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Konekuna rosloBOJIOMOK

O6bluHO B rofIoBOIOMKax ¢ bpycoukamu TpebyeTcs, nepeaBuras Aetanm no onpege-
NEeHHbIM NpaBunam (BHyTpy KOpoOKM, He OTpbIBasA OT AHa 1 He NepeBopayrBas),
[0OMTbCA UX oNpefeneHHOro PacrosioKeHUA B KOPOOKe.

Ho B 3TOI ronoBosiomMKe, NpugymaHHon xopaxem 3uxepmaHom (George
Sicherman), Bce HA060POT: HYXKHO Tak MOMeCTUTb NATb AeTanel B KOPOOKy 4X7, UTo6bI
OHW 3aKNNHWAN ApYT Apyra.

lNpoBepwnTb, 4TO Bbl NPABUAbHO CNPABUANCDH C 3aAaHNEM, O4eHb MPOCTO: AOCTATOY-
HO MOHAaKJIOHATb KOPOOKY B pa3Hble CTOPOHbI 1 yOenTbCA, UTO HU OfiHa 13 AeTanei
He MOXeT CABUHYTbCA C MecCTa.

Kenaem ycnexa!

E.EnucgpaHos
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[eoMeTpryeckrie BepOoATHOCTI

H.6.BACUJIBEB

OTON CTATBE Mbl HE BYJIEM
3aHUMATHCS CTPOTHM OIIpe/ie/IeHHEM OC-

HOBHBIX TOHATHII TEOPHM BEPOATHOCTEH, a
MO3HAKOMUMCSI C HEKOTOPBIMHU 3a/1a4aMH, T/Ie
MOCYUTATD BEPOSITHOCTH COOBITHI MTOMOTAIOT
cooGpaskeHnst CUMMETPHH, & TaKKe HarJsiji-
HOe n306paskeHne COOLITHIT € TOMOIIbIO KO-
Op/IMHAT HAa IIJIOCKOCTH.

[Ipu aTOM MBI Oy/1€M UMETD JIEJIO HE TOJIBKO
C 33jla4aM¥, TJie MMEeEeTCs KOHEYHOE YHCJIO
PaBHOBO3MOXKHbBIX BAapUAHTOB, HO U C TaKH-
MH, T/le BAPHAHTOB 6ECKOHEYHO MHOTO. Bor
JIBE M3 HUX.

3anaua o BcTpeue. /[soe npusime.ieti 0020-
BOPUIUCH GCMPEMUMBCS HA NAOWA0U Masi-
Koeckozo om 12 do 13 wuacos. Kaxouviii
npuxooum 6 HeKomopwill CAYUAUHBIL MO-
Menm epemenu, xoem 15 munym Opyz020 u
yxodum. Kaxosa eeposammnocmy, umo ouu
ecmpemsamcs?

3azaua 06 OCTPOYTOJBHOM TPEYrOJbHH-
Ke. Ha oxpysnocmu cayuaino euloupaom-
csa mpu mouku. Kaxosa eeposmmnocms, umo
MPeYzoNvHUK C BEPULUNAMU 6 IMUX MOU-
Kax — ocmpoy20ioHolil?

Ho naunem MbI Bce ke ¢ 60see MPOCThIX,
KOHEYHBIX ITPUMEPOB.

Bpocaem Kyouk

CampIil yTOGHBII MTHCTPYMEHT /IS IEPBOTO
3HAKOMCTBA C BEPOSITHOCTSIMU — WTpaJibHAsI
KOCTb: KyOUK, TPaHU KOTOPOTO 3aHYMEpOBa-
el uncaamu 1, 2, ..., 6.

[TockosbKy KyOMK COBEPIIIEHHO CUMMETPU-
YeH, Mbl CYUTAEM, YTO BCE LIECTb BO3MOXKHDBIX
BAapUAHTOB UMEIOT O/ITHAKOBYIO BEPOSATHOCTD.
CkaskeM, BEpOSTHOCTD BbIIIa/ICHUS IIECTEPKU
paBHa 1/6 , BEpPOSITHOCTD, YTO BBIMIA/IET YUCJIO

Omny6smkoBano B «KBanrte» Nel 3a 1991 rog.
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He MeHbiee 3, paBHa 4/6 =2/3, BeposT-
HOCTb, YTO BBINA/IET HEYETHOE YICJIO OUYKOB,
pasna 1/2. (CoorsercrByionue cobvimus —
MHOXKECTBA «OJIarONPUSTHBIX WCXOJ0B» —
MOKAa3aHbl KPACHBIM I[BETOM Ha PHUCYHKAxX
1,a—-6.)

Ecmm mosi pykoii HeT UTpasbHOTO KyOUKa,
C TAKWM JKe YCIEeXOM MOXKHO KaTUTD 10 CTOJTY
NIeCTUTPAHHDBIN KapaH/alll, Ha IPaHsIX KOTO-
poro namucanbl HOMepa 1, 2, ..., 6. Jlerko
npejcTaBuTh cebe Kapaujgaim He ¢ 6, a ¢
JIIOOBIM YHCJIOM 72 OOKOBBIX T'DaHei.

Wrak, mycTb y HAC eCTb MHCTPYMEHT, o6ec-
MEYNBAIONIMI [TOJlyYeHUe 72 PABHOBO3MOK-
HBIX BAapUAHTOB. MBI 0 OIpe/IeIeHIIO CUM-
TaeM, YTO BEPOSTHOCTD OCYIIECTBJICHNS KasK-
JIOTO 13 3TUX BapUaHTOB paBHa 1/n, a BeposiT-
HOCTD KayK/10r0 coObITHs A, cocrosiiiero u3 k
BapHMaHTOB, paBHa R/n.

[Ipn n =6, KOHEYHO, JIETKO TIPOCTO TIepe-
CUMUTATh BCE BapUaHTBI, M300pasuB WX Ha
pucytnke. Ho korya 4mcyio BApuaHToB 72 BEJTH-
KO, Ha MOMOIIb IIPUXOISIT HEKOTOPbBIE MTPABH-
JIa BBIYUCJIEHUST BEPOSITHOCTEI.

Bynem o6o3HauaTb BEPOSITHOCTH COOBITUS
A uepes p(A). CobbITHs y HAC — 3TO IIPOCTO
HEKOTOPOe MOIMHOKEeCTBO MHOKeCcTBa E Bcex
BO3MOXKHBIX BapuaHTtoB, mpuieMm p(E)=1.
[lns 6pocanmii Ky6UKa MHOKeCTBO E cocTouT
n3 mectu aynementoB 1, 2, ..., 6. Cambie
MIPOCTBIE COOTHOITEHUS MEXIY BEPOSTHOCTSI-
MU BO3HUKAIOT U3 COOTHOIIEHWH MKy MHO-
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JKeCTBaMM, TOYHee, KOJUYECTBAMM 3JIEeMEH-
TOB B HUX.

BeposrtHocTb co6biTis A, donosnumens-
1020 kK A (B HEro BXOJsIT Bee aieMeHTbl E, He
Bxoggamme B A), paBHa

p(A)=1-p(A). (1)
Hampuwmep, ecn A coctont n3 unces ot 1 10
6, aensdmmxcsa Ha 3, TO A — uncria, He
pensimmecsina3; p (A) =1/3, p(A) =1-1/3=
=2/3 (puc.1,2).

O6beunenne AU B — co6biTue, cocros-
1iee B TOM, YTO IIPOUBOLILIO X0Mst GbL 00HO U3
JIBYX coObITHii: A unu B. Ecan cobbitust A u

B necosmecmuuwt, T.€. 1Ba MHOKecTBa A 1 B
He TlepeceKarTcs, TO

p(AUB)=p(A)+p(B). (2)

Ecmm e cobertuss A u B coemecmuut, T.e.
nMeeTcst Helycroe nepeceueHue AB, To

p(AUB) = p(A)+ p(B)-p(AB). (3)

(TTepeceuenue aByx MHOKECTB A 11 B — cOGbI-
THE, COCTOSIIEE B TOM, YTO BbBINOJHSIIOTCS
o/tHoBpeMeHHO A u B, — Mbl 0003HaYaeM, Kak
NPUHATO B TEOPHHU BEPOATHOCTEH, Tpocto AB.)

HOBTOprIe nanbiTaHnA

[IpexcraBum cebe, 9TO KyOUK OPOCHIIN JBA
pasa (mmm —uTO0 cpasy 6pocuan aBa KyOnuKka);
9TO — J[BA HE3aBUCUMBIX UCIIBITAHUS.

3anava 1. Kaxosa eepoammocmo, umo npu
nepeoM Opocanuu evinadem He MeHvuwe 5
0UK06, d NPU 6MOPoOM — He Menvwe 47

Temepp MHOXKECTBO E — 3TO MHOXECTBO

Beex nap («,y), rae x u y — uncsia or 1 10 6

X O3HAYAeT YMCJIO OYKOB, BbINABIIEE HA
nepBoM Ky6GuKe, ¥y — Ha BTopoM). Bee mapsbi
(,¥) paBHOBEpPOSITHBI, X HUHCJIO PABHO
6-6=36. Yno6HO n300pasuthb UX B BUJE
kBajpara 6 X 6 KIeToK: KJIeTouYKa ¢ KOOP/IH-
Hatamu x 1 y u3o6paskaet napy (x, y ) (puc.2).
W3 HUX HAZ0 BBIOPATH T€ KJETKH, KOTOPbHIE
YIOBJETBOPSIIOT YCJOBHIO 3ajaun: X <5,
y < 4. OHH 3aN0JHSIOT IPSIMOYTOJBHUK 2 X 3
kaerku. Vrak, cpenn 6 - 6 map Bei6pano 2 - 3,
TaK 4TO MCKOMAasl BEPOSITHOCTH PABHA

2-3 6

1
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Boob6ie, ecsin cobbiTie A ompesiesisieTcs 1mo
pesyJIbTaTy MepBOTO WCIBITaHUsA, a B — 1o
BTOpOMY HcibITanuio (T.e. A — 3T0 HEKOTO-
phiii Habop cTOJIOIOB, a B — HEKOTOPbII
Ha6op CTPOK), TO BEPOSATHOCTH OHOBPEMEH-
HOTO BbIToJiHeHNST A 1 B paBHa

p(AB)=p(A)-p(B). (4)
B srtom cayuae cobpitusi A kK B Ha3biBaioT
nesagucumvimu. Ipasuso npoussepenus (4)
MOJKHO UCTIOJIb30BATD U JIJIsT GOJIBIIEr0 YHCIa
He3aBUCHUMBIX UcnbITanuil. Hanpumep, Bepo-
SATHOCTD, YTO NP KaK/IOM U3 TpeX Gpocanuit
KyOuUKa BBINIAQJIET IATEPKA WJU IIECTEPKA,
pasma (1/3) = 1/27.

PaccMotpiM Temepb Ba puMepa, Te pedb
TOXKe UJIET O JABYX HUCHBITAaHUAX, T.e. E —
MHOKECTBO Tap (X, ), HO HMHTepecymomee
HAac COOBITHE 3ABUCUT OT X U y GoJiee CIOK-
HBIM 06Pa30M, TaK YTO YCJIOBUE «HE3aBUCH-
MOCTH» YK€ He BbITIOJHEHO.

3agaua 2. Kaxosa eeposamuocmv, umo
xoms Ol npu o0HoM u3 08yx Opocanuil
KyoOuKa evinadem mne menee 5 04Ko8?

CoOTBETCTBYIOIIME Mapbl OTMEYEHBI Ha

pucyHKe 3, Tak YTO HCKOMasi BEPOSITHOCTD
pasHa 20/36 = 5/9.
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Puc. 3




4 KBAHT

3aMeTuM, 4TO MOKHO PacCy:KJaTh WHAYe:
HalTH JOMOJHUTETBHYIO BEPOSITHOCTD TOTO,
YTO U MPU [EPBOM, U MPU BTOPOM OPOCAHUU
BBITIAJIET He 6oJiee 4 OUKOB. ITO yKEe MOKHO
clesaTh MO TPaBUJAY TPOU3BEICHUS:
(2/3)x(2/3) = 4/9, nosromy uckomasi Bepo-
4
STHOCTb paBHA 1—— = —.
9 9
3agaua 3. Kakxosa eeposmmuocmo, umo Ko-
JUUECNBA OUKO8, GLINAGUIUX NPU 08YX GPO-
canusx, omauuaiomcs ne 6oqee wem na 1?
Hy:xHbre Tapbl OTMEYEHBI HA PUCYHKE 4, 9TO
6 KJIETOYEK TI0 JIMATOHAJN X = ¥ U TI0 5 HA JIBYX
COCETHUX C Hel MapasyieJbHbIX TPSIMbIX.
Wckomasi BepositHocTh paBha 16/36 = 4/9.
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Cny4yaiiHble Ynca U TOYKU:
paBHOMepHoOe pacnpepeneHne

Tenepn peub MoHET O CAYyUAWHBIX TOUKAX
Ha OTpe3Ke, Ha OKPY’KHOCTH, B KBaJpare...
Kaxk omnpeniesisiotcst BEpOSITHOCTH B 3TOM CJTY -
yae? Kakune «COOBITHSI> MOKHO paccMaTpH-
BaTh?

[TokaTum 1o cToIy KpPyTJIblii KapaHann —
nuauaap. [lycTh ero moBepXHOCTH sKeJTasd,
HO HEKOTOPAst TI0JIOCKA MM HECKOJIBKO TI0JI0-
COK MIMPWHBI 0L TTOKPAITEeHbI B KPACHBIN 1[BET
(pmc.5); KakoBa BEPOSTHOCTD, YTO KapaH-
Jlalll OCTAHOBUTCSI HA KPACHOI, a He Ha JKeJ-
toit maNN? (31ech o — YroJi, U3MepsieMblii,
CKajkeM, B Tpajlycax.)

Puc. 5

2020/ Ne8

[IpencraBum cefe aHATOTHMYHYIO 33/a4y
PO Kapau/ali ¢ 60JIbIITIM YHCJIOM IPaHeii 1,
U3 KOTOPBIX R 3aKpalleHbl B KPACHbII I[BET.
Torga mcxkomas BeposITHOCTL OyIeT paBHA
OTHOIIEHHIO R/n. [t Kpyrioro KapaHjaiia
MHOXKECTBO <«3JIEMEHTapHBIX COOBITHIT» E —
OKPY>KHOCTb, U BEPOSTHOCTb Ka’KIOrO OT-
JIe/IbHOTO 3JIeMeHTa — BEPOATHOCTb OCTAHOB-
KU Ha O/THO onpesiesieHHON inHnK — paBHa 0;
HO BEPOSITHOCTb COOBITHS <«OCTAHOBKA HAa
OJ/IHOH 13 KPACHBIX JIUHUI» €CTeCTBEHHO CUH-
TaTh PaBHOil OTHOIIEHHIO 0/ 360°.

Touno Tak e, rOBOPS O CAY4YaHON TOYKE
Ha orpeske (MM HA OKPYKHOCTH) JJIUHBI L,
6y/IeM CUUTATh, YTO BEPOSITHOCTD ee Momaja-
HUSE B J060iT 0Tpe3ok (Mt Ha yTy) JUTHHDI
d paBHa d/L. B coOTBETCTBUU C TIPABHIOM
(1), MBI cuuTaeM Tak)Ke, YTO BEPOSTHOCTD
nonaanuist B OJINH U3 JaHHbIX (Hemepeceka-
IONINXCSA) OTPE3KOB CyMMAapHO# JUIMHBL d
paBua d/L. Hampumep, BepOSTHOCTb, UTO
nepBas Tocje 3anaroil mudpa caydaitHoro
yuca na orpeske [0;1] — npoctoe uncio, T. e.
oana u3 uudp 2, 3, 5 u 7 (puc.6), pasua
4/10 = 2/5.

1234567289

0 1
Puc. 6

TouHO Tak ke, TOBOPS O CAYyYalHOHN TOYKe
B KBaJ[paTe WJu J[pyroii (purype miomamm S,
MbI Oy/IeM CUUTATD, YTO BEPOSTHOCTD €€ MoTra-
JIAHUS B KaX/yt0 06JIacTb TJIONAJN § PaBHA
§/S. 3amMeTnM, 4TO ¥ IS JTHHBI Ha OTPE3Ke
u [t Tronaau bUrypbl BHITOJHEHDI TPABH-
na (1), (2) u (3).

3amMeuaTesbHO, YTO, BBIOHPAsT HE3ABUCUMO
JIPyT OT JIpyTa JiBa YKWCJA X U § HA OTPe3Ke
[0;1], moskHO cumtath, uro (x,y) — 510
KOOPJIMHATDI CJYYAITHON TOUKU B IMHUYHOM
KBajipaTe: 0 aHAJIOTUN ¢ (hOPMYJIOil Ipou3-
Beernst (4), BEPOATHOCTD TOMAIaHUS TOUKH
(%, ¥) B IPAMOYTOJBHUK CO CTOPOHAMHU d U
b, napannenpupiMu ocsimn Ox u Oy, paBHa
MpOU3BeAeHuio ab, T. e. TIOMAIN ITOTO
MPSIMOYTOJIbHUKA.

Hampumep, BEpOSATHOCTD TOTO, YTO CJIydaii-
Hoe uuca0, BbhIOpanHoe Ha orpeske [0;1],
HaXOJNTCS Ha pacctosann He Gomee 0,1 ot
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cepeauHbl oTpesKa, pasua 0,2 (Takue TOUKU
nokpbiBaioT orpe3ok ot 0,4 10 0,6). Ecan x
1 y — Ba c1yyaitnbIx yncia Ha orpeske [0; 1],
BEPOSITHOCTD TOTO, YTO 00d OHU yJIAJIEHBI OT
cepenunbl He Oosee yem ma 0,1, paBHa
0,22 = 0,04, a BepOSAATHOCTH TOTO, UTO XOMSs
6vl 00HO M3 HUX YAAJEHO OT CEPEJNHbI He
Gosiee yem Ha 0,1, pasna 0,36 (puc.7); ary
BEPOSTHOCTb MOKHO HAiTH, CJIOKIB TLIOIIA-
I TPSIMOYTOJbHUKOB, COCTAaBJSIONIUX
«KpecT», a MOKHO — Tepel/is K «IOTOJHH-
TEJIbHBIM COOBITUSM > — IO (hOpMy.Jie (1 -0,8° )

Temmepb MBI MOJKEM PENIUTh W 3a7ady O
BcTpeue, c(popMyTUPOBAHHYIO B HAYAJIE CTA-
TbU. Y TOUHUM ee CAeAYonmM o6pa3oM. By-
JIEM CYUTATh, YTO KaKIbIi W3 TpusATesei
MIPUXO/IUT B HEKOTOPBIN carydaifHblit MOMEHT,
BbIOpannbiii Ha orpeske [0; 45] (B Teuenue
HEPBBIX 45 MHUHYT YCJOBJEHHOTO Yaca), W
KIET APYyroro 15 MHHYT; TeM caMblM OHHU
BCTPETSITCS, €CJIN PA3HOCTH MEK/Ty MOMEHTa-
Mu x U y ux nupuxoga (110 Moaym0) He
npeBocxoauT 135.

N3o6pasum wa kBaapate 0<x <45,
0 < y < 45 mHOKecTBO ToUeK (X, ), B KOTO-
pbIX |¥ — y| < 15— oHO orpannueHo IPAMBIMH
y—x=15 n y—x =-15, napaaiejbHbIMI
muaronamn x =y (puc.8). ILromaznp sToro

YA
45

Puc. 8 0 15 45 X

BEPOATHOCTH

MHOXKECTBA paBHa 45% - 307 (1Ba Getbix Tpey-
TOJIbHUKA BMECTEe COCTABJISAIOT KBaJpaT CO
croponoii 30), a KCKOMast BEPOATHOCTb PaBHA

ee OTHOIIEHUIO K ILJIOIIAAM BCEro KBajpara
45X 45:

2

2
(28
45 3 9
Pemmm emte ofiHy 3aady 1Ipo CJaydaiinyio
Touky (&, ¥).

3agava 4. Haidume eeposmuocmy
p = p(a) mozo, umo cymma x + y, 20e x, y —
cayuaiinvle uucia na ompesie [0; 1], 6orvwe
dannoezo uucaa a.

YpaBrenue x + y = a 3a7aer npsaMyio, ma-
pasLIebHyIo Auaronanu x + y = 1 kBazgpara.
Wckomas BepoOsSTHOCTD — ILIONIAJb YACTH
KBajlpara, Jekalleil BbIllle 3TOH TPSIMOIL.
(ITpu @ >1 1o TpeyroJbHuK, npu a<1 —
MNATUYTOJBHNK, W JIeTYe CYUTATh ILJIOIIA/h
ponosiHeHus.) OTBET 3aMiChIBACTCS TAK:

(2-aY /2 upna=1,
1-a®/2 mpna <.

CoobpaXkeHnsi CUMMEeTPUMN.
Toukn Ha OKPY>KHOCTU

3aMeTuM, 4To 1pu a=1 B 1Ipeablaylei
3ajaue nosyyaercst orser p = 1/2. (Coorser-
CTBYIOIIHE TOYKHI (x, y) JIesKaT HaJl JiuaroHa-
abio.) Ero MoxHO yragath cpasy, He pucys
KapTUHKY Ha KBaJpare: ecJu X, y — YUCJa,
caryuaiino BeiGupaembie na orpeske [0; 1], o
ycioBue X + y <1 MOKHO 3ammcatb B BHUJE
x <1-y unpouectd Tak: «x 6amwke K 0, yem
y ¥ 1». dcHo, 4TO OTIOJTHUTETbHOE YCI0BHE
MOJIYYAeTCsT TPOCTO 3aMEHON X Ha Y M UMeeT
TY 7K€ BEPOSITHOCTD: BE/[b POJIU X U ¥, & TAKIKE
KOHIIOB OTPE3Ka COBEPIIEHHO PABHOIIPABHBI.

Bor ere oaun npumep.

3agawa 5. Ha ompesxe [0;1] cayuaiino
svlbupaiomes mpu wucia. Kaxosa eeposm-
HOCM® M020, UMO @) GbLOPANHOe NOCICOHUM
wuca0 naubosvuwee; 6) wucia udym 6 nopsio-
Ke 603pacmanusi?

3/1ech peub WJET yiKe He O JBYX, a 0 TPex
wncnax x, y, z. Tpoiiku (&, ¥, z) MoxkHO GbLIO
OBl paccMaTPUBATh KaK KOOPANHATHI TOUKN B
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Ky0e U TOICYNTHIBATH 00HEMBI HY KHBIX MHO-
skecTB. Ho B aToM Her nyxabl. Beap scuo,
4ro Bce 6 BApUAHTOB PACIIOJIONKEHUS TPEX
YHCEMI X <Y <2, Y<X<2,X¥<z<Yy,y<z<x,
z<Xx<yY, z<y <X COBEPIICHHO PAaBHONPAB-
HBI U UMEIOT OJMHAKOBYIO BEPOSITHOCTH II0
1/6. (ITpu aTOM coBmaieHne XOTs Obl IBYX U3
TPEX YHCeJ UMeeT HYJIEBYIO BEPOSITHOCTD. —
IIpun. ped.) Takum o6pasoM, OTBET Ha BOII-
poc 6) 1/6, a Ha Borpoc a) 1/3 (emy orBevaror
JIBa II€PBLIX BapHAaHTa).

Pemmim temepb 3agady 06 OCTPOYTOJbHOM
TPEYToJIbHUKE, C(HOPMYJIUPOBAHHYIO B Ha-
Jase cTaTbu. SICHO, ITO MpH JIO6OM ITOBOPO-
Te OKPY)KHOCTH BEPOSATHOCTU COOBITHI U
YCJIOBHUE «OCTPOYTOJbHOCTHY COXPAHSIIOTCS;
TaK YTO MbI MOJKEM CUHUTaTh, YTO OJHA U3
Tpex BbiOmpaembix BepiumH A, B, C — cka-
sxxem C — cdukcupoBana, a [[Be ApyTue yxKe
BBIGUpAlOTCs cayvaiiHo. Byaem 3agaBaTh nx
mosoxkeHns BeawdnHamu ayr CA =a,
CB =, oTcunThIBaeMbIX IIPOTHB YaCOBOU
crpesku. DyneM uaMepsiTb Ayru B pajaua-
Hax, Torga napa (o, ) — aTo TouKa B KBa-
pate 0 <o < 2m, 0 <f < 2n. Ilo Teopeme o
TOM, YTO BEJMYNHA BIUCAHHOTO yIJa M3Me-
psieTcst MOJIOBUHON IyTU MEXK/Y ero cTopo-
HaM#, yriabel TpeyronbHuka ABC paBHBI
n—PB/2, a/2 u (B—0o)/2 (MbI cumTaem, uro
B>o, rkak wHa pucynke 9; coayuaii o >f
COBEPIIEHHO aHAJOTHYEH — O 1 B MeHSTIoTCsT
poasimu). Touku (0, B) B TpeyrosbHuke
o < B < 2m, gst KoTopbIX Bee Tpu yriaa A, B,
C menpme /2, Te. B>, a<nuf-a<m,
3aIOJIHAIOT BHYTPEHHOCTh MEHDIIEro Tpey-
TOJbHUKA, 06pa3yeMoro CpeIHNMN JIHHUS-

Puc. 9
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B
2n

QV

0 b 2n
Puc. 10

mu Gosbimero (puc.10). Curyanus B HUK-
HeM TpeyroJbHuKe § < o < 271 CHMMeTpUYHa
OTHOCHTEJIBHO JIMaroHa u O, = 3 KBajaparta.
IToaToMy HMCKOMAsi BepOsSITHOCTD paBHa 1/4.

VY aroll 3a/jaun ecTb U 1pyToe yAUBUTEIbHO
KpacuBOE pelIeHne, KOTOPOe T03BOJISIET pe-
HIUTh AHAJOTHYHYIO 3aj1auy /s 1 Touek (eM.
yrpakHeHre 9 B KOHIIE CTATbi); Mbl Y3HAJIN
ero or ¢gusnka B.B.doka n MatemaTmKa
10.B.Yexaunosa.

Byzaem mckathb 10MONTHUTENBHYIO BEPOSIT-
HOCTb TOTO, 4TO TpU ToUYKU A, B, C gBISIOT-
CS BEPIINHAME MYNoYy20.1bH020 TPEYTOJb-
HUKA.

Paccmorpum a5 Kask 10t Touku M oKpy K-
HOCTHU JAMAMETPAJIbHO IIPOTUBOIIONIOXKHYIO €l
Touky M’ ¥ TOJyKpyT, AJsi Kotoporo M’
cayxut cepenunoit ayru. Tpoiika A, B, C
«TyTMOYTOJbHAS >,
€CJIM ¥ TOJIbKO eCJIN
MOJYKPYTH, COOT-
BETCTBYIOIINE TOY-
C' ¢ xamA, BuC, nepe-
CEeKAIoTCA 110 HEeKOo-
TOPOMY CEKTOpY
i G (puc.11). ([dna

KaXX/JI0TO pajuyca
Pnc 11 OD B BbIJICJIEHHOM
cexktope Bce yraet DOA, DOB, DOC -
Tymble; Takoi pajguyc OD cymiecTByer, ecan
A, B, C nexar Ha 0OJlHOI TOJYOKPYKHOCTH
WJIH, YTO 9KBUBAJIEHTHO, 06PA3yIOT «TYIOY-
TOJIBHYI0» TPOIIKY.)

Be160p coIydaitHBIX TOYEK MPOBeIeM B JIBa
atama. CHavasa OTMETUM MPOU3BOJILHO TPU
[1apbl UaMeTPaJIbHO ITPOTUBOIIOJIOMKHBIX TO-
YeK W TIPOBe/IeM JIJIST KasK/0H Maphl AnaMeTp,
OTHOCHTEIBHO KOTOPOTO OHA CHUMMETPHYHA.

A B



TEOMETPHUYECKMHNE

BEPOATHOCTH

A 3areM B Ka)KI0il Tmape HE3aBUCHMO BBIOE-
pem (¢ BepOATHOCTBIO 1/2) OHY U3 TOUEK.
[okaskeM, 4To 13 8 BapuaHTOB BbIGOPA TOUEK
POBHO B 6 IIOJIyUUTCS «TYIIOYIOJIbHasA» TPOii-
ka A, B, C. B camom gesne, Tpu auamerpa
JIEeJIAT KPYT Ha 6 CEKTOPOB, TIPUYEM KaXK/[blii
CEeKTOP MOKHO IOJIyYHTb KaK IlepeceyeHue
TpeX OIIPe/eIEHHBbIX MOJYKPYIOB, COOTBET-
CTBYIOIIIIX HEKOTOPOMY BBIGODY Todek A, B,
C. HMrax, BepoATHOCTb IOJYYUTb <TYIIOY-
rOJIbHYI0» TPOKY paBHa 6/8 = 3/4, a 3nauwr,
JIOTIOJIHUTEIbHAST BEPOSTHOCTD paBHA 1/4.

3apaya broddoHa

Mpbl TPUBBIKJIU, YTO BEPOSITHOCTH — 3TO
Bcer/ia 1po6b ¢ HeGOTBITIMU eJIbIMU THCJIH-
TesleM M 3HaMeHaTeseM. Ho B 3axsoueHne
IIpUBE/IEM /IBE 33/[aUl, T/ie B OTBETEe BCTpeda-
etcs yncyao m. IlepBas modtn oveBuHA.

3anaua 6. Ha 6oavwotl 1ucm xKiemuamotl
6ymazu co cmoponoil xaemxu 1 cayuaiino
opocarom mouxy. Kaxosa eeposmmnocmo,
4mo ona 6yoem Haxooumocs Ha PpaAccmosTHUY
menvute 1/2 om yenmpa nexomopoi xiemxu?

JTOCTATOYHO PACCMOTPETb OHY KJIETKY.
Touku, HAXOANMECS HA PACCTOSTHUE He 6O-
Jee 1/2 OT ee 1EHTpPa, 3aMOJHSAIOT KPYT 1710~
@ /4. 10 U eCTh OTBET: HCKOMAsi BEPO-
ATHOCTh (OTHOIIEHHE MO/ KPyTra K TJI0-
1[4/ KJIETKH) paBHA T/4.

3amaua 7 (sagaua Brodpdona o6 urme).
ITockocms pasaunos8ana na noiocvl Wupu-
nott 1. Ha nee 6pocarom uzny (ompesox)
daunoii 1. Kaxoea seepossmmuocmy, umo uzia
nepeceuem 00HY U3 AUHUU?

Y aroii 3aj1a4n yIMBUTENbHBIN OTBET: 2/T.
Orkyna ke Gepercs T, €CaM B YCJIOBUU HET
peunt Hu 06 OKPYKHOCTSIX, HII O PACCTOSTHU-
ax?

Hamern™m KopoTKo onHO u3 perneruii. [lo-
JIoKenne uribl (€C/am He TOBOPUTD O CMEIe-
HUU ee BJOJIb JIUHUI, OUEBUIHO, HE UTPATO-
11[eM POJIN) OIPE/IEISAETCs IBYMS ITapaMeTpa-
MU: PACCTOSTHUEM ¥ KOHIIA UTJIBI OT BEPXHETO
Kpasi IToJI0ChI, B KOTOPYIo OH 1tonaJ, 0 < y < 1,
U YTJIOM O UTJIBI C IPSIMOiT, IepIeH/IUKY JIsIp-
Hoit munusam (puc.12,a). MoxHo cunTarh, 1o
COOOPAKEHUSIM CUMMETPHE, 4YTO O < /2.
YcsioBue, 1pu KOTOPOM HUIJa IEepecekaer

a) )
o
1| "
6) A
I 7 =Cosa.
0 2 o
6)
A M
a 1
i
i
0 M’ B
Puc. 12

Kpaif ToJIochl: ¥ < cos O, Mrtak, cpen TOYeK
(o, ¥) B npamoyroapnuke 0<o<m/2,
0 <y <1 MBI MODKHBI BBIOpATH JIesKallne
HIDKe JUHUH Y = oSO (puc.12,6) u Halitn
OTHOIIEHNE MIOMAAN S TTOTyUeHHO (hUrypbl
K TTONIA/ IPSAMOYToIbHIKA (paBHOI T/2).
Jlu1d TeX, KTO 3HAKOM C TIOHSTHEM UHTETpaJa,
/2

aTa 3ajlaya HeTpy/iHas: J. cosado =1. Ho

MOJKHO TIOJTYYUTH OTBET, o?mpaﬁCb Ha aHaJI0-
ruio u3 Mexanuku. [IpencraBum cebe TOUKY,
PaBHOMEPHO € eIMHUIHOM CKOPOCTDHIO TPOXO-
manyio ayry AB B 1/4 xpyra pammyca 1
(puc.12,6). Korga Touka M HaxoauTcs B
nosioskernu o Ha ayre (0 <o <m/2), cko-
pocTb ee mpoekiu M’ Ha paguyc OB paBHa
Kak pas coso. Tak uto pucyHok 12,6 — ato
rpaduk ckopoctn Toukum M’, a mromamap S
moJi TpaduKoM paBHA TPOHAEHHOMY 3TOM
npoekuueit myru, T.e. S=0B=1.

B 3aksiouenue npejiaraeM HECKOJbKO 3a-
Jlad, MOXO0XKUX HA Te, C KOTOPBIMY MbI II03HA-
KOMUJINCD.




8 KBAHT

YnpaxHeHus

1. KakoBa BepOATHOCTb TOTO, YTO IIPH JABYX
OpocaHusIX KyOuKa BBITAIYT

a) /1Ba 4mCJa C cymMMoii He Menbie 10;

6) [Ba 4nc/Ia, U3 KOTOPBIX MEPBOE JIEIUTCS HA
BTOpOE?

2. IMaccaskup IPUXOANT HA OCTAHOBKY B CJIy-
YaiiHbIil MOMEHT BPEMEHU U JI0KU/IAeTCst aBTOOyCca
OJIHOTO U3 JIByX MapIlIpyTOB, UAYIINX C NHTEPBA-
gamu 10 m 15 Munyr. Haiianre BeposTHOCTD
p = p(t) Toro, UTO €My HPUIETCS XKAATH He MeHee
t MUHYT.

3. OTpe3ok pasjiesieH Ha TPU paBHbIE YACTH.
KaxoBa BeposiITHOCTD, YTO TPU TOYKH, CJIy4YaiiHO
OpOIIIeHHbIE HA OTPE30K, MOMAAYT B TPU PA3HbBIX
KycouKa?

4. Ha oKpy>KHOCTH CJIy4ailHO BBIOPAHDI YeTbIpe
touku A, B, C, D. KakoBa BeposTHOCTb TOTO, YTO
orpeskn AC n BD mepecexarorcsi?

5. a) B okpyxHocTu mposenen amamerp. Ha
HeM CJIy4afiHO BbIOMpaeTcs TOUKA M uepe3 Hee
[IPOBOJIUTCA XOP/Ia, NEePIeH/INKYISPHAs JinaMer-
py. KaxoBa BeposSTHOCTD, UTO JITTHHA XOP/BI 60JIb-
1Ie pajnyca OKPY>KHOCTH?

6) Ha okpys>KHOCTH CJIydailHO BHIGUPAIOTCS /IBE
Toykn. KakoBa BEpPOSTHOCTD, UTO [IJIMHA COE/IMHS-
oMIell UX XOP/Ibl 6OJIbIIE pajnyca?

B) B kpyre cayuaitno BeiGpana Touka. Kakosa
BEPOSTHOCTb, YTO XOP/bI C CEPEIUHON B 3TOH
TOuKe GOJIbIlle pajyca?
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r) Perure anajornymbie 3ajau PO XOPAY
JUILHBL 7'~/3, TAe ¥ — pajuyc.

3ameuanue. 3amaun a), 6), B) Kak GObl Tpu
BapHWaHTa OJIHOH W TO¥ ’Ke: TTPOBEEM CIydaltHyTO
MIPSIMYT0, TEPECEKAIONIYIO [AHHYI0 OKPY’KHOCTD;
KaKOBa BEPOSITHOCTD, UTO JIJIMHA BBICEKAEMOIT XOp-
Jpl 6osibiiie paguyca? Ho oTBer B HUX pasHbIii
(napazsoke Beprpana)!

6. Ha oxpyskHOCTH CJydaiiHO BBIOPAHDBI TPH
touku. KakoBa BEPOSITHOCTD, UTO Y TPEYTOJbHUKA
C BepIIMHAME B 9THX TOYKAaX ) €CTh yToJI GOJIbIIe
30°; 6) Bce yrubt 6oJibiie 30°; B) Bee yriibl MEHbIIIE
120°?

7. Ha oTpeske ciydaitHO BbIOPAHBI /{BE TOUKH.
KakoBa BepoOsITHOCTD, YTO M3 OTPE3KOB, Ha KO-
TOPbIE OH Pa3OUT, MOKHO COCTABUTH TPEYTOJIb-
HUK?

8. Ilsmockocth pazbmra CETKOH NHPSIMBIX Ha
a) KBaaparthl; 6) MPaBUJbHBIE TPEYTOJBHUKH CO
cropornoii 1. KakoBa BeposTHOCTb, YTO MOHETa
quametpa 1, ciyuaitHo OpollieHHasE Ha TIJIOCKOCTD,
3aKPOET OJIHY M3 BEPIINH CETKH?

9. a) HaiiguTe BEpOATHOCTD TOrO, YTO BBITTYK-
JbIl N-yTONIBHUK € BEpIIMHAMHU B CJIydyallHbIX
TOYKAX OKPY>KHOCTH COJIEPIKHT ee 1eHTP?

6) JlokaxuTe, 4TO BEPOATHOCTH TOrO, YTO 7
CJIydaitHo BBIOPAHHBIX TOUEK Ha cepe JesKaT Ha
onnoit mosycdepe (Mo OHy CTOPOHY OT HEKOTO-
POro GOJIBIIOTO Kpyra), paBHa n’ —n+ 2) 2",

12 HOMEPOB XKYPHA/IA.

KHUTN» U1 B PEAAKLIUN XKYPHAIIA.

BHUMAaHWNIO HaLLUUX YuTatTesnen

HaymHas ¢ 2017 rofa XypHasn «KBaHT» CTaJl €XeMECSAYHBIM U B 04 BbIXOAUT

[lo/anucaTscs Ha Hall XypHan MOXHO C /1i0boro Homepa B JiioboM [104TOBOM
OTAENEHNN. Halll NofmMcHOM MHAEKC B Kkaranore «[lpecca Poccum» — 90964.

Kyrntb XypHasn «KBaHT» BO3IMOXHO B MarasuHe «Maremarmqyeckas KH1ra» m3na-
re/1bcTBa MILIHMO (aapec MHTEPHET-MarasmHa. biblio.mccme.ru), a Takxe B MOCKOBCKIX
KHVKHBIX MarasmHax «bubsmmo-rnobyc», «Monogas rsapans», «MockoBckui [0M

APXUB BbILLERLLINX HOMEPOB XYPHANIa «KBaHT» MMeeTcs Ha cavte http./ | kvant.ras.ru




HaCcoC O HaJiMBaHMA BOOb
N 3N1leMeHTapHaa Musmka

C.[MAPHOBCKUu

OMITA HA KYXHE? 2TO PE/-

KOCTb, €CJIM TOJIbKO ATO HE YTO-TO CaH-
TEXHUYECKOE WM YaCTh (PUIBTPA /11T OUMCTKI
Bozibl. Ho Bee-Takm MOKHO BCTIOMHUTD Ky XOH-
Hble IPUGOPbI, UCTIOJIb3YTolIue oMty . B rpo-
CTeliIeM Bujie OHa TIpeIHa3HaueHA I/ HaJIu-
BaHUA OOBIYHON TUTHEBON BOJIBI, JIOCTABJIsE-
Mol B Gosibimx Gytbuisx (puc.1). Tlapa
HaKATHI Ha KPBIIIKY, KOTOPAs CJAYXKUT py-
KOI py4HOr'o Hacoca,
1 BOJIA yoKe JIbETCS B
MTOJICTABJICHHYTO €M-
KOCTb. 32 3TUM CTOUT
o4yeHb TpocTtas (u-
3UKa: HACcOC TOHUT
BO3/IyX B TLIACTHKO-
ByIO OyTbLIb, CO3/Ia-
Bast B Heil M30bITOU-
HOE JIaBJIeHUE BO3/LY-
Xa B BepXHell yacTu,
Ha/{ BOJON. JTO /1aB-
JleHue Iepejaercs
Bo/le, U IIOCJE TOrO
KaK OHO TIPEBBICHUT OTI-
pellesiecHHOe 3Haue-
HUe, BOJa HAYHET Puc 1 bytbuib C BOJOY
teub U3 TpyOKu. Ha v Hacoc.qna ee Hamsa-
TOM JKe IIpuHIune H/I4
paGoTaeT m pydyHas IIOMIIA B TEPMOIIOTE —
YCTPOHCTBE JIJIg HAarpeBa BOJIbI U TOJIEPKa-
HUSA ee B ropstueM coctostiuu (Hexuii ru6pu
TepMoca M YailHuKa; puc.2).

Temneparypa BO/bl HUKAK He BJMSET Ha
pabGoTy TOMITBI, TIO3TOMY CMEJIO MOXKHO OTpa-
HUYUTBCA [IPOCTEHIINM CJydaeM HaJMBaHUS
BOJIbI KOMHATHOW TeMTepatypbl. YeMy paBHO
MUHUMAJIbHOE HEOOXOIMMOE N30BITOTHOE JaB-
JieHne Bo3yxa? Eciam BB 3HaKOMBI ¢ popMy-
qoit Tlackans it 1aBieHus BHYTPU KIJKO-
CTH, TO OTBET p = Pgh NPUXOJUT MIHOBEHHO.

DOI: https://doi.org/10.4213/kvant20200801

C TepBbIME JBYMSI COMHOKHUTEJISIMU BOITPO-
COB HET: P — 3TO IUIOTHOCTH JKUAKOCTH, B
cayuae Bojbl p = 1000 kr/m% g = 9,8 m/c? —
9TO YCKOpEHMe CBOOOIHOIO TajeHusi. A 4To
JKE€ CUUTATh BBICOTOM morbeMa Bojbl i? Mo-
JKET TOKA3aTbCs, YTO 3TO PA3HOCTH BBICOT
MEXK/Iy TOPU30HTAJIBHBIM YYaCTKOM TPYOKH
JUISL BOJIBI, T.€. MAaKCUMAJbHOI BBICOTOI, Ha
KOTOPYIO TIO/[HUMAETCsT BOJA B IOMIIE, U
YPOBHEM BOJIbI B [IOMIIE, HO 3/IECh €CTD OIpe-
JlesieHHbIi HioaHe . YToGbI TIOHSITD 3TO, BCIIOM-
HUM, 4TO Takoe cudon. Bocroabayemest st
ATOTO 1UTaTOl M3 KHUTH Buabsama Cubpyka
«Po6ept Bya. CoBpemennbIit uapo/ieit husn-
yeckoii ta6oparopun» (M.: Hayka, 1980):

«/pyzum omxpvimuen, 6036biCUSUIUM €20 &
enA3ax Mmanvuuuex, Ovllo npumenenue
npUHKUNA cupond, 0 KOmoOpoM OH Y3HAL U3
CMapoti omyoscKol KnuxKu. B smeape cay-
YUNACH OMMeneab, U no0 20PKOL, ¢ KOMOPOU
KAMAIUCH MATGUUKU, 00PA306AICS MATCHL-
Kuil npyod. Omo 6oLI0 NAOXO, NOMOMY UMO,
CKaAMbIBAsCy NO A0y, HAbUpaeus 6OIbULYIO
cxopocmy. ITomom canku nonadaiom 6 1yxy,
u mebs obausaem zpa3noil 6000i. [legouru
HA CBOUX BbICOKUX CAMKAX COE3KANU C 20PKU
Meoaennee, U Yy HUX 6ce CX00UN0 O.1AZ0N0NYU-
no. Ho 6edb Hu 00un mMaivuux u3 20p0ocmu He
csidem Ha maxue canxu. Bce npodoxanu
CKAMbIBAMBCS, 1EKA HA KUBOME, NPOMOKI-
JU U NOKPBIGAAUCH 2psizvio. Tozda nosiguics
Pob6 ¢ wnamnzom 015 noauexu cadda u 06ss86ul,
4mo on cobupaemcs omkauamo 600y. Ezo
MOBAPUULU — 6 TNOM YUCLe MATLUUKU CINAPULE
€20, xoduswiue 6 my e WKoY, CMAIU HAO
HuM cMessmobes. Bokpye nysxu 6v110 6036blule-
nue Gonvule wem Ha Gym, u 6ce Xopoulo
3nanu, wmo eoda ne meuem 6 zopy. Pob
NOJONKUIL WAAHZ HA 3EMII0, BeJesl O0HOMY U3
MATLUUKOS 3AMKHYMb KOHEY, NALbUEM, d CaM
Haual Haaueamv 600y 6 0pyzol, NOKA 6echb
waane He HANOAHUACS. Yoke mozdd — no
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npupode ceoeil — demoncmpamop, Pob 631
IMOM KOHEY, U BMECO MOZ0, UMOObL NPOCTNO
NOJOKUMD €20 HA 3eMAI0, NePEeKUHYT ULTANZ
yepes 6bICOKUU 3a00p, KOMOpPuLll 0Omoensi
dopozy om kanaevl. Boda nomexia uepes
cugpor. dmo, eeposimno, 6vira nepeas nyo6-
Juunas nayunas nobeda Byoar .

Wrak, Boja cama Tever no tpyOKe WM
HIJTAHTY, €CJIM UX HIKHUN KOHEI[ HAXOUTCS
HUKe YPOBHS BO/IbI B BepxHeM cocy/e. [Ipu
9TOM [IOJIKHBI BBITIOJHSTBCS JIBA YCJIOBUS:
BO/Ia TIOJTHOCTBIO, 6e3 BO3IYNIHBIX Y4acT-
KOB, 3AM0JIHSET HIJIAHT U TPYOKY H BBICO-
Ta ee 1Mo/lbeMa B CAaMOM BBICOKOM MecTe He
npesbiiaer 10 mMerpoB. OTKy/Za B3SI0CH
BTOpOe orpannuenue? /laBaiite pasbepemcs
C HUM, a YK [IOTOM IIPOJIOJIKUM OGCY3KIATh
HaMIy TOMILY.

