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O Koyt - U3MEPEHUE YINoB

B mkosabHOII reomerpuu yzos — 3TO (uUrypa, co-
CTOAINASA M3 ABYX JIyUell, BBIXOIAIIUX M3 OJHOM TOUYKU
(pmc. 1). ITa TOuKa HA3BIBAETCA BePULUHOL YTJIa, & JIYUN —
ero cmopoHamu. YToJ pa3duBaeT IJIOCKOCTL HA JBe Ua-
CTH: HA PUCYHKe 2 OHU OKPAaIlIeHbl B 3€JEHBINA U JKEJIThIA
IIBET. OTU YaCTU HA3bIBAIOTCA NJIOCKUMU Y2aAMU.

Puc.1. Yrox Puc. 2. [IBa miockux yria —
3eJIEHBIN U YKEJITHIN

Wsmepurs yroa MoOKHO
OOBIUHBIM  TPAHCIIOPTUPOM,
KOTOpPBI pas3MedyeH B T'pany-
cax ot 0° mo 180° (puc. 3, cie-
Ba). Ilmockme yrael ymoOHO
U3MepPATh KPYTOBBIM TpaHC-
IIOPTUPOM, PA3ZMEUEHHBIM OT

0° mo 360° (puc. 3, cupasa). Puc. 3. Tpamcmoptupsr -
HOJIYKPYTOBOIi ¥ KPYTOBOIt

Koneuno, n11a HayuYHBIX
U TeXHUYECKUX U3MepeHUN
YIJIOB HY:KHBI 0ojiee TOY-
Hble TPUOOPHI: HAIIPUMED,
TaKkWe, KaKk Ha PHUCYHKe 4.
CieBa TaM 1300pasKeH OAUH
13 aCTPOHOMUYECKUX WH-
ctpymeHToB Tuxo Bpare,
C KOTOPBIM OH ITPOBOJIMJI
CBOM BBICOKOTOUYHBIE Ha-
OJIIOIeHU . PesyabraTh! e e e
TUX HAOJIIONEHUI IMI03BO- Puc. 4. CexcraatT Tuxo Bpare
TN ReIIJIepy BBIBECTHU 3a- 1 COBPEMEHHBIN TEOOOJTINT
KOHBI IBM:KeHus miaHer. CirpaBa — COBpeMEHHBIN dJIEK-
TPOHHBIN TEOIOJIUT, NCHIOJb3YEMbIN B I'€0Ie3NH.

A MOXKHO JI1 UBMEPATH YIJIbI, HE IPUMEHAA BOOOIITE
HUKAKUX NHCTPYMEHTOB?

«Pyuynoe mamepeHue» yriaoB. O6 5ToM MeTone MBI
nmpousu B KHure «Mysnika cep. MaTremaTnka m actpo-
HOMUSA», HanucaunHou Pozoit Mapwueit Poc. llutupyem:




..Cywecmeyem ouenv npocmoil, xoms u He CAUULKOM
MOYHbLI, CNOCo0 u3meperHus yzao08 epyunyr. Ecau mwvl
évlmsaHem PYKY neped cob0il, mo pPACMONbIPEHHASL Q-
0JoHb Oydem yraszvieamdv unmepsan 6 20°, kynax — 10°,
Oonvwoil naney — 2°, musuney — 1°. Imom cnocob mozym
ucnoavL308ambv U 63pocavie, u demu, MaxK KAK pasmepul
AA00HU Yes06eKa YBeAUHUBAINMCA NPONOPYUOHANLHO
O0JuHe e2o pyKu.

20° 15° 10° 5° 2° 1° ke 5 o

20° +15°=35°

SRES

ITosacuum ckasamuoe. IlycTh MBI HaOJIOgaeM 3a OBY-
Ms 3BE3TaMU, PACIOJIO}KEHHBIMY Ha Hebe HeIaIeKo ApyT
ot npyra. HanpaBieHue B3rJidAa HA KaKAyI0 U3 HUX 3a-
IaeT Jyd. YroJa MeKAYy 9TUMU IBYyMSA JIiydaMu (C BepIIIu-
HOHU B Iy1a3y HaOJIOaTesss) Mbl 1 XOTUM N3MEPUTh. Ero
BeJINUMHA HA3BIBAETCA lY2JA06blM DPACCMOAHUEM MEXIY
3Bé3gaMu. BeITsIHEM IIPaByIO PYKY C PACTOIIBIPEHHOMN Ja-
JIIOHBIO, KaK Ha PUCYHKe 5 cupaBa. Eciim KOHUYUK 0OJIBIIIO-
I'0 IaJIbIla 3aKPhIBAET OAHY 3BE31ly, & KOHUUK MU3WHITA —
IPYIyI0, YIJIOBOE€ PACCTOAHME MEKIYy 3BE3TaMU MOXKHO
omeuuth B 20°. IlpurinagwiBas JagoHU APYr K APYTrY,
MOJKHO U3MepATh yribl 1o 40° (puc. 5, cipaBa BHU3Y).

3amaua 1. 3BE3gHOII HOUBLIO HalAuWTe HAa HeOe KOBIII
Bosbmoit MenBepuripl (puc. 6) M «BPYUYHYIO» OIEHUTE
YIJIOBOE PAcCTOSHIE MeXK Y 3BE3mamu Mepak u Jlyoxe.

Hamomuwum: B HanmpaBiienuu Mepak — Iy6xe pacmoJio-
sxkeHa [lonssipHasa 3Be3na, yKasbIBamoIasa MyTh HA CEBEP.

Puc. 5. Pyunoe usmepenue yrjioB

Muriap

AnbpKOD

‘ oT
Hyb6xe
Benernarn } ‘ Merpeir
¥ ‘

(Aabpkanm)
Derga / \Mepaxr SB%;;Z;} o

Puc. 6. KoBmr Boasioit MenBequiisl.

OLASIHUCE
BOKPYT




3amaua 2. Oreinure Ha Hebe IlonsapHyIo 3Be3ay u Hali-
IHTe YIJIOBOE PACCTOSHIE MeXK Iy Hell u 3Be3foi [[yoxe.

PemuB 3agaum, BBl CMOYKeTe TPOBEPUTH cels, TaK KaK
M3BECTHO, uTo paccrosume [[yoxe — IlonspHas 3Be3ma
IIPUMEPHO B 5 pas 0osbirie paccroauauda Mepak — [[yoxe.

Koneuno, pyuHnoe namMmepeHue yrjaoB He II03BOJIAET J10-
OuThcsa xopomieid TounocTu. Cefiyac MbI OITUIIIeM OecIIpu-
OOPHBIA METOJI U3MEPEHUs YIJIOB, TO3BOJISIOIINI IIPOBO-
JIUTHh N3MEPEHUA CO CKOJb YIOAHO BBICOKOI TOUHOCTBIO.
HaunéM ¢ HECKOJIBKUX 9KCIIePUMEHTOB.

JKCIIEPUMEHTHI ¢ TpeyroabHuKamu: «60°»# 60°. Mbr
KYOWJIW HECKOJbKO OJUHA-
KOBBIX TPEYroJbHUKOB, Kak
Ha pHCYHKe 7. YIJbI 3TOrO
TPeyroJbHUKA II0 CTaHJap-
Ty OOJYKHBI ObITH paBHBI 30°,
60° 1 90°, HO MBI XOTUM IIPO- Pyc. 7. TpeyroabHUK
BEPUTH, TAK JIX 3TO HA CaAMOM
neae. Hauném co cpegHero 1mo BeJWYMHE U3 3TUX YIJIOB,
0003HauUUB ero o.. ITak, BepHO Jiu, YTO oL = 60°?

IxkcnepumeHT N 1: moBopaumBaeM TPEYTOJbHUKMH.
BrL10KMM Ha JIOCKOCTH OJWH
3a IPYTUM IIECTb TPEYTOJbHM-
KOB, KaK Ha PUCYHKe 8: KaK-
ObIM TIOJIy4eH U3 COCeIHEro
IIOBOPOTOM Ha yTOJI C..

Bugwuo, uTo mepBbIil U I10-
CJeIHUN TPEYroJbHUKU He
COMKHYJINICb, U 9TO O3HAYaeT,
9TO B CyMMe IIeCTh ONUHAKO- HomyaaeTes H3 Cocen-
BBIX YI‘JIOB G AaloT MeHbIIe Hero moBoOpoTOM Ha yTroJ «,
360°, To ecTb 60.<360° 1, 3HA- kvan.tk/ugolnik-1
yur, o < 60°. BeIxomuTr, MBI
Kynuiu Ae)eKTHBIE TPEYTOJIbHUKH.

Ha pucynke 8 Tak/Ke BHIHO, UTO B IIPOMEIKYTOK
MeKIy TIePBBIM U IOCJEIHUM TPEYTrOJbHUKOM eIlé OgUH
TaKoU 'Ke TPEeYTOoJbHUK HUKAK He IIOMEeCTUTCA. ITO T'OBO-
PHUT O TOM, UTO B CyMMe CeMb OJUHAKOBBIX YTJIOB 0. 00JIb-
e 360°, To ects 70> 360°, oTKyma a>360°/7. O6benu-
HUM IIOJy4YeHHbBIe 1Ba HepaBeHCTBA U 3aIIUIIEM UX B BUIE

360° _ _360°
7 ~0~Tg -

Puc. 8. Kamnaviii TpeyroJb-




IxcnepumeHT No 2: IepeBopauYnBaeM TPEyroJIbHUKH.
Ha pucyuxe 9 mpezacrasiieH
Ipyroil cmoco0 BBIKJIAABIBA-
HUSA TPEYTroJbHUKOB. KakabIit
TPEeYyroJIbHUK IIOJydaeTcsa U3
CcoCeJHero IIePeBOPOTOM BO-
Kpyr mx oOIIeil CTOPOHBI Ha
180°. 9ror cmocob maér Ta-
KYI0O JKe OIEeHKY U3MepsaeMO-
ro yrja, HO OH OyzeT ymoOHee
IJIS HaC B JaJIbHEHIIIeM.

. Puc. 9. Kaxxabpiii Tpeyrob-
ITpaxkTrueckmit COBET! pgpk mnoayuyaeTcd M3 cOCel-

4yTOOBI TPEYTOJbHUKU HE CMe- Hero mnepesoporom Ha 180°
MIAJNCh IPU MaJjelilieM Hpu- BOKPYT ux o0II1eil CTOPOHBI,

KOCHOBEHWH, He VKJagbBaiite Kvan-tk/ugolnik-2

UX Ha CKOJIb3KYIO MOBEPXHOCTH. Ha BUAE0 MBI BOCIIOJIb-
30BaJIICh OOOPOTHOII CTOPOHON KOBPUKA MAJISI BaHHOM:
OHa cleJilaHa M3 MaTepuaja, He CKOJIb3AIIero Aaske IIO
BJIAXKHOMY TJIaJITKOMY IIOJTY BAHHOII KOMHATHI, W Ueajb-
HO ITOAXOAUT JJIsA HAIIINX dKCIIEPUMEHTOB.

YMeHbIlIaeM YHCJIO TPEYroJbHUKOB, yBeJINYHMBaEM
TOYHOCTh H3MepeHud. IlepBoe ycoBepIlIeHCTBOBAHUE:
OyzeM WHCHOJIb30BATH E€AWHCTBEHHBLIN 3YK3eMILIADP Tpe-
yroabHuKa. Onsars 0003HAUMM OAWH M3 €ro YIJIOB Ue-
pe3 o. Hapucyem Ha IIJIOCKOCTU JIy4 ¥ COBMECTUM Bep-
IIUHY yrJjia ¢ BEePIINHOM Jiyya, a OAHY M3 CTOPOH yrIJja
HAIIpaBUM BJIOJb JIyda, Kak Ha pucyHkKe 7. IlepeBepHéM
TPEeyroJIbHUK BOKPYT APYrO#l CTOPOHBI yrJa (He JieKa-
e Ha Jyde). IloTom mepeBepHEM TPEYTOJIBHUK BOKPYT
IPYTOil CTOPOHBI yIJla, ONATH IIEPEBEPHEM U T. 1., IIOKa
MaKCUMAaJbHO He IPUOJIUBUMCA K HAPUCOBAHHOMY JIyUY.
Tak MBI ompemesMM MaKCHUMAaJIbHOE k, IJIA KOTOPOTO
ko <360° u mpu sTom (E+1)a.>360°, To ecTh

360° 360°
PRSI

Ha Bugeo kvan.tk/ugolnik-3 mokasan HOBBIi mpo-
Iecc M3MeEpPeHUudA MJA YiKe B3HAKOMOIO TpeyroJbHUKa
¢ yraom, 0u3KuM K 60°, rae k moaydnaIoch paBHBIM 6.

Crnenpyrooniasa 1mejb — MaKCUMAaJIbHO YBEJIUYUTH TOY-
HOCTB OlleHKM yrJa. IloHAaTHO, 4TO, Aesas HAIIU IIEPEBO-
POTHI TPEYTOJILHIKA, COBCEM He 00s13aTeJIbHO OCTaHaABJIU-
BaThCA IIepe]l HauaJbHBIM JiyuoM. MOXKHO cHejiaTh erre
OOVH WJU Ja'ke HECKOJbKO IIOJIHBIX O0OpPOTOB BOKPYT




OI'AAHVCD
BOK PAE

HavaybHOI TouKm Jyda! Ilycte n — obimree umcio cue-
JIAHHBIX 000POTOB, kB — SKCIEePHMEHTAJIbHO IOJYUYEeHHOe
HaMM YHCJIO, TaKoe, uTo ko <n-+360° 1 ogHOBpEeMEHHO
(k+1)a>n-+360°. Torma BBIOJIHAETCS ABOWHOE Hepa-

BEHCTBO: n-360° _ _ n-360°
r+1 ¢ B

C yBenmueHumeM n apoOM, CTOAINME CJeBa W cIpa-
Ba, COIMIKAIOTCS, WM YIrOJI O OIIPeAessieTca BCE TOUHee —
1 6e30 BCAKUX ITPUOOPOB!

