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HAYYHO-NMONYNAPHLIA ®U3UKO-MATEMATUYECKUN XYPHAN




Konnekuynsa roloBosIOMOK

B 6onblimHcTBe ronosonomok donbkepa Jlatycceka (Volker Latussek) Bcero
HECKOMbKO MPOCTbIX AeTarnemn, KOTopble K TOMY Xe OBbl4HO OYE€Hb MOXOXM
Opyr Ha gpyra. JTa rorioBOfIOMKa — He UCKIYEHNE: B HEW YeTbIpe OAuHa-
KOBbIX N0 popme AeTanu, oTNMYarLWnXca Nub packpackon. Ha dotorpa-
unn BUOHO, YTO KaXKOasa U3 HUX — 3TO TPW CKIMEEHHbIX Kybrka 2x2%2 1 4to 'y
HEKOTOPbIX KyOMKOB NONOBMHKU Pa3HbIX LLBETOB (CBETIbIE N TEMHbIE, TEMHbIX
NONOBMHOK BCEro 8).

3agaHve 3By4nUT Tak: HYXXHO PacnonoXuTb 3TN AeTanu Ha cTone, YTobbl BCS
KOHCTPYKUMs Oblnia ycTonMyvMBa U Mpu 3TOM MONYYUNOCh YEeTbipe TEMHbIX
Kybuka.

YKenaewm ycnexa!
E.EnughaHos
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O KBaAPadTN4YHbIX BbIHETAX

E.CMWUPHOB

HOTUE 3HAIOT, UTO C OCTATKAMU

[IpH JleJIeHUN Ha JAHHOe HATYPAJbHOe
YICJIO M — TAK)Ke FOBOPAT «C OCTATKAMMU 10
MOAYJIO m» U TminyT «mod m» — MOXKHO
JleJIaTh TOYTH TO K€ CaMoe, 4YTO C IEeJbIMU
YHCJIAMH: OCTATKU MOKHO CKJIA/IbIBAaTh, BbI-
YUTaTh, YMHOXKATb... A €cJii 7 paBHO TPO-
CTOMY YHCJY p, TO OCTATKH MOXKHO Ja’ke U
neutb! Tak, kaxjoe JuHelHoe ypaBHeHHe
ax = b (mod p) nMeer eMHCTBEHHOE peliie-
HUe, ecJn @ — HEeHYJIeBOH OCTaTOK.

A KaK 06CTOUT J1EJI0 ¢ KBa/IPATHBIMU yPaB-
neausMu? Kax BbISICHUTD, €CTb JI PEIIeHst
Y ypaBHEHUS ax’ = b IO MOJLY.TO TIPOCTOTO
yucsaa p? ITOMY M TOCBSIIEHA HACTOSAIIAS
cTatbsi. [JIaBHBIM yTBEp:K/IE€HHEM, KOTOPOE
MBI [P 3TOM JIOKa)KeM, 6y/IeT 3HAMEeHUTbII
Keadpamuunoill 3axon esaumuocmu Iaycca
— TeopeMa, YCTAaHABJIMBAIOIIAS CBSI3b MEXKIY
PaspeIMOCTbI0 ypaBHeHmi 1 = p(mod q)
i x” = g(mod p) st ABYX PA3HBIX MPOCTHIX
quceJsr p ngdq. C ero TIOMOIIbIO MBI HAYYNMCA
BBISICHSTH, PA3PEIINMO JId KB [PATHOE yPaB-
HEHUE 110 JAHHOMY IPOCTOMY MOJLYJIIO.

ApudpmeTnka ocTaTKoB

B srom pasmene MBI KpaTKO HAIOMHUM
HEKOTOpbIe (hakThl 00 apnudmMeTnKe BbIUYETOB
110 TIPOCTOMY MOJYJ0. YuTaresto, KOTOPbIit
HE 3HAKOM C apu@MeTuKoil OCTaTKOB, PEKO-
MeH/IyeM CHA4Yasa MPOYecThb, HAIIPUMeEp, CTa-
tou: H.Bunenxun. CpaBHeHUs U KJACCHI
BorueToB («Ksanr» Ne10 3a 1978 r.) mim
A.Ez0opos, A.Komosa. Heob6biknoBeHHbIE
apudmernku («Kpant»> Ne3—4 3a 1993 1.).

Yro6bl CJIOKHUTH J[BA OCTaTKa ¢ u b 110
MOJIYJIIO M, HY’KHO CJIOXKHUTh UX KaK IIeJIble
yucaa W B3STh y Ppe3yJbTaTa OCTAaTOK IO
Momyio m. Tak ke ompelessiioTcs U pas-
HOCTB, W TIpOM3BeIeHNEe ocTaTKoB. Otmpee-
JIEHHBbIE TAaKUM 06PA30M ONEPAIUH y/[OBJIET-
BOPSIIOT OOBIYHBIM 3aKOHaM apudmernyec-
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KHUX JIEHCTBUIA: [IJIST HUX BEPHBI MEPEMECTH-
TEJIbHBIN, COUETATENbHBII U PACTIPE/IETHTE b
HBIN 3aKOHDI, CYIECTBYIOT HOJIb U €AWHUIIA.
(Anre6pancThl ckazanu Gbl, 4TO OHI 00pasy-
10T K01640.) TTOAPOGHOCTH YUTATEb MOKET
BOCCTAHOBUTDH CaM MJIN TTOCMOTPETH B OZ[HOﬁ
U3 yIOMSHYTBIX BbIIIE CTaTell.

JLiist mpuMepa coCcTaBUM TaGJIHITbI YMHOKE-
HUS OCTATKOB 110 Moy.Jiio 6 1 7. IIpu atoM MbI
OITyCKaeM CTPOYKY M CTOJIGEIl, OTBEYAIOIIHe

6 |1 2 3 4 5
111 2 3 4 5
212 4 0 2 4
313 0 3 0 3
414 2 0 4 2
515 4 3 2 1
711 2 3 4 5 6
111 2 3 4 5 6
212 4 6 1 3 5
313 6 2 5 1 4
414 1 5 2 6 3
5|15 3 1 6 4 2
6|16 5 4 3 2 1

YMHOKEHUIO HA HOJIb: OHU COCTOSIT U3 OJTHUX
nyJei.

CoroctaBuB 3TH TaOJIUIBI, MOYKHO C/IEIATH
Hexoropele nabmogenus. Tak, nanpumep, B
nepBsoit u3 Tabsmi (1o Moxyso 6) Berpeva-
I0TCSI HYJIU; UHAYE TOBOPS, CYIIECTBYIOT Ta-
KI€e /[BA HEHYJIEBBIX OCTAaTKa, POU3Be/IeHUE
KOTOPBIX paBHO HyJI0. TaKwe ocTaTky HA3bI-
Baiotcst deaumensimu Hyasi. CKaskeM, 1o Mo-
yJio 6 feJuTessIMA HyJist OyayT yncaa 2, 3
u 4.

fAcHo, 9TO TI0 COCTABHOMY MOJIYJIIO JICJTATE-
JI HyJIs Beerja Gy/lyT: Tak, €cJi m COCTaB-
HOE, TO CYIIECTBYIOT Takue k ¥ [, OTJIMYHbIE
OT eIUHUIIBI, 1JisT KOTOPBIX m = kl. [losatomy
ypcja R u [ COOTBETCTBYIOT HEHYJIEBBIM OC-



TaTKaM, [IPOU3BE/IEHIE KOTOPBIX PABHO HYJIIO
10 MOJYJIIO M.

YyTb MeHee TpUBHAeH 00PATHBIN BOIIPOC:
BEPHO JiM, 4TO B apudMeTHKe OCTaTKOB IO
IIPOCTOMY MOJYJIO JesuTesieil HyJss Her?
(Hampumep, mo MoAy/io 7 WX HET, 4YTO
MOATBEPKAAeTC BTOPOH Tabaumeir.) Oxa-
3BIBAETCS, YTO ATO TOKE BEPHO.

[lokaskem sto. PacemorpuM apudmetnky
OCTATKOB MO MOIYJIO P W TIPEANOJOKIM
MPOTUBHOE: MyCTh HANLINCH Takue kR u [,
KOTOPBbIE JIAIOT TIPH JIeJIEHIN HA P HEHYIeBble
OCTaTKU — HO TIPU 3TOM WX IPOU3BEJEHIE
JleJIUTCS HA p Hateso, T.e. kI = pm. OqHako
ecJI IPOU3BE/IEHIE JIBYX YHCEJI JICJUTCS HA
MIPOCTOE YUCJIO P, TO HA P JEJTUTCS XOTS Ob
OJTHO 13 aTUX unces. [IpoTuBopeune: uu k, Hu
[ ve pessitest Ha p.

MpbI osryunsm cyieyroriee yTBep K/IeHue.

IIpeanosxenue 1. B apugpmemuxe ocmam-
K06 no moO0yai0 m Hem Oeaumenetl HYAs
mozoa u moavko mozod, K020a m s6Asemcs
NPOCMBIM UUCTIOM.

[anee Hac Gy1eT HHTEPECOBATH B OCHOBHOM
TOT CJIy4ail, KOT/Ia 712 IPOCTOE; B TOM CJIydae
6ysieM o603Ha4aTh ero 6YKBOIl p, a COOTBET-
CTBYIOII[EE MHOKECTBO OCTATKOB (¢ oreparu-
SIMU CJIOKEHUST 1 YMHOKeHHst) Gy /1eT 0603Ha-
varbest uepes Z/pZ .!

Mo:kHO czie1ath elie 0iHO HaOI0/IeHIE: B
KasK/IOH U3 CTPOK BTOPOI TaOJIUITbI 3aITHCAHBI
B KAKOM-TO TIOPSI/IKE BCE HEHYJIEBbIE OCTATKI
o Moy 7; Bce uncia ot 1 10 6 Berpeda-
I0TCS1 B HEll 10 OJHOMY a3y, U HU OJHO He
nosTopsiercss. OKasbIBaercst, 4To Tak 06CTO-
UT JIeJI0 U JUISE TIPOU3BOJIBHOTO IIPOCTOTO
MOJLY JISI.

Ilpeanoxenne 2. ITycmov p npocmoe,
a€ L/pZ — nexomopuiii HeHyaesot ocma-
mox. Tozoa cpedu ocmamxos 0, a, 2a, 3a, ...
oor (p—1)a nem nosmopsiowuxcs.

[oxka3zateanctBo. IlycTh aBa ocTaTka
k,me€ Z/pZ Taxossl, uto ak = am. Torma
a(k—m) pasno nyso. Ho MbI TOJIBKO 4TO

I Cubicst aTOr0 0603HAYEHUST B TOM, UTO MBI
paccMaTpuBaeM IleJible YKCJia, MHOYKECTBO KOTO-
PBIX TPAJUIMOHHO O0GO03HAuYaeTcsi depe3 Z, C
TOYHOCTBIO JI0 TPUOABJIECHUS YUCEJI, JEJISIIXCS
Ha p, MHOXKECTBO KOTOPBIX €CTeCTBEHHO 0003Ha-
YUTh yepe3 pZ .

JIOKA3aJI1, 4T0 B Z/pZ upousBelieHne AByX
HEHYJIEBbIX OCTATKOB OTJIMYHO OT HyJist. [1o-
CKOJIBKY TIO YCJIOBUIO ¢ # (), TO 3TO 3HAYUT,
yto k—m =0, t.e. k=m, uto u TpeGoBa-
JIOCh.

3 5TOr0 HECJIOKHOTO TIPE/IJIOKEHUST BbITE-
KaeT HEeCKOJIbKO MHTEPECHBIX CJIEJCTBUI.

Caencreue 1. B Z/pZ nunetinoe ypasne-
nue ax = 0 npu a #0 umeem edurncmeenmoe
peuenue.

[Hoxa3zareabctBo. [leiicTBUTEIBHO, TIEpe-
6epeM Bce BO3MOXHbIE 3HAYEHHUS X, T.e.
paccmorpuM Bce ocratku Buja 0, a, 2a, ...
CorJ1acHO TIPeIJIOKEHHIO 2, CPe/I HUX OyIeT
OCTATOK, PaBHbBIN b, TIPUYEM POBHO OJIHH.

YacTHBIM CJIy4aeM 3TOTO CJIE/ICTBUS SIBJISI-
eTcs cJeytoliee yTBEep:KIeHue.

CaencrBue 2. /[ Kax0020 Henyieeozo
ocmamxa a€ Z/pZ cywecmeyem u eoun-
CMBEHHLL 0O PAMHDLIL, M. e. MAKOU OCMAMOK
x, umo ax = 1.

DTOT 0CTATOK 0GBIYHO 0603HAYACTCS @ |

Ilpumep 1. Hampumep, B Z/7Z obpart-
HBIM K OCTaTKy 3 Oy/eT OCTaTtok S: [eii-
CTBUTENbHO, 3-5 =15, uro maer octaTok 1
110 MOJYJIO 7.

3ameuyanue. OTMeTnM, 4TO B apudMeTnKe
[0 COCTAaBHOMY MOJIYJIO HU TO, HU J[PYroe
caecTBUE He OyJIeT BHIMOTHAThCS. Tak, Ha-
npuMep, Mo Moaymio 6 ypaBHeHuWe 2x = 4
OyJZieT UMeTb [[Ba PEIIeHus: 2 U 5, a HU OJINH
u3 0CTaTtKkoB 2, 3 u 4 ne Oyzer oGpaTum.

Yupaxxknenne 1. BoisgicHute, Kakue OCTaTKH
O6ysyT o6paTumbl B apudMeTHKe OCTaTKOB IO
IIPOU3BOJIBHOMY COCTABHOMY MOJYJIO 7.

A uTo Gy[IeT, ecJI IEPEMHOKUTD BCE OCTAT-
Ku a,?2a,..., (p —1)a? C oauoii cTopoHbI,
a2 (p-1)=a""(p-1)!. C npy-
TOii CTOPOHBI, COTJIACHO MPEJJIOKEHUTO 2, 9TH
ocraTku — 310 Te xe 1,2,..., p—1, TOIbBKO
3alCaHHbIe B APYTOM IOPsi/IKe. SHAYUT, UX
Npou3Be/ieHre PaBHAETCS (p - 1)! . Tem ca-
MBIM MBI TIOJTy9aeM PaBEHCTBO

A (p=1)!=(p-1".

[openus ato paBenctso Ha (p —1)! (koH-
TPOJIBHBII BOIIPOC: HOYEMY 3TO MOXKHO CJe-
JIaTh?), TIOJy4YaeM CJIEAYIOILYIO TEOPEMY.

Teopema 1 (manas Teopema Mepma).
ITycmv p npocmoe. Tozda 6 Z|pZ Oas
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abt=1.

Yupaxkuenne 2. [Tokaxkure, 4To OcTaTKu, 06-
paTHble K camuM ce6e, T.e. TaKue, JJisi KOTOPbIX
a=a’ , a10 B Tounoctu 1 u p — 1. BoiBegure
orciosia meopemy Buavcona:

(p-D!=-1.

KBa}J,paTMLIHbIe Bbl4eTbl

[IepBast B mctopum yesioBevecTBa KHUTA 11O
anrebpe, «Kutab anp-mxe6p Ba-sb-MyKaba-
Jla», OblJa HalMCaHA CPEHEBEKOBBIM yue-
upiM Myxammagom ubun Mycoit anb-Xopes-
mu okoJio 830 rosa H.3. Asb-Xope3mu ObL
yposkeHIieM XUBbI — ceifuac 3T0 TeppUTOpus
Y36ekucrana. B artoit knure, B uncse mpoyve-
ro, GbLT U3JI0KEH METOJ PellleHnsT KBaJpaT-
HOTO ypaBHEHHUS.

OCHOBHOIl MeTO/i pelIeHusl KBaIPaTHOIO
ypasHerus (¢ BeniecTBeHHbIME KOd(DUILH-
eHTaMM1 ) COCTOUT B BBIJIEJIEHUH MOJTHOTO KBA/I-
para, UTO CBOJAUT €Tr0 K YPaBHEHWIO BU/a
x? = a. Takoe ypaBHeHIe JETKO PEIINTh: ec-

mqn a > 0, To ero KOPHU PaBHBI i\/E; ecJnt
a =0, TO eIUHCTBEHHbII KOPEHDb PABEH HY.JIIO;
ecan ke a < (), To KOpHEll y TAaKOro ypaBHe-
HUS HET.

KBaapatuunbie BbIYETHI U HEBBIYETHI.
Hama 6mskaiimas 3ajjaua 6y/1eT COCTOSITD B
TOM, YTOOBI HAYYUTHCS UCKATh YUCJIO pele-
HUil ypaBHEeHUS x*=a, tae ae Z/pZ —
OCTATOK TI0 HEKOTOPOMY (DUKCUPOBAHHOMY
IPOCTOMY MOJyJ0 p. Bymem cumrarh, uTO
p > 2, T.e. p — HeuemHoe MPOCTOE YHCJIO.

3aMeTuM, 4TO eCJii ypaBHEHNE X~ = @ TIpU
a # () uMeeT KOpeHb, TO 3THX KOpHEN 06s13a-
TesbHo OyIeT POBHO /IBa: a UMEHHO, ecJin b —
KODPEHb 9TOT0 YPaBHEHHUsT, TO U —b — TOXKe ero
KopeHb. Ilpu aToM, HOCKOJIbKY p HEYETHO,
b#-b.

[TosToMy mogayuaercsi, 4TO ¥’ —a=
=(x-b)(x+b). Orciona cJIe/TyeT, uTo ipy-
I'UX KOPHEil y ypaBHEHUS] X~ = @ HET: eCJIU ¢
— Kopenb ypasrenust, 10 (¢ =b)(c+b)=0,
oTkysa ¢ = b um ¢ = —b (o6paruTte BHUMA-
HUE, YTO 371eCh MbI OISITH MOJb3YEMCS OTCYT-
CTBUEM JleJIuTesiell HyJis B Z/ pZ!).

Onpegenenue 1. Ilycts a € Z/pZ, a # 0.
Bynem HnaspiBath @ xeadpamuunvim eviue-

2019/Ne10

MoM, ecjii ypaBHEHUE ¥ =a paspenmmo, 1
K8aopamuuHvlM HeeblyemoM B TPOTUBHOM
cayuae.

Hpumep 2. I1o MomyJ1io 7 KBaIpaTUUHBIMU
BbruetaMu OyayT umcaa 1, 2 m 4: ato B
TOYHOCTH T€ YNCJIa, KOTOPBIE CTOSIT HA JUATO-
HaJu B TaOJWIe YMHOKEHHUS OCTAaTKOB TIO
MoayJto 7. OTMETHM, 4YTO Ka)K/I0€ M3 HUX
BCTpPEYAETCsl TaM POBHO JIBa pasa.

[Ipu atom umcso O MbI He Gy/IeEM OTHOCUTD
HU K KBaJ[PATUYHBIM BblYeTaM, HU K HEBbIUE-
taM (Tak ke, Kak BellecTBeHHOe uncyao 0 He
SIBJISIETCSI HU TIOJIOXKUTEbHBIM, HU OTPUIla-
TEJIbHBIM).

Ipennoxenne 3. Koauuecmeo xax xead-
DAMUYHBLY 8bIUETNOS, MAK U KEAOPAMUUHBLY
2

Hoxa3zareabcTBo. Kaxkjomy KkBajparny-
HOMY BBIYETY ¢ COOTBETCTBYIOT /IBA PEIICHUS
+b ypaBHEHUS x* = a. Takxe sCHO, 9TO
KasK/IBIH HEHYJIEBOU OCTATOK U3 Z/pZ sBs-
eTCsl pellleHreM POBHO OJTHOTO KBAaJPATHOIO
ypaBHEHMS Takoro Buza. [loaTomy mosydaert-
CsI, UTO KBAJ[PATUYHBIX BBIYETOB OKA3bIBAET-
CS B/IBOE MEHDBIIE, YeM HEHYJIEBBIX JIEeMEH-

nesvruemos 6 L/ pZL pasmno

T0B U3 Z/pZ, T.e. . Bee ocrambhbie

2
aeMenTsl Z/pZ toraa 6yayT KBaIpaTHIHbI-

p—1
2

MU HeBbraeram, 1 ux (p—1)- , a 3Ha-

YHUT, CTOJIBKO JKe€.

Yupaxuenus

3. [lng Bcex HEYeTHBIX IPOCThIX yucea p < 20
HepevrCcInTe BCe KBAPATHYHbIC BBIUETHI I HEBbI-
YeThl 110 MOAYJIO p.

4. Jloxaskure, 4TO NPU HEYETHOM IIPOCTOM P
KBajipaTHoe ypaBHeHume ax’+bx+c=0, rue

a,b,c € ZIpZ , a+#0,
b+~D

2a
ecan ero auckpumunant D = b% - 4ac aBisercs

« UMEET /IBa PelleHus, paBHble X{j =

KBa/[PATUYHBIM BbIYETOM;
« IMeeT eJIMHCTBEHHOe pemienue, ecaun D = 0;
« Hepaspeummo Haja Z/pZ , ecin D — kBajapa-
THYHbBII HEBBIYET.
Vxaszanue. C 1oMoIpio BbIJIEJEHUS TTOJHOTO
KBZaL[paTa CBEIUTE JIAaHHOE YypaBHEHUE K BUJLY
x“=D.

CumBou JlexxaHapa U €ro MyJIbTUILIHKA-
TUBHOCTb. SICHO, uYTO IIpou3BejieHUE JBYX



KBA/[PATHYHBIX BBIYETOB CHOBA Gy/IeT KBa/-
PATUYHBIM BbIYETOM. A 4TO OY/IET, ECJIH [Iepe-
MHOKHUTD JIBA KBAJIPATUYHBIX HeBblueta? A
BbiueT U HeBbruer? OKasbiBaeTcsi, BepHa cJie-
JIYIOTIasi TeopeMa.

Teopema 2. a) [Ipoussedenue deyx x6ao-
PAMUYHBIX B8bI4eMO8 — KEAOPAMUUHDLI Sbl-
uem;,

6) npoussedenue K6adpamuunozo eviuema
U K6a0pamuunozo Hesbluema — Keaopamuy-
HbLIL Hesbluem;

B) npousgedenue 08Yx KeAOPAMUUHBLL
HeGbIUEeT08 — KEadpamuuHlil 6vruem.

[oxazareabcTBo. [IyHKT a) OYeBU/IEH: eCJIi
a v b KBajipaTuvHbIe BBIYETBI, T.€. CYIIECTBY-
0T TaKHe X U y, s KOTOPBIX x> =da U
y2 =b, 10 ab toxe OyJeT KBaJpPATUIHBIM
BBIYETOM, MOCKOJIBKY (acy)2 =ab.

Jloxkaxkem nynkt 6). ITyctb a — kBapaTny-
HBII BbiueT, b — KBaIPATHUHbI HEBBIYET.
TTpeArnooKuM TPOTUBHOE: UTO ab — KBapa-
TUYHBINA BbIYeT. [TOCKONbKY @ — KBaJpaThi-
HBIIl BbIYET, HANIETCS TAKOe X, 94T0 X° = a .
B TakoM clyuae u dIeMEHT g = Gyner
KBaJ[PATHYHBIM BBIYETOM, TaK Kak
a'= (Jc_1 )2 . CoOTBETCTBEHHO, B CUJIY TIYH-
KTa a) 3J1eMeHT b Kak NPOM3Be/IeHIe KBaIpa-
THYHBIX BbIYETOB ab 11 @~ Gy/eT KBaJpaTid-
HBIM BBIYETOM — MPOTHBOPEUHE.

[TynkT B) aHasormdabiMu (GOPMaTbHBIMU
MAHUITYJISIHUSIME JI0Ka3aTh YK€ HE y/IAeTcsl.
O/HAKO €ro MOKHO BBIBECTH M3 IyHKTa 6)
TIPU TIOMOIIH TO/ICYETA YHNCTA DJIEMEHTOB. A
UMEHHO, IIYCTh ¢ — PUKCUPOBAHHDIN KBaIpa-
TUYHBIA HeBbIueT. PaccMOTpuM Bece 3JIeMeH-
Tl BUJA d, 2d, ..., (p - 1)a . Kak o6cy»xma-
JIOCh paHee, B ATOM 110CJIe/I0BATEIbHOCTI BCE

anementsr 1, 2, ..., (p — 1) Berpewatores, npu-
4eM POBHO IO OJJHOMY pa3y — I03TOMY Cpe/iu
p—1 -1

p
9 KBaJApaTUYHbIX BbIYCTOB U T

KBa/[PAaTHYHBIX HEBbIYETOB. O/HAKO B CHITY
nyHKTa 6) NPU YMHOKEHUH d Ha KBaJpaThy-
HBIN BbBIYET TOJyJaeTcs KBaJpaTUUHbBIN He-
p-1
2
BCe KBAJPATUYHbIC HEBBIYETBI OYAYT TIOJIY-
4aThCs TaKUM 06pa3oM. 3HAYUT, IPU YMHO-
SKEHWN @ Ha BCE OCTAJbHBIC 37eMeHThl (T.e.

HIX

BbIYUET, 1 TaKUX 9JIEMEHTOB 6le€T , T.€.

HEBBIYETDI) IOJIKHBI [OJIYYaThCsl KBaJpaTHy-
HbIE BBIYETHI, YTO U TPEGOBAIOCH.

TeM caMbIM KBaJ[PaTUYHbIC BbIYETbI U He-
BBIUCTBI BeAyT ce6si TPU YMHOKEHUU TIPU-
MEPHO TaK ke, KaK TOJIOKUTEIbHbIE 1 OTPH-
IaTeJIbHbIE YNCIa. ITO MOTHBUPYET CJIE/IyT0-
1ee OnpejiesieHue.

Onpenenenne 2. [Iycro a € Z[pZ , a # 0.

a
Cunmeon Jlexxandpa | = | onpejesiercs cJie-

JIyTOIUM 06pa3oM:
1, @ — KBagpaTUYHbBIN BbHIYET;

— |=4-1, @ — KBagpaTUYHbIIi HEBHIYET;
0, a=0.
Takum o6pazom, cuMBoJI Jlexanapa MOKHO
CUNTATh aHAJOroM (YHKIMH 3HAKA YUCJA.
Toraa npeabiynas TeopeMa IPUHUMAET CJie-
JIYTOIIE KOMIAKTHBIN BH/I.

Teopema 3. Cunmeon Jlexanopa myrvmu-
NAUKAMUGEH:

ab_a_b

AN p

[lasiee Mbl npuUBeIEM J[PYroe 10Ka3aresb-
CTBO 3TOIl TeOpeMbl, KOTOpoe OY/eT CJelo-
BaTb M3 elle OJ[HOTO II0JIE3HOTO YTBEPIK/e-
HUSI, TO3BOJISIONIETO BBIYUCIUTD CHMBOJI
Jlesxkanapa, — kpurtepust Jitjepa.

Kpurepuii Jiinepa. [Ipexge yem yurarhb
JTAJIbITIE, PEKOMEH/TyeM YNTATEJII0 BBITIOJTHUTD
cTemylolee yrpakHeHNe.

Ynpakuenue 5. Bospmute Kakoe-HUGY/Ib He-
YeTHOe TPoCToe YHcyo, MeHbinee 20, 1 Bo3BenuTe
KaxK/Iblil M3 HEHYJEeBBIX OCTaTKOB d € Z/pZ B

p-

CTelleHb 3’66,/'_'[I/ITery 4TO y BacC BcCerja

6yner nonyuatbes 1. A korga nmomygaercs 1, a
Korga —17?

Tem cambIM BbI «IKCIIEPUMEHTAJIBHO» TIPO-
BEpUTE yTBEPXK/CHUE CIELYIONell TeOPEMbI.
Teopema 4 (xpurepuii Jiinepa). [Tycmo
p>2 — npocmoe uucno, a€ Z/pZ. Tozda
7 [
p
HoxazareabctBo. [1pn a = 0 yrBepskienne
TeopeMbl 0UeBUHO. [labiie Gy1eM CUUTaTD,
4TO @ OTAMYHO OT 0.
Bo-miepBbIX, cHavasa y6eamMcs, UTO TIpH
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mo6om a # 0 Gyjer UMeTb MECTO PaBEHCTBO
-t p-1
a? =+1. J[leiictBuTtenpno, |a? | =

=a”' =1 1o manoii Teopeme deépma.” Ho

OCTaTOK, KBaJPaT KOTOPOro pasex 1, Moxer
paBusTbCs TOIbKO 1 mwm —1.

llanee, gacho, uyro ecau |— |=1, TO
1
a ? =1. JleiicTBUTENbHO, €C/IN @ — KBaJpa-

THUYHBIN BBIYET, TO CYNIECTBYET TaKoe b, 4TO
p—1

b*=a. Torma a? :(bQ) 2 =pP =1

OTISITb-TAKM B CUJIy MaJsioil Teopembl Depma.

Ocrajoch JIoKa3athb, 4TQ eCIH @ ~ KBa/Ipa-
o

TUYHDBII HEBBIYET, TO 4 2 = 71. s aToro
P2
pPaccMOTpPUM ypaBHEHHE X 2

p
IOJINHOMUaJIbHOE YpaBHEHUE CTEIIEHN T ,

cJieloBatesbHo, 1o teopeMe Besy (koropast
BEpHA U JI7IST MHOTOUJIEHOB € K03 puIeHTa-
Mu u3 Z/pZ ) y Hero He MOKeT GbITh GoJiee
p—1

kopHeil. Ho Takoe KosmyecTBO KOpHEH

HaM YiK€ M3BECTHO: 3TO BCE€ KBa/[paTUYHDbIE

BbIUeTbl. TeM caMbIM IoJaydaeTcsda, 4To KBa/l-

PpaTUYHbI€ HEBbIYETDI HE ABJIAIOTCA KOp1H§IMI/I
e

9TOrO ypaBHEHud, T.e. g HUX a 2 #1.
fiini]
3naunrt, g1a aux @ 2 =—-1. Teopema fnoKa-

3aHa.

[lIs1 TIOJTHOTBI U3JI0XKEHUST JOKAKEM, YTO
MHOTOUWJIeH ¢ Koadduiuentamu u3 Z/pZ
crerienn d umMeer He GoJiee d KOpHEH. ITO
JIOKA3bIBaeTCsl TOYHO TaK >Ke, KaK W s
MHOTOUJIEHOB C BEIIeCTBEHHBIMU K03 UITH-
enramu. J[okaskem aTo unaykuuei mo d. basa
npu d = 1 oueBumgHa: aro cuaeacrsue 1. s
JIOKA3aTeIbCTBA MHAYKTHBHOTO IEPEXo/a
OTMETHM, UTO eCJii p () — MHOTOUJICH CTelle-
un d, K03punnuenTbl KOTOPOro MpUHaIIe-
Kat Z/pZ , a OCTaTOK a € Z/pZ SIBJSIETCS er0
KopHeM, T.e. p(a)=0, T0 p(x) geaurcs Ha
JIBYUYJIEH X —da , 3HAYUT, MPEJCTABJISIETCS B
Buze p(x)=q(x)(x-a). a1 noxasareib-
cTBa 9TOro hakra pasjenuM p(x) Ha X —a C
ocraTkoM: p(x)=q(x)(x —a)+r ¥ noxcra-
BUM B KauecTBe X 3HaUeHHe @. JleBas gacTb
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OKa’KeTCsl paBHOI HYJII0, cTaso ObITh, n 7 = ().
Crenenp Muorousena ¢(x) Oyzer Ha eJUHH-
L[y MeHblIe, 4eM CTelleHb p(x), a 3HAUNT, U
KOpHeil y Hero He 6osee d —1 10 TIPe/IoJio-
JKEHUIO WHIYKIUU. A KOPHH MHOTOYJIEHA
p(x) — 2TO @ M KOpHM MHOTrOYJeHa q(x)
(31€Ch MBI MCIIOTB3yEM OTCYTCTBHE JICJIUTE-
neit uysa B Z/pZ ). Tostomy ux He GoJbIie
d, uto u Tpe6OBAJIOCH.

N3 kpurepusi Idilnepa OYEBUAHO CIEIYET
MYJIbTUILIIKATHBHOCTD cuMBoJia Jleskanapa.
JleiicTBUTEIBHO,

rtopt -
alb =a?b? =(ab)p7= ab
PP

Kpowme Toro, ¢ momoribio Kputepus Jiijie-
pa JIETKO TIOHATD, Korja —1 SBJSeTcS KBajl-
pPAaTUYHBIM BBIYETOM, & KOI/Ia — HEBBIUETOM:

CaenctBue 3. Hmeem mecmo pasencmeo

1, p=4k+1,

-1

e
p -1, p=4k+3.

«Ilo0KHTEIbHbIE> H «OTPUIATEIbHBIE>
OCTaTKHU. BpimuieM Bce aneMenTsl u3 Z/pZ
B CJIEJIYIOIIeM MOPAJKe:

A S SN R iy
2 2

YcnoBuMcs HasbBaTh Te M3 HUX, KOTOPbIE
BBIIIMCAHbI CJIEBa OT HYyJIS, «OTPUIIATEIbHbI-
MH», a T€, YTO CHpaBa — <IIOJOKHTEJIbHbI-
MI» .2

PaccMoTpuM NTpOU3BOJIbHBIN  HEHYJIeBOM
9JIEMEHT d € Z/pZ W yMHOXKHUM €ro Ha Bce
«II0JIO’KUTEJIbHbIe» d1eMenTbl. Ilomyynm ate-

p—1
2

MEHTBI d, 2d, ..., a.

HerpyaHo mokasarb cjemytoliee yTBEpK-
JICHUE.
IIpennoxenune 4.

{a, 2a, ..., p-1
2

HOMY 3dJeMeHmy U3 KAKJIOU napol

Mmnoxecmeo

a} codepkum posHo no 00-

i1, e~
2

Hoxa3zareabcTBo. Panee Mbl yke BujeH,
4TO pasHble 9JIeMeHTbl U3 Z/pZ Tpu yMHO-

2 He HaJ0 IIyTaTb HO]IO}I(I/ITCJIbeIC/OTpI/IL[a-
TeJIbHBIE DJIEMEHTBI B CMBICJIE ATOTO 0003HAUEHUS
C KBaJApaTUYHbIMUI BI)I‘-IeTaMI/I/HeBbI‘-IeT’(lMI/I.



JKEHUM Ha IIPOM3BOJIbHOE HEHyJIeBoe d He
MOTYT II€PEXOUTb B OJIMH U TOT K€ 3JIEMEHT:
9TO MPOTUBOPEYMJIO Gbl TOMY, 4TO B Z/pZ
HET JieJIuTesieil Hy .

Jlokaxkem, 9TO /IS PA3JTMUHBIX «TIOJIOKH-
TENbHBIX» DIeMEHTOB k # [ sjeMenTsl ak n
al we MOryT OBITH TIPOTHUBOIOJIOKHBI IPYT
npyry. JleficTBuTeIbHO, 9TO 3HAYMIIO GBI, 4TO

O=ak+al=a(k+1),
orkyna k+1=0(modp). Ho sroro ne mo-

gp__1’

JKeT ObITh: TOCKOMbKY 0 < &,/ TO

0<k+!<p,snaunt, k+[#0(modp).

-1
[ToaTomy cpe/iu 271eMEHTOB 4, 24, ..., pT a

BCTpeEYaeTCAa He 6o.1ee OJHOTI'0 dJIeMEHTa U3

Kakaoi mapel tk . Ho amemeHTOB U 1ap 1o
(p—1)/2 — crano 6biTh, U3 KAk /10l Mapb! tk
BOI/IET POBHO O/(MH OCTATOK.

OGozHaunm uyepe3 €(@) KOJTMYECTBO <«OT-
PUIATEJIbHBIX» 9JIEMEHTOB BO MHOXKECTBE

p—1
a,2a, ..., Ta , T.€. YUCJIO TaKUX <IIO-

JIOKUTEJbHBIX> HJIEMEHTOB, KOTODPbIE TIPU
YMHOKEHHH Ha @ CTAHOBSITCSI «OTPHIIATE/b-
HbIMW» .

IIpennoxenue 5 (aemma laycca). Hmeem

)8(’1) _

mecmo  paserncmeo (-1 Hnaue

2060ps, s(a) uemmno, ecau a — Kéaopamu-
ML BbLUEM, U HEUCTNHO 6 NPOMUBHOM CAYUde.
[oxa3zareabctBo. [lepemHOXUM Bce oc-

-1
TaTku d, 24, ..., P

a . B cuny nipeapiyie-

IO PACCY’KJE€HUST MBI TIOJyYUM, YTO 3TO MPO-
n3BeJIcHNEe PaBHO

azdﬂa:(—1)s(a)12ﬂ
2 2
Ho, ¢ apyroii CTOPOHBI, OHO e paBHseTcs
azap__1a=a712p__1=
-4 12;0_—1
p 2

(B TOCTIE/IHEM PABEHCTBE MCIIOJIb30BaH KPH-
Tepuil Diinepa).

[osenus 06e YacTH Ha OTJMYHYIO OT HyJIs
semramiy ((p —1)/2)!, nosygaem rpedyenmoe
PaBEeHCTRO.

ITO MPEIOKEHUE TTO3BOJISIET BBIYNUCIUTD
cumBoJ Jlexanpa JJisi HEKOTOPBIX 3Haue-
Huil a.

Ipumep 3. YO6enumcs enie pas, 4TO

1 1
— |=(-1)2 . [leiicTBurensHo, npu yMHO-

skeHnn Ha —1 Bce «IOJ0KATEIbHBIE» UNCIa
CTAHOBSITCSI «OTPUIIATEJIBHBIMU» — A UX BCETO
(p-1)/2.

Bpiacunm, Korja 4nciao 2 ABIgeTcd KBajl-
PaTHUYHBIM BBIYETOM I10 MOJIy.1I0 p. OKa3bIBa-
€TCs, UTO 5TO 3aBUCUT OT OCTATKA OT JleJICHU
p Ha 8: ecan on pasen 1 um 7, 10 2 Gyzer
KBaJ[PATUYHBIM BBIUETOM, & €CJIU 3 UJIU 5, TO
HEBBIYETOM.

Ipennoxenne 6. Hmeem mecmo pasen-
cmeo

2 P (1, p=8ktd,

p— = —1 =
LR R T

ﬂOKa3aTeJIbCTBO. YMHOXHM Bce «II0JIO-
JKUTEJIbHbIE» 3JIEMEHTDbI Ha 2; IIOJIy4YuM 3Jie-
MEHTbI BH/a

2,4,...,p=-3, p-1.
«OTpuiiaTeibHbIMU > 6y/:[yT T€ U3 HUX, KOTO-

pble GyIyT 3aKTi04enbl Meskay p/2 uw p—1.
Wx koamyecTBO, KaK HETPYAHO BU/IETD, Oy-

, OKpYT-

JIEHHOMY [I0 GJIMIKAIiIero 1eioro 66epx).
Idra BesmunHa u Gyzger paHa €(2); MbI

XOTUM HaWTn ee dYeTHOCTDL. [lIpoie Bcero

CIIesIaTh 9TO, Pa3o0pPaAB YETHIPE BO3MOMKHBIX

JIeT paBHO lrp —‘ (T.e. qucIy P

cayyvas:

cecmn p=8k+1, 10 8(2)=VT_1-‘=2k;

cecom p=8k+3, 1O 8(2)=’72k+%—|=
=2k+1;

cecin p=8k+5, 10 €(2)=[2k+1]=
=2k+1;

.Haxomen, ecan p=8k+7, 10 €(2)=

={2k+§-l=2k+2,
2

T'unotresa Jiinepa. [locmoTpuM etnie pa3 Ha
npemioskenne 6. OHO yTBep:KIaeT, 4To 2
SIBJIIETCST WJIN He SIBJISIETCST KBAIPATHUHBIM
BBIYETOM 110 MOJIYJIIO p B 3aBUCHMOCTH OT
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ocTaTKa, KOTOPDLIi p JlaeT IIpU JieJieHnu Ha 8.
Boob11ie roBops, 3T0 COBEPIIEHHO y/INBUTEIb-
HO: OKa3blBaeTCs, UTO IpU (PUKCUPOBAHHOM
HEYeTHOM 7 JUI BCEX IMPOCTbIX YuCes BHJA
8k + 7 mBOfiKa SBISETCS WM HE SBISIETCS
KBa/IPATHYHBIM BBIYETOM OJHOBPEMEHHO!

KeraTn, To ske caMoe MbI BUe I 1 11 —1
SBJSIETCST I —1 BBIYETOM MM HEBBIYETOM 110
MOJIYJIIO P, 3aBUCUT JIHUIIb OT OCTATKa, KOTO-
pblil p maer npu pejenuu Ha 4.

Ditjiep BbICKA3as TUIOTE3Y, YTO Tak OyaeT
n i Jo6oro ynucsa a@: cuMBos Jleskanapa

a
— 6y1:[eT 3aBHUCETb TOJBKO OT OCTaTKa,

KOTOpBIl p paer npu gejenun na 4a.

Cam OJiinep [MoKasartbh 3Ty TUIOTE3y He
cMor; ato 6bLIo ceano ayccoM, KOTOpPbIi
YCTaHOBUJI, KaK CBS3aHbBI MKy COOOT KBaJI-
paTHYHBIE BBIYETHI MO PA3JTMYHBIM TTPOCTHIM
MOJTYJISIM. DTO YTBEPKIEHUE OH HA3BAJ 3010~
moti meopemoti (Theorema Aureum), a Ham
OHO CETO/IHSI M3BECTHO KaK K8a0pamuuHulil
3axon e3aumnocmu. B cremyionieM paszene
MBI U3JI0KUM OJTHO M3 MHOTOYHMCJIECHHBIX [10-
Ka3aTeJbCTB 3TOW TEOPEMbl, IIPUHAJIEKA-
mee yuenuky laycca, Jii3eHIITENHY.

Kcraru, c10Bo «MHOro4uc/jeHHbIE» — OT-
HIOJb He npeyBesaunyenue. CyliecTByIOT [10-
Ka3aTeJbCTBa KBA/I[PATUYHOIO 3aKOHA B3aUM-
HOCTH, OITUPATOIIIECS Ha CaMble PA3HbIE UJIEH;
cam laycc mpumymMasr 0KoJIo BOCbMU Pa3HBIX
JokasatebeTB. Hemerkmit MatemaTk Dpanity
Jlemmepmaiiep Ha cBoeit ctpanutie https: / /
www.rzuser.uni-heidelberg.de /~hb3 /
rchrono.html co6pas 246 pasaunuHbIX H0Ka-
3aTEJIbCTB ATOI TeopeMbl, rocjennne 15 us
KOTOPBIX ObLIM OIyGJUKOBAHBI B TeUeHUE
[IOCJIETHETO JIeCATUICTUS.

Teopema 5 (rumore3sa Jiirepa). Jucsio a
00H0BpeMelHO 6ydem KeaopamuuHvLM Gblue-
MOM UAU HEBLIUETNOM ONsl 8CEX NPOCINLLX
quces, 8X00SUUX 8 APUDMEMUUECKYIO NPO-
epeccuro dan + v, 20e n =10, 1, 2, ... u 0 <
<r < 4a.

3ameuanue. TloHATHO, YTO ecu TEPBBIT
YJIeH IIPOrpeccuu * U ee Ppa3HoCTb 4a He
B3aMMHO IIPOCTBI, TO TAKUX [POCTBIX YUCEJI
npu n =1 ue Gyzer (Bce 4IEHBI TPOTPECCUH
GyIyT JMEJUThCS Ha WX OGIIAH JeJTUTeND).
Teopema /[upuxne yTBepXKAaeT, UTO €CJIH
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[IEPBbIH YjleH U PasHOCTb apugMeTnyecKon
[IPOrpecCuy B3aMMHO IIPOCTBI, TO OHa OyeT
cofiep:KaThb 6€CKOHEYHO MHOTO NPOCTBIX YH-
ceJ.

Yupaxuenue 6. [oxakure, 4TO KOJMYECTBO
NPOCTBIX unces Bupa: a) 4k + 3; 6*) 4k + 1
6ECKOHEYHO.

KBapgpaTuyHbIA 3aKoH B3auMHocTu Maycca

®opmyaa aas €(a) . B npeapiaymen pas-
pene Mbl Bbramcsnan €(2), Haiias umcmno
TaKUX <IIOJIOKUTEJIbHBIX> 3JIEMEHTOB W3
Z/pZ , xoTopble pU YMHOXKEHNHT Ha 2 Tepe-
XOJAT B «OTPUIIATEJbHBIE>. A UMEHHO, 3TH
3JIEMEHTBI TMOJYYAIOTCS W3 EJOYHCICHHBIX
X, Y/JOBJIETBOPAIOIINX JIBOHHOMY HepaBeH-
ctBy p/4 < x < p/2. Hanporus, uesnounc-
JIeHHbIe pelreHns: HepaBeHcTBa 0 < x < p/4
COOTBETCTBYIOT <IIOJIO’KUTEJIbHBIM» 3JIEMEH-
TaM, IpY YMHOXKEHUM Ha 2 [EePeXO/IIUM B
«TTOJIO>KUTETTbHBIE .

