUX 1T0€3/I0K YUeHU-
xoB OMIII B Kpbim.

2. Cepreit Bacuapesna Cyvupros (1911-1979)
— MareMartuk u negaror, ¢ KotopbiM A.H. Koamo-
TOPOB TO/JIEPKUBAJT JVIUTEJILHOE BPEMS JIPYsKec-
ke csg3u. PaGoran B VIBaHOBO BMecTe ¢ BBIIAIO-
mumes yuennkom Anjipes Hukosaesnua — akaze-
mukoM A.W. ManpuessiM. OprannsoBaJs IepByio
B CTpaHe IOHOUIECKYIO MaTeMaTHYECKYIO IITKOJY B
1959 rony. Houb Oubra CepreeBna CmupHOBa
paGoraysa B MMIII, npernoaBaia MaTeMaTHKY .

ITy6auxauus nodzomosaena
no mamepuaram A. A6pamosa



SANJAYHUK «KBAHTA»

3a[a4u
Mo MaTeMaTuke 1 Musnke

Jror pasaen Begercs y Hac U3 HOMePa B HOMEP ¢ MOMEHTa OCHOBaHUS XypHana. [lybnvkyempie B
HeM 3aAa4Yy HeCcTaHAapTHbl, HO A/ UX peleHus He TpebyeTcs 3HaHui, BbIXOJAMNX 33 PaMKu
LUKO/IbHOV Miporpammsl. Hanborsee TpyaHble 3aaa4u oTMeyaroTcs 38e3404kou. [Tocre gpopmynupoBiu
3a4a4u Mbl 06bIYHO YKa3bIBAEM, KTO HaM €€ MPeasIoxul. Pa3yMeercs, He Bce 3Tv 3a4a41 ny6nkyrorcs

BriepBble.

Peluerns 3ana4 1o mMareMatvike v pu3nKe U3 3Toro HoMepa C1e4YeT OTrPas/sAThb 10 /1EKTPOH-
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBeTCTBEHHO WJ/IN 110 MTOYTOBOMY aAPECY:
119296 MockBa, JleHuHCckmii npocrekT, 64-A, «KBaHT».

YaroBus kaxgovi opurnHanbHod 3agayqu, npesaaraemMon 4 nybnavkayuy, BMecte ¢ Bawwwim
peLueHnemM 3Tov 3a4a4yu MpPUCbISIaUTe 1o TeM XXKe aapecam.

3anaun M2754 — M2756 npeanaranace Ha VIl KaBkasckovi maremaTuyeckon onumnmage.

ABTop 3apay @2761-®2764 - C.Bapnamos.

3apaun M2754-M2757, ®2761-D2764

M2754. Hazap BbIGpaJs /iBa BEIIECTBEHHBIX
yucsga ¢ W b W Hammcan Ba yPaBHEHUS:
- +at =0uxt =245 + b = 0. Jo-
KQ)KHUTE, Y4TO XOTsI ObI OJHO M3 ITUX yPaB-
HEHWI MMeeT BEeIeCTBEHHBI KOPEHb.
H.Azaxamnoe

M2755. Tlama u BoBa urpatoor B uUrpy, 1o
odepey 3ayepKuBasg KJeTKu jgocku 3x101.
WNexogno Ha 1ocKe 3aU9e€pPKHYTA TOJBKO T1EH-
TpaJbHas KJeTKa. 3a OAWH XOJ UTPOK JI0JI-
JKEH BBIOpaTh QMAroHa b (B AMArOHAIHI MO-
skeT ObITh 1, 2 mian 3 KJIeTKH) u 3a4YEPKHYTb
B Hell Bce elle He 3aYepKHYTbIe KJETKH.
KaskapiM xooM fo/KHA OBITD 3a4epKHYTa
X0Ts1 ObI OjiHA HOBast KJeTKa. [IpourpbiBaer
TOT, KTO He MOXKeT cjesaTh xoj. Hauunaer
[Tama. KTo n3 urpokoB MOKeT BbIUTPATh BHE
3aBUCHUMOCTU OT XO/IOB TPOTUBHUKA?
H.Egpemos

M2756. a) Boisicaute, MOTYT JIYl /17151 HEKOTO-
poro BbIIyKJI0TO 1ectTuyroibinka ABCDEF
OJ/IHOBPEMEHHO BDBIIIOJHATHCSI TPU HepaBeH-
cTBa:

LABD + ZAED > 180°,
/BCE + ZBFE >180°,

ZCDE + ZCAF > 180°.

6) Tor »xe BOIPOC, €CIU JONOJHUTENBHO
M3BECTHO, YTO B IIECTUYTOJbHUKE JHATOHAJN
AD, BE n CF niepecekaioTcs B OJTHOH TOUKe.

M. Cazagpuan, 11.Koxeenuxos

M2757. ano npocroe uucao p. ITo okpy:x-
HOCTH CTOSAT P IIEJBIX YHCeT. 3a OIUH XOJ
pasperaercst BBI6paTh HEKOTOPOE T1eJI0e YNC-
Ji0 k ¥ 3aMEeHUTD UMeIOIuiicss Habop 4y, . .., a,
Ha HabOp UHCeN dy = dy, @y = Qyypy--nrpy —
— 4 (mHzIEKCBI GEPYTCS IO MOJLYJTIO P, T.€.
a; = a;_p).
a) Jlokaxkute, 9YTO MOCJE BBIIOJHEHUS P
TAKUX XOJOB BCe 4YHCJA HA OKPYKHOCTH
Gy/LyT KpaTHbI p.
6*) Haiizure Bece mapbl HATYPAJIbHBIX YKHCET
(m,n), n>1, LI KOTOPBIX BEPHO CJEAYIO-
Iiee yTBepsKIeHUe: [IJIsl 0600 HAYaIbHOTO
Habopa p IeJbIX YMCEeJ IOCJE BBITTOTHEH
JIIOOBIX 71 OMICAHHBIX XO/I0B MOJTYYUTCS Ha-
60p U3 p YnceJs, KPATHBIX 7.

11. Kosxeenuroe

Md2761. Masgruuk MakcBeJia ipejicTaBJsieT
€060t KOHCTPYKIUIO U3 [1-06pa3Horo skecTko
3aKPEIJIEHHOT0 HA OCHOBAHUU TTATUBA, JIBYX
JKECTKO COEJMHEHHBIX COOCHBIX HUJUHAPOB
Pa3HbBIX JIUAMETPOB M PA3HbBIX JIJINH, & TAKXKE
JIBYX HHUTEH OJMHAKOBOW JIJIMHBI, TIPUUYEM
OJINH KOHEI[ KaK/[0ll HHUTHU 3aKpeIljieH Ha
[MJIMH/IPE MEHbIIEro AuamMeTpa, a BTOPOi —
Ha TOPU3OHTAJBHON TepeKJaJinHe MITATUBA
(puc. 1). O6a mumugpa ceIaHbl U3 OJHOTO
U TOTO 3Ke OJIHOPOJIHOIO MaTepuajia MmjaoTHO-
creiop =10 r/ em®. Coornomenne MaMeTPOB
mtnaapos Dy /D, =10, coorHomenne wux
aumas (Bostb ocu cummerpun) by /1) = 3. [lnu-
Ha Kaxxao0il BeIIpsMieHHON HuTH 10,5 D.
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Puc. 1

MaxkcnmanbHOe PACCTOSTHUE 10 BEPTUKAJH,
Ha KOTOPOE IepeMelaeTcss OCb CUMMETPHUN
HMJIMH/IPOB, paBHO ipuMepHo L = 10D, =1 m.
Macca m Takoro masgtTuuka pasia 1 xr. Magr-
HUK 3aIlyCKaeTcsl U3 BEPXHEro IOJIOXKEHUS,
KOI/la HUTH HaMOTaHbl BUTOK K BHUTKY Ha
LHUJIMHJP MEHDBIIEro JuamMerpa U CKpellieH-
Hble IUJIMHADPBI HeroABuxkHbL. IIpu nBuke-
HUW MasiTHUKA BBITPSIMJIEHHBIC YYAaCTKU HU-
Tei OCTAIOTCS MPAKTUYECKU BEPTUKAIBHBIMHU.
KaxoBo MakcmMaJibHOE HATSKEHTE HUTEH B Te
MPOMEKYTKM BPEMEHM, KOTJa: a) MAasSTHUK
omnyckaercs, 6) MasgTHUK HOJHUMAETCH, B)
MIO/TBEM OCH MASTHIUKOB CMEHSETCS Oy CKaHU-
eM, T') OIlyCKaHKe OCH B TIePBbIN pa3 CMeHseT-
csa nogbemom? Cuwnraiite, yto g = 10 M/ 2.
M2762. Yuurehb HaILYJT PE3UHOBYIO 060JI0U-
Ky MIapuKa BO3JYXOM W3 CBOUX JIETKUX U
3aBS3aJ TOPJIOBUHY 000JIOYKY y3J0M. B mra-
puke okaszasoch 10,0 auTpoB Bo3ayxa npu
temrepatype +20 °C u gaBJjieHUH, KOTOPOE
npuMepHO Ha 4% O6oJbine aTMoChepHOro.
3areM IapUK CTaJu aKKypaTHO IOJMBATDH
SKUJIKMM a30TOM 13 TepMoca. sKUAKoCTb X0-
POIIIO CMayuBaJia BCIO IOBEPXHOCTD IIapUKa,
U OH, OXJaX/asCb, OCHOBATEJbHO YMEHb-
masicst B o6beMe. OTleHNTeE, TT0 BO3MOKHOCTH
TOYHEee, MUHUMAJbHBIN 06beM MIapuka Tpu
poIoJKeHnn mosmBa. CBeJIeHNsT O cocTaBe
ra30Boii CMecH B MIApUKe MOKHO OTBICKATD B
WHTEPHETE.

M2763. DnekTpUUECKYIO IIelb coOpatu u3
KYCKOB Me/IHOU MPOBOJIOKH PA3HBIX JHaMET-
poB d u 2d v pasupix gmun L u 2L (puc. 2).
Bce yuactku 1ienu HaXOAATCS B BO3AYXE MIPH
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Puc. 2

KkoMHaTHOH Temmeparype +20 °C. BoiBojbl
nmemm A u B Ha o4YeHb KOPOTKOE BpeMs
MOJIKJTIOYNJIM K MOIIHOMY MCTOYHUKY TOKa 1
orkmounan. Cpasy mocjie OTKJIIOYEHHST KO-
POTKUIl y4aCTOK ITPOBOJIOKU GOJIBIIETO A~
MeTpa uMmes temmneparypy Ha 1°C Goublire
KOMHATHOI. KakuMmu 6b1ii B 3TOT skKe MOMEHT
TEeMITEPATYPBI ABYX JPYTUX KYCKOB IIPOBOJIO-
KU C OJMHAKOBBIM JHAMETPOM, HO pasHOM
JJIMHOM ?

®D2764. B HOBOM IIKOJBbHOM 3/@HUN Ha-
HIJIOCH TIOMelieHne, umerotiee Gopmy Kyba ¢
TOPU3OHTAJIBHBIMUA TIOJIOM W TIOTOJKOM. B
IIEHTP T0JIa 3TOTO TOMENIeHNST TTOCTABUJIN
KapTOHHBIN SANIUK, TOXKE UMerol il hopmy
Ky6a. B TouHOCTH HA/T TIEHTPOM 3TOTO STIHKA
Ha IIOTOJIKE CBETUTCSI MaJIeHbKasl JIaMIIOUKa.
Tewb oT smmKa 3annMaet 1/4 gacTpb mromaam
moJia B oMeleHnn. Ecim jaMmouky nepeme-
ctuTh HAa 1 M BHU3, TO TEHD OT AIUKA HAKPOET
Becb 10JI, a HAa CTEHAX IIPU ITOM TEHU He
6yner. KakoB o6beM 3TOTO MOMEIIeHns ?

PeweHunsa 3apaun M2742-M2745,
d2749-D2752

M2742. /lano uenoe wucao h >1. Hasosem
NOJOKUMELLHYIO 00bIKHOGEH Y10 OPoOb (1He
00A3AMENDHO HECOKPAMUMYIO) XOpowetl,
€CaU CYMMA ee UUCTUMENT U ZHAMEHATNELS,
pasna h. Cxasxem, umo uucao h 3ameua-
meavhoe, ecau Kaxoy NOA0KUMEALHYIO
00bIKHOBEHHYI0 OPOOD, 3HAMEHAMETb KOMO-
potl menvwe h, MOXKHO 6vpa3umMb uYepes
xopowue dpobu (e obs3amenvro pasiui-
Hble) € NOMOWDBIO ONePayuil CA0XKeHUs U
eviuumanus. /oxaxume, umo h 3ameuad-
meJibHoe moz0d U MmoaAbKo mozod, Ko20d 01O
npocmoe.

(Hanommnum, umo obviknosennas opobv —
MO OMHOUWEHUE Ue1020 UUCAA K HATNYPAIb-
Homy. )

CHavaja JJOKaKeM, uTO e€CJIM 72 — COCTaBHOE,
TO He JI0OYIO Jpo6b, 3HAMEHATEb KOTOPOI
MEHbBIIIe 72, MOXKHO BbIpasuTh. Ecim cpenu
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Xopomux Jpobeil ecTb COKpaTuMble, TO CO-
kpatum ux. O6osnaunm HOK 3namenareseit
BCEX IOJIYYEHHBIX II0CJIe COKpallleHUs /Ipo-
6eit yepes N. 3aMeTHM, 4TO 3HaMeHATEJH
BCEX HECOKPATUMBIX JIpoOeii, KOTOPbIE MOK-
HO BBIpa3uTh, Oyayt geautensvu N. [leii-
CTBUTEJBHO, [IJIT BCEX XOPOITUX APoGeit 31O
YTBEPsK/IEHUE BEPHO, a 3HAMEHATEN CYMMbI
WM pa3HocTu [poleii, 3HAMEHATEeNu KOTO-
PBIX SABJISTIOTCS JesutensiMu N, Takke OyayT
neautensmu N. ITyctb n jesmTcest Ha mpocroe
YICJIO p, a HATypaJbHOE YHCJIO O TaKOBO,

a+1

uro p* <n < p*". PaccMOTpHM KakyIlo-HE-

6y xopomyio apo6s ~—% vy koropoit

3HaMeHaTeJb d JIeJIUTCA Ha p. HOCKOJIbe

a<n<p*, 10 ane nemmres na p™*'. Jave-

THUM, 4TO 17 — d AE€JINTCA Ha p, II09TOMY HpOéb

n—a
MOXKHO cokpatutb Ha p. Ilocae cokpa-

a
[IeHNsT 3HAMeHAaTeIb He Oy/eT JIeluTbCs Ha

p%. Takum o6pasom, N He Oy/ieT J1eNThCA Ha

pa, cJie/10BaTe/IbHoO, leOéb o BbIpa3nuTb HE
p

MIOJIYYUTCS.
Tenepb fokaxeM, 4TO €CJU 7 PABHO IIPOCTO-
MY YHCJIY p, TO JI0OYI0 Apo6b, 3HAMEHATEThb
KOTOpOIi MeHblile 7, MOKHO BblpasuTb. Pac-

cMoTpuM 1poGb —, tae a < p. Tak Kak sra
Jpo6b BpraH{aeTaCH yepes apobu — , JocCTa-
TOYHO HAYYUTHCS BbIPaKaTh LIepesaxopoume
Jipo6u po6b é.

[ToukomabKy p mpocroe, TO YUCIA p—d U a
B3auMHO HpocThl. Kak u3sBecTHO, Hailzercs

TaKoe HatypasibHoe R, uto (p — a) k = 1(mod a).
[ycrp (p - a)k = gl +1 1S 11eJIOTO HEOTPU-
uareastoro [. Toraa

1_(p-a)k-al =kp_a—l(p—1) 1

a a a p—1
1
— Hy’KHOe HaM IIpe/icTaBJIeHne Apo6u —: Mbl
. p-a
CKJIQ/IBIBAEM R XOPOIINX Apo6eil u u3
a

pesyJbTarta BprantaeM [ (p — 1) Xopormx po-

Oeii T
P T.Ka3uuvina
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M2743. Ilepumemp mpeyeorvnuxa ABC
pasen 1 (puc. 1). Oxpysxnocms ® xacaemcs

Puc. 1

cmoponvt BC, npodossxenus: cmoponst AB 6
mouke P u npodosxenus cmoponot AC 6
mouxe Q. IIpsamas, npoxodsuwas uepes cepe-
dunvt cmopon AB u AC, nepecexaem onucam-
HYI OKpYKHOCMb mpeyzoaviuka APQ e
moukax X u Y. Hatidume oauny ompesxa
XY.

OrtBer: 1/2.

O/1HO 13 caMbIX KOPOTKUX PENIeHUi COCTOUT
B CJIEIYIONIEM. 3aMEeTHUM, YTO O — BHEBIUCAH-
Hast OKpy>KHOCTD Tpeyroapunka ABC (puc. 2).
[Iyctb J —ee nentp. Onmcannast OKPy>KHOCTb
Q TpeyrosbHuka APQ — 3TO OKPY>KHOCTD C
muamerpom AJ. lentp O okpyxHOCTH & —
ato cepenuna AJ. T'omoreTus ¢ 1eHTPOM B
touke A n koaunuenrtom 1/2 mepeBoaut
® B OKPY3KHOCTD ¢ 1eHTpoM O, Kacaiolyiocst
xopx AP, AQ u XY. 3Hauut, aTu XOP/Ibl

Puc. 2
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paBHOyJlaJeHbl OT IeHTpa O, T.e. uUMeoT
paBuble junHbl. Ho, Kak u3BecTHO, AJKMHA
orpe3ka AP KkacaTeJbHOW K BHEBIHCAHHON
OKPY’KHOCTH PpaBHa I0JIyIIepUMETPY Tpe-
yroabanka ABC, T.e. 1/2. 3ajgaua perena.
Ectb m npyrue reoMeTpuuecKue pemieHus, B
KOTOPBIX OOGHAPY KUBAIOTCS CIEAYIONINE MH-
TepecHbIe OIMICAHNS TOUEK ePeceueHNs CPe/-
Hell INHUU ¢ OKPY>XKHOCThI0 Q. OKa3bIBaeT-
¢4, TOYKa 1epeceveHus Y JeKUT Ha BHEITHe!
6uccekrpuce yriaa C, a sHaunt (B cuiy
ZAYJ =90°) Y — npoekuus sBepumnbl A Ha
BHelnHo0 6uccekTpucy yraa C. IIpoexuun
BEpUIMH TPEYroJibHUKA HAa BHYTPEHHUE WJIN
BHEIITHIE GUCCEKTPHUCHI TTOSIBJISTIOTCS BO MHO-
I'MX F€OMETPUYECKUX KOHCTPYKIUAX; 32 9TH-
MH TOUKaMM Takyke B (POJBKIOPE 3aKPEI-
JIOCh Ha3BaHMe «TOUKW M3 33J[aun 255 3a/1a4-
anka U.[llaperrunay. Kpome Toro, mpsamas
PY mapannenpna Ouccekrpuce yriaa B u
IIPOXO/INT Yepe3 TOUKY KaCaHUsI OKPY)KHOCTH
o ¢ BC.

/. Bpodcxuii

M2744. Ilpasurvnovii 100-yzoavuux paspe-
341U HA HEeCKOJbKO NAPANNEN0ZPAMMOSE U
dsa mpeyzorvnuxa. Joxaxume, umo dmu
mpeyzonvHUKU PAGHDL.

Bei6epem mponsBoJIbHOE HANIpaBJIeHUE U -
Jiee 6yJIeM CYUTATh €r0 TOPU30HTATBHBIM. Y
KasK/IOTO TTapaJijiesiorpaMMa ¢ TOPU30HTATh-
HBIMU CTOPOHAMI TOKPACUM BEPXHIOK CTO-
POHY B CWHWIA T[BET, a HIYKHIOIO B KPACHBI.
To ke caenmaem co BceMy UMEIOIMMUCS TOPH-
30HTAJBHBIMU CTOPOHAMHU TPEYTOJbHUKOB
(ecsm TPEyTOIbHUK CHU3Y OT CTOPOHBI, Kpa-
CHM ee B CUHUII, HHa4Ye — B KPaCHbI). A eciu
y 100-yrosibHUKA €CTh rOPU30HTATbHBIE CTO-
POHBI, TO UX IMOKPACUM HA060POT: BEPXHIOIO
B KPaCHbIH 11BET, a HUKHIOIO B cunuii. Terepb
Kak/blii TOPU3OHTAJbHBII OTPE30K Ha PU-
CYHKe IIOKpallleH OJUH Pa3 B CUHMI I[BET
(«cHn3y») mouH pa3 B KpacHbIit («cBepxy» ),
TTO3TOMY CHHETO ¥ KPACHOTO 1IBeTa MbI TOTPa-
Tism moposHy. Ho Besb n B Kax0M mapad-
nesorpamme, u B HameM 100-yronbauke cu-
HETO U KPACHOTO IIBETOB OBLIO HCIIOJIb30BAHO
nopoBHy. IloaToMy ecsim UX cTepeTb U ocTa-
BUTb TOJIBKO /IBa TPEYTOJbHHUKA, TO B HUX
TO>Ke CHHEr0 ¥ KPacHOro 1noposHy. IpyrumMn
CJIOBAMU, €CJIN Y OJTHOTO €CTb CUHSS TOPU3OH-
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TaJbHAs CTOPOHA KAKOW-TO JJIMHBI, TO Y

JIPYTOro eCcTb KpacHasi TOPU3OHTAJbHAS CTO-

poHa TakoH ke JIMHbI! AHAJOIMYHO JI0Ka-

JKEM, YTO OCTaJIbHble CTOPOHBI TPEYTOJIbHU-

KOB TIomapHo paBHBI. CiefoBaTeIbHO, Tpe-

YTOJBHUKU PABHBI TIO TPEM CTOPOHAM. 3aja-
Ya perieHa.

3ameuanue. Pazpe3anus u3 ycjaoBus cyle-

CTBYIOT, IPUYEM OHU MOTYT OBITH yCTPOEHDI

JIOCTATOYHO HECHM-

METPUYHBIM 00Pa3oM

(nampumep, He 00s-

3aTeJbHO BCE CTOPO-

Hbl TPEYTOJbHUKOB

HapaJiyie/ibHbl CTOPO-

Ham 100-yronbHuka,

TPEYTOJNbHUKH He

00s13aTeIbHO  06pa3yioT TapaseoTpaMM,

TIPUMBIKAIOT K ctopoHaM 100-yrombaNKA, CHM-

MeTPHUYHBI 0OTHOCHUTEbHO TieHTpa 100-yromn-

Huka). Ha pucyHke npuseeH OJluH U3 MHO-

I'MX BO3MOXKHBIX NPUMepoB paspesanus 10-
YTOJTbHUKA.

A.FOpan, FO.Tuxonos

M2745. Jlanwt 0se nociedosameivHocmu u3
oyxe A u B, 6 xaxodot us komopuvix no 100
OyKe. 3a 00ny onepauuio paspewaemcs 6cma-
BUMB 8 KAKOE-TO MECTO NOCLe008AMENDHO-
cmu (603MOKHO, 6 HAUANLO UAU 6 KOHEl)
00HY UNU HECKOABKO 00UHAKOBHIX OYKE UAU
Yyopamo u3 nocaedo8ameLHOCIMU 00HY ULU
HECKObKO noopsd udyuux O00UHAKOBbHIX
byxe.

a) Jlokaxume, umo u3 nepeoi nociedosa-
MEABHOCINU MOKHO NOJYUUMND GMOPYIO He
6oaee wem 3a 100 onepavuil.

6*) IIpu xaxom naumenvwem k uz m060i
nepeol nocaAe008aAMeILHOCINU MOKHO NOTY-
uumo 1100y10 6mopyio ne 6oaee uem 3a k
onepavuii?

a) CHavaja pelmnMM aHAJOTHYHYIO 3ajady
JUIST TIOCJIe/IOBATEIbHOCTEH W3 IBYX OVKB, a
UMEHHO JIOKa)KeM, UTO W3 OJHOW MOCTIeI0Ba-
TEJHBHOCTH MOXKHO TOJYYUTD APYTYIO HE 6O-
Jee vyeM 3a 2 onepainuu. Eciau onna us
rocJeoBaTebHOCTeN — 3TO AA, a Jpyras —
bb, y6epem Bce GyKBbI TIepBOIi OC/IE/10BA-
TeJIbHOCTH, & 3aTeM 06aBUM OYKBbI BTOPOI
[OCJIe/IOBATEBHOCTH. B MpOTUBHOM ciiydae
B TIOCJIE/IOBATENBHOCTSIX €CThb OJMHAKOBbBIE
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6yKBbI (BO3MOKHO, CTOAIME HA PA3HBIX Me-
crax). OcTaBuM B 11€PBOii MOC/IE10BATENHHO-
ctu 9Ty OYyKBY, a Apyryio ybepem. 3arteM
06aBUM B HYXXHOE MecTO OYKBY, KOTOPOI
HE/IOCTAeT JIJIsl BTOPOI [10CJIe/[0BATETbHOCTH.
Bepuemcst k iepBoHauasbHOl 3ama4e. Paso-
6beM KaKAYIO0 TOCIeoBaTeJbHOCTh Ha S0
map HoApsA NAyNX 6yKB. 3a Be orepannu
KaK/IyTo Tapy MepBoil TOCIe10BaTeIbHOCTH
MOKHO TTepe/ieIaTh B COOTBETCTBYTOMIYIO apy
BTOPOH TOCJIE/IOBATETbHOCTH.

6) Otser: 51.

Mo:KHO MOHATD, 4TO, HAIIPUMED, TOCJIeI0BA-
TeabHOCTh AAA...AA Heslb3sl TepeBecTH B
ABADB...Ab Mmenee uem 3a 51 omneparuio.
[lelicTBUTEIBHO, B IEPBOIl IIOCJIEI0BATEb-
HOCTH HOJIb 6JI0KOB U3 6yKkB B, a Bo BTOpOit
ux 50. IIpn aTOM Kask/1asT OTIepaIis YBeIIH-
BaeT KOJINUECTBO 6JIOKOB He 6osee ueM Ha 1.
A emte go/pkHA GBITH XOTSI GBI O/IHA OTEpa-
NS, YMEHBINANAs KOJIMIecTBO 6YKB A, I
Takas oInepanns He MOKET YBEJMINBATh KO-
JmaectBo 6JI0KOB U3 OYKB bB.

Tenepb foKaxKeM, UTO BCET/Ia MOKHO CIpa-
BUTHC 3a He 6osiee ueM 51 onepanuio. Bygzem
[10JIb30BATHCS TEM, UTO €CJIM U3 BTOPOIl I0C-
JIeIOBATEIBHOCTH MOYKHO MOJIYYUTD TIEPBYIO,
TO MOKHO U HA060POT.

[Iyctp 6ykBa A BCTpedaeTcss B MepBOil 1
BTOPOI TIOCTIEI0BATENBHOCTSIX COOTBETCTBEH-
HO @, M @, pa3, a 6ykBa b — cooTBeTCTBEHHO
b, =100 -a,n b, =100 — a, pa3. bes orpanu-
YeHNs OOTTHOCTHN Oy /1eM CUNTATh, BO-TIEPBHIX,
9to @y +ay <100 < b, + b, (uHave MOKHO
[OMEHSITh MecTaMi GYKBbI), a BO-BTOPbIX,
4TO @) > 4, (MHAYe MOXKHO MOMEHSITh MecTa-
MU mocJsieioBatesnbrocti). IIporecc nepeBo-
Jla TIepBOil 1OCJIeI0OBATEIBHOCTH BO BTOPYIO
BBITIOJTHUM B J[BA JTalla:

1) yjanuM u3 1epBOi 1OCIe/0BATEIbHOCTH
a; — a, 6yKB A, 4TOOBI X CTAJIO CTOJIBKO Ke,
CKOJIBKO BO BTODOII MOCJIE0BATETbHOCTH;
2) B HOJIyYEHHOH T10CIe/[0BATEIbHOCTH H3Me-
HUM KoJmdecTBa 6yKB B, crogmumx Mexmy
OykBaMU A, 4TOOLI OHA COBITAJIA CO BTOPOIA.
Bropoii aTarm MOKHO BBITIOJHUTH 32 He 6oJiee
4yeM a, + 1 oneparnumii. /leiictBuresbHo, Ha 06e
nocJieoBareibHocTH  (II0JIy4eHHY 10 T10CIe
[epBOro arana u TpeGyeMyio) MOKHO CMOT-
peTb Kak Ha IMOCJIe0BATeNbHOCTU U3 dy OYKB
A, B IPOMEXYTKAX MEXK/IY KOTOPBIMU BCTaB-

«KBAHTA »

JieHbl HOJTb uiin GoJsiee 6YKB bB; Bcero mpome-
JKYTKOB POBHO @, +1 (mosunum 10 n moce
KpailHuX GYyKB A TO)Ke CYMTAIOTCST «IIPOMe-
JKyTKaMu» ). SICHO, YTO MbI MOKEM 3a He
60J1ee YeM O/THY OIepPAIIIO IPHBECTH KOJIIYe-
cTBO 6yKB B, CTOAMUX B KaKOM-TO O/IHOM
IPOMEXyTKe, K TpebyeMoMy. 3HAUUT, 3a HE
6osiee ueM a, + 1 omepanuii MbI MOXKEM <HC-
MPaBUTh» Bce KomdectBa OYKB b Ha Te, uTo
JIOJKHBI OBITH B TPeOYyeMOT MocIe0BaTe h-
HOCTH.