Kak BeIrIAgUT 3TO 13- . | 2:360° [n-360°
MepeHue s n=3 W Hallle- k+1 k
o TpPeyroJibHUKAa, BBl MO- 6 51,4° 60°
JKeTe OCMOTPETh Ha BUEO0 12 | 55,3° 60°
kvan.tk/ugolnik-4, Tam £k 18 | 56,8° 60°
OKaszajaoch paBHLIM 18. Mkl 24 | 57,6° | 60°
IpOBeJM W3MepeHUA MAJidA 30 | 58,0° | 60°
n=1, 2,.., 8 u LI KaKIO- 36 | 58,3° | 60°
ro0 n HaILIu COOTBETCTBY- 42 | 58,6 60°
oiree k. PedyabpraTel cM. 49 | 57,6° | 58,8
B TabJuIte.

Cymss 1o mocaemHeill cTpoke, 57,6° < a < 58,8°.
Ho MO0KHO IOCTYIUTH UYTh XUTPEE U 3aMEHUTh 3HAUEHIIE
57,6° croaiuM HaL HUM B ceAbMoIi cTpoke 58,6°, moiy-
Y1B ropaszno 6oJiee TOUHYIO OIeHKY 58,6°<a<58,8°.

|| |OUU | [W N I

00 u3MepeHHH ILJIOCKUX YIJIOB.
Bcé cxazanHoe 00 m3MepeHUH yrJia
TPeyroJIbHUKA IIPUMEHUMO M K U3-
MEePEeHUIO IIJIOCKOTO yIJja, KOTOPBIH
MOJKHO TIPEeJICTaBJATHL cebe BBIpe-

3aHHBIM 13 OYe€Hb TOHKOTO M YKECT- o
kKoro Jucra maactuka (pmc. 10). Pye. 10. ILrockuit
B cBaswu ¢ aTuM 3agaua. YOI O

3amaua 3. Ha pucyuke 10 mpexacraBiieH yroa o. ¥Be-
JINUYbTE PUCYHOK U II0 3TOMY IIabJIOHY U3 TOHKOTO JKECTKO-
ro JIMCTa IJIACTUKA BBIPEIKHTE COOTBETCTBYIOIIUHA IIJIOCKMII
yroyi. Mcmonb3ysi pasoOpaHMHBII HAMHU METOJ H3MepeHUd,
C IIOMOIIbI0 IIEPEBOPOTOB OIEHWTE BEJIUYMHY STOTO YIJIA.
TyT Bac KIET HEOOJIBIIION CIOPIPI3. Y TOJ Ha PUCYHKE IIOL0-
OpaH crenuaJbHLIM o6pasdom. CyllecTByeT TaKoe HeOOJIbIIIoe
YHCJIO 7, UTO BeJUUYMHA O YKJIagbIBaerca B 1 - 360° 1esoe
JrcyIo pasd. Tak uTo ¢ IIOMOIIBIO HAIIIeTO MEeTO4a BhI CMOJKETe
OIIPENeJIUTh 9TO I U HAWITU TOUHOE 3HaUeHMe yrJja o.



3amaua 4 (I'. Penrvaman, 1. Bapanos, XXXI TypaUp
ropomoB). HapucoBaH yroj, u eiié MMeeTcs TOJbKO I[HpP-
KYJIb.

a) Kakoe HamMeHbIIlee YNCJI0 OKPYsKHOCTEH HAIO0 IIPO-
BeCTU, YTOObI HaBEPHAKA OIPENeJIUTDb, ABJIAETCA JU TaH-
HBIN YTOJI OCTPBIM?

60) Kak ompenmennTsb, paBeH Jiu JaHHBINA yroa 31° (paspe-
I1aeTcs MMPOBOAUTH CKOJBbKO YTOIHO OKPYKHOCTEMH)?

B nyukTe 6 MOXXKHO 000HTHCHL U 0e3 IMUPKYJISI, eCaun
€CTh JePEeBAHHBIA YrOJbHUK C JaHHBIM YIJIOM, O KOTO-
POM MBI XOTHM BBISICHUTD, PaBeH Jiu OH 31°.

M mamocaenok — HeOOJIBIIION CHMCOK YBJIEKATEJIbHBIX
KHUT, B KOTOPBIX 00CYKJaeTcsa N3MEPEHNE YIJIOB B aCTPO-
HOMMUHU U T€OMETPUH, C HEOOJIBIITMMY aHHOTAI[USIMHU.

1. Posa Mapusa Poc. My3ssika cpep. Acmponomus u ma-
memamukxa (M.: e Aroctuau, 2014). B aToit 3ameuaTeirs-
HOM KHHNIe pacCKasbIBaeTCs O ILJIaHeTax M 3BE3max, 00 us-
MepeHNH YIJI0B, KOCMUUECKIX PACCTOAHUN 1 BpeMeHH!.

2. Anexkcaunp Illewws. Kocmozpagus (M.: MITHMO,
2019). B xuure pasdomuparTcsa OCHOBHBIE BOIIPOCHI KOCMO-
rpadun: Kak IBUMKYTCA 3BE3AbI 0 HEOy, OTYero ObIBAIOT
3uMa u JieTo, nouemy JlyHa BugHa B hopMe cepiia, KOTAa U
Kak ImpoucxonAT 3aTMmeHusa. IIpounras e€, BbI MOMMETE, UTO
aCTPOHOMUS He MOKeT 000HUTHCH Oe3 UBMePEeHNA YIJIOB.

3. fAxoB IlepenbmaH. 3anumamenvHas zeomempus HaA
680JbHOM 6030yxe u doma, 7-e manx. (M.-JI.: TUTTJI, 1950).
O0s3aTeTbHO 00paTHUTE BHUMAHME HA 9Ty KHUTY. B TpeThelt
rjaBe pas3o0paHO MHOTO 3aJau Ha M3MepeHIe YIJIOB IIOA-
PYYHBIMH CPeJCTBAMU U MOAPOOHO paccKasaHo O ITPOCTeMH-
IIUX YCTPOHCTBAX I M3MEPEHU yIJIOB, B TOM YHCJeE O 110-
coxe Akosa u o epabesbHOM Y2aomepe.

Ocobo peromeHayeM paszgen «OmnpenesieHinie BeJUUYL-
HBI JaHHOTO yrJia 0e3 BcAKUX maMepeHuii» (c. 138-140),
rIe OIMCAH MeTOJ M3MepPeHUS YIJOB, «IPeIJIOoKeHHBIH
B 1946 r. 3. Pyneiika us Kaynaca». Ilo-Bugumomy, sTOT
paszeJi ObLI 400OABJIEH PeSaKTOPOM CeIbMOI0 U3JaHNA KHII-
ru B.A. Kopaemckum. Cam ko IlepenbmaH cKoHUAJICS
B 1942 rony B 6;10KaguoM JleHuHnrpaze.

4. Anexcaunp Illenws. I'eomempus 6 3adauax (M.:
MITHMO, 2017). Bropoii pasges 9Toil KHUTU KaK pas Ha-
3bIiBaeTcA «Vamepenue yryioB». TaM MHOIO HHTEPECHBIX 3a-
Iadv, HaJ KOTOPBIMHU CTOUT ImoayMaTh. Cpeau HUX MBI BhIJe-
aum 3agauy Ne 38.

XynosxxkuuK Mapus YcenHoBa

OT'AJAHNCDH
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Muxanua I'enbpanyg

) ,j‘;‘o xHUK Aprém KocTiokesyy
YY) ﬂ
Y, -

Hymusmar moATOTOBWJI STUKETKU IJIA
Kuraickux wmoHer. OH cuenan mpubam-
3UTEeJbHLIE IIPOPUCOBKUA MOHET, C YUETOM
IBYX Pa3HBIX CIOCOO0OB HaANWCAHUA HEPO-
rau(oB: OOBIYHBIM IpudTOM (HUKHUNI
pan) u «mpudTom Imeuareii» (BepXHUM
pan), Ho 0e3 MeJIKUX pas3JUuuYuil M B CTaH-
napTHOoM pasMmepe. OH TaKiKe 3anucas, Kak
yuTaloTCA HaANOWCU Ha MOHeTax, HO Iepe-
myTajql uX nopAaxok. BoccranoBuTe Ipa-
BUJIbHBIE COOTBETCTBUS.
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IITao-cu mywn-o6ao. .
CyH-t0aHb myH-0ao.
Il 5n-cyH 0aHb-0a0.
IlTao-wan myn-6ao.
Cu-HuH 10aHb-0ao0.
Yxcu-xo myn-6ao.
CAHb-YYHb 10aHb-0a0.
Il 5n-cyH 0aHb-0a0.
IOanv-10 myn-6ao.
Yocu-xa oanv-0ao.
Cu-nun mymn-6ao.




«PACTYLLUAA»

Kmouka, nsobpakéHHAasA Ha PUCYHKE, HIOJY-
yaeTcsa U3 KBajapara co CTOpPOHO# 1 B pesyJsbTa-
Te 0ECKOHEUHOTO IIPoIlecca: peskeM KBajJparT II0
IaroHaJ W Ha IBa TPEyroJbHUKA, OJUH U3 HUX
KJIaJIEM B OCHOBaHUe €JIOYKU, IPYT'ON pa3pe3aeM
Ha JBa PaBHBIX TPEYTrOJbHUKA, OAUH U3 HUX JI0-
0aBisgeM K €JIOUKe, a APYroil CHOBa paspesaem
Ha JIBa PaBHBIX TPEYTroJbHUKA U T. A. Tak cTpo-
HUTCS MOCTOSAHHO pacTyinada éiaouka. Kakoi Ham-
0O0JIBITIEH BHICOTHI OHA MOMKET TOCTUYb?

Astop Hukousait ABusios

iHep

Xynoxuuk Asekceir Ba



KAK 3TO YCTPOEHO

¢

Ha rny6une TpEX ThICAY METPOB, B KPOMEIITHOI ThMe,
KyZa COJIHeUHbIe JYUM HUKOTJa He NPOHUKAIOT, YKUBYT
3aMeuaTesJbHbIE PBIOBI — TJIYOOKOBOAHBIE YIWJIBIITUKH.
OrpoMHasi ToJI0Ba U OCTPbIE€ 3yObl YAUJIBIITUKOB MOTYT
Hamyratb Koro yroguo. Ha rosoBe y caMOK ecTb OTpPO-
CTOK C IIPUMAaHKOI, KOTOPBHIA CBETUTCA B TeMHOTe OJia-
rogapsa oco0bIM OakTepuAM. Tak yAMIBITUKN OXOTATCHA
¢ IIOMOIIIBIO CBeTA.

®oro: J. Marshall, 2005 ®oro: William E. Browne, Science
JTa cIIoCOOHOCTD JKUBBIX CYIIECTB M3Jy4YaTh CBET Ha-
3bIBaeTcA OuonromutecuyeHyueil (bios mepeBoguUTCSa KaK
«KU3HB», a lumen — Kak «cBeT»). Ha ceromHAIHWUHA
JIeHb M3BECTHO 00Jiee BOCBMMCOT BUJOB PACTEeHUN U JKU-
BOTHBIX, CIIOCOOHBIX K OMOJIIOMHUHECIIEHIINN: KaJIbMaphl,
rpeOHEeBUKM, MeAy3bI, BOLOPOCIAN. JKUBOTHEIE MCIIOJb-
3YIOT OMOJIOMUHECIEHIINIO JJIA OXOThI, OOIIEeHNSI MEXXKIY
coboii, mpeaynpekaeHusa o0 OmacHOCTH, AJISI MAaCKUPOB-
Ku. KpeBerku Heterocarpus ensifer camu mo cebe He cBe-
TATCS, HO IIPU OIIACHOCTHU BBIOPACKIBAIOT CBETsAIIeecsa 00-
JIAUKO, YTOOBI OOMaHYTh XUIITHUKA 1 YCIIETh YOEeKaTh.

CBeueHMe MTPOUCXOAUT OJarogapss 0COOBIM OeslKdM.
Bce 6esku cOCTOAT 13 KUPITUUYUKOB, KOTOPbIe HA3BIBAIOT-
cA AaMUHOKUCAOMAMU. AMUHOKUCIOTHI, B CBOIO OUepelb,




COCTOSAT W3 AmMoMO08, eIlé 0ojiee MaJIeHbKUX KUPINUUU-
KOB. A aToM COCTOUT W3 A0pa U 3JeKMPOHOE8, KOTOPHIE
JeTaioT BOKPYT Axpa. Tak BOT, KOrma CBeTAIIUICI 0eJIOK
AaKTHUBUPYETCsS, HEKOTOPbIe 3JeKTPOHBI 3a0pachIBaioOT-
csa Ha 0oJiee masnéxyio opouty. Ho siexTpoHam Tam «He-
yIobHo»!. I oHM Bo3BpaIarTcsa o0paTHO, HA CBOIO OpOu-
Ty. IIpu 5TOM BBIZIeIsI€TCS SHEPTUs B BUJIE CBETA.
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1) Besok 2) BeJloK B BO30Y K- 3) OJIeKTPOH BO3- 4) O1eKTPOH
B HEBO3- J€HHOM COCTOSIHUU, BpalaeTca Ha Ha MecTe, 0e-
OYKAEHHOM 9JIEKTPOH Ha BBICO- MeCTO, IPU 3TOM JIOK B HEBO3-
COCTOSHUU KOSHEepreTudecKon BBIZIEJISIETCS CBET,  OYKIAEHHOM

opburanu 6eJIOK CBETHTCS COCTOSHUU

Hexoroprie wumzem Be-
JUKUX OTKPBITUN YUYEHBIM
ImoJCKasaja caMa  IIpH-
poma. Tak  moOJyuYmMJIOCH ’ N 3’3?
n ¢ OWOJIOMUHECIEHI[N- ( 4 s
eii. B 2008 roxy yuéubie
0. Cumomypa, P. Tceen u
M.Yanpu mnonyumam Ho- Mexaysa Aequorea victoria.
6eJIeBCRy10 IIPEeMHUI0 34 OT- ®doro: Sierra Blakely
KPBITHE U MCIIOJIL30BAHNUE 3€JEHOT0 CBeTAIerocsa 0erka.
CumMmomype yAaJIoCh BBLIAEJIUTH CBETAIIeecS BeIeCTBO U3
Mmenys3 Aequorea victoria.

