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Konnekungd ro1oBo1I0MOK

AHrnminckoe HaseaHue ronosonomkn — Check Point - MOXHO nepeBecTn Kak «KOH-
TPONbHbIN NYHKT». Ho npaBunbHee 66110 Obl NCNOIb30BaTb MHOXECTBEHHOE YMUCIIO,
MOTOMY UTO TaKMX MYHKTOB Ha CaMOM Jene 16: 3TO NpAMOYrofibHble 6PYyCOYKM, pac-
nonaratowueca no rpaHue nona. CHavana HyXKHO paccTaBuTb UX — 3TO onpenenut
OJVIH 13 MHOXEeCTBa BapMaHTOB 3TOWM FOSIOBONIOMKM. Y Kax4oro 13 npAamoyrofibHbIX
OpycouKoB fBe 6OKOBbIE CTOPOHbBI MYCTbIE, @ HA ABYX APYTMX HAHECEHbI MONYKPYTy —
KpacHbI 1 6enbli.
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MoproToBmB TakMm 06pa3om ana cebs 3agavy, Bbl MOXeTe NPUCTYNaTb K ee pelle-
HUt: TpebyeTcA 3anoNHNTb BHYTPeHHee none 4x4 KBagpaTHbIMU NAUTKaMM TakK, YToOb
NONYYUNNCb TONMbKO Lienble OAHOLBETHble Kpyru. Ha mnuTkax Toxe eCTb KpacHble 1
6enble nonykpyru — no 20 Kaxporo uBeTa. VIx pacnonoxeHue nokasaHo Ha pUCyHKe
cnpaga (ogHa nnnTKa nycras).

ABTOP 3TOW rofI0BONIOMKM — HeMeLKuin n3obpetatens Jutep Mattec (Dieter Matthes).
Ee nerko caenatb B fJOMALLUHUX YCNOBUAX 13 daHepbl Mnv KapToHa. M Ha camom pene Bbl
nomnyyuTe cpasy MHOrO rofloBOSIOMOK, MOTOMY UTO Kax[JaA HOBaA pacCTaHOBKa MPAMO-
YroNbHbIX OPYCOUKOB Ha rpaHuLe MonsA JaeT HOBYI 3ajauyy. ACHO, UTO He BCE OHY
MMEIOT peLleHre: eCni, Hanprmep, OCTaBUTb Ha FPaHuLe TONbKO 6enble NOoNyKpyru, TO
Ha KBafpaTHbIX MAWUTKaX UX MPOCTO He XBaTWT. Mbl NpMBOAUM TpU BapuaHTa CTapTo-
BOTO pacnonoxeHma OpycoukoB. HO Bbl MOXeTe 3KCMeprMEHTUPOBATb C APYruMu
BapuaHTaMu 1 Jaxe npoboBaTb aHaNOrMyHble rOOBONIOMKMA C MOAAMM LPYruX pas-
MepOB.

*Kenaem ycnexos!

B.XKypasnes
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ACTPOHOMMUSA BEPHYNACh B LUKOMY

B.CYPAUH

HOTUE TO/Ibl ACTPOHOMUA BbIJIA

BBIBE/IEHA W3 4YHCJIa 00513aTeJbHBIX
MTKOJTBHBIX TIpeiMeToB, HO B 2017 Tomy ee
PeabuIuTHPOBAJIN 1 BOCCTAHOBUIIU B IIPABAX.
Temneps acTporomusi — 06si3aTe bHas UCIUIT-
JINHA, PABHOMPABHAS C JPYTUMU €CTECTBEH-
HO-HAYYHBIMU TIpeJMeTaMu: (PU3UKOIT, XUMU-
eil, 6uosiorueil, MaTeMaTUKOIl, reorpadueii.
ITO OTPAIHO, MMOCKOJBKY BO BCEX PA3BUTBHIX
CcTpaHaxX 3HAHUE ACTPOHOMHU CUMTAETCS He-
MIPEMEHHOI YaCThIO KYJIbTYPbI COBPEMEHHOTO
yejioBeka. Tem 6oJiee 3TO BasKHO IS Hallleil
CTPaHbl — POJMHBI KOCMOHABTHUKH.

Ho nosiBsiere HOBOTO NIKOJIBHOTO TIPe/Me-
Ta BCEr/la BBI3bIBAET BOMPOCHI. Tak Jm OH
Hy)KeH ViKe TIeperpysKeHHbIM 3aHITUSIMU
mkosapHIKaM? UTo HOBOTO OH facT Ha done
JeiicTBytonux auctuiana? He pocrarouno
Ju obmux 3HaHuii 0 BcemenHoii, KoTopbie
YVUEHUK TIOJIyYaeT U3 CPEICTB MACCOBOW WH-
dopmaruu?

OmnpeniesieHHbIN pe30H B 3TOM ecTh. Cpej-
CTBa MaccoBOi WH(MOPMAIUN JIOOST acTpo-
HOMUYECKYI0 TEMATHKy W YacTo K Heil oOpa-
mratorcst. CroskeTpl (haHTACTHYECKUX POMa-
HOB U (PUIBMOB TOXKE YaCTO CBS3AHBI C KOC-
MUYECKUMU Ty TEIECTBUAME, a TEJECBU3UOH-
Hble 00pas3oBaTesbHbIe KaHAJIBI 000XKAIOT
«KOCMUYECKYIO» MY3bIKYy. Bce ato crumy.iu-
pyer 10603HATEbHOCTD, HO TIOUTH HE JaeT
HOBBIX 3HAHWI.

A 3a/1a¥a MIKOJIBI — MOJTOTOBUTD OYIYIIHX
PaGOTHUKOB, CIIOCOOHBIX CTABUTDH 33/a4¥ U
pelaTh uxX, B TOM YHCJIe ¥ B 06JIaCTH HAYKH,
KOTOpasi CErO/IHS SBJISETCS MOITHON TTPOU3-
BoauTebHOU cuion. I[loatomy BakHO, He
Tepsis POMAaHTUYECKUH 37IEMEHT aCTPOHOMUN
(Benb CTapIIEKJACCHUK — 5TO €Ile M IOHbIIL
opranusMm ¢ spkoii ¢anrasueit!), cBssaTb
«HebecHy1o HayKy» ¢ 60Jiee IPU3eMIeHHbBIMU
npeMeTaMu, HEITOCPEJICTBEHHO TTUTAIONTIMMI
TEXHUKY ¥ Halll ObIT, T.€. ¢ PUBUKOIT, XUMUEn
u T.11. Cerosiust ¢/iesaTh 3TO HECJOKHO, T0-

CKOJIbBKY COBPEMEHHasI aCTPOHOMHSI, B 6OJIb-
nreii cBoel cTereHu, 3To acTpou3nKa, acT-
poxuMust u jaxe actpobuosiorusi. Pazymeer-
s, «3eMHBIC» HAYKH CBSI3aHDI C 9KCIIEPUMEH-
TOM B KOHTPOJINPYEMDBIX YCJOBUSX, YTO He-
BO3MOXKHO OCYIIECTBUTH C HEGECHBIMU Tesa-
M. Ho aKcmepuMeHT MOKHO CTaBUTH He
TOJIBKO B JIaGOPATOPHH: TIPUPO/IA TOCTOSTHHO
CTaBHUT KCIIEPUMEHTHI Ge3 HAIero yYacTusl.
Hy:xHo Jsmib HayduTbes 3a HUMHU HAOGJIIO-
natb. U ecomm ma6opaTOpPHBIi SKCIIEPIMEHT —
3TO TOYHOCTDb, TO ACTPOHOMHYECKHe HabJIIo-
JIEHUST — 9TO TNATIA30H.

dusunka

CBolicTBa BeIeCTBA OYEHD CUJIBHO 3aBUCST
OT €ro TJIOTHOCTU: CPABHUTE BOJLY B COCTOSI-
HUU T1apa, *KUJKOCTH U Jibjia. MHOTHe CBO¥-
CTBa aTOMOB MOKHO H3y4yaTb TOJDBKO IPHU
KpaifHe HU3KHUX IMJIOTHOCTSIX, KOT/[a KasKIbIit
aToM «caM To cebey» W He B3auMO/IEHCTBYET ¢
cocessivMu. B jraGopaTtopun npeebHO HUu3-
KHe IJIOTHOCTU HAa3bIBAIOT CBEPXBBICOKUM
BakyyMoM; cerogus ato 107 wacrui B Ky6u-

CoJiHeYHas KOPOHa BO BPEMA 3aTMEHVA
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TymaHHoCTs OprioHa — 0b/Iako MEX3BE34HOro
rasa

YeCKOM CaHTUMeTpe. A HACKOJBKO HU3BKHE
MJIOTHOCTH IOCTHKUMbBI B «KOCMUYECKOIT JTa-
6opaTopuus ?

Bo BpeMst coHeuHOro 3aTMEHUST Mbl BUIUM
custionyto kopony CoJiHIIa; ee TJIOTHOCTD
10% =10° M. Ha 3emuse s10 CBEPXBBICO-
KHiT BaKyyM, a B KOCMOCE — BeCbMa OIIYTH-
Mast cpesia. Y aanssich ot CoJTHIIa, Mbl BUIUM,
KaK COJIHEYHasi KOPOHA, MPEBPANIasich B IM0-
TOK COJTHEUHOTO BETPA, CTAHOBUTCSI BCE MEHee
U MeHee TJIOTHOW. Y opOuThI 3eMJu TLI0T-
HOCTH COJIHEYHOTO BeTpa CHUKAETCS JI0
10 em™ . IIpumepro TaKyl JKe TLIOTHOCTD
UMeIOT 06J1aKa MEXK3BE3IHOTO Ta3a, a MeXIy
ATUMU OOJaKaMU MeK3Be3/IHOE IPOCTPaH-
CTBO el1[e Pa3perKeHHee — BCEro JIMIb 1 ey ™
a TO M MeHbIlle. ITO B MUJLINAP/L Pa3 MEHbIIE
IJIOTHOCTH CAMOTO BBICOKOTO JTAG0OPATOPHOTO
BakyyMa. ATOMbBI B TAKHX YCJOBHUSIX MOTYT
JIOJITO OCTABATLCSI B OJIMHOYECTBE, HE B3AUMO-
JleficTByst ¢ apyrumu atomamu. [lpm atom
MPOSIBJISTIOTCST WX CBOICTBA, HEIOCTYITHBIE
U3YUYEHUIO B JaGOPATOPHUM, HAIIPUMED BO3-
Oy K/ICHHBIE COCTOSHHS € OOJIBIIAM BpeMe-
HeM xu3Hu. [lepexoapr M3 TaKUX COCTOSTHUH
B COCTOSHUSA C MEHDIIIEH SHEPTHUEH «3arperie-
HBI»>, T.€. TPOUCXOST KpaiiHe peiko, M0aTo-
MY COOTBETCTBYIOIINE JTUHUH B CIIEKTPE U3JTY-
YeHUsI TOKe Ha3bIBAIOT 3alpenieHHbIME. B
J1a6opaTOpUK TAKOil BO3OYSK/EHHBIN aToM
00s13aTeTbHO CTOJIKHETCSI C COCEJIOM U Tepe-
JIacT eMy dHepruio 6e3 ma3ayvyenus. A B pas-
PEKEHHOM KOCMOCE aTOM JIOJITO MOJKET Jie-

TaTh (€3 CTOJKHOBEHUS, MOKA He H3JIydIuT
3anpeniennyio awauo0. [loatoMy mMeHHO B
CTIEKTPaX MEK3BE3HBIX 00JAKOB ObLIH 006-
HAPY’KEHbl U M3y4YeHbl 3allpellleHHble Tepe-
X0/l B aTOMaX, YTO 3aMETHO IPOBUHYJIO
aTOMHYIO (PUBHKY.

Ho Mex3Be3nnas cpega — aTo elie He
npeJiesi MycToThl. MeXraJaKTHIecKuii Ta3 B
CKOILJIEHUSIX TaJIJaKTUK KMeeT ILJIOTHOCTD
10074102 em™ | 3 [IPOCTPAHCTBE MEX/1Y
CKOILIEHUSMHU BelllecTBa — ele MeHble. A
Cpe/lHsisi KOHIIEHTpallusi aToMOB Bo Bceesen-
woit — okoso 3-107 cm™> , UHBIMU CJIOBaMU
— oaun atoM (Bozopoza) B KyGOMeTpe Ipo-
cTpancTBa. BoT 310 acTPOHOMBI U HA3BIBAIOT
CBEPXBBICOKUM BAaKyyMOM: B MUJIJIMOH M-
JIMAPJ/IOB pa3 Jiyulie, 4yeM B Jaboparopun!

Temnepb o6paTuMcsi K BBICOKHM TLJIOTHOC-
TsM. V3ydaThb BelecTBO MPH CUJILHOM CiKa-
THM OY€Hb BaKHO — XOTS OBI JIJIsI TOTO, YTOOBI
MOHSATD, KaK OHO BeJIET ce0sI B HeJIpax 3eMJIn.
W3 npuposHbIX MaTepruajoB BbICOKOH IJIOT-
HOCTH MBI 3HAKOMBI co cBunIoM (11 r/ em® ),
3os0otoM (19 r/cM3 ), ocmuem (23 r/CM3 ).
MaxkcumaJibHbIE TIJIOTHOCTH ¥ JABJIEHUS, 10-
CTUTHYTbIE B JIAOOPATOPHUSIX Ha IMpeccaxX ¢
aJIMa3HbIMU HAKOBAJIbHSAMU, OJU3KH K TEM,
KOTOpbIe Mbl uMeeM B sijipe 3emau. /o yciio-
BUU, MApSIIUX B HeJpax IJIaHeT-TUTaHTOB,
Ja6opaTOPHbIE YCTAHOBKY ellle He [[OTSATHBa-
1oT. Uto y:x roBoputhb o sigpe CouHila, rue
IrasMa cykara 1o mirotHocts 150 r/ eM® 1 MBI
UMeeM BO3MOJKHOCTb U3ydaThb ee MoBe/leHue,
PETUCTPUPYST TIPUXOJSAIIIE OTTya HEHTPH-
HO. A 3Be3/1bl TocTapiie Harrero CostHIia, yxxe
3aBEPIIUBIITIE CBOIO 9BOJIOINIO, OCTABJISIOT
nocJsie ce6s1 OCcThIBaIOIINE sijipa — GeJible Kap-
Jgukn. II7TOTHOCTD WX BeIecTBa € TPYJIOM
yKJaajabiBaeTcsa B Hamel ¢daHTa3um:
10° —10° r/CM3 . 910 ke 100 ToHH B HaMEpP-
ctre! U Takux 06bEeKTOB BOKPYT HAC MHOTO;
ACTPOHOMbBI M3Y4alOT MX YK€ BTOPOE CTOJIe-
THE.

Ho ocrtaTku 29BOJIOINNA MAaCCUBHBIX 3BE3[|
elle y/INBUTEJbHee — 9TO HEHTPOHHDIE 3BE3-
JIbI, UMeEIOII[e IIJIOTHOCTD 103 — 10" r/CM3 .
Tyt y>xe Hama paHTa3nss OKOHYATETBHO Ca-
ercst — Bejtb 910 100 MuTH TOHH B Hamnepcrke!
Hukora Ha 3emiie MbI He TIOJTyYNM BEIIECTBO
MIPU TAKOH TJIOTHOCTH B MAaKPOCKOITIMYECKUX
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KOJMYecTBax. A n3ydarb ero B KOCMOCe BITOJI-
He BO3MOKHO. OOGHAPYKEHBI JKe ThICSIIN Heli-
TPOHHbBIX 3Be3/l, 1 Mbl MOKEM CJIE/IUTh 32 UX
moBeleHneM 1 HaGJII0aTh X TOBEPXHOCTD.
KcraTu, B6JM31 UX TIOBEPXHOCTU CYIIIECTBY-
10T (paHTaCcTUYECKUE MATHUTHBIE TI0JIT C WH-
JYKIHeil /10 10! Tc, Torga xak B sabopato-
pUM Mbl MOJKET CO3/aBaThb JIMUIb /10 10 Te.
PaszpoiB B 10 mMusmmonos pas! Bpsag s B
0603puMOe BpeMsl ero yAacTCsI MPEOJI0JIETh.
A m3ydJaTh TIOBe/ieHUEe BelecTBa B MarHUT-
HBIX TIOJIIX HEUTPOHHDBIX 3BE3I MBI MOXKEM
yKe ceronns. M aTto moBeseHue MmomcTmHe
yausaser. Hampumep, atom Bomopoja, To-
MeIIeHHbI B TAKOE T10JIe, U3 IIapUKa IIpeBpa-
maercs B HuTouky (Benomunaem cuay Jlo-
peH1a). A eI BbIYUCIUTD [IJIOTHOCTD MACChI
MarHuTHOIO MOJIST ¢ UHAYKIMel B = 10" Tec,
TO MOJy4YMM HE MeHee YIUBUTEJbHBINH pe-
3yJbTaT: Pp = Bz/(2u002) =40 T/CM3 . Bol
TOJBKO TtorymManite: 40 TOHH Macchbl B KaXK/[OM
KyOMYeCKOM CaHTUMETpe ITyCTOTHI, TTPOHU-
3aHHON MarHWTHBIM ntosieMm! U atm ycioBus
JIOCTYTIHBI JIJIST N3yYeHNsI, KOCMOC JapyuT UX
HaMm. He#TpoHHBIE 3Be3/bl € PEKOPIHLIMU
MarHUTHBIMH TOJIIMI, TaK Ha3bIBaeMbIe Mar-
HUTApPbI, celiyac akKTUBHO UCCJIEAYIOTCS acT-
podusmkamu.

KpaboBuaHas TyMaHHOCTb. IT0 OCTATOK B30PBAB-
LIeViCs MAaCCUMBHOM 3BE3/bl, B LIEHTPE KOTOPOro
HAXOAATCA ee COXPaHUBLLEECS AP0 — HEUTPOH-
Has 38e34a

2017 /Nel2

Eme onnH «kocMmudecknit 60RyC» A hu-
3UKH — TO YACTHUIIBI BBICOKOW HEPTUH, KOTO-
pbie DUBUKU UCIIONB3YIOT /IS 30HIUPOBAHIS
BHYTpeHHell CTPYKTYPbI 3JIEMEHTAPHBIX Yac-
THI[ ¥ POXK/EHMS HOBBIX WX THUIIOB, paHee
HEM3BECTHBIX Y4eHbIM. UeM BbIllle dHEpPrust
YaCTHUIIBI-YIAPHUKA, TEM HHTEPECHEe Pe3yIb-
TaTbl. BoJbIoi a/ipoHHbII KOJIalizep cIo-
co6eH pa3TOHATH IPOTOHBI [0 3JHEPTUHU
10" 5B. [TpoekT Ouenb GOBIIOTO AAPOHHO-
ro xommaiinepa (VLHC) npemycmaTpusaer
anepruio 10" 5B. Bpsax o B oGospumoe
BpeMs Oy/ieT co3aHo 4To-1u60 60Jiee MOIII-
Hoe. A 13 KOCMOCa B COCTaBe IraTaKTHIeCKUX
KOCMUYECKUX JIyyeil K HaM TIPUJIeTaIoT TIPo-
TOHBI C DHEPTHei 10 10%° 5B, B MUJLIINOHBI
pa3 sHepruvyHee TeX, YTO PA3TOHSIET KOJLIAil-
Jiep. Y CKOpuTeJIb ¢ TaKoii aHeprueit Boobiie
HEJTb3s1 TIOCTPOUTH Ha 3eMJie, TOCKOJBbKY €ro
pasMep ObLT GbI 6OJIbIIE, YeM Y CaMOIl TIJIaHe-
tol. He rosops yxxe o ero croumoctu. A us
KocMOca OBbICTPBIE YACTHUIBI MPUIETAIOT K
HaM OecriaTHo. AkagemMuk AxkoB Bopucosmy
3esb1oBUY TOBOPUJ, 4TO Beenennag — ato
yckoputesib s Gennpix. Ho, kak Buaum, u
camble 6oratble He CIIOCOGHBI CO3/IaTh TAKOI
YCKOPHTEb, KOTOPbIIl 6bI KOHKYPUPOBAJ CO
Bceenennoii.

Quandeckmi «anucobepr». 470 Mbl 3HaemM, a 410
nPeACToOUT Y3HATh



ACTPOHOMMUA BEPHYJACDHD B IMIKOJAY

W HakoHel, UMEHHO acTPOHOMUS yKa3aJa
(pusuram Ha cymiecTBOBaHNE B TPUPOJIE IBYX
TAWHCTBEHHBIX CYIIHOCTEH — TeMHOH Mare-
pun u teMHoi sHepruu. [lonckamu temMHOM
Marepun (a TouHee — TEMHOrO BEIECTBA)
AKTUBHO 3aHATbI ceffuac (PU3NMKU-DKCIEPU-
MeHTaTopbl. [IOHATD aHTUrpaBUTAIIMOHHYIO
CYTTHOCTH TEMHON SHEPIHH MBITAIOTCS (PU3K-
Ku-TeopeTnku. bes acTpoHOMmYecknx Ha-
Oso/ileHwii Mbl Obl HUKOT/IA HE y3HAJIU O
CYIIECTBOBAHUY ATUX JIBYX 3aTaJI0UHBIX OOHEK-
TOB TIPUPO/IBI, 3ATOJHSAONMX BceseHHyo
cBoell Maccoii-sHepruein Ha 95%. MoKHO
JIMIIb BOCXMINATHCS TeM, 4To, Habuaonas 2%
Macchl Bceesnennoit (3Be3zibl, Mek3Be3IHbBIMH
ras, MJaHeTbl), aCTPOHOMbI CMOTJIM Y3HATH O
CYII[ECTBOBAHUY M HEKOTOPBIX CBOMCTBAX He-
BuuMbIX 98% maccbl Beesennoil. 9T1o ort-
KpbiBaeT 1epes (pU3MKOI 3aXBaTbIBAIOIILYIO
MEePCIEKTUBY: U3ydeHUe Hallero Mmpa, o
CyTH, TOJIBKO HaunHAeTcs!

TexHuka

AcTpoHOMUSI, KaK U [Pyrue BETBU ecTe-
CTBO3HAHUS, MCIIOJb3YET CaMble COBPEMEH-
Hble TEXHOJOTMH W caMa CTUMYJUPYET UX
passuTre. MOKHO BCIIOMHUTD, YTO 3aITyTIEH-
el B 1990 romy Ha opOUTY KOCMUYECKUIT
TeJleckon «XaO06/» cHadaJa JaBajl Hekade-
CTBEHHbBIE M300paXKEHUs, TOCKOJDbKY €ro
00BEKTHB CTPafas CUuIbHOM abeppanmeit. s
HCTIPABJIEHUST HTOTO HEJJOCTATKA M BOCCTAHOB-
JieHusI KauecTBa n306pakenust GbLIu PAa3BUTHI
MOIIIHbIe MaTEMATHYECKIIE METObI PEIIeHs
o6paTHOIl 3a/1aun, B aIbHENIIIeM Hallle/IIIe
[pUMeHeHe B KOMIIbIOTEPHOIT ToMOTrpadui.

Jlos yoydnieHust KauyectBa M300paKeHMiA,
MOJTYY€HHBIX HA3eMHBIMU ONITUYECKUMU TeJIe-
CKOIIaM¥, ceiiyac pasBUBAIOTCS METO/bI aK-
TUBHOU U aJallTUBHOM onTuxu. PesysbraTb
MMOPA3UTENbHBI: HCIIOPUYEHHOE HEOTHOPOTHON
aTMocdepoii 3emMin n306paskeHre KoCMuiec-
KOTro 00beKTa y/IaeTcss B PeaJlbHOM BpeMeH!
BOCCTAHOBHTD TTOYTH JI0 U/IEATHHOTO COCTOSI-
Husi, Kak 6yaro Obl Teseckorl paGoTaer 3a
mpeiesioM arMocdepbl, a He Ha [[He BO3/IYIII-
HOTO OKeaHa.