OcraJjoch 10Ka3aThb, YTO TEPBbIH ATAl MOXK-
HO BBIIOJHUTD 32 50 — @, oneparuii.

yto 50-a, 20,

OrMeTum, TaK Kak

a, = %(dz +a,)< %(41 +a,) < 50. Ilpu sTom
ecan a, =50, To U3 a, < aq u a; +a, <100

nmeeM u ¢ =50. B artom ciydae mepBas
CTaJIMsI IPOTIEcCa TPUBHUATbHA — HUYETO Y/ia-
JaTh He HyXHO. [lanee pasbupaeM cuiydait
30 —-a, > 0.

byksbl B B mepBoil mocJsesioBaTeIbHOCTH
paszaenaioT OykBbl A Ha by + 1 HellpepbIBHBIX
6J0KOB 13 HyJist uin 6osiee 6yks (cunraem,
470 OJI0K U3 HyJst OYKB A o6pasyercsi, ecyiu
JiBe OYKBbI b crost psiiom 6o ecin 6yKBa
b crout ¢ kpato nocJegoBarebHocTn). Jloc-
TaTOYHO [[OKAa3aTbh, YTO MOKHO BBIOPATH HE
6omee ueM 50 — @, 6JI0KOB Tak, 4YTOOBI CyM-
MapHO B HUX ObLIO HE MeHee @, — dy OYKB A;
B 9TOM cJiiyyae Mbl 3a He Gosiee ueM 50 — a,
orepaiuii MO3KeM TIPOU3BOJIbHO YMEHDIIUTD
WM YAQIUTh 9TU GJOKK 1 T0OUThCs Tpebye-
Moro koJimuectBa 6ykB A. OTMeTHM, UTO ecyin
30 —a, 2 b +1, TO MOXKHO TIPOCTO BBIGPATDH
Bce OJIOKHM, M B HUX OK&XKETCH @y = dy — dy
6ykB A; masee pasbupaem cuaydai
50—a, <b +1.

[TpeanooxKuM MPOTUBHOE: JasKe eCJ BbIG-
patb 50 — @, HanGospumx (110 KOJMYECTBY
6yKB) GJIOKOB, B HUX CYyMMAapHO OKasKeTCs He
6osiee a; — a, —1 6ykB A. 3amMeTuM, 4TO XOTS
6bI /11 U3 BEIGPAHHBIX OJIOKOB COJIEPIKUT HE
6osiee ontoit 6yKBbI A 1o tipuniuiy Jupnx-
Jie, TaK Kak

ay—a,-1<2(50-a,) <= a; +a, <101 &

<= a +a, <100.
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Tak kak MbI BbIOpasi HauOoJIbIIHe OJIOKH, TO
ocranbubie (b +1)— (50 —a,) 610KOB TOXKE
cofiepskaT He 6osee 4eM 1o OJHOH OYKBe A;
CYyMMapHO B IEpBOI 110CJe0BATEIbHOCTH
OKa3bIBaeTcs He Goee

a; < 50.

(“1—02—1)"'((51"'1)‘(50_@)):

=6l1+b1—50=50

6ykB A. Ho MBI 3HaeMm, 4TO WX @, OTKyJa

01:

Paccrosinne AB =+d* +I?. B maGoparop-

Nd* + I?

HOW CHCTEME OTcueTa CKOPOCTH IIJIOBIIa B
IIEpBOM M BTOPOM 3allJIbIBaX paBHbBI

Ty
B atom cayuae a; —a, —1<50—a,; cHOBa

npuMeHsst npuHimn [lupuxie, mosydaem,

= 1,3 M/c,
Nd? + 12
02 =

YTO OJUH M3 BBIOPAHHBIX GJIOKOB COMEPIKHUT

HoJb OyKB A. Torga Bce ocTasbHBIE GJIOKH

TOXKe cosepskar HoJb 6yKB A. CiieroBaresib-

T,
[IocJIe/J0BATEeJbHOCTH HEe MHPEeBOCXOAUT
[IPOTUBOPEYHE.

= 0,6 M/c.

Ho, obiiee KoJu4ecTBO OYKB A B IepBOit

W3 TpeyrobHUKOB cKopocteii (puc. 2)
C
a, —a, —1, HO MbI 3HaeM, 4TO UX POBHO d,

B =0+, 0y =0+

10.Tuxonos
C

ol.-~

B

A
D2749." nosey, mpusxdv. nepenivieaem

pexy. [suxenue niosuya npamosurelnoe.

Puc. 2
A

Crxopocmv naosua 6 NO0BUKMHOU cucmeme
Puc. 1

omcyemd, C853aHHOU ¢ 80001, 80 8cex 3an-
B

6blX

JBIBAX 0OUHAK0BA NO
mody.o. B dsyx nep-

(puc. 1) A — mouxa

HaXo/JUM CKOPOCTb % IIJIOBIIa B HOZIBI/I}KHOIL/'I
3anaivleax

cHcTeMe OTCUeTa, CBA3aHHOI ¢ BOA1OIi:
o -0, Y
u = ( 170

)|

v t+uo,d

2
— | =0,45 m/c
2 L
1 CKOPOCTb TE€YEHNsI PEKH:

TeomeTpust fABM>KEHUST TIPU 3allJIbIBe HA MU-

cmapma, B — mouxa
punuwa (v — neusee-

cmnas cxopocmv meuenus pexu). Ilupuna
pexu AC =d =70 m, cnoc, m.e. paccmosinue,

1 Vd* + I
v==(0+v)
2
Ha KOMOopoe niosel, cuewaemcs 60071b pexu
K MOMEHMY OOCNUKEHUS NPOMUBONOJIOHKHO-
20 6epeza, CB = L = 240 m. [Tpodonxumens-

HoCcmb nepeozo zaniviea T, =192 ¢, npodo.-

Aa6OpamopHol cucmeme omuemd 6 nepeoM u
6MOPOM 3ANIIEAX.

=1mM/c.

JKumesvHocmv 6mopozo 3anaviea T, = 417 c.
1) Haudume cxopocmu v, u vy, niosuda 6

MAJIOHLU.

2) Haiidume cxopocmu u niosud 6 nooeux-
HOU cucmeme omcuemd, CEA3AHHOU ¢ 80001,

moveezo 3anjioled.

B mpemven 3aniviee niosey, cmapmyem u3
3) Haiioume npodosxumenvrhocmo Ty mpe-

mouxu A u 0suxemcs max, 4mo CHOC MUHU-

B.1Lmuc.

! Aptop pernrennii 3amau M2749-D2752 —

HbIi, CKOpOCTb TLIOBUA ¥, = No* —u®. B
¢unnma, AF =—
TPETLETO 3aILTbIBA

HUMAaJIbHBII CHOC IIpe/icTaBji€eHa Ha PpUCYH-

ke 3. TpeyrosbHUK CKOPOCTEN ITPSAMOYTOJIb-

aToM 3amibiBe A — Touka crapTa, ' — Touka
v

[IpopomxuTe IbHOCTD

Puc. 3

m




SAJAYHHUK

D2750. Jlenma mpancnopmepa, npeonas-
HA4eHH020 05 NodseMd ZpYy308, 00pasyem ¢
20PUBOHMANLHOT NAOCKOCBIO Y20 O md-
xott, umo sina = 0,8 (cm. pucynox). B nep-

©

- 19
e o

60M ONbIME HEGOILULYIO KOPOOKY CMABSIN HA
NOKOSULYIOCS AEHMY MPAHCNOPMEPA U CO00-
wailom KopoOKe HAUALLHYIO CKOPOCMD
0y =4 mfc. Koahpuuuenm mpenusi cxono-
sKenust kopooku no aenwme W =1/3. Aeuxe-
Hue KopoOKu npsmounetiHoe.

1) 3a kaxoe epems T nocae cmapma xkopoo6-
Ka npotidem 6 nepsom onvime nymo s =1 m?
Bo semopom onvime KopobKy cmagsm na
JAeHMY MpaAncnopmepa, O0BUXYWYIOCS CO
cKopocmuio . = 2 M/c, u cooduaiom kopobxe
ckopocmy vy =4 mfc.

2) Ha xaxom paccmoswuu L om mouxu
cmapma cKopocms KopoOK 60 61OPOM ONbl-
me ymenvuumcs: 00 u = 2 mjc?

3) Ha xaxoii evicome H, omcuumannoii om
MouKu cmapmad, ckopocmy KOpooKu 60 6Mo-
POM OnvLMe cmanem pPasgHoll Hyi0?
Vexopenue c60600n0z0 nadenus g = 10 m/c.
Bce xunemamuuecxue seaununvl uzmepevl 6
aabopamopnoil cucmeme omcuemd.

B nepBom ornbiTe paBHO3aMe/IJICHHO JIBUXKY-
masicst KopoOKa yepe3 BpeMs

%

t = =
1 g(sino+pcosa)

0,4 c

IocJjie CtapTa OCTaHOBUTCA Ha HOKOHHIGfICH
JIEHTE€ Ha PaCCTOAHUU
2

% 0,8 M

- 2g(sino+ pcosa)

OT TOYKH CTapTa. IIo yYCJIOBUIO 3aJdadu
mg sina > umg cos o, Torzaa I1ocJie OCTaHOB-
KHn KOpOéKa 6yaeT CKOJIb3UTb BHHM3 IIO JIEHTE
" 3a BpeMA

2(s-L) :\/ﬁ

c=0,26c¢
g(sina—pcosa) 15

«KBAHTA »

nepemMecTuTcst Ha paccrosiane s — L. Vcko-
MO€ BPEMS [IBUKEHUST

%
g(sino+ucosa)

T=t+t = +

2(s=1)
g(sino—pcosa)

+ = 0,66 c.

Bo BTOpOM olIbITe B MPOLECCEe TOPMOKEHHS
JI0 MOMEHTa OCTaHOBKHM KOPOOKM Ha JIeHTe
ycKopenue KopoOKH @ = g (sin oL+ pcos o),
K TOMY MOMEHTY IepeMelieHne KOpoOKH

2

2
vy — U
0 =0,6 M.

- 2g(sino + pcosa)

[Tocsie aTOrO CHJia TpeHUsT COHAIIPABJEHA C
BEKTOPOM cKopocTu Tpancroprepa. C atoro
MOMEHTa TOPMOKeHHe KOPOOKH IPOJ0JIKA-
eTcs ¢ yCKOpeHneM @, = g (sino - pcoso)ne
HavyaJbHON CKOpPOCTBIO #. B smabopaTopHoit
cucTeMe OTcueTa KOpoOKa OCTAHOBUTCS Ha
BBICOTE

uZ

H=|L+ sino = 0,75 M.

2g(sino—pcos )

D2751. Body nazpesarom na 31exmponium-
xe. Hauaavnas memnepamypa 6000bl
ty =14 °C, o6vem 6odvr V =2 1. Conpomus-
aenue cnupanu anexmponaumxu R =20 On,
cuna moka 6 cnupaau l =5 A. 3asucumocmo
mownocmu P mennosvix nomepv om epeme-
HU T npedcmasiena na pucymxe.

P,Br
300

200
100

——

0 200 400 t,.c

1) Haiioume mowpocmy P, nazpesameis.
2) UYepes Kaxoe epems T, nocie HAuaid
Hazpeeanus memnepamypa 600v. cmanem
paenoil t; = 25 °C?

Iromnocms 60dot p = 1000 KZ/MS, yoenvras
mensoemxocmy 600wl ¢ = 4200 [x/(kz - °C).

MoOITHOCTD TETIOBBIIEJCHNUS B CIIUPAIH Ha-
rpeBaTesis

P, = I’R = 500 Br.
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s pucyHka cJjeyeTr, 4To MOUIHOCTb TEIlJI0-
BbIX IIOTEPb PACTET CO BPEMEHEM I10 3aKOHY

300 - 100t

P(t)=100+
(®) 400

(Br) =

=100 +0,5¢ (Br).

3a 060l TPOMEKYTOK BpeMeHu OT t [0
t + At B OKPYKAIOLLYIO CPeAy YXOAUT KOJIU-
yecTBO Ter1oTbl AQ = PAt. Torzna 3a Bpemsa
or 0 710 ¢ B OKPYKAIOMIYIO CpPely YXOIUT
KOJIMYECTBO TEIJIOTHI, YUCJICHHO PABHOE I1JI0-
utazu noj rpadpuxom sasucumoctu P (t) 3a
Bpems ot 0 70 T:

100 +100 + 0,57
Q(T) =f

3akoH COXpaHEHUA SHEPTUM B JaHHBIX TeEII-
JIOBBIX IIpOIiecCax IMpUHUMaET BUJL

7= (100 +0,257)7.

I’Rt; = pVe(t, —ty)+ (100 + 0,251, ;.

[Tocsie 1MOACTAHOBKM YUCJEHHBIX 3HAYEHUI
(pusnyeckux BeJIMUUH NIPUXO/UM K KBaJpart-
HOMY YPaBHEHUIO

77 — 16007, + 369600 = 0,

O/INH N3 KOpHeI‘/JI KOTOpPOro

T = (8,0-27,04)-10% ¢ =
=(8,0-5,2)-10° c =280 c

ABJIAETCA OTBETOM Ha BOIIPOC 3a/[a4.

D2752. B znadxoi 20pu3onmanvHoll nioc-
Kocmu coeaana noaycghepuueckas Aynka
paduycom R, 6 Komopoil Ha 00HOM 20PU30H-
MAALHOM YPOBHE YOePKUBAIOMCsL 08d 3APsi-
sennox wapuxa (cm. pucynox). Macca

Ka:x0020 Wapuxa m, paccmosmue Mexoy
wapuxamu R. Ilapuxu oonospemenno om-
nyckaiom. Omcuumannds om Kpas LYnKu
MAKCUMATLHAS 8bICOMA, HA KOMOPYIO NOO-
HUMAaemcs 6 nojieme Ka:xKo0vlil wapux, pasua
R. Ilapuxu ompwiearomcs om eadoKux cme-
HOK AYHKU Y ee Kpaes.

2023/Ne7

1) C kaxoii ckopocmvio v 08uKemcs Kax-
Ovlil wapux 3a mezunoeenue 00 OMpvied OM
Kpas Aynxu?

2) Haiidume 3aps0 Q xaxdozo wapuxa.
3) Hatidume wnaubovuiyio cKkopocmv U, ¢
KOMOopou pacmem paccmosinue mexoy ud-
puxamu nocie evliema u3 JYHKu.
Coydapenus wapuxos ¢ 20pu3OHMAILHOU
nA0CKOCYI0 abcomommo ynpyeue. Y cxope-
Hue 606001020 nadenus g. Koappuuuenm
nponopyuoraivHocmu 6 3axone Kyaona k.

B mnozaere makcumasibHas BbICOTA IIoabeMa
2

o [
apuKa HaJl TOYKOl oTpbiBa R = —, oTciosa
2g

v =42¢gR.

[lo oTpBIBa B TIporiecce CKOTbKEHNUS TTOTEPD
aHeprum HeT, paboTa CUJI HOPMAJbHOH peak-
1IN HyJIeBast, 9HEPTUS CUCTEMBI COXPaHSIET-
cst:

Q> 0* .my>
h=—=k=—+2— +/3g9R).
R "R (e +V39R)
m02
OrTciofia, ¢ y4eToM paBeHCTBA T =mgR,

HaXOo/UM 3apA/ KayK/0ro IiaprkKa:

0=1+R /2(2+J§)% ~ 12,73 R /%

Ha Gombmux paccToSHUSAX B MOMEHTBI CO-
yIapeHus MapuKoB C TOPU30HTAJIBHOM T1710C-
KOCTBIO 3aKOH COXPaHEHWS SHEPruH MPUHU-
MaeT BH/I

riae vy =, /(2 + \/§)gR — TOPU30HTaJbHAS

COCTaBJIAOMIaA CKOPOCTHU KasKJA0T0 IIapuKa B
paccMaTpuBaeMbl€e MOMEHTDI. Paccrognne
MEJKY HTapUKaMi Ha OOJIBIIITX PaCCTOAHUAX
PacTeT CO CKOPOCTbIO

u=2u = 2J(2+«/§)gR = 3,9\/g_R.



«<KBAHT» AJd MJAAININUX NIKOJbBHUKOB

aad4l

1. HangyTca nm ceMb pasfnnyHbIX npa-
BUIbHbIX HECOKPATMMbIX Ap0ben co 3Ha-
MeHaTenamMu oT 2 0o 6 n ¢ cymmom 47

A.lllarnoBasios

2. BaHs cnoxumn kyb 3 x 3 x 3 13 kpac-
HbIX U CUHWX OpycKoB pa3Mepom 1x 1x 3.
3ateM OH Ha4an prcoBaTb TO, YTO Y Hero
nonyyunock. Korga npuwna TaHa, BaHs
ycnen packpacuTb nnb 8 U3 27 KNeToK
Ha BMOVMOM MOBEPXHOCTN HAPUCOBAH-
Horo ky0a. [TocMOoTpeB Ha pUCYHOK, TaHs
CKa3ana, 4YTo He 3HaeT LBeT NNLLUb O4HON
13 elle He packpalleHHbIX Kf1eTok. BaHs
OTBETWJI, YTO 3Ta KJeTka — KpacHas.
3aBepwmnTe BaHWH pucyHok (oTMeTbTe
oykBowr «C» CMHMe KNneTkn, bykBom «K»

3apayu 1, 3, 4 npennaranvce Ha MoOCKOBCKOW
yCTHOW onvMnuage, 3agada 2 — Ha MaTtematn-
YECKOM Mpa3aHuKe.

KpacCHble, 3HaKOM «?» KJ1eTKY, LIBET KOTO-
pon TaHs He Morfla BOCCTaHOBUTB ).
M. EBgokumosB, T.Ka3uvLbiHa

3. BHYTpW BbINYKNOro MHOMOYrofbHM-
Ka Hallnacb To4ka, KoTopas OT cepeau-
Hbl KaX[OW CTOPOHbI, KPOMEe OLHOW,
yOaneHa Ha MOMOBMHY 3TOM CTOPOHbI.

Obs3aTeNbHO M 3TO BEPHO U A1 OCTaB-
LUenca CTOPOHbI?
A.lleliHH

4. Y4eHnKkM nucann oavmnmMagy B
LBYX 3anax. H1 B OOHOM W3 3anoB He
Obino Tpex Te3ok. Y 100 yyeHnkoB Obino
OBOe Te30K B Apyrom 3ane. Y 144 yyeHu-
KOB OblNo XOTs Obl MO OAHOMY Te3Ke B
Kaxgom 3ane. Y CKOJIbKUX Y4YeHMKOB
ObII0 POBHO MO OAHOMY Te3Ke B KaXX0M
3ane? (HanoMHWM, 4TO Te3kaMu cyuTa-
lOTCA NIOAW C OAMHAKOBLIMI MMEHAMMW.)

A.lllaroBarnos

Unmoctpaumm .1 puiykoBovi



INKOJA B «KBAHTE »

JTiobrMbIv ropof,
B CUHEW AbIMKe
Taer...

A.CTACEHKO

IIOYEMY, COBCTBEHHO I'OBOPJI,

JIBIMKA JIOJDKHA ObITh CuHel? — MoayMal
Jlto6o3nareapubIil OTamgHUK. VI TyT eMy BCTIOM-
HILJIOCH OBLIOE.

Punckue n kutaiickue XpOHUKH COOOIIAIOT O
kpacnom Hebe, nHabuonasiieMcs eme B 186
rojly, KaK OKa3ajocCh, TOCJEe H3BEPKEHHsT BY JI-
kana B HoBoil 3esannu — B IPyroM moJiyiia-
pun!

He rak ysx pasno, B 1950 roay na 6osbiieit
Tepputopuu EBPOIIBI COJIHITE U JIyHA Ka3aJUCh
2021y 6bLMU: BOCTOUHbIE BeTPbI Iy n3 Kanapr,
rJle TOpeJin Jieca, — TOKe B APYTOM TIoyapun!

A mesxy atumu coGpitusivu Astekcanp Cep-
reeBuy [1yIIKUH COYMHUIT TIPEKPACHBIE CTPOKU:

Tor Bugen aeBy Ha ckase

B onexne 6enoil Haj BoIHAMH,
Korpa, Oyriyst B GypHOIi MTJIe,
Wrpaso mope ¢ Geperamu,
Korma myd mMomamit o3apsii

Ee BceyacHO 6JI€CKOM dabIM. ..

EcrectBenHo, 4To /leBa HAXO/UJIACh B 06JIaKe
Mopckux 6Gpbi3r. Ho nouemy GeJiblit cBeT MoJI-
nnit (erme Kaxoif Gesblil, 6ejiee COTHEYHOTO),
OTPA3UBIIICH OT GEJION OJIEKIbI, CTAHOBHIICS
KpacHpiM? UV HeT Jm TyT 4ero-to o6Iiero c
N3BEP’KEHNEM HOBO3EJIAH/ICKOTO BYJIKAHA, Ka-
HAJICKUMU TI0XKAPAMU M CHHUMU JIAJISIME?

Koneuno ectp. Bece nemo B MUKPOKAIIAX,
okasaBnmmxcs B armocdepe B pesyJsbrare He-
CTAHJAPTHBIX COOBITHH, — B YACTHUIAX, WJIH B
Xa0ce CryCTKOB MOJIEKYJI, KOTOPbIE PACCEUBAIOT
SHEPrHI0 IAJAlolell Ha HUX 2JICKTPOMArHHT-
noit (cBeTOBOIT) BOJIHDI.

[l nagasra BCIIOMHUM BOJIHY JAPYTo# (hpusn-
4ecKoil npupo/ipl. HUTo ecsn 3ByKOBasi BOJIHA,
paCIpoCTpaHsIoMascs B atMocdepe, BCTPETUT
CTPYHY TrHTapbl Wiu posisi? CTpyHa MOXKeT

DOI: https://doi.org/10.4213/kvant20230702

33/IpOXKATh W U3JIYYUTb 3BYK TOW >Ke JJIMHbI
BOJIHbBI UJIX YaCTOTbI, YTO U IIaJaioliasd BOJIHA.
SIpye Bcex OTKJIMK CTPYHBI MPOSIBUTCS B TOM
cJIydae, ecyii MOJOBUHA JIJTHHBI BOJHbI /1410~
1IEr0 U3JIYUYeHUsT YKJIQ/bIBAETCS 1eJI0e YUCJIO0
pa3 Ha JJIMHE CTPYHBI [:
/

—=m

A2
I[Tpoiite roBOPsi, CTPyHA 0COGEHHO OXOTHO OT30-
BETCSI HA Te YACTOTHI T1A/IAIONIET0 W3JIyYeHHs,
KOTOpbIe OHa criocoOHa usaydarb. Kak TyT He
[IpUBJIEYb IOHsITHE pe3oHaHcal MoiHO elie
BCIIOMHUTD U3BECTHBIN OIIBIT C ABYMA OAUHAKO-
BbIMU KaMe€pPpTOHaMU — JIIO6OI>)I 13 HUX OT3bIBaeT-
cs Ha 3BYYaHUE JPYToro.

[ToxosKkee TIPOUCXOIUT W TIPU TA/IEHUN DJIEK-
TpOMaI‘HHTHOﬁ BOJIHbI Ha IIapUK pajnyCOM a.
W B aTOM CJydae BasKHYIO POJIb JOJPKHO UIPATh
OTHOIIIEHUE XapaKTePHbIX JIMHEHHBIX pasMme-

a
POB, a UMEHHO an, Ha3bIBaeMoOe HH(bpaKHHOH-

HBIM mapamerpoM (yMHOKeHWe Ha 27T TI03BOJISI-

€T BBIPA3UTb 3TO YHUCJO B PaJMAHAX).

YTo6b! pacCMOTPETH B3AaNMO/IENCTBUE DJIEKT-
POMarHUTHOI BOJIHBI C HIAPUKOM, TpeGyeTcs
pemuTh cucteMy ypasuenuit /[xkefimca Kiepxka
Makcsesna (1831-1879) BHe u BHyTpHU Mmapu-
Ka W Y/IOBJIETBOPUTb YCJIOBHSM Ha cepmyec-
KOH TpaHutie JJisi HOpMaJIbHON ¥ TaHTeHI[HaJlb-
HOU KOMIIOHEHT 3JIEKTPHYECKOTO U MATHUTHOTO
noJieit. Ity 3agady pemua B 1908 roxy I'ycras
Anormpd Deomop Busbremsm Jliogsur Mu
(1868—1957). Koneuno, 7151 9TOTO OH UCIOJIb-
30BaJI He CMHYCBI M KOCHHYCBI, YacTO IPUMeHsI-
eMble MIPH ONMCAHWM KoJieOaHWil W BOJIH, a
crielajibHble MapoBble GYHKIMU — U 3TO He
YMBUTEJBHO, TIOCKOJIbKY pedb ujeT o cdepu-
YeCcKOii yacTuiie. Y IMBUTEIbHO TO, 4TO MaTeMa-
THKA ITO3BOJINJIA COBEPIIUTH YyJI0 — IIPeJCTa-
BUTH IJTOCKYIO Ma/IA0IYI0 BOJHY TOKE B BH/IE
mapoBeiX yukiuiil! TunmuyHbIl pesyabTat
MIPOCTPAHCTBEHHOTO PACIPE/IEJEHNsT PACCEesTH-
HOIT 3Hepruu 1mokazad Ha pucyuke 1. Ji0603-
HATEJIbHbIIl YUTATeJb MOXKET CaMOCTOSITEJIHHO
OlLIEHNTD 3HAUEHUE M JJIs1 0G0UX TIPUBE/IEHHBIX
npuMepoB (KpacHas 1 CUHsIst KDUBBIE) , TIO/ICTa-
BUB B IIPUBE/ICHHYIO BbIe (POPMYJy BMECTO
JUTMHBI CTPYHBI [IHaMETP IMIApUKa.

Ecan mpouHTerpupoBarb 9Ty KapTHHY 110
MIOJIHOMY TeJIECHOMY YTJIy 4T, TIOJIy4uTCsl Tak
HasbIBaeMblil Koa(duienT paccesuus Q, —
OTHOIIIEHNE CYMMAapHOTO IIOTOKAa SHEPruu BO
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Puc. 1. MnnocTpawms paccesHus 3/1eKTpoMarHmT-
HOIO U3J/1Y4eHUs Karaeu BoAb! 4/15 ABYX 3Ha4e-
HIW ANDPAKLMOHHOIO Napamerpa, kK — BOSIHOBOE
Y1cI10

BCEX HAIPABJCHUAX K SHEPIUH, Maaiolieil Ha
JIMaMETPAJIbHOE CeUeHHe Tapa. JTa BeJnYrHa
B OyHKIUU AU PAKIIHOHHOTO [TApaMeTpa pe/-
craBJieHa Ha pucyHKe 2. BujHo, 4T0 B ipe/esie
Kkpynubix yacrut (@ > L) koadduiment pac-
cestHust cTpeMuTest K iByM. Ho camoe nnTepec-
HOE 3/1eCh — HAJIMYHE «PE30HAHCHBIX» MaKCH-

-
Posieii Mu 2na
A
Puc. 2. Kos@@uumeHT paccessHn 371eKTPOMAarHuT-
HOIMO U3JTYHEHMS Ha Karasx Boabl, obnacrs mMes-
KUX Karesib — pP3/1eeBCKOe PACCesHMNE

MYMOB JIJISI «M30paHHbIX» [TUH BosiH. Coces-
HIIe MUHUMYMbI CBH/ETEJIbCTBYIOT O MEHDIIEM
JKEJIAHUM YACTHI[bl PACCEHBATD IAJlAloNiee 13-
JIy4eHUE COOTBETCTBYIONIEH JIJIMHBI BOJIHBI.