Biarogaps sTtomy 6eJIKy YUEHBIM yIAJIOCh YBUIETH He-
KOTOpbIe HEeBUANMBLIE ITPOIECCHI: HAIIPUMED, KaK PaCTyT
KJIETKU MO3Ta — HellpOHbl. ¥ UéHble HAaYUUJINCh CO3/JaBaTh
CUHUE, KpacHbIe, JKEJIThIe CBeTAIruecsa OeJIK1, YTOOLI 3a-
CTAaBUTH CBETUTHCA Pa3HbIe KJIETKU WU JasKe Pa3IMUHbIe
YacTU OJHOU KJIeTKU pasHbIMU nBeramu. Ha c. 12 ma mu-
KpodoTrorpaduu mo3ra (BepHee, €ero ydyacTKa mIoj Ha3Ba-
HUEeM 2UNNOKAMN) 3eJEHO MeTKOM OKpAaIlleHbl MOJIOIbLIEe
HepPBHBIE KJIETKMN, CUHIM — SIAPa B3POCJbIX HEPBHBIX KJIe-
TOK, 8 KPACHLIM — OTPOCTKHU B3POCJBIX HEPBHLIX KJIETOK.

! TlompoGHOCTH cM. B cTaThe: B. Cupora. «Idom s asieKTporoB» («KBam-
TuK» Ne12 3a 2018 rox).

< KAK 3TO YCTPOEHO



KAK 3TO YCTPOEHO >

T'unmokamir MBIIIN.
doro: Journal of Comparative Neurology, V.519, Ne1, pparmeHT 06105% -
Ku; doro caenano B taboparopuu I'puropus Exurosonosa

Ho yuénbie Ha 9TOM He yCIOKOUJINCh. IM 3aX0TesoCh
IIPOBEPUTH: & MOYKHO JIX YIIPABJIATDH IOBEIEHUEM JKUBOT-
HBIX ¢ momoInbio ceeta? B 2005 rogy rpymnma mcciemosa-
tesneit (K. [Meiiccepor, 9. Boiinen, ®. Yikau, 3. Bambepr,
I'. Harenb) cMoOrJii aKTUBUPOBATH OTAEJbHbIE HEPBHBIE
KJIETKM C IIOMOIIbIO cBeTa. I[J1d 5TOr0 UM MPUIIJIOCH MI0-
CTaBUTh B HEHWPOHBI MBIIIEN 2eH BOMOPOCIU. ITOT T'eH —
UHCTPYKIIUA 1O cOOpKe Oenka. B pedyinbTaTe HepBHBIE
KJETKUN CTaJu [OesJaTh <«Uy:KOW» CBETOUYBCTBUTEJbLHBIN
0eJIOK — OncuH — U BCTpPauBaTh ero B ¢BOIO 000J0uKy. O11-
CUH MOJKET HaXOOUTLCSI B JBYX COCTOSIHUAX: aKTHBHOM
1 HeaKTUBHOM. HeaKTUBHBIN OIICHH IPOCTO CUAUT B 000-
JIOUKe KJIeTKU. AKTUBHBINA OIICMH OTKPBIBAET B 000JIOUKE
HelpoHa MOPLI U II0 HeHIPOHY O0€KUT 3JIeKTPUUECKUN TOK.
CBeT aKTUBUPYET OICUH U BO30YIKIaeT HEPBHYIO KJIETKY.
Taxk ¢ mOMOIIBIO OIITOBOJIOKOHHOTO Kabeas MOXKHO akK-
TUBUPOBATH UJIU TOPMOBUTHL OTHEJbHbIe KJETKU MO3ra,
1 YYEHBIM y:Ke YAAJ0Ch 3aCTaBUTH MOJONBITHYIO MBIIIb
TIOIIIEeBEJINTh yCaMU, ITIOBEPHYThH
HaJIeBO UJIM HaIpaBO, IOUeCcaTh-
cAd, BCTaThb Ha 3aJHUE Jambl.
BeposTHO, BOmopociau TOKTOpa
HeticcepoTa 1 MX OIICUH CKOPO
IIpuHeCyT mccJemoBareasm Ho-
0eJIeBCKYIO IIPEeMUIO.

Xynoxxuuk Mapusa YcenHoBa

CDTO: Karl Deisseroth
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Banepusa Cupora

Ha sucre Oymarum HapucoBaJu OBa
MPAMOYTOJbHUKA, ¥ WX CTaJO... OTUH-
HaAIaTh.

YBupenu? [IBa 601X, KOTOPHIE MBI
HApHCOBAJIMN KPACHBIM M CHUHUM, YeThIpe
IOMEHbIIIe U HATHL MaJleHbKuXx. O0BeguTe
MX Pa3HBIMHU I[BETaAMMU.

| 3amaya 1., A KakK, HapucoBaB TOJb-
KO [Ba OJMHAKOBBIX IIPSIMOYTrOJbHUKA,

IOJIYYUTh POBHO 3 (He 00s3aTeJIbHO OM-
HaKOBBIX) mpaAMoyroabHuUKa? Ilonpooyii-
Te IMMOJIYUYUTh TaKJKe JI00e UMCJIO IPIMO-
YroJbHUKOB OT 4 10 8. OCTOPOKHO: OJTHO
yncJio He noayuurcsa! Kakoe?

| 3amaya 2., Pucya kaxiaelli pas aBa
00UHAKO06bLX PABHOCTOPOHHUX TPEYTOJIb-
HUKAa, MOJIYUYUTEe JII000e YMCJIO TPEYToJb-
HUKOB (He 00A3aTeJJbHO PaBHOCTOPOH-
HHUX) OT 2 110 8.

| 3agaua 3., A eciu pucoBaTh JIBa paB-
HOCTOPOHHUX, HO He 0043aTeJIbHO OqUHA-
KOBBIX TPEYI'OJIBHNKA, MOMHO IIOJIYUYUTDH
oT 2 10 8 pa6HOCMOPOHHUX TPEYTOJIbHU-
KoB. ITomrpo0OyiiTe!

13
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CBOAWMV]

PYIKKANI

C(XEMA
pPALLEHUA

COEPUKOHDbI
m FTEKCAKOH

Coepurkonv. — MaTeMaTUUYECKUe
UTPYHIKU, 3a0aBHO KaTaloluecs
mo maockocTu. HauHém ¢ onmcaHuA
mpocTernimnero chepuKoHa.

BosbmuTe B pyKu KBaaparT 3a IBe
ITPOTUBOMOJIOJKHBIE BEPIIMIUHBI W IIO-

BpAalIlaiiTe ero BOKPYT AUATOHAJIU, KO- . A
TOopas X coenuHsaeT. Kakyo purypy /

«3aMeTéT» KBaapar? Iro OyayT aBa /

KOHYyCa, CKJIEEHHBIX II0 OCHOBAHUIO.

Ecau cmenars Takyoo Gpurypy, paspe- \“' /

3aTh €€ 110 KBaApaTy U BHOBL CKJIEUTH

IIOJIOBUHKM, HO ¢ moBopoTroMm Ha 90°, /

HostyunTes mempaxon (puc. 1). / '
IloBepxHOCTL TEeTpPaKOHA COCTOUT

u3 oTpe3koB. TouHee, u3 4 BepIIUH \

KBajapaTa, [ABYX IOJYOKPYKHOCTEH "

1 OECKOHEYHOr0 YMCJa OJUHAKOBBIX
VHTEPBAJIOB (MHTEPBAJI — 3TO OTPE30K
6e3 ero KoHIOB). IlompoGyiiTe mpoii- /
TUCH II0 IIOBEPXHOCTHU TETPAKOHA TaK, l
YTOOBI BEPHYTHCA B UCXOTHYIO TOUKY \\V’)’
U Ilepecedb BCe MHTepBaJbl 1o pagy!  Puc.l
IToBepxHOCTh KOHYCa MOYKHO IIOJHOCTHIO OOKJIEUTH
B OOWH CJOH CEKTOPOM, BBIPDE3aHHBIM M3 IIJIOCKOCTH.
ITosToMy TeTpaKoOH MOKHO OOKJIEUTH UETHIPhbMSA CEKTO-
paMu, KOTOpbIe COeIUHEHBLI B 3UT3arooOpPasHyIo JOPOK-
Ky — CM. pa3BepPTKY Ha c. 15. CuesaiiTe n3 Heé TeTPaKoOH
cBOUMU pyKammu!
3amaua 1. HaiizuTe yrisl CEKTOPOB Ha Pa3BEPTKe.
TeTpaKoOH HpPEeKpacHO KATUTCS II0 IJIOCKOCTH, Kak
OBI TI0 TOPOJKKE M3 CEKTOPOB, KOTOPYIO MOYKHO ITPOIOJI-
JKaTh, MOBTOPASA CEKTOPhI. M1 XOTA ero Kauaet TO BJIEBO,
TO BIIPaBO, IIEHTP TETPAKOHA BCE BPeMsS OCTAETCA Ha OJ-
HOM BBICOTE, UTO U 00eCIIeYnBaeT MJIAaBHOCTb IBUMKEHUS.
Yro6bl YBUIETHh, UTO BBLICOTA I[EHTPa He MeEHSeTCd,
3aMeTHUM, UTO, KOT/a MbI BpalllaJu KBaJapaT, KPyr, BIIU-
CaHHBIN B HETO, «3aMeTaJj» I1ap, KOTOPBIA Kacajcs Bcex
OTPE3KOB ABOMHOTO KOoHYyca. Ilociie paspesanusa IBOMHO-
ro KOHyca Ha ABe YaCTU U IIOBOPOTA OJHOM 13 YacTel BCE




1l
2.
3.

4.

BrIpexbTe 0 MITPUXOBLIM JIMHUAM.
COTrHUTE IO CILIOIITHBIM JINHUAM.

CkJeiiTe OZHY IIapy COCETHUX OYT
IO TpamenUeBUAHBIM  KJalaHaM,
TaK 4TOOBLI KJIAIaHbl MPUKJIEUINCh K
HeJIUIeBOU CTOPOHE.

CrJieiiTe OpPYTryio mapy COCeIHUX AYT
M0 TpamelnueBUIHBIM  KJallaHaM.
IIpsaMoyrosbHBITT KJaloaH OPU STOM
MOAKJENTCA K CEKTOPY Ha JIpYyroM
KoHIle mopo:kKu. Cienure, 4ToGHI BCe
KJIallaHbl 0KA3aJNCh BHYTPU (DUTYPHI.

PA3BEPTKA
TETPAKOHA

BruI moskeTe cKauaTh
9Ty Pa3BEPTKY
mo ccelike kvan.tk/tetracon
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PaBHO IIIap OCTAJICA IITapoOM C TEM JKe CBOMCTBOM KaCaHUS
oTrpe3koB. IloaToMy, KOrjga TeTPaKOH KATUTCS IIO ILIO-
CKOCTH, IITap BHYTPU HEro TOXKe KAaTUTCSA II0 9TOH ILIO-
CKOCTU. 3HAYUT, IIEHTP He MeHAEeT BLICOTY.

3amaua 2. ITo kaxoii TPAaeKTOPUM ABUIKETCA IIeHTP?

3amaua 3. Paspe)xkbTe IpaBUJIBHBIN TeTpasAp Ha ABE
paBHBIE YACTH OJHUM ILJIOCKUM Paspes3oM, He IPOXOs-
M Yepe3 BePIIWHBI TeTpasapa (IpaBUIbHBIA TeTpa-
3JIp — ATO TPEYTroJbHAA INPaMUIKa, BCe UeThIpe T'PaHu KO-
TOPOI — OAMHAKOBBIE PABHOCTOPOHHUE TPEYTOJIbHUKH).

00600IIIMM KOHCTPYKIINIO TETPAaKOHA, COXPAaHUB €To 3a-
O0aBHBIE cBOMicTBa. KBagpaT 3aMeHM Ha JIO00M IIPABUJIb-
HBIN MHOTOYTOJILHUK, TUArOHAaJIb — Ha JIIOOYI0 OCh CIMMe-
TPUU MHOTOYTOJIbHUKA. CKJIeNBaTh JIBe ITOJIOBUHKY IIOCJIE
paspesaHus MOYKHO C IOAKPYTKOM HA pas3HbIe YIJIbI.

Eciu :Ke B MHOTOYTrOJIbHUKE YETHOE YHCJIO CTOPOH,
MOJKHO TOJIOBUHKHU B3ATh Y ABYX Pa3HBIX (PUTI'yp — BO3-
HUKAIOINX IIPU BPAIleHUUM MHOTOYTOJbHUKA BOKPYT
guaroHaau (mmepBasg) W BOKPYr IIPAMOI, COEIUHSIIO-
el cepeAUHBI ITPOTUBOIIOJIOMKHBIX CTOPOH (BTOpad), —
¥ CKJIEUTH (II0 MHOTOYTOJBHUKY ).