ITO MOXKHO TIPEJICTABUTH cebe CIAeTYIONNM
o6pasom. Pacrionoskum octatkn ot 0 10 p —1
B BepIINHAX IIPABUJIBHOTO pP-YTOJbHHUKA C
KoopanHatamu (cos 2mk/p;sin 2mk/p) . Tor-
Jla <TOJIOKUTEJNbHBIE» OCTaTKU GyayT OTBe-
YaTh BEPIINHAM, JIEKAIUM B BEPXHEl MOJTy-
mmockoctn (Bormre ocu Ox), a «OTpUIATETb-
HbIe» — COOTBETCTBEHHO, HIKe Ox. YMHOXKe-
HUe 3JieMeHTa Ha 2 OTBeYaeT YJABOECHUIO COOT-
BETCTBYIOIIETO yIJIa, TaK YTO [IPU 9TOM Bep-
IMIMHA C HOMEpPOM R Tepeii/ileT B BEPIINHY C
HOMepoM 2k. I10aTOMY B «ITOJIOJKUTETBHBIE>
9JIEMEHTBI TIPU 9TOM OTOOPAKEHUN TIEPERIyT
BepmwHEI, Jgexarmue B | n I11 uetBepTsx, a B
«OTpHUIATeJbHbIE» — COOTBETCTBEHHO, BO [1 1
IV. IloaTomy mHTEpecy1oliee HAC YUCTIO <I10-
JIOKUTETTbHBIX» 3JIEMEHTOB, TIePeXO/ISINX B
«OTpHIlaTebHbIE», €CTh HE YTO MHOE, Kak
KOJIYECTBO BEPIINH pP-YTONBHUKA, JEKAMIUX
Bo II uerBepTH.

fcHo, 4To aTO paccy:kieHne MOKHO 0606-
HIUTD JIJIS1 IPOU3BOJIBHOTO YUCJIA d, HE TOJIb-
Ko s 2. lnsg aToro pazo6beM HamIy IJI0C-
KOCTb Ha 2@ O/INHAKOBBIX CEKTOPOB U II0KPa-
CUM UX TT00YEPEHO B GBI W CEePBIii [BETA,
KakK TIOKa3aHo Ha pucyHke 1. BepmmHbr mpa-
BUJIBHOTO p-YTOJBHUKA, TIOTABIINE B GeJIble
cextopa, OyIyT OTBeYaTb HEHYJIEBLIM 3Jie-
MeHTaM Hu3 Z/ pZ , IepeXOAANNM IIPU YMHO-



Puc. 1. «[lonoxuresibHbIe» OCTatki 1o MogyJsio
p =43 (or 1,450 21), nonasiume B cEpbie CeKTOP3,
11ePexOaAT MPU YMHOXEHMN Ha @ = 13 B «OTpuULa-
T€/IbHbIEY

KEHHH HA ¢ B <II0JIOKUTEJIbHBIE» JIEMEHTBI;
Te K€ BEPIIMHDI, KOTOPBIE MOMAJIN B Cepble
cexropa, GyyT IPH yMHOMKEHUN Ha @ Tiepe-
XO/IUTh B «OTpHIaTesbible». Ha pucynke 1
MoKazaH mpumep, B Kotopom p = 43 (t.e.
«TI0JTOKUTEIBHBIMI» SIBJISTIOTCST OCTATKH OT 1
1o 21), aa =13.

OrMernM, 4TO B CHITY IpOCTOTHI p (BepHee,
B3aMMHON TIPOCTOTBI p M @) Ha TPAHUILY
CEKTOPOB TIONa/eT €NHCTBEHHAs BEpIINHA
P-YrOJbHAKA — & UMEHHO, Ta, YTO OTBEYAeT
anementry 0e€ Z/pZ .

Urak, komruecTBo €(d) TakuxX <«IOJIOXKH-
TEJIbHBIX» DJIEMEHTOB Z/pZ , KOTOpbIe TpH
YMHOKEHHUH Ha @ EPEXO/ST B «OTPUIATENb-
Hble», PABHIETCS KOJNYECTBY BEPIINH
P-YTOJIbHUKA, JIEXKAIUX BBILIE OCH aGCIICC 1
IIpU 9TOM TIONA/AIONUX B CEPbIE CEKTOPA.

a
Bcero rakux CEKTOPOB 6y11€T \‘EJ (T.e. YHCJO0

a "
—, OKpYIJIECHHOE 10 OIMKANIIero IeJI0ro
2

6HU3). SICHO, YTO COOTBETCTBYIOIINE BEPIIU-
HbI TIPH 9TOM GY/yT UMeTb HOMepa 7, Y0B-
JIETBOPSIIOIINE OJHOMY M3 CJICAYIOIUX Hepa-
BEHCTB!

pl2<an<p;

3p/2<an<2p;
pl2<an<3p;

Tem CaMbIM, KOJUYECTBO <«IIOJOKUTEJIb-
HBIX» 3JIEMEHTOB, MEPEXOAAINNX MTPU YMHO-
JKeHnn Ha d B <«OTpHUIlaTE€JIbHbIE», €CTb B

TOYHOCTU KOJHMYECTBO TaKUX N, TJe
2an

-1
1Sn£pT u | — | neuemno.

DTO MOKHO cHOPMYJIMPOBATh B BUJIE CJle-
Jtytolreii JieMMbl.

Jemma 1 (Diizenurreitn). Hmeem mecmo
pasencmeo

P02] 204m
% el

Hoxka3zareabcTBo. [Ipeapimytiee o6CcyK/Ie-

a
HUe TIOKa3bIBaeT, 4to | — | paBHo 1 mam —1

B 3aBUCUMOCTH OT TOI'O, ABJIAETCA JIN KOJINYEe-
CTBO HeuemHvlX 4YucCeJ Cpeu 4Yucea BHU/Ia

2an
—— | YeTHBIM WJU HedeTHBIM. Terepb

IPOCYMMUPYEM BCE YUCJIA TAKOTO BHIA U
BOCIIOJIb3Y€EMCSI TIPOCTBIM HAOJIO/IEHUEM: CYM-
Ma I[eJIbIX YHUCeJ HeYeTHA TOTA U TOJBKO
TOr/Ia, KOTJIa B Hee BXOAUT HEYETHOE UHCJIO0
HEYEeTHBIX CJIAraeMbIX.

KBaapaTtuynblie BbIYeThI 4 1leJIbIe TOYKH. B
3TOM pajz/ieie Mbl YCTAHOBUM B3aUMOCBSI3b
MeKy KBaJPATHYHBIMU BbIYETAMH TIO Pa3-
AUYHLIM MOLYJIAM. [lyis aToro 3amaamMcs
PA3JTMYHBIMU MPOCTBIMUA HEYETHBIMU YHMCJIA-
MHI P U Q.

[Tonosxkum B mpeapIAyIeil popmyne a = g
1 UHTEPIIPETUPYEM CYMMY B €€ MTPaBOil 4acTn
reomerprueckn. Hapmcyem Ha KoopanHAT-
HOH TIJIOCKOCTH TIPSIMOYTOJIbHUK BBICOTBI § U
HIUPUHBI P C BEPIITMHON B HaYasIe KOOP/MHAT,
Jexanuii B nepsoii verseptu (puc.2). Koop-

11

10
’ i
7 L
6 e
i e
3 /’/
2
1

012345673891011121314151617

Puc. 2. 3neck p =17, g = 11. OTMeYeHbI BCE TOYKU C
YETHBIMY AOCLMCCaMLT, TIeXALYME HIXKe 1PIMou |

JUTHATBI ero Touek (X; y) GyayT yAOBJIETBO-
parb HepaBeHeTBaM 0 < x < p, 0 <y < gq.
[lanee mpoBezieM B 3TOM TIPSIMOYTOJBLHUKE
JIMAroHa b [ M3 JIEBOTO HIDKHETO B IIPaBBIN
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BEPXHUI yroJi; oHa 6yJieT UMeTh ypaBHEHHE
y=qx/p.

Pacemorpnm kakoe-HIOY b 11€JI0€ YNCJIO 7,
rae 1<n<(p-1)/2. BosbMeM Bce Touku B
MPSIMOYTOJIBHUKE ¢ abCIecoit 2n M 11esioi
OpAWHATOM, Jexkarnme HuKe mpamoit [, Mx
OpAnHATa JO/LKHA YAOBIECTBOPATH YCIOBHUIO

2nq
y < —— . Takum 06pasoM, YMCJIO HTUX TOUEK

2nq

paBHO | —= |. CyMMupYyS 110 7, TIOJyYaeM,
4TO YeTHOCTD €(() paBHA YETHOCTH KOJIMYe-
CTBa TOYEK B MNPSIMOYTOJbHUKE, KOTOPbIE
JesKaT HUKe NpAMOii | U MMeoT uemmovle
a6CIUCCHI.

OkasblBaercs, uTo CyIecTByer eie Goee
yaoGHas unrepnperaiust €(q):

Jemma 2. Yemnocmo uucaa €(q) cosna-
daem ¢ 4emHOCIbIO YUCILA UCIDLX TOUCK &
mpeyzonvnuKe, 3a0aHHOM HePAGEHCMEAMU
O<x<p/2, 0<y<q/2, y<qx/p (na
pucynke 3 3mom mpeyzovnuk evidesen yee-
mom).

1"
10

—_ N W U1 N 0O

01234567 891011121314151617

Puc. 3. Yerrocre €(q) pasHa verHocTn wncna
TOYeK B BbIAETIOHHOM TPEYIO/IbHUKE

[okazareabcTBo. PaccMOTPUM TOUKH, OT-
MeYeHHbIe Ha PHUCYHKe 2, U /J06aBUM K HUM
elle HEKOTOPOe KOJIMUECTBO TOUEK: BCE TOUKU
B BbIJIEJICHHOM TPeyroJIbHUKe, KOTOPhIE elle
He OTMeYeHbl, U IIeHTPaJbHO-CHMMEeTPUUHbIE
UM OTHOCHUTEJIbHO IIEHTPA IPAMOYTOJIbHUKA.
Ha pucynke 3 aTu TOUKM OTMEYEHbI Kpac-
ubiM. [Ipn aToM TOUKe ¢ KoopauHaTamMu (X; )
6yJZleT COOTBETCTBOBATH TOUKA C KOOP/IMHATA-
mu (p—x;g—y) — T.e. TOuKe, Jexamei
Husxe TIpsMOii [, 6yieT oTBeYaTh TOUKA 6blue
JTOMN MIPSIMOIA, & TOUKE C HeuemHoil abCIuccon
6y/eT COOTBETCTBOBATh TOUKA, abcIicca Ko-
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Topoii uemmna. B pesynbrare y Hac OyayT
OTMEYEHDI:

- BO-TICPBBIX, BCE I1€JIbIe TOYKHU B BBIJICICH-
HOM TPEYTOJIbHUKE;

« BO-BTOPBIX, BCE TOUKH C YETHBIMU a6CITHIC-
caMH, JIesKallye Ipasee npsiMoil x = p/2. B
Ka)K/I0M TakoM croJibie 6ymer g —1 Touka,
T.€. YeTHOE YMCJIO, a 3HAYMT, 06IIee INCJI0
TaKNX TOYEK Takke OY/eT YeTHBIM.

3HauuT, YeTHOCTh €(¢) paBHA YETHOCTH
YIICJIA TIEJIBIX TOUEK B BBIIEJICHHOM TPEYTOIb-
HUKe, 9TO 1 TPeGOBAJIOCH.

Orciofia HeMeIJIEHHO TOoJTydaeTcst KBalpa-
TUYHBIN 3aKOH B3anMHoctu laycca:

Teopema 6 (kBagpaTH4YHBIH 3aKOH B3aUM-
HOCTH). /[ paA3IuunblX HeuemHulx npo-
CMbLX YuUces umMeem Mecmo PaseHcmeo

-1 g-1
LANKA T
q)\p

[HokazarteabcTBOo. B nipe/ibiaymux o603Ha-
YeHUSX PACCMOTPUM TPSAMOYTOJbHUK
0<x<p/2, 0<y<q/2. Ero genur momo-
gam npsimast [. Kak mokasbIBaeT rnpepiayiiee
00CY3K/IeHWEe, YUCJIO TeJBbIX TOYEK IO/ Hel
Oy/IeT YETHDBIM HJIU HEYETHBIM B 3aBHCUMOCTI

OT 3HaKa 9 . C npyroii CTOPOHBI, Y4ETHOCTD

YHCJIa TOYeK Had HElo OIIpEAEJIACTCA 3HAKOM

P . Ho Bcero B mpsiMOyrosibHUKeE cojiep-
q
p=1 g-1
JKUTCA 2 . 2 TOYEK, 4YTO U JaeT HaM

TpebGyeMoe yTBEPIK/IeHue.

Ha npakTnke KBajpaTHYHbBIN 3aKOH B3aNM-
HOCTH YJJ0OHO WMCIIOJIb30BaTh B CJIELyTOIIei
dopwme:

CaencrBue 4. Ilycmov p, q — pasauunvie
Heuemnwvle npocmole uucid. Cumeonvi Je-

P q

Kanopa | = | u pasmol, ecau xomst 6ol

00HO U3 uucen p, q umeem eud 4k + 1,

U paziuunbl, ecau onu 006a umerm 6ud
4k + 3.

N3 xBagpaTWYHOTO 3aKOHA B3aUMHOCTHU
JIETKO BBIBECTH TuToTe3y Jitepa (Teopema
5).

[lokazartesbcTBO runoTe3pl Jiiepa. [lyctnb
a — TaKkoe 4uCJIO0, YTO p U 4an + p oHOBpe-
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MEHHO ABJIAIOTCA ITPOCTBIMMU. ﬂOKa)KeM, 4qTo

al a

p dan+p

[Tockoabky cumBos JleskaHapa MyJbTH-
[JIMKATHBEH, MOKHO CYUTATh, Y4TO YHUCJO d
ToKe sBasiercst poctbiM (movemy?). Ecum
a =2, To 3TO YTBEePsK/EHHUE HAM YK M3BeC-
THO: 31O npe/okenue 6. Ecau ke Her, 10 @
HEYETHO, U MOKHO MPUMEHUTH K 06EUM Yac-
TAM TPeGyeMOro paBeHCTBA KBaJPaTUYHbII
3aKOH B3aHMHOCTH:

a-1 p-1
L=z 7|2
p a
a _ (_1)“7‘1._4‘1";?‘1 dan+p _
4an+p a

_ (_1)”7’14(’)7"9;4;1) g

SAcHo, 4TO 9TH BeMUMHBI paBHBI. [unoTesa
Jilnepa JoKa3aHa.

Pexomenayem umraresto, KOTOPbI XOueT
y3Hatb 6oJibllie 06 NCTOPUH TUIOTE3bI Jilye-
pa ¥ KBaJ[paTUYHOTO 3aKOHA B3aUMHOCTH,
npouectb rjaBy o laycce B 3amevaTesbHOIM
kuure C.I.Tunamkuna «Pacckasel o dusn-
Kax M MaTeMaThKax». B Heii, B 4aCTHOCTH,
M3JI0KEHO OJTHO M3 TEPBBIX /[0KA3aTEJbCTB
KBa/IPATUYHOTO 3aKOHA, TTOJyYeHHOEe CaMUM
TFayccom.

Hpnmep HUCIOJIb30BaHUA KBA/[PATUYHOTO
3aKOHa B3aMMHOCTH. B KauecrtBe IpuMepa
BbIAAICHUM C ITOMOIIbIO KBaIPAaTUIHOTI'O 3aKOHa
B3aMMHOCTH, pa3dpelnMo J1 CpaBHEHNE

x% =57(mod 179) .

[lnsg 3TOTO HaM HYXHO BBIYUCJIUTDH
57\ (3 . 19
179 179 179

HO Ka’K/Iblil U3 aTuX cUMBOJIOB Jlexkanpa.
O6a yucaa 3 u 179 paior 1npu fejeHun Ha

4 ocratok 3. [Toaromy

S (I (=

179 3 3 ’
Tak Kak —1 gaBasgercs KBaJApaTUYHbIM HEBbI-
YeTOM 110 MOy 110 3. 3HAUNT, 3 — KBa/IpaTny-

HBIH BbIYET 110 Moay.Jiio 179.
Iamnee, o Toii e npuunne (19 Toxe umeer

. Boruncaum otaenn-

19 179
4k+3 juto | —— | = —| == |=

BU/] )HOJIy‘-IaeM qTo 179 9

=22« 8=2-4,a4
19 19 ITOCKOJIbKY 6 =242-4, a

— nosbiii kBagpar). Ho uncao 19 umeer Bug
8k + 3, moaTomy 2 sIBJISIETCST KBaAPATHIHBIM
HeBbrueToM 1o Moxaysio 19. Crano GbITh,

£—1 OTKYV/1a i
179 |~ UMY 179

x? =57 (mod179) paspemmnmo.

J =1, u cpaBHeHUE

DO3PAYHOE N HEeMpPO3payvHoe

JLALLKNHA3U

A PUCYHKE 5 TPEJCTABJIEHBI ®OTO-

rpadun AByX 06pasIioB — N3 MOHOKPHUC-
taana CaF, u HaHokepamuku (MOJMKpUCTA-
na) CaF, : Ce** . O6a o6pasiia — a6CoMOTHO
npo3paunbie!

Tenepp o6cynum mpesomieHue. Y ra3oB
K03 PUIMEHTDI TPEJTOMJIEHUS MAJIO OTINYa-
I0TCS OT €JIMHUIIBI, ¥ OHU BOOOIIE MAJIO KOTO
BOJIHYIOT — Kpome acTpoHomoB. OTkpoiite
3MMOI OKHO U IIOCMOTPUTE, KaK €JIO3UT Ieii-

Oxonvanne. Hauamo — B «KBante» Ne8.

Puc. 5

3a/K, WU IIPOCTO IMMOCMOTPUTE BBEPX, BCIIOM-
HUB HE 3Hal0 KEM CKa3aHHOE€ «4Y€JIOBEK OTJIN-
YaeTca OT KMBOTHOTO TEM, YTO MHOrJa IIO[1-
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HUMaeT TrJaza K HeOy», U 3aMeTbTe, Kak
3arajiovHO MMOJMUTUBAIOT HAYMHAIOIIIM WH-
TepecoBaTbes (husnKoit 3Be3abl. M 3amymaii-
TECh, TIOYEMY €JIO3UT MEN3aK U MOJAMUTUBAIOT
3Be3/ibl. .. Xaotuanoe (mypoy.ienmmuoe) NBu-
JKeHne B aTrMocdepe TOTOKOB BO3/yXa C
Pas3HO TeMIlepaTypoii, a 3HAYNUT ¢ PA3HLIMA
TJIOTHOCTBIO M KO3 DUIMEHTOM TIpesiomJie-
HUsI, ¥ BbI3BIBAET JPOKAHWE U Pa3MbIBaHIE
n306paskennsi. Y acTPOHOMOB €CTh TaKoe
MOHATHE — ACMPOKAUMAM, T.e. arMocdep-
HbIE YCJIOBUS, BAUSIONINE HA KAYeCTBO N300-
pPaXKeHUi, Ky/1a BXOJUT ¥ OJJHOPOTHOCTD BO3-
yxa.

sKunkoctu ¢ BoIicokuMu KoadduiineHTamMmn
MPEJIOMJIEHUS 72 HA3bIBAIOT «UMMEPCHOHHBI-
Mu» (OT JIATUHCKOIO immersio — morpyse-
Hue). VIX npuMeHsIoT I ONPEAeICHNS M0~
KaszareJseil mpesioMJIeHus, /s 4ero Ipo3pad-
HYIO YaCTUYKY WCCJIEYyEeMOTO BeIecTBa Io-
MEIIAIOT B UMMEPCHOHHBIE JKUIKOCTH C U3Be-
CTHBIMM 72 — TIPU PABEHCTBE TIOKa3aTeseit
MPEeJIOMJIEHUST YaCTUYKa JIeJIAeTCS HEeBU/U-
Moii. CranzapTHbie HAGOPbBI cocTOAT U3 30—
100 takux skuaKOCTel ¢ KoadduimeHTamMn
npesomyenuss or 1,4 no 2,1, HO TBep/ble
BerectBa OepyT BepX. XOTSI CTeKJIa eJie
poraruBaot g0 n = 1,9, Ho y anmasza n =
= 2,4, pAABINIKOM C HUM — TUTAHATHI KaJb-
¥s M CTPOHIMS U noaua tamms (n = 2,4),
okcuy titana (n = 2,5) U HOYTH PEKOPACMEH
kap6ug kpemuust SiC (n = 2,6). Vmenno
noaromy SiC, MyacCaHuT, UCIIOJIb3YETCS KaK
UMUTATOp OPUJLIMAHTOB B yKpammenusx (s
3TOTO TaxXe Hcroabdyercs puanut ZrO, ¢
NoGaBKaMu, HO y Hero 7 momenbiie). Hemas-
HO ObBIJIO CHUHTE3UPOBAHO COEJUHEHUE
Al;C,B,g € PpPEKODAHBIM 3HaYeHUEM
n = 2,9-3,1, HO TIpO HEro elle MaJo 4YTO
HM3BECTHO.

OCBOUB OITUYECKUU [AUAIla30H, YeJIOBEK
CTaJl PACIIPOCTPAHATHCS HA COCE/IHUE YUaCT-
KU 3JIeKTpOMarHuTHoro crekrpa. [lis aroro
eMy TIoTpe0OBATHCH TIPESK/E BCETO ONMTHYEC-
KHe MaTepyuaJsbl, B YaCTHOCTH — TIPO3pavyHbIe
LIS BCSIKOTO PO/Ia OKOIIEK U MTPEJIOMJISIONTIE
JUIS JTMH3 U ipu3M. VHbIMU cJIoBaMU, TIOTpe-
6oBaJICSI MaTepuaJl, MPO3PAYHbBIN B COOTBET-
CTBYyIOIIEl 06J1acTH CIIeKTpa, T.e. He CJHUIII-
KOM CHUJIbHO IIOIJIOIAIOMUIL U3/IydeHue. Y1i-
polasi, MOXKHO CKa3aTh, YTO OObIYHOE CTEKJIO
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npo3pavyno B auanazone 0,35—2 MKM, T.e.
yabTpaduoser YO oHO He IIPOIyCKaer, a
nHdpakpacHoe usmnyuenne MK mpomyckaer
yacTUYHO. KOHeuHo, 3TH 3Ha4YeHUd, IIPUBO-
Ji1Uecs B CIPaBOYHMKAX, YCJIOBHbI — /10CTa-
TOYHO TOHKas TJIEHKa JI000TO MaTepuasia
mpomycTuT Jiio6oe uamydenrne. Ho o6braHO
ONTHKHU paboTAIOT ¢ MUJLIUMETPAMu U Tpeby-
0T IPOTTY CKaHMs GOJIBINEH YACTH N3TyYEHUS .
EcrectBennoe pemenune — xBapil. M BoT
JINAna3oH pacmupsercd B cropony YD 1o
0,2 mxMm. Ectb ocobble copra CTEKOJ C He-
MHOro GoJipiiuMm foctynom B UK. Ha atom
BO3MO>KHOCTHU CTEKOJI Ucueplianbl. B cropony
Y ® uyTp nabiie kBapia 3abupanoTcs BakF, ,
MgF, u LiF — npumepno g0 0,12 mxm. Co
croporoit UK gema o6crosT sydine: MaTep-
aJIOB MHOTO, a peropicMeHoM Oy et Csl — on
nob6upaercs pumepro 10 60 mxMm. IIpakru-
YeCKU HellpepbIBHO Mpo3paven aiMas. Boob-
1Ie JKe, ONTHYECKUEe MAaTepUasbl TP yBEJH-
YEHWH JIJTUHBI BOJIHBI TIPO3PAYHbl B OCHOBHOM
naunnas ¢ 200-300 mxm, SiO, —c 100 MM,
ZnS — ¢ 50 mrm. Takum o6Gpasom, camast
cJI0KHAS 06JIaCTh — JIECITKH MUKPOMETPOB.
Uro kacaercst KoapduinenTa mpesoMIeHus,
TO JIJIS1 MATE€PHUAJIOB YJIbTPa(puOJIeTOBOrO A1a-
Ma3oHa OH coctaBJser okoJio 1,4, nns wab-
pakpacHoOTO — Tpynmupyercs BOKpyr 1,7.
Uckmouenusa — Si (n=3,4), Ge (n=4,1) u,
KOHEYHO, aMa3.

Ha pucynke 6 mpuBeneHbI TPO3PAYHOCTH
HEKOTOPBIX ONTHYECKUX MaTepratos (0Tsio-
JKEHbI TI0 OCH OP/JIMHAT) W YKa3aHbl COOTBET-
CTBYIOII[IIE€ TOJIIIHBI 06Pa3loB. A HA PUCYH-
Ke 7 NpOUJIIOCTPUPOBAHDI /[Ba TIpUMepa UC-
[10JIb30BaHKS MaTEPUAJIOB, IIPO3PAYHbIX BHE
OIITUYECKOI0 /Juala3oHa. JTO MUKPOCXeMa
[IaMATH € KBApLEBbIM OKOIIKOM JJIST CTHPaA-
HIST THPOpMANNN yIbTpadHoIeTOM U JTHH3A
u3 xyopuga kaaus KCI pust paGorsr B ung-
PaKpacHOM Jara3oHe.

Ecm Bce-Taku TOBOPHUTH O TMJIACTUHKAX
TOJIIMHON B MUJIJIUMETPBI, TO [JIT BOJH
kopoue 0,1 MKM c TIpO3pavyHbIMU MaTepHa-
JIaM¥ Jiesia OOCTOAT IJI0XO, T.€. TOYTH HUKAK.
[ToaToMy npuxoauTCs JJOBOJLCTBOBATHCS OT-
pakaresbHOil onTukoir. Ho u TyT Bce He
3/10pOBO — MeTaJlibl B Auanaszone ¥ @ orpa-
s)katorT 1oxo. Hanpumep, Ag npum pnmune
BostHbl OoJiee 0,4 MKM OTpaskaer, Kak u
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7 Mt 1] 10 v Crerent A il
71 1 i \Y euoéeeée cmeKo //4 7T
1w, 10 M }Yﬂaeﬂfceapuv 7
1 ne, 10 N\ JSpuom. xeapi 2750y
/1 1 mm, 10 b Cangpup Al,O, %ﬁ“
7 1, 10| v MR LiF7 7 il
I 1 MM, 10| MM . Sbﬂyopl‘tf‘ﬂ:(iﬁilﬁ?/ A2
10 MM V Bal, (A AALA44
/ S My l\‘/[‘g‘ll“ }ﬂ
Ty, ZnS 22,
/ 1] M| 10 v %é Nd(;f/
/ 1| vv| 10 MM‘\‘@uﬂbez 7 /KCl
/ 1 M| 10 mne| Y. KBI‘r
1 am | K < K‘:J/ y
/ 1My 10[mm [h] T C;j
2,41 | X4 CRSTSA
Ge oz 4
Si @ 7
JIMa3 =4
0,1 0,5 1 S5 10 50 100 500 1000
Puc. 6 A, MKM

MOJIOKEHO XopoteMy Metasay, 90% 1 6oee,
Ho mipu 0,25 MKM orpaskaer ToJbKo 30%. C

Puc. 7

OCTAJIbHBIMU METAJIIAMU JIeJI0 OOCTOUT elre
XysKe, pasBe 4to Al, mpuvyeM WMEHHO TIpH
0,25-0,4 MM, Beger cebs myunre (oTpaska-
er 90 %). Bor oHUM BABOEM M M306PAKAIOT U3
ce6s1 pekopacmenos. [loausare orpaskenue, n
CYIIECTBEHHO, YAeTCs «IIPOCBETIEHIEM> —
HaHeceHueM Ha MeTasl HHTep(epeHIoH-
HBIX TTOKpbITHil. Tak MOXKHO MOJyYUTh OTpa-
skerne 50% na Boane 0,01 MKM — a Be/ib 3TO
yKe TIOUTH PEHTIEH.

KoaddurmeHTsl oTpaskeHnus OT TJAIKUX
MOBEPXHOCTEH HEKOTOPBIX METAJITIOB B 3aBH-
CUMOCTH OT JIJTWHBI BOJIHBI TIPUBE/ICHBI Ha
pucynke 8. Ha dparmentax a) u 6) mokasa-
HO BJINSTHUE TEXHOJOTUT U3TOTOBJICHUS aJTi0-
MUHHMEBOTO 3epKaJia Ha BeJWYnHY Koahhu-
IUEHTA OTPasKEHUs: | — KOrJa 3epKaJio Ha-
nbLieno B BbicokoM Bakyyme (1078 Top),
2 KOT/Ia B CBEPXBBICOKOM BaKyyMe
(107 Top). [daxe B rpejie1ax ONTHYECKOTO
Jqarasona KoahUIMEeHT OTPasKEeHUs [
HEKOTOPBIX MeTAJIJIOB U3MEHSETCS 3aMETHO.
Hanpumep, ans amuant Bosabl 0,4—0,7 MM
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Puc. 8

ko3 umment orpaxkeHuss Au cocTaBJiser
0,39-0,95, ama Cu — 0,55-0,96, naa Al —
0,92-0,90, nna Ag — 0,97-0,99. Iloatomy
Au n Cu mHoro, Hexxeaun Al m Ag, 1Bera.
YeoBeK ¢ XOPOITUM IIBETHBIM 3pDEHUEM HJIN
METAJIIOBE/l OTJUYUT HUKEJTEeBOE TOKPDHITHE
OT XPOMOBOTO — TEPBOE HEMHOIO JKeJTee.
Wuorjga Bapuaiuy 1Beta COBEPIIEHHO Heo-
sKuaHibl. Tak, TPUHSTO CYUTATh, YTO Y
TaHTasa — roJy6oit orTeHok. Ho TakoB T0JIb-
KO TaHTaj, uMeomnil npuMech HHoOust Nb
OK0JI0 3%, a UMCTHIA TaHTaJ — CEephIil.

Uro kacaercst OTpakKeHUsI OT TIOPOIIKOB, TO
MOPOIIOK BBITJISIAUT O€JbIM, €CJIn pa3Mep
MTOPOIIUHOK TaKOB, YTO OTPaskeHue npeold.ia-
JlaeT HaJ[ ToryonenneM. [loaToMmy 4eM cuib-
Hee TOTJIONEHNe, TeM MeJbue HaJI0 Pas3ipo-
OWUTDH BENIECTBO, YTOOBI TOPOIIOK TOGE e,
[Tornomenne rpadurta CTOJb BENUKO, 4YTO
JUIST PEAJIBHO JIOCTHKUMbBIX Pa3MepPOB YaCTHUIL
OHO Tpeo6IalaeT HaJl OTPAKEHIEM.

Oco06blil caryuail Ipe/ICTaBIsSeT OTPAsKEHNe
OT HEOJIHOPOJIHBIX CPeJl UJIM CUJIBHO IIEPO-
XOBaThIX TIOBEPXHOCTEN — HAIpUMEP, OT €c-
TECTBEHHBIX, MPUPOAHBIX. Beab a5 omnuca-
HUS UX (POPMBI HAJI0 BBOAWTD Pa3HbIE MACIIT-
Tabbl — <IIEPOXOBATOCTh» B MacIiTabe MeT-
POB U KUJIOMETPOB MOKET BJIUATH HHAYE,
yeM MesJKoMaciTabHas. Tak, 10 cux mop He
SICHO, TIOUeMY SIPKOCTD JucKa JIyibl He yObI-
BaeT K Kpaio. [Ipu majenun cBeta Ha pacce-
MBAIOIIYIO0 TOBEPXHOCTh OHA JIOJ/UKHA OTpa-
5KaTh 110 KacaTesabHol (HUKe Mbl 5TO 06CY-
JIMM 4yTh MOAPOGHEE) COBCEM MAaJso CBETa,

moaToMy Kkpai amcka JIyHbI, KOTOpBIN MbI
HabJII0/ITaeM WMEHHO YTO MO KacaTeJbHOI,
JoJKeH ObiTh TeMHbIM. OJHA W3 THUIOTE3
COCTOUT B TOM, UTO IJIOCKHE YUIACTKH TIOBEPX-
HoCTH JIyHBI TeMHee CKJOHOB TOP, W MO3TO-
My Kpaii [MCKa, Ha KOTOPOM Mbl BU/JUM B
OCHOBHOM CKJIOHDBI, Ka’KeTCS OTHOCHUTEJIbHO
apue (runoresa Tamunes). B Gosee nosanux
MOJIEJISIX YUUTbIBAJIU pesibed PpasHoro Io-
psl/ika — ¥ TOPbl, U OT/iesibHble KaMHU. [Ipy-
rasg ruroresa MpearosaraeT, Yro B I0BepX-
HOCTHOM cJioe JIyHBI MHOTO CTEKJISTHHBIX TIa-
pukoB (oIiaBjieHye MpU yAapax MeTeopHu-
TOB?), KOTOPBIE JIEHCTBYIOT, Kak Karador,
T.€. OTPAKAIOT CBET HABCTPEUY Ma/laiolieMy
ayay, HaBcTpeuy CouHIly. A B TIOJIHOJYHME
31O OyZleT KaK pa3 HallpaBJeHue Ha 3eMJIIO.
Ho a10 06bBsicHelne He feficTByeT B OCTAD-
HOE BpeMs.

JKugkoct B KavyecTBe <«OINTHYECKUX Ma-
TEepHAaIOB» HCIOJIb3YIOTCS BecbMa PEKO.
Kpome ykasaHHBIX Bbllle CJy4aeB HMMep-
CHUOHHBIX KUJKOCTEl U3BECTHO MCIIOJIb30Ba-
HUE B ACTPOHOMHH HEKOTOPBIX KUIKOCTEN
JUIST 3aTlOJTHEHUsI TOJIoCTell B OOBEKTHBAX.
OmTuyeckne cBoiicTBa KUAKOCTeH B WH(-
pakpacHO 06JIaCTH HUCTOJb3YIOTCSI OYEHD
NIMPOKO, HO HE ONTHKAMHU, a XUMUKAMH —
JUI ycTaHoBJeHus coctaBa. COOTBETCTBEH-
HO, W OINTHYECKHE CBOWCTBA TA30B MCIIOJb-
3YIOTCSL JIJISI UCCJIe/IOBaHMS CMeceil Ta30B.
Basknbl aTi cBolicTBa U /1J19 pacyera TeIIo-
BbIX IIporieccoB B atmocdepe. Ectb, npas-
Jla, OMWH CcJydaii, Korza cmech rasos (a
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uMeHHO — armocdepa) MCIOAb3YETCs Kak
OTITUYECKAs] cpejla — TIPU JIa3epHOU CBSI3H.
Ho tyT Her BbIGOpa, arMocdepa y:K Kakas
€CTh, TaKasi M €CTb, W CBS3UCTBI TOBOPSIT
JIUTITL 00 «OKHAX MPO3PAYHOCTH» . J[JsT 06bId-
Hoit atmMocdepnl 310 okHO 0,3—1,3 MKM —
Kak pa3 Harre 3penune, okoniku 1,5—1,8 Mim,
2,0-2,6 MM, 3,5-4,0 MM, 4,3—5,5 MKM,
okna 7,0—15,0 Mmxm (aTuM TOTB3yIOTCH
amen) u 30-70 MM, (oproukn B o6aacTu
1 MM u 3 MM, a gaiee HaunHasg ¢ 1 cMm
3TO Y3Ke PaJINOINaIa3oH.

W erite B 0/IHOM CUTYyaIMK BasKHO JJOOUTHCS
[Ipe/IeJIbHO MAJIOTO TMOTJIONIEHUST — 3TO TOXKe
JTAJIbHSIST CBSI3b, TOJILKO HE TI0 BO3/IYXY, a M0
crersy. ONTOBOJIOKHO JIJIS TIepe/lavui CUTHA-
Jsia Ha OGOJIbIIOE PACCTOSTHUE JIeJIaeTcsl W3
SiO,, r.e. u3 xBapua. I'maBublil mapamerp
ONTOBOJIOKHA — CIOCOOHOCTH Iepe/laBaTh
CHUTHAJI C MAJIBIMH UCKAKEHUSIMH Ha GOJIBIIIOE
paccrosnue. VcKakeHUsT U TIOTEPU 3aBUCST
OT Marepuasia, KOHCTPYKIUM U IKCILIyaTa-
. KOHKpeTHO — OT Marepuasga HYKHbI
MaJible notepu (T.e. MOrJIoIEeHHE U PACCenBa-
nue) u aucnepcus. Uto6bl yMEHbIIUTh 0T~
PH, HYXHO HCIIOJIb30BaTh Juanaszon 1,2—
1,7 mxm u ymenbiiath npumecnu Fe, Cr, Cu,
Co, V, Mo, OH-rpynm. IMeHHO BbIsicCHEHUE
MIPUYUH TTOTEPb W MOJyYeHne KBaplia ¢ HUu3-
KM CO/iepsKaHueM 3TUX IpUMeceil [ajo B
CBOE BpeMsi BO3MOKHOCTb HayaTb aKTHBHO
NpuMeHsTh cBeToBO/bI. C Tex Iop norepu
YMEHBIIIEHBl TPUMEPHO Pa3 B CTO, CETO/HS
pexopa 0,15 ab/xM, mpuyeMm 3TO TOYTH
teopernueckuil npegen. (IIpo pasmMepHOCTH
deuuben na Kuiomemp MOKHO TOCMOTPETH B
unrepuere.) [Ipegen — «peeeBckoe paccen-
BaHMe», TO CAMOe, U3-32 KOTOPOTo HEGO roJIy-
6oe, ono gaer 0,13 1B /xM. Ho ociabienne
0,13-0,15 nb /xM o3Havaer, 4TO Ha KHJIO-
METPOBOM KyCKe Kalessi CUTHAT TepsieT 3—
3,5% MOIHOCTH.

YTo6BI c/ieaTh CBETOBOJ, HYXKEH CIIOCO0
yIpaBJseHns K03 UITIEHTOM TPEIOMICHHS.
W tyT HaM 1oBe3J10 — eCTh TPUMECH, KOTOPbIE
ero ionwskaior (dprop F, 6op B) u ysesauun-
saior (amomunuii Al, repmannii Ge, hochop
P), HO He BbI3bIBAIOT HOT/IOLIEHNS. Marepu-
aJl IOJKeH OBITb CBEPXUYHCTBIM UMEHHO I10
MOTJIONIATONIMM TIPUMECSIM U Hajo obecrie-
YUTH ONTUMAJIbHYIO KOHIIEHTPAIUIO I0Je3-

HBIX, [IPUYEM IIEPEMEHHYIO 110 CEUYEHUIO BO-
JIOKHA, T.e. ONTUMAaJIbHO 3aBUCAIIYIO OT pa-
qmyca. B TexHuUKe He Tak MHOTO obJacteif,
JUIS KOTOPBIX HY’KHbBI CBEPXUYUCTble Bellle-
ctBa. OOIIEW3BECTHBIN MTPUMEP — TIOJIYIIPO-
BOJHUKOBAST TEXHUKA: MHOTTE IPUMeECH KaTa-
cTpodIuecKn BAUSIOT Ha cBolicTBa. [lpyroit
IIpUMep — aTOMHasd TeXHUKA: TaK, B PpeaKTop-
HBIX MaTepuajiaX J0J/UKHA ObITb MaJia TpH-
MeCh BEIECTB, MOIJIoIAomux Heiirponst (B,
Li, Cd). OuroBoJoKHO ¢ KOHIEHTpaIueil
npuMeceil mopsaka 1078 IIPOLIEHTA 110 Macce
— TpeTuil nmpumep.

Bue pumamasona 1,2—1,7 MKM mnortepu B
SiO, yBesnmunBaloTCcs, a UCIOJb30BATb BU-
qMoe mim Gosee nanexoe MK-nzmyuenne
Toxke xouercd. [loaromy A/ BUAUMOro Aua-
Ma30HA CYTIECTBYET ONTOBOJOKHO M3 «00BIU-
HBIX» CTEKOJI: HAaTPUH—KAJbIIMH—KPEeMHUN
(Na,0-CaO-SiO, ) wuan HaTpuii—60p—
kpemuuii ( Na,O-B,05-Si0, ). B UK-xua-
nasone npuMeHstior propuzHbie (HanpuMep,
wa ZrF,—BaF,) u XaJabKoreHUIHBIE
(As,S3, As,Ses) Ccreksa, a TakKe KpUCTall-
mnyeckue Matepuasbl Ha octose TICI, AgCl.
Pasnoo6pasne marepuaJsioB aTUX TPYIII [0-
BOJIbHO BEJIMKO U BbIIEJUTD JIy4lllue TPYAHO
— IIOKa 4TO IIOTePU B HUX BCEX JOBOJBHO
BEJIUKM W WCHOJb3YIOT WX s Tepefaun
TOJIbKO Ha KopoTtkue paccrosnus. Ho teope-
THYECKHU B ONMTOBOJIOKHE U3 3TUX MATEPUAJIOB
BO3MO>KHO JOCTUKEHUe Jaske JIydlInX l1apa-
MeTpoB, Hexkean B SiO, , TO3TOMy Hac ere
KAYT TpUKIAoYeHud. VM aTu npukIoyeHus
MOTYT CTaTh BAIIUMU TPUKITIOYCHUSAMU, €CJIU
BbI OyjieTe UX UCKATh U HAJeTe. ..

Tenepb — 0 TOM, € 4ero Mbl Ha4aJIx CTAThHIO,
T.€. 0 6siecke. B npupojie ero nemHoro, 3aTo
COPOKH ¥ HEKOTOpbIE JIOAN ero Jiobsar. B
pesyJbTaTe B UeJOBEUECKOM 06IIecTBe 06pa-
30BaJach <«CyOKyabTypa OJeckay, CHJIBHO
nepecekaloluascs co BceM oBesupHbIM. Ciie-
IMUAJUCTBI TT0 MUHEPAJIaM CYUTAIOT, YTO TI0
xapaxTepy 0JecKka MIHepaJIbl MOXKHO pas/ie-
JUTh HA TPU TPYIIBI: C METATIUYECKUM,
MOJYMETATITUYECKUM W HEMeTAJINYeCKUM
6s1eckoM. MeTtasinuecKnii 6J1eCK MUHEPAJTOB
HaroMuHaeT 6JIeCK TJIa/IKOl CBexKeil moBepX-
HocT Metasia. OH XapaKTepeH i Hellpo3-
pauHbIX MUHepaaoB (rajeHuT, IUPHUT, Xajb-
KOMUPHUT, CaMOPOJHBIE 30JI0TO, cepe6po,
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miatuna). HasBanus HEKOTOPBIM M3 3THX
MUHEPAJIOB MEPBOHAYAIBHO JIaBAHCDH 110 UX
WHTEHCUBHOMY METaJJINYecKoOMYy OJIeCKY,
HapuMep — CBUHIOBbIA Gieck (raseHnur),
cypbMmsnbiii Gaeck (antumonnt). Ilosyme-
TAJLTHIECKUN GJIECK CXOEH ¢ OIECKOM TIOTYC-
KHEBIIEH TTOBEPXHOCTH METAJLIA W BCTPEUaeT-
Cs1 Yy HEMPO3PAYHBIX U TIOJTYIIPO3PAYHBIX M-
Hepanos (rpadur, rematur, TeMHbIN case-
pur, MaraeTut). Han6osee MupoKko pacapo-
cTpaHeH HeMmeTainndyeckuii O7eck. OH xa-
paKTepeH /ISl [eJIOTO Psi/la MPO3PAYHBIX U
MOJTIYIIPO3PAYHbIX MUHEPAJOB. Bbinesnsercs
JIOCTATOYHO OOJIBIIOE KOJNYECTBO PABHOBU/I-
HOCTEH HeMeTaIIndeckoro 6Jyecka:

e CTEKJSHHBIA — HAMOMUHAIONAN OJeCK
MMOBEPXHOCTU CTEKJIA, 3TO CaMbIii PacIpocT-
paHeHHbIN B 6jiecka, UM 06J1a1al0T OKOJIO
70% Bcex MumHepasoB (KBapl Ha TpaHAx
KPUCTAJLIOB, KAJBINT, AOJOMHUT, (DIOOPUT,
[10JIeBbIE 1IIIAThI);

® ATMA3HBIN — OYEHDb CUJIbHDBIN MCKPSATIAN-
cs1 GJiecK, HepeiKo 3aTyIIeBbIBAIONIHIT CO6-
CTBEHHYTO OKpacKy Munepasa (anmas, cBer-
JbLA cpaiepuT, KacCUTepur);

® SKUPHBI — OJIM3KUI K CTEKJISIHHOMY, HO
HECKOJIBbKO G0Jiee TYCKJIbIN OJIeCK, KOr/ia mo-
BEPXHOCTb MUHEpAJa KaXKeTCs TOKPBITON
IJIeHOYKOIT sxmupa (KBapl Ha usjiome, Hede-
JINH, caMOPOHAs cepa);

e [EPJIAMYTPOBBIT — AHAJOTHYEH OJIECKY
MEPIaMyTPOBON PAKOBUHBI C PALy>KHBIMU
nmepenBaMu, XapaKTepPeH s TIACTHHYA-
THIX MHUHEPAJbHBIX arperatoB (MyCKOBWT,
THUIIC, TAJbK);

e MEJTKOBUCTDBIN — HAOMIOAAETCS TP TOH-
KOBOJIOKHHCTOM CTPOEHHUN MUHEPAJIOB U Ha-
rnoMuHaeT 6JiecK mesJKkoBbIX HuTel (actect,
BOJIOKHUCTBII THIIC);

® BOCKOBBIM — TYCKJIbIN, HATIOMUHAIOITII
6JieCK BOCKa, XapaKTepeH [ arperaToB C
JOCTaTOuHO TPy6oii moBepxHOCThIO (Xasrie-
JIOH, KPEMEHB);

® MaTOBBIN 6JIECK — KOT/[a MITHEPAJIBI TIPaK-
THYECKU He GJIECTST, BCTPEYAETCS Y TOHKO-
JINCTIEPCHBIX 3EMJINCTBIX MUHEPAJTHHBIX ar-
peratoB (KaoJMHUT, JUMOHUT, TJAYKOHUT).

Meskay TeM, OCTaeTcsl HEsICHBIM, MPH Ka-
KUX YCJOBHSIX Y€JOBEK HA3BIBAET OTPAKEH-
HbBII CUTHAJI OIITUYECKOro juanasona «bec-
koM». OkasbIBaercss, MO3I Ha3sblBaeT OJiec-

2019/Ne10

KOM He IPOCTO XOPOIINO OTpakaioliee, a
oTpaskaloliee y3KUM IIyYKOM JIyueii, mpuuem
TaK, YTOOBI JIy4HU TIOTIAJIN TIPENMYTIIECTBEHHO
TOJBKO B OfWH ria3. O6 aToM moapo6bHO 1
YBJIEKATEJIbHO PACCKA3bIBAETCS, HATIPUMED,
B kHure A.1.Ilepenbmana «3annMaTenbHas
(pusuka» (kumura 1, rmasa 9). Bripouem, aty
KHHUTY MOJKHO TIPOCTO II€PECKa3bIBaTh BCIO,
TaK YTO CKAavaiiTe ee M3 MHTEPHETA U YNTANTe
caMu Ha JIOCyTe.