Tenepb siCHO, YTO B ITPUBEJAEHHDBIX TOITHYEC-
KHX CTPOKAX pa3Mepbl Kareab TyMaHa, HOpoxK-
JICHHBIX MITOPMOM, TAKOBBI, YTO /10 HAGTI0/1aTE-
JISL JIOXOJAT MPEUMYIIECTBEHHO KPACHbIE TOHA
U3 HEIPEePbIBHOTO 6esioro cBeta MoJHuil. Ecre-
CTBEHHO, 4eM OoJIblllee PACCTOSIHUE IIPOiiier
cBeT B paccenBawoleil cdepe, TeM cuibHee
appext. Bemomunm: xorpa Commile Haj roJo-
BOi1, He6O rosry6oe, a Ha 3aKaTe OHO KpacHoe —
Pa3JIMYHbI JIJIMHBI TIyTH B atMocdepe.

Wrak, cruxorBopenue Ilyiknna HanoMuHa-
eT, 0 4eM JOJDKeH ayMaTb JIlo6o3HaTeJbHbII
Orimunuk, HaGJII0Aas IeBy Ha CKaJie B TyMaHe
MOpcKuX Opbiar. O o/Ken yMaTh 0 Dusnke
Kos1e6anmii u BOJIH!

NPAKTUKYM ABUTYPUEHTA

[narpamma
COCTOAHUA

B.BEJIOHYYKUH

Kax usBectHO, J11060€ BEIECTBO B 3aBUCUMO-
CTH OT BHEIIHUX YCJIOBUI MOKET HaXOJUTbCS B
TBEP/IOM, JKUIKOM WJIK Ta3000pa3HOM COCTOSI-
Huu. Ecam gaBjenue Majio, a TeMmIieparypa

Ony6mmkoBano B «Kanre» Ne12 3a 1981 rogz.

BEJIMKA, BEIIECTBO OOBIYHO CYIIECTBYET B BUJIE
raza. [Ipm HuU3KOIl TeMIepaType M BBICOKOM
JIaBJIEHUH BCE BEIeCTBa IIPEBPAIaioTcs B TBEp-
qple Tesa. IIpn KakmX-To TPOMEsKyTOYHDIX 3Ha-
YeHNAX TIapaMeTpPOB CYIIECTBYET >KHIKOCTD.
CxemMaTuvecku aTo n300paskeHo Ha pucynke 1.
OcTasoch MPOBECTH IPAHUIIBI MEXK/LY 06J1acTsi-
MM Pa3JIMYHBIX COCTOSTHUI — M MBI TTIOJTy UM TaK
Ha3bIBaeMYyIO HarpaMMy COCTOSHUS BeIecTBa
B p—T koopaunarax. IIpunmoMHUM HECKOJIBKO
M3BECTHBIX (DAKTOB, KOTOPbBIE TTOMOTYT HaM B
9TOM JieJIe.

1) JlaBjenue HACBINIEHHBIX HAPOB PACTET ¢
POCTOM TEMIIEPATYPbl; COOTBETCTBEHHO, TEMIIE-
paTypa KHUIIeHUsI TTOBBINIAETCSI C POCTOM JIaBJie-
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HuA. 3HaYnT, rpanuia kujakocTb — raz (JK—T)
UJeT cJeBa — CHU3Y BIIPABO—HaBEPX.

2) Temueparypa ILIaBjaeHus a0 3aBUCHT
OT /IaBJIEHUS, TTO3TOMY TPaHUIIA TBEPIOE COCTO-
auue — xuakocts (T—7K) uger moutn Beprtu-
KaJIbHO.

3) CymectByeT 0ocobas TOUKa — KPUTHYECKas
(TKP, pr). [Tpu npubauxenun K Heii 10 rpaHu-
e JK—T cBoiictBa skuaKoct u rasa (B mepByo
o4epelb — IJIOTHOCTH) OTJIMYAIOTCS BCE MEHb-
1Ile U MEHbBIIIe; B KPUTHYECKON TOUKE OTJIMIHS
ucuesaor. I'pannia K—T B aToif Touke KOHYA-
eTes.

4) 151 Bcex BetecTB (MCKJIIOUEHME — TesInii)
nMeeTcs TPOHHAg TOYKA — TaKas COBOKYITHOCTD
rapaMeTpos (TTp, Prp ), IIpU KOTOPOH cocylie-
crByior Bce Tpu (asbl (kuakas, TBepaas u
razoo6pastas). Eciu T < Ty P < Prp» TO KU~
KO€ COCTOSTHIE HEBO3MOXKHO, BO3MOKHBI TOJIb-
KO TBep/I0e 1 razoo6pasnoe coctosinus. Cue/o-
BaTEJIbHO, CYIIECTBYET TPAHUIIA TBEPIOE COCTO-
anne — ras (T-T). A Tak Kak Ipu HH3KHX
TeMIeparypax, MdajJeKuX OT KPUTUYECKOI
(T < T,;), pasmuune MexTy SKUIKUM U TBep-
JIBIM COCTOSTHUSIMU TOPA3/[0 MEHbBIIIE, YeM MeK-
/Iy HUMU U ra3oM, rosejieHue rpanuibi T—T
moxoxke Ha moBezienne rpanuiibl KT

Wrak, BuA auarpaMMbl COCTOSIHUSI JIOJIKEH
6BITD TIPUMEPHO TAaKUM, KaK HAa PHUCYHKe 2.
Oo6parure Baumanue: rpanuia T—7K mpoe/e-
Ha B TpeX BapuanTax OOGbIYHBIN Bapuant — | —
TeMIlepaTypa TJIaBJIeHUsS PacTeT ¢ POCTOM /1aB-
Jernst. Ho 171 HEKOTOPBIX BEIIeCTB, HAIPIMEP
BUCMYTa WJIH OT/IEJIbHBIX COPTOB uyryHa, T, C
pOCTOM JaBJeHUs Tajgaer — Bapuant 2. Jlis

Boztb1 T}, MajiaeT 10 faBenmii mopsaka 2 - 108 Ila
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(2000 arm), a 3areM HauMHaeT pacTH — BapH-
anT 3.

KagecTBeHHO 3aBUCHMOCTb TeMIIePaTyphI
(daszoBoro nepexoga (Tak Ha3bIBAIOT MEPEXO[]
BEI[eCTBA M3 OJHOTO COCTOSIHUSI — TBEPJOTO
JKUJIKOTO UJIH Ta3000pa3HOTO — B JIPYyroe) ot
JIABJIEHUST MOYKHO TIOHSTD, OTINPAsiCh HA O/INH 13
Haun6oJiee 06IINX 3aKOHOB ITPUPO/Ibl — TPHHITHUII
Jle lllatenbe—bpayna. Heckosbko ynporieHHO
€ro MOKHO c(OPMYJIMPOBATH CJAEAYIONUM 06-
pasom:

Bcesikoe enewnee gosoeticmeue 6vi3vieaem 6
cucmeme u3MeHenus, ymenvularwue ppexm
9Mozo 8030eUcmausl.

Tak, ecam HaCDHIEHHbIE TTApbl HAXO/ATCS B
PaBHOBECHH C JKUIKOCTBIO, TO TIPH yMEHBIIIe-
HUM o0beMa, 3aHMMAEMOTO CHCTEeMOIl, JaBJe-
HHUe I[apoB HAa4YHET MoBbImIaTbes. IIToTHOCTD
JKUJIKOCTH  OOJIbIlle TJIOTHOCTH T1apos. Ecum
4acTb MapoB CKOH/IEHCHUPYETCSI, MJIOTHOCTD, a
3HAYMT U JIaBJIEHUE OCTAIONINXCS T1APOB, YMEHb-
mmresi. IDdeKT BHEIIHEro BO3/eiicTBUs vac-
Tuuro (a ecau TeMmeparypa MoJepPsKUBAETCS
MOCTOSTHHOM, TO W MOJHOCTBIO) CKOMIIEHCHPY-
erca. CuenoBaTesbHO, HEMEIJIECHHO HAYHETCS
3TOT KOMIICHCUPYIOITHI TIpoliecc — KOH/EeHCa-
st mapoB. UToGbl BOCHPENSTCTBOBATH KOH-
JIeHCAIN, T.€. 9TOObI BCe-TaKK MOBBICUTH /1aB-
JIeHne 1apoB, OYeBHU/HO, HAJIO MOBBICUTH TeM-
HepaTypy CHCTEMBI.

Takum 06pasoM, omupasich (KpoMe NPHHIH-
na Jle Mlareape—Bpayna) TobKO Ha TOT (akT,
YTO MJIOTHOCTDb JKHMJIKOCTH GOJIbIIE MJIOTHOCTH
napa, Mbl TIPUIILIA K BBIBO/LY, 4TO 60JIee BbICO-
KOMY /IaBJIEHUIO HACBIIIEHHbBIX IAPOB OTBEYAET
6oJiee BBICOKAs TeMIIeparypa.
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Yaie Bcero Hac MHTepecyeT [epexoj| Mu/jl-
KOCTb — Ta3, UM Mbl B OCHOBHOM H OyjeM
3aHUMATDLCL.

[Ipesxe Bcero o6CyM HEKOTOPbIE OCOGEH-
HOCTH IIOBeJleHUsI HACBIIEHHOro I1apa. 3aMe-
THM, B 4aCTHOCTH, YTO IIOTHOCTDb M JaBJIeHue
(uHOra HECKOJBKO CTAPOMOJHO HA3bIBAEMOE
YIIPYTOCTHIO) HACBHIIEHHBIX [TAPOB HE CBSA3AHBI
IIPAMOI IIPONOPLIUOHAIBHOCTLIO. BOT KOHKpeT-
Has 3a/1a4a.

3agaua 1. IIpuzomosienue nuuu 6 KAcmpIo-
Jae-ckopogapke udem npu memnepamype
t, =120°C. IIpu maxou memnepamype dasie-
HUe HACLIWECHHDLY 00SHBIX NAPOE Py =2 AMM.
Bo ckoavko pas niomuocmv napa npu 3mom
soLuLe, wem nad NOBEPXHOCYLIO Kunsueti 600bL
6 OMKPbLIMOL Kacmpioie?

B oTKpbITOI KacTploJie B/ KUIIUT 110/ laBJle-
HueM p,=1arm npu temmeparype ¢, = 100°C.
W3 ypasuenus Mengeneesa—Kiamnelipona

m
pV = MRT IIOJIyYUM BBbIPKEHHE JIJIA I1JI0T-

HOCTH:
_m _Mp
Py T Rr
[l11 oTHOIIEHNS IJIOTHOCTEH nMeeM
pp_p Ty 2-373
po p T 1-393

PesyJibrar MOHSATEH: AaBJieHUE JOJUKHO TOJI-
HATBCS B 2 Pa3a, HO HEMHOTO BBIPOCJIA TEMITe-
parypa, suauur (570 sgcHO M 13 (HOPMYJIbI
p=nkT), TJIOTHOCTb YBEJUYUJIACH MEHbIIE,
4yeM BJIBOE.

JlmarpaMmy COCTOSTHUST MBI CTPOYIIH JIJISE CJIY-
Yasi, KOTJa CUCTEMa COCTOUT TOJIBKO U3 TOTO
BEIIECTBA, COCTOSTHIE KOTOPOTO MbI AHAJIU3UPY-
em. Kak Bimsier Ha cocTosiHUE HAJMYUE TTOCTO-
ponuux BerecTB? YTo6bl pazoGparbes B 9TOM,
PEIM CJIe/lYIONyIo 3a/auy.

3agaua 2. B cocyd obsemom V = 22,4 aumpa
npU HOPMATLHOM Od8ACHUU 8030YXd U MeMNe-
pamype t, =0°C naruu 182 eodv.. 3amen
COCYO 3AKPLLAU 2ePMETUUHOU KPOIUKOU U HA-
epeau do memnepamypol t; = 100°C. Onpede-
aume dasnenue 8 cocyoe.

K coskasienuio, HepeIko MOKHO YCJIBIIIATh OT
HIKOJBHUKOB /[Ba Pa3HbIX, HO OJMHAKOBO He-
MPABUJIBHBIX OTBETA.

1) B cocy/ie naBienne Bo3myxa po=1arm, 1a
[IpY HATPEBAHUH JI0 TeMIlepaTypbl T} 0HO Bo3pa-

1,9.

T
CTET [0 BEJMYUHBI P, = py— =1 aT™. - —— =

T, 273

=~ 1,3 arM. D10 6oJIbIITe 1aBIEHIS HACHIICHHDBIX
mapos Bozbl 1ipu 100°C, 3nauuT, Boja ucra-
psaTbes He GyzieT u o0liee JaBJeHle B COCy/le
Gyzer paBHO p = p; = 1,3 arm.

2) Temmueparypa 100°C — 510 Temueparypa
KUIIEHUST BOJbI. 3HAYWT, BCS BOJA B COCY/E
UCTIApUTCS; AaBJeHre 06pa30BaBIIerocs mapa
(B kKommuecTBe 1 MO — Beb Boabl ObLmo 18 1)
HeTpyAHO paccuutaTth: 1npu T, =273 K Momb
raza B oObeme 22,4 1 co3jaer aBieHUE
po=1arm, a npu T;=373 K naBienue napa
6yner pyy = 1,3 aT™; 1aByeHne BO3yxa B cOCy-
Jle BO3pACTEeT MPH HaTPeBaHWM /10 p, = 1,3 at™,
o6liee aBJjieHWe CTAHET PaBHBIM Py =
= Pyt + Put = 2,6 aT™.

ABTODBI [1EPBOTr0O OTBETA 3a0bIBAIOT, UTO JKI/I-
KOCTb JIOJDKHA HAXOAUTBHCS B PABHOBECHU CO
€60UM TIAPOM, 3TO O3HAYaeT, uTo npu t; = 100°C
Bojia Oy/leT WCHapsTbCs, TOKa JlaBjeHne ee
apoB He JocTuTHeT 1 aTM.

HemnpaBuJien, moHsITHO, U BTOPOii OTBET, Tak
Kak gaBJenue mapos Bo/bl 1pu 100 °C He MoskeT
MOTHATDHCS BbIme 1 atM.

Nrak, B cocyae maBieHue Bo3zmyxa Oyzer
Py = 1,3 aT™M, [naBleHWe BOJSHBIX IApOB —
Py = larm (Mbl yGeaumuch, 4To Macca BOJbI
JIOCTATOYHA JIJI CO3/IaHMUsI TAKOTO JIABJIEHNS), a
CyMMapHOe [laBJieHre B cocyze OyIeT BCero
Pi =Pt + Per = 2,3 aT™.

Kcratu, xumnerp Boga mpu aToM He OyeT.
Beib kutienune — 310 1mpoiecc mapoo6pazoBaHs
HE TOJIbKO Ha MOBEPXHOCTU JKUIAKOCTH, HO U BO
BceM ee o6beMe. Eciin TemMiepatypa TakoBa, 4to
COOTBETCTBYIOIIEE €ii JaBJeHNe HACBIIEHHDbIX
apoB PaBHO CYMMAPHOMY BHEIIHEMY JaBJie-
HUIO, TO 06pa3yiolnecss BHYTPH >KUIKOCTH
My3BIPBKN TTapa He CXJIOTBIBAIOTCS BHEITHUM
JIaBJIeHNeM; JlaJibHelilllee HClapeHue BHYTPb
y3bIPHKOB YBEJUUNBAET UX 00BEM, TY3bIPbKH
BCILJIBIBAIOT, HA MOBEPXHOCTH JIOTIAIOTCS — JKH/I-
KOCTb KUIIHT.

[ToguepkueM ele pas: MCIApPEHUE TTPOMCXO-
JUAT BCET/1a, KOT/Ia Odelenue napos Hajl IoBepX-
HOCTBIO KUJIKOCTH MEHDBIIE aBJEHUS HACHI-
HIEHHBIX [TAPOB MPH JAHHON TEMIIepaType; Ku-
[eHIe TPOUCXO/IUT JIUIITh B TOM CJiydae, KOTAa
cymmapnoe dasaenue (v BHYTPHU SKUIKOCTH) HE
MIPEBOCXO/IUT [IABJICHUS HACBIIIEHHBIX IAPOB
IIPY TaHHOH TeMTepaType.

Mesxk/y npounM, Ha 3emJe TIOJHO BOJIbBI; a
OTHOCHTEJIbHAS BJaKHOCTH, paBrast 100%, T.e.
HACBIIIIEHUE BO3/[yXa IIapaMu BO/IbI, BCTpevyaer-
cst penko. [loyemy mpm m36bITKE BOJIBI HE BCS
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atMocdepa HacblllleHa BOJSHBIMU ITapaMu?
MoskeT ObITb, JOCTATOYHOE KOJUYECTBO BOIbI
IIPOCTO He yCIesao ucrnaputbea? [lasaiite ore-
HUM CKOPOCTb WHCIIAPEHUsI BO/IbI Ha IpuMepe
ele O/{HOH 3a/1aun.

3apava 3. Ouenume xoauuecmeo 600vi, UcC-
napsaoweics npu KOMHAMHOU memnepamype ¢
eOUHUYDL NOBEPXHOCTNU 8 OMKPHIMOM CINAKAHE
(a maxxe 6 pexe, 6 pyueiike, 6 okeane).
/lasnenue nacvlueHnvLx napos 600vL npu mem-
nepamype T =300 K pasno p, = 3,5 klla.

Korga Boja HaxoAuTCS B PaBHOBECHH CO
CBONUM HACBIIEHHBIM MapoM, TO OHA, CTPOro
ToBOpsl, Hcmapsiercsl. Bosee TOro, CKOPOCTD
UCltapeHuda He 3aBUCUT OT TOTO, €CTb JIK Ha/l
MTOBEPXHOCTBIO BOJBI 11ap. OHa omnpejessiercs
TOJIBKO T€M, KaKoe KOJIMYECTBO MOJIEKYJ BOJIbI
UMeeT CKOPOCTb, JOCTATOUHYIO, YTOObI TOKH-
HYTb KUAKOCTh (M MOJAXO/AIIEe HATIPABJIEHHE
ckopoctn). TIPocTo TOYHO Takoe ke KOJHde-
CTBO MOJIEKYJI IIapa IONAaJaeT B >KUAKOCTb —
CKOPOCTb UCIAPEeHUs] paBHA CKOPOCTH KOH/IEH-
caluy, CyIIeCTBYeT OuHaMuueckoe PaBHOBE-
cue. A TOICUNTATh KOJIMYECTBO KOH/IEHCHPYIO-
erocst mapa He Tak YK TPY/HO.

Yuc0 MosIeKyJ1 apa, HOMaIAIoNNX 3a e/1-
nuiy Bpemenn (1 ¢) Ha eAMHUYHYIO TLIONIAKY
(1 M%) 1IOBEpXHOCTH BOAbI, PABHO

| » [RT , ., _
2 3%\/%(““2“1)'

Macca xe I1apa, KOHACHCUPYIOHUIETOCA Ha €11~
HUIIE I1JIOIMAAN ITOBEPXHOCTU 3a €IMHUILY BpE-
ME€HU, paBHa

(N, — uncao Asoraapo).

Kax MBI JIOrOBOPUINCDH, TaKas MAacca BOJDI
HCIAPAETCS HE3aBUCHMO OT BJIAXKHOCTH BO3JLY-
Xa, T.¢. He3aBUCUMO OT COJICPKAHUS BOASHBIX
napos B Bosyxe (U4To XapakTepusyercs 3Haue-
nueM n). Ecan BocrosiHeHus ncnapsioneiics
BO/Ibl HE TPOUCXOIUT (Bﬂa)KHOCTb O4YeHb Ma-
JIeHbKaH), TO UMEHHO TaKO€ KOJIMYeCTBO BO/Ibl
UCIAPUTCA, YiileT ¢ eIMHUIIbI TOBEPXHOCTH 32
ceKkyH/y. PaccuntaeM HOHMKEHHE YPOBHS BOJIbI
32 CEKYH/LY:

poPu [M_35-10°
20VRT  2-10°

=~ 4,7-107 m/c = 4,7 mm/c.

2023/Ne7

Ha miepBbIii B3IJIS] HHYEro CTPAITHOTO B 9TOM
pesysabTate HeT. Ho BCmOMHUM, UTO CpeaHSS
ray6uHa OKeaHOB OKOJO 4 KM, 3HA4YUT, BpeMs
[IOJTHOTO UCHIAPEHUsT TOPSI/IKA 10 ¢, a aro He-
mHoruM Gosee 10 cyrok! B yem ke meno?
ITouemy okeaHbl CylIeCTBYIOT?

Ectb HECKOJIBKO 06CTOSTEIBCTB, MEIIAIOIIINX
nx ncuesnoBennio. HaumeM ¢ Menee BaKHbBIX.
Bo-niepBbix, oTHOCUTEIbHAS BIAKHOCTD HE PaB-
Ha Hym0. Ho ecan 1aske Mbl IpUMeM ee paBHOI
90%, 5TO JIUIIb HA MOPSJOK IIOHUZHUT CKOPOCTD
ucnapenus. Bo-BTOpbIX, He Bce MOJIEKYJIBI TIapa,
yAapsIoNfecs 0 MOBEPXHOCTb BODBI, OCTAIOTCS
B JKUKOCTH — HEKOTOPbIE OTCKAKWBAIOT, OTPa-
skatorest. CiiefoBaTe/IbHO, Mbl 3aBBICUJIN CKO-
pPOCTh KOHJICHCAIIUU, A 3HAYUT, U PABHYIO €il
CKOpoCTb ucnapenus. [lycTb «mpunmaers je-
caTag yacTb MoJieKy1 (4ucso, 6JIM3Koe K peaib-
HOMY, HO y:Ke saHwkennoe). Haxunem emre
MOPSIZIOK. MBI IPOAMIN JKU3Hb OKEAHOB [0
100 mreit, a MmoskHO TTpoUTh 10 1001 mus. [las
OKeaHa C ero MUJLINAp/0JeTHell CTOpHel Tpu
roja — MHUT.

Ho Bepuemcs k Hamemy crakany. /laxke c
BBelenHoit Hamu norpaskoit B 100 pas Boga u3
MTOJTHOTO CTaKaHa JOJUKHA UCTIAPUTHCS TOJHO-
CTbIO MeHbIlle YeM 3a moJsvaca. [ludpa aBHO
HepeasbHasd. B 1eficTBUTEIbHOCTH HA/J| TOBEPX-
HOCTBIO BOJBI OBICTPO 06pa3yeTcst CJIOW HAChI-
IIEHHBIX TapoB, TOYHEE — CJIOW BO3AyXa C
oTHOCHUTEJbHOI Baaxknoctbio 100%. M Toabko
/10 06pa3oBaHusl ITOrO CJIOS YPOBEHb BOJIbI
MTOHMKAETCS CO CKOPOCTBIO 4,7 mm/c. Kax tosbko
cJI0i 06pa30BaJICst, CKOPOCTH KOH/IEHCAIIUH CTa-
HOBUTCS TIOYTH PABHOM CKOPOCTH NCTIAPEHUST, U
JlaJIbHelilee MOHIKEeHNE YPOBHS BOJIBI OTIPe/ie-
JIeTCs BecbMa MeJIJIEHHBIM TTpoliteccoM auddy-
3UH TIApPOB OT TIOBEPXHOCTH JKUIKOCTH B OKPY-
JKaroree TPOCTPAHCTBO.

Brpouem, B cy/ap6e OKeaHOB IJIaBHYIO POJIb
UTPAIOT He 3TH (DAKTOPDI, 3aMEJISIONINE ICIIa-
peHune; oKeaHaM XBaTHJIO Obl BpeMeHU /IS
MOJTHOTO WcTapenus. Jleqo B TOM, YTO MbI
paccMaTpUBAJIU PAaBHOBECHBIE WJIW TIOYTH PaB-
HoBechble (KBa3UPaBHOBECHBIE) CHCTEMBI. A
3eMHast aTMocdepa — CuUCTeMa CYIIECTBEHHO
HepaBHOBecHasd. Tenuiblil BJIAXKHbBIH BO31yX
MOJTHUMAETCS B XOJIOJHBIC CJOW aTMOCQEpHI,
TaM BOJIa KOH/IEHCHPYeTCs, a Ha Ty TH K TOBEepPX-
HOCTH 3eMJIN KaIlJTi He YCIeBAIOT NCIapUTHCS.
Oxeanckue BOJBI MOTOJHSIOTCS, KPYTOBOPOT
BOJIbI B IIPUPO/IE MTPOJIOJIKACTCS.



MATEMATHUYECKHUHN KPYJXOK

BoNLweOHble
NATEPKM

A.YCTUHOB

O3bMEM YHNCJO 5555, IEPEMEM

K obparHOoMy 555357' u mocumraeM cumyc
HOJTYIeHHOTO YNCJIA, HPEIoJaaras, 4To 3TO
rpajycHas Mepa HEKOTOPOTO MAJjoro yria:

sin (5555-1)0 ~ 3,141906844 - 1075

Y auBuTenbHbBIM 06PA30M OKa3bIBAETCs, UTO
nepBble 3Havarnue Mudpbl pe3yabrara COBIIA-
JlaioT ¢ nepsbiMu nudpamu uncta T (coBnajga-
iotue UPbl BbIIETCHDI JKUPHBIM ).

Ecin naunHaTh € 4nc/a, KOTopoe 3aluchiBa-
eTcst GOJIBIINM YHUCJIOM TISITEPOK, TO COBIA/IAI0-
nwmx 1udp 6yzaer eiie 60blie:

sin (55 555‘1)0 ~ 3,141624070-1077,
sin (555 555-1)0 ~ 3,141595759 - 1075,
sin (5 555 555‘1)° ~ 3,141592968 - 10~

3agaua 1. Obesichume, nouemy npu Maxux
BHIYUCACHUAX NOABAACMNCS UUCTLO T

Ecin mocMoTperb, Kaxk ycTpoeHa IOTpeli-
HOCTD B BBIIIUCAHHBIX BbIIie (hOPMYIax, TO Mbl
CHOBA YBU/IUM IMDPBI Yucaa T

sm(s 555-1)0 —1-107% = 3,1419066793 - 10717,
sm(ss 555-1)0 —n-107 = 3,141624065 - 107",
sin (555555-1)0 -1-107 = 3,141595795 - 107,
sin (5 555 555-1)0 —n-107 = 3,141592968 - 10'¢

3agaua 2. Obsscnume, nouemy uucio T
NOSABASACMCS CHOBA.

Bosuukaer Bormpoc, 4To xe GyJeT IPOHCXO-
JIITH JlaJibllle, Korja Mbl Oy/ieM BBbIINCHIBATD
dopmysibl Buzia

sin(55557")°-n-10° - m-10710 ..
(55557

DOI: https://doi.org/10.4213/kvant20230703

3agaua 3. Bwsacnume, eécezda iu 6 maxux
Gopmyaax pesyivmam Hauunaemcs ¢ uupp
wucad .

PewieHuna 3apay

Uto06bl TTIOHATD TIPUPO/LY TOTO (POKyca, HYK-
HO TepeiiTn K yriiaM, n3MepeHHbIM B Pa/IHaHaX.

-1\o _ _TC . _1

Hampumep, yrou B (5555 ) 3TO 130 3555
1

paauan. [lecsiTuunoe pasJsoskenue apo6u 180

e % = 0,00555555... = 0,00(5), 10-

TOMYy —— ! =0,00(0001). [lmst masbx

1
180 5555
3HAYeHWIl apryMeHnTta sinx NpHOIU3UTETBHO

paBeH x. 3HAUYUT, PE3YJIbTAT BBIYNCIEHWN TIPHU-
mepro pasen 1-0,00(0001), uto u o6bsacHseT
IogBJIeHUE YucJa T B TepBbIX ABYX 3alavyax.

Yro6bl penmmTh TPEThIO 33/[auy, HAa/J0 3HATH
6071ee TOUHYIO (POPMYJIY IS Sin X MPH MAJbBIX
3HAYEHUSIX X, & UMEHHO,

. ¥ 2 )
sinx =x—-"—+—-="—

+=-...
3150 71 9l

HpI/I 60Jiee TOUHBIX BBIUYKMCJIEHUSIX CTAHOBHUTCS
3

x
3aMeTeH BKJAJ CJAraeMoro 3T Hampuwmep,

JUISL 9icJIa 5535 MbI BBIYHMC/ISAEM Sin (nk), rie
k =0,00(0001) u, HaunHAs C HEKOTOPOTO Me-
cra, HEOOXOAMMO YUYHUTHIBATh YiKe U 1Upbl
yucaa m°:

sin(5555—1)° —m10° 1070 — 107 - 1078 =

10718
3! '




OMNUMIINA/BI

3aKIIOYUTENbHbIN 3Tar
Bcepoccrmckon onmmnnagbl
LLIKOJTbHMKOB MO (hU3KKe
nmeHn I>x.Makcsenna 2023 rofa

TeopeTuyeckun Typ
7 kniacc

3anmaua 1. [lepnoauyeckoe ABUKEHHE

IIo KoJblIeBOI ABYXITYTHOI >KeJIe3HOil 10po-
re e3aarT 6e3 octaHOBOK JBa noesaa (puc. 1).
O6a nyTn MMeT /-
ay L =1xm (ormuug-
MU B UX JIJIUHE MOXKHO
npene6pedyb) M HaXo-
JIATCS HA OHOM YPOB-
He. [TepBbrii moes amm-
noit [, =300 M aBusKeT-
Puc. 1 csd  CO CKOPOCTHIO
vy =10 M/c 10 YacoBOIi CTpPesiKe, BTOPOI TT0€3/]
AMHOM [, =320 M JBHIXKETCS CO CKOPOCTHIO
v, = 8 M/c IPOTHB YaCOBOI CTpeJIKH. B 1enTpe
KoJiblta crout Habuogarenb A. HaGmogaresb
B ctonT 3a KPYroM, OrpaHNYEHHBIM KeJIe3HON
JIOPOTOii, TaK, 4To Tepe/iHIe Kpasi 0001X Moes-
JIOB TIepeceKaioT oTpe3ok AB 0oaHOBpeMeHHO.
Ha6aronatenu He BUAAT IPYT APYTa, TOJBKO
KOT/la MEeK/y HUMHU HAXOAWUTCS XOTS OBl OJUH
oes3I.