BceBosMmoskHBIE (DUTYPBI, KOTOPBIE TaK IMIOJIYy4YaloT-
cd, Has3bIBAlOT cpepuronamu. Kak ycTpoeHa IOBepx-
HOCTB c(hepuroHa? Korga Mbl BpamiaeM MHOTOYTOJbHUK,
M3 ero CTOPOH ¢ oOIeii BepIIMHOM, JeKalllell Ha OCHU
BpAIlleHUs, MOJy4YaloTcd KOHYChl. I[MJIMHAPHEI BO3HUKA-
IOT 13 CTOPOH, MapajljIeJbHBIX OCH BpaleHusd. [loutu us
BCE€X OCTAJIbHBIX CTOPOH IIOJIYYAIOTCS YCeUEHHBbIE KOHY-
CBI, a eIé MOT'YT IIOJYYUTHCS MJIOCKUE KPYTH.

3amaua 4. B xaxoMm cioryuae Impu BpallleHUN CTOPOHBI
IIOJIy4aeTCcs Kpyr?

3amaua 5. HapucyiiTe ciaem oT Ka-
TAMeToCs C(DePUKOHA, IIOJYUYEeHHOr0 U3
IIPABUJIBHOTO IIECTUYTOJbHUKA BpalIle-
HUEeM BOKPYT AHUATOHAJU U IMOIKPYTKOMN
moJoBUHOK Ha 60° (puc. 2).

3amaua 6. Iloxa:xxure, uTo chepu-
KOH, IIOJIYYEHHBIA M3 HNATHUYTOJbHUKA,
HeJIb3sd KaTUTDb B OAHY CTOPOHY CKOJIb YTOHO JOJITO.

3amauya 7. ChepuKOH mHOJyUeH BpAaIlleHHEM YETHO-
YTrOJIbHUKA BOKPYT AMArOHAJU U CKJIEMBAaHUEM IIOJIOBU-
HOK C HOAKPYTKOM Ha TaKOU yroJI, UYTO MOAKPYTKA IIEPEeBO-

Puc. 2

CBOVIMVMIV
PYKAMVI
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C = D VIMIV] IUT CTOPOHY MHOTOYTOJILHUKA B coceqHioo. Ilokakure,
PVYKAMUVI UTO IIPU KaTaHUU CPePUKOHA IO IJIOCKOCTHU JIF00as TOUKa
€ro ITIOBEPXHOCTU PAHO WJIU ITO3THO KOCHETCSA IIJIOCKOCTH.
3amaua 8. ChepuKOH MOJIyUeH BpallleHrueM 12-yroJb-
HUKa BOKDPYTI AHATOHAJMW W CKJIEWBAHUEM IIOJIOBUHOK
¢ momkpyTkoii Ha 90°. Ero moxaraju II0 OKpAaIllleHHOM
R Basusana : IJIOCKOII IOBEPXHOCTH, MOCTAaBUJIM APYTUM OOKOM Ha
J i ) Heé, CHOBA IIOKAaTaJId U TaK HECKOJbKO pas. Okasajocs,
' UTO BCA IIOBEPXHOCTH c(epHKOHa OKpacuaach. Ka-
KOe MHUHUMAaJbHOE KOJHUYECTBO Pas3 ero IepecTaBJIAIN
Ha Apyroi 6ox?
] = ams Terpakon 3amatenToBas B 1980 roxy MsBup Xwupr.
.0 A B 2017 rogy oH omy6IMKOBAaJX BUJEO, B KOTOPOM Ka-
{ HHAH H TUTCS Apyras IpUAYMaHHAS UM (QUIypa — 2eKCAKOH:
kvan.tk/hexacon. 'ekcakoH o01amaeT TeMu e XOPOIIIN-
MU CBOMCTBaAMM, UTO U TETPAKOH: €r0 IIOBEPXHOCTH CO-
CTOUT M3 OTPE3KOB, IPU KaTaHUM J00asd ero TOuKa paHo
WU MO3JHO KacaeTcs IIJIOCKOCTHU, IIeHTP Bceraa Ha Of-
HOM U TOM ’K€ PaCCTOSHHUU OT ILJIOCKOCTHU. A elré, B OT-
JIn4re OT TeTPaKOHa, OH IleHTpaJIbHO-cuMMeTpudeH. Ilo-
ATOMY IIPU KATaHUU BHICOTA FeKCaKOHAa BCE BpeMsA OITHA
U Ta ’Ke, a [eHTP HaXOAUTCS Ha IOJIOBUHE 3TOI BBICOTHI.
T'excaxon cocroutr u3 6 oAMHAKOBEIX yacTeii. Hactu
MOJIyYaloTCsA W3 MOJIOBUHKM KOHYyCa, y KOTOPOro B ce-
YeHU! — PaBHOOEIPEHHBIH TPeyroJbHUK ¢ yriaom 120°.
Yepes cepefrHy OCHOBAHUSA TPEYrOJbHUKA HYMKHO IIPO-
BECTU JBe ILJIOCKOCTHU, IEePIeHIUKYJIIPHBIE IIJIOCKOCTHU
TPeyroJibHUKA, mmof yriaom 30° K oCHOBaHMUIO, pa3pesaTh
110 HUM TOJIYKOHYC M OCTaBUTH Ty UYaCTh, B KOTOPYIO IIO-
Iaja BepIIrHA KOHyca. ¥ 9TOH YaCTH eCTh I'PaHb B BHUJE
poMmba m mBa KpUBOJUHENHBIX pedOpa (puc. 3). Crieum
TPU SK3EMILIAPA 9TOM YaCTH II0 ITUKJY, CTBIKYSA 10 KPU-
BOJIMHEWHBIM pébpam. VI3 poMOGOB COCTABUTCS IIPaBUJIb-
HBIA MIecTUyroJdbHUK (puc. 4). Emé Tpum sksemmisapa
IIPUKJIEUM TaK, YTOOBI IOJYUYNJIACH IIEHTPAJIbHO-CIMMe-
TpuuHad purypa (puc. 5).

Puc. 3 Puc. 4 Puc. 5




Mo:xHO yaanuTh 13 TeTpaKOHA WU I'eKCaKOHA IIOYTHU
BCE€, KPOME I'PAHUIT OCHOBAHUU KOHYCOB (Y TETPaKOHA 9TO
IIBe TIOJIyOKPYKHOCTH, y I'eKCaKOHA — KPUBOJUHENHBIE
PEOpa) m eIré Yero-To, CKPEIJISIOIero rpaHuIilbl B KOH-
CTPYKIIMIO, KOTOopasd He pasBajnmBaeTrcsa. llosydyeHHBIN
«Kapkac» OyIeT Tak ’Ke KaTaThCsA MO IJIOCKOCTH (ecju
TOJIBKO IIEHTP Macc He moMeHscsa). Ha ¢oro TanmoBiu-
na Ppannucka Xaysep HCIOJb3yeT CHApPsAL, COCTaBJIEH-
HBIII M3 MBOTHYTBHIX PEOEpP OKTasapa: ueThbIpe pedpa BbBI-
THYTBI TaK, YTOOBI IMOJYYUJINCHL [OBE IIOJYOKPYIKHOCTU
TeTPaKoOHa, a OCTAJIbHBIE ITPOTrN0AI0TCA BHYTPb.

DoTO B3ATO C IEPCOHATIBHOM CTPAHUIBI ADTUCTKH:
zirkus-meer.at/artisten/franziska-hauser

B npyrom Buzeo ¢ IpBugom XupiiieM MOYKHO y3HATD
0 noaukKoHax — cemeiicTBe (GUTYpP, KOTOPOE BKJIIOUAET
B ce0a 1 TeTpaKkoH, U reKcakoH: kvan.tk/polycons.

A BoT Kakoe 00001IeHNEe CPepUKOHOB IIpeaIaraer
Anexkcaunp Ilepeneuxko. Hapucyem Ha chepe omuy maum
HECKOJIbKO 3aMKHYTBHIX KPHUBBIX. [IpoKaTUM IIJIOCKOCTH
0 BTOH cdepe, TaK UTOOBI TOUKA KacaHUsS IepeMelra-
Jlach BJIOJIb 9TUX KPUBBIX. HacTh IIPOCTPAHCTBA, KOTOPAas
Oyzer o Ty K€ CTOPOHY OT IIJIOCKOCTU BO BCEX €€ II0JI0-
JKeHUAX, 4YTO U cepa, B ITYTKY HA30BEM KPYMUKOHOM.

3amaua 9. Kaxkoii KpYyTHMKOH IOJYYHTCS, €CJIM Ha
cepe HapucoBaH sKBaTop? A ecau Apyras OKPYsKHOCTb?

3amaua 10. Kaxkyio KpuBy0 HYXHO HAPHUCOBATh, YTO-
OBI TOJTYUMJICS TeTPaKOH? A TeKcaxkoH?

Xyno:xxuuK Asekceit Baiiaep




I'puropuit Mepson

TEOPEMA HAIOJIEOHA,
3AMOLLEHWA NNOCKOCTU U NAPANNENbHUKA

1. B ogHOM M3 mIepBBIX HOMEPOB KypHasa « KBaHTUK »
paccKasbIBaJIOCh! PO B 3aMevaTe/bHbIE TEOPEMBI.

Teopema Hamoseona. I[enmpvb. paéHOCMOPOHHUX
mpeyzoibHUKO08, NOCMPOEHHbLX 606He HA CMOPOHAX NPO-
U3B0J1bH020 MPeY20abHUKA, 00pA3Y0NM PABHOCMOPOHHUIL
mpeyzoivHUK.

Teopema Te6o. [[enmpb. K6adpamos, nOCMpPoeHHbLX
6806H€ HA CMOPOHAX NPOU3BOJIbH020 NAPALLEL0ZPAMMA,
obpasyom keadpam.

ORaSLIBaeTCH, C 9THUMHU TeopeMaMHn CBA3aHBI ABa 3a-
MedaTeJIbHBIX 3aMOIII€HMA IIJIOCKOCTH.

Ecianu JOJITO CMOTPETHh Ha 3T 3aMOIIIeHnd, TO 1 Teope-
MBI CTAHYT OYE€HDb MOHATHBIMMA!?

LA, Tlonauckuii, I'. @enpavan. Hamoseon u reomerpus («KBauTur» Ne b
3a 2012 rox).

2 TIpo gpyrue HOKa3aTeJIbCTBA IPU IOMOIIM 3aMOIIEHUN CM. eIl€ CTaThIO:
T". Mepson. Kak paspesars BepOuioga? («KparTuxk» Neb za 2020 rox).



IlocmoTpum, Hanpu- j
Mep, Ha MPaByl0 KApTHH- ~ i
Ky BHuH3y c. 20. IleHTpHI iy
GOJIBIINX KBAJAPATOB 00pa- i
3YIOT KBAaZPATHYIO CETKY — | | ° | . |
TO €CTb MOXKHO CUMTATh, | | i
uTO KapTMHKa HapucoBa- . . |
Ha Ha Kierdaroil Oymare . | i
U IEeHTPhLl OOJBIIMX KBa- . Tl
IPaToB JIEJKAT B €€ yaJjax.
A  meHTPBI MaJeHbBKUX
KBaJIpaToOB TOT[a JIeXKAT B
meHTpax KJeTrouek. Iloa-
ToMmy TeopeMma Tebo BepHA.

Bopouem, ecsiu Takoe
paccy:KAeHne BBI paccKa-
JKeTe CBOEeMY YUYUTEeJI0
reoMeTpuu, TO y Hero Ha-
BEePHSIKA BOBHUKHYT BO-
IpoChl, O KOTOPBIX [ei-
CTBUTEJILHO TIOJIE3HO
noxymaTth. Hy a moka mpo-
IOJIXKUM CMOTPEeTh Ha Kap-
TUHKH.

TouHO Tak ’Ke Ha JIEBOII KapTUHKE
BHU3y c.20 MOKHO YBUAETH TEOpeMy
Hamoseona.? ToabKO TpeyroabHUKMN
Telepb JIeKAT B BepIIMHAX He KBa-
IPaTHOM, a TPeyroJIbHOM CeTKH!.

2. He npaBpma s, (opMyJIUPOBKU
JIBYX TEOpeM JOBOJIBHO MOXO0KU U BBI-
3BIBAIOT HAJIEK Y, UTO 9TO HAUYAJIO IIeJIol cepuu Teopem?

Ho ecau B Teopeme HamojsieoHa pedyb UAET O NPous-
80JI1bHOM TPEYTOJIbHUKE, TO B TeopeMme Tebo y:ke Heab3sd
OpaTh IPOU3BOJIbHBIE YETHIPEXYTOJBHUKY (B 3TOM JIETKO
ybenuThCA, HapUCOBaB, HAIIPUMED, OUEHDb CILJIIOCHYTYIO
TPAIIEeIUI0), TOAATCS TOJIbKO IIapajjieJorpaMMbl.

A 4TO HY}XHO ITOTPEOOBATh, CKAXKEM, OT MATUYTOJIb-
HUKAa, YTOOBI [JisT HEro BBIMOJHSAJIACH TeopeMa, aHaJo-
ruuHada TeopeMe Hamoseona?

3TIompoGHee mpo aT0 Hanucauo B craTbe: B. H. [ly6posckuii. ['eomerpus
Ha mapkere («KBauat» Ne2 3a 2014 rox). Tam 'Ke paccKasbIiBaeTCs 1 PO APY-
rue [0Ka3aTeJbCTBa TP ITOMOIIY 3aMOIIeHUH.