WNayuenne CostHEUHOI CUCTEMBI CETOIHS B
3HAYUTEIHHON CTEIEeHN OTIMPAETCS Ha KOCMO-
HaBTUKY M aBTOMATHUYECKUE MEKIJTAHETHbIE
30H/IbI. DTO CTAJO HEOTHEMJIEMON YaCTbIO

actpoHomut. IIpu 3TOM KocMUUecKue ycJo-
BUSI CTABAT Tlepe/l TEXHUKON HeGbIBaJIbIe 3a-
npaun. Cozanbl 30H/bI, PAbOTABIIIE HA I[10-
BepxHoct Turananpu remrneparype —180 °C
1 Ha MOBepXHOCTH Benepnl ¢ Temneparypoit
+460 °C . Mapcoxoa «Opportunity» (NASA)
y:ke 14 jier myTeniecTByer 6e3 peMOHTa 110
Kpacnoii niianere, a HeKOTOpbIe MEXKILJIAHET-
HbI€ alllaparhbl B YCJIOBUAX BBICOKOI KOCMU-
YeCKOIl pafinalliil MCTPABHO HECYT CJIYKOY
yake 6oatee 40 met! HageskHOCTD 1 MEHHATIOP-
HOCTb COBPEMEHHOU OBITOBOU JIEKTPOHUKH B
3HAYUTETbHOH CTeIeHN 00s3aHa TEXHOJOTH-
SIM, PA3BUTBIM ITPU CO3/IAHNN ATHX KOCMUYEC-
KIX 30H/IOB.

Ho acTpoHOMBI He OCTaHABIMBAIOTCA HA
npsAMOM uccseoBanuu 1aneT CosHeyHon
cucTeMbl. 3a I0CJe/JHIE TO/Ibl OTKPBITHI Thbi-
CAYM IJIAHET Y COCEJHMX 3Be3[[, U K HEKOTO-

Mexx3Be3qHbiv MUKPO3OH/L CO CBETOBbLIM r1apy-
com
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PBIM U3 HUX TOXE XOTEJ0Ch OBbI TOCJATh
aBTOMATHYCCKUX pa3BeAunKkoB. Eme Hemas-
HO 3TO Ka3aJochb 4YuCTON (hbaHTa3meid, Io-
CKOJIbKY MeXX3Be3/IHble Iepeserbl TpeGyioT
OKOJIOCBETOBBIX cKopocreii. Ho B atom Ha-
IPABJIEHNH YK€ BEJETCS MPAKTUUecKas pa-
6ora. ITpoext Breakthrough Starshot npesu-
TI0JIATAeT CO3/IaHIEe CBEPXMAJIOTO UCCIeI0BA-
TEJbCKOTO armapara, KOTOPBIN OTIPaBUTCS
€O CKOpOCTBIO 1,/5 OT CKOpPOCTH cBeTa K
mraneram Onmokatinmx 3ses/ (o Kenraspa n
JIP.) C TIOMOIIBIO CBETOBOTO TIApyca, <HaLy-
BAaEeMOTO» WM3JIyUEHHEM OTPOMHOI CHCTEMbI
JIa3epoB, NCTIOb3YOMNX AAITHBHYIO OTTH-
Ky. JTO yke He (baHTasus, a NPaKTUIeCKast
pabota, 00beIMHUBIIAS B ceOe aCTPOHOMHUIO,
KOCMOHABTHKY U HAHOTEXHOJIOTHH.

MaTtemaTtuka

Kazanoch 6bl, cBI3b MaTeMaTHKHU C acTPO-
HOMUeEW 04eBU/IHA: MaTeMaTHYeCKUil anmnapaT
— 3TO MHCTPYMEHT ecTecTBo3HaHus. [leii-
CTBUTENBHO, B GOJIBIITMHCTBE CJIyYaeB B acT-
POHOMUM MATEMATUKA UTPAET CJIYKeOHYIO
POJIb: aCTPOHOM, MTPOYeCchIBast HeGO TeTeCKO-
IIOM, OTKPBIBAET HOBbIe OOBEKTBI, & 3aTeM
MaTeMaTHKa TTOMOTAeT eMy BBIYUCJINUTD OpOU-
Ty oOHapy:KeHHOTO Tesa. Ho 6biBaeT u mo-
npyromy. Dpanity3ckuii MmateMatuk Y poeH
Jlesepobe (1811—1877), aHamusupyst JABIKe-
Hue ILIaHeTbl YpaH, cJaydyailHO OTKpPbITON
Yunbamom Tepruenem (1738—1822), moms,
yro B COJHEYHOH cHCTeMe ecTb ele OJHO
MaCCHBHOE TE€JIO, W TIPEJICKA3aJl CyIIeCTBOBA-
Hue HOBOH myaneTsl Ha nepudepuu Costey-
HOI#1 cucteMbl. OCHOBBIBAsACh HA OTKJIOHEHUN
VYpana or pacuernoii tpaekropuu, Jlesepbe
BBIYMCJINJL [10JIOKEHMEe HeU3BECTHOH IlJIaHe-
TbI, U 110 €I0 YKa3aHUIO aCTPOHOMBI TYT JKe ee
obHapykuiu: HenTyH ObL1 OTKPBIT 23 CeH-
Ts16pst 1846 rosa, Kak roBOPMJIM TOT/A, <HA
KOHYWKE Tepay.

[ToBTOpsiOCch T TIOJOOHOE MaTeMaTHyec-
Koe uyno B ucropun acrponomun? Iloxa
net. [/laxe momnbiTka camoro JleBepbe mpe/-
cKasaTb elnie o/iHy maHery psgoM ¢ CoJH-
1[eM, BHYTpU opOuUThl MepKypus, 0Ka3arach
GesycremHoi: 1aanera Byskan (tak ee 3a-
paHee Ha3BaJM) He CYILIECTBYET, a <Helpa-
BUJIBHOCTH» B JIBIDKEHNN MepKypus o6bsic-
HUJIa 061Iasl TeOPHUsl OTHOCUTEJIbHOCTH JiTH-
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mreitHa. Ho, Kakercst, ceiluac Mbl BHOBb
CTOUM Ha TIOPOTE MATeMaTHYeCKOTO OTKPBI-
Tust GOJIBIION TIJIAHETHI; HA Ceil pa3 He Ha
KOHYMKeE Ilepa, a Ha MOHMTOpPE KOMIIbIOTe-
pa. Uccrenoatemn n3z Kamidopuuiickoro
TEXHOJIOrnYeckoro uHctutyTa Malik bpayn
n Koncrantun Bareirun B 2016 rogy ormy6-
JIMKOBAJIN CTAaThio, B KOTOPOW BBICKA3AJIN
runoresy o cyiecrsopanun B CouiHeyHol
cHucTeMe TIIaHeThI Maccoit 6osee 10 3eMHBIX
n pasmepoMm mnpumepHo ¢ Henryn. Hosas
IJIAHETa, KOTOPYIO MCCJE0BATEIM HA3bIBA-
0T [leBATO# TLIaHeTOH, MOXKET 0OpaNaThCst
BOKpyT COJIHIIA ¢ TIEPUOZOM B JICCATKHU TbI-
cau jer. Ha ee cymecTBoBanne yka3biBaeT
aHasm3 opouT 06GHAPYKEHHDBIX 32 MOCJIeHIEe
rO/Ibl KPYIHBIX aCTEPOU/IOB U KapJIHUKOBbBIX
rianeT Ha jganexoil nepudepun CosHeqHON
cucrembl, B mosice Koiinepa. Vx op6utbl
pacrpe/ie/IeHbl He XaoTHYHO, a B OTpefie-
JIEHHOM TOpsi/ike. MareMaTHieckoe Moje-
JINPOBAHUE TOKA3AJI0, YTO <«JIUPUKUDPYET»
WX JBIKEHNEM HEM3BECTHOE MACCHBHOE TEJIO
— JleBgaras maneTa.

Coanue

Opbutbl BHelHux Tes1 COMHEYHOM CUCTEMbI 1
rPeAnonaraémas opouTa runoTeTyeckor Jjess-
TOU 11/13HEThI

Ee op6ura npu6im3nTesbHO U3BECTHA, HO
MOJIOKEHNE TIJTAaHEeThl Ha OpOUTE MaTeMaTH-
yecKast MOJIeJb MPEeJCKa3aTh He MOXKET. Y iKe
JIBa TO/Ia ACTPOHOMBI UIIYT 3Ty TJIAHETYy, HO
3ajJlaya HENpocTasi: M3-3a y/AaJeHHOCTH OT
Couiania /leBgaras muiaHera JOJIKHA BbITJISI-
JIETh BeChbMa TYCKJIO. J[Jis ee TIOMCKA HY KHbBI
caMble 30PKHUE TEJECKOTbI, & OHU B Jlehutim-
te. Ho, Kak M3BecTHO, KTO MINET, TOT BCET/a
HalIerT.

(Ipogonxenue creqyer)
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B.[IPOTACOB

U 5 BBIXOXY 13 MPOCTPAHCTBA
B 3anyiyeHHbIN Can BEIMYIH
U MHUMOE pBY OCTOSHCTBO
U camoCco3HaHbe rpuduH.

0.2.MaHpgenbLwTam, 1935

HEBO3MOXHOE Ha /IOCKOCTU OCYLLECTBU-
MO B TDEXMEPHOM POCTPaHCTBE!

N.®.WapbiruH, 1975

OYEHb JAJIEKOM VYJKE 1975 TOIY

Uropp @egoposuy [laperun (1937—
2004) ony6aukoBan B «KBanrte» craThio
«Bbixog B mpocrpanctBo» (crarths Gblia
nepenevyatana B «Ksanre» Ne7 3a 2017 r.).
B Heii on co6past 3aMedaTeIbHY 0 KOJIIEKITHTO
TJIAHUMETPUYECKUX 3a/1a4, B PEIEHUH KOTO-
PBIX HCTOJb30BAIHUCH TPEXMEPHbBIE KOHCT-
pykuun. B kaskmoii u3 aTux 3ajau, nepedpa-
3Upys U3BeCTHOe uspevenue Ajgamapa, 6Ju-
JKaMil IIyTb MesK1y ABYMs UCTUHAMKU B
IIJIOCKOCTH JIEXKAJI 4Yepe3 TPEXMEPHOe IIPO-
crpanctBo. A B 1993 romy Bblles HOBbBII
BapuaHT 3TOH cTaTbu IMoJ HazBaHueM «leo-
METPHYECKI CTepeOCKOIl», JJOTIOTHEHHBII
HOBBIMU WHTEPECHBIMU W TIOPOH HeOXKM/aH-
HbiMu ipuMepamiu (aBroper cratbu — B. JIy6-
posckuit, W.I[lapeirun). 3a mpoureamme ¢
TEX MO YETBEPTh BEKA MHOTOE GBLIO OTKPHITO
u nepeocMbicaeHo. IlosBuinch HOBBIE 3a71a-
4§, U3MEHIJIOCH TIOHUMaHKe cTapbiX. Korma
00beM CBEKEr0 MaTePUAJIa IPEBBICUI KPUTH-

YeCKyI0 OTMETKY, MBI PEIINJIN BEPHYThCS K
3TOIl TeMe. A Ha3BaHME OCTABUJIN MPEXKHUM
(aBropy He ymamoch npugymath Gosee yaad-
HBIl 3aTOJIOBOK), JIMIIb J00ABUB K HEMY
mudpy 2, Kak JeJaioT B TAKUX CJIydYasx
KIHeMaTorpaducThl, BO3BPAIIASICH K TOJIO-
OGUBIIMMCS CIOXKETaM.

ABe 3apaun

Haumem ¢ AByX COBEpIIEHHO PA3HBIX 3a-
Jlad, CB43aHHbIX omHON uneeii. IlepBas gB-
Jsietcst 0000TIEHeM W3BECTHON 3a/auil O
MIECTH CITUYKAX.

3amaua 1. Moxwno au usz 10 cnuuex cjio-
Kumv 00Ho8pemerno 10 pasHoCmopoOHHUX
MPeY20IbHUKOE CO CMOPOHOU, PASHOU ONUHE
cnuyku?

ITepBoe, 4TO MPUXOAUT B TOJOBY, — CJIO-
JKUTH TPHU TPEYTOJbHUKA, OJIHA CIIUYKA TIPU
3TOM ocTaHeTcst. MOKHO SKOHOMUTD CITHUKH,
CKJIAJIBIBAST TPEYTOJIBHUKH C OOIIUMHU CTOPO-
Hamu. Hampuwmep, caenath JBe mapbl Tpe-
yroambunkos (puc.1,a). Iorpatum posro 10
CIIMYeK, HO TPeyroJbHUKOB IO-TIPEsKHEMY
masio. CoeluHUM 3TH TIapbl B OfHY DUTypY,
IpU 3TOM OCBOGOJUTCS OJiHA CIIHYKA
(puc.1,6). Temepb MOXKHO BBIHTH B HPO-
CTPAHCTBO ¥ COTHYTH 3Ty (PUTYPY, COBMECTHR
toukn A u E (ycioBue 3agaun s10 He 3ampe-
maer), ocBo6oauB emnie oany cnmaky (OF).
TpeyrompbHKOB TO-TIpeskHEMYy ueTbipe. UTo
nanbiine? Ecau touku B u D coenu-
HUTb OJHON W3 [ABYX CBOOGOIHBIX
CIIMYeK, TO ToJyvaercs Gpurypa us
aByx mupamuz (puc.1,6). Cunraem
TPEYTOJbHUKH — TTo1ydaeM 7! OHa
cnimuka ocraercst. Econ 6b1 et MOsK-
HO 6bL10 coeuHuTb Toukn A n C, TO
J00aBUJINCH GBI €llle TPU TPEYTroJib-
nuka (CAB, CAD u CAO) u 3ajaua
O6bla Obl perieHa. Mpl OYTH Y
nesin! Ho yBoi! Paccrosiane AC, kak

212
HECJIOXKHO II0/ICYNTAaTb, paBHO f ,
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0L

310 6ospbite 1. Tak MoxHO J1I cTOKUTH 10
TPEYTOJbHUKOB?

Bo Bropoii 3amaue TpeGyercs CJIOKUTH U3
IIJIOCKOTO JcTa 6yMaru MmoBepXHOCTb Mmopd
— ¢urypsl, noxosxeil na 6y6mk (puc.2).

N D

?
o @

3agava 2. Moskno au ceepuymv npsamo-
Y201oHbLlL ucm Oymazu max, 4mobvL nOaY-
wumo mop? ( Peamv u pacmsezusamo 6ymazy
3anpewaemcs, MOKHO MOALKO CEOPAUU-
eamo. )

[IpsMoyTrosbHBIN JINCT JIETKO CBEPHYTb B
«Tpy6ouKy», T.e. B muumuap. Ho pasbiie
CBEPHYTb 3TOT LUJIUH/P B TOP, U JaKe MpPo-
CTO COTHYTb ero, He mnouydaercs. Cuiay
MOJKET COTHYTb JKeJIe3HYI0 TPYOY, HO OBEpX-
HOCTb TPYOBI TIPH 3TOM pAaCTSHETCH, Tak
JieJ1aTh HeJib3sl. MOSKHO TPSIMOYTOJIBHBII JINCT
CBEPHYTH B KOHYC (XOTS IIPU HTOM OCTaHeTCst
HENCIIOIb30BAHHBINA KYCOK). A B TOp?

Ha martemarnyeckoM dA3bIKe 9Ta 3ajada
3BYYNT TakK:

Puc. 2
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Mosxkno u naockyio uzypy nepesecmu 6
Mop  U0OMEMPUUECKUM NPEOOPAI0GAHUCM,
KOmopoe coxpansiem OJunvl 6Cex JUHUU Ha
nogepxmocmu?

Kak MbI Bujiesm, y4actku maoCKOCTH MOXK-
HO N30METPUUYECKH ITPe06PA30BaTh B IIUJIUH/ID
" B KOHYC.

N3zomerpuueckoe TpeoOpa3oBaHue KyCKa
IJIOCKOCTH B KYCOK c(epbl — MeuTa BCEX
kaprorpados! Ilpu 3TOM TJIOCKHE KapTbl
MOKHO OBLJIO ObI TIEPEBOJUTL Ha TJ0OYC €
coxpaHeHneM BcexX pacctosgHuii. Ho yBbr, aTo
HeBo3MoXKHO. Cepa faske JTOKAIbHO HE U30-
MeTPHUYHA IJIOCKOCTH. [[oKa3arh 3To npocTo.
Bosbmem cdepy paguyca 1, Touky M Ha Heil
1 PacCMOTPHUM MHOXKECTBO BCeX ToUeK cepbl,
yJaJleHHbIX 0T M Ha MaJeHbKOE PaCCTOSHUE
a. Paccrosinne Ha cdepe — 3TO JJIMHA [IyTH
6OJILITIOTO KPyTa, IPOXO/SIIEro Yepes IeHTP
cepol. M3 mponsBosbHOW TOYKM A 3TOTO
MHOJKECTBA OIyCTUM TiepreHanKyasp AK Ha
npsmyio OM (puc.3). SIcHo, uTo ero amHa

Puc. 3

r Menbine, yeM a (amuna gyrm AM). Hamre
MHO>KECTBO — OKPY>KHOCTDb pajinyca ¥ ¢ TeH-
tpoM K, ee nimHa paBHa 2mr. Ecam kycox
cepbl MOKHO M30METPUYECKH OTOOPA3UTD
Ha TIJIOCKOCTD, TO 3Ta OKPY>KHOCTD Tlepeier
B OKPY’KHOCTb pajnyca d W JJINHON 27a.
[lmHa OKPY’KHOCTH YBEeJIMYNJIach, 3HAYWT,
3TO — HE U30METPHS.

Wrak, cdhepa He n3oMeTpuyHa MJIOCKOCTH.
A Top? [lokasaTb Tak e MPOCTO, KaK s
cepol, He nosyvaercs. MoKHO TTO9KCIIEPH-
MEHTHUPOBATb C BEJOCHUIICAHON MOKPBIIIKOH.
Bpoge, Hukakoii ee Kycok He pa3BopayuBacTt-
¢4 Ha 1J10cKocTh. U Tem He Menee...

Kaxk Hu cTpanHo, MeKLy IByMsI 9TUMU 331~
yaMu ecTb o01iiee. 3a HIMU CTOUT OJTHA U Ta JKe
njes. Mbl BepHeMcsT K HUIM B KOHIIE CTaTbH, a
CHavaJIa PACCMOTPUM HECKOJIbKO BasKHBIX ITPH-
MEpOB U3 TeOMeTPHH, KOTOPbIE PeIaioTcs C
TIOMOIIIBIO BBIXO/Ia B MPOCTPAHCTBO.
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BbixoA B MPOCTPAHCTBO peluaeT
nnaHuMeTpu4yeckre 3agauv

CHOBa HauHeM C 3a/[a4M, HO ee, B OTJIHYNE
OT JIBYX TIPEBIAYINNX, PEITUM CPa3sy.

3agaua 3. Ha naockocmu Odawvl 08a He
nepecexarowuxcs kpyed. Hatioume muosxe-
cmeo mouex K, omuowenue 01umn xacameno-
HOLX U3 KOMOPBIX K OAHHIM KPY2aMm PAGHO
sadannomy uucay k > 0 (puc.4).

A
K

Puc. 4

[laske yacTHbIe cyuan aTOH 3a/1aUn BechMa
nHTepecHbl. Hampumep, ecam Kaxgas u3
OKPY>KHOCTEH BBIPOK/IAeTCs B TOUKY. B aToM
cJIydae JIJIMHA KacaTeJbHOU MpeBpalaeTcs B
paccrosnue 1o 31oil Touku. ITomyyaem muo-
JKECTBO TOYEK, OTHOIIEHUE PACCTOSHUN OT
KOTOPBIX [I0 JBYX [IAHHBIX TOYEK PABHO K.
ITO — OKpyKHOCTH Anostonust (0 Hell MOXK-
HO TPOYUTATb, HAmpumep, B craTbe [.Du-
JIMIIIOBCKOTO «/[ocbe» Ha OKPY»KHOCTD ATIOJI-
nonusi> B «Kpanre» Ned 3a 2004 r.). Ecau
k =1, To mus mo6oii mapbl KPyroB JaHHOE
MHOXKECTBO — TIpsiMasi, MepHeHANKYJISpHAas
uX JUHEN 1HeHTpoB (pagukambHas och). A
KaKOB OTBET B 0OOIIel cuTyarmm?

[laxe «xopolme» 4acTHbIE Cay4dan He 1TPo-
sgcusior feso. Hampumep, kaxoit Gyer oTBer
JUUISI PABHBIX KPYTOB TIPU [IPOM3BOJIBHOM R?
Wom pist touky 1 kpyra? Camoe ectecTBeHHOE
pelienre — MeTozoM KoopauHat (monpo6yii-
te!). Ho Bce ske reoMeTpHYecKoe peleHne ecTh!

Brauase cemaem HeGOIbINNE TPUTOTOBJTE-
Hust. Mol niepeiijiemM K GoJiee o61ieil 3ajaqe,
KOT/Ia KPYTH MOTYT TlepecekaTbcsi. A oTHoIe-
HYe JIJTMH KacaTeJIbHbIX 3aMEeHNM Ha OTHOIIIe-
HUE CTereHell TOYKU OTHOCUTEJNBHO OKPYIK-
HocTeli. HamoMHuM, 4TO cTemneHb TOUKH M
OTHOCHUTEJIHHO OKPYKHOCTU paBHA d> -2,
rzie ¥ — paanyc OKPY;KHOCTH, a d — PaccTosi-
Hue ot ee 1nentpa g0 M. Ecmu M nexur
BHYTPH OKPY’KHOCTH, TO €€ CTENEHb OTPHIlA-
TEeJIbHA, 4 eCJIM BHE — [MOJIOJKUTE/IbHA U PaBHA
KBa/[paTy [JIMHBI KacaTeJbHON U3 Touku M.
Wrak, 3a7aya npuHUMaeT TaKOW BUI.

3anaua 3'. Haudume mmnoxecmeo mouex
NAOCKOCU, OMHOUeHUE CMenenel Komo-
POIX OMHOCUMENLHO O8YX 3AOANHBLX OKPY K-
Hocmetl pagno 0anHoOMy “UCLY m.

3ajaua crasa ropaso 6oJee o6IIeil: paHb-
1€ KPYTH HE MEPECEKATICh M YUCI0 M = R
ObLTIO TIOJIOKUTEIBHO; Telepb W KPYru u
YIICJIO TIPOU3BOJIBbHBI. A perieHue 6yeT mpo-
me! Kaskercs mapamoxkcanbHBIM, HO 32 9TUM
CTOWT BaKHBIN IIPUHITAIL: €CJIH He TT0JTyJaeT-
s IOKa3aTh yTBEPsK/IeHne, TonpolyiiTe cHA-
Yajia ero 0606IIUTh U YCUJINTD, & YK HOTOM
Jokasarhb. Kak micas m3BeCTHBIN MaTeMaTHK
[oépap Iloiis: «Jlokaszathb GOJbIE WHOTIA
HPOIIE> .

Eme nam monago6urcs takas JemMma.

Jemma 1. Janwvt 0se oxpysxrnocmu, nepece-
xatowuecs 6 moukax C u D, a maxxe uucio
m # 1. Gepes C nposodumcs npousgoivnas
npaAMas, nepecexaruias OKpYKHoCmu 6mo-
pou paz e mouxkax M u N, u na wei
svibupaemcs mouxa K, 0as xomopoi
KM /KN =m. Tozda K onucvieaem okpyx-
HOCMb, npoxodswyio uepes mouxu C u D. B
cayuae m = 1 — onucvieaem npamyio CD.