B zaxsiovenne 3aMeTHM, 4TO KOTJA MbI
roBOpuM 06 ONTHYECKUX CBOICTBAX, TO BCe-
rfa moJpa3yMeBaeM BH/MIMOE IJIa3oM, T.e.
orpe/ie/IEHHYIO YacTOTY U3JIy4eHUsI U OIIpe-
JIeJIEHHBIIT — BHJMMBII — pasMep 06beKTa.
Ho 6pIBatoT apyrne 4acToThl U APyTHE pa3-
MepbI 06bEKTOB. Y IbTpadmoseToBoe 1 HH(-
pakpacHOe U3JIyYeHrs AHAJU3UPYIOT TPAIU-
IIMOHHO BMECTE€ C BUAWMBIM, a TI0 Mepe
yAaieHus OT PAJAYTy U MOMaIaHus B 00J1aCTh
PEHTTeHOBCKOTO M3JIYYEHH U MUJLIUMETPO-
BBIX PA/MOBOJIH, KOT/A BEIeCTBA HAYMHAIOT
BecTu cebst CYIeCTBEHHO HHAYe, MbI TT0TIa/[a-
eM B JIpyroii, He MeHee MHTEPECHbII pas/e
yue6H1KA. UTO 3Ke 10 pa3dMepoB 06beKTa, TO
BEIECTBA COCTOAT U3 ATOMOB M MOJIEKYJI, U
MBI BIIpaBe CIPOCHUTH, KakK (POTOH B3amMo-
JIefiCTBYET C OMHOYHBIM aTOMOM WJIM MOJIe-
KyJOW 7 Kak M3 B3aNMOJIECTBUS C OJUHOY-
HBIM ATOMOM IOJTYYAEeTCsT B3AUMOJIEICTBHE C
MOJIEKYJIO ¥ BEIECTBOM.

DoTtoHbl MOTYT MO0 TOTJIOMATLCS, OO0
pPAcCemBaTbCsI, TPUYEM PACCENBAHIE CYIIE-
CTBEHHO [P 3HAYUTENBHO GOJIBIINX JHEPTHU-
ax (pentren, raMmma-usayuenue). Ilorore-
HUE MOJKET IIPOUCXO/UTb Yepe3 Iepeaauy
sHepruu Jau60O 2JeKTpOHAM B arome, Ju6O
KOJIe6aHUSIM ATOMOB B MOJIEKYJIe, JINGO AJIeK-
TPOHHOMY Ta3y B TIPOBOJHUKAX. A JaJjblie
— WJIN W3Jy4YeHHe aToMa, KOTOPBIN MOTJo-
™ ¢doton (TOMUHECHEHIINSA, OTpakKeHne
JIMDJIEKTPUKAMMU ), UJTH KOJIEOAHUS 2JIEKTPOH-
HOTO Tasa u ero maaydenue (orpaxenne
CBETa METa/IaMM), WM TePeXoj B TEro
(MMEHHO TOATOMY METaJIbl OTPAYKAIOT 10~
pa3HoOMy, a KOTbI TakK JIOGST TPETbCs Ha
COJTHBIIIKE).
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PeLLeHuemM 3Tov 3a[a4u MPUCbISIAUTe 1o TeM XXe aapecam.
3anayn M2578-M2581 npeanaranuce Ha IV Onumnuage mMerarosncos.
3apgaun D2585, @2587 n D2588 npegnaranvce Ha 3ao4yHom Type MockoBckos ¢husnyeckon

onmmMmnuage 3Toro roga.
3apaun M2578-M2581, ®2585-12588

M2578. [laubl npoctble yuciaa p, ¢, r U
HaTypaJbHOE N TaKWe, YTO BeJTUINHDBI

p+n qg+n r+n

) )

qr p pPq
SBJISIOTCS 11eJIBIMU YncaaMu. JJokaxkure, 4To
p=qg=r.
H.Azaxamnos

M2579. Ha sx3zamen npunm 100 crynen-
toB. [IpenogaBareb 1o ouepein 3a/1a€T Kask-
JIOMY CTy/ieHTy ojuH Borpoc: «CKOoJbKO 13
100 cTyaeHTOB TOJIyuar OIEHKY “cran’ K
KOHITy 9K3aMeHa?» B OTBeT cTy/1eHT Ha3bIBa-
er mesoe umcsgo. Cpasy mocie TOTydeHWs
OTBeTa TIPEMO/IaBaTe b OOBIBISET BCEM, Ka-
KYyIO OIEHKY TOJIyU9WJI CTyZIeHT: “chan’ uin
“ne cpan”.
[Tocse TOro, Kak BCe CTYAEHTbI IIOJIydar
OLIEHKY, IPU/IET UHCIIEKTOP U IIPOBEPUT, €CTh
JIU CTYIEHTDbI, KOTOPbIE AT TIPABUJIBHBII
OTBET, HO TOJYYHJIHN OlleHKy . Ecum XoTs
6bI O/IUH TAKOIT CTY/IEHT HAW/IETCS, TO MPETIo-
naBatesb OyJer OTCTpaHeH OT pPaboThl, a
OTIEHKM BCEX CTY/IEHTOB 3aMeHAT Ha “cjaan’.
B npoTuBHOM ciTyuae HUKaKUX M3MEHEHU He
TTPOM30M/IeT.
MoryT Jin CTYJIEHTBI IPUAYMATh CTPATETHIO,
KOTOpasi TapaHTUPyeT WM BCEM OIEHKY
“cran”?

/. A¢pusonos

IMI12580. [lana BbIIIyKJ/Iasl 4eTbIPEXYTrOJIbHAS
nupaMujia ¢ BepIIMHOM S W OCHOBaHMEM
ABCD, npuueM cymecTByeT cdepa, BIUcaH-
Hast B 9Ty nupamupy (T.e. pacroJioKeHHas
BHYTPU MUPaMU/bl U Kacalolasicsd BceX ee
rpaneit). Iupamuay paspesanau 1mo peGpam
SA, SB, SC, SD wu otoruysn rpauu SAB,
SBC, SCD, SDA BosHe Ha 110cK0OCTb ABCD

Tak, YTO TOJYYHJCSI MHOTOYTOJBHUK
AKBLCMDN, kak 1noka3aHo Ha pucynke 1.

Jloxkaxkute, uto Touku K, L, M, N jie;kat Ha
OJTHOH OKPY>KHOCTH.
T.Baxow, I'.Kow ( Benzpus)

M2581. B conmanbhoil cetn ¢ pUKCHPOBaH-
HBIM KOHEYHBIM YHCJIOM T10Ib30BaTe el KasK-
JIbIil TI0JIb30BATE b MMeeT (DUKCUPOBAHHBIN
HA00D NOORUCHUKOE CPEJIN OCTATBHBIX MOJTH30-
Baresieii. Kpome Toro, Kask/iblii OJIb30BaTE b
UMeeT HEKOTOPbIM HaYaJIbHBIM PEUTUHT —
1eJI0€e MOJIOKUTEbHOE urnc10 (He o6sa3arennb-
HO OJMHAKOBOE [T BCEX TOJb30BaTesei).
Kaxy1o moHoYb peRTHHT KasK/I0TO M0JIb30-




18 KBAHT

BaTeJIs yBeJNYUBAETCS HA CYMMY PETHHIOB,
KOTOpbIE UMEJIH €ro MOANUCYUKN HeloCpe/l-
CTBEHHO IIepe/] TIOJYHOUBIO.
[Tyctb m — HekoTOPOE HATypaIbHOE YUCJIO.
Xaxep, He SIBJSIOTIUICS OJTb30BATEIEM CETH,
XO0ueT, YTOObI PENTHHTH BCEX TTOTb30BaTEIEH
JIleTUIACh Ha m. Pa3 B JIeHb OH MOKeT 60
BBIOPATH HEKOTOPOTO MOJTH30BATEIS U YBEJH-
ynuth ero pedituar #Ha 1, guGo HUYEro He
nenatb. Jlokaskure, 4TO uYepe3 HECKOJDLKO
JIHell Xakep CMOXeT JOCTUYb CBOEH 11eH.
B.Hosuxoe

®2585. [{uaunap 3amoJHEH MATEPHATIOM C
MHOKECTBOM OJTHOPOJIHO PACIIPE/IETEHHBIX
Mop, YHCJO KOTOPBIX B eAWHHIE 00beMa
mauaapa 100 cM™. Cuesa B UJTAHAP CO
CKOPOCTBIO % =3 CM/C BJBHUTAIOT TIOPIIEHb.
[Tepes HuM o6pasyercs 06JacTb YILIOTHEHUS
(puc.2), B KOTOpOii 06beM KaxI0i HOpbI

0
_»
u
—>
Puc. 2

YMEHDBIITAeTCs HA > MM, Cunraiite, 4TO ILJIOT-

HOCTb MaTepuaJia Mexxy mopamMu He M3MeHs-

ercs.

1) HaiizuTe CKOpPOCTb © TPAHUILIBI pasjena

VILJIOTHEHHO 1 HEYILIOTHeHHOH yacTeil. OTBer

BBIPA3UTE B CM/C, OKPYTJIUTE JIO TIEJDBIX.

2) Haiigure uncao 1mop B exunuie obGbeMa

muaMHApa B o6maactu ynsoTHenus. OTBeT

BBIpA3uTe B M, OKPYTJIUTE /IO TIEJIbIX.
H.Bopobves

®2586. CamoJier BbLIETEJ] U3 a’dpOIOPTa
I[Tyxoso (Cankr-Tlerep6ypr) B 00 wacos 00
MUHYT 110 MOCKOBCKOMY BPEMEHH U JIETHT BCE
BpeMsI C MOCTOSIHHOU 110 BEJMUYHHE CKOPOC-
110 0 =100 KM/4 B HalpaB/IeHUU HA IOTO-
samaz. B kaxoe Bpems (1o Mockse) camoJier
repecevyer 9KBATOP U KAKYIO0 CTPAHY CMOTYT
VBUZIETD MACCAKUPBI B UJLTIOMHUHATOPBI Ca-
MoJiera?

C.Bapaamos

®2587. Yro6bl TepeBUHYTHh TOJJOH, Ha
kotopoM Haxoganmaoch 1000 kmprmyedt, mc-
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[0JIb30BaI I'Py30BHUK. Korja npukpenunn
TPOC K BEPXHEMY KpIOUKy mnoziona (puc.
3,@), TO rPy30BUK IPOGYKCOBBIBAJ U HE CMOT
C/BUHYTb TPy3. UTOOBI OH CMOT CJBHHYTb
Tpy3, Hy’KHO CHATD He MeHee 315 Kupmiueii.

a)

Puc. 3

Ecv ske mpuKpenuTh TPOC K HIKHEMY KPIOU-
Ky (puc.3,6), TO TPy30BUK CMOYKET CABUHYTh
rpys, Aaxe ecan K ucxogapiM 1000 xkuprmu-
yam po6asutb 315 kupmnuueit. B o6oux ciy-
4asgx TPOC 06PA30BBIBAJ OJIMH U TOT JKe yTOJI
¢ ropusonTtom. OTpesiesnTe Maccy rpy30BH-
Ka «B KUPIUYAX», €CJIU Macca TO/JJ0HA PaB-
Ha Macce 125 kuprnuueii. OTBeT OKpyTriuTe 0
nesbix. KoadpduimenT Tpennst kosec u moj-
JIOHA O 3eMJIT0 OJITHAKOBBII, ABUTATETh TIepe-
JlaeT BpallleHne Ha Bce KoJieca.

A.Bviuxoe

®2588. YuacTok 3JEeKTPUUYECKON IIeNu CO-
JIePKUT ceMb pesucTopos (puc.4). Ycrpoii-
CTBO, B COCTaB KOTOPOI'O BXOJUT 3TOT Y4aCTOK
IeTTH, KOPPEKTHO paboTaeT, ecJ HOMUHAIBI
VKa3aHHBIX PE3UCTOPOB PABHBI X HOMEPAM:
R, =1 OM, R, =2 Omur.a. Pesucrop R,
meperopes M 3aMEHUTh €T0 HOBBIM PEe3NCTO-
poMm HOMHWHaJOM 2 OM HeBO3MOHO. [l7s
BOCCTAHOBJICHNUSI PAG0TOCIIOCOGHOCTH YCTPOIi-
CTBa OJIMH M3 OCTABIINXCS PE3UCTOPOB 3aMe-
HUJIN PE3UCTOPOM JPYTOT0 HOMUHAJIA.

1) Kakoii peauctop 6bL10 3aMeHen? Y Kaxu-
TE HOMEP 3TOr0 PE3nCTOpa.
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2) Pesucrop Kakoro HoMUHaJ/Ia BIASIN BMe-
cto neperopeinero? OTBeT BbIPa3uTe B OMax
U OKPYIJIUTE /IO COTBIX.

A.Bviuros

PeweHusa 3apgay M2566-V12569,
d2573-d2576

M2566. Cywecmsyiom au nsimv nociedosd-
MESLHBIX HAMYPATLHLIX UUCET, HAUMEND-
wee obuwee Kpammoe KOMOPLIX SGAAEMCS
MOYUHBIM K8AOPAMOM?

OrBer: Her, HEe CYNECTBYIOT.
[IpeamonokuM HPOTUBHOE, T.€. UYTO
N =HOK(n,n+1,n+2,n+3, n+4) asus-
eTCs TOUHBIM KBagparoM. Torga KasKioe mpo-
CTOE YHCJIO BXOAUT B pasJioykeHe N B YeTHOI
cremenn. Kasxjoe mpocroe p =5 SBJIsIeTCs
JeaureseM He 6Gojiee YyeM OJHOTO M3 YUCET
n,nt1,n+2 n+3, n+ 4. 3Hauur, ecau
P =5 ABISETCS [IEMUTEIEM OJHOTO U3 [[aH-
HBIX YHCEJI, TO OHO BXOAUT B €T0 PA3JI0KEHIE
Ha IIPOCThIE MHOKUTEJIN B YETHOH CTENEeHN.
Yucsio p = 2 BXOJUT B pa3jioxeHue He GoJiee
yeM TpeX U3 JAHHBIX YHCe]I, IPHIEM B Pa3Jjio-
sKeHue XOoTs Obl OAHOIO M3 HUX — B 4eTHOH
CTENEeHN, 3HAYUT, P = 2 NPUCYTCTBYET B
HEYeTHO! CTeIleHN B Pas/ioKeHHu He 6GoJiee
yeM JBYX M3 JAHHBIX YKCe]. AHAJOTHYHO,
» = 3 TPUCYTCTBYET B HEYECTHOW CTEMCHU B
pasJioKeHnH He 6oJiee YeM OJJHOIO U3 JJAHHBIX
ymcen. TakuM 06pa3oM, Cpean JaHHBIX IATH
Yyucea He MeHee JBYX YHCEJ UMEIOT B CBOEM
Pa3JIOKEHNH TOJIBKO YETHBIE CTEIIEHH IIPO-
CTBIX YHCEJ, T.€. SABJIAIOTCA TOUHBIMU KBaJl-
paramu. Ilycrs ato G6yayr x> u y? s
HEKOTOPBIX HaTypaabHbix & <y. Torama
4> y* —x” 2 (y - x)(y + ), 9TO BO3MOKHO
TObKO Tipn X = 1, y = 2. 3HAUNT, €INHCTBEH-
Hblii ocrammiicss Bapuant: HOK (1, 2, 3, 4,
5)=60 — He TouHbI KBajgpar. 3amaua pe-
HIeHa.
AHaJOTMYHBIM 06Pa3soM MOMKHO IIOKA3aTh,
uto N = HOK(n, n+1,n+2,n+ 3, n+4)ne
MO3KeT ObITh TOYHOM crenenblo (GoJblie nep-
BOIT) HATYpaJIbHOrO YKCIIA.

1. Ko.xesnuxoe

M2567. Ha cmoponax BC, CA, AB mpe-
yeonvnuxa ABC evibpanv. coomeememeenio
mouxu K, L, M, a enympu mpeyzoivnuxa

evibpana mouxa P max, wmo PL| BC,
PM ||CA, PK | AB (puc.1). Mosxem au
oxasamoucs, umo ece mpu mpaneuuu AMPL,
BKPM, CLPK — onucannwvie?

A

M

B K C
Puc. 1

OrtBerT: HeT, HE MOJKET.

[Ipogmim orpeskn PK, PL, PM no nepece-

yeHUs co crtopoHamu B Toukax E, F, G

(puc.2). 3 kputepust ONMMCAHHOCTH MMEEM
A

M E

C

Qe

B K
Puc. 2

AL + PM =AM + PL, otxkyna AE + EL +
+PM — AM — PL = 0 nm (ucnosb3ys To,
yro AMPE — napaJ/LieorpaMmm)

2PM +EL-PE-PL=0.

CJI0XUM 3TO PAaBEHCTBO C aHAJOTUYHbIMU
paBEHCTBaMU

2PL+GK-PG-PK =0

2PK + FM — PF-PM =0,
[IOJIyYUM
(PK +GK - PG)+(PM + FM - PF) +
+ (PL+EL-PE)=0.
Ho, cormacHo HepaBeHCTBY TPEyTOJHHUKA,
Kak7asi CKOOKA B JIEBOU YACTH MOJIOKUTEb-
Ha. [IporuBopeune. 3amaua perieHa.

[IpuBeseM emie oaHO pelleHue 3ajayu.
[IpeanomnoxuM, 4yTO BCEe TPHU 3TU Tpameruu
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onucanubie. O603HAYNM BITUCAHHBIE OKPY K-
HOCTH 4Yepe3 M,, (), O, COOTBETCTBEHHO, a
uxX auameTpnl — 4yepes d,, d,, d.. B cuny
[UKJTMYECKO CHUMMETPUHU YCJOBUSI MOJKEM
cuuTaTh, 4T0 d, — HamGOJIbIINI U3 JAUAMET-
poB. IIpoxmum PL no mepecedyenus ¢ AB B
touke F (puc.3). 3amerum, uro d, paBHO
paccrosinuio Mexy npssmbimu LF u BC, 1. e.

B K C
Puc. 3

Boicore Tparneiun BFLC. Torga dy, He 6oJib-
e 3TOH BBICOTBI, 3HAUUT, OKPYXKHOCTD ()
IEJUKOM  COJIEPKUTCSA BHYTPU Tpamnenun
BFLC u He MOXeT KacaTbcd oTpe3ka MP.
[Tonyueno mnporuBopedne, 3aBeplialoliee
pelenue.
Haxowner, npusezieM Ueio elie oHOro Opu-
IMHAJIBHOTO PElLIeHns, KOTOpoe IIPUyMaJl Ha
Kaskasckoil onumnuazie JecATUKIACCHUK U3
Maiikorna Mcaam Emmk. U3 orpeskoB PK,
PL, PM BbiGepeM HauMEHBITUH 1O JJIHHE.
He ymassgs o6UIHOCTH, CYUTaeM, YTO HTOT
orpe3ok — PK. Torya B oncanHoi Tpanenun
CLPK o6okoBass cropoHa PK He G6GoJblie
MeHbliero ocHoBanuss PL. Ho HecsoxHO
JI0OKa3aTb, YTO B ONUCAHHON Tpamenuu 3TO
YCJIOBHE He MOKET BBIIOJHATHCSA (II0OCKOJIb-
KY, C OIHON CTOPOHBI, B JIIOOOH Tpamnenun
Pa3HOCTD JIJTMH OCHOBAHUIT 60JIbIIIE PA3HOCTH
JUTMH GOKOBBIX CTOPOH, a C APYTO CTOPOHBI,
COIJIACHO KPUTEPHUIO OINUCAHHOCTH, CyMMa
JUTMTH OCHOBaHWI paBHA CyMMe JJUH GOKO-
BBIX CTOPOH).

11. Kosxesnuroe

M2568. Hmeemcs 15 usnauaivro nycmolx
AWUK08. 3a 00un x00 pazpewaemcst 6vl6-
PaAmsv HECKOLKO SUUKOE U 000AGUND 6 HUX
KOJUUeCmea abpuKocos, pasHvle HeKOMmo-
PUIM NONAPHO PASIUYHBIM CMENeHiM 0680U-
xku. Ipu xaxom naumenvuiem HamypaioHOM
kR MOXK1MO 000umMbCs, 4mobvL NOce HeKomo-
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poix k x0006 60 6cex AWUKAX OKA3AIOCH
noOpPoHY adPuUKocos6?

Orser: 8.

Ipumep. MHoxecTBO ANMKOB Pa3obbeM Ha
IMOAMHOKeCTBO A 13 7 AIUKOB U IOAMHOKe-
c¢rBO B 13 8 amukosB. 3a Kask/blil U3 8 X010B
mooskuM 1o 27 =128 aGPUKOCOB B OJIMH U3
AIIMKOB MHOKecTBa B (3a pasHble XO/bl — B
pasHbple AIMKK), a B OCTaJbHBIC SIUKH
MHO’KecTBa B HUUero He KJjajieM. A B SAIUKU
MHOKeCTBa A aOPUKOCHI PACKJIA/bIBAEM CO-
TJIacHO TabJIunILe:

1 2 3 4 5 6 7
AMUK(AINK [ ATTK| AIIK [ ATTK| AIIK (AT K

1xon| 1 2 4 8 16 | 32 64
2xoxn| 1 2 4 8 16 | 32 | 64
3xon| 2 4 8 16 | 32 | 64 -
4xon| 4 8 16 | 32 | 64 - -
Sxox| 8 16 | 32 | 64 | — - -
6xon| 16 | 32 | 64 | — - - -
7xon| 32 | 64 | - | - | - | - | -
8xon| 64 | - | - | - | - | - | -

Jlerko BuUmETh, YTO B KOHEYHOM WTOTE B
KaXKJI0M smmKe 6yer 27 aGpHKOCOB.
Ouenxa. Ilyctp 3a k X010B KosmuecTBa abpu-
KOCOB BO BCEX SIMNUKAaX CTaju paBHbl N.
O6o3HaunM vyepes 2" Han6oJblee KOJIMUE-
CTBO a0PHUKOCOB, KOTOPOE IMOJIOKIJIN B Ka-
KOH-s60 SMuK Ha KakoM-au6o xoay. Torga
N > 2™ . C apyroii CTOPOHbI, 38 KaKIbIi X0/
BO BCe SIUKH MOJOXHUJU He O6oJiee
2" 42" 4422 4241 < 2™ abpukocos,
[I09TOMY B KOHEYHOM HUTOTE 0OIee KOJImde-
cTBO abpukocoB, paBHoe 15N, MeHbIle
2"k Umeem 15-2" < 2"k OTKy/1a
k>75.

AHAJIOTHYHO MOJKHO peIliaTh 3agady st
J060TO KosmyectBa ¢ AnmroB. OTBETOM Oy-

2
YeTHOM (.

t+1 t
JeT | —— | Ipu HEYeTHOM ¢ U 5 +1 npu

11. Ko.xesnuros

M2569. V Jumvi ecmo 100 xamueii, nuka-
Kue 06d U3 KOMOPbIX He PAGHbL NO Mdcce.
Taxxe y Hezo ecmv cmpanuvle 08YxXUAULCY-
Hble 6eChbl, HA KAXKOYH YAWKY KOMOPLLX
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MOKHO KAacmv poeno 10 kamneil. Hazoeem
napy xamuell scHou, ecau [uma moxem
BLIACHUMY, KAKOU U3 KAMHEU 6 Imoll nape
msokenee. Kaxoso naumenvuiee 603M0KHOE
KOUUECMBO SACHLLX Nap?

Otser: C}y, - Ch = 4779 .

HaszoBeMm nmapy kamueil n10xoi, ecii oHa He
SIBJISIETCST SICHOM.

Ipunmep. IlokaskeMm, 4TO BO3MO’KHA TaKas
curyanys, koraa 6yayt 19 xamueii, so6bre
JIBA U3 KOTOPBIX SIBJSIOTCS ILIOXOH mapoii,
T.e. HU IIPO Kakue JiBa U3 KaMHeil Hesb3s
BDBISICHUTD, KaKOW M3 HUX JIerde.

[Tonosxum macest kamuett pasabiMu 100, 200,
400, 800, ..., 2%-100, 2' +1, 2% +2, .

s 2190 119 . Kamnu ¢ maccoii 6oipme 2%

HA30BEM MSAKEAbIMU, & OCTAIbHDBIC — Je2KU-
Mu. JIokaskeM, 4TO TsXKeJble KaMHU HEBO3-
MO>KHO Pa3JIMuuTD, Jla’Ke eCJU Mbl CPaBHUM
BCE BO3MOJKHbIE TIapbl JIECATOK APYT C JIPY-
roM. JTO CJeyeT U3 CJAEAYIONHUX /IBYX yT-
Bep K/IEHMUIA.

YrBepxaenue 1. [Ipu cpaBHeHNN ABYX IPYIII
o 10 kamHell TsiKesee OyJeT Ta, B KOTOPO
6OJIbITIE TSIKEJBIX KaMHEH.

YrBepxkaenue 2. IIpu paBHOM KOJTMYECTBE
TSDKEJIBIX KaMHeH B IBYX TPyNIax TsKesee
OyJieT Tpymma, B KOTOPYIO BXOJHT CAMbIit
TSDKEJIBI U3 TPUCYTCTBYIONINX JIETKUX KaM-
Hel.

Ouenxa. [Jokaxem, 4TO HU B KaKOM cJydvae
KOJINYECTBO ILJIOXUX IIap He IpeB3oiijer
171 = C129. [ns atoro chopmysupyem ete
HECKOJIbKO YTBEPsKICHUH.

YrBepxkaenue 3. [lapa kamueit XY sBiser-
€4 IJI0XOH TOrZla U TOJIbKO TOr/1a, KOrja /s
JIIO60TO BO3MOKHOTO B3BEITUBAHUS TIPH 3a-
MeHe KaMHel W3 9TOi mapbhl J[pyT Ha JIpyTa
MCXO/] B3BEITUBAHUS HE MEHSIETCS.
[JoxasareabcTBo yrBepxkaenust 3. /locra-
TOYHOCTH OveBuHA. [loKakeM Terepb He0O-
XOJIUMOCTD, T.€. YTO €CJIH TTOCTe 3aMeHbl X Ha
Y MCX0/T KAaKOTO-TO B3BENIMBAHMS MEHSCTCS,
TO MbI MOKEM BBISICHUTD IIPO KaMHu X U Y,
KaKoH Tsoxeiee.

Bo Bpems B3BemmMBaHUs KaXK/blil 13 KaMHEH
X, Y Mor HaxoauTbed Ha JeBoit yamke (L),
npaBoil yamke (R) wiM He y4yacTBOBaTh BO
B3BenmBanuu. Ecim X m Y Haxomamauch B
OJTHO¥ TpyTIE, TO Pe3yJbTaT B3BENTHBAHS

«KBAHTA »

He Mor uaMenutbes. [lycts X u Y 6bLan Ha
Pa3HbIX YallIKax, /JI OlpeeIeHHOCTH BHA-
vyage X Ha L, a Y —Ha R. Tormga Bo3MOKHBI
cJielylolie BapuaHTbl U3MEHEHUS Pe3yJIbTa-
Ta B3BelIUBaHUA IIOC]e IepeMelienns X Ha
R, a Y na L (cM. Tabamy):

ITo o6mena | ITocye oOMena | Boisos
XnY u

L>R L=R X>Y
L>R L <R X>Y
L=R L>R X<Y
L=R L<R X>Y
L <R L=R X<Y
L <R L>R X<Y

YrBepxkaenne 4. Ecom maper XY w XZ
Jjaoxue, To mapa YZ mjuoxas.
[HoxazateabctBo. PaccMoTpum jiio60€e B3Be-
muBanue. [Tomensem B Hem Mectamu Y u X,
nmotoM nomensieM X u Z, a 3areM cioBa X u
Y. Ilocsne kaxaoil U3 aTuX 3aMeH, B CHUJY
yTBEPsK/ieHUS 3, Pe3yabTaT B3BEIINBAHUS He
MEHSIJICSI. A UTOT 9TUX 3aM€H B TOM, 4TO X
ocTajics Ha CBOeM MecTe, a Y 1 Z TOMeHsSIJINCh
Mectamu: XYZ ->YXZ ->YZX - XZY .
[Tosryuaercst, 9T0 B TPON3BOJTHLHOM B3BEIIN-
BaHWU Tpu o6MeHe Z W Y pe3yabTaT He
MeHSIeTCSI, 3HAUUT, napa Y Z 1maoxad.
Paccmorpum Tpady, BepIIMHBI KOTOPOTO —
KaMHH, a pe6paMu COeJIMHUM IIJIOXHE Taphl.
N3 yrBepxkaenus 4 ciemyer, 4TO KaxK/jas
KOMIIOHEHTA CBSA3HOCTH TAaKoro rpada — moJi-
HbIi moarpad.
Yreepxkaenue 5. [lns mobbix 20 xamuei
Ay, Ay, ...y Ay cpenn map AjA,, AzA,, ...
.., AjgAyy ecTb XOTb OJiHA SICHAS.
HoxazareabcTBo. [Ton0xnM Ha O/THY YaIKy
BecoB kaMHU Ay, Az, As, ..., Ajg , @ HA IPY-
ryio — Ay, A4, ..., Ay . Ecain Becol nokasaun
paBHOBecHeE, TO TIOCJIe 3aMeHbl 060 mapbl
paBHOBecHWE HApPYIIUTCSI W YAACTCS BbISC-
HUTDH, KTO B 9TOH Tape Jierde, a KTO TsLKeJee.
Ecum sxe ofiHa yanmka nepesecusia pyryio, TO
6yzieM 10 Oouyepeji MEHSTb KaMHU U3 OJ[HOM
napbl, MOCJe BCEX JIECSATU TaKUX 3aMeH pe-
3yJIbTAT B3BEIINBAHUSA U3MEHUTCS HA ITPOTH-
BOIIOJIOJKHDII. 3HAUUT, Pe3yJsIbTaT U3MEHUT-
cs TI0cJIe 3aMeHbl KaKON-TO O/THO¥ 13 T1ap, aTa
napa u Oy/JleT SICHOIA.




22 KBAHT

PaccMmoTpuM Tenepb KOMIIOHEHTBI CBSI3HOCTH
rpada mroxux mnap. B kask1oii 13 HUX BbI/e-
JiuM HamboJIbIllee MHOYKECTBO HellepeceKaro-
nxcst nap (Tak Ha3bIBAEMOE MAKCUMALLHOE
napocouemanue). 1lyctb B i-ii KOMIIOHEHTE
yZIaJI0Ch BbiAE T 7; 11ap. CorjacHo yTBep-
JKJEHHIO 5, CYMMa BCEX 7; HE IPEBOCXOANT 9.
Torga B i-it kommnonente He Gosee 2n; +1
BEPIINH U, CTaJI0 ObITh, He GoJiee 7; (Zni + 1)
pebep. 3HauuT, o6IIee KOJTMIECTBO pebep He

HPEBOCXOUT CYMMbI S = E n; (2n; +1) (cym-
Ma Gepercs 1o BceM Komronentam). /lasee,

S = 227112 +2ni < 2(2711-)2 + Zni <
<2.924+9=171.
Hy:xxnast orienka loka3aHa.
B.bpazun

®2573. Hlapux maccoti M ¢ xecmxumu
NAACMUKOBIMU CMEHKAMU NOCIe NAJeHUs.
(6e3 nawarvnoi cxopocmu) ¢ evicomvl h na
cmoa nodckaxusaem na soicomy 0,7 h. Crkoo-
ko necxa (Kaxyo maccy m) HyKHO HACHL-
namy eHYymMpsv wapuxd, 4mobov. OH NOCIEe
nadenust ¢ Mol xe 6blcomuvl NOOCKAKUBAL HA
svicomy 0,3h?

[Ipu ypape o6osouku mycroro (6e3 recka
BHYTPHU) LIapUKa O IIOBEPXHOCTb CTOJA CO-
xpanserca 70% MeXaHHYeCKON SHEpTHH.
(ConporusiieHneM Bo3jyxa npeneGperaem.)
ITO 03HAYaAeT, YTO BEJMINHBI CKOPOCTEH
IMapuKa cpasy IocJe yjapa vy U 3a MIHOBe-
HIE 10 yAapa v, OTHOCATCS Kak

e 7

0 10
Ecsin BHyTpH miapuka MMeeTcsi HY>KHOE KO-
JIMYECTBO IIeCKa, TO T0cJIe yiapa 060I04KI U
B3aMMO/IEHICTBHSA 000JIOUKHU C TIECKOM IIAPHK

nMeeT CKOPOCTb
3
02 = UO -_— .
V10

W3 3akona COXpaHEHUA HMITyJbCa MOKHO
TIOJIYYUTD TaKO€ COOTHOMICHUNE!:

7 3
Mvo\/% —muvy = (M +m)00\/%.
OrTcioga HaxoIuM
_NT-B

m=M"N2 _019M .
V10 +4/3

B.Illapuxos
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®2574. Ha xpai

bomvwoti éazvl (on

noKa3an KpacHou

AUNHUEN HaA PUCYHKE,

6ud ceepxy), cmo-

Awel Ha 20PU3OH-

maavHoM cmoJe,

onupawmcs mpu

odunaxosvie O0JuH-

Hble U MONKUE NALOUKU, KAKOAS U3 KOMO-
POLX uMeem Maccy m, pacnpeodesennyio pas-
HomepHo no ecetl daune. C KAKOU Culol
63aumodeticmeyiom 0ee U3 mpex naiouex?
Konuypt 00101 narouxu xacaomes kpas 6asul
u cepedunvt 0pyz0il NALOUKU.

CymMapHag Macca BcexX Majioyek paBHa 3m.
Cuuia TsKeCTH BeeX Mago4eK KOMIEeHCUPYeT-
sl TPeMs OIMHAKOBBIME (B CHJTY CUMMETPHN )
BEPTUKAJBbHBIMU T10 HAIIPABJIEHUIO CUJIAMHU, C
KOTODBIMU Ha KOHIIbI I1aJI0¥€K JeHCTBYIOT
Kpas Ba3bl. IHbIMU cji0BaMM, CHJIbI peaKIiun
PaBHbI 110 BeJIMUNHE 1g 1 HAallPaBJIeHbl BBEPX.
YcoBue paBHOBECHUS OJIHOM MTAJOYKU COCTO-
UT B TOM, YTOGBI CyMMa CHJT, I€HCTBYIONTIX Ha
Hee, M CyMMa MOMEHTOB 9TUX CUJT OBLJIN PABHBI
HyJ10. Ha kaxxyto nmasouky 1efcTBYIOT BCEro
yeTblpe CUJIbL: CUJIa TSXKEeCTH, CUJIa CO CTOPO-
HBI Kpas Bas3bl M CUJBI CO CTOPOHBI JIBYX
JIPYTUX TAJ0ueK, KOTOpbIe JOJUKHBI  ObITh
TOXe HaIlpaBJIeHbI BepTUKaJbHO. Haiimem
MOMEHT CIJI, IeHICTBYIOIINX Ha O/IHY 13 [1aJI0-
YyeK, OTHOCUTEJIbHO ee 1eHTpa Macc. OH onpe-
JIeJISIeTCS CUJIaMU, TIPUJIOSKEHHBIMU K KOHIIAM
nayouku. Cre1oBaTesIbHO, U Ha BTOPOH KOHEIT
paccMaTpuBaeMoOil MaJIOUKK JlelicTByeT Ha-
MpaBJieHHAs BBEPX CUJIA, PABHAS 110 BEJNYH-
ne mg. Torga cusa, IpuUIoKeHHAs CO CTOPO-
HBI JIPYTOI MAJOYKH K IEHTPY paccMaTpuBa-
€eMOll TaJIOYKM, HaIpaBJeHA BEPTUKATHHO
BHU3 ¥ TOXKE PaBHA 10 BeJWMYUHE MG. ITO
03HAYAET, YTO KAKY10 ObI APy TAT0YeK MbI HI
BBIOpAJIN, UX CUJIA B3AUMO/ICHICTBHS PaBHA 110
BeJIMUUHE Mg.

C.Tamuxos

®2575. Kakxosvr nokasanus 00UHAKOEHIX
MYAOMUMETPOE 6 INeKMPUUECKOU  Ueni,
usobpasxennot na pucynxe 1? Tpu npubopa
pabomaiom ommempamu Ha Ouandazowe
2000 xOm, a mpu Opyzux usmepsom Hd-
npsKenus. Buympennue conpomuenerus
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+Q-

-V+ -V +

Puc. 7

npubOPOs 6 IMUX PEKUMAX USMepenull 00U-
naxoevt u pasnvt R =1 MOwm. 9/C sxeusa-
nenwmnoii (0rs enewneti uenu) 6amapeiixu 6
Kaxdom ommempe pasua & = 2,2 B.

MpbIC/IeHHO BKJIIOYMM B CXEMY TPU H/l€aJIb-
HBIX aMIlepMeTpa ¢ YKa3aHHbIM Ha PUCYHKE 2

+A - -Q+ -V+H-Q+

+ A, - +Q -

+ A - -V + -V +
Puc. 2

pPacIoOJIOKEHUEM [OJSIPHOCTEH BXOJHbBIX
KJIEeMM aTHX pu6opoB. [lsis jeBoro y3maa, K
KOTOPOMY TOJKJIIOUEHBI BCe TPU aMIIepMeT-
pa, corsracHo mpasuyy Kupxroda BITTOTHS-
€TCsI COOTHOIIEHTE
Li+1,+13=0.

[lns y3aa ciipaBa B COOTBETCTBUU € 3aKOHOM
OMa MOXKHO 3amucaTrb

26-3IlR=-¢6-1,R =-2I3R.
Tpwu 3HaKA paBEeHCTBA B 3THX COOTHOIIEHISIX
03HAUAIOT, YTO UMEIOTCS TPH YPaBHEHUS IS
HAXOXK/ICHIST HeN3BECTHBIX 3HAUEHUI TOKOB.
Pemennem cuctemMbl 4eTbipex ypaBHEHUH
OyZlyT BEJMYUHBI TOKOB
_8¢ __9¢ _1é
TR R URT
Torna nokasaHusi BOJIbTMETPOB GYAYT CJAELy-
IOIIUMU:

Iy

U =-36-16B,
11

6
Uy,=U;=-——=-0,2B.
2 3 1
Kaxiprit oMMeTp, UMeroTnii BHYTPU 9KBUBA-

JieHTHY10 6atapeiiky ¢ D/IC & u BHYTpEHHUM

«KBAHTA »

COITPpOTUBJIEHUEM R un na knemmax KOTOPOTO
HaIlpsAXeHue paBHO U, ITIOKa3bIBa€T 3Have-
HUE COITPOTUBJICHUSA Rx’ paBHOE

U
R, =R——.
E-U
COOTBGTCTBGHHO, ITOKa3aHuA OMMETPOB 6y—
AYyT TaKUMU:

Rx1 = RxZ = §R = 375 KOM,
8

R, = %R =222 xOmMm.
C.Bapaamos

®2576. 13 001O0po0H020 pe3un06020 wHypd
c0enanu nemiio ¢ «X60Cmom», m.e. 00UH U3
KOHY06 WHYPA HAKPENKO NPUBAIALU Y3TOM
K 0010t U3 e20 mouex mexoy xKonyamu (cm.
pucynox). Illnyp e3aiu 3a dee mouxu u
PACMAHYIU MAK, YN0 NEMLSL NPEEPAMULACH

6 06a 8LIMAHYMBLL 6001 OpYe OpYza Ompes-
Kad 00UHAKOB0U OJUHBL U MACCHL, d X60CM
UEUKOM GLIMANYICS 6001b MO Ke TUHUUL,
Ha KOMOPOU PACNOLOKEHBL YUACIKU NEMIU.
IIpu smom éce neborvuue yuacmku wnypa
npuobpesu OIuny, KOMopas 60 MHO20 Pd3
boabuLe OIUHBL IMUX JKe YUACMKO8 6 Hede-
popmuposanrom cocmosnuu. Ipu pacms-
JKenuu wnyp noduunsemcs 3axony Iyxa.
Ecau <weaknymos no Y3y, mo GOJLHbL,
npobezaiouue no WHypy, OMpPAUGUUCH OM
Mecm Kpenienus, 6036PAuaomcs K Y3iy
oonospemenno. Kaxyio doso om eceil maccol
Pe3UNH08020 WHYPA COCMABILACTN XEOCTN?

CKOpoCTb ¥ PacIpOCTPaHEHUsT BOJIH 10 pac-
TSAHYTOMY C CUJOW F IIHYpYy, MMeoleMy
JUMHY L 1 paBHOMEPHO 110 JIUINHE pacIpe/ie-
JIEHHYIO MacCy 7, BbBIYHCJSAETCSI COTJIACHO
usBectHoii opmyse v = FL/m. Orciona
CJIe/LyeT, YTO BPEMs /IBMJKEHHS BOJIHBI OT
HayaJsa y4yacTka JUIMHOI L /10 ero IpoTuBo-
I0JIO3KHOTO KOHIIa paBHO At = L/o = \J/mL/F .
B ycaoBuu ckazano, 4TO pacTSHYTBHIH ITHYP
HofYnHACTCS 3akoHy ['yKa 1 4To yannHeHune
J060TO yyacTKa MHYpa BO MHOTO pa3 60b-
me ero HexedopMnpoBaHHON AMMHBL. O60-
3HAYNM JUINHY BCETO HEPACTSHYTOTO ITHYpa
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yepe3 L. [los1o 5TOl J/1nibl, IPUXOALLeii-
cs Ha XBOCT, 060O3HAYMM Yepe3 X — ee U
HY>KHO HaifiTu. [[JIMHbBI IBYX y4acTKOB HeTJN
B HEPACTSIHYTOM COCTOSIHUU PaBHbI, COOTBET-
crBenno, Ly(1—x)/2. VM nponopimonaib-
HBI Macchl 3TUX YYacTKOB MIHypa. XBOCT
pacTsHyT ¢ cuyoil F, a KaXablii W3 IBYX
Y4aCcTKOB IIET/IM PACTSHYT ¢ CHiaoil F/2.
Cornacuo 3akoHy [yka cuja mpOIOpPIHO-
HaJIbHA OTHOCUTEJTbHOMY Y/JTMHEHUIO yYacT-
ka mmypa: [ = kAl/l. Jlns yasvnenuii XBo-
CTa M YYaCTKOB HETJHU IOJY4YaloTCs TaKue

2019/Ne10

coornomenusi: AL = FLyx/k u AL, =
= (F/2)(Ly(1-x)/2)/k. Cootsercrsenno,

JJIA IIPOMEKYTKOB BpDEMEHN HpOéeFaHI/IH BOJIH
nMeem

At1:fo:At2:1_—x ’M
k 2 k

Orcrofia mosryvyaeTcst BeJnInHa
1

x==.
3 A.IllTnypos

KOHKYPC UMEHUN A.II.CABHUHA

Mbi nponomkaem KOHKYPC 0 PEeLUEeHUIO MaTeMaTnyeckmux 3aaay. OHU paccyuTarbl B MEPBYIO
oyepenpr Ha yyawuxcs 7-9 K1accos, HO Mbl 6ygem pagbl yHacTuio LUKO/IbHUKOB BCEX BO3PACTOB.
KoHKypc npoBoanTcsi COBMECTHO € XKYpHanom «KBaHTUK».

Bbicbinanite pelueHns 3aAay, ¢ KOTOPbIMU CIIPABUTECb, IJIEKTPOHHON I10YTON 10 aapecy:
savin.contest@gmail.com mumu 06b14HOM noyTovi o agpecy: 119296 MockBa, JleHuHCKu npocrexT, 64-
A, «KBaHT» (c nometrovi «KoHKypc umenn A.l1.CaBuHa»). Kpome umeHu v gpamunnm ykaxmre ropos,
LUKOJTY M KJ1acc, B KOTOPOM Bbl y4UTECh, & Tak)Ke 0bpaTHbIV MOYTOBbIN aapec.

MbI npnBeTcTBYyEM yHacTne B KOHKYPCE He TO/IbKO OTAE/IbHbIX LKObHUKOB, HO Y KOMaH/ (B Takom
a1yy4ae npUcbIIaeTcs ogHa pabota co CrMcKoM y4acTHUKOB). Y4acTBOBaTL MOXHO, HaYUHas ¢ Jiloboro
Typa. lobeaunrenesi xayT ANMIOMbI XXYpHana «KBaHT» v npu3sbl. 3afaHus, PELUEHUs U Pe3y/bTaTbl
nyénukytoTcs Ha caurte sites.google.com/view/savin-contest

Xenaem ycnexa!

5. Ilo kpyry nammcanpr 10 1mesnix gwced.
[Tetsa names 1ecsaATb CyMM JBYX PSIOM CTOSIITIX
quceJl. 3aTeM OH OT/IEJIbHO BBIITNCAJ 3T CyMMBI
Ha JINCTKE B HEKOTOPOM mopsiake. Moryo Ju
OKa3aTbCs, 4TO!

a) Ha JmcTKe Bbimucano 10 mocegoBaresb-
HBIX YHCEJT;

6) cpejii BBIHCAHHDIX Ha JIHCTKE YKCENT eCTh
9 nocJsenoBaTEIbHbIX ?

H.Yepusamoves

6. Bapon MionxrayseH 3asiBUJI, 4TO KaKOii
6Bl TPEYTOJBHUK €My HH [Jajd, OH CMOXKET
paspesaTb €ero Ha JiBa MHOTOYTOJIbHUKA, a TO-
TOM KaKABIH M3 HUX paspe3arb HAa 7 PaBHBIX
MHOTOYTOJIbHIKOB.

MoryT 7 cioBa 6apoHa GBITH TPAB/IOH?

. Axyauu

7. BosbMeM Jst060€e HATypaIbHOE YUCTO, Ha-
npumep 2019. CocraBuM BTOpPOE YKUCJI0, KOTOPOE
HOKA3bIBAET, CKOJIBKO 1 KakuX 1udp (B opsaake
BO3PACTAHUSA) COAEPIKUT UCXOAHOE Yncao. [To-
gyuntcs 10111219, 4To 03HAUAET «OAWH HOJb,

O/IHA €JIMHUIIA, O/IHA JIBOIKA U OJIHA JEBATKA> .
Ha ocHoBe BTOpPOTo 4ncJia o TOMY K€ MPUHITUITY
obpadyem Tperbe uucao 10511219, norom —
yerBeproe 1041121519 u T.1.

a) KBaHTuK y6eskieH, 4To ¢ Kakoro Gbl yucaa
HU HA4yaTb, B IOJYYHBINEHCS TOCTIEA0BATENb-
HOCTH KaKOe-TO YHCJIO HEIIPEMEHHO BCTPETUTCS
JaBaskabl. HoyTHk cunTaer, 4To He 00513aTe/IbHO
— BO3MOXKHA TIOCJIE/IOBATENBHOCTD, B KOTOPOii
Bce yncsa passanunbl. Kro npas?

6) MoryT /i B TaKOH I110C/IeI0BATEIBHOCTH
BCTPETUTHCS JIBA OJIMHAKOBBIX YUCJIA TTOAPSI?

H. Axynuy

8. ﬂOKa?KI/ITe U1 BCEX HaTypPaJIbHbBIX 7 pa-
BEHCTBO

0,~n 1,~n-1 2~n-2
Cnc2n - CnCZn—1 + CnCZn—Z T
n—1 ~n-1,1 n ~n~0
(1) CTC,+ (F1) GG, =1
Yepes C* o6osmauaercs kommaectso cnoco6os
BbIOPATH R IPEIMETOB U3 1 PA3JTMIHBIX [TPE/Me-

TOB.