TyT momoraer HOHATHE IapajliebHUKA, HEIaBHO
obcy:xaasiieecsa B «KBautuke». * ITapaanenrvnur (miu,
BBIPaKasch 0oJiee HAYYHO, APPUHHO-NPABUNbHBLIL MHO-
20Y20/lbHUK) — 3TO MHOTOYTOJBHUK, B KOTOPOM IapaJi-
JIeTBbHBI APYT APYTY Te »Ke CTOPOHBI M AUArOHAJ’, KakK
ecqu Obl OH ObLI TpaBUJIbHBIM. Hampumep, UeTHIPEX-
YrOJbHBIN IapaIeJbHUK — 95TO Ia-
paJiejiorpaMM, a NATUYTOJbHBINA ma-
pajjJeJbHUK — TAaKOW HMATUYTOJbHUK,
B KOTOPOM Ka’KJad AuaroHajb IapaJ-
JIeTbHA COOTBETCTBYIOIE# (IIPOTUBO-
IIOJIOYKHO¥) CTOPOHE.

Temepb MOKHO CKa3aTh, YTO 00e MPUBEIEHHBIE TEO-
PEMBI — YACTHBIE CJIyYal TAKOTO YTBEPIKIAECHUA.

Oo6o0ménnasa Teopema Hamomeona. I[enmpwul npa-
8UNbHBLX N-Y201bHUKO08, NOCMPOEHHbLX 606He HA CMOPO-
HAX Nnpous36oivbH020 N-Yyz0/bH020 napanieibHuKa, oopa-
3yrom npasuivbHbLit N-y2oabHUK.

Ho y aToii TeopeMbI HET HATJISAHOTO JOKAa3aTeJbCTBA
IIPU MOMOIIM 3aMOIIleHnIi. 3aTO eCTh 3aMeUaTe/JIbHO KO-
POTKOE JOKa3aTeJbCTBO IIPU IIOMOINY KOMIJIEKCHBIX Y-
ceJI — HO 9TO YK€ COBCEM APyras UCTOPHUS.

4 @, Huos. Ilapa/ielbHUKHY, IOJYIAPAJIICIbHUKY U PABHEIE ILIOIIALN
(«KBantux» Nell za 2020 rox). Tam Ha cTopoHax N-yroJbHBIX ITapaJliesb-
HUKOB CTPOSAT He IPaBUJIbHbIe N-YroJIbHUKHU, a KBaApPAThl — U TOXKE I0JIY-

YaeTcs NHTEPECHO.
Xyno:xxkHUK Mapus YcernHoBa
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MOHCHO JIX COCTaBUTh CHUMMETPUY-
HyI0 (UTYypy U3 dJIeMeHTOB, u306pa-

ot

JKEHHBIX CIIpaBa, HCIIOJb3ysA uX Bce?
KoneuHo, u Takux uryp okKojo coruu!

Hampumep, BOT Takue: % @
3amaua. Cobepure m3 3TUX MATU 3JIEMEH-
TOB CHMMETPUUYHYI0 (Urypy, Hambojee IIO-
XO0KYI0 Ha EJIOUKY. IJIEMEHTHI MOYKHO KaK
YI'OJHO IIOBOPAUYMBATL U IIEPEBOPAYNBATEL, HO
HeJIb3sd HaKJAAbIBaTh IPYT Ha Apyra.

}KeﬂaeM BCIleXa. C HacmynafollluM ”OBI)]_M FOAOM!

XynmoxxkHUK Asekceit Baiiaep
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11 u 25 okrabpa 2020
rojga  IIPOMIEN OCEeHHUM
typ XLII Typuaupa I'opo-
moB. IlpuBogmm 0as30BBIM
¥ CJIOMKHBIN BapUAHTBI IJIs
8-9 ximaccoB. B ckobkax
mocjie HOMepa 3ajJauMl yKa-
3aHO YMCJO 0ajlIoB, IIPU-
CY'KIABIIINXCA 3a €€ IOJIHOE
pelleHue. YuuThIBaOTC
TPHU 3aauM, II0 KOTOPBIM
yYacTHUK HaOpaa OoJibiie
Bcero OaJymoB (Oasyibl  3a
IIYHKTHI OJHOM 3aJaull CYM-
MUPYIOTCH).

24

XLII TYPHVIP TrOoPOAOB,
OCEHHU TYP, 8-9 KITACCEbI

BasoBbit BapmraHT

1 [3]. Ha oxpy:xuOCTH OoTMeueHo 100 Touexk. Morker
Ju upu 3ToM oOKasaTbcA PoBHO 1000 mpAMOyroJbHBIX
TPEeyroJIbHUKOB, BCE BEPIIUHBI KOTOPBIX — OTMEUYEeHHBIE
TOYKU?

2. 'pynma u3 BOCbMU TEHHUCHCTOB pa3 B T'OJ Pa3bI-
rpeiBajia KyOOK II0 OJIMMIIMHCKOM cucteme (UTPOKU TIO
JKpeOUio JeaAaTcda Ha 4 mapbl; BRIUTPABIIHNE JEJAATCS IO
JKpeOuio Ha ABe maphbl, UTpalolue B moayuHaie; uxX mIo-
OenuTesu UTPAIOT PUHAIBHYIO ITAPTUI0). Yepes HECKOJIb-
KO JIeT 0Ka3aJioCh, UTO KAXKABIN C KaKIbIM ChIT'DAJI POB-
HO oauH pas. JloKasKuTe, 4To

a) [2] xax b1t mOOBIBAJ B mOoJIy(hrHAJIEe 00Jee OLHOTO
pasa;

0) [3] xaxabIil MOOBIBAJ B (DHAJIE.

3 [5]. B kyue n xaMHeii, UT'PAIOT ABOE. 3a X0 MOMKHO
B3ATh M3 Ky4YHW KOJUYECTBO KaMHeH, Jinb0 paBHOE IIPO-
CTOMY JEeJIUTEJII0 TeKYIero Yyncja KaMHel B Kyue, Ju0o
paBHOoe 1. BpIiurpniBaeT B3SABIINI IIOCIEIHUN KaMeHb.
IIpu KaKuX n HAUYMHAIONIUN MOKET UTI'PaATh TaK, UTOOBI
BCer/Jla BBIUTPBLIBATh, KaK Obl HI UT'PAJI €T0 COIePHUK ?

4 [5]. IlaHbl PaBHOCTOPOHHUI TPEYTOJbHUK CO CTO-
poHoii d 1 Touka P, pacCTOSIHUSA OT KOTOPOI 4O BEePIINH
TPEeYyTroJIbHUKA PAaBHBI MOJOKUTEILHLIM YNCIaM @, b u c.
HokakuTe, 4TO HaWAYyTCA PABHOCTOPOHHUUN TPEYTOJIb-
HUK CO CTOPOHOI a U TOUKa ), pacCTOAHUA OT KOTOPOU
IO BEPIIIUH 3TOTO TPeyroJbHUKa PaBHLI b, ¢ u d.

5 [5]. HupekTop 300mapka IIPUOOPES BOCEMBb CJIOHOB
c somepamu 1, 2, ..., 8. Kakue y HuX ObLJIN MaccChl, OH 3a-
OBLTT, HO 3aIIOMHMJI, UTO Macca KasKJIOT0 CJIOHAa, HauuHAasd
C TPeThero, paBHAJIACh CYMMe MAacC IBYX IIPeAbIAYIIUX.
Bapyr mo nupexTopa IOIEN CIyX, YTO OJUH CJOH IIOXY-
nen. Kak eMy 3a ABa B3BeIIMBAHUSA Ha YallleUHBIX Becax
0e3 TUpb HAWTHU STOTO CJIOHA UJIU YOeTUTHCS, UTO 9TO BCE-
ro jumib cayx? (EMy usBecTHO, UTO HU OJWH CJIOH He II0-
TOJICTEJI, a TOXYAETh MOT MAKCUMYM OJI1H.)

Cro>xkHbI BapuiaHT

1 [4]. 1151 BCAKOTrO JIX BBIITYKJIOTO YeThIPEXYTOJIbHU-
Ka HaWJETCs OKPYKHOCTH, IIepeceKarolias KasKIyio ero
CTOPOHY B IBYX BHYTPEHHUX TOUKAaX? - /ZT” Q/_}

> '\b’\,\QE J A

s




AgBropsl 3amau: 6a3oBbrii BapuaHT — Cepreii [IBopsaannaoB (1), Bopuc ®penkuH (2),

dénop Naes (3), Anexcauap OBuuH (4), Anekcauap 'pubanko (5);

caosxHbIH BapuaHT — Anexcauap I[lepemeuko (1), Bopuc ®penkun (2), Auapeit Ap:xanies (3),
Agnexcaunp I'pubanko (4), Muxaun EBgokumos (5), Muxawna CariaoBckuii (6), Makcum QumuH (7)

2 [7]. HasoBéMm mapy pasanyHBIX HATYPaJbHBIX UH-
cea ydauHoil, ecau UX cpegHee apudMeTHMUecKoe (IoJry-
cyMMa) U cpefHee reoMeTpuuecKoe (KBaJApPaTHbBIN KOPeHb
13 ITPOU3BEIeHA) — HaTypaJbHble Yncjaa. BepHO Ju, UTo
I KasKIOU ymayHOW mapbl HAUJETCA Apyras ygadHasa
mapa c Tem ke cpeguuM apupmerunueckum? (Ilosgcuenue:
napsl (a, b) u (b, a) cuuTaroTcAa ONMHAKOBLIMMA. )

3. Ilera u Baca urpator B Takyio urpy. KaKapiMm xo-
mom Ilera HasbpIBaeT KaKoe-TO IIeJioe YHMCJIO0, a Bacsa 3a-
MMACHLIBAET HA JOCKY JI00 HasBaHHOE UMCJIO, JITOO CyMMY
ATOTO UMCJa U BCeX pamee HAMCAHHBIX umces. Beerma jin
Ilersa cmoskerT HOOUTHCA TOr0, YTOOBI B KAKON-TO MOMEHT
Ha JOCKe cpely HAITMCAHHbBIX YKNCces ObLIO

a) [3] xorsa OvI cTO UMCes 5;

0) [4] xoTsa 6wl cTo umces 107?

4 [7]. IleHTaMHUHO «KPECT» COCTOUT W3 IIATHU KBaapa-
TuKOB 1 X 1 (ueThIpe KBaApaTUKa IIPUMBIKAIOT II0 CTOPOHE
K mAaTomy). MoKHO Jin M3 MIaxMaTHOW JocKu 8 X 8 BhIpe-
3aTh, He 00A3aTEJBHO II0 KJIeTKaM, JeBATh TAKUX KPECTOB?

5 [8]. CymecrByior a1 100 Takux HATypaJIbHBIX UH-
ceJ, cCpeAud KOTOPBIX HET OAMHAKOBBIX, UTO KYO OJZHOTO
13 HUX PaBeH CyMMe Ky0OB OCTaJIbHBIX ?

6 [10]. 3a xKaxabIM U3 ABYX KPYIJIBIX CTOJUKOB CHU-
IUT 10 n THOMOB. KaKAbINl APYKUT TOJBKO CO CBOUMU
coceAMHU II0 CTOJIMKY cjeBa u cupana. [[o6psiii BoJIIes-
HUK XOYeT pacCajuTh I'HOMOB 3a OAWH KPYIJIbIHA CTOJI
TaK, YTOOBI KaXKIble JBA COCEIHUX THOMA APYIKUIU MEIK-
ny coboii. OH mMeeT BO3MOKHOCTBH IIOAPYKUTH 2n Iap
THOMOB (FTHOMBI B Iape MOT'YT OBITh KaK C OJHOT'O CTOJIU-
Ka, TaK ¥ C Pa3HbIX), HO IIOCJIE 3TOTO 3JIOW BOJIIIIEOHUK
IIOCCOPUT MEXKAY cOo00i n mmap 'HOMOB M3 9THUX 2n Iap.
IIpu Kakux n HOOPBIA BOJIIEOHUK MOYKET JOOUTHCA JKe-
JIaeMoro, KaK ObI HU IeHCTBOBAJI 3JI0H BOJIIIIEOHUK ?

7. BeinyKJblii deTwIpéxXyroabHuk ABCD ob6aagaet
TaKUM CBOMCTBOM: HU U3 KAKUX TPEX €ro CTOPOH HEeJIb3s
CJIOKUTDH TPEYTOJbHUK. [JoKaKuTe, 4TO

a) [6] omuH M3 YIJIOB 9TOr0 YETHIPEXYTOJbHUKA He
ooJbIte 60°%;

0) [6] oguH W3 YrJIOB 9TOT0 UYETHIPEXYTOJbHUKA HE
meHbIe 120°. ‘
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6. 3a mpu 8eceHHuUX MecAua HEKOMOPO20 2004
NoHedeNbHUK08 Obll0 MeHblle, YeM Yemaeepzos.
Yez0 0bL10 MeHbULE 34 MPU JEMHUX Mecayd mozo
JHee 200a — BMOPHUKO8 UAU NAMHULS

OTBeT: BTOPHUKOB ObLIO MEHBIIIE, YeM IIATHHII.

B Becemnux mecamax (MapT, ampejb W Maii)
31+30+31=92 nusda, u B JeTHUX MecsaIax (MOHb,
ui0JIb U aBrycT) Toxke: 30+31+31=92. Hucmo 92
npu gejeHuU Ha 7 gaéTt ocraTok 1. 3HAUUT, BecHa
HAUMHAETCI UM 3aKAHUYMBAETCS ONHUM UM TeM Ke
oHéM Hemeau. VIMeHHO sTuX JHEH HeJeJIM BeCHOM
Ha 1 OoJbIlle, yeM JIOOBIX Apyrux. Torma mep-
BBIM U HOCJIEJHUM SHEM BECHBI B TOT I'0J OBLI UeT-
BEpr, OTKY/JA MEePBLIM JeTHUM JHEM ObLJIA IIATHHI-
nma. 1 anmajoruyso, JeToM MMEHHO IISATHHIL OBLIO
Ha 1 Gosblie, ueM JIIOOBIX APYIUX THEH Hexean —
B YACTHOCTHU, OOJIBIIIE, UeM BTOPHUKOB.