Ho BHavase otgaanM JA0KHOE YETOBEKY,
KOTOPBII OTKPBLI CBOMCTBa cudoOHA. ITO
JIpeBHerpevYecKuii n306perarTesib, MaTeMATHK
n Mexanuk Krecu6uii (Ktnoplol wnan
Ctesibius). On cunTaercs nepBbIM 3aBe/yI0-
M Asiekcanzipuiickoro mysest (niu Myceiio-
Ha), T.e. XpaMa My3. IToT (PMHAHCUPYEMBIiT
JIPEBHEETUIIETCKUM AJIMHUCTUYECKUM roCy/1ap-
CTBOM DpEJUTUO3HBIN HCCIeTOBATETbCKUM,
yueGHbBII U KYJIbTYPHBII IIeHTDP ObLT OCHOBAH
B Havasie 3 BeKa [0 H. 3. B ero cocras BXo/u-
Jla I 3HAMeHUTass AJeKcaHpuiickas 6u6Jmo-
teka. Tpyapr camoro Krecmbms gm0 Hac He
JIOIIJIN, HO OHU OITMCAHbI €r0 yYeHUKOM ['epo-
HOM, a ero u300peTeHts U3BECTHDBI TAKIKe TI0
HAXO/[KAM COXPAHUBIIUXCS ycTpoiicTB. Kpo-
Me cucona, Krecubuit usobpes ruppasinye-
CKUIT OPTaH, BO/ISTHbIE YaChl, THEBMATIHUECKUIT
caMoCTpesl M Hacoc, KOTOPBIH 70 CHX TOp
UCIIOJIb3YIOT BCE BEJIOCHIIENUCTDI, €CTECTBEH-
10, B 60Jiee COBPEMEHHOM UCIIOJHEHNH.

Taxoii HaCOC MCIIOJIb30BAJICS U JIJIST TIOJIHS-
TSI BOJbI U3 KOJIOJIEB, & 3TO Bcerjaa ObLIo
OYeHb Ba)KHBIM JejoM. Kpome cHaGkeHMsS
BOJIO [IJIsT TTUTHSI M OPOIIEHNUST, OH TPUMEHSLJI-
cs M JUIS OTKAYKU BOJbI M3 IEPBBIX IHAXT,
KOTOpBIe 6e3 OCYIIeHNsI ITPOCTO ObI 3aTOIIILIO.
Bro6asox Krecu6uit Ha ocHOBe Bce TOTO ke
Hacoca cJiesial noxapHylio momiy. B to Bpe-
MS TIPUAYMAJIN HEMaJI0O MEXaHHYECKUX YCT-
POIICTB [IJIs1 TOHSTHSI BOJIbI, BPO/IE BOASTHOTO
KoJIeca M apXuMeioBa BUHTA. /lo aToro Boxy
MO/IHIMAJIH HA BEPEBKAX, HHOT/IA C TOMOIIIBIO
Bopora. [logHuManu BeapaMu UK JAPYriIMU
eMKOCTSIMU BPOJI€ KOKAHbIX MEIIKOB. A BOT
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YCTPOICTBO, HA-
3bIBaeMoe ca-
KW9, IOTHUMAJIO
BOJAY ellle BO
BpeMena dapa-
ona Pawmseca.
Co BpeMmeHeM
o TmoabeMa
BO/IBI HavaJu
MPUMEHITD T1a-
pOBBIE Malllu-
HbI, [IOTOM 9JIeK-
TPOMOTODBI.

Bmpouewm, mac
UHTEpecyeT He
CKOJIBKO TEXHUKA, CKOJIbKO JIEeKAIas B ee
ocHoBe ¢usuka. [losromy mpurisgaumcs K
HACOCaM, CO3JAI0NIUM Pa3pesKeHre BO3AyXa
JUUIST BCACBIBAHUST BOJBI U ee IMoJbeMa. YiKe
Hacoc Krecm6ms 6Bl TPpoo6PA3oOM BAKyyM-
HOTO TIOPITHEBOTO HACOCa, TOSBUBIIETOCS
nourn 2000 net ciyctst. O6paTuM BHUMAHUE
HA CJIOBO «BaKyyMHOTo». Bakyym mim 1myc-
TOTA OBLI IIPEJIMETOM JKapKUX CIOPOB B aH-
THYHOCTH U B CpeJJHeBEKOBbe. EcTecTBeHHO,
He HAYYHBIX, a (prrocodckux nin HaTyphu-
JI0CO(CKUX. T.€. He OCHOBAHHBIX HA OIbITE U
dakrax. B pesyabrare Apucroresnp (384—
322 710 H.3.) U €ro MOCJeI0BATEH, 32 KOTO-
PBIMU CTOSIJT ABTOPUTET IIEPKBU, IPUILIN K
BBIBOJLY, UTO NPUpOOd He mepnum nycmomol
(aTOT TMpMHIMII KpaTKo nuMenyercss horror
vacui). Bnpouem, B 1277 roay 60orocjaosbi
Copb6omtbl, Bo3riasisembie emckornom Ila-
pwka J.Tamibe, TPUILIN K 3aKIIOYEHHIO,
YTO OTPHIIAHUE BCSKOI BO3MOXKHOCTHU CYIIe-
CTBOBAHMS BaKyyMa OTPAaHWYNJIO GBI BCEMO-
rymiectBo boskne. CrermasbHBIM TTOCTAHOB-
JIeHUeM TyCcTOTa ObLJIA OTHECEHA K KATETOPUN
causus divini — SBJIeHUil, He CyIECTBYIOMUX
B IIPUPOJie, HO BO3MOXKHBIX /711 Bora. Jroit
6OSI3HBIO Iy CTOTBI 1 OGBSICHSITE pabOTy HACO-
ca, BcacbiBaoiiero Bo/ty (HO He HarHeTaTeJb-
HBIX HACOCOB, CO3/AIONINX M30BITOYHOE /1aB-
nenue). Ecim 6br Boja He MOAHMMAIACH 10
Tpy6e BBepPX, TO TaM 06pa30Baiach Obl CTOJb
Hesmo6uMas npupojoil mycrora. [loaromy
BO/IE He OCTAETCS] HUUEero UHOTO, KaK MOHH-
MaTbCsI, 3aTOJHSS cO60i MecTo, KOTOpoe B
MIPOTUBHOM cJiydae 3aHsyl ObI 9TOT TAJKUI
BaKyyM.

OpHako >KU3HDb JIIOOUT IIOTEIlaTbCsl Ha/l
JIOOUTEISIMUA YMO3PUTENbHBIX PACCY K IEHWIA.

Puc. 2. CoBPEMEHHDIV 3/1EKT-
PUYECKI TePMOIOT
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B cBoux <«Dbecenax», Bpimeamux B 1638
roxy, lammeit orMeuas, ccblasch Ha OMBIT
(bopenTuiickx BOMOTPOBOYUKOB, UTO CY-
MIECTBYET MaKCUMAJIbHO BO3MOXKHAS BBICOTA,
Ha KOTOPYIO MOXKHO TIO/{HATH BOJ/ly HACOCAMMU
takoro Ttuma. V1 BpicoTa aTa Beerja ojHa 1 Ta
JKe W cocrtapysieT ipuMepHo 18 mokteit. Ha
OOJTBITYIO BBICOTY BOAY TTPUXOIUTCS TIOHW-
MaTb B HECKOJIBKO HTAIOB: BHaydaje Ha J0C-
TYIHYIO IPOMEKYTOYHYTO BBICOTY, 3aTEM 3TO
MTOBTOPSIETCST CTOJIBKO pa3d, CKOJIbKO HEO6XO-
numo. BeiBog, caenannbiili IanmieeMm: cuia
GOSI3HU TTYCTOTHI OIpaHUYEHA.

[lanpHeiinne uccyae0BaHus TTOCIe CMEPTH
Fammnest mpooO/KNI €ro YYeHUK IJBaH/Ke-
gucta Toppuuesau. OH TPEATOKUI APYTO-
My VYEeHUKY U BriocjeactBun 6morpady la-
sunes Bunuentio BuBnanu 3aMeHuTD BO/Iy Ha
KyJza 6oiee TsKeay1o pTyTh. ToT B 1643 Tomy
3ATOJIHUJ PTYTHIO 3aTAsSTHHYTO € OJTHOTO KOH-
1a UIMHHYIO CTEKJSHHYIO TPYOKY, 3aTKHYJI
OTBEPCTHE TAJbIIEM U TOTPY3UJ OTKPBITHIN
KoHel[ TpyOKN B Ta3WK CO PTYThbio. A 3aTeM
y6paJi aJjelr, Ho3BOJUB PTYTH ITEPETEKATH U3
BEPTUKAJIBHOI TPYOKU B Ta3uK. OHa U BBITEK-
Jia, HO He BCS — B TPYOKe OCTAJCS CTOJOWK
PTYTH BBICOTOM OKOJIO 28 [JIOHMOB, WJH
76 caHTUMETPOB B COBPEMEHHbBIX €IMHUIIAX
uaMepeHusi. A HaJl Hell CKBO3b NIPO3pavyHbIe
CTEHKHU BU/(HEJIach Ta caMad AKOObl HEBO3-
MoskHag rmyctorta. Hy kak BugHenacn? Baky-
VM OKa3aJicsi TPO3PavyHbIM, W CKBO3b HETO W
CTEHKH MOKHO OBLJIO YBUJIETH OCBEIIEHHBIE
npeamMeTbl. JIT0OOBITHO, YTO BCKOpe (pusu-
KU, JIOPBABIIUCH JI0 OTIBITOB C TAKUM 9K30TH-
YeCKUM TOr/1a 0ObEKTOM, KaK BaKyyM, ycTa-
HOBWJIM, YTO 3BYK BaKyyM He MPOIYCKAaeT.

K omnbrram nogkmounsicst cam Toppuuesiin
1 4epe3 ro/ yCTAHOBHLT, YTO BBICOTA PTYTHOTO
cT0J16a XOTA U HEe3HAUYUTEIbHO, HO MEHAETCS
B pasuble jHU. VI, OCHOBBIBagCh Ha 3TOM
HaOJTIO/IEHNH, BBEJ MOHSTHE aTMOC(hepHOro
JIaBJIeHNST, KOTOPOE CTaJ0 CTAaHAAPTHBIM B
Hammm JaHA. ATMocdepa OKasbiBaia Ha PTYTh
TaKoe JlaBJieHue, KOTOPOe COOTBETCTBOBAJIA
JIABJICHUIO, CO3/IaBAEMOMY PTYTbHIO B IpUGOPE,
MOJIYYUBIINM Ha3BaHUE PTYTHOTO GapoMeTpa.
CranapTabiM atMOC(EePHbBIM /IaBJI€HUEM CUU-
TaeTcsl JaBJE€HUE PTYTHOTO CTOJI0A BLICOTON
760 musnmimerpos: p =760 mm pr. cr. Ilo
dopmysie p = pgh ero MOXKHO BBIPA3UTh B
Merpuueckoil cucrema: p = 101325 Ila. On-
HAKO B 3aBUCHMOCTH OT II0TO/IbI 9TO /laBJIEHIE
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MeHsieTcsI, U 6apoMeTp WHMOPMUPYET HAC O
€ro TekymieM 3HaueHWW. lIpubop oxazamcs
MOJIe3€H [IJIA TIPE/ICKA3aHUs TIOTOBI U CTaJ
He3aMeHNM Ha KopabJisdx.

Ho kro memraer 3aMeHUTb PTYTb BOJOI U
B3sTb TPYOKy nojmunHee? PaccunrtaeMm BbI-
COTY BOZSTHOTO CTOJI6a IPM HOPMAJbHOM aT-
MocheproM gaBiaenun mo gopmy.e [lackams
u nosyuuM 10,33 M. Tak urto pug BoagHOrO
6apomerpa moTpebyercsi OCTATOYHO BBICO-
Koe 3nanue. [acrnapo Bepru o6opymoBast Ha
dacane coero moma B Pume nogo6uoe yct-
poiicTBO, a OMaHyaIb MaHbSHO TIPOBOINII
HKCIIEPUMEHTBI C TIOJYYECHHBIM ITUM KOHK-
PETHBIM MTPUGOPOM BAKYYMOM HaJl BOJISHBIM
crosiboM. Bripoduem aTo 6bLT TOT elile BakyyM,
JlaBJieHne B 9TOH 4YacTu ObLIO [aJeKO He
HYJIEBBIM U COCTABJISLIIO HECKOJIBKUX [1€CST-
KOB MUJLTHMETPOB PTYTHOTO CTOJIOA.

CyrtecTBeHHO 60JIbITIee pa3pekeHne ya-
JIOCh JTOCTUYD JIPYTOMY (PUBHUKY-JTI06UTETIO,
G6ypromuctpy Marge6ypra Otro don T'epu-
ke. Bo Bpems npe6biBanusi B Perenc6ypre B
1654 roay o y3uaus 06 onbitax Toppuuesiin.
Oxoso 1657 rona I'epuke ycranoBus B Mar-
JeGypre TPaHINO3HBIN BOJASHON GapoMerp.
OH cocTosT W3 JJIMHHON MeAHOH TpyOKH,
NIPUKPeNJeHHOH K Hapys>KHOW cTeHe Tpex-
atasxkHoro joma ['epuke. Husknuii ee xkouerir
6bLT IOTPY>KEH B COCYJI C BOJIOM, a BEPXHUI
ObLJ CHAGKEH KPAaHOM M MOT ObITh COEJIMHEH
€ BO3AYNIHBIM HacocoM. Tloce oTkaunBanmst
BO3/lyXa BoJIa B TPYOKe MOHSAIACDH JIO BBICO-
el 19 JOKTEIH.

Bckope npu momoriu aroro npu6opa I'epu-
Ke Haies, 4To arMochepHOe /1aBjieHHe I0-
CTOSTHHO WM3MEHSIETCs, TI0UeMy OH M Ha3BaJl
cBoil Gapomerp Semper vivum — gcezda
skueoti. IloToM, 3aMeTUB COOTHOIIEHUE MEXK-
JIy BBICOTOIl BOJbI B TPYOKe U COCTOSIHUEM
oro/ibl, oH HazBas ero Wettermannchen —
nozoonwiii uenogeuex. [nsa 6ombiiero ad-
(pexTa Ha TTOBEPXHOCTU BOJBI B CTEKJISTHHOM
TpyOKe, BCTaBJIECHHON B BepXHel yacTt 6apo-
mMerpa (4T06bI YPOBEHD BOABI GbLI BUJEH),
IJIABAJT TIOTLIABOK B BHIE YeIOBeYeCcKoi (-
TYPKHU C PYKOH, yKasbIBalolleil Ha TaGJImuKy
C HAJIUCSIMU, COOTBETCTBYIOIIUME Pa3JINY-
HBIM COCTOSIHUSIM 1ToTo/ibl. B 1660 roxy mpu-
60p ynuBuI skutesneit MargeGypra, mpe/cka-
3aB CUJIbHYTO OYPIO 32 /[Ba Yaca /10 ee HavyaJa.

Tenepb MOKHO BepHYTHCSI K HalieMy cudo-
Hy. Orpannuenue Ha BBICOTY ObeMa TPyO-
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KU CBSI3aHO C aTMOC(hEpHBIM /1aBJICHHUEM.
VMeHHO OHO He TMO3BOJSET 06pPa30BaThCS
BHYTPH TPYOKH y4YacTKy, HUYEM HE 3aroJ-
HEHHOMY WJIU 3AMOJHEHHOMY [laXKe He BaKy-
YMOM, a BOJSIHBIM IIAPOM C OY€Hb HU3KUM
nasienuneM. Ho atmocdepHoe naBiienue ak-
BuBajieHTHO gaBjeHuo 10,33 M BoOJASIHOTO
cronGa. Ilpm mompITKe MogbeMa TITaHTa Ha
GOJTBINY IO BBICOTY B HEM 00Pa3yeTcs y4acToK
C MyCTOTOM, U JKUIKOCTD TIEPECTAHET TEYb TI0
cudony.

Paso6pasuiich ¢ puHIKUIIOM paGOThI CH-
(ona, moropopum o BostHOI TomIte. Kak 6b1
TO HU OBIJIO, €e BLICOTA 3aBe0MO MeHbIe 10
MeTpOB U cuOH B BEpXHEI 4acTh MPeKpacHo
pa6oraet. [loaToMy HaM HAZO TOAHITD BOLY
JI0 BBICOTBI OTBEPCTHUS, M3 KOTOPOrO OHA
BbiTekaer. Jlasbie depe3 6oJiee BBICOKHUIT
YYaCTOK M30THYTOH TPYOKHU BO/Y MEPETTPABUT
cnOH, U JIJIS 3TOTO He TIOHATOOUTCS JIOTOJI-
HUTEJIBHOTO N30BITOUYHOTO /laBieHust. Tounee
MOHAZ06UTCsI, HO TOJIBKO Ha 3AI0JIHEHIE BO-
Joit cupoHa TpU IPOXOKIEHUN CaMOil Tep-
Boii mopruuu Boxbl. Korza ske Bosa mepecra-
HeT BBbITEKATh, OHA BBLIbETCS U3 CUDOHA.
YpoBenb Bozbl B TpyOKe OyaeT OJU30K K
YPOBHIO OTBEPCTHS, N3 KOTOPOTO HAJINBAETCS
BOJ/IA B MOJICTABJIEHHYIO €MKOCTD.

B pesyabrate, nus Toro yTo6bl Bojia Hava-
Jla Teyb U3 TIOMIIbI, B Hell HAJ0 CO3/aTh
n30BITOYHOE JaBJIEHVE, KOTOPOE B MHJLIN-
METpax BOSHOTO CTOJIOA PAaBHO MJIU MPEBBI-
1TaeT BBICOTY CAMOTO BBICOKOTO, TOPU30H-
TAJTBHOTO YYacTKA TPYOKU B IHOMIIE OTHOCH-
TEJIbHO YPOBHSI JKUAKOCTH. A KOTJ[a OHa TIpe-
KpalllaeT BBITEKATb, OCTATOYHOE JaBJIEHUE
OKAa3bIBAETCSI PaBHBIM BBICOTE OTBEPCTHUS, M3
KOTOPOTO BBITEKAET BO/A, OTHOCHTETBHO HO-
BOTO YPOBHS BOJIbI, KOTOPbBIN TTOHU3UJICS TIPU
HATUBAHWH.

Uro ke MMOJHIMAET BOJY BBEPX 110 TPYyOKe?
W36biTounoe naBjenne BO31yXa B COCy/e —
pe3yJIbTaT ero HarHeTaHWs BHYTPDb C TIOMO-
TTBIO TIOMITBI. BBICOTY TTOAHATHS BOJIBI MOKHO
y3Hatb 1o Toil xe dopmyse [lackans. A
MOXKHO IIPOCTO U3MePUTh U30bITOUHOE /1aBJIe-
HUe B MUJITUMETPaX BOJSTHOTO CT0JI6A, TOra
Kax/ible u36bpitounbie 10 MM Box. cT. obec-
mevyaT MoJbeM BOAbI HAa 1 cM.

Ec MbI BCKpBLIM HOBYIO GYTBLIbL C BOAOI
U BCTaBUJIM B Hee TOMITy, TO BOJY HAJI0
MO/IHSATh HA CPABHUTEIHHO HeOOJIBIIYIO BbI-
cory, ckaxkeMm 10 cm. [lomyctum, eme 5 cM
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nmoHazo6uTCs Ha 3amosHeHue cudona. s
BCETO 3TOTO JTOCTATOYHO 0OECHEYNTh M30DI-
TOUHOE jiaBJjenune nmopsiika 150 MM Bof. CT.
B HEGOJIBIIOM 00beMe BO3/IyXa HAJl yPOBHEM
BOJBI B OYTBLIM. DTOrO MOXHO JOOUTHCS
OJ/IHUM 2HEPTUYHBIM Ha)KaTHeM Ha IOMILY.

ITo mepe pacxojoBaHMs BO/bI €€ YPOBEHD
nonmkaercs. Korga BoJbl B OYTHITH MAJO 1
ee yPOBEHD YYTb BBIIIE JHA, TOJHUMATD BOLY
MIPUXOJUTCH HA OOJBITYIO BBICOTY — OKOJIO
50 cm. CooTBeTCTBEHHO, MTOTPEOYETCsT N30DI-
toynoe gasienue B 550 MM Box. c¢r. OHO
MpHUOIU3UTETHHO BYETBEPO GOJIbINE [aBJIe-
HUS B HavaJse SKCIIyaTanuu Gy ThIJIN, HO BCe
ele MaJo TI0 CPAaBHEHUIO ¢ aTMOC(EPHBIM
nasyenuwem, pasubiM 10330 MM Bojg. cT.
TMousiTHO, 4TO M3GBITOYHOE JIaBJeHUE B 5%
aTMOC(EPHOrO JIETKO BBIIEPIKUT OObIYHAS
cTekJIgHHAs OyThlaKa. [lpnbimaurenbHo Ta-
KOe JKe JJaBJICHIE CO3/IaeTCs TIPOCTO HAJUTOMN
B GYTBLTb BOJIOM.

Ectp eme oama dakrop, CBI3aHHBIN C
omycronreneM 6yToliu. Ham He TOIbKO 1pu-
XOJIUTCSI CO3/aBaTh OGoJiblllee M36BITOUHOE
JlaBJeHne, HO M 06ecreuynBaTh €ro B CyIIe-
CTBEHHO 6OJIBIIIEM 00beMe TTOUTH Ty CTOH Oy ThI-
Ju o6beMoM okoJio 20 ymTpoB. B pesysbra-
TE TIPU HAJMBAHUU U3 TIOYTH TTYCTON Oy THLIN
HaM He 060UTHCH TTAPOil HAKATHIT HA TTOMITY .
Nx morpebyercs ropasno GOJIbIIE TOJBKO
JUIST TOTO, 9TOOBI BO/Ia HAvasa Teyb U3 Tpyo-
K. JTO HETPYAHO TMPOBEPUTH Ha OTIBITE.
Ecim Bosa HammTa B Oy THIJIb TIOUYTH I0BEPXY,
TO OJIHOTO HAaXKaTH JOCTATOYHO [IJIS TOTO,
4TOOBI B IO/ICTABJIEHHBII COCY]l HAJHUJIOChH
HEMHOTO Bo/Ibl. Ecin ypoBeHb HeMHOT0 HUXKe
CepeivHbI, TO TSI ATOTO TOTpefyeTcs yiKe
TpU HakaTuda. Ecam BOIBI cOBCeM MaJio, TO
Kavarth Ha/I0 6oJblne. EcTecTBeHHO, HE CTOUT
JlesIaTh 1May3bl MEXK/IY KauKaM# — Bellb COCY/L
JIaJIeKO He TePMEeTUYHbBIN 1 N36BITOUHOE JIaB-
JieH#e TIOHEMHOT'Y YMEHDIIAeTCs 3a CYeT BO3-
JyXa, IPOCcCaunBaIONIerocs HapysKy.

W BoT Boma moTEKJa, HO TOYEMY-TO HE
CHENUT TTPeKpaIaTh 31o Aeaarb. CTom, HaMm
BeZIb Ha10 6b110 HaauTh Beero 100 rpaMMoB
BOJIbI, & CTAaKaH IPOJIOJIKAET HAIOJHATLCS.
YBbBI, 9TO IJIaTa 32 KOHEYHDBIN 06BEM BO3/Y-
Xa, 3aroHsgeMblil BHYTPb cOCy/la IIPU OJTHOM
HaKaTUH.

[laBaiitTe mocMOTpUM, Kak 00beM HaJnuBae-
MOW JKHUJKOCTH 3aBUCUT OT €€ yPOBHA B
6yTbLan. [l 9TOTO IMpojiesiaeM HeCJI0XKHbIe
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onenku. Haunem ¢ Toro, 4yTo BBEZIeM HEKOTO-
pole o6osHaueHMWs. OG6O3HAUNM JaBJCHNE
BO3/yXa B cocyJe OYKBOH p, aTMocepHOe
JaBjenue — 3TOH ke OYKBOW € HUKHUM
nngexcom 0, Tt.e. py,. O6beM Bo3jpyxa B
cocy/ie o6o3HaunM 6yKBoit V', a 06beM BO3.Iy-
Xa, HaKauMBaeMblil IIp1 OZHOM Kauke, — V).
O6o3naunM GYKBOII /i BBICOTY, Ha KOTOPYIO
IIOMTIA TIOTHUMAET BOAY, T.€. PA3HOCTD BBICOT
OTBEPCTHS 11 BOJBI U YPOBHS JKUJKOCTH, a
S — nomna/ib MOBEepXHOCTH BO/IbI. ScHO, UuTO
BeJMUYUHDL S, py 1 V) moctosHubl, a p u V
MEHSIOTCS B 3aBUCUMOCTH OT YPOBHS XKUJIKO-
cri (Kak ecTecTBEHHO MeHsieTcst 1 /).

HasxmeM Ha TIOMITYy CTOJIBKO Pa3, CKOJbKO
moHaz06uTCst, YT0OBI BO/Ia HAYAIa BHITEKATD.
B cocyne cozmaercs MuHUMAaIbHOE M36BITOY-
HOE JIaBJieHne, Heo6XO0/IMMOE JIJIsT HAJTUBAHIS
u paBHOe Pg/h. O4eBUHO, OHO He TIPEBBIITAET
JIaBJICHNS TOJyMeTpa BOASHOTO CTON6a 1
CYIIECTBEHHO MEHbIIe aTMOC(HEPHOTO JIaBJie-
uusi, Koropoe Gosbiite naBienusi 10 MeTpoB
BOJSTHOTO cTOsI6a. VIHBIMU cJIOBaMHU, [laBJie-
HUe B cocy/ie 6yleT o4eHb c1a6o MpeBbIIaTh
atMoceproe. CrenaeM elie OMH Kavyok
moMIIoi. [1pn ATOM MBI 3arOHIM BO3/TyX 06be-
MoM V|, B cocy1 o6beMoM V, a UX AaBJeHNS U
MIJIOTHOCTHU OBLJIM TIOYTH PaBHBI. B pesymnbrare
MBI YBEJMYUM U30BITOUHOE /IaBJIeHIEe HA HEKO-
TOPYIO BEJUYUHY, KOTOPYIO MbI 0603HAYUM
Ap. IIpousBesenue 1aBjeH1s ra3a Ha 3aHUMAa-
eMbIif 00beM TIOCTOSTHHO TIPH HEeW3MeHHOI
TeMIiepaType raza — aTo 3akoH boitns—Mapu-
orta. VI xord Ttemmeparypa BO3[yXa Ipu
KauaHUU MOXKET He3HAYUTeJIbHO MEHATLCH,
MbI MOXKEM [TPUMEHHUTD 3TOT 3aKOH JIJISI OlleH-
KU BesimanHbl Ap. [leficTBUTEIBHO, B cocyie
o6beMOM V' OBLI BO3AYX C JaBJICHHEM P,
Ka4yoK IIOMIIbI 106aBUJI BO3yX 06beMoM V, ¢
JaBjaeHueM p,. CoKaBIINCb, BO3AYX 3aHSI
o6bem V U ero npapienne paBHo p + Ap. U3
3akona boitnmg—Mapuorra mnosyvyaem
pV +p,Vy=(p+Ap)V. Orciona u nosyya-
€M OIeHKY:

Vv
Bospociiee jaBieHue u 3acTaBisieT BOIY
BBLJIMBATHCS, €€ YPOBEHD B Oy ThLJIN YMEHbIITA-
eTcs. BouimBanue mpekpariaeTcs mocJie Toro,
Kak ypoBenb omyctutcs Ha Ah. O6beM BbI-
JmBIIelicss BoAbl paBeH SA/L — 3TO W ecThb
00beM BOJIBI, HATMBAEMBIH 32 OJINH KAYOK.

Ap =
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Ho mouemy BblIMBaHUE TIPEKpaIaeTcs: B
KaKO-TO MOMEHT? DTO Pe3yJbTaT COBMECT-
HOTO sleficTBuA ABYX nnpuunH. [lepBas 3akJio-
4aeTcs B TOM, YTO [0 Mepe Oy CKAHUS YPOBHS
BOJIBI 0ObEM, 3aHIMAEMbII BO3/TyXOM B COCY-
Jle, BO3pacTaeT M JaBJeHWe BO3yXa M3-3a
3TOrO Tajaer. Bropas cocToutT B TOM, 4TO
n30bITOUHOE JaBJeHIE, HEOOXONMOe st
TOTrO, 4TOOBI BOJIa BBLINBAJIACD, YBEJNYNBA-
eTcsi 1Mo Mepe omnyckanust yposus. Koraa
JIaBJIEHUE B COCY/I€ CPABHSIETCS C MUHUMAJTh-
HBIM WU30BITOUYHBIM JIaBJIECHUEM, HEOOXOH-
MbIM JIJISI BBIJIMBAHUS BOJIBI, 3TOT IIPOIIECC
MpeKpaTuTcs. MbI TIOKa He 3HAeM, OJMHAKO-
BO JI BaXKHBI 06€ TPUYUHBI UJIN OJTHA U3 HUX
BHOCHT JIbBUHYIO JOJIO B WX COBMECTHOE
JleficTBHE, a BTOPAs [IaeT BCETO JIUIIb MaJICHb-
Kyto s06aBky. [lompoGyem pazo6parbces.

Erme pa3 mpusoBem Ha momotb 3akoH boti-
Jasi—Mapuorra. Bosnyx B cocyie umes o6beM
V un pasnenue p+Ap =p+p,V,/V. Bona
repecTtasia BbITEKaTh, KOT/Ia OH 3aHIMaJI 00beM
V + SAh 1 nMen naByenue p + pgAh. Hamowm-
HUM, 4TO U30BITOYHOE JaBJicHUE, TpedyeMoe
JUIST TIO/THSITHST BBLJIMBAEMOM BO/IbI, HEMHOTO
YBEJWYMJIOCH U3-32 TOTO, YTO ee HaJ0 OBLIO
HOJHUMATh HA 4yTh GOJIBIIYIO BBICOTY. B
COOTBETCTBUHY C 3aKOHOM boitnss—Mapuorra,

PV +poVy = (V + SAR)(p + pgAh).

Pasnennm o6Ge dactu ypasHeHust Ha pV u
TIOJTY 9iM
PoVo Ah Ah

1+ = 1+— | 1+—|
pv Hy H,

31ech Mbl BBEJU [[BA HOBBIX 00O3HAUEHUSI.
ITepsoe H; = V/S — 210 BBICOTA CJIOSI BO3/LY-
xa B cocyae Haa Bogoi. OHa He MOXKeT
MIPEBBIITATD TIOJYMETPa MTPOCTO M3-3a OTPAHU-
yeHus BbicoThI cocya. Bropoe Hy = py/(pg) —
3TO BBICOTA BOJSTHOTO CT0JI6a, 06eCcTIeunBaro-
1ero arMocepHoe JaBJenue, T.e. TpU6IH-
suresbHo 10,3 M. ITockosnbky H, cylecTBeH-
HO TIpeBbIniaer Hy, To 1npu a060M Al BTOpoit
COMHOJKHTEJIb B IPABOU YaCTH HAIIETO yPaB-
HeHUsl CyIIeCTBEHHO OJIIKe K eUHUIlE, YeM
nepBblit. BoT Mbl M pa3obpaiuchb B TOM,
Kakoil apeKT caMblil TJABHDII: N3MEHEHUE
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o6beMa BO3[yXa KyJla BasKHee H3MEHEHUs!
BeJIMUUHbI N30BITOYHOTO JaBienusi. Touree,
Baxkuee Gosiee yem B 20 pa3. Iloatomy Mbl
3a6pIBaeM o 6oJiee caaboM adderTe u moy-
yaeM OKOHYATEJbHYIO OIEHKY

Al = HipoVo
pV

)

KOTOPasi YIPOIIAETCS [0
W
S )

ecJi BCIIOMHHTB, 4T0 p =p, u H =V/S.
OO6beM HaJMBaeMON 3a OJMH KAayOK BO/IbI
moJrydaetcst OJM3KIM K 06beMy TTOMIBI V.

Takoii sxe pe3yJIbTaT MOKHO MTOJYUYUTD U U3
paccyskaenuii 06 aHeprum. Kaxapiii Kauox
MOMITBI TpeOyeT coBepiieHns paboTbhl, paB-
HOII TIPOU3BeJEHIIO 06beMa MOMIIbl Ha U30bI-
TOYHOE JlaBJieHre. Koria Boia HaunHaeT Tevb,
mocJieiHee paBHO Pgh. JTa paboTa WIET Ha
MOTHATHAE BOJBI, MPUYEM JJISI TOTO YTOOBI
MOJTHATD €IMHUYHBINA 00BEM BOJIBI, HAJIO 3aT-
patuTh aHepruio pgh. OTcioa moaydaemM, uto
00beM TIOHSTON, & IOTOM BBLIUTON BOJIBI
pasen V. 11 neiicTBUTe/IBHO, OIBIT IOATBEP-
JK/IaeT MOJTyYeHHbI pe3yabTaT. OuH KauoK
Halle momMIrbl HaansaeT okoJio 120 M Bozbl
HE3aBUCHMO OT ee YpoBHSA. Tak 4To mipnm
HAaKAQYMBAHWW BO3/yXa JUIIHAS BHUMATEb-
HOCTD SBHO He TIOMeITaeT — Be/[b OCTAHOBUTD
MpoTecC BBIJINBAHUS BOJBI HEBO3MOXKHO.
BripoueM, MBI MOXKEM HaTrHAThb B COCY[ W
MeHbIllee KOJMYECTBO BO3AyXa, TPOCTO HE
JIOBE/IsT KauoK /o camoro Kouma. OjHako
HAJWTb COBCEM MAJIO BOJIbI HE TTOJIYUNTCS U B
aroM cJiydae. JIerko mMoHATH, 4TO y Hallei
MMOMIIBI  €CTb MUHMMAJbHBIH 06DbeM BOJIBI,
KOTOPbBII MOKHO HAJIUTD C €€ TIOMOIIbI0. JTO
o6beM cudomna, T.e. yactu TpPyOKH, PacIoJio-
SKEHHOM BBIIIIE HAJUBHOTO OTBepcTusd. M xoTa
3TO He 0c060 BAKHO IPHU M0JIb30BAHUU TIOM-
0¥, CTOUT UMETDH B BUJY 3Ty JICTAJb.

B saxsouenwe Hamieil OIEeHKHA CTOUT Clie-
JIAThb OJTHO 3aMeYaHue, KOTOPOe HeTepIIesH-
BBIIl YUTATETh MOJKET MPOTYCTUTh. MBI c/ie-
JIAJIN TIPOCTYIO M MOHATHYIO OIEHKY 00bheMa
BO/IbI, HAJUBAEMON OJHUM KA4KOM, MCXO/Is
U3 3aKOHA COXPAaHEHUs dHepruu. Kaskbrii
Xopoiuil pu3nK 0JKEH yMETb JIeJIaTh I10-
JI0OHbBIE OIEHKH Jla’ke B yMe. A 3aueM Mbl

Ah
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mpuBeJn emie W GoJiee CJIOKHBIH BBIBOJ,
OCHOBaHHbI Ha IpUMeHeHMM 3akoHa boii-
ag—Mapuorra? Beap uyeM 1pole nosyden
OTBET, TeM Jryytne. /[es0 B TOM, 9TO MBI XOTHM
MIPO/IEMOHCTPUPOBATH BO3MOXKHDIE TTOTEHITH-
aJIibHble MPO6JEMbl IPU TaKOM OLEHUBAHUT
«Ha nasbiax» . OHO HeSIBHO BKJIIOYAET B ce6s1
oT60p 3P PEKTOB, KOTOPDIE HA/IO YUUTLIBATD.
OT60p 3TOT OCHOBAH HA OMBITE U UHTYUIUH,
a OHM MOTYT OOGMaHyTb WJHU He cpaboTaTh B
KaueCcTBEHHO JPYTUX 00CTOSTEIbCTBAX.

Hampmmep, ecam ObI KTO-TO H3TOTOBUI
MOTOOHYIO TIOMITY BBICOTON C MHOTO3TAKHbI
JIOM U KayaJl ¢ ee MOMOIIBIO BOLY, YPOBEHD
KOTOPOIT HaX0ouJIcs Obl He OYeHDb BBICOKO, TO
KasK/IbIil KAYOK BbBIJABAJ Obl MEHbIIIEe KOJIH-
YeCTBO BO/IbI, YEM [IA€T OIleHKa 110 SHEPrHH.
[IpumenuB Gosiee HYAHDBINH, HO KOPPEKTHDIIT
pacueT Ha ocHOBe 3akoHa boitigs—Mapuorra,
MBI Y3HaAIN GBI, YTO [JIsT 9TOH CyTep-Iymnep-
MIOMTIBI BeImInHA H| CYIIEeCTBEHHO TIPEBBI-
nraer H,. Tenepb nepBblil COMHOMXKUTEIb B
IIpaBoii YaCcTU HaIllero ypaBHEHUS CyeCTBe -
HO GJIMIKe K e/IuHuIlEe, YeM BTOPOil. BaxkHoCTh
apdexToB moMenHsIach MacTaMu — MU3MEHe-
HUE BeTMYNHBI N30BITOUHOTO JIABJIECHUS CTATIO
BaKiee naMenenus o6bema Bozayxa. [loaro-
My 00beM BO/Ibl 32 OJINH KAYOK Ha/I0 OIIEHUTD
tenepb Kak VyH,/H, 4TO MeHbIlle OLEHKU
JUUIsT OOBIYHOI [TOMIIBI.

[Touemy »xe 1pocras OlEeHKa, OCHOBaHHAs
Ha COXPaHEHUM dHepruu, Hac nojsena? [la
IIOTOMY, YTO SHEPIus B IIOMIIE 3allacaercs
ellle U B BUJie 9HEPIuu cxaToro Bosayxa. Ee
o6ecnieymBaroOT Te caMble HayaIbHbIE KAuKH,
IpU KOTOPBIX BOjla HE TeueT. A CKaTbli
BO3YyX 00JIa/1aeT JAOMOJHUTEIbHON SHEpPrH-
eil. DTO TMOATBEPAUT KaXK/bIil, KTO HAKa4YH-
BaJI IMIUHY aBTOMOOWJISI UJTH BEJIOCUTIEIA PYY-
HBIM HACOCOM, U TOT, KTO Ha/JlyBaJsl Ha/[yBHOI
matrpac. [IpocTo B 06bI4HOI TTOMITE IPH HAJIH-
BaHUW BO/Ibl 9T SHEPTUs MeHseTcs caabo, a
B IIPU/yMaHHOI /i1 IpUMepa cyliep-1ymnep-
IIOMIIE C ee OTPOMHbBIM Pe3epByapoOM OCHOB-
Has 9acTh paboThI, COBEPINaeMoii Ipn Kauke,
6yfieT 3amaceHa WMEHHO B BHJE 3SHEPTUH
CXKATOTO Tasa W TOJBKO HeOGOJbITAs YacTb
(pasuas H,/(H;+ H,)) noiizer na nogabem
Bozbl. Tak uTO IIPOCTbIE U KPACUBbIE OLCHKU
BIIEYATJIAIOT, HO MOTYT WHOT/Ia U TIO/IBECTH,
0COOGEHHO B HECTAH/IAPTHBIX YCJIOBUIX.
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K 80-netumio
Hukonaa bopncosmya Bacmnbesa

9TOM TOAY
UCTIOJIHUJIOCH OBl
80 ner Hukomaro Bo-
pucosuuy Bacuibesy,
6e3 KOTOPOro HEBO3-
MOJKHO TIPEJCTABUTH
MaremMaTHueckoe oopa-
30BaHNe, MPOCBele-
HUEe, OJUMIHagHOe
JIBUKEHNE HaTIeH cTpa-
HbI, aBTOPY MHOKECTBA
MaTeMaTHYECKHX 3a/1a4
U cTaTeil — W TPOCTO
OYeHb XOpOIIeMy U
CBETJIOMY YeJIOBEKY,
KOTOPOTO MHOTHE JTT0-
OWJIM W BCerja BCITO-
MUHAIOT C TETLJIOM, He-
SKHOCTBIO W TIPU3HA-
TEJTHHOCTDHIO.

H.b. Bacuibes po-
nuiaca B MockBe
8 aBrycra 1940 rozna u
BCIO JKU3HD MPOXKUI B
OJTHOM M3 KPACHUBEHIINX yYTOJKOB CTOJIMIbI —
Ha Codwuiickoii HaGepesKHOM, TIPSIMO HAIIPO-
tuB Kpemis. Poguresu ero, Bopuc Menopo-
B BacmibeB m Huna Hukonaesna Jleccur,
ObL MHXeHepaMu-ctponTtessiMu. JlercrBo Hu-
Konasg bBopmcoBmya mpomnio cpeaw KHUT, B
KPYTY IIIPOKO 00PA30BAHHBIX JIOEN, JTHOOSI-
IUX U TJIYOOKO 3HAIOIIUX HUCKYCCTBO, 0COOEH-
1O MY3bIKY. Best o6cranoBka ceMblt 1 ceMeii-
HO€e OKPY’KeHUe TIPUBIIN eMy 6e3ypedHbit
BKYC U TOHKOe TIOHUMaHue Kpacotbl. OH Iie-
HUJI KPACOTYy U B MICKYCCTBE, U B MAaTEMAaTHKe,
KOTOPOI YBJIEKCS B CTAPIINX KJIACCAX ITKOJIbI.

B 1957 rony Hukousait BopucoBud oxoH-
YUJI TIKOJY — C CcepeOpsSiHOi Mefasiblo — |
OTHOBPEMEHHO MY3bIKAJIbHOE YUHJIHUIIE PN
MockoBckoit korcepBatopuu. HyskHO 6bLI0
BBIOMpATh: My3blka mJam MaTteMatnka. OH
BbIGpAJT MaTEMATHKY, HO My3bIKa BCET/Ia OC-
TaBaJach C HUM.

H.b.Bacunbes, 1982 rog (goro Jl.bogHesori)

Martemartuueckas
sxxu3ub H.B.Bacuibena
cocTosiyia U3 JBYyX TIO-
TOKOB — HAy4YHOTO U
npocserienueckoro. [To
OKOHYaHUM YHWBEPCHU-
TeTa M aCMPAHTYPbI OH
MOCTYyNUJI Ha paboTy B
MeXPaKyTbTeTCKYIO
J1aboPaTOPHUIO MaTeMa-
THUYECKUX METOJ0B B
6uonornu MI'Y, rae u
TPYAMUJICS BCIO KU3HbD.
WM wamucano O6oJee
IBAJIATH HAay4YHBIX
crareil 10 pasJnyHbIM
pasjiesiaM COBPEMEHHO
maremaruku. Ho, 1o-
CTOSTHHO 3aHUMAasiCh Ha-
VKO, He MEHbINyIo, a
BO3MOJHO, W KyJa
GOJIBITYTO YACTDH CBOETO
BpPEMEHU U CHUJI OH OT-
JlaBaJjl MaTeMaTu4ecKo-
My TpocBerieHnio. Ele mepBOKYpPCHUKOM
MEXaHUKO-MaTeMaTH4ecKoro ¢dakyJabTeTa
MI'Y oH Bea KpyKKH [JIs1 IKOJbHUKOB,
paboraJs B oprkomutere MOCKOBCKOI MaTe-
MaTUYECKOW OJIMMITHAJbI — ¥ 3aHUMAJICS
aTuM MHorue Tojbl. [lpumymbiBan 3amaun,
y4aCTBOBAaJ B COCTAaBJEHUU BApPUAHTOB W
npoBepke pabot, B 0OCYK/JIEHUN Pe3yJbTa-
toB 1 nipucyskaeranu npemuii. C 1963 roaa,
C BO3HMKHOBEHMST Bcecoto3Holt 3a09HO Ma-
TEMATUYECKON MTKOJIbI, TPUHUMAJ Y4acTHe B
pa3paboTKe ee IPOrpPaMM, BMECTE C APYTUMI
MU3BECTHBIMU MaTeMaTUKAMK HaIMcaJ He-
CKOJIBKO TIOMYJIIPHBIX KHUXKEK M0 MaTeMa-
TUKE, TpeJHAa3HAYCHHDBIX I8 YYCHUKOB
B3MIII. HekoTopblie 13 HUX BbIJEPIKATIH 110
HECKOJIbKY U3/IaHUIl 1 ObLIN [TepeBeleHbl Ha
WHOCTpaHHble A3bikKM. Hemanyio poub
H.b.BacusbeB cbirpas u B pa3BUTUM JIE€T-
HUX MareMaTHyecKuX MIKOJI, 1 B OpraHu3a-

2
|
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1 TypHUpaA TOPOJOB — COUMHSJ 3a/1auH,
YUTAJ JIEKITMH, ObLT 4JI€HOM KIOPU Pa3JIny-
HBIX OJTUMITHa 1 KoHdepennuii. becemoBas
C JOKJAU4UKaMu, OODBSICHSII UM BO3MOKHO-
CTHU PA3BUTHS TEM UX JOKJIAI0B, ObLT BCET/a
BHUMAaTEJbHBIM, JH00POKeJaTeIbHbIM U 3a-
WHTEPECOBAHHBIM.

Korza B xonre 60-x ro/1oB BO3HUKJIA Wied
CO3/IaHKS HAYYHO-TIONYJIIPHOTO (DU3UKO-Ma-
TEMATUYECKOTO XKypHAJIa JJIs NIKOJHHUKOB,
Hwukouait BopncoBimd ak THBHO TIOIKTIOUNIICS
K 910l pa6ore. OH 6bLJ1 GeCCMEHHBIM YJIEHOM
PEKOJIJIETUH 1 TIOCTOSTHHBIM aBTOPOM « KBaH-
ta». Ilo ero ununuatuse B KypHaJie BO3HUK
OJINH U3 IJIABHBIX U, TIOXKAJYil, CAMBIX 3HaMe-
HUTBIX pasfiesioB — <«3amavauk <«KBanTar,
xotopbiM Hukosait Bopucosmu wenameHHO
PYKOBOIVJT C MOMEHTA OCHOBAHUS JKypHaJIa 1
JI0 KOHTIa cBoux jaHeir (ero He ctano 28 Mas
1998 roma).