(OTpesku Mpl cumTaeM HaNpPaBJICHHBIMU;
OTHOIIIEHWE OJIMHAKOBO HAIIPABJEHHBIX OT-
PE3KOB TIOJIOKUTEBHO, a Pa3HOHAIPABJICH-
HbBIX — OTPUIIATEHHO.)

HokasarteaberBo (puc.5). BosbmeMm Ha
HepBoil OKPY’KHOCTH TOUKy M’, pnamer-
PaJbHO MPOTHBOIIO-
aoxnyito C, u, aHa-
JIOTUYHO, HA BTOPOH
OKPY>KHOCTH — TOY-
Ky N’. Torpa nps-
Mag M’'N’ coxep-
JKUT TouKy D u niep-
neaaukyasgpaa CD,
A Y€ThIPEXYTOJIbHUK
MNN'M’ - ups-
MOYTOJIbHASI Tparie-
mus. Ecam B3sATh Ha ee GOKOBOIW CTOpOHE
M’N’ (uau Ha npopoJskenun) touky K,
aas xkoropoit K'M’/K'N” =m, 10 0Tpe3ok
K’K Gyner napajijiejieH OCHOBaHUSIM Tparie-
MW 1, CJEJOBATEIbHO, TEPHEeHINKYISIPeH
MN . Urax, ZK’KC = 90° | 3uauur, Toura K
OIHUCBHIBAET OKPYIKHOCTH ¢ jmamerpom K'C .
B cayuyae m = 1 nonygaem M = N, noatomy
touka K fosokua Jjexkarh Ha npsamoit CD.

Puc. 5
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Temepnp merko pe-
MUTh 3azady 3, HO
TOJBKO [IS1 nepece-
KAnowuxcs KpPyroB.
[Tyctb onm mepecexa-
forcst B Toukax C u D
(puc.6). Ina npouns-
BOJIbHOM TOUKH K 1IPO-
Puc 6 BeseM mnpamyio KC,

KOTOPasi IOBTOPHO Tie-
peceKaeT OKpYKHOCTH B Toukax M m N.
Crenendb Toukn K OTHOCUTEJIBHO TIEPBOI OK-
pysxuocru pasHa KC - KM , a OTHOCUTEIBHO
sropoit — KC-KN . Iloatomy orHOIIEHIE
crernieneii pago KM /KN = m. Ocraercsa
BOCIIOJIb30BATbCS JIEMMOM.

Urak, ecau okpyxnocmu nepecexaiomcs,
mo omeem 6 3adaue — OKPYKHOCMb, NPOXO-
Oswas uepes mouku ux nepeceuenus (6
cayuae m = 1 — npsmas).

A ecsii OKPY»KHOCTH He TIepeceKaloTcs, KaK
u O6bLJIO M3HAYAJIbHO B 3ajaue 3? Torma ato
petenve He mpoxoaut. CTpaHHast CUTYaIus,
He mpaBza Jn? Bor 31ech HaM U TIOMOKET
BBIXO/] B IIPOCTPAHCTBO.

Pemenne 3amauu 3. [1poBeem uepe3 Kaxk-
JIylo M3 HalUX OKpY:KHOCTel 10 cdepe,
pu4eM Tak, 4ToObl 3T cdepbl nepeceka-
auch. Tak Bcerga MoskHO caenarb (moue-
My?). Jlaa aByx cdep BepeH HOJHbIE aHa-
Jgor jemmbl 1: MHOXecTBO Tovyek K, /s
kotopeix KM /KN = m, tne MN — ipous-
BOJIBHBII OTpPe30K ¢ KOHIIAaMH Ha cdepax,
MPOXOASAIINI Yepe3 33JaHHyi0 OOIIyI0 TOY-
Ky chep C, sBasercs cdepoii. Ilpmuem B
JIOKA3aTeJIbCTBE HUYETO He M3MEHUTCS — ybe-
quTech B aToM camu. [loatomy u pemnienue
sagmaun 3 s mepecekarommxcs cdep 6y-
JIeT TaKUM >Ke: MHOKEeCTBO TOYEK, OTHOIIIe-
HUE CcTereHell KOTOPBbIX PaBHO M, ABJSETCS
cdepoii (mpu m = 1 — IIO0CKOCTbIO), IPOXO-
Jid1eil yepe3 OKPY>KHOCTD IlepecedeHust JaH-
HbIX cep. A mepecedenue 3toii cepnl ¢
IIJIOCKOCTBIO, B KOTOPOH pacnojaraiorcs
HaIllM OKPYXKHOCTH, M JIaeT OTBET B 3aja4e 3.
VcroMoe MHOXKECTBO — OKPYJKHOCTD, a TIPH
m =1 — mpsamas.

BeBoa. Urto mpowmsonio? Mbl cMoram
PENINTD 337a4y 3, HO TOJbKO IS hepecexd-
1ouuxcs OKPY)KHOCTEH, u naxe 000OIIUTh
pelieHne Ha Tepecekaonmecs cgepbl. A ¢

2017 /Nel2
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HETIePeCeKANIMMUCS OKPYKHOCTSIMU MTOCTY-
MIMJIN TaK: BBINILIA B TPOCTPAHCTBO, TTPOBEJN
yepe3 9TH OKPYIKHOCTH IEPECEKAIOINECsT
cepor (puc.7) u Takum 06pasoM CBEJIH
3aa49y K mepBoMy ciyuaio. Vtak, BbIXOI B
[IPOCTPAHCTBO OOECIIEYNT HAM JIOTIOJTHUTE b~
HYIO CTelleHb CBOGO/IbI.

B ynpaskaenusax 1—4 1anbl HECKOJIBKO I1J1a-
HUMETPUYECKUX 33J1a4, KOTOPbIE PEIaioTCst
BBIXO/IOM B TIPOCTPAHCTRBO.

Yupaxkuenust

1. CymiecTByIOT J1 BOCEMb TOYEK Ha IJIOCKO-
CTH, KOTOPbIE MOKHO ITOKPACUTD B /[Ba I1BeTa TaK,
4TOGBI JIJIs JIIOOBIX TPEX TOYEK OJHOTO IIBETa
Haliach Obl YeTBepTash TOYKA JPYroro IBeTa,
00pasyioliasi ¢ STUMU TPEMsT BePIITIHHDI HapaJiie-
JorpamMma’?

Yxasanue. IlonpoGyiiTe cHauaIa OKPACUTD TaK
BEPIIUHDBI Ky6a.

2. Yepes I1EHTP TNPABUJILHOTO TPEYrOJbHUKA
ABC mpoBeJin TPOU3BOJIBHYIO TIPSIMYTO [, Tiepece-
katomryto cropousl AB u BC B Toukax D u E.
Ioctponsu Touky F Takyio, utro AE = FEwu CD =
= FD. [lokaxxute, 4TO paccTosiHue ot Touku F 10
npsiMoit [ He 3aBUCUT OT BbIOOpA 9TOU TIPSIMOIi.

Vxasanue. 1loctpoiite Ha JaHHOM TPEyroJbHU-
Ke TIPaBUJIbHBIA TETPas/p.

3. Ha nuiockocTH iaibl 4eTbIpe npsiMbie 06IIero
noJsioskenus. [1o mepBbIM /IByM TIJIBIBYT ITAPOXO/IbI
A un B, o asym apyrum — mapoxoaer C u D. Bee
ckopoctn mocTtosgHHbl. W3BectHo, uto A u B
BCTpeUaIoTcs MEKIYy CO6Oii, a TaKkyKe BCTPEdaioT
Kax1biil u3 mapoxonos C u D. [lokaxure, uto C
n D Takske BCTPEUYAIOTCs MeK/Y COO6Oil.

Yxazanue. Hapucyiite rpadukn ABUKEHHS
[IAPOXO/IOB B TPEXMEPHOH cHcTEeMe KOOp/MHAT.

B 2000 romy BeHTepcKHWil MaTeMaTHK
A.Xpamko Haies reoMeTpuueckoe /10Kasa-
TeJIbCTBO 3HAMEHUTOH TeopeMbl 0 3ur3are. /[o
5TOro ObLIN /1BA JJOKA3aTeJbCTBA, 00a aHaJIN-
THYECKHUE U JIOBOJILHO CJI0KHbBIE (camy Teope-
My MOXKHO 1ocMoTperb B cratbe A.Hrasko,
«Poncelet-type problems, an elementary



KOHKYPC MMEHHN A.I.CABHHA 1

approach», Elem. Math. 55 (2000), 45-62).
HoBoe /10Ka3aTe/IbcTBO MCIOJIb30BAIO BbI-
XOJI B IIPOCTPAHCTBO! A €ro KJIIoueBoe yTBep-
JKJIEHNEe, KOTOPOE Mbl ITPE/IIaraeM BaM JI0Ka-
3aTh, MHTEPECHO caMo 110 cebe (MBI HECKOJTb-
KO M3MeHuM (POPMYTUPOBKY):

Vupaxuenne 4 (A.Hrasko, 2000). Ha miocko-
CTH JlaHa OKPY>KHOCTb, W BHYTPU Hee — BTOpas
OKpY»KHOCTD. Ky3Heunk mpeiraeT ¢ OHOH OKPY K-
HOCTH Ha IPYTYIO 1 0GPATHO € TIOCTOSTHHOI JIJTMHOI
mpbokka. [oayuaercss momanas AjA,AsA, ..., B
KOTOPOII BCe 3BeHbsI PABHbI, BEPIIUHBI C HEYETHDI-
MU HOMEpaMHM JIeXKaT Ha HepBOil OKPY)KHOCTH, C
YETHBIMU — Ha BTOpOii. /[okaskuTe, 4TO OTPE3KN
A(Az, A3As | AsA; | ... KacaioTcs OHOTO AJITHTICA.

Vxasanue. llpoBeseM depe3 BTOPYIO OKPYK-
HOCTb IIPOM3BOJIbHYIO cdepy pagauycoMm, O60Jib-
UM pajnyca OKpyskHoctH. Taxke mpoBesem
chepy ¢ uenrpom Ay, W pagamycoMm, paBHBIM
JUIMHE TIpbDKKa. Jlokaxute, uto 0O0Ias ILJ10C-
KOCTb aTUX cdep MPOXOAUT depe3 (PUKCHPOBaAH-
HYIO TOYKY [IJIsT BceX k. 3aTeM BOCIOJb3YiTECDH
TaKUM BCIIOMOTATEJbHBIM (PAKTOM.

Bcenomozamenvnoiii paxm (6e3  poxasaresib-
ctBa). Ha mmockocTnm o JaHa OKPY’KHOCTb M
JaHbl Toukn A m B BHe IJIOCKOCTH, TpHYEM
mpoekIyst A Ha O JIXKUT BHYTPU OKPY’KHOCTH.
IlIo oxpyskHocTu aBuUskeTcs Touka M, a uepes
TOYKY B TPOBOJWTCS IJIOCKOCTD, IEPIEH/INKY-
aapuasg AM. Torpa ona mepecekaer o 110 IIps-
MOIi, Kacarolleicss (PUKCHPOBAHHOTO AJIJIUIICA.

(Mpogonxexme creqyer)

KOHKYPC MMEHU A.II.CABHUHA

MbI npogomkaem o4epesHON KOHKYPC 10 PELUEHUIO MaTeMaTn4eckux 3aaay. OHN paccyuTaHbl B
nepByto oyepenr Ha yyawmxca 7-9 KaaccoB, HO Mbl 6ygem pafbl y4acTuio LIKO/IbHUKOB BCEX
Bo3pacroB. KOHKYpC rpoBOoANTCA COBMECTHO € XKYPHANoM «KBaHTUK.

Bbicbinanite pelwieHnss 3aga4d, € KOTOPbIMU CIIPaBUTECh, 3/IEKTPOHHOM MOYTOU 110 agpecy:
savin.contest@gmail.com nau obbiyHOV royToui rno agpecy: 119296 MockBa, JIeHUHCKUY MPOCIIEKT,
64-A, «KBaHT» (c nomertkosi «KoHKypc umerHn A.fl.CaBuHa»). Kpome uMeHn u gamuinm ykaxure
ropoa, WKosy v KJ1acc, B KOTOPOM Bbl yuntech, a Takxxe obpaTHbIVI MOYTOBbIN aApec.

Mbi nipuBeTcTByeM yHacTvie B KOHKYpPCe He TOJIbKO OTAE/IbHbIX LUKO/IbHUKOB, HO U KOMaHg (B
TaKoM CIy4ae npucbiIaeTcs 04Ha pabora co CrIMcKoM yYacTHUKOB). Y4acTBoOBaTh MOXHO HAYUHAS C
moboro Typa. lMobegurenes XAYT ANMIOMBbI XXYPHana «KBaHT» u Mpu3bl.

13. /lokaxkure, 4TO NPOU3BE/IEHUE JTIOOBIX
TPeX II0CJIe0BATENbHBIX HATYPAJbHBIX UH-
CeJT SIBJISIETCST TLIOTNA/IBI0 HEKOTOPOTO TIPSIMO-
YTOJIBHOTO TPEYTOJIbHUKA, BCE CTOPOHBI KO-
TOPOTO SIBJISIOTCS TEJIBIMHI YHCJIaMHU.

A.Bupionun (yuenux 5 xaacca)

14. Ha mocke 12x12 me-
KOTOpBIE KJIETKN BBIMA3aJH
Kpackoii. CKOJIbKUMHU CIIO-
cobaMi MOKHO [IOCTaBUTH 12
Jazeil Tak, 4ToObI OHH HeE
6w APYT APYTa U HU OJ[HA
JIaJTbsT HE UCTTAauKaIach Kpac-
KOii?

11. Ko.xeenukoe

15. Huxousato MiBanosuuy, Jsioburestio 3a-
HUMATeJbHBIX 33/1a4, HPABHUTCS HAPSKATD
UTPYIIKAMHI-TOJOBOJIOMKAME HOBOTO/IHIOIO
eJIKy J11s1 BHYKOB. OH NIPUTOTOBHJI U3 ILTOT-
HOW Gymaru TpaBubHbBINH Terpasap (Tpe-

YTOJIBHYTO TUPAMU/IKY U3 PaB-
HOCTOPDOHHUX TPEYroJbHU-
KOB). 3aTeM Haapesal €ro,
pasBepHY.JI U TIOJIy4nJ MHOTO-
yroibHUK-e104Ky (oHa cocras-
JIeHa CHMMETPUYHO U3 TpeX
PaBHbBIX MOJOBUHOK TPABUJIb-
HOTO IIeCTHyToJbHIKa. Kak emy 310 yiaa-
JIOCH?

A. /lomawenxo

16. B 1mKoJIbHOM XUMHYECKOM KaGUHETE
UMEIOTCs [IBYXYallledHble BeCbl ¢ HAGOPOM 13
n rupexk maccamu 1 r, 2 r, ..., n r. Kona
PA3JI0KUJI BCE 3TH THUPbKU TI0 YalllKaM BECOB
TaK, 4YTO OHU ypaBHOBecumJuch. lletss xouer
y6paThb 4acTh TUPEK, HO TaK, YTOOBI pAaBHOBE-
cue coxpaHuioch. Kakoe HanumMenbliee KOJIH-
YeCTBO THUPEK eMY MOTPeGYeTCsI CHATD, 4TOOBI
rapaHTUPOBAaHHO A00MThes yerexa (Kak Gb
HY OBLIN PA3JI0KEHBI TUPbKU MO Yallrkam) ?

U. Axyauu



SANAYHUK «KBAHTA»

3a4a4m
No MaTemMaTuke N Qur3nke

Jr10T pazpen BefeTcs y Hac U3 HOMEPa B HOMEP € MOMEHTa OCHOBaHMs JXypHana. Iybvkyemsire B
HeM 33jaqyn HeCTaHAAapTHbI, HO A1 WX PeLeHus He TpebyeTcs 3HaHUU, BbIXOZALMX 3a pamKku
LUKO/IBHOV Mporpammsl. Hanborsee TpyaHbIe 3343441 OTMeEYaroTcs 3Be3404kou. [Tocre gpopmynuposku
33/1a4u Mbl 0BbIYHO YKa3bIBAEM, KTO HaM ee MPeAIoxXmI. Pazymeercs, He Bce 3Tv 3aga4u ryOnmKkyoTcs

BriepBble.

Pewenns 3aaa4 o MaremMaTtvike 1 pusvKe 13 3Toro HOMepa cieayeT OTrPas/iATh 10 71EKTPOHHbIM
aapecam: math@kvant.ras.ru v phys@kvant.ras.ru cootBeTCTBEHHO MU/IM 110 Mo4YTOoBOMY aapecy: 119296

MockBa, JlennHckmii npocrnekt, 64-A, «KBaHT».

YaroBus kaxgovi opurnHanbHou 3agayqu, npesaaraemMon 4 nybavikaumy, Bmecre ¢ Bawum
PeLLIeHreM 3TON 3aAa4u MPUCbIIANTE M0 TEM XKe aapecam.
3apayn M2490, M2491a, 6, B npegnaranvce Ha XXXIX TypHupe roposos.

3apaun M2490-M2493, ©2497-12500

M2490. Boiio 100 xBepeil, y Kax /a0 CBOi
kiaod  (oTrmUpaonmii  TOJbKO 9Ty JIBEPH).
[IBepu mponymepoBaHbl uuciaamu 1, 2,
..., 100, xaroun ToXke TPOHYMEPOBAHbBI, HO,
BO3MOKHO, € OMMUOKAMH: HOMEpP KJI0Ya CO-
BIIQ/IA€T C HOMEPOM [IBEPU WM OTJNYAETCS
Ha 1. 3a OJHY MOMBITKY MOKHO BBIOPATDH
0601 K04, JI0OYI0 /IBEPb U TTPOBEPUTD,
MOJXOAUT JIM ITOT KJIOY K ITOH [BEpH.
MoXHO 1 TapaHTHUPOBAHHO y3HaTh, KaKOi
KJII0Y KaKyIO [IBEPb OTKPBIBAET, CIIEJIaB He
6oJiee: a) 99 onbITOK; 6) 75 MOIBITOK; B) 74
MTOTIBITOK ?

A.Jle6edes, A.Illanoeanos

M2491. Kycok cpipa Hajo paspesarb Ha
4acTu ¢ coOMIOeHNeM TaKUX TIPABUII:

1) BHauaze pekeM CbhIp Ha 2 KycKa, 3aTeM
OJIH W3 HUX PEXKeM ellle Ha 2 KyCKa, 3aTeM
OJIMH U3 TPEX KYCKOB OISITh PEXeM Ha 2
KyCKa ¥ T.1.;

2) 110csIe KaK/I0r0 Pa3pe3aHus 4acTi MOTYT
6bITh PA3HBIMU 110 BeCy, HO OTHOIIEHWE Beca
0601 yacTn K Becy JoO0H JIPYroit T0JIK-
HO OBITH CTPOTO GOJIBbINE 33JaHHOTO YHCJIA
R.

a) Jlokaxure, uro 1pu R = 0,5 MOKHO pesarh
CBIP TaK, YTO TTPOIECC HUKOT/[A HE OCTAHOBUT-
cs (mocsie moGoOro Yncaa pazpesanmii MOKHO
GyeT oTpesarh elle OJNH KyCOK).

6) Jlokaskure, uro ecin R > 0,5, To mponecc
Pe3KH KOTJa-HUOY/b OCTAHOBUTCS.

B) Ha xaxoe wamGoJbliee 4HCIO KyCKOB

MOJKHO pa3pesatb cbip, ecau R = 0,67

r) JlokaxuTe, 4TO €CJIU NPU JaHHOM R ChIp

MO3KHO pa3pesarb Ha 11 KycKOB, TO €ro Takxe

MO3KHO paspesartb M Ha 12 KyCKOB.
A.Toanvizo

M2492. B nepaBHOGEIPEHHOM TPEYTOJbHU-
ke ABC uposegsenbl Menuannt AA,, BB,
CC, u BbicoTBl AA;, BB;, CC,. Ilyctp A,
— TOYKa IlepecedeHrst OKPY>KHOCTEN, OMUCaH-
HbIX OK0JIO Tpeyroabuukos BA By u CAC, ,
OTJIMYHAS OT TOUKU A . AHAJOTMYHO Ollpe/ie-
JauM Toukn B, n C, . Jlokaxkure, 4TO IpsiMbie
AA,, BB,, CC, mnepecekaiorcss B OJHON
TOYKE.

T.Kosanes, A.Jlveoe (yuenuxu 9 xaacca)

M2493. Buytpu tpeyrosibuuka A4A,A; B3a-
Tol Touku Ay, As, ..., A, Tak, uTO cpepu To-
yek A, ..., A, HeT Tpex TOYeK Ha OJHOI
npsIMOIl. AHAJIOTUYHO, BHYTPU TPEYTOJbHU-
xa B;B,B; B3arbl Touku By, Bs, ..., B, Tax,
4YTO Cpeiu Touek By, ..., B, HeT TpexX Touyek
Ha ojiHO# npsimoit. [lan na6op M TpexaJe-
MEHTHBIX IOJMHOKECTB MHOXKecTBa {1, 2,...
.., n}. Ilyctb A — MHOKECTBO TPEYTOJIbHU-
koB Buga A;AjA,, i < j < k, rTne
{i,j,k} € M, amanormuno, B — MHOeCTBO
TPEYTOJIbHUKOB BuAa B;B;B,, i < j < k,
rae {i,j,k} € M. VI3BecTHO, 4TO Tpeyrob-
HUKN MHOXecTBa A 00pasyior pasbueHne
Tpeyroibuuka A4A,A;. [Jlokaxure, 4To JI0-
6as TOUKa, JiesKallas BHYTPH TPEYTOJbHIKA



3AJAYHUK

B,B,B;, He Jsexalas Ha CTOPOHAxX Tpey-
TOTbHUKOB MHOKeCTBAa B, TOKpBITAa HEUYeT-
HBIM KOJIMYECTBOM TPEYTOJbHUKOB MHOXe-
cTtBa B.

A.Casun, A.Kanenv-benoes

®2497. B xypnaite «@Dusma B IIKOJE»
6BLIO OMy6JNKOBAHO TaKoOe YCJOBHE 3aja-
gn: «CBOOOJHO Tajamoliee ¢ yCKOpPEHUueM
g=10 M/ ¢? reno CITyCTSI HEKOTOPOE BpeMs
[IocJle Havajla [ABIKEHUS OKa3bIBaeTcsl Ha
Boicore fy = 300 M majg 3emieii, a eie
yepe3 Bpems At = 10 ¢ — Ha BbICOTE h)y =
=120 M nazx semieii. C Kakoil BBICOTHI I1a-
nano teno?» U Obln JaH Takoil OTBeT:
« H = 1531 m». Haiiaure ase oneuatku (1o
OJIHOMY CHUMBOJY B Kax/0i) B OIMyGJIHKO-
BaHHOM MaTepuaJie.