1) 3a kKakoe BpeMs T NOe3/a IPOE3KAIOT
MHUMO JIpYyT Apyra?

2) Yemy pasHbl iepuojibl asuxkenns T u T,
MIEPBOTO W BTOPOTO I0€3/1a COOTBETCTBEHHO?

3) Haiigure nepuos aBuskenns: cucreMbr T,
T.e. MIHUMAJbHOE BpeMs, 4epe3 KOTOpoe IMo-
BTOPUTCS CUTyalusi, M300pakeHHas Ha PUCYH-
Ke.

4) B redenne Kakoil yacTH 0L epro/a IBIKe-
Husg T Haburofare T BUJAT APYT Apyra?

A.3asauy, A.Ceumos

3azxaua 2. Cemp + oaun

VY reopernka Bara 6b110 BoceMb 0JMHAKOBBIX
KyOUKOB € JITMHOM pebpa 2a: ceMb C/IeJIaHbl U3
MarepyaJia IJIOTHOCTBIO P, M O/INH — U3 MaTepu-
ama mornoctsio P, (p, <p,). Bar cknenn us
HUX GOJIBINION KyO ¢ peOpoM 4a u 3a/1a1 CBOEMY
YUEHUKY 3a/la4y ONPEJEIUTh MJIOTHOCTU BCEX

Puc. 2

KyOUKOB ¢ peGpoM 3da, KOTo-
Pble MOJKHO BBIPE3ATh U3 CKJIe-
eHHOro Ky6a Tak, 4ToObl OHU
UMelu € HUM OJHY OOIIyio
Bepiuny (IpuMep BbIpe3aHus
TaKoro Ky6GrKa MoKa3aH Ha pu-
CYHKe 2 CepbIM [IBETOM). Yue-
HUIK, peltast 3a/1auy, TOJIydrI
HECKOJIBKO OTBETOB, KOTOPBIE 3amnca B BUIE

TaGJIHIIbL:
pp,rfer® | pyrfem® | pyrfem® | op,ir/em’
2,40 2,50 2,65 2,60
ps,rfer’® | perfem® | pyrfem® | pg,r/em’®
2,50 2,60 2,50 2,60

[TpoBepus Tabsmity, bar ckasan, 4ro Bce
3HAYEHUs] B Heil, KpOMe OJ[HOTO, IOCUUTAHDI
BEPHO.

1) Omnpesesute, Kakoe U3 3HAYEHHUH MOCUUTA-
HO HEBepHO, W HaWAWTe 3TO 3HAYEHNe.

2) Ompejennte MIOTHOCTH P, 1 P,

A.Escees

3amava 3. CooGmaromuecs: KyOuKH

/IBa OIMHAKOBBIX OTKPBITHIX COCY/Ia KBA/I-
PATHOTO CEYEHMs CO CTOPOHOIL 2d C BEPTUKAJIb-
HBIMU CTEHKAMHU COEJMHEHBbI B HIKHEH 4acTh
TOHKOH ropu3oHTaIbHOM TpyOKoii (puc. 3). Ha
TpyOKe yCTaHOBJICH KpaH. BHavase KpaH 3ax-

2a

P1 P2 6a

AT
0,5a i__- L/ — - v
A




OJMUMIINA [ bI

PBIT, JIEBBIH COCy/ 3amloJHeH A0 YpoBHA 6a
JKAKOCTBIO HEW3BECTHOMN TIJIOTHOCTH Py, a TIpa-
BBIIl — /IO TAKOTO YK€ YPOBHS JKUIKOCTHIO HEN3-
BECTHOH MJIOTHOCTH P,. Ko JHY Kaskporo us
COCY/IOB MPUKPEIJIEHBI HA JIETKUX HUTSAX JIJIU-
Hoii 0,5a ogmHAKOBBIE KYOUKH C JIJIUHOW pebpa
a, IpUYeM CUJia HaTSKEHWS JIeBOH HUTH paBHA
3T, ampaBoii — T. KpaH OTKPBIBAIOT, U CHCTEMA
NpUXOAUT B paBHOBecue. [Ipm aToM sxuarocTu
He CMEIIMBAIOTCS 1 U3 COCY/IOB HE BBITEKAIOT. B
COCTOSTHUU PABHOBECHS CUJIA HATSIKEHUS TIpa-
BOI HUTH cTaHOBUTCS paBHOil 2T. Otpeennte
TIJIOTHOCTH JKUAKOCTEH Py, Py, @ TAKXKe Maccy
KyOuKa m, BbIPA3KB UX Yepe3 U3BeCTHbIE BeJN-
ynnbl g, T n a.

A.Escees

3amaua 4. JKyxk Ha crepkHe
Ha pucynke 4 mzo6paskeHa cucrema, COCTO-
SITIast U3 IByX OJTHOPOJHBIX OAJIOK MaccaMu 41m
n 6m, pas/leleHHbIX INTPUXaMU Ha paBHbIE
YaCTH, JIEFKOTO CTEPIKHS JIMHOI 7/, T10/IBelIeH-
4m <ls 6

s L

M
op

<>
L H

Puc. 4

HOTO K 6aJIKaM Ha JIETKMX HUTSIX, 1 HeOOJIbIIOTO
JKYKa, HAXO/ISIIEerocs y JIeBOTO Kpast CTePIKHS.
CucremMa pacnosiokeHa Ha HEeTIO/[BIDKHOI TOPH-
30HTAJIbHOI onope jumHoit 2/. Hutn Beptn-
KaJIbHbI, GAJIKH U CTE€P’KEHb TOPH30HTAIbHBIL.

1) Ilpu Kakux sHaueHHAX Macchl M KyKa
TaKOe PABHOBECHE BO3MOXKHO?

2) ’Kyx maccoit M = M| HaunHaet Me/IJIeHHO
MeperoaI3aTb B HANPABJIEHUH IPABOTO Kpas
crepykna. Ha kaxoe paccroanne L sKyK y/1aut-
Cs1 OT JIEBOTO Kpasi CTePKHSI B MOMEHT, KOT/a
cHucTeMa BbIH/JIeT U3 MOJIOXKEHUS PaBHOBECHs?
Ornpe/iesinTe MakCUMaJIbHO BO3MOKHOE 3Haue-
Hue atoro paccrosaus L, . IIpn kakoMm oTHO-
meHnn Mace o = M, /m ono gocruraercs?

A.Kupees

8 knacc

3anava 1. Ilepemennoe ceyenue

B6mm3u Ha cocyia ¢ BOJOU MPsIMOYTOJIbHOTO
CEUEHUST MMEETCST TLIOCKAsh HETO/[BUYKHO 3aK-
perieHHasi TOPU3OHTAJIbHAST <IIOJIKA», CJIEBa,

/ Kepocun

L L

Puc 5
CIIpaBa M 110/l KOTOPOil ecTb CBOGOJHOE ITPO-
CTPAHCTBO J11s iepeTekanus ol (puc. 5). Ha
«TIOJIKE» CTOUT TSKEJIBIH IIPSIMOYTOJIBbHBII TTOP-
IIEHb, IPUCOEINHEHHDBIN JIETKOW TOPU30HTAJIb-
HOI TIPYKIHOI K TTpaBoii cTeHKe. B HavaabHOM
HOJIO’KECHUY HOPLICHD PACIIONIOXKEH Ha PAcCTO-
aaun L or o6enx CTEHOK, a HpY)KMHA He
pacrsaHyTa. Korzia B IpocTpaHCTBO MeK/Iy Tpa-
BOWl CTEHKOWl M MOPIIHEM HAJUIN KEePOCHH
Maccoii m, mopiiens cABuHyJics Ha L/3 BreBo.

1) Kakyio maccy m; KepocmHa Hago ObBLIO
HAJMUTD, YTOOBI TOPIIEHb CABUHYJCS Ha L/2
OTHOCHTEJIbHO CBOET0 HAYaJIbHOT'O [T0JIOKEHUST ?

2) Ha xkakoe paccrosthue [ cjiBUHYJICS Obl
MOPIIEHb OTHOCUTEIBHO HAYATbHOTO IOJIOKE-
HUS, ec Obl Macca HAJIUTOTO KepocuHa OblLia
paBHa 3m?

Mexy TOpIIHEM U <IIOJKOH», a TakKKe
MeJK/Iy TIOPIIHEM, IepejiHel 1 3ajiHell cTeHKa-
MU CcOCy/la JKIU/IKOCTH He TpoTeKkaoT. KepocuH
MO/ <IOJIKY» W 4epe3 BepXHUI Kpail MopIIHs
He IepeTeKaeT, a JKUJIKOCTH M3 cocy/la He
BbnBaioTcsi. CTEHKHM COCy/la BEPTUKAJBHDI.
Tpenus B cucreme Her, 06BHEMOM TIPY>KUHbBI
npene6peyb.

A.3asy,

3amava 2. PomGuueckoe paBHoOBecHe

YeTbIpe TOHKUX OJHOPOJHBIX CTEPIKHS MO-
CTOSIHHOTO CEYEHUsI, MMEIONUX PA3HbIE MAaCChI
m, 2m, 3m u 4m, HO
PaBHbIE JIJIMHDI, COC/IH-
HUJIN MIAPHUPHO U 110-
JIYYUJIT KOHCTPYKIIUIO,
npejcTaBleHHyl0 Ha @ o
pucynke 6. K Hikueit 2,
YacTU KOHCTPYKI[UH 3m
HO/IBECUJIH TPY3 Mac- 5
coit Sm. [IBy™Ms HUTS-
MU COEJIMHUJIN CEPe/IH-
HBI JIEBBIX CTEpPIXKHEN
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MesKy co601i, a TaKyKe TTPaBbBIH yTOJI KOHCTPYK-
IIMH ¢ TIOTOJKOM. KOHCTPYKITHS HAXOANUTCS B
pPaBHOBECUU, HUTU BEPTUKAJILHBI.

1) Omnpenenure cunbl Hatsokenus T; u T
MpaBoil M JIeBON HUTEl COOTBETCTBEHHO.

2) C xakoii cusioil F 1I0TOJIOK AefcTByeT Ha
KOHCTPYKIIMIO B TOYKE KPEIJICHWS BEPXHETO
mapHupa’?

Tpenwue B cucteMe OTCyTCTBYyeT. Maccoii map-
HUPOB U HUTEIl MOXHO IpeHe6peyb.

A.Eescees

3axaua 3. OnrtumabHasi TeMIepaTypa

IxcrepuMenTarop [0k coopyiui B JaUHOM
JIOMHKE JIJIsI CBOMX PBIGOK MPOTOUYHBII aKBapu-
yM. [lyist 3amosiHeHust akBapuyMa OH MOJKET
HCII0JIb30BATh BOCEMb KPAHOB, KOTOPbBIE UMEIOT
HoMmepa ot 1 710 8, a Ha onpejieJieHHOM yPOBHe
B CTEHKe aKBapryMa 060py/I0BaH CJIMB JHIIHEH
Boabl (puc. 7). Kaxaplii OTKPBITBLT KpaH gaet
OJINHAKOBBIN 0ObEM BO/IbI B €/IHHUILY BPEMEHH,

Caue

Netl Ne2 Ne3 Ned Ne> Ne6 Ne7 Ne8
Puc. 7

IIpuYeM Bojia U3 k-To KpaHa MMeeT TeMIIEPATypy
T, =k-5°C. Okaszanoch, YTO €CJU OTKPBITH
TOJIBKO KpaH Ne2, TO B aKBapuyMe yCTaHOBUTCS
Temnepatypa t, = 15 °C. Ecsiit OTKPBITD TOJIBKO
kpad Ne8, TO yCTAaHOBHUTCS TeMIeparypa
t8 = 35 OC‘

1) Omnpepenure Temueparypy t, B JauHOM
JIOMUKE.

2) Kakas rtemmeparypa { YyCTAaHOBHTCS B
aKBapHyMe, eCJII OTKPBITh CPa3dy BCC KPAHbI?

3) Kakue Tpu KpaHa HYKHO OTKPBITb IIPH
3aKPBITHIX OCTABHINXCS, 4TOObI B YCTaHOBUB-
HIEMCST PEKUME TTOJIyYUTh TeMIIEPaTypy BOJIbI,
Har6oiee 6JIU3KYI0 K ONTUMAbHOI £, = 29 °C?
Paccmorpure Bce Bo3aMOKHbBIE BapuaHTbl. OT-
BeT obocHyiiTe.

4) Kak n3MeHHUTCS] OTBET B 11. 3, €CJIH TeMIie-
parypy BO3lyXa B J[JOMHKE IIOHH3UTb Ha
At =6 °C?

MoOIIHOCTD TETJIOOT/Aau OT BOJIbI B aKBAPH-
yMe B OKPY>KaIoILyIo Cpejly HPsIMO MPOTIOPIINO-
HaJIbHA Pa3HOCTH TeMIepaTyp BOJbI H OKPYKa-

2023/Ne7

toieii cpe/ipl. Cunraiite, 4TO BO/Ia B aKBapuyMe
OBICTPO TIEPEMENTUBAETCS, a OTBEPCTHE CJUBA
JIOCTaTOYHO HITHPOKOE.

A.Kupeees

3anaua 4. I3mepeHne MaJjbIX CONPOTHB-
JIeHUu#’

IKcrepuMeHTaTop [UIOK HccaeoBat mpo-
BOJIHNK HEOOBIYHOH (DOPMBI — KYCOK HUXPOMO-
BOI1 JIEHTBI IIOCTOSHHON TOJIIUHDBL d, U3 KOTO-
poro BbIpe3aHa durypa, u300paskeHHas Ha
pucyske 8. /{51 3TOr0 OH B3sLJI COe/IMHEHHDIE

U
OII @
[ n h,
< X

Puc. 8

MOCTEIOBATENLHO  AMIIEPMETD ¥ UIAEATBHYIO
Garapeiiky c¢ Hanpspkennem Uy =1,5 B. Opun
KOHTaKT HOJIy‘{I/IBH_[ef/,ICH CUCTEMbI OH ITIO/IKJIIO-
YU K JIEBOMY Kpaio (urypbl, BTOPOil KOH-
TaKT — Ha PACCTOSIHUM X OT MEPBOTO ¥ CTaJ
CHUMATh 3aBHCHMOCTD TTOKa3aHMUiT aMIepMeTpa
I ot x, 3aHOCS Pe3yIbTATHI N3MEPEHH B Talm-

my:

x,eM | 20 | 60 | 100 | 140 | 180 | 220 | 260
I,MA | 818455 | 315] 241|204 | 182 167

x,eM | 300 | 340 | 380 | 420 | 460 | 500
I,MA | 150|138 130 | 124 | 119 | 114

Co BpemeneM [0k 3a6bLT Bee pazMepbl Gury-
pbI, KpoMe /i3 = 8 mM. Onpesiesiute 3HavYeHNs /j,
Ly, I3, Iy, hy w d, ecin U3BECTHO, YTO MOCJE/IHEE
H3MepeHne 9KCIEPUMEHTATOP TTPOBO/III, TIO/I-
KJIIOYMB BTOPOIl KOHTAKT K IIPABOMY Kpaio
burypsr (x,, = +1, +13). Yiaeasroe compo-
THBAeHHe HEXpoMa p =1,1-107° Om-m. Ilpn
PelIeHnN 3a/laui MOKHO cuutarh, uro d < [,
hi <1; (nna mo6eix i u j). Ilorpeumoctu
3HAYEHUI HCKOMbBIX BEJIMYHH OIEHHBATb HE
Tpebyercs.

. Py6uoe

Hy6auxayuio nodzomosun B.Crobodsnun
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HaumoHanbHbIM UCCIeaoBaTeNbCKNM
yHMBepcuteT « MNIT»

HarnmonanbHblil nccae10BaTeIbCKU YHUBED-
cuter «MUIT» Ha NpOTSIKEHUU MHOTUX JeT
MIPOBOJIUT JIJIST CTAPIIEKJIACCHUKOB OJIUMITHA/TBI
o MaTeMaTHKe, pu3nKe M THPOPMaTHKE, KOTO-
pble TOJb3YIOTCS  GOJIBIION MOy JISTPHOCTHIO
cpean mKoJIbHUKOB crpadbl. C 2015 roga B
3204HOIT (IMCTAaHIIMOHHOI) (POPME TPOBOANTCS
ouMIaia MKoJAbHUKOB «PUTM MUSIT».
ExxeromHo B 9 CeKIUAX OTMMONAAbI TPUHIMA-
o1 yuactue 6osiee 2000 yenosex. B 2018 roay
YHUBEPCUTET OpTaHm30Basg ouHyio Duanko-
MaTeMaTHdeckyio omumnuany MUOT, kortopas
MPOXOJUT B HECKOJBKHUX [eCATKaX TOPOJOB
Poccum u crpan CHI.

Hwke npuBoasTes 3amaun mo pusuke, mpej-
JlaraBIlIuecs B 3TOM rojty Ha oauminaje « PUTM
MUWIT» n nHa Ou3NKO-MaTeMaTHICCKOH OTIM-
nuage MUIT.

UHTepHeT-onumnnaga «PUTM MUIT»

3aknouuTenbHbIN 3Tan

1. Touka mBWXeTCS BAOJb OCH X CHadasa
PaBHOMEPHO, TIOTOM PaBHOYCKOPEHHO U 3aTeM
JI0 OCTaHOBKM paBHO3aMenseHHO. Ha pucyn-
ke 1 mpuBe/ien rpaduk 3aBUCUMOCTH TIPOEKIIH

v, M/C A
4
N\
’ \
0 >
20 40 60 80 «x,M
Puc. 1

v, CKOPOCTH TOYKH OT ee KoopanHatel x. O1pe-
ACJIATE OTHOIICHHUE Ly / t,,y BPEMEHU DABHOYC-
KOPEHHOTO IBIKEHUS TOUKHU K BPEeMEHU PaBHO-
3aMe/IJIEHHOTO JIBIDKCHUS.

2. [Iaii6a, npuKperneHHas K BePTUKAJIbHOI
CTeHe JIeTKOH Hene(OPMUPOBAHHOIN IPYXKH-
HO¥, TIOKOUTCA Ha TOPU3OHTAIBHOM CTOJE
(puc. 2). B HeKOTOPbI# MOMEHT K Inaiibe npu-

A

Puc. 2

KJIQ/IbIBAIOT MOCTOSIHHYIO CUJIy [, HampaBieH-
HYIO B/IOJIb OCU TIPY>K1HbIL. [Ipn kakoii Besnyu-
He 9TOI CuJIbl maii6a Gy/eT BUTATHCS TOJIBKO
B 0o/iHOM HampasJjennn? Cusia TpeHus CKOJIb-
JKeHust, JeiicTByIonas Ha 1maiiby, paBHa
f=10 H.

3. Awnron, Biag m Crenan yJep>XuBaioT B
TOPU30HTAIBHOM TIOJIO3KEHNH OJTHOPO/IHBII GpyC
Becom P =600 H, npukmaaapiBas K HeMy Ha-
IIPaBJIEHHbIE BEPTUKAJIbHO BBEPX CUJIbI. AHTOH
n Crenan ziepskar 6pyc 3a ero KoHIbl, a Buaz
MIPUKJIAQJBIBAET CIJIY B TOUKE, PACTIOTIOXKEHHOM
B 3 pasa Ommwxke K AHTOHY, 4eM K Crenany
(puc. 3). Onpegennre MaKCUMaJIbHO M MUHHU-

FA FB FC
a 3a
Puc. 3

MaJbHO BO3MOJKHbBIE CHJIbI, [IeHICTBYIONINE HAa
6pyc co croponbl Crernana.

4. B BepTHKAJLHOM IIIJIHHAPHYECKOM COCY/Ie
BBICOTOM /2 TIO/T JIETKMM TOHKUM TIOPIIHEM HAXO-
JUTCs ueabHblii ra3. Cocy/l HaJl TOPIITHEM 10
CaMoro Bepxa 3alloJIHEeH JKUIKOCTbIO, a K Mop-
IIHIO NpUKperieHa jerkasd nuth (puc. 4). B
HAYaJbHBII MOMEHT MOPITIEHb HAXOANUTCS B PaB-
HOBECHH Ha paccrostuu 5h/8
OT J{HA COCY/Ia, TIPH 9TOM HUTh
BEPTHKAJIbHA W HE HATSIHYTA.
3a HUTb HAYMHAIOT TSHYTD,
ME/IJIEHHO TOJHUMAs TMOop-
nreHb. Kora BepXHWiT KOHeI
A HUTH, CMeTIasich BBEPX, Tpe-
ojtoJiest paccrosinue hf/4, Best
JKUJIKOCTD U3 COCY/Ia BBLIH-
Jacw. Ompeznesnnte Temiepa-
typy T rasa, cunras ee ocTo-
SIHHOM. lI3BecTHa BeMYMHA
poVo/(VR) = 320 K, rzie Vj —
0o6beM BCero cocyzia, p, —
aTrMocepHoe JlaBJeHne, v —
YUCJIO0 MOJielt ra3a, R — yHu-
BepcasbHasg razoBasl IIOCTO-

STHHASI. Puc 4

APO
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5. F'opusoHTa BHbI UINHAPUYECKIH COCY [T
o6beMoM V' pasjiesieH MopIiHeM, KOTOPbIN MO-
JKET CKOJIb3UThb 0Oe3 TPEeHWsl, Ha J[IB€ YacTH,
coJiepsKallie Mo OJHOMY MOJIIO W/I€AJbHOrO
O/IHOATOMHOTO Ta3a. TeMmeparypa rasa crmpasa
OT TIOPIIHS TIOAJEPKUBAETCS MOCTOSHHOM, a
ra3 cJjeBa OT TOPIIHS Me/JIEHHO HarpeBaioT
(puc. 5). Onpegenure: a) NpupaleHue 1aBe-

Q

=> T, = const

Puc. 5

HUS ra3a IIpM U3MEHEHUUN €TI0 TEMIIEpATypbl B
JeBoit wactu cocyaa Ha AT}, 6) TErI0eMKOCTh
rasza B JIEBOH 4acTH COCy/la B MOMEHT, KOT/a
TOpIIIeHb HAXO/IUTCS IToCepe/inHe cocy1a. Y Hu-
BepcaJibHasl Ta3oBasl MOCTOSIHHASI paBHA R.

6. Yerbipe MOJIOKUTEIBHO 3apsiKeHHbIe Oy-
CUHKH MOTYT 0€3 TPeHusi CKOJIb3UTh 110 TOHKO
I‘OpH3OHTaJIbHOI>i HUTU C OIrpaHUYUTEJIAMU Ha
konmax (puc. 6). B nososkenun pasHOBeCHS

————Q—0
N
BB B
Puc. 6

PACCTOSTHUSI MEK/IY COCETHUMU Oy CUHKAMU OJT1-
nakosble. M3secten 3apan g = 16 nKu oanoil
U3 KpaitHuX 6ycHOK. OnpeenTe MaKCUMaIb-
HO BO3MOJKHDIE 3aps/Ibl OCTATHHBIX OYCHHOK.
7. B memnu, cxema KOTOpO# MOKazaHa Ha
pUCYHKe 7, CONPOTHUBJEHUE PE3UCTOPOB
R =1000 Om, conrporuBJieHre aMIiepMeTpa Ipe-

-

Puc. 7 0
HEOPEXXNMO MaJlo, HalpspKeHHe Ha KJeMMax
ucrounnka Uy =12 B, ammepmeTp nokasbiBaeT
Tok [ =2 MA. Onpenenure OKa3aHUSA BOJIbLT-
Merpa.

8. Henoasukubiit [T-o6pasHbrii TpOBOAHUK 1
TIO/IBIDKHAS IEPEeMbIUKa, HAXO/ISIIAsICs B 2JIeK-
TPUYECKOM KOHTAKTE C HHM, PAcCIOJIOXKEHbI B
TTOCTOSTHHOM OJTHOPOJTHOM MarHWTHOM mose. B
KOHTYp BKJIo4eH nuctounuk IJJ/IC u pesuctop
(puc. 8). Ilpu mepeMenieHUN TEPEMBIUKH CO
CKOPOCTSIMH ¥y WJIN U, HA OJTHO M TO K€ PaccTo-
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d3®1,

Puc. 8

SHUE B IIEIHU BBLIEASIOTCS OJHHAKOBDIE KOJIITYE-
crBa rernotel (0 # 0y). C Kakoil HOCTOSAHHOMN
CKOPOCTBIO HY’KHO IepeMellaTh IePeMbIUKY,
4TOGBI B IIENN He BbLAE/IAN0Ch Terto? CunaMu
TpeHus1 W TsKecTH Tpene6pedb. CoIpoTHBIIe-
HUE TIPOBOJANIETO KOHTYpa CUUTATH MOCTOSH-
upiM. CaMOUHAYKIIUEN TTpeHe6peyb.

dusnKko-maTemMaTnyeckas
onumnuaga MINIT

10 knacc

1. CxopoCTb YacTHIbI, ABIDKYIIEHCS KPHUBO-
JINHENTHO ¢ MTOCTOSTHHBIM YCKOPEHUEM ¢, CHava-
Jla yObIBaeT, JOCTUraeT MUHIMAaJIbHOI Benuu-
HBI U, = 10 M/c, a yepe3 BpeMst At = 2 ¢ 110C-
Jie 9TOro CTaHOBUTCA paBHOH 2v,,;,. Onpegennu-
Te MOJLyJ/Ib BEKTOpa YCKODEHUS YaCTHILBI.

2. Hesecomblii crepkenb AB Moxer 6e3
TPeHHs BpalaTbCsl BOKPYT TOPU30HTAJIbHOM
0CH, HepIeHIUKYIAPHON CTEPKHIO U IIPOXOA-

Puc. 9

meit uepes ero konen A (puc. 9). HeGo.puioit
Ipy3 Maccoil m 3akpelied B cpejHeil Touke C
CTEep>KHS, a TPY3 Maccoii 2m — Ha ero KoHIle B.
CrepsKeHb yepKIBAIOT B TOPU3OHTAIBHOM T10-
JIOKEHUU C TIOMOIIBIO BEPTHKAJIbHON HUTH,
MIPUKPEIIEHHO K Tpy3y Maccoii m. Onpeenu-
Te: a) CHJLy HaTsKEHUS HUTH; 6) yCKOpeHue, ¢
KOTOPBIM HAYHET [IBUTATbCS TPY3 Maccoii m
cpasy TIocje TepeKUTannus HUTH.

3. Kamenb GpoliieH ¢ HAYaJIbHON CKOPOCTHIO
vy =10 M/c O HEKOTOPBIM YIJIOM O K TOpH-
3ouTy. Onpesesaure: a) BbICOTY, Ha KOTOPYIO
MOJIHUMETCS KaMeHb B MOMEHT BPeMeHH, KOT/ia
KIHETHYEeCKass dHeprus KaMHS CTaHeT PaBHOI
ero MOTeHIUAaIbHON dHepruu; 6) yribl o, Ipu
KOTOPBIX BO3MOKHO TaKO€ COOTHOIIICHUE dHEp-
ruii. [ToTeHManbHyT0 9HEPTUIO KAMHS B TOUKE
6pocka mpuMuTe paBHOU Hym0. ConmpoTHBIIE-
HUEM BO3/yXa mpeHe6pedb. YCKOpEHUEe CBO-
6ostHOTO MasteHns g = 10 M/ 2.



O9K3AMEHAINMOHHBIE MATEPMAIJbBI

4. Ilpu yBesmuenun o6bemMa V' 0THOTO MOJIS
uzeanapHoro rasa ot V,, = 8,3 11 1o 2V, naBaenne
rasza p  uaMeHsgerca IO  3aKOHy
p=po(5-2(V/Vy)), rae py =200 xITa. Onpe-
Jlesure: a) temiepartypy rasa npu Vo =2V;
6) OTHOIECHUE MAKCUMAJBHON TeMIepaTypbl
rasa K MHUHUMAJbHOW B JaHHOM IIpoIlecce.
YHuBepcaabHasg ras3oBas IIOCTOSHHAs

R=83 [[)K/(K - MOJIB).