B.Pacmopzyes



Unmoctpaumm .1 puiykoBovi

«<KBAHT» AJd MJAANINUX NIKOJbBHHUKOB

aa4dl

1. B 3anncn —2 —3 —4 —4 paccraBbTe
MeX Iy COCeOHUMU YCTIaMU 3HAKW CJ10-
XKEHUS, YMHOXeHMs W1 CKOOKK [ByMS
cnocobamu TaK, YTOObI 3HaYeHUs nony-
YeHHbIX BbIPaXeHN ObINV OANHAKOBbI-
Mn. (CTaBATCS TONIbKO Te CKOOKM, KOTO-
pble MEHSIOT 3HaYeHue BblpaXkeHus.)
A.CrmbrHes, []11IHosb

2. Ha knetyatom nuncte ©ymaru nexur
NPOBOJIOYHAs paMKa B (PoOpMe KpecTa,
KaK MokasaHo Ha puCyHke. Ha kakoe
HaVMeHbLUee KOIMYeCTBO YacTem HY>KHO
paspesaTb pPaMKy, 4TOObl K3 HUX (MC-
nosb3ys BCE) MOXHO OblNo CIOXWUTb
KOHTYp KBagpata?

Ebhakaen, C.TokapeBs

27K 3apa4m npepnaranucb Ha XXV TypHupe
MaTemaTudeckmx 6oes nmern A.CaBuHa.

3. Y Vlocu ectb Tpu nprbopa, KoTopble
onpenensioT, eCTb N1 B NMOHYMKe NOBUL-
no. OgnH m3 npnbopoB Bceraa aaeT
NpaBUMbHbIA OTBET, BTOPOM — BCerga
HENpPaBWbHbIM, @ TPETUI BblOaeT CIy-
YarHble oTBeTbl. Kak-To Vloca kynun Tpu
NOHYMKa. EMy M3BECTHO, YTO POBHO OAMH
N3 HUX — C noBuanoM. Kak emy rapaH-
TUPOBAHHO OMNpeaeNnTb, Kakon MMEHHO,
He JlIoMas MoHYUKN?

Onumnnana «3yra» (Vspawss)

VIR TR e e

4. CoHst cnuT TOrda W TONIbKO TOTAa,
KOr[a 4acoBasi U MUHYTHasa CTPESIkK Ya-
coB 0Opa3ytoT yron, He NPeBOCXOASLLMN
60 rpagycos. CKONbKO BpeMeHU B Teye-
HWe cytok cnuT CoHa?

@onbki1op
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dMKHYTblE CaMOoTliepeceKkalowecq
JIOMaHbl€

A.BJIMHKOB, A.rPUBAJIKO

STON CTATBE ITOV/IET PEUD O JIOMA-
HBIX JUHUIX Ha TIocKocTu. Harmomimm,
YTO, JIJIs1 TOTO YTOGBI M306Pa3UTh JIOMAHYIO,
JIOCTATOYHO BBIGPATh HECKOJIbKO Touek (He
MEHbIIIe TPEX), 3aHYyMepOBaTh MX B KAKOM-
HUGYIb TIOPSIZIKE, TIOCJIE Yero II0CJe/IoBa-
TEJIbHO COEIITHUTD OTPE3KAMHU TOUKH C COCE/I-
4 ~HUMH HOMepaMmu.
Boi6panHbie TOUKH
Ha3bIBAIOTCS GepPULlL-
2 HAMU JJOMAHOM, a OT-
DE3KIH — ee 36eHbAMU
(na pucynke 1 —
TpPeX3BeHHasT JIOMa-
1 3 Hasg, y KOTOPOil ue-
Puc 1 ThIPE BEpIINHbI).
Ecam xotst 6bI iBa
3BeHa JJoMaHoii nepecekaiorcst (B CBOMX BHYT-
PEHHUX TOYKAX), TO ee Ha3bIBAIOT caMonepe-
cexarouetics (Ha pUCyHKe 2 — YeTBIPEX3BEH-
Hasl CaMOIIEPECEKAIOIAsACS JIOMaHast).
W naxoner, ecin COBMECTUTH TEPBYIO U
MTOCJIETHION0 BEPITUHDI JIOMAHOI, TO €€ Ha3bl-

3

Puc. 2 4

BAIOT 3aMKHYMOU. B Takol TOMaHON KoJIMve-
CTBO BEPIINH COBMA/IAET C KOJTMYECTBOM 3Be-
HbeB (Ha pUCyHKe 3 — IATU3BEHHAS 3aAMKHY-
Tas JIOMaHAas).

Hac mpesxxje Bcero OyayT HHTEPECOBATH
3aMKHYTbIE CAMOIIEPECEKAIOTIIECST JIOMAHDIE.

Crarbs 6bliia oIyOJIHKOBaHA B KypHale «KBan-
K> Nell 3a 2019 rox.

DOI: https://doi.org/10.4213/kvant20191002

Puc. 3 1

Haunewm c 3aaun, npeasnoxxennoit A.Ilerr-
HuHBIM (ee JacTHbIE cryuan GBI NCTIOTb30-
Baubl Ha XXV TypHHpe MaTeMaTndecKnx
60eB nmenn A.Il.CaBuna).

3anmaua 1. CxoavK0 6epuun moxem Ovimo
Y 3aMKHYMOU JOMAHOU, KOMOpds Kaxdoe
ceoe 36en0 nepecexaem posno 0éa pasa?

Pemenue. OueBujno, 4ro Tpex3BeHHAs
3aMKHYTas JOMaHas He MOKET ObITh camMolie-
pecekaloleiics. 3aMKHyTast JoMaHas ¢ de-
TBIPbMST BEPITMHAMY TAKXKe HE YI0BJIETBOPSI-
€T YCJIOBUIO 33/la4M, TaK KaK COCeHUE 3Be-
Hbsl Tlepeceubcss He MOTYT, a I KaKJ0Tro
3B€HA €CTb TOJBKO OJHO, HE SBJSIONIEECS
cocemanM. l[IpnMep TATU3BEHHON JOMaHOMN
XOPOIIO U3BECTEH — ATO MATUKOHEUHAs 3B€3-
J1a. MOKHO, XOTsI U He 06s13aTesIbHO, n300pa-
3UTh TAKyI0 JIOMAHYIO TaK, 4YTOOBI [[JIHBI
BCeX 3BeHbeB ObLmu oanHakosbiMu (puc.4,a;
BEPIIUHDBI JIOMAHON [eJAT OKPY>KHOCTD Ha
IATH PaBHbIX 4acTeil).

OTMeTuM, YTO W B JIAaHHOM CJly4yae, U B
JlaJIbHEeIIIeM UCTI0JIb30BaTh OKPY>KHOCTh He
00s13aTeIbHO, HO YI00HO.

a) 6)

Puc. 4
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ITOT NpUMeEp I0/ICKA3bIBAET, YTO aHAJIO-
THYHBIM 06Pa30M MOKHO TIOCTPOUTD JIOOYIO
JIOMaHy10, Y/IOBJIETBOPAIOILYIO YCJOBHIO, Y
KOTOPOIi HEYETHOE KOJIIMYECTBO 3BEHBEB, 60JTH-
mee Tpex. /lelicTBUTENBbHO, TOCTATOYHO TIO-
CTaBUTDb Ha OKPYXKHOCTH TpebyeMoe KOJImde-
CTBO BEPINUH ¥ MOCJTE0BATETHLHO COCTMHNUTD
ux yepe3 oxny. Hampumep, Ha pucynke 4,6
n3o6pakeHa JOMaHas, y KOTOPOH [eBSITh
3BEHDEB.

Taxum o6pasom, octasoch pa3obparbes ¢
JIOMAHBIMU C YETHBIM KOJMYECTBOM 3BEHbEB,
Ha4YMHAas C HIECTH.

VckoMoii 1iecTU3BEHHON JIOMAHOH He Cy-
LIeCTBYeT, HO JI0Ka3aTb 3TO MOXXHO TOJIbKO
mepe60pOM BCEX CIyYaeB, KOTOPBIH He OUE€HD
MHTEpeceH.

[l BoCbMM 3BEHBEB CYIIECTBYET KpacH-
BbIi ipuMep (puc.5,a). AHATOTHYHO MOKHO
MOCTPOUTD JIOMAHYI0, YAOBJETBOPSIONIYIO

a)

6) 8)

Puc. 5

YCJIOBHIO, € JIFOOBIM YETHBIM KOJHYECTBOM
3BeHbEB, OOJBIINM BochbMI. Kak a10 jeaer-
csI, TIOHSTHO W3 TPUMEPOB IS JECATH U
JIBEHA/IIATH 3BEHDBEB, TOKA3aHHBIX Ha PH-
cyHKax 5,0 u 5,6. CHauaa Mbl OTMEUYAaEM Ha
OKPY’KHOCTH TOYKH, KOTOPBIX HA [[BE MEHb-
e, 4eM HY)KHO, W COeIUHSeM HUX Yepe3
ofny. Tak Kak TOYEK YETHOE KOJMYECTBO, TO
MOJIy4aTCs JIB€ 3aMKHYTBIE JIOMAHBbIE, BCE
3BEHbSI KOTOPBIX IIEPECEKAIOTCS € JIPYroil
JIOMaHO# B AByX To4kax. Ilocse aroro yia-
JISIEM TI0 OJIHOMY 3BEHY B KayK/0il JIOMaHOI
U COeMHsIeM JIOMaHble B OJHY, HCIIOJIb3YsI

ellle /[Be BEPIIUHDI, PACIIOJOKEHHbIE BHYTPU
OKPY>KHOCTH.

Opnnako ectb W 6oJiee TMPOCTOI CrOCOG.
Bocriobayemcest Tem, 4To Ji060e 4eTHOE nc-
Ji0, 6OJThINIEE BOCBMH, MOKHO TIPE/ICTABUTH B
BHJIC CYMMBI JIBYX HEUYETHBIX CJIAaraeMbIX,
Ka’k/[0e 13 KOTOPBIX He MEHBIIe TSTH.

[Tokaskem, HATTpUMeEp, Kak MOCTPOUTDH JBE-
Ha/IIIATU3BEHHYIO JIOMAHYIO, yOBJIETBOPSIIO-
nyio ycsaoBuio. V306pasum [1Be OKPYKHOC-
TH, KOTOPBIE KAacaloTCsl BHENTHUM 00pa3oM B
HEeKOTOpOo# Touke. B oHoll u3 okpyskHOCTEI
MOCTPOUM Y3Ke YKA3aHHBIM CIIOCOGOM IISITH-
3BEHHYIO JIOMAHYIO, a B J/IPYTOll — CEMU3BEH-
HYT0, TIPUYEM TOYKA KACaHWS JOJIKHA OBITh
ux oOIeil BepIIUHO. A Ternepb 3Ty TOUYKY
«pasaBonuM» (puc.6; pe3yabTaT pas BOCHUS
— BepumHb ¢ HoMepamu 1 u 6).

4 9

Puc. 6 10 7

AHAJIOTUYHO CTPOSITCS BCE UCKOMBIE JIOMa-
HbIE, Y KOTOPBIX KOJMYECTBO 3BEHEB YETHOE
1 GOJIBIIIE BOCHMU.

Bosnukaer Borpoc: 1moyeMy Mbl Hadaau C
JIBYyX TOYEK IepecevYeHnss 3BEHbEB, a He C
OJIHOI, YTO, Ka3aJoch Obl, 6ojiee ecTecTBEH-
HO?

[leso B TOM, 4TO Takoil MOPSJIOK GoJiee
JIOTMYEH, TaK KaK pellleHue cjae/yioniei 3a1a-
4ir 6y/IeT BO MHOTOM OIMPATHCs HA PEIleHIe
pPaccMOTPEHHOT.

3anaua 2. CxoaoK0 6epuui Moxem Gvimo
Y 3AMKHYMOU JOMAHOU, KOmMopds Kaxdoe
c6oe 36eH0 nepecexdem pPosHo 00UH pas?

Pemenue. Cpasy 3aMeTuM, 4TO B 9TOM
cJIydae 3BeHbs JIOMAHOI I0JKHBI pa3duBaTh-
€SI Ha HellepeceKarolnecs 1mapbl, TO3TOMY Y
MCKOMBIX JIOMAHBIX YETHOE KOJUYECTBO 3BeE-
HbeB. JIeTKo MpoBepuTh, 4TO 3aMKHYTas JIO-
MaHas M3 4YeTbIpeX 3BEHbEB YCJIOBUIO He
VOBJIETBOPSIET.

[Ipumep nckomoil JTOMaHOI U3 11eCTU 3Be-
HbEB MOKHO IIOCTPOUTD, UCXO/S U3 CJIe/LyI0-
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MUX COOOpPAKEHUIT: MOMUMO TOTO, 4TO He
MOTYT TEpPEeceKaTbCsl COCEHNE 3BEHbsI, He
MOTYT TIePEeCeKaThCsI U 3BEHbS, CTOSIINE Ye-
pe3 oaHo. /[leificTBUTEIbHO, B 3TOM cCJIydae
o6pasyercs Tpeyroabank (puc.7,a), B KOTO-
pbIii MOXKHO OyJZeT TOJBKO <«BOUTH», €CJn
nepecevb CcpejiHee 3BEHO, HO HeJb3sk Oyfer
«BbITHY> . [TosaToMy Ha/10 mepecekathb nepBoe
3BEHO C YETBEPTHIM, BTOPOE — C IISITBIM U
Tperbe ¢ mectbiM (puc.7,6).

@) &)

Puc. 7

[IpumMep rckoMOIi IOMaHOH 13 BOCbMU 3Be-
HDBEB YUTATEJIO TIPE/IAraeTcsl HOCTPOUTD Ca-
MocTogaTeabHo (CM. 32724 B KOHIIE CTATHI).
A BOT nnpuMep /1ecsATU3BEHHO JIOMaHOH MOX-
HO IMOJIy4uTb, O6paATUBIIMCL K 3ajgade 1.
[leiicTBUTEIBHO, PACCMOTPUM IIPUMEDP 3aMK-
HYTOU TATU3BEHHON JJOMaHOI, KOTOpast KaK-
JI0oe CBOE 3BEHO Tepecekaer aBa pasa (cM.
puc.4). «CromaeM» KaxkI0e 3BEHO MEK/IY

3 JIByMsI TOYKaMU
nepecevyeHnss W
MOJYYUM HCKO-
MBI ~ TIpuMep
(puc.8). Amnano-
TUYHO, PACCMOT-
PEB CEMU3BEHHYIO
JIOMaHylo U3 3a-
faun 1, MOYKHO I10-
JYYUTb PpellieHne
Puc 8 I JIOMaHoH, y

KoTopoit 14 3Be-
HDBEB; W3 TTPUMeEPa BOCbMU3BEHHOW JIOMaHON
13 3a/1aun | TTOJTydnM pernenne /sl JOMaHOH
u3 16 3BeHbBEB U T./I.

ITOT NIpUEM He TOJUTCS TOJbKO /IS TTOCT-
poeHus JIBEeHAITATU3BEHHOW JIOMAHOU, TakK
Kak mpuMepa MecTu3BeHHON JIOMaHOH, KOTO-
pad Kask/10e cBoe 3BeHO IiepeceKaeT JBa pa3a,
He cyuiectByer. Ho B aToM ciyyae MOXKHO
HCI0JIb30BATDb APYTYIO UJEI0 PelleHnsd 3aja-
yn 1: «pasasoenues. Ilocrpoum ase J1oMa-
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Hble U3 PUCYHKa 7,6 ¢ oOlieil BepIInHON U
«pasaBoum» ee (puc.9; pesysbraT pasaBoe-
HUA — BEPUIMHBI ¢ HoMepamu 6 u 12).

HOHHTHO, 4YTO H/Jed «pa3/IBOCHUSA» BEPIINH
8

Puc. 9

60J1ee yHUBepcaabHa. B TOM Urmcie 1 motomy,
YTO TO3BOJIIET KOMOMHUPOBATH JIOMAHbBIE C
Pa3HBIM KOJMYECTBOM 3BEHBEB.

Hapneemcst, 9To Wen W pUEMBI, OTHCAH-
HbIe BbIIE, TTOMOTYT TIPU PENICHUN JAPYTUX
3ajau.

3apauu gnsa caMocTosiTeNIbHOro peLleHus

1. Mosker Jin ipsiMast, He coJiepsKaliasi BepIimH
3aMKHYTON [IeBATU3BEHHOW JIOMaHOH, Tepecedb
Kask/[0€ ee 3BEeHO?

2 (B.IIpousBoJioB). 3aMKHyTast JJOMaHast TAaKO-
Ba, UTO KasK/[ble /[Ba ee He COCEHUX 3BeHa Iepe-
cekaforcs. Jlokaxxute, 4TO y 9TOH JJOMAHOI HEUeT-
HOE KOJINYECTBO 3BEHDBEB.

3. CymectByer Jin NATHA/IIATU3BEHHAS JIOMa-
Hasl, MepeceKaronasi Kakjoe CBOe 3BEHO POBHO
TpH pasa?

4. TlocrpoiiTe BOCHbMU3BEHHYIO 3aMKHYTYIO JIO-
MaHyI0, KOTOpas Ka)X/[0e CBOE 3BEHO IepeceKaeT
OJ/INH Pa3s.

S (/1. Kanuuus, Bapuaius (osbkaopa). Maia
HApHCOBAJA 3aMKHYTYI0 CEMU3BEHHYIO JIOMAHYIO.
J1J1st KasKI0T0 3BeHA OHA 3aINCaJia, CO CKOJTbKUMI
3BEHDSIMU OHO TIEPECEKAETCs] BO BHYTPEHHUX TOY-
Kax. Moria Ju oHa 3anucatb B KaKOM-HUGY/Ib
nopsiake uncaa 1, 2, 3, 4, 3, 2, 1?

6. Kakoe nan6oJibiiree KOJTMYECTBO TOUEK CAMO-
repeceueHns MOJKeT UMeTb 3aMKHYTasl JIOMaHas,
B KOTOPOH 7 3BeHbEB?

7 (H.Bacusibes). PaccmarpuBaiorcsi BCeBO3-
MOJKHbIE MIECTU3BEHHbIE 3aMKHYTbIE JIOMaHbIE,
BCE BEPIINHBI KOTOPBIX JIEKAT HA OKPYKHOCTH.

a) Hapucyiite Takyio JJoMaHy10, KOTOpas UMeeT
Han6oJIbIIee BO3MOKHOE KOJMIECTBO TOYEK CaMO-
nepeceyeHus.

6) Jlokaskure, 4TO GOJIBIIETO KOJMYECTBA CAMO-
repeceyeHnii Takast JJOMaHasi UMETh HE MOJKET.



Jlbem BoOAY..

C.JBOPAHUHOB

PACCMOTPI/IM TAKYIO TEOPETUYECKYIO
3ajauy.
Omxpoimutil ceepxy cocyo, umerouuii gop-
My naparienenuneda pasmepom axbxh, do-
sepxy nanoanen eodoti. Cocyd pasnomepHo u
Medaenno nogopanusaiom 6okpye pebpa b. B
HeKOmopbwLil MOMEHm 600a HAYuHAem 6vime-
kamv. ObGsem evimexwell u3 cocyda 600vi
sasucum om yzaa nosopoma: V =V (o). [pu
KAKOM 3HAYEHUU O
CKOPOCMb  U3MEHe-
HUs 6eNUUUHDL
A V(a), wru pacxod
600bL, OKa3vIGAEMCS
naubonvuwer? Kaxo-
64 3Ma CKOpoOCmv?
Cravana o6cymM
CHUTyamuio, KOTaa
YTOJI HaKJOHA COCY-
Puc 1 Ja o Takoil, 4To B
cocyjie 0CTajloch
BO/IbI GoJIbIITE, YeM BbITek 0 (puc.1). [Ipu aToM
o6beM BBITEKIIell BOBI PaBeH

V(CX)ZSAABcbzéABBCbz

03

-a-atgoc-b=%a2btgoc.

DN | —

Ira ¢popmy.a paGoraer 1ipu 0 < tgo < h , T.€.
a

h
mpn 0 <o <arctg— . CropocTb H3MEHEHUS
a

BemmunHbl V (01) — TMPonsBojHas 5Toit (pyHK-
In:
2
ab
Vi) =5——.
2cos” o
Oynxima V' (o) uonpeaenser CkopocTh BbITe-
kanust Bozibl ipu 0 < o0 < arctg — . C yBesnye-
a

HIEM yIJla O, 3Ta CKOPOCTb PacTeT, TaK Kak
3HAMeHATeJb APOGH YMEHbIIAETCSI.

Ilyctp Temepp IOJIOKEHHE COCY/A TAKOBO,
YTO B HEM OCTAJOCH MEHee TTOJOBUHDI HATHUTOI

DOI: https://doi.org/10.4213/kvant20191002

BHauaJje  BOJBI
(puc.2). Tak Gyner
npu a

arctgé <a<90°
a

IIpu srtom ymo6HO E o A
CHavajga HaliTh o h
o6beM ocraBlIeiics D

Bozel. On pasen Puc. 2

v

ocT

=SAADE'b=%'AD'DE'b=

::%%-Mg@W—ayb=%#bdgL
Ctaso 6bITb, 06BEM BBITEKIIEH BObI PaBeH
V (o) = ablh - %hzb ctger.

Ternepb MPOM3BOIHAS, T.€. CKOPOCTH BBITEKA-
HUST BOJIBI, TAKOBA:

h*b
2sin’a
OueBNIHO, YTO 3Ta MPOM3BOIHAS C YBEJIMIEHN-
eM yriaa o yObIBaeT, TaK KaK 3HaMeHATENb
Jpobu pacrert.

V' (a) =

Nrax,
2
2a—l; mpu 0 <o < arctgﬁ,
, cos” o a
vie)= h*b h
———— npu arctg— < o < 90°.
2sin” o a

IT1o mpuMep QPYHKITNHN, KOTOPYIO HHOT/IA Ha3bI-
BAIOT KYCOYHOI MJIM KyCOUHO 3ajaHuoil. Ona
3a/aHa AByMs1 popMyIaMu Ha JBYX IIPOMEKYT-
KaxX M3MEHEHUs] apryMeHTa. 3aMeTnuM, 4To MpH

o = arctg— mo mepBoit hopmy.ie
a

) 2y (@ +r)b
V ((x) = = ,
p
a 2
25—
a +h
10 BTOpOil (hopmy.ie
, b (a2 + hz)b
V(o) = 7"
h 2
25—
a +h
CoBnajienne AByX 3HAUYeHWH O3HAYAET, 4YTO
bynxima V(o) — wenpepbisHas. Otciona, B
CBOIO OYepeIb, CJAeIyeT, 9YTO TpaduK PyHKITIIT
V (o) — roajgkast kpuBasi, Ge3 H3JI0OMOB, HMEIO-
masl KacaTeJdbHYIO B KaXXIOH CBOeH TOUKe.
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O6cyanmM 9acTHBIE CIydYan.
B camMoM Hauase HAIIEro MpoIlecca BbLINBA-
HUSL BOJBI TIPU ¢ = () CKOPOCTb BBITEKAHMUS

paBHa
2

a
V'(0)=—"b,
B «CepeauHe, T.c. pu O = arctg — , CKOPOCTh
a

BBITEKAHWS OKa3bIBAeTCs HauOOJIbIIEN W paB-
HOM

2, 42
V/ arctgé = M.b ,
a 2
B Komie, pu o = 90° | sra cKOpoCcTh paBHa
2
v(E|Z .
2 2

Tenepb paccMOTPUM NPAKTHUYECKYIO 3a/1auy,
B PElIeHUH KOTOPOH MOKET TIPUTOIUTHCS Pac-
CMOTpEHHAs BbIIIIE MATEMATHYECKAsA MOJIEIb.

Cmpoumcs dopoza. Camocean evicomaem na
6ydywee DopoxKioe NOLOMHO NECOK, NPUUeM
He 6 Kyuy, umoOvL €20 Nomom paszpedai
zpeiidep. JKeaiamenvro, umobvl npu dsusxenuu
CAMOCEANA € NOCMOSAHHOU CKOPOCMbIO NECOK
evicbinaics pasnomepno. Kaxum donsxen 6omo
Y201 HAKAONA KY306d K 20pU3OHMY?

Bymem cuntath, 4TO Ky30B CaMOCBaga — 3TO
HAIl [AapAJJICTCIUIE U YTO YrOJ HAKJIOHA
Ky30Ba 3aBUCUT OT BpeMenu, T.e. o =oi(t).
Torpa B MOMeHT BpeMeHU ¢ O6DBEM BbBICHITIAB-
IIerocs Mecka paBeH

V(t)= %a2 b-tgot).
Ilecok BBICHIIAETCS CO CKOPOCTHIO
2
, ab ,
Vi(t)=———-0o'(t).
(t) 2coszoc(t) (t)
Tenepb Mbl JOJKHBI BbIOPATh TaKOH 3aKOH

usmenenns yraa o(t), 4ToObl NPOM3BOAHAS
V’(t) 6buta mocrosirmoil. Tak, odeBmgHO, Gy-

JIET, eCJIn
()

cos’ a(t) ’
rae C — noctosinHast. SICHO, 4TO 3aKOH yTpaB-
JIEHWSI YTJIOM HaKJIOHA Ky30Ba OKa3bIBAETCS
HEIPOCTHIM.

DopMaTbHO, ¢ MAaTEMATUYECKON TOYKH 3pe-
Hud, 3aj7ja4a penrena. Kak cujibHO HaI0 HAKJIO-
HATH KY30B CAMOCBAJIa, Mbl yCTAHOBUJIU. A BOT
C WH)KEHEPHOI TOYKU 3PEHHs] 9TO pelleHue
HEey/I0BJIeTBOPUTEJIbHO. VIMeeM Takoil mpocToii
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OODBEKT yIpaBJIeHNS — Ky30B caMocBaJa — U
TaKOHl CJIOKHBII 3aKOH yIIPaBJICHU. ..
[aBaiite nonpoGyeM HPUMEHUTDH <IIPUHIIUI
COXPAHEHUST> — YCJIOXKHUM OGBEKT yIlpaBie-
HUsI, HO 3aTO YIIPOCTHM AJTOPUTM YIIPABJICHUS.
O/HO M3 BO3MOKHBIX TEXHUYECKHX pEHIeHUI
[oKa3aHo Ha pucyHkax 3 u 4. Ilycrb KysoB

B
B

[

WV

Puc. 3 Puc. 4

caMoCBaJia — 3TO YETBEPTb MPSIMOTO KPYTrOBOTO
musmHApa. Ecim Ky30B moBOpaunBaTh BOKPYT
OCH IIIJINH/IPA C TIOCTOSTHHOHN YTJIOBOH CKOPOC-
TBIO, TO PACXOJ IecKa OyeT HOCTOSHHBIM. Bee
MOJIy4aeTCs MPEJEeJIbHO IPOCTO: CaMOCBAJI JIBU-
JKETCS1 C TIOCTOSTHHOW CKOPOCTbIO, OYHKEp Ha-
KJIOHSIETCSI-TIOBOPAYNBAETCS C MTOCTOSTHHOM CKO-
POCTBIO U TIPU 3TOM €ro

BUBJIMO-1IJIOBYC

BALW FNABHbLIA KHWXHbIWA
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X MexpayHapoaHas
MaTemMaTtu4eckada onMMnmana

tO6unenHas LX MexayHapoaHas MaTemaTtu-
Yeckas onvmMmnmnaga npowuna B vione 2019 roga B
yHVBepcUTeTe ropofda bat, pacnonoxeHHoro B
rpadpctBe CoMepceT B 10ro-3anagHou 4acti AHr-
nmn. Cpegm pocronpume-

M.[patycesu, K.Cyxos (pyKoBOAWN MOATOTOB-
Kow), Y. @pornos, I.YenHokos. bnaronapvm opra-
HM3aLUMK, OKa3aBLuve OobLUylo MOMOLLb B NOf-
rotoke KoMaHfpl: ObpasoBaTenbHbIN LieHTp « Ch-

yaTenbHocTen baTa Bblge-
nsoTcs ocHoBaHHoe B VII

YuyacTHUK

Banabt o 3agauam| Cymma Harpaza

1[2]3]4]5] 6| 0Ganton

Beke abbaTCTBO U TepMbl —

Hacnegme Pumckon bputa- Oxer CmupHOB

71715771 2 35 | 3osotas Menasb

HUW. B Yace e3gbl oT bata

HaxoaaTcs namatHuk ewle | Tumodeii Kopases

7V\712(7|7)| 2 32 | 3oJsiotas Mejanb

bornee npeBHWI — 3aragoy-

Hbin CToyHxeHmx v ropog | Biragumup Ilerpos

6|7(117]|7]|0 28 | Cepebpsinast meiasb

Concbepn, 3HAMEHUTHIN

cBouM cobopom. Bce st | Banepmii Kymumos

7(6(1(7(7|0 28 | CepeGpsiHas Me1amb

MeCTa C MHTeEpecoM noce-
TN YH4aCTHUKW onMnna-

Wsan Taiinait-TypJos

6(6(1[7]7|1 28 | CepeGpsiHast Measb

Ibl B CBODOMHOE OT pelie-

HVA 3334 BpeMs. Anexceit JIbsos

6[7[7[0[7|1 28 | CepeGpsinas menasib

B onumnuage npuHAnm
yyactve 621 WKoNbHWK 13 112 cTpaH Mupa — 3T0
o4epeaHoON PeKopA Kak Mo obLiemy YUy yyac-
THMKOB, TaK 1 MO KONMYECTBY YHaCTBYIOLLMX CTPAH.

B 3TOM rofly Hally cTpaHy NpeacTaBnsnm Bbinyc-
KHVIKW LKkonbl Onrer CvpHoB, Banepui Ky/miwos
(0ba — MockBa), Bragummp llerpos (CaHkT-le-
Tepbypr), a TakxKe AeCATUKNACCHUKW MBaH [avinar-
Typros(MockBa), Anekceri/TbBos (HoBocnbmnpck),
Tumogperi Kosanes (ActpaxaHb — MockBa).

Haww pebsTa 3aBoeBanu 2 30n10Tble U 4 cepeb-
psAHble Meganu.

Mo TpaZuumn npuBoAMM Tabnuuy ¢ Gannamm
Mo 3afla4yaM Y4acCTHMKOB Hallen cbopHom (Kax-
[last 3a1a4a oLeHnBanacs 13 7 6annios) v pesynb-
TaTbl NEPBbIX AeCATU CTPaH B KOMaHAHOM PENTUH-
re. MonHas nHopMaLMs O pesynbTaTtax Ha MeX-
OYHAPOAHbIX MaTeMaTUYeCcKMX onMnnagax nme-
eTcqd Ha oduuManbHOM canTe oNMMMIManbl
www.imo-official.org.

B MeponpusTusix no noArotoske KoOMaH bl Obinu
3apenctsoBaHbl AAHTPOMOB, b.baes, U.borza-
HoB, Chepros, B. bparnH, HBnacosa, A.laBpu-
oK, PrasusynmiHa, A.favugynmmH, A.o/r1oB8a-
Hos, M.[puropses, M.AuaunH, M.V BaHos, [].Kap-
nos, [1KoxesHukos, [1Koznos, A.Ky3HeLos,
A KpadyH, A.KyiiHmp, M.MutpogarHos, @.[letpos,

puyc» (Coun), LleHTp negarornyeckoro Macrep-
crBa (Mocksa), Mpe3noeHTcknin husmnko-maTte-

Crpana Cymma| KosmuectBo Mepasieit
6aJL10B
3ousoro | Cepebpo | Bporsa

Kurait 227 6 0 0
CIITA 227 6 0 0
[Osxnas Kopes| 226 6 0 0
KH/IP 187 3 3 0
Tanmanzg 185 3 3 0
Poccnsa 179 2 4 0
Brernam 177 2 4 0
CuHraryp 174 2 4 0
Cepbus 171 3 1 2
[Tosbia 168 1 3 2

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

- YHVIXKEHHAA MEXaHVIKa bbla orfeJieHa or reo-
MeETPUU. OHa crana ofgHUM 13 BOEHHbIX UCKYCCTB.

Mnytapx (06 n3obpeTteHnax Apximena)

llof kakum yr7iom Cieqyer nocraButs CTBOJT

MyLIKY, 4TO0ObI OHA CTPENSNIA Kak MOXHO Aallb-
we?

Bonpoc aptunnepucra Kk Hrukkono Taptanbe

..y CIIeXU HAr0/IeOHOBCKMX BOVIH OOS3aHb... MHO-
XKECTBY WHXEHEPOB, CTPOUBLUMX MOCTbI, [OPOIY,
@GabpuKy OpyXus v BCAKOTO poaa CHabXeHus,
[10POXOBbIE, I1YLLIEYHDBIE, CHAPAAHBIE 3aBOAI.

Anekcen Kpbinos

A Tak JM XOPOIIO 3HAKOM

MU3MKaTTEXHUMKA

YBbI, U3BECTHO, UTO OJTHUM U3 MOIIHBIX KaTa-
JIN3aTOPOB HAYYHO-TEXHUMYECKOTO TIPOrpecca BO
BCe BpEMEHA CJIY)KUJIH BOEHHBIE KOHQJIMKTBHI.
Wcropus cozranus caMbiX pa3HbIx Bu0B OPY-
JKUIS cBueTeIbeTBYET O Bee 60JTBITIEM BKJTIOYe-
HUHU, 0OCOOEHHO B MOCJIEAHNE CTOJIETHUS, N306pe-
TaTesiell, WHXXEHEPOB U YYEHBIX B paspaboTKy
pY’Kell U TyIIeK, ITyJIeMETOB U TAHKOB, HCTPeOH-
Tesieit 1 6oM6apANPOBITUKOB, KPBLJIATHIX U 6aJl-
JINCTUYECKUX PaKeT, MOBOIHBIX JIOJOK M aBHAa-
Hocies... Musnka TecHeinmM 06pa3oM OKasza-
JIaCh TepeIieTeHa ¢ IPOM3BOJICTBOM BOOPYIKe-
Hus, anodeo3oM Yero crajio nosiiaeHue B XX
BeKe aTOMHON M BOJOPOJHON GOMO.

KoneuHo, sTa cBI3b He MOTJIa HE KOCHYTHCS
ITKOJIBI, O YeM MOKHO CYAWTDH IO Ha3BaHUSAM
[IPE/IMETOB — <«IPaXKJaHcKass 000pOHa», <«Ha-
YyasbHAsl BOEHHAs MOJTOTOBKA» M, KaK K€, JIIO-
6umbie ypoku o OBJK. Oxnako 6osibiiie Bcero
BOCHHOIT TEMATUKH OTPA’KEHO B Kypce (PU3NKH:
HaM ObLJIO M3 Yero BBHIOMPATD CETOTHSITHIE
croxkeTbl «Kaseiiockomnas.

CripaBe/I/TMBOCTU Pa/ii 3aMETHM, YTO MHOKe-
CTBO M300PETEHNIT 1 OTKPBITHIT B 06/1acTH 060-
POHBI TIEPEKOYEBATO B <«TPAKIAHKY» — U K
3TOMY MBI ellle BepHeMcsl B Halleil py6puKe.

BOI'IpOCbI n 3apgayiun

1. IToueMy TIOXO CTPEJISIIOT U CJAUIIKOM TYTO
U CJIUIIKOM €J1a60 HATSHYTbIE JIYKH?

Bo BTOPOV MUPOBOM BOVIHE ObIIO TOM JIYHLLIMX
OPYKUSA AHITIMMICKAS ITYLLIKE, HEeMELKML CaMoseT
«MeccepLummrry, coBerckuy TaHk T-34.

YWHCTOH Yepynnnb

.[TOXOXE, YTO A OblT €QUHCTBEHHbIM, KTO BUAEN
B3pbIB [aTOMHOLI] BOMObI HUYEM HE 3aLUMLLEHHbI-
MU [7183aMU.

Pryapa ®erHmaH

.51 [PEASIONKUIT &J1b TEPHATUBHbIV [POEKT TEPMO-
SOEPHOrO 33psA38, COBEPLLICHHO OTIINYHAIN.. 10
MIPOUCXOLALUMM P B3PLIBE DUIMHECKMM [1PO-
LEccam v axe 110 UCTOYHYIKY IHEPIOBbLIAE/ICHMS.

AHppen Caxapos

aM

2. Ilyns, BbLIETEBINAs U3 PYKbs, HE MOXKET
OTBOPHTDH [[BEPb, HO TPOOMBAET B HEHl OTBEp-
CTHe, TOT/a KaK [JaBJCHHWEM IMaJbIla OTKPBITH
JIBEPD JIETKO, HO IPOJIEATh OTBEPCTHE HEBO3-
MoxHo0. Kak 310 00bsICHUTD?

3. Ilouemy 1yJiss Ipo6UBAET B TOHKOCTEHHOM
ITyCTOM CTaKaHe JIUIIb /1BA OTBEPCTHS, & CTAKaH,
HATOJTHEHHBIN BOJION, TPH TONAJaHUN TIYJIN
pas6uBaeTcs BApe6e3TH?

4. Jlns dero BHYTPH CTBOJIA BHHTOBOK W
MyTIeK JIeIal0T BUHTOBbIE HAPE3KU?

5. Kakyio MakcuMalbHYIO CKOPOCTb MOIKET
npuo6pecTu 1myJis npu BoicTpese? Kakue Tpe6o-
BaHUA CJIeyeT MPEeIbSIBUTb K TTOPOXY, YTOOBI
3Ta CKOPOCTH ObLIA KaK MOKHO OOJIbIIe?

6. [louemy mysist, myiieHHast U3 py>Kbsi, 1IPO-
U3BOJUT CBUCT, a OpOIIeHHAs PYKOW JIETHT
6ecIryMHO?

7. Ordero mopox, PACCBHITAHHBI HA CTOJIE,
cropaet moyTH GeCIIyMHO, a TO XK€ KOJIUIECTBO
TTOpOXa TP BBICTPEJIE U3 PYKbS CO3/JaeT IPOM-
KU 3ByK?

8. CrBoJ myIIKu HArpeBaeTcsi CUJIbHEe Ipu
XOJIOCTOM BBICTpEJie, YeM IIPH BBICTPEJIE CHAPSI-
oM. UeM 3TO 0ObSCHSIETCST?

9. HamGompmias TeopeTwmyecKas [aJbHOCTD
CTpesb6bl U3 OpYAMS [OCTUTAeTCS TIPU yTJe
HaKJOHA CTBOMA B 45°, TIPaKTHUYECKH e OHa
MOKeT ObITb ToJIyueHa 1pu 60bimx yriaax. C
4eM 3TO CBSI3aHO?

s



10. Ilouemy c6porenHble 60MOBI, MUHBI U
JIpyrue 1o/100HbIe CHAPS/IbI TTAJIAI0T HA 3€MJIIO
YIapHUKOM BHH3?

11. OTtuero camosieT-60MOAPINPOBIIUK B3/Pa-
THBaeT, 0CBOOOXK/IAsICh OT TPy3a MO/BEIIEHHDBIX
K €ro KpbLIbsIM 60MG?

12. CypIImiT 1 BOCHHDIH JIETYNK 3BYK pado-
Thl PEAKTUBHOTO JIBUTATEJISI, €CJH CaMOJIET Jie-
THT CO CBEPX3BYKOBOI CKOPOCTDIO, & JIBUrATEb
HAXO/IUTCS 1103a/i1 T1JI0Ta?

13. Tlouemy [uIst JIOKAITMH JICTAIOMIUX OODHEK-
TOB BBITO/[HEE WCII0Jb30BATh 3JIEKTPOMArHHT-
HbIE, a HE 3BYKOBbIE BOJIHBI?

14. Opna u3 COCTABJAIOMNX KOHCTPYKIINH
MHUHOUCKATeJIeil — 9TO TeHepaTop aJeKTpoMar-
HUTHBIX KoJieGaHuil 3BYKOBOI yacTorbl. MHIyK-
THUBHOCTb KOHTYpa BBIIIOJHEHA B HEM B BH/E
ITPOBOJIOYHOTO KoJiblia. Korga oHo npubimka-
eTcsl K MUHe, B Tesie()OHHBIX HAayITHUKAX BBICO-
KWl TOH cMeHsieTcs Ha Huskuii. Kak ato mosty-
yaercs?

15. Pakera paBHOMEPHO JIBUKETCS B IATEKOM
KOCMOCE, Ha ee COILJIO HaJIeJI H30THYTYIO TPYOy
BBIXO/IHBIM OTBEPCTHEM B CTOPOHY JIBUXKEHUS U
BKJTIOYMJIM JIBUTaTen. VI3MeHWsIach Jm CKo-
pPOCTb PaKeThI?

16. Vcrounnkom sneprun CoJtHIA SIBJSIOTCS
TepMOsiJIepHbIE PEAKINN CHHTE3a JIETKUX dJle-
MeHTOB. [louemy CoutHile He B3pbIBaeTcs M07106-
HO BOJIOPO/IHOI 60MOe, B KOTOPOIi CIIOJIb3YIOT-
€SI QaHAJIOTHYHbIE PeaKITN?

MukpoonbIT

[laBusist mkosbHas 3a6aBa — crpesibba U3
Tpy6oueKk KoMoukamu Gymaru. KakoB IpHHITHIT
neiictBust sToro <opyxusi»? (Hazmeemest, uto
IIPU UCHBITAHUSAX BbI yoKe He Gy/IeTe HAIPABJISATD
€ro Ha CBOMX OJIHOKJAccHUKOB!) Urto ¢ ero
MOMOIIBIO MOXKHO MCCJIE/I0BATD?

JTlo6onbITHO, YTO...

...1IePBbIM B TNNCbMEHHON WMCTOPUU BOEHHO-
TEXHUYECKUM JIOCTIDKEHWEM SBJISETCS, BUIN-
MO, M306peTeHne KOUeBbIMU TIJIEMEHAMH THKCO-
coB 6OEBbIX KOJIECHUII, TO3BOJMBIIIX UM MTOKO-
puthb B 18 Beke /10 HOBOH 3PbI YACTb MOTI'YYEro
Erunera.

...pu o6opoHe Cupakys HCKyCHeWImmuili nH-
JKeHep ApXWMeZ CTPOWJ KaTamyJbThl, «CTpe-
JIBIINE» KaMHAMH Maccoit o 80 Kmiorpam-
MOB Ha omHy cragmio (omwH crajmii), T.e. Ha
paccrosinue oxoJsio 185 merpos. Kcraru, npus-

IIUIT IeHCTBUSI HEKOTOPBIX JIPEBHUX MeTaTeJIb-
HBIX OpYANit OBLT MOJOKEH B OCHOBY KOHCTPYK-
I[N MIHOMETOB, TIOSBUBIINXCS B TIEPBYIO MUPO-
BYIO BOIHY.

...TOJIOBKI PaKeT, CHapsiJIoB U TOpIE]| ecTe-
CTBEHHO /IeJIaTh KPYTJILIMHU B TIOTIEPEYHOM Ceye-
Hun. Kaxoit ske MMEHHO /10JKHA ObIThb popMa
CaMbIX ATUX TeJI BpallleHust, YT0ObI UCTTBITHIBATD
HaUMeHbBIIIee COMPOTUBJICHNE CPE/Ibl IPH CBOEM
JIBUJKEHUH, BbISICHUJT, TIOCTAaBUB U PEIIUB «a3po-
JITHAMHIYeCKyIo 3aj1auy», caM HboToH.

...BO BpeMsI KPYIHbIX BOEHHBIX CPa’KEHMUI,
BKJTIOYAsT HAIIOJIEOHOBCKME BOIHDI 1 GUTBBI 06e-
X MUPOBBIX BOIfH, MO 60€B 3adacTyio Mpe-
BpAIAINCh B HEMPOJA3HYIO TPA3b 13-3a JIOK-
neft. leno B TOM, 4TO YaCTUYKU MOPOXa TOCJIE
BBICTPEJIOB, TTIOIHUMAsICh BBEPX, CJIYSKUJIHN II€H-
TPaMU KOH/IEHCAIINH BJIard, 06pasys JocTaTou-
HO KPYITHBIE /IJIS1 BBITIA/ICHUS JIOXK/IS KAIlIH.

...B 1882 roay uso6peraresb tenedona Anex-
cauzp Bemsr cosgan mopTaTuBHBIN 3I€KTpOMAr-
HUTHBII TTpU6OP /it 6e360JIe3HEHHOTO TIONCKA
MyJIb U JPYTUX METAJJIMYECKUX IPEe/METOB B
TeJie YyesloBeKa. JTOT IIPUGOP JOJTO U YCIEHIHO
IIPUMEHSIJICS B KJIMHNKAX, A BIIOCJIE/ICTBUN CTAJ
IPOO6GPA3OM MUHOUCKATEJIS.

...K CO3/IaHIIO HOBOTO OPY KHsI, 00J1a/IAI0IIEr0
HEBUJIAHHON paHee pa3pyIIUTeSbHON CHUJIOMH,
IIPUBJIEKAJIIICh MHOTHE yueHble-(PU3UKH, B TOM
yicaie n 6yyne Ho6enesckue maypeatst. Tak,
B MaHX3TTEHCKOM TIPOEKTE 110 CO3/IAHUI0 aTOM-
HOW GOMObI yuacTBoBas Puuapjg Deitnman, a
OJIHHM U3 «OTIIOB» COBETCKOI BOJIOPOJIHOI GOM-
6b1 crasn Angpeit Caxapos.

Yto yutaTth B «KBaHTe» no teme
«®Pusnka+rtexHmka» (opyxwue)

(rybnvikamm rnocneqHux 7er)

1. «Kak BO3ayX CONpOTUBJSAETCS [BUKEHUIO
tesa» — 2015, Net, ¢.35;

2. «UyTb-uyTh PUBUKY JIJISI HACTOSIIIIETO OXOTHU-
ka» — 2015, Ilpunoxenne Nel, c.141;

3. «B tupe u pagom» — 2016, Ne4, ¢.30;

4. «Kak cpouno gocTaBUTDH JIEKAPCTBO HA BO3-
MymHbI mapy — 2017, Nel1, c¢.26;

5. «Kak ne 6p1Tp Masmioit» — 2018, Ne7, ¢.37;

6. «Yenosek-nerenga XX Beka» — 2018, Ne9,
c.14;

7. «Cuapan Tumodes» — 2018, Ne12, ¢.32;

8. «CuMMeTpuM B HECUMMETPHYHON BCeJIeHHOI
Annpes CaxapoBay — 2019, Ne7, c¢.2.