Y. Cmpawos

®2498. Crenxu 1MIaCTUKOBOH OYTHIIKH OT
CUJIBHO Ta3MPOBAHHOTO HAIMUTKA MOTYT BbI-
nepskarb gapienne (usuyrpu) p = 10 arm. B
Takyio 6yTBLIKY eMKocTbio V = 1 J1 HamImn
V /2 xupkoro asoTa, 3aKpblINn GYTBLIKY
MPO6KOH W MOJIOKUIN Ha acasbT, HAKPHIB
OYTBIJIKY CBEPXY IYCTBIM JKECTSTHBIM BE[POM
emrocTbio 10 1 maccoit 1 xr. Uepes Heko-
TOpOe BpeMsI TIPOU30IIIeS B3phIB. Benpy moc-
tasicst 1% BHYTpPEHHEN SHEPruu rasa BHYTPU
Oy TBLIKY /10 B3pbiBa. OIIeHUTE BHICOTY MO/IHE-
Ma Bejipa HaJ MecToM craprta. Temieparypa
KUITEHWS JKU/IKOTO a30Ta TIPU JIABJEHUU P =
10 arm paBua npumepno T = 100 K. [Trot-
HOCTb P JKHIKOTO a30Ta IPUMEPHO paBHA

MJIOTHOCTH BOZBI P, = 1 r/cM3 .
A.3omoe

®2499. /limna KPyroBoi TPaeKTOPHUU MPO-
TOHOB B DosbmioM agpoHHOM KoJtaiiepe
(BAK) pasna L = 26659 M. Wuayknus
MAarHUTHOTO TIOJISI, HAIIPABJEHHOTO TIE€PIEeH-
JUKYJISIPHO IIJIOCKOCTH TPAEeKTOPUH, PaBHA
B = 7,5 Ta. Boruuciante pasHuily MEXIY
CKOPOCTBIO CBETA U CKOPOCTHIO TIPOTOHOB B
KoJLIaliiepe.

C.Amnumpues

®2500. CritonTHON TPO3PAYHbBIi THJIUHIP,
U3TOTOBJICHHBIH W3 MaTepHasia, Koapdui-
€HT IIPEeJIOMJIEHNST KOTOPOTO 3aBUCHUT OT pac-
CTOSIHUS ¥ MEX/Iy MECTOM B LIUJIMH/PE U €ro

«KBAHTA>»

OCBIO0 CHMMETPHH MO «3aKOHY»
n=1+(m ~1)-(1=(r/n)’).
3zech %y — 9TO pajuyc nuauuapa, n, = 1,2.
Y3kuil yu sazepa najiaer nepreHmKyasap-
HO Ha TOpell MWJINHAPA B HaIlPaBJECHUH,
napaJijieJIbHOM OCH ITUJIMH/PA, B TOUKY, pac-
MOJIOXKEHHYT0 Ha pacctostHun #)/10 ot ocn
muanHapa. Ilo kakoil TpaekTopuM JBUXKETC
JIA3ePHDBIN JTIyd BHYTPU IUJINH/PA?
C.Mypasves

PeweHunsa 3apauy M2478-M2481,
®2485-1d2488

M2478. /lana «<mabiuua ymuoxenuss nxn,
m.e. mabauya, 6 KOMOPoU Ha nepeceueHuu
CMPOKU ¢ HOMEPOM kR u coabya ¢ HoMepom
m 3anucno uucno km (na pucynxe noxasana

1 2 3 4 ) 6
11 1 2 3 4 ) 6

4 6 8 10 12

6 9 12 15 18

12 16 20 24

10 15 20 25 30

D G s W N
G | &~ W
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12 18 24 30 36

mabauua ymuoxenus 6 X 6 ). Kaemxu ma6-
JUYDL NOKPACUNU 8 ULAXMAMHOM NOpsidKe
max, umo xaemka ¢ uucaom 1 — uepuas.
Haiioume cymmy uucen 60 6cex uepHulx
KAeMKax.

MoskHO paccMoTpeTh 60siee o6IIyIo «Tabu-
Iy YMHOXEHUS» m Xn, CTPOKH KOTOPOI
MOMeYeHBbl YHCJIaMH dy, dy, ..., d,, , CTOJOIIBI
— yucaamu by, by, ..., b,, a Ha TepeceveHnN
CTPOKH C HOMEPOM I U CTOJIONA C HOMEPOM |
3anucano npoussegenne 4b;. Cymma Beex
uncen B Tabanie paBHa (4 +d +...

wta,)(by+by,+...+b,), 10 cranopurcs
MOHSITHO U3 PACKPBITHS CKOGOK. Takske 3ame-
THM, 4YTO TIPOU3BEIEHNE 3HAKOIEPEMEHHBIX
cymm (@ —ay +az—..) (b —by+ b3 —...)
JIACT PA3HOCTb CYMMbI YHCEJ, CTOSIINX B
YepPHBIX KJIETKAX, M CyMMbI YHCEJ, CTOSIINX
B 6ebIxX KaeTkax. /leficTBUTEIbHO, KayKI0e
npousse/ienne ¢;b; 1nocie PacKpbITHA CKO-
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6OK BCTPETHUTCS CO 3HAKOM <«+», ecau i + j
veTHO (T.€. /I 4epHON KJIETKN ) , I CO 3HAKOM
«—», ecm i + j meuerno (T.e. maa Gesoii
kjerki). MToro, cymMma 4ucesq B YEPHBIX
KJIeTKax OyJleT paBHa

S = %((cq tay+...+a,) (b +by+...+b,)+
+ (ay—ay+as—..)(by—by+by—...)).

B namem caydae m = n, a; = b; =i Kaxmas
U3 CYMM @ +dy +...+a, u b +b, +...+0b,

n(n+1)

paBHa 1+2+...+n= , a KasKzas U3

3HAKOIIEPEMEHHDBIX CYMM @4 —dy +d3 — ...,
b —by,+by—... paBHa 1-2+3-...
.+ (=1)"" n. Hocnexnee Boipaskenne pasHo
—k mpu uwerHom n = 2k m paBHO R TIpH
HneuetrnoMm n = 2k — 1.
Takum o6pasom, ipu 7 = 2k uMeeM
2 2

Lt 1) g | 2 g ok 4 2 1),
2 4

anpu n =2k — 1 moayyaem
n* (n+1)°

1 SR [= R (26— 2k +1).
2l 4

I1. Ko:xesnukoe

M2479. Pemenne — B cratbe A.3acJaBCKOTO
«ITpukouennst ofHON 3a7auns .

M2480. /[15 1106bLx HAMYPATBHBLX YUCET T
u n doxaxume HepaseHcmed:

1 1
a) — =t —F=+ ... = <m;
2.%1 3.%2 (n+1)-%n

1 1 1 1
6 +———+...+ < ,
/ 1.%2 2.%3 n-%n+1 W2-1

a) Jlis BbIpQKEHUS X, =

JIOKa-

1
(k+1)%k
L—Lj Tornpa

CKJIaIbIBasi TaKue HEpaBeHCTBA Ho R = 1,
2, ..., noyuuM tpebyemoe.

Honoxum ¥k = a , Wk+1=0b. Torna
v = 1 _ Clm_1 _ le_1 (1 _ Lj —
k b?’ﬂa b?’ﬂai’ﬂ k k + 1

m—1 ( 1 1 )
= qa - | =
a™ pM

JKEM OIEHKY Xj < m(
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_am_1(1_l)[L+L+ +Lj—
- a b am—1 am—Zb ot bm—1

)

— HY’KHasdA HaM OII€HKa IoJIy4Ye€Ha.

1
6) J11s1 BbIpaKeHUS = ——— JIOKakeM
A BEIp U k1
1 1 1
OIIEHK < — =
UL ’%’/5—1(’\/"1% Nk +1

JIbIBasT Takme HepaBeHCTBa 1Mo k =1, 2, ...,

oJIydnM TpebyeMoe.
Tax ke, Kak U B PENIEHUN MYHKTA &), MOJI0-

xuM Xk =a, Wk+1=0. Torga
B 1 B bm—1 B - (1 - 1 ) B
Y ba™  b"a" kR k+1

= pnt (i - L) =
aﬂl bm

w1 1Y 1 | 1
A Rl | v e e ol ST sl
a b)\a a™ b b

= OO

b
Tak xak — < %2, 10
a

b m—1 b m-2
(—J +(—) +...+1<
a a
] m—

RO

-1 W21
3HAYUT, MBI ITOJIYYHJIN XKEJIAEMYIO OIIEHKY.
A.Ezopos

. Cxkua-

M2481". [lano namyparvnoe uucio N > 2,
B wepenzy evicmpoena xomanda usz
N (N +1) ¢pymborucmos, cpedu xomopoix
nem 06yx hymoboaUCMO8 0OUNAK0B80Z0 POC-
ma. Cap Anexc xouem yoaiumo u3 wepenau
N (N —1) uzpoxos max, umobv. ocmaics
pa0 u3 2N uzpoxoes, 0151 KOMopozo 6blnoaHe-
not caedyrowue N ycaosuii: (1) nuxmo ne
cmoum mex0y 08YMsa CAMbIMU GHICOKUMU Uz-
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pokamu, (2) nuxmo ne cmoum mexody mpe-
MOUM U UEMBEPMBIM NO POCTNY UZPOKAMU, ...
vory (N) nuxmo ne cmoum mexdy 06yms
CAMBLMU HUSKUMU UZPOKAMU.

Hokaxxume, umo xeaanue capa Anexca mMox-
HO OCYULCMEUMD.

Haunem c¢ gokasarenbcTBa caeayiornieit
JIEMMBI.

Jlemma. IlycTb B IIepeHTy BBICTPOEHBI (DYT-
6oJmctbl U3 N KOMaH/[, B KayKJ0I U3 KOTO-
poix xotsg Op1 N + 1 urpok. Torza B mepenre
MOKHO ocTaBuTb 2N yT6oncToB 10 2 13
KaK/10i KOMaH/IbI TaK, 4TO JI0ObIe [BA UTPO-
Ka M3 O/IHOW KOMaH[bI OYIYT CTOSTD PSIZOM.
Hoxa3zareabctBo. Nuayxiusa no N. baza:
npu N = 1 yTBep:K/eHIe OYEBUIHO.
Cnemaem niepexon ot N — 1 k N . 3anymepy-
€M WTPOKOB B KaKJOH KOMaH/e uynciaamu 1,
2, ... cneBa HampaBo. Cpean BceX UTPOKOB C
HOMepOM 2 BbiGepeM camoro JieBoro. Ilyctb
a10 Urpok K,, urpatomuil sa xomangy K
(3necw K, K, ... — Bce urpoxu komanbr K,
3aHyMepOBaHHbIE CjieBa Hanpaso). Temepb
yIJIUM U3 [IepeHry BeceX ¢pyTOOICTOB, CTO-
ammx jgesee K, , u Bcio koManay K mosHoc-
TbI0. Torma us kaxx10il octasieiics KOMaH/Ibl
MBI yIaJIiJIu He 6oJiee 0[HOro urpoka (Moriu
VJAIUTh TOJBKO UIPOKa ¢ HOMepoM 1, Tak
KaK UTPOKK ¢ OOJIBITUMI HOMEePaMu HaXO/IH-
qumch npasee K, ). ITo IPeANonoKeHno nH-
JYKITAH, JIJIST OCTABIIETOCS PSI/Ia MOKHO BBIO-
patb 2N — 2 UTpoKoB TpeGyeMbIM 06pPa3oM.
Octaercs 106aBUTh K HUM IIapy UTPOKOB K|
n K,.

[Tepeiiyiem k pemtennio 3ajaun. PazobbeMm
dbyr6onucro Ha N KoMaH[| cJaeayomuM 06-
pasoM: B HepByIo KoMaHay BraooynM N + 1
CaMbIX BBICOKUX UTPOKOB, BO BTOPYIO — CJie-
aytonmx N + 1 1o pocty n t.1. [To nemme, Mbr
MOJKEM OCTaBUTb MO ABa ¢yT6OJINCTA W3
KaKJO KOMaH/bl Tak, 4TOOBI OHW CTOSLIN
psnoM. Ito U TpebyeTcs B 3ajade, TaK Kak
MTPOKH U3 i-il KOMaH/IbI siBAstioTest (2 — 1) -m
1 2i-M UIPOKAMHU 110 POCTY CPe/Id OCTaBJIEH-
HBIX. 3ajlaya pelieHa.

B 3aBepiienue mpuBeeM CJeIyIONyo Tpa-
(braeckyto WHTEpIpeTannio 3TOI 3a1aum.
[ycts n = N (N +1). Ecou B Hameii mepe-
re Ha i-M cJieBa MecTe CTOUT j-if 10 BBICOTE
UTPOK, TO TIOKPACHM Y3eJ ¢ KOOpJAUHATaMU

«KBAHTA »

(,7). Takum 06pa3oM, Ha peIIeTKe, MOIy-
4YeHHOIl B nepecevyenuu ropusonranieit y =1,
Yy =2,.. y=nnuBseprukaneit x = 1, x =
=2, ..., x = n, y Hac Oyler MOKpAIIEHO 71
Y3JI0B, TIPU 9TOM Ha KaJK/IOil TOPU3OHTATH U
BEPTUKAJIM TIOKPAIIEH POBHO OH y3es (CM.
pUCYHOK). 3ajauy Ternepb MOKHO Tepedop-

12
11
10 -

o

+

e

= N W ks 1Y

<

12 3 4 5 6 7 8 9 101112

MYJUPOBaTh Tak: TpebyeTcs BbI6paTh N map
TIOKpAIll€HHbIX Y3J0B U COC/IUMHUTDL Y3Jbl B
KQ)K/IOW Tape OTPe3KOM TaK, 4TOObI IPOEK-
N TIOJTYY€HHDBIX N OTPE3KOB Ha KOOpANHAT-
HbIE OCH He TIePECEeKAUCD.

B. Pemuncxuii

®2485. Tsaxenviii 00HOpoOHbLL OULLAPO-
HOLL Wap MAccol m <3Acmpsiiis 8 20PU30H-
manvhoi pewemxe (puc.1), npomsnymoi
(0ns Gesonacnocmu aamn) nod NOMOIKOM
Hao uzpouim cmonoM. IIpu xaxom mumu-

Puc. 1

MaALHOM 3HAMEHUU KOIDDuuenma mpenus
W maxoe 603m0xH0? Paduyc wapa R, <wazs
pewemxu 2a, duamemp npymxa pewemxu I.
Yexopenue c60600n0z0 nadenus pasno g.
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PaccMOTPHM IJI0CKOCTD, HPOXOISIILYIO Yepe3
TOYKHM KaCaHWs IIapa ¢ PENIeTKON ¥ IEeHTP
mapa (puc.2). Ilycts N, , T, (k=1,2) —

Puc. 2 mg

CIJIBI HOPMAJIbHOW peakIuu U TPeHus, Jei-
CTBYIOIIlME Ha IIap B JIEBOH M 1PaBoiil TOUKAX
KacaHus ¢ npyTkamu penietku. IIpeskie Bee-
ro 3amerum, uro tpeyroapHuk OCC, —

. a
PaBHOOEIPEHHDIII € yIyIoM B = arccos m
+
npu BepiinHax C; . Bpinuiem rerepb ycJio-
BUS paBHOBeCHs Tapa. B mpoexiym Ha Topu-
30HTAJbHYI0 W BEPTHKAJBHYIO OCH HMMeeM,
COOTBETCTBEHHO,
TisinfB+ N ;cosB—T,sinf— N, cosB=0,
T, cosP— NysinpB+ 7T, cosf} —
—N,sinB-mg=0.
W3 ycioBusS paBeHCTBA HYJIIO MOMEHTA CHT
OTHOCHUTEJIbHO OCH CHMMETPHHU IMapa, Iep-
nenaukyaapuoi niuockocru OC,C,y , caepyer
T\R-T,R =0, orkyna
L=T,=T.

Tornma

N1 = N2 = N y
YTO €CTECTBEHHO M3 COOOpAKEHUI CHMMET-
pum,

TcosB—NsinB:%,

_ NsinB+mg/2
B cosP '

SaMeTI/IM, YTO BbIIIOJIHEHUE YCJIOBI/II'/JI PaBHO-
BeCHA HaKJIa/[bIBa€T Ha ZICfICTByIOH_II/Ie B CHC-
TE€ME CUJIbI TaKNE OTPaHNYCHUA:

T < uNy|, [T < 1[N,

T
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Haxomer, Tak Kax pelreTka He IPUTSTUBAET
map, To
N1 > O, Nz > 0 .

[ToaToMy ocTaeTcst pelmTh HepaBeHCTBA
Nsinf +mg/2
NsinB+mgl2 < NJ, N > o.

cosPB

ITH HepaBeHCTBa yI00HO pemarhb rpadpudec-
kn (puc.3.) Ilycrs koadduirment cyxoro

Ty

T

0 N.N
Puc. 3

Tpenusi L = tg o, . Torga BeTBU rpadmka mpa-
BOIl YacTH HEPABEHCTBA COCTABJIAIOT C TOPH-
30HTAJIbIO YrOJl O, a BeTBU rpaduka JeBoi
YyacTh — yroJi B . DT BeTBU JJOJIKHBI IIepece-
karbes npu N > 0, 4TO BO3MOKHO JIMIIb B
caydae, Korja B < o . VIHbIMHU CJIOBaMU, paB-
HOBecue BO3MOXKHO, TOJIBKO €CJIH
(R+1/ 2)2 —a’

tgB <tgo, mm <u
a

HpI/I BbIIIOJIHEHUUW JaHHOT'O0 YCJIOBUS PaBHO-
Becre CyuleCTByer, ecuan

N> N, = mg _ _mgcosa
2(nwcosP—sinP) 2sin(a—B)
IIpu atom
Tsr- Mg _sine
2 sin(a—B)

Herpynno coo6pasuthb, 4To B IpeieIbHOM
cJIyyae, KOIJja LEeHTP Ilapa U OCH COCEeHHUX
IPYTKOB pelIeTKH pacloJlaralorcsa B OJHON
rOPU30HTA/IbHOM IJIOCKOCTH, KasK/1as U3 IBYX
PaBHBIX CHJI TPEHUS, PEaNu3ylonX PaBHO-
Becue, JIODKHA ObITb He MeHble mg/2, a
map JoJKeH ObITh CTUCHYT CHJIAMU, PaBHbI-
MM 1O BEeJIMYMHE ¥ HE MEHBIIUMH, YeM
mg/(2u).

A.Bbypos
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®2486. Teniouzoauposantvlii yuauHop pas-
deen noOGUKHBIM HEBECOMbLM TRENJIOHENPO-
Huyaemoimn nopuem na dee uacmu. Ciesa
om nopuwms naxoosmess Ny amomos zeusi
npu memnepamype 21T,, cnpasa — 2N,
amomog apzona npu memnepamype T,. B
HEeKOMOPbill MOMEHM NPOUIOULILA <Pd32epMe-
MU3AUUL> NOPWHSA: OH CMAL NPONYCKAMD
amoMvl 2e/Usl.

1) Kax 6ydem usmensmocs (noeviuamocs
USU NOHUKAMNDCS) MeMNePAmypa 2a3d, Ha-
X00Aue20Cs CAe6d OM NOPUWHS, 6 npouecce
nepexoda cucmeMvl K pasHO8ECHOMY COCTO-
AHUI0?

2) Kaxas wacmo B amomos zequs npotidem
CKB03b NOPULENL K MOMEHMY, K020a meMne-
pamypa 1eeozo 2asa usmenumces na o. = 0,01
om HauaAILHOU?

Cuumatiime, umo ece npoyeccv. NPOMeKarm
MEONEHNO, a IHepeust NPOXOOAUUX CKEO3b
nepezopooxy amomos pasna cpeouetl auep-
2UU AMOMO8 2d3d, NAX00AULE20CS CAe6d OM
NOPULHAL.

1) Tak Kak MOpIIEHb TO/ABUKEH U HEBECOM,
JIaBJIEHHS T'a30B 110 06€ CTOPOHBI TIEPErOPO/I-
KM, a 3HAUAT, ¥ 0ObeMHbIE TJIOTHOCTH 9HEP-
ruu B 0601 MOMECHT BPEMEHM O/MHAKOBBHI.
OHEpTUSA 1 CyMMapHbIil 06beM Ta30B COXpa-
Hstorest (cucreMa TEIIOM30JMPOBaHa), 10-
3TOMY TIpU TIepexojie K PAaBHOBECHIO 06bEM-
HbI€ [IOTHOCTU BHePTHN (U JIaBJIEHNSI) Ta30B
He M3MEHSIOTCS 1O BeJnunHe. [|BrokeHune
TOPIITHS BIIPABO MPHUBEJIO Obl K YBEJIUYEHHIO
00beMHOI IIJIOTHOCTH SHEPIHHU MTPABOTO r'a3a.
CuetoBatesibHO, MOPIIEHD B IpoIiecce mepe-
XO0/la CUCTEMbI K PABHOBECHIO MOKET JIBH-
ratbCsl TOJbKO BJaeBo. IIpu aToM Temmnepary-
pa rasa cJjeBa OT NOPIIHA OYJeT yBeJNYH-
BaTbCsl, TaK KaK ra3 TeIJION301MPOBaH U HaJ|
HIIM COBepIIaeTcs paboTa.

2) Iycte AN aTOMOB reJiusi «[TPOCOYHIIOCH>
CKBO3b MOPIIEHB CJIeBA HAPaBO (BCTPEYHBIM
MIOTOKOM aTOMOB TeJHs TIpeHeOperaeM, Tak
Kak AN < N, ). DHeprus aTux aTOMOB UJIET
Ha yBeJIMUeHNE SHEPTUU IIPABOTO ras3a U Ha
coBeplienne UM paGoThI:

31ecb AV — cooTBeTCTBYIOIIEe IpUpaleHne
ob6bema IpaBoro rasa, pyAV —ero pabora, a

«KBAHTA »

E'DOAV — u3MeHenue BHyTpeHHell sHepruu

mpaBoro raza. Kpome Toro, mpoucxoanT ms-
MeHeHWe BHYTPEHHel SHEPTUU JIEBOTO Tas3a
u3-3a paboThl, COBEPINAEMOI HAJl HUM:

CoBMecTHOE pemenne moJay4eHublX ypaBHE-
HUI JIaeT CBSI3b OTHOCUTEJIBHOIO M3MEHEeHUs
YHCJia aTOMOB C OTHOCHUTEJIbHBIM N3MEHEHNEM

TeMIlepaTypbl TeJus:
AN 54T 5
4 T,

4
FO. Pozanvckuii

b= =

®2487. B cxeme, nokazanmoii na pucymxe 1,
6ce CONPOMuUB.IeHUst 00UHAKOBbL U PA6HbL R,

D1 D4
D3

D2 D5

B

O e

~-—

Puc. 1

6ce Juo0bL UMEIOM 80IbIN-AMNEPHYIO XAPAK-
Mepucmuxy, npueedennyro Ha pucymke 2,
S/C ucmounuxa & =1,5U,. Ha cxemy no-
dalom uanpsixKenue
om ucmounuxa. Ilo-
cmpotime ezpagux 3a-
BUCUMOCTNU CULbL
moka, npomexarouie-
20 uepe3 UCMOUNHUK,
oM HaANpsKeHUus Ha
HeM, CUUMASL NOJIOXKU-
MeavHbLM MOK, U300-
PAKEHNHDI HA PUCYH-
xe 1 xpacnoii cmpen-
xoti. Obo3nauvme na epaghure KoopOuUHaMbL
scex 0cobvix mouex (u310M06).

r.al

v, UB
Puc. 2

[l oTpuiaTeIbHbIX HANPSKEHUH U MaJIbIX
[IOJIOXKUTEJIbHBIX HAIPSOKEHUN TOK TeueT B
0o6paTHOM HampaBJeHnHn dYepe3 amon Dsy,
HCTOYHUK U Bce conporubienus. Cuja Toka
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B 9TOM CJiy4ae paBHa
_-U+6-Uy, -U+0,5U,
3R 3R )

O6pature BHUMaHUE, YTO TOK OTPHUIATEJb-
woiit. [Ipu U =0,5U, muox D; 3axkpbIBaet-
s, U TOK IepecTaer Teub, T.e. dopmyaa (1)
cupasegiusa 411 U < 0,30 .