7. Haildume 6ce HamypaJbHbvle ducaa n, 0as
romopuix n? = n! +n. (Hanomuum, wumo n! — amo
npouseederue 1 + 2+ ... * n nepevLx N HAMYPAJLbHBLX
wuceJ.)

OrBer: n=2, n=3. 3ameTuM, 4TO n =1 He ro-
gurca (1#=1+1), an=2 u n=3 nogxoxar (4 =
=2+2u9=6+3).Ilycts n>3. Ilogesum paBeHCTBO
n?=n!+n "Ha n, nonyuum: n=(n—1)!+1, oTKy-
ma n—1=(n—1). Ilogenum Ha n—1, mDoaydYuMm:
1=(n—2)!, Ho upu n>3 npasasa 4acTs 0oJbIie 1.

8. I[ea uzpora uzpatom 8 KpecMUKU-HOAUKU HA
0eCcKOHeYHOlU Kaemuamoil nJjaockocmu. Bwviuzpbl-
saem mom, KMo ommemum namov KJiemokx 8 suoe
Kpecma (CM. PUCYHOK ) CBOUM 3HAUKOM. (]
Bcezda au 6mopoil uzpox moxcem nome- | |
uwamo nepeomy gviuzpamuv? |

Orsert: 7a. BTopoit MoXkeT feificTBOBATh TaK: OH
pasbmBaeT BCIO ILJIOCKOCTh Ha ABYKJIETOUHBIE O-
MUHOIIIKY 1 Ha KaXJbIA X0/ IIEPBOr0 B KaKYIO-TO
JOMHHOIIIKY CTABUT HOJUK B TY K€ JOMHUHOIIKY.
JI1060¥1 IMATUKJIETOUHBIN KpecT o0s3aTelbHO Ha-
KPBIBAET KAKYIO-TO MIOMHHOIIKY II€JIMKOM, TaK
YTO ero He yAACTCs BeCh 3alI0OJHUTH KPECTUKAMU.

ITompoOyiiTe pemuTh 3aa9y A APYyTrux Guryp
MIeHTaMUHO — HAIIPUMepP, KOr/a IePBLIH CTPEeMUT-
csi OTMETUTH MOJIOCKY 13 5 KpecTukoB. (IToackas-
Ka: TYT BTOPOI TOXKEe MOXKET Pas30UTh IIJIOCKOCTH
HA JOMUHOIIIKH, HO YoKe He KakK I10IaJo!)

9. a ) MoscHo iu 8ce HamypaibHble YUCAA OKPA-
cumov 8 mpu uygema mak, 4¥moobvt KaxOvlil ygem
npucymcmeosaJt u npousgedenue nio0vlx 08Yx Yu-
cesl 00H020 usema 6vlJLO YUCTOM MO020 XHce usema?
0) A 6 cemv ysemos?

=26

OTBeT: MOKHO B 000X ITyHKTaX.

a) Hampumep, moKpacuM HeUYETHBLIE UMCJIA CH-
HUM, a CPeAy YETHBIX MOKPACUM KEJITBIM Iessi-
miecs Ha 3, U 3eJIEHBIM — OCTaJIbHBIE.

6) Beibepem 6 mpocThIX unces, HaIpumep: 2, 3,
5, 7, 11 u 13. Bce crenenu KaskIgoro u3 HUX II0-
Kpacum B cBoii 11BeT: 2, 4, 8, 16, ... 6yayT mepBoro
usera; 3, 9, 27, ... — BTOpPOroO; ...; 13, 169, ... — 1mre-
croro. OcrasbHBIE YMCJA IIOKPAacUM B 7-U IIBET.
IIpoBepbTe, UTO TaKasd pacKpacKa IOIXO/UT.

10. ITpudymaiime cnocob pa3pe3ams Kgadpam
Ha uacmu u neped8UHYymMb UX, He N08oPaAYUBaA,
makx 4mobbl. NOAYHUJCA MAKOIL
Je, HO nosépHymulili Keadpam —-
(Hanpumep, KAk HA PUCYHKE ).

IOBa KBagpaTa, IIOCTPOEHHBIE
Ha KaTeTax IPAMOYTIOJbHOTO Tpe-
YTOJIbHUKA, MOYKHO paspes3aTh Ha
YyacTu U CJOKUTH U3 HuUX (mepe-
IBUTas, HO He IOBOPAUNBASA YaCTHU)
KBaJgpaT Ha TUIIOTEHY3e TOro Ke
MPSMOYTOJBHOTO  TPEYTroJbHUKA Puc. 1
(puc. 1). 9To — oxHO U3 OOKa- )
3aTeJbCTB TeopeMbl Ilugaropa AN
(B IPSAMOYTOJLHOM TPEYTrOJbHU- Q """
Ke CcyMMa KBaJIpaToB KaTeTOB
paBHA KBaJpaTy T'UIIOTEHY3HI).

OcraJjioch IPUMEHUTD 3TO Pas-
pesanue aBaskab! (puc. 2). Oopa-
TUTE BHUMAHWE, UTO IIPUXOIUT- Z
cs «HAJOKUTh OJHO paspesaHue Puc. 2
Ha Ipyroe» W pe3aTh KBaApaT He Ha 5, a Ha 9 ua-
cTell) — U IOJIyYNTCS MIOBEPHYTHINA KBaapar.

JI:060TIBITHO, UTO €CJIU B3SATH He KBaAPaT, a pas-
HOCTOPOHHUI TPEYTOJbHUK, TO IOBEPHYTh €T0, «HIU-
Yero He MOBOPAYMBAs, a TOJBKO paspesas U CIBU-
ras», y:ke HeBo3mMo:kHO! ITorpobyiiTe aTO JOKA3aTh
niIu npounTaiiTe pemnienue B kuure B. I'. Boaran-
ckoro «Tperssa npobaema 'uabbeprar.

Il SBHAETE JIX BbI PUMCKHE ITU®PHI?
(«KBanTur» No 11, 2020)

IlepBoe paBEHCTBO IIO3BOJISIET IIPEIIOJI0KUTD,
YTO TOUKa 00O3HAUaeT KaKoe-TO YUCJO X, a BTO-
poe —uto 8x =S + 2x, To ectb S = 6x. He npoTuso-
peunT Ju 3TO TperhbeMy paBeHcTBY? IlompoGyem
ero sammcarh: 3x * 4x = x, To ecTb 12x% = x, OTKy-
Ia x paBHsAercd... 1/12. CoorBercTBeHHO, S = 1/2
(TyT MOXKHO €IIé BCIIOMHUTD IIPUCTABKY «CEMU-»,
03HAYAIOIIYIO «IIOJIY-»).

Temeps sCHO, MOUEMY BTHU «PUMCKUE IIUDPHI»
BBITVISIAAT HEIPUBBIYHO, — IIepe] HaMU JpeBHe-




puMcKas cucTeMa samucu Jpobeii. B To Bpems
OIHY IBEHAAIIATYIO HaskIBaIU yHUuUell (1 0603HA-

yajiu Toukoii). [Tooxyuaem orBer:
5. 1,5_2, 11 _ 1.
12° 4 12 3? 4 3 122
o000 00000 —=Seoo; SXeeee=00;

S+S=1umS:S=1.

H 3AZTAYA O TBO35IX U HUTKAX
(«KBanTur» No 11, 2020)
Herpyano BOUTH ABa T'BO3AS Ha PACCTOAHUU
5 CcM, MCTIIOJIb3Y s TPU HUTKU, €CJIU BOCIIOJIH30BATh-

cd caenymomiuM pakTom: 5=12—-3-4= 12—%—%.

1,1
1373~
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Nupivu CJIOBaAaMM, HAaM HYMX-

HO OTAEJHUThL OT CTOPOHBI Ma- 4
JIEHBPKOI'0 KBaJIpaTHKa TpPeThb C.\D

C OJTHO¥ CTOPOHEBI U UeTBEPTH — C E
npyroii. ITocMoTpuM, Kak 3TO G I
MOXKHO ceJaTh: I Hadazia H
HaTaHeM HUTOUKU AJ u CJ u J

BoObEM rBo3au D u H. ITonws3ysick momoduem Tpe-
yroabHuKoB ADC u J DF, jierko gokasaTtb, uro CD
cocTaBjsAeT PoBHO TpeTh oT CF, unu 4 cm. AHajo-
ruuHo HI, orcekaemass Hutkoii CJ, paBHa II0JIO-
BuHe GI. HakoHeIl, HCIIOJIb3yeM IOCTIEIHIOI0, Tpe-
THIO HUTOUKY — HaTssHeM e€ Mexkay B 1 H 11 BOObEM
rBO3Ib B TouKe E. 3amerum, uto EF — cpeqHss -
HUA B TpeyroabHuke BHI, a 3HaUuUT, paBHAETCS
nmosoBuHe HI, miu moJyioBUHE TOJIOBUHEI (TO €CTh
yerBepTu) GI. IToryuaem, uro EF B TOUHOCTH paB-
gsaerca 3 cm. Torga DE=CF—-CD—-EF=5 cMm!

\

E 4 H E &
D/ D
/F
gc

A A

Ho ¢ aByMs HHTOYKAMM TAKOM TPIOK He cpa-
ooraer. Uro ke menarh? IlocMOTpuM Ha TO, KaK
TUIIOTEHY3a erHIIeTCKOT0 TPEYroJbHUKA (IPAMO-
YIOJILHOT'O TPEYIOJbLHUKA, CTOPOHLI KOTOPOTO Je-
JISITCA B OTHOIIEHUN 3:4:5) meiuTcsA CeTKOM Ha ua-
ctu. Kak MOXHO BUAETH, OTpe3oKk AG meauTtcs
Ha TPU PaBHBIE YACTU TOPU3O0HTAIbHBIMU JIMHUSI-

¢ I
o
B F

MW U Ha quLIpe paBHBIe gacTu — BepTI/IHaJIbHBIMI/I.
Braunt, AC = %AG; AB=7 AG; BC=AC—AB =

= (3 — ) AG =1{; AG. Iockomsxy AG =512 =
= 60 cm, To BC=5 cm. Ho ecth oxma mpobiieMa:
HalIlIe II0JIe MeHbIIIe II0 pasMepaM. Bocmoib3yemes
TeM, uro AG neaut EF nomoaam B Touke D. Hars-

HeM HUTKY HI 1 BoGbEM I'BO3AL B TOUKY D, mocje

G -G
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yero HaTAHeM HUTKY Me:xkay A u D. Ilocye saToro
MBI CMOsKeM BOUTh rBo3au B u C, KoTopble, KaK MbI
yoKe IOKasaju, yaajJeHbl IPpyT OT Apyra Ha 5 cm!
B KUTANUCKUE MOHETBI

JIerKo 3aMeTUTh, UTO BO BCeX HA3BAHUAX €CTh
cJior 6ao, a Ha BCceX MOHEeTax cJieBa — Ueporaud @
unu . IlecTs MOHET HA3BLIBAIOTCA MYH-0a0, HO
HeT 3HaKa, KOTOPHIN OBl HA IIeCTH MOHETaxX HaXo-
IWJICA Ha OJHOM U TOM ’Ke MecTe (KaK HU COCTaB-
JIA¥W mapbl 3HAKOB OOBIYHOTO IIpudTa U mpudra
mevareii). OTO 03HAYAET, UTO HOPSAJOK HMEPOTJIN-
(oB Ha MOHETE MOJKET Pa3aIndyaThCs.

Mo:kHO HaUaTh paccy:XKJaTh ¢ APYTOil CTOPOHEI.
CJior 10aHb BCTpedyaeTcsa ceMb pas, myH — IIEeCThb
pas3. Ects auibs omgumH cmoco6 00ECIeYuTh 9TO:
IPeAI0J0KNATE, UTO MYH — 3TO I8 = .fﬁ (BcTpeuaroT-
s 110 TPH pasa), I0aHb — JT (BCTpedYaeTes IATh pas)
U KaKOli-TO U3 3HAKOB, BCTPEUAIOIINXCSA ABa pasa
B IIpudQTe HeuaTeit, TO eCTh [2 WK 99, 10 CXOZACTBY,
CKoOpee, IIePBHIH (9TO cooOpasKeHre HA CaMOM JieJie
He ToHanobuTcA, GOPMaJILHO CM. HIKE).

Ciyior myH BCTpedYaeTcsa TOJLKO B COUETAHUU
myH-60a0, a COOTBETCTBYIOIINE MEePOTIUPHI HAXO-
IATCA BHUBY WM ciipaBa. Tak, ecTh UeThIpe Ba-
pHaHTa HOPAAKA UTeHU NeporjindoB Ha MOHETE:

CBepXy-CIpaBa- |CIpaBa-CBepXy- | CBEPXY-CHU3Y- | CHU3Y- CBEPXY-
CHUBY-CJIeBa CHUBY-CJIeBa crpaBa-cjieBa | CIpaBa-cjieBa
(o Kpyry) (3ursarom) (kpecTom) (meTéit)

Momnera (9) umeer Tpu yiKe M3BECTHBIX MEPO-
riuda, 9To MoxkeT ObITh (B) cyr-toanvy myn-6ao,
yuTaemas kpectom. ITosTomy R = cyH.

Mounetst (C) m (H) HasbIBaioTcss OOUHAKOBO:
WL9H-CYH 10aHb-6a0. MOHET ¢ OfUHAKOBLIMU UEPO-
raudaMu HET, CTAJIO0 ObITh, HA OJHOMN M3 3TUX MO-
HeT — HaJAOuch HIpUdTOM meuarTeit, a Ha APYTroul —
oObIuHaA HaAmuch. ITo MmoHeTa (10), omosHaéMm eé
0 HeporIudy A; OHA YUTAETCS IO KPYTY, ¥ MBI
y3HaeM elné ogquH ueporaud 2 = won.