2R

+ =
O O

Puc. 10

J. B memm, cxema KOTOpOil II0KaszaHa Ha
pucynke 10, BeswmYnHAa COMPOTHUBJCHUS
R =20 Owm, a gepes peancTtops! R n 2R mpore-
KaioT oguHakoBbie Toku I =1 A. Onpepnenure:
a) nanpsprenne U, Ha pesucrope 3R; 6) conpo-
TUBJICHUE PE3WCTOPA 7.

17 knacc

1. CKOpOCTb YacTHIIbI, ABWKYIIENHCS KPUBO-
JIMHEHWHO ¢ TTOCTOSHHBIM YCKOPEHNEM ¢, CHada-
Jia yObIBaeT, OCTHIaeT MHHUMAJIbHOM BEJINYN-
HBI Ui, @ Yepes BpeMs At = 2 ¢ 1ocJie 9Toro
CTaHOBUTCA paBHOH 3v,,;,. Omnpenemmre cko-
POCTb ¥y, €CJIN MOJYJIb BEKTOPA YCKOPEHMUS
YaCTUIIbI g = 4,2 M/CQ.

2. Kamenn 6potrieH ¢ HadaJbHON CKOPOCTBHIO
vy =10 M/c O HEKOTOPBIM YIJIOM O K TOpH-
3outy. Omnpenennre: a) CKOPOCTb KaMHS ) B
MOMEHT BpeMeHW, KOrja KWHeTH4YecKas sHep-
rust KaMHs B 3 pada GoJIblile ero HOTEeHI[MAJIbHON
sHepruu; G) yribl O, IPU KOTOPBIX BO3MOMKHO
Takoe CooTHolllenue sHepruil. Ilorennuanbuyio
JHEPIHIO KaMHS B TOYKE OPOCKA IIPUMUTE PaB-
Hoii nymo. ColpoTuBieHreM BO3/yxa mpene6-
peub.

3. IIpu yBesmuenun o6beMa V' 0THOroO MoJist
njeanpHoro rasa or Vy,=8,31 mo 2V, ero
JlaBJleHne WU3MeHseTcs MO0 3aKOHY p =

\%4

=pyl 3- 7 , tie py = 150 klla. Onpenemnnre:
0

a) temneparypy raza npu V = V; 6) orHOIIe-

HUe MaKCUMaJIbHOH TeMIIepaTypbl raza K MUHU-

MaJIbHOH B IaHHOM TIpoliecce. YHUBepcaIbHast

rasoBad nocroguHag R = 8,3 I[>K/(K . Mom,),

+0
/ g
// o
A/
o __
Puc. 11

4. ITonoxknTesibHO 3apsizkKeHHast GyCMHKA Mac-
coit m=0,1r MoxeT 6e3 TPEHUST CKOJIb3UTh TI0
TOHKOMY CTEp3KHIO, COCTaBJISIONIEMY YTOJ
o = 60° ¢ ropuzonToM. B HavabHBI MOMEHT
OyCWHKA HAXOJWTCS y OTPAHMYNTENS Ha HIXK-
HEeM KOHIle CTepXXHS U co3jfaeT B Touke A
9JEKTPUYECKOE I[10Jie HAMPSKEHHOCTHIO
E =10° B/m (puc. 11). Haiizure cuny Ky.o-
Ha, KoTopas Gy/Jer [AeicTBOBATh HA TOUYEUHDIH
TIOJIOSKUTEIbHBIN 3aps/l ¢, eCJIU ero MOMEeCTUTD
B TOUKY A U [03K1aTbCsl YCTAHOBJIEHUS PABHO-
Becus. Paccmorpure caydam, Korja: a)
q=0,5-10"Ku; 6) g =1-107° K. Baustrnenm
CTEPIKHS HA HJIEKTPUYECKOE T10JIe TIpeHe6peyb.
Touka A pacrioJioskeHa Ha OCH CTePKHsI. Y CKO-
penmne cBOOOHOTO TaJeHHS g=10 M/ ¢

Puc. 12

3. [IpoBosIouHas TIPSMOYTOTbHASI PAMKa H30T-
HyTa O/ IPSMbIM YIJIOM M PACHOJIOMKeHa Ha
ropusonTtaabaom crosie (puc. 12). B moment
t = 0 BKJIIOYAIOT OJIHOPOHOE MArHUTHOE IOJIE,
BEKTOP MH/IYKIIMK KOTOPOTO HAaIpaBJeH Mep-
MEHANKYISIPHO BEPTUKAJIBHON TPaHN PaMKH, a
€T0 MOJIyJIb PABHOMEPHO YBEIMUYHBAIOT CO BPe-
MeHeM: B =ft, rae =2 Ta/c. Oupenenure:
a) CIIy TOKa B paMKe; 0) BpeMs Af, B TeueHue
KOTOPOTO PaMKa OCTAeTCsT B TIOKOE MOCJIe Hava-
JIa BRJTIOUEHUST MarHUTHOTO 10J1st. COmpoTHBIIe-
HIIEe W Macca eIMHUIIbI JTMHBI TPOBOJOKH PaB-
ub1 74 = 0,1 OM/M u my =1 1/M, CTOPOHBI paMKI
a =b/2 =1cM. MarunTHBIM TIOJIEM, CO3/1aBae-
MBIM TOKOM B paMKe, IpeHeGpeub.

Hy6auxayuio nodzomosuau I.Taiidykos,
H.Top6amuuii




OTBETHI,

«KBaHT» and Mmnaawuumx WKOoJ1IbHUKOB
(cm. <Ksamnms No6)

1. 5 BBIAP, 7 TIOJIeHEl, 6 MOPCKUX KOTHKOB.

Pa3 nukrto u3 jgereil me omm6esi, TO W3 BBIIP,
MOPCKHX KOTUKOB M TIOJIEHEH KOTO-TO ObLIO POBHO
5, KOro-to — poBHo 6, a Koro-to — poHo 7. Cepexa
3allOMHIJI, 4TO MeHbine Beero (3Hauurt, 5) GbLIO
TIOJIeHell nian BuIApP, a Mropp — 4to 5 ObLIO BBIAP
WX MOPCKHMX KOTHUKOB. 3HAuuT, 5 ObLIO MMEHHO
BbiAp. Torma 7 6buno He BbLAp, a ToseHeii. Ciesno-
BaTeJIbHO, 6 — MOPCKIX KOTHKOB.

2. Omun W3 BO3MOXKHBIX TIPHMEPOB IIPUBEIEH HA
pucynkax 1, 2. Ha pucynkax 3—7 mokasaHo, Kakue
KJIETKH 3aKPbIThI BOJION ITIpH
PasHbIX YPOBHAX BOAbL. CM.
rakske 3D-momens (https://
olympiads.mccme.ru/
matprazdnik/image/23/
towers/).

Kommenmapuii. 13ydas, kak
Mensietcst pesibed) MeCTHOCTH
IIPY TIOCTEIIEHHO MO/IHIMAl0-
MeMcsT yPOBHE BOJIbI, MOXKHO

OO (O |~

OO | W =
_ OO W
OO D

3
0
4
0
1
7

Puc.

4131434
41314
201121172
S5cM
Puc. 3
41314134 41314134
41314 41314
2 2 2
15 cm 25 cMm
Puc. 4 Puc. 5
4 4 4
4l 4]
35 cm

Puc. 6 Puc. 7

YKA33AHUA, PEIIEHNA

JI0Ka3aTh 3aMevaresbHyIo TeopeMy ditsiepa. O6 aToMm
MoxHO TpountaTth B ctatbe M.IIy6una «Tomomo-
rust U... pejbed MeCTHOCTH» B »KypHate «KpaHr»
Ne8 3a 1982 roj.

3. TIpeanonoxum, yto N — 3T0 R-3Ha4YHOE YHCJIO,
HaYMHAIOIIeecs He C e/INHUIIbI.

Cpe/it 0/IHO3HAYHBIX YHCEJI C e[MHUIIbI HAUNHACTCS
OJTHO YHCJIO, CPeJH JBY3HAUHbBIX — JIeCSIThb, CPE/H
TPeX3HAUYHBIX — CTO U Tak jganee. CiepoBaTesbHO,
Bcero Bpinucano M =1+10+100+...+100...0=

k-1

= &k_l‘ qyces, HAYMHAIOMIXCS ¢ eJIMHUIBL. 3aMe-

THM, 4TO 4HCJI0 M HeyeTHOe U IO YCJIOBHIO OHO
cocrasisger 40 % or N, t.e. N=2,5M — He uejoe
unco. [IporuBopeune.

Kommenmapuii. Yucna N, ynoBJIeTBOPSIOLUIUE YC-
JIOBUIO, JEHCTBUTENBHO CYIMIECTBYIOT. ITO YHCIA
Buga 148148...1480.

4. 30°.

3amerum, 4yto yros D Tynoii. /lefictBuTesibHO, CyM-
Ma yrioB A, C u D BBIIIYKJIOTO YeTbIPEXyTroJbHIKA
JomkHa 6pTh Goubite 180°, a yron D — mosoBnna
aToll cymmbl, T.e. £ZD > 90°. 13 Bepiunpt C omycTum
neprenukyassp CM na npsamyio AD, a u3 Bepuu-
Hbl B — mnepnenjaukynssp BN Ha auaronanb AC
(puc. 8). Ilyctp LA =q, £C =y, Torna ZCDM =
=180°- 4D =180°-a -y, <ZLABC =360°-£A-
- £C - £D = 360° — 20 — 2. CrenoBaresbio, ZABN =

= ZCBN :%LABC =180°-o -y =4£CDM.

B C

N

A D M
Puc. 8

3HauuT, NpaMoyroJbuble Tpeyroabiuku ANB, CNB
u CMD pasubi (110 TUIOTEHY3€ U OCTPOMY YIJIY),
otkysia CM = CN = AN. Takum o6pa3oM, B IPSIMO-
yrosbHoM Tpeyroibuuke ACM karer CM BiBoe
Menbie Tunotenyss AC, moatomy ZDAC = 30°.

HaumoHanbHbIN nccnenoBaTenbCcKnmn
yHuBepcutet «MUIT»

NHTepHeT-onumnuaga «PUTM MUIT»

1. IIpupamenus KOOpAUHATBI U CKOPOCTH IIPH J{BH-
JKEHUU € IIOCTOSHHBIM YCKOPEHHEM OIIpe/eIaiorcs
dopmymamn

2 2
Dox — U1y

2 , Ogy =01 = dy (tz - t1 )»

Xy =X =
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OTKYy/Ja cJieayeT

0, + 0
Xy =Xy = 1x 2x

(t,—t,).
Omnpeziessst o rpauKy COOTBETCTBYIONIIE CKOPOC-
TH U KOOP/MHATBI, TIOJYYNM OTBET:

tyCK _ g

tSZiM 3
2. IlycTtb x — cMeTeHme Maii6Gbl OT TOUKN cTapTa J0
OCTaHOBKH. VI3MeHenne KHHETHYECKON 9HePTUH Iaii-
6bI paBHO CyMMapHOil pa6oTe BceX CHJI, JeHCTBYIO-
MUX Ha Iaily:

2
kx
AE, =0=Fx—fx——,
2
rae k — »kecTKoCTb NpyskHHbL. [locte OCTAaHOBKE
maitba He HaYHeT JABUIATbCsl B 0GPATHOM HAlpaBJie-

HUM, €CJn
kx<F+f.
OKoHYATEILHO IoJjydaem
F<3f=30H.

3. Tlpu paBHOBecHU TBEpOrO TeJa CyMMa MOMEH-
TOB CHJ OTHOCHUTEJIBHO JIIOGOW OCH paBHA HYJIIO.
[l oceil, mepHeHANKYJIAPHBIX OCH Opyca I IIPOXO0-
JAIUX Yepe3 ero KOHI(bI, YYUTHIBAsl, YTO CHJIA
TSDKECTH MPHJIOYKEHA K IHEeHTpy Macc Gpyca, 3aiu-
mem

4afe +alg —2aP =0,
4aF, + 3aly —2aP =0,

Fy =2P - 4F. >0,
P
FA:FC—§ZO.

[l MUHUMAJIbHOTO W MaKCHMaJIbHOTO 3HAYeHUi
cuibl o mosydaem

P P
Foin = 3 =200H, F, = 3 =300 H.
4. Ha nopumenp [eficTByeT HampaBJeHHAs BHU3
CHJTa THIPOCTATUYECKOTO JABJEHUS JKUIKOCTH

FE, =pgS (h—x)+ pyS
U HallpaB/JeHHas BBEpPX CHJA JABJCHUH rasa

F =ps =R,
X

rje p — MIOTHOCTD *xupkoctu, S = Vy/h — nnomanp
HOTIEPEYHOTO CEYEHUST COCY/lA, X — PACCTOSHUE OT
HOPIIHSA /IO JHA COCY/a, p — JaBJCHUC Tras3a I0J
nopmmmem. 3asucumoctu F, u I, ot x mpejcrasie-
upl Ha pucynke 9. [lpu x = xy u x = xy cusnt F, u F
PaBHbBI I PABHOBECHE IHOPIIHS JIOCTUTAETCS B OTCYT-
CTBHE JIOHMOJHUTEJIbHBIX CHJl. VI3 pucyHKa BHJHO,
YTO MPH Xy < X < Xy JIJIsT PABHOBECHST TIOPIIHS Heo0-
XO/IMa BHEINHSISI CUJIA, HAIPABJEHHAs BBEPX, a
Opu X <Xy U X > Xy JUIS PaBHOBecHs TpeGyercs
JIOTIOJIHUTE/IbHAS CHJIA, HATIPABJICHHAS BHHS.

PoS

0 X x
Puc. 9

HavanbHOMY TOJIOKEHUIO TOPIIHS COOTBETCTBYET
BbICOTA X = 5//8, 1IpK KOTOPOil HUTH HE HATSHYTA U
MOpIeHb HAXOAUTCS B paBHOBecuu. [Ipu mocrernen-
HOM yBEJUYEHUN HATSUKEHUS] HUTU TOPIIEHDb MeJI-
JICHHO TIOJTHUMATbCSI BBEPX, BBITECHSS BOJY W3 M-
sunzapa. Ha nexotopoii BbicoTe X, CUJIa HATSIKEHUS
T = F, — F, MakcuMasibHa, a IIpH JajbHeiimeM
o/TbeMe TMOPIIHS OHa yObIBaeT, 00paIasch B HOJIb
npu x = x,. Ilonoxenue paBHOBecHS IPH X = X,
HEyCTOWYNBOE: TIPU MaJeiIeM MoAbeMe TOPIITHS 13
3TOTO TOJIOXKEHUS] BO3HUKAET CUJa JlaBJeHus, Ha-
MpaBJieHHasi BBEPX, KOTOPasi He MOKET ObITb KOM-
IMEHCUpPOBaHa CHUJIOW HaTsokenuss Hutu. llox meii-
crBueM cuabl F = F, — F, 1noplieHb IOAHUMAETCH,
BBITECHSS BO/LY M3 HIJIMHAPA, MOKA He MPOUCXOAUT
pasrepMeTH3anus MUJINH/IPA.
3anuuieM yc/a0Bus paBHOBECHA 1IpU X = &y = 5h/8 u
x=xy=x,+h/4=Th8 :

3 8VRT
Po+ gpgh = Shs
1 8VRT
Po+ gpgh = s

Vckmoyast U3 aTUX ypaBHEHUII HEH3BECTHYIO BEJIN-
ynHy pgh , HaliieM MCKOMYIO TeMIlepaTypy rasa:
=BV B350k

32 VR 32

5. a) Tak Kak Her TpeHwusi, TO JaBJIeHHe ras3a cJeBa
1 CTIpaBa OT MOPIIHS OJMTHAKOBOE. 3aINcaB ypaBHe-
HUSI COCTOSTHUSI Ta3a B 06€NX YacTsX COCy/a:
pVy =RT,, pVy, = RT,
1 CJIOXKUB WX, HOJYINM
pV =R(T} +T).
IIpu usmenenun temneparypol 7; Ha AT} 310 ypas-
HEHNe 3alHIIeTCs B BUIC
(p+Ap)V = R(T, + Ty + AT}).

W3 nocieanux JBYX ypaBHEHMil HaiijleM OTBeT Ha
TIEPBBIIl BOIPOC 3a/1a4M:
_ RAT,

v

T

Ap
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6) 3armiieMm IiepBoe Ha4daJjJao TEepMOJAWHAMUKHU [JiA
rasa B JIEBOH YacTH cocyaa:

so-ra+pav,

rae AQ —IosydyeHHOe ra3oM KOJMYEeCTBO TEIJIOTHI B
neBoii yactu cocysa, ATy u AV, — cooTBeTcTBylone
U3MeHeHHs TeMIepaTypbl U o6beMa rasa cJeBa OT
nopmHa. W3 ypasnenus cocrosuus pV, = VRT, =
= const caejayer
PAV, + V,Ap =0,

rae AV, =—-AV,. IloacraBiss B 3TO ypaBHeHHe
Ap = RAT,/V, uonydum

PAV, = V,Ap = %RAE.
CuetoBaTe ibHoO,
AQ = ;RAY} + pAV, = RAT{% + %J
Ilpu V, =V/2 ang TennoeMKocTH rasa B JIEBOii

yacTu cocysla HailjieMm

A
C= A9 _ 2R.
AT,
6. 3anmmeM ycJI0BUS PaBHOBECHS 3apsiioB ¢y U (3,
Ha KOTOPbIe AEHCTBYIOT TOIBKO KYJIOHOBCKUE CHJIBL:

ki, _ kasq, | kaudy
aZ aZ (za)z
ka,q; _ ka5 n k493

2 2 2
(24) a a

rae a =1/3 — paccrosHue Mexy COCCJHUMH 3aps-
namu. llocse cokpareHust moJsyynm

G,
44
IIo ycnoBuio Bce sapsbl noJoxuresnbuble. V3 mep-
BOTO BBIPKEHUS CJEJyeT, YTO MaKCHMaJbHOE 3Ha-
YeHUE 3apsfia ¢y PABHO (4nax = 4¢y. U3 BTOpOrO
BBIPKEHHS CJIEyeT, YTO MHHUMAJbHOE 3HAueHUe
3apasia ¢4 PABHO (4min = G1/4. lanee maxomum

G =qs + Gy = G-

min 15
I3max = G _%T = qu
q 15

G2max = Gamax ~ Z = Zch

OKOHYATEIBHO noJsyyaeM
T2max = 60 HKJI? J3max = 15 HK]I, Qimax = 64 nKo.

7. Tak Kak COIPOTUBJICHNE aMIepMeTpa npeHedpe-
SKIMO MaJIo, TO HANIPSDKEHNS Ha MapaJlJIeIbHO BKJIIO-
YEHHDBIX PE3UCTOPAaX OJNHAKOBbIE, CJIEI0BATEIHHO,
u toku I; B srux pesucropax pasubl (puc. 10).
Ecam Tox B ammepMeTpe HampaBiieH, Kak MOKa3aHO

2023/Ne7

cﬁ

Puc. 10

Ha PHUCYHKe, TO JJIS HANpsDKeHWH Ha BOJIbTMETPE 1
Ha KJIeMMAaX HCTOYHUKA MOXXHO 3allNCaTh

U=(I,+I)R,
Uy=LR+U.
W3 stnx ypaBHeHNI MOTyInM
Uy + IR
2

Ecm Tox aMIlepMeTpa HallpaBJIEH IIPOTUBOIIOJIOMK-
HO BbIépaHHOMy Ha PUCYHKE HallpaBJEHHUIO, TO

U=U0;21R=SB.

U= =7B.

JIBYM NOJTyYEHHDBIM PEIIECHUSIM COOTBETCTBYIOT BOJIBT-
METPBI € PA3TMYAIONIUMUCS CONPOTUBJICHUSMHI.
8. 3ammmem 3akon OMa 71 3aMKHYTOTO KOHTYpa:
6+ 6, = IR, tne 6, = —vBl — D]IC unaykuuu,
BO3HUKAIOINIAsI B TEPEMbIYKE TIPH €€ JBUXKEHUU CO
CKOPOCTBIO U, | — paccrosiHue MeK/y MPOBOHUKA-
MU, 110 KOTOPBIM CKOJIB3UT TepeMbluka. 3uak J/[C
nHAyKIuu yuntbiBaeT npasuiio Jlenma. Ilpu mepe-
MeIIeHNN TePEMBIUKH HA PACCTOSIHEE L CO CKOPOC-
TBIO U B PE3UCTOPE BBIJAEJSETCS KOJMYECTBO TETLIO-
o1 Q = [?Rt. Hoacrasasas B aty Qopmyay
I= (6 +611H;.1)/R u t = L/v, monydnm
_(6-oBIY L
0= Ro ’

3BecTHBI CKOpPOCTH Uy N Uy, NIPU KOTOPBIX BBIJCJIA-
IOTCA O/IMHAaKOBbI€ KOJIMYECTBaA TEIIJIOTDBI:

(6-vBIY L _(8-0,BIY L
Ry, Ro, .
Tenno e Boiensiercst nipu ¢ = vBl. lloacrasass §

B IPUBE/IECHHOE BbIIIE YPaBHEHUE, ITOJTYIYNM YpaBHE-
HIe OTHOCUTEJbHO HEU3BECTHOI CKOPOCTH 0!

(0—01)2 _ (0—02)2
2 v,
UV =400y

dusnko-matemaTnyeckas onmmnuaga MNST
10 knacc

oTCIO/Ia HalgeM

1. CKOpPOCTb TOUKM TIPH JBIDKEHHH C MOCTOSTHHBIM
YCKOPeHUeM H3MeHsIeTCs 10 3aKOHy O = Oy + dt, T/1e
¥y — BekTOop HauasbHoll ckopoctu (puc. 11). C
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Puc. 11

POCTOM BpeMeHH MOJy.ib Bektopa dt (jimHa crpes-
KI HA PUCYHKE) YBEJIMYHBAETCS, I09TOMY MOJLY.Ib
BEKTOPa U CHayaJa yObIBAET, JIOCTHIAeT MUHUMAJIb-
HOTO 3HAYEHUs U, a 3aTeM Bo3pactaeT. Ilo ycio-
BUIO 4Yepe3 BpeMs Af 1ocJie JOCTHKeHNS MUHUMAJIb-
HOIl CKOPOCTH TOYKa JBMIKETCS CO CKOPOCTBIO Ty,
MOJYJ/Ib KOTOPOHl paBeH 20,,. 3allulleM TeopeMmy
[Tudaropa A1 TpeyronabHUKa, COCTABIEHHOTO BeK-
TOPaMHu Ty, GAE M Ty:

2 2 2
(Umiu) + (dAt) = (2vmin) ’
OTKYy/1a HaiijieM MO/1yJ/JIb BEKTOPa YCKOPEHUA:

Umin \/§

<87 M/c?.

a =
2. a) CyMMapHbIii MOMEHT CHJI OTHOCHTEIBHO OCH,
MIPOXOAAIIeH Yepe3 TOYKY A, paBeH HYJIO:

(mg - T)é +2mgl =0,

rae T — cuia HaTSKEHUsT HUTH, [ - JJINHA CTEPIKHA.
U3 aroro YpaBHEHUA MOJIYUUM

T =35mg.
6) Ha pucynke 12 usoGpakeHbl CUJIbI, AEHCTBYIO-

e Ha CTepKeHb CO CTOPOHBI IPy30B. IlockoubKy

CTEepP>KeHb HEBECOMBIH, CyMMAapHBII MOMEHT 3THX
A —F 2

mg
F F
2 2mg

Puc. 12 Puc. 13

cut pasen HyJio: Fy (1/2) = Fyl = 0, noatromy Fy = 2F,.

Takne ke cuJbI, HO HalpaBJCHHbIC B IIPOTHBOIO-

JIO)KHBIE CTOPOHDI, JIEHCTBYIOT HAa IPY3bI CO CTOPO-

Hbl crepskust (puc. 13). Ecin @ — yckopenue rpysa,

3aKPEIJIEHHOTO IIOCepe/He CTEP3KHS, TO YCKOpe-

HHe I'Py3a, 3aKPEIJIEHHOTO Ha €ro KOHIle, PaBHO 2d.

3anumeM Bropoii 3akoH Hbiotona s Momenra

BpEMEHH CPa3y I0CJe MePesKUTaHnus HUTH:

F
A

ma =mg + F, 4ma = 2mg - F,,

OTCIOZla TOJIyYUM

L5
99"

2
3.0 h=2225m6) ax
4g 4
20,V T . 25
4.2) T = 2P0 _ 400 K; 6) —max = =2 = 156,
a) T, v 100 )Tmm 16

5.a) U, = IR = 20 B; 6)72%R=300M.

11 knacc
alAt
1. 0. . =—— = 2,98 M/c.
min 2\/5 /
2.a) oy = %3 = 8,7 m/c; 6) a>T
2 6
3.) T =2PY 300 k; 6) Imax — 9y 155
VR 8

min
4. a) F=gE=05-102H; 6) F=mgsino=
=0,86-107 H.
5. a) Haiigem marnuthbiii motok @ 4epes pamky,

OAC wuHAYKIMM §, CONPOTUBJIEHHE PaMKu R u
BO3HUKAIONMI B Hell MHAYKIIMOHHDBIN TOK [:

® = abB = abPt,
6] = @’ = abB,
R =7 (4b + 2a) = 10na,

]:E:B—bzﬁ—a:O,MA.
R 10  Sn
[To mpasuy Jlenna omnpejennM HalpaBjeHHe WH-
JYKIMOHHOTO TOKAa: Ha pucynke 14 nampasiieHue

TOKa 0603HAYEHO KpaCHbIMU CTPEJIKaMU.

[
Puc. 14

6) C moMOmIbIo MpaBusa JIEBOI PYKH OIPEAETUM
HampaBJeHus cua Amiepa, JAeilCTBYIONHUX €O CTO-
POHBI MAarHUTHOTO IOJIST Ha CTOPOHBI PaMKH: CHUJIb
0003HAYEHbl HA PUCYHKE CUHUMU cTpeskamMu. OTHO-
CUTEJIBHO OCH, TIPOXOJSIeil Mo JuHuKM cruba pam-
K#, Bpamamomuii MoMmenT M = Fb co3gaer TOJbKO
cuma Amrepa, paBHag F = IBb u HampaBJIeHHAs
BEPTHUKAJbHO BBepX. PaMka HauHeT IOBOpaynBaTb-
cs, KOrjla MOMEHT ChJl AMIepa IPEBbICUT MOMEHT
CHJI TSDKECTH OTHOCHTEJbHO BbiGpanHoil ocu. Mo-
MEHT CHJIbl TSXKECTH BBIYMCJIMM KaK CYMMY MOMEH-
TOB CUJI TSIKECTH, JCHCTBYIOIIMX HA KKAYIO U3
TpeX TOPU3OHTAJIbHBIX CTOPOH PaMKH. B pesysbra-
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T€ TOJYYUM YCJIOBUE ITOKOA PaMKH:

Fb < mgb é+é+b .
2 2
V3 aTOTO HEpaBeHCTBA CJIeIyeT

F < 2mygb, nmm IBb = E—aﬁtb < 2mygb.
"
Pama Gy/ier octaBaTbCst B IOKOE B TeUCHHE BpeMe-
HI

at =109 _ g 95
af

3akounTenbHbIN 3Tan
Bcepoccuinckon onumnuagbl
LUKOJSIbHUKOB MO pn3mnKe
nmenun Ihx.Makceenna 2023 ropa

TeopeTnyeckumn Typ
7 Kknacc

1. 1) JIna HaxXOKAEHUS BPEMEHU IPOXOKICHUS
[0E3/10B MUMO JIPYT JPyra PacCMOTPUM CKOPOCTb
ux cOMKeHust: 0 =0y + 0. Tak Kak myTh MPOXOIK-
JIEHIST OJIHOTO TT0€3/1a MIUMO <IIOKOSIIIETOCS» JIPYTO-
TO paBeH CyMMe WX [ITHH, IOJy4aeM, 4TO BpPeMs

[IPOXOIKICHUS TI0E3/[0B MUMO JIPYT JPyra PaBHO
L+
o+ 0y

=34 c

2) Tlepnoab! ABMKEHWS TIEPBOTO W BTOPOTO TTOE3/I0B
PaBHBI COOTBETCTBEHHO

7-L 100,
9

T, = L. 125 c.
)

3) Jlng moBTOpEHusT HAvaIbHOW CUTYallUy KaK/(blit
1oe3/1 I0JKEH MPoexaTh I1eJI0e KOJINYECTBO KPYToB.
IIpenmomnoxxmM, 4TO MEpBbIii TToe3 caenaet Ny Kpy-
roB, a Bropoil — N, kpyros. Toria

N{T, = N,T,, 100N, =125N,, 4N, = 5N},

Haunmenbinue 1ieible 1M0JI0KUTEIbHBIC qucJia, yaoB-
JIETBOPAOIINE 3TOMY COOTHOIIEHUIO, 3TO

2023/Ne7

OTKy/la CJIeZyeT, YTO MEePUOJ [BIDKEHWS CHCTEMbI
pasen
T = 5T, = 4T, = 500 c.