Mamepuan nodeomosun A.J/Ieonosuu
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(neBa Harpaso: O.CmupHos, AJIbBos, U.[avigav-Typros, T.Kosases,

2019/Ne10

IIepecTpoiiku cuaenyouero
THUTIA TIPOUZBOJIATCS TTOCTENI0-
BaTeJbHO, TIO OJHOW Tiepe-
CTpOIiKe 3a pa3: BbIOMPAIOTCS
Tpu nosib3oBatenst A, B u C
Takux, 4To A 1pykuT u ¢ B n
¢ C, Ho B u C He xapyxar
MesK/y co6oit; ocJie yero B u
C cTanoBATCA IPY3bsaAMH, HOA
Ternepb He APYKUT HU ¢ B, Hu
¢ C. M3navaapro 1010 monb3o-
BareJieil umeror 1o 1009 apy-
seit, a 1009 mosbp3oBareneit
nmeror o 1010 apys3eit. [loka-
JKUTE, YTO CYIIECTBYET MTOCTe-
JIOBATEJbHOCTD IE€PECTPOEK,
rnmocJje KOTOPOW KasK/bIi
M0JIb30BaTesh Oy/IeT IMETh He

BKymwos, B.lletpos. ®oro [xeccukm Banr (https.//facebook.com, 00Jee OHOTO apyra.

Jowangphotography)

(Hayvano cm. Ha ¢ 31)

MaTudeckuii nuuen Ne 239 (CaHkT-lNetepbypr),
MexxayHapoaHbi aetckmn ueHTp «KOMIMbIOTE-
Pusl» (Teepckas 0bnactb), MateMaTuyecknin nH-
ctutyT PAH (Mocksa, CaHkT-MeTepbypr), PYOH.

3apaun onumnuaapl

1. [Iyctb Z — MHOKECTBO BCEX IEJIbIX YHCElI.
Haiigure Bce dyukimu f: 7 — 7 Taxue, 4TO
JUTsE JIIOOBIX TIEJIbIX YKces d 1 b BepHO paBeH-

f(2a)+2f(b):f(f(a+b)).

Canveadop

2. B rpeyrosbHuke ABC touka A; JexuT Ha
orpeske BC, aTtouka By nexxut na orpeske AC.
ITyctp P 1 Q — Touku Ha oTpe3kax AA; u BB,
COOTBETCTBEHHO TaKue, 4To npsaMada PQ napai-
gempHa AB. Touka P, Jexarias Ha TPIMOi
PB, , takoBa, 4T0 B HaXOAUTCA CTPOTO MEKLY
Pu P, npuuem £LPPC = ZBAC . Ananoruu-
HO, Touka (; Jexamass Ha npamoil QA ,
TaKoBa, 4TO A; HaXoauTca CTporo Mexay Q u
Q;, npuuem ZCQ,Q = ZCBA . [lokaxure,
yto Touku P, Q, P, n Q JjexxaT Ha OxHON
OKPY>KHOCTH.

YVxpauna

3. B commanpnoii cetn 2019 nosib3osaresieil.
HexoTopble o1b30BaTe NN IpYy>KaT C HEKOTOPDI-
MU JPYTUMH, TIPU ITOM OTHOIIEHUE APYKODBI
B3aUMHO, T.€. €CJIM T0Jb30BaTesb A IPYyKUT C
rnoJib3oBaresieM B, To B Takxke APYXXUT ¢ A.

Xopeamus

4. Haiinre Bee napbi (k,7) mesbix mosiosxu-
TeJIbHBIX YHCeJ TaKue, 4To

k= (2" -1)(2" - 2)(2" - 4)..(2" —2":O)AP

5. Bank roposa bBar BbimyckaeT MOHETBI ¢
6ykBoit H Ha oxHoii cropone u 6ykBoit T Ha
Jpyroii cropore. lappu pasioskmya n Takux
MOHeT B psj cjeBa HampaBo. OH TociesoBa-
TEJbHO TPOM3BOANUT CJCIYIONIYIO OIEPAITHIO:
ecqiu B psity poBHO k > () MoHer JiexkaT GyKBOii
H xBepxy, TO OH IepeBOPAYMBACT R-I0 CJeBa
MOHETY; MHaue BCe MOHeTbI JieskaT OykBoil T
KBepXy, W OH ocraHaBimBaercs. Hampumep,
ecan n = 3 W TIpoliecc HAYMHAeTcsl ¢ KOHPUTy-
pattuu THT, To mocJe/oBaTe/bHOCTb Ollepa-
U BBITJISIUT KakK

THT - HHT — HTT - TTT

T.e. TPOIECC OCTAHOBUTCS MOCJE TPeX olepa-
IUil.

a) Jlokaxkute, 4TO TIpH JTOGOH HavaabHON
KOH(MUTYPALlMU [POLECC OCTAHOBUTCS I10CJIE
KOHEYHOTO YKCJia Ollepalliil.

6) Jlas Kaxka0# HauambHO KOH(pHUTYpaIrun
C uepe3 L(C) 0603Ha4iM KOJIMYECTBO OlEpa-
U, TOCJe KOTOPBIX TPOIECC OCTAHOBHUTCS.
Hanpnmep, L(THT) =3 u L(TTT) =0 . Haii-
nuTe cpeiHee apudmeriieckoe suavennit L(C),
korma C mpoGeraet Bee 2" BO3MOYKHbBIX HaUaJIb-
HBIX KOH(PUTYpAINIi.

CIIIA



6. Ilyctp [ — 1IeHTp BIUCAHHON OKPYKHOCTH
ocTpoyroJsbHOTO Tpeyroabanka ABC, B KoTO-
pom AB # AC. BrimcanHag OKPYy>XHOCTb
tpeyronbunka ABC xacaercsa cropon BC, CA
n AB B Toukax D, E m F COOTBETCTBEHHO.
[Tpsimas, mpoxosmast uepe3 D n neprieH/inKy-
JgsgpHast EF, epecekaer  BTOPHYHO B TOYKe
R. Tlpamas AR mepecekaeT ® BTOPUYHO B
touke P. OKPY’>KHOCTH, OIMUCAHHDBIE OKOJIO TPe-

yrosbHukoB PCE n PBF, nepecekaloTcst BTO-
puaHO B Touke Q. [lokaskute, 4To mipsiMbie DI
n PQ mepecexaioTcst Ha TPSIMOH, TPOXO/IATIEi
yepe3 A u neprenuKyaspHoit Al.

Huous

Iy6auxayuo nodzomosuau H.Azaxanos,
H.Bozdanos, M.Ipuzopves, I1.Koxesnuros,
@.Ilempos, M.IIpamycesuu, K.Cyxos

. MexnyHaponHasa gu3myeckas
onMMmnmana

B 3Tom rogy MexayHapogHas onMmMnuaga no
duznke (MDO) npoxoamna B Tenb-Asuse (V13-
pannb ). B copeBHOBaHMM y4acTBOBaNM 364 LKOb-
HWKa 13 78 cTpaH.

CbopHylo komaHgy Poccunckon depepaumu
NpeacTaBAnu:

[puropuyi bobkos — Mockaa, Wkona 1589,

Anekceu [LnwkuH — MockBa, wkona 1589,

Bragumump MammHosckmi — MockBa, LWKona
1589,

AHapen lNaHdepos — Mocksa, CYHLL MTY,

Ennceni Cypakos — Bonorpa, Bonorogckmin
MHOronpouIbHbIV NLEN.

Komargay Poccrm Bo3rnaBmnm cotpyaHmky Moc-
KOBCKOro (PM3NKO-TEXHUYECKOrO WHCTUTYTa
(M®TW) AABopoHoB (pykoBoauTenb KOMaH-
obl), MH.OcuH, B.ALLleByeH-
ko 1 O.M.Libibpos.

OTbop KaHAMOATOB Hayan-
€A 3a rof, [0 ONNUMMVaabl, KaH-
Anpatamm B COOpHylo CTanm
33 nobenuTens v npusepa 3ak-
JIIO4UTeNbHOrO 3Tana Becepoc-
CNCKOWN ONMMNMaAbI LUKOMb-
HnkoB no gusmke 10 knacca.
MoarotoBka 1 oTOOP MpOXO-
LW B TeYeHe rofa Ha base
MOTW n obpasoBaTesibHOro
ueHTpa «Cnpuyc» (r.Coum).Ha
cbopax c pebataMu 3aHMMa-
nncb npenofasateny Jlabo-
paTopuu no paboTe ¢ ogapeH-
HbIMU geTbmu MDTW, roe oT-
pabaTbiBanMCb HaBbIKM 3KC-

KOTOpble He BXOAAT B LIKOMbHYIO MNPOrpamMmy no
du3vke, HO HeobxoamMbl Ans ydactna B MOO.
CnoxuBLUASCS 33 NPOLUIIble rofdbl CUCTEMA NMOArO-
TOBKM BKJIlO4aeT B CebS MOMUMO y4ebHbIX W
0TOOPOYHbIX COOPOB yHacCTVE B MeXAYHapOOHbIX
onMmnragax. BoamoxHocTs nonpoboBatb cebs B
«B0eBbIX» YCNOBUAX ONMMMAMAaAbI — BaXHbI 3Tan
MCUXOMNOrMYeCckon MOArOTOBKM K BaXHOMY CO-
peBHOBaHMIO. PebsiTa yyacTBoBanv B MexayHa-
pOOHOWM 3KCMepVMeHTanbHOW onuMnuage mno
cusnke (IEPhO, Hosbpb 2018 1.) 1 B A3MaTCKOM
onumnuage no dusnke (APhO, mam 2019 r.).
Asuatckas onumMnuana (Agenavga, ABCTpanvs)
CTana nociegHnm 3tanomM otbopa, no pesynbTa-
TaM KOTOPOro Obinv BbIOpaHbl MATb Y4aCTHUKOB
M®O.

nepvMeHTanbHon pabotel Ha COopHas komaraa Poccum 1 ee pykosogutesn. (iesa Hanpaso: B.A.-
cnoxHoMm obopyaosaHun. Tak-  LLesyerko, M.HOcur, E Cynakos, A.llaHpepos, B.MasHosckm, A LLinw-
€ U3y4aniCb CIOXHble TeMbl, KVH, [26b0bkos, A.A.Boporos, @.M.Lipi6pos
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Ha onnmnmage B Tenb-ABMBe y4acTHMUKaM Oblnn
NpeanoXeHbl TPy TeopeTnyeckre 3a4adyvm 1 [Ba
3KCMepyIMeHTanbHbIX 3a4aHUA. B oTnyme oT TpeH-
[a nocnegHux NeT rotoB1UTb 33434 B TOM Yucne
0 COBPEMEHHbIX, HE LUKOMbHbIX pa3zaenax pusnku,
ONVMMNWAAHBIN KOMWUTET 3TOro rofa MoAroToBuN
334341 UCKITIIOYUTENIBHO MO «KJIACCUYECKUMY,
XOPOLUO M3BECTHbIM LLKOMbHMKaM pasfgenam gu-
3UKW. MHOrve pykoBoOAUTENM KOMaHA, OTMETUN
noabopKy 33434 3TOro rofla Kak OAWH M3 NyyLimx
KOMMJIEKTOB 3a MOCNedHMe HeCKOSbKO JleT.

MakcnmanbHoe KonmyectBo Hannos, Kotopoe
MOT HabpaTb KaXAbl LWKOMbHWUK, paBHANocb 50.
YneHbl cbopHom Poccum nokasanu cregyloumne
pe3ynbTaThl:

Cymma
YyacTHUK Gannos| Menanb
bBoo6kos I'puropuit 39 3ousotasg
[MMymkus Anexceit 36,3 | 3omoTas

Manunoscuit Bragumup| 32,6 | 3osoras

[Mandepor Anmpeii 30,2 | 3omoTas

Cynaxos Esnceit 24,1 | Cepebpsinas

B HeouvLManbHOM KOMaHLHOM 3a4eTe Mo CyM-
Me DannoB komaHga Poccum 3aHsna BTopoe me-
cro. Bot kak pacnpepenvnuce nepsble 10 mecT:

No Crpana gg’ﬁéﬁ Ne| Crpana ggjﬁfé?g
1 |Kurait 191,2 || 6 [BpetHam | 135,3
2 |Poccus 162,2 || 7 |Uspauab | 122,6
3 |IOxnas Kopes| 159,4 || 8 |Tannann | 113,1
4 | Vaamst 136,9 || 9 |Toukonr | 111,5
5 |CIIA 136,4 || 10|Cunranyp| 111,4

Hixe npmBOAATCA yU10BMA 3aa4 TeopeTndecC-
KOro Typa onMmMmnuagbl.

TeopeTuueckum Typ

3apaya 1. Mpy>XrHa HyneBON AJIVHbI
N CNINHKN

[pyskuna adppexkTuBHON HYIEBOIl JAJTUHBI —
I[TH/I — aT0 1py>KKHA, y KOTOPOIi cUJia yIpyro-
CTH TIPONOPHHMOHATbHA JJINHE IIPY>KUHBI:
F=RL nna L> L, tne L, — MuHUMaIbHAS
qummHa (umHa HepacTsHyTOI pr}KI/IHbI). Ha
pucynke 1 mokaszana 3aBUCUMOCTDb CUJIBbI F OT

2019/Ne10

F

(0,0) L, L
Puc. 1. 3aBUCUMOCTB Cu/ibl F OT 4/IMHBI MPYXU-
Hbl L

quanbl L g ITH T, tae Hak/IoH Xapakrepusyer
JKecTKOCTh pyskunbl R. [TH /T ucniosb3yiorest B
celicMorpaduu 1 o3BOJISIOT OYEHb TOYHO U3Me-
PATb M3MEHEHUS B YCKOPEHUU CBOGOHOTO TIa-
JleHns ¢g. 37ech W Jajee Mbl pacCMaTpHUBAEM
oxnopoanyio ITH/I, y koTopoii cusa tsoxectu
Mg tupesbimaer RL,. Benem 6e3pasmepHblii
koaddumment o = kLy/(Mg) <1, xapakrepu-
3YIONIHI OTHOCUTEIbHYO JKECTKOCTD TPY KUHBI.
Wrpyurka-mpys;KuHKA «CIUHKI> MOKET SIBJISITD-
ca npumepoM takoit ITH [T (1o He 06s13aTeIbHO ) .

Yactp A. Cratuka (3,0 6asa)

A1. PacemorpuM Kycouek HepacTsHyToi [TH /]
qamaOoN Al . Ilpy:xuHy pactamysan cuioil F B
ycaoBusix HeBecomocTu. Kakosa jumna Ay
3TOr0 Kycouka B 3aBucumoctu ot F, Al wu
napamerpos 1pyxunbi? (0,5 Ganna)

A2. [Ing xycouka JIWHON Al BBIYHCIUTE
pa6oty AW, HEO6XOUMYIO JIJIS €TO pacTsKe-
Hust ot Jumubl Al 10 pimnbt Ay . (0,5 Gana)

Hanee B aToil 3a7a4e Mbl OyeM 0603HaYaTh
TOYKH TIPYKUHBI C IOMOIIBIO PaCCTOSHUS [
(0 <1< L), kKoTOpOE M3MepsIeTCst OT HUKHETT
TOYKM TIPY>KWHBI, KOTJIa OHA HE PacTsaHyTa. B
YACTHOCTH, /IS KAXKAOH TOUKH IIPY>KMHbI 3Ha-
yenne [ OCTaeTcs HEM3MEHHBIM IPH PaCTsKe-
HUM TIPY>KIHBI.

A3. IIpeamonoxnM, 9TO MBI yIAEP/KHBAEM
TPY/KUHY 3a BEPXHUI KOHEIl TaK, YTO MPY KIHA
PaCTATHBAETCS MOl COGCTBEHHBIM BecoM. Otpe-
JleJIuTe HOJIHYI0 AauHy H pacTsamyToii npysku-
HBI B [I0JI0KEHUN PaBHOBECUs. BbIpasure oTBET
uepes Ly u o . (2 Ganna)

Yacrp B. Junamuka (5,5 6a1108)

[IpoBenem caenytommii axcrepument. IIpy-
JKUHA TIO/IBEIICHA 32 BEPXHUI KOHEI[ U HaXO-
JIUTCSI B TOKOE. B HEKOTOPBIN MOMEHT IPYIKUHY
OTIYCKAIOT, ¥ OHA HAUYMHAET C5KUMATBCS, TTPU-
4eM CKaThe TIPOUCXONUT MOCTENEHHO, CBEPXY
BHU3, W HIKHSS 9aCTh OCTAETCS HEMOIBUKHON
(puc.2). C TeueHmeM BpeMeHM CyKaTas 4acTb



OMHUMIIHNA [ bI 37

Puc. 2. CneBa. nocnieqoBaresibHocTb Kagpos, cae-
JIaHHbBIX B XO[e nageHus npyxuHky. Cripasa.
JABUXKYLLGACA Y3CTh | 1 HEMOABUXHASA YacTe Il ripu
CBOBOLHOM aAEHMN TPYKUHB]

JIBIDKETCSI, KaK TBEpJoe Tesio, U coOMpaeT oc-
TaJbHbIE BUTKHU TPYXKUHbBI, & HENO/BIDKHAS
4acTh CTAHOBUTCA Kopoue. Kaskas Touka mpy-
JKUHDI HAUMHAET JBIKEHIE TOJIbKO TOT/a, KOT-
Jla JIBUXKYIIASICST 9acTb JIOCTUTHET ATOM TOUKHU.
HuxHuii KoHell IPY>KUHbI HAYWHAET [[BIKEHIEe
TOJIBKO TOT/Ia, KOT/Ia IPY’KMHA MOJHOCTBIO CO-
JKMeTcs 1 puobpetet ey L . Ilocse atoro
cokarast Py KUHA T1aJlaeT, Kak TBEP/oe Teso B
T0JIe TSIKECTH.

B rnocsieayionx qacTsax 3a/[aun UCIoJb3yii-
Te OIUCAHHYIO Bblllle Mojiesb. ColpoTuBJeHn-
€M BO3/yXa MOXKHO 1peHe6peub. [Ipenebperarnh
L, nHenbsd.

B1. Haiinure Bpems f, , KoTopoe IpoiijieT ¢
MOMEHTA OTILyCKaHWs TIPY>KUHBI /10 CXKaThs
MPYSKUHBI /10 MUHUMAJIbHON jutunbl Ly . Ot-
BeT BbIpasute yeped L, g u o . Ilocunraiite
YHUCJIOBOE 3HA4YEeHWe f, I HPYKUHbI C Ila-
pamerpamun k=1,02H/m, L,=0,035M un
M =0,201 xr ; cuuraiite, utro g =9,80 M/CZ.
(2,5 6amma)

B2. B sroii yactu [ ucnosbayercst st 060-
3HAYEHUST KOHKPETHON TOYKY MPY>KUHbBI, & IMEH-
HO TpaHUIbl Mexay dacteio I (eM. puc.2;
JBIDKYIIAsICSL 9acTb) U yacTbio 11 (HemoaBusk-
Hast 4acTh). B HEKOTOPbI MOMEHT BpeMeHH,
10K CYIIEeCTBYeT HEIlO/BIKHAS YacTh, ee Mac-

ca pasaa m(l)=—M , a MOABM)XHAS YACTD

) "
ABUXKETCS ¢ MrHOBeHHOH ckopoctbio oy (1),
[Tokaxkute, 4TO [/ 3TOrO MOMEHTa BPEMCHU

(KOFZIB. CyHIECTBYET HEIIO/ABUIKHASA ‘{aCTb) CKO-
POCTb L[BI/I)KyH.IeI‘/JICSI HaCTU OIMCDBIBAETCA BbIpa-

xenneM vy (1) =~+/Al + B. Boipasure KOHCTaH-

o1 A u B uepes Ly, gu o. (2,5 Ganna)

B3. Ucnonb3ys mynkr B2, maiimute MuHuU-
MaJIbHYIO0 CKOPOCTb Ty, ABIDKYIIEHCs dacTu
MPY’KUHBI B XO/Ie [IBUKEHUSI: OT MOMEHTA OT-
MYCKaHUsl /10 TaJeHusl TPY’KUHbI HAa 3EMJIIO.
Boipasure orBer wepes L,, a, A u B.
(0,5 6anna)

Yacrp C. Iueprernyeckas (1,5 Gasna)

C1. Haiimnte Mexannmdeckyio asHepruio Q,
KOTOpas nepenwia B TEMI0, HaYnHast ¢ MOMEHTA
OTIIYCKAHUS TIPY’KUHBI U 0 MOMEHTA IPIMO
Hepe/l KacanueM NPy KIHbI O 3eMJII0. Boipasure
orser uepe3 Ly, M, g u a. (1,5 Gauna)

3apaya 2. ®nsuka B MUKPOBONIHOBKE

B 3agaue o6cyskaaercsi MOJydyeHHE MHKPO-
BOJIHOBOTO M3JIy4CHUSI B MUKPOBOJIHOBKC U TO,
KaK OHO HCIIOJIb3YeTCS IS HarPEeBaHUS €[Ibl.
MuKpOBOJHOBOE U3JLy4YCHUE CO3/ACTCS MArHeT-
ponom. B uactu A o6¢ysxiaercsi pabora MarHer-
poHa, a B yactu B — morJomnieHne MUKPOBOJIHO-
BOTO MBJIYUYEHUS TIPU HATPEBAHUU €JIbI.

Yacts A. Crpykrypa u npuHmun paGoTsi
marnerpona (6,6 Gana)

MarseTpoH — aTO yCTPOKUCTBO [T CO3/JaHUS
MUKPOBOJHOBOIO u3ayueHust (B MMILYJIbCHOM
WM HENPEPbIBHOM PeskuMe). Y MarierpoHa
€CTb MO/Ia CaMOBO36Y KAAIONINXCS KOJICOAHMIA.
Ecim Ha MarHetpon nozgaTh nocrosauoe (me
[EePEMEHHOE) HAIPSIKEHKUE, TO 9Ta MOJA BO3-
6y:Kaercsi 04eHb ObICTPO.

MarneTpoH B MUKPOBOJIHOBKE TIPE/ICTABJISET
co6oll MeIHbII IMaMHApHYecKi KaToy (pagu-
ycoM a) u OKpysKaiomuii ero anoa (paauycom
b). Auon — 3TO TOJCTBI IMIMHAPUYECKUIL
CJIOH, B KOTOPOM IPOCBEPJICHBI IIIINHPUYCC-
KH€ TI0JIOCTU. DTU MOJOCTU HA3bIBAIOTCS PE30-
HaTopamu. OJUH M3 PEe30HATOPOB COEJMHEH C
AHTEHHOMW, C IIOMOIIBIO KOTOPOIl W3JTydYeHUe
ucnyckaercst (B 3ajaue aHTEHHON MOYKHO ITpe-
HeGpeun). Cuuraiite, 4TO MATHETPOH HAXO/UT-
ca B BakyyMe. B 3amade paccMarpuBaercs
Maruerpon ¢ 8 (BoceMbio) pesonatopamu. On
nsobpaskeH Ha pucyHke 3,a. Ha pucynke 3,6
MOKA3aHO, YTO KayKJas U3 BOCHMHU IOJIOCTEH
BejieT cebst Kak L C-pe3oHaTop ¢ yactoroit [ =
=2,45 ITm.
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Puc. 3. MarHetpoH ¢ BOCEMbIO pe30HATOPaMM

MarneTpor HaXOIUTCS B TIOCTOSHHOM OJ[HO-
POMIHOM MArHUTHOM TIOJI€, HAMPABJIEHHOM IO
ero ocu. [TocTogHHOE HATIPSKEHNE TIPUIOKEHO
Mexy aHogoM (II00KUTEIbHbIHA MOTEHIHAT)
1 katoz1oM (OTpHIATEeNbHbIN ITOTEHIUA ) . DJIEK-
TPOHBI, BBLIETEBIINE C KaTO/A, IOCTUTAIOT aHO-
Jla T 3apspKaioT ero. B pesysbTare Bo3Oyskaa-
eTcsi MoJIa KoJieGaHuil, B KOTOPOI 3HAKU 3apsi-
JI0B JTIOOBIX COCETHIX PE3OHATOPOB ITPOTHBOIIO-
JIOKHBL. 3a CYeT I0JIOCTE 35TU KoJeOaHus
ycunuBaoTes. B pesysibrate MesKIy KaToIoM U
anogoM (BA0GABOK K MOCTOSHHOMY TIOJIIO) CO-
371aeTCS TIepeMeHHoe JJIeKTPUUecKoe ToJie C
vyacroroii [ = 2,45 TTu (cunme jmHMH Ha
PHCYHKE 3,d; TIOCTOSHHOE MOJIE HE MOKA3aHO).
B cranmonapHoM pexkume aMmIinTya KoJeba-
HUW HANPSLKEHHOCTH TEPEMEHHOTO 3JIEKTPH-
YeCcKOTrO MOJIsSi COCTABJIsIET OKoJIo 1/3 mampsi-
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JKEHHOCTH TOCTOSTHHOTO moJisi. Ha jBukenue
9JIEKTPOHOB BJUSIOT 00€ COCTABJISIONIIE JJIEK-
TPHUUYECKOTO 110Jist. B rpoitecce IBUKEHIST JIEK-
TPOHBI TPUOGPETAIOT HEKOTOPYIO SHEPTUIO OT
MOCTOSTHHOTO T0JIsT. DJIEKTPOHBI, JOCTUTAIONHE
aHOJ/Ia, MepelaloT MePEMEHHOMY TOJI0 OKOJIO
80% sHeprHH, TOJYYEHHON MPU YCKOPEHUN B
MOCTOSTHHOM 1oJ1e. He6o bIast 4acTh BbLIETEB-
[IUX BJIEKTPOHOB BO3BPAIIAIOTCS HA KaTOM W
BBIOMBAIOT HOBBIE.

Kask/1p1il pe3oHaTOp MOKHO PACCMATPUBATH
KaK KOHJ/IEHCATOP W KaTyliKy. EMKOCTb UMeIoT
IJIOCKUE YaCTH MMOBEPXHOCTU PE30HATOPA, WH-
JNYKTUBHOCTb — I{MHApudeckue vactu (cM.
puc.3,6). Cunmraiite, 4To TOK B pe30HATOPE
Teyer 0YeHb GJIU3KO K MOBEPXHOCTU IUTHH/PU-
YeCKOil MOJIOCTH, a CO3/[aBAEMOE UM MATrHUTHOE
noJie cocrapisier 0,6 10Jist njiea bHOTO GECKO-
HEYHOTO coJieHon/1a. [ eoMeTpiyecKrie pa3sMepbl
pe3oHaToOpa TpUBeeHbl Ha pucyuke 3,6. Du-
3uyecKue moctosHubie € = 8,85-107'2 ®/M u
Wy = 47107 Tu/m cunraiite 3a1aHHBIMIL.

A1. Paccuuraiite 4acToTy OJIMHOYHOTO pe-
30HATOPA f; MO MapaMeTpaM, 33/IaHHDLIM BBIIIIE.
(Bau oTBeT MOKET OTJIMYATHCS OT PEATbHOIO
snavenust [ = 2,45 I'Tu. [lanbiie B 3amave
UCIIOJIb3YITE TOJBKO pedibHoe 3HAUYEHHE vac-
torbl.) (0,4 Gamna)

B mynkre A2 06Cy:KIAIOTCS BCIIOMOTATEb-
HbI€ aCTeKThI JIBUKEHNsI 3J1eKTpoHa (He B Mar-
Hetpone). PaccMOTpUM  9IEKTPOH, KOTOPbIi
JBUIKETCS B OTHOPOJTHOM DJIEKTPHUECKOM TI0JIE,
HaIlpaBJIeHHOM IIPOTUB OCU ¥, T.e. E = —EOQ ,
1 OJHOPOJHOM MarHUTHOM IIOJIe, HalpaBJeH-
HOM BIOJb OCH 2, T.¢. B = ByZ . 3neco Ey u B
— IOJIOKUTEJIbHbIE TTOCTOSTHHbBIE, X ﬁ, z -
e/INHIYHbIE OPTBbI IIPABONl KOOPAMHATHON CuC-
TeMbl. CKOPOCTD 2JIEKTPOHA B MOMEHT BpEeMEHH
¢t o6osmaunm i (t). Ckopocrb apeiida i,
9JIEKTPOHA — 3TO €r0 CPE/HAA CKOPOCTD JIBUKE-
uust. O603HAUNM 1 — MacCy 2JIEKTPOHA, e — eTo
3apsaj.

A2. Haiipnre U, 151 ABYX CJIy4aeB, OMHUCAH-
HbIX HuzKe. Hapucyiite Ha J1cTe OTBETOB Tpa-
eKTOPUHU JIBUKEHHUST 3JIEKTPOHOB (B 1abopatop-
HOU cucTeMe OTcYeTa) B TeueHue WHTepBasa

4
BpeMeHn O<t<ﬂ, ecou: 1) B MOMeHT
e
Bpemenu t = 0 CKOOPOCTb AJIEKTPOHA paBHA
ﬁ(0)=(3E0/BO)]AC; 2) B MOMEHT BPEMEHN

t = 0 ckopocrb saexrpona pasHa i (0)=
=—(3Ey/By)*x . (1,5 Gamra)



Bepuemcs reriepb K 00CYKIEHUIO MarHeTpo-
Ha. Paccrosnue MeIy KatogoM W aHOJOM
15 mm. Ilycrb Takske M3-3a OIHMCAHHBIX paHee
[OTePb SHEPrUH MAKCUMAJIbHAS KUHETHUECKAsI
9HEPTUsl 3JEeKTPOHa He mnpesbimaer K. =
=800 sB. MHayKIMs MOCTOSSHHOTO MArHUT-
Horo noas B, = 0,3 Ta. Macca n 3apsn
snexkrtpona pasupl m=91-10""kr u
e=16- 107" Kn coorsercTBeHHO.

A3. PaccMOTpUM 3JIEKTPOH B CHCTEME OTCYe-
Ta, B KOTOPOIl €ro IBWKEHNE MOXXHO CUUTATh
MOYTH [JIBIKEHHEM MO OKpyskHocTh. OleHure
YHCJEHHO MAaKCUMAJbHBIH PAJUyC # 9TOH OK-
pyskaoctu. Cucremy OTCYeTa CYUTATH WHEPIIU-
anpnoit. (0,4 Gamnna)

A4. Ha pucynke 4 m3o6paskeHbl CHJIOBbIE
JIMHUU TIEPEMEHHOTO 3JIEKTPUYECKOTO TIOJIS

Puc. 4. [1976 371eKTPOHOB B [epeMEeHHOM /1eKTPU -
4ecKom r1os1e

MEK/Ty aHO/IOM U KaTO/IOM B HEKOTOPBIIf MOMEHT
BpeMeHn (CHJIOBBIE JIMHUKM MOCTOSHHOTO TI0JIS
He nokaszanbl). [10I05KeH1s TN 5IEKTPOHOB B
3TOT MOMEHT BpeMenu o6o3uauennl A, B, C, D
u E. YKaxkuTe B JINCTE OTBETOB, KaKKe U3 ATUX
3JIEKTPOHOB /IpeiidyIoT B CTOPOHY aHOMA, Ka-
KHe B CTOPOHY KaTo/a, a Kakue ApeidyioT B
HaIpaBJICHNN, TIEPIEHANKYIAPHOM PAINyCy B
sToT MOMeHT Bpemenu. (1,2 Gamna)

Ha pucynke 5 n306pakeHbl CUJIOBbIE JITHUT
MEPEMEHHOTO  HJIEKTPUYECKOTO TIOJST MEKIY
AQHOJIOM U KaTOJIOM B HEKOTOPbIIl MOMEHT BpeMe-

Puc. 5. LLlects 3/1eKTPOHOB Ha O4MHAKOBOM pac-
CTOSIHUM OT Karo4a

Hu (CUJIOBBIC JIMHUM TIOCTOSHHOTO MOJIS He
nokasanbl). TT0JIOKEHUS HIECTU DJIEKTPOHOB B
9TOT MOMEHT BpeMenu o6osnauennvt A, B, C, D,
E u F. Bce a7eKTpPOHBI PACIONOXKEHbI Ha
OJIMHAKOBOM PACCTOSIHUU OT KaTO/a.

AS. Paccmorpum napsr as1ekTpoHoB AB, AC,
BC, DE, DF, EF (cMm. puc.5). Jlna kax 101 u3
nap yKaxuTe, Kak Oy/ieT BAusiTh ipeiid Ha yro
MEK/Iy BEKTOPAMHU, HANPABJICHHBIMI U3 TOUKH
O (uenrp kaToma) K TOYKe, TJIe HAXOAUTCS
AJIEKTPOH. By/JeT i yros yBeIudnBaTbCs WIH
yMeHbHIATBCS B 9TOT MOMeHT Bpemenn? (1,2
GaJsina)

[ToBenenue cucreMbr, KOTOPOE Bbl OGHAPY KU~
JI B IIyHKTE A, 9T0 MeXaHU3M (hOKYCHUPOBKHU.
IJIEKTPOHDI KOHIIEHTPUPYIOTCS B IPOCTPAHCTBE
MEXK/ly KaTOJOM M aHOJOM B CTycTkH. Taxue
CTYCTKH Ha3bIBalOTCS «cruiamuy. OnHa u3
CIMI[ IOKa3aHa Ha pucyHke 6 n obo3navena S.

Puc. 6. QOoKycmnpoBKka 3/1eKTPOHOB

A6. HapucyiiTe Ha J11CTe OTBETOB OCTATBHDIE
CIIWIBI B 3TOT MOMEHT BpeMeHu. CTpesikamu
YKQKUTe HAIPABJECHNE NX BpalleHns. Bprauc-
JIUTE UX yraoByio ckopocts o . (0,8 Ganna)

[Iyctb moJsiHAS HATIPSIPKEHHOCTD 3JIEKTPUYEC-
KOTO TIOJII HA CEPEJHE PACCTOSHUS MEXKIy
aHO/IOM U KaTO/IOM PaBHA CPEAHEMY 3HAUCHUIO
HATPSIPKEHHOCTU TIOCTOSTHHOTO TT0JIsI, N3MePeH-
HOW BROMH paamyca. CuwmraiiTe, YTO CHUIBI
HAIPaBJIeHbl pajraibHO. Pammycbl anoma u
KaroZa paBHbl b um a coorBerctBeHHO (CM.
puc.6).

A7. Orennre, Kakoe TIOCTOSHHOE HaIPsKe-
Hie U, HyKHO, 4TOObI MarHeTpoH paGoTas B
pEeKIMe, OMUCAHHOM B HTON YACTU 3a/aui.
(Haiigennoe BbIpaxenne OyaeT COOTBETCTBO-
BaTh MUHHMMAJbHOMY 3HAUEHUS HAIPSDKEHUS;
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ONTUMAbHOE HANPSKEHUE HECKOJIBKO BBbIIIE. )
(1,1 6anna)

Yactp B. BzanmoaeiicrBie MUKPOBOJIHOBO-
ro U3Jy4YeHHs ¢ MOJeKyaaMu Boabl (3,4 Gai-
sa)

B a10il wactu 3amaunm o6CysKAAETCS HATPEB
e/Ibl C IIOMOI[bI0 MUKPOBOJIHOBOIO U3/1yYCHHUS.
DJIEKTPUYECKHIT JIUTIOJIb TIPEICTaBIsAET COOOM
JIBa OIMHAKOBBIX [0 MOJYJTIO U TIPOTHBOIIO/IOK-
HBIX 110 3HAKY 3apsila § U —( , PACTIOIOAKEHHBIX
Ha HeGOJIBIIOM PacCTOSTHUE d APYT OT ApyTa.
BekTop AMIOJIBHOTO MOMEHTa HAIPaBJECH OT
OTPHIATEIBHOIO 3aps/a K H0J0KUTEeIbHOMY, a
ero Mojtysib pasen p = gd. IlycTh oMHOUHDII
qunosb p(t) TMOMEIIEH B IEPEMEHHOE 3JICKTPH-
yeckoe mioste E (t) = E (t)x . Moyab aumon-
HOTIO MOMEHTA IIOCTOSIHEH, T.€. Py = |ﬁ (t)| . Yron
MesK/ly BEKTOpaMH JMIIOJbHOIO MOMEHTA U Ha-
NPSKEHHOCTH 10151 paBen 0(t).

B1. Haiiqure momymn momenta cun T(t),
MEefiCTBYIOMNX Ha UTOMb CO CTOPOHBI TOJIS.
Haiiure Mruosennyio mounocts H;(t), co-
o6maemyto aumommio. OTBETH BBHIPA3UTE YEPE3
po, E(t), 6(t) m ux mpoussoansie. (0,5
Gasina)

MoJieKyJibl BOJbI MOKHO HPECTABUTD JJIEK-
TPUYECKUMU JUMOJIsIME. V3-3a CHIIBHBIX BOJIO-
POHBIX CBsI3ell MeX/Iy MOJIEKYJIaMU BOJBI B
SKUJKOCTH HEJb3s1 CUMTATh BOLY COBOKYITHOC-
TBIO HE3aBUCUMBIX Aumojell. TakuM oGpasom,
HEOGXOAMMO UCIIOJIb30BATh BEKTOP MOJISIPU3a-
i P (t), KOTOpBIil PaBer cpeiHeMy /IHToh-
HOMY MOMEHTY eAMHUIbI 0ObeMa BEIIEeCTBa.
Bekrop nosspuzaimn P (t) HampabJien napas-
JICJIBHO BEKTOPY HAIPSKEHHOCTH JIOKAJIbHO
IPUJIOKEHHOTO TIEPEMEHHOT0 3JIEKTPHYECKOTO
nosst (uamydenns) E (t). Takske OH OCIMILIH-
pyer BO BPEMEHHU € aMILIATY/IOH, TPOIOPIIHO-
HAJIbHOU aMILIUTY/Ie HAIPSIKEHHOCTH 9TOTO
AJIEKTPUYECKOrO MOJIsA, HO ¢ (DA30BBIM CABUTOM
8. JlokasibHOE BJIEKTPUYECKOE T10JI€ B HEKOTO-
poil Touke HarpeBaeMoil BO/Jbl PaBHO
E(t)=Eysinot - X, e o =2nf , noispusa-
I BOJBI PaBHA ﬁ(t) = BeyE, sin (ot —3)- 1,
rie Ge3pazMepHast OCTOSIHHASL 3 OlIpe/esisieT-
€5 CBOHCTBAMU BOJBI.

B2. Haiinre ycpe/iHeHHY O 110 BpEMEHH MOIIT-
HOCTh <H (t)> , TIOTJIONIAEMYTO eIMHUTIElT 06be-
Ma BOJbI. YCPEAHEHHE 110 BPEMEHU IIEPUOHU-
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deckoii Bemaunbl f (¢) 3a nepuos T onpese.isi-
ty+T
ercs Kak <f(t)> = % _[ f(t)dt. (0,5 Gamra)

b

PaccMorpuM  pacripocTpaHeHue M3JTydeHHst
CKBO3b BOJly. /lMasiekTprueckast IpoHNIIAEMOCTb
Bozbl (B OOCY’K/aeMbIX JIMANA30HAX YACTOT)
paBHa €, , COOTBETCTBYIOMNI MOKa3aTe/Ib IIpe-
JIOMJIEHUSI BO/IbI PABEH N = \/a . MrHoBeHHas
IIJIOTHOCTD SHEPTUH 3JIEKTPUIECKOTO TIOJIST PaB-

1 P
Ha EE,EOE . YCpe/IHeHible [0 BpeMeHH ILI0T-

HOCTU SHEPrUH 3JEKTPUYECKOTO U MATHUTHOTO
MTOJIST PABHBI.

B3. O6o3naunM ycpefHEHHYIO TI0 BPEMEHH
IJIOTHOCTD TIOTOKA 9HEprum uaaydenus: [ (z)
(cpeHss MOIHOCTD M3/IyYEHHSI, TIPOXO/IAIIAs
yepes eAMHUILY IJIOMAAu). 3[ech z — 5TO
ry6uHA TIPOHUKHOBEHUS U3JIYYEHUs B BOIY
(usyyeHue pacpoCTpaHsIeTCss BAOJIb OCH Z).
Haiigure 3aBucumocts [ (z) . B Bamem orBere
MoKeT (UTypUpoBaTh IJIOTHOCTD TIOTOKA SHEP-
run Ha nosepxuoctn Bogsr 1(0). (1,1 Gamra)

Da3zoBblii cABUT § 06YCJIOBJIEH B3aMMO/ICH-
CTBUEM MEX/Ly MOJIeKyJdaMu Bojibl. OH 3aBUCHUT
oT 6e3pasMepPHBIX BeIMunH €, (XapakTepusyto-
er auccunanuio) u €, (aussekrpudeckas mpo-
HunaeMocthb). O6e BEJMUUHDI 3aBUCAT OT dac-
TOTHI U3JIyUeHUsT O U TeMieparypbi. Mopmy.ia
aag dasosBoro casura: tgd =g /e, . Korma
d 0CTaTOYHO MaJi, 9JIEKTPUYECKOE II0JIe Ha
riyoune z PACCHNTHIBACTCS  CIICAYIONIHM 006-
pasom: E(z,t)=Ege 7" t8d sin (nkyz —wt),
rae ky=o/c, ¢=3,0-10° M/c — cxopocTb
cBETa B BaKyyMe.

B4. B npubmmkenun tgd =sind mnaligure
snavenne koaddurmenta . OTBer BbIpasute
yepes 3ajannble Bbire Beauunnbl. (0,6 Gamrna)

Ha pucynke 7 u3o6paskeHbl 3aBUCUMOCTH €;
(cunne nunun) u €, (KpacHble JUHUN) IS
yucroii (crtommble JTuHum) 1 costeHoi (ImyHK-
TUPHbBIE JIMHUK) BObI OT YaCTOTBI IIPH PA3HBIX
temneparypax. O6cyskiaeMas B 3ajade yrio-
Basi yactora O =27-2,45-10° 1/c  ormeuena
SKMPHOM YepHOIi BepTuKaabHOM Jinnueit. /lanee
MbI PaCCMaTPUBAECM U3JIydEHHE TOJbKO Ha HTON
Yacrore.

B5. Ilo mamubiM pucyHKa 7 OTBETbTE Ha
cnenyiorue Borpocst: (0,7 Gana)
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Puc. 7. 3aBUCUMOCTb BEJINYUH, XaPaKTePU3YIOLUMX @A30BbIL CABUI, OT YaCTOThl [1PH

PA3HBIX TEMIEPATYPAX

1) Haiiaure rayOumy mpOHUKHOBEHMS zyy B
Boxy 1ipu temreparype 20 °C . Tlox ruiay6unoii
ITPOHUKHOBEHNUS 3/IeChb TOHIUMAETCsT TaKoe Pac-
CTOSTHHE, Ha KOTOPOM MOIIHOCTD M3JIyueHus B
epunuie o6beMa yMEHbIIAeTCS B [[Ba pasa 1o
CpaBHEHMIO ¢ ee 3HaueHueM 1pu z = 0.

2) YKaxure B JIUCTE OTBETOB, KAK MEHSIETCSI
ryryOMHA TPOHNKHOBEHHST MUKPOBOJIHOBOTO H3-
JIy4eHUsI B BOJIe IIPU M3MEHEHNH TeMIepaTyphl.
Ona yBeJMYMBaeTCs, yMEHBIIaeTcs WA He
M3MEHSIeTCs TIPU YBEJNYEHUN TEMIIEPATYPbI?

3) Ykaxure B JUCTE OTBETOB, KAK MEHSIETCSI
rryOMHA TPOHNKHOBEHHST MUKPOBOJIHOBOTO H3-
JIy4eHUs B COJIEHOI Bo/ie TIPY M3MEHEHUN TeM-
neparypbl. OHa yBeJIMYNBACTCSI, YMEHDIIACTCS
WM He U3MEHsIeTCs TPU yBeJUYEeHUU TeMIle-

parypnI?
3apava 3. TepmoakycTMYeCKUn aBuraTesnb

Tepmoaxycrudeckuil ABUTATENb TIPEBPAIAeT
TEIJIOBYIO SHEPIHI0 B aKyCTHYECKyIo, WJIH B
3BYKOBbBI€ BOJIHBI — O/INH N3 BUIOB ME€XaHNUY€C~
Koli aneprun. Kax u gpyrue Tenosble BUrare-
JIM, OH MOXKET paboTarbh B 06PATHOM peXXuMme,
CTaB XOJIOJIJIBHOI MAIIMHOM, T.e. ¢ HOMOIIbIO
3ByKa TIepe/laBaTh TEIlI0 OT XOJIOJHOTO Teaa K
ropstaeMy. Tak kak gBUTATETb (DYHKIHOHIPYET
Ha BBICOKOIT 9acTOTe, TeTIoTepe/ata yMeHbITa-
eTcsI, TakKe IBUTATEJIO He TPeOYeTCsT H30 AN
palboueii kKaMepbl. B oTsinune ot gpyrux gsura-
TeJIell, TEPMOAKY CTHUECKUIT [BUTATEIb HE IMEeT

JIBIDKYIIIUXCS yacTell, Kpome paboyero moToKa.
KII/I repMoaKyCcTHYECKOTO JABUTATEJISI OOBIYHO
HIJKE, YeM y JIPYTUX JBHUTraTeJieil, Ho oH o6Jia-
JIAeT PSIJIOM TIPEUMYIIECTB MTPH COOPKE, OTJIa/IKe
n o6caykuBanun. B aToit 3a/1aue MbI paccMoT-
PHUM TEHepaInio 3ByKOBOI SHEPTUH B CHCTEME.

Yactp A. 3BykoBasi BOJHa B 3aKpbITOil
Tpy6e (3,7 Ganna)

PaccMoTpuM  TEIJION30IMPOBAHHYI0 TPYOy
JUTIHOM L 1 TIJIOMAIBIO TIOMEPEYHOTO CEUeHNUsT
S. Ocb TpyObI coBIIaiaeT ¢ ocbio x. Koopauna-
Tbl KOHIIOB TpyObl x = 0 u x = L. TpyGa
3ar0JTHeHA WUEeAaJbHBIM Ta3oM M 3aKpbiTa C
o60onX KOHIIOB. B paBHOBecHu TeMIleparypa
rasa Ty, laBJeHne p, ¥ IJIOTHOCTD P, . [Ipen-
MOJIATAETCST, YTO BSIBKOCTH OTCYTCTBYET, a /[BU-
JKEHMe ra3a MPOMCXOJUT TOJbKO BJOJb TOpPU-
30HTaJIbHOI ocu x. CBOICTBA ra3a 0THOPOIHbI
B MEPIEHANKYISPHBIX HAMPABJICHUSAX Y U Z.