3agaun 6bumM TyIaBHOI cTpacThio H.B.Ba-
cunmbeBa. Kak um B My3bike W BOOOIIEe B
HCKYCCTBE, B 3a/ladyaX OH OCOOEHHO TICHUJI
MTO/I/TTHHYTO KPACOTY U OPUTHHAJILHOCTD UJIEN.
OH ObLJT BBIJIAIOIIUMCS KOMIIO3UTOPOM MaTe-
MaTH4YecKuX 3aja4. Ero 3ajaun — a ux MHO-
THe JIECATKH — BBIJEISIOTCS OTTOUYEHHOCTHIO
(opMyMpoOBOK W peleHW, TIyOMHOU U
CBsI3sIMU ¢ «00JIbIII0I» MaTeMaTuKoi. Kpome
TOTO, OH KaK HUKTO YMEJ YBUJIETD W BBISIBUTD
W3IOMUHKY B MPUCJAHHON JAPYTUM aBTOPOM
3ajiaue, HaliTH HamboJee PUBJIEKATETbHYIO
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GOpMYTUPOBKY, OGHAPYKUTH BO3MOKHbBIE
0060011IeHIs 1 TajbHellIee pa3BUTHE CIOJKeTa
3a/1a4M, SICHO M KPACHBO M3JIOKUTD PEIIeHNe,
329aCTyI0 COTMPOBO/IUTH €r0 KOMMEHTAPUSMNI
1 OTCBLIKAMW K JIUTEpAType — JJsS TEX, KTO
3axoveT TIy6:Ke pasobparbcs B mpobieme.
Bcee sTo cnenano «3amaunuk «KBanra» tem,
YTO OH €CTh: OTPOMHBIM KOPITYCOM I TyGOKHUX
U COMEpPsKAaTeJbHBIX 3a/a4, IO/ BJIUSHHEM
KOTOPBIX BBIPOCJH TIeJIble MOKOJEHUS yue-
HBIX.

Huromait BopucoBwu Takxe aBrop 6GoJiee
TPUALIATH cTaTell, 63 COMHEHUST BXO/SIINX,
B umco Jyummnx my6aukanuii «Keanras.
MHorme cTaTby HaMCAaHBI B COABTOPCTBE C
JIPYTUMH MaTeMaTUKaMu. Y MEHUe YBU/IETb U
BBIJICJTUTD TJIABHOE COYETAJIOCH B HEM C HETIO-
JKUHHBIMU JIATEPATYPHBIMU CTIOCOOHOCTSIMH;
Bacunbes o6a1ann peiIKOCTHBIM JJapOM TTPO-
3pavyHO M YETHO M3JIaraTb CaMble CJIOKHbBIE
MaTeMaTH4ecKue CIOXKeTbl. 3Has 9TO ero yMe-
HUe, MHOTHE MaTeMaTUKKU MPUHOCUJIN B pe-
JIAKIIO CBOM CTaThy W mpocuyn Hukosas
BopucoBnua moMoub I0BECTH WX <10 yMas.
OH HUKOTJla B 3TOM HE OTKa3blBaJ, a B
HEKOTOPBIX CIyYasiX CTaThs HACTOJIBKO YIyd-
rajrach, 4TO aBTOPHI MPOCUIH €r0 CTaTh UX
COABTOPOM.

Ha mpotszkennn 6e3 MaJloro COpOKa JIeT
skypHasn «KBant» m Huxomaii Bopmucosuu
Bacunibes 6bLii Hepa3pbIBHO CBsi3aHbl. Tpy/i-
HO HAWTH HOMEpP >KypHasja, B KOTOPOM He

He Gynmer npeyBesnuenneM cKas3arb, 4TO KasK/[blil MOJIO/IOW 4YeJOBEK, KTO B TeUeHUE
MOCJIEIHNX TPU/IATHI JIeT HavYaJl B TOH MM MHOU (popMe CBOIi ITyTh B MareMaTUKy, O/IHUM U3
MepBbIX cJbliman uin yntan uMs Hukomas Bopucosnya BacuibeBa. OHO ObLIO N3BECTHO
BCEM — M TeM, KTO yYaCTBOBAJ B PA3JIMYHBIX MaTEeMAaTHUCCKUX OJIUMIIMAJAX, M TeM, KTO
HHTEPECOBAJICA <«BHEKJIACCHBIMU» MaTeMaTHYCCKUMU CTaTbsIMU U KHUOKKAMU, U TeM, KTO
YBJIEKAJICS [IPUYY/IJINBOIl UTPOl yMa B pellleHuU MaTeMaTH4eCKuX 3ajad.

ITOro yesoBeKa MpocTo GOroTBOPUJIN I0HbIE, JIeJIaBIIne JIUIIb [ePBbIe arn B MaTeMaTHKe,
OHU TOP/MJINCH BO3MOXKHOCTBIO BMECTE ¢ HUM yCTpauBaThb MaTeMaTU4YecKHe COPEBHOBAHUS,
IPUYMbBIBATD 331a4l, 00CY>K/IaTh TEMbI 1 cojiepkaHue cTareii. Ero ropsuo so6uim n BbICOKO
I[EHNJIM POBECHUKN — 3a NPEJAaHHOCTb HayKe M OECKOPBICTHOE CJIyKeHne 0OPa30BaHUIO
MOJIOJIEKH, 32 YECTHOCTD YEeJOBEUCCKUX OTHOILICHWI U 4yAeCHbBI XapaKTep, 3a TO, YTO C HUM
6b1710 HaJieskHO pabotaTb. OH MOJB30BAJICS GECCIIOPHBIM aBTOPUTETOM Yy GOJiee CTapIinX
KopudeeB MaTeMaTHKH, MHOTUX M3 HUX yXKe HET ¢ HaMH, — 3a UCKIIOYNTETbHYIO KOMIIETCH-
THOCTb 1 MHOTOTPAHHYI0 00Pa30BAHHOCTD, 3 TAJAHT YUYEHOTO U IIPeIoaBaresis, Moy isspu-
3aTOpa U OpraHM3aTopa, 3a TO, YTO BO IJIaBY YIJIa BCErja CTaBUJI TOJbKO MHTepechl jena. U
MPAKTUYECKN BCE HA3bIBAJIM €T0 TEIIO 1 To-ceMeitHoMy — mpocto Kous.

H.X.Posos, 1998 rox
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nadaniHada saz[aqa!

Bor oa10 13 Moux cBeTJbIx BocriomuHanuii o Kose. Kak-to B pasrosope ¢ HuM g nocerosal,
YTO reoMeTpUYecKUe 3a/audl Ha 9KCTPeMyM He HCHOJb3YIOT A oOydenus ananusy. Koss
IIOKaYaJ/l oJIOBOH, HO HudYero He ckasas. Uepes mapy aueil 4 ysuzen Koo, cremanero kKo
MHe, 03aPEHHOTO CYACTINBOIT yIbI6K0iT. OKa3amoch, OH PHIYMas HeCTAaHAAPTHYTO 3a/1ady Ha
9KCTPEMYM, KOTOpas UMeeT KpacuBble reoMeTpuyeckoe M aHaauTH4yeckoe pemienud. Bor ara
3amava: B promMKy KoHuueckol hopmul onywen wapux om nune-nowezd. Pasmepo. xonyca u
wapuxa 3adanvl. Tpebyemcs Haimu 6blCOMY CAMOU BbICOKOU MOUKU WAPUKA. Y TUBUTEIBHO

B.M.Tuxomupos, 2020 Tos

661710 6B ero MaTepuasioB, — «KBaHT» Bomc-
THHY GbLJI OTPOMHOI YacTbio )ku3HN Hukomas
Bopucosuua.

N30paHHble 3apaum H.b.BacunbeBa

[IpuBoguM mOAGOPKY 3ajad, OIyOINKO-
Banunyio B crarbe A.A.EropoBa «Huxosait
Bopucosuu Bacuibes» B sxypuase «Marte-
MaTudeckoe mpocserieHne» B 1999 romy.

1 («ABroGycHas 3asaua» ). B aBroGyce Ge3
KOH/IyKTOpa exaJin k uesnosek. 13BecTHO, 4TO
HU Y KOTO M3 BaCakMpOB He ObLIO MOHET
kpynHee 20 Korr. V3BecTHO TaksKe, 4TO Kaxk-
JIBI TTACCAKUP YIUIATHIL 32 IIPOE3/| U TOJTy-
i cjlauy. Jlokakure, 4TO HaMMEHbIIIee YHC-
JIO MOHET, KOTOpPOE MOTJIO JIJISI 3TOTO HOTpe-

60BaTbCs, PaBHO R +[¥} . (B 1961 roay

B O6paHIeHI/II/I ObLIN Me/lHbI€e MOHETbI JOCTO-

nactBOoM B 1, 2, 3 m 5 KOI., a TakKXe
«cepebpsiibie» — Gesibie MoneTbl B 10, 15 u 20

Kom. B aBro6yce 6e3 KOHYKTOPA [10J1araa0ch

6pocuTh B Kaccy S KOI. B Jo60M HAabope U

otopBaTh 6uyeT. MoKHO OBLITO TakKe Gpo-

cuth, Harnpumep, 20 Kom. m oropBath 4
Guera. )

(XXIII Mocxosckas

MAMEMANMUYECKAsL OAUMNUAOA)

2 («Kopo6ouka Bacuibesa»). Kak namno
PACIIOJIOKHUTD B MPOCTPAHCTBE TIPSAMOYTOJIb-
HbI napaJuieenumnes;, 4To6bl ILJIOIALb €ro
MPOEKIIMN Ha TOPU3OHTANBHYIO ILJIOCKOCT
OblL1a HanGoJIbIIEH ?

(XXV Mockoeckas
Mamemamuueckas oaumMnuada)

3 («Tynsromme aKeHTIABMEHBI» ). 110 an-
siee umHOH 100 M Ay T TpU PKEHTIbMEHA CO
ckopoctamu 1, 2 m 3 KM/4 COOTBETCTBEHHO.
Hoiigg 10 KoHIla ajljien, KaKIAbli U3 HUX
MMOBOpAUYMBAET M WJIET HA3a/l C TOM e CKOpO-
cThI0. JloKaskuTe, YTO HANETCST OTPE3OK Bpe-
MeHu B 1 MuH, KOr/ia Bce Tpoe OYIYyT UATH B
OJIHOM HAIPaBJIEHUH.

4 («KBaaparpl B IpsMoy-
roJIbHUKE» ). B ipsiMoyTosib-
HUK co ctopoHamu 20 u 25
6pocaior 120 KBagpPaToOB CO
ctopoii 1. [lokaxure, 4TO B
MPSIMOYTOJBbHUK MOYKHO I10-
MeCTHTb Kpyr auamerpa 1,
He TepeceKalonuiicss H C
OJTHVIM W3 KBa/[PaToB

(Hepsas Bcepoccuiickas

oaumnuad,
1961 200, Mockea)

5 («<Kyk»). Ha miocko-
CTU HAPUCOBAHA CeTh, 06pa-

4 s% g 30BaHHasA M3 IIPaBUJIbHBIX

3 EpMakosoﬁ)
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Puc. 1

HMIECTUYTONBHUKOB €O ctoponoii 1 (puc.1).
JKyx, nBuUTasICh O TMHUAM CeTH, IPOMOJI3 U3
HEKOTOPOro y3Jja A B HEKOTOPbBIH y3esn B 1o
kpatuaiimemy mytu, papaomy 100. Jokasku-
Te, YTO IOJIOBUHY BCero MyTH OH IIOJ3 a
O/IHOM HaIIPaBJIeHUN
(Yemeepmas Bcepoccuiickas
oaumnuaoa, 1964 200, Mockea)

6 («Mrpa Bacumbesa» ). Hamucano 20 un-
cen: 1, 2, ..., 20. /IBoe urpaioniux 1o oyepe-
JIN CTABSIT TIE€Pe/l STUMH YNCTAMU 3HAKU <«+»
i «—» (3HAK MOKHO CTaBUTD I1€Pe/] JTIOOBIM
cBo6oaHbIM urcoM). [lepBblil cTrpeMuTcs K
TOMY, 4TOOBI TIOCJ]E paccTaHoBKH Bcex 20
3HAKOB CyMMa BceX duces OblJa KaK MOYKHO
MEeHbIIIE 10 MOJYJT0. Kakyto Han6GoJIbIIyIO TI0
MO/JTYJTI0 CyMMY MOKeT 00eCIeunTh cebe BTO-
poii UTpoK?

(Illecmas Bcepoccuiickas
oaumnuada, 1966 200, Bopomnex)

7 («®urypucroi»). Ilocae BbiCTyIIEHUIT
20 durypucroB Kaxkabli u3 9 cypeir 1o
CBOEMY YCMOTPEHHUIO PpacIpefesiseT cpean
Hux MecTa ¢ 1-ro mo 20-e. Oxasamnoch, 4To y
KaJIoro (DUTYpPUCTA MECTa, TIPUCBOEHHBIE €My
Pa3HbIMU CY/JbSIMH, OTJUYAOTCS He Gojee
yem Ha 3. [lopcumraemM cymMMbl MecT, TOJTY-
YEHHDBIX KaXK/JbIM (DUTYPUCTOM, U PACHOJIO-
JKUM 9TH YHCJa B MOPS/IKE BO3PACTAHUS:
¢ ¢y Sc3=...<¢y. Kakoe manbosbliee
3HAYeHUe MOYKET MMETDb ¢ ?

( Bmopas Bcecorosnas
oaumnuada, 1968 200, Jenunzpad)

8 («Pas3HOUBETHBI MHOTOYTOJbHUK> ).
Bepummubl MpaBUIbHOTO 72-yTOJIbHUKA T0-
KpalleHbl HeCKOJIbKUMU Kpackamu (Kakaast
OJIHOIT KPacKoii) Tak, 4TO TOYKH OJHOIO M
TOTO JKe I[BeTa CJIy’KaT BepIIMHAMH IIpa-
BUJIBHOTO MHOTOYTOJIbHUKA. J[OKasKuTE, 4TO

2020/Ne8

Cpe/iu TUX MHOTOYTOJIbHUKOB HaiilyTcs /Ba

PaBHBIX.
(Yemsepmas Bcecowsnas orumnuada,
1970 200, Cumepepononv)

9 («Hepsuble cetu»). B Geckoneunoii 1e-
[MOYKe HEPBHBIX KJIETOK KaJK/IbIS KJIETKA MO-
JKET HAXOJUTLCS B OJTHOM W3 JIBYX COCTOSI-
HUI: «IIOKOW» ¥ <«BO30OYskJIeHue». Ecan B
JIAHHBIIT MOMEHT KJIeTKA BO30YI1JIacCh, TO OHA
MOCBLTAET CUTHAJ, KOTOPBIN Yepe3 eMHUILY
BpeMenn (CKaskeM, 4epes Oy MUJLTUCEKYH-
JIy) JIOXOAUT JI0 06enX COCEJIHNX ¢ Hell Kje-
Tok. Kaxkmas kjaerka Bo30yK/I1aeTcss B TOM U
TOJIBKO B TOM CJIy4ae, eCJid K Hell TIPUXOIUT
CHUTHAJI OT OJ{HOM U3 COCEeAHUX KJIETOK; eCJIN
CUTHAJIBI TPUXOJAT OJHOBPEMEHHO C JABYX
CTOPOH, TO OHH TIOTAINAIOTCSI, U KJETKa He
BO30yskaetcsi. Hampumep, ecan B Havasb-
HBbII MOMeHT BpeMmeHu t =0 BO3OYIUTH TPU
coce/iHIe KJIeTKM, a OCTaJbHbIe OCTAaBUTH B
MOKOe, TO BO30YK/eHNe OyJeT pacipocTpa-
HATHCS, KaK MoKazano Ha pucynke 2. (Bos-
Oy KICHHBIE KJIETKM — YEPHBIE. )
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Puc. 2

[Tyctb B HauaJbHBII MOMEHT BpeMeHn ¢ = ()
BO30Y K/I€HA TOJBKO OiHA KJeTKa. CKOJIbKO
KJIETOK Oy/IeT HaXOJIUTbCS B BO3OYKIEHHOM
cocrostHuM yepe3 15 Mcek? depes 65 Mcek?
gepe3 1000 mMcex? depes t Mcek?

Yrto GymeT B TOM cJIydae, eCJid 1eNoYKa He
6eCcKOHeYHast, a COJIEPKUT Bcero N KJIETOK,
COEJIMTHEHHBIX B OKPY>KHOCTD
(puc.3), — 6yxer m Bo36y K-
JleHne ToJiyiepkuBarbes Gec-
KOHEYHO J[I0JIT0 WJIHU 3aTyX-
Her?

(«3adaunux «Keanmas,
3adaua M19)

10 («Ilapamnenenunensi»). B mpocrpan-
CTBe 3a7albl 4 TOYKU, He JeKalllie B OHOI
maockocti. CKOJIBKO CYIIECTBYET PasJiid-
HBIX MapaJiIe/enuIe/ 0B, I KOTOPbIX Bce
STU TOYKH CJIy’KAT BEPIIHMHAMIE?

(Cedvmas Bcecorwosnas orumnuaoa,
1973 200, Kuwunes)

Puc. 3
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3a4a4M
Mo MaTeMaTuke N Musnke

3r0T pasaen BegerTcs y Hac N3 HOMepa B HOMEP ¢ MOMEHTA OCHOBAHMSA Xy pHana. [Tybnvkyemsie B
HeM 33[ayn HeCTaHAapTHbl, HO A1 UX PELUeHUs He TPebyeTca 3HaHuV, BbIXOZALUMUX 33 paMKu
LUKO/IbHOW Tiporpammel. Hanborsee TpyaHbie 3a4a4u OTMeYaroTcs 38e3404K0u. lTocne ghopmynupoBku
3a4a4m Mbl 06bIYHO YKa3bIBAEM, KTO HaM ee MPeasIoxusl. PazyMeeTcs, He Bce 3Ty 3a4a41 My6uKkyroTcs
Briepsble.

PeweHns 3aa4 o mMateMaTvike U @usnke 13 3Toro Homepa ceayeT OTrpPas/siTh M0 EKTPOH=
HbIM agpecam: math@kvant.ras.ru v phys@kvant.ras.ru cooTBETCTBEHHO WJ/IN 110 MTOYTOBOMY aAPeCy:
119296 MockBa, JleHnHckmii npocriekt, 64-A, «KBaHT».

YcnoBusa Kaxgovi opurvHanbHod 3afaayuv, npeanaraemMoii Ais nybnukauynv, Bmecre ¢ Bawim

peLieHnem arou 3aga4an ﬂpMCbIﬂal;iTe o 1em ke agpecam.

3apaun M2614-M2617, ©2621-D2624

M2614. B rabmuiie n X n paspeniaercs nepe-
CTaBJISATb MECTAaMU CTPOKH, a TaKKe Iepe-
CTaBJISITH MeCTaMu CTOJIONBI. B HekoTOphIX R
KJIeTKaX TaOJUIlbl PACCTABJISIOT 3BE3/[0UKHU.
[Ipn kakom HamboOJbIIEM k BCeraa MOXKHO
JIOOUTHCS TOTO, YTOOBI BCE 3BE3OUYKH CTAJIN
HAXOJUTBCS [0 OJHY CTOPOHY OT TJIABHOI
guaronaau (IIpu 5TOM Ha caMOM TJIABHOM
JIMATOHAJIN 3Be3/I0UeK TOKe He T0JKHO ObITh ) ?

I1. Ko.xesnukoe

M2615. B rtpeyrosnbnuke ABC Brnmcanuas
OKPY>KHOCTDb Kacaetcsi ctopon CA n AB B
toukax By u C; coorserctBenno (cM. pucy-
Hok). Ha cropone AB BbiGpana IPOM3BOJIb-
Has touka D. Touka L — 1eHTp BIUCAHHOHN
OKpykHOCTH TpeyrojbHuka BCD. Ilycrb
6uccexrpuca yriaa ACD nepecekaer nmpsiMyio
B,C,BTouke M. [lokaskute, uto ZCM L = 90°.

Yan Kyane Xione ( Bbemnam)

M2616. [lokaxknuTe, 4TO ecam p =5 — TIPO-
CTOE YUCJIO, TO YUCJIO

(=0 (=0, (=D
1 2 p—1
JACJIUTCA Ha p3.

U. Bainwmetin

M2617*. Tlnockocts nokpariena B 100 mBe-
ToB. JloKaxkuTe, 4TO HAWIYTCS TPU TOUKU
OJTHOTO I[BETA, ABJISIONIIECS BEPITHHAMU TPe-
yro/bHuKa 1omasu 1.

B.Bbpazun

®2621. Yrpom 21 mapra B MockBe janHa
TEHH eJIOUKN BbICOTOH B 1 MeTp B HEKOTOPbIN
MOMEHT BpeMeHu B Tpu pasa O6oJiblie ee
BBICOTBI, W 3TO OTHOIIEHUE YMEHbBIIACTCS.
CKOJIbKO BpeMEHU TIPOIILIO ¢ MOMEHTA BOCXO-
na Cosnma? KaxkoBa CKOpPOCTh M3MEHEHUS
JIJINHBI TeHN?

C.Bapaamos

®2622. Boautesb JIETKOBOTO aBTOMOOUJIS
maccoit M =1000 xr B majabHel moe3ake 1o
npsamoit (13 Mocksbl B Besropon) Bosie
KUJIOMETPOBOTO cTosi6a ¢ otMeTkoir 100 KM
VCTAHOBUJI Ha CUETYMKE IIyTU 3HAYeHUe
000,0 &m. IIpoesskast MUMO cTOJIGA C OTMET-
koit 200 kM, OH yBHJEJ, YTO CYETUYUK IIYyTH
mokasays 101,0 kM. Boaurenp ocraHoBHI
MaIlnuHy, Mo/IKavaJj Bce KoJieca OT JaBJICHUS
p1=1,1 aT™M [0 IOJOKEHHBIX Py =2 aTM U
MIPOJIOJIKUI Ty Th. BosJie cToba ¢ oTMeTKOoi
300 kM cyerynk mytm moxasan 201,0 k.
Boaurensb yIoBIeTBOPEHHO XMBIKHYJI W TIO-
exas Jajbliie, HE OCTAHABJIMBAsICh. KakoB
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JIaMeTp KOJIEC er0 ABTOMOGUJIST, €CJIU IIUPH-
Ha okpbitiek d = 17,5 c¢m? Harpyskenbl Bce
KOJIeca OIMHAKOBO.

A.Koznesuu

M2623. B Bojie Try6OKOTO 03epa Ha TIyOruHe
h=10 M Ha TOHKOWU HHUTKe yIeP’KUBAETCS
BO3/IYIIHBIH IApUK ¢ TOHKON HepacTsKUMO
IJIACTUKOBOI 0o6osioukoii. Pamuyc mapuxa
R =10 cm. Hurka pserca. Ouenure: a) Ha-
YaJbHOE YCKOpPEHHEe LIapHKa; ) CKOPOCTD,
KOTOpPYIO OH TIpHOGPETeT, NMPUOIMKAICH K
TTOBEPXHOCTU BOJIBI.

C.Ilapuxoe

M2624. CyTOUHDBII <X0/[» TEMIIEPATY PHI BO3-
Jyxa JietoM Ha Bbicote 2 M (craHgaprHas
BBICOTA JIJIst METEOPOJIOTUUYECKIX U3MEPEHHI )
cocraBasier B Caxape 30°. MakcumasbHas
temneparypa +40 °C. Iloropa ycroitumBasg,
He6o 6e3o6.1aunoe. OleHUTE TOMIIMHY CJI0ST
BO3/IyXa Ha TIOBEPXHOCTH ITyCTBIHMU, BOBJIEKA-
eMOTO B KOHBEKIIMIO B TeueHue cyTok. Co-
HeuyHas 1ocTtosgHHad pasHa 1370 BT/ M.
C.ITycmoimnowii

PeweHunsa 3apay M2602-M2605,
®2609-d2612

M2602. /lrs dannozo namypaivrozo k 6ui-
NYKAbIL MHO20Y20IbHUK HA308eM  R-mpey-
20JIbHBIM, €CAU OH ABJAEMC Nepeceueniem
HeKomopvlx k mpeyzonvHuKos.

a) ITpu xaxom naubosvuwem n cywecmsyem
k-mpeyzovnviil N-y2o0bHUK?

6) pu kaxom naubovwem n 11060 binyYK-
JBLL N-Y200bHUK S6AAeMCS R-mpey2obHbim?

Otser: a) 3k; 6) 2k + 1.

B nokasatesbetse Gy/1eM HCIOMB30BATh CJle-
nyioee coobpasenue. Ecim MHOTOYTOTbHUK
MOJTyUeH KaK TIepeceueHne HeCKOJMbKIX TPEy-
TOJTBHUKOB, TO OH BBIMYKJIbI M KajKAas €ro
CTOPOHA TIPUHA/IEKUT OJTHON M3 CTOPOH XOTSI
GBI OIHOTO M3 TPEYTrOJIbHUKOB. [Ipu aToM Ha
Ka)k/0il 13 CTOPOH HAlllUX TPeyroJbHUKOB
JIESKUT He G0JIee OHON CTOPOHbI 72-yTOJbHUKA
(a10 CaeyeT, HanpuUMep, U3 BBIMYKJIOCTH).
a) Ipasusibhbiii (3k)-yroJbHUK MOXKHO T10-
JIYNTb KaK Tlepecedenne k mpaBuIbHbIX Tpe-
YTOJIbHUKOB, UMEIOIUX OO IIEHTP U 110~
JIyHaloIMXCs APYT U3 APYyTa MOBOPOTaMH Ha

T
VTJIBI, KPaTHbIE — .
’ 3k
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C ipyroii CTOPOHDI, €CJIU N-YTOJBHHUK T1OJIY-
YeH Kak repeceyenne R TpeyroJbHIKOB, TO U3
CO00pasKeHHsT BBIIIE CJIELYET, YTO 1 He Tpe-
BBIIIAET KOJMYECTBA CTOPOH BCEX TPEYTOJIb-
HUKOB, T.e. n < 3R.

6) Paccmorpum (2R +2)-yrombuuk A A,...
...Ay,,y, BIUCAHHBIA B MOJYOKPYKHOCTH C
anamerpoM A A,, , (cM. puCyHOK), U HOKa-

Ay

Ay Agpra

JKEM, YTO OH He SIBJISIETCSI R-TPEYTOJIbHBIM.
Cropony A1A2k +y Ha30BeM OAUMHOU, a OC-
TaJIbHble CTOPOHBI — Kopomxumu. Ecan Tpe-
YTOJbHUK HAKPBIBAET 3TOT MHOTOYTOJbHHUK,
TO He 6oJiee IBYX N3 KOPOTKUX CTOPOH JIeXKaT
Ha CTOpPOHE TpeyrobHuKa. Takum o6pasom,
KOJIMYECTBO TPEYTOJbHUKOB JIOJIKHO OBITD HE
MEHbIIIE TIOJOBHHBI KOJMYECTBA KOPOTKUX
CTODOH, T.e. He MeHbIle k + 1.

[ToxaskeM, Kak mpeJCTaBUTH JIIOGOI BBIMYK-
abtit (2k +1)-yroabuuk P B Buje nepecede-
HUS OJHOTO TpeyroJbHUKAa U k—1 YIJIOB.
Torpa, oTpe3aB OT KasK/J0r0 yIJla J0CTaTOYHO
6OJIBIIOI TPEYTOJbHUK, Mbl IpejAcTaBuM P
KaK repecedenne R TpeyroJbHUKOB.

s kask0if 13 CTOPOH MHOTOYTOJIbHUKA P
HafizieTcss He 6oJiee OHOI CTOPOHBI, Tapa-
genbHoil eit. Tak xak 2k + 1 HeuerHo, Hail-
JleTcs CTOpOHA @, /Ui KOTOPOiHl HeT napaJ-
JIeJIbHOH cTOpoHbl. PaccMoTpuM Bepimny A,
HamboJiee YAATEHHYIO OT TIPSIMOI, coziepska-
el CTOPOHY @, ¥ MyCTb b U ¢ — CTOPOHDI
mHoroyrosabnuka P, cmexubie ¢ A. Torga
IpH TPOJOJUKEHUN TpeX CTOpOH da, b, ¢
obpasyeTcsi TPeyroJbHUK, cojaep:Kammii P
BHYyTpH cebs. Ecom Bce 2k — 2 cTopoH, oTimy-
HBIE OT &, b, ¢, yIacTcst pa30uTh HA Mapbl TaK,
4TOOBI HU B KaKOU Iape CTOPOHBI He ObLIn
IapaJiiesibibl, TO IOCTPOEHUE YIJIOB JIETKO
3aBEPIIUTD, IPOJJIMB CTOPOHBI B Ka)/JON
nape. Ilpu k>3 ykazanHoe pasOueHue Ha
Mapbl CTOPOH BCET/[a BO3MOKHO: PACCMOTPUM
napbl napaJsieJbHbIX cTopon d; || ey,...,d, || e,
a Bce ocTajibHbie 2k — 2 — 2t cropon (He uMme-
IOIIMX TIAPHO# ITapaJiieIbHOIT CTOPOHDI) 060-
3HAYMM IPOM3BOJIBHBIM 06pa3oM Kak d;, €;,
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rnei =t +1,...,k—1. Torna(d;,e,),(dy, e3),...
<.o,(dy_1,€;) — HyxkHOe Ham pazbuenue Ha
mapbl. Ocraercst pacCMOTPETh JINIIb CJIydait
k=2, T.e. UATHYTOJbHUK, CTOPOHBI KOTOPOTO
B TIopsiike ooxoma — a, d, b, ¢, e, tne d || e.
Ho B TakoMm ciiyyae HY’KHbII TPEYTOJbHUK,
cozepxanuii P, MOKHO TIOJy9UTb TIPH TIPO-
JOJUKEHUU CTOPOH d, d, ¢, a yroJa — 1pu
MIPOIOJKEHIE CTOPOH b 1 e.

11. Kosxesnukos

M2603. /lna 6eckoneurotl nociedosameiv-
Hocmu wucenl dj, a,, ... HA308eM ee Nepeol
npou3eooHol  nocaedoeameibHOCMy
a,=a,,—a,(n=1,2,..), aee k- npous-
600n0tL — nepsyio npouseodnyio ee (k—1)-i
npouseodnou (k =2, 3, ...). Hazosem nocue-
0068aAMEALHOCTND XOPOULell, eClU OHd U 8Ce ee
nPouU38o0HbIe COCMOSM U3 NOLOKUMETLHBLL
wucen. Jloxaxume, umo ecau dy, dy,... U
by, by, ... — xopowue nociedosamenrvHocmu,
mo u ab, ayb,, ... — xopowas nociedosa-
mesLHOCMD.

nOn> THE {an} n {bn} — Xopoune
IIocae10BaTe/JIbHOCTH; O4YEeBMAHO, IIOCJIeJ0Ba-
TE€JbHOCTb {Cn} COCTOUT U3 IIOJIOKUTEJIbHbIX

yucen. /lanee,

[Iycrb ¢, = a,b

/’
Cp = an+1bn+1 _anbn =
= Ay (bn+1 - bn ) + (an+1 - an)bn’
T.€.
/’ ’ ’
Cn = an+1bn + an+1bn' ( * )

Tax kax B mpaBoii wactu (% ) 06a claraeMbIx
TIOJIOKUTEJIBHBI, TO {C), } COCTONT N3 MOI0XKH-
TeJbHBIX unces. Bosee Toro, Mbl BUANM, YTO
nepBasi [POM3BO/HAS TTPOM3BE/ICHHS JIBYX
XOPOIUINX [10C/IE/0BATEIbHOCTEN IIPE/ICTAB-
JAeTCA B BUJE CYMMBI IPOM3BENCHUH Tap
XOPOIIUX [OCJIE/[0BATENbHOCTEN .
[To1b3ysACH TEM, YTO MPOUBBOHAST CYMMBI —
9T0 CyMMa TPOM3BOJHBIX, IOJIy4aeM, YTO
nepBasi MPOM3BOAHAS TOCJE0BATEIBHOCTH
{c,} cocrout us moOKUTENBHBIX UMCES U
IIPE/ICTABISETCS B BUE CYMMbI HECKOJIBKIX
IPOU3BE/IEHNIT XOPOIINX [I0C/IE0BATEIBHOC-
Teid.

I[Ipogoskas Tak jasee, MOLydaeM, uTo k-5
IPOM3BO/IHAS TIOCIeI0BaTeTbHOCTH {C, } st
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JI060r0 R COCTOUT U3 IOJIOKUTEJbHBIX YU-
cell.
P.Canumos

M2604. Jan mpeyzorvnux ABC ¢ npamoim
yeaom C (cm. pucynok). ITycmo I — uenmp

A M EVQD B

BNUCAHHOU OKPYKHOCIU MPeYzZOIbHUKA
ABC, a D — ocnoganue 6vicombi, npogedet-
noti uz C na AB. Bnucannas okpyxnocmos
mpeyzoavruka ABC xacaemcs ezo cmopo
BC, CAuAB s mouxkax Ay, Bju C,coomeem-
cmeenno. Ilycmov E u F — mouxu, cummem-
puunvie mouxe C OMHOCUMENDHO NPAMBLY
Ci4; u CB; coomsemcmeenno. Ilycmo K u
L — mouku, cummempuunvie mouxe D omno-
cumenvno npamoix CA u CB; coomeem-
cmeenno. Joxa;xume, 4mo Onucanmvle OK-
pyxnocmu mpeyzoavruuxoe AEI, BiFI u
C,KL umerom obwyio mouxy.

[Ipamas Cy A mapaJiiesbia BHelIHel Guccek-
Tpuce yrja B, 110sToMy cUMMeTpusi OTHOCH-
tesibHo C; Ay nepeBoaut orpesok AC B orpe-
30k AE, napasnenapnbliit AB. Anajsoruydo,
BF || AB. 3ameTum takxe, uto 4 E = AC =
= B,C = B/FF =r, rie r — paJluyc BIUCAHHOU
OKpYy>KHOCTH TpeyroabHuka ABC.

ITycto M — cepenunaa AB. Ilyctp X — takas
TOUKA Ha OKPY’KHOCTH 0, YTO BEKTOPBI 1 X 1
CM conarnpasJienbl. 3ametnm, uto ZEAI =
=90°+ LEAB =90°+ ZCMB =90°+ £BCM =
= LZAIX n A\E = 1A, = IX; takuM 06pa3om,
XIAE — paBHOGOKAs Tpamnenns. 3HAUUT, X
nexut Ha okpyxkuoctd (IBF) u EX || Al.
Ananornuno, X aexut Ha okpyskuoctu (1B F)
n FX || B{I. Ocraercsa nokasatb, uto X Je-
xuT Ha okpyskuoctu (CKL).

IIpu cummerpuu ornocutenbo Cy A npsamas
CD nepexomnt B EK. Tak xak CD 1 AB, T0O
EK 1 BC, tem cambiM nipsiMast EK coBmajia-
et ¢ npsamoit EX. Ilockoabky C;D L CD, B
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CUJIy cUMMeTpuu otHocutesnbHo A;C; numeeM
C,K L EKnmu C,K L XK. Takum xe o6pa-
30M 1okasbiBaeM, yto C;L L XL, a 3nayur,
touku Cy, X, K, L nexxaT Ha OHOH OKPYIK-
noctu ¢ guamerpom CiX.

. Ipoxonenxo

M2605%. /lrns kaxdozo uenozo uucaa n =2
o6osnavum uepes F(n) nauborvwuii npo-
cmotl deaumenv wucaa n. Hasosem cmpan-
HOUL NAPOTL NAPY PAZIUUHBIX NPOCINBLY YUCEL
P U g, 015t KOMOPLLX HE CYUECMEYem Uei0zo
wucaan > 2 maxozo, umoF (n) F (n+1) = pq.
[oxaxume, umo cyuwecmsyem 6eckoHeuHo
MHOZO CIPAHHBLX Nap.

[ToKaskeM, uTo CyMECTBYIOT GECKOHEYHO MHOTO
cTpaHHbIX Hap Buja {2,q}, e g — HeuerHoe
[POCTOE YUCJIO.
Huske Mbl hopmyupyem semmy, obecredn-
BAIOIYI0 [I0CTATOYHbIE YCJIOBHUS JJISI TOTO,
uTOObI yKa3aHHast apa Gblia cTpaHHoi. J1ist
HEYETHOTO TPOCTOro ¢ uepes ord, (2) o6osHa-
YUM ROKA3AMENb YUCTA 2 IO MOZYJIIO ¢, T.€.
HanMEHbIIIee HATypPaJbHOE YHCJIO S TaKoe,
yro 2° —1 gemurcst Ha ¢. [lambime Gynem
UCIIOJIb30BATh CJICAYIONEe U3BECTHOE CBOM-
CTBO TIOKA3aTeJIst:
uyncsao 28 —1 pgemurest Ha mnpocroe ¢ (g
HEKOTOPOTO HATYPAJIbHOIO ¢) TOT/Ia U TOJBKO
Tor/Ia, Kora t ienutes Ha ord,, (2).
Jlemma. Ecin vexoropbie npoctbie 2 < ¢y < ¢y
YAOBJAETBOPAIOT paBeHcTBy 07d, (2)=
=ord,, (2), 1o napa {2,¢} aBasercsa crpan-
HOM.
oxasamenvcmeo. Paccysxas oT IPOTUBHO-
ro, upeanosoxum, uro 2=F(n) wu
g, = F (n+1); Baactuocrn, n = 2" g nexo-
TOpOro HarypabHoro k u 28 +1 nenurcs na
g;. O1ciofa caenyer, 4To 2%% 1 jemres Ha
gy, TaknM o6pasom, ord, (2) = ord, (2) sB-
gsiercst ieanreseM yucaa 2k. Cienosaresib-
HO, 2%k 1= (2" — 1)(2k + 1) JIETUTCS HA (.
Ho 2% —1 ue gesurcst na Gy, nHaue kR jenu-
- k i
Joch Obi Ha ord,, (2) = ord, (2)n2" -1 nem
Joch 6bI Ha @, 9TO HeBepHO. [losTomy 2K 41
JIeJIUTCS Ha ¢, OTKyAa F (n +1) = g, — nporu-

BOpEUne.
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Anasiornuto (ToIbKO Mpolie) MOJYIUM MpPo-
THBOpeune, npenoaras, uto 2 = F (n+1)n
¢ = F(n). B Taxkom ciyuae n+1= 2%, sna-
anr, 28 —1=1niq,, orkynaord, (2)=ord, (2)
apigercs geanreseM k. TeMm caMbIM, 17 = 2k 1
pesmnrest Ha g, u F (n) 2 g, — mpoTuBopeune.

JlemMma mokasana.

OcTaercs 10Ka3arh, 4TO CYUIECTBYIOT OECKO-
HEYHO MHOTO HETEPECEKAIIINXCS TMap Mpo-
CTBIX YHCEJ, YIOBJIETBOPSIONINX YCJIOBUIO
JIEMMBI.

[Tycrp p = 2r —1 > 5 — IpPOCTOE YUCJIO; MOJIO-
M N = 227 +1. Mbl JOKaJKEM, YTO:

(1) N umeer x0T GBI IBa Pa3INIHBIX IIPO-
CTBIX JleJInTesist, OOJIbIINX J;

(2) ord,, (2) = 4p nots moGoro mpoctoro g > 3,
gBJdgoIerocsd geanreaeM N.

Taxum o6pasoM, Kaskjoe mpocroe p > 5 Jjaer
apy HEYETHBIX MPOCTBIX, Y/OBJIETBOPSIO-
[IUX YCJIOBUIO JIeMMbI. BoJiee Toro, ycjaoBue
(2) nokaspiBaer, 4TO /I PA3JIUYHBIX HPO-
CTBIX p > 5 COOTBETCTBYIOIIIE Taphbl HE TIepe-
CEKaTCs.

Yro6bl mokasath (1), 3aMernM, uto N He J1eJUT-
cana 3, naammmeM N = (4+1)- (4p_1 —42 4
ot 1) = 5p(mod 25), orkyna N He gesnrcs
Ha 25. )

Manee pasaoxum N kak N = (2F +1) —optl =
= (2p -2+ 1)(27’ +2" + 1). [Tosryuennbre aBa
MHOKUTEJISI B3aUMHO IPOCTBI (TaK Kak OHU
HEYeTHDBI I MX pasHocTb pasua 2'™1) u xax-
JIbIi U3 MHokuTeseir Gosipie 5. Ilostomy
KaKIbIl 13 MHOXKUTEJe nuMeeT 1mpocToil Je-
JIUTeNb, Goabuii 5. Ato nokasbiBaer (1).
Yro6br gokaszath (2), paccMOTpUM IMPOCTOR
JemTenb >S5 uncia N W 3aMeTHM, 9YTO

ord, (2) asnsiercs gesmTeneM 4p, OCKOJIbKY
2" —1:Niq. Ecam ord, (2) < 4p, 10 ord, (2)
sBystercst fesmreneM 2p um ord, (2) = 4.
ITepBoe HEBO3MOKHO, TakK Kak 2% 1=
= N -2 =-2(mod q); BTopoe HEBO3MO3KHO,
[IOCKOJIbKY 24 —1=15ue Jesautcst Ha g. Tem
cambiM, (2) yCTaHOBJIEHO M PENICHNE 3aBep-

IIEHO.
H.Bozdanos, /. Kpauyn
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®2609. IToadenv. Coanue ¢ senume. Haod
2opotl Kunumanoxapo remum kopadbio unon-
AAHemsn ¢ nOCMo-
AHHOU 20PU3OMH- l l l
MAivbHOU CKOPO- v
cmvio v=c/\3 Y

(puc.1). Mo ckao-

HY 2opbl Oexum Puc 1

menv. Ilpu xaxom

3HAUCHUU Y2ld O HAKJLOHA CKAOHA 20Pbl K
20PU3OHINY CKOPOCTD MEHU KOPAOISL HA 3eM-
Je 6ydem MUHUMATLHOU?

BBezneM KOCOYTOTBHYIO CHCTEMY KOOPIMHAT
x0y (puc.2). Ocp Ox ropusoHTaJIbHA U
COBIIAJIACT C TPa-
eKTOpuel JBuKe-
HUS KopabJsi, a
ocb Oy HaKJOHe-
Ha I10J yIJIOM O, Y

T.e. coBmamaer ¢ F4C 2

noBepxHocThio 3emun. IlycTh B Kakoii-To
MOMEHT KOOP/IMHATA KOPaGJIsl X, a KOOP/IMHA-
Ta TeHn y. Toyka ¢ KOOpAMHATOH ¥ TTOJTydYeHa
B pe3yJbTaTe TTPOEIMPOBAHUS TOUKN C KOOP-
nauHATOW X — Ax. Benb 3a BpeMms, TIOKa CBET
pacIpoCTpaHsICS OT TOYKM € KOOPJAMHATON
x — Ax, xopabuib ycren cMectutbes Ha Ax. C
YYETOM CKa3aHHOTO MOYKHO 3aITHiCaTh:

x—A

x—Ax
=COSO, WIN yCoSO = x — Ax.
Y
ITockombky At = M, TO
c
Ax = pAt = Y3 %

(4
Oé'beﬂl/IHI/IM IIoJ1y4eHHbl€ COOTHOUIEHNA:

vy sin o vsino
ycoso=x ————, Y| cosoL+ ——— | = 1,
c c
B cx
ccosa +osin o
Ho
X = Uty y = U}/ty
rjie v, — CKOPOCTb texu.OTcroma
Yo co c

0, =— = = .
Y x  ccoso+osina /3 coso+sino

«KBAHTA »
BBenem BcriomorareibHbI ApPryMEHT:

C _ C
2sin (o + (p)y

1 .
2| —coso + —sin o
2 2

rie tgQ = V3, te. ¢ = 60°. CxopocTb TeHU
Ha 3emiie OyjieT MUHUMAJIBHOI, eci

sin(o+9) =1, T.e. a0 =30°.

Wraxk, ipu 3a1anHoii cKOpocTu KopabJis CKo-
pocTb TeHu 6y IeT MUHIMAJIbHOM, KOT/Ia CKJIOH
U TOpu3oHT 06pasdyior yrosa 30°, 1mpu atoMm
CKOpPOCTDb TeHU OyJieT paBHA v, = 0,5¢. 10
MEeHBIIIe CKOPOCTU CaMOro KopabJis.
B.I'pe6ens

D2610. [{urundp ¢ xkecmrxumu cmenKamu c
snympennum paouycon R dosepxy 3zano-
HeH HeCKUMAEMOU KUOKOCMbIO C NIOMHOC-
muto p. Oco cummempuu yurunopa eepmu-
Kanvna. I'opusonmanvras niockas Kpbluka
UUIUHOpa npuxpeniena K ezo OOHbIUKY
MOHKUM 6ePMUKATILHBIM MPOCOM, HAMANY-
muvim ¢ cunoil F, mpoc pacnonoxen na ocu
cummempuu yuaunopa. dmom cocyd pac-
KPYmuiu 60KpY2z 6ePMuKdibHOll 0CU, COBNA-
darwetl ¢ ocvio e2o cuMMempul, 00 Y2080l
cxopocmu 0. Kax uzmenunaco cuia namsi-
JKenus mpoca?