4) OrtBer Ha TNOCJAEIHWH BOIMPOC MOYKHO HaiTH,
ecJIM TOKa3aTh HA JAUarpaMMe WHTePBAJbl BpEMEHH,
B TeYEHHNE KOTOPBIX MO€3/[a TEPEKPLIBAIOT BU/IH-
MOCTb HalOJsojaTesssM. [lJist mocTpoeHus uarpam-
MbI OIpe/eJTMM BPEMS TE€PEKPBITUS HaGJII0IeHUS
JUISL TIEPBOTO U BTOPOTO TI0€3/Ia COOTBETCTBEHHO:

Uy

I/IIITepBaIIbI, B TeuyeHue KOTOprX IIa6JIIO£[aTeJII/I He
BUJIAAT JIPYT APYTa, Ui KasKJOTO T0e3/a MOKa3aHbl
na guarpamme (puc. 15). /lnarpammy X au1s onpe-
JleIEHHsT 4acTH BPEMEHM, KOTJa HeT BUANMOCTH,
JIETKO HAaiiTh, 0ObeINHIB [MarpaMM IePBOTO U BTO-
poro noe3nos (cuHMii M KpacHbIii 1BETa COOTBET-
crBenHo). HaGmopatenm He BUAAT ApYT Apyra B
TeueHne

40c+65¢+30c+40c+30c+55¢c=260c

3a OJJUH 1epuon, cJjeaoBaTesbHoO,

o :1—@: 0,48.
500

2. Cawmprii Jierkuil u3 KyOHKOB IOJIYYUTCSI, €CJIU B
HeM Oy/eT IEeIUKOM COMEPIKAThCST MAJblil KyOukK
nyornoctbio P, . IlnorHoctb Takoro Ky6muka

3 3
8p,a’ +19p,a

Spy +19p,
274° ’

27

Pmin =

AHanornuHoO, caMblil TSXKEJbIH TOJYYUTCS, ecjid B
HEro BOIi/IET TOJIbKO BOCbMAasl 4acTh KyOHKa MJIOTHO-
crbio p,. Ero miornocts
pya3 + 26pxa3
27a°

pmax -

P, +26p,
27 '
Ecoim B HOBBIIT KyOUK IIEJMKOM BXOMHUT MAJbIi

KyOuK, IMeomuil o0IIyIo TpaHb C JIETKUM, a TaKUX
KyOUKOB TPH, TO €r0 ILJIOTHOCTD

_ 4pya3 + 23pxa3 _4p, +23p,

N, =5 N, =4, - _
1 ? Prp 274° 27
A
>
2
1
0 50 100 150 200 250 300 350 400 450 500 550 f.c

Puc. 15
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Ecan sxe B HOBBIN KyOMK II€JTMKOM BXOJHT MAJIbIil
KyOUK, UMEIONINH C JIETKUM TOJIbKO 00liee pe6po,
TaKUX KyOMKOB TOXKe 3, TO €ro MJIOTHOCTD

_2p,a+25p,a°  2p, +25p,

L

B rta6aume (B yC]IOBI/II/I) eCTh JIBE TPOUKHU O/IMHA-
KOBbBIX 3HaueHWii. VM oHHU, OYE€BU/HO, IOCUNTAHDI
BepHo. Torma

4p, +23

APy T2l _ 2,50 I‘/CMS,
27

2p, +25p,

Py T M _ 2,60 F/CMS,
27

OTKyZa
p, =270 I‘/CMS, p, =135 I‘/CMS,

3Hag 3TO, MOYKHO IIOCYMTATh ILJIOTHOCTH CaMOIO
JIETKOTO M CaMOTO TSDKEJIOTO M3 KYyOMKOB M HaiTh
oumo6ky. IlinoTHOCTD P3 HAali/lena MpaBUJIbHO, a Bep-
HOE 3HAYeHHUE JJIst MJIOTHOCTH Py JOJBKHO OBbITH He
2,40 I‘/CMS, a 2,30 I‘/CMS.

3. 3ammmem ycJjoBHe paBHOBecHS KyOHKOB IO OT-
KPBITUST KpaHa:

mg + 3T = p1ga3, mg+T = ngaS,

OTKYy/Ia TIOJIyYNM
2T
Py — Py = —5— U, CJEJ0BATEJbHO, Py > Py.
P

ITocsie OTKpBITHS KpaHa SKUIKOCTH TJIOTHOCTBIO Py
(Gosee TsKeas) YACTHYHO II€peTever B TIPABbIi
cocya. IlockombKy cmaa HaTsSKeHUS MPaBOH HUTH
IIPH 3TOM YBEJWUYWJIACh JUIIb 10 27T, MOXHO cle-
JIaTb BBIBOJ[, UTO MEPETEKIIasi KU/IKOCTh He TOIHSI-
Jgach 0 BbicoTbl 1,5a. IlycTb B JIeTKoil KUIKOCTH
HAXO/MUTCS k-s1 4acTh o6beMa MpaBoro KyOuKa, Tor-
Jla YCJIOBHE PaBHOBECHS 3TOrO KyOMKa IIPUMET BH/[

mg +2T = (1-k)p,ga® + kp,ga®.

MoO>KHO 3aMETUTD, YTO Y/IBOCHHAS JIeBasl 4acTb 9TO-
TO ypPaBHEHHs PaBHa CyMMe JIEBBIX yacTeil IepBbIX
JBYX ypaBHeHmii pasHoBecus. [loatomy

2(1-k)pyga® + 2kp,ga° = piga’ + p,ga°,
2(1_ k)p1 +2kpy =Py + Py,
Pr =Py =2k(p; —py), k=0,5.

Boicota 10162 TSIKEION JKIIKOCTH B ITPABOM COCY-
Jle paBHa /iy = a, a B JIeBOM coCy/ie KyOUK OCTaeTcst
[IOJIHOCTBIO IIOTPYXKEHHBIM B SKUAKOCTb. M3 ycio-
BHSI HECXKUMAEMOCTH JKHAKOCTEil HaiieM u3MeHe-
HHE YPOBHS JKMJIKOCTH B cocysax Ah:
Ah-4a® = a - 4a? —%Aaz, Ah:%l.

3amnuieM ycJIOBHE PaBEHCTBA JaBJICHUN Ha ypOBHE

Tpy6Ku (py — atMocdepHoe AaB/eHue):

Po + 019 (6a — Ak) = py + pyga + p,g (6a + Ah - a),
py=3p
2747t
HOZ[CTaB]IHeM ATO COOTHOIIIEHHNEe B paHee HO]Iy‘{eH—
HO€ paBEHCTBO, CBsA3bIBalollee IJIOTHOCTU p1 n p2, u
HonyqaeM
B o 4T 3T
47! a3g' ! 7513'gy
I/IS yCJIOBI/IH paBHOBECHA KyéI/IKa HaXOoJauM €ero mac-
cy:

P = 2_7a39‘

mg+T = 333T ga3, m:%l.
Ta g 79

4. Tlyere T; w T, — cuibl HATsDKEHHST JI€BOil U
IIPaBOil HUTEH COOTBETCTBEHHO.

1) PaccMoTpuM cJrydaii, Korja sKyK paciioJiaraercst
Ha JIeBOM Kpaio cTepykHsA. V3 TpaBmia MOMEHTOB
JIUISL JIETKOTO CTEPIKHSI OTHOCHTENIBHO OCH, TPOXO/IS-
nieil yepe3 ero JieBbli Kpail, 10JIyyaeM CUJIy HATs-
aKeHus npapoii mutu: T, = 0. 3HauuT, cula HaTdxe-
Hust J1eBoil Hut Ty = Mg (310 caepyer u3 ycaoBust
pasHoBecust crepxus: 1; + 71, = Mg). Onpenemmm
MaKcuMaJIbHOe 3Hauenue Mmaccbl xyka M ... 1pu
KOTOPOM BepXHss 6ajka emie HemojBIibkHa. [Ipu
M =M, .. BepxHAA GaJKa KacaeTcs HIDKHEH TOJb-
ko B touke A (puc. 16). Ilo mpaBuay MOMEHTOB
OTHOCUTEJIbHO OCH, TIPOXOJSIIENl 4epe3 TOUKy A,
Ui BepxHeill Ganku noaydaem Tyl = 4dmgl, tae
Ty = M,cg. Orciona M, =4m. Haiizem Terepb
MUHUMAJIbHOE 3HavYenne Macchl kyka M., mpu

N,

A
T, 4mg

Puc. 77

Puc. 16
KOTOPOM ellle He MOBOPAuMBaeTCs CHCTeMa U3 ABYX
6aJIOK OTHOCHTEJIbHO OCH, IPOXO/isiieil uepe3 Tou-
ky B (puc. 17). Ilo npaBuiy MOMEHTOB OTHOCH-
TEJIBHO yKazaHHoW ocu mosydaem T -3l +4mg -1 =

2
=6mg-l, tne T, = M,;,g.Otciona M, = gm 3Ha-
YUT, PABHOBECHE CHUCTEMbI BO3MOXKHO IIDH

%mSMSMn.

2) PaccMOTpUM MOMEHT BPEMEHH, KOT/Ja JKYK Mac-
coit M = M, ynamuicst OT JIeBOTO Kpasi Ha PacCTOsI-
mue x (puc. 18). OmupesenuM cuibl HaTsKEHUs
HUTell 0 MPaBIJIy MOMEHTOB [IJIsT HEBECOMOTO CTep-
JKHA OTHOCHTeTbHO oceit C m D cOOTBETCTBEHHO:
X

)

T, 71 = Mg - x, 3nauur, T, = Mg 7
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T1 X : ITZ
C : *D
1M1g
N 7l 7
Puc 18
T;-7l = Myg (7] - x), 3naunr, T} = M1g(1 —%J

Ecin M| ynoBieTBOpseT HEPABEHCTBY, MOJIyYEHHO-
My B I. 1, IIOBEpHYTbCSI BOKPYT OCH, IPOXO/sIeil
yepe3 TOUKy A, cucreMa He MOXKET, TaK Kak 110 Mepe
mkenns T ymenbmaercsa. Ho T, yBenmmumBaetcs,
TI03TOMY TIPH JIOCTIKEHNH X = L cucTeMa HaunHaeT
[IOBOPAYMBATHCSI OTHOCUTEJIBHO OCH, IPOXOJsieil
yepe3 Touky B. BocrosbayeMcsl MpaBUIOM MOMeEH-
TOB JIJISL CHCTEMBI, COCTOSTIEl U3 AByX 6aJOK, OTHO-
CHUTENbHO YKa3aHHON OCH:

T,-3l+4mg -1 =T, -4l + 6mg -,

M1g[1—%)~31+4mg-l:M1g%~4l+6mg~1,

OTKy/la

po3M=2my (o o, m l.
M M,

3amerum, uro L = L, = 2,5l upu M| = M, = 4m,
O3TOMY

(X=M1 :Mmax =4
m m
8 kriacc

1. Ilycrb d — paccrosinue MeX/Iy IepeHeil u 3aj-
Hell crenkamu cocyja. PaceMorpuM ciydaii, korzaa
B IIPABYIO 4aCTh COCY/a HAJMBAIOT KEPOCHH MacCoil
M ¥ TIOpIIEHb CJBUTAETCS BJIEBO HA BEJUYUHY X
(puc. 19). BbicoTa €10 KepocuHa B 9TOM CJydae
OyzeT paBHa

M

h=————.
"o (L+x)d

N

L —x
Puc. 19

2023/Ne7

3anuieM ycJoBHEe PABEHCTBA JABJICHWN Ha YPOBHE
TPaHUIBI BO/IBI U KEPOCHUHA:

__ My
P = T ya
U yCJIOBUE PABHOBECHSI TTOPIIHS:
F0+pM+kx:FO+pﬁ,
2 2
e p= Mg , a Iy — cuna gasienust BOJbI
(L+x)d

HIKE TPAHUIIBI ¢ KEPOCUHOM, OJIMHAKOBas ¢ 06enx

cropon. OTcioa ToIyYnM
h—Ihy)d
Mg (h=h)d _

(L+x)d 2
__ My MM -
2(L+x)| p(L+2x)d py(L+x)d
__ Mg (11
2L+x)d P Pu)
CJae/10BaTeJabHO,

x(L+ x)z = AM?, rj1e A = const.

B nepsom ciyuae, eciu M =m, to x = L/3, noarto-

My ,
L(4L
ol o 3
A:3! 3 ' 6L
m

T 2Tm?

Torpa npu x = L/2

L(3LY
ol e 2
2o 202 ) _243m =2\/§m=1,38m.

t A 128 "™M738

[Iycro Tenepp x =L (uopuieHb yrepess B JEBYIO
crenky). OmnpeennM, Npu Kakol Macce KepochHa
3TO MPOUCXO/IHT:

2 L(ZL)Z = 27m’ = —3\/§m =2 6m
Kpur A - 4 - =4 .

m, ’ KpUT 2

Orciofa ciepyer, 4TO IIPU Macce KepocuHa 3m
(Gosbmteit m,,,) mopiens GyjeT MPHXKAT BILIOT-
HYIO K JIeBOil creHke, T.e. [=L.

2. IlocKOMbKY CTepKHN OJHOPOJHBIE, TIEHTPHI Macc
HAXOJAATCS POBHO B UX CepeAuHAX. aluileM IIpa-
BUJIO MOMEHTOB JJI BHEIIHUX CHJI OTHOCUTEJIbHO
TOYKM KpeIlJIeHUS BepPXHero LiapHupa:

T,-2x +mg-x +2mg-x =3mg-x +4mg - x,
OTKY/1a
T, = 2mg.

Cuny F mnaiifeM u3 ycjoBus paBHOBecus BCeil cHC-
TEMBbI:

F = (m+2m+3m+4m+5m)g—T, =15mg —T, = 13mg.



OTBETbl, YKA3AHHUA, PEINIEHUA 55

Jlns HaXOXKJAEHUA CUJIbl HaTsKeHus T, BOCIOJIb3Y-
eMCsT METOJIOM BHPTYaJbHBIX TepementeHuit. IlycTsb
TOUKA KPEIJIeHNs MPaBoil HUTH K MPaBOMY BEpXHe-
My CTEP’KHIO CMECTHJIACh BHU3 Ha MaJloe PacCTOs-
e Ah (M3-3a MAJOCTH CMEIIEHUsT OTKJIOHEHHEM
[PABOH HUTU OT BEPTHKAIM MOJKHO IIPEHeGDPeub).
Torya 1eHTpbl TSXKeECTH crep:kHell MaccamMu m u 4m
cMecTsITCST BHU3 Ha Al/2, cTepskieil Maccamu 2m 1
3m — na 3Ah/2, a rpys onycturcs Ha 2Ah U ycJaoBUe
PaBHOBECHUSI CUCTEMbI IIPUMET BHJ]
3Ah Ah Ah Ah

L-AM+T, - —-T,-— =4dmg-— +mg-— +
1 2 21T g B g B

+3mg~%h+2mg~¥+5mg~2Ah.

()TCIO[[ay C Y4Y€TOM H3BECTHOI'O 3Ha4Ye€HUA [JIsg T1,
T1I0JIy4YnM

T, +T, =20mg, T, =18mg.

Am .
3. Bsesem o6o3HaueHus: W = i MaccoBbIil pac-
T

XOJ1 BOJBI JUISL KaK10T0 Kpana (Macca BOJIbI, TTOCTY-

naiomas B eJIMHKUIYY BPEMEHN), ¢ — y/eJbHask TeILIo-
eMKOCTDb BozibI. 110 ycsioBHIO 3a/1aui MOIIHOCTD TeTI-
JIOOTZIAYM OT BOJBI B OKPYKAIOIIYI0 CPeLy paBHA
P =a(t, —ty), Tae ¢, — Temmeparypa BOJbI B AKBa-
puyMe, O — HEKOTOPbIil MOCTOSHHBIN Koadduim-
eHT. MoITHOCTD MOKeT ObITb W OTpHUIaTeJIbHasd,
ecian t, <ty. Ilpeanonoxum, 4to B yCTAaHOBUBIIEM-
csl pekuMe 3a BpeMsl AT B aKBapHyM IIOCTYIAeT U3
KpaHa ¢ HOMEPOM R BoJia Maccoil Am 1pu temrepa-
type Tj,. A Tak Kak aKBapmyM HPOTOYHBIH, TO 3a
BpeMsi AT Takas ke II0 Macce BOJA JIOJKHA CJIH-
BaTbCs W3 aKBapuyMa yyKe IPH YCTaHOBUBIIEIHCS
temieparype t,.

1) 3anmuieMm cjeACTBHE ypaBHEHHMIT TEMIOBOro Ga-
JIAHCA JIJIST IBYX YCTAHOBUBIIUXCSI CIy4aeB — KOT/A
OTKPBIT TOJIbKO BTOPOIl KPaH U KOT/Ia OTKPBIT TOJb-
KO BOCbMOII KpaH COOTBETCTBEHHO:

caw(Ty —ty) = oty —ty),
n(Ty —tg) = ot — ty ),
OTKYy/la HaXO/IuM
ty=25°C, ¥ =2,
(04

2) Ecau OTKPBITH €pasdy Bce KPaHbl, TO YCJIOBUE
TEIOBOTo Gasanca Oy/IeT BBIMJISIETh CJEYOIIM
o6pasoMm:

(i —t)+en(l —t)+...+eu(Ty —t)=a(t—t),
OTKy/1a
. by +2(T +...+Tg)

= 22,7 °C,
17

3) Ecau OTKpBITH TPU KpaHa ¢ HOMepamu 7, m u [
(IIpH 3aKPBITBIX OCTABIIMXCSA), TO YCTAHOBUTCS TEM-
neparypa f, U ycJIOBHe TEIJIOBOrO GajaHca mpuMeT
BUJL

CM(Tn _tx)+CM(Tm _tx)+CM(Tl _tx) = O((tx _tO)'

¢
C yueroMm Toro, uro X oo T, = k-5 °C, noayua-
€M COOTHOIIEHUE

n+m+l= M.
10 °C
[lpunsgs ¢, =t,,, mocuntaeM 3HaueHUE APOOU:
7:’6% =17,8. Ho cymma n + m + [ MOKeT puUHU-

Marh TOJIBKO IieJible 3HAYEHUsI, [OITOMY N+ m + [ =
=18 (maubosee 6auskoe k 17,8 1esnoe sHaueHue).
Artomy coorBercTByer Ttemieparypa t, = 29,3 °C.
[Tog6epeM Bce BO3MOXKHBIE MOAXOASAIINE TPOHKH
snavenmnit (n,m,l):
(87:3), (86;4), (7:6;5).

4) Tlpu yMeHbLIEHUH TeMIIEPATypPbl BO3/yXa B J0-
MHKe Ha Af B COOTHOIIEHWUU [IISI CYMMBI 1+ m + [
JIOCTaTOYHO 3aMeHUTb ¢, Ha ty — At. llpunas ¢, =¢,
7t, - (ty — At)

10 °C
3aMeTuM, 4TO pe3yJbTaT He H3MEHUTCS, TaK Kak
Hambosiee Oamskoe K 18,4 memoe umcmo sto 18.
TemmepaTypa npn sTOM ycTaHoBuTcA t, = 28,4 °C.
4. Tax kak ; < 1;, T0o MOXHO 10Jb30BaTbC HOP-

MOCYUTAEM 3HAYEHHE IPOOU: =18,4.

. l
MYJION [JI COIIPOTUBJICHUA YYaCTKa JIEHTbI R = pE,

rie [ — pmuna, S — IWI0Mma/ib onepeyHoro CeqeHus.
Conporusienue npoBoHuKa (KycKa JICHTbI) 3aBH-
CUT OT MOJIOKEHHUsI X BTOPOTO KOHTAKTA 110 3aKOHY

R(x)=

X
pm,0<x<l1,
X L1 1
=ip—+p—| ——— | h<x <+,
thd pdhl hy 1< <h+tlh
AN (RN Y B
hyd " d\ by by d\hy hy|

L+l <x<l+1+1.

3aMeTuM, 4TO Ha BCEX PacCMaTPUBAEMbIX yYaCTKAX
COIPOTHBJICHUE JMHEHHO 3aBucuT oT x. Ilpu 1oj-
KJIOUEHNH KYCKA JIEHTBI K aMIIEpPMETpy U Gatapeiike
[OKA3aHUs aMIePMeTpPa CTAHOBATCH PaBHBIMU
=Y

R(x)+r
HOJBOAIIMX [IPOBOJIOB U aMIepMerpa. Y paBHeHue

1 R(x)
MOKHO HEPEIIHCATD B BiiAe — = —— +

, tAe r — CyMMapHO€ COIIpOTHUBJIEHNE

r
—. Tak kak
0 0
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3aBHUCHMOCTb R(.?C) KyCO‘{HO-J'[I/IHeI‘/JIHaSIy TO M 3aBU-

1
CUMOCTb 7(.96) TaKKe KyCO‘IHO-JII/IHeﬁHaHZ

I
1
“(x) =
HO)
P ad +L,0<x<l1,
mUyd Uy
x L (1 1 r
=1p +p——|——— |+—, [ <x <+,
WUyd Uyd\ Iy Iy | U,

x L (1 1 L (1 1 r
p Ll e B e V] EP el
U Uyd\ By Iy U\ by, hy) U,
L+l <x<l+1+1.
TToctpoum rpaduk 3aBHCHMOCTH %(x), npe/Bapu-

TEJIbHO TEPECYNTaB 3HAYCHUSI N (em. Tabmuy).

Uepes nosrydeHHbIE TOYKH MPOBEJEM TPU MOCJIE/L0-
BateJbHbIX oTpeska mpambix (puc. 20). Toukn us-
joMa rpadpuka COOTBETCTBYIOT X =1 u x =1 +1,.
Taxum o6pasom, [ =155cMm, [, =195 cM,

2023/Ne7

Tabniya

x,eMm | 20 [ 60 [100] 140 180 ] 220 | 260
I,MA | 818|455 315|241 204|182 165
1/1,A™" [1,22]2,20|3,17|4,15| 4,90 5,49/ 6,06

x,eMm [ 300 | 340 | 380 | 420 | 460 | 500
I,mA | 150 | 138 | 130 [124 [ 119 | 114
11,A™" 6,67]7,25/7,69/8,06|8,40 8,77
I3 =150 cM. Haitem yruioBoit xoaddurment s

TPETHEro yvacrka rpaduka ¥ U3 HEro ONpee/ M
3HaveHune d:

_85-7,4 1 p

= ,d= = 0,1 MM.
470 -350 A -cm hU ks

3

Tenepp ompesmeanM yriaoBble Koa(G(UINEHTD mep-
BOTO M BTOPOTO y4YacTKOB TPAQHKOB, a C HOMOIIBIO
HUX HaiigeMm iy u hy:
49-1,1 1 p
k’l = , h’l =

170-15A-c™ Uydk,
_7,4-49 1 __ P

350-180 A-cv’  ° Uydk,

= 3 MM,

) =5 MM.

0 50 100 150 200 250

Puc. 20

300 350 400 450 500 x,CM‘
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3aKnounTenbHbIA 3Tan
XLIX Bcepoccumnckon onumMmnuagbl
LLUKOJIbHUKOB MO MaTeMaTuke
(cm. <«Keanms No6)
9 knacc

1. 3ameTuMm, 4TO Pa3HOCTb KOPHEH IPUBEIEHHOTO
KBa/IPAaTHOI'O TpEXYJI€Ha JCZ +bx+c paBHa KOPHIO
n3 ero JAMCKpuMHHaHTa, T.€. \/bz —4ec.
HyCTb JABa JaHHDbIX Tpex4dJjeHa - 3TO
f(x)=x% +bx+c m g(x)=2" +byx +c,. Cornac-
HO YCJOBUIO, Yy HHUX 06H_II/II>I JAUCKPUMHUHAHT
D= b12 —4c = bZZ —4c,. BMecTo cymMbl Tpexu/ieHOB
yIOOHO PACCMOTPETh MX TMOJYCYMMY — OHA TOXKE
ABJIACTCA IPUBE/ICHHBIM KBa/[paTHBIM TPEX4YJIEHOM.

Ksazpar pasHoctu ero kopHeii (r.e. auckpumu-
HAHT) paBeH

b +b, Y B +b b—-b}
—= | =2(qte)=———=-2(c; + )~ .
[ P ) (c1+¢) 2 (c1+6) 5
3HaunT, OH He OOJIbIIE, YeM
b} + b3
2

Q+Q=D.

=2(c;+ )= 75

Otciofa u ciefyer, 4To PasHOCTb KOPHeil oycyM-
Mbl He Gouibliie, yeM ~/D, T.e. PasHOCTb KOpHei
KaK/IOTO M3 JIAHHBIX TPEXUJICHOB.

2. Hespas.

[TporymepyeM MO3HINK B CTPOKE cJeBa HAIPaBO
gucgaamu ot 1 mo 250. Ilycerb B MCXOMHOU CTPOKE X
GYKB A CTOSAT Ha HEYeTHBIX MecTax (T.e. Ha MecTax
¢ HeueTHbIMU HoMepamu). IlokaxeMm, uTO B I10JIy-
YEeHHBIX CTPOKAX 3TO KOJMYECTBO HE M3MEHUTCH.
[leiictBUTENIBHO, IIYCTH JIJIS HEKOTOPOIl Olleparmn
BBIOpaH KyCOK, B KOTOPOM 110 ¥ 6yKB A u b, npuuem
t 13 aTHX GYKB A CTOST Ha HeUeTHBIX MecTaX. Torga
Ha YEeTHBIX MeCcTaX B KyCKe CTOAT y —t OykB A W,
cresosarennio, y —(y —t)=t Gyxs B. Ilocre ome-
pauuu MMEeHHO U3 aTuX ¢ 6ykB b BO3HUKHYT GyKBBI
A, cTosAme Ha HEUETHBIX MecTaX KycKa, a 3HAUMT,
KOJIMYECTBO TaKUX OYKB A IHe MOMEHSIeTCS.

Urak, B m060# TTOTy4eHHON CTPOKE OYeT POBHO X
6ykB A Ha HeueTHBbIX MectaX. OjHaKO, ecm CTPOKa
pasBepHeTCS 3a/Jl0M Harlepej, TO Ha HEUeTHBIX Mec-
TaxX JOJ/DKHBI OKa3aTbCs POBHO Te GYKBBI, KOTOPbBIE
panpiie ObLIM HA YETHBIX MecTax, a TaM ObLIO
poBHo 125-x 6yxB A. Ilockombky 125—-x # x,
TpefyemMoe HeBO3MOKHO.

4. O6osHaunM uepe3 ' OKPY’KHOCTb C JHAMETPOM
Iglc. Tlockonbky Cl L CIgu Bl L Blg, Touku B
u C nexar wa I' (puc. 21).

O6osnaunm vepes [ MEHTP BIHCAHHON OKPY)KHOCTH
ABC. Ecmu touka X jexut BuyTtpu yriaa BIC, to
yrabl XBI- u XCIy tynbie, nostomy Xlp > XC u

¢

Puc. 27

XI- > XB. IlepeMHOKUB 5TH HepaBeHCTBa, IOJIY-
yM Tpebyemoe.

B nporusHOM ciydae Toukn X m A nexxat B OJHOM
HOJNYTMJIOCKOCTH OTHOCHUTeAbHO mpsamoii BC
(cem. puc. 21). Mpognum ayuu CX u I5X 1o nepe-
cedennst ¢ I' B toukax C; u Y COOTBETCTBEHHO.
[Tockonbky uyerbipexyronbuuk Al-BI Biucan B OK-
pysxHOCTb ¢ auamerpom [l , To

ZXC,B = ZII.B=/IAB =
= %ACAB < %ACXB = %(AXQB + ZXBC,),

orkyna £XC\B < ZXBC,, nostomy XC; > XB. Kpo-
M€ TOro, MOCKOJBbKY JJIMHA XOP/bI OKPYXKHOCTH He
npeBocxoAnT aanubl guamerpa, IpX +Xl- =
= Iglc 2 1Y = IpX + XY, orkyna X[, > XY. Cie-
JI0BaTeJIbHO,

Xly - XIo > XI - XY = XC- XC, > XC- XB.