A1. Ecim ob6pasyetcs cTosigasi BOJIHA, TOP-
IUsT ra3a KoJieGJIeTcst B HATIPABJIEHUH X C THK-
JITYECKON 4acTOTOH ® . AMILIUTY 1A KOoJleOaHuil
3aBHCHUT OT TIOJIOJKEHHST PABHOBECHUST X KaK/10i
nopiuu BAoJib TpyObl. [IpogosbHoe cmerenne
% KaXJOH TMOPIUYM Ta3a OT ee TOJIOXKEHWS B
COCTOSIHMM TOKOSI X 3ajaercs (opMyJoii
u(x,t) = asinkxcoswt = u; (x)cosot  (3ame-
THM, YTO # OTINCBIBAET CMEIICHUE pacCMaTPUBa-
eMoit mopuun rasa). 37ech ¢ < L — 10J0XKHI-
TeJbHAST TOCTOSTHHAs, Rk = 2M/A — BOJHOBOE




42 KBAHT

uhcno M) — JJMHA BoJHbI. Uemy paBHa
MaKCUMaJIbHO BO3MOKHAsT JITMHA BOJHbBL A,
B Takoii cucteme? (0,3 6amna)

Manee B aToii 3agaue o6CyKIaeTcss Moja
KoJIeGaHUil, COOTBETCTBYIONIAS JIIMHE BOJIHBI
A = Apax - PaccMOTpPHUM TIOPIMIO Ta3a, HAXO/s-
IIYIOCS B COCTOSTHUM TIOKOST MEXKIY X M X + Ax
(Ar < L). B pesysbrare BOIHBI CMELICHUS U3
3ajanus Al mopiusi raza KoJie6J1eTcsi BOJIb OCH
x. Tpu 9TOM U3MEHSIIOTCS ee 06beM U JpyTrue
TEPMOJINHAMUYECKIE XapakTepucTuku. [lasnee
BO BCEX IyHKTaX CYMTaiite, 4TO BCE paccMarpi-
BaeMble M3MEHEHNs] XapaKTePUCTHK MAaJIbl IO
CPABHEHUIO ¢ HEBO3MYIIEHHBIMI 3HAYEHUSIMN.

A2. O6bem nopun rasa V (x,t) xoxe6rercst
OKOJIO PaBHOBECHOTO 3HaueHust V, = SAx co-
rnacio dopmyne V (x,t) =V, +V;(x)coswt .
[osyuute Boipaskenne s V;(x), Bbpasus
ero uepes Vy, a, k u x. (0,5 6amna)

A3. Cyuraiite, 4TO 3aBUCHUMOCTD JIaBJICHUS
rasa u3-3a 3BYKOBOW BOJTHBI NMEET PG TMKEH-
ubtit Bug p(x,t) = py — py (x)coswt . Pacemar-
puBast CUJIbI, JeHCTBYION[ME HA MOPIMIO rasa,
BBIYMC/IHTE aMILTUTYy py(x) Komebanmii naB-
sernst (IepBbIil MOPSIOK MATOCTH), BbIPA3UB
ee 4epes KOOP/JMHATY X, PABHOBECHYIO ILIOT-
HOCTB ), AMILTUTY/ly CMEIICHUS d U TTapaMeT-
pol Boambl B u . (0,7 Gamna)

ITpu 3BYKOBBIX YacTOTaX TEILJIOMPOBOIHOC-
ThIO Taza MOKHO TIpeHe6peub. ByeM cumraThb
MIPOTIECCHI PACIIIMPEHHST U CKATHS raza aanaba-
THUYECKMMU, T.€. BDBIIOJHIETCA yPaBHEHUE
pV" =const, rae Y — noxasaresb aguabarbi.

A4. VcrionbayiiTe npuBeieHHOE BBIIIE COOT-
HOIIIEHNE W PEe3yJbTaThl MPEAbILYIINX TyHK-
TOB, YTOGBI TIOJYYUTH BbIPAKEHHE JIJIST CKOPOC-
TU 3BYKOBBIX BOJIH ¢ = ®/k (B IepBOM Mopsijike
Mamoctn). Boipasure cBoil oTBeT uepes mapa-
METPbI PABHOBECHOTO COCTOSIHUS Ta3a Py , Py U
nokasatesb aguabarsl Y. (0,3 6anna)

AS. V3MeHeHne TeMITepaTypbl Tasa B Ipoliec-
cax agnabaTHIecKoro PaciinpeHns i CKaThs B
pesyJibTaTe BO3/IeHCTBISI 3ByKOBOI BOJTHBI HMe-
ersun T (x,t) =T, - T, (x)coswt . Boruncute
ammntyy Ty (x) KosmeGauuii Temueparypbi,
BbIpasus ee uepes Ty, v, a, kux. (0,7 Ganna)

A6. ToJbKO B 3TOM TIYHKTE PacCMOTPUM
caboe TeIIoBoe B3auMO/IEIiCTBIE MKy TPY-
6oit u razom. Takum o6pas3om, cTostdasi BOJHA
0CTaeTcsl HEM3MEHHOM, HO ras MoxeT O6MeHN-

2019/Ne10

BaThCs HEOOJIBIINM KOJTMYECTBOM TEILIA C TPY-
60ii. HarpeBoM, 0GyCJIOBJIEHHBIM BSI3KOCTDIO,
MOXHO Tipene6peun. st kaxmoit touku A, C
Ha KOHIAX TPyObl W TOUKM B mnocepenuHe
yKaxuTe, OyJeT JIn TeMIepaTypa yKa3aHHbIX
TOYeK TPYObl YBEJMUMBATHCS, YMEHBIIATHCS
i He OyJIeT U3MEHSITbCSI B TeUeHUe JIJTUTe b
Horo Bpemenn. (1,2 Gamna)

Yacts B. Ycuienue 3BykoBoii BOJIHBI, BbI3-
BaHHOE BHEIIHMM TEILUIOBbIM KoHTakToM (6,3
Gasa)

Cronka TOHKHX TBEP/IbIX MJIACTHH yCTaHOB-
aena BHyTpu TPyObl (puc.8). IlnacTunbl B
CTOIIKE PACIOJIOKEHDI IIAPAJLJIEJIBHO OCU TPYObl

L/i4A—1/2 L4 L4+ 12

D

ERIEA

Puc. 8 Cxema cucremer; A v B 0bo3Ha4aoT
ropsAYna 1 XOJIOAHbIV PEIEPBYEPhI TEMa COOT-
BETCTBEHHO, D — CTOornka riacriH

HA PACCTOSIHUM JIPYT OT JIPyTa TaK, YTO OHU HE
MeIaloT TOTOKY rasa BAoJb Tpy6bnl. CepeanHa
CTOTIKM HAXO/UTCS Ha X, = L/4 , mmupuna cToi-
KU [ < [ BJOJb ocH TPYODbI; CTOMKA 3aMOJTHSET
MTOJTHOCTBIO ceueHne Tpy6bl. JIeBblit Kpait cror-
KM HaXoauTcs Ha Xy = X, —[/2 . C nomouipio
BHEIITHETO TETJIOBOTO Pe3epByapa ero TeMiepa-
Typa noaaep:kuBaercs pasuoit Ty =T, + /2.
B 10 ke BpeMs ipaBblii Kpail CTONKYA HAXOIUTCS
HA Xo =X, +[/2 ¥ ero TemmepaTypa mojaep-
sxuBaercst pasHoit T = Ty —1/2 . Taxum o6pa-
30M, MEK/y KOHI[AMHU TLJIACTUH TIOJI€PIKITBACT-
s TIoCTOSTHHAS pasHulia temmneparyp t. Crorm-
Ka TJTacTHH 06eCTIeYnBaeT IPOIOTbHBIN Tpajin-
eHT TeMmmepaTypbl Tak, uro T, (x)=

X — xo
= T(') - TT . HJIH aHaJIn3a BJIUAHUA TEILJIO-

BOrO KOHTaKTa MEXK/y CTOINKOH IJIAaCTUH |
ra3oM Ha 3BYKOBbBIE BOJIHBI B TPyO6e Ipe/IoJIo-
JKUM CcJlejtytoliee:

« Bce m3MeHeHUs TePMOIMHAMUYIECKIX BEJIH-
YIH MaJibl 110 CPABHEHNIO C HEBO3MYII[CHHBIMU
BEJTMYMHAMH.

. Cucrema paboTaer Ha OCHOBHOH MOJie CTO-
sYeil BOJIHBI TIPU MaKCUMAJbHO BO3MOKHOM



JJINHE BOJIHDBI. OHa oueHb c1a00 M3MEHSETCS
n3-3a HaJIW4YuA CTOIIKHU TIJIaCTHH.
« CToTIKa MJIACTHH 3HAYNUTEJBHO KROpoue au-

HBI BOJHBI, [ < Ay , 1 MOKET GBITh PACIIOJIO-
JKeHa JIOCTaTOYHO Janeko oT ysioB (HyJeii)
CMEIeHUsT U JIaBJIEHUSI, TAK 4YTO CMelleHue
u(2,t) = u(xy,t) npasmnenne p(x,t) = p(xy,t)
MOTYT CUUTATHCS TIOCTOSTHHBIMI TI0 BCETT [ITHHe
CTOTIKH.

« KpaesbiMu adpdexramn, o6yc0BIEHHBIME
BXO/ISIIIUMU B CTOTIKY TLJTACTHH TOPIUSIME ra3a
U BBIXOJISIIUMU U3 HEe, MOXKHO MpeHeGpedb.

« Pagnuiia remMnepatyp Mex/y KpasiMu CTOII-
KU TUTACTHH, T.€. MEK/IY TOPSIYUM M XOJIOTHBIM
pesepByapami, MaJia 10 CPaHeHuIo ¢ a6GCOJIIOT-
Hoit Temneparypoit, T << 7.

o TeronpoBoIHOCTBIO Ta3a, CTONKU ILIAC-
THH U TPYOBI MOJKHO 1peHeGpedb. OCHOBHBIMU
MPOIeCCaMUl  TETIOIEPe/Iadll  SIBJISIIOTCS  KOH-
Bekims (M3-3a ABMIKEHNS rasa) U TEIIonepe/ia-
ya MEXK/y Ta30M M CTONKOH IJIACTHH.

B1. PacecMoTpuM KOHKPETHYTO TIOPIHIO Ta3a,
MePBOHAYAJIBHO PACHOJIOKEHHYIO B Xy = L/4 .
B mporecce aBuIKeHUST TOPIUU Ta3a BHYTPU
CTOTIKH TIJIACTUH TeMIieparypa OJnKaiiiero K
HEMY y4YacTKa CTOMKHN TJIACTUH W3MEHSETCS
caegyomm obpasom: Ty, (t) =Ty — T, cosot .
Boipasure T, 4epes a, T u [. (0,4 Ganna)

B2. Bpriine onpe/ieiIeHHON KPUTUYECKOH pa3-
HHUIbI TeMIeparyp Ty, ras Gyjer nepejaBarb
TEIJIO OT TOPSIYEr0 pe3epByapa K XOJOIHOMY.
Boipasure Ty, depes Ty, Y, k u l. (1 Gamn)

B3. [Mosyuure obiiee npubJmKeHHOe BbIpa-

JKeHue [1Jid IIOTOKa Telljia E B MaJIylo IOop-

1IN0 Ta3a KaK JIMHeHHYIo (PYHKIINIO cKopocTei

n3MeHeHHs ee o6beMa M JaBieHus. Boipasure

CBOI OTBET Yepe3 CKOPOCTb U3MEHEHMsT 06beMa
14

P

—, CKOPOCTb M3MeHeHMs JaBJeHud — .,
dt dt
HEeBO3MYLIECHHbIC PABHOBECHbIC 3HAYCHUS [[aB-
Jenys u o0beMa IIOpLHNU rasa py, V,, U lokasa-
Tesb agnabater Y. (Bbl MOXKeTe HCIOJIb30BATH

BbIpasK€eHUue /1JiA MOJ'IHpHOfI TEIJIOEMKOCTHU IIpU

MOCTOSTHHOM 06beme Cy, = , e R — raso-

-1
Bag nocrosinHag.) (0,8 Ganna)

OrpannyueHHbIH TETJIOBOH MTOTOK MEXKAY HOop-
1Meil raza M CTONKOM IJIACTHH BeJeT K C/BUTY
dasz mexxy KoseGaHusSMU JaBJeHus U 06beMa
MOPIUHU raza. ITO IPUBOAUT K IOSIBJIEHUIO
paGorbl. IlycTh MOTOK TerJia OT CTONKHU ILJTac-

THH K TIOPIIAU Ta3a MPOMOPINOHAJNEH Pa3HUIE
TEeMIIepaTyp MEXAY PACIOJOKEHHBIM PSIOM
9JIEMEHTOM CTOTIKH TIJIACTHH W TOpIuel rasa.

[Ipn6amskeHHO MOJKHO 3anucarhb Z—? =
=BV (T, —T})coswt , tne T; u T,, — amn-
JIITY/IbI KOJTE6AHWH TEMIIEPATypbl MOPINH Ta3a
U PACIOJIOKEHHON PSIZIOM CTONKH IJIACTUH U3
nyHktoB A5 n B1 coorBerctBenno; >0 —
HeKoTopas mocTtosgnHag. Cuntaiite, 4TO TPH
paloulX YacTOTax JABHUIATEJIA M3MCHEHUE TeM-
HepaTypbl Ta3a B pe3yJibTaTe 3TOrO TEIJI0BOTO
MOTOKA HECYIIeCTBEHHO 110 CPaBHEHMIO KakK C
T, rakuc T .

B4. [lng Boraucsennss paGoTbl paccMOTPUM
n3MeHeHre 00beMa JBIDKYIIeIics OPIIHN rasa
B pe3yJIbTaTe TEeIJIOBOIO KOHTAKTa CO CTOIKOI
IJIACTHH. 3aluIieM JaBIeHre 1 00beM MOPIIH
rasa B Bujie p =py+ p,sinwt— p,coswt ,
V =V, +V,sinwt +V, coswt . IIpn 3aganupix
p, W p, Haiiaure koadduimentor V, n V.
Borpasute cBoit otBeT uepes p,, Py, Po> Voo
Y, T, Ty, B, 0, anl (1,9 6amnna)

B5. Ilonyunre BbIpaskeHue JJIsi aKyCTHYEC-
KOil paGoTbl, OTHECCHHON K eJuHuIle o6beMma,
IIPOU3BE/ICHHON TOPIHeil Taza 3a OAUH IIUKJI.
Haiiaure nosnyio paGory W, ., coBepiieH-
HYIO rasoM 3a o/uH IWKJ. Bbipasute W,
uepes ¥, T, T, , B, ©,a, kuS. (0,8 6asta)

B6. IlosyunTe BbIpaskeHue /I KOJTUIECTBA
TeTIoTel Q) , TEPEJAHHOTO 3a IMKJI Yepes3
IJIOCKOCTb X = X CJIeBa HalpaBo. BoIpasute
CBOIl OTBET 4epe3 T, Tep » B, w, a S, L
(ITodckaska. JInsg moToKa TeIJaa IPU KOHBEK-
Y MOKHO OBbLIO GBI MCIOJIb30BaTh (POPMYITy

j= Q% .) (0,8 Gamna)

B7. Onpeaemmre KII/I N TepMoakycTudec-
xoro asuraresns. KII/[ onmpenensercsa xaxk oT-
HOIIIEHNE [TPOM3BEIEHHOI aKyCTHYeCKOoil pabo-
ThI K KOJIMYECTBY TEILJIOTHI, MOJYYEHHOMY U3
pesepByapa. Bbipasure cBoil oTBeT yepes pas-
HUILY TEMIIEPATYD T MeK/Y TOPSUYUM U XOJIO/I-
HBIM pe3epByapamMu, KPUTHYECKYIO Pa3HOCTb
temneparyp Ty, u KIIJ nukna Kapuo ny =
=1-T/Ty . (0,6 6anna)

Hyo6auxayuio nodzomosunu . I[viopos,
A.Boponos, M.Ocun, B.Illesuenko
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CaHKT-leTepbyprckimm
NONUTEXHNYECKN YHNBEPCUTET
[leTpa Bennkoro

MonutexHu4yeckas onnmnuaga
LUKOJIbHUKOB

MonuTexHuYeckas onMMnMaga WKONbHUKOB B
2018/19 y4ebHOM rofly mpoBOAMMack MO YeTbI-
peM npegMeTam: Matematumke, GU3LMKe, XUMUK 1
nHdopmatmke. OTOOPOYHBIN Typ MPOXOAM 3304+
HO C MPUMEHEHNEM UHTEPHET-TEXHOMOTMI. Y4ac-
THUKM BbIMONHANN 3adaHns Typa Ha oduumans-
HOM CalTe onMMNUaabl. NobenuTeny 1 Npusepsl
0TOOPOYHOrO Typa ObiNW NpUrnaLleHbl K y4acTuio
B 3aK/IOYMTENBHOM Type, KOTOpbIA Mpoluen B
CaHKT-lNeTepbyprckoM  MONTEXHNHECKOM  YHU-
BepcuTeTe B (hOpMe OYHOIO MUCbMEHHOMO UCTbI-
TaHWs.

NHdopmaumio o6 onnmnmnage 2019/20 yyeb-
HOro rofla MOXHO Mony4YnUTb Ha camtax Cr6MYy:
www.spbstu.ru n olymp.spbstu.ru

MATEMATUKA
OT60pPOYHBIN TYP
1. Pemmre ypaBuenme
V3-2x —N-x-1=4-x.

2. PemnTe HepaBeHCTBO
(x2 —4x+3)\/x2 ~9x+18 <0.

B orBere yKaskuTe CyMMy HAUMEHDINETO U
HarGOJIBIIErO TTOJNOKUTENbHBIX PEIICHUI.

3. Haiigmre rieatp cuMmerpun rpaduka dpyH-

x* -5x+3
x=1,
MY KOODPJIMHAT 9TOIl TOUKH.

4. B uerpIpex AmmKax Jexkar TejedOHHbIE
anraparbl, IPUYEM B Pa3HbIX SIUKAX Pa3HOe
KOJIM4YecTBO arnmapaToB. CKoJIbKO Tesie)OHOB B
KQKJOM SIIIUKE, eCcJau UX o0lee KOJMYEeCTBO
paBHo 28, a camoe GoJibIlloe Ynucao TesiehoHOB
B SIIUKE B /iBa pa3a GOJIbIIEe CaMOT0 MaJeHbKO-
TO KOJIIYecTBa?

5. Haiigure Bce 3mavyeHus @, TMPH KOTOPDHIX
npousBe/eHe KOpHeH ypaBHeHus x° —

—(2¢z+5)x+a2 +3a =0 pasno 4.

KIUN y = . B otBeTe yraxuTe cym-

6. Haiimure KommyecTBO pellieHnii HepaBeH-
crBa 2|sin 3x cos 6] + sin 3xsin 9x < 0 Ha npo-
mescytke [0; 7] .

7. Jlan KBaJIpat co CTOPOHOM J20. 3a mnpeje-
JIaMW KBajipaTa B3ATa TOYKA, PACCTOSTHUS OT
KOTOPOH /10 ABYX CMEKHBIX BEpIINH KBajpaTa
paBHbl 2 U 3v2 coorsercrsenno. Haiignre
paccTosHIE OT 3TOH TOUKM /10 TIEHTPa KBapaTa.

8. U3 emkoctu, comepskamieir 100 1 40%-ro
pacTBopa KHUCJOTHI OTauan 20 1 M 3aMeHUJIN
Bo10#, 3aTreM or/mu 20 J1 HOBOTO pacTBopa U
3aMEHILIN TeM JKe KoJmaecTBoM 40%-To pacTBo-
pa. Hafianre okoHUaTEIbHYIO KOHIICHTPAIIHIO.
OrtBer OKpyriuTe /0 OJMXKAiilero 1eJoro.
3Hak % He THIIHATE.

9. /IBe paGoTHMIIBI HA JBYX KOMIIbIOTEPAX
MOTYT MOJIFOTOBUTH OPUTMHAJ-MAKeT KHUTH 32
16 yacos. Ecum sxe pu HATUMYNH OTHOTO KOM-
MpIoTepa Kak/as BBITTOJTHUT TOJOBHHY pabo-
ThI, TO norpebyercs 50 yacoB. 3a Kakoe BpeMsi
MOKeT CIPABUTHCS C 33j[aHneM O/iHa PabOTHU-
1a ¢ GOJIbIIEil TPON3BOUTEIBHOCTHIO?

10. Haiigure oTHOIIEHNE CYMMBbI KaTeTOB
MPSIMOYTOJIBHOTO TPEYTOJbHUKA K €ro TJIOIa-
[, ecyin JiinHa GUCCEKTPUCHI MPSIMOro yria

paBHa 1/ 2.
3aKnoYnTennbHbIA TYpP

1. Haiizgure ocrarok ot gexerms 3'% + 519
Ha 26.

2. Ilepsbiii m BTOpOil paboTHUKH, paboTas
OJTHOBPEMEHHO, MOTYT BBINOJHUTD 3aJaHNE 3a
20 uacos, BTOpOit U Tperuil — 3a 12 yacos,
nepBbIii M Tpetnii — 3a 15 yacoB. 3a Kakoe
BpeMsI OHHU BBIMTOJHAT Pa6oTy BTPOEM?

3. Pemmnre ypaBHeHnne

x=<\/2x+ —2)(\/2x+1+ x+1),

4. Yucna a, 2, b — nocsegoBare/bHble dJjie-
HBI apudmMerndeckoil mporpeccuu. Hafianrte
cyMMy K03 GUIMEHTOB MHOTOYJIEHA

(a +2x + ba? )3
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5. Haiiure cymmy KyGOB BCeX BeIIeCTBEH-
HBIX KOpHeH ypaBHEHNS 22 -8x+6=0.

6. B xanucrpe HAXOAUTCS PACTBOP KUCJIOTHI.
Ecm gonuts B xanuctpy 10 1uTpoB Bo/bl, TO
KOHIIEHTPAIHST KUCJIOTHI CTAHET PABHOI 25%,
ecyi 106aBUTD €11le 5 JIUTPOB BOJIBI, TO KOHIICH-
Tpanus causures 1o 20%. Kakosa Gblia nsHa-
YasbHas KOHIEHTPAINS KHUCJIOTHI?

7. Umeercs HabOp TPEAMETOB, KaXKIbIH U3
KOTOpBIX uMmeeT maccy e 6osee 1 kr. O6as
Macca rpeaMeToB — S0 kr. HyskHO yI0KUTD 9TH
MpeIMEThI B KOPOOKY TaK, YTOOBI Macca KaK ok
KopoOKu Gblita He 6oJiee S Kr. Kakum HauMeHb-
HIAM YUCJIOM KOPOOOK MOYKHO FapaHTHPOBAHHO
o6oiiTncy?

8. PaBHOGeiperHas Tparelys OIrcaia OKo-
JIO OKPY3KHOCTH pajuyca 3. OTHOIIEHUE JIUH
O/THOTO W3 OCHOBaHWIl M OGOKOBOIl CTOPOHBI
pasuo 8/5 . Haiizure Memblilee OCHOBAHIE TPa-
Ternu.

9. B mnapasmnenenunene ABCDABCD,
yTJIBI Meskly ctoponamu AB, AD, AA; paBHbI,
JUTMHA Ka)KJION M3 9TUX CTOPOH paBHa 2. Haii-
JIUTE TOJTHYIO TIOBEPXHOCTD TapaJiie/eluiesa,

ecn |[AC| = \/§|BD1| .

10. Haiiziure Bce 3HaYeHUs @, IPU KOTOPHIX
ypasuenue ax +1=min{|x[; 1/|x[} nmeer pos-
HO JIBa PelleHns.

OUN3NUKA
OT6OPOYHBIN TYP

Kaskpas 3aaua onennBasach B 10 Gasios.

1. JIbDKHUK, COBepInasi JeCHYIO MPOOEKKY,
110JI9aca JIBUTAJICS POBHBIM IIArOM CO CKOPOC-
toi0 vy =10 KM/4, mOCJe dYero Havasics 3a-
TSDKHOM TTOAbEM JAMUHOH S, = 900 M, Bo Bpe-
MsI KOTOPOTO CKOPOCTb PABHOMEPHO YMEHBIMa-
Jach W CTajia paBHA HYJIO B BepxHeil TOuke
noabeMa. JIbKHUK BO BpeMs IO[beMa OY4eHb
yCTaJ W PENuJ IOCHAEeTb Ha IeHbKe W
t; = 20 MUH TIepeZOXHYTD, MOCJE Yero, HUKY-
Jla He TOPOISICh, IIPOIIeJ OCTAaBIINECs
s; =1,8 KM 1yTH CO CKOPOCTBIO ¥ = 2,1 KM/H .
OrnpeesinTb CPe/IHIOn CKOPOCTD JIbIKHUKA 32
BpeMsI TaKOW IPOTYJIKHU.

2. Co CHEKHOTO CKJIOHA FOPDI MAJTBbYHK 3aIy-
CTHUJT CHEXKOK BBEPX MEPIEHINKY JISPHO IIJIOCKO-
cTi ckJoHa. HavaspHas CKOpPOCTb CHEXKa
vy =12m/c. Yron maxmona ckioma o = 26°.
HaiinnTe paanyc KpUBU3HDI TPACKTOPHUN CHEXK-

Ka B MOMEHT €T0 MaKCHMaJIbHOTO YAAJTEeHUS OT
cksiona. CujiaMu CONpOTHBIIEHMS TIPeHeOpeyb.
3. [letu karaiorcst Ha caHKax. AH/[Pe TaluT
canku ¢ Maineii 3a BepeBKy 11071 yrJjoM o, = 30°
K TOpHU30HTY, a IleTs ToskaeT Takue >ke CaHKH
¢ [Mameit, nanpasasigs cuay F =140 H Buus
nog yraom 30° k ropusonty. Kakyio cuiy
JIOJIKEH TIPUKJIA/IbIBATD AH/Ipeii, 4ToObI /1eBOY-
KU JIBUTAJIUCh C OAWHAKOBBIM YCKOPEHHUEM?
Macca Mamu BmMecTe ¢ cankamu my = 37 Kr,
Macca [lamm BMecTe € CaHKaMM 7, = 33 KI .
Koaddunument tpenus u = 0,16 .

4. Kaxoit MUHUMAJIbHO¥ CUJION MOKHO OTIPO-
KMHYTb OJIHOPOJIHBIN TIPSIMOYTOJIBHBII TTapaJi-
genermnies; Maccoit m = 980 KT ¢ ocHoBaHueM B
dopme kBagpara co cropo- b
Hoit b =0,8 M u BBICOTOU k——
h=1,3M u4epe3 pebpo
(puc.1)? Koadduuuenr
TPEHUST MeXIy TOPHU30H- h
TaJbHOH MOBEPXHOCTBIO 1
HapaJiieseluies0M TaKOB,
YTO CKOJIbKEHUS HE TPOUC-
XO/TUT.

5. ITonTOHHBI MOCT Yepe3 PeKy COCTOUT U3
N =25 cerMeHTOB, TIPE/ICTABJICHHBIX HA PUCYH-
ke 2. Kaxplii cerMeHT BKJIOYaeT B ceOs /Be

Puc. 1

UTS‘IEHPHI

Puc. 2

mycroTesbie 609Ky B popMe IMUTHH/PA JTHHOIM
L = 4,6 M. Haiignute mmpuHy pexu, ecjam MOCT
MOTPY>KEH B BOJLY Ha TIOJIOBUHY CBOEr0 06beMa,
a Macca kaxkzgoro cermenra m = 1900 xr.
[TnotaocTs Bogbl P = 1000 Kr/ M . Pasmepa-
MH W Maccoil CBSA3YIOMHNX 3JEMEHTOB MOCTA
npene6peub. CunuTaTh, 4TO TEYEHUE PEKH Ha-
MIPaBJIEHO B/IOJIb OCHU ITMJIMH/IPOB, U3 KOTOPBIX
COCTOUT ITOHTOH.

6. Kocmuuecknii mccieoBaTe IbcKuit KopaoJib
BbIIIIeJ HA CTAIIMOHAPHYIO OPOUTY HEM3BECTHOM
maadetsl KBUT. Ydemnble, BbBICAAUBIINCH Ha
IJIaHeTy, oOHAPYKIJIM, YTO TeJa Ha 9KBATOPE
BecAT B = 3,6 pa3a MeHblIIle, YeM Ha ee TI0JTI0CE.
Cuntas gopMy MIaHeTsl Mapoo6pas3Hoil, ompe-
JleJuTe BbICOTY KOpabJisi Ha CTallMOHAPHOU Op-
6uTe, ecyu pajnyc TIaHeThl R = 10% km . Cra-
IMOHAPHOII OpOUTON Ha3bIBAETCS KPyrosast
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op6uTa, ABUTAsCh MO KOTOPOH KopabJub 6GyaeT
HaXO/INTbCS HAJl OJTHON 1 TOH »Ke TOYKON 9KBa-
Topa.

7. Pasbuiics crapblil PTYTHBIN TEPMOMETP.
Kamesbku prytn «6eranms 1o moJry. /[Be Ka-
MeJbKU, JBUTAsCh B TEPHEHIUKYJISPHBIX Ha-
TIPaBJICHUSX, CTOJKHYJNCh U CJAWJINCH B OIHY
Karmmo. CKOpOCTb TIepBOW KameJbKh Mepes
CTOJIKHOBEHHEM ©¥; = 8 MfC, CKOPOCTb BTOPOi
v, =10 M/c . Maccor Karesek cunraiite ofuHa-
koBbIMU M paBHbIMM m = 80 Mr. Ha ckoJbko
HarpeioTcs PTYTHbIE KalleJbKH B pe3yJbTare
TaKoll BcTpeun? Y/ielbHas TeIJIOEMKOCTb PTY-
i ¢ =140 JIx/(xr-K) .

8. Ompenesnure cuity ToKa, TEKYIIEro yepes
CONPOTUBJICHNE R; B 2JIEKTPUUECKOI cXeMe,
n306paKEHHON Ha PUCYHKE 3, eCJIU Ha CXeMy

o O

U

Puc. 3

nogano Hanpskenne U =30 B. VM3BectHo, uTO
R, =80 Om, R, =160 OM, Ry = 240 Owm.

9. Ha pucynke 4 npencrasiena 6J0K-cxeMa
mpocTeiinero Macc-crekTpomerpa. Ilpuniun
pa6oTbl [TaHHOW YCTAaHOBKM MOKHO OIIHCATh
caenyfonM o6pa3oM. B ncTouHnKe HOHOB Heli-
TpaJbHbBIC aTOMBI WM MOJIEKYJIbI NOHU3YIOTCS
9JIEKTPOHHBIM yAapOM; TIOIYIUBIINECS HNOHDI
YCKOPSIIOTCSI PA3HOCTHIO ToTeHIuaaos U u mo-

Macc—aHaJmsaTop

Heiirpasbmbie
—
MOJIEKY.IbI

HcTouHnuk moHOB
Puc. 4

2019/Ne10

Ma/Ia10T B MACC-aHAIN3aTOP; B MACC-aHAJIN3ATO-
Pe HOHbI OKa3bIBAIOTCS B 06JIACTH OJJHOPO/HOTO
MarHUTHOTO 11011 B, IPUYeM CKOPOCTH YaCTHIL
HepIHeH/IMKYJISIPHBI JIMHUSIM WH/TYKITMY MarHuT-
HOTO T0JIST; Jajiee depe3 y3KYIO IIeJb HOHbBI
MOMA/IAI0T B IETEKTOP. 3apsiji HOHOB, KOTOPbIe
MOMA/IaJIN B IETEKTOP B MArHUTHOM HoJie By =
=30 mTn, paBen 3e, Tae e = 1,6~1O_19 K.
Cuntas AeTeKTOp HEMOJABIKHBIM OTHOCHTEJID-
HO Macc-aHaJu3aTopa, HalJuTe WHIYKIHIIO
MarHuTHOTO 10JIs1 B, Takyio, 4ToObI B IETEKTOP
MOMA/IaJI MOHBI TOH >K€ Macchl, 4TO M IIpH
MarHUTHOM T10Jie B , HO € 3aps1/I0M Ha eIHHUILY
GosbiiuM (B eAMHUIIAX DJIEMEHTAPHOIO 3apsi-
[a). YuTure mpu pacueTe, 9To CKOPOCTh HOHOB
Ha BBIXO/Ie U3 NCTOUHUKA (JI0 YCKOPEHUS DJIeK-
TPUYECKUM TI0JIEM) TIPEHEOPEKUMO MaJIa.

10. CHeskHast KOpoJieBa CMOTPHUT B KPYTJIoe
3epKaJiblie, PacHoJsarasi ero Ha ypoBHe IJ1a3 Ha
paccrosinuu [} = 25 cM, U BUANT LEJTUKOM
KPYTJIYIO KapTUHY IJIOMABI0 S, BUCANLYIO Ha
cTeHe y Hee 3a ciiiHON. OTO/IBUHYB 3epKaJiO Ha
l, =62 cm oT Ty1a3, OHA CMOTIJIa PACCMOTPETD
B 3 pasa MeHbIIYI0 YacTb KapTuHbl. Ha kakom
paccrostHUM OT cTeHbl cronT CHeskHas KOpo-
JeBa’?

3aK0YNTENIbHBIN TYP

1. MasibuuK SKOHTJIUPYET 5 MsIuaM, moaopa-
CbIBasg OYepe/HON TONMaHHbBI M4 BBEPX CO
CKOPOCTBIO 5 M/C B MOMEHT, KOr/a JApYroi
PYKOIi IoBUT cieaytonuii. Yemy paBHO paccTo-
STHUE ME>K/Ty BTOPBIM U TPETHUM MsUaMM, KOT/a
MaJbuMK ToA6paceiBaeT ATHIH Mau? [Ipome-
JKYTKH BpEMEHH Mex1y OpOCKaMé OJUHAKO-
Boie. (10 Gasnos)

2. /IBa muparcKuX KOpalGJist, HAXOMSIIXCS
Ha 9KBATOpE, MOJIEJNB JOOBIUY, CTAJIH JABUTATh-
Cs1 OJIH CTPOTO Ha BOCTOK, & BTOPOI CTPOTO HA
3a11a/] ¢ OIMHAKOBBIMH 110 MOJLYJIIO CKOPOCTSIMU
0 =20 kM/u4 ornocurenbHo 3emmu. Kaxaomy
KopabJiio gocrasoch poBHo 1o 100 kumorpam-
MOB 30JI0Ta, TIPUYeM B3BEIINBaHKE TPOU3BO/IU-
JIOCh Ha TIOKOSIIMXCS OTHOCHUTEJIBHO 3eMJIH
kopa6ax. [o mporecTBun HEKOTOPOTO BpeMe-
HU B3BCNIMBaHIE MTOBTOPHUJN y’Ke Ha JBIDKY-
muxcs cyfax. Onpezennre, Ha CKOJIBKO ITOKa-
3aHusT BecOB OyAyT OTJMYATHCS Ha KopalbJe,
JIBIDKYIIIEMCST Ha 3araji, OT MOKa3aHWil BECOB,
JIBIDKYIINXCSI ¢ KopabJieM Ha BOcTOK. Cunraiite
3eMJTIO IApOM, TPOJIOJIKUTEIBHOCTD CYTOK T =
=24 u, yckopenuwe CBOOOJHOTO IMajleHUs
g=10 M/C2 . (25 6annoB)
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3. Ha TOHKOIT HUTH TTO/IBEIIEH MAPUK MACCOI
m. HuTb IPUBOSAT B TOPU3OHTAIHHOE MOJIOKE-
HUe 1 OTIycKaloT. UYeMy paBHa cuJia HaTsKe-
HUSI HUTH B TOT MOMEHT, KOT/Ia BEKTOP yCKOpe-
HUS ITapuKa HammpaBJeH TOPU30HTATbHO?
(10 Gasnos)

4. Pura m Mapycs cBapmim 2 JuTpa KJIIOK-
BeHHOTO Mopca. /lo mpuxona rocTeif ocraBa-
JIOCH COBCEM HEMHOTO BPEMEHM, & MOPC BCe €Ile
6bL1 TerabiM (40 °C). JleBOUKHM XOTE/NM OXJa-
JINTH ero mobbicTpee ¢ moMonIbio 20 maacTMac-
COBBIX IIAPHKOB €0 J1b10oM (—20 “C), Ho mocio-
PUJIN W pa3feJUIN MOPC W TMAPUKUA MEKIY
co6oii moposuy. Purta mosokuia cpasy Bce
IIAPUKH B MOPC, a Mapycs pasimnia MOpC B IBa
O/IMHAKOBBIX KYBIIUHA U MMOJOKUIA IMAPUKU B
O/INH U3 HUX, TIO0XK/AJa, MOMEIINBas MOpC,
MTOKa TeMITepaTyphl MAPUKOB U MOPCa CPaBHSI-
I0TCSI, U TIEPEJIOKIIA TAapUKI BO BTOPOI KYB-
mmH. Korga TeMmepaTypbl CHOBA CPaBHAINCD,
Mapycs cimia MoOpe B OJ{iH GOJIbIION KyBIINH.
Ueit Mopc oOKasaJjicsi B UTOTE XOJIO/[HEE W Ha
CKOJIBKO TpaaycoB? Macca Jbjja B IIapuKe
20 1. Y aeapHas TEMI0eMKOCTb BoAbl (M Mopca)

4,2 k]lx/(kr-K), yaenpHas TeIIOeMKOCTb
Jbaa 2 K[[>I</ (xr- K), yzenbias teriora rias-

aenust mbga 340 w/x/xr. (15 Ganios)
3. Oupenemure KITJI uukaa (puc.5), nposo-
JIIMOTO C OJHOATOMHBIM H/IEaJbHBIM Ta3oM,

PA 2 3
Po =
A
P1 !
Vv 2V, v
Puc. 5 ! !

ecsin u3BectHo, uyro KII/[ mukaa Kapno, mipo-
BOAIMMOTO B TOM JKC JAWana3oHe TeMIeparyp,
paBeH 64%, a mpu M306apHOM PACITHPEHIN
o6beM rasa yseanunsaercs B 2 paza. (25 Gai-
JIOB)

6. Karymka c uynciom ButkoB N = 100 u
auamerpoM d = 1 ¢M ToMellleHa B OJIHOPOIHOE
MarHuTHOE TI0JIe, TapajyiejabHoe ee ocu. VH-
JYKITNS TI0JIST PABHOMEPHO BO3PACTAeT CO CKO-
poctbio B, . KoHIbI KaTylku 3aMKHYTbl Ha
6aTapero N3 Tpex OJMHAKOBBIX KOH/IEHCATOPOB,
KasK/Iblii 13 KOTOPbIX uMeeT eMKocTb C =1 Mrd

|| ||
Puc. 6 || ||
(puc.6). Haiigure cKOPOCTb U3MEHEHMST HH/IY K-
MU MarHUTHOTO TOJIsI, €CJid 3apsifi Oarapeun
konzencatopo Q = 10 uKn. (15 Gamnos)
MHODOPMATUKA
OT60pPOYHBIV TYP

1. B ra6aune MS Excel (puc.7) conepaxarcs
JIAHHBIC O KOJHMYECTBE JBOEK, TPOEK, YETBEPOK

4 A B C
MpakTtuyeckas | JlabopaTopHast

1 | OueHka |pabota pabota

2 2

3 3

4 4

8 5 4

Puc 7

U TIATEPOK 32 MPAKTHYECKY0 U JTa60PaTOPHYIO
pa6otsl (M3BECTHO, YTO WX BBIMOTHSIN OZHU 1
Te ke CTyAenTsl). YacTh 3HaveHnil B Tabumiie
6bLTa otrdpoMarrpoBana GesbiM 1o Gesomy (Tak
BBINLIO...). Ha ocHOBEe MaHHBIX TaGIuIbI CO-
craByienbl jBe aunarpammbl (puc.8): seBas 1o

>

\/

Puc. 8

muanasony B2:B5, nmpasas —no C2:C)5. Iosbay-
SICh IUArPaMMaMi, OTMETbTE UCTHHHDIE BHICKA-
3BIBAHUS CPE/IN TIEPEYNCTCHHDBIX HIDKE.

A. TlomyunBmmmx aBe TATEpKH HE 6OIbIIE
JIBYX.

B. Ywucao BbIMoOJHABIINX PAGOTHI JIEJTUTCS
Ha 2, 3 u 4.

B. Hagepusika ecTb X0Tsi 6bI OJIUH CTY/IEHT C
JIBOIKaM# 10 00enM paboTaM.

I'. Cpennuii Gann 3a naGopatopuyio paboTy
BBIINIE, YeM CPEHUI 3a MPaKTHUECKYIO.
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[l. KommdecTBO BBITOTHABIINX PabOThI HE
MeHbIe 36.

E. IIponent kauectBa (J10JIg OLEHOK 4 1 5 B
0011eM KOJIMYECTBE OLEHOK) 3a JaGoPaTOPHYIO
B/IBOe 6OJIbIIE, YeM 3a TPAKTUYECKYIO.

JK. He meHee 4 cTy/1eHTOB TIOJIyUYMJIN OLIEHKI
3a TIPAKTUYECKyI0 HIKe, YeM 3a Jiaboparop-
HYTO.

2. Haiinure 3Hauenne MaKCUMyMa PEKYPCHUB-
Hoit yukiu QQ (puc.9)cpean Touek mIoC-

Uen QQ (Uen X, Llen Y, Llen C)
Hay
Ecnu Y=0 To
QQ:=C
WHave
QQ = QQ(X, X mod Y, C+1)
KoHeuEcnu
Kon
Puc. 9
y KOCTH C 11eJIOUNCJIEH-
A HBIMU KOOp/{MHATa-
MU 13 006JIaCcTH, TI0-
>00 Ka3aHHOIi Ha PUCYH-
ke 10 ceppiM 1Be-
TOM (rpanunm
100 BKovaiorcst). Tpe-
300 600 & THII ITapaMerp Ipu
Puc 10 MEPBOM BBI30BE pa-

Ber 0.

3. ITyctp A u B — Gaiitor 6e3 3uaka, AND u
OR — mopaspsiiable JIOTUYECKUE OTepaliyi.
MsBectro, uto A AND B =137, a A OR B =
=207. CKOJDbKO pelleHnii UMEeEeT aTa CHUcTeMa
ypaBHEHMI?

4. Hmxe 3ammcansr 10 ytBep:xaennii, nmero-

2019/Ne10

I[UX OTHOIIIEHHE K BBIYUCIUTENbHON TEXHIKE U
MHOOPMAITMOHHBIM TeXHOJOTHAM. OTMeThTe HIC-
TUHHBIE.

A. Puuapn CroJsuiMaH, Ue0JIor KOHIIENIUN
CBOGOJTHOTO TIPOTPAMMHOT0 obecriedeHusi, ObLI
aBTOPOM U/ien TpasiHnKa «IIpuTsKcTBOY, 1MO-
CBATIEHHOTO BCEMIPHOMY TATOTEHWIO M OTMeYa-
eMOMY €)KEro/lHO 25 OKTAOPSI.

b. Cpean 6-3HaUHBIX [IBOMYHBIX YHCEJ TIa-
JIMHJIPOMaMU SIBJSIIOTCS 4.

B. [ng mpeo6pa3oBaHmsi MaJTeHbKOH GYKBbBI
JaTHHUIE B 60sbinyio B koge ASCII mocratou-
Ho mpubaButhb K ee ASCII-koxy 32.

I'. B skpaHHbBIX cuCTeMaX KOOPJAUHAT TOUKA
(100, 200) mmxe u aesee toukn (200, 100).

[1. ABtop «Ilamomunyecrsa Yaitaba-I'aposib-
Jlay TIPUXOIUTCS OTIIOM aBTOPY MEPBO B UCTO-
PUHU YeJIoBeYecTBa MPOTPaMMbI JIJIsT BbIUUC/IH-
TeJIbHON MallliHBbI.

E. 3naMeHuTbIN CHUMOK «DBe3MITe:KHOCTDY ,
craBmmMii  Kaaccumueckumn oboamu Windows
XP, 6bun cnenan B okpectHocTsix [lamycckux
JIYTOB.

/K. Cosmarenem xamraroB sBisgercs [lKek
ITaTpuk [lopcu.

3. I'maros — ocHOBaHHBIN Ha PYCCKOM S3bIKE
SI3BIK TIPOTPAMMUPOBAHUS — OTJIMYAETCS JTUHA-
MHMYECKOM THIIN3AIueN.

W. IlepBblil TPOUUYHBIN KOMITBIOTEP, COXpa-
HUBIINICA 0 HAIIUX JHEN, ObLI co3man B 1840
rogy Tomacom DaysiepoM.

K. BofpumHCcTBO ATOHCKNX KJIaBUATYP NMe-
1ot 0kos0 2000 kmasumr (MO KOJIM4YECTBY WC-
HOJIb3y€EMBIX HEPOrangOB).

d. Y Bac ectb Muazmumii 6par? Eciu Her — He
CTpAIIHO, TPEJCTaBbTe, UYTO ecTh. V1 BOT aToT
6patr BepHYJCS ¢ KypCOB IPOTPAaMMUPOBAHUS
Ha Small Basic (B ABOPOBOM MOAPOCTKOBOM

TpeéOBaJIOCb BOT 9TO A BBIIILIO BOT Tak

Texcr nporpaMmpt >>>>>>

O OWoooO~NOoOO P~ LON =

—_ =

13
14

GraphicsWindow .Width =500
GraphicsWindow .Height =500
LineLen=200
X1=250
Y1=250
Alfa = Math.Pi
dA= Math.Pi*6/90-0.01
While LineLen >3
dy = Math .Sin(Alfa) * LineLen
dx = Math.Cos(Alfa) * LineLen
GraphicsWindow .DrawLine (X1, Y1, X1+dx, Y1+dy)
Alfa = Alfa - da
LineLen = LineLen - 5
EndWhile

Puc. 11
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KJyGe) B cJie3aX: OH CITUCAJ € JJOCKH [POTPaM-
My, KOTOpasi JOJsKHA ObLTa PUCOBATH OJIHO, a
BMECTO 3TOTO PHCOBaAJa HEMHOTO JpPyroe
(puc.11). YUro nHago M3MEHMTb B HPOrpaMMe,
yToOBI OHA 3apadoTasia, Kak Hamo?