Ecsn 6b1 6OKOBBIE BepTHUKAJbHbBIE CTEHKU
MUJIUHIPA OBLIM OYEHD BBICOKMMHU ¥ JKU[-
KOCTb HE JIOXO/IHJIA JI0 UX BepXa, TO yCTaHO-
BUBIIASICS CO BpeMeHeM CBOOO/IHAS TTOBEPX-
HOCTH KHJIKOCTH TIpuHsJIa 6bl (hopMy Tmapa-
601011 BPAIIIEH s — 9TO M3BECTHBIN Pe3y.JIb-
Tar. B JaHHOM cJIydae KPBIIIKA «He MyCKaeT»
JKUJIKOCTh BBEPX, MO3TOMY TPOC HATSIHETCSI
cuibHee npeskHero. JIo6oil yIacToK KUIKO-
CTH, HAXO/SIUICS BOIU3H KPBIIIKU HA Pac-
CTOSIHUH X OT OCH BPAIIEHUsI, [BIKETCS MO
OKPYJKHOCTU PaJIMyCOM X, CJE0BATEJBHO,
Ha HETO JICHCTBYET He PaBHAS HYJISI CyMMap-
Hasi cusa. JlaBieHue B JKUIAKOCTH MO Mepe
yJaJeHusi ot ocu Bpamienusi pacrer. Ilycrb
3TO JiaBJieHne BOJIU3N TOBEPXHOCTU KPBIIIKI
paBHO p,.. Paccmorpum He6ombBIIONH 00BEM
JKUJIKOCTH, TIPOTSIZKEHHOCTh KOTOPOTO BJIOJIb
paamyca paBHa Ax, a MJIOMAIDb MOMEPEIHOTO
K PaJuyCcy cedyeHHsI PaBHA (Ax)2 Macca
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5TOTO BBIIETIEHHOTO YYACTKA XKUJKOCTH PaB-
Ha m=p (Ax)j. OH JBMKETCS C YCKOPEHUEM
@ = x®*, HAIPABICHHLIM K OCH BPAI[CHMUSL.
CuriesioBateIbHO, U3MEHEHHe BEJMYMHbI JaB-
JIEHUS BJOJIb Pajyca paBHO

ma
Ap:—2:x.M.p.w2.
(Ax)
IT10 O3HAYa€T, 4TO AaBJE€HUE PACTET OT OCHU

Bpall€eHusA K CTEHKaM 110 3aKOHY
2

px :p0-|-'x‘2.p.(’\)_y
2

T.e. B6/m3u ocu Bpauenus (1 BOIM3K TPOCa)
JlaBJieHne OCTAJOCh TaKUM >Ke, KaKUM OHO
6b1710, KorZia cocy/ 6bln HenoaBuKeH. Poct
JIaBJIEHUST HA PACCTOSIHUU OT OCH IIPUBOIUT K
MTOSIBJIEHUIO JIOTIOJTHUTEIbHON CHJIBI [1aBJie-
HUS JKIIKOCTH HA KPBINIKY, PaBHOI

- = = _pm2R4.
2 4
Ha TaKyl0 BE€J/JIMYNHY W YBEJUYUTCA CHJIa
HATSKEHHsT TPOCA.
X. Hurunopos

D2611. [6a noroxumenvHoix 3apsdd g, u g,
3axkpennenvl Ha paccmosHuu d Opyz om
opyza (puc.1). K sapsdam npusssana nepa-

CMSLKUMAS, HENPOBOOSUWASL HUMb OAunOU L.
ITo Humu moxem cKoab3umMb O€3 mpenus
MANEHLKOE NOJOKUMENLHO 3APSIIKEHHOE KO-
neuxo. Cucmema Haxo0umcs 6 pasHoOBeCul.
Haiioume paccmosimus om xoieuxa 00 3apsi-
008 6 NOJOKEHUU PABHOBECUS.

KpuBasi, nzobpaskentas yHKTUPOM Ha pU-
cyHke 1, — 9T0 yacTh ajutca ¢ GpoKycamMu B
TOYKAX HAXOXK/ICHI 3aPSIIOB ¢y U (5. 11oaTo-
My 3a/la4y MOKHO ObLIO ObI PENIUTb, BOC-
IIOJIb30BABIINCh M3BECTHBIMU T€OMETPpUYIEC-
KUMHU CBOMcTBaMu aJumntica. Hampumep, ero
ONTUYECKUM CBOWCTBOM — JIyY, BBIIIEIIITNI
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13 OfiHOTO (POKyCa 2JIINICA, HOCTe OTPasKe-
HUS OT TIOBEPXHOCTH 3JIJIUIICA TTPOXO/IUT Ue-
pes /ipyroii ero gokyc.

Ho mbr noiinem apyrum nyrem! Ilycts rnu v, —
paccToAHNA OT KOJIeUKa JI0 3apSafoB ¢ U ¢,
coorBerctieHHo (puc.2). Tak Kak 1O ycJo-
BUIO 3a/ladyl HHUTb HEPACTSKUMasi, TO
1 + 1, = L. Kak u3BecTHO, NOJOKEHUE PaB-
HOBECHSI COOTBETCTBYET MUHUMYMY HOTEHITH-
aJbHON aHeprun. PaccMorpuM 6ecKoHEUHO
MaJIblil C/IBUT KOJIEUKA OT I10JI0XKEeHUST PABHO-
BeCHs, Xapaxrepusymomuiicss 6eCKOHEYHO
MaJsIoil BeJMYMHON M3MeHeHHs Ar paccros-
HUR 7 U 7y

Ar = Ar, Ar, = -Ar,

TaK 4TO CyMMa 7, + #, = L OCTaeTcs TOCTOSTH-
Hoi. IIpm aTom B mepBOM TOpSIZIKE TTO MaJIO-
CTV BEJTMYWHBI Ar M3MEHEHUEe TOTEHIHAb-
Hoii (asexTpocrarnyeckoit) suepruu Gyzer
PaBHO

k k
AU = =200 pyy - 2Tz, =
2 1 2 2
i )
= kqA;f _ﬂ + @ ,
2T
noon
rjie ¢ — 3apsiji KoJieuka. B rmoJioxkennn paBHo-
BecHsl 9Ta BeJIMYMHA JOJDKHA 0OpaIiaThCs B
HOJIb, YTO JIa€T yCJOBUE PABHOBECHSI

a_ %
712 722

Orcioia, ¢ y4eToM paBeHCTBa # +# = L,
JIETKO TIOJIyYUTb OTBET JUJIA PABHOBECHBIX
3HAUCHUH 7 U 7

Ji Vi

yo= @ L N q,L
1= y 12T .

NG G NG TG
ITU PaCCTOSTHUSI HE 3aBUCST OT BEJUUYMHDI
PaCCTOSTHUST MEXK/Y 3apsiiaMil ¢y U ¢.
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[TOoCKOJIbKY CHJIbI, JeliCTByIONMe Ha 3apsi-
JKEHHOE KOJIEYKO CO CTOPOHbBI KaX/Or0 U3
3apsi/IOB, B COOTBETCTBUH C MOJYYEHHBIM yC-
JIOBHEM PABHOBECHSI, OZINHAKOBBI 110 BEJINYHU-
ue (F, = F,) v TpEeHUSI MEXK /LY HUTBIO 1 KOJIeY-
KOM HET, TO 3TO O3HAYAET, YTO TPAEKTOPHSI
JBIKEHUS KOJIEUKA BOIM3U MOJIOKEHHST PaB-
HOBECHSI ITePIIEH/INKY JISIPHA CYMMapHOI Ciie

(F1 +F ) WHBIME  CJIOBaMU, TPAEKTOPHS
HepIeH MKy IapHa OUCCEKTPHCE YTJIa, KOTO-
PBIit 06pasyroT APYT C IPYTOM YIACTKN HUTH.
ITO COOTBETCTBYET YIOMSHYTOMY BbIIIE OIl-
THYECKOMY CBONCTBY 3JLIHIICA.

M. Huxoncon

M2612. I'osopsam, umo 6 apxuse Crearuyca
HAWAU ONMUYECKYIO CXeMY, HA KOMOopol
U300paxenvl UOeaIvHas AUNH3d, npeomem u
e20 usobpasxenue. M3 mexcma caedyem,
umo npedmem npedcmagasem coboi cmep-
HKenv Oaunol [ ¢ 08YMst MOUCUHBIMU UCTNOY-
Hukamu na xonyax. Cmepxenv u 21deHAs
ONMUUECKASL OCb HAXOOSAMCS 6 NAOCKOCU
PUCYHKA U CMepKeHb He nepecekdaem nioc-
Kocmo aun3ol. Om epemenu uepHuid 6bicoX-
AU, U HA PUCYHKE OCMAIUCH SUOHDL JUULD
CaMu UCMOUHUKY U UX U30ODAXKEHUsL, NPU-
ueM Heu38ecmHo, KaKds u3

Yemolpex Mmouex uemy co-

omsemcmeyem. Humepec-

HO, UMO IMU MOUKU PACNO-

JOKEHbL 8 GEPUUHAX U 6

yenmpe PasHOCMOPOHHE20

mpeyzorvruxa (puc.1). Puc. 7

1) Onpedeaume, camomy npedmemy uiu 2o
U300 PAKEHUIO NPUHADTCIKUMN MOUKA 6 YEH-
mpe mpeyeoavHuKd.

2) Boccmanosume onmuueckyio cxemy (npeo-
Mem, u3obpaxenue, IUH3Y, ee 2AAGHYI0 On-
MUUECKYI0 OCH U POKYCHL) ¢ MOUHOCTNBIO O
nosopoma wa 120° u ompaxenus.

3) Haiidume ¢hokycroe paccmosimue iun3ol.
Ipumeuanue. Jlunza nasvieaemcs: uoeaivHoll,
ecau 000t NYUOK NAPANLETLHBLY AYUeti POKYCu-
pyemcsi 6 ee hoKaILHOU NIOCKOCTIL.

[Ipeano0KIM, 9TO CTEPIKEHD ¢ NCTOUYHHUKA-
M — O/iHa M3 CTOPOH TPeyTOJbHIKA, HATIPH-
Mep AB, a Toukn A; m B, — m3o6paykeHus
ucrounukos (puc.2). Torga nyuu AA, u BB,
nepecekaloTcsa Ha cepejune cropoubl BB B
touxe O, KOTOpast SIBJISETCS IIEHTPOM JITH3BI.
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Jlyd, upymuit ot
Toukn A dyepes B,
npeJoMIsSeTCS B
MJIOCKOCTH JINH3BI 1
ujer jgajee uepes
nzobpaxkenusa A; n
B,, 3nauur, cepenn-
Ha AB, T.e. TOYKa
K, mpuHaamexuT TmIockoctn JuH3bl. Ho B
9TOM cJlyuae ILTocKocTb Junsbl OK mepece-
KaeT cTepsKeHb AB, 4TO HEBO3MOKHO 110
yeaosuio. CieioBaTeIbHO, TIEHTP TPEYTOh-
HUKA — OJIMH U3 KOHIIOB CTEPXKHS. PaccMoT-
PUM 9TOT BapHUaHT.

IIpsamble AB n A B, nepecekaloTcs Ha cepeiu-
He A{B; B Touke K, nmpuHa/iesxaiieil miocko-
cru musbl (puc.3). Torga OK — MI0CKOCTD
JuH3bI, Touka O — ee 1eHTp, npsamas PQ,

Puc. 2

\
\

P A,
F
MO K
B
A B,
.\
Puc. 3 \

npoxozsmasg depes Touky O IepHeHuKy-
Jaapuo OK, — riiaBHas olTu4eckast OCb JIMH-
3pl. Toukn Ay u By — KOHITbI n300paskeHus, a
caMo M300PKEHUE <«Pa30pPBAaHO» M IIPEJ-
CTaBJIACT /Ba Jyda, Jieskaliue Ha IIPsIMON
AyBy n yxopsamme u3 touek A, u By Ha
6ecKOHeYHOCTDb. JIMH3a — cobuparomas, 1o-
CKOJIbKY TOJIBKO TaKas JINH3a MOXKET JaBaTb
«pa3opBaHHOE» U300pAKEHUE.

OnpesesnTh MOJOXKEHHE (POKYCOB U HAHTH
(oxycHOoe paccrosHue HecaokHO. Ilyctnm
aya AM u3 Toukn A napaJiiesbHO OCH JIMH3bI
PQ 5o nepeceyeHus ¢ IJI0CKOCTBIO JIMH3DI B
touke M (cm. puc.3). Iocae mpesoMaenus
Jyd noiizer yepe3 usobpakenue A;. [lepece-
yenue MA; c PQ —touka F — 1 eCcTb I'JIaBHbIN
poxyc mu3bl. Tak kak OK — cpeHss THHIS

Tpeyro/bHuKa, a Touka O — cepenuna A4, To
OF = %k, riae h = §AB = gl — BBICOTA Tpe-
yroabHuka. Takum o6pa3oM, okycHoe pac-

CTOgHUEe JUH3bl paBHO OF = gl.

A.Anosonckuil
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aa4yl

1. Mpw KakMX Lenbix 3Ha4eHUaxX /7 npa-
BUbHBIA TPEYroflbHMK CO CTOPOHOU /7
MOXHO 3aMOCTUTb MANTKaMM, UMEIOLLIM-
MW (hopMy paBHOOOYHOM Tpaneuum co
cTopoHamu 1, 1, 1, 27

2. a) MoxXeT nn Cny4nTbCs, 41O B
komMnaHum 3 10 geBo4vek U 9 manb4u-
KOB BCe [OEeBOYKM 3HAKOMbl C Pa3HbIM
YKCIIOM Marnb4MKOB, a BCE MaNbyuKy —
C OOHUM W TeM Xe Yu1ciioM geBo4yek?

0) A ecin geBodek 11, a Manbymkos 10?

3. B kaxpow kneTke kBagpaTa 8x8
KNeTok npoBefeHa ofHa W3 AMaroHa-
newn. PaccMoTpumM obbednHeHme 3Tux 64
auaroHanen. OHO COCTOUT U3 HECKONb-

KUX CBA3HbIX 4acTten (K OOHOM 4acTu

OTHOCATCA TOYKW, Mexny KOTOpbIMU
MO>HO MPOWTU MO OAHOWN UM HECKOb-
KM OmaroHanam). MoxeT n Kosumye-
CTBO 3TUX YacTew ObiTb Oosblue 157

SEREAR 4

4. Kakux naTM3HaYHbIX Ymncen DonbLue:
He AenalmMxca Ha 5 nnu tex, y KOTopbIxX
HW nepBas, HWU BTOpasa undpa cneBa —
He nsaTepka?

Unmoctpavmm [.1puiykoBovi

ABTOP 3TUX 334349 — H.b.Bacuibes
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OX0[4, MHOrOYroflbHMKA

E.BAKAEB

KOHKYPCE UMEHU A.IT.CABMIHA

B «KBanTte» Ne12 3a 2019 ros mpeirara-
JIOCD PEIINTD CJIEAYIONIYIO 33/1a4y /IS HEKO-
TOPBIX KOHKPETHBIX 3Hauennii n (aBTop 3a1a-
yi — A.Ilepeneuxo):

Bapon Mriwouxezaysen 020podui ceou 6d-
denus 3a6opom 6 opme n-yeoavruxa. Ou
ymeepxdaem, umo Kaxovlll SHYmMpeHHuil
Y20 IM020 N-yzoavHuKa Aubo menvute 10°,
aubo 6oavwe 350°. Mosxem au 6apon 6voimo
npae? Pewume s3adauy Oas a) n=10;
6)n=11; 8) n=101.

Perim a1y 3324y /17151 BCEX HATYPAJbHBIX
n. ByaneMm HasbpIBaTh yryibl MHOTOYTOJBHUKA,
menbiue 10°, marenvkumu, a 66abime 350° —
6oavuumu. VITak, HAC MHTEPECYIOT MHOTO-
YTOJIBHUKHY, B KOTOPBIX d MAJEHbKUX YTJIOB U
b 6oapmux, a+b=n.

YeTHble n

Haunem ¢ manmenpinux n. IlongarHo, uyrto
[ 1 =3 TaKOro MHOTOYTOJIbHUKA He CyIile-
creyer. [lns n=4 npumep ectb (puc.1,a).
Enie 1opucoBaB MHOTOYIOJbHUKH, MOKHO
JIOlyMaThCs, KaK yCTPOEHa CepHsl IPUMEPOB
a1 Beex derHpix n (puc.1, 6, 6). 3xech u
panee GyieM oTMedaTh MaJIeHbKHE yIJIbl (pu-
OJIETOBBIM 1IBETOM, a YTJIbI, JOIOJHSIONINE
GOJIBIIINE YTJIBI JI0 TIOJTHOTO YTJIA, — 3€JIEHBIM.

Yupazknenue 1. /lokaxxure, 4TO B IECTUYTOJIb-
HUKe Ha PUCYHKe 1,0 BBINOJHSIETCS PABEHCTBO
Y= +By)- (OH +0y + 0‘3)~

Puc. 7

DOI: https://doi.org/10.4213/kvant20200802

AHAJIOTUYHO TOMY, KaK 3TO I0JIyYaeTcs B
yupasknenuu 1, B cayudae (2k + 2)-yroabHUKa
TaKoil yroa 6yzer paBeH

v=(By +By +...By) = (04 + 04 ...t Ay ). (1)

ITO JIETKO TOKA3aTh C TIOMOTIBIO TEOPEMBI O
CyMMe YTJIOB n-yrojibHuKa (KOTOpast TJIacur,
YTO CyMMa YTJI0B JIIOOOTO N-yrOJIbHUKA PABHA
180° - (n — 2)). JInG6o ske MOKHO PEICTABUTD,
9TO Mbl TI0OBOPAYMBAEM BEPXHIOID CTOPOHY
(Toumee, Jiyu — njyIee BOJb CTOPOHBI Ha-
npapJieHne) Ha YroJ 0 MPOTHB YacoBOil
CTPEJIKHU, TTOTOM Ha f3; 110 4acoBOii, IOTOM Ha
0Ly IPOTUB YacoOBOil cTpesiku u T./1. (puc.2).

Puc. 2

B urore BepxHss CTOpPOHa IIOBEpHETCA Ha
yToJ1 Y TI0 4acOBOIi CTPesiKe, OTCIoAa U MOJTy-
yaeM paseHcTBO (1).

Yupaknenue 2. Tlpujymaiite mpumMepbr st
n=6u n=_8 Buia, OTJIMIHOTO OT IIOKA3aHHOTO Ha
pucynke 1.

MNepecTtponka
MokHO [1OKa3aTbh CyIecTBOBAHUE IIpUMe-
pa, He TIPEbSIBJISA €r0 SBHO: HAJI0 TIOKA3aTh,
KaK J06aBUTH K TOAXO/IAIIEMY TIPUMEPY /IBE
BEpPIIMHDbI TakK, ‘{T06bI CHOBa MOJYYUJICA TIO/-
xoxsammii. Torza U3 MOAXOAIIETO TPUMeEpPa



28 KBAHT

JUISE m =4 TIOydnTCst GECKOHEeYHas IIeMOvKa
MIPUMEPOB JIJIST BCEX YETHBIX 7.

Bosmoskna Takasi «IepecTpoiikas MHOTO-
YTOJIbHUKA: BO3bMEM OJIH U3 €I'0 MaJICHbKUX
VTJIOB U BBIPEXKEM 13 HETO MAapaJIeIOTPaMM,
KakK m300paskeHo Ha pucynke 3. OamH Ma-

;—\—\2 -

~
[\\

Puc. 3

JIEHbKUI YroJi 1npeBpaTuTCA B /JABa PaBHbIX
€MY MaJIEHbKUX U O/IUH 6OJIbIION.

Yupasknenne 3. Ilpupymaiite apyryio <mepe-
CTPOHKY», ZOOABJISIONYIO K MHOTOYTOJIbHUKY /IBE
BEPIIHHBI.

Wrak, A1 MHOTOYTOJBHUKOB C YETHBIM
KOJINYECTBOM CTOPOH €CTb Cepusi IPUMEPOB.
Ocrajioch MOHSATH, TPH KAKUX HEYETHBIX 7
CYIIECTBYIOT ITOIXO/ISIIIIE 72-yTONTbHUKH. Pac-
CMOTPHUM CPeJIN BCeX TaKUX 7 HauMeHbIIee,
o6o3naynM ero M. Tor/a 1/1d BceX HeUeTHBIX
n, 66JbuxX M, TOAXOSIINIL IIPUMEP MOKHO
6yJIeT TIOJyduTh, HY>KHOE YHCJI0 pa3 MOBTO-
PUB <1epecTpoiiky» (Taxke Hago Gyaer y6e-
IUTHCA B HAJIMYUU XOTA Obl OJJHOTO MaJleHb-
KOTO yTJia B HCXO/THOM TIPUMeEpE, YTOOBI «Iie-
PECTPOIIKY» MOMKHO OBLIO OCYIIECTBUTD).
Ocrasocy Haitu M.

B nipuBeieHHOM BBIIIIE PACCY K /IEHUH CKPbI-
Jlach HETOYHOCTb: TaKOTO HAUMEHDIIEro 7
MOJKET U He CYIIEeCTBOBATD — €CJIHU MOIX0/IsI-
IUX [IPUMEPOB JIJIsl HEYETHBIX 7 HET BOBCE.
Ho ceituac MbI Takoil npumMep NpUBEIEM.

MepBbI NpuMep
BepreMcs K KOHCTPYKITNH HA PUCYHKE 2.
[Ipu y = 180° Takoli «4eTHOYTOJIbHUK> TIpe-
BPATHUTCSA B «<HEYETHOYTOMbHUK> (puic.4). [[ist

Puc. 4

2020/ Ne8

KaKOro HAaMMEHBIEero 7 YCTPOEHHDIH TaKuM
o6pasom npumep cyuiectsyer? Cymma yriaoB
By +B, +... + P, momkHa 66ITH Gourbime 180°,
HO Bce cJaraemble B cymMMe Menblune 10°,
3HauuT, MX X0Ts 661 19. Torma Bcero BepmmH
He meree 19+ 20 =39.

HeTrpyaHo TOHSATD, 4TO HYKHbIE 3HAYCHUS
YTJI0B TT0I00paTh BO3MOKHO. VTak, mpumep
Ha n =39 noJsyvyeH, a 3HAUUT, .

MepBas oueHKa

Hekoropplii ipuMep mosydeH, Tenepb Ja-
BaiiTe TOJYYUM KaKylo-HHOY/b OIEHKY Ha
KOJIMYECTBO CTOPOH TOJXO/ISIIEr0 MHOTO-
yrosbHuka. CHoBa GyjieM paccMaTpuBarth
HampasJienusi, Ho uHade. Hauynem o006x0j1
TPAHUILI MHOTOYTOJbHUKA TIPOTUB YacOBOI
CTpEJIKU U OyJIeM CJeINTD 34 TeM, KaK MeHs-
eTCsl HallpaBJieHne, B KOTOPOM MbI JIBUKEMCS.

Tak Kak B MOJAXOJSIIEM MHOTOYTOJIbHUKE
KaK/Ibli yrost 6o MaseHbKuil, 1160 60Jb-
II0#1, TO TIPU TIEPEXO/Ie HA OUEPEHYIO CTOPO-
Hy HalpaBJieHHe, B KOTOPOM MbI JBHKEMCSI,
MEHSIETCS Ha 704U TPOTUBOTIOJIOKHOE. 3aT-
PYIHEHWI ¢ TPUMEPOM JIJISl YETHOTO 72 KaK pa3
U He BO3HUKAET — NpH 00X0jie HAIIpaBJIeHUE
MEHSIETCS] HA 10YMu IPOTUBOTIOJIOKHOE YeT-
HOE KOJIMYECTBO Pa3 U CTAHOBUTCS HMCXO/-
HBIM. B cirydae ske HEUETHOTO 1 HAM TIOTpe-
OyeTcsl OIEHNUTb BO3MOKHBIN BKJAI 3TUX
<«IIOUTU> .

MOKHO CYUTaTh, YTO HAIIPABJIEHUSIM COOT-
BETCTBYIOT JIy4U, BBIXOJISIINE U3 OHOM TOU-
k. Ha pucynkax 5,a n 6,a mokasanbl 06X0-
JIbl MHOTOYTOJIbHUKOB, a Ha PUCYHKaX 5,0 U
6,0 Hayasa Tex ke Jyuyeli-HalpaBJeHuii 06-
X0/1a TIePEHECEHDI B OJHY TOYKY.

Bynem cienuth 3a TeM, Ha KakKO#l yros
n3MeHsiercst HarpasJeHe. Hekoropbie moBo-
POTBI MTPOUCXO/IAT 110 YACOBOU CTPEJIKe, He-
KOTOpble — TPOTUB dYacoBoii. HampaBienme

6)
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0)

Puc. 6

MIPOTHB YacOBOW CTpPeJKN OyAeM CUYUTaTh
MOJIOKUTENbHBIM. Kakoe-To 13 HampaBaeHnit
BBIOPAHO «HYJIEBBIMY, T.€. HAYAJIOM OTCYETA.
Takum 06pa3oM, HATPABJICHUIO COOTBETCTBY-
er yncso (BesmuMHa OTKJIOHEHUST OT Havasa
oTcuerta) M TMPU U3MEHEHUW HANPABJICHUS
YICJIO MEHSIETCS.

IIpu npoxoge yepe3 MaleHbKUH Yrosa o
HarpasJenue mopopaunBaercs Ha (180° — a;)
NpOTHB 4acoBoii crpeskn (puc.7,a), T.e. yBe-
JIMYMBAETCST Ha (180"— OLi). A nipm mpoxojie

Puc. 7

4yepes GOJBINON Yo (360° -B /) OHO TIOBOPa-
YUBAETCS Ha (180O -B ]-) 10 YacoOBO# CTpesKe
(puc.7,6), T.e. yMeHbIIaeTCs Ha (180o - [3]-).
Torpa cymmapHoe M3MeHeHUe HalpaBJIeHHi

OyJieT paBHO
S = (180° — oy ) +(180° — 0ty) +...+(180° — a1, ) -
— (180° = B,) - (180° = B,) —...— (180° = B) =
=180°(a—b) — (o + 0ty +...+0t,) +
+(By+By +...+By) = 180°- (a—b) — A+ B, (2)

rie uepes A o6o3HauenHa cymma (o + Oy + ...
.t 0,), uepes B — cymma (B + By +... +By).

Tak Kak MyTb 3aMbIKAeTCs, TO IHOC/Te N
IIOBOPOTOB HAIIPABJICHHE CTAHET TAKUM e,

Kak OBbLIO CHadaJia, a 3Ha4uT, CyMMapHO€
n3mMeHneHune HaHpaB]’[eHI/II‘/JI S JIOJIZKHO ObITh

kpatao 360°. Kpome Toro, a—b # 0, m0-
CKOJIBKY @ + b HedeTHO. Toraa m3 paBeHCTBa
(2) mosyuaem |A — B| = 180°, sHauur, B cymme
A nmm B cymme B XoTs 661 19 ciaraeMbix n

n >19. CoorBercrsenno, u |[M >19|.

CywiecTByeT nm npumep Ha 19?

[Toka uTOo MeXay OIEHKON W TPUMEpPOM
nMeeTcs «3a3opy» oT 19 mo 39.

CymectByert s ipuMep ¢ 19 BepmmHamu?
Ecau cymiectByeT, TO 4TO PO HETO MOXKHO
MOHATb W3 TOJYYCHHOH Hamu olleHKu? B
onnoit u3 cymMm A u B gomxHO ObITh 19
cJIaraeMbIX, B JIPYTOH HU OJTHOTO. 3HAYUT,
BCE MTOBOPOTHI JIOJIKHBI OBITH B OJTHY CTOPOHY
(IycTb IPOTHB 4acoOBOil CTPENKU) M YIJIbI

MEXK/y coCe/JHUMU CTOpOHaMU JTOJIZKHbBI ObITH

o

B CpEHEM 110 . Haunem pucoBatb TaKou

MHoroyrosbauk (puc.8).

Puc. 8

Kaxkercs, uTo Mbl JBUIKEMCS <IIO CIIApa-
Ju» W BPSAM JU TOJYYUTCS TaKOM MHOTO-
YTOJTHbHUK 3aMKHYTD. ..

B omenke MbI TIOKa 4TO HE MCIOJb30BATH
TO, YTO 3TO MHOTOYTOJIbHUK; MBI OIIUPAJINCH
TOJIBKO Ha TO, YTO 3TO 3aMKHYyTasl JIOMaHas.
HanomuuM pasHuily: rpaHuiia MHOTOYTOJIb-
HUKAa — 3TO, 10 OIpPEJEeJCHUIO, 3aMKHYyTas
JomaHas 6e3 camomepecedeHuil. Paspermns
caMollepeceyeHusl, MOXHO JII HapUCcOBaTb
HOAXOJAILYI0 3aMKHYTY10 19-3BenmyIo 1oMa-
Hyto? [la, mpuMep Takoil 3aMKHYTOH JioMa-
HOI TIpuBeCTH HeTpy/HO. PaccMorpuM 1pa-
BUJIbHBIN 19-yrosbHuk. Mexay AByMsi ero
CaMbIMU [IJIMHHBIMU [IHATOHAJISIMU, BBIXO/IS1-

o

IIMMH U3 OJIHOW BEPIINHBI, YTOJI . Tax
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Puc. 9

YTO HOJAXOJANLYI0 3aMKHYTYIO 19-3BeHHYIO

JIOMAHYIO MOXKHO HApUCOBATb, 00XOs Bep-
IMUHBI TTpaBuyibHOTO 19-yrosbHUKA 110 3THM
maronansaM (puc.9).

Wrak, nipu n = 19 npumep 1151 3aMKHYTOH
JIOMaHOI HApHUCOBATH TIOJYYUJIOCH, a MIJIsd
MHOTOYTOJIbHUKA — HE BBIILIO.

Bepuemcs k pasenctsy (2). Yron (180° - a;)
J0II0JIHAeT yroJ o; 10 180°, 9T0 cMeXKHblil ¢
HUM yTOJI, BHENTHUH yTOJ MHOTOYTOJIbHUKA.
[leiicTBUTEIBHO, HAMIPaBJIeHNE 06X0/[a H3Me-
HSIETCS KaK pa3 Ha BEJIIYITHY 9TOTO BHEIITHETO
yrjia. To BEPHO | JIJIst YIJI0B, 66bimx 180°:
ecam @ > 180°, To yroa Besmunnoii (180° — ¢)
MO-TIPESKHEMY MOXKHO Ha3BaTb CMEKHBIM C
nuM. IlpaBna, ero BeqnunHa GyAeT OTpHIIA-
TEJbHOI, HO OTPHIlATEeJbHbIE BEJTMYMHBI YT-
JIOB HAM Yy’Ke HECKOJbKO IpHUBBIYHBI. Ha
pucynke 10 cepbIM I[BETOM OTMEYEHbI CMEXK-
Hble YIJbl K Yriay @ Ansg ABYX CJy4aes:
¢ <180° 1 @ > 180°. Tak uto S — ato cymma
BHENIHUX YTJIOB MHOTOYTOJbHUKA. A Y MHO-

o

Puc. 10

2020/ Ne8

royroJbHUKOB (KaK BBIIYKJIbIX, TaK U HEBbI-
IYKJIbIX) OHA, KAaK U3BECTHO, pasna 360°! B
TOYHOCTU PaBHA, a He TOJbKO KpaTHa 360°,
KaK 3TO BBIXOJUT I OOBIYHBIX 3aMKHYTBIX
JIOMaHBIX.

Tem caMbIM TIOJTyYaeTCst, 9TO HAMTpaBJIeHIE
00X0/1a COBEPIIHUT POSHO 00uH 06OPOT MPO-
TUB 4acOBO# cTpesiku. [l BBITYKJIbIX MHO-
FOYTOJIBHUKOB 9TO BIOJIHE O4eBUAHO (CM.
puc.5). Kak pa3 paccMOTpeHIeM Takol Kap-
TUHKYA U MOKHO JIOKa3aTh TEOPEMY O CyMMe
BHENIHUX YTJIOB BBIMYKJIOTO MHOTOYTOJHHU-
ka (r.e. ToT pakT, uTto OHa paBHa 360°).
[IpaBaa, A7 HEBBIIYKJIbIX MHOIOYTOJIbHU-
KOB 9TO yTBEPsKIEHHUE Y3Ke COBCEM HE OUEBUI-
HO, W TIPOIEe J[0Ka3aTb (OpMysy CyMMbI
yr10B (BHEIHWX WM BHYTPEHHUX) HEBBI-
MTyKJIOTO MHOTOYTOJbHUKA WHaUe. 371eCh MbI
He 6y/ieM TIPUBOIUTD 3TO /T0Ka3arebcTBO. C
HUM 4YHUTaTeJIb MOKET ITO3HAKOMUTDLCS, Ha-
npumep, B ctatbsax H.Bacuibesa u B.I'yren-
Maxepa «Cymma yriioB» n «O paspe3aHusix
MHOTOYTOJbHWKA ¥ TeopeMe OJijepa» B
«KBanTe» Ne2 3a 1988 rox.

YnpaxHeHusa

4. Haiimute 3Hauenue S /I 3aMKHYTOM JIoMa-
Hoil Ha pucynke 9. Kak saBucur S oT HanpasJie-
HIS 06X0/1a JIOMaHOI?

5. IIpuBeuTe MpUMep 3aMKHYTON caMoriepece-
Karomeiicss 1oMaHoii, a8 Kotopoii a) S = 360°;
6) S =0°.

Ynydwaem oLeHKy

Mpr pasobpasuck, 4uro S = 360°, a torga us
paserctBa (2) noayuaem 180°-(a—b-2)=
=A-B. Tak xak 0 < A<10°-a mw 0<B<
<10°-b, 10

~10°-b < 180°- (a —b—2) < 10°-a.

IMockosbKy n = a + b HeyetHo, TO U a—b
HeuetHo. PasbepeM 4 ciydas, KaKuM OHO
MOJKET OBITh:

ea—b=>5, tormga 180°-3<10°-a, T.e.
n=az=>55;

ea—b=3,toral180° <10°-a, 1..a 219
ub=a-3>16, sgauur, n >19+16 = 35;

ea—b=1,torga10°-b >180° 1.e. b>19
na=>b+1=20, suauut, n =19 + 20 = 39;
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ea—b<—1, torma 10°-b>180°-3, T.e.
n>b=>55.

Wrak, BO BceX CJAyYasX KOJUIECTBO Bep-
mUH He MeHbie 353: |[M > 35|.

Monyyaem npumep

W3 oreHku ciemyer, 4TO BapHaHT 7 = 35
BO3MOKeH Jmmib npu a=19, b=16. 310
MOMOTAeT TPUAYMaThb HpUMep: 4 TOAPS/I
MasieHbKuX yraa (B mopsjke 06Xoa rpaHu-
IIbI MHOTOYTOJIbHUKA), 3aTeM GOJIBINON yTrodI,
3aTeM CHOBA MaJIEHbKUII W Tak jajiee —
MaJIeHbKUE YIJIbI YepeiyioTcsi ¢ GOJIbITIMI
(puc.11).

Puc. 11

Ocrasoch 1MOKa3aTh, 4TO YCTPOCHHDBIN Ta-
KM 06pa3oM IMpUMep JAeHCTBUTENBHO CYIIle-
CTBYeT W HaM He ITIOMEIIAIOT KaKue-HuOY/Ib
IPOTUBOPEYNST, HA KOTOPbIE MbI ellle He 06pa-
TUJIM BHUMAHUS.

[TocTpoenue mpuMepa MOXKHO OIIUCATD TaK.
BosbMeM TpeyrosibHUK, /1Ba yrJja KOTOPOTO
MeHnbiie 10°, a tperuii — Menbine 170° (Ha-
npumep: 9°, 9°, 162°). Boabumii ero yroa
paspexkeM eme Ha 17 mamenbkux yriaos (ma
pucynre 12 nx 8). IlomyunTcss 3aMKHyTas
JIOMaHasi, Yy KOTOPOH 4acTb 3BeHbeB /IPYT Ha
Jipyra HakJaabiBatoTes. B Hem 19 manenbkux
yrsios u 16 yraos B 360° (na pucynke oHu
oT™MeueHbl KpachbiM). OcTanoch mocaeaoBa-
TEJIbHO IOJ[BUTATH BEPUIMHBI, YTOOBI CTOPO-
HBI TIepeCcTai HaKJIabIBATbCS APYT HA JIPY-
ra, HO IIPM 9TOM MaJjleHbKHe YTJIbl OCTAJINCh
MaseHpKkuMu. TakuM o6pazom 6ymeT moJry-
YeH UCKOMBIII MHOI'OYTOJIbHUK.

Urax, . 3amaua perieHa.

Puc. 12

Hamnocseox npuBesieM eire Be WHTEpecC-
HbIEe 33/1a4l Ha 3aTPOHYTDHIC TEMBI.

JononHutenbHble 3agayn

1 (B.IIpoussosioB, <«3agaud Ha BBIPOCT»).
Kasxapiii u3 yrjioB 19-yrosbuuka xpared 10°.
Jlokaxxute, 4TO y HETO HAMAyTCS [BE MapaJlelib-
HbIE CTOPOHBI.

2. Kakoe Han6oJiblee KOJMIECTBO OCTPBIX YTI-
JIOB MOJKET GBITH a) B BBIIYKJIOM, 6) B IIPOU3BOJIb-
HOM 7-yTOJIbHUKE?

¥
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.13 BCEX J1y4es], NaAaroLYmnx 13 AaHHOU TOYKMU U
OTPAXAIOLUMXCA B AAHHYIO TOYKY, MUHUMAEJIbHBI TE,
KOTOpbIE OT IVIOCKUX U1 CEPUHECKUX 3EPKATT OTPA-
XKaKoTCA 1104 PaBHBLIMU YITIamMu.

lepoH AnekcaHAPUNCKAN

o obe CTopOHbI OT MeCcTa Hanbo IbLLIEro 3Ha4e-
HUS YObIBAHNE BHAYA/E HEYYBCTBUTESbHO.
NoraHH Kennep

U3 Bcex nyresi or ToYku A K To4ke B cBer
BbIOYPAET TOT MyThb, Ha KOTOPbLIV Tpebyercs Hau-
MeHbLLiee BPeMH.

Mbep Mepma

B Mupe He rponcxoquT HU4ero, B 4em bbl He bbly
BULEH CMbICST KaKoro-Hubye MakCcuMyma i
MUHMYMA.

JleoHappn, Svnep

A Tax M XOPOIIO 3HAKOMBI

KCTPEMYMbI B (DM3NKe

Kaxk, pacmosarass onpejeneHHON CyMMOM,
BbIOpATh B Mara3mHe MaKCUMaJIbHOE KOJinde-
CTBO HEOOXOJIUMOTO TOBapa; KaK 3aTPaTUTh
MUHUMAaJbHOE BpeMs Ha TIOJTOTOBKY K 9K3a-
MEHY, PAaCCYNTBIBAs Ha BBICOKYIO OIEHKY? A
BOT 3aJlaHUsl TOCepbe3Hee: YMEHBIIUTDL 10
npejiesia Bec mpubopa, mocbLiaeMoro na Mapc;
BBIIIYCTUTH KaK MOKHO GOJIbIIE TIPOIAYKITHH,
UCIIOJIb3YST OTPaHWYEHHOE 000pY/0BaHUE;
JIOOUTHCS HAaUMEHBIINX TPAHCIIOPTHBIX pac-

j XOZOB IIPU /IOCTAaBKE I'PY30B; 3allyCTUTDH PaKe-

Ty Ha MaKCUMaJIbHYIO BBICOTY IIPH 3aJaHHOM
3arace TOIINBA. ..

ITO He 4TO UHOE, KaK 3a/laui [IOUCKa Hau-
6OJBITIX W HAWMEHDBIINX 3HAUCHUH, MaKCH-
MYMOB U MUHUMYMOB, 0000IIEHHO 3KCTPEMY-
MOB, mau 3afauu onrumusanuu. Ilocaennue
cToeTust (DUSUKU U MaTeMaTHKU — TOPOH
BPa3HO60Ii, Yale «HOra B HOT'Y» — GUJINCD Ha/L
MEeTO/IaMH X PEIIeHus U JI0CTUrau, 6e3 npe-
YBEJIMYEHUS, IPEBOCXOAHDBIX PE3yJIbTaTOB,
IIPO/IBUHYB UX U B 9KOHOMUKY, U B XUMUIO, 1
B MEJUINHY. ..

BOI'IpOCbI N 3aa4um

1. Brosib skeste3HOI JOPOTH CTOSIT KIJIOMET-
POBBIE CTOJIOBI Ha paccTosTHUN 1 KM ApyT OT
apyra. OnMH M3 HUX TMOKPACUJN B JKEJTBIH
1IBEeT M 1ecTb — B KpacHblii. CyMMa paccTos-
HUN OT KeJATOrO cToJi6a /10 BCEX KPACHDBIX
paBHa 14 kM. YUeMy MOKeT ObITb PaBHO MaK-
CHUMaJIbHOE PpACCTOgHUE MEXK/IY KpacHbIMU
cros6amn?

2. Tlo omHy CTOpPOHY OT TNpPAMON JOPOTH
pacrnosnioxkennl ioceskn A u B. Te Ha fopore
HY’KHO TIOCTaBHTb aBTOOYCHYIO OCTaHOBKY,

4TOOBI CyMMAapHDBII TIYTh /10 HEe OT MOCEJTKOB
ObLJT HAUMEHDBITTM ?

3. HavyasbHble TTOJI0KEHUS U CKOPOCTH JIBYX

PaBHOMEPHO JIBIDKYIIXCA KopalJeii TTokasa-

v, HBI HA PHCYHKE. Kaxk

0y HaWTH MUHUMAJbHOE

// X\ paccTogHue MexK1y
Y Hivm?

4. Onpenente MUHUMAJIbHYIO CKOPOCTD, C
KOTOPOIl IJIOBEIl MOXKET IepPeIlIbITb PeKy
mpuHoi d =40 M 1pU yCJIOBUU, YTO €r0 HE
JIOJKHO CHECTH Ha pacCTosHue OoJbIle
s=30 M. CKOpOCTb TeueHNst peKn 2 M/c.

5. Ha rpaduke mpe/crasiiena 3aBUCHMOCTD
MIPOEKITNH YCKOPEHUS TPSIMOJIMHEITHO JIBUXKY -

i
i
t

4 0 1 t2 t.’% t

merocst Tela OT BpeMeHn. B Kakne MOMEHTBHI
CKOPOCTD TeJia HalMEHbINasi; HanbGobInast?

6. 13 Touku A Tesio ABUKETCS 110 TIPSIMOI ¢
HavyaJIbHON CKOPOCTbHIO, PABHOM HYJIIO, U OCTa-
HaBJuUBaeTcsd B Touke B. IIpu aToM 0HO MOKET
JIBUTATHCS € TOCTOSHHBIM 10 MOJLYJTIO YCKOpe-
HUeM W paBHOMepHO. KakoB Jl0/KeH ObITh
XapakTep JBWXKEHUS, 4TOObI €r0 BpeMsi GbLIO
MUHUMAJIbHBIM ?

7. VlMeeTcst MHOXKECTBO TJIQJIKUX HAKJIOH-
HBIX TIJIOCKOCTEN ¢ OJJTMHAKOBBIMI OCHOBAHM-
MU S, HO pa3HbIMu BbicoTamu. [Ipu kakoii
BBICOTE /i BpEMS COCKAJb3BIBAaHUS TeJa IO

;Qéﬁw%
L=

X



HaKJOHHOHN TIJIOCKOCTH 6yJeT MUHUMAJb-
HbBIM ?

8. KakoBa cKOpOCTb JTOMaTKy TapoBoii Ty pou-
HbI, TIPH KOTOPOi MaKCHMATbHAS 4aCTh KMHETH-
YyecKoll sHeprum OblOIIeil B Hee CTPYM Iapa
[ePeXO/IUT B SHEPTHUIO BPAIIEHUsT TYyPOUHDI?

9. Ha mmarpamme p, T mporiecc, TpOBO/IN-
MbIif ¢ WIeaJbHBIM ra3oM, n3o0paskaercs B
Bue okpy:kHocTH. O6BEM Taza MOCTOSHEH.
Kax onpeniesnTb rpadgmieckn, rjie Macca rasa
MaKCHMaJIbHa U I/le MUHUMaJIbHA?

10. /laBsienue u/1eaJbHOTO ra3a, paciiups-
I01I[erocs 10 JIMHEHHON 3aBUCHMOCTH, T1a/1aeT
B /[Ba pa3a IIpu yaBoeHn# o6beMa. Havambuas
Temieparypa rasa 1,. Uemy paBHa Makcu-
MaJibHas TeMIlepaTypa B 3TOM Ipoiiecce?

11. Haiiaure MWHUMAJTbHOE PACCTOSTHUE
MEXY TpeIMeTOM W ero JefCTBUTETHbHBIM
n306pakeHneM B TOHKOH JIMH3e, (POKyCHOe
paccroguue Kotopoil F M3BEeCTHO.

MukpoonbIT

CxJieiite TTPOTUBOTIOJIOKHBIMI CTOPOHAMU
MPSIMOYTOJIBHBIN JINCT KaJbKH WK OyMaru
Jutd 3anekanus. [lomydeHHyo TOBEpXHOCTD —
MTPOU3BOJIBHON (DOPMBI B TIONIEPEYHOM Cceve-
HUW — MOCTaBbTe BEPTUKAJbHO HA JTHO TLJIOC-
KO Tapesiku M MeAJeHHO HaJuBalTe B Hee
BO/Yy, TIPUJEPKMBAST TaK, 4TOObI BOJA HE
MorJa BHM3Y TIpocounTbesi. Kakyio dopmy
MIPUMET TIOBEPXHOCTDH ?

JMio6onbITHO, YTO...

...06 DKCTpPEeMAbHBIX CBOMCTBAX Kpyra
mapa B [IpeBreit I'petntnn 3Hamm ¢ 4 Beka 10
HOBOI apbl. OHAKO 3a7auul 1MOOOHOTO POjIA
WCCJIEIOBAICH TOT/Ia TOJBKO T€OMETPUYECKH-
MU METOJIaMH, M KayK[as U3 HUX [JII CBOEro
peliienust TpeboBasa CrieruguuecKoro mpuemMa.

...00III1E TTO/IXO/IbI K M3YUYEHUIO «CIIPOBOIIH-
POBAHHBIX» IMPAKTUKOW 9KCTPEMATbHBIX 3a-
Jlad Havasm mposBaaTbes auiib B X VII Beke,
YTO MPUBEJO K co3ganuio auddepeHimaib-
HOTO U WHTETPAJHHOTO WCUUCTICHUS — MOTII-
HEHNIIero MccJe1oBaTeJbCKOT0 WHCTPYMEHTa
€CTEeCTBO3HAHMUS.