Urak, MbI 3HAEM, YTO MOHETHI MOTYT YUTATHCA
M0 KPyry uWiIu KpecToM. Byaem najiee UCXOOUTH
U3 TOTO, UTO 9TUX BaPUAHTOB AOCTATOYHO; K TOMY
JKe OHM JefiCTBUTENHHO KajKyTcs HauboJiee ecTe-
CTBEHHBIMH (€CJIX MBI HE CMOJKEM IIPOBECTH JaJlb-
HelIlme paccysKaeHusa 0e3 MPOTHBOPEUMii, HAM
MPUAETCA IIPEAIIOJIOKUTh CYIIECTBOBAHUE eIlé
KaKOro-TO BapUAaHTa, — HO 3TOT0 HE ITPOU30UIET).

Brime MBI ofeliasii  pPaccMOTPETh CJaydaid
0aHbL = @ Torma (B) cyH-voanb myH-6ao — 3TO
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moHeTa (2), ynTaemMasa KPeCcToM, CYyH = §§, W MBI
MPUILIA K IPOTUBOPEUMIO: 3TOT reporaud 00Jib-
1le He BCTPeUYaeTcs; y Hac He OyAeT KaHIU aTOB Ha
mouety (C/H) B Bapuaure mpudra meyaTei.

EcThb ermié ogHa BO3MOXKHOCTH: MoHeTa (9) —
ato (I) wanv-10 myn-6ao, unraemaa neraéii. Ho
Tora 2R = 10, a CJIOT 10 BCTPEUAeTCA TOJIHKO OJMUH
pas, ¥ MBI He MOXKeM 00'bACHUTD 7 Ha MoHeTe (10).

Wrak, ceituac MbI IIpeAmnoJiaraeM, UYTO eCTh JBa
crocoba yTeHUS — IO KPYry W KPecTtoM, W 3Ha-
em ueporiudsr 6ao = (5 = &, wans = e = T,
myn = 3% =18, cyn = R, won = B2, a TaK:xe coor-
BercTBua MoHeT (9) = (B), (10) = (C/H).

Hanee, (7)=(I) (ects 6ao, wanHvb, MyH, APY-
I'MX KaHIUJATOB HeT), YNTAeTCA KPECTOM, 10 = fh
(Bmpouem, 9TO JaJibllie He MOHAJOOUTCSA, 9TO YHU-
KaJbHBIN 3HAK).

Temepsb y HAC OCTAIUCE:

- HeonosHaHHBIHM BapuauT (C/H) wan-cyn roaubs-
6ao B mrpudTe nevarei,
* IBe ITapbl MOHET C OTJIMYMEM Ha I0AHb /| MYH:
- (F) wancu-xa2 myn-6ao / (J) wiacu-x3 roanv-6ao,
- (K) cu-run myn-6ao / (E) cu-Hun oanv-6ao,
+ IIapa MOHET C OTJIMYMeM Ha BTOPOM CJIOTe:

- (A) wao-cu myu-6ao / (D) wao-wan myu-6ao,

* MOHETa C ABYMSA YHUKAJIbHBIMU HePOrIrdamu:
(G) caHb-uyHDb 0aHb-0a0.

CocraBuM mmapbl W3 MOHET C COBIIAJAIOIINMU
CHMBOJIAMH B IIEPBOI MJIKM BTOPOI TIO3MIIHSAX:

- (5) =0 myn-6ao (xpecrom) / (1) S0 r0ans-6ao

(mo KD ry),
(2)§Ui myn-6ao (kpecTom) / (4)§ ﬂ 10aHb-6a0
(o prry),
- (6) ¥BEE ryu-6a0 (kpecrom) / (11) BEBE wanv-6ao
(o xpyry).

Heporiud EE BcTpeuaercs B mepBoil um BTO-

pOii MOBUIUAX; TAKUX CJIOTOB ABA: WIH U CU, HO
won = B2, crano ObITh, lii“ cu. Orcioza (6) = (A)
wao-cu myn-6ao; wao = #3. Bropoii umen sroit
napsl (11) = (E) cu-Hun oans 6a0, Z = nun.
Temeps aasa mapsl (5)/(1) He ocTaéTcsa BapuaH-

TOoB, Kpome Kak (F) uicu-xa myH 6ao/(J) wiucu-xa
10ans-6ao, (5) = (F), (1) = (J), 3 = wru, il = xa.

Cpenu ocTaBIINXCSA MOHET 3aMedYaeM i HAa BTO-
po#i mosunuu B (2) (myH-6ao, UTeHUE KPecToM)
U Ha nepBoul mosunuu B (4) (10aHb-6a0, uTeHUE
mo Kpyry). Tak ke Bemér cebsa caor waxH B (D)
wao-wan myu-6ao u (C/H) wasn-cyn wanv 6ao.
Tloatomy (2) = (D), (4) = (C/H), & = B = won,
[ = == cyn, $8 = 18 = wao.

=8

Hy u ocranocs oueBuauoe: (3) = (K) cu-Hun
myH-6ao (110 Kpyry), (8) = (G) canv-uyHb 0aHb-0a0
(xpecrom); cu = 58 = BB, nun — @) = 2=

Ecnu mosBonuTs cebe onmmuparbca Ha CXOACTBO
3HAKOB, TO MOXKHO CPasy 3aMeTHUTh, UTO MOHETHI
(C) u (H) HaswIBaroTCa OAMHAKOBO: WIH-CYH 10AHb-
0a0, U TIONCKAaTh Mapy MOHET C CAMBIMU TTOXO0XKHU-
mu umeporsudamu: 9to 6yayT (4) u (10). Ecau ara

I'UIIOTe3a BepHAa, TO JL = [@ , U JefiCTBUTENbHO,
B COBOKYIIHOCTH 9TH 3HAKU BCTPEUYAIOTCA CEMb

pas, KakK U CJIOT }0aHb; OCTAIOTCS @ m =B0R woan-

cyH. IcxonsA M3 CXOMCTBA 3HAKOB, m = R= cyn,

@ = B = won. ManbHeiimue paccysk/eHns ¢ uc-

MOJIb30BAHUEM CXOJCTBA 3HAKOB 0AHb = @ JT
W BCTpEYaloIlerocs IIecTh pas (TpI/I u TpH)
mymn = 3§ 1#, a TakXKe cu = 58 BER, wao = §u =
= {8, Hun = r!;;] = E 7o)Ke OKA3bIBAIOTCS IIPOIIE,
BIIPOYEM, HEHAMHOTO.
B «PACTYIIAA» EJIOYKA

Otser: 1 ++2. [laHHBIN KBa-
Ipar, He Hapyllas yCJIOBUSI
3aaund, MOXKHO pPasOouTh, Ha
TPeYyroJbHUKN WHade. JIuHuu
paspes3oB 0603HAUEHBI TOHKOM
YEPHON JIMHUEH, I[BEeTHLIMU £
oTpe3KamMu O00O03HAUYEHBI BBI-
COTHI TPEyroJabHUKOB. Ilpu
TaKOM pas30MeHur MAaKCH-
MaJibHas BeicoTa K H €10uKu
paBHA CyMMe AJUH CHUHUX
M KpacHBIX OTpe3koB. Ho
cyMMa AJIUH BCeX CUHUX OT-
PE3KOB paBHA CTOPOHE KBa-
Ipara, To ecTh 1, a cymma
IJIUH BCeX KpPAaCHBIX OT-
PE3KOB paBHA AUATOHAIN
KBajpara, TO ecTh v2, OT-
kyna EH=1+2. A i c
BMi+1=11

1. He monyuuTca 7. BoT ocTanbHbIe TPUMEPHI:

0

3 4 5 6 8
2, [Ipumepb! IpUBEEHBI HA PUCYHKAX.
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3. IlepBrle ABa MpuMepa U MOCJIETHUIN MMOAXO-

IaT us 3agauu 2. Bor ocTasbHBIE PUCYHKH.
4 5 6 7
Bl COEPUKOHBI U TEKCAKOH

1. ITycrs cropoHa KBagpara paBHa a. OcHOBa-
HIe KOHyCa — 3TO KPYT ¢ AUaMETPOM Ha JUarOHaJIN
KBaZpaTa. 3HAYUT, IIOJIOBUHA UINHBLI OKPY KHOCTHU
OCHOBAaHMSA PaBHA MW2a/2, YTO PaBHO [JIMHE IyTH
ceKkropa. Paxgmyc cekTopa paBeH @, 3HAUUT, €CIU
0. — YT'0JI CEKTOpPA B I'pajiycax, TO AJIUHA TYT'U CEKTO-
pa pasHa 2na - o,/360. Otxyzna o. = 90V2 rpagycos.

2. TlepueHAUKYIAP, OUMYIEHHBIH M3 IEHTPA
KBaJpaTa Ha ero CTOPOHY, OIIMPaeTca Ha e€ cepe-
nuny. IlosTOMYy IepneHANKYJIAD, ONYINEeHHBINH 13
IIeHTPa TeTPaKOHAa Ha IIJIOCKOCTb, IIOIMAaJaeT B Ce-
PeIuHY OTPe3Ka, II0 KOTOPOMY TETPAKOH COIPUKA-
caeTcd ¢ IIOCKOCThI0. TaKue cpeHYe JIUHUYU CeK-
TOPOB COEAMHSAIOTCA B 3UT3aro00pa3HyI0 JIMHUIO.
ITenTp MBUIKETCA TOYHO IIO TAKO K€ IUHUU, €CIIU
€€ MMOIHATH Ha BBICOTY IIeHTPA.

3. Bribepem mBa pedpa TeTpasapa, KOTOpbIe He
UMeIoT o0mux BepiuH. [IpoBegéM B KaxK a0 rpa-
HU CPEeJHIO JIMHUIO, KOTOpad IapaJijiebHa Of-
HOMY U3 BRIOPAHHBIX PEOEpP. ITU JIUHUU 00PABYIOT
YEeTBIPEXYTOIbHUK. [IPOTHBOIIONIOKHBIE CTOPOHBI
y Hero mapaJjijiebHBI, TaK KaK CPeIHAA JUHUA
TPEYToJIbHIKA IapajjiejibHa OCHOBAaHMIO. TO ecTs,
aT0 mapaJiiesorpamMm. IIpoBenéM uepes HETO IJIO-
CKOCTB U paspeskeM II0 Hell TeTpasIp Ha JBe UaCTHU.
OHu OyAyT paBHBI, IOCKOJBKY €CJIU IIOBEPHYTH
TeTpasAap TaK, YTO BbIOpaHHBIE PEOPA TTOMEHAIOT-
cA MecTaMu, TO ¥ YacTU IOMEHAIOTCA MeCTaMU.
IlogymaiiTe, moueMy IIOCTPOEHHBIN IapaJJiesio-
rpaMM — 9TO Ha CaMOM JieJie KBajapar.

NN

4. Ecsiz oCh IIPOXOIUT Yepes CePeIUHY CTOPOHEI.
5.
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6. Y 1paBUIbHOTO IATUYTOJBHUKA OCh CIMMe-
TPUU BCErJa MPOXOAUT Yepes cepequHy HeKOTOPO
CTOPOHEBI. ITa CTOPOHA IIPU BPAIlleHUH IPEBPATUT-
cqa B Kpyr. Korga Mbl paspexkem QUIypy, IOJIyUeH-
HYIO BpallleHleM HATUYTOJbHUKA, 9TOT KPYyT pas-
peskercs Ha ABa MoJaykpyra. Korga Mbl moBepHEM
IBe TOJIOBUHBLI C(eprKOHA OTHOCHUTEJIBHO JIpPyT
Ipyra, ABa IOJYKpPyra pasbeauHaTcda. IlomyueH-
HBI c(hepUKOH MOXKET KATUThCA B OJHY CTOPOHY,
MMOKa He BCTAaHeT Ha OJUH IMOJYKPYT.

7. IIpomymepyeM CTOPOHBI MHOT'OYTOJBHHUKA
no mopaxnky 1, 2, ..., 2n. Ilycts och cumMMeTpuu
ObljIa TaK BRIOpaHA, YTO CUMMETPUUYHBI CTOPOHEI 1
u2n,2u2n—1, ... 9Tu Ke mapbl CTOPOH COeIUHEe-
HBI JIGHTOUKaMU (TO eCTh MOJIOBUHKAMU KOHYCOB,
YCeUEHHBIX KOHYCOB U IIUJIMHAPOB) HA ITIOBEPXHO-
CTU OJHOM IOJIOBUHBI c(hepuKoHa. Jlpyras 1moJio-
BUHA moBEpHYyTa. IlycTh OHA MOBEPHYTA B TAKYIO
CTOPOHY, UYTO JIEHTOUKAMU COeJUHEHbI CTOPOHBI 2
nl,3u2n,4u2n—1, ... Torma npu KaTauuu cie-
PUKOHA MBI 6yIeM HIPOXOAUTEH BCE CTOPOHBI MHOT'O-
YroJIbHUKA B TaKOM mopdAzake: 1, 2n, 3, 2n—2, 5,
2n—-4,7,2n-6,...,2n-3,4,2n-1, 2.

8. Tpu pasa. IIpoHyMepyeM CTOPOHBI YKUCIAMUI
1,2,...,12. IlycTh Ha OHOI ITOJIOBUHE CDEPUKOHA
JEHTOUKAMU COeAMHEeHBI CTOPOHbI 1 1 12, 2 u 11,
...,6u7,angagpyroi4dud,bu?2,...,9ul0. Jlen-
TOYKHM Ha IMMOBEPXHOCTHU CPePUKOHA COENUHIIOTCS
B TPU 3aMKHYTbIE JIEHTBI, KOTOPbI€ IPOXOMAT Ue-
pes croponsl: 1,12, 7,6; 2,11, 8, 5; 3, 10, 9, 4.