A. B crpoke 12 3aMeHHTb MUHYC Ha TLTIOC.

B. B crpoke 7 y6path «-0.01».

B. B crpoke 6 samennts Math.PI na Math /
P1/2.

I'. B crpoke 13 3amenutb 5 Ha 3.

[l. IloMeHATH MecTaMU CHHYC M KOCHHYC.

6. Cm. puc.12. OtBer — umncJIO.

AY YMNWHB®P BBM MHJTK LUSTXXbK OKIK?

Puc. 12
3akmoynTesnbHbIN TYP

1. Crpoku u pekypcusi (8 Gamnos). Bor
pekypcustas gynkius (puc.13).

C1p 3ameHa (C1p S, Uen N)
Hay

Ecnun N=0 To
3ameHa =S

NHaye
S := CUEMWUTbB(S, MEPEBEPHYTbH(S))
3ameHa := 3ameHa (S, N-1)

Bcé
KoH

Puc. 13

3/1ech UCIIOJIb3YIOTCS [IBE BCTPOeHHbIe (DYHK-
mun: CHEIINTD o6beaunser aBe 3ajaHuble B

KayecTBe IapaMeTpoB cTpoku B oxny, ITEPE-
BEPHYTD ¢dopmupyer 3epkanbHoe OTpaske-
HHe TepeJaHHol B KauecTBe TapaMeTpa CTPOKH
(wanpumep, [TEPEBEPHYTb(«BAP») Bep-
Her ctpoky «PAB»). Onpenenanre, Kakoii 1mo
cueTy, HaulHasl C eIHHNIIbI, B CTPOKE, MOJIYIEH-
Hoii kak 3amena («XYXZW», 10) Gyzer upen-
nocsensisi 6yksa Z?

2. TloGurubie coprupoBku (10 Gasios).
[Ipodeccop MPOBOANT CHEKTPAJBHBIN aHAIN3
ororpacduit cpesos s670K. [lus KopmpoBa-
HUS TOJTYYCHHBIX M300PasKCHUIl OH HMCITOJIb3Y-
er 3-6utnyio RGB namurpy. Hanomuum, 4ro
6eJiblit — 3TO HaJIM4YKMe BCEX I[BETOB, YEPHbII —
OTCYTCTBHE, B SKEJTOM HET CHHEro, B (uoe-
TOBOM — 3€JIEHOTO, a B roJiyGoM — KpacHOTO.
[l ontmMusanuu cBoeil paGorbl mpodeccop
C TIOMOIIBIO CHEINATbHON YTHUJINTBI OTCOPTH-
POBAJI IBOMYHbBIE MPE/CTABICHIS 1IBETOB I 3a-
nucas B TabJMILy, TTPOHYMEPOBAB MX HAYMHAS
C eJIMHUIIBI, YTOOBI MOTOM HCITOJIb30BATh UMEH-
Ho HoMmep IBeTa. COPTHPOBKA BBITIOTHAIACH
MO Kak/[oMy OHTY, HO HEM3BECTHO, B KAaKOM
HOPSIIKE OHU aHAJM3WPOBAINCH U 110 BO3PaC-
TAHWIO WJKM IO yObIBAHUIO BBIOJIHSIACH COP-
TUPOBKa. Pacuerbl OblM NPOM3BE/IEHbI TaK,
4TOGbI CaMBblil IOIYJISPHBI B HCCJETOBAHUH
nBeT Gbl1 Ha 1epBoM Mecte. Ho BoT Hesazaua:
noka npogeccop cobupasn MaTepuas s HUC-
caetoBanus, Tabsmia Gplia yrepsiHa. OnHako
mpodeccop 3aMOMHUJ, YTO CHHUN W YepPHBIH
ObLIM B PA3HbIX IOJOBUHAX TaGJIMIbI, a Kpac-
HbII 6bLT 11071 HOMepoM 5. Hammmmre gBomd-
HOe IIpe/ICTaB/IeHNe IIBeTa, KOTOPBIN OKa3acs
CaMbIM TIOIYJISIPHBIM, B 3-6uTHOM (popmate
RGB.

3. Pacuetnas ta6smma (15 6asnios). Vmeet-
cs1 Ipe/icTaBaeHHas Ha pucyHke 14 tabauia. B
aueiicy A1 (oHa 3a/MTa YEePHBIM) BBEJIH HEKO-
Topoe JecATIIHoe yncio. Bee popmysrst mpots-
HYJIU 110 TOpU30HTa M 110 crosibna G. B pesyJib-
TaTe B 1eseBoil sveiike H6 momyummocs 40.
Kaxoe nanmenbliiiee 4icjio Morjao Obitb B A1?

- EEERE)

=OCTAT(A1;3)
=ECNN(B2<=1;1;0)
=/ICKNNNN(B3>0;B2>0)

N

=B5*2

=B5"B4

=CYMM(B6:G6)

Puc. 14
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4. Hoc IMunoxkuo (5 6amnos). V3BectHo,
YTO KOT/Ia UJIET CHET, MOSIBJISIOTCS MO/[CHEKHNI-
ku. Takske wumsBectHo, 4To ecan [IMHOKKMO
CKasaJl IpaBy, TO ero HOC BbipactaeT. BepHo
JIn yTBepskAeHue, uto Hoc [TnHOKKMO He BbIpa-
creT, ecau oH ckaxer ¢pasdy «Cuera Her, a
TTO/ICHESKHUKY TIOSIBUJICH > ?

3. Baorepst (12 Gannos). yca u Byca —
6s10repbi. Oun dororpadupyior Bee MOAPSIL U
BBIKJIA/[BIBAIOT B CBOM MUKPOOGJOru. MaTpuiibi
ux doToanmaparos moaaepskuBaoT 32768 1Be-
ToB. /lycst mo6UT BBIKIAIBIBATG (poTorpadpun
cpaay u 6e3 06paboTKI, CKOPOCTD €€ UHTEPHET-
coequuenust 16 Koaiir/c . Bycs mo6ut ncmoss-
30Batb GUIBTP, HO, JJIsI TOTO YTOOBI BEIOPATD U
npuMeHuTh ero, byce nyxHo 13 cexynz. Ilpu
HCTI0JIb30BaHUN (DUIbTPa 06beM N306paKCHUS
yBesnunBaercst Ha 40%. CKOpPOCTb coeMHeH st
y Bycu 256 KBut/c . lycs u Bycs cdororpa-
(upoBasnu ByXMETPOBBIT Cyrpo6 U OJHOBpE-
MEHHO MPUCTYIHJU K IpoIeccy myOJnKaium
dororpadun. M3ssectHo, uto cpasy mnocJie 3ar-
PY3KH n306pakeHust 6;10repbl HAUNHAIOT TIOJIY-
yaTh «Jjaiikuy. Mororpadun /lycu momydaor
mo 3 Jaiika 3a CeKyHIy, a o6paboTaHHbIE
dororpadun Bycn — mo 5 1aiiKoB 3a CEKYHY.
W3BecTHO, 4TO B MOMEHT BPEMEHH, KOr/a Jiaii-
koB y ororpaduii /Iycu u Bycu 6110 110pOB-
Hy, 6sorepnl umesn no 30 saiikoB. Haiiaure
paspemrenne dpororpaduii (KOIMYECTBO NUKCe-
Jieil 1o JIiHe | 110 IHpuHe), ecau Bee (hoTo-
rpadgun B MUKPOGJIOTe KBaJPaTHDIE.

6. I610k0e u creanax (10 6annos). [lend-
tckoro s6aokoena (JI51) mocammmu B meByio
BEPXHIOI STYeliKy 6€CKOHEYHOTO CTe I Taska-Mac-
cuBa — GyzieM cuuTaTh, uto 910 Aueiika (0, 0),
TIepBOE YHCJI0 — HOMEP CTPOKHU, BTOPOE — HOMEP
CTOJIONA, 1 BeJIEJN BBIOJIHATD AITOPUTM, OTIN-
caHHblil Ha pucyHke 15. B momenT crapra B
KaK/JI0U sSYeliKe MaccuBa

K:=1 JIEKUT 0/THO s16;10K0. CH-
HO creMa KOMaH/, [IPUMEHEH-
1*BHU3 Had B OIMMCAHUU, BKJIIO-
K*BnpaBo JaeT KJacCHYecKme KO-
K*BBepx MaH/{bl aJICOPUTMUYECKO-
1*Bnpaso I'o A3blKa U MAKPOKOMAaH-
(K+1)*BHus bl BUJa <HaTypasbHOE
(K+1)*Bneso yucJao>*<HanpabJje-
K:=K+2 HUEe>, mo KoTtopeiM [

3aJlaHHOE YHCJIO Pa3 BBbI-
KU MOJTHSET TIepeMeTiieHIe Ha
1 saveiiky B 3a/1aHHOM Ha-
npaByenun. Ecim B moce-

Puc. 15
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mennoit [I4 gaueiike ectp s6soxo, A ero
coenaer. Ompeennre, CKOJIbKO SIOJIOK CHeCT
JIS1, npesxe yeM okaskercs B adeiike (3, 18).

7. d6a0k0en u s6a0km (15 Gannos). [lepen
neadrerum goaokoenom (JI1) — pan us a610k
pasHoro pasmepa. /IS aBuskercst BAOJb psija-
MaccuBa 1 ecT A6JJ0KH, HO He Bce — HEKOTOPbIe
npornyckaer. [To nmpasusiam asuxkercst /15 Tosib-
Ko Briepes (110 Bo3pacTaHnio HOMEPOB SAGJIOK).
[lepBbIM OH MOXKET CHeCTb J060€ S6J0KO, HO
KakJI0e cJIeiyolee ChbeieHHOe UM si6JI0KO J10JI-
JKHO OBITb 6oJbiie ipeabiaymero. Hemns A —
ChECTb KaK MOKHO 6o.ibIe 610K, Bravase /151
He 0c000 YMHHUYAJ 1 eJl KasK/[0€e s16J10K0, KOTO-
poe MOr CbecTb. 3areM OH HadaJ 3apaHee
[IPOCUTD MPEJOCTABUTH €My MACCUB C pa3Mepa-
MU I6JI0K ¥ TIBITAJICS TIJTAHUPOBATh CBOM JIeHi-
ctBus. Pedysbrarel yayunmancs, Ho /I Bee ske
O/I03PEBAJI, UTO MPHU GOJBININX pa3Mepax psijia
s6JIOK OH BBIOMPAET HE ONTHMAbHBINA BAPUAHT.
JIS1 mory Ty u Halles Ueio aJropuTMa orpe-
JleJieHust JITMHbI HanboJIblliell BO3pacTaonieit
rocJie/oBaTeIbHOCTH B MaccuBe. OIHAKO pea-
JIN30BAJI OH €€, BUJUMO, C OINOKaMIU. ...

1) Kakoe MaKCHMaJbHOE KOJHYCCTBO A6JI0K
cMoKeT cbectb /IS, econ psig cocTout u3 s16710K
BecoMm 5, 2,7,3,9, 4,11,6, 1, 3,13, 6, 8, 15,
10, 11, 7, 9, 10, 22, 11, 5, 13 equnu?

Len Anr inMocn(Uen Ta6 A[0..N])
Hau
Llen Ta6 Y[0..N]
UenB,E, M, D
D:=1
Y[0] :=A[0]
HU Ona KOT0 o N
B :=0
E:=D-1
HU Noka B <=E
M :=(E — B) div 2
Ecnu AIK] > Y[M] To
B:=M+1
WNnaue
E:=M-1
Bcé
KL
EcrmB=DTo D :=D + 1 Bcé
Y[D] := AIK]
KLU
OnMocn :=D
Kou
Puc. 16



OTBETHDI,

2) Haiijure omu6ku (MX KOJTHIECTBO HEU3Be-
ctHo) B Hanucannom I anropurme (puc.16)
1 OIMIINTE, KAK UX MOYXKHO HCIIPABUTD.

8. Yucaa u 6urer (10 Gannos). 3agymano
HaTypaJbHOEe YMCJI0 U3 nHTepBaJa ot 16 1o 31.

1) Kaxkoe 4mcio 3alyMaHo, €C/JU U3BECTHO,
YTO BBICKA3bIBaHNE «BocbMepryHOe TIpe/cTaB-
JleHUe 4ucja sBjgercsa cuMMerpuunbiM 11 B
JIBOMYHOM TIPEJICTABIEHUN YA eIMHUI] GOJTb-
111e, YeM HyJieii» cofepKuT 4 6urta madopMaun
0 3a/lyMaHHOM uucJe?

2) Kakoe u3 IpuBe/ICHHbBIX HIDKE BHICKA3bIBA-
HUH O 3a/[yMaHHOM 4YHCJIe COJEPKUT POBHO 2
6ura undopmanuu o 3agymaniom uucie (pas-
Hble BbBICKA3bIBAHUS MOTYT COOTBETCTBOBATD
PasHbIM 4ucaaM)?

A. IlepBas u nocjeHss UQPHI B IBOMYHOM
IIPe/ICTaBJIEHIH YMCJIa COBIA/IAIOT.

B. Uncsio B 1BONYHOM TIPE/ICTABICHUN 3aKaH-
YUBAETCS TpPeMs HYJSAMM.

B. B mectHaanaTepuyHOM TIpEACTABJICHUN
yucsa nepsas 1udpa He MEHbIIe BTOPONA.

I'. BocbMepuyHOE TIpe/iCTaBIeHNe YHCaa CO-
CTOWUT M3 JIBYX HEUETHBIX ITHPP.

9. IMapoas (8 Gamnos).

— Bot mapounp x Tecty!

— «<HEHEE...»... ué?

— Jla TaM Bce HOPMAJIbHO, HyMepaIus ¢ HyJIs,
andasut 6e3 «é»...

Haiizinte mapoJib K TecTy, ecau B 3aKO/IPO-
BAHHOM BHJI€ OH BBITJISIJIUT TaK:

HEHEEHHEHEHEEHEEEEHH

OTBETHI,

«KBAHT» AJia MNAALWNX LUKOJIbBHUKOB
3A0A4YN

(cm. <Ksanms No9)

1. Her.

IIpeanonoxum, uro mMoxker. PaccMoTpuMm miaxmat-
HYIO PacKpacKy KBajipaTa, IPH KOTOPOW YIJIOBbIE
KJEeTKH uYepHble. Torja 4yepHble JHaroHagi MMEIOT
He4YeTHyIo [UIMHY, a Oesble — 4eTHYyI0. /[Be 3akpa-
HIEHHbIe JNArOHAJIN MMeIoT OOIIYIO KJIETKY, MO3TO-
MY JIOJGKHBI COCTOSITh W3 KJIETOK OJIHOTO IIBETA,
3HAUUT, OHU He MOTrYT MUMeTb JnHbl 20 1 19.

2. llpeo6pasyem: I'YPY + HOPA + PAIY +
+PYHO =100T'Y + PY + 100HO + PA + 100PA +
+I¥V + 100PY + HO = (I'YV + PY + PA +

YKA3AHNA,

PEIMEHMUA

10. Tenepanus 3azaa ETD (7 6annos). Bor
— aBTOp BapmanToB 3aa4 EI'D mo nndopmarn-
Ke 1 cei¥ac 3aHATHI TeHepanuell BapHaHTOB
26-x 3amay mpo JepeBo urpbl. Mrpa rtakas:
UTPOKH TIO0YEPETHO HAZBIBAIOT OYKBBI, BHICTPAU-
Basg WX TIOCJEOBATEJbHOCTh TaK, dYTOOBI B
pesyJbTare MoJTyYnJI0Ch OHO U3 CJIOB CJI0BAPS
urpbl. [loGexaer TOoT, KTO HA30BET TMOCJIe/]-
HI0I0 OyKBY cJjoBa. Harnpumep, ecau cioBapb
urpbl coctout u3 cjaoB KOOE, COK, UAC u
YEITY XA, mepBblil UTPOK MOKET Ha3BaTh OYK-
By K, C uau Y. Ecim on HazBasn K nin C —y
BTOPOTO BCETO OJINH BAPUAHT MPOJOLKCHUS, a
BOT eca U — y Broporo ectb BapuanTol A u E
(mpw TepBOM OH TIPOUTPaAET, a MPH BTOPOM
soiurpaet). CroBapb IPUYMAHHO BaMU UTPbI
ceityac cocrout us cioB ABTOP, APBA, AYT,
BOJIT, BEC, BOJIA, BO/IKA.

1) ¥ KaKoro us3 UrpoKOB €CTb BHIMTPbILIHAS
cTpaTerus?

2) Kakoe cnoBo (CyImecTBUTeIbHOE HapUIla-
tTenpHoe Ha A, B wm B) Hanmo no6aBuTh B
CJI0Baph, YTOOBI BBIUTPBINTHAS CTPATErus ObLIa
y JAPYTOro UTPOKA?

IMybauxayuio no mamemamurxe nodzoMoBUNU
A.Bopesuu, H.Komapues, A.Moucees,
C.IIpeobpaxencruil;

no ¢usuxe — T.Andpeesa, T.Bopobvésa,
M.Kpynuna, B.Kysvmuuéa,
C.Cmaposotimos;

no ungopmamuxe — C.Kocmoycos,
E.Kpvnosa, A.Xaxuna

YKA3AHNA, PEIIEHNA

+HO)-101. Tak kak B cKOGKaX CTOUT HATypaJb-
HOEe 4MCJIO, TO 33JlaHHasl cymMa jeautcs Ha 101.
3. 0,5.

Bsejiem o6o3Hnavenns Tak, KAk MOKA3aHo HA PHCYH-
ke 1, u nposeznem Bbicoty AD K ocHoBanuio BC

Puc. 1 A C

51
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paBHOGeIpeHHoro Tpeyrosbanka ABC, KoTopas siB-
JIIeTCsl Takyke OHCCEKTPHUCOIl M MeJMaHoi 3Toro
TPEYTOJIbHUKA.

Tax xaxk ~ZBAD = 0,50, 10 ZABD =90°-0,50,
3HAYUT,

ZABE =180° - (ZABD + ZDBF) =
=90°- 0,50 = ZABD .

CreoBaTeIbHO, TPSIMOYTOJbHBIE TPEYTOJbHUKHI
ABE w ABD pagsubl (110 THIOTEHY3€ U OCTPOMY
yray), suauut, BE = BD = 0,5BC = 0,5.

4. Toronp Bormen panbiie TypreneBa Ha 110 mMm-
HYT.

Cnemaem ueprex, BBeas oGosuavenus: I’ uw T —
noma lorosst m Typrenesa, I u B — Touku 1epBoil u
BTOPOIT BeTpeun coorsercTBeHHO (puc.2).

{ 9s IIY 3s ? 2s ];
12:45 12:00 13:45 13:15
5s
Puc. 2

3amerum, uro orpe3ok [IT Torosb mpomen 3a 75
MUHYT, a oTpe3ok TB — 3a 30 MunyT. /lajsee MOXXHO
paccy»k/aTh I10-Pa3HOMY.
Hepeviii cnoco6. Tak Kak MPONIEHHBINH MyTh MPO-
TIOPIIHOHAJIEH 3aTPaveHHOMY BpPEMeHH, TO OTHOIIe-
HUe JUINH 9TUX OTPE3KOB paBHo S : 2, T.e. BT = 2s,
T = 5s. Torpa IIB = 3s. Otpesok III" Typrenes
TpoIest 3a 45 MUHYT, a 0Tpe3ok I'B — 3a 60 MuHyT.
3uauut, orpe3ok [IB ou mpoxomma 3a 15 MHUHYT,
nostomy III" = 3IIB = 9s. Toronas mpomen 10
nepBoii Betpeun otpe3ok 117 = 9s. Tak kak oTpe3ok
[T = 5s oH POXOANT 32 75 MUHYT, TO OTPe30K 11’
OH IIpoNIeNT 3a munyTt. Typrenes
rpoires 0 nepBoii Berpeun otpe3ok [IT = 5s. Tak
Kak oTpe3ok /1B = 3s on mpoxoaui 3a 15 MUHYT, TO
otpesok [IT on mporres 3a MUHYT.
Takum o6paszom, [orosb BoIes panbine Typrenesa
Ha 135 — 25 = 110 munyT.
Bmopoii cnoco6. Otpesok BII Torosb mpormren 3a
75 — 30 = 45 munyt. Typrenes npomern orpesok /117
3a 45 MuHyT, a orpe3ok I'B — 3a 60 munyT. 3Haunt,
orpe3ok IIB on mpomien 3a 15 MUHYT, TTO9TOMY €ro
CKOpPOCTb B TpU pasa Goubime ckopocTH loross.
CuefoBatesibHo, Mexay aByMs Berpedamu (3a 105
munyT) Typremnes mpomen B Tpu pasa Gosblie, 4em
Toross. Ha stor myte Typremesa (2IIT + [IB)
Toronb 3arparui Gbl MUHYT, 3HAUWT,
Ha nytb I'I1 on 3arpaTun MU-
HyT. AHanornuyno, Typrenes Ha mytb 711 norpatu
munyT. Takum o6pasom, [o-
TOJIb BbIIes panbiie Typrenesa na 135 — 25 = 110
MUHYT.

2019/Ne10

KANENQOCKOMN «<KBAHTA»

BOMPOCbI N 3BA0AYN

1. Ilpu mamGosbmieil cuje, KOTOPYIO MOKET pas-
BUTb CTPEJIOK, JIYK JIOJDKEH PACTSHYTbCSI HACTOJIb-
KO, HACKOJIbKO TI03BOJIAET pa3Max pyk. [lms Gomee
TYTOro JIyKa, Kak U JI/II MeHee TYTOro, 3allaceHHast
yrpyrast aHeprust Oy/ieT MeHblIIe.

2. BpemMs CTOJKHOBEHHUS IyJH C JBepbi0 OYEHD
Maso. 3a aTo BpeMs jieopMaliiisi, BbI3BAaHHAs JlaB-
JIeHHeM IIyJii, He YCIIeBaeT PacIpOCTPAHUTBCS Ha
6ospme paccrosiHus. [lostomy mmmysbe, Tepsie-
MBIl ITyJTeil, epe/jaeTcst CPAaBHUTEIBHO MAIOMY yda-
CTKY JBepu 1 myJsi npobuBaer B Heil HeGOJIbINOE
oTBepCTHe.

3. Ilyna, nmpoHuKas B BOJLy, CO3/aeT YIPYTYIO BOJI-
Hy COXKaTHsi, IIPOU3BOJSIIYIO CKAYOK JIABJIEHUS HA
CTEHKN CTaKaHa 1 Pa3pyMIAIOINIyTO ero.

4. Yro6pl puaath IIyJie WM CHapsly Bpallarelib-
HOe J[BIDKEHUe BOKPYT OCH CHMMETPHHU U 9THM o6ec-
MeYNTh YCTOWYNBOCTD T0JIeTa B BO3/yXe, a 3HAUNT,
1 Majoe aspojiNHAMHUYECKOe COIPOTUBJICHHE U yBe-
JIMYeHHe JIaJbHOCTH T10JIeTa.

5. MakcuMasbHas CKOPOCTDb IyJH HE MOKeT ObITb
BBIIIE TEIJIOBOI CKOPOCTH MOJIEKYJI TOPOXOBBIX Ta-
30B. [loatomy ckopoctb mysm Gyjger TeM GoJiblile,
yeM BBIIE TeMIlepaTypa MOPOXOBBIX Ta30B M 4eM
MEHbIIIEe MX MOJIIPHAS Macca.

6. ITyss, mymennast U3 pyskbsi, JABIYKETCSI CO CBEPX-
3BYKOBOI CKODOCTbBIO, OT4ero o6pasyeTcst yAapHas
BOJIHA, TOPOXK/IAIOMasl 3BYK BBICOKOTO TOHA.

7. CsoGojinoe cropanue IOpoxa He IPUBOJAUT K
3aMeTHOMY C’KaThio Bo3ayxa. lIpm BbIxozme ke u3
KaHasa CTBOJIA HaXO/AINMECs TM0J GOJIBIINM JlaBJIe-
HIEM I0POXOBbIe Ia3bl HAYMHAIOT OBICTPO PaCIIn-
PATHCS, BBI3BIBAsl MECTHOe CXKaThe BO3/yXa, pac-
IIPOCTPaHSIONIeecs 3aTeM B BHJIE 3BYKOBBIX BOJIH.
8. Cropanne 3apsiia 1opoxa IpH BbICTpPeJe TPOHC-
XO/INT JIOBOJIBHO GBICTPO, W CTBOJI OPY/IHS He yCIie-
BaeT IPOTpeThbest JI0 TeMIepaTypbl IJIaBICHMUS.

9. HanpasJisist cHapsiji B BBICOKHE CJI0U aTMOc(epbl,
T/Jie CONMPOTHBJIEHNE BO3yXa Mal0 M TOPH30HTANb-
Hasl COCTABJIAIONIAS CKOPOCTU M3MEHSIETCS MEHbIIE,
HOJIy4YaioT GOJIBIIYIO JATbHOCTD 110JIeTa CHAPS/A.
10. C6polneHHBIM CHaps/IaM TIpuaaeTcs Takast Gop-
Ma, 4TO BCTPEUHBIIl IIOTOK BO3/yXa Pa3BOPAUMBACT
X Tak, 4ToObl OHM HCIBITHIBAJIN HaMMeHbIee CO-
MIPOTHBJIEHNE ABIDKEHNIO 1 AN YAAPHUKOM BHI3.
11. Ilpu ycraHOBHUBIIEMCS PaBHOBECUH MEXIY
HOJbEMHON CUJIOH U CHJION TSXKECTH yMeHblIeHue
Macchl CaMoJIeTa Pe3KO MeHseT MPSIMOJINHEHHOCTD
€r0 JIBUYKEHHS.

12. [la, cablmmT, Tak Kak 3BYK PacIpPOCTPAHSIETCS
10 KOPITyCY CaMoJIeTa ¥ BHYTPH HETO IO BO3IYXY.
13. UTo6bl MOKHO OBLIO U3MEPUTH BPEMS MEXK/Y
U3JIyYeHneM 1 IIPHEMOM OTPasKEHHOIT OT 11€JT1 BOJTHBI.
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14. Kopryc MUHBI, KaK >KeJIe3HbIil Cep/IeYHNK, yBe-
JINYUBAET MHAYKTUBHOCTb KOHTYPA, U 4acTOTA 3BY-
KOBBIX KOJIeOaHUIl TIPH 3TOM YMEHbBIIAETC.

15. Takum croco60M MOXKHO OCTAHOBUTH PAKeTy U
JIaKe 3aCTaBUTh ee JIeTeTb B OOpaTHOM HalpaBJie-
HUM.

16. Tepmosinepubie peakimn Ha CoJHIE UAYT C
He6oJIbIIoN nHTeHCUBHOCTBIO. Ha 3emie 1mogo6ubie
peaximn 6e30MacHO OCYIIECTBUTD MOKa HE YAAeTCS.

MUWKPOOTIbDIT

[laBrenne BblyBaeMOro B TPyGOUKY BO3/JyXa pas-
FOHAET «CHAPAJ» aHAJOTMYHO TOMY, KaK C JIPEBHUX
BpeMeH CTpeJIIU APOTUKAMU M3 JYXOBBIX pYsKeil
OXOTHUKHU ¥ BOUHBI. A U3y4yaTb C IIOMOIIbIO TAKOTO
CHApsA/Ia MOXKHO JIBIDKEHHE Tes1a, GPOIMIEHHOTO T10JL
YIJIOM K TOPHU3OHTY.

3AMKHYTbIE CAMONEPECEKAIOLLUMECS
JIOMAHbIE

1. Her.
[IpsmMas mesmT MJIOCKOCTDh Ha J[BE MOJIYILJIOCKOCTH.
bBynem pBuratbesa no jomanoit. Ilpn kaxaom nepe-
CeueHNM 3BeHa JIOMAHOH C YKa3aHHOW HPsIMONl Mbl
Mepexo/iuM M3 OJHOH MHOJIYIJIOCKOCTH B JIPYIYIO.
Ho mocsie o6xo/ia 1o BceM 3BEHbSIM MbI BEPHEMCST B
UCXOMHYIO TOYKY, T.e. B Ty XK€ IOJYILJIOCKOCTD.
3HaunT, npsMas TepeceKkJach € YETHBIM KOJue-
CTBOM 3BCHDBEB, YTO MPOTHBOPEYHUT YCJOBHUIO.
2. TlonstHo, 4TO y JIOMaHOil 60Jiee TpeX 3BEHDEB.
Ilycte A, B, C u D — deTbIpe mocJie/[0BaTeJIbHbIE
BepmmHBI JomaHoi. Tak kak 3BeHbs AB u CD
nepecekaioTest, 70 A u D jiexar 1o oJiHy CTOPOHY OT
npsimoit BC. Iloiijiem 1o somManoii U3 Bepuiunbl D
naspiie. Ha kax oM mare Mol Oyzem nepecekats BC.
UYro6bl onactb B A, Ha/10 TPOHTH YeTHOE KOJTIMIECTBO
3BCHDEB. YUNTHIBAS TPU IIEPBLIX 3BEHA, IOJIYyYnM,
YTO B TAKOH JIOMaHOIT HEYETHOE KOJIMYECTBO 3BEHHEB.
3. Her.
Ilyctp Takas gomanasg cymiectByer. llopcunTtaem
15-3
5
KaK Kak/l0e NepecevyeHre yuyTeHo ABax/abl. Ho ato
yucsao He 1esoe. [IporuBopeure.
4. OTBeT moOKa3aH Ha PHCYHKe 3.

KOJINYECTBO HepeCG‘-IeHI/If/'I. Ono paBHO TaK

Puc 3 6

3. Morura. IIpumep 1mo-
KasaH Ha pHUCYHKe 4.
6. 14.

PaccmorpuM oziHO 3Be-
HO aTOi JoManoil. Ha
HEM MOTYT HaXOJNTb-
cs He 6ojiee YeTbIpex
TOUEK camolepeceye-
HUS, TIOCKOJIBKY C CO-
CeJIHUMU 3BEHbAMU
OHO He MOXET Iiepe-
ceubcg. Tak Kak B
KaK/ION TOYKE MepeceKalnTcs He MeHee /IBYX 3BEHb-
€B, TO TOYEK caMmolepeceveHusi He OO0Jbllle YeM
7-4

— =14,
2

[Ipumep ceMu3BEHHOI 3aMKHYTOM JIOMAHOM, y KOTO-
poit 14 Toyek camorniepeceyeHus, TOKa3aH HA PH-
CYHKE J.

Puc. 4

Puc. 5

AHAJIOTHYHBbIMKE PACCY’KICHUAMU MOKHO II0Ka3aTb,
4yTO HamGoJIblIee KOJUYECTBO CaMOIEPecedeHH y
3aMKHYTOIl JloMaHoil ¢ 2n + 1 3BEHOM paBHO
2n+1)(n-1).

7. a) Ilpumep 1MIECTU3BEHHON 3aMKHYTOI JIOMAHOIi,
y KOTOPOIl ceMb TOYeK caMoIlepeceyeHus, MoKasaH
Ha pucyHke 6.

6) JlokaskeM, 4TO Ta-
Kasg JIoMaHag He MO-
JKeT HMMeTb 6oJblne
ceMHU TOYeK caMolle-
peceuenns. Ilyctb 06-
Hiee KOJIMYECTBO Ca-
Mollepece4eHuil pas-
Ho N. [lna kaxmoro
3BeHa pPaccMOTPUM
KOJIMYECTBO TOUYEK Ca-
MolepeceyeHus, Ko-
TOpbIe JIexKaT Ha 9TOM 4

ssene, u oGosmaunm 1€ ©

uepes S cymmy atux uncent. Torpa S > 2N (ecau B
O/JIHOII TOUKe IIepeceKaloTCs [Ba 3BeHa, TO 3Ta TOUKa
BXO/IUT B CYMMY JBaK/bI, & €CJIU TPHU MK GOJIbIIE,
10 GoJsiblie JBYX pa3). Ha kaaoM 3BeHe MOKeT
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JIeskaTb He GOJIblle TPEX TOUEK caMollepecevyeHHs
(em. pemenne 3azaun 6). Ilpu sToM Tpu TOUKM
MOTYT OBITb TONBKO Ha <«HarOHAJBHOM» 3BEHE:
TaKOM, YTO M3 YeTbIPEX BEpIINH, He SIBJISIONINXCS
€ro KOHIIAMHM, JIBE JIeKAT B O/IHOIl MOJTYIJIOCKOCTH
or Hero, a ase — B apyroii. (Eciu no kakywo-Tto
CTOPOHY OT 3BEHA JIC)KUT JIMIIb OJIHA BEPIINHA, TO
HeJsIb3sl IPoBecTH GOJIblIe ABYX OTPE3KOB K BEPIIH-
HaM, JIEKAIUM 110 JAPYTYI0 CTOPOHY 3BeHa.) Taknx
«/IMarOHATbHBIX» 3BeHbeB — He GoJsiee Tpex. Ha
KQK/JIOM M3 OCTAJbHBIX JIeKaT He GOJIblie YeM 110
ABe TOYKNM caMONepecedeHUs, IO0ITOMY
§<3-2+43:3=15, 1.e. N<0,55<7,5. Tak kax
N mnenoe, To HauGospiiee 3uadene N paBHO 7.
AHaTOTMYHBIMI PaCCy»K/IeHISIMI MOXKHO J/IOKa3arTh,
4TO Uy JH060ii 3aMKHYTOU IECTH3BEHHOU JIOMAHOI
(He o6st3aTesIbHO ¢ BEPUIMHAMY HA OKPY/KHOCTH) He
Gosiblie ceMu TOYeK camornepeceueHnst (Ha ABYX
COCE/IHUX 3BEHbSIX HE MOKeT ObITb IO TPH TOUKH
CaMOIePECceyeHNst) .

LX MEXXAYHAPOOHAA MATEMATUYECKAA
OJIMMNUALA

1 (B.Kymumos). f(x)=0 wm f(x)=2x+m,
rjie m — IeJioe.
[Moncrasum b = 0. Iloxyunm, yto

f(20)+2£ (0) = ( (@)
IMoxpcraBum ¢ = 0 u b = a. Ioayuum, d4TO
£(0)+2f(a)=f(f(a)). D10 osmawaer, uro
£(0)+2f (a) = (20
f(2a) = 2f (a) - f(0) . Torza nsHavaIbLHOE yCIOBHE
IIPUMET CJACAYIOUil B

2f (a) +2f (b) = £ (0) = £ (f (a +b)).

Hpu dukcuposannoii cymme a + b QukcupoBatbl
f(f(a+b)) u f(0), torna us aroro creayer, 4o
¢dukcnposano u [ (a)+f(b). B wacrnocru, s
mo6oro nenoro n Bomoanero [ (0)+f(n+1) =
= 70+ £ (), omya £(n+1) £ (m) = ()~ £ (0)
Torza nociesoBatebHOCTh 3Havenuit ..., f(-1),
70), £(1), f(2), ... obpasyer GeckoHeuHyIO B
06e cTOpOHBI apU(PMETHYECKYIO [POrPECCHIO C Pas-
nocrelo k= (1)=f(0). 3maunr, [(x)=kx+m
JUISL HEKOTOPBIX Lesbix k1 m = [(0) .
[oacTanoOBKA B UCXOAHOE YPABHEHUE [AET

F(20)+ 27 (b) = £(F (a+b))
e k-(2a)+m+2-(kb+m) = [(f(a+Db)) =
©2k(a+b)+3m=f(f(a+b)).
Oo6osnaunm a + b yepes s. Torma
2ks +3m = [ (f (5)) & 2ks +3m =

-
-

)+2f(0), caepoBarennHo,

=k(ks+m)+m < 2ks +3m = (kz)s+(k+1)m.

Tax xak s — IIPOU3BOJIBHOE I1€J710€, TO IIOCJeHee
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ycji0BU€ 9KBUBAJIEHTHO CUCTEME

2k = k2, k(k~-2)=0,
3m=(k+1)m m(k—-2)=0.

Orciona k = 0 wan 2, mpuveM B TIEPBOM CJydae
m = 0, a Bo BropoM caydae m — Jjio6oe. OKoHua-
teabio, f(x) =0 mm f(x)=2x+m.

2 (T.KoBaseB). BBemeM Takme 06GO3HAUECHUL:
PBNAB=B,, QA/\NAB=4,, PBNAQ =K,
PBNQA =T, CKNAB=S, CKNPQO=L
(puc.7).

3amerum, yrto Toukn C, K u T jexar Ha OJHOIL
npsamoit (teopema Ilamma gns touexk A, P, A n
touek By, O, B).

Jdemma. IIpsmas CKT — paduxaivhas ocb oxpyx-
Hocmeu (AQBC) u (ABQC).

IokazareabcTBo. 3amerum, urto SB,/SA, =
= LP/LQ (romoreTusa B Touke T [IEPEBOAUT TOUKU
Ay, S, B, B Toukn Q, L, P COOTBETCTBEHHO), TaKkKe
LP/LQ = SB/SA (romorerus B Touke K nepesoaur
touku Q, L, P B Touku A, S, B COOTBETCTBEHHO).
Orcroga SB, - SA = SA, - SB, 1.e. creneHn TOUKn S
otHOCHTEIbHO OKpYy>kHOCTell  (A,BC) u (AB,C)
paBHbL. MbI BUJIUM, YTO Ha PAAUKAIBHON OCH OKPY K-
HOCTeil (AQBC ) " (ABQC) JieaT JiBe TOUKH IPSIMOit
CKT — touku S u C, 4TO JIOKa3bIBAET JIEMMY.
3amerum, uyro Toukn Q; u P, zmexxar Ha OKpPY’KHO-
CTSX (A2BC) n (ABQC) COOTBETCTBEHHO, TaK Kak
ZLCPBy = LCAB, n ZLCQA, = ZCBA, .

W3 neMmbl ke BBITEKAET, YTO CTEIEHH TOUKU I
OTHOCHUTEJIBHO OKPY>KHOCTEH (AZBC) u (AB2C)
PaBHbBI, 3HAYMUT,

TB,-TP, =TA,-TQ, = TP TP, =TQ-TQ,
(TQ/TA, =TP/TB, wu3 napaunensoctu PQ u

AyB, ). Tlocneanee paBeHcTBO o3HauaeT, uto P, Q,
P, u Q; nexxar Ha OJ{HOU OKPY’KHOCTH.
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Bameuanue. Ecn PBy || Q4 , To nocieuuii ab3ary
permenns He pa6oTaeT. Ero Mo)kHO 3aMEeHHTH CJIe/Ty-
IOIIIUM  PACCY>K/ICHUEM.

VI3 jieMMbI cieftyer, 4To BTOpast TOUKA TE€PeCcevenust
OKpY KHOCTEH (A2BC) u (ABQC) , TouKa N, JIeXKUT
na mpsimoit CKT, caenosarenbno, CNB,P, u
CNA,Q, paBHOGOKME Tpamennn, OTKY/Ia
P,B,A,Q, paBHOGOKasg Tpamenus. Tak Kak
PO || AyB,, To POQ,P, — paBHOGOKasl Tparemus
u, 3Ha4unT, Toukn P, Q, P, u Q; Jjexar Ha OTHOI
OKPY>KHOCTH.

3 (A.JIbsoB). Pacemorpum rpadp G ={V,E}, B
KOTOPOM MHOKECTBO BepHINH V COOTBETCTBYET JIIO-
JISIM, a MHOXKecTBO pebep E cOOTBeTCTByeT OTHOIIe-
HUIO ApYKObl. Bo-niepBbIx, 3ametnM, uto G CBSI3€H.
[leiictBuTesbro, ecau Gl Bepinnel A u B maxozn-
JIICh B PasHBIX KOMIIOHEHTaX CBS3HOCTH, TO KOJH-
yectBo BepumH |V| 6bi0 Gbl He MeHble ueM
deg A +deg B+2 22020 (3mecp deg X o6Gosmaua-
er crenenb Bepuinupl X). Ternepp GyjeM mpou3Bo-
JIUTh TI€PECTPONKN B IIPOM3BOJIBHOM IOPS/IKE Tak,
4TOOBI Tpad ocTaBajcsd CBI3HBIM. B HeKoTOpbIit
MOMEHT MBI He CMO>KeM GOJIbIlle c/ielaTh HU OJ{HOI
TAKOH NepecTpoiiku, Tak Kak KaXK/blil pa3 KoJue-
ctBo pebep |E| ymemnburaercs.

[loxaxem, uro B utore G crau gepesom. [lonycrum,
4to 910 He Tak. Torga B G 6yzaer k. O6o3HaunM
4yepe3 S MUK 13 HAWOOJBIIErO KOJIUYECTBA Bep-
IMIH, MyCcTh 3TOT IHKJ IMPOXOAUT MO BepIINHAM
5.8, ...S, . Pacemorpum gBa ciyuas: k < 2019 u
k= 2019.

Cayuaii 1 (k < 2019). Ilomumo S B G ectp eme
BEPIINHBI, CJIEJIOBATEIbHO, U3 S BBIXOIUT XOTS ObI
0/1H0 pebpOo B OCTAJIbHbIE BEPIIUHBI, TaK Kak rpad
cBsizeH. He ymamas o6mHoCTH, OMYCTHM, UTO €CTb
pe6bpo S;A . Torma pebpa S,A wner, nnaue Gbia Gbr
k1 S{AS, ... S, Gospiueit s, yem S. 3naunr,
TPOHKY {51, A, 52} MO>KHO TiepecTponThb. [Ipu atom
CBSI3BHOCTb COXPAHUTCS, Tak Kak u3 S; Oyzer myTb
S18kSk_y ... S, A , mpoxomamuii yvepes A u S, . IIpo-
THBOpeEUIeE.

Cayuai 2 (k= 2019). Bee nepectpoiiku coxpamsiim
YeTHOCTD CTeleHell Bepini, moatoMy B G ocranach
XOoTs ObI OJHA BepIIMHA HedeTHOW cremenu. He
yMansisg o6mHocTH, GyaeM cuutath, uro deg S|
neuerna. Toraa ects «BHyTpenunee» (T.e. He BXOAs-
mee B 1uKaA S) pe6po S, rae 2 < i < k.
JlokaxxeM Torza, 4rto S; coeJMHEHA CO BCEMH OC-
TaJbHBIMI  BepimuHamu. JlOMyCTHM, 9TO HE Tak.
Torzga CymiecTByIOT [[Be COCEJIHHE BEpIIMHBI S, U
Siyt, rne 3<t<k-2 rtakue, 4TO TPOIKY
{8,,8;,8:.1} moxuO mepectponts. Ipm sToM CBsI3-
HocTh Tpada COXPAHUTCS, MOTOMY YTO M3 IHUKJIA S
yAJnTCS TOMbKO oftHO pe6po. IIporuBopeune. 3Ha-
4yut, S) coeauHeHa co BceMn BepiimHamu. Torga
st Bepuui  Ss,..., S,y TakxKe OyAyT BHyTpeHHHE

pe6pa (onn cBsizanbl ¢ S;). AHAJOIMYHO ITOKa3bl-
BaeM, YTO OHU COEIMHEHBI CO BCEMU OCTAJbHBIMU
BepumHamMu. 3Hauut, u S,, S, COeIMHEHBI €O
BCEMHU OCTAJbHBIMU, TaK KaK M3 HUX WIYT BHYTPEH-
nue peépa S$,S;y n 8,8 . Urak, mbr nosayunin,
yro G — TOJHBINH Tpad, HO MCXOAHO OH HE OBLI
MOJIHBIM, & TIPU KaK/JOH TepecTpoiike KOJMYEeCTBO
pebep yMmenbinaioch. IIporuBopeune.

B o6oux ciaydasx MOJy4eHO MPOTHBOpEYHE, CJIE/0-
BatesbHO, G CTall JIePEeBOM.

[lnst 3aBepieHus pemieHus: JOCTATOYHO JOKA3aTh,
41O JT060€ JIePEeBO MOKHO TEPECTPOWKAMHI MPUBEC-
™ K TpeGyemomy Buay (KOrja Bce cTeneHn BepIuH
we npesocxoaar 1). JlokaxkeM 910 MHIAYKIHUEH 110
KOJTMYECTBY BEpIINH 7.

basa n = 1 oueBuHa.

Hepexod: n—1—-n.

[Iycte A — Bucsavas sepumHa. Ilycte G’ — rpad,
nostyyaemblit u3 G orpesanuem BepiinHbl A. Toraa
G’ TOXe JIepeBo, CJIeI0OBATENbHO, 110 MPEANIOI0NKe-
HUTO MHAYKIHA, G’ MOXKHO TPUBECTH K TpeOyeMo-
My Buay. CresaeM 3TO, U BEPHEM B PacCMOTPEHUE
Bepmiuny A. Ecim A oxaxercs coeuHeHHON ¢
BepImHON ctenenn 0, To mosyynTes rpad HYsKHOTO
Buzia. Nnaue, ecim A coenunena ¢ B, a B rpade G’
Bepmuna B Oblna coepunena ¢ C, TO TPOIKY
{A,B,C} moxmo mepectponts. ITocse aToii mepe-
cTpoiiku mosryunm rpad tpebyemoro Buja. Ilepe-
XO/1 MH/YKIIMU JIOKA3aH, U 3a/la4a pelieHa.

4 (B.Tletpos). /I Haya/a BbIHECEM BCe JBOWKM W3
MIPaBOIl YacTH PAaBEHCTBA:

(2 =1)... (2" =2") =

_ 21+2+...+(n—1) . (271 _ 1)(2n—1 _ 1).“(21 _ 1) _
n(n—1

=2 2 (20 =1)(20 1) (2 1) (D

CornacHo ¢opmyane Jlexanopa, 1s IPOCTOro 4uc-
Ja p U HATYypaJbHOrO R CTEIEHD BXOXKJICHUS P B

npoussesienne k! paBna 2 — |- B cayqae p = 2
i=1

< | &
aTa GeCKOHEYHasT CyMMa 2 — | crporo Menble k
| 2t
i
(TaK Kak eciu OIYCTUTH IEJble YacTh, TO CyMMa
Gyzer paBHa k, HO HaUuMHAsl C HEKOTOPOTO MOMEHTA
k< 2' 1 COOTBETCTBYIOIINE CJIaraeMblie OGPAIaioT-
csa B 0).
C yuerom (1) nosyyaem oneHKy

k>@:kz@+l. )

3aMernM, 4YTO
no_ n-1 _ 1_ n on=1 2=
(2 1)(2 1)...(2 1)52 212 1@_1

_ 2n+(nf1)+...+2 -9
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A kpome Toro,
k1> 71857 = 5040 . 2507 5 912 93k-21 _ p3k=9
IMoacraBass asa stux Hepasenctsa B (1), mouy-

n(n-1) n(n—1)71
k9 g 2 g 2

. _ -1
qyaeMm: =2 . Torpa

3k-9<n®—-1, re. 3k<n®+7 . JloMHOKIB Ha 2

n npumenus (2), nomyyaem: 3(n (n—=1)+ 2) <6k <

<2?+14, re. n*-3n<8, wm n(n-3)<8.