...Bunuentio BuBmanmn, uransbsHCKUN yue-
HBIHU, yueHnK [ammmes, TocTpouBINNi 10 njee
CBOETO Yy4YWTeJisI MAasATHUKOBbIE Yachl, a TIO
nopyueHuio Toppuyesyin BbITIOJHUBINNN 3HA-
MEHUTDIH OIBIT TI0 /I0KA3aTEIbCTBY CYIIECTBO-
BaHusi aTMOCGEPHOTO JlaBjieHust, ObLT U3BEC-

TeH W cBoell KHUTON «(O MaKCHUMaJbHBIX U NI
MUHUMAJIbHBIX 3HAYCHUSIX> . )

3 >~
...TIPO3BYYABIIYIO ellle y I'epoHa MbICTIb O j
TOM, 4YTO IIPHUPO/Jia YIIPABJIACTCA IKCTPEMAJIb-

HBIMU NpuHIUIamMu, pa3sui @epma. OT ugen %@

KpaTqaﬁLuero myTH, BbIéI/IpaeMOFO CBE€TOM, OH LN
IIpuiies K YTBEpKAEHNIO O MUHUMYME BpeEMeE- @ lg

HU, 3aTPAuynBAEMOTO Ha MPOXOK/EHUE HEOJI- \/\
HOPOJIHO¥ Cpe/bI, YTO TIO3BOJIMJIO €My BbIBE- .
CTU 3aKOH TIPEJOMJICHUS CBETA.
...TIO/ITBEPIKJIEHUEM TOTO, 4YTO IPUPOJIA
MTOJTb3YeTCs AKCTPEMATbHBIMUA PEIeHnsIMH,
cay:kuT QopMa sgUeek MYEJUHBIX COT, Ha

=
L~
CTPOUTEJIBCTBO KOTOPBIX MPH 3aaHHOM 00be- ///

Me HJIeT HauMeHblllee KOJIMYECTBO BOCKa, WU
dopmMa MBLIbHOI MIJIEHKU, OTPAHUYEHHON JIBY- /
MsI MPOBOJIOYHBIMU KOJIBIIAMU ¥ UMEIOIein // 7
HAMMEHDBINYIO TJIONIA/(b TTOBEPXHOCTH.

...M3yvas JIBU)KEHUE TIEHTPOB TSIKECTU Te,
Toppuyennun onupascd Ha TPUHIIUAT, HOCS- @:@
I ceifyac ero UMsI U IJIACAIINI, 4TO MeXa-
HUYEeCKasl CUCTEMa B COCTOSIHUU C HanMEHb- @
el MOTEeHIINAIbHON SHEpPTueil HaXOIUTCS B
pPaBHOBECHN.

...M3 BCEX MIApWKOB, CKATHIBAIOMINXCS TIO
Pa3HbIM TJIAJKUM JKeJoOKaM U3 OJIHOM ompe-
JIEJIEHHO# TOYKHU B JIPYTryio, ObICTpee BCeX Y 9’/
11eJIN OKAYKeTCS TMapUK, CKOJIb3SIIH 110 TIHK- /
nouge (mmn G6paxucroxpone). C pemieHust
9TOI U aHAJIOTUYHBIX 3a/1a4, BOSHUKAIOIIUX B \
reoMeTpuy, MexXaHuke, (U3MKe, HAYAIOCH [N
co3/lanre BapuarMoOHHOrO NCYUCJIEHUS.

...JlaJibHellIIee  pa3BUTHE TEOPUH IKCTpPe-
MaJIbHBIX 3a1ay B XX BeKe ObLIO BbI3BAHO
OTPeOGHOCTSIMY KOCMOHABTUKY, SHEPTETUKH, Na

TPAHCIIOPTA, YTO TIPUBEJIO K OYPHOMY POCTY
TaKWX HAYYHBIX HAMMPABJIEHUI, KaK JUHEHHOE
MPOrPaMMUPOBAHNE, ONTHMAJbHOE yIIPaBJe-
HUE U TEOPHs KaracTpod.

YT1o uutatb B «KBaHTe»
06 s3kcTpeMmymax B ¢pusmke
(nybauxayuu nociednux rem)

1. «3amaun ¢ akcrpemymamny» — 2015, Nel, c.46;

2. «IIpunin Mepma 1 HEOGBIYHOE TIOBEJIEHITE CBETA>
= 2017, Ne2, ¢.27;

3. «/IBuKenue Tea B rpaBUTAIMOHHOM mosie» — 2018,
Ne9, ¢.29;

4. «Uccnenyem chepy IKCIIO-2017» — 2019, Ne3,
c.34;

5. «OTHOCUTENBHOCTD ABWIKEHUST B 3aJavyax JIHHa-
mukn» — 2019, Ne4, c¢.40;

6. «Mypaseit na KoHcepBHOiT 6arkes — 2020, Ne2, ¢.31.

Mamepuan nodeomosun A. Jleonosuu
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OU3UNYECKUN DAKYJIbBTATHUB

PAHCLIEHOEHTHbIE

YPaBHEHWA
B 3a[a4aX Mo u3nke

b.MYKYLUEB

P PA3BOPE 3A/IAY 11O ®UI3UNKE
MHOT/IA IPUXOJIUTCS MIMETH JIEJIO C TPAHC-
I[CH/ICHTHBIMY YPaBHEHUSMHU, KOTOPbIE OOBIYHO
He PEMIAIOTCS aHAJUTHYECKUM crioco6oM. Bot
MIPUMEPDI TPAHCIIEHACHTHBIX YPABHEHIH:
2 ~10x =0, Inx — x? = 2x,
0,7cosx —sin1,3x = 0.

[t penieHnst TaKuX BU/JOB YPaBHEHUS UCHOJIb-
3YI0TCA METO/bI HPI/I6JH/I>KGHHOFO BbIYUCJICHU .
epaghuneckull, YuCACHHBLL, KOMNLIOMEPHLI.

PaccMOTpUM HECKOJIBKO 33/1a4 U3 MEXAHWUKH,
[IPU PEIIeHNH KOTOPDIX MOJIYYaI0TCs TPAHCIIEH-
JICHTHbIE YPaBHEHUSI M OOCYIUM ONTHMAJbHbIE
METO/Ibl PeleHNs MOJ00HBIX 3a/1a4.

3apava 1. I100 kaxum yziom @ K zopuzonmy
HYXKHO Opocums meao, umobvl 3a epems ezo
nosiema 00 6036PAMEHUS. HA UCXOOHYIO 8bLCOMY
cpeduee 3nauenue Mooyisi 6eKMOPAa MaHzeHyiL-
ALHOZO YCKOPEHUS. COBNATO C MOOYEM CpedHe-
20 3HAUEHUs. BEKMOPd HOPMAJLHOZO YCKOpe-
nusi? Conpomusaenuem 6030yxa npenedpeus.

Pemenue. Moysb BeKTOpa TaHTEHIINAIBHO-
TO YCKOPEHUS d; OTIPe/IeJISieT M3MEHEHNE MOJLY-
Js1 ckopocTH Tesa. V3 cooOpaskeHuii cumMmer-
pun 1apaGoJITYecKoro JBMKEHHS TeJaa pac-
CMOTPUM TOJIBKO €0 HO/IBEM /10 HaMBBICIICH
TOUKM TpaekTopun. [[Jis HAXOKIeHUs CPEIHETO
3Ha4Y€HUA MOAYJIA BEKTOPa TaHT€HIIMAJBHOTO
YCKOPEHUS TI0/IeJ UM 0011ee U3MEHEHIE MOJTY Jisi
CKOPOCTH B IIPOIIECCE JBUKEHUS TeJa J0 MaK-
CUMAJIbHOH BBICOTBI, PaBHOE 0 — ¥y COS Y, TIE
Uy — HavaJbHAs CKOPOCTDb, HA BPEMs MOAbEMA

U sin
7 =259 Tagum 006pa3oM, cpejiHee 3Haue-
g

HIe MOJYJIS1 BeKTOpa TaHI€HIIUATbHOIO yCKOpe-
H1A PaBHO
<|d |> _ %~ .vo cosQ _ 1—.COS(|'J
(vpsing)/g sin @

DOI: https://doi.org/10.4213/kvant20200803

yA
vsine — gt Goe3®
0
0pSin ¢!
(p 1 1 1
0 0,COS P ' ' Coox
Puc. 7

AJIropuT™ pacueta MOJYJISl CPEIHEro 3Haue-
HUS BEKTOPA HOPMAJIBHOTO YCKOPEHUSI d,, BbIT-
JISIJIUT IO IPYTOMY: CHAYAJIA BBIMOJHSAECTCS yC-
pelHenne, a TMOTOM BBIYUC/IAETCS MOMYJb. B
CUJTy CUMMETPHH JBUKEHUS Tela OTHOCHTETb-
HO BepTUKAJBHON MPSAMOH, IPOXOAAIICH uepe3
HaMBBICITYIO TOUKY TPAEKTOPHH, CPEJIHEE 3Ha-
YeHHe BEKTOPa HOPMATbHOTO YCKOPEHUs Oy /1eT
HAIIPABJIEHO BEPTUKAJIBHO BHU3. [[09TOMY MOJK-
HO YCPE/HSTD €r0 BEPTUKAIBHYIO TTPOEKIIHIO
TOJIBKO 32 BPEMST TIObEMA, TAK KaK 3a BpeMst
CIyCKa CpEHee 3HAuYeHWe TMPOeKIuu Oyaer
TaKUM JKe:

dyy = @, COSOL = gcos® a,
rjie 0L — YTOJl HAKJIOHA CKOPOCTH K TOPU3OHTY B
MOMEHT BpeMeHH ¢ oT Hadasa nojera (puc.1).
Nrak, MOAyJb CPeHEro 3HAYEHHs BEKTOPa
HOPMAJILHOTO YCKOPEHUS PaBeH

B B gdt
| | |< ny>| chos o-dt= ftg wil
[TockonbKy tg o = M, TO

0 COS @
_ 1 dt
(@)= L[ —2 -
0 vpsSing — gt 1
0 COS @
_QcosQ[ gt —y,sin@ : _ gocoso
T 0y COS @ sin @ .

0

TTo ycaoBUIO 3a/a4H <|c7r|> = |<ﬁn >|, W

1-cos@ _gocos@
sin @ sin @ '
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(@) 1,066
" 7T\ |
0,2 // i
0.1 §

0 0,5 1" 1,5
@, pas

Puc. 2

OTCIO[[B. Iojgy4aeM TPaHCIEHAEHTHOE YpaBHE-
Hue

@cos@+cosp—1=0.

OnHUM U3 PacIpPOCTPAHEHHBIX METO/IOB MTPH-
GJIDKEHHOTO BBIYNCJICHUS SIBJISICTCS 2paghuuec-
KUt Memod, IPH ero UCI0Ib30BAHUY TTOJTyYaeT-
¢S OlleHOYHBbIe pe3ysabTartel. Mccmemyem rpa-

duk byHKIIUN
f(9)=9pcoso+cosp—1.

Ecan Bocnosbzyemesa BoamoskHoctamu ITIITT
MathCAD pnsa mocrpoenus rpaduka 3Toit
QYHKINHT, TO MOKHO YJIYyYIIATh TOYHOCTH pe-
3yJbTaTa PEMICHUS TPAHCIICHICHTHOTO ypaBHe-
uust. U3 rpaduka dyukuuun f (@) (puc.2),
noctpoernoro nocpeacrsom IITIIT MathCAD,
MOKHO BH/IETD, YTO (DYHKITHS 0OPATUTCS B HOJTb
MpUOJN3UTETBHO B TOUKE

¢ = 1,066 pax = 61,12°.

3anaua 2. Humo, o6eprymas 6oxpye nenoo-
BUKNO020 OUCKA pAOUYCcoMm ¥, 06pasyem Noay-
okpysnocmo (puc.3). O0un Koney, numu 3ax-
pensen 6 mouke A, Ko 6MmOpPoMY KOHUY HUMU
NPUBSLIAN 2DY3UK, KOMOPBLL 6HAUAe YOepKU-
saemcs 6 mouxke B (mouxu A u B naxodamcs
Ha 00not sepmuxaiu). B nexomopoiii momenm
epy3ux omnycxaemcs. Kaxas uwacmv numu

Puc. 3 Puc. 4

OCMAHEeMCsT 8 CONPUKOCHOBEHUU C OQUCKOM,
K020a 2pY3UK MAKCUMATLHO YOAIUMCS OM Hd-
4anvnozo noaoxenusn? Tpenuem npenebpeun.

Pemenne. Ilo 3aKk0oHy cOXpaHEHUS SHEPTUH
ToYKa B W TOYKa MaKCUMaJbHOTO yiangenns C
HAXOJATCA Ha OJHON ropusonTanu (puc.4). N3
PUCYHKA HAXOIIM

C napyroii croponsl, aguHa ayru BD paBHa
quie orpeska CD:

()
BD =CD =70.
Nrax,
0
tg—=0.
g2

ITO — TPAHCIEHAEHTHOE YPABHEHNUE, [T ETO
PENIEHNsT UCTIOIb3yeM OJMH M3 METOMOB 4lC-
AenH020 anaausd. UTo6bl ONpeeuTh IncsIo
ero pelleHuii Ha MHTepecylolmeM Hac IIpoMe-
xyTke 0 < 0 <7, nocrpoum rpaduxu (puc.5)

0
=0nmy=tg—.
Y Yy 82

W3 rpadukos BugHO, 9TO BUHTepBate) < 6 < 1
ypaBHEHUE UMeeT e/IMHCTBEHHbII KOPEHb BOJIH-
31 TOUKHU O = 2.

YTo6bI yJIyqIINTb TOYHOCTD [TOJIy YeHHOIT OI1eH-
KI, BOCIIOJIb3YEeMCSI METO/IOM ITOCJIeI0BATEb-
HBIX [PUOIMKEHNH, KOTOPBII OTHOCUTCS K
YICJICHHBIM MeToaM. /7151 3Toro cHavasIa 3a1-
1IeM Haille ypaBHeHue B Bue GyHKIUN

0,
en = f(en—1) = tg %1

Haxoanm snadenust QyHKINE B HYJIEBOM IIPH-
6mmkenun 0, = 2:

2 1 1 Il
J

!
of ]
y=9
1 Lt
y:%g §
i 5 3
Puc. 5 0. pax
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SlcHO, 4YTO TMOCJIENOBATEJNBHOCTD BCe GOJIbIIE
YIQJISETCS OT IPE/II0JIaraeMoro 3HA4YeHHS KOp-
Hst. 3HauyuT, QyHKIM Obliia BbIGpaHa Hey/1au-
HO, TI09TOMY TIEPEIHIIEM €€ TI0 [PYTOMY:

0, = F(6,_;) = 2arctg(0,_).
Jlna 3HaueHus aprymenta 6, = 2 Haiijzem
0, = F(6)) = 2214, 6, = F(6,) = 2,293,
03 = F(6,) = 2,319, 8, = F(63) = 2,327,
05 = F(6,) = 2,330, 65 = F (65) = 2,331,
0; = F(8s) = 2,331.

ITockombKy paBeHCTBO Og = 0; BBINOJHEHO C
JIOCTaTOYHOI TOUHOCTHIO, MOYKHO HAIIUCATD, YTO

6 = 2,331 pax = 133,6°.
Taxkum o6pasom,

U
AD m-9
=

Y

=0,258.

3anaua 3. Ha 3axpennennuiil wap paouycom
R =20 cmceepxynocmasaena uepywxa <Bano-
Ka-ecmanvka». Huxnas nosepxnocms uzpyul-
Ku — chepuneckas ¢ yenmpon O u paduycom
r=5cm, C — uewmp maxecmu uzpyuwru,
OC =2 cn. [lo kaxoeo npedenviozo yeaa By
MOKHO OMKJLOHUMND UZPYULKY, 40Ol OHA 803~
BPAMUNACH 68 HAUANLHOE NOJ0KEHUE?

Pemenue. [Ipu oTkioHeHNN WTPYIIKH, Ha-
MIpUMep, BIIPABO, LEHTP TIKECTH CMENAeTCs
(puc.6). Ecam mpu 5TOM OH OKasKeTCsl JieBee
BepTukaau AB, npoxo/siieil yuepes TOUKy oI10-
pbl A, TO MOMEHT CHUJIBI TsI>KECTH OY/IeT BO3Bpa-

Puc. 6

2020/ Ne8

IaTh UTPYIIKY B ITOJIOXKEHIE paBHOBecH:. Ecan
JKe IIEHTP TSKeCTH OKaxkeTcsl npasee AB, ur-
pyHIKa YIIajer.

O603HauNM 0L — yTrOJI TIOBOPOTA UTPYIIKH, 3 —
yroJ nosopota pamuyca O’A. dyru LA u KA
paBHbl (HET POCKAIb3bIBaHus), T.e. OF = PR,
OTKy/1a

o= 65.
r
W3 tpeyrombunka OAB nmeem
OB AO B r B
sinf  sin(m—oa—B) sin(o+P)
_ 7
sin (B(1+ R/r))’

njin

_ rsin
b= sin (B(1+ R/r))'

Wrpyurka BO3BpaTUTCS B UCXOAHOE TOJIOXKE-
nue, ecan OC > OB, T.e.

rsinf
RTCCTD)

C yuerom cootHotennii R/r = 4 u L é =25
oCc 2

MOy Y UM
sin 5f > 2,5sin f.

UroO6bl HAlTH HPeNeNbHBIH Yyroa PB,, HaM
IIPE/JICTOUT PEHINTDh TPUTOHOMETPHYECKOe YPaB-
HeHue

sin5B,... = 2,5sinf

max max-*

IT0 ypaBHEHWE He NMeeT aHATUTHIECKOTO pe-
MEHNsT, T.e. €r0 MOXKHO OTHECTH K KJACCY
TPAHCIEHIEHTHBIX YPAaBHEHNHA. 3/1eCh MBI BOC-
TOJTb3YEMCST KOMNOIOMEPHLIM MEeMOOOM Peliie-
HUSI YPaBHEHUST, B KOTOPOM MOTYT HCTIOJIb30-
BaThCs IPOrpaMMBbl Ha si3bikax Microsoft Excel,
Matlab, Mathematica, Mathcad, Pascal, C*"u
np. Hioke mpeamaraercst pelenne ypaBHEHUsT
sin 5B — 2,5sin B = 0 Ha s13bIKe IPOTrPaMMUPOBAa-
nust Pascal. TIpu 5T0M GbLIT HCTIOJIB30BaH OIUH
13 METO/IOB YHCJIEHHOTO0 aHa3a — Meto/l Hpio-
TOHA. 3amuiieM MTpPOTrPaMMy:



OU3UYECKHUI

DODAKYJIbBTATHUB

Program Nuton;
uses crt; var x,x1,eps,pf:extended;
i:integer; function f(x:real):real;
begin
f:=sin(5*x)-2.5*sin(x);
end;
function df(x:real):real;
begin
df:=5*cos(5*x)-2.5*cos(x);
end
begin
clrscr; write('npu6amkennoe 3nadenue Kops = ');
readln(x1),
write('Heo6xo0uMasg TOYHOCTD = ');
readln(eps); x:=x1;
pf:=f(x) /df(x);
i:=0;
while abs(pf)>eps do
begin
x:=x-pf; pf:=f(x) /df(x); inc(i);
{writeln(x:1:4,pf:10:4);}
end;
writeln('Tounoe snauenue Kopus = ',x:1:4);
writeln('kosmuectso urepamuun = ',i);
readln;
end.

Pe3y/ibTaTbl BBIYNCIEHNUST: TPHOIMKEHHOE 3HA-
4yeHue KOPHS 1, Heo6XoaMMas TOYHOCTH —
0,0001, 3HAYEHIE KOPHS € 33TaHHOI TOYHOCTHIO —
0,3851 pajauman, KoJnvecTBO ureparmii — 6.

Nrak,
ﬁmax = 0,3851 pan = 22,1°.

3naunt, npm -22,1°<pf<22,1° «Bambka-
BCTaHbKA» BO3BPAIIAETCS] B HAYAJIBHOE I10JIO-
JKEHHe.

3anava 4. Ha nenodsuxHom Kpyeiom noiy-
yuaunope paduycon R naxooumcs 6 pasnose-
cuu oonopoonas docxa. loryuurundp pacno-
A0Ken na eopusonmanvioi niocxocmu (na
cmoae). Torwuna docku h, dauna l, npu smom

£=3, E:O,G. Bosspamumcs au docka 6

h h
HAYANLHOe COCMOSHUE NPU MAKCUMATLHOM
OMKJOHEHUU OM 20PUSOHMATLHOZO NOJOKE-
Hus, Ko0zda 00CKA KOCHEMCs. NOBEPXHOCU
cmona (puc.7)? Tpenue mexdy yuiuHopom u
dockoil eenuxo.

Pemenne. Cravyana HY>KHO HalTH TIpe/iesTb-
HBIH yrosl OTKJIOHEHUs. JIOCKU @, OT TOPU30H-
TAJIbHOTO TIOJIOXKEHUS, TIPH MEHDBIIUX €ro 3Ha-

37

Puc. 7

Puc. 8

YEeHUsIX JI0CKA BO3BPAIAeTcsl B HavaJbHOE

cocrosgnue. JI1g HaXOoKAeHUA @y, PACCMOT-

PUM HOBYIO MEXaHUYECKYIO CUCTEMY, COCTOSI-
HyI0 TOJIbKO W3 IUJNHAPA U JIOCKH, KOT/a
OTCYTCTBYET TOPH30HTAJbHAS MJIOCKOCTD
(puc.8). Ha mepBbIil B3rJISAL MOKET MOKA3aTh-
Cs1, 4TO paBHOBeCHUE JIOCKU BOOOIIE HEYCTONYU-
BO, TaK KaK IIEHTP MacC JOCKU JIEJKUT BbIIIE
ocH, BOKDYT KOTOpOIl OHa MOXKET TIOBapayn-
Batbest. OTHAKO 3/1eCh TTOJIOKEHIE OCU Bpalile-
HUST HE OCTAETCSI HEM3MEHHDIM, TI03TOMY 3TOT
caydaii Tpe6Gyer CIeruaaIbHOrO UCCIeI0BAHUS.

ITockosbKy OCKa ypaBHOBEIIEHA B TOPU30H-
TAJbHOM TIOJIOKEHHUH, IEeHTP noJaykpyra Oy u
IEHTp TsoKecTw gocku O, JeXaT Ha OJHOM
Beprukagn. OTKJIOHUM JOCKY HAa HEKOTOPBIi
yroa @ ot ropusonTaan (puc.9). Touka onops

Puc. 9
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13 ToJI0KeHns A TmepeMeraeTcs B HOBOE MOJIO-
skeume C, a Ta TOYKa, KOTOpOW [OCKa IO
OTKJIOHEHHS ONHPAJACh O MOJYKPYT, Mepexo-
T B HOBOe mojoxkenue B. IlockosbKy 1po-
CKaJIb3bIBaHWE OTCYTCTBYyeT, aiamHa ayru AC
paBHa juMHe otpe3ka BC:

U
AC = BC = Ry.

Ilentp tsxectnn pockn O, TEPEXOJUT B TI0-
goxkenne Os;. Ecim BepTukasb, NpoBe/eHHAS
yepe3 Oz, IPOXOUT JIeBee HOBOI TOUKU OTIOPbI
C, TO cuJIa TSKECTH CTPEMUTCS BEPHYTH JIOCKY
B IOJIOKeHUe paBHOBecus. Boipasum aTo yc.io-
BUe Ha s3blKe MareMaTuku. IIpoBosum BepTH-
KaJb Yyepes3 TOUKy B 1 BUIUM, 4TO JI0JKHO ObITh
BoImotHeHO ycaoBue BE < DC. Tak kak

BE = gsin(p, aDC = BCcos@ = Rpcos @, mo-

Jlyd4aeM

gsin(p < Rocosg, nmm tg < %(p.

IToncraBus % =0,6, noayunm tg@ <1,2¢.

Wrak, Ham cjemyer peniaTb ypaBHeHUe
teo-1,20=0.

[lanHoe ypaBHeHue TpaHcienenTHoe. [locpes-
CTBOM NpuKJaHoi nporpammbl Mathcad mo-
crpouM rpaduk dynkiuu y =tge—1,2¢ na
JIEKapTOBBIX KOOpAMHATHBIX ocsax (puc.10).
N3 rpaduka BuIHO, YTO KOPEHD, HAXOIATIHI-
ca B unrepsale 0,5 < ¢ < 1, umeet pusnuecKkuit
cumbica. Ha pucynke 11 mpejcrasiena mpo-
rpamma MathCAD st peasmsanun 4ucJjieH-
HOTO pEIIeHUS JaHHOTO YPaBHEHUS C HAYAJb-
HBIM 3HauenueM @ =0,5. YpaBHeHue penieHo
nocpeacTBoM Berpoennoit pynkimu Find (mait-

-1 -0,5 0 0,5 1| @,pan

—0,05

—0,1

Puc. 10

2020/ Ne8

¢ := 0.5 "HavaspbHoe 3HAU€HIE MCXOHOMN
repeMeHHoi

Given ”KiodyeBoe  €JI0BO

tan(p) — 1.290 =0

Find(¢) = 0.695

”Pemaemoe ypaBHeHNe

"Pemenne ypaBHeHUs

Puc. 11

TH): TIPEAEJbHBIH YroJ OTKJIOHEHHS HIOCKU
paBeH

Qyp = 0,696 pan = 39,8°,
[Tepexoaum x ycaoBuio Hameil 3ajgaun. V3
pucynka 12 Haxommm
o OA__0A_
AL BL-BA
rie BL= 2,5R, BA = IEJA = R¢. Iloatomy

1
T 25R-R¢ 25-¢

tgo NN

[
=

to@ - —
g0 25-¢

o' )3

OnAarp NoJyYInan TPaAHCIEHICHTHOE YpaBHe-
nue. Jluist ero perienus, T.€. J7isi OLEHKHU Tpu6.in-
JKEHHOTO 3HAYEHUs] MaKCHMAJIbHOTO yIJla OT-
KJIOHEHUS JIOCKH, TIOCTPOUM TPAPUKHI (PYHKITHI

y=1t8¢,y 25-¢

U3 rpadukos (puc.13) BuaHO, 4TO pelieHue
HAIIETO YpaBHEHUs JIEKUT B WHTEPBae
@€ (0,4;0,6). Mcmoabayem nporpamMmy B cpejie
Mathcad anst peanmusanuu 4ucaIeHHOTO peliie-
HUS JIAHHOTO yPAaBHEHUsSI ¢ HAYAJbHBIM 3Have-
nueM @ = 0,4 (cm. puc.11). YpasHenue petie-
HO TIOCpefcTBOM BerpoenHoil ¢yukimu Find
(HaiiT): MaKCHMAJIbHBIA YIOJ OTKJIOHECHHS
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0,8 - — !
I
I
I
i
0,6+ : +
I
__ 1 '
Yy 25— [0) |
I
0,44 : T+
I
I
I
I
0,2+ l T+
y=tgo :
I
I
I
0 } ! }
0 0,2 0,4 0,6 0,8
¢, pan
Puc. 13

JIOCKN paBE€H

= 0,453 pajg = 26°.

(p max

3Haunr,
Pmax = 26° < Ppp = 39,8°,

MOJTOMY /IOCKA BO3BPATHUTCS B HAYAJIBHOE IO-
JIOJKEHHE.

3amaua 3. Ha noxoswuiics, Ha 21a0Kou
nosepxHocmu Kyoux maccoi m, coeounHenHblil
CO CMENHKOU NpYKUHoU, Hdlemaem cnpasa
emopot kybux maccoii M (puc.14). Ipoucxo-
dum abcomomno ynpyeuii yoap, nocie uezo
nepsviil Kyoux navunaem xorebamocs. Kaxas
yacmo nepuoda xoaebanuil npoudem 0o Mo-
MeHma 6mopozo CIMOJKHOBEHUS KYOUKOG, eCaU:
a) m/M =1/2, 6) m/M < 1? IIpu xaxux sua-
yenusx napamempa Yy =mj/M emopoe cmo.ik-
Hosenue He npousotidem 6ogce?

Pemenne. Iycts v, — HavaabHAST CKOPOCTD
BTOPOro KyOuKa, v, U vy — CKOPOCTU KyOMKOB
OCJIe IEPBOTO COyAapenust, mpuieM 06a Kyou-
Ka JIBUTAIOTCS BJIeBO. 113 3aKOHOB COXPAHEHNUsT

W’” ~— M

Puc. 14

UMITyJbCa N 9HEPTIUU 11OJydaeM

Mvg _ mv12 + Mv%
= —_—

Moy = my; + Mo,,
2 2

OTKYy/la

.
1+y
[Tocsie coymapenust BTopoii KyOuk Gyer ABu-
raTbCAa paBHOMEPHO, M €ro KOOp/iMHaTa CO
BpeEMEHEM 6y11€T N3MEHATDHCA 110 3aKOHY
-y
1+y

[TepBbiii ske KyOUK HAYHET KOJIE6GATHCS O 3aKO-
ny

U =07"—") 0
1+y

x2=02t=00 t

X = x,sinwt

. . k

€ 4aCTOTOl rapMOHMYECKUX Kosle6aHuii o =, [—,
m

rae k — SKeCTKOCTb IIPYXKUHBI. AMILIUTYITY

KosleOanuil x,, HaiiZleM U3 3aKOHa COXPaHeHUs
SHEPrUu:

mo?  kx? 2 20,
—L ="M gy, ===
2 2 o (I+y)o
Takum o6pasom,
X = 2% Gnot,
(1+y)o

Bropoe coymapenne KyOUKOB IIPOHM30iieT
IIPH YCJOBUH X{ = X5, T.C.

2% _inwt = 0 1=y,
(1+y)o 1+y
OTcioa
2sinwt = (1-v)ot,
nJjan

t t
2sin| 2n— |=(1-v)-2n—
sm[ nT) (1-7v) o

rae — T nepuojg xosebamnuit, t/T — mckoMast
YaCcTh TIePHOJIA.

O6osnaunm mt/T = z. Torga mpenbiayiiee
ypaBHEeHUEe TTIPUOOPeTeT BU/T

sin2z = (1-y)z.
IIpu vy = 1/2 moaygaem

sin2z = 5.
2
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-1+ Hem cmoaxnosenus
1

Puc. 15

Haueptum rpadukm Gyukmmii x =sin2z u
x = z/2 (puc.15). U3 ux mepecevenns BUIHO,
YTO PE3yJbTaTbl PEMIECHUA HAXOAATCA B UHTEP-
Bale 1<z<2. 3pmech WCIONb3yeM OJWH U3
METO/0B NPUOGIMIKEHHOTO BbIYUCJICHUS — Me-
mod noaoeunnozo denenusi. CocraBuM Mpo-
rpammy B cpeze TTTIIT MathCAD mmst pammo-
HAJIBHOTO IIPUMEHEHUS JAHHOTO METO/IA:

2020/ Ne8

Broporo coynapenus Ky6mKOB He TTPOM30ii-
JIeT, eCJM UX KOOPAWHATBI OOJIbIEe He COBIA-
IIyT, T.e., TOBOPsSI Ha si3bike rpaduKoB, ecjn
npsiMasi, BbIpakaioniasi rpaduK 3aBUCHMOCTH
KOOP/JIMHATBI BTOPOTO KyOWMKA OT BPeMEHU, He
repeceyeT BTOPOI pa3 CUHYCOUTY . DTOMY COOT-
BETCTBYIOT BCe TIPSIMbIE JIMHNH, BBIXO/IATIIIE U3
toukn () 1 HAXOSIINECS B 3aKpaIleHHOl 06J1a-
cr mexxay quamamu 1 m 11 (em. pume.15).
Jlunusi 1 coorBerctByeT caydaio m/M —> oo
(Macca Hazeraiomero KyOMKa O4YeHb Masa).
Ocranock Haiitu Y a1 auanu 11 — kacaresipbHOI
K CHHYCOW/IC.

Harumem ofiiiee ypaBHeHne KacatesbHON B
BUJE

[(2)=1"(20)(z=2)+/(2),

r/ie z, — abCuucca TOYKN KaCaHHst STOI TPSIMOI
Kk cunycomae. Ussectro, uto f(z)=sin2z n
f'(z) = 2cos2z. Jlna Touxn 0 ypaBHeHne Kaca-
TEJIbHOI 3aIMChIBACTCS TaK:

bisec(f,a, b,e):= |[fa<«f(a)
whileb—a>¢g
a+b
re S
fz <« f(z)
(break) if fz=0
b<«zif fa-fz<0

a<—z otherwise

£(z) := sin(22) —%

bisec(f, a,b,e)=1.237

”¥YpaBHeHnne Kak (QPyHKIUS OJIb30BATEIS

a:=1 ”JleBas TpaHUIla MHTEPBAJIA
b:=1.5 ”[IpaBas rpanniia HHTEpBaJIA
€:=0.001 " TIOrpenHoCTh YTOUHEHNSI KOPHST

7Y TouHeHHOe 3HaYeHne KOpHA ypaBHEHUA

0=1"(20)(0-20)+ 1 (2), nm
0 = -2z, cos2z, + sin 2z,.
OrTciofia HaxoauM
tg2z) = 2z,.

[Tony4yeno TpaHCIEeHIEHTHOE
ypaBHeHue, ero GyeM pemiaTh ¢
HOMOIIBIO Memoda xXopd, OTHO-
csIerocss K MerojaM IpulJin-
JKEHHOTO BbIuncjeHusi. [Iporpam-
Ma, coctaBjieHHas B cpene Ilac-
kaab wian MathCAD, gacr cue-
IyIONUil  pe3ysabrar: abciucca
TOUKU KacaHUs KacaTeJbHON K

Taxkum o6pasom,

2, = 1,237 pan, nL = 1,237, £ =0,39.
T

S~

Ecmm m<«< M, T.e.
ypaBHeHUe

y— 0, TOo mosydaem

sin2z = z.
ITIIIT Mathcad macr Takoe pemienue:

2y = 0,948 pax, wan % = 0,30.

cuHycoujie paBHa z, = 2,247. U3BecTHO, 4TO
sin2z = (1-v)z, otkyna

sin 2z,

y=1 ~1,434.

2

Wraxk, 4To6bI HE ITPOM3OIIIO BTOPOTO CTOJIK-
HOBEHMS, JIOJIPKHO BBITIOJHATHCST yCJIOBUE

1,434 <y < oo.



MATEMATUYECKUN KPYXKOK

BOJILLEOHNKM
[1>koHa KoHBes

K.KHOIM

AMEUYATEJBHBINT MATEMATUK

Jlxon Xopron KonBeilt 3HAMEHUT He TOJIb-
KO pa3paboTaHHOil UM KOMOUHATOPHOI Teopu-
efi UTp, HO M OTPOMHBIM BKJIQ/IOM B 3aHIMATCIb-
Hyio MaTeMatnky. Ofny U3 caMblX UHTPUTYIO-
mmx 3amgad KomBesi s BIepBble YCJIBIIIAT B
nepeckase T.XoBanoBoii [ 1], umenHo aToT pac-
CKa3 ¥ MOCJIY>KIJI OCHOBOI TSI TAHHOMN CTaThH.
Bort ara 3agaua:

Buepa seuepom st exan 6 00nom asmobyce c
06yMs GOIUEOHUKAMU U NOOCAYULAN UX Oece-
dy:

A:'Y mens ecmo neckoavko demetl, eo3pacm
KAX0020 U3 HUX — Uea0e NOJOKUMNETbHOEe
YUCIL0, NPUUEM UX CYMMA PABHA HOMEPY IMOZ0
asmobyca, a npoussedenue — MoeMy co0O-
CMEEHHOMY 603pacmy.

B: Kax umnmepecno! Bosmoxno, ecau moi
CKAKeulb MHe C80l B03PACM U YUCIO MEOUX
demeil, s cMO2Y BLIMUCAUNMD UX 803PACNA?

A: Hem, ne cmoxewn.

B: Aea! Haxomney-mo s y3nan meou 603-
pacm.

Kaxum v nomep asmobyca, 6 Komopom mol
exanu?

Hauny c 3amevanuii. ABTOp TOJIOBOJIOMKH —
[>xon KouBeil — TiaregbHO MPOIYMbIBAJ BECh
ee aHTypak. B 9acTHOCTH, MeCcTOM [eHCTBHS
BoIGpan aBro6yc (bus), MOTOMY UTO BMECTE C
BO3PACTOM TIepBOTo BosmebHuKa (age) u kom-
uectBoM ero zereii (children) y Kouses mouy-
YUJTHACD y106HDbIe 0003HAYEHUS I/ TPEX YN CJII0-
BbIX Besmund — a, b, c. Iloxanyii, s Toxe
COXPAaHIO UIMEHHO 3T 0603HaveHus. VTak, mycrhb
a — BO3PACT TePBOTro BoJe6HUKA, b — HOMED
aBroGyca (HEM3BeCTHDBII HaM, HO M3BECTHBIN
BTOPOMY BOJIMEGHWKY), @ ¢ — KOJHYECTBO
JleTell TIepBOro BOJIIIEGHUKA.

Bropoe 3ameuanue kacaercsi ¢ppasbi Boes-
nnka A «Het, He cMoxemb». B atom yTBepik-
IeHUN BOJIIIEOHUK BOBCE HE COMHEBAETCS B
MHTEJIIEKTYAJIbHBIX CIIOCOGHOCTSIX CBOETO JIPY-
ra. OHO O3Hayaer, 4TO Ja’ke IO IOJHOCTDHIO
u3BeCTHOI Tpoiike uncen (,b,¢) HeBO3MOMKHO

DOI: https://doi.org/10.4213/kvant20200804

O/IHO3HAUYHO OIIpe/Ie/INTh Bo3pacTa jAereil. Mua-
4ye TOBOPsI, UMEIOTCSI HECKOJIbKO Pas3HbIX Habo-
POB BO3PACTOB [IeTeil, KOTOPbIe 0T OJ{HU U Te
xe sHavenns (a,b,¢). Jlapaiite GyneM Hasbl-
BaTh Takne HaGOPbI BO3PACTOB KOHBEEECKUMIU,
wnmn K-nabopamu.

BesyMHO KpacuBoii 3Ty roJIoBOJIOMKY JieJ1aeT
TO, YTO K Heil OYeHb HENpPOCTO MOCTYHHTHCS.
Ecsin Gt HaM ObLT U3BECTEH BO3PACT BOJIIIEGHH-
ka (amcio @), To MOKHO ObLIO GbI IEpeGpaTh
€ro JIeJIUTEIN U HAWTH BCE BAPUAHTBI UX CYMM.
Ecsmn 6b1 6bln usBecren Homep aBrobyca (b) —
MOKHO OBLIO Obl PA3JIOKHUTH €r0 PA3JIUYHBIMU
crocobaMy B CyMMY CJIaraeMbIX M TIOJIyYUTb
BapHaHThI /LISl UX npousseennii. U naxe ecim
6b1 HaM ObBLJIO M3BECTHO BCETO JIMIIb YUCJIO
nereit (¢), Bce paBHO 06beM nepeGopa ObLI GbI
yoKe CyIIeCTBEHHO MeHbIM. HekoTtopbie Mou
3HAKOMbIE TPATUJIM HA ITPOrPaMMHUPOBAHNE TIe-
pebopa BapHAHTOB HECKOJBKO YaCOB M TOJIBKO
Torfga cooGpaskajn, Kak MOJACTYHAThbCs K Tipa-
BUJIbHOMY PEIEeHNIO.

He npaBaa sim, 3a/1aua KaskeTcst COBEPIIEHHO
HeJI0OTIpe/IeJIEHHOM, T.e. JIONycKaoleil pas-
HbIEe pelieHus?

Bor o1o 13 THIIMYHBIX paccyskaeHnii. [lomy-
cTUM, OHH eayT B aBToOyce nomep 21 (b=21),
BosmeGHuKy 96 mer (@=96) u y Hero Tpoe
pereit (¢ =3). DTo 3HAUNT, YTO MX BO3pACTa —
TPH HATyPaIbHBIX YHCJIa ¢ CyMMOil 21 1 mpons-
BegenneM 96. Takux Tpoek yuces ecTb JBe:
(1,8,12) u (2, 3,16), T.e. meiicTBUTEBHO eCIIH
Jlake BTOPOU BOJIIIIEOHNK Y3HAET BCE ITO, OH He
CMOJKeT OIpeieluTh Bo3pacta jereii. Passe
aTOT oTBeT He rogutcsa? [louemy? Passe Mbl He
HAIIJIM YHCJIa, Y/IOBJIETBOPSIONINE BCEM YCJIO-
BUSIM M3 JIMAJIOTA BOJIIEOHUKOB?

Her, ne mamum. Otser «96 Jer, aBToGyc
HoMep 21, 3 pebGeHKay HE TOJUTCS TOTOMY, UYTO
He YYUTBIBAET CaMyIo MOCJIe/THIOI PEIIUKY — O
TOM, YTO BOJIIEOHUK B CMOT BBISICHUTD BO3PACT
BoJiie6HnKa A. CMmor Obl OH 3TO C/ieJIaTh, 3HAS
TOJIbKO HOMep aBroGyca? VIHbIMEU cJ0BaMu, HET
i ipyrux K-Ha6opoB ymces ¢ TeM ke b, HO
JapyruM a? YrtoGbl OTBETHTb Ha JTOT BONPOC,
noctasuM ero nHave. Her mm gpyrux K-mpoex
qiuces1 ¢ MeHbIIMM b 1 Apyrum a? Beb ecoint oHn
OTBIILYTCSI, TO MOXKHO MTPOCTO /106aBUTH K HUM
HECKOJIbKO TO/I0BAJIBIX JIeTeil TaK, 4TOObI 001as
cymma unces (uucso b) B noayunsmemcst K-
na6ope okazasach paBuoii 21. IIpu atom mpous-
BezieHue (YUCIIo @, T.e. BO3PACT BOJIIEGHIKA) He
MOMEHSIETCST U OCTAHETCST OTJIMYHBIM OT CTAPOTO.
W nefictBuTenbHO, Takue K-Tpoiiku Jerko Haii-
tu: narrpumep, 310 (1, 5, 8) u (2, 2,10) . ToGas-
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JIsSIsl K HUM TOJIOBAJIBIX JIeTell, MOJKHO MOJIyYUTh
K-na6op ¢ mo6biM b > 14 (a Bozpact Bo/IIEs-
nuka npu stom — 40 gmer). A uz K-maGopos
(1,6,6) m (2,2,9) amamormumas omeparms
naer K-maGop ¢ mo6biMm b>13, mpu arom
Bosre6HNKy 36 sner. Takum o6paszom, HOMEDP
aBTobyca He MOKeT ObITh GoJibire 13 — Beab B
9TOM CJIydae BoJIeOHNK B He cMOT Obl MOHSITD,
40 ser ero Hanapuuky uan 36 (a BO3MOXKHO, 1
elle Kakie-TO BAPMAHTbl HAILIUCH Obl).

Kaskercst, MbI yXBaTHJIN 3Ty TOJIOBOJIOMKY 32
MIPABUJIBHBIN «XBOCT». HaM Hy»KHO OTBICKaTbH
HAUMEHDBIIMIT HOMep aBrobyca, [AAloIuii Ba
K-na6opa — u Tor/ia Bce mocJeyoniue 3Hayve-
HIS HOMEPOB He GYAYT TOAUTHCS.

ﬂI/IpVI‘-IeCKoe oTcTynneHue

Mor au y BoJie6Huka A ObITh BCEro OAUH
peberok? OueBugHO, HET: TOrga ObI €ro BO3-
pacT CcoBmagaJ M C HOMEPOM aBToOyca, U C
BO3pacToM A, mpuyeM 3TO e[MHCTBEHHBIN CJIy-
vaii, korga b =a. Cnenosaresibio, y3uas (Bbl-
YUCIHB) d, BOIEOHUK B ¢pasy Gbl OIpee i1
yncio geteii (¢ = 1) u Bospact aToro peGenka, —
HO Be/lb Mbl [IOJDKHBI BepUTb A, KOTOPbIii
YTBEPIK/AET, UTO HTOTO HEBO3MOKHO CJIEJIATh.

A kak nacuer asyx jgereii (¢=2)? Torna,
BBIUUCJIUB BO3PACT ¢ U 3HAsT HOMEP aBTobyca b,
BoJIIeGHUK B 3HaJ Obl CyMMY U TIPOU3BeE/IeHNE
JIBYX HaTypaJbHbiX uucetd. CMOXKeT Ju OH
HaliTi camu yncjia? IeoMeTprdecKast aHaJIOT st
9TON 3a/ayil — U3BECTHBI IOJyIEPUMETD U
ILJIOMIA/Ib TIPSIMOYTOJBHUKA, CTOPOHBI KOTOPOTO
Mbl1 xouM Haiiti (puc.1). OkaspiBaercs, uTo B

x

xXy=a

y x+y=>

Puc. 1

ATOM CJydae MOXKHO y3Harh camu uuciaa (B
reOMETPUYECKOM BapHaHTe — CTOPOHbBI MPSMO-
YIOJIbHUKA) [aske B TOM CJydae, KOT/a OHU He
SIBJISTIOTCSI T[EJIBIME, OJ{HAKO JIJIsI 9TOTO HYKHO
yMEeTb pemiaTh KBaJpaTHbIe ypaBHeHUs. B Ha-
1IeM JKe CJydae MOXKHO OOOHTHCH IPOCTBIM
mepe6GOPOM: HAWTH BCe TTapbl YHCEJI ¢ 3a[aHHO
cymMoii, HauaB ¢ mappl 1 u (b—1), u 3arem
«cOMmKasi» Yucjaa — WX [POU3BENEHUE TIpU
3TOM 6yZIeT pacTh. B TOT MOMEHT, KOT/ia TIPOM3-
Be/IeHUE OKAKETCSI PABHDBIM ¢, HYKHBIE UHCJIA
Haiienpl. Takum 06pa3oM, U JIJIsI IBOUX JIeTeil
A ne mor 6b1 ckasarh «Her». CliepoBaTesbHo,
1pu repe6ope MOKHO OTOPOCUTD BCE BAPUAHTDI
C OHWUM W ABYMS JCTHMH.

2020/ Ne8

A MO)XHO Jin elie 4TO-TO OTGpocuTh? Jla.
[TockosbKy MBI XOTHM HAHTH MUHUMATbHBLIL
HOMep aBToOycCa, AAIOMNN HEOJHO3HAYHOCTH
BbBI6GOPA BO3pACTOB [eTelf, TO B pas3HbIx K-
Habopax He JOJUKHO ObITh COBIAAIONINX Y-
ceJl — TIOTOMY YTO ecau 6bl OHM OBLIH, TO WX
MOXKHO 651710 6bI y6paTh U3 KaXKJI0ro Habopa, 1
Torga Homep aBroOyca (cymma) okasacs Gbl
eme MeHbImuM. Hampumep, ecim B OZHOM U3
HAa60POB €CTb TOJIOBAJIBII Pe6EHOK, TO B IPYTOM
ero 6bITh He A0/KHO. ClieloBaTeIbHO, B OJJHOM
u3 K-naGopoB Bce jieTu crapiie roja.