Jlns vanpstxenns B maTepBasie 0,5U, < U <
< 2U, BCe IO/l 3aKPBITHI U TOK B IICIHU HE
Teyer:

1

(1

I1=0. 2)

ITpu nanpsxxenun U = 2U, orxpblBaloTcd
auonbl Dy u D, , TOK IpOTEKaeT yepes HuX u
JIBA COTIPOTUBJIEHUS M PaBEH

U -20,
2R

Yro6B! y3HATD, KAaKOH MO OTKPBIBAETCS
CJIeYIOINM, CPABHUM /[BA BapHaHTA.

A) Tox Tever uepes quoabt Dy, D, u ogHO-
BpeMeHHO OTKpblBaloTca auoabl Dy, D, n
Ds . Torpa namnpskenyue Ha COIPOTUB/ICHUN
PaBHO HAIIPSKEHUIO HA OTKPbIBAIONIUXCS
JINOJIaX:

I (3)

IR =3U, .
B) Tok Tever yepes anoasl Dy, D, U OTKPbI-
Batorca D, , D5, 1pu aToM 10J Dy 3aKPBIT.
Pasencrso nanpsbkenuil Ha ydacTkax Ieln
nmeeT Bug 2U, + IR =&+ 20U, T.e.

IR = é = 1, SUO .
W3 cpaBHenus BapuantoB A u b BUaHO, 4TO

cHauaJla OTKpoIoTCs oAbl D, u Ds, a inoj
D5 ocranercs 3akpbITbIM. VIcnosb3ys coOT-

U=2 _y 5y,

T.€. TIePeKJIoYeHNe TTPOM30H/eT MPH HaTIPsI-
skeHnn Ha nctounmnke U = dU,. Dopmysa
(3) cnpasepua pis 2U, < U < 5U,, .
Wrak, mmox D; 3akpbIT, Bce OCTAJTbHbBIE
JIO/Ibl OTKPbITbI. O603HaYMM | — TOJTHbINM
ToK, I; — ToK uepe3 puoavl Dy, Dy u I, —
TOK uepes guoabl D, , Ds . 3anuiieM 1paBu-
aa Kupxroda:

U-IR-2Uy-I,R=0,

Homrenwe (3), HAXOIUM

U-IR-6-I,R-2U, =0,
I=I1+12.
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Pemraem cucremy ypaBHeHUil U II0JIydaeM

722U =950, 4)
3R
U - 0,50,
Iy = —F—,
3R
/- U =50,
3R

Orkpbitue quoja Dy IIpou3oiiieT npu ycJo-
sun ;R =3U,, t.e. mpu U = 9,5U,. Dop-
mysia (4) cupasemnuBa mias SUy < U <

<9,5U.
Koraa BCe NMOJbl OTKPDITHI,
U-5U
[=—F0
= (5)

®opmyaa (5) cnpasepmsa npu 9,5U, < U .
OrBer 3ajaun TIpUBe/IeH Ha PUCYHKE 3.

I/(Uy/R)

—8

—6

—4

19 //
21

- 2 44+-6-+-8-+10+121
2 U/Ug
| H
Puc. 3
A. Boponuyoe

®2488. Bumox monkozo ypanoeozo npoeo-
oa 6 ¢hopme xeaopama (puc.1,a) umeem
undyxmuesnocmo L. [pyzoti 6umox u3 mozo

a 6) )

- -
=7 e

Puc. 7

ke npoeoda, udywezo no 6 peépam (deyx
cocednux xeadpamos) kyba (puc.1,6), ume-
em undyxmusnocmv L,. Haildume unoyx-
MUBHOCMb GUMKA U3 IMO20 Ke Npogodd,
udyuyezo no 8 pebpan (mpex 6 psd cocednux
keadpamos) xyéa (puc.1,6).

[IycTh BAOB BTOPOTO BUTKA, T.€. BAOJD
kouTypa 1234561 (puc.2) reuer ok I. Kon-
TYp MOXKHO pa30uTbh Ha JiBa KBaJ[PATHBIX
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5 xourypa. KoH-
Typ 12361 cosna-
eT MarHUTHBIN
notok Oy = L]
yepe3 €aMoOro
cebst U OTpHIla-
TEJbHBIN IIOTOK
4 ‘D12 = L12I qe-

pe3 coceaHuu

KOHTYp 65436.

TouHo Tax ke Be-
Jiet ce6s1 KOHTYp 65436 — co3/1aeT MarHUTHBII
MIOTOK 4Yepe3 caMoro ceOsi U uepe3 COCeHUI
kouTtyp 12361. Torma cymMMapHBI TOTOK
4yepe3 BeCb KOHTYD OTIPEeNIeTcs ABYMS T10-
TOKaMu, MPOHU3BIBAIOIUMU caMux cebs, u
JIBYMS1 IPYTUMH TIOTOKAMHU, TPOHU3BIBAIOTIH-
MU COCEJIHMIT KOHTYP:

@, = (2L - 2Lp) I = L1,

Puc. 2

OTKy /12
L,

L12:L1_7-

«KBAHTA »

Tenepp paccMoT- 1 8
PUM TPETUil BUTOK 2 A | [ 3
(puc.3). Kontyp
12761 cosnmaer 11o-
Tok @ = LI ye-
pes3 caMoro cebst 1

OTPHUILATEJIbHBII /6 ______ —
MOTOK @y = L] plad 5
yepe3 cocejpHHe 7 ]
KoHTYpbI 18561 1 p, - 5

23472. Ananornd-

HO BeayT ceGsg KoHTyphl 18561 m 23472,
IpUYeM MOTOKH OT 3TUX KOHTYPOB, BJIHSIO-
e IpyT Ha APYTa, PABHBI U TPOTUBOTIOJIOK-
HbI 110 3HaKy. Torza cyMMapHblii I0TOK yepes
BECh BUTOK OIIPE/IETISAETCS TPEMs TTOTOKaMHU,
[POHU3BIBAIOIIUME CAMUX Ce6sI, ¥ YeThIPbM:I
JIPYTUMH TIOTOKAMHU, TPOHU3BIBAIONIMMHU CO-
ce/lHue KOHTYPBI:

@, = (314 —4L12)I =Lyl
OTKyJa
I'.Ky3neuoe

MpuknioyeHns ogHoM 3aaaum

A.3ACJTIABCKUM

Y meHs 6blr10 copok amummmy,
Y meHs 6bino ceMb nacropros.

B.BbicoLikui

B 2017 rony wa dunase OnuMnuaabl nMme-
Hu V.. [lappirnHa 6blia mpeyioskeHa ce-
aylomas sagada (3amaua M2479 «3amaunm-
ka «KBaHTa»).

3agaua 1 (C.Bepnos, A.Ilomxamckmii).
Touxa I — yenmp 6nUCAMMOT OKPYKHOCTIU

C

Puc. 1 w

peyeorvnuxa ABC, mouka M — cepeduna
cmoponvt AC, a mouxka W — cepeduna oyzu
AB onucannoil oxpyxunocmu, He cooepixd-
weu C (puc. 1). Oxazanocv, umo
ZAIM = 90°. B xaxom ommnowenuu I de-
aum ompezox CW?

Ortser. 2:1.

Pemenue. Ilyctp I, — 1eHTp BHEBIUCAH-
HOM OKPY’KHOCTH, Kacarolleiicst ctopoubl AB
(puc.2). Taxk kak AI, L Al , moaydaem, 4to
IM || Al,., t.e. IM — cpennsas JUHUSA Tpe-

Puc. 2 1,




20 KBAHT

yroibuuka ACI, . Kax ussecrno, W pasno-
ynanena ot A, B, I, I, (teopema o Tpesy6-
ne), B yactuoctu, W — cepenuna I 1., cneno-
Baresabno, CI =11, =2IW .

Vopaxnenue 1. [[okaxxute 06paTHOe yTBEPIK-
nerme: ecrm CI = 2IW (mmn CI=11.), 10
LAIM =90°.

Hamo ckasatp, 4to Takas (pOpMyIHpOBKa
3a/1a4n Ha OJMMINA/le TOSBUIACH B TTOCJIE/I-
unit Mmoment. /[0 3TOrOo B IIpOEKTe BapuaHTa
(urypupoBasia HeMHOTO Jpyras 3ajava.

3anaua 2 (C.BepJios). I[Tepumemp mpey-
zoavnuxa ABC pasen 1. Touxa I — yenmp
BNUCAHHOU OKPYKHOCMU, mouka M — cepe-
duna cmoponvr AC. Oxaszanocv, 4mo
ZAIM = 90°. Hatidume Oauny cmopoHbL
AB.

OtBer. 1 /4.

IlepBoe pemenue. Oxnno U3 peuieHuil 3a-
Jlauul 2 HeTPY/THO TOJIYINUTD U3 TPUBECHHOTO
BbIMIe pereHns 3afgayn 1. [leiicTBuUTEIBHO,
tak Kak I — cepemuna CI., papuyc 7,
BHEBIMCAHHON OKPYKHOCTU B/BOe GOJIbIle
paauyca » Bicannoii. Otcioja u u3 popmy
nomau Tpeyroibauka S = pr=(p—c)r,
cpasy moJydyaem otBet: ¢ = 1 /4.

Ho y 3aaun 2 ecTb eliie HECKOJIBKO pelile-
nuit. [IpuBesieM aBa U3 HUX.

Bropoe pemenue. Ilyctb N — cepeanna
BC (puc.3). Tak kak MN| AB u
ZAIM =90°, To MI — OuccekTpuca yrJa
AMN. IToatomy nipsimast M N kacaeTcst BIIH-
CaHHOW OKPY>KHOCTHU TPEYTOJbHUKA. JHAYUT,
tpanenus AMNB onucana BOKpPYT 3TOH OK-
pyxHocru, 1.e. AB + MN = AM + BN,

C

Puc. 3
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OTKyJa, ockoabky MN = AB /2, nosydaem
AB =(AC+BC)/3.

Yupaknenue 2. /[okaxkute, 4TO U3 PaBEHCTBA
AB = (AC + BC)/3 cnenyer, uto ZAIM =90°.

Tperbe pemenne. Ilyctb T — Touka kKaca-
Husg croponbl AC ¢ cOOTBeTCTBYMOIEH BHe-
BIIMCAHHOIT OKpYsKHOCTBIO (puc.4). M3Bect-

b B
Puc. 4

Ho, uto BT || IM (5T0 MOKHO J0Ka3arb,
PAcCMOTPEB FOMOTETHUIO, TIEPEBO/SIILYIO BITH-
CaHHYI0O OKPY’KHOCTb BO BHEBIIMCAHHYIO).
CunenoBaresbio, B Tpeyrojbuuke ABT nps-
Mast Al siByisieTcst GUCCEKTPUCOI 1 BBICOTOI,
T.e. AB=AT = p — ¢, oOTKy/la JIeTKO cJeLyer
AB =1/4.

Yupaxknenue 3. [[okakure HEIOCPEICTBEHHO,
YTO CpeJHss JMHUS, 1apaJjiesabHas AB, kacaercs
BIIMCAHHOW OKPY’KHOCTH TOT/IAa M TOJIBKO TOT/A,
Korga 1, =2r .

Vxasanue. IlpumenuTe roMOTETHIO C IIEHTPOM B
touke C.

Tak mouemy ke (OPMYJIMPOBKA 3a/a4K
OblJIa M3MEHEHA TIPSIMO TIepe/l OJUMITHA0H ?
[leno B ToM, uTo B 2010 Toty Ha MOCKOBCKOI
MaTeMaTHYecKol OJIMMIINA/e TIpe/JIaraaach
caeytonias 3ajava.

3anaua 3 (A.3aciasckuii). B mpeyzoiv-
nuxke ABC mouxka I — uenmp enucamnnoii
oxkpysxnocmu, mouku M, N — cepedunvi
cmopon AC, BC. Hzeecmno, umo
LAIM = 90°. Jlokaxume, umo £ZBIN = 90°.

Jlerko BUzeTH, UTO pellleHue 3TOU 3a7a4n
MPAKTUYECKU COBIIQ/IAeT CO BTOPBIM U3 TIPU-
BeJIEHHBIX pelleHuil 3a1aum 2.



SAJAYHHUK

Ho u sto eme we Bce! B 2014 rony nHa
Omnmmuane nmeran W.D.[lapeiruna mpen-
JlaraJjiach Takas 3ajauva.

3agaua 4 (A.Ilomanckuii).} IHHycme I —
UeHmp 6NUCAHHOU OKPYKHOCMU MPEY20Jib-
nuxa ABC, M, N — cepedunwv. dye ABC u
BAC onucannotl oxkpyxnocmu. /loxaxume,
ymo mouxku M, I, N aexam Ha 00HOU
npsmotl mozdd u moavko mozdd, kozda AC +
+ BC = 3AB.

Pemenne. /lokaskeM, uto ecau Touku M, I,
N nexat Ha omHoi mpsimoit, To AC + BC =
=3AB.

ITepswiii cnoco6. O6oznaunm yepes Ay, B
n C; cepequnnl npyr BC, CA u AB, ne
coJiepsKalluX [IPYTUX BePIIMH TPEYTOJIbHUKA
ABC (puc.5,a).

Tak kax AN u BM — amaMeTpbl, TO
AB; u MN paBHbl U napasieabHbl. Kax
nssecrno, AB; L CC, u CCy,=C,]. U3
CUMMETPUU OTHOCHUTEJHLHO CEPEMHHOTO Iep-
nenaukyasgpa k. CC; umeem CC, =CI,

Puc. 5

«KBAHTA »

cnenosatenbtno, CI =21C;. Ho us yupax-
nenyss 1 u 3agaum 2 Mbl y>Ke 3HaeM, 4TO
rocJie/iHee PaBEHCTBO PABHOCHJIBHO Tpedye-
MOMY.

Bmopoii cnoco6. Ilycrs I, — 1entp BHe-
BIIMCAHHON OKPY’KHOCTH, Kacaloleics cro-
ponbt AB (puc.5,6). Kak ussectno, M u N
ABJIIOTCS LeHTpaMu okpyskHocteit ACI, u
BCI, (BapuanT Teopembl 0 Tpesylie st
cepennn n1yr BAC u ABC). CrepoBatesibHo,
MN — cepelMHHDIN MEPIIEHNKY ISP K OTPE3-
ky CI., t.e. I — cepepuna CI,. Mbl cuoBa
MOJIYYIJIN YCJIOBHE, PAaBHOCHIbHOE Tpebye-
MOMY .

Ynpaxknenue 4. Ilposenute paccyskienus B
00paTHYIO CTOPOHY, JOKa3aB, uto ecan AC +
+ BC = 3AB, to Touku M, I, N nexaT Ha OJHOI
MIPSIMOM.

[MoxBenem ntor. Mbl y6enInch, 4TO CJe-
nyiomue cBoiictBa TpeyrosnbHuka ABC pas-
HOCHUJIbHBL:

« AB = (AC + BC)/3 ;

o« ZAIM =90°, rne M — cepenuna AC;

« ZBIN =90°, rne N — cepeauna BC;

- Cpe/lHsSl JTMHWS, napajienbHas AB, Ka-
CaeTcsl BIMCAHHON OKPY>KHOCTH;

o] — cepepuna CI,;

«CI =2IW, tne W — cepennna nyru AB;

. cepeaunbl nyr ABC, BAC u Ttouka [
JIeKaT Ha OJTHOH TIPSIMOiA.

[Tocse aToro yke HE KaXKETCS YAUBUTEb-
HbIM MHOTOKPATHOE TIOSIBJIEHUE HA OJIMMITHA-
Jlax 3a/lad PO TaKue TPeyroJbHuKu. Bos-
MOJKHO, YUTATEJSIM yIACTCsI OOHAPYIKUTD Y
HUX HOBBIE CBOMCTBA WJIM HAWTU HOBBIH, HE
MeHee MHTEPECHBIH KJIace TPeyTroJbHUKOB.

P.S. Korga cratbs Oblia y:ke HalmcaHa,
C.bepJioB coobmuu, 4To Ha o/1HON 13 CaHKT-
[TetepOyprckux oJuMMIIMA TIpearanach
caeytonas 3a/a4a.

3agava 5 (C.VBanoB). B mpeyzonviure
ABC I — uenmp 6nucammoli okpyKHOCmu,
M, N — cepedunvt cmopon AC, BC. H3seec-
mmo, umo LAIM + Z/BIN =180°. [oxaxu-
me, umo AC + BC = 3AB.

Mbl ocraBisieM 3aady > UHUTATENIO JIJis
CaMOCTOSITEJIbHOTO PEIeHNUs U HAJIeeMCsl, YTO
HaIll PACCKA3 MOMOMKET €€ PEIIUTh.




«KBAHT» AJ4d MJAAIINX IMIKOJbBHUKOB

aa4yl

1. N3 cnvdek cnoxeHo Ymcio 73 (cm.
PUCYHOK). MNepenoxmTe OBe Cnuykm TakK,
4TOObI MONYYMNCsH KBaApaT. HanamTe oBa
peLueHns.

2. MOXHO N B paBeHCTBe
O0*+0** +0**+0** =2
3aMEeHUTb 3BE3404KM Pa3UYHbIMU LNd-
pamu oT 1 0o 9 TaK, 4TOObI NONYYNIOCH

BEpPHOE PaBEHCTBO?
W borngaHoB

3. BbipexbTe U3 KJ1eT4aToro KBagpara
5X5 OfHY HeLeHTpanbHYyIO KIeTKy Tak,
4TOObI OCTABLUYIOCS YaCTb MOXHO Oblno

DTV 3afa4u npefdHasHayeHbl MNpexae BCero
yyalmmca 6—8 Kaccos.

3agadv 2—4 npegnarannce Ha MyHuupMnans-
HOM 3Tane Bcepoccnmckor onMmMnmagp! LWKONbHM-
KOB MO MaTemaTtuke B MoCKOBCKOW 0bnacTu.

pa3pesaTb Ha 6 paBHbIX KNeTyaTbliX Pu-
FYPOK, He ABNAIOLLMXCA NPAMOYrofibHN-
kKamun. MNprBeduTe nprMep Takoro pas-
pe3aHns.

HAraxaros, O.[Togmurnckuv

4. TYPHUP NYYHUKOB MPOBOAMCA MO
cnepyowmm npasunam. C Kaxagoro yya-
CTHUKa cobpann OAMHAKOBbIA B3HOC.
OpraHu3aTopsbl TypHMpa 3abpanu 1/3 ot
BCEX MOCTYNVBLUMX [leHer, a OCTaBLUIMecs
[LeHbr NOoWNY B NpY30BOW PoHA Typ-
HUpa. PObuH Nya, nobeamBLUNK B TYpHU-
pe, nosny4un 1/6 ot Npr3oBoro GoHaa —
Donblue Kaxaoro 13 ocTanbHbIX y4acT-
HMKOB, OHAKO Okasancs B yobiTke. Ka-
KOe KOJSIMYeCTBO JIy4HWKOB MOS0 y4a-
CTBOBaTb B TypHupe? [lpuBeaute BCe
BO3MOXHbIe BapMaHTbl U [LOKaXKUTe, YTO
LPYrux Her.

O.[Tognvrncku

Unmocrpacpm L1 puiykosori
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VIHCTUTYT KprnTorpadun, CBA3U U
MHbopMaTnkh Akagemuimn O Cb
Poccnn

MATEMATUKA

MexpernoHanbHas onumnuaaa
LUKONbHMKOB Ha 6a3e BeAOMCTBEHHbIX
o6pa3oBaTesNibHbIX YYpeXAeHUN

U36paHHbIe 380341
1 (8-9)!'. Haiigure cymmy 0,(0001)+
£0,(0002) + ... +0,(2017)

2 (89, 10). Jloxaxkute, 4Tto 151 J1I060rO
nesoro uncaa N ypasHenme 10xy + 17xz +
+ 27yz = N umeeT pelieHne B IEJIBIX YNCTAX.

3 (8-9, 10). U3BecTHO, UTO MHOTOYJIECH
[(x)=8+32x —12x% — 42 + x*  umeer 4
Pas3JAMYHBIX  JEeHCTBUTEJNBHBIX  KOPHS
{x, 2y, 13, 2, }. Haiigure muorounen Buza

g(x)="by +bx+ b2x2 + by + byt umero-

i KOpHA {x1 , xz, x3, x4}

4 (8-9, 10, 11). Mmeerca HeorpaHUYEHHOE
KOJINYeCTBO MPo6UpoK Tpex BugoB A, B u C.
Kaskast u3 mpoOMpPOK COAEPIKUT OJMH IPaMM
pacTBopa OJIHOTO U TOTO Ke BelecTBa. B mpo-
6upkax Buga A cogepxurcsa 10%-ii pacTBop
9TOrO BemecTBa, B npobupkax B — 20%-ii
pactBop u B C — 90%-ii pacrsop. ITocsenosa-
TeJIbHO, OJIHY 32 J[PYTOii, COJepPKIMOe 1Tpobu-
POK TIepesinBaIOT B HEKOTOPYIO eMKOCTb. [Ipu
9TOM IIPHU JIBYX [OCJIE0BATEIbHDBIX MIE€PeJInBa-
HUSIX HEJb3s UCIOJb30BaTh MPOGUPKU OTHOTO
Buja. Kakoe HanMeHbIIee KOJMYECTBO MePeJIu-
BaHUil HAJIO C/Ie/1aTh, YTOOBI TOJYYUTh B €MKO-
crn 20,17%-it pactBop? Kakoe nambosbinee
KOJINYeCTBO TPO6UPOK Buja C MOKET ObITD IIPU
3TOM KCIOJIb30BAHO?

3 (8-9, 10, 11). Haiigure cymMMy KBaJpaToB
HaTypaJbHbIX aeanteseii uncaa 1800. (Hampu-
Mep, CyMMa KBaJ[paTOB HATypPaJIbHBIX JeJUTe-
seit uncaa 4 pasna 12 +22 + 4% =21.)

1 B cko6kax moce HOMEDpa 3a/la4 yKa3aH KJiacc,
KOTOPOM OHa Ipe/iaraJjachb.

6 (8-9). B rpeyroabHuKe cO CTOPOHAMHE &, b,
¢ U yrjaaMu o, 3, Y BBIIOJHEHO PaBEHCTBO
3o+ 2B = 180° . Jokaxkure, 4TO A =a*+bc.
Croponbl @, b, ¢ JIexKaT HATIPOTHB YTJIOB O, B,
Y COOTBETCTBEHHO.

7 (10). OKpy»KHOCTb Kacaercst CTOPOH yTJIa
B Toukax A u B. Ha oxpyskHoctn BbiGpana
Touka M. Paccrosnmusa or M 10 CTOPOH yTJa
pasubl 24 u 6. Hafigure paccrosiuue ot M 10
npsamoit AB.

8 (11). IIpo natuyroabnuk ABCDE ussect-
HO, ut0o AB = BC = CD = DE, /B =96°,
£C = £D =108°. Haiigure ZE.

9 (8-9, 10, 11). dokaxkute, 4To 115 JI060TO
HATYPAJbHOTO YNCJIA 7 CYIIECTBYET HATypPaJib-
Hoe uncyio N, JeJisiiieecs Halesa0 Ha 1, CyMMa
1p KOTOPOTro paBHa 7.