3uauur, n < 5.

Ocrasoch npoBeputh st n =1, 2, 3, 4, asisgercs

JI YHCTIO (2” - 1),..(2” - 2"'1) (akropuasom.

n=1:2'—1=11;

n=2 (22-1)(2-2)=3-2=31;

n=3 (2-1)(2°-2)(2’-4)=7-6-4

— He dakropuast, Tak Kak JeJuTcs Ha 7, HO He

nieauTcsa Ha S;

n=4: (2'-1)(2" -2)(2" -8) =
=15-14-12-8=25.32.5.7,

yro Gosbine, wem 71=2%.32.5.7, HO MeHbIIe,

qem 8!=27.3%.5.7,

n(n+1

5 (M.Taitpaii-Typsos). 6) Q

W3 1Ipe/ITIOKEHHOTO pellieHus 3aaun 6) cpasy cJie-

JIyeT yTBEepIKIEHUE a).

TTocrenoBarensioct 6ykB T u H OyjeMm Ha3bIBaTh

caosamu. Jlmany (xommdectBo GyKB) caoBa @ 060-

3HavaeM |w|, a KomimyecTBo 6yks H — |w|h 5 1-10

OYyKBYy cJioBa w o6Go3navaeM w|i].

PesyJibrar NPHUITHCBIBAHNST CIIPaBa K CJOBY O CJIOBA

w OyzneMm o603HavaTh vw. B wactHOCTH, Ww... W

vw...w

JUIS KPaTKOCTH 0603HAUnM " . "

Pesynbrar nmpuMeHenns onepaiuy, JaHHOI B yCJIO-
BUM 33j[aun, K CIOBY @ o6osmaunm [ (w). Ilo
onpeziesieHnio onepanuu, ecan w #T", T0 w u
f (w) pasmiuaiorcs TOAbKO B OykBe HOMED |@)
wli]=f (w)[i] npn i#|w|,.

Taxske IS CJIOBA @ IIYCTh @ — CJIOBO, MOJIy4EHHOE

U3 @ 3aMeHON Kakoii GYKBbI HA MPOTUBOTIOJOK-
HYIO U Jlajiee M3MeHeHneM mopsiika OYKB Ha o6pat-

| :

ubiit (8 wactnocru, H =T u T = H ). U3 onpese-

JIeHUn A ACHO, 4To ecJn |Zﬁ| =n, TO

@[i] = w[n +1-i]. Ouesnano, vw = @ .
3adukcupyeM ellle HECKOJIBKO CBOHCTB.
1) f(@T)=f(w)T .

[«T|, =[w|, . Orciona cpasy birekaer, uro

L(wT)=L(w) .

1o BE€pHO, IOCKOJIbKY

2) f(H")=H"'T, [(H"'T)=H"T" urn, s
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YaCTHOCTH,
L(H")=n.
3) Ilyets n = |w|, nyers w=# H". Tornaa

F(eH) =T (7).

Heiicraurensro, [wH|, =|w|, +1, a [@|, =|T@|, =
=n+1-|w|, .

IMoaromy, ecom i #n+1- |w|h , TO

f(wH)[i]=f(wH)[n+2-i]=(wH)[n+2-i] =
= (wH)li] = (T@)[i] = (Tf (@))[i] .

Ecan ke i= n+1—|w|h , TO

f(wH)[i]=f (wH)[n+2-i]=(wH)[n+2-i] =
= (w_H)[i] = (To)[i] = (Tf (@))[i] .

Wrak, Mbl mokasaau, uto ecau w# H", TO

f(wH)=Tf (@) =f(@)H wm f(wH)=0H , rae

f (@) =0 . 3uaunr, us ciosa wH moxydurcs o™

3a CTOJIBKO JKe Orepaiii, 3a CKOJbKO U3 @ TIOJy-
airesn T, re. L(wH) - L(H™') = L(©),
L(wH)=L(@)+n+1.
Tenepb 1IPoBEJEM TIOJACYET.
Iycrs S, = Y, L(w). Torza
[ew]=n

Spi= Y, L(@)= Y (L(wH)+ L(wT))=

[o]=n+1 [ee]=n

= Y (L(@)+ L(@)+n+1)=2S, +2"(n+1).

[w]=n
3/1ech Mbl MCTOJIB30BAJIM TO, UTO @ Tpoberaer Bce
CJIOBA JITUHBI 72, IOCKOJIBKY ONEPaIust w > @ 5B-

JIIeTCS  B3aUMHO-O/JIHO3HAYHBIM COOTBETCTBHEM Ha
MHOKeCTBe BceX 2" CJIOB JUIMHBI 72.

Spe1 S, n+1 8§ 1
Urax, 2”5:1 = 2—;’ + - 3 = 5 OTCIO/IA TIOJTY-
YUM OTBET Ha MyHKT 6):

&=5,171+2=Sn72+n—1 n_ o _
o2t 2 P2 2
1 n-1 n_n(n+1)
=ttt o=
2 2 2 4

6 (O.CvmupnoB). OGosHaunM uepes Mg U ¢
okpysknoctu (BFP) u (CEP), auepes I'y u ' —
okpysxkuoctn (BFID) w (CEID) cOOTBETCTBEHHO
(puc.8). [l kaskmoit Toukn X Ha MIOCKOCTH OIpe-
nemm dynkmmo [ (X) :

f(X)= deg,, (X)+ degr, (X)- deg,,. (X)- degr, (X),

rae uepes degp (X) o6osnadcHa cremeHb TOURH X
OTHOCHTEJIbHO OKpy:kHOCTH I . Ecim B 1ekapToBbIX
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Puc. 8

koopauHatax [ 3ajaercd ypaBHeHHEM
(x-x) +(y-p) =r', 10 degr(X)=
=(]C—]C0)2 +(y—yo)2—72 , TakuM o6pasoM,

degp (X) mmeer Buz 2%+ y? + o + By +v . Orcio-
ma scho, uro f(X) smmeiina, T.e. WMeeT BUJ

f(X)=ox+By+y,. Oycrs S=PONDI. 3a-
metuM, uto AB — pamukasnbHag ocb Wp u I'p, a
AC — paamraipHag ocb ®Oc u I'¢, moatomy
(A)=0. Hanee, PO — pamukaibHas oCb Op K
e, a DI — paguxanbnag ocb I'y u o, mostomy
f(S)=0. Ormernm, uTo f — He TOKAECTBEHHDI 0
(nanpumep, f(X)#0,eccmm Xe AC u X ¢ BC),
nostomy I'MT rtouex X, nns xoropoix f(X)=0,
asnsercs mpsavoit, n B cuy f(A)=7(S)=0 aro
npamass AS. I'MT rtouex X, muas KOTOPBIX
f(X)=const , — a10 mpsimast, mapasurebHas AS.
[lnst perieHnst 3a/ia4n HaM TpeOyeTcst I0Kas3aTh, 4To
AS LAl & AS||EF & f(E)=f(F). Urak, na-
nee Gyznem gokaspiBath, uto f(E)=f(F).
O6osnaunm uepes By, By, C; u C, Bropbie
TOYKHM TiepecevyeHust npsamoii EF ¢ OKpy>KHOCTIMU
wg, I'g, o n I'c coorBercTBeHHO. 3amernw,
41O
f(E)=deg,, (E)-degr, (E)=

=EF -(EB, - EB,) = EF - B,B,
u, ananormuno, f(F)=FE -CC,. Taknm o6pa-
30M, 3aJaya CBOJWUTCS K IIPOBEPKE PABEHCTBA
BB, = C,C, . OxasblBaetcsi, uTo BEPHO 60JIee CILITh-
Hoe yTBepskaeHue: Toukn By u C,, a takxke By, u
C, cUMMeTPHYHBI OTHOCHTENBHO cepeuHbl M ot-
peska EF. Ocraetcs mokasarb, uto By un G,
CUMMETPHYHBI OTHOCUTEIbHO M (BTOpOE JI0Ka3bIBa-
eTCsl AHAJIOTHYHO).
IIycte D" — TOYKa Ha @, AMAMETPAIBHO MPOTHBO-
nonoxnass D (puc.9), tak utro PR L RD'| EF .
[yru FR u ED’ pasubl, otkyna £LFPA = ZEPD'.

Puc. 9

Ho PA — cumeamana tpeyrosabHuka PEF, 3Hauurt,
PD’ - mepnana. Ioayyaem, uto P, M u D’ jexar
HA OJTHON IPSIMOIL.

Tak xaxk C, , I, C, E nexar Ha OAHON OKPY>KHOCTH

(eMm. puc.8), To 4C2IC=4FEA=90°—%. A

HocKoJIbKy ZBIC =90° + A , mostyyaeM, uto C,

gesxkut Ha BI. OxpyxHocth ['- moctpoena Ha CI
Kak Ha auamerpe, nosroMy ZIC,C =90°, unaue
rosopst, C, — mpoexnust C na BI.
[lycts T = BIND'P (puc.10). [TockombKy

ZABI = % = /FDI = ZFDD' = ZAFD',

umeem FD'|| BI. Kpome toro, ZFBT = ZFDD’ =
= ZEPT, nostomy T € wp. [lanee, ucromnbsys ok-
PYKHOCTH ®p W o, noxydaem: ZD'TB; = ZEFP =

Puc. 10

= ZED'P, orxkyna D'E || TB,. A rak xax D'F || TC,,
to tpeyrosibhuku ED'F u BTC, 1nogoGHbl. A Tak
Kak 1npsimbie D’M u TM B HUX COOTBETCTBEHHbBIC U
M — cepenuna EF, to M — cepenuna B,C, . 3amaua
peleHa.
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L MEXKAYHAPOOHASA ®USUNYECKASA
ONMMMIMUALA
TeopeTuyeckun Typ
3anaua 1
Al. Ay = max {LAI,AI} .
kL,

k
A2, AW = Q—E(Af - AP).

A3. H:&[owl)
2 o

Bi. f, = |0 (1-a) , £ =0245¢.
3go

2g 1
B2. A==, B=| —-1 .
3a (30( )gLo

B3. v, =(1-a)JAaLl,+B .

~ (1-a) (20+1)
C1. Q = MyI, — e

3agaua 2

Al f=—— |—T  _50.10° .
2nR \ 0,6mp g !

A2. Cm. puc.11, rae sesenast JUHHUS OTHOCHTCS K
cayyao 1), KpacHasg — K caydaio 2).

Puc. 17 T8

A3. r =% 2mU_ 3,18-10* M= 0,3Mm  (37ech
e

U =800 B).

A4. Toukn A m B ppeiidyoT B CTOPOHY Katoja,
toukn C, D n E — B cropony anoga (cm. puc.12).

Puc. 12
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AS. Y nap AB, BC u CA yroJ yMeHbIIIaeTcs, y mnap
DE, EF n DF — yBenuuuBaercsi.

A6. Cm. puc.13; o= gf =3,85-10° pazt/c .

nfB, (b2 - a2)
—
Bi. t(t)=-p,sin6(t)-E(t);

A7. U, =

H, (1) = E(t)dp;—t(t) .
B2. (H(t)) = 0,5EjBewsind.

B3. 1(2)=1(0)exp _ZBC“’_JS;SJ
B4. B=¢,.

B5. 1) z,= c\/gln2/(co8,) =12 MM
e, =78, g =10).

2) YBenuuupaercs.

3) YMenbliaercs.

(3mecn

3anava 3
Atl. A, =2L.
A2. Vi (x)=akVycoskx .

P
A3. p(x)= a%po coskx .

YPo

P

AS. T (x)=ak(y—1)Tycoskx .

A6. Temmeparypa B Touke B Oy/[eT TOHIKATHCS, a
B ToukaX A u C — HOBBINIATLCA.

Bl. T, =—.

Ad. c=

B2. 1, =kIi(y-1)T,.

B3, Q.1 ydp, v 4V

t:y—1 dt vy 1POE
1 1B «a V
B4. V, = ——pa—y———(T—TKP) -0
Y Y 0lJ2 Po
1V
Vb:_pb_0~
Y Po
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B5. Wl()l :i(y_1)B(T_TKp)k(l2S .

a*s

QTIL)"I = wB(T T ) l

B7. n= zp Nk -

DOU3NKO-MATEMATUYECKAS
ONMMIMUALA «DUSTEX»

MATEMATUKA

(Ha4ano cM. B rpeabiayiem HoMepe,)

N36paHHble 3agaum ana 10 knacca

1. xe [—7;—% U(0;2).

O6e pynximm onpesesenst mpi 21— 12 —4x > 0 &
& —7<x<3. 3aMeTnM, 4TO CJEAYIONINe /Ba yT-
BEPIK/CHUST PABHOCUJIbHDBI: «MEHbIEe U3 [BYX Y-
ceut GoJiblite A» 1 «06a unciaa Gosbiie A». IToatomy
JIJAHHOE HCPABEHCTBO PABHOCUJIBLHO CHCTEME Hepa-
BEHCTB

x+4

f(x)>

g(x)>

4
Mockomsky dymkmmn  f(x) u g(x) meorpmia-

TeJIbHBI Ha 06J1acTH ornpeaeJieHns, o6a HEpaBEHCTBa

4
CHUCTEMbI BbIIIOJIHAIOTCA TIPpU <0, T.€. 1Ipn

x <-4 ,acyuerom O/I3 —ipu x € [—7;—4). Ecmm
X 2-4, T0 y 000NX HEPABEHCTB JIEBble U IMPaBble
YaCTH HEOTPUIATEbHBI U UX BO3Be/IEHUE B KBAJIpaT
SIBJISIETCSI PABHOCUJIBHBIM TIpeo6pasoBanueM. [lomy-
qaeM CHCTEMY

22 +8x+16

U—a?—fr >0 7
4
2 +8x+16

W rda s> ——22 T 2
4

34 8
— g U(O 2)

YuurpiBag paccMaTpUBAaeMBIll IIPOMEXKYTOK

OTKyJa CJIEAYET X €

xe -4 +oo) 1 06 beINHSS Pe3yIbTaThl, OKOHYATEb-

HO HaXO/JUM, 4TO X € [—7; —ng (0;2).

1
2. b =13, g=—
4
M3BeCTHO, UTO CyMMa MEPBBIX 72 4JEHOB TeOMETpPH-
4eCcKoil MPOTPECCHN C TIePBBIM UJIEHOM b, 1 3HaMe-
b (1-q"
1
HaTeseM g pabHa — . Ilna GeckoHeyHo yGbl-
—-q
Balomeil TeoMerpudeckoii mporpeccuu || < 1, mo-

YKA3AHUA,
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ATOMY IIPU 71, CTpeMsiieMcst K GecKoHeqHocTd, g"
CTPEMUTCS K HYJIO, a CyMMa 4JIEeHOB CTPEMUTCS K
b
1-q°
Ky6bl wienos gannoii nporpeccun {b,} rtarske 06-
pasyloT TreoMeTpHYecKyio nporpcccmo C TIePBBIM
unenoM b u 3HaMenatesieM ¢°, ueTBepThIC cTere-
HU 4JIEHOB — NPOTPECCHIO C NEePBbIM uieHoM b 1
3HaMEHaTeJIeM q4, a KBaJpatbl — HPOIpeCcHio ¢
nepsbiM uieoM b? u 3mamenareneMm g . CyMMbl
YJIEHOB OTHX IIPOTPECCHil PABHBI COOTBETCTBEHHO

b b b

3 T 1 7

l-q° 1-q  1-q
W3 ycnoBus nosydaeM cUCTeMy ypaBHeHUI

bl . b _48 b _48
1-¢° 1-q 7° t+g+q*> 7’
bl . b 144 b} 144

1-¢" 1-¢* 17 |1+¢* 17~

Pemas ee, naxoqum ¢q =i n b =13.

3. R=6,S,5cp = 96+247 .

O0603HaYNM TOYKN KACAHWUS OKPY’KHOCTH CO CTOPO-
Hamu AB n AD tpanenun yepes3 K u W coorBet-
creenno (puc.14). Ilo Teopeme 0 KacarebHON U

B C
K

A 1%% D
Puc. 14

cekymeii, DW?*=DE-DC=7-16, DW =4+7.
Tak xak C u W — TOUKHM KacaHUsl OKPY>KHOCTH C
napaJienbubiMu ipsmbivn BC u AD, orpesok CW
€CTb JMaMeTp OKPY)KHOCTHU, IIepPIEH/UKYIAPHBII
atuM npsmbIM. Ilo teopeme IInudaropa us mpsamoy-
rospHoro tpeyroiapuuka CDW Haxoaum, 4TO

[ 2
CW =.,[16% - (4\/7) =12. CrenoBaresnbto, pajau-
1
yc R OKpYy’KHOCTH paBeH ECW =6.

[Iycts BC = x. Torma BK = x (xacaTtenpbHbIE,
MIPOBE/ICHHDbIE K OKPY’KHOCTH U3 OJTHOI TOYKH, PaB-
HBI), a B CHJY TOTO, 4TO TpAIelus PaBHOGEPEH-
nagd, AK = AB-— BK =CD - BK =16 — x. 3nauur,
AW = AK =16 —x . Orciofa nosyyaeM, 4To CyM-
Ma ocHoBaHmii ectb BC+ AD =x + (4\ﬁ +16 -

—x):16+4f U IJI0IA/b Tpalelnuu paBHA

-512 @6+4J‘) 96 + 2447
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4. MuoskectBo M, cocrosiiee U3 MHOKeCTB M M,
n M, u3o6paxkeno Ha pucynke 15, ero miomaznb
paBHa 4.

\fy
4

D M,

M2
C

1 5
0 x
1 M,
B B AN
Puc. 15

S.x€ (—oo=6)U[4-2) U (=2 2) U (2; 4] U (6;+00).
PaccMoTpuM sHaMeHatesb po6u. Ero MoxkHO 3amm-
carb B BUJE

(%~ 4fx) ~8(x* ~ 4]a]) - 48 =
= (2 — 4] - 12) («* - 4]x| + 4) =
2

= (2] = 6) (x| + 2) (x| - 2)°

Vlcxo/ioe HePaBEHCTBO NMPUMET BHJL
2
3L _ m
2 ->0
([ = 6) ([ + 2) (<[ - 2)
B mocsennem nepaBenHcTBe HEOGXOJNMO CPaBHUTDH
JIpo6b ¢ HyJIeM, WJIH, Y4TO TO 3Ke CaMoe, OIPE/IETNTD
3HAK 2TO /po6u. Eciu 3aMEHNTD YUCJUTE]b HJIH
JI000I 13 MHOXKUTEJEH B 3HaMeHaTesIe BbIPAsKEHU-
€M TOTO JKe 3HaKa, TO IOJyYHM HEPaBEHCTBO, PaB-
HOCHJIDHOE MCXOJHOMY. 3aMeTuM, 4TO 3HAK BbIpa-
xenns Ya — b coBmazaeT co 3HAKOM BBIPAKEHILS
a—-b upu moGbix a u b; Bepaxkenne |a|—b npu
b < 0 nosoxuresnpHo, a 1pu b > 0 ero 3HaK coBIa-
faeT co  3HAKOM  Bhipaxenus  a-b?=

=(a—-b)(a+b). D10 MO3BOIAET NPHBECTH Hepa-
BenctBo (*) K BUIy

x2 (x—4)(x +24) >0
(x=6)(x+6)(x—2) (x+2)

OTKy/la MoJydaeMm

x € (—oo=6)U[-4-2)U (-2 2) U (2 4]U (6;+20).
o L 29

R e
IIpoBeseM yepes mHeHTp OKpyskHOCTH O NPAMYIO,
NEPHEHANKYIAPHYIO OCHOBaHUSAM Tparenun. Ilycrb

(%)

)

2019/Ne10

ona nepecexaer AD n BC B Toukax N u M cooTser-
creento (puc.16, 17). Tak kak juamerp, HepreH-
JUIKYJISIPHBIN XOpJe, JeJUT 3Ty XOpAy IOMHosIaMm,

M H
B ¢ C
Oe
N
A D
Puc. 17

BM =MC =12, AN =ND =5 . Ilo treopeme Ilu-
(haropa u3 tpeyroapankoB OND n OMC Haxoaum

ON =+OD? - DN? =12,

OM =~OC? -MC? =5.
BosmosxubI 1Ba cayvas.
1) Touka O ne nesxut na orpeske MN (cM. puc.16).
Torpma Boicora Tpanenun ectb MN = ON — OM =
=7. Illyctb H — ocHOBaHue nepreHnKysapa, oIry-
mennoro u3 Bepmmubl D na ocuoBanne BC. Tax
KaK TpAIelnsl, BIUCAHHAS B OKPY)KHOCTb, PaBHO-

AD + BC
Genpennasi, BH = 40000 7 . Torma BD =

=DH? + BH? =338 =132 . TLiomams s06o-

IO YETBIPEXYTOJIbHIKA PaBHA IMOJIYIPOU3BEICHUIO
JuaroHasei, yMHOXKEHHOMY Ha CHHYC yTJa MEXIY
HuUMHU. B ¢ty TOro, 4TO AMAroHasn IPSMOYTOJIbHH-
ka AB,C;D; mepreHanKyasipHbl UATOHAJSIM TpPa-
net ABCD, yrosi Mesk/ly HUMHU PaBeH YTy Mex-
ny muaronasmu Tparernu. O003HAYNM 3TOT YTOJI
yepe3 W . Kpome Toro, jamaroHajsu mpsMOyTOJbHU-
Ka, BIMCAHHOTO B OKPYXXHOCTD, SBJISIOTCS €€ [Ha-
merpamn, noatomy AC; = BD; =26 . Torxa

Sapcp = %AC-BDsinw =169siny ,

Sasep, = %A1C1 - B/Dysiny = 338siny .



OTBETHI,

3Ha‘II/IT, OoTHolIIeHHUCE HJIOLL[a[[CfI PaBHO
169siny _ 1
338siny 2

2) Touka O nexur Ha orpeske MN (em. puc.17).
Torga MN = ON + OM =17 . AHaJIOTUYHO TIEPBO-
My CJyYaio, HaXOANM, UTO

BH =17, BD =+ DH? + BH*> =172 ,

Sapcp = %AC-BDsin(p =289sin @,

1
SaBcn, = 5 AC - BiDysing =338sin¢ ,

rge ¢ — yroJa Mexjy [UarOHAJSIMU TPAICIlUH.
OTcioga OTHOIIEHNE nmiaomamgei eCcTh

289sing _ 289
338sing 338
OPUN3UNKA

9 knacc

BAPVIAHT 1

1. 1) Ilpn MUHMMATBHOM BpPEMEHM 3allJIblBa CKO-
POCTb TLJIOBIIA OTHOCHUTEJBHO BOJbI TMEPIEHIUKY-

asgpHa Gepery, 1pu aToM v == =2 M/C .
T

d
2) u=—=1wm/c.

T
3) Ilyctb @ — CKOpPOCTH ILJIOBIA OTHOCHTEJIBHO
3eMsin. MUHUMAJIBHBINA cHOC OyZET, eCJau yroa o
MEXKIy 0 I/I O GyleT MaKCUMAJbHbIH, T.e. Iy L U

usina=—=0,5, o =30°. 13 rpeyroibHuka cko-

=115¢c.

Q

pocreit naxonum T =

ucosa
2.1) §, =3, +gt, Ty L gt, us tpeyroapunka cxo-

pocteil mosyuaeM v, = +/0f — (gr)2 =12 wm/c.

2) = gpsino _ 2\/§
gcoeoc 5
3) H= 92” —2 4w

c=0,7c.

3.1 B=P+gphS=14H.
2) Ilyerp V, — o6bem sbaa, Vi
Torja

— o6beM IIapuKa,

V,+V, =hS.

o sakomy Apxumena, gp(V,+Vy)=gp,V,+
+ gpm‘/m . O1cioga maxoanm

_ Pu/P— 1p,5
Cpu/ey—1p,
pV—% hS = 0,34 kr .

3) Tlocie TagHus Jbja TOKa3aHUS BECOB HE M3Me-
HATCS, TaK Kak 0o0Iasl Macca COAEP)KIMOTO OCTaeT-
cs TIpeKHEN.
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4. 1) Korpa rpys 2 onycruacs nwa H, rpysbr 1 u 3
noguanuch Ha H. CkopocTu Bcex Ipy30B OANHAKO-
BbI M paBHBI ;. CorjacHo 3aKoHY COXpaHEHUS
SHEPIHN,

3mgH =2mgH + ——

2
OTKyla ¥y = ggH =1,4 m/c .

2) IlycTb @ — yckopeHue rpy3oB, Toraa vy = v2aH ,

wa=2. [lnsa Broporo rpysa 3mg—T, = 3ma =

5

=3m2, uT, =£mg=2,4H.
) 5

5.1) p=U? 1)
R, R, +2R,

2P = U? i+;,
R, R,+2R,

OTCIO/IA TIOJIYYUM JUUIST X = Ez ypasuenue 2x2 +
1
+2x —1=0 u Haiizem

R, 3-1

L Rk WV
R, 2

U2 2(x +1) U 207
2) P = Py = - ’

R (2x+1) (Ri+R,)/2 Ry(x+1)
OTCIO/1a

}%:fﬁ3£29:093p:93Br

(x+1)
BAPVIAHT 2

1. 1) Ilycts #; — cocTaBasioNmas CKOPOCTH JIOJAKA
OTHOCHUTEJIbHO BO/Ibl, TIE€PIIEH/INKYJISApHAs Oepery,
U — COCTaBJIAIONIAS CKOPOCTU JIOJKU OTHOCHUTEJ]Ib-
HO BOJIBI, TTapaJsutesbHas 6epery. Torzaa

d S N 2 2
U, =—, (y+o)t=s,mo="—u =-Ju" —uj .
L Il 1l L
T T T

Orcoa
2
o=l —(gj = 0,9 m/c,
T

o =Nu? —0* = 0,94 m/c .

d
2) T=—=213c.
9
2. 1) Ocb x HanpaBUM BJOJb CKJIOHA BHU3, OCb Y
HallpaBUM IEePIEeH/MKYJIIPHO CKJIOHY BBepX. Toraa
a,=gsina , a, =-gcosa,

_ % _
|a| gcosol

2) v = v§+(ax-2T) =~ 44,7 m/c .

3) Tperuii pa3z M4 yIapuTCst O CKJIOH 4epe3 BpeMst
a, (67)’
2

T =

=28¢c.

6T, n s3 = =1018 M
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3. 1) Ilycte M — macca Connila, m — Macca
miaanersl. Torga
3
M-m 21 r
mw’r = G —S =—, — =const,

w
) )
72 T T2

2
R _ 4T ~1,38
Ry Ty T

T,T;
2) [2_75_2_“]»5:215'141: 3B ~1,6 roua.

Iy Ty 3Ty
4 1) = SDO—HpcosaL
(11 ~ ) cos

2 o = 2gH (sin o, — py cos o)) (g cos oL — sin o)
max (1 —uy)sin o - cos o ’

2H (u; coso —sin o)
T = - : .
g (sino — Uy cos o) (g — Uy )sin o - cos o

2

5. 1) p1=U—=£p
R+R,+Ry; 11

2
2) P2=#=§P.

—12_ 4R, 2

R +R,
10 knacc
BAPUAHT 1

1. Bpema noseta, 0JIMHAKOBOE IIPH BbICTPE/IE BBEPX
10 CKJIOHY ¥ BHU3, pasHO (puc.18)

_ 2vysinf g, cosP sinff_ cosa

t

cosB  2sino

gsino’

gcosa

Puc. 18

IIpu BbicTpesie BBepX IO CKJIOHY
2 2
, = Yo cos B

2gsina
1) Ilpu BBICTpEJIE BHUS 1O CKJIOHY
2 2
5y =SS B 39100 .
2 gsino

2) Ilpu BBICTpENe BOJb FOPU3OHTAIBHON MOBEPX-
HOCTH
I = 203 sinfcosp
g

2. Ilo 3aKOHY COXpaHEHHs SHEPIHU JJIs MIali0ObI,

2 2
_m;O :%+mgh ,tne h=R(1-cosa),

= 25, cos o, :\/§s1 =~1212 M.

2
a, =% 2gcosa. .

2019/Ne10

1) |P|=|N|=m(a, +gcosa)=3mgcoso =

_3V3

= ——mg = 2,6mg .
B g g
2) Yama Haumer cKo/Ib3UTh Ipu Psino = u(3mg +
+Pcosa), oTky/a
w= :cosocsgloc:ﬁzo,zs'
3mg+ Pcoso. 1+ cos” o 7

Psino

) 0
3. 1) Tlocne coynapenus vy = v, sino = 30 . Orcio-

) 1
na sina=—, aa=30°d =R.
2) B pesyabrate coypapenusi maiiGbl pasJeTaioTcst
TIO/T TIPSIMBIM YTJIOM 1

_ Js? = R* - 3R

20

T

4. 1) Ycnosus pasnosecuss mopmmsi: pS + F, =

=ppS u pS=pS+Fy, otkynra pr+py =2p.
Jlanee,

Vi N% \%
pOO:pZZ,I/Im:pO—O,
Ty T Vs
&:2—& p1_V1:p0_VO I/IT1:T0p1V'1 —
Po Vs T Ty PoVo

=T 2£—£ :2191Kz219K.
L H 23

L-H) 20
2) E,=S(py—po)=poS| —— |==xH =
w =S (P2 m) Po[ 7 ) 53 &
=870 H .
3) Q=AU=5hSp0(§—1)=%Kﬂ>KZ1,7 k/Dx |

d. BHyTpeHHHH JHEPTUA CMECH Ta30B HE M3MEHAET-
CcAd.

(D) UziRvT1 +§R«1,5v»§7‘1:£vRT1,
2 2 4 16
U =2,5v.§RT2, T, =§T1 =1,15T;.
2 20
2) p= 25VRTy _ 23 VRT; _ , o7 VRT;
v 8§ vV
BAPVIAHT 2
1.1) 1=23%_p9gc.
J
2) h=i0_0=2,4M.
121 g

3) JlaJbHOCTD TMOJIETa BTOPOTO Mstda 6e3 CTEeHKN
2 .
L= (vo/2) sindo. v sinda /3 of
) = = =2

g 4g 8 g
I/ICKOMOC paccrTodaHue

\/§ \/503 3\/50(2)
L=h-l=|—-—|F=——

= =1,9Mm
8 11]g 88
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2. 1) B cucreme orcuera, rje LEHTP II0JOrO IHapa

, (2] + (%]
HEIIOJBUIKEH, CKOPOCTb KYyKa © = T , IIO3TO-
2nR 4TR
My T=—,= 50,63(:.
v o+ 0y

2) 3anmimeM Bropoii 3akon HpioToHa B cucreme,
rae eHTp cdepbl HenoABIKeH. [Ipennonoxmm, yto
cuTa peakiuu cdepbl B BepxHell TouKe HalpaBIeHa
BHu3. Toraa

mo”? mo’?

N =

N +mg = , -mg <0,

72

P=|N|=m[g—z;%

]=0,01H,

JKyxk neiictByer na cdepy ¢ cuoit P, HanpasJieH-

HOI1 BHHU3.

3. Ilyctp xy — HenoaBmwkHas cucrtema orcuera. Och

Y B MOMEHT y/lapa IPOXOJHUT Yepe3 IEeHTPbI 06enx

maii6 (ot 1-if Ko 2-#), 0Ch X POXOAUT Yepe3 TOUKY

KacaHus a6 (BJIeBO BHU3), O — yroJ MeKLy O
1

U OChIo Y, sinoc=£=—, o =30°. TIpu a6co-
2R 2

JIIOTHO YHIPYTOM y/Jap€ BbINOJHAKTCA 3aKOHbI CO-
XPpaHEHUA SHEPTUN N UMITYJIbCA. OTCIOﬂa ToJsyqyaem

, ;o o
vy, =0y, , Uy =0y, Uy, =0VCOSCL,

: 7
vy = \/vﬁ + vfy =i sin? o+ 02 cos? o = v

)

tggzwzﬁ, B = 1,76 pax = 100,9° .
20sino, 2
4 1) Mﬂzwzuu.
RT,

2) (py+p0)S=peS+Mg,u p,=03p;
PeS =peS+ Mg, u p,=13py;
&i:& " h:p—fﬂH—"JsACM.

pyH T, P T .
S. U, +U,=U +U;, VvCy T +2vCVK~§T1 =
=vCy, T +2vCyy - T, u T, = %7‘1 ;
p,:vRT2 , _2VRT, _ ..+ _S33VRIT]
T V ’ p]{ - V ’ p pr px 13 V .
71 knacc
BAPVAHT 1
1. 1) CormacHo 3aKOHy COXpaHEHHWs WMITYJIbCa,
1
mo, Cos oL = (M + m)%), OTKy/la IoJIydyaeM % = 5

2) B COOTBETCTBUM € 3aKOHOM COXPaHEHHs SHep-
ruu,

14
25 g

3) HampaBuM OCb X TOJ YIJIOM 0. K TOPU3OHTY

2
1 2 1 [2))
—moy =—(M+m)| — | +mgH ,n H=
5% 2( )[Sj gil , u

BBepx. B mabGopaTopHoili cucTeMe oTcuera

. [ .
a, =-gsino ?COS(X =7+ (—gSlIl (X)T . Orcio-

11
na Haxommm T = — =0

10 ¢
2. 1) lpu T; napa HET M MOKHO CYMTATD, YTO A30T
3aHnMaeT Becb o6beM. [Toatomy

Vo, RT; 5

p=-2—-1<0,3-10" Tla .
v

2) B mepBoM OTCEKe HAXOAUTCS TOJBKO BOJA Mac-
coit 18 r, ee oObem V; =18 e’ .
3) IpeanonoxumM, uto Best Boga ucnapumaach. Tor-
Ja

s =0,62-10° Ila .

ITO MEHDbIIIE JABICHNSA HACBIIEHHOro napa npu 75 ,
T.€. IPEJIOJIOKeHNne BEPHOE.

3. 1) Cpasy nocJie 3aMbIKaHHs KJIIOYa HAIPSKEHHE
Ha karymke Uy =¢& .

2) Mycrp U — wanpsixenne na karymke, N = Ul —
MOIIHOCTb B Karyuike, ¢=U+IR. Otclona

_ (V{ +Vv,)RT,
1%

2
U
N =-—+U — . MakcuMaJabHass CKOPOCTb H3Me-
R R ‘
é
Henust sHeprun N, . gocturaercs npu U =— u
2 2
_f
pasua N, = IR

2 ~
3) ockoapky U = LI’,N=—%+U%N:0(N =

max

& 24 ,_ & , 6¢
—aﬁ, OL—E,TO 1 —Z(1i\/1 oc), 11_7Z,
16
7L
4. 1) Tlycrs b = 2a — piauua JJIMHHONH CTOPOHBI
pamku. Hampasum ocb X Bj1oJib OCH coJieHouIa. B
mo6oii Touke Ha Topue cosaeHomga B, (t)=

1 .
= EBO cos®t . MarHuTHBIN ITOTOK yepes Iioniazib

pavku @ = B, (t)ab = %Boab coswt .
, 1 .
IC wunpykumu € =-P" = —EBOabu)sm ot . Tok

I & _ 1 Byabosin ot
2(a+b)p 4 (a+Db)p
Tox Iy = 1B ab _ 1 Bwa .
4 p a+b 6 p
2) Cuna natsoxenus (cKaTs) CTOPOHBI b
1 1 Bjw a’b
F(t)==B,(t)I(t)a = -—="=
(-3 8.1 ()a- - H2LL
MakcuMabHas CUJIa HaTsKEeHUs
_ing a’b _ingaz
32 p a+b 48 p

5. 1) Wso6paxenue S; B JMH3E TOJyd4aeTcss Ha
paccrostuun 18 ¢M OT JIMH3BI, CJeBa OT Hee; OHO
MHIMOE.

. MakcuMaTbHBIN

sin 20t .

0
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2) Usobpaxenue S, B 3epKaje HAXOJUTCS Ha
paccroanun 24 cM OT 3epKasa, clpaBa OT HEro;

S, — wmcrouHuk aag guH3bl, dy, = 30 cwM,
d,F

fo =—2—=-15 cm. Usobpasenue S; B cucre-
dy,-F

Me ToJIyJaeTcs Ha paccTogHuu 15 ¢M OT JIMH3BI,
cmpasa OT Hee.
3) Ckopoctb S, paBHa 20, OTHOIIEHHE CKOpOCTeil

1
S; u S, paBHOlZFZ, FZMZ—.OTCIO-
| 20 )
na u=§v=3MM/C.
BAPVAHT 2
1. 1) TogpemHag cuia FE, =mg, cumna Ttaru
E, 1 1
F Ftonp? == =55
mg K 20
DK=Ll M g g=" o 9L 05
gm, L, m  Kqn
T, 2V,
2. 1) 7?=711 Toax =T = 2T, = 200 K .
2) Ay =p (Vo =Vi)=pV; = vRT; =831 [l

3 n=—aezdy 20y Aoy
vC, (I, -T;) 5 VRT,

3.1 I = £ .
2) [Tycts U — nanpsoxenne Ha xkonjencarope. Tor-

2
na N =Ul 6=U+IR, N——U—+U£
R R

cUMasbHasi CKOPOCTb W3MeHeHms dHeprum N,

Maxk-

é &
=— Ny =—— .
pocruraercst ipu U 5 1 pasha Nog = -0
éz
3) N=oN,, = A= Oc=§, OTKy/Ia
1.
__1+\/ —é U,==¢.
( a), U 6 76

4. 1) CoOOTBETCTBEHHO 3aKOHY COXPAHEHUSI JHEP-

rum, ECUO :1C(U‘)) + = ! LIO Orciona

_[sc UO —Uo /zc
9
2) Up =0

3) Ilycrs I, — yCTaHOBMBINMICS TOK uepe3 KaTylll-
k. CyMMa MarHMTHBIX ITOTOKOB COXPaHSCTCS:

LIy =LI+2LI +3LI, +4LI,, u I, = %10 . Tlo
3aKOHY COXpaHe€HUuA sHepruu,

Q=%CU§—%(L+2L+3L+4L)I12 =

! LI? =£CU§.

= 1CUg —5LI? = lCU§ -—
2 2 20 90

2019/Ne10

5. 1) UsoGpaxkeHue S; B JIMH3€ MOJIydaercs Ha
paccrostnum f; = 48 €M OT JIMH3BI, CIIPaBa OT Hee;
OHO JieficTBUTEIbHOE.

2) Uszo6paskenue S; — MHUMBIL IpeJMeT s 3ep-
kasma. Mzobpaxenue S, B 3epkaje JelCTBUTENb-
HOE, HaXOJUTCS cJeBa OT 3epKasa, Ha PacCTOSHUU
12 cm or 3epkasa. OHO — MCTOYHMK JUISI JIMH3DI,

dy=24cem, f, = ddZFF = 48 cm. M3oOpaskenne Sy

B CUCTEME IIOJIyHaeTCA Ha PACCTOAHUN f2 =48 cm o1
JIMH3bI, CJieBa; OHO JIeiicTBUTEIBHOE.

roby
d,

CkopocTb n306paskeHns B cucteMe U = 8v = 8 Mm/c.

3) Ckopoctb S, paBHa 20, 2i =12,
v
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NMMAXMATHAA CTPAHUUYKA

Ky60K MVIpA
OWAE 2019

B mavame ocenm 2019 roma B
XanTtpi-Mancuiicke mporiesa ovc-
peannoit Kyb6oxk mupa OUJE —
128 y4acTHUKOB UTPAJU TIO OJIUM-
MUICcKoi cucreMe. /{oBOJIBHO HEO-
SKUJIAHHO 1TO0OeTUTEIEM CTaJl a3ep-
Gaiikanckuit rpocemetictep Teii-
myp Pamka6os. B dunane on
oObIrpas peiiTuHr-haBopura Typ-
nupa [una Jhokana us Kuras
(Pajoka6os 110 peditunry  GbLi
TOJIBKO JICCSITBIM).

T.Papxa6oB — OuH JINXK3Hb
®uHan, 3-a naptma

1.eded2. 2f3 Ac63. &bS
a6 4. Qa4 Af6 5. 0-0 & ¢7 6.
Hel b57. £ b3 0-08. ¢3d59.
ed 2d>510. Qe Aae>11. HEed
c612.d3 £ d613. Bel & f514.
3 W h415.g3 W h316. & e3.
B nepsoii maptunm uepubie He MMe-
g ipobaiem tocste 16. @ d2, mo-
3TOMY Ha 3ToT pa3 Pajzkabos us-
Gupaer apyroi nytb. 16... & d3
17. 2 d2 w5 18. Ld4 2fd8 19.
a4 h620. h4 Eac821. ¥f5 & 5
22. Qe4 Lf8. Ilepsas Herou-
HOCTb. K HuueiiHoil nmosuimu Be-
JleT arpeccuBHOE 22...c!, Tenepb
Ke GeJsible MOTYT TIOCTETIEHHO YBe-
JmuuBarh nepesec. 23. Acd Ab4
24. Bed g6 25. ab! cb 26. Qe6!
4 e627. Eebfe28. & eb+ 2 h7
29. & c8 Z¢8 30. cb = c4.

= O

Cepueil TOUHBIX XOJI0B OeJible
cMOTJIM  TOGUTBCST JTUIIHEN TIel-
ku. 31. & 6! (x Huubeii Beso 31.
QLed5 g7 32, Lg7 ®e7 33. Bab
Eb4) 31... £.g7 32. Le7 Ec633.

Ha2 g8 34. Lcd 277 Uep-
Hble BEIYT KOPOJIS B IIEHTP, HO
cubHee 6bL10 Obl 34... & 8! 35.
2% g2 ® g7 mpukpbiBag o6e Mel-
ku. 35. Rg2 ®e6 36. b3 h5 37.
Rf32£538. Ed2 £ e539. Bd5
® e6? Pemaomas ommbka. Ha-
Mioro ynopree 39... 26! 40. Red
& e6, 3arpynHss OesbIM MIpoBejIe-
HHe TUIAHA C TIPO/IBIKEHUEM TIeTi-
ku f. 40. Re4 L6 41. f4! 4 c3
42. £5+ 27 43. B d7+ 2g8 44.
Hd6 gf+ 45. 25 4 g7. (Tloc-
JIe/IHAS JTOBYIKa: 46, Rg6?2? L.f8,
U BBIMTPHIBAIOT YK€ YepHble. ) 46.
2 g5, U YepHbIE CAATUCH.
[Tonydunanbubic U 4CTBCPTH-
¢unanbuble noepunku T.Pazxa-
6OB 1IpOBEJT SIpue, 0/10JIEB CONep-
HUKOB B aTaKyIoIIEM CTHUJIE.

T.Pap)xa6oe — M.Bawbe-
Narpas

MonyduHan

1. 2f3 2416 2.c4¢53. 2c3
dS> 4. cd 2d5 5. e3 Ac3 6. de
W c77.e4e68. & d3!? Penxuit
ciaydail 1e0I0THON HOBHHKH YIKe
Ha BOCBMOM XOfy. 8...4e7 9.
¥ e2 4 d7 10. 0-0 0-0? Ilepsas,
HO cepbe3Hast CcTparermyeckas
om6OKa. YepHblil KOpOJIb TOMA-
JIaeT IO/ MACCHPOBAHHYIO aTaKy.

g | e
i Ao o
i

i
A
A0 1
B A WA AR A
B 0 sjes)

11. e5! £ ¢c6 12. Qg5 h6 13.
& h7+! 2 h8 14. & 2 ¢4 (rpo-
suno 15. ¥d3) 15. Bel W d8
16. Ah3 Wds 17. Qf4 Wc5
18. &L b1! 4 g5! (rposuno 19.
W2 ¢ mocaenyromieit KepTBOI
kons Ha g6) 19. A e6 fe 20. & g5
Wds 21. Wg4 ad7 22. HLed
Ae5 23. Why Wby 24. & h6
&e425. O f4+ ®g826. We5
4 d5 (Bo3MOXKHO, GesbiM GbLIO

Obl CJIOJKHEE peasiu30BaTh Ipe-
UMYIECTBO B CJydae pasMeHa
depseii: 26... We5 27. LeS
4 (5) 27. Be2 Xf5 28. Me3
W e8 29. f3 W g6 30. h4 = af§
31. &Lg5 a6 32. Edl We8 33.
Bd4 Wc6 34. Bg4s 2h7 35.
& f4 % 87 36. & e3b537. W2
wd7 38. ®g3 2h5 39. &Ld4
W7 40. Bed Ehf5 41. BgS
2 g842. hd 2 g543. M g5 We7
44. Y g4 2 £57? 3eBok B GesHa-
JeskHoit mosuin. I'posut 45. h6!,
a B carydvae 44... 2 8 Gesbie hop-
CHPYIOT TEPEX0Jl B BbIUTPAHHDII
TETIeYHBIN SHANITIIb TTyTeM 45.
Bd5! ed 46. ¥ c8+ We8 47.
& ¢35+ ¢ pasmeHom Beex duryp.
45. ¥ £S5, u yepHbIE CAATUCH.

i i

T.Papxa6os — [.LLoHr
YeTBepTbuHan

Takast MO3UIUSA BO3HUKJIA MOC-
Jie 22 Xojia YepHbIX, U B IOCTE/y-
IONIUX TAKTHYECKUX OCJIOKHEHH-
SIX CUJIbHEE OKa3aJicst G0JIee OTIbIT-
Hblil conepauk: 23. & d3! Ae3
24. &bS Eed 25. 2g3 Ags.
Jlagbeil orcrynaTb Hesb3s: 295...
Ee5 26 Bfel Aags 27. L6
Eb8 28. He5 Ae529. Hel ¢
BbIUTPDIIIEM KOHs. 26. B acl c4?
(cusbree 27... & b7!, 3akanumnBas
pasButiie u usberasi JUHEIHOTO
Mata B ociokHennsx) 27. h3 Lb7
28. hg = g4 29. L.c6! 2g3 30.
We4 La6 31. ¥f4] Xopa onbitho-
ro urpoka — nocJie 31. ¥a6 Eh3y
YEPHBIX €CTh IHAHCHI CIIACTUCDH C
OMOIIbI0 BeyHOro Imaxa. 31...
2 d8 32. Becel WS+ 33. B2
2c3 34. Be7 Eci+ 35. 2h2
% ¢3 36. #h6, u Mar Ha g7 Heus-
0e’KeH, YepHble CAAJHCh.

A.Pycamnose
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