[TonBeaem npomeskytounble nutoru. Mpl ceil-
yac Oy/IeM MCKATh PAa3JIOKEHUsI HoMepPa aBTOOY-
ca b B cyMMy HECKOJIbKUX HATYPAJbHBIX CJlara-
embIx, 6ospmux 1. Ilpm atom paccmarpuBaeM
TOJIBKO TaKhe Pas3JOKEeHUsI, B KOTOPHIX YUCJIO
cJaraeMbIX He MEHBIIe 3, a caM HoMep aBToOyca
e 6oabiie 12 (motomy uto 7151 13 Mbl ysKe 3HaeM
nyskuyio napy K-ma6opos, a xotum jinGo HaiTi
elle MeHbIIyIo, JU60 YOeUTbCs, UTO ee HeT).

[Toexamu! Ilepe6upaTh BapuaHThl, 6€3yCJI0B-
HO, He caMasi pusitTHast paboTa, OJHAKO TOPOi
Heo6XonuMasl AJS YCIENTHOTO pelleHus KW3-
HEHHBIX 3a7a4. B HameM niepe6ope Mbl GyneM
OTMeYaTh 3HAYKOM B> CTPOKHU C TEMH 3HAYEHUSI-
MU @, KOTopble Berpevaiorest (Bo BeeM 1epe6o-
pe) GoJiee OJIHOTO pasa, IPUYEM C Pa3HbIME .

CHavajia mepeyncyiuM pas3JioKeHus, B KOTO-
PBIX Kaxjioe cjaraemoe Gouibiie 1:

6=2+2+2 (a=8)
>7=2+2+3 (a=12)
>8=2+2+ 2+ 2 (a=16)
>8=2+ 2+ 4 (a=16)
>8=2+ 3+ 3 (a=18)
59=2+2+ 2+ 3 (a=24)

9=2+ 2+ 5 (a=20)
>9=2+ 3 + 4 (a=24)

9=3+ 3+ 3 (a=27)
510=2+2+2+ 2+ 2 (a=32)
>10=2+ 2+ 2 + 4 (a=32)
>10=2+ 2 + 3 + 3 (a=36)
>10=2 + 2 + 6 (a=24)
>10=2+ 3 + 5 (a=30)
>10=2 + 4 + 4 (a=32)
>10=3 + 3 + 4 (a=36)
>11=2+2+2+ 2+ 3 (a=48)

11=2+ 2+ 2+ 5 (a=40)
>11=2+ 2+ 3+ 4 (a=48)
>11=2+ 3+ 3 + 3 (a=54)

11=2+2+7 (a=28)
>11=2+ 3 + 6 (a=36)

11=2+4+5 (a=40)

11=3+ 3+ 5 (a=45)
>11=3+ 4 + 4 (a=48)

12=2+2+2+2+2+2 (a=64)
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12=2+2+ 2+ 2+ 4 (a=64)

12=2+2+2+3+ 3 (a=72)
>12=2+2+ 2+ 6 (a=48)

12=2+2+ 3 + 5 (a=60)

12=2+ 2+ 4 + 4 (a=64)

12=2+ 3+ 3 + 4 (a=72)

12=3+ 3 + 3 + 3 (a=81)
>12=2+ 2 + 8 (a=32)

12=2+ 3+ 7 (a=42)
>12=2+ 4 + 6 (a=48)

12=2+ 5+ 5 (a=50)
>12=3+ 3 + 6 (a=54)

12=3+ 4 + 5 (a=60)

12=4+ 4+ 4 (a=64)

[TepeGop eltie He OKOHYEH: Bejlb eCTb elie K-
HAa6OPBI C eIWHUIICH, MPUYEM UX HaBEPHSKa
6oubie. Kak O6bITh ¢ HUMA?

Mpr He 6y/ieM BBIMUCHIBATD UX OTAEJBHO, HO
106aBUM K YK€ BBITMCAHHBIM HAGOPDI U3 OTHO-
TO M JIByX CJIAaraeMbIX, a 3aTeM OTCJIE/INM KaxK-
JIbIil 13 BADHAHTOB TI0 yIKe BBIMHCAHHOI TabJu-
e — BeJib JJ06aBJIeHNE €/[HHUIIBI UJIH HECKOJIb-
KUX €IMHUIL

(i) coxpansier pousBeIeHNE;

(ii) yBeJMUMBAET HA CKOJBKO-TO KOJMYECTBO
TeTelt;

(iii) yBesmuMBaeT Ha CTOJIBKO >Ke 4uCa0 b,
T.e. CyMMY BO3PacTOB JIETEN.

K patee BoicannbiM HaGopam 100aBJISTIOTCS:
2=2 (a=2)

3=3 (a=3)
1=11 (a=11)
h=2+2 (a=h)

>5=2+ 3 (a=6)
>6=3+ 3 (a=9)
>6=2+ 4 (a=8)
>7=3+ 4 (a=12)
>7=2+5 (a=10)
>8=4 + 4 (a=16)
8=3+ 5 (a=15)
>8=2+6 (a=12)
9=4 + 5 (a=20)
>9=3+ 6 (a=18)
9=2+7 (a=14)
10=5 + 5 (a=25)
>10=4 + 6 (a=24)
10=3 + 7 (a=21)
>10=2 + 8 (a=16)
>11=5+ 6 (a=30)
11=4+7 (a=28)
>11=3 + 8 (a=24)
>11=2+9 (a=18)
CymmMbl 12 w BBIIIE BBIMACHIBATD YsKe He

CTaHeM, TaK Kak 110cJ1e 100aBJIeHIs eIUHIL] OHU
yBeJyarcs.

Iockoabky K-HaGopbl 10KHBI IMETh OIMHA-
KOBbBIE @, HAC OYyT HHTEPECOBATb TOJBKO CTPO-
KI, OTMEUYEHHble 3HAKOM [>. Bpimuiiem Bce
HA0OPbI CHOBA, YIIOPSIIOUUB M0 BO3PACTAHUIO ¢

>5=2+ 3 (a=6)

>6=6 (a=6)
>6=2+2+2=2+ 4 (qa=8)
>8=8 (a=8)

>6=3+ 3 (a=9)

>9=9 (a=9)

>7=2+5 (a=10)
>10=10 (a=10)

>7=2+2+3=3+4 (a=12)
>8=2+ 6 (a=12)

>8=2+2+2+2=2+4+2+4=4+ 4 (a=16)
>10=2 + 8 (a=16)

>8=2+ 3+ 3 (a=18)
>9=3+ 6 (a=18)
>11=2+9 (a=18)

59=2+2+2+3=2+3+ 4 (a=24)
>10=2+ 2 + 6 (a=24)

>10=2+ 3 + 5 (¢=30)
>11=5+ 6 (a=30),

pb10=24+24+24242=24+2+2+ 4=
=2+ 4+ 4 (a=32)
>12=2+ 2 + 8 (¢=32)

>10=2+2+3+3=3+ 3+ 4 (¢=36)
>11=2+ 3 + 6 (¢=36)

>11=2+2+2+2+3=2+2+3+4=
=3+ 4 + 4 (a=48)
12=2+2+2+6=2+4 + 6 (a=48)

>11=2+ 3+ 3+ 3 (a=54)
>12=3+ 3 + 6 (a=54)

Hy a reneps y:xe fopenaTb TOJOBOJIOMKY IO
KOHIIa MOXKHO KaK yYTOJIHO — Hanpumep, or6pa-
CBIBATh BCE BApHMAHTBI, COJlEpiKallie paBHbIE
caaraempie (IOTOMY UTO €CJTM TAKUE CIaraeMble
€cTb, TO IOCJIe UX OTOPACBIBAHUA II0JIy4aeTCs
JIpyToit Habop, ¢ MEHBIIEN CyMMOil U MEHDBIITUM
[POM3BEJICHUEM). A MOXKEM y4eCThb, YTO GOJb-
meMy 3Ha4eHHIO cyMMbl b B apyroM K-naGope
coorBercTByeT GoJibliiee Yucao jgeteit. Tak nian
nHaye, M3 BCEX BBIMUCAHHBIX CTPOYEK HaM
MOJIXO/ISAT BCETO JIBE —

|>11=3+4+4(a=48)
>12=2+2+ 2+ 6 (a=48)

Onu npuBogAT K AByM TakuMm K-naGopawm:
12=1+3+4+4=2+2+2+6. 3naunr, exajn
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oHM B aBTO6YyCe HOMep 12, a mepBoMy BoJITIIE6-
HuKy — 48 ner. 3amava permenal

Busyanuzaiuio peieHust 9Toi 3a1aum MOXK-
HO TIOCMOTpPETH B [4].

%k 3k 3k

[ToripoOyiiTe camMoCTOSATENTBHO pasobpaThesi O
CJeIyIONIUMI BapUaHTaMU [IMajiora BOJIIEOHNU-
KOB.

1 (ymporenue s3agauu Kounses, asrop — T.Xo-
Banosa [1]).

A: Y MeHS ecTb HECKOJbKO JeTeil, BO3pacT
KasK/IOr0 M3 HUX — IIeJI0€ TI0JOKUTENTbHOE YHCJIO,
MIPUYEM UX CYMMa PaBHA HOMEPY ATOr0 aBTobyca.

B: Kax waTepecno! BoamosxHo, ecam TbI cka-
JKENIb MHE YUCJIO TBOUX JIETEi, s CMOTY BBIYMC-
JINTh UX Bo3pacTa?

A: Her, He cMOKelb.

B: Aral Hakownel-to s y3HaJ, CKOJIbKO y TeOst
JleTel.

KakoB Homep aBToGyca?

2 (IIMPOKO M3BECTHAS BEPCHUSL).

A: Y MeHs Tpoe [eTeli, BO3pACT KKIOTO M3
HUX — 1[€JI0€ TIOJIOKUTEIbHOE YHCJI0, TTPUYEM UX
CyMMa paBHa HOMEPY 3TOro aBTobyca, a IMpou3Be-
nenne — 36.

B: Ho s He Mory y3HaTh, CKOJTBKO WM JieT!

A: TBos m0Yb cTapiie BceX MOWX JIeTell.

B: Cnacu6o, sToro xBaraer.

araflovHble
Lapbl

C.HOBUKOB

JKN3HN KAKIOMY YEJIOBEKY
TTOPOH TIPUXOUTCS MIMETH JIeJI0 C 3aKPbI-
TIM (324aCTYI0 HE3HAKOMBIM) OGBEKTOM, O
BHYTPEHHEM yCTPOHCTBE KOTOPOTO MOYKHO JIHIITH
JI0Ta/IbIBaThesl. Takne 0GbeKThI CTAHOBSTCS CBOE-
06Pa3HBIMI «UePHBIMHU SIINKAMI» , KOT/1a BHETII-
HeMy HaOJII0/IaTeslio JOCTYITHBI JIUIIb BXO/HbIE
W BBIXOIHDBIE CUTHAJIBI (MM Kakme-mm6o ux
BEJIMYHMHDI), & YTO IPOUCXOJIUT BHYTPU — HEU3-
BecTHO. O TI0BeIeHUM YEPHOTO AIUKA MOKHO
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CKOJIBKO JIeT AeTSIM BOJIIeOHNKAa A W KaKOB B
ATOT pa3 HoMep aBTobyca?

3 (aBropckas Bepcus [3]).

A:'Y MeHs 4eTBEPO CHIHOBE, TPOU3BEIEHIE X
Bo3pactoB paBHo 180, a cymMMa WX BO3pacToB
paBHa HOMEpPY 3TOTO aBTobyca.

b: Bce paBHo nngopmaimu He0CcTaToqHo!

A: Moii Mylaimmii CbIH OYeHb JIOGUT MOPOXKe-
Hoe.

b: 1 sroro eme HeocTaTovHO.

A: Ay crapuiero cerojiHst /ileHb pPOXK/eHUsI.

b: Cnacu6o, Ternepp s 3HAI0, CKOJBKO UM JieT!

4. Bonme6uuk noiiman Anucy u Bo6Ga u ckazan
kaxxjaomy 1esoe yucyao ot 0 go 10, mpuuem ux
qicsia OTanYaoTes Ha exunuily (u onu 06 3ToM
3Hator). Jluasor:

Ammca: §1 He 3HAIO TBOETO YHCJA, a THI He
3HAEIIb MOETO.

Bo6: {1 He 3HAI0 TBOETO YNCJIA, & THI He 3HAEIH
Moero. Terepb Tbl 3HAeNIb MOe YUCJIO!

Kaxkoe uncso 6p110 coobiero Boby?
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CY/INTD, JIUITb HAGTIONAS PEAKIINH BBIXOHBIX
BEJIMYMH HA M3MEHEHHWE BXOJIHBIX. ODTO JlaeT
BO3MOKHOCTD B KOHEYHOM UTOT'€ PACKPBITH «CEK-
per» Takoro oObeKTa.

B03MOKHO, BbI y3Ke BCTPEYAIHCH C YEPHBIMU
SIIIUKAMU — HAIPUMeEP, B 33/1a4ax IO 3JICKTPHU-
yecTBY. B HaleM ke cirydae B KauecTBe YepHbBIX
SIIMKOB BBICTYTIAIOT JIECSITH OJINHAKOBBIX C BUJLY
IJTACTMACCOBBIX IMAPOB IMAMETPOM 75 MM, BHYT-
peHHee coJiepyKaHme KOTOpbIX Hen3BecTHO. CHa-
YaJia Mbl OIMIIEM [OBEJCHHE ApOB B Pa3HbIX
onbITax-cutyarsix. [lonpoGyiite BbickazaTb cBOU
cooOpakenust, OODBSICHSIONINE TIPUYUHBI TOTO,
nouemy 1map (uam mapsl) Beser cebs onpese-
JICHHBIM 06pa3oM B ONUCaHHOH curyarmu. Y
JIMIIb TIOTOM YUTalTe HAIM OODSCHEHUS.

3KCI'IepVIMeHTbI C lWWapamMu

Onwim 1. Illapsr nog nomepamn 1 u 2
YCTAHABJIUBAIOTCS HA OJMHAKOBON BBICOTE HA
HAKJIOHHOI TJIOCKOCTU. 3areM IIapaM aeTcst
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BO3MOKHOCTD OJTHOBPEMEHHO HAvaTh [BIIKE-
Hie BHU3. Ilpm atoM oOHapy:KHUBaeTcs, 4TO
OJMH U3 IIapOB JIOCTUTAET HIDKHETO IOJIOXKe-
HUS paHblle apyroro mapa. [logemy?

Onwvim 2. 1llap noj nomepoMm 3 cHavasa
V/EPIKUBAETCS B BepPXHEH YacTh HAKJIOHHOI
IIJIOCKOCTH, a 3aTeM 0CBOOOKIA€TCST OT BHEIITHE-
ro BoazeiictBus. Illap HauMHAeT HECIHENTHO
CKATBIBATBCS, HO JeJaeT 910 oveHb (M o4yeHb)
Me/IIeHHO. UTo MOKET ObITh IIPUYUHOI TAKOTO
HECTIETITHOTO JIBUKEHUS ?

Onotm 3. 1llap nox HOMepoM 4 HauWHAET
JIBUTATHCSI U3 BEPXHETO TIOJIOKEHUS HA HAKJIOH-
HOM MJIOCKOCTH BHU3 CKAUKaMU, UMUTUPYIOLIU-
MU [BHKEHUE TeJa «HiKKaMu». Eciu map B
BEPXHEM TI0JIOKEHUH TOBEPHYTH B HAIIPABJIE-
HUW, TIEPIEHNKYIIPHOM HAKJIOHHOM TLJI0CKO-
CTH, Ha HEKOTOPBIN YI0JI ¥ BHOBb OTILYCTUTD, TO
HOBE/IEHUE HIapa TP CKATbIBAHUU HE MEHSIET-
cst. YeM MOsKeT GbITh BBI3BAHO TAKOE CKAUKOOG-
pasHoe JIBUKEHHE Iapa?

Onovum 4. B onbite y4acTBYIOT IIapbl IIOJ
HoMepamu 5 1 6. [I[apbl MOMEAT Ha TOPU30H-
TaJIbHYIO MOBEPXHOCTh, M Ka)KAblil HIap caMo-
CTOATETBHO yCTaHABINBAETCS Ha STOI MOBEpX-
HOCTH B COCTOSTHUM TIOKOSI TOJBKO B OJHOM-
eJIMHCTBEHHOM noJ1oKennu. TloaefictBoBas py-
KoI1 Ha BEPIIMHY KasKI0T0 [apa, OTK/JIOHSIIOT ero
Ha HEKOTOPBIN J0CTaTOYHO GOJIBIION yroJa OT
Beptukamm. [locse 5TOro map Mo HOMEpOM 5
ouenb Goictpo (!) BosBpamaercss B IE€pBOHA-
4aJIbHOE COCTOsIHME. Ec/m aTOT sKe map OTKJIO-
HUTh OT BEPTHKANN B KaKylo-HUOYAb APYTYIO
CTOpOHy n OTHyCTI/ITb, TO OH BHOBb HEMEIJICHHO
BO3BPAIAETCS] B MEPBOHAYATIBHOE TMOJOKEHNUE,
[lap sxe mojg HoMepoM 6 IOCJe yCTpaHEHM:I
BHEIIHETO BO3/IEHCTBIS COBEPIIAET JIOCTaTOYHO
JUJINTEJbHbIE TI0O BPEMEHU KO]IeéaHI/IH n JIMIIb
3aTeM BO3BPAIIAETCS B IEPBOHAYATHLHOE COCTOS-
Hue nokos. Kpome toro, ecm 06a mmapa mojep-
’KaTb B pyKax, TO IIEPBOE OILYIIEHHE TOBOPHUT O
TOM, 4YTO MaCChI IIapoOB JOCTATOYHO 3HAYUTEJIb-
Hble, a BHYTPH IIaPOB He YYBCTBYETCS KAaKHMX-
/6o mepeMernennii TeJ. IloueMy ke ITapbl Tak
TI0-pasHOMy BeAyT cebs, MperkIe Y4eM BO3Bpa-
TUTBCS B TIEPBOHAYATBHOE COCTOSTHHE TIOKOS?

Onotm 5. Ha doto na pucynxke 1 npeacras-
JIEH HEeIO/IBIDKHO JIeKAIUH Ha TOPU30HTAJIb-
HOI TTOBepXHOCTH Iap 1Mo/ HoMepoM 7. Pagom
C MIapoM HAXO/HUTCS OTBeC, HAIIPABJICHIE HUTH
KOTOPOTO coBmaaer ¢ Genoii (HazoseM ee oce-
BOIt) JmMHMel Ha Kopiryce mapa. A Ha GoTO Ha
pHUCyHKe 2 TOKa3aH 3TOT >Ke IIap, KOTOPBIi
HaXO/UTCS B IIOKOE Ha HAKJIOHHON IJIOCKOCTH,

«KBAHTA »

Puc. 7

Puc. 2

He TMPOSIBJISAST HUKAKUX TIONBITOK HApPYIIUTh
cocrosinue HenoaBiskHocTH. Terepn Gemast -
HUST Ha KOpIIyce IIapa He IapaJsiesibHa HUTH
oTBeca, a HallpaBJicHa MEepHeHINKYJISAPHO Ha-
KJIOHHOHI mockocTu. IIpm aToM map MoxkeT
HAXO/JMTHCS B HEMOJBUMKHOCTH HA HAKJOHHON
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I0cKocTH, uMeiomein u apyrue (Gosbiine)
yrabl HakjaoHa. VI cHOBa oceBast JMHMS IIapa
HePHeH/UKYIIAPHAa HAKJIOHHOW IJIOCKOCTH.
[ToueMy BO3MOKHO TaKOe TOBEJIEHME TTapa Ha
HaKJOHHOU IIJIOCKOCTH?

Onovtm 6. 11lap o HoMepoM 8 pasMelaeT-
Cs1 Ha HAKJIOHHOM TIJTIOCKOCTH, U OH OCTAETCSI TaM
B HETIOJ[BUKHOCTH B TOM TIOJIOKEHUH, B KOTO-
POM €ro MOMECTHJIN Ha MJI0CKOCTh. Ecan mmap,
HE OTPbBIBASI OT HAKJIOHHOII MJIOCKOCTH, TIOBEpP-
HYTb Ha HEKOTOPBIIT YyTOJI B TIOGYIO CTOPOHY, TO
OH OCTAHETCST HETIO(BUYKHBIM U He MPEIIPUMET
HUKAKUX [OIIbITOK K CKaTbIBaHUIO. Takue jeii-
CTBUSI MOKHO TIOBTOPUTH HEOTHOKPATHO, OJIHA-
KO moBegenne mapa (ero HemoABMKHOCTD Ha
ILJTOCKOCTH) OCTaHeTCS Hen3MeHHbIM. [Touemy?

Onovim 7. 1lap nox nomepom 9 (doro Ha
pucyHKe 3) TIOABENIEH € IMOMONIbIO HUTH K
Jlatike mTatrBa. K Koprycy mapa ¢ ToOMOTIHIo
CKOTYa TIPUKPEILJICHA MAJbuuKoBas 6aTapeiika,
a Ha KOpITyce Iapa UMEIOTCS /[Ba OTBEPCTHS-
THe3/1a [UUIS TIO/KJIIOYCHUS 3ToW GaTapeiikim K
mapy. Ecam ¢ moMonibio MOABOASAIINX TTPOBO-
JIOB COEMHUTDH Iiap ¢ Garapeiikoil, TO Iap
HAaYMHAET BPAIAThcs JUOO M0 YaCOBOW CTPeJI-
Ke, Ju6o nporus (pu HAGMIOAEHUN CBEPXY).
Ecuin ske HOMeHSITH MOJISIPHOCTD GaTapeiiku, To

Puc. 3
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map Gy/leT Bpamarbes B JIPYryio ctopony. Uro
MOKeT ObITb IIPUYNHOI TaKOro JIBOHCTBEHHOTO
MIOBe/ICHNS T1apa’?

Onovim 8. 1llap nox nomepom 10 ¢ TOMOIIBIO
CKOTYA TIPUKPEIJIEH K HeGOJIbIION IeTKe /s
yucrkn ofex/apl (poro Ha pucynke 4). Ilerka
C TMapoM HAXOJSATCS HAa TOPU3OHTAIBHON TO-

BEPXHOCTH, a Ha KOPIIyCe MIapa OIATh UMEIOTCS

Puc. 4

rHe3/a AJs1 HOAKIIOYEHUST ero K IaJbYNKOBOMI
6arapeiike. Ecin Takoe mojkiovyeHue ocyiie-
CTBUTH, TO INAap HAYMHAEeT BUOPUPOBATH, a
IeTKa HauWHaeT JBUTATHCS B OIpeIeeHHOM
nanpasienun. [lpu cmene nossipuoctun Gara-
peliKu HaTIpaBJIeHUe ABIKEHUS METKH C IapoM
MEHSIeTCSI Ha TIPOTHBOINOJIOXKHOe. [Touemy?

O6GbAcCHeHUs 3KCnepnMmeHTOoB

Onwoim 1. OTBET «JIEKUT HA TTOBEPXHOCTH
Macca O/IHOTO Imapa GoJibllle MacChl JIPYroro.
Boictpee cratutcs € HaKJIOHHON TLIOCKOCTH
60J1ee JIETKUI Tap, B HAIIIEM CJIyYae OH ITyCTOi.
Y MaccuBHOTO 11apa MOMEHT WHepIK GOJIbIIE,
YeM y IyCTOTO, U eMY /IS MPHU/IAHNsS BPaIleHI
HY’KHA 3HAYUTEJIbHO 60Jblnas sHeprus. Jlis
JIEMOHCTPAIINH 3TOTO OIbITA Y HAC BHYTPDb BTO-
poro mapa OblJ TIOMellleH KyCOK TIOPOJIOHA C
GOJIBIIMM YKCJIOM BKPAIJIEHHBIX B HEro Mac-
CUBHBIX CBUHIIOBBIX MTapUKOB-APOOHHOK.

Onwvim 2. BHyTpu 1mapa MOKeT HaXO/IUThCS
«CBITly4dee» BeIecTBO. [Ipn ckaThIBaHUN IIapa
BEIIECTBO Me/JIEHHO Iiepemeriaercs u3 GoJiee
BEPXHET0 TMOJIOKEHUS B HIDKHEE. DTO U 3aMe/l-
JIgeT JABIDKEHWE Iapa BHU3 IO HaKJIOHHOM
MJIOCKOCTH. B HameM BapmwanTe AJS 3TOTO
ucnosb3oBaiuce Mesakue (He Gosee 1 MM B
JIMAMETPe) CBUHIOBbIE JPOOUHKH.
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HeKOF}Ia S yBUEJI 3TOT OIBIT Ha BHEKJIACCHOM
MEpOIpHUATUN yuuTesaeil (Gu3uku B TUMHA3UU TI.
Ynaenpras MockoBckoit o6mactn. B mx Bapmante
BHYTPb I1apa Oblyl TTOMeleH KUKl Mes. Ihdext
orbITa ObLI BHe‘{aTJIHIOHII/Iﬁ.

Onwim 3. BHyTpb Hamero mrapa ObLT TTOMe-
IIeH MAacCCUBHBIH KyCOK CBWHIIA KyOWYeCKOil
¢opmbr. [Ipu ckaTbiBaHUM 1apa ¢ HAKJIOHHO!
IJIOCKOCTH KyO IepeBopauuBajcs. IT0 H
MPUIABAJIO TIAPY CKAYKOOOPA3HBIN XapaKTep
JIBVKEHUS.

Onwvim 4. O6a mapa JIeMOHCTPUPYIOT YCTOii-
YIBOE MOJIOXKEHNE PAaBHOBECHS. Y CTOHYMBOCTD
Tesa, UMEIOIIEro TOYKY OIOpPBI, UMEET MeCTO
TOT/a, KOT/IA €TO IEHTP TSHKECTH 3aHMMAaeT Hawl-
6oJiee HI3KOE TI0JIOXKEHNE U3 BCEX BO3MOJKHBIX.

[TaToril map uaIIOCTPUPYET MOBEICHNE TETC-
KOU UTPYIITKU <«HEBAJISAMIKU». BHYTpHU mmapa K
€T0 KOPITyCYy MPHUKPEIJIEH C TIOMOIIbI0 KJes
MacCUBHBII CBUHIIOBBIH rpy3. B cocrosmum
10K0s1 (yCTOHYMBOTO PABHOBECHS) TIEHTP MacC
1rapa pacroJioXKeH OYeHb HU3KO, HEJalIeKO OT
TOYKHN oropbl. KpoMe Toro, TOUKA IIEHTpa Macc
7 TOYKa OTIOPBI JIesKaT Ha O/THOH BEPTUKATHHOM
(otBecuoit u ocesoit) muanu. Korga map ma-
KJIOHSIIOT, €TO IIEeHTP TSIKECTH MOJHUMAaeTCS 1
CMeIaeTcsl B CTOPOHY TI0 OTHONICHUIO K TOYKE
ONOPDBI ¥ BEPTUKATHHON JUHUNU. MOMEHT CHUJIbI
TSKECTH OTHOCUTEJIBHO TOYKHU OMOPBI CTPEMHUT-
CsI BEPHYTD IIap B EPBOHAYAIBLHOE COCTOSTHHE.

BuyTpn mrectoro mapa 4yThb HUXKE €T0 9KBa-
TOPHATHHON MJIOCKOCTH pasMeIleH MaCCHBHBII
CBUHIOBBIT MuCK («Oy6IUK» ¢ TPSAMOYTOJb-
HBIM CEYEHNEM ), KOTOPBIN KECTKO MIPUKPEILIeH
K Koprycy. OTindne oT MITOTO Iapa 3aKJIoya-
eTcsa B TOM, YTO €r0 IIEHTP MacC HaXOIUTCS
BBICOKO OT TOUKH omopbl. [Ipm maxsone mapa
TJICYO CUJIBI TSPKECTH OTHOCHTEIBHO TOUKH OTIO-
PBI OKa3bIBAETCS 3HAUNTETBHO GOJIBIITIM, YeM B
caydae ¢ «HEBAJANIKOI». [loaToMy m MOMeHT
CUJIBI TSKECTH OTHOCUTEJBHO TOYKH OIIOPBI
6yzaetr 6oJibllie, YeM B MpeAbIAyINeM caydae. B
pesyJibrare aMILIUTY/Ia KojeGaHuii mapa yBe-
JIMINBAETCS, a 3HAYNT, YBEJINIIMBACTCS I BPEMS
3aTyXaHusi KoJeGaHmii.

Onwvim 5. BHnMaTesbHO TTOCMOTpeB Ha (POTO-
rpaduio Ha pHECYyHKE 3, MOXHO YBHUIETH Ha
TTOBEPXHOCTH HAKJIOHHOH MJIOCKOCTH MaTEPHIO.
OgxkasbIBaeTcst, O]l MaTepueil crpsitaHa TJac-
TiHAa u3 keJsesa. lllap yaepskuBaercs Ha TaKkoit
HAKJIOHHOH TIJIOCKOCTH MajiorabapuTHbIM HEO-
numoBbiM (B hopMe TabIeTKi) MarHuTOM, KO-
TOPBIHl C TIOMOIIBIO KJes TPUKPEIIEH K €ro
BHYTpPEHHEN MOBEPXHOCTH.

Onwvim 6. BHyTpH 11apa HaXoAnuTCs HEOITMO-
BBIIl MArHUT B «CBOOOAHOM» cocrtostauu. [Ipm

«KBAHTA »

[IOBOPOTE IIapa Ha HEKOTOPBIH YroJ MarHuT
CKOJIb3UT II0 €ro BHYTPEHHEIl MOBEPXHOCTH,
3aHMMas HOBOE TMOJIOJKEHNE, a Iap MPo/I0JIKa-
€T OCTaBaThCST HETO/IBIIKHDBIM.

Onwvum 7. BHyTpu mapa uMeercsi MUHHATIOP-
HDIiT 3JIEKTPO/IBUTATE]TH, KOTOPBI JKECTKO TIPU-
kpersien Kk kopnycy. Ocb Bpauenus (Bas)
3JIEKTPO/IBUTATEJIS COBIA/IACT C HAIIPABJICHUEM
JINAMeTPAIbHON BEPTUKAJbHOU JMHUU IIapa.
Ha Basy aBuraresis ykpenseH He6OIbINONW Mac-
CUBHBIN aucK. [1pn moaKII09eHIT 21eKTPO/IBNU-
raTeJqs K WCTOYHMKY TOKA BaJ W MaCCHBHBIN
JINCK HAYMHAIOT BPAIATHCS B OIPEIETEHHYIO
cropony. Koprryc ke mapa npu aToM 1oBopa-
YIBaeTcs B IPYTYIo cTOpoHy. Bee aT0 aBseTcs
CJIe/ICTBUEM MPOSBIECHUS 3aKOHA COXPaHEHUS
MOMEHTA UMITyJibca. Eciiu cyMMapHbBIil MOMEHT
BCeX BHEMNIHUX CUJI, [JCHCTBYIONIMX Ha TeJO,
paBeH HYJI0, TO MOMEHT WMITyJIbCa 3TOTO Tesa
ocTaeTcs TMOCTOSAHHBIM. Ecum e y Hemo Bmx-
HOTO Teja Kakas-TO €ro 4acTb npuodperaer
HEKOTOPBIIT MOMEHT UMITYJIbCa, MMEIOIIii OII-
pezeseHtbiii 3Hak (MOMEHT HMMILyJIbCa — BEK-
TOpHAst BEJIUYKMHA), TO HEKOTOpas JApyras ero
YacTb HENPEMEHHO HPUOOPETeT MOMEHT M-
MyJIbCca MPOTUBOIIOJIOKHOTO 3HAKA.

3aKoH COXpaHEeHUs MOMEHTa UMIIYJ/IbCa YYUTbIBA-
eTcsl TIPH KOHCTPYHUPOBAaHWN BepToJieToB. Tak, Bep-
ToJieThl KoneTpykuun M.JI.Mujsa uMeror 18a BUHTa.
[lepBblil BUHT-POTOP BpAIIaeTCsS B OMPEIEJCHHOM
HAIPaBJICHUN B TOPU30HTAJIBHON ILIOCKOCTU HAJ
KabuHoil BepToJiera. A 4TOObI KOPILyC BepToJieTa He
Bparfajics B APYryio CTOPOHY, MO3aJ1 HETO pa3Me-
IleH XBOCTOBOW BUHT, KOTOPbI, padoTas, HpersitT-
CTBYeT BpaIlleHnio Kopiryca. B Beprosierax, H3rotos-
JneHHbIX 10 paspaborkam H.M.Kamosa, umetorcs
J[Ba BUHTA-POTOPA, Pa3MEI[ECHHDIX Ha OJ{HOI ocn HaJ|
KaOHMHOIl, HO BPANIAIONIXCS B IIPOTUBONOJIOKHBIX
HAIPABJICHUAX.

Onvim 8. BHyTpu 11apa HaXOJUTCSI MUHU-
aTIOPHbII 3JIeKTPOIBUraTe b, KOTOPBII JKeCTKO
MPHUKPETTIEH K Kopirycy mmapa. Ha Bax asextpo-
JIBUTATEJIST HACaKeH JINCK, TPUYEM TaK, YTO ero
0Cb CMelleHa OTHOCHTEJIbHO och Baja (ToBo-
PAT — JIMCK HACAKEH ¢ 9KCIEHTpHCHTeTOM). B
pesyJibTare 1Ipu padoTe 2JeKTPOABUraTe s BO3-
HUKAIOT MeXaHWYecKue KoJieOaHus, KOTOPbIe
Ha3bIBAIOTCA BUOpANMAMEU. IJTH BHOpAIUU U
3aCTaBJISIIOT IBUTAThCS LIETKY BMECTe C HIapOM.

Komeb6arenbHoe /IBIDKEHNE SKCIEHTPUKOB HCIIOJIb-
3yeTcst B paboTe BHOPAIMOHHDBIX KOHBEIEPOB, mpej-
Ha3HAYEHHDIX [IJI TPAHCIIOPTUPOBKU TOHKO/AUCIIED-
cubIX (10 IECSATKOB MUKPOH), 3€PHUCTBIX U KYCKO-
BbIxX (710 1000 MM 1 Gosee) Matepnanos. OHE Y4acTo
NPUMEHAIOTCA A4 [IepeMelieHnda pyAabl B TOPHO-
PYZAHOI ITPOMBINIIIEHHOCTH.




CaHKT-lMeTepbyprcki MONNTEXHUYECKIAM
yHVBepcuTeT [1eTpa Benmkoro

MonutexHun4yeckas onnMmnuaga
LWKOJIbHUKOB

[Monurexnuveckas: 0JIUMITHA/IA NIKOJTbHUKOB
B 2019/20 yye6HOM rogy mpOBOIUJIACH IO Ye-
TBIPEM TIpeJMeTaM: MaTeMaTHke, (u3NKe, XU-
mun 1 uaopmaTike. OT6OPOUHBIIT TYP IPOXO-
JINJI 320YHO C TIPUMEHEHNEM WHTEPHET-TEXHO-
JIOTHH. YYaCTHUKN BBIMOJHANN 3aaHUAS Typa
Ha odunmanbHoM caiite osumiua/pi. [Tobemu-
T W TpHu3epbl OTOOPOYHOTO Typa ObLIN
TIPUTJIAIIEHBI K yYacTHIO B 3aKJIIOYUTEJHLHOM
type, koropbiit nporesn B Cankr-IlerepGypre-
KOM TOJINTEXHUYECKOM YHUBepcuTere B (hopme
OYHOTO TMHCHMEHHOTO UCITHITAHMUS.

Nudopmarmio 06 ommmnuae 2020/21 yue6-
HOTO TO/1a MOKHO MOJTyYuTh Ha caiitax CII6ITY:
www.spbstu.ru u olymp.spbstu.ru

Hmxke mpuBoasaTcs 3amaynm OT6OPOYHOTO 1
3aKJIIOYUTETHHOTO TYPOB OJUMIINA/IBI IO MaTe-
MaTuke, (pusnke u nHdOpMaTHKE.

MaTtemaTtuka
OTGOpPOUHBIN TYp

1. HaiianTe KomaecTBO yIOPS0YEHHBIX TAp
HaTypaibHbIX umces (7,Mm), cyMMa KOTOPBIX
paBua 120, a waubGousbimii OO [1€TUTETH
ITUX vKces paBeH 15.

2. KakoBa BepOsITHOCTb TOTO, YTO /[By3Hau-
HOE HaTypaJbHOE YICJIO He JIeTUTCS Hi Ha 6, HI
Ha 8?

3. Haitnure 24 (x + y)/m, ecm

1 1 1

- - =
tgx tgy tgxtgy

4. CToMMOCTD O/IHOH TETPaJH BBIPASKACTCS
1EeJIbIM YncioM pyOuteii. CyMMapHast CTOMMOCTb
7 terpajeii He mMenbie 200 py6. u He GoJblie
220 py0., a cymmapHas crouMocTb 11 Takux ske
terpajeil — He MeHee 340 py6. CKOJbKO CTOUT
OJTHA TeTpa/lb?

5. Ilpnm Kakux 3HAYEHHAX @ YpaBHEHUS
P 4axr’—4=0n x°+ax-2=0 umeor 06-
Ui KOpeHb?

6. CropoHa TpeyroJibHUKA JIEKUT HPOTUB
yraa 120° u umeer pauny 43/3. Haiiqure nau-
6oJTblIIee BO3MOXKHOE 3HAYEHHUE IO/ N TPey-

-1n (x+y)e (0;m).

TOJIbHUKA. Y 6€QNTECh, YTO 3TO 3HAUEHIE BbIpa-
JKAETCS 1[EJIBIM YKCJIOM.

7. Jlnsa mocnenosatebHoCTH {d,} cripaBes-
auBpl paseHctsa 4 =1, a=3 un @, =
= %192 g war -
= YPaTbHBIX YHCe 72, TIPe

2an—2 —
pocxoasamux 2. Halignre Kogm4ecTBO 4JI€HOB

3TOIT TOC/IEeI0BATETbHOCTH, JIESKAIINX B IIPOMeE-
xytke -1, —1/5].

8. Uncso 50 aBakabl yBemunBain Ha k%, a
MOTOM JIBaXKAbI yMenbimaan na 50%. B urore
nosyuniaoch yucyio 18. Haiigure k.

9. Ilpu KaKkoM IOJIOKUTETHbHOM 3HAUEHUN d
cucreMa

‘xz —xy—2y2‘ =(x+y)2,

2
a 2
Xx——F=1 +ty =1
( V2 ) !
UMeeT POBHO TPU PeIeHs?

10. HaiiguTte 3HadeHWe BBIPpAKEHU
1

1
\/a—1+\/a_, ecin mﬁ'm—zy
a {a,} — apudmernueckas mporpeccus.

3akno4nTenbHbIA Typ

1. HaiiguTe 1esnble pelieHNs ypaBHEHUS
x2-8 6-2x _
2 +2 =3.

2. Pemnute HepaBeHCTBO

(x2 —6x+8)x/x2 -9r+18 <0,

3. MHycrs fi(x)=(x+1)]-1; f,(x)=
= fi(f,-1 (x)) upu n = 2. Haiisnre Kosmuectso

HaTypaJIbeIX qyucega n, AJa4g KOTOprX
30 .37
r,(2)e|3” .3

4. HaiingnTe Takoe HATYypaJIbHOE YICJIO 7, 9TO
yucaa n+7 u n+51 gBasgiorcs KBajparamu
HATYPAJbHBIX YUCEJ.

5. B uerpipex sImuKax JieKaT UTPYIIKH,
IIPUYEM B PA3INYHBIX SINMKAX Pa3HOE KOJMye-
cTBO mrpymiek. CKOJbKO UTPYIIEK B KaXKIOM



AMAKe, ecJu WX obliee YHUCIO paBHO 28, a
camoe GOJIBIIIOE YHCJIO UTPYIIEK B SIIINKE B /[BA
pasa 6oJiblile caMOro MaJieHbKOro?

6. /lna kakux 3HAYEHUWH @ ypaBHeHuUe
[x]-{x} = ax umeer 4 pemenns x > 0? 3xech
[x] — memas wactp umcna x, T.e. Hambo.bITEE
Iesoe 4uCJ0, He IpeBOCXojslee X, a
{x} =x —[x] —npo6uas wactp wncna x.

7. ITaccaskup 1poliest 1o ABUXKYIIEMYCS Tpa-
Bosaropy, Berynus Ha 30 cryneneil. B caemy-
0N pa3 OH IeJ ¢ TOi ’Xe CKOPOCTbIO Ha-
BCTpeuy JIBIKEHNIO TPABOJIATOPA 1 BCTYIIII HA
45 crymeneii. Ha ckoJbKo cTyTmeHeil BCTYIUT
TTACCAKIP, €CJIN €My TPHU/IETCS NATH 10 HEeTlo/I-
BIDKHOMY TPaBOJIATOPY ?

8. Cropona TpeyrosibHUKa JIEKUT HPOTUB
yraa 120° u mmeer anuny 3. Haiianre Han6ob-
niee BO3MOKHOE 3HA4YEHHe IepuMerpa Tpey-
TOJTbHUKA.

9. Pemmute cucremy

1+ 22 =162 -2y,
(x2 + y2)(x3 + ys) = 280.

10. Haiiiure Bce MHOTOYJIEHBI IIIECTOM CTEITe-
ui P (x) takue, 4To P(Jc)(x2 - 1) = ax" - 3x*
MPU KaKuX-Jau00 3HAYEHUSIX d U 1.

dusuka
OTGOpPOUHBIN TYp

Kaskpas 3ajaua onenuBasach B 10 6asios.

1. IlapoBosuk poexan u3 PomaiikoBo 10
nepesun lamoknso 3a ¢ = 18,5 4, caesaB 1o
nmopore n = 20 octanoBok. Ilepen Bcemu octa-
HOBKaMU OH JIBUTAJICS C OIMHAKOBDLIM 3aMe/IIe-
HUEM, a OTHE3KaJ OT OCTAHOBOK C TaKUM K€
OJINHAKOBBIM YCKOPEHHEM, OCTAJbHYIO 4YacTb
MyTU OH eXaJl C MOCTOSHHON MaKCUMaJbHOI
ckopocTbio. OKasasoch, 4TO TaK OBICTPO OH
exaJl TOJbKO ¢y, = 5,5 4, a elle t3 = 2,5 4 1po-
CTOSJT Ha ocTaHOBKAaX. CKOJIbKO BpEMEHU 3aHS-
Jta GbI fopora, ecju Obl TApPOBO3WK exas 6e3
OCTAaHOBOK?

2. Coexagine ot 6abynikn Deopbl TOMOPI
che3KaoT 6e3 HaYaJbHONU CKOPOCTH CO CHEXK-
HOI TOPKU — HAKJIOHHOI MJIOCKOCTH, COCTaBJISI-
iotieit yrosr 30° ¢ ropuszontom. OKazanoch, 4to
TOIOPBI, CMa3aHHbIE JIBLKHON Ma3bio, BUTAIOT-
CsI IPAKTUYECKU 0e3 TPEHUS U MX CITYCK 3aHU-
maer Ha 20% MeHbIle BpeMeHH, YeM Y TOTIOPOB
6e3 cmasku. Uemy paBeH Koo UIINEHT TPEHUS
JIUIST HECMA3aHHBIX TOTIOPOB?

3. Korga Bunnu-Ilyx 3aBuc Ha BO3IYITHOM
mape y AyIJa ¢ T4YeJaMu, KOTOPbIE YTO-TO
nojiospeBasin, [lgrauox, 4Tto6bl criacTi Apyra,
BBICTPEJIIJI BBEPX IO APy PE3UHOBOU PO6-
koit. K coxasnenmio, mpo6ka 1iomnasa He B IIap,
a B Bunnwm-Ilyxa. Ha kakyio Bbicory (1o
CPaBHEHHUIO C IePBOHAYAIBHON) TT0AHAICS Bun-
Hu? Ypgap cumtatb aGCOJIOTHO HEYIPYTHM.
Macca npo6ku my =26 r, macca Bunnn-ITyxa
my=1,05 kr. CkopocTb IPOOKN TEPejt yAapoM
6bL1a v =13 M/c.

4. Tlocme Ttoro xak CBeH TIepECKOYIT Ha
MJIABAIOIYTO PSIIOM JIbINHY, OHA TTOTPY3UIaCh
Ha x; =8 cM. A KoT/ia OT Hee OTJIOMUJICS KYCOK
mromaapio S =0,9 Mz, MOTPY3UIACh ele Ha
X5 =23,6 cM. Cxosbko Becur Csen?

S. Ha Berke Bucesno 7 g610k. Oano 9610K0
ynano. 3a BpeMs ero majleHus BeTKa ycliea
COBEPIIUTh 7 TOJHBIX KojeGaHuil. 3areM ¢
BETKH YIIAJIO elife 0/HO 516710K0. CKOJIBKO KOJie-
GaHuii ycriesia COBEpIINTDb BETKA 32 BPEMS €ro
najzenusi? Bee s1610Ku BUCST HA CaMOM KOHIIE
YOPYTOil BETKH, Macca KOTOPOIl MHOTO MEHbBIIe
Macchl sI6JI0K.

6. Uebypamrka mogapmr Kpoxoamry 'ene Ha
JIeHb POSKJICHNS TPU MalJapoBbIX mapa. Bie-
cTsiime, Kak Oy/iTo MeTajlJIMIecKye, Iapbl 04€Hb
MOHPABUJINCH ['eHe, ¥ OH peu IPOITUCD C
HUMH TI0 yJIUIIe. Y BbI, TJIAJIKUE Iapbl CMOPIIHU-
Jmch 1 norepsisu dopmy... Ha ckosbko mpo-
[[EHTOB yMeHbIINJICS 0GbeM MIapoB Ha YJIHIIE,
ecJil TeMIlepaTypa BO3/yXa B 9TOT JieHb Oblia
t; =5°C, a noma y l'ennl Oblia t, =19 °C?

Ipumeuanue. B orimume OT pe3nHbl, u3
KOTOPOH c/ieJlaHbl OOBIYHBIC HA/TyBHbBIC ITAPHI,
Maiinap (MeTaJIM3UpPOBAHHDIN TTOJMATUICHTE-
pedranar, on ke Jascan, IIITD u T.1.)
MPAKTUYECKN HE PACTITUBAETCS.