10 (8-9, 10). NUmerorcs tabaunpl A u B, B
SUeHKN KOTOPBIX BIMCAHbI Iiesble umnciaa. C
rabsmueil A MOXXHO IIPOJE/IBbIBATD CJIeAYyIOmue
nefictBusi: 1) NPUOABAATD K CTPOKE APYTYIO
CTPOKY, YMHOXXEHHYIO Ha ITPOM3BOJIbHOE 11eJ10€
quces10; 2) IPUGABIATH K CTONGILY APYTroi CTOI-
6ell, YMHOJKEHHBIN Ha IPOU3BOJIBHOE IIeJI0e
yncyo. (Hampumep, ecim K mepBoil cTpoke
tabauibl A Ha pucyHke 1 npubaBuTh BTOPYIO

Ta6nmmma A Tabmuma B [Ipumep
1[0 02 118
02 3[0 0]2

Puc. 1

CTPOKY, YMHOJKEHHYI0O Ha 4, TO MOJYYUTCS
tabania, u3o6pakeHHass 1oj cjaoBoM [lpu-
Mep.) MOKHO JH, IPojie/iaB HEKOTOPOe KOJIH-
YeCcTBO YKa3aHHBIX JeicTBuil ¢ Tabmamiei A,
nosyunth tabauity B? Oteer o6ochyiiTe.

11 (11). Umetotcsa Tabantnl A n B, B sueiikn
KOTOPDBIX BIIUCAHbI 1eJibie ynca. C rabaureit A
MO>KHO ITPOJIEJIBIBATD CJIeAyIomue aeiicTus: 1)
npubaBJIATh K CTPOKE APYTYIO CTPOKY, YMHO-
JKEHHYIO Ha [POU3BOJIBHOE IIeJI0e YUCJI0; 2)
npuOABJATD K CTOJIOIY APYTOIl CTOIOEI, YMHO-




24 KBAHT

Ta6muma A Ta6nmumna B [Ipumep
1/0/0])0]|0 ofofo]o]1 1]0/6/0[0
0]13[0f[0]0 0[0f[0]2]0 0[3]0]0]0
0]0[3[0]0 0[0[3]0]0 0[0]3]0]0
0]0[0[6]0 0[6/0]0]0 0[0]0]6]0
0jo0fofo]|6 9[(0f{0]0]0 0[{0]|0]0]6
Puc. 2

JKEHHDIN Ha MPOU3BOJbHOE 11esoe uncio. (Ha-
MpuMep, ecJu K IepBoil cTpoke TabJauibl A Ha
pucyHKe 2 TpuGaBUTb TPETHIO CTPOKY, YMHO-
JKEHHYT0 Ha 2, TO roJrydurcst Tabsmia, n3obpa-
JKEHHast 1ojl caoBoM [Tpumep.) MoxHO Jin,
IIpoJieJIaB HEKOTOPOE KOJIMYECTBO YKA3aHHbIX
JleiicTBuii ¢ Tabsuiei A, noayuntb Tabauiy B?
OrBer o6ocHyiiTe.
12 (10). Haiizure Bce KOpHM ypaBHEHUS

[N SN}

sin® x

COS3 X
T
JIeJKallle Ha MHTEpBaJie —5; 01].

13 (11). MsBecTHO, YTO ypaBHEHHE
xt =843 + ax? + bx +16 = 0 umeer (c yuerom
KPaTHOCTH) YeThIPE IOJOKUTEIbHBIX KOPHS.
Haiiziure a u b.

14 (11). [luma BBIOMpaET JBa Pas3/IMYHBIX
unciaa u3 maoxkectsa {0, 1, 2, ..., 2332} u
3AIICHIBAET MX HA TIEPBYIO CTPAHUILY TETPAIH.
Jlaee OH CcHOBa BBIOMpAET J[BAa PA3JUYHBIX
YHUCAa U3 9TOTO K€ MHOKECTBA, MPUOABJISET
Ka)k/0e U3 BBIOPAHHBIX UYHCET K KAXKIOMY
YHCTy, 3allUCAHHOMY Ha TIEPBOI CTpaHuIilEe, |
3aIMCBHIBAET HA BTOPYIO CTPAHUILY BCE IOy YN B-
mmecss cymmbl. (Hampumep, ecim B Havase
6bLIN BBIOpaHbI uncjaa 2 u 3, a HotoM 2 u 4, T0
Ha BTOPOil crpanuile OyAyT 3alMCaHbl YHCJA
4,5,6,7.) TIpu stoM, ecan Kakag-u6o cymma
npeBocXoauT 2332, OH 3aMeHsIeT ee OCTATKOM
ot Jlesierust Ha 2333. 3aTeM OH OIsITh BbIGUPAET
JIBA PA3JIMYHBIX YUCJIA, TPUOABJISET UX KO BCEM
YHCaM Ha BTOPOU CTPAHUIIE U 3aIIUChIBAET BCE
MOJIYYHMBIIUECS] CYMMbI HA TPETHIO CTPAHUILY H
T

1) HaiianTe HauMeHbIIMI HOMED CTPAHUILbI
N, mna xoropoit (kak Gbr [luMa umMCIa HU
BbIGUpasT) Kaxjaoe 3 uncen 0,1,2, ..., 2332
6y/IeT rapaHTHPOBAHHO 3aMUCAHO XOTsI Obl O/IUH
pas.

2) Ommimmre Bce BapuaHThl BHIGOPaA 4HCEl,
[P KOTOPBIX JIJIsT BBIMOJHEHUST YCJIOBUS 11y HK-
ta 1) norpebyercst poBHO N CTpaHUIL.
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OUN3INKA

MexpernoHanbHaa onuMnuaaa
LUKONbHUKOB Ha 6a3e BeJOMCTBEHHbIX
oOpa3oBaTenbHbIX yypexaeHnn

9 knacc

1. B komiare o6beMoM V = 4 M° 1pu TeMite-
parype t =20°C orHocuTesbHasT BIAKHOCTD
Bozmyxa By =20%. Kakyio Maccy BOIbI 1 HaJ10
UCTIAPUTh, YTOGBI YBEJUYUTH OTHOCUTEJIHHYIO
BJIJKHOCTD BO3/yXa 10 B, = 50%?

[InoTHOCTD HacHIATONIX BOAAHBIX ITapOB
TP pasJHYHBIX TeMIepTypax

T.K | Pw 10 3kr/m? T.K | P 10 3kr/m?
288 12,80 295 19,40
289 13,60 296 20,60
290 14,50 297 21,80
291 15,40 298 23,00
292 16,30 299 24,40
293 17,30 300 25,80
294 18,30 301 27,20

2. [lBe momku, maccoit M Kaxaas, UAyT C
OJINHAKOBOI CKOPOCTBIO T, OJHA 3a JAPYTOil 10
crogueil Bojie. V3 1mepBoii JIOAKU BO BTOPYIO
nepeGpachIBaioT rpys Maccoii m. [opusoHTaIb-
Hasl COCTABJISION[Ast CKOPOCTH TI'Py3a OTHOCH-
TeJIbHO JIOJKM B MOMEHT OpOCKa paBHA i .
Haiimute ckopoctn JOMOK Ty W Ty TOCTE
nepeGpocku rpysa. Bektopsl @ u ¥, KoJIMHE-
apHbI.

3. lBa cocymna obbemamn V,=5M° u
V,=3wu cojiepsKaT BO3/yX IIpU TeMIepary-
pax t;, =15°C u t, = 28 °C ¥ OTHOCUTEJIBHOI
BIaxHOCTH By = 22% u B, = 46% cooTBer-
cTBeHHO. Orpe/iesinTe OTHOCUTEJIbHYIO BJIAXK-
HOCTb BO3/lyXa B mocjie COeIMHEHUS MEK/Y
co60ii 3TUX COCY/IOB, €CJM YCTAHOBUBIIASCS
temueparypa Bozayxa t =20 °C . (Cm. ra6u-
ny k samaue 1.)

710 knacc

1. ABuanocHblil kpeiicep «Anmupan Kysue-
1oB» ujeT co ckopoctbio 30 kM /4. CKOJIbKO
BpeMeHN T0TpebyeTcsl KaTepy, ABHKYIIEMYCs
napaJjJeJbHbBIM KYPCOM CO CKOPOCTHIO
50 kM /4, 11T TOTO YTOOBI TIPOWTH OT KOPMBI
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Kpelicepa /10 HOca U O6pPAaTHO K KOpMe, eCJu
numHa kpeiicepa 306 m?

2. Ilmactmra maccoit M mojBeleHa 3a ee
cepeHy Ha Pe3nHOBOM ITHYpe. Bromns mmypa
C BBICOTBI 7 HAa TJIACTUHY Na/aeT IJIalMs
maii6a (MHYpP TPOXOANT 4Yepe3 OTBEPCTHE B
maiiGe) u MpUIMIIAET K TIacTuHe. Macca maii-
6b1 m, 3KecTKOCTb 1Hypa k. Kakyio Makcumasib-
HYIO CKOPOCTb Gy/IeT NMETb TIJIACTHHA C MTaii60ii
TP JIBYKEHUN TIOCJIe yaapa?

3. /IBa oaMHAKOBBIX OajlJIOHA HAIIOJHEHbI
O/INHAKOBBIM KOJmYecTBOM resusi. Cpeausis
KBaJ[paTUYHAsE CKOPOCTb aTOMOB TeJiusi B Iiep-
BoM cocyzxe 1200 mMm/c, a BO BTOpPOM
2400 M/ c. Kakoii Gyzer cpe/iisisi KBaJ[paTny-
Hasi CKOPOCTb, €CJIU COEINHNUTD GAJIOHBI TPYG-
KO ?

4. PeakTuBHBIN caMoOJeT ¢ BEPTHKAJIbHBIMUI
B3JIETOM U MOCAJKOI 3aBUC HAJ 3eMJieil, BbIG-
pacbiBasi BHU3 CTPYIO Ta3a €O CKOPOCTHIO
1200 m/c. Kakag macca raza BbIOpachIBaeT-
cs B CTPye 3a CEeKyHJy, €CJIHM Macca caMoJeTa
10 Toun?

5. BecrmoTHbiii KocMuYecKuil KopabJib co-
BEPIIUJI MOCAJKYy Ha aasnekoil riaxere. [Ipu
3TOM B Kopiryce Kopabisi o6pa3oBasioch He-
60b1110€ OTBepcTHe. ATMOocdepa IMJIaHeThl 09eHb
paspsuKeHHas — HACTOJbKO, UYTO, IpoJeTas
yepe3 OTBEPCTHE, MOJIEKYJIbl He CTAJIKUBAIOTCS
Ipyr ¢ apyroM. /laBienne atMocdepn TIaHeTbl
po, a temneparypa T;,. Kaxoe nasnenue p
YCTAHOBUTCSI BHYTPHU KOpITyca KopabJist, ecJii B
HeM TIO/I/Iep>KUBAeTCs TeMIlepaTypa B [[Ba pasa
60JTBIIIE, YEM CHAPY KU ?

6. B mumammape 1O TOPIIHEM HAXOIUTCS
reqnii. Bo CKOJIBKO pa3 M3MEHUTCS CpelHss
KBaJ[PaTUYHAST CKOPOCTb €ro MOJIEKYJ, €CJIH
o6beM rasa yBesimyuTh B 1,5 pasa u ofHOBpeE-
MEHHO [IaBJIeHNe yBeJn4nuThb B 1,5 pasa?

11 knacc

1. Jlerkas cojoMmHKa Maccoii m = 1 r u
qanHON L = 4 cM TIaBaeT HAa MOBEPXHOCTH
Bo/ibl. [10 0/1Hy CTOPOHY OT CONTOMUHKY HAJINIIH
MbLIbHBIH pacTBop. C KakuM yCKOpPeHueM w
HauHeT JIBUTATbCsl cosloMuHKa? ColpoTuBie-
HHUEM BOJbI JIBUKEHHMIO COJOMHUHKH IIpEHe0-
peub. KoaduimerTs TOBEPXHOCTHOTO HaTS-
JKEHUsT BOJ(bI M MBLIBHOIO PACTBOPA PABHbI
6,=74-10"H/M u o,,=4-107H/M co-
OTBETCTBEHHO.

2. Cama ojuH pa3 pas/BUHYJ IJIACTHHDBI
IIJIOCKOTO KOH/IEHCATOPA, KOTOPbIE BCE BpeMs

ObLJTN TIO/IKJIIOUEHBI K HCTOYHUKY HAIPSPKEHMS,
a B JIpyroil pa3 oHM ObLIM OTKJIIOYEHBI 110CJIe
MepBOHAYAJIbHON 3apsiiku. B kKakoM m3 aTHX
JByX caydaen Cairra coBepinu 6oJibIinyio paGo-
Ty 1O pasiBibKeHHIo 1actua? OTBer mosc-
HUTE.

3. /lBa He6OJBINMX IHapUKa Maccoil m ¢
3apsI/IOM ¢ KaSK/Ibli COeINHEHbI HEITPOBO/ISIIEH
HUTBIO JUIMHON 2/ W JIeXKaT Ha IJIaJIkOM TOpH-
30HTAJIBHOM CTOJIe. B HEKOTOpbINF MOMEHT Bpe-
MEHHU CepeinHa HUTU HAYMHAET JIBUTaTbCs C
MOCTOSIHHOW CKOPOCTBIO 0, MePIECHANKY IAPHOH
HAIIPaBJICHUIO HUTH B HAYAJIbHbIII MOMEHT Bpe-
MeHu. Ornpe/iesmTe MUHIMAJIbHOE PACCTOSTHIE
d, Ha KOTOpOE COJMUBATCS MIAPHUKH.

4. Pakera BJeTaeT B HEIOJBIDKHOE 06JIAKO
YACTUIL ¢ HAYAJIBHOU CKOPOCTBIO ¥y U ABIXKETCS
B HEM C yCKOpeHneM @. YacTuiipl Hamnaor Ha
Hepe/IHIO0 TTOBEPXHOCTh PAKETHI MJIONA/bI0 S.
KoHiieHTpanus yacTuii 7, Macca Kaxx0i yacTu-
I[bl M, a Macca caMoit paketsl M|, . Onpenesnure
CHUJIy PEaKTHBHOW TATH J[BUTATEJIell PaKeThl.

5. Marra coo6iia paBHble OTPUIATENbHbIE
3aps/ibl JIBYM METAJJIMYECKHUM IIapaM, UMelo-
UM pa3Hble aMeTPbl, 3aTeM OHA COEJMHUIIA
HIapbl MPOBOJIOM GOJIBIIOTO CONPOTUBJICHUS C
MOCJIEI0OBATEIbHO BKJIIOUEHHBIM aMIIEPMETPOM.
Uto mokaxker ammepmerp? OTBeT TOSICHUTE.

6. /IBa HeGOIBIINX MAPUKA C 3apSIaMU ¢y 1
¢, BHayajie JBUTAJNCH C OJMHAKOBBIMU TIO
MO/LYJTIO ¥ HAIIPABJIEHUIO CKOPOCTSIMU 110 TJIa/1-
KOMY TOpU30HTaIbHOMY cTo.ty. Ilocse Toro kak
Ha HEKOTOPOE BPeMsi GbIJIO BKITIOUEHO OJJHOPO/I-
HOe 3JIEKTPUYEecKoe II0Jie, BEKTOP CKOPOCTH
IIEPBOTO IIapHKa IIOBEpPHYJICS Ha 6(0° rpaay-
COB, @ MOJLYJIb €I0 CKOPOCTH YMEHDBIIHJICS B /IBA
pasa. Bropoii mapuk crast [BUTaThCS B TIEPIIEH-
JIIKYJISIPHOM K TI€PBOHAYAJIbHOMY HarpaBJie-
Hun. OnpezesnTe MOy JIb OTHOIIEHNUS 3apsiia K
Macce JIJ1s1 BTOPOTO IapuKa, eCJIn JJIsI IePBOTO
OH PaBeH k. DJEKTPOCTATUYECKUM B3aUMO-
JIeliCTBIEM IIApUKOB IIPeHe6PEYb.

7. Cankn Maccoit M, TAHYT Tak, 4TO OHHU
JIBIDKYTCSI PABHOMEPHO CO CKOPOCTBIO ¥ . [Ipu
HAuaBIIEMCS] CHETOIajie CHEXXUHKHU HAJMIAIT
Ha BEPXHIOIO TIOBEPXHOCTD CAHOK ILJIOMIAbIo S.
KoHIleHTpanust CHEKMHOK 7, Macca Kask/oi
CHEXXUHKH M, @ UX CKOPOCTb y IMOBEPXHOCTH
3eMan paBHa . Omnpezgennrte, Kak J0/DKHA
3aBHUCETb OT BPEMEHHU CHJIA, C KOTOPOI TSHYT
CaHKM, 4TOGbI OHM IIPOJOJIKAIN [[BUTATBCS C
TOH 3XKe CKOpPOCTbIO v, . KoappuimenT Tpenns
paBeH M.
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8. /IBa MbLIBHBIX My3bIPs C pajuycamMn 7 =
=10 cM 1 7, =5 CM BBIIYTbl Ha IIPOTHBOIIO-
JIOSKHBIX KOHIIAX ofHOI Tpy6ku. Haiianre pas-
HOCTb JlaBjennii Ap na konnax tpyoku. Koad-
GUIMEHT TTOBEPXHOCTHOTO HATSIXKEHUS MbLITb-
HOTO PacTBopa O, =4 - 1072 H/wm .

9. Mamra o6Hapyskujia ABYXIPOBOIHYIO JIH-
HUIO TOCTOSTHHOTO TOKa. Kak mpu momorm
BOJIBTMETPA TOCTOSTHHOTO TOKA UM MATHUTHOM
CTPEJIKA OHA OIpeJiesInyia, Ha KaKOM KOHIe
JIMHUM HaXOAMTCS aJjekTpoctanius? OtTser
MOSICHUTE.

MpocdunbHbIN 3K3amMeH

BAPUNAHT 1
1. C kakoil TOPU30OHTAJIbHON CUI0l F Ham0
JeiictBoBatb Ha OpPYyCOK Maccoit m = 2 Kr,

HaXO/AIUICA Ha HENOJBIYKHON HAKJIOHHON
TJIOCKOCTH C YTJIOM HaKJIOHA K TOPHW30HTY
o = 30° , 4TO6DI OH JABUTAJICST PABHOMEPHO BBEPX
no HakJoHHON mrockoctu (puc.3)? Koapdu-

Puc. 3

LUEHT TpeHus1 6PYCKa O HAKJIOHHYIO TLJIOCKOCTh
n=0,3. Yckopenue cBOOOJHOrO IaJeHus
g=10 M/ .

2. Ot MOJIb UI€AJIBHOTO I'a3a MEPEBOJIST 110
n3zobape M3 COCTOSIHUS ¢ Temiieparypoil 1; u
o6peMoM V| B cocTosiHUE, B KOTOPOM 06DbeM
raza yMeHBITaeTcsl Ha HEKOTOPYIO BEJIUINHY
AV , a teMmmepaTypa CTaHOBHUTCSA paBHOH T, .
Haiignre nsmenenne o6bema AV,

3. B 6ajione HaXoMuTCS OHOATOMHBIN HU7e-
AJIbHBIN ra3 B KOJIUYECTBE V = 4 MOJb IpH
temrieparype T = 300 K. Ilpm narpeBanum
GasyioHa cpejiisist KBaJpaTHyHasi CKOPOCTb MO-
JIEKYJT Ta3a yBeJWYMJIach B 7 1,3 pa3sa.
Kakoe xosmuecTBO TemaoTbl Q COOOGIIUIN
razy? YHuBepcalbHas ra3oBasg IOCTOSHHAS
R = 8,314 [Ix¢/(momb - K) .

4. Tlmockuit BO3YTTHBIN KOHIEHCATOP C Bep-
TUKAJbHO PACIOJIOXKEHHBIMU ILJIACTHHAME Ha-
[IOJIOBUHY TIOTPY3UJIN B BOAY C JAMAJIEKTPHUYEC-
KOH npoHuiiaeMoctbio € = 81. Kak uamenurcs
€MKOCTb KOH/IeHcaTopa?
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3. Ompejiesiure EHTPOCTPEMUTENBHYIO CUTY,
JIEMICTBYIONIYIO Ha IPOTOH B OJTHOPO/IHOM Mar-
HuTHOM TIode ¢ uuayKiweir 0,01 Ta (BexTop
MATHUTHOH WH/IYKITUH TIePHEH/NKYISPEH BeK-
TOPY CKOPOCTH ), €CJIH PAJIYC OKPYKHOCTH, 1O
KOTOPOW OH [BUXKETCs, paBeH 5 cM. Macca
nporona 1,67-1077 xr, sapsa mporona
1,6-107" Ku.

6. Teno, ABUTAsICh PABHOYCKOPEHO M3 COCTO-
STHWS TTOKOS TI0 OKPY>KHOCTH PaInyCOM 7, TIPO-
1o 3a Bpemst ¢ 1myTh [. C KakuM 1eHTpocTpe-
MHUTEJIbHBIM YCKOPEHUEM ¢, JABUTATIOCH TEJO
CIycTsI BpeMsi ¢, 10CJIe Havyasa JABUXKEHUSI?

7. Y BepTHKAJIbHON CTEHKM Ha TJIAJAKOHN T0-
BEPXHOCTHU CTOUT Yara Maccoit M, BHyTpEeHHSIS
[IOBEPXHOCTb KOTOPOIi
nmeer HopMy MOJTy-
cdepor pagmycom R
(puc.4). Ha xpaii
yaimm KJIAAYT maiiby
Maccoif m 1 oTmycKa-
oT ee. Haiignre Mak-
CUMAJIbHYIO CKOPOCTD
YAl Mpu TOCJIEIYT0-
nieM aBuskennu. TpenneM npene6peun. Y CKo-
perre cBOGOJHOTO MAJIEHUS PABHO §.

8. KonyiencaTtop BKJIIOYEH B TI€TTb TTOCTOSTHHO-
TO TOKA, COCTOATIYIO 13 ucrounmnka ¢ /AC & n
COTIPOTHUBJICHNUI C 50

il

Puc. 4

HOMUHasIaMu Ry
u R, (puc.5).
N3BecTtHO, YTO R, T R,
OTHOIIIEHNE Ha-
npspoxenust U Ha R, R,
KOH/IEHCAaTOpe K Fe—1
3HAYEHUTO 3[[(:, Puc 5

PaBHO HEKOTOPOI

Besimunne R, T.e. U/E =k . Haiigure orHoIIE-
Hue conporusiaennii R,/R;, ecin k =2 /3.

HenpodunbHbiv 3k3ameH

BAPUAHT 1

1. /IBa MIacTUIMHOBBIX MIAPUKA MacCaMu 7
U M, JETAT TIOJ TIPSIMBIM yTJIOM APYT K APYTY
CO CKOPOCTSIMH 0y W U, COOTBeTCTBeHHO. OHUI
CTAJIKUBAIOTCS ¥ cyunaioTest. Kakos 6y et moui-
HBIil UMITYJIbC CHUCTEMbBI 3TUX MIAPUKOB I0CJIE
CTOJIKHOBEHMSI ?

2. Jlng toro 4To6BI HATPETh B COCYZE JIeM,
UMEIoMWH HaualbHylo Temueparypy Ty =
=-50°C, mo TeMmiepaTypbl MJaBIEHUS
(T =0°C) u upeBpaTuTbh €ro INOJHOCTHIO B
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BoMy, morpeGoBajoch BpeMmsi ¢ = 5 MuH. B
TeueHne Kakoro Bpemenu t, Tasn jaen? Terio
K COCY/Iy HOJBOJIUIOCH paBHOMePHO (mporop-
[MOHATBHO BpeMeHn). TemoBbie MoTepu oT-
CYTCTBYIOT. ¥ Zie/IbHas TeIJIOTa I1JIABJICHI JIb/Ia

A =2,5-10" [Ix/Kr . YenpHast TEILIOEMKOCTD
abaa ¢ =2,1-10° Jix/(xr - K).

3. [IpoBoasuuii map paguycom 10 cM umeer
3apsij 1078 Ku. Kakosa HAIPSKEHHOCTD TOJIS
B TOYKe, HAXOAIIEHCS OT MOBEPXHOCTH Tapa
na paccrogaun 20 cm?