3ameuanue. Ecim pazpermmTs Touke X HaXOANTHCS
Ha OIUCAHHON OKPY>KHOCTU Tpeyroubuuka ABC, TO
HepaBeHCTBO 06paIaeTcst B paBEHCTBO B BepluHe A
n B cepeanne ayru CAB.

5. n = 5099.

Ecanu ypamutp nosHoctsio 51 Kyuky, TO, OUeBH/HO,
He OCTaHeTCss MHOTO KaMHeil. 3HauuT, HCKOMOE 3Ha-
yerue n Menbure 5100. (AibTepHATUBHO, MOMKHO
VIQJINTH U3 BCEX KydYeK 10 51 KaMHIo.)

Ocrajoch MOKa3aTb, YTO IPU YAAJeHUH JIOObIX
n = 5099 xamHeit ocranercst MHOro Kamueit. [TycTs B
KY4YKaX OCTaJIOCh Ay, dy, ..., A1) KAMHEI COOTBETCTBEH-
HO; MOKHO cunTath, 4uto 0 S @) S @y < ... < ay59 < 100.
[Mokaxem, 4to @50 =1 npu i =1,2,...,50, T.e. Kyu-
ku ¢ HoMepamu ot 51 10 100 ymoBieTBOpsiioT Tpe6o-
BaHHAM.

[Iyctp ato He Tak, T.e. d;,50 < 1i—1 npu HEKOTOPOM
1< 50. ITO 3HAYMT, YTO KaXKJas U3 IepBHIX i+ 50
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Ky4YeK cOZepsKuT He Gouiee i —1 xamHeil, T.e. u3 Hee
ynajseno xots 6b1 101 -7 kamueit. [loaTomy obiiee
KOJIMYECTBO YJAJIECHHDIX KaMHell He MeHbIe, 4eM
(i+50)(101-14) = 5100 — (i - 1) (i — 50) = 5100. IIpo-
THBOpPEYNE.

6. Kaxknomy ocratky a ot jnemenus Ha 19 comocra-
BiUM octatok b(a) rakoii, uyto b(a)=3a(mod19).
3amerum, yto octatkam 0, 1, 2, 3, 7, 8, 9 comnocras-
senbl ocratku 0, 3, 6, 9, 2, 5, 8 COOTBETCTBEHHO.
Bouiee Toro, 1mo octatky b BOCCTAHABJIMBAETCS OCTa-
10K @ = a(b) = -6b(mod19) Takoii, uto a(b(a))=
=-18a =a(mod19) u b(a(b))=b (u3 ananoruu-
HBIX COOGpaXkenuii).

OG6Go3HauuM Terepb uepe3 of MHOMKECTBO YHCEs U3
ycJoBus, He copepxkanmx 1udp 4, S5, 6, a depes
B — MHOKECTBO TaKMX 4Yucesi, He cojepxkammx 1, 4,

7. Kasxpomy uncny A = aggdyg ... a4y € S conocraBum

uncno B =b(agy)b(ags)...b(ay). 3amernm, uTo

b(a;) — mdpa (mpuuem b (agy) # 0), Tak 4O MOITY-
yisoch 100-3naunoe yucsao. Kpome toro,

B=by +10b, +... +10%byq =
= 3(a +10a; + ...+ 10 agg ) = 34 (mod 19),

tak uro B pemurcs Ha 19 u Be B. [lockosbky
PasHBIM 4ncyaM U3 of COOTBETCTBYIOT Pa3Hble YHC/Ia
13 B, KOJMYECTBO 4Yuces] B B He MeHbllle, 4eM B oA.
Haxkomnen, kaxzpomy unciy B =bggbgyg...by € B co-
otserctByer uncao A = a(byg)a(byg)...a(by), Ko~
TOpPOE II0 AHAJOTWYHBIM IPUYMHAM JIEXKHUT B .
Orciofia caeyeT, 4To KOJIM4ecTBa unces B o u B
paBHBI.

7. Ilyctp npsimasi EC MOBTOPHO TiepeceKaeT OKpyK-
noctb (ABC) B Touke X, a mnpamasg EA TOBTOPHO
nepecekaer okpyxunoctb (ACD) B Touke Y (Mbr
pasGepeM pacIHoJIOKeHNe TOYeK, yKasalmHoe Ha PHU-
CyHKe 22; JApyrue cjIydyal pPaccMaTpuBAIOTCS aHa-
JIOTHYHO) .

Puc. 22

2023/Ne7

PaceMoTpuM roMOTETHIO € HIEHTPOM E, T1epeBosisIiy o
(ABC) B (ACD). Ilpu takoii romorerun Touka X
nepexoaut B C, a Touka A — B Y. Orciona AX || YC
n LAEC = ZAYC — ZECY = LZAYC — ZAXC.

Ho £ZAXC =180°- ZABC u ZAYC =180° - ZADC.
3Bnaunt, ZAEC = Z/ABC — ZADC = ZABC — /BCG =

= /ZABC - ZBCG= ZBGC. W3 nosyd4enHoro pa-
BeHcTBa caenyer, uro Toukn A, C, G, E jexar Ha
O/THOU OKPY>KHOCTH.
[Tockosbky TouKa E JIEXKUT HA CEPEANHHOM TIepIeH-
aukyasipe kK AC (T.e. Ha OCH CUMMETPHH OKPY3KHO-
creit (ABC) u (ACD)), ona sBJIAETCS CEpeAMHOLT
nyru AGC oxpysknoctn (ACGE). 3nauut, E ne-
JKUT Ha BHeIHeil 6uccekrpuce yraa BGC.
AHaTOTHYHO MOKa3bIBAETCS, UTO F TaksKe JTEeKHUT Ha
BHernHell Grccekrpuce yraa BGC.
3ameuanue. Y 3ajaum ectb cuenyiomiee 0060061ie-
Hue. Ilycte ABCD — 4eTblpeXyroJIbHUK,
G=ABNCD, a M — Bropagd TOYKa NepeceyeHust
okpysknocreii (ADG) n (BCG) (umaue rosops,
mouxa Muixeas 9TOTO YeTbIpexyroJbuuka). Ilycrtb
E — 1eHTp TOMOTETHH C TI0JIOXKHTEJbHBIM K0addu-
muentoM, nepesogdameil (ABC) B (ADC). Torma
toukn A, C, M, E nexxar Ha OJHOI OKPY>KHOCTH,
npuyem E — cepemuna ayru AC (1.e. ME — 6uccek-
Tpuca yraa mexay AM u CM).
8. Ilokaxem, urto Ilets cMoXkeT oIpefesnTb Bec
oxHoll rupu, gaxe ecan y Hero 8000 rups. Ilomo-
xuM 1 = 4000.
Jemma. [lnsi mobvix n zupv Ilems moxem naiimu
dse zupu, 015 KOMOPHLIX OH 3HAEM UX CYMMAPHOLL
sec.
HMoxazarenbctBo. Ilycrs Ilers mosoxutr B mpu6op
110 ouepe/ Bce BO3MOKHbIe Ha6oper u3 10 rupp us
HaImmX 7. 3aMeTHM, 4To Kak/Joe ToKasaHne Ipuoo-
pa — 3TO Bec KaKoW-TO W3 Cf nap rupb, Oyaem
TOBOPUTD, YTO 3TO IIOKA3AHUE UCNOAb3Yem ITY TaPY.
B 10 e pems, Iers nomyunt C.’ noxasammuii.
3Ha4YNT, OiHA U3 Map Gy/eT MCIO0Jb30BaHa XOTS ObI
D= Ciflo (n-2)(n=-3)...(n-9) pas.

c? 3-4-...-10

n

Wuaue rosops, Haitayress D uaMepeHuil Takux, 4To
(1) B HUX TPUGOP TTOKA3BIBAET OAMH WM TOT e BeC
S, n (2) Bo Bcex [ecsATKax, UCIIOJb30BAHHBIX B
HTUX UCIHBITAHUSX, €CTh JBe o0mue Tupu d u b. Mbr
MOKayKeM, 4TO My Bbinosnenun yeaosuit (1) u (2)
cyMMapHblil Bec @ u b o6si3aTesbHo paBen S, T.e.
Bec aroil mapol lIlerss m cMolkeT omnpenesuTh 1O
nokaszanusiM puGopa. HazoBeMm jiecsiTku rupb, yua-
CTBOBABIINE B 9THX [ M3MEPEHUSAX, HYKHOIMU.

ITpearooknM TPOTUBHOE: CyMMa BecoB a u b e
paBHa S. PaccMoTpuM Bee 11apbl U3 1 TUPb, CyMMap-
HbIE Beca B KOTOPbIX paBHbI S, HA30BEM HTU HAPbI
xopowumu. TIOCKOTbKY Beca BCEX THPb Pa3/INYHbI,
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XOpOIIINE Tapbl HE TIEPECEKAIOTCS; B YACTHOCTH, UX
He 6oJbie 7/2. [Ipu aTOM B Kaxk0i HY>KHOH J1ecst-
Ke eCTb He TOJIbKO THPH ¢ W b, HO W XOTsT GBI OJIHA
xoporas mapa. OteHnmM Tenepsb 06IIee KOTMIECTBO
HY>KHBIX JICCSITOK.

ITyctp B HY’KHOII JlecaTKe XOpoliasi rapa He cojep-
sKUT U @, HU b. JII0GYI0 Takyio [eCATKY MOJKHO
MOJIyYUTh, A00aBUB K THPSIM ¢ U b Xopolryio mnapy
(e Gosnee ueMm (n—2)/2 croco6aMm), a 3aTeM JI0-
[OJIHUB IIECThIO U3 OCTABIIUXCSA 71 — 4 rupb. VToro,

n-—2 6
KOJINYECTBO TaKUX JICCATOK HE 6oJibLe TC,,,4.

Bo Bcex ocrambHbIx HYJKHBIX [I€CATKaX Xopolias

napa cojepkur anbo a, au6o b. Ecau ects xopo-
mas I1apa, CojeplKalias @, TO Takas Iapa eJiH-
cTBeHHa. /{1l TOJTy4eHUsT Hy KHOM JIecsTKU, cojep-
JKaleil aTy mapy, ee Hajo JIONOJHUTH Tupeil b u
elfe CeMbl0 THPSIMM M3 OCTABIIMXCS 72— 3; HTOIO,
TAKUX HYXHBIX JecATOK He Gosbiie C!_. AHajo-
TUYHO, HYKHBIX JIECATOK, COZAEPKAIIUX XOPOIIYIO
napy ¢ Tupeit b, Toxe He Goapme C._,.

[onyuyaem

n-2
2

D< Ccé,+207 =

708910 8:910) 1 1y
4(n-3) n-2 2 2

IIporuBopeune.

3asepmmM pemnreHne 3ajgaun. Iloctpomm cremyio-
muit rpad. ComocTaBUM KasK/JOH THPE BEPIINHY.
Cpean Kax/IbIX 7 TUPb HaileM OHY Hapy ¢ U3Bec-
THOW CyMMOIi; /[BE COOTBETCTBYIOIIIE BEPIINHBI CO-
exnHNM pe6poM. Ecim B 5TOM Tpade HeT HeUeTHBIX
IIMKJIOB, TO, KAaK HM3BECTHO, €r0 BEPIIMHBI MOXKHO
pPacKpacuTh B JBa IBETA TaK, YTOOBI KaXKI0e pedpo
COC/IMHSJIO BEpUIMHBI pasHbIX IBeToB. Ho Torma
BEpPIINH OJHOTO TIBETAa He MEHbIe 7, W TIOTOMY
Cpe/in HUX MBI TTPOBeJH pedpo; MPOTHBOPEUHE.
3Hauutr, B mouaydeHHOM rpade ecTb LUK
Wy, Wy, ..., Wypyq, 1 IleTst 3HAECT CyMMapHBIE Beca BCex
Tap COCeIHUX THPb B 5TOM IINKJIe. B3saB momycymmy
BCeX 9THUX BecoB, IleTs y3HaeT cyMMapHblil Bec BcexX
rupb IUKJIA. 3areM, BBIYTS U3 CyMMapHOrO Beca
(wy + w3) + (wy +ws) +... + (Wyy, + Wy, ), OH y3Ha-
eT BeC THpH Wy.

3ameuanue. OnennBas 4yTb TOUHee, MOXKHO J[OKa-
3aTb JemMmy jgaxe 1npu n =2000.

10 knacc

1. Ilycts ABC — pmaHHBIH TpeyroabHuK, O — HeHTp
ero onucanHoil okpyxuocru, D, E, F — cepenutbl
ero ctopon BC, CA, AB cOOTBETCTBEHHO, TaK 4TO
DEF mnopo6en ABC ¢ xoadpdpuunentom 1/2 n
OD 1 BC, OF 1L CA, OF 1 AB.

Puc. 23

ITycrp pu nosopore Bokpyr O 10 4acoBOii cTpesKe
na yroa 120° Touka D nepexoaur B D’. IIpu takom
noBopote TpsMast BC mepexouT B HepIeH/HKY TP
k OD’, npoxoasumii yepes D, mycTh 9TOT MepIeH-
mukyastp nepecekaer BC B touke K (puc. 23).
Buaum, uro npsamoyrosbHbie TpeyroiabHuku ODK
1 OD’K pasnpi (cumMMerpuunbl oTHOCHTEAbHO OK),
u nosromy ZKOD =/DOD’/2=60°, 3nauur, B
npaMoyrojabHomMm Ttpeyronpuuke KOD BepHO
OK =20D. Nubimu cioBamu, K nosyudaercs uz D
B pesyJbTaTe TOBOPOTHOH TOMOTETHM: MOBOPOTa C
nentpoMm O 10 wacoBoil crpesike Ha yroa 60° u
nocaeayoneir romorerun ¢ entpom O u koaddu-
UEHTOM 2. AHAJIOTMYHbBIN Pe3yJ/bTaT MOJYyYUM JIJIs1
JIpyrux Touek L, M TepeceueHUs] OJHOIBETHBIX
npsambix. Takum o6pasom, tpeyroapHuk KLM 1o-
sgyuyaercd u3 DEF 1noBopoTHON TOMOTETHEN € TIeHT-
pom O u koapduimentom 2. Torna KLM nonoben
DEF c xoaddunuentoM 2, cjeoBaTeJbHO, PaBeH
ABC.

2. Ha 1-m mare y kaxkmoro u3 100 desnoBek GbLio
BBINNCAHO OJHO M3 YHCEJ MHOXKECTBA

4, ={0,1,2,...,100}.
Ha 2-m mrare — O/ITHO M3 YHucCeJl MHOKECTBa
A2 = 1ygy§y~--)@ .
222 2
Ha 100-M 1mrare BBINKMCAHO OJHO M3 YUCEJ MHOKE-
CTBa

.y

[S S-15-2
10071100 100 * 100

100-101

S—100}
100 |

rae S= — CyMMa BCeX vuceJst (a BbIUHUTaeT-

Csl YMCJIO Ha OCTaBlIeiicsd B KOHIIE KapTO‘{KC).

123 199 200
B ; AU =100 — 1
I/I[II/IM‘IT01U2{222 5 2}TdK
uro |A; U Ay =201 [lanee, [A5] =101, no wumcna

)

1
50 - by 50, 50 +% npunagiexar A, () Az, suauwr,

|4, U 4, U A3| < 201+ 101 -3 = 299.
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Wrak, mbl nokaszaaun, uyro 300 uyucesi, BbITUCAHHBIX
Ha 1-M, 2-M u 100-M marax, MOryT NpuHUMarb He
6osiee 299 pazsmunbix 3Havenuii. CrenoBaresbHO,
KaKMe-TO /IBa U3 HUX PaBHBbI.

3. Cymecryer mipu b > 1.

Jlerko Buzerb, 4To eciau b = 1,70 BCAKMIT MHOTOYJIEH
¢ xoaddurmentamu ot 9 10 b -1 ABAgETCA Hy.JIe-
BBIM.

ITycts b> 1. IlpeacraBum @ —b B b-nuHoil 3anucu:
a-b=cb"+...+cb+c, rue ¢;€{0,1,2,...,b-1}.
Tlockoabky a —b 2 b, B ar0it 3amicu n > 1.
Moxasxem, ut0 P (x) = c,x" +...+ ¢;x + ¢y yAOBIET-
BOpsieT ycaioBuio. /leiicTBUTENbHO, /1JIst IE0OOTO MHO-
rousieta [ ¢ ueibivu koaddunmenravn f(a) - f (b)
Aenutest Ha @ — b. 3uaunr, P(a)— P (b) nenutcs Ha
a-b=P(b). Ho Torna u P(a):(P(d)—P(b))+
+ P (b) nemmres na P (b).

4. Bynmem wmsobpaxaTb TypHUP B BHE TaGJIMIIbI
nXn, B KOTOPOH U CTOJOIBI, U CTPOKU ITPOHYMEPO-
Banbpl yncsaamu ot 1 10 n. Croabipr GyaIyT cOOTBET-
CTBOBATb JIEBOYKAM, a CTPOKH — MajbuyuKam. Torga
KaKaas TapTust 3a7aeTcsl KJETKOH, KOOPAWHATHI
KOTOPOIl COOTBETCTBYIOT HOMEPAM JIECBOYKH M Masb-
YUKa, Urparonmx B aToil mapruu. IlocraBum cHava-
na ¢umky B kaerky (1 1). Ilocse moGenbl eBOYKH
umka Oyzer mepeMeniatbcsi BBEPX, a B CJIydae
noGe/pl MasTbunKa — Bipaso. [Ipu atom ecau urn-
Ka JOXOAWUT 0 Kpasg TaOJuIlbl, TO U3 TMOCJeTHENR
CTPOKM TIPU JIBUKEHWM BBEPX OHA TIepEMEIaeTcs B
MepBYI0 CTPOKY, a W3 TIIOCJE[HEro CcroJbia Ipu
JIBUDKEHWM BIIPaBO — B mepBblit crosber. Torma
yCJIOBHE 33/[aUull PABHOCUJBHO TOMY, 4TO (DHIIKA
o0olLIa BCe KJIETKU TaOaUIbI, MOOBIBAB B KaXKI0I
POBHO T10 OJIHOMY pa3y.

Packpacum kseTkn TaGJuUIBl B 72 IIBETOB TIO JIHATO-
HAJISM, WIYIHM BIIPABO-BHU3: MEPBYIO AMArOHAID —
B IIEPBbIN IIBET, BTOPYID — BO BTOPOIii, ..., 71-I0
JIMaroHasib — B N-il 1IBET, & CJEAYIONINE IUATOHAIN
— cHoBa B 1BeTa ¢ nepsoro no (n—1)-i. 3amernm,
YTO TOCJe KaXKI0W TMApTHH HOMED IIBETa KJETKU, B
KOTOpOil HaxomuTcs ¢uinka, yBeanmdnmBaercss Ha 1
mo MomyJio n. Tak Kak Bcero B TypHHUpe ObLIO
1poBeseHo n° mapTHil, YTO KPaTHO 7, TO B KOHLE
(umka HaxomuTcs B KJIETKE N-TO I[BETa, T.e. HA
rnaBHoil auaronamu (aznee, roBOpsl <«/MaroHaIby,
MbI Oy/JIeM UMETh B BH/y MMEHHO 3Ty JMArOHAJD).
Ilyctp ¢dunanbHasg KJaeTka B MapmipyTte (QUIIKT
pacrioJio’keHa B CTOJIOIe ¢ HOMEPOM 7, TOTJa Tpe-
Oyercsl JI0Ka3aTb, YTO YKCJO 71 HEYETHO.

W3 BepxHeil KJeTKu AuaroHasu (GUITKa HE MOTJa
HOfTH BBepX, Tak Kak yxe Obuta B xierke (1;1).
3HaunT, ecan aTa KJIeTKa He (pUHAIBHAS, TO U3 Hee
(umka momma BupaBo. Torma m m3 caexpyroreit
KJIETKHU JIMaroHaJi OHa CJ/ieJiajia XO/ BIIPaBO U T.[I.
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JI0 KJIETKH, PaCIOJIOKEHHOH B CTOJIOIE ¢ HOMEPOM
m —1. AHaJIOTMYHO, N3 KJIETOK AMATOHAJIN, HAXOI-
muxces B crosbinax ¢ HoMmepamu ot m+1 g0 n,
¢umka xommra seepx (puc. 24). Ilyctb mepsas
KJIeTKAa [MaroHajn, B KOTOPYIO monajia (uiika,
HAXOJUTCsT B CcToJIOIe ¢ HOMepoM k. Paccmorpnm
myTh (DUIKNM OT HavaabHON KJeTKH Jo0 Hee. Bce
IyTH OT KJETOK IMepBOro I(BeTa /0 CJeaylorei
KJIETKHU 72-TO 1[BETa JOJKHBI GbITh TAKMMU Ke, KaK 1
paccMaTpHBAEMBbIH TyTh, a UMEHHO, KasK/bI Takoii
My Th TOJYYAeTCs U3 JAPYTOTO CMENEHNEM Ha BEKTOD
(1;,-1). HefictBurempro, eciu 6b GUIIKA U3 KICTKH
(a —1;b) cnemana xox BBepX, a u3 kietkn (¢;b —1) =
BIPaBO, TO B KjeTKy (@; b) oma 6br He momama, a
ecai Obl U3 TUX KJIETOK OHA JleJlajia XOJbl BIIPABO
W BBEPX COOTBETCTBEHHO, TO momajia GObl B OJHY
KJIETKY JIBaXK[IbI; MOITOMY M3 KaK/BIX JBYX TaKUX
KJIeTOK (QUIIKa Jlesraga OTHAKOBbIE XO/IbI.

Bes orpanmdenust obuHocTn GyjeM CYHTATh, YTO
k <m. Knerku quaronasm, Haxo/suecs jesee pu-
HaJIBHOIT KJIeTKH, Gy/IeM Ha3bIBATD JIe6biMU, & HAXO-
JISTIIeCs TIpaBee — npagvimu. IIpomyMepyem JeBbie
KJaetky unciaamu ot 1 10 m — 1, a npasbie — ot 1 710
n—m (u Te, U APyTHE HyMepyeM, JABUTasICh BIPABO-
Brn3). [locMoTpuM, B KakoM mopsizike (umika 06-
xouaa ati Kjaetku. C JIeBBIX KJIETOK OHa CMela-
macb Ha k kaetok BrpaBo (TIOCKOJBKY € HUX B
KJIETKY MEPBOTO 1[BETA OHA JIeJIaia X0/ BIPABO), a ¢
PaBbIX KJETOK — Ha k — 1 KJIeTOK BIpaBo. 3HAUNT,
JUIST JIEBBIX KJETOK HaM BaKEH JMIIb OCTaTOK OT
JleJIeHrs HoMepa Ha R, a JIJIst TIPaBbIX — OT JIeJIeHHst
Ha k — 1. TIpu 5TOM ecJii paBbIX KJIETOK MeHble k,
TO MOXKHO yBesmanth 1 Ha 2 (k — 1), no6asus 2(k —1)
NPaBbIX KJIETOK; 9TO He TOBJUET Ha JajbHeiinme
paccyxaenus. [l yao6cTBa 3aMeHUM BCe HOMepa
KJIETOK HA COOTBETCTBYIOIHE OCTATKU, TIPHYEM [IJIsT
IIPaBBIX KJIETOK BMeCTO ocTatka 0 Gy/eM HCHOJIb30-
Barb ymcyao k—1.

ITyctp umcIo m 1pu Jlelenun Ha k 1aet ocTatok d.
Toraa mepBbIil Tepexo/ ¢ JeBbIX KJETOK Ha IpaBble
6p11 ¢ uncaa 0 Ha yncso k — d, m B 9TOT MOMEHT BCe
KJIETKH C HyJIEM B JIeBOW 4acTH ObLIH MOCEIIEHBI.
Ha amaroHaam oCTaguch TOJBKO 4mcaa or 1 710
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k — 1. [lasblie 1eMOYKa 1ePeX0/I0B MEXK/IY MPaBbl-
MH ¥ JEeBBIMH KJIETKAMH BBITJASAUT Tak:
k—d —...— d. B 2101l LlenoOuKe KaxkJ0e YUCJIO OT
1 o k—1 Bcrpeuaercs /iBa pasa, HAUMHAETCS OHA
Ha TIPaBBIX KJETKAaX, a 3aKaHYMBACTCS HA JICBDIX.
[Tepexo/pl ¢ IPaBBIX KJIETOK Ha JieBble Oy/ieM Ha3bl-
BaTh TepexXoJaMy nepeozo mund, a € JEBbIX Ha
mpasele — gmopozo. Torpa B nenouxe k — 1 mepexo-
JIOB IIEPBOTO TUIIA U k — 2 1Iepex0/i0B BTOPOTO 1 OHI
qepeyIoTCs.

JlokaxkeM, 4TO Kak/[ple JBa YHCJIA B IIETIOYKE, CHM-
MeTPUYHbIE OTHOCHTEJBHO €e IIEHTPA, AAl0T B CyMMe
k. lnsa kpaiinux umces 1o BepHo. Kaskable Ba
CHMMETPUYHBIX IIepexo/ia UMEIOT OJUH THII, H03TO-
My B HUX 110 MOAym0 k — 1 (J1s1 mepexo10B nepso-
ro TUTIA) WK MO MOAYJIO R ([JIs1 TIepexo/I0B BTOPO-
ro tuna) npuGaB/ISAeTCs OJHO U TO YK€ YUCJIO0. 3Ha-
YHUT, CyMMa CJIEAYIOIUX JBYX CHMMETPUYHBIX YH-
cen (koropble GJmKe K IEHTPY IIEMOYKH) CHOBA
pasua si60 1 o momysio k — 1, nu6o 0 1Mo Mozytio
k. Ho cymma camnx umces He MeHblle 2 U He
6osibiiie 2k — 2, TMOITOMY OHA MOKET OBbITh paBHA
TOJIBKO k.

[TpearooskuM, 4TO YHUCIO 71 YETHO, U PACCMOTPUM
J[Ba CJydas.

1) Yucno k weverno. Torga meHTPaIbHBIN TEPEXO
B ILlEIIOYKe HMeeT BTOPOH TUll. Y IpaBoil HIDKHEN
KJIETKM JINarOHAJM HEYETHBII HOMEp, IIOCKOJIbKY
4yucJao n— m HedetHo, a k—1 yerno. JleBasi Bepx-
HSIS KJIETKA JIMarOHA/IM TOXKe MMeeT HEe4eTHBIH Ho-
Mep, TO0STOMYy NpH Mepexoje MepBOTO THIA YeT-
HOCTb 4ncsa MeHsercs. Ilyerp ¢ umesa 1 mepexon
[EePBOrO TUIA TTPOUCXOAUT Ha uncao 2s. Torpa mno
Mozyso k— 1 mepexoipl MEepBOTO THIA BBITJIS/AT
tTak: 1 — 25,2 = 2s+1, ... ,k—=1—2s+k—-2. Cym-
MBI YHCeJ B 9TUX INapax SBJISAIOTCS MOCJIe/[0BaTelb-
HBIMH HEUETHBIMHU UICIAMH, TT03TOMY HPH JleJeHNH
Ha k—1 oHm aloT Bce HeYeTHBIE OCTATKU TI0 [BA
pasa. B uwactHoCTH, €cTb 1epexo/;, B KOTOPOM CyM-
Ma yuces paBHa 1 mo moxymio k — 1. Kak mokasano
Bbllle, aTa cymma paBHa k. Ho torma s artoro
mepexojia CHMMETPUYHBII eMy TOXKe MMeeT IepBblIil
THII ¥ COAEPKUT Te JKe caMble UNCJa, T.e. OJUH U3
[IePEX0/I0B TIOBTOPUJICS, 4ero ObITb He [JOJIKHO.

2) Yucso k yerno. Torza y HEHTPAILHOTO TEPEX0-
Ja B 1ertouke 1epsolii tum. [locieanss gesast Kiet-
Ka MMeeT HEYeTHBIII HOMep, Tak Kak 4uciao m — 1
HEYeTHO, a k 4eTHO. Y MepBOil MPaBoil KJIETKH TOXKE
HEeYeTHBIH HOMep, 3HAYMT, NPH MHepexoje BTOPOTo
THIIAa YETHOCTb YHCJa HE MeHseTcsa. AHAJIOTHYHO
[IepBOMY CJIy4aio, MOXKHO HOKAa3aTh, YTO CPeJN HUX
HaiiJieTcsl mepexoji, Hapa 4mcea B KOTOPOM [aeT
CyMMYy R, U MOJIy4aeM Takoe jKe IPOTHBOPEYHE.

5. 20!,
[Ipu n=20! umeem

n(n+1)(n+2)...(n+20)

n2

_ (n+1)(n+2)...(n+20)
20!