7. Ha nopory or Pomamkosa o Tamioknto
[apoBO3UK pacxojayer m =1 T APOB ¢ TeILIO-
TBOPHOIA crioco6HOCTbIO L = 7,9 M J[3k /KT, Ccpelt-
HS cumJa TArM napoBosuka F=7,2 kH. B
KayecTBe paboyero Teja B HapOBO3UKe HCIIOJIb-
3yeTcsi TleperpeTblii BOASHOIN nap mpu TeMiepa-
Type ¢ = 412 °C, a TemmepaTypa OKpysKarole-
ro Bozayxa t, =10°C. Ecau 6bl 11apoBosuk
pa6otau nio ukary Kapuo, ero KII/[ 6b11 6b1 B
n = 1,4 paza 6oubIlie umerorierocsi. Yemy paBHO
paccTosgHUe MEXAYy HACEJCHHBIMU ITyHKTaMHU
PomarmkoBo u I'aIiokuHO 10 JKesre3Hoi 1opore?

8. IToka YeGyparika Hec, npuxumas K cebe,
miapol A1 Kpokoauaa [ewbl, oT TpeHus o ero
MeX /[Ba 3 HUX 3aPS/IUJINCD: OJIH /10 IOTCHIU-




50 KBAHT

ama @;=273 B, BTOpoil 10 TOTeHI[HAJa
@, =121 B. ITocse Toro Kak 3apsKeHHbIC TTapbl
COTIPUKOCHYJIICh, WX TOTEHIIHAJ CTaT paBeH
¢® =201 B.UYemy paBen quameTp BTOPOTO 3apsi-
JKEHHOTO Iapa, ecJu JAuaMeTp MNepBOTro
dy=27 cm?

9. Yaeresmmii y Kpokoamma ['enbr Maitiapo-
BBIiI 11AP 3aMKHYJT COO0I0 JIMHUIO 3JIEKTPOTIEPe-
Jlad W B30PBAJCS OT IPOTEKABIIETO TI0 HEMY
Toka. Kakoii 3apsj mpoiies yepes 1ap, ecjau
MpU B3pbIBe Bblennaach aneprusd Q =50 [k,
a HanpspKeHHEe MeKIy TPOBOJAMU B MOMEHT
B3pbiBa 6b110 U =455 B?

10. BopBaBmmich B OTPOMHBIN KBaIpaTHBII
3ai, /xon Konnop yBmjes mpsaMo HampoTHB
cebsd B cepe[uHe I[POTUBOIOJIOMKHONU CTEHbI
Fnasupiit KBantosoiit Yun CkaitHera. IlyTh K
HEMYy Iperpak/iajia rMpo3pavHas CTeHa, Iepero-
paKMBAIOIas 3aJ1 [0 AMArOHAJIN, KOTOPas OKa-
3aJach 3armoaHeHa BOOH, KaK OTPOMHBIH aKBa-
puyM. [[PKOH IPUIIEINICS U BBICTPEJINT. Y pa-
HOBasi IyJisi TPOOUJIA «AaKBAPUYyM», HE OTKJIO-
HUBIIUCD OT 33/[aHHOTO HANIPABJICHMNS, BOJSTHAS
cTeHa pyxHyJa, okatuB KoHHOpa moToKamu
Bozbl. IlocMoTpeB Briepes, /[»koH He mOBepMI
CBOUM IJIa3aM — OH IipoMaxuyJics nad = 28 cm!
Kakoit Tosmunel 6biia BojsiHas crena? [loka-
3aTesib MpeJsoMyieHus Bobl = 1,33, Toamuna
CTEKJISTHHBIX CTEHOK <«aKBapuyMay IpeHe6pe-
JKUMO MaJa.

3aKnoUnTenbHbIN Typ

1. ITlepoxoBaTas J0CKa ABMIKETCS C TTOCTOSTH-

HBIM TOPU3OHTAIBHBIM YCKOPEHUEM ¢, COXpa-

HsISI TIOCTOSTHHBIM YTOJI HAKJIO-

na o k sepruxamu (puc.1).

a [locka cBoeit HUXKHEH ToBepX-

HOCTBIO TOJIKAeT Tepesl co6oii

MaccuBHBIN 6pycok. IIpu yc-

9 KopeHuu a > 2g GPyCoK ¢ 10c-

KOU [JBWXKYTCSI BMeCTe Kak

equHoe 1esoe. Haiigure yron

o, ecan KoaUIMEHT Tpe-

HUS MEXXAY JOCKOH 1 6PYCKOM
puc 1 u=0,8. (10 Gannos)

2. C KOHIIOB JINCTOYKA Maccoit M u jynHoii [,
KOTOPBIII MOXKET IepeMeIaTbest 6e3 COmpoTHB-
JICHUSI TI0 TTOBEPXHOCTH BOJIbI, HABCTPEUY JAPYT
JIpyTy GEeTyT JiBe BOJOMEPKH MaccaMu 47 1 m ¢
TTOCTOSTHHBIMH OTHOCHUTEJIBHO JINCTOYKA CKOPOC-
tamu. [Tepsas Bogomepka (Maccoii 4m) Gesxut B
Tpu pasa GpicTpee BTopoil. Ha cKoIbKo cMecTuT-
Csl JINCTOYEK OTHOCUTEJBHO CBOEro IePBOHA-

2020/ Ne8

YaJIBHOTO TIOJIOKEHHST, KOT/1a IIepBasi BOJIOMEPKa
no6exxut 1o ero konna? (25 6.)

3. B sanasnHoil ¢ 060X KOHIIOB TOPU30H-
TATbHON TPYyOKe TI0 KpasiM HAXOMASTCS [1Ba
cTOJIOGMKA PTYTH AJMHONH 3 ¢cM M 5 €M, a
MeJK/Iy HUMHU I1y3bIpeK Bo3jayxa. Ecau mocra-
BUTH TPYOKY BEPTHKAJIBHO, TO JJIMHA My3bIPb-
Ka oKasbiBaeTcss Ha 1 cM MeHbIe IEepPBOHA-
4yaJbHOIl, a ecau TPYOKYy I€peBepHyTb, TO
MeHble Ha 2 cM. UeMy paBHa [JinHA TPYOKU?
(15 6.)

4. CxeMa COCTOUT M3 YETbIPEX OJIMHAKOBDBIX
PE3UCTOPOB CONPOTHBJIEHNEM R U UI€aJbHOTO
JIN0/Ia, COEJMHEHHDbIX TaK, KaK MOKA3aHO Ha
pucynke 2. Mexay xkaemMmamu A n B npukJia-

Puc. 2

JIBIBAETCST OJTHO U TO JKe 10 aOCOTIOTHON BeJu-
yuHe Hanpspkenne U, TpudeM B MepBbIid pas
MOTEHINAM KJIeMMbl A 6oJibliie TOTEHIATA
KJeMMbl B u Hao60pOT BO BTOPOM CJiydae.
Haiiiute, BO CKOJBKO pa3 TemaoBas MOII-
HOCTbH, BBIJIEJISIONIASICS HA TIEPBOM PE3UCTOPE,
oTJIMyYaercs B aTHX JAByX ciaydasax. (15 6.)
3. IIpoBosiuii IMCK BPAIAeTCs € MOCTOSTH-
HO#T yryioBoii ckopoctbio ® = 100 pajg/c B mep-
MEeHMKYJISIPHOM  TJIOCKOCTH  [TUCKA OJIHOPO/I-
HoMm MaruutaoM noje (puc.3). Ha ckoabko

®
B

C
Puc. 3

HEo6XOIUMO U3MEHUTH YTJIOBYIO CKOPOCTb Bpa-
meHnst, 4roObl IOCJe 3alloJHEeHHUSI IJIOCKOIO
BO3/IYIITHOTO KOH/IeHcaTopa C IUAJIEKTPUKOM C
JINRJIEKTPUYECKO MPOHUIAeMOCThI0 € = 6 3a-
PsT Ha OOKJIAZKaX KOHJIEHCATOpa OCTAJICS He-
n3MeHupM? (25 6.)

6. Bepxtee ocHOBaHME CTEKJISTHHOTO IIHJINH-
npa quamerpoM D = 20 cMu BbicoToii 2 =10 cM



3aKpalieHo Kpackoii. Haiiiure MunmMabHbIN
pasmep 06JIACTH, KOTOPYIO HAJ0 OYHCTHTH OT
Kpacku, 4utoObl 4yepe3 Hee ObLIO BUIAHO BCE
HuKHee ocHoBaHue. [lokasaresb mpesoMieHust
crexaa 1,5. (10 6.)

NHdpopmaTuka
OTGOpPOUHDbIN TYp
U36paHHsle 3aaa4um

1. Ydenbie-s1610K0€/I0BE/IbI TOCTPOUIIH MATe-
MATHYECKYIO MOJIJb YUCIEHHOCTH TOMYJISIIH
s6JIOKOEI0B.

Bxonnbie nannbie:

P — uncsiennocTtb nomnyJisimy;

N — [JIUTeNbHOCTD MEPUOIA MOIETUPOBAHMS
B TOJIax;

Uli], i=1..N — 6y7eBckue nepeMeHHbIe, 3HA-
yenne McruHa os3Hadaer, uTo i-it TOX OBLIT
YPOKAIHBIM Ha SI0JIOKH.

AnropuTMm pacuera:

Bsox P, N

HII Anai Ot 1 o N

Eciu Uli]=HUcruna To P :=P * A Unaue P :=P * B
Bceé

KIl

BoiBon P

Korpa si6s10k0e/10B€/1bl BBEJIN B MOJIEJIb TEKY-
MYI0 YUCJEHHOCTD TIOMYJSIUA U BBIJIAHHDbIE
KOJLIeraMu-si6JIOKOBE/IJaMU TTPOTHO3bI YPOsKaii-
HOCTH S6JI0K Ha S5 GJMKANIINX JIeT, pe3yibTa-
TOM OKa3aJI0Ch YUCJO0 4725 — CTOJIBKO s16JI0KO-
e/10B Gy/IeT 4epe3 5 JIeT 110 MHEHUIO MaTeMaTu-
4yeckoi Mojies. KakoBa TekyImas 4ncjaeHHOCTDb
MO IS S6J0KOEIOB, €CJII H3BECTHO, 4TO A
n B — HartypasibHble unciaa u A > B?

2. HlIkoabHuk Cupop HEZABHO OTKPDLI st
cebst cucteMpl cuncaenns. Oco6eHHO NOHPaBHU-
JIACH €My <KpyIJbles 4mcsaa — rjae 1 U motoM
MHOT0 HOJIMKOB. CH/IOPY TIOHPABUJIOCH 3AITHChI-
BaTb TAKHe YNCJIA U3 PAZHBIX CHCTEM CUHCICHUS
(3ammcbIBas OH X, €CTECTBEHHO, B TOU cHCTEME,
B KOTOPOW OHM ObLIM KPYTJIBIMHU, TIPHYEM B
Hopsi/IKe BospacTanus). Uucjaa OH 3amuchiBal
nozpsz, 6e3 IPOCBETOB — MOJTyYaJIach CTPOKA U3
mndp. Hanpumep, B ABOMYHOI cucteMe HAYATIO
aToit ctpoku Gbiio takum: 110100100010000...
[Tucan yncaa Cugiop Ha JIMCTOYKAX IS 3aMe-
TOK, KOTJa JIMCTOK 3akaHumBajics — Cumaop
JIOTIMCBIBAJT OCTATOK YHCJIA HA CJICAYIOIIEM JIUC-
tke (JIMCTKAX) U jajiee, KOTJa YUCJO 3aKaH4u-
BaJIOCh, HAUMHAJ cJiejyioniee. CKOJIbKO e/[HUIL

okazasoch y Cugopa Ha 33-M JHCTKeE, €CJHI
Yuca OH THUCAT B TPOMYHON CHUCTeMe, a Ha
JIICTKe noMemiaercss poBHO 333333 uudpor?

3. Bam nipezicrout mpoiitu HeGOIbIION KBECT
13 B3aMMOCBA3aHHbIX 3a/[aHUil.

1. OnennTe KCTUHHOCTD NIPUBEEHHBIX HUKE
BbickasbiBauuii (1 — nctuna, 0 — J103kb ). BpImm-

MIATE OTBETHI MOJPSI.

e Hamm MuHyTBI W CeKyHABI — HacJexue
CHCTEMbI CUMCJIEHUS JIPEBHUX IITYMEPOB.

o /[Mana3oH BO3MOXKHBIX 3HAUEHUIl y Gaiita
6e3 3HaKa B/BOe MeHbINe, YeM y O6aiita co
3HAKOM.

o CyTecTBYIOT HEJBONYHBIC KOMITBIOTEPHI.

e B Tpomumnoii cmcreme CYHMCICHUS UYETHBIE
YHCJIa OKAHYUBAIOTCS HYJIEM.

o KommbioTep He BbITIONHSAET apudmMeTnyec-
K€ OTIepaIiuil, a MpocTo 6epeT UX Pe3yIbTaThI
u3 TabJmil.

e BAy > ABy mpu m060M HaTypaJIbHOM
N>9.

o Jlio60€ [BOMYHOE YNCJIO, HALEIO Pa3/ie/IeH-
HOe Ha 2, PaBHO TOMY JKe YHCJy, MOOGUTHO
CIBUHYTOMY BITPaBO.

e B cucreme cumcienus c ocHoBanmeM 21
E+F=19.

2. Tpakrys orer 3azanus 1 kKaxk ABOMYHOE
YHCJI0, HAlIUTe MAKCUMATHHOE YUCJIO, KOTOPOE
MO3KHO HOJIyYUTb 13 HEro 3a HecKosbko (o1 0 10
7) WMKJIMYECKUX C/IBUIOB BJIEBO.

3. B kaxoii cucteMe CUMCIEHUS PE3yJIbTaT
3a/1anns 2 3ammchbiBaeTcs Kak A27?

4. IlepeBennte pesynbraT 3ajanus 1 B gecs-
TUYHYIO CUCTEMY CUUCJIEHUS. 3aTeM OIpe/eIi-
Te 3HAYEHHUE 3TOTO YUCJIA, €CJIU TPAKTOBATD €r0
KaK IpE/ICTaBJICHHOE B CUCTEME CUMCJCHUS C
OCHOBAHWEM, PaBHBIM TPETH OTBETA 3aaHW 3.

4. HazoBeM majmH/IpIH/IEKCOM HATypaJbHO-
TO YHCJIa KOJIWYECTBO CHCTEM CUHCJICHUS, B
KOTOPBIX YHCJO MHOTO3HAYHO U CUMMETPUYHO
(paccMaTpuBaIOTCS CHCTEMbI CUMCJIEHUS C OC-
HoBaHusaMu oT 2 70 36). Hanpumep, namun-
puHIekc uucaa 46 paBen 3, TaK Kak
46 = 232, =1415 =22,,. A BOT y umcaa 47
naygmaapuaaeke pasen 0. Halinnte B nntepna-
se ot 600 10 666 gBa oC/Ie[0BATEIBHBIX YNCIA
¢ nammaapungekcom 0. B kauectBe orBeTa
BBE/JIUTE X CYMMY.

3. B crapom 3aMKe ¢ Kax/IbIM yIapOM 4acoB
TOSBJIEeTCS TIPU3paK. BpeMs sku3Hu mpuspaka
S cexynz. BpioT achr, Kak noJiaraeTcs, CTOJIbKO
Pas, CKOJIbKO 4aCOB TIPOIILIO C MOMEHTA TOCTIE]I-
Hell TIOJTyHOYN WJIH TIocJieiHero moJryaas. [lep-
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BBIH y/1ap cyrelyeT POBHO B MOMEHT HACTYTIICHHS
ouyepeIHOTO Yaca, WHTEPBAT MKy yaapamu 1
cexyHma. Tpebyercss cocanTaTh MaKCHMaIbHOE
BO3MOXKHOE KOJTMYIECTBO MPU3PAKOB B 3aMKeE.

...Cron, He HauMHaiiTe MOKAa MUCATH IPO-
rpammy! [lesio B TOM, 4TO 3aMOK PaCIOI0KeH He
Ha 3emie. TaMm, rie oH HAXOAWTCS, B CYTKaX 110
2*H wdacos, a B wace M MuHyT, B MUHyTe M
cexynji. ['apantupyercsi, 4To BXO/(HbIE /JaHHbIE
KOPPEKTHBI, YHCJO MPHU3PAKOB KOHEYHO.

1) Haiigure MakCUMaJbHOE YUCJIO MPU3Pa-
koB nipu H=12, M =60, S=10808.

2) Haiigure MakcuMaJbHOE YHCJIO HPU3Pa-
koB ipu H =29, M =99, S=29410.

6. Tan aaropurm (puc.4). CKosbKO cylie-
CTBYET PA3JMYHBIX Map 3Havenuii A m B, mpn
KOTOPBIX QJITOPUTM 3alUKJINBAETCS?
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7. Uucao N — 6aitr 6e3 snaxa; AND, OR,
NOT — mopaspsiiHble JIOTHYECKHE OTIepPaIii.
V3 npuBeIeHHBIX HUKE BHICKA3bIBAHUI BbIOE-
pure te, KOTopbie, OY/y4u UCTHHHBIME, HECYT
posro 3 6uta nHdopmanuu o uncsue N.

A. (NOTN) >3

B. N OR 229 =239

C.NOR28=0

D. N AND 90=2

E.N<32

F. N AND 168 =128

3aknounTenbHbIN TYp

1. Boabmas 3akynka (8 Gaios)

Bl BeseTe 3aKkymKku MaTepuasioB B (dupme,
3aHmMaroreficss peMoHToM KBaptup. Kpacka y
BAIllero TTOCTABINKA MPOIAETCS B BepaxX 1 B
6ankax. lmeercss anexktponHas Ttabauiia

Auar Ilex A,Ilea B (puc.5). [Ipeamonaraercs, 4To Py BHECCHUH B
Hoka A> 0MB>0HMA<SHUB<S5 cronber; «KommuecTBO» KOMMUECTBA KPACKH,
HIT Kotopoe Tpebyercsi, B croJibie «CTonMocTb»
K:= (A mod 2) + (B mod 2) HOABJAETCA MUHUMA/bHAs CyMMa, KOTOPYIO
Ecau K =1 To CJIe/IyeT 3ATLTATHTD JIJisI TPUOOPETEH s KOJInve-
A=A+t CTBa JIMTPOB KPACKH He MeHbIle TPeOYeMOro.
Huave _ Kakyio ¢opmyJiy ciemyer samucaTtb B siueiike
%_KA__OE—O G6, 9TOGBI BBIMOJHATD HEOOXOAMMbBIE pacye-
I/Ina;le ThI? DopMyJia J0KHA GbITh TUPAKUPYEMOii
e (Ta6mua TAHETCS BHM3 Ha MHOTO CTPOK). TIa-
Ecmm B <3 To
B=B- 1 paHTupyercsi, uTo 00beM Bejpa He MeHblle
] o6beMa GaHKH.
HNuave
B=B+1 2. Henapnoe 4uco (12 6.)
Bcé Wnmeerca Gynxuus f (puc.6), padoraomas ¢
Bcé JByMsi GaiiTamu 6e3 3HAKA, PE3yJIbTaT — TOXKe
Bcé 6aiit 6e3 3Haka. Ctyment Cugop Hamucas mpo-
KII rpaMMy, KOTOpasi IPUCBAMBAET MEPEMEHHOIT S
Kon cunavasa 3uavenue 0, a morom B nukJe 101 pas
MOJIYYAET C KJIABHATYPbI YKCJI0 X U IPUCBANBA-
Puc 4 er S suauenue (S, X). Korga Cuzmop samyc-
THUJ TiporpaMMmy, oH BBeJs 101 wmcsto, mpu aToM
A C D E F G H
1
2 OO6béM Bejpa, i 10
3 OO6bEM GaHKH, JI 3
4
5 Aprukya kpacku| Ilena 3a Beapo |Ilena 3a 6anky |Kosanvectso,n | Ctoumoctb
6 QWE13 700,00 p 250,00 p
7 RTY77 922,00 p 315,00 p
8 UIO21p 520,00 p 170,00 p

Puc. 5




Auar Iex f (Iex a, Hex b)
Iex t,d,k

Hau
t:=0

d:=1
HII IToka d < 256
k := mod(mod(a,2) + mod(b,2) +72),2)

a = div(a,2)
b := div(b,2)
t=t+k*d
d:=d+d
KII
3uay =t
Kon
Puc. 6

U3BECTHO, YTO BCE YKCJIa, KpoMe 49-To 110 cuerty,
BCTPEYANNCh CPEeM BBEJCHHBIX ABax/bl (e
o6azaTesibno noaps). Kakum 6b1o 49-e unc-
JIO, €CJIM M3BECTHO, 9TO 11-e 4nc/Io paBHSJIOCH
200 u 77-m ObL10 ymMca0 3, a B pe3yJibTare
nporpaMma BbIBeJia 557?

3. Jlunbka s6r0koenos (7 6.)

BecHoil s16/10Kk0e/1bl JIMHSIOT, KasK/blil W3
HUX cTapaercs cO6pocutb Bce urogku. Ho B
cuiy ocoGeHHOcTell opranusMa  si6J0KOe/ (bl
cOpaChIBAIOT UTOJIKM TOJbBKO MadyKkaMu: s6.10-
KO€Jl MOJXKET IpH JII060M KOJMYeCTBEe UIOJIOK,
He MeHbIeM 3, c6pPOCHTb 3 WIOJKH, KpoMe
TOTO, IIPH YETHOM KOJIMYECTBE UTOJIOK OH MO-
JKeT cOPOCUTD MTOJIOBUHY M3 HUX, a IIPU HeveT-
HOM HE MeHbIIle d MOXKeT COPOCUTD 4 UTOJIKH.
[Ipu 5TOM ecsIu KOJIMYEeCTBO UTOJIOK Y S0JI0KO-
eJia TIocJie ero u3MeHeHus JleTuTest 6e3 ocTaTKa
Ha 3, TO y HEro OTpacTaioT 4 HOBbIE UTOJIKH, a
ecJIM OHO He JeJUTCA Ha 3, HO JeJUTCS Ha 7 —
TO 6 HOBBIX UTOJIOK. B Bosbepe 4 JNHSIONIX
a6io0koea. B mannbiit MoMent y nepsoro 31
uroJika, y BTOporo 73, y Tperbero 19, y
yerBeproro 122. Y CKOJbKUX M3 HHUX €CTb
BO3MOKHOCTD ¢OPOCHTH Bee urosiku (Kosrde-
CTBO C6POCOB HE OrPAHUYEHO)?

4. Tlomerka teppuropuu (15 6.)

Byyun nomeIeHHbIM B CBOGOAHYIO STUCHKY
CTeJUIa’Ka-MacCuBa, S0JI0KOe[ HAuMHAeT Me-
THTb TEPPUTOPHIO. [lesaeT OH 3TO IO TaKOMY
pexypcuBHOMy ajropurmy (Onucan OH cJerka
HehopMaTbHO, HO SI6JI0KOeLy TOHATHO; puc.7).
Brpimonuasa ero, g610Koe]] IOCTEIEHHO 3aXBa-
TBIBAET BECH CTEJIJIAK, KPOME 3aHSITBIX SUEEK U

Aur 3axsar (sueiika)
Hau
Ecau gueiika e momeuena To
[Tomerurp Aueiiky
Ecan sueiika nioke cymiectyer u cBo6oana To
3axsar (sueiika Husxe)
Beé
Ecau sueiika ciesa cymectsyer n cBo6ogna To
3axsar (s1yeiika cieBa)
Bcé
Ecau stueiika Boimre cymectsyer u cBo6oana To
3axsar (sueiika Bbirme)
Bcé
Ecum sueiika cripaBa cyuiectsyer u cBo6ojsHa To
3axsar (sueiika crpasa)
Bcé
Bcé

Puc. 7
S9eeK, OTTOPOKEHHBIX 3aHATBIMHU OT JIOCTYITHO-
ro S6JI0K0ey MMPOCTPAHCTBA.

sl6y0Kkoea TIOMECTHIIM B BEPXHUIl JIEBbIil
yron — sueiiky ¢ kxoopammatamm (1, 1) —
cTeslJIaKa-MaccuBa pa3Mepom 2n + 1 Ha 2n + 1,
1 <n <1000, B KOTOPOM B CpeIHEM «CTOJIOIE>
U B CPelHEH «CTPOKe» BCe SUeilku, Kpome
LEHTPAJbHBIX TPEX, 3aHSTDI.

a) B kakoii sueiike s16710K0€ 3aKOHYUT 3aX-
BaT CcTeJLIaxKa mpu n = 47?

6) B kakoii gueiike 16710K0€/] 3aKOHYUT 3aX-
BaT crestaka mpu n = 789?

5. Mepokaamxu (15 6.)

CeMb NepBOKJIAIIEK CTOSIT B OJIHOM PSIJLY.
Kaskaplit 13 AUX MOXKeT HAaXOAWTHCS B OJHOM
u3 ABYX coctosinuii: 1 — cMoTput B TesedoH,
2 —xyet 6yrepOpos. M3BecTHO, 4TO Kpaiinero
[IPABOTO TIEPBOKJIAIIKY MOYKHO ME€PEBECTH U3
HAGJIIOIAIONIETO B JKYIOIEe COCTOSIHIE, TIPOCTO
BBITAIIMB U3 PyK TesiehOoH U MoJcyHyB GyTep-
6pon (1 mHao6opor). CocrosHue APyrux mep-
BOKJIAINIEK MOKHO W3MEHUTH, TOJbBKO €CJIH
OGJIMKARIING CITpaBa MEPBOKJIAIIKA CMOTPUT B
tesiepoH, a ocTasbHbIE EPBOKJIAIIKU CIIPABA
(ecm omm ecth) KylOT GyTep6pombl. 3a 5
CEKYH/[ MOKHO HM3MEHUTb COCTOSIHUE TOJIBKO
OJIHOTO TIepBOKJIAIIKKM. BHauase Bce mnepBo-
KJIaImKu cMoTpsit B tesiedpon. Tak Kak HacTy-
uJ o0e/leHHbII 1epepbiB, HEOOXOMMO Tepe-
BECTH MX BCEX B JKYIOIIEE COCTOSTHUE. 3a KaKOe
MUHUMAJbHOE KOJIMYECTBO CEKYH/T TIPENoIaBa-
TEJIb CMOYKET HTO CJIeJIATh?
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6. 3ammdposannsiii naposs (8 6.)

Ilerst 3aperncTpupoBajICcs Ha caifte u, 4TOGbI
He 3a6bITh CJAOBO-TTAPOJIb, PEIIIIT BBITUCATD €r0
B GJIOKHOT, mepes; aTuM 3ammdposas. Bor uro
Hammcano B 6soxHote [leru:

1101111111100001110000001110

Kaxoe ¢j10B0 Gb1710 HCITOIB30BAHO [IJIs TTAPOJIsT?
Ycnosue @ano Ilerss, x cuacrtbio, eme He
IIPOXOANIL.

7. 3axaunanuga (10 6.)

B XorBaprce mnpaktuueckoe 3anstue: 200
YUEHUKOB UAYT BIOJb awien 3 200 16,100 1
oTpabaTpIBalOT 3aKJIMHAHUS «PaciBeramyc» u
«Omnagamycy . [lepBblil y4eHUK 3acTaBIsAET BCe
s16,TOHK paciBecTu. BTOpOi MeHsIeT COCTOsIHIE
KaKI0H BTOPOiTl S0JIOHU, M C YETHBIX SIOJIOHD
IBETHI OCBITTAIOTCA. TpeTnii MEeHsIeT COCTOSHIE
KaKI0l Tperbell siGJIOHH HA TPOTHBOIOJIOMK-
HOE, TO K€ TIPOJIEJIBIBAET YETBEPTHIH ¢ KaXKI0i
4yeTBepToil si60Hel u T.71. CKOJIBKO I[BETYIIUX
s16JI0HDb OY/IET Ha aJijiee TOC/Ie OKOHUAHWS 3aHsI-
TN ?

8. Baoreps (10 6.)

ycs u Bycsa — Gsorepbl, 3anucbiBaonine
ayano-moaKacTbl. CerofHs OHU 3alnCbhIBAJIN
CBOM MOJIKACTBI TIPO TIPOGJIEMBI TIOICHEKHIKOB
31MOIi Ge3 CHera W Havajn 3alicCh OJ[HOBpe-
MeHHo. Jlycst 3ammchiBajia CBOM MOHOJIOT Ha
TesiedOH € O/IHOKAHAIBbHBIM MUKPO(OHOM, T10/1-
JAEPKUBAIOIINM YaCTOTY JAUCKPETU3AIUN
24576 T c rny6unoii 3Byka B 32 6ura. bycs
3aIKChIBAJIACH HA CTY/MU B CTEPEOPEKUME C
YeTbIPbMST KaHAJIAMH 3alMCH, KaskK/Ibli U3 KO-
TOPBIX MO/JIEPKUBAJ YACTOTY JANCKPETH3AIIH
98304 It ¢ Tory6uHoit 3ByKa B 64 6uta. lycs
3ammchiBaga coobiieHne 4 MUHYTBI, TTOTOM 6
MUHYT TOTOBUJIA K 3arpyske (Ha undopmarm-
onHoM o6beMe daiisa 9T0 He OTPA3UIOCH) U
Havaja 3arpyskarb Ha CBOW KaHaJ, NpUYEM
CKOPOCTb €€ COEeJMHEHUs COoCTaBHUJja

2020/ Ne8

1 Mbur/c. Bycs auuero He pegakTupoBasa
1 cpasy TOocJie 3aBepIIeHHs 3alicyu Havasa
BBIKJIA/IBIBATh CBOIO 3allUCh CO CKOPOCTBIO
2 Mo6ur,/c. CKOJIBKO MUHYT 3alllChIBAIACDh
Bycs, ecn n3BecTHO, UTO MOAKACTHI 3arpy3u-
JINCHh OJHOBPEMEHHO?

9. Jloruueckoe Boipaxenue (5 6.)

3aMeHHUTe JIOTHYECKOE BBbIPAsKEHHE TOMKJIE-
CTBEHHBIM €My, cojepsKaiuM He 6ojiee OIHOI
JIOTUYECKOI OTepaliuu:

(A=(-A>B))A(B=(B—A)).
10. IMouckossie 3anpocsr (10 6.)

Ha PUCYHKE 8 NIpeACTaBJEHbI PE3YyJIbTaTbl
BbITIOJTHEHNA HECKOJIbKHUX ITOMCKOBBIX 3allpoO-

Koanuectso

3ampoc
CTPaHHUI]

ananac | 6ecripezien | Bantopra | 77
Gecripe/ies1 & BajTOpHA 5

Gecripesien | BaaTopHa 62

anaHac & Gecripejies & BaaTopHa| X

aHaHac Y

Puc. 8

coB B mpejiesax goMena. Croabko 6UT nHQOp-
Maruu o 3Hadennn X HeceT B ceGe cooOleHne
«ITo 3ampocam “ananac & Gecripenen” u “ana-
Hac & BasTOpHA” BBIIAETCST OJIMHAKOBOE KOJIHU-
YeCTBO Pe3yJIbTATOB» IIPU YCJIOBHUH, YTO 3HAYe-
Hue Y M3BECTHO U JIEKUT B IIpe/iesiax oT 25 /10
35?

Hy6auxayuio no mamemamurxe nod2omosuUIU
H.Konapues, A.Moucees,
C.IIpeobpasxencrui;

no ¢usuxe — T.Anopeesa,
M. Kpynuna, B.Ky3vmuués;

no unghopmamure — C.Kocmoypos,
E.Kpvuosa, K.Ilnomnuxosa




\/lOCKOBCKWW rOCYAapPCTBEHHbIV
TEXHUYECKUN YHUBEPCUTET
nMeHn H.2.baymaHa

dusuka

Onumnuapga «Llar B 6yayuiee 2019-2020»

OTGOpPOUHDbIN Ty
(nposeden ducmanyuonno)

BapuaHr 1

1. Ilap maccoii m=0,25 Kr u 06bEMOM
V=10 ]1M3 MaJaeT B BOLY C BBICOTBI H =2 M
norpyskaercst Ha ray6uny h=0,5 M, a 3arem
BBICKAKMBaeT U3 Bobl ([IJIOTHOCTD HIaPa MEHb-
e mIoTHOCTH BoAbl). Hatinure BBICOTY /) HA
KOTOPYIO ITOTHUMETCSI I11apP, BBICKOUUB U3 BO/IbI,
CYNTAST CHJIy CONPOTHUBJIEHUS BOJBI TOCTOSH-
noit. ComnpoTusJieHneM Bo3jyxa TpeHe6pedb.
Yckopetne cBo6ogHoro nagenus g = 10 m/c.

2. JIBa 0IMHAKOBBIX YIIPYTUX IIAPHUKa TTO/1Be-
IIEHbI HA HEBECOMBIX HEPACTSIKUMbIX HUTSIX
TakuM 00pa3oM, YTO HUTH TAPAJJIETbHBI U
IEHTPBI TSDKECTU IMAPUKOB HAXOJATCS Ha O[I-
HoMm yposHe (puc.1). [liMHA HUTH [EPBOTO
mapuka Ly=1 ™, Broporo L,=0,25 M. Hutp
BTOPOTO TapuKa OTKJIOHWJIN Ha HeOOJbIIOoi
yrost u orryctusin. CKOJIbKO Pa3 CTOJKHYTCS
HIAPUKK 32 BpeMs T=4 ¢, [pole/liee ¢ Hava-
Jla JBUDKCHUS BTOPOTO IMapuka? YcKopeHue
cBoGoHOro mazenns g =10 m/c?.

3. Ilo BHyTpeHHeH MNIMHAPUIECKON MOBEPX-
HocTn pagmycoM R = 30 cM KaTUTCS IUCK pajin-
yeom =20 cm (puc.2). Onpenenmure paguyc
P KPUBHU3HDI TPAaeKTOpUU TOYKU A [1uCKA.
Yckopenne cBo6oHoro nasenus g =10 m/c”,

4. Ha rmagxoM ropmsoHTaJbHOM CTOJIe Je-
SKUT Tap Maccoit M = 8 KT, NPUKPETIEHHbIN K
IpyXuHe ¢ Koa(PPUIMEHTOM YyIPYTOCTH

Puc. 1 Puc. 2

m

-—0

Puc. 3

k=10" xr/c? (puc.3). B map nomagaer Teso
Maccoit m=1 Kr, uMeioliee B MOMEHT y/apa
CKOPOCTb, HAIIPABJIEHHYIO B/OJb OCH INPYXKHU-
upl. Cunras yaap a6CcoMIOTHO HEYIIPYTUM, OII-
peziesinTe KOJUYECTBO TEILJIOTHI, BbI/IE/IIBIIECE-
s TIPH yIape, eCJIM U3BECTHO, YTO MAKCHMAJIb-
Hasg nedopmanusg npykumHbl A =0,1 M.

5. B maposoii kotes o6pemom V = 5 M° naka-
yasm Bogy Maccoit my =20 Kr u HarpeJsu ee 10
temnepatypbl £ = 180 °C. Haiizure nasaenue p
napoB B KotJie. IIJI0THOCTD HACBHINEHHDBIX I1a-
POB_BOABI TIpH 3TOl TeMIlepaType paBHA
p =505 Icr/ M7,

6. M ieanbublii Ta3 ucrosibayeTcst Kak paGouee
TEJIO B TEIJIOBOW MalinHe, paboTalolniell 1o
IUKJIY, COCTOSIIIEMY U3
aabaTIIecKoro paclu-
penus 1—2, usorepMuyec-
KOro ckarust 2—3 U U30-
6apuyecKOro pacIrmpe-
unst 3—1 (puc.4). KIIJT 2
ka1 = 0,25. [Tpu uso- i%
TEPMUYECKOM CKATUM HAJ|  PUC 4
rasoM cosepiiaercs padora Ap =300 [Ix. Ka-
KyI0 paboTy COBEPIIAET MAIIIHA B 3TOM IUKJIEe?

7. BuyTpu ajieKTprdecKn HeHTPaIbHOTO TPO-
BOJISIIIIErO  Iapa paauycoM R uMeiorcs Tpu
MOJIOCTH, B KOTOPBIX Pa3MelleHbl TOYeUHbIe 3a-
PSIBI +¢ B OJTHOI TIOJTOCTH, —2¢ B APYTOil U +4q
B Tpetbeit (puc.5). Haligure otHomenue moren-
Iaja B TOYKE, HAXOJAMICHCS Ha pPACCTOSHUM

Pr 3 g

3R

Puc. 5




56 KBAHT

1,5R ot 1eHTpa 1mapa, K TOTEHIMAIy B TOYKE,
HaXOJAMIelicsT Ha paccTosHun 3R 0T TeHTpa
mapa.

8. U3 mnpoBoguukoB usroroBjexH kKy6. B
cepefnHe Kaxkaoro pebpa Kyba pacrosoxKeH
BO3/IYIIHBIN KOH/EHCA-
Top eMKocTbio C, TOJ-
HOCTBIO 3aIl0JTHEHHBIN
JIUDJTEKTPUKOM C [IUD-
|_ JIEKTPUUYECKON TTPOHMU-

A l_/l [aeMOCTbhIO e=2

(puc.6). Haiigure or-
puc. 6 HOIIIeHUEe eMKOCTH 9TOI
GaTapen KOHJIEHCATOPOB K eMKOCTH OaTapen, B
KOTOPOH M3 KOH/IEHCATOPOB, PACIOJOKEHHBIX
Ha pebpax, BbIXOJsANUX u3 Bepuind A u B,
JUBIEKTPUK yaamnin. Ky6 BKIrouaeTcs B IeTTh
BepmuHamMu A u B.

9. /IBe BepTUKaJbHbIE MMPOBOJMIINE PEITKH,
paccTostHIe MeXXAy KoTopeiMu L =25 cM, Ha-
(6T XOAATCI B OJHOPOJHOM
1 MArHUTHOM [0JIe, WHIYK-
nus kotroporo B =1 Tnana-
IIpaBJIeHa MePIICH UK Y JISIP-
HO TIJTOCKOCTH PUCYHKA 7.
A m Cc CBepxy KOHITBI peeK Co-

v e/IMHEHbBI Yyepe3 Garapero ¢
L O/IC £=6 B u BHyTpeH-
HUM COTPOTHUBJIEHUEM
R r=2 OM, a CHU3y — uepes

PE3HCTOP CONPOTUBJIEHUEM

R=6 Om. B navaibHbII
MOMEHT TpoBoAAmyio mepemMbraky AC Maccoit
m=100 T, yJIep>KUBAIOT HEMOJBWKHOMN, a 3a-
TeM oTmycKaioT. Uepes HEKOTOpOe BpeMs Iepe-
MBIYKa JBUKETCS BHU3 C YCTAHOBUBINEHCS CKO-
poctbio. HafinTte ycTaHOBUBIIYIOCS CKOPOCTH
TTePEMBIYKH.

Puc. 7

BapuaHt 2

1. Haiizure Besmunny F BepTUKAIBHO HATIPAB-
JIEHHOH CHJIBI, KOTOPYIO HY’KHO TIPHJIOXKHUTD K
OJTHOPO/THOMY PaBHOOOKOMY YTOJIKY Maccoil m

(puc.8), uTo6HI
A yZlepsKaTb €ero B

PaBHOBECHUU MEXK-

Ay ABYMs TIpU3-
a MaTUYECKUMU
omopaMu, TIpH
3TOM CTOpPOHA
YroJIKa MEeXIy
V. onopamu A u B
pacnoJgaraercs
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BEepPTUKAJIbHO. KoadpuimmeHT TpeHus Meskzry
YTOJIKOM ¥ oropamu U = 1.

2. Ha riasikoii Topu3oHTaJIbHOI TTOBEPXHOC-
TH Ha PaccTosHuu L =3 M OT BepTHKAJIbHOI
CTEeHKU HaxoauTcs 1ap Mmaccoir M. [lpyroii
IIap TaKoro XK€ pa3Mepa MacCoil 7 CKOJb3UT C
HEKOTOPOIl CKOPOCTbIO 110 HAIPABJIEHUIO OT
cTeHKn K 1epBomy mapy M. Ilocse abcomoTHO
VIIPYTOTo y/japa MiapoB Iap Maccoil m 10CTH-
raeT CTEHKN W, YIPYTo OTPa3WBIINCh OT Hee,
moroHseT mmap Mmaccoit M. Ormpepesnte, Ha
KaKOM PACCTOSTHUM S OT CTEHKH ITPOU3OIILIO
BTOpPOE coyapenue, ecan n = M/m = 4.

3. Kpusomun OA asmHoit 50 cM Bparaercs
PaBHOMEPHO B BEPTUKAIbHOIA 1110cKocTH (puc.9)

Puc. 9

BOKPYT HEMOJABIKHONW TOoukm O ¢ yTJIOBOW
ckopoctbio @ = 1c™!. Illatyn AB mapHupHO
COCJMHEH ¢ KPUBOLIUIIOM U IEHTPOM KoJleca,
KOTOpOoe KaTHTcsa 0e3 IPOCKAJIb3bIBAHUSA IO
npsMoit, napaseabHoit OB. Omnpenesnure cKo-
pocTb TOUKK [ Kojleca B METPax B CEKYyHIY B
MOMEHT, KOTJa YroJi MeXAy KPHUBOIIUIIOM U
npsamoit OB pasen o = 90°.

4. Ilpusmarndeckuit cocyx AanuHON 3 M o
MUPUHOHN 1 M pasje/ieH meperopoKoil Ha 1Ba
orcexka qmHol Li=2 mu L,=1 ™ (puc.10).

L, L, Cocyf[ 3aI0JIHeH

BOAOM 10 BBICOTBI

Iy=1 M B nepBoM

A OTCEKe U JI0 BBICO-
Tl /1y = 1,75 M BO

h, BTOPOM OTCEKE.
/211
Puc. 10

< 7

Cocyn nepemerna-
eTcs TOPHU30H-
TAJbHO C TOCTOSTH-
HBIM YCKOPEHUEM
a=0,4 M/CZ. Ompezenure CyMMapHYIO CHIY
JIaBJIEHUsI BOJIbI HA MEPETOPOJKY. Y CKOpeHue
cBoGoHoTO MageHus g =10 m/c”.

5. Manomerp Ha GajIoHe CO CKATHIM Ta30M
MoKaabIBa cHauaaa 11 aTM., a rmocJje Toro, Kak
4acTb rasza u3pPacXo/[0BAJH, TIOKA3bIBAECT 3 aTM.
Kakyio dvactp mepBoHavaJbHOW Macchl rasa
uspacxogosanu? Temmeparypa rasa B 6ajaoHe
He M3MEHSIACh.




6. B cocyie, n3 KOTOpOro GbICTPO OTKAYMBAIOT
BO3/LYX, HAXO/UTCST HEOOJIBINIOE KOJIMYECTBO BOJIbI
mpu temmeparype 0 °C. 3a cuer HHTEHCHBHOTO
UCTIAPEHUsT TIPOUCXO/UT MOCTEIIEHHOE 3aMOpa-
JKuBaHue Bojibl. Kakasi yacTh repBOHAYAIbHOM
MAacchl BOJIbI MOJKET ObITh TaKUM 06Pa3oM Ipe-
BpaitiieHa B Jie/1? Y iesibHasi Tersiora napooopa-
30BaHus BO/b! ¥ = 2,3 MJIK/KT, y/ebHast Ter-
Jota maaBiaenns Jbaa A = 330 x/[k/Kr.

7. JIBa OMMHAKOBBIX TJIOCKUX BO3/YIIHBIX
KOH/IEHCATOPA BCTABJIEHBI JPYT B Jpyra Tak,
YTO PACCTOSTHUE MEXK/TY JIOOBIMU JIBYMSI COCE/I-
HUMU IIacTUHaMu pasHo d = 5 MM (puc.11).
Kaxprit Kongencatop coemHeH ¢ HCTOUHUKOM
ToKa, Hanpspkenue kotoporo U = 100 B. Oxna
U3 MJIACTUH KAYK/IOT0 KOH/IEHCATOPA 3a3eMJIeHa.
Haiizinre HAIPSIKEHHOCTD 3JIEKTPHYECKOTO OISt
E mesxy mnactunamu @ u b.

— L+

b

T+
Puc. 11 Puc. 12

8. Cucrema, cocrosiiast u3 Mpy>KUHbI, TOPII-
HA 1 cTomba xuakoctn gmmHoi L (puc.12),
BbIBE/IEHA U3 COCTOSIHUS TIOKOST U 3aTEM COBEp-
nraet cBo6oHbIe Masbie Kosebanus. [Ipene6-
perast TpeHKEM, OIIPEe/INTe IEPHO/L ITUX KOJIe-
GaHMil, ec/I Macca MOPIIHS 72, TJIOIa/b IIoTIe-
pedHoro cedenust TpyObI S, MIAOTHOCTD JKUJIKO-
CTU P, KECTKOCTb TPYKUHbBI k.

9. Ilo AByM rOpU3OHTAJBHBIM TPOBOJSIINM
peiikaM, paccTOsHHE MEXKJAYy KOTOPBIMHU
L =0,5 M, MOXKET CKOJIb3UTh 6€3 TPEHUs Tiepe-
MbIuKa, Macca koropoit m =100 r, a oMmnyeckoe
comnporusaenue 7=0,5 Om (puc.13). Cnepa n
crpaBa KOHIIBI B
peeK CcoenHeHbI T
4epe3 Pe3ucTophbI, Rj i} / L//R
COIIPOTHBJIEHUE 0
KaK/I0T0 U3 KOTO-
peix R=2 Om. Puc 13
CucreMa HAXO/UTCS B OJTHOPOTHOM BEPTUKAJID-
HOM MarHUTHOM TioJie ¢ naaykimei B =0,2 Ta.
HernoaBmKHON mepeMbIdke COOGIIAIOT HEKOTO-
PYIO HAYaJbHYIO CKOPOCTH BJIOJIb PEEK, W OHA,

CMECTHBIINCH HA PACCTOSTHUE S =3 M, OCTaHaB-
smBaercst. Ompejennte HAYAJIbHYIO CKOPOCTD
MePEeMbIUKH B MeTpaxX B ceKyHIy. CompoTusie-
HHUEM peek TpeHe6peub. Ilepembruka pacrioJio-
JKeHa TIePIIeH/INKYJIIPHO PeiikaM.