4. Haiijure oTHOIIEHUE ITOKA3aHUS BOJIbT-
Merpa V, K NOKa3aHWIO BOJIbTMETpa V, s
CXeMbl, M306paKeHHOIl Ha pucynke 6, ecuau

5]
'
R
R, !
@, )
R
R,
]
—
Puc. 6
R, =10 xOmM, R, =20 xOM, R; =80 xOum,
R, =160 xOwm.
3. IIpoBognuk mmuuoir L = 20 cM ¢ cuiioi
Toka I = 50 A HaxoauTcs B OJHOPOIHOM

MarHuTHOM noJje ¢ unayknuein B = 40 mTu.
Kaky1o paboTy COBEPLINT HCTOUHUK TOKA, €CJIN
ITPOBO/IHUK 1tepeMecTutcs Ha s =10 cM nepren-
JIUKYJISIPHO BEKTOPY MArHUTHOM nHAYKImn (Bek-
TOP MarHUTHOW WH/YKIMM HepIeH/NKYJIpeH
HAIPaBJEHNIO TOKA B MTPOBOJHIKE)?

6. Testo, 1BUTrasCh € MOCTOSHHBIM YCKOPEHU-
€M, TIPOXOJUT II0CJIe/[0BATeIbHO /IBa y4YacTKa
IIyTH, TIPUYEM BpeMsI JIBIDKEHHUST Ha 000UX yua-
CTKaxX OJMHaKoBO. IIpn BMKeHNN 110 IepBOMYy
YYACTKY [JJIMHOIO [ CKOPOCTb TeJla YMEHbBIIN-
Jlach B n pa3. Haiiaure AMHy BTOPOrO y4acTKa.

7. Bpycok maccoit M coenuHeH ¢ rpy3oM
Maccoil m HeBEeCOMOI 1 HEPACTSKIMON HUTDHIO,
MEePEKUHYTOl uepe3 HeBecoMblil 610k (puc.7).
Bpycok ckob3nT 6e3 TpeHns 1o 3aKperieHHON
HAKJIOHHOH TIJIOCKOCTH, COCTaBJISTIONIEH yroJ

0. ¢ ropu3oHTOM. UeMy PaBHO yCKOpeHHE d
6pycka?

8. B 3akpbITOM OTKauYaHHOM IMJIMH/PE M0/I-
BEIlleH Ha IPY>KHHe MOPIIeHb, MOJIOXKeHne PaB-
HOBecusI KOTOPOTrO HAXOUTCS y AHA IUINHAPA.
B mpocTpancTBo moj mopruieHeM BBOJUTCS He-
KOTOpoe KosamdecTBo rasa. Ilpm temmepatype
T, nopuieHb noaHAT Ha [ ot ana. Onpenennre
HOJIO’KEHUE MOPIIHSA [, TIPU HArpeBaHHU Tasa
J10 temneparypsl 7T, .

KPANTOITPA®UNSA

MexpervoHanbHaa onumnuaga
LUKONbHUKOB MO MaTemMaTuKe n
KpunTtorpapuu

U36parHbIe 3aaa41

1 (10 knacc). Haiiure HaTypabHOE YHCIO

X, He TIpeBocxojsdiiee 85, Takoe, 4YTO IIpU

23
nenenun uncen x° u x* ma 85 B ocratke

nouyuntcs 23 u 28 COOTBETCTBEHHO.

2 (8-9 kaacenr). Haiizure HatypasibHOe ymc-
JIO X, HE TIpeBocxojsiiee 77, ecau U3BECTHO,
YTO OCTATKHM OT JieJieHus1 uncia x> Ha 77 u 96
paBubl 71 U 73 COOTBETCTBEHHO.

3 (8-9, 10 ku.). IIaAHUK pemma OTIpa-
BUTD 1O TI0UTE 3alIly CBOH MapoJb OT KOMIIbIO-
tepa (cmoBo us 7-mu 6yks). llepen oTmpaBkoi
oH ero 3amudpoBas cieayouuM 06pazoM
(puc.8). Kaxayo
OGyKBYy CJIOBa OH 3a-
MEHWJI IISITU3HAYHOI
KOMOMHAIMEH B CO-
oTBeTCTBUU C Tabsu-

meit 1 (CLII/ITaeTCH, yTO —
E=E). Hauusie uz Fruc8

aoruH: [lnganmank
mapoJsb: PE*#%*%%

Tabnuya 1

o
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el Gl (=0 R =l =
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TaGJIMIbI CYMTBIBAIOTCS cBepXy BHU3. Tak, Ha-
npumep, 6ykBa b 3amensiercs wa 00001. B
peayJbTate y HETo MOJYyYMJach IIOCTE0Ba-
TEJBHOCTD dj, ..., d35, tAe a; € {0;1}. 3arem
AT HIK TOCTPOULT €11ie O/IHY TOCJIe/I0BATE T b-
HOCTD ¥y, ..., Y35, TakxKe coctosmnryio n3 0 m 1.
Oun mayraj 3ammcaJ IIepBble 4YeTbIpe YJeHa
TIOCJIE/IOBATEbHOCTH ¥y, Yy, Y3, Y4 W BBIOpAI
YeThIpe HEOTPHUIATEJIbHDBIX I[€JBIX YHCJa
¢y, €y, C3, €4 . OcraBUIMECS YIEHDBL ¥s, ..., U35
OH ToicuuTaaI Mo hopmy.e

Ynia =1 (O + ot + C3Yps + Ca¥ns3)

rzie 7, (a) — ocTatok ot jeseHus a Ha 2. 3areM
o Berumcaun b, =% (a; +y;), i =1, ..., 35.
[Tosy4nBIIyIOCS TTOCJIEIOBATENIBHOCTD by, ..., b5
Hlnanuuk pa36usn Ha (GparMeHTsl JJIMHBL O,
KasK/Iblil U3 KOTOPBIX OH 11Pe06pa3oBasl B GYKBbI
corjlacHo Tabsmie. 3asdl TOJIy4nJ CTPOKY:
rompPOXb. Ilomorute emy onpeiesuTb Ia-
POJIb.
4 (8-9, 10 ku.). JlaHbl MHOKECTBA:

X, ={1,2,3,4,56,7}, X, ={2,5},
X, ={23}, X, ={1,2,3,4,57,8,9},
X5 ={3,5}, Xs={1,3,56,7},
X, ={2,3,57,8,9}, Xq={578},
X, ={2,3,7,9}.

CKOJIbKO CyIIeCTBYeT HAG0POB PA3UUHbIX TP
(a,ay,a3,a4,as,a5,a;,ag,d9) ~ Takux, UTO
a; € X;? IlpexbsiBute Bce 3T HAGOPDHI.

5 (8-9, 10 ku.). 3JIOYMBIIIEHHUK XOYET
MIOJTIYYNTDh JOCTYH K GAHKOBCKOH sueiike, 3a-
MUAIEHHON KOZLOBbIM 3aMKOM. KoMOunaius us
tpex mudp (#,0,w) , ornuparnomnas 3aMoK, eMy
He WM3BECTHA. 3JIOYMBINIJICHHUKY yIaJ0Ch M3-
TOTOBHUTDH TIPOKCUMHUTH-KAPTHI CO CJIeYIONIed
nndopmanmeii: Ha MepBOH KapTe 3alICAHbI
wndpor (1,5,8), na sropoit — (7,4,9), na
tperbeit — (9,7,6), ma uerseproit — (3,2,4) .
[Tpn nmpuxgaabIBaHNN KapThl ¢ MHOpPMaImei
(a,b,¢) x cumTbIBalOIIEMY YCTPOICTBY GamH-
KOBCKOM SU€iiKM ee KOJ/IOBbII 3aMOK 13 COCTOS-
nusa  (i,j,k) mnepexoauT B COCTOsAHHE
(i+a, j+b, k+c) (ecan xakas-m6o cymma
MIPEBOCXOANT 9, TO OHA 3aMEHSETCS ee OCTaT-
koM or genenns Ha 10). Kak toapko 3amok
OKasbIBaeTcs B coctosiun (4, 0,@) , OH HeMe/I-
JIEHHO OTKpbIBaeTcs. Kakoe HauMeHbIliee KO-
JINYECTBO U3 HUMEIOMIUXCS KapT CJEIyeT WC-
10JIb30BaTh, 4TOOBI FAPAHTUPOBAHHO OTKPBITH

2017 /Nel2

SYeiKy, He3aBUCUMO OT YCTAHOBJICHHON OTITHU-
patonteil kombunaun (4,0,@) ¥ HAYaIBHOIO
COCTOSTHUS 3aMKa?

6 (8-9, 10 k1.). Arenty nepezaiorcsi coo0ie-
HUS € TIOMOIIIBIO CIIEINATBHBIX «TTePEAIONIIX»
4acoB, YCTAHOBJIEHHBIX HA TJIABHOW TLJIOMIAIN
ropojia. B 3apanee ycioBjienHOe BpeMsi areHT
NPUXOJIUT K YacaM ¥ HAauYMHAET CJIEAUTh 32 UX
CeKyH/IHOI1 cTpesikoii. Ecim npomia cexkyHza,
a cTpesika He C/IBUHYJACh, 3HAUYWT, mepeman 0,
B IIPOTUBHOM cJiydae (IIPolITa CeKyH/Ia 1 CTpeJI-
Ka caBuHysach) nepemana 1. Kaxmas Gyksa
COOOIIEHNST 3aKOIMPOBAHA MSATU3HAYHONU KOM-
ounaiweii u3 0 u 1 B coorsercTBun ¢ Tabmiein
1 (cumraercs, uto E=E). /lannble u3 TaGJIMIIbI
CUNTBIBAIOTCS CBepXy BHU3. Tak, Hampmmep,
6yksa b 3amenserca na 00001. Ilpu npueme
COOOIIEHNs CJYYaiiHbINH TTPOXOKUI HEHAI0JITO
oTByieKk areHTa. IlomMorurte emMy BOCCTaHOBUTD
COOO0IIEH e, €CJIN N3BECTHO, YTO 32 BPEMSI CEaH-
ca CBs3W dYachl orctagu Ha 81 cekyHIy, a
B GJIOKHOTE y areHTa 3alluCaHbl CJeLyIolne
3HAKU:

01111100000100010101011100010001000
1001000101001110000000010100101000
0000000001000010111000001000100000

7 (11 x1.). JlaTbl POKIEHUS] YUYEHUKOB Xpa-
HUJINCh Ha cepBepe IIKOJbl. [IJIsT Kaxkja0ro
YUEHUKA €ro JlaTa POK/eHus Oblia IIPe/ICTaBIIe-
HA YUCJIOM ¢, KOTOPOE BBIYUCJISLIOCH 110 (hopMy-
ne t=31(m-1)+(d-1), tne m — HoMep
Mecsina, d — Mopsi/IKOBbIi /leHb Mecsiia. Harmpu-
Mep, ecau t =65, To m =3 u d = 4, T.e. 3TOT
YUEHUK pojamJcsi 4-ro Mapra. 3arem ObLIO
pEIeHo CBeJIeHusT 0 Jlatax posK/eHus 3aimd-
poBath. Bmecro umcia t Ha cepBepe Ternepb
XPAaHUTCS YKUCJTIO X TAKOE, UTO YHCIO O TIph
nemeHnn Ha 373 [maerT OCTATOK ¢, Tae o —
cexperroe (HO OJWHAKOBOE JJISI BCEX YUEHHU-
KOB) HarypaJbHoe unco. Ms3sectno, uro Ma-
pusa (ra6n.2) poaunach 28-ro mapra, AJek-

Tabmiya 2
Yuenux x
Mapus 31
Amexcanap | 12
TTaBen 189

canap — 31-ro anuBapsa. VM3BecTHO Takke, 4TO
aneno o2 npu genennu Ha 373 1aeT octatok
1. Haitaure gary poxzaenus Ilasma.
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8 (11 ka1.). Ha npsmMoii 3a1aHbI 1Ba OTPE3Ka,
JAAMHBL KOTOPBIX paBubl 20162 —1 u
2016218 — 1, Ocy11ecTBIgs TOCTPOEHUS TOJIb-
KO Ha 2T0i mpamoii (T.e. 6e3 MCHOIb30BAHNS
TOYEK BHE MPSAMOI), C TIOMOIIBIO MUPKYJIS
MOCTpONTE 0TPe3oK JunHbl 2015,

9 (11 ka.). [lna 3ammdpoBaHust COOGIIEHNST
Ha PYCCKOM SI3bIKE, 3HAKH TIPEITHHAHUS B KOTO-
POM OIYILIEHBI, & CJIOBA OTAEJEHBI JPYr OT
Apyra sHakoM npo6esa (-), UCHob3yeTcs ABYX-
6s10unbtii mudparop. Iepsorii 60k mudparo-
pa 3amensieT OYKBbI COOOIIEHUS] U TIPOOGEJIbI
(-) Ha umcaa B COOTBETCTBHU ¢ TaGJuIei,
MOCTPOEHHOH HAa OCHOBE KJIIOYEBOTO CJIOBA.
CHavaJsia 3arichIBaeTcsl KJII04YeBoe CJIOBO, I10-
ToM 3HaK npo6esa (-), HOTOM ocTa/IbHOl anda-
BUT B €CTECTBEHHOM TIOPSIIKE 32 MCKJIIOYECHIEM
GYKB, BXOAANINX B KJIIOYEBOE CJI0BO (IIpr 5TOM
cunraercst, uto E=E). Hanpumep, e/ kmoye-
BOE CJIOBO npueem, TO TEpBbIi 6J0K Oyner
OCYIIECTBJISATh 3aMEHY B COOTBETCTBHH C TaO/IH-
1eit 3. Bropoit 6J10K 1osydaer Ha BXOJ 4MCIa

Tabnya 3
PlU|B|E|T|-|A|B|T|A K| 3| N|K|J|M
11213[4]5|6[7[8|9l10[11{12[13|14]15[16

O[C|YV|D| X |IL|Y | 'B|BI| b |3]IO] A
18]19|20]|21]22)23)|24(25[26(27| 28]29|30| 31|32

SEBE

13 1epBoro GJI0Ka U OCYLIECTBJIACT YCJIOXKHE-
Hue MmdPOBAHHOTO COOGIIEHNS TI0 CJIEIYTOIe-
My mpasuiy. IlepBoe umcio ocraBisiercs 6e3
N3MEHEHUH, a K KaXkIOMYy CJeIyIoleMy IIpH-
6aBJIsieTCS YNCJIO, PABHOE IIPOM3BEICHUIO YHC-
Ja 33 1 ocTaTKa OT JeJICHUS Ha TPU TIPEABIILY-
mrero yncsaa. CIoBo maiinoe Ha IPeIJIosKeHHOM
kaoue Oyner 3amudpoBaHo B cooOIeHUE
5 73 46 50 84 4 (ta6n. 4). IIpouwmraiite

Tabmya 4
Texcr | T N|H|O|E
1-it 6ok | 5|7 |13117]118| 4
Ocrartok | 2 1({210]1
2-ii 610k | 5 [73]46(50]|84 | 4

UCXO/(HOE cOolIIeHre, 3amndPOBAHHOE ITUM
mupaTtopoM Ha IPYTOM KJIOUE, €CTU U3BECT-
HO, YTO B COOOIIEHNH BCTPEYAETCS CIOBO 30€Ch:

3058461651 10425721951 1466 11 66
5957065724 38866617 8394 49 39 17 84
617 84 242997 39 11 7475 4 62 72 1 37 42
6 14 84 25 47 78 6 4 42 20 94

10 (11 xu1.). Kaxkgas Gyksa andasura Gblia
3aMeHeHa Ha Apyryio 6ykBy. [Ipu aToM pasubie
GyKBbl ObLIM 3aMeHEeHbl pasHbIMU. Pacmmd-
pyiite ¢pasy, HO3BOJAIONIYIO 3alIOMHUTD Pac-
nososkenne manet Comreanoii cucremsr (316Ch
[lnyTOH cYMTaeTCS MIAHETOMN):

JAIOIIA ICOUMIME SK YKHO,
BIIMOTHIIA ONVHIIIII I KUY
HOKUIINMC.

11 (8-9, 10, 11 kx1.). IIpo cocTaBIeHHbII U3
1ndp 20-3Haunblii TAPOIDb (dy, dy, ..., dyy) U3~
BECTHO CJIEYIONIEE: a) CyMMa MepBhIX 5 mudp
a, + ...+ as nenurcs Ha 5; 6) cyMMa nepsbix 10
mdp @ +...+ay, aemutcs Ha 10; B) cymma
BceX (P HaposIst @ + ... + ay, pesnrest Ha 20.
CKOJIbKO TaKUX TapoJieii?

12 (11 kn.). [ns GesomacHoii mepegadn 1o
6ecIIPOBO/IHOI CeTH U yCTAaHOBKU Ha MOOUJIb-
Hblit Tesiedon cexperHoro kiroya CK, npen-
cTaBJIgroNIero co6oit Habop u3 3-X dp pPiPaps ,
ATOT KJIIOY TIPE/IBAPUTEIBLHO 3l pOBbIBACT-
¢S caeyionmM o6pasoM. DopMupyercs 4eTbl-
PEX3HAYHOE YUCJIO M = 1p;p,p5 U BBIYUCIIACTCS
sammudpoBannbit kmod 3K ¢ mo dopmy.e
c=r, (mg), rae 7,(@) — ocTtaTok OT JeseHHs
YHCJIa @ Ha 1. ITO 3HAYEHHE ¢ U [ePEeChLIAeTCs
1o cetu. [Ipu nosrydennu yncia ¢ na resedone
BBICUMTBIBAETCS uucao M =r, (cd). IIpuuem
HaTypaJsibHOe 4HcI0 d BbIOPAHO TaK, YTO LIS
JI060T0 HATYpPaJIbHOTO YHCJA Z BBINOJHSACTCS
PABEHCTBO 7, (23d) =71, (2). Ecom naiizennoe M
He SIBJISIETCS YE€TBIPEX3HAUHBIM YHCJIOM, TIepBast
mudpa B KotopoM 1, TesrecpoH BbIaeT coobiie-
Hue 06 ommo6Ke. 3J0YMBIILIEHHUK TTePEXBATHI
3K ¢ = 18299 n npenpuHAT TONBITKY Mepe/ia-
ui Ha Tese)OH HOBBIX unces Buaa 7,(s-c).
Ipu s =100° Gbira nomyuena ommubka, a mpu
s=89° u s = 1728 ommGKkn He BOZHUKIO.
Omnpeneaute CK, ecm n = 20203.

Hy6auxayuio no mamemamuxe no0z0MoGUL
C.Pamodanos;

no gusuxe — M.Axnexcees, B.Ilonos;

no xpunmoepaguu — C.Pamodanos




HAIIIN HABJIOAEHUNUA

«/IMnpeccnoHncTnyeckaa»
oTorpaus

B.MNTYLUEHKO

EPKAJIBHAMA TJIA/Ib O3EPA (MOP$)»,
K «3epKaJio BObI»... Ilomo6mHbie cJI0BO-
COYETAHUST YACTO MOXKHO BCTPETHUTDb B XY/I0XKe-
CTBEHHDBIX omnmcanusax. Ho n ¢usmueckn oHU
TO’KEe BIIOJTHE BEPHBI: MMOBEPXHOCTH BOJABI TTPH
GOJIBIINX YTJIaX MaJleHs CBeTa OKa3bIBAETCs
oueHb XopoiuM 3epkajoM. OJHAKO 9TO <«3ep-
KaJIO» OYeHb TOJBUXKHOE, JIETKO M3MeHsolIee
dopmy cBoeii MOBEPXHOCTH IPHU MajeiieM
BeTpe WM TedeHNH. OTKJIOHEHUS OT TLIOCKO-
CTH, Ha3bIBaeMble PsIObIO WJIM BOJIHEHUEM, CO-
3/1a10T PAa3HOOOpA3Hble MCKAXKEHUsI CO3/aBae-
MOTO 3THUM <«KPHUBBIM 3€PKaJOM» H300pake-
nHus. Knaccnueckuii o6pas — <«JyHHas J10-
POKKa».

Ha dororpadun, npuseeHHOiT 3/1eCh HaBEP-
Xy clipaBa 1 Ha 4-if cTpanuiie 06JI0KKe Ky pHa-
Jla, — TIOBEPXHOCTb BOJIBI B CJETKA BETPEHbBII
JleHb. B 270l He coBceM CIOKOIHOI Bojie OTpa-
sKkaeTcst HaGepesKHasi — Orpajia, epeBbsi, Mallit-
HbI W CTEHBI, CTOSIIIUX BJOJb HabGepeXHOI
nomoB. CTpornii, peaTucTHIecKuii HaIBOIHBIIT
MUD CMOTPUTCSI B CBO€ «HMMITPECCUOHNCTHYIEC-
Koe» oTpakenme. Ecam «mepeBepHyTb» 3TO
OTpa’keHre BBepX HOraMu, KaK 9TO Mpe/ICTaBIe-
HO 371ech Ha doTorpaduu BHU3Y CJieBa, TO €ro
He Cpa3y ¥ OTJIMYUIID OT HACTOSIIIETO Meii3aka,
pasBe 4YTO HAMHMCAHHOTO PYKOW XYAOKHUKA-

UMIIPECCUOHUCTA.

pitiit

B moanucu Ha 06/105KKe MbI 3aBEPHJIN YNTa-
Tesis, uto ororpadus He TTOABeprazach HIKa-
Koii oOpabGoTke. BripoueM, aToT apeKT BriosiHe
MOXXHO ObLTO Obl HAa3BaTh «aHAJOTOBOU 06pa-
6OTKOIT» N306paAKEHNST — XOTSI U IIPOU3BE/ICH-
HOH C HUM elle /10 CheMKH.

[Toce iporyJiku 110 Gepery MnpongeMcst Mbic-
JIEHHO 1O KapTHHHOW rasepee (CM. CCBLIKH).
Ecsn BepuTh M3BECTHOMY YTBEDIKIEHUIO, YTO
JIy4lliie HaXO/JIKH MCKYCCTBa 3TO BCErja <Iojl-
CMOTpPEHHOEe» B TIPUPOJIe, TO MOKHO CUUTATD,
YTO Ha CETOJHSIIHEN <«IIPOTYJKe ¢ (PU3UKOW»
MBI BCTPETUJIN OJIMH U3 €r0 UCTOYHUKOB.

http: / /s44.radikal.ru/i103 /1209 /85 /
62¢b001bf8edt.jpg

http: / /tigelclub.ru/images /mclass/
mc_rain.jpg

http: / /muradeli.ru /wp-content /uploads /
2015 /11 /Impressionizm.jpg

https: / /artchive.ru /res /media /img /0y800 /

work /03e /292955.jpeg



NHDODOPMANINA

3A04YHASA ®U3NKO-TEXHUNYECKAS LLIKOJIA
nPUMOTU

3aounasg (puU3UKO-TeXHHUYECKasT IIKOJA
(BDOTII) MOCKOBCKOTO (PM3HKO-TEXHUYECKO-
ro unctutyTa (rocyJapcTBEHHOTO YHHBEPCUTE-
ta) (M®OTU) nposout Ha6op B 8 — 11 Knacch
yuammuxcsi 7—10 kmaccos o61ieo6pa3oBaTesib-
HbIX yupexaenuii (Ko, Juiees, ruMHa3Hil 1
T.11.), PACHOJIOKEHHbIX Ha Teppuropun Poc-
cuiickoit MDexeparyn.