=C3220
— 1eJI0e YnCIIo.

ycrs remeps 7> 20! 1 mycrs P =n(n+1)(n+2)...
..(n+20) gemmrcs ma kK, rne k=n+ijic
€{0,1,2,...,20}. Umeem Plk=(k—i)(k—i+1)...
(k=) (k+1)(k+2)...(k+ ), tae j=20-1i. 3a-

MeTHM, 4TO 4ncio P/k

(-1)"i!j! (mod k) moskno
nemutbes Ha k. Ho 0<iljl<il-(i+1)(i+2)...
..(i+7)20! < n <k, 3naunt, ilj! He menutcs Ha k.
[IporuBopeune.

8. n+a

3aMeTnM, YTO PaBEHCTBO JOCTHTACTCA TIPU Xy = d U
X =...=x, =1

3anuiiem

Zxﬁ :2(1—xk)2+22xk—(n+1):

:2(1—xk)2+n—1+2d.

JloCTaTOuHO J0Ka3aTb, YTO 2(1 - )2 >(1- a)Z.
[Iycrb x, — HAUMEHbIIEE U3 UYUCE.

IIpn xy < @ nveem Y (1 —xk)2 >(1 —ac())2 >(1- a)z.
Eciu e xy 2 a, 10 2(1—xk)2 =Y x, xik—2+xk ,

YTO, IIOCKOJIbKY BbIPDAKEHUA B CKOOKax HeoTpulla-

TeJbHDbI, HE MEHbIIIE

ay xik—2+xk =a n+$—2(n+1)+n+a =

:a[é—2+a]=(a—1)2-

11 knacc

1. Tlonoxkum a =sinx +tgx u b=cosx +ctgx.
BeegeM  0603HaueHUS: U =sSiDX+COSX U
v =sinx cosx. ITo ycJ0BUIO paI[MOHAIBHBIMU SIBJISI-

IOTCSL  YuCJ/Ia c=a+b:u+1 ud=ab=v+u+1.
1

Otrciogak=d — ¢ =0 +1——. 3naunr, ¢ =sin2x = 2v
v

— KOpeHb KBaJpaTHOIO YypaBHEHU:A 42 -

—(4+4k) =0 c panuoHanbHbIMU KO3 dUIEEHTAMY,
OTKy/la cJeayer Tpedyemoe.
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Puc. 25

4. OGosnauuMm TOUKH repecevenus npsimoit MH ¢
npsambimu AB, AC, BI n CI yepe3 P, Q, X u Y
coorserctBenno (puc. 25). Ilycts npsambie Al, Bl n
CI moBTOpHO TepecekaloT @ B Toukax Ay, B, u C
coorsercTBenno. Q6osnaunm ~ZBAI = ZCAI = «,
ZABI = ZCBI =, ZACI=4BCI=y, Ttoraa
o+ B +v =90° us cymmbl yrios tpeyroabuuka ABC.
ITockomeky MH 1 AI, nmeem LAQM =90°-o.
Tak kax uerpipexyrouapiuk ABAC Brmcaunbiii,
ZMAC =90° -~ ZBCA; = 90° — a.. Takum oGpasom,
ZMAC + ZMQC =180°, 103TOMY YeTBIPEXYTOJIb-
uuk A COM Bnucaunubiii. CuaegoBaTesnbHO,
ZAQA; =90°. Amnasnoruuno, ZAPA; =90°, orkyna
caenyer, uto Touku A, Ay, P, Q nexar Ha OKpYK-
HOCTH Y, TOCTPOEHHOH Ha oTpeske AA; xak mHa
JnamMeTpe.

Tenepnp 3amerum, uYTo LQC'C=2£QYC=
=90°- ZLCIA; =90° -0 —y =B. Onnako u3 Bnu-
caHHOCTH ueTbipexyroabiuka BC'CB; Mbl nojyua-
eM, uto ZCC'By = ZBBC = = ZCC’Q. Cnenosa-
tesbHO, Toukn C’, Q u By jexxar Ha OXHON MPSMOii.
Ananornuno, touku P, B" u C; jexar Ha OJHOMI
TIPSIMOIL.

B cuny ckazaHHOTO BbBINIE U BIUCAHHOCTH YETBIPEX-
yroabuuka C;BCB wumeem, uro ZCCB =f=
= ZCYQ, noaromy C,B, || PQ. IlockoJbKy 4eTbIpex-
yroapauk B'C\B,C’ Bimcannsiii, £PB'C' = ZCB,C’" =
= ZPQC’. 3uaunr, yeTbipexyroibiuk B'QC’P Bru-
canuplii. Torma pagnkaiabHble OCH €ro ONMUCAHHOM
OKPY’KHOCTH, OKPYKHOCTH Y U OKPYKHOCTH ( TIepe-
CEeKAIoTCs B OJ(HON TOUKe, a 310 npsimbie B'C’, PQ u
AA,. CrenoBaresibHo, Touka H JeXUT Ha TPSIMOIt
B'C’, 4to 1 Tpe6oBaJOCh T0KA3aTh.

d. To6exmaer Tpuria.

3ametmn, uto 2023 = 7-17% . Tpuma paso6bet drc-
Jla Ha JTOCKe Ha J[BE TPYIIIBI 110 5 U OY/IeT BO3BOAUTH
B KBaJIpaT YMCJA U3 NEPBOW TPYIIIbI M U3 BTOPOI

2023/Ne7

TPYNIBI TT0 oYepean. JIerko BUAETH, 4TO KBaJpaTbl
1IeJIbIX 4uceJ, He KPaTHBbIX 7, TPH jleJieHuu Ha 7
MOTYT JiaBaTh Juib octatku 1, 2 u 4. CnegoBareib-
HO, TOCJIE yBEJUYEHUsT MAKCUMyM Ha 2 4ucJa Ha
nocke OYIyT [JaBaTb NPU JIEJIEHWH HA 7 TOJDBKO
ocratku 1, 2, 3, 4, 5 u 6. 3HAYUT, HU OHO U3 YKCE
He OyJeT AeJqWTbcs Ha 7, a TMOsTOMYy He OyaeT
nenutbes u Ha 2023.

6. V3 ycioBust 3a7aun Mbl Cpasy MOJydYaeM, 4YTO
LXYZ =90° = ZXTZ. O6o3naunm uepe3 Q TOUKY
nepecedeHust npsambix XY u ZT, yepe3 R — TOuky
nepeceuenuss npambix ZY u XT (puc. 26). Bes

X,

o) M=P R

orpaHnYennst OGIHOCTH MOKHO CYUTATh, YTO TOUKA
Z nexur Ha orpeskax RY u QT. Ilockosbky Touka
R nexur m B 1miaockoctu ABD, u B IJIOCKOCTH
BCD, T10 onHa nexxut Ha npsamoil BD. AHaJOTHYHO,
Touka Q Jsexut Ha npsimoit AC.

3amernM, 4To RY n QT — BBICOTBI TPEYTOJIbHUKA
XOR. Torpa Z — TouKa nepecevyeHusi BHICOT ATOTO
TpeyrojbHuKa, u 1noaromy XZ 1 QR. Ilycts M —
cepenuna orpeska QR. Ilockombky ZQYR =90°,
10 YM =MR = RQ 110 CBOWCTBY Me/[MaHbl IIPSIMOY-
rOJIbHOTO TpeyrosibHuKa. 3Haunut, ZMYR = ZYRQ =
=90°- ZXOR = £ZXQ. CunenoBaresbHO, TpsMast
Y M xacaercs OKPYKHOCTH (. AHAJOTUYHO, MpsSMast
TM Toske Kacaercss OKPYXKHOCTH (), I09TOMY TOUYKU
M u P coBrazaior.

Paccmorpum /1Be mapasiiesibHbIe IIOCKOCTH 3 1 Y,
OJ/IHA M3 KOTOPbIX cojep:kut orpesok AC, a npy-
ras — oTpe3ok BD. 3ameTuM, YTO CEpeJHBI BCEX
OTPE3KOB, COEMHSIONINX TOUKY U3 ILJOCKOCTH 3 1
TOUYKY U3 IJIOCKOCTHU Y, JIEeXKAT B OJIHOI IJIOCKOCTH,
napaJuienpuoii § u y. [elictBuTe/ibHO, €C/iM BBECTH
JIeKapTOBbI KOOP/IMHATBI TaK, YTO OJIHA U3 IJIOCKO-
creil 3asiaercsa ypaBHenueM z = 0, a pyrasg — ypas-
nenueM z = h (rae h ectb paccTosiHme MeKIy I0C-
KOCTSIMH 3 1 Y), TO CEepEeJINHBI BCEX paccMaTpHBae-
MBIX OTPE3KOB JIeXkKaT B IJockoctu z = i/2. Tlpu-
MeHsisi 910 Habuionenue s orpeskoB AB, BC,
CD, DA, QR, Mbl 1IOJlyyaeM, 4TO UX CEPeIMHbI
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Puc. 27

JiexkaT B OJHOH ILIOCKOCTH, 4YTO U TPe6OBAJIOCDH
(puc. 27).

7. Muorounen P(x) HasbIBaeTCs UeI03HAUNLIM,
ec P (k) — memoe uncno mpu mo6oM 1esoM k.
Hawm majio joxasathb, 4to ecm Muorounens P (x) u
P’(x) uenosnaunst, mpudem crenenb P (x) pasna d,
T0 crapimii koadduuient Maorodena Ny - P (x) —
L[EJIbLIL.

Jlemma. ITycmv P(x) — uenosnaunviii miuozounen
cmenenu d. Tozda ece koapuyuenmor mnozoue-
na d! - P(x) yenvie.

Joka3areabcTBO. PaccMOTPHM MHOTOYJIEH

O(x)=
n _\(x—O)(x—1)...(x—(i—1))(x—(i+1))...(x—d)
=2.P(0) (i=0)(i—1)...(i—(i-1)(i-(i+1))...(i-d) -

=0

Ero crernenpb ne GoJibiiie d 1 €ro 3Ha4CHUST COBIA/A-
I0T C COOTBETCTBYIOIUMI 3HAYCHUSIMIL P (1) B TOU-
kax x=0, 1, 2, ..., d. 910 0O3HAYaeT, YTO MHOI'O-
wnen P(x)—Q(x) mMeer cremenb He Bbimte d, a
taioke obnyssiercss B d +1 toukax. [loatomy on
nysesoii, t.e. P(x)=0(x). (Dopmyra Bbime —
3TO YACTHDBII CJIydail unmepnoasyuonou Gopmy.ivt
Jazpania.)

Ocranoch 3aMeTuthb, uTo B (hOpPMyJIe BbIIE B i-M
cJIaraeMoM 3HaMeHaTeJIb PaHeH (—1)d_’ il(d i)} aro

4HCJI0 eTUT d!, TOCKOJbKY ﬁ = Cf,. 3Ha-
YHUT, PU YMHOXKEHHH KAXKOTro cJjaraemMoro ua d!
MOJIy4aeTcss MHOTOUJICH C TIEJIBbIMHA KO3 duInenTa-
M.

[lepeiinem k pemienuto 3amaun. Wuaykinus no d.
Basza npu d =0 tpuBnasbna. [[is nepexo/a MHIYK-
LI PACCMOTPHM GHIIETO3HAYHDIH MHOTOWICH P ()
crerrenn d; TycTb ero crapumii Koadduiment pa-
BEH 4.

Ecau d He sgaBisieTrcss TPOCTBIM UYHUCJIOM, TO
Ny =dN,_y. 3amernm, uro MuOorouwnen AP (x)=
=P(x+1)— P(x) takxe ONIEIO3HAYHBIH, HMeeT
creteib d —1 m crapmmmii koapdpunuent ad. Ilo
[PE/IIOJIOKEHII0 MHAYKIU, uncio Ny_; -ad = Nya

SIBJISIETCS TIEJIBIM, YTO U TPeGOBANOCDH JOKA3ATh.
[Tycrp Teneps d — npocroe yncno; toraa Ny = Ny,
U TO K€ paccykjeHue jgaer, uto uncyao dNya sBis-
ercst 1eqbiM. Ilpemmosokum, uto Nya — Helenoe
YHCJIO; TOT/IAa 3HaMeHaTe b yncaa ¢ (B HeCOKparu-
MOIl 3alnCcK) JeJUTCS Ha IIPOCTOE YHUCI0 d.
3aMeTuM, 4To cyMMa BceX K0a(HINeHTOB MHOTO-
unena P (x) — a10 menoe uncao P(1). Tlockoabky
3HAMeHaTeJb YicJaa d JeuTcs Ha d, cpean Koad-
dunmentos MHorowrena P (x) Haiizercs elte ouH,
y KOTOPOTO 3HAMEHATeJb JeJUTCsT Ha d; MyCTb JTO
koapdumment b npu xt, i <d. 3amernm, uto i >0,
tax Kak ancao P (0) memoe.

Ho rtorza y mesosHaunoro Muorowiena P’ (x) xoad-
durment npu 1! pasen ib u Take uMeer 3HaMe-
Haresp, kpatueiii d. IockosbKy d — mpocroe dwc-
710, OTCIO/IA BbITEKAeT, uTo Koadduiment mpu x' 'y
muorouena (d —1)!P’(x) Hewesblil, 4T0 IPOTHBO-
PCUHT JIeMMe.

8. PaccmarpuBaembie cetn u3 N — k JIopor Ha3biBa-
eM jajee k-cemsimu. PaccMOTPUM HEOPUEHTHPOBAH-
HbIil Tpad, o6pasoBanHbIil JoporamMu k-cern. B Hem
He Gojiee R KOMITOHEHT CBSI3HOCTH, IOCKOJIBKY B
KaK/JI0H ecTb BblJeseHHblil Topos. C pyroi cTopo-
HbI, KOMIIOHEHT He MeHee R, MOCKOJbKY BCero pebep
He Gosee N —k. Tloatomy KOMIOHEHT POBHO k&,
KaK[asl M3 HUX eCTb JEPEBO, COAEPKUT €ANHCTBEH-
HBIN BBIIEJIEHHBII TOPOJ, U — BCIIOMHUHAS IIPO OPH-
eHTaImio — pedpa KaK/I0ro JepeBa HAIPABJIEHBI IO
HAIPaBJICHNIO K BbIIEJIEHHOMY Topoly. B wacTtHO-
CTH, U3 KaXKJOTO He BBIACJEHHOTO IOpoja JI0JIKHA
BBIXO/INTH POBHO OJIHA /IOPOTA, a M3 BBIIEJTEHHOTO —
0 nmopor.

Paccmorpum (k+1)-OHTI/IMaJIbHyIO cetb A ¢ BblIe-
JIEHHBIMH TOPOJAMH Yo, Yy, ..., Yy W R-ONTHMAIBHYIO
cerb B ¢ BblIeJICHHBIMU TOPOJAMU  Xy,...,X,. He
yMassist OOIIHOCTH, HM U3 OJHOrO X; Hesb3s /106-
partbes B cetn A 110 ropojaa y,. Ilycrs U — mHOXKe-
CTBO TOPOJIOB, M3 KOTOPBIX B A MOXHO 106parTbcs
110 Yo, a O,  — MHOKeCTBa JJOPOT, BBIXOSIINX U3
U B cetsix A, B coorsercraenno. Umeen |of = [U] -1,

1B =V
Pacemorpim cets D = (AN o) UP. Yreepsxmacercs,
YTO 5TO k-CETb LIS BBIAEAEHHBIX TOPOJAOB Yjy-- -, Y.

B camom pgese, 4wmciao Jgopor B Hell paBHO
ID|=N-k=1-(U|-1)+[U| = N -k. Us xaxmo-
TO TOPOjia, KPOME Yi,..., Y, BBIXOAUT POBHO O/IHA
nopora. Beiesxas u3 mo6oro toposa Bue U mu
UCIOJIb3YSI JJOPOTH CETU, MBI IO-TIPEKHEMY MOYKEM
MoTIacTb B OJIMH U3 TOPOJIOB Yy,...,Y,. Bbiesxas us
ropozia B U, Mbl in6o monagaeM BHe U — u gasee B
OJTMH U3 TOPOIOB Yy,..., Yy, — JHOO 3aIUKINBAEMCS
B U. Ho Torja 3 coiepskuT UK/, 4TO HEBO3MOXKHO.
Pacemorpum cets C = (B \ B)U o.. YrBepkgaercs,
uto 210 (k+1)-ceThb [ BBIZCTCHHBIX TOPOIOB
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Xy X, Y. B camom geae, C\ =n—k—1u, Boles-
sKast U3 J060ro ropoga 1o goporam cetu C, MbI
nu6o nonagaem B U u Torja 1mo o 1oe3skaeM 10 Yo,
sn6o HU pasy He monajgaeM B U u Torza joesxkaeM
JI0 OJTHOTO W3 TOPOJIOB Xy,...,X},.

Urax, C, D — k-cetb u (k+1)-cerp. Cymma mx
cTouMocTelt Takast ke, Kak y A u B. 3uauur, oHu
o6e ontuMaJbHbl. MTak, 17 cetn A ynanoch BbIKH-
HYTb BBIJIEJIEHHBIH TOPOJ M HAWHTH ONTHMAJbHYIO
k-ceThb € OCTABIIUMUCS BBIJEJEHHBIMH TOPOJIAMU.
Tenepb MOKHO MOCTPOUTH TPeOyeMYIO0 HyMeparuio
B o6patHoM nopszake (HaunHas ¢ mycroii N-cetn).

JInHrencrnyeckme 3agadn

3apaya 1

3aganne 1. IIpososoxa — obonouxa, npogod —
0600, 6aadvika — obaadamv. Bo BropoMm cioBe
Kask/I0ll TIapbl [POM30IIIO BBINA/IEHHE HAYATBbHOTO
6 mocie puctaBku 00- (cp. Takxe cosem — obem,
n06OPOM — 000POM, NPUEHIUKA — 0OLIYUAT W T.I1.).
3azanue 2. «<;KuTb», 4TO BUAHO MO OJJHOKOPEHHO-
My TJIATOJIy 00umams.

3apava 2

3aganue 1. valahany (cxorvro-1ubyos), ahol (zde),
valahogy (kax-nu6yow), mikor (xozda?), valahol
(20e-nubyov), némikor (unozoa).

3aganue 2. xaxoi-nubyow (valamely), z0e? (hol),
xax (ahogu), xoe-xaxoi (némely), xmo-nuGyow
(valaki), cxoavro? (hany).

IIyTeM MOMapHOTo COMOCTABICHUS BEHIEPCKUX CJIOB
o6GHapy>KMBaeM /IBa Psjla 9JEMEHTOB:

1) vala-, né-, a-; BO3BMOKHO OTCYTCTBHE IJIEMEHTA;
2) -mely, -hogy, -héany, -mikor, -hol, -ki.
DJIEMEHTBI TIEPBOTO PSIIA MOTYT CTOSITh TOJIBKO Ha
epBOM MeCTe, a 9JEMEHTbl BTOPOro psja — Ha
BTOPOM MECTE B CJIOBE.

Tenepb cpasunM T1epeBobl (IpUBEJCHHbBIE KaK B
yCIOBMM, Tak W B 3aganun). Hanpumep, xozda-
nubyov N CKOALKO-HUGYb> PA3IMIAIOTCS OCHOBHDBI-
MU TIOHATHSAME, HO COJAEPKaT B ceGe OHO U TO e
JIONOJIHUTEIbHOE TIOHATHE — MOHATHE Heompe/e-
nennoctn (kozda-nubyov — B HeonpeaeeHHOe Bpe-
M, CKOAbKO-HuGyOb — HeoNpejeJeHHoe KoJmye-
CTBO).

AHAJIOrNYHO BBIIEJSIOTCS €lle TPU 5JIEMEHTAPHBIX
3HAYEHUs JIONOJHUTELHOTO XapaKTepa: IOHATHE
He6obIol copokynuoct (cp. Heckoavko, Koe-
z0e, unozoa); monsTHEe oTHOCHTEbHOCTH (MO-pyC-
CKH 06GBIYHO 0COGOTO BBIPAsKEHUS HE MMEET, OJIHAKO
CPaBHHUTE KAKOU W KOMOPLLUL); TOHATHE BOIPOCH-
TenbHOCTH (B PYCCKUX MEpeBojiax 0603HAYEHO 3HA-
KOM BOIIPOCA, a B BEHIEPCKOM SI3bIKE 3HAYEHHE

2023/Ne7

BOIIPOCA BBIPAXKAETCST B COCTABE CAMOTO MECTOMMe-
HUS MM MECTOUMEHHOTO Hapedws).

Kpome sroro psapa us uerblpex JOIOTHUTENbHBIX
3HAUEHUIl, YTOYHUM COCTAB CAMUX OCHOBHBIX IOHSI-
THiIl. ITO JleaeTcs Takyke IyTeM IOIApHOrO CpPaB-
HEHUs WM IIyTeM BbIYUTAHUS M3 OOIIEr0 3HAYCHMUS
mepeBojia BTOPOCTENIEHHOTO cjaraeMoro. B pesyuib-
TaTe MMeeM IIeCTb KOPHEBLIX 3HAYEHUil: IPH3HAK,
o6pas jieficTBusI, KOJINYECTBO, BPEMS, MECTO, JIHIIO.
Temnepb sICHO, 4YTO NEPBOMY PsILy 3HAUAIMX dJIe-
MEHTOB COOTBETCTBYET NEPBbIil PsiJl 37I€MEHTAPHbIX
3HaueHui, a BropoMy — BTOpoii. TouyHo ycraHo-
BUTH, KaKOil 5JeMEHT KaKoe 3HaueHHe BBIPAXKaerT,
HeTpyiHo. OHHU COOTBETCTBYIOT JIPDYT JPYTy B TOM
HOpSJKE, B KAKOM Mbl UX IIPHBEJH BbIIIE, T.e.
CIIMCKY HAJIAraioTcs JpyT Ha JApyra.
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IMMAXMATHAA CTPAHUUKA
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KITACCKA

daoduano Kapyana cras mobe-
JIATEJIEM TIEPBOTO STara MPECTIK-
noit cepunr Grand Chess Tour—
2023, xortopblil Tpoxoaua B by-
xapecre. B pamkax cepunt mpoBo-
JIATCS JINTID [{BA Ty PHIPa 10 KJIac-
CHKe, YTO TTOJUYEPKUBAET TEH/EH-
IIII0 K COKPAIEHUIO YMCJa IMIax-
MaTHBIX TYPHHPOB C J[/THHHBIM KOH-
TPOJIEM.

®.KapyaHa — fl.HenomHswWwWwMN
Byxapecrt, 2023

1. d4 2f6 2. 2f3 d5 3. c4 e6
4.9¢3 ¢35 5.e3 Ac6 6.cd ed
7. &b5 cd 8.4d4 &d7 9.0-0
Ld6 10. 2f3 Le6 11.b3 a6
12. &.d3 Ae5 13. Qe> LeS
14. &b2 %c8 15. Bel 0-0 16. f4
L7210 17. Qe2 (17. Qa4!?, 3ar-
PY/IHSSL MaHeBp YepPHOTO CJOHA)
Lb6 18. Ld4 &d4 19. ads WaS
20. ¥e2 =2fe8§21. h3 £d7 22. Ec8
Ec8 23.%b2 Wed 24.a4 ad
25. ¥d2 b6 26. Eb1 Wa3 27. 2h2
h6 28. Bb2 We7 29. Ec2 Ecd
30. Af3 Ec231. fc2We5 32, Ld3
wf8 33. ad4 #g8 34. g1 B8
35. $2f2 W@e7 (35...2¢8!? ¢ Bepo-
ATHBIM TOBTOPCHUEM XOJO0B)

36. b2 wf8.
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37. Ac2! C yrposoit akTHBU3H-
poBath ¢ep3sa mocae Hes.
37...4e4+?] HeBbiHy K/IcHHAs ar-
peccusi, OCJIOKHSIONAs 3allUTy
yepubix. Hazexnee 37...Wd6.
38. Ledde39. ads Lc640. ¥e2
We3 41. Wab Wd2+ 42. Qe2 Wh4
43. ¥c8+ Le8 44.%™c2 4d7
45. ad4 £5? 3aumumasa nemky,

YepHBIE MOJYUYalOT CTPATErHYecK
TSOKEJIYIO TO3UINI0, (UuKcupys
nemku f5 1 e4 ma mosAX IBeTa
CJIOHA, YeM B UITOTE YMEJIO M0JIb3Y-
10Tcsl Gesible. XOpOIIe TPaKTH-
yecKue TMaHChl OCTaBJISJIO
45... 898 46. ¥red Le6 ¢ nepexo-
oM B ep3eBblil AHAIINIL (e3
nemku. 46. ¥c7! Wd2+ 47. Qe2
Le6 48. b6 2f7 49. ¥d4 Wa2
50. ®a7+ w2g8 51. %a8+ @h7
52. ¥a5 ®h8 53. ¥d8+ ®h7
54.%a5 ®h8 55.b4 Lc4
56. ®d8+ ®h7 57.%d1 £b3
58. #d7 Le6 59.¥b5> ®h8
60. %5 g6 61. el 2g8 62. ¥d6
©f7 63. ¥d2 Wa4 64. 2d4 Lc4
65. 2f2 hS 66. g3 Wa3 67. b5
Wd3 68. ¥rc1 Lb5 69. 7+ 28
70. Y¢S5+, yepHbIe CAATHCH.

®.KapyaHa - M.Bawbe-Jlarpas
Byxapect, 2023

1. d4 Af6 2. c4 g6 3. h4!? ag7

4.2c3 0-0 5.e4 d6 6. Le2 ¢S

7.d5b58.cba69. adab10. &b>

L2a6 11. La6 2a6 12. Af3 Wwd7

13. 0-0 Wg4 14. Bel Ab4 15. L.g5.
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15...4h5? Hauano omm60o4yHoO-
T IJIAHA, CBSI3AHHOTO € aTaKOoil Ha
KkoposieBckom uanre. 16. Le7!
Af417. g3 Efe8? Bropas u pemra-
1o1ast onu6Ka. Y CJIOKHSIO 3a/1a-
gy Gesnpix 17...Abd3. 18. £.d6!
afd3 19. Ze3 2b2 20. b3 4 2d3
21. €5 £5 22. @ah2 Wh3 23. Qe2.
Besble J1IerKo OTpasmiy HAaCKOK
YEePHBIX KOHEH, OCTABIINCH C ITa-
POii IPOXOHBIX IElIeK B IEHTPE,
MO3TOMY YepHbI€ C/AJIHCh.

Ha xenckom typuupe B CeHT-
Jlynce xpacwBoii mapTueil oTMe-
tmiach Anekcannpa KocreHiok.

A.KocteHiok — X.KoHepy
CeHT-Jlync, 2023

1. e4 e5 2. &f3 Aac6 3. L4
Af6 4.d3 d5 5.ed ads 6.0-0
be7 7. Bel 6 8. d4 2b6 9. £b3
ads 10. ad4 Wd4 11. ¥d4 ed
12. &f4 Lf5 13. Le7 2d7
14. Ad2 Lc515. Lb6ab 16. Qe4
Ehe8. B caiyuae 16...L¢4 17. Bed
Ehe8 18. Be8 ®e8 19. £d5, me-
CMOTpSI Ha MaTepHajbHOe PaBeH-
CTBO, y GEJIBIX 3aMETHOE TIO3UIU-
onHoe upeumyiecrso. 17.agl
L6 18. h4 2e5 (18...h5!?, Top-
MO3$5 TIPOJBIDKEHIE GeJIoi Term-
kn) 19. h5 28 20. h6 gh 21. Qe4
Lg6 22. 4f6+ 2d6 23. Bad1 hS
24. g3 Ed825. 2g2 Ef526. Qed+
®@c7 27.f4 Le7 28.c¢3 dc?
(28...d3!, me maBas GedbIM OT-
KPBITh IMHUN 17151 aTaku) 29. Ac3

Ed1 30. Bd1 £c¢5?
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31. Ab5+ ¥¢6 (BbiHyKAEHHO,
Tak Kak 31...2c8 Bemer Kk Mary
nocie 32. fe6+ ®H 33. BA8X)
32. Qa7+ ®c7 33. Qb5+ Rc6
34. La4d Ef8 35. ads+ uds.
Kpacuspiii Bapmant B ciydae
35...8d6 ykasana Asekcanapa B
MOCJEMATYEBOM KOMMEHTAPHH:
36. f5! &d4 37. fg Ef2+ 38. 2h3
®c5 39. Bd4! 2d4 40. g7, u new-
Ka poxozut B depsu. 36. Lb3+
®e4 (36...2d637. Qeb+) 37. Qeb
Ec8 38. Lc2+ @e3 39. 5 4Le?
40. Bd3+ ®e2 (40...%¢4
41. Be3+) 41. @d4+, ssuny ue-
u36eKHOr0 MaTa 1ocie 41...%el
42. Bd1x, yepHbIe CAAIHCH.

A.Pycanoe
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