3akounTenbHbIN TYp
BapunaHT 1

1. YacTuna, nmeromas ¢GopMy Miapuka pajm-
ycoM R =0,6 MKM, TIOJTHOCTBIO ITOTJIOIIAET TIa-
Jlafoniii Ha Hee cBeT . OnpeennTe MJIOTHOCTD
MaTepuasa YaCTUIlbl, IPU KOTOPOIl rpaBUTAaIU-
onnoe Tputsbkenne ee kK CosHIly Ha J060M
paccTosiHUM OT HEro 6y/IeT KOMIIEHCHPOBATLCS
cuyoii cBetoBoro AaBienns. CymMMapHas MOII-
HOCTb cBeToBoro wm3aydyeHus CoiaHIa
W =4-10% Br, macca ComumaM =2 - 10% kr.

2. JIBa OQMHAKOBBIX IIAapa MacCol m =2 Kr
KaX/Iblil, cCOe/IMHEHHbIE HEBECOMON MPY>KUHON
skecTkocTbio R =100 H/M, ckomb3sT mo riaaj-
KOI TOPU3OHTAJIBHOI MJIOCKOCTH CO CKOPOCTBHIO
v = 0,4 M/c 1 HaJIETAIOT HA BEPTHKAJIBHYIO CTEH-
ky (puc.14). 3an-
HUM Tap paspes3an
TOPU3OHTATbHOMI
ILIOCKOCTBIO Ha JIBE
yacTH, Kak nokasza- AC 14
HO Ha pHUcyHKe. Hafinrte MUHUMATBbHYIO BeJn-
yrHy K023 PUIIenTa TpPeHns MKy pa3pe3an-
HBIMU YaCTSIMU 33/{HEr0 Iapa, IPU KOTOPOil
4yacTu He OY/IyT MPOCKAIb3bIBATD [PYT OTHOCH-
TEJbHO [pyra TUpH JaJbHEHIIeM ABWKEHUU
mapoB. Y/ap cuuTath aGCOJIOTHO YIIPYTHM.
Ycekopenne cgoGoanoro nagenns g = 10 m/c?.

3. K ocu kosteca, Mmacca KOTOPOTO PaBHOMEPHO
pacrmpeziesieHa 1o o601y, NpUCoe/IMHEHA Py >KU-
HA, BTOPOIl KOHEI[ TPYXKUHBI TIPUKPEILIEH K
crere (puc.15). C HOMOMIBIO HUTH, HEPEKHHY-
Tol uepe3 OJIOK, K
ocH KoJieca TIoJ[Be-
HIeHbI JBAa Tpy3a:

m kY g m

my=10 xr u
my =25 Kr. Cucrema
HPHIILIA B IBIKEHHE

C HYJIEBOW Havasib-
HOIl cKopocTbio TIpn PG 15

HenedopmupoBantoil mpy:kuHe. Cunras, 4TO
KOJIECO KATUTCS 110 TOPU3OHTATBHON MOBEPXHO-
ctu 6e3 MPOCKAb3bIBAHUS, OIPE/IEJUTE MACCY
Kostleca M, ecJi MakCUMasibHasi CUJIa HATSKe-
HUSI HUTH, COEJMHSIONIEI TPY3bl, TIPH UX [AaJib-
ueiimem asmwkernu, T =80 H. Maccamu mpy-
JKUHDBI, HUTH U GJIOKA 1peHeGpedb. Y CKOpeHue
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cBOOOJHOTO IaJleHust
g =10 m/c?.

4. B ogrOpoHOM 271€K-
TPUYECKOM TI0JIe HAXO-
JIUTCS  He3apsKeHHbII
MPOBOAANIM I Ky6
ABCDKLMN, opueHTH-
pOBaHEbeI TakK, 4TO BeEK-
TOp HANpsLDKeHHOCTH ToJist Ey mepreninkyis-
pen rpanu Ky6a BCML (puc.16). IlosepxHo-
CTHAs TJIOTHOCTD 3apsi/la B CepeHe YKa3aH-
HOIi Tpanu paBHa +0,. Haiigure Mogyb 1110T-
HOCTH 3apsi/IoB B cepeanHe OOKOBOW TpaHU
ADNK n Bepxueit rpaiu KLMN, ecin ky6
PACIIONIOKUTD TaK, YTO BEKTOP HANIPSIKEHHOCTH
noJsist Gyner napasiesnen auaronanun AC HUK-
Hell rpaHu Ky6a.

3. B astekTpuueckoii memnu, mnpeacraBaeHHOIM
Ha prucyHKe 17, cCOpoTHBJICHNE KaXKI0TO Pe3n-

K

h
Q ym 2

A B

s cropar =1 Owm. Kakas
MOIIHOCTD Oy/€T BbI-
) JIeJIAThCS B 9TOM 1Ie1IH,

ecan K Toukam 1 u 2
H HO/ICOe/IMHUTD 6aTapero

cACE =6 Busayr-
1 PEHHUM COITPOTHBJIEHHU-
eMmr=1 Om?

6. TeruonsospoBaH-
HBIIl COCyJ|, OTKauaH-
HBIIl /10 TJTy6OKOTO Ba-
KyyMa, HaxonTcsl B GOJIBIIIOM o6beMe, 3arol-
HEHHOM CMECBIO apTOHa 1 HEOHA TIPH /IaBJIEHHH
p =10’ ITa u Temuepatype T, =300 K. ILmot-
HOCTb cMecH p = 1,0 KI‘/MS- B HekoTopbiit MO-
MEHT OTKPbIBAIOT KPaH, U IIPOUCXO/IHT 3arl0JIHe-
HHUe cocyza razoM. Ompenesnnre TeMIepaTrypy
rasa B COCyZie IOcJie ero 3aroJHeHns. Kakas
YacThb BHYTPEHHEH SHEPIUu ra3a B COCYy/Ie MpHu-
XOJIMTCST HA aToMbl aprona? /laBJjenne raza BHe
COCy/la CUNTaTh HEM3MEHHDIM.

3 4
Puc. 17

BapuaHT 2

1. Ha qudpakiinoHHyo pererky ¢ nepuoioM
2 MKM T1a/IaeT HOPMAJIbHO CBET, IPOIYIIEHHbII
CKBO3b CBeTOMUAbTp. DUIBTP MPOIYCKAET
Bosibl unHoi ot 500 g0 600 M. Haunnasg c
KaKOTO MOPSI/IKA CIIEKTPbI OY/IyT HAKJIA/(bIBATD-
¢ ApYT HA pyTa?

2. OuH KOHeI| KaHata yepsKUBAIOT Ha BbICOTE
h OT 3eMJIM, BTOPOH €ro KOHEIl KacaeTcsi 3eMJin. B
MOMeHT BpeMenu t=( KaHaT OTIYCKalOT, W OH
HaYMHAET CBOGOIHO TTajIaTh Ha 3emJio. [Tosryanre
AHAJIMTUYECKYIO 3aBHCHMOCTD CHJIBI, C KOTOPOW
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KaHaT OyJeT MaBUTHh HA 3€MJIO, OT BPEMCHM.
Macca eQHUIBI JIMHBI KaHaTa paBHa .

3. C v MOJIsIMU UI€aJIbHOTO ra3a IPOBOUTCS
[UKJINYECKII TIPOIIECC, COCTOSIINIT U3 [IBYX
nsoxop /—2 u 3—4 n 1Byx mporeccoB 2—3 u 4—1
¢ JINHEWHOW 3aBUCUMOCTBIO JaBJIEHUsT OT 00be-
mMa (puc.18). Temmne-
paTypa raza B COCTOSI-
nuax f u4 pasna T, a
B coctogHusix 2 u 3
paBua 2T . Haiigure
pa6ory, COBEpIIAEMYTO
ra3om B IuKJe /—2—3—
4—1, ecsi 1aBJIeHUS B
coctostHusX 1 1 3 pas-
HbI.

4. TlocseoBareIbHO C 3JIEKTPOILIUTKON CO-
nporuBienneM R =50 OM B TOPOJACKYIO CeTh
(/=50 Tu) NOAKIIOUMIN KATYIIKY MHLYKTHB-
HOCTH C OYEHb MaJIbIM AKTHBHBIM COMPOTHBIIE-
nueMm. [Ipu aToM TersioBasi MOIIHOCTD ILJIUTKHI
yMeHbIIach B 7 =4 pasa. Onpeaennre nH-

pA

Puc. 18 |4

TYKTUBHOCTD KaTYIITKN.

3. IIpocrpancTBO pasziesieHo Ha /[Be TOJIOBU-

HBI IPaHUYHON II0CKOM oBepxHocThio (puc.19).

B BepxHeit moIoBUHE CO3/]JaHO MarHUTHOE TIOJIe

¢ uHaykiueit By, a B

2N ® B, HUKHEH ¢ MHAYKITe

B,. Marnurnble 1oJis

e OJTHOPOJTHBI U TIapaJi-

® B, JIeTTBHBI IPYT JIPYTY.

Puc. 19 C mockocTu pasjie-

Jia TIEPIIEHINKYJISIPHO €l BBLJIETAET 3JIEKTPOH CO

CKOPOCTBIO 7)) B CTOPOHY BepXHEH ITOJOBHHBI

mpoctpancTBa. Omnpezennte, ¢ KaKoi cpemaneit

CKOPOCTBIO Oy /IET ITEPEMETIATCST JIEKTPOH BJIOJTb
TPaHIMYHON TTOBEPXHOCTH.

6. BeprukaJsbHas 4acTb TOHKOH OTKPBITOM C
o6oux KOHIIOB L-06pasHoii TpyOKu 3arojiHeHa
Ha JAJMHY L SKUJKOCTBIO U y/Ep>KUBaeTcs ¢
nomorpio knamnana K (puc.20). TTocse oTKpbI-

THS KJalma#a BCA
JKUAKOCTD U3 TPYO-
T KU BbITekaeT. Haii-
nute Anuny [ Mare-

L MaTUYECKOTO MasiT-
o HHKa, TepHoj Ko-
K o JieGaHuil KOTOPOTO
2L “ paBeH BpeMEHHU BbI-

Puc. 20

TEKAHUS JKUIKOCTH

13 BepTUKaJbHOU YacTu L-o6pasHoil TpyOKu.

Cunamu TpeHUA U TTIOBEPXHOCTHOTO HATAKECHUA
SKUJKOCTH TIPeHeGpedb.

Hy6uxauuio nodzomosu

IO.Cmpyxoe



OTBETHI,

«KBaHT» and Mmnagumx WKOoJIbHUKOB
(cm. «Keanms No7)

1. Jla.

Hampuwmep, (5+10+11+12+13)-3 +
+(1+2+3+4+6+7+8+9)-7=433.

YMuoxuM Bee uncaa Ha 3. VIX cymMMa craHeT paBHA
(1+2+...+13)-3=273. Ocraioch yBeJIU4UTD CyM-
My umcen eme Ha 433 -273 =160. Dtoro Hamo
JIOCTHYD J06ABIEHNEM YUeTBEPEHHOI CyMMbI KaKNX-
TO BOCBMU dHCEJ, a 3HAUUT, UX CyMMa paBHA
160/4 = 40. Ocranoch BeIOparh u3 uncen ot 1 go 13
BoceMb umcea ¢ cymmoin 40. Hampumep, MoxHO
BbiOpatb 1, 2, 3, 4, 6,7, 8, 9.

2. Moruo.

CM. npumep Ha pucynke 1.

Puc. 1

3. 13 rocreii.

Bcero 3a roj skutenn crpambl cbesn 18 kopoGok n
39+25%2+84x4+95%x4+65x7 =1260 wonder.
3HauynT, B KakI0i KOpoOke Gbumo 1260 :18 =70
KoH(peT. ITO KOIMYECTBO KAXK/blil Pa3 eJujioch
MTOPOBHY MEK/Iy COGPaBIIMMUCS HA JTHE POXKICHUS.
Tak kak Gomee 18 uwesOBeK Ha [HE POKAECHUS CO-
OpaTbcs He MOIJIO, TO TaM MOTIJIO IIPUCYTCTBOBATD 14,
10, 7, 5, 2 man 1 4esI0BeK, U KasK/Iblil 13 HUX CheIa
5, 7, 10, 14, 35 nm 70 xoHder COOTBETCTBEHHO.
PacemorpuM oiHOTO M3 KUTeEJEl, CHEBIIETO 3a TO/
25 kouder. EcTb TOJbKO TpU BapHaHTa, KaKk OH MOT
CHECTb TaKOe KOJMYECTBO: 59X, 5x3+10 wnam
5+10x2. B umo6om ciyuae Ha OfHOM U3 JiHeil
POXKJIEHUST COGpABIIHECcs] CheJaH Mo S5 KOHDeET, T.e.
TaM npucyTcTBoBaso 14 yesnosek. Ho ato HanGosin-
1ree BO3MOXKHOE KOJMYECTBO, a 110 YCJIOBHIO UMEHHO
y Banu 6b1710 GoJibllie Beero Jito/ieil Ha JIHE POsKIe-
. 3HAuWT, OH mpurjacua 13 rocreii.

4. 45° n 75°.
O603HAYNM BEPIIHMHBI
YeTBIPEXYTOIbHIKA, KaK
[I0KAa3aHO Ha PUCYHKe 2.
Hoctpoum ABC no xBa-
npata ABCX (puc.3).
B tpeyrompnuke XCD
yroa XCD pasen ZBCD —
= /BCX =150°-90°= B c
=60° a cropoubt CX u Puc. 2

YKAS3AHUA, PEIIEHNA

CD pasnbl. 3nauut, pe- A X
yrosibHuK XCD — paBHO-
GeapeHnblii ¢ yraom 60°,
T.e. paBHOCTOpoHHMil (B T B

YACTHOCTH, OTPe30K XD 90° | 60° D
Takke paBeH cropone o | ,
KBajipara). B C

Tenepb, Korjga Mbl I0Hs-  PUC 3

JIN, YTO HAIl YeThIPeXyTOIbHUK HOIy9aeTCs U3 KBAJI-
paTa u TPaBUJIBHOTO TPEYTOJbHUKA, MOXKHO TTOCYH-
TaTh ero yribl. Tpeyroabank AXD paBHOGEIpEHHbII
¢ yriom 90° + 60° = 150° npu Beprune (puc.4).

A ) X
57 ]
90° |60° D
L [
B C
Puc. 4
[Toatomy
ZXAD = ZXDA = u =15°.
3Hauur,

ZBAD = ZBAX — ZXAD =90°-15° =75°,
ZADC = ZXDC - ZXDA = 60°—15° = 45°.

Kanenpockon «KBaHTa»
Bonpocbl 1 3apgaun

1. MuHuMaTbHAS CyMMa PACCTOSHUI OT KEJTOTO
cTo16a /10 YeThIPEX KPacHBbIX paBHa 6 kM (puc.5).
Torpa makcumasbHas

CyMMa pAaCCTOSTHUI OT |_| |_| |_| |_| |_| |_| |_| |_| |_|
JKEJITOTO CTOJI6A /10 IBYX Puc 5

OCTABIINXCS KPACHDBIX HE

MIPEBOCXO/TUT (14 - 6) kM = 8 kM. [loatomy Makcu-
MaJbHOE PACCTOSHUE MEX/Iy KPACHBIMH CTOJIOAME
paBHO 8 KM.

2. Hano HaiiTu «OTpaskeHue» TOYKH B 110 ApYyryio
cropony aoporu (puc.6). Ha mepecevennn npsamoii
AB’ ¢ poporoii Jiexxur touka M, Ui Hee cyMMa
AM + MB — MUHUMaJIbHA, TaM U CJIe/lyeT II0CTaBUTh
OCTaHOBKY.

A B
M \\
\\
\\ ,
\\B
e
Puc. 6
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Puc. 7

3. B cucreme orcuera, CBSI3aHHOI cO BTOPBIM Kopab-
JIeM, TIEPBBIN JIBUXKETCS TIO TPSMOI BOJb BEKTOPA
Oy — 0y (puc.7). TlepneHauKyisp, ONYIIEHHBIH Ha
3Ty TPSIMYIO0 U3 MECTOHAXOK/EHHSI BTOPOTO KOpab-
Jist, v GyJIET MCKOMBIM PAacCTOSTHHEM [ ;..

4. CxopocTb ITOBIIa OTHOCUTEJIbHO Gepera ¢ 3aj1aet-
csl HaIpaBJEHHEM B TOUKY MAaKCHMAaJIbHOTO CHOCA
(puc.8). C npyroii croponst, 8 = gy, + 3, IPH ITOM

N

I

Up
Puc. 8

CKOpOCTh TIOBHA Oy/IeT MUHUMATBHOMN, ecan O,
cocraBuT npsMoit yroa ¢ 9. Takum o6pasom,

. d

Opnmin = Op SINOL = 0 ——c
Irmin P P d2 + s
5. Ecui 3a Bce BpeMsl IBIDKEHIS ITPOEKIHsS yCKOpe-
HHS OCTAaBAJIACh MOJIOXKHUTEIbHOI, TO CKOPOCTDb TeJia
MOrJIa TOJIbKO Bo3pactarb. Iloatomy nammenbieit
ona OblJa B HavyaJbHblil MOMEHT BpeMeHH f,, a
HanGoJIblIelt — B KOHEYHDBIIE MOMEHT 3.

6. ITnomazan nog rpadpukaMu pa3IM4HbIX BAPUAHTOB
asikennst (puc.9) pasHbl — 970 1yTh M3 A B B.
O‘IeBI/II[IIO, 4YTO MUHUMAJIbHOE BPpEMA t1 J0CTUraeTcd,
€CJIM TI0JIOBUHY ITyTH TEJIO IBHKETCS PAaBHOYCKOPEH-
HO, a BTOPYIO TIOJIOBUHY — PaBHO3aME/JICHHO.

7. Bpems cockaabspiBanus pasuo (puc.10)

=1,6 m/c.

2s/cosal 4s
gsino

Ono Oyzer MUHUMAJIb-
gsin 2o,

HbIM, ecau sin 2o =1, o0 = 45°, T.e. h=s.

Oy

Puc. 9

Y

2020/ Ne8

Puc. 10

8. Ecsim ckopocTh CTpyH Tapa mocje OTPaKeHus OT
JIonaTku, Gy/leT PaBHSTHCS HYJIO, TO B IHEPTUIO
BpallleHnus: TypOUHDI TIEPEHIeT 6cs dHEPTUS CTPYH
mapa. B rtakom ciydae CKOpPOCTb JIOTIATKH OyZeT
B/[BOE MEHbIIIE CKOPOCTH CTPYU, UTO, KCTATH, K
BBITIOJIHSIETCS B paboueM peskuMe TYpOMHBI.

9. U3 ypasuenus Menjgeneesa—Kuareiipona moury-

JaeMm p:WmT:OLmT, T7e O — TOCTOSHHAs.

C]Ie,C[OBaTeIII)HO, «MN30MaCChI» JOJIXKHbI MSOépa)KaTbCH
Ha I‘paqﬁ)I/IKC NPpAMbIMH, HaKJIOH KOTOPbIX TEM 60.J1b-

p

Puc. 71

me, yem Goublre Macca raza (puc.11). Takum o6pa-
30M, B TOuKe A Macca MakCHMaJbHA, a B TOUKe B —
MHIHUMAJbHA.

10. 3 ycsoBus ciejyer, 4TO KOHEYHAs TeMIepaTy-
pa rasa paBHa HauaJbHOI 1j), T.e. Ha AmarpamMme
p, V toukm / m 2 Jjekar Ha OAHOW M30TEpMe.

PA
1 1
\ 1
\ 1
\ 1
\ [}
\ 1
7\ 3
p \
N\ \
W\
A\, \
\\\\\
* NN
p --------- —
~
p l\\\\\
Q _:\ o ~~T
~
19 >0 max
:2 S~ T
' 0
i
!
*
puc 2 VIV 2V 1%
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MaxkcuMaIbHas TeMIepaTypa JOCTHTaeTCs B TOI TOU-
ke ¢ mapamerpamu p’ u V7, rae rpaduk mporecca
Kacaercs uzorepmbl ¢ T, (puc.12). Coo6paskenus

3
CUMMETpUN TPUBOJAAT K 3HAYEHUAM p*:Z;{) n

V= %V. HNasee, pV = VRTyu p'V* = vRT,,, OTKy-

na T —gTO.

max
8

11. TIpu u3MeHeHUH paccTosiHuS d OT MpeaMeTa 0
JIMH3BI OT oo 10 2F paccTosiiuie OT JIMH3bI 10 u300pa-
skenus mpo6eraet 3uavenusi ot F o 2F . [Ipu nanbHeii-
meM npubKeHni peaMera K Jmuse d u f Kak Obl
MeHsoTest MecTaMu © 2F < d < F n 2F < f S oo, JTa
«CHMMETPHsI> MOJICKA3bIBACT, YTO MUHUMAJILHOE Pac-
CTOSTHHE MEK/IY Tpe/iMeToM 1 u3obpaxeruem [ =d + [
pasmo 4F, npu atom d = f=2F.

MukpoonbIT

[lenTp TsKeCcTH HAMMTONH BOABI CTPEMUTCS 3aHSTDH
HanHusee noJoxkenue. ITockoibKy 06beM HATUTOI
BOJIBI [TOCTOSIHHBIH, TO IJIONIA/b OCHOBAHMUS IOJDKHA
6bITb HAMOObINel, a 3TO COOTBETCTBYeT KpyTy. Ilo-
BEPXHOCTb «PACIPABUTCS» TaK, 4TOOBI HPHUHSATH
¢opMy IPsSMOTo KPYroBOro IUJIMH/PA.

0O6xo4, MHOroyrosibHMKa
YnpaxHeHus

2. Ilpumeps! mokasanbl Ha pucytke 13.

= =

Puc. 13

— T =

Puc. 74

3. Ilpumep nokasaH Ha pucyHke 14.

4. S| =9-360°. Ilpyi n3MeHCHNI HAIPABJICHUS BEJIH-
uynHa S MeHseTCs Ha MPOTUBONOIOKHYIO (T.e. MeHs-
ercs 3HaK uymcaa S).

5. a) Ilpumep npusesen na pucynke 15, cTpeaxoi
MOKa3aHo Hampas/enne o6xoja; 6) NpPUMep NpuBe-
JleH Ha pucyske 16.

Puc. 15 Puc. 16

JononHuTtenbHble 3apa4n

1. DyaeMm 06X0auThb TPAHUILy MHOTOYTOJbHUKA.
Hanpassienne Kaxablii pa3 M3MeHSIETCSI HA yTOJ,
kparubiii 10°, moaTomMy Bce HampaB/eHus 06pa3yioT
C HAvyaJbHBIM HANpaBJIEHWEM YTIJibl, KpaTHbie 10°.
Takmx BO3MOJKHBIX HaNpaBJIeHUH BCETO
360°:10° = 36. Tak kak HampaBieHuil 06X0/1a CTO-
pon 19 u ato Gosbmie 36/2, To cpean HUX HaliayTcs
JIBa OJINHAKOBBIX HJIN MPOTUBOIOMOKHBIX. 3HAYNT,
[IPU J[BICKEHUN BJIOJIb 9TUX [BYX HAINPABJCHUIA MbI
[LJIA [0 TTAPAJIJIeJIbHBIM CTOPOHAM.

2. a) 3, 6) [2n/3]+1. Vkasanue: mcmonbsyiite
opMyJly CyMMbI YIJIOB 1-YTOJBHUKA.

CaHkT-lMeTepOyprckumn
NONIMTEXHUYECKUN yHUBepcuTeT
Metpa Benukoro

MaTtemaTuka

OTOGOpPOYHBbIN TYp

1.4.2.34/45.3.6.4.31.5. —1.6.4.7.7.8.20.
9. 2. 10. 4.

3aknouuTenbHbIA Typ
1. 3.

JleBasi yacTb ypaBHEHUST — CyMMa ABYX HOJI0KUTEIb-
HBIX cJIaraeMbIX. Ecim x < 2, To 2072% > 902 == 453
U PaBeHCTBO He BpIOAHATCA. Ecanm x >4, 10
2978 > 98 5 3 11 crHOBa PABEHCTBO HE BBIOJHSICTCSL.
Pemrennem moxker 6bITh ToJIbKO x = 3. IlpoBepka
MTOKA3bIBAET, YTO 3 — PEIICHNE YPABHEHUS.

2. [2; 3]u{6}.

JlonyCcTUMBIMU SBJISIOTCS T€ 3HAYEHUS X, /IS KOTO-
poix ¥2-9x+18>0, r.e. x<3 wm x=6. [pu
atoM x =3 1 X =6 — peleHus HepaBeHCTBA.

Ecom x <3 wmm x > 6, HepaBeHCTBO CBOAUTCS K
22 —6x+8<0, (x-2)(x—-4)<0. IIpu x <3 ouo
BBITIOJIHSIETCS, €CJIN X = 2, a IPU X > 6 He BbIIOJIHS-
€TCS HU TP O/THOM 3HAYCHUW X.

3. 2.

Monoxum  a,=f,(2). Torma a =31,
3 2 3 :

a=(3°) ~1=3" -1, 032(332) =31

n
. a4, = 3% —1. Mun IOJI?KHbI HAWTU 1IEJOYNCJICH-

Hble PelICHUS HEePaBeHCTBA 3 <3% —1<37.
Hepasencrso Bbinonueno npu n=6, 7, T.e. 1pu
JIBYX 3HAUECHUSX M.

4. 93.

[ycts n+7 =i, n+51=j% Torma 44 = j? —i* =
=(j—1i)(j+i). Uncna j +1iu j —i NMeIOT O/IMHAKO-
BYIO YEeTHOCTD, T03TOMY [ +1 =22, j—i=2; j =12,
n+51=12% n=093.

3.5, 6,7, 10.

[TponymepyeM SIMKH 110 BO3PACTAHUIO YHCIA UTPY-
meK, depe3 7; 0603HAYMM YUCJO WIPYIIEK B I-M
amuke. Torma ny <mny <ng<mny, n+ny+ng+
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+ny =28, ny = 2n,. Tlonyyaercs, 4To
28=n+ny+ng+n, zn +n+1+

+m+2+n +3=4n+6.
CuefioBarenbio, 1y < 5. C Apyroii cTOpoHsI,

28=n+ny+ny+n; <n;, —3+n, -2+

+n, —1+n, =4n, -6, 4n, >34, 4ng 217, ny 2 5.

Wrak, ny =5, n; =10. Tenepb exnHCTBEHHBIM 00pa-
30M Mbl MOJKEM HA3HAYNTh 3HAYEHUS 71y =6, n3 = 7.
6. ae (1/2; 3/5].

IIpn a = +1 ypaBHeHne nmeer GECKOHEUHOE YHCJIO
peutennii (ecam ¢ =1, peuienneM sBJsteTcs Jo60e
1eJIoe 4ucjo; ecan a = —1, moboe 4ucao us [0; 1) -
pemenue), ipu @ <0, @ # -1 uw npu @ > 1 — TOJIBKO
mysesoe pemrerne. Unrepec npegcrassior a € (0; 1).

[x], ypaBHenue moxHO 3amu-
=[x]e Z,
2k

II0JIy4aeM <«BO3MOJKHDIEY» pEUIeHUus Xj, = a—; Xp —

+1
)
peniesne ypaBHeHU:A, ecyn k: — |, T.€. ecJn

a+1

[ockombky {x}=x -

catb B Bume 2[x]-x=ax. Tonaras k

2k
k< ] < k+1. JleBoe HepaBEHCTBO BBIOJIHSACTCSA
a+

npu Bcex k > (); mpaBoe MOKHO IeperucaTb B BUje
k-1
—<a.

k+1
2 4 6
, , , €CJTH
a+1 a+1 a+1

Mbl noJtyuum 4 perrenus [0,

<a<

\ll\JIA
“uilw

. 36.

B nepBomM ciryuae maccaskup CMeCTUJICS OTHOCHTEIb-
HO TpaBosaTtopa Ha 30 crymeneil, a TpaBoJaTop
[IPOAIBUHYJICS Ha m CTyleHell. B urore maccaskup
npojBunyJics Ha 30 + m cryneneil. Bo Bropom cuy-
Yae TPABOJATOP CMECTHJICS Ha 7 CTYIeHel, racca-
SKUP TPOJBUHYJICS HA 45 — n crymneneit. [Ipoxsmxe-
HHUS IaccaXmpa OAMHaKOBBI, 30+m =45-n,
m+n =15, OrHolIeHHE CKOPOCTEH TpaBoJaTOpa U
n m _n

— . Ionyuaercst, uTo — = —;
45 2 3

m =6,n =9. Ilo HeOABMXHOMY TPABOJIATOPY Macca-
skup npoiizer o 30 + m = 45 —n = 36 cryneHsiM.

8. 2/3+3.

Ilycts @, b — gnmHbBI CTOPOH, 06PA3yIONNX YTroJI

m
Iaccaxupa paBHO % =

120°. Tlo Teopeme kocumuycos, @ +b” +ab =9

Orciona 3(a + b)2 +(a- b)2 =36. Cymma a + b noc-
TATHET CBOEr0 HaWGOJIBINEr0 3HAYEHNUS, ecam a = b.
=3, a me-

TTpu Takom ycmoBuu @ +b = 2\6, a=>b

puUMeTp TpeyroJibHUKA PaBeH 243 + 3.

2020/ Ne8

9. (1,3),(3,1).
ITpeoGpasyem 1iepBoe ypaBHEHHE CHCTEMDbI:

T+ 202 =16x72 = 2ya™",

2+ y =16 - 2xy,

(x+ y)2 =16,

X +y==*4.
Bropoe ypaBHeHue MOXKHO 3amucatb B BUJE
(a® + yz)(x + y)(x2 -xy + y2) = 280. U3 atoro pa-

BEHCTBa BbITeKaeT ycsoBue x + y > 0. CieznoBareib-
Ho, x + y = 4. Bropoe ypaBuenue npuHuMaeT BUJL

(+ +y)(

( x+ y - 2xy)((x + y)2 - Sxy) =70,
(16 = 2xy) (16 — 3xy) = 70,
S(xy) - 40(xy)+93=0,

31

xy =3 nm xyzg.

Mpbl IpUXOAUM K ABYM CHCTEMaM

- xy +y2) =70,

x+y =4,

x+y =4
n 31
xy=3 Xy =—

3
epsast cucrema nmeet perennst (1,3), (3,1), a Bro-
pasi peleHuii He UMeeT.

10. 3% + 3x%,

[TockombKy B JI€BOI 4acTu paBeHCTBA CTOUT MHOTO-
YjIeH BOCbMOU cremnenu, To n = 8. Ilomaras x =1 B

paBeHCTBeP(x)(JCZ - 1) = ax" - 32" maxomuma = 3.
V3 1moJiydaionerocsi paBeHCTBA P(JC)(JC2 - 1) =

=3x8 - 321 cnenyer, uro P(x) = 348 + 327

dusuka

OTGOpPOUHBIN TYp

1
1. t:m(n(t1+t2—t3)+2(t1—t3)):11‘1.
2. u:(1—(1—n)2)tgoc=0,208 (snecp 1 =0,2).
m2 z
3. Ah=—1 = 4,93 MM.
(m1+m2) 2g

4. m=p,S x—(aq +2,) =175 k.
X2

S.m=m 2%2167 (3peco ny =7, p=17).
6. m= 100[1—£]= 4,79%.
T,
7.5 = "L D) 2460w
nF T;
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8. dy=d, 1 "% - 243 cn.
-0y

9. q=9=0,110 K.
U

Van® -2
V2n2 -1-1

3aknounTenbHbIA Typ

10. h=d =106 cMm.

1. tgo =21 20,214, o =120,
w+2
2. _ 11m i
Sm+M 3
3.1 =M=3,5cM,L=11+10+12=11,SCM

L=
(3nech ly — mepBoHAYANBHAS JJIMHA MY3bIPHKA).
4. h_8_ 3,24.
P25

5. Aw = (1)8—_1 = 83,3 pan/c.
€

G.d:D—hizZicm

J5

NHdopmaTuka
OT6OpPOUHDbIN TYp
1.7.2.71.3.97. 4. 1269. 5. 38; 88.6. 11. 7. B, E, F.
3aKkniouunTenbHbIN Typ

1. =MUWH(OKPYTJIBBEPX(F6,/$D$3;0)*E6;
OKPYTJUBBEPX(F6,/$D$2;0)*D6;
(F6-OCTAT(F6;$D$2)) /$D$2*D6 +
OKPVTJBBEPX(OCTAT(F6;$D$2) /
$D$3;0)*E6)) (BO3BMOKHDBI MHbIE HATMCAHUS apry-
MeHTOB MuHnMyMa). 2. 55 (pyHKUMSA peannsyer
onepannio XOR, napuble 3HaueHNs B3aMHO YHHUY-
toxkatorcs). 3. 0. 4. a) (1, 4); 6) (1, 1579). 5. 425.
6. MOHBJIAH. 7. 14. 8. 1 mun. 9. A A B. 10. 1 6ur
(BBICKA3BIBAHHE TIO3BOJISIET OIMPEIETUTD, YeTHO X
WM HEYETHO).

MOCKOBCKMI roCyAapCTBEHHbIN
TeXHUYeCKUN yHUBepcuTeT
nmeHun H.D.baymaHa

OTGOpPOUHBbIN Typ

BapuaHt 1

1. Iy = Zh(ﬂ— )—H =1m (mpumenure 3aKoH
m

COXpaHeHudA SHEPpruu Mmpu ABUKEHUUN I[Iapa BHU3 1

BBEPX; p = 10° kr/m® — mrOTHOCTD BOABY).

2. Ilpousoiizier 5 CTOJKHOBEHMIA.
8
3.p= §R =80 cM (Toura A BpalaeTcs OTHOCHTETb-

HO IIeHTpa JINCKa M BMeCTe € JUCKOM — IO BHYTPEH-
Hell UIMHAPUYECKON MOBEPXHOCTH).
4. Q=400 JIx (BocmosbayiiTech 3aKOHAMHU COXPa-
HEHUSI UMILYJIbCA  MOJHON SHEPIin).

~ myRT

3. p = 0,84 MIla (Bcsa Boaa mpeBpaTHIaCh

B HEHACBIIEHHDIN T1ap).

6. 4= _ 100 1.
1-m

7.9 2
()
o CL_(25C 9 _
C, (1219¢ 5 T
P LA LZGM/C.
BL r |BL(R+r)
BapuaHt 2

1. F = 2-pmg _mg (3amuuure ycioBUs paBHO-
w12 2

BeCudg yronKa JUJIAA BOSMOJKHDBIX HOCTyHaTeJIbHOI‘O n
BPAIATENbHOTO [IBUKEHUIA).

_L(n+1)
B 3

2. s =15 ™ (Bocrnosb3yiiTech 3aKOHAMU

COXPaHEHHs] MMITYJIbCa W SHEPTUH JUIsi aGCOMIOTHO
YIPYTOTO yjapa).
3. vp =2w-04 =1m/c.

4. F=9560 H (yposenb Bombl B 060MX OTCEKax
Gy/leT OTKJIOHEH OT FOPU30HTAJIHM Ha YTOJ O TAKOM,
uro tgo = a/g).

Am
5. — = 0,67 (MaHOMETp MOKa3bIBACT PA3HOCTD MEIK-
m

Ay [daBJIEHMEM Tra3a B GaJl/IoHe U aTMOC(l)eprIM

JIABJICHUEM ) .
6.5 _ T _o87.
m  A+r

7. E=22 2 _ 4o B/m.
d d

8. T=2n %zzn M
k+pgS

‘CUCT

2B%1%s
9- UO =
m(R + 2r)
YeCKas SHEpruda paBHa KO]II/I‘{CCTBy TEILJIOTbI, BbI-

=0,2 M/c (nmavanbHasg KUHETH-

JICTUBIIEMYCS B TIEITH).
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3aKnounTenbHbIN Typ

BapuaHT 1
1.p= L =10° Kr/M3 (cusa cBETOBOTO /1aB-
16nGcRM
hv W,
aenus pasna Fy =Npg, pg =" hv =W°,
W o2
Wy = > TR, CUTa TPaBHTAIMOHHOTO TPHUTSKeE-

4mr

M
Hns pasHa F, = Gm—z).
r

v |2k

2. Upin = —+/— = 0,4(cuctema cosepuraer rapmo-
g\'m

HIYecKne KoJeGanus).

3 Ap=MtMy[ Mg
2 T —myg

poii 3akon HbloToHa /i1 MOMeHTa BpeMeHH, KOrja

1] = SKr (33_HI/ILHI/IT€ BTO-

IPY3 MAcCOM 7, HAXOAUTCS B CAMOM HUKHEM T10JIO-
JKEHUHM, BBIPA3UTE OTCIONA €r0 YCKOPEHWE 1 CBSKUTE
€0 C AMILTUTY/I0H M 9aCTOTON FaPMOHUYECKUX KOJIe-
GaHuil cucTeMbl).

4. Vcniosib3yst TIPUHIMTIBI CUMMETPHH 1 CYTIEPIIO3H-
I[MN, HaiiIeM TJIOTHOCTH B CepeInHe GOKOBOIT TpaHm:

oy .

oy = E U B cepeJuie BepXHeill rpamm: oy =0.
_10¢?

r

5. P =7,35Br (BHemrHee conpoTHBJICHHE

2
1[ery PaBHO gr).

6.7 = %7;) =500 K; o =0,25 (B cMecTH HaxXosaTCs

O/IUH MOJIb aproHa U TpU MOJIA HeOHa).
BapuaHt 2
1. Haunnas ¢ ngaroro nopsijika.
3
2. F :Epgzt2 (pTa cuyia CKJIAJIBIBAETCS U3 CUJIbI

JICIiCTBUS TIAJal0IIero dJeMeHTa KaHaTa M CHJIbI
TAKECTU YiKE JeKaleil Ha 3eMJie 4acTu KaHaTa).

3. A =ngT (pa6ora umMCIEHHO paBHA TLIOMIAAN

oA rpauKkom).
Ryn—1
2nf
[OCJIEIOBATEIBHO COCAMHEHHBIX AKTUBHOTO COTIPO-
THBJEHNST R W WHIYKTHBHOTO COIPOTHBJEHHUS Ka-

Tymkn paBuo  R* + 4n’ %),

4. L= =0,27Tu (o6miee conmpoTuBIeHNE

2020/ No8
20, (B, — B,

5. u= 200 (B, = By) (B Kakmoil TIONOBHWHE TIPO-
(B, +By)

CTPaHCTBa 3JEKTPOH ABMIKETCS 110 IMOJYOKPYIKHOC-

TH CO CBOUM PaJIMyCOM M CBOMM BpeMeHeM ToTy060-
pora).

L
6. /= 16 (¢ mOMONIBIO 3aKOHA COXPaHEHUSI SHEPIUU

MOJKHO IIOKa3aTb, 4YTO BbIT€KaHHNE JKUIKOCTU Y/10B-
JIETBOPSAET YPABHEHUIO TapMOHUYECKUX KoJIe0aHuil ¢

nepuogom T = 215\/2),
g
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IMMAXMATHAA CTPAHUUKA

MopreM
ALV

CerosiHsl MBI TIPOJOJDKUM pas-
6uparth MAPTHU M3 MAaT4a MEXK[Y
AlphaZero u Stockfish, a nameii
TEMO craHeT HeoObIUHbII TIepe-
BOJ JIabU € OAHOTO (hJIaHTa Ha
apyroit, npuHectyii B 1979 roxy
apkyto 1obexy Muxamay Tado.
Ecan 6b1 MBI He 3HAJM, YTO
AlphaZero cmpoexTipoBana o
[IPUHIIUITY CaMOOOYYaloIeiics Heii-
DOHHOIT ceTH, TO OIpeeseHHo
MOTJTU GBI TIPETIOJIOKNTD, YTO OHA
3HaKOMa C 3Toi mapTmeit «Boi-
me6HuKa u3 Purus». B mo6om ciry-
yae caM (PaKT <«3aMMCTBOBAHUS>
U/led MCKYCCTBEHHBIM HWHTEJIIEK-
TOM TOBOPHT O TJIyOMHE MOHUMA-
HIIST TIAXMAT BOCHMBIM YEMITHOHOM
Mupa.

AlphaZero-Stockfish
JloHpoH, 2018

1.d4 2f6 2. c4 e6 3. af3 b6
4.g3 4b7 5. Lg2 4b4i+ 6. L.d2
Le77.2c30-08. ¥c22a69. a3.
Hosunka. benble mpemgynpesx/a-
10T Bo3MO)kHOE 9... Ab4 u coxpa-
HSIOT BO3MOKHOCTb POKUPOBATH-
¢ B 06e croposbl. 9...¢d 10. dS
ed 11. 2g5 Ac7 12. h4 h6 (6patn
KOHSI OTIACHO U3-32 YIPO3 10 JiU-

uun h) 13. @dS acd> 14. cd d6.
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15. a4! BeskoBoMy IraxMaTiic-
Ty €[Ba JIM IIPHUIIEJ B TOJIOBY
Takoil X0/ 3aueM J06POBOJIBHO
0CTabJISATD TIEMIEYHYT0 CTPYKTYPY ?
O/1HaKO ATOT XOJ CUJIBHEHIINI B
nauuoii nozuiun! 15...Wd7. Toy-
6uHa 3ambIcyia OeJbIX PaCKpPbIBa-
eTcs B cie/tyionieM Bapuanre: 15...

Ee816. Ba3 (noawem mazpu!) L8
17. Bf3 hg 18. hg Ae4 19. Bf4 ¢
nocaenyiomum Bfh4 u cmeprenb-
HBIMH yrpo3aMu 1o JuHuu h.
danrtacTuyecKkuii mepeBo Jiapu!
16. &c3. (16. Ba3 rtake GbLIO
6bI cusibtO, HO AlphaZero BHocuT
He6OoJIbIIe KOPPEKTUBBI B CBOU
sambicen) 16...2fe8 17.0-0-0
4 d8. B cayuae Hampanmarolie-
rocst 17...b5 Gesbie HaHOCAT PsijL
yApOB JierKuMu (hUTYpaMit i CTa-
BAT KpacuBblii Mat: 18. Qf7 {7
19. &h3 We7 20. Le6+ 218
21. &a5 Wa5 22, ¥ge6, u MaT Ha
7 nensGexen. 18. e4 ag419. Lh3
hg 20. f3 {5 21. fg fg. Jlyummii
IIAHC YE€PHBIX 3aKJII0YAJICS B 6J10-
KUPOBAHUU JIMHUN Ha KOPOJIEBC-
koM utanre: 21...fe 22. &f1 Wg4
23. fe2 W5 24. 2b1 g4 25. Bhf1
Wob6 26. Bf4, oxHako u B aToM
cilyyae MIAHCBI GeJIbIX 3aMeTHO
ayuaie. 22, &f1! Eute oaus mioc
xoza 15. a4: Gesibie ¢ pemaoIuM
a(pdeKTOM MOAKIOYAI0T K aTake
6esonosibHoTo caoHa. 22...gh
23. &b5 Wf7 24. gh. Ilemeunas
CTPYKTYPa YEPHBIX Ha KOPOJIEBC-
KoM (Jianre Ge3HAIEIKHO 0CTA0-
JIeHa, YTO TEXHUYHO HCIOJIb3YeT
AlphaZero. OcraBiiyiocst 4acTh
HapTum pUBOAUM 6e3 KOMMEHTa-
pues. 24...4f6 25.Bhf1 %f8
26. 2.f6 gf 27. Bf4 Wg7 28. fLe2
Whé 29. Bdf1 g3 30. ¥d3 ®2h8
31. #g3 Zae8 32. L4d3 4c8
33. 2b1 27 34. #f2 £d7 35. h5
Eef8 36. Lc2 4e8 37. B3 Ze7
38. Bf6 Wf6 39. ¥f6+ =£6 40. 26
297 41. Bd6 Lh5. 42. 2cl Zed
43. a5 ba 44. 2d2 4e8 45. Ba6
2hS 46. d3 a4. 47.d6 Lf7
48.d7 Eh8 49.e5, u uepubie
NPHU3HAJIH TOPaXKeHHe.

A BOT /1151 cCpaBHEHUS 3HAMEHH-
tag maptusg Tams.

M.Tanb - P.XioGHep
MoHpeans, 1979

1.e4 c6 2.d4 d5 3. ad2 de
4. feq L5 5. g3 286 6. h4 h6
7. 2f3 Ad7 8.h5 &4h7 9. &d3
L£d3 10. ®d3 Aagf6 11. Lf4
Wa5+ 12, £.d2 Wc7 13. 0-0-0 €6

14. 2e40-0-015. g3 Ae4 16. Ye4
Af6 17. We2. Pasbirpan Kiaccu-
4YecKMii BapwWaHT 3amuTbl Kapo-
Kanm, u efiBa Jim MOKHO TIPE/IIIO-
JIO)KUTD, YTO YEPHBIM MOYKET HC-
XO/IUTD KaKasi-To yrpo3a ot 6eJioii
nagpu hi. 17...¢5 18.dc £c5
19. Bh4! HoBunka, craBmas moc-
Jie 5TOU [APTUK TUIIHYHBIM MAHEB-
poM. DBesbie «mopHuMaOT» Ja-
[IbI0, 4TOOBI TIEPEBECTH HA €4 U
CBsI3aTb CJIOHA.
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19...%b8?! Crpemsich uzGaButh-
€1 OT CBSIBKU 110 BEPTUKAJH, Yep-
Hble MONAZAI0T 10j emie GoJee
MOIIHYIO CBSI3KY 10 JIHATOHAJIH.
20. &f4 4d6 21. 2d6! Pemaro-
m@as JKeprBa KayecTBa, Marepu-
AJIbHbIE TIOTEPH JIJIs YEPHBIX HEN3-
Gexnpl. 21...2d6 22. Qed ®a8
23. Acd2e824. Bgh We7 25. 2d6
Ad6 26. Bg7. B pesyubrare ce-
pUE Pa3MEHOB GeJible BbIMIPAJIH
TENTKY U TTOJTY YHJIN TTO/IaBJISTIoTIee
MO3UIMOHHOE MPEUMYI[ECTRO.
OcranbHOe €0 TEeXHUKU.
26...Af527. Bg4 £d8 28. Le5 {6
29. &c3 e5 30.b3 a6 31.&%b2
We6 32. Wc4 We8 33. Hgb Ec8
34. ®a4 Wd8 35. te4s Aadé6
36. %d3 W7 37. b4 AbS
38. Bf6 a5 39. &.d6 Ad6 40. Bd6
e4 41. ¥%d2, u yepHble craamch.
A.Pycanos
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