9. Beckoueunsnlit muanuap. Kouye.

10. Yro06b! HaliTH TaKue KPUBbIe, HYKHO HAPHU-
COBaTh BHYTPHU TeTPAKOHA 1 'eKCAKOHA IIIap MaKCH-
MAJbHOI'O Pajuyca 1 TOTAAa TOUKHU, B KOTOPBIX IIap
KOCHETCSI, U OYAYT COCTABJATH MCKOMbBbI€ KPHUBHIE.
TeTpakoH U reKCaKOH COCTOAT M3 KOHYCOB, IIO9TO-
MY UCKOMBbIE KPUBBIE COCTOAT U3 AYT OKPYKHOCTEH.
BcrmoMHEM, YTO TETPAKOH MOJYyYaeTCA 13 JBOMHOI0
KoHyca. [[BOIHOIT KOHYC — 9TO ToKe KpyTukou! OH
MmoJiy4yaeTcs, ecJii HaprCcoBaTh Ha cdepe ABe OKPYIK-
HocTu. Pasperxem cepy Ha ABe YacTH — KayKaas
OKPY2KHOCTDH PasperKeTcs Ha JBe MOJYOKPYKHOCTH,
u toBepHEM. [ToryumTess KpuBasa n3 UETHIPEX MMOJY-
OKPYKHOCTEHM, HAIIOMUHAIOAA PUCYHOK HA MsAue
s 6eiicoouia. [lyiga rekcakoHa OTBET aHAJIOTUYHBIH,
TOJILKO OyZieT 6 paBHBIX MOJIYOKPYKHOCTEH, KOHI[BI
KOTOPBIX JEJIAT 9KBATOP HA 6 paBHBLIX AYT.

M EJIOYKA — 2021

Ha namm Bsrian, HanboJee cTpoiHaA
6JI0YKa BOT 9Ta (CM. PUCYHOK). XOTSA MO-
TyT OBITH U MHBbIE MHEHUS.
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OJ1IVTMIInansi

IToaBemeHbI UTOTH MaTeMaTUUECKOTO KOHKYpPCa, IIPOXOJAUBIIIETO C CEHTIOPs
2019 roga mo aBryct 2020 roga. B Hém yuacTBoBanu 6osee 400 MIKOILHUKOB
u3 padHbIX cTpaH. HoBBIT KOHKYPC yiKe umIer (cMm. c. 32).

IMO3APABJISIEM HAIIUX IIOBEAUTEJIEN! UMU CTAJIA

BapkoB Aprém MockBa ITxoma Ne 444 6 KJI.

Bupronun Anekcei MockBa ITxoma Ne 179 7 KJI.

TI'pumuna Anacracusa MockBa IITxosa Ne 1158 6 xuI.

EpmonaeB Apcenuit MocxkBa IITxosa Ne 2007 6 xuI.

Kocrukos Bnagucias Camapa T'mvuasua Ne 2 4 RuI.

Kymnyx Enena MaynTus-Bsio, Huff Elementary School 5 K.
Kanudopuusa (CIIIA)

Hasapenko ITaBio Kues (Ykpauna) JIuneit «HaykoBa samina» 7 KJI.

Hecrepenko Anexkcangpa  MockBa ITroma Ne 1287 7 KJI.

OxyneBa Codpusa MockBa ITroma Ne 1533 «JINT» 6 K.

IToxropuos Bau Kyprau ITxoma Ne 48 8 KiI.

ITpoxopos IlaBexn Mocksa Jluneit «Bropasa mrkosas 7 KJI.

Pounckuit Kupumn MockBa ITxoma Ne 17 4 K.

CaBun Muxaua ITporBUHO, JIuneii «IIporBuHO» 6 KJI.
MockoBckas 061,

Cainpaes Jles MaruuToropcxk, IITxosa Ne 5 6 KJI.
YensbuacKas 00JI.

Canaues lIBan Mocksa ITxona Ne 1583 4 K.

um. K. A. Kepumosa

Cusosa IOausa OMuTpOB, T'umuasusa «Jloroc» T RII.
MockoBckas 061,

Tumonuna Npuna Capos, ITxkoua Ne 14 7 KJI.
Huxeropoackas 001,

TroxoB [lanuua Hossrii Cser, IIxoxna «IIpuropomguas» 9 KJI.
JleruHTrpaackasd obJI.

Yanwix I1asen Banakoso, T'umuasua Ne 2 8 KiI.
CapaToBcKas 00.1.

Yacosckux MBaun XuMKH, IIIxosa Ne 14 6 K.
MockoBckas 061,

IIxypneit Anexkcauap Mocksa ITroma Ne 1575 6 K.

Apurkos Muxawni Jlumenk T'umuasua Ne 19 7 R

umMm. H. 3. ITonoBuuesoit

IMO3JIPABJISEM HAINMUX ITPU3EPOB! UMH CTAJIN

Bapakcun AHzapeit MarauToropck, IIxoma Ne 5 6 1.
YenabuacKkad 00JI.
T'asusoB 'apudyra Yoa JIumeit Ne 83 5 KJI.

uM. IInuackoro YTHTY
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DAMInagsi

IxaomBuau AuHA MockBa KypuaToBcKas mrkoja 6 K.
EnuceeBsr
Amnacracus u Ekatepuna MockBa IIxosa Ne 1557 um. JI. Kanuiier 6 KJI.
Muramwuna Jlapbs Capos, IIIxosa Ne 16 7 K.
Huxeropoackasi o6.1.
HexaeBa ExaTepuna MockBa ITxosa Ne 179 7 KJI.
) IIpuxonpko Tamapa KpacHosapck ITxoma Ne 3 7 KJI.
7 CayoB Asexkcauap Banamuxa, IITxona «MaTennexT-CepBuc» 8 K.
MockoBckasa o0Jr.
Crenuna Asmca MockBa ITxona Ne 548 7 KJI.
degopoBa AHacTacus MockBa IIIxoma Ne 1514 6 KJI.
IITupuxos Jle MockBa IIxoma Ne 57 7 K.
IITyBanoBa Huama MockBa ITxona Ne 1505 6 KJI.
IIycros UBan Caukrt-IleTepOypr IIkosa Ne 19 7 KJI.
IOpuenko Anacracus XaposkoB (YKpauHa) IIxoaa Ne 45 4 K1,

«AxageMuuecKas TUMHA3UI»

ITo6edumenam u npuzépam 6ydym 6viciarbl OUnaoMbL HYpHALa «Keanmur»,
a makice npu3svl — HAYLHO-nOnYaapHole KHuzu uzdameavcmea MITHMO,
@onda « Mamemamuyeckue amwdvl» u ponda « Tpaexkmopus»
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Abpamoukuna Exkarepura Camapa Jluneii « TexHUUECK Ut » 7 KJI.

AnydppueBa YibaHa Jlecocubupck, ITxoma Ne 9 8 KuI.

Kpacuoapckuii Kpaii

AcradppeB Kupuwn MockBa Nu:xeHepHO-TeXHIUECKAS IIIKOJIA 6 KJI.
uMm. ITonoBuua

Berke Urops HoBocubupck JIumeit Ne 126 9 KJI.

Borateipsr Hukura MockBa ITxosa Ne 1561 5 K.

Boxuapuyk Anexceii Munck (Benapycs) T'umuasua Ne 10 2 KRJI.

Bopucora Copba Jlumenk T'umuasma Ne 1 4 K.

Kyx Bragumup Kanuuuurpan T'umuasma Ne 22 5 K.

Kamnaués Anexcauap Yura 3abailKaJIbCKUIT 5 KJI.
KpaeBou JUIle-NHTePHAT

Kapneuxo Aprém MockBa IIIxoma Ne 1557 5 KJI.

Kaenamngwnuit Poman CaukTt-IleTepoypr T'umuasua Ne 402 8 K.

KomrwrnoB Astekcauap MockBa Nu:xeHepHO-TeXHUUYECKAS IITKOJIA 6 K.
um. [TomoBuua

Manng:xueB Temup MockBa JIuneit «Bropasa mkosas 6 K.

Myasap BukTop KpacHosapck IITxosa Ne 10 6 K.

TerepruxoB Makap Pocros-ma-[ony Jlumeit «K90» 6 K.

YmaxoB CeBacTbanH Caukr-ITeTepOoypr ITxona Ne 543 4 K.

I[ITapumoBa 3apuna Yoa I'mvuasua Ne 3 6 K.



HaLLI

ez KOHKYPC

IIpursnammaem Bcex monpo60BaTh CBOU CHUJIBI B HAIIIEM
3aoHYHOoOM viaTeMaTmHecKoMm KoOHKypcCce.

ITepBbIi 3TAIl COCTOUT U3 UETHIPEX TYPOB U UAET C CEHTAOPS II0 TeKa0phb.

BricbLnatiTe pemnienus: 3agad IV Typa, ¢ KOTOPBIMU CIIpaBUTECh, He MO3JHee 5 AHBA-
pa B cuctemy mpoBepku konkurs.kvantik.com (maHCcTpyKmmsa: kvan.tk/matkonkurs),
160 3JIeKTPOHHOM mouTtoii o agpecy matkonkurs@kvantik.com, 1160 06bIYHOI TIO-
uyroit mo aapecy 119002, MockBa, b. BiracseBckmuii mep., a. 11, :xypuaa « KBaHTHK».

B nmucsMe KpoMe MMeHH U (paMUIUU YKaKUTE TOPOJ, IITKOJY U KJIACC, B KOTOPOM BbI
YUNTECh, a TAK}Ke 00PaTHBIN IIOUTOBLII aJipec.

B KoHKypCe TakiKe MOTYT y4aCcTBOBATbH KOMaHbI: B 9TOM CJIyYae IIPUChLIAETCA OLHA
paboTa co CIIMCKOM YUYaCTHUKOB. ITOru cpeay KOMAaH/ MOABOASATCSA OTAEIbHO.

3amaun KOHKypca IeuaTaioTca B KaKJOM HOMepe, a TaKyKe MyOJUKYIOTCA Ha caiiTe
www.kvantik.com. YuacTBoBaTH MOKHO, HauMHAaA ¢ Jioboro Typa. Ilobegureneii KAy T
IUILIOMBI :kypHasia « KBauTuk» u npussl. sKeraem ycmexal

Y MeHs BK.oHmakme 16. MosxHO JM 3aMOJTHUTH TabIu-
name Aaliko8 nocmabo, 1y 4 X 4 pa3JUYHBIMU IEJBIMU YUC-

TaHbka, NOMoXeulb u pewy
3a0a4KY peumumo?

Jamu oT 1 7o 16 Tak, 4ToObI HUKaKIe
JIBa COCEIHUX YNCJIA HE CTOSIN PATOM
(B cocemHUX KJETKAX II0 BepPTUKAJIH,
TOPUB3OHTAJIY UJIU AUATOHAJM)?

B 3ada4e mpeyzoAbHUKU
KaKUe -Mmo 04eHb 0CMpPOY2oAbHbie
nonaauce. A mol peuwura 3adadky?

17. JI1060#1 11 OCTPOYTOJBHBIN Tpe-
YTOJIBHUK MOJKHO paspesaTh Ha 17 Ty-
IIOYTOJbHBIX TPEYTOJbHUKOB?
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Agropsl: Muxaun EBgokumoB (16), I'puropuit I'anbmepus (17), Urops Axymauu (18),
Jleonapg Jitnep (19), Auna Auapeea, Muxawnu [1aunos (20)

18. KBautuk 1 HoyTuk urpaioT B TaKyiO UTPY.
H K 1 9 Tpu Yaca yxe ukmyto.

oyTuk fuKTyeT KBaunTuky nmudpsl ot 1 10 9 B ToMm Hado omdoxrgme, A noKka
MopAIKe, B KOTOPOM 3axoueT (KasKIyIO M0 OJHOMY UHHokeHmull nodukmyem
pasy). KBauTuk sanucheIBaeT MX Ha JIHUCTe OyMmaru,
OPUUYEM KaKAyI0 ITudpy, HaunHasg CO BTOPOM, IIH-
miet JinOo cjieBa, J1u0O cIpaBa OT BCeX paHee HAIIU-
caHHBIX IMu@dp. B pesyabrare Ha JucTe obpasyercs
IeBATU3HAUHOE uncao. KBaHTUK XoueT, 4TOOBI OHO
OBLIO KaK MOXKHO OoJibIie, a HoyTuK — 4TOOBI OHO
OBLJIO KaK MOXKHO MeHbIle. Kakoe Ymncjio moJyumT-
cs, ecyu 00a OyayT UrpaTh HAMJIYYIIIIM 00pasom?

- 19. Yucaa N

41,

41+2,

41+2+4,

41+2+4+6,

41+2+4+6+8,
41+2+4+6+8+10,
41+2+4+6+8+10+12

mpocThie. BepHo Jii1, uTO TaK OyzeT
BCcerga u gaJjblie? )

S Xe CKA3AA, MO CHAYAAA
NO2YASHO, NOMOM 34044y
pewamp 0ydy

Mana, y MeHs BolzodHoe

D G C npedroxKeHue. Tol peuaeutb
3adauy, a 4 Bcro Hedearo
mycop BoiHowy

20. asbl gABa IIPAMO-
yronsauka ABCD u DEFG, g \

. F
npudyeéM Touka E jexuT Ha \ /
oTpedke AD, Touka G IeXKUT 4

Ha oTtpeske CD, a Touka F —

IIEeHTP BIIMCAHHOU OKPYKHOCTH TPEYTOJbHUKA
ABC. Bo CKOJBKO pa3 IIJOINaAb IPIMOYTOJIb-
Huka ABCD 6oJabIlie ILJIOIIAAN IPAMOYTOJIbHN-
ka DEFG?

Xynoxunk Huxomait KpyTukos




Xynoxxkunk Hukonait BopoH1ios
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