3OTII pa6oraer B cdepe NPoPUIBHOTO
JIOTIOJIHUTEIbHOTO 0OpasoBanus jeteit ¢ 1966
rojia. 3a MpOIIe/Ine TOIbI MKOJY OKOHYUJIN
60s1ee 100 TBICSY yyamuxcs; TPAKTHYCCKU BCe
ee BBIIIYCKHUKHU TIOCTYIIAIOT B BeyIIe€ BY3bl
CTPaHbI, a KaKAbII Bropoit crygear MOTU —
ee OBIBIINIT YUEHUK.

Hayuno-mMetomueckoe pyKOBO/ICTBO IIKOJION
ocyiectBisgser MocKoBCKMii (PU3NKO-TeXHIYEC-
KU{ UHCTUTYT.

OO6yuenne B TIKOJE BeAETCS TO YeETbIpeM
Ipe/iMeTaM Hay4HO-TEXHUYECKOH HarpaBJ/ieH-
HOCTU — husuxe, mamemamuxe, un@ opMamu-
Ke u xumuu.

B 8 kJuacce maydarorcs TOMbKO (dU3UKA U
maremaruka. B 9—11 kmaccax x atum npeame-
TaM J06aBJSIOTCS «MaTteMaTnieckie OCHOBBI
unpopmatukn nu UKT» (undopmatnka) u xu-
MUsi. Yuaiquecss MOTYT II0 CBOeMy BbIGOpY
U3y4aTb OJIH, /IBA, TP UJIU YETBbIPE IIPEJMETa.

KoummuectBo 3aanmii B T/ IO KJaccaM U 0
mpeMeTaM TIPEICTaBJICHO B TaOJIHIIE:

8 kaace 9 knace

D M D M n
) 6 6 7 4 4

10 kmacc 11 rmracc

OGIM|I N X|D|I M| U
6 |7 4] 46| 8] 5|4

[lesnp Harmmeil MKOJIBI — TIOMOYb YUAIUMCS
8—11 kiaccoB 061e06PA30BATEIBHBIX YUPEK-
JIeHNil, MHTePEeCyoNnUMCs peJAMeTaMi Hayu-
HO-TEXHUYECKOI HANPABJECHHOCTH, YIIyOuTh 1
CHCTEMATU3UPOBATH CBOU 3HAHUSI T10 ATUM MTPE/I-
MeTaM, a TakKe cnoco6CTBOBaTh X mpodeccu-
OHAJIBHOMY CaMOOIIPEIEIEHUIO.

Ha6op B 8, 9, 10 u 11 xmaccer na 2018 /19
yueGHbII TOJI TPOBO/UTCS HA 32049HOE, OYHOE 1
OYHO-320YHOE OT/IEJIeHUS.

IIporpammpr SOTIII aBasA0TCS TPODUABHDI-
MU JIONOJIHUTEIbHBIMU 06Pa30BaTEIbHBIMU [TPO-
rpaMMaMy M eJVHBI JIJIT BCEX OT/IEJeHUN.

[Mosinast mporpamMma oGydeHusl paccunTaHa
Ha 4 roga — ¢ 8-ro mo 11-if KJacc BKIIOUNTETb-
HO, HO Ha4yaThb 0Oy4eHHe MOXKHO C J1I060r0 U3
YKa3aHHBIX KJACCOB.

Cornacuo noyioskennto o SMTII, yuawuiics
MOoKem 06 yuamvcs MOJIbKO HA 00HOM omadeie-
nuu 3OTIII.

Yuamuecs Bcex OTAeJIeHUI, YCIEIHO cIipa-
Busmmecs ¢ nporpammoit 3MTIHI, no okomnua-
unu 11 KJjacca MoJydaioT CBUAETENIBCTBO 00
OKOHYAHUU IIKOJIbI C UTOTOBBIMU OI[EHKAMHU 110
ndyuyasmumes B 11-m kiacce npeameram. Ceu-
demenvcmeo 06 oxonuanuu 3OTIII yanTbiBa-
erca nipu nocrymiennn B MAOTH B cooTser-
ctBun ¢ npasusaamu npuema B MOTU u Ilo-
PSIIKOM yueTa WHIUBUIYATbHBIX [OCTIKEHUI
nocrynaomux (https: / /pk.mipt.ru/
bachelor /2018 ID /).

Yduennkam Bcex OTAeIeHIH Oy 1eT Ipe/IoKe-
HO YYacTBOBaThb B (PU3WKO-MATeMaTHUCCKOM
ommmuazie «PUI3TEX-2019», xortopasg mpo-
Bosutcs Ha 6aze MMDOTU u B psizie TOpo/0B
Poccuu B peBpaJie nin Hauase MapTa, B Ipyrux
OYHBIX U 3a04yHbIX onuMmiuagax MADOTU u ero
JakyIbTETOB.

JLns yqamumxces u pyKoBoauTe el pakyabTa-
TUBHBIX T'PYHIl padoTaer online-iexmopuil 1o
dusuke, MaTeMaTHKe U XUMUU IO TIPOTPAMME
3OTII. Jleknum 4YWUTAOT MPeEIojgaBaTesn
M®OTU (kak npaBuio, aBTOPbl 3ajaHuii).
ITompoGHee 06 3TUX MEPONPHUSATUSIX MOKHO
mpounTaTh Ha caifre 3OTIII.

O6yuenne B 3DTIII GecrnaThoe.

Jliist yaammxcst, TPOKUBAIONINX 32 MIpe/esia-
mu Poccuiickoit Deepaiium, BO3MOKHO TOJIb-
KO TaTHoe OOy4YeHHWe Ha 3a0YHOM W OYHO-
320YHOM OT/IEJIEHHSIX.

3aounoe oraeaenune (undusudyaivhoe 3a-
ounoe obyuenue)

Ten. /dakc: (495) 408-51-45,

e-mail: zftsh@mail . mipt.ru

[TpueM Ha 3a09HOE OT/IEJIEHUE TTPOBOIUTCS HA
KOHKYPCHOI1 OCHOBE 10 PE3yJIbTaTaM BbITIOJTHE-
HUS BCTYTIUTEIBHOTO 33/JJaHUS 110 BBIOPAHHBIM
JUTST U3YYEHUS IIpeIMEeTaM.

B revenue yue6HOrO T0/Ia B COOTBETCTBHU C
nporpammoit 3MTII yuyernk mosyyaer mo Kax-
JIOI TeMe 3aJlaHusI 110 MU3y4aeMbIM IIpeJMeTaM,
a 3aTeM — PEKOMEH/yeMble aBTOPCKHUE peliie-




32 KBAHT

HUST 9TUX 33/IaHUIl BMECTe C MPOBEPEHHON pa-
60TOIl yyeHUKa.

3aanns COCTABJISAIOT OTBITHBIE ITPEIo/IaBa-
tes Kapeap obuieil GU3NKU U BbICIIEH MaTe-
martuku MOTU, a takxe Bpirycknuku MOTU
U JIpyrue CHelUaIuCTbl, uMerolme GoJbIIoi
OTbIT PaGOThI C OJJAPEHHBIMU TTKOJbHUKAMHU.
3aanus co/iepKar TeOPeTHYECKIil MaTepual,
pa3bop XapaKkTepHbIX MPUMEPOB M 33/a4 110
COOTBeTCTBYIOMIEH TeMe 1 8—12 KOHTPOJIBHBIX
BOIIPOCOB M 3a/1a4 [IJIs CAMOCTOSITEIbHOTO Pe-
nieHust. JTO ¥ IIPOCThIe 33/jauul, 1 60JIee CJI0XK-
uble. [Ipumepbl 3a/1aHni MOKHO TIOCMOTPETH Ha
caiite 3OTII.

Pa6oTpr y9ammxcs-3a09HUKOB TPOBEPS-
0T CTYJEHTBI, ACHUPAHTBI W BBITYCKHUKHI
M®OTU (u3 nux 80% — BHIMYCKHUKN Hareil
IIKOJIBI) .

BcerynuresbHOe 3a1aH1e€ 110 BBIGPAHHBIM ITPE/I-
MeTaM YYCHUK BBITTOJHSCT CAMOCTOSITCJIHO B
00HOTl TITKOJIBHOI TeTPa/I HA PYCCKOM SI3bIKE,
COXpaHsAd TOT XK€ TMOPSAJOK 3ajad, 4TOo W B
3ajannn. TeTpajib HY’KHO BbICJIATh B KOHBEpPTE
npocmotl 6andepo.ivio WK IPOCTHIM IIUCHMOM.
Ha snuueByto cropony TeTpaau HakJjelTe 3a-
noanennvii Oaanx (ero MOKHO 3allOJHUTH B
aJieKTpoHHOM Buzie Ha caiite 3MTIII, a 3aTem
pacrevararp):

JINe

Ne
samad| 1| 2| 31 4(5]...[10] 114 12 13 14 15 =

D
M
n
X

(Ta6auna 3anosngerca meroauctom 3MTII)

. Pecniy6amka, kpait, o6aacTb
. @amMuins, UM, OTYECTBO
. Knace, B koropom yumrech
. Ecsmn Bl yxe yunrech B S3OTIII, nanummre
CBOIl JIMYHBII HOMED
[IpenmMeTnl, IO KOTOPHIM BBITIOJIHEHDI 33/1a-
g (oTMeTbTe TaJouKaMu)

(pusuka

MaTeMaTuKa

nHdopMarnka

XUMUA

. Homep 1 /niu HazBaHUe IIKOJIbI

_~ W N —

“

S oooao

2017 /Nel2

7. Bup mxount (o6blunas, juiell, TuMHA3Us,
LeHTp 06pa3oBaHus U T.II.)

8. ®.U.0O. yunresneii o dusmke
M0 MaTeMaThKe
1o uHdOpPMaTUKe
10 XUMUHK

9. TMoapoGubiii nomammuii agpec (¢ ykazanuem
unjekca), tenaedoH, e-mail

10. Wmsg, otyectBo 1 Ne Tesecpona omHoTO M3
poauresiei

Ha xonkypc eskerojano mnpuxoaur GoJiee S5
TBICSIY BCTYIUTEIbHBIX pabot. [loxkanyiicra,
ob6parure BHUMaHKE HA MPABUJIBHOCTD 3aI10JI-
nenusi 6yanka!l Byabre akkypaThbi!

Ha enympennioro ctopoHy OOJIOKKH TeTpa-
Il HakJeiTe cupaBKy M3 HIKOJbI, B KOTOPOii
y4nuTeCh, ¢ yKazaHUeM KJacca.

s noryuenus omeema Ha BCTYIMUTEJIbHOE
3a/laHne W J7I OTIPABKH BaM TIEPBBIX 3a/1a-
HUI 00s3ameavHo BIOXKUTE B TeTPajb
1Ba OJMHAKOBBIX KOHBEPTAa pPasMepoM
160%x230 mMM. Mapku HakJIeuBaTb He HAJO.
Ha xomBepTax 4eTKO HATWIINTE CBOW JOMAII-
HUI ajpec.

TeTpagpb ¢ BBITONHEHHBIMHA 3aaHUSAMH BbI-
coutaiite Ha aapec 3MTI ne nozduee 1 map-
ma 2018 zoda. TIlpoBepeHHbIe BCTYITUTEIbHbIE
pa6oThl 06paTHO HE BBICHIJIAIOTCS.

Bce npucaianubie B 3MTIII paGorer peruct-
pupytorcs. udopmarmio o nosydenun pador
MoxHO yBuzieTh Ha caiite 3DTII B pasnese
«Bcerynurtenpuble 3aanusy. Perienue npuem-
HOll KoMuccun Oyjer BbicaaHo B mioyie 2018
roja.

Ecimm mkospHuK yke oOyuaercs B 3DTIII
u xouer M00aBUTH HA CJEAYIONIUN TOJ elle
peaMer, HeoOXOMMO BBITIOJHUTD W PUCJIATH
B 3DTIII BcrynuTesnbHOe 3aZlaHUE MO ITOMY
npeamery. Ha 6saHke 006s513aTeJIbHO YKaSKHUTE
CBOW JIMYHBIN HOMep. Pellenue npueMHON KO-
MHICCHM B 3TOM CJy4Yae He BBICBITAETCI, a
JIOTIOTHUTEIbHBIN  TIPEIMET CTAaHOBUTCS JI0C-
TynHbIM yuaiiemycsi B Jluunom kaGunere B
uioJie, B CJay4ae TOJOKUTEJbHOTO pelieHus
[IpUEMHON KOMUCCHH.

Ouno-zaounoe oraenenue (obyuenue 6
phaxyromamuenvix epynnax)

Ten.: (498) 744-63-51,

e-mail:fakultativ@mipt.ru

CD'de]IbTaTI/IBHbIe prHHbI MOryT 6bITb opra-
HU30BaHbl B JIO60M 00611e06pa3oBaTeIbHOM
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VUPEKICHUN O08YMsl, MPeMs UAU UeblPbMS
npenodasamensimu — (GUUKH, MATEMATHKH,
nH(GOPMATUKN U XUMHUM, B OT/IEJbHBIX CJIyda-
X pasperaercs o0yveHre Mo OJHOMY TIpeji-
Mery. PyxoBopmrtesm akysabTaTnBa MPHHU-
MAIOT B HETO YYAI[UXCs, YCIIEHIHO BBITOJIHUB-
mux BerynutenabHoe 3aganne 3OTII.

Ipynma (He MeHee 7 4eJ0BEK) MPUHIMAETCS
B 3DTIII mno 3asgBjeHUIO AWPEKTOpa, HAIM-
CaHHOMY Ha OslaHKe 0011e06pa3oBaTeIbHOTO
yupexaerns (06pasenr MOKHO TTOCMOTPETD B
pasjiejie «OYHO-3a0UHOE OT/ieleHne» caiita
3MDTIIL), B KOTOPOM JOJIKHBI GBITh YKA3AHBI
gamusnm, ¥MMeHa, OT4ecTBa PYKOBOAMTEJIEH
(akyIbTATUBHON TPYIIIBI 10 MPeMeTaM U Io-
NMEHHDBII ayi()aBUTHBII CHHCOK 00YYaromuXcs
(®.1.0. B andaBUTHOM MOPSIIKE TOJHOCTHIO
C yKa3aHueM KJjacca mexyuezo yuebnozo 200a
1 UTOTOBBIX OIEHOK 3a BCTYIIUTEJbHOE 3a/la-
HUE 10 BBIGPAHHBIM ITIPEAMETaM), ajpec, Te-
gedon, dakc u e-mail mrKosIbI.

3asgB/ieHre MOKHO BBICJIATb OOBIYHON T10-
YTOH, BJOXXUB KOHBEPT /I OTBETA O IIpHeMe
B 3DTHI ¢ ob6paTHbIM aJ[pecoM OJHOTO U3
pykosoauteneir na agpec 3MTII (¢ nmomer-
KO «MDaKyJ/JIbTATUB» ), UJIH BBICJIATb B OTCKa-
HUPOBaHHOM BuJie (C TMOANUCAMU W TIEYATHIO)
na e-mail:fakultativ@mipt.ru do 25 mas 2018
200a na agpec 3MTII (¢ momerkoit «®a-
KyJIbTaTUB> ).

Terpagu ¢ paboTamMu ydanmxcsi MpoBeps-
10TCST yuuTeasIMH (PU3NKM, MaTeMaTUKH, WH-
dopmatukn u xumnu u 6 SDTII ne svicvina-
omcsi.

Pa6ora pykosoaureseil ¢hakyJabTaTHBOB MO-
JKET OILIaumBaThesl 0611e06pa3oBaTebHbIM
YUPEXK/IEHINEM KaK PYKOBOJICTBO MPOMUIILHbI-
MU (paKyJIbTATUBHBIMU 3aHATUSIMU 110 TIPEJI0C-
tapjaeann 3DTHI cooTBeTCTBYIONTNX CBejie-
HUH.

PykoBoauresn, paGoraiomime ¢ y4aiumuMucs,
OynyT B TeyeHue yueGHOTo rojia 1moJydarhb y4aes-
HO-METOJMYECKUe Marepuabl (IpOrpaMMbl 1Mo
¢usnke, mMaremaTuke, XUMHUM U HMHOpPMATH-
Ke, 33JaHus MO TeMaM IIPOrPaMM, PeIIeHns
3aJaHUil ¢ KPAaTKUMHU PEeKOMEHAAllUsIMU 110
OIeHKe PaloT yYamunxcs); MPUTIANIATHCS Ha
KYPCBI MOBBIMICHUS KBaAM(UKAIIKN yuuTesaeit
3K 1 MaTeMaTHKH, MPOBOJMMBbIE Ha 6ase
M®TU. PaboTsl yuamumxcs TPOBEPSIOT U Olle-
HUBAIOT pyKoBOAUTeN N (aKyIbTaTHBHBIX
rpymt, a B 3DTII mMn BBICBLIAIOTCS BEJO-
MOCTH C WTOTOBBIMH OIEHKAMU IO KaXK/IOMY

3ajaHmio 1 uTorosag Begomoctb (11 kmacc)
3a roj1 (o6paser ectb Ha caiite 3ATIII).

Ounoe otgenenue (3aounoe obyuenue c
NOCEUCHUCM OUHBLY KOHCYAbMAYUIL)

Tea.: (925) 755-55-80,

e-mail: zftsh@mail.mipt.ru

[lnst yuammxess Mocksbl 1 MOCKOBCKO# 006-
gactu 1o nporpamme 3DTII paGoraior Be-
YepHUe KOHCYJIbTAIlMOHHbBIE TyHKTbI. Habop B
HUX TTPOBOJINTCS B CEHTSIOpE B /IBa ATara:

«320YHBIII 3Tall — TECTUPOBAHUWE Ha caiiTe
http: / /zftsh.online /,

« OYHBIN 3Tall — YCTHDBIC dK3aMEHBI.

Bonee mompobuas undopmarmst o nabope
HA OYHOE OT/eJIeHue pa3MeNaeTcsl Ha caiite
3DTIII B Havase ceHTAOPS.

3aHATHS € YYalUMHCS OYHOTO OT/ICJIEHUS
MPOBOJSATCST B yuebHbix koprycax MMOTU B
ropogax /loaronpyaupiii n JKyKOBCKHI.

Konrakrer 3OTII

Houmosuwiii adpec: 141700 MockoBckast 06-
Jactp, T.loaronpyanenii, HCTHTYTCKMI TIEp.,
n.9, 3SOTIHI

Ten. / paxc: (495) 408-51-45 — 3aouHOoe OT-
nenenne, (498) 744-63-51 — ouHO-3a04HOE
ornenenne, (498) 744-65-83 u (925) 755-55-
80 — ounoe otaenenve

E-mail: zftsh@mail . mipt.ru — 3saounoe wu
ounoe orzesenus, fakultativ@mipt.ru — ouno-
320YHOE OT/IeJICHUE

Catim: www .school.mipt.ru

BK: https: /' /vk.com /club1032617

[lnss mKoJAbHUKOB YKpauubl paboraer
V3®OTIH npu ®THHIL HAH Ykpaunbt (06y-
yerue maaTHoe). yKesaoumm nocTynuTh Tya
cJIeyeT BbIChLIATh PaboThl 1o ajpecy: 03680,
Ykpauna, r. Kues, 6-p Bepnasackoro, 1. 36,
I'CII, Y3ODTII

Ten.: 8(10-38-044) 424-30-25, 8(10-38-044)
422-95-64

E-mail: ftesch@imp.kiev.ua

Caiit Y3DTII: www.mfti.in.ua

Hwuxe npuBojsTes 3a/laun BCTYIHTEIbHBIX
3asanuii o Qusuke, mMaremaruke, wHbOpPMA-
ke n xumun. Homepa 3aiau, o6s13aTe/IbHBIX
JUIsL BbITIOJTHEHHsT (JUJIST IOCTYIIEHHST HA 3a04-
HOE ¥ OYHO-330YHOE OT/EJEHUsI), W MaKCH-
MaJIbHbIe GaJTbl TPUBOAATCA B Tabimie (HO-
Mepa KJIaccoB yKasanbl Ha Tekyuuit 2017 /18
yueGHbIH roj):
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Homepa 3anau

7 xmacc|8 xmacc|9 xmace |10 xnace

Dusnra 1-5 5-9 | 812 | 11-15
Maremaruka 1-35 3-8 | 5-11 | 7-14
WNudopmaTuka 1-5 | 6-10 [9,11-14
Xumus 1-5 6—10 | 7,9-13

Maxcumasbubie GaJlIbl

7 xmacc|8 xmacc|9 xmace |10 xnace

Dusuka 25 25 25 25
Maremaruka 18 24 26 29
WNudopmaTuka ) 10 14
Xumus 25 25 30

BCTYNMUTEJIbHbBIE 3AAAHUA

OPN3INKA

1. EcTb /1Ba 0/IMHAKOBBIX 10 pa3Mepam Gpyc-
ka. Macca 6pycka u3 xeje3a Ha 51 r 6oJibiie
Maccol Opycka u3 asmomunus. IliorHocTn ske-
py =78 r/CM3 u

Je3a W AJOMHUHUSA
py =27 F/CMj. Haiimure maccy 6pycka u3s
JKesesa.

2. IlepByio TpeTb MyTH aBTOMOGHUJIb eXaJl CO
ckopoctpio v = 30 KM/4, BTOPYIO TPETh IIyTH
— v, =60 KM/4U, TIOCJEAHIOI TPETb TYyTH —
v3 =90 kM/u . Haiimure cpemHion CKOPOCTDH
aBTOMOOLIS.

3. [IBe IPY>KUHBI CKPETLIEHDI OJHUMHU KOHI[A-
MH, a 32 CBOOOJHBIE IPyTHE KOHITBI UX PACTS-
ruBaioT. sKecTkocTn epBoii 1 BTOPOil TPY>KUH
k=80 H/M u ky, =60 H/M . Y unnenue nep-
Boll npy»xunbl x; =6 cm. Haitaure yimnenne
BTOPOIi MPY>KUHBDI.

4. TTpu KaKoil MITHUMAJIBHON TLITOIIA/IN JTb/IH-
upl ToamuHoi H = 30 cM oHa cMOXeT yaep-
JKaTb HaJl BOJOI yesoBeka Maccoit m = 70 Kr?

3. Jlerasp us amomuHusa mMaccoil m = 270 r
MojIBellieHa Ha JMHAMOMETPE M  IOJHOCTHIO
MOrpy’KeHa B JKUAKOCTb. /[MHAMOMETp IOKa-
spBaeT F = 1,9 H. Onpenenure maoTHOCTb

KUAKOCTH. [InoTtHOCTD ATIOMHUHUSA
p; =27 r/cM3 .
6. /lBa mampumka maccamu m; = 50 Kr n

m, = 30 Kr KavaioTcs, Cu/d Ha KOHIIAX O/IHO-
pofHoit gocku asunoii [ = 3,6 M u Maccoit m =
=20 xr. Ha kakom paccTogHuUM OT IIEHTpa
JIOCKM JIOJIZKHA OBITh TOYKA OMOPbI?
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7. B cocyne u3 skenesa maccoir my = 150 T
Haxozdarest my, = 750 T Bogbl mu my = 300 T
gpaa mpu temmepatrype t; =0°C. B cocyxn
O BOXy TIpu Temmeparype &, =100 °C .
O6rmas temneparypa craia 0 = 32 °C . Haiinu-
Te Maccy AoauToil Bojbl. Teroo6MeHoM ¢
OKpY2Kalolell cpesoil peHe6peyn. Y iesbHast
TemmoeMKocTh kenesa ¢ =460 Jbx/(xr-K),
yaeabHas TEMJOEMKOCTb BOJBI Cy =
= 4200 ﬂm/ (KF . K) . YenpHas TemnioTa IJIaB-
jenus jbaa A =335 kJ[x/Kr .

8. Ha cxopKOo KMIOMETPOB ITyTH XBaTuT V =
=10 u1 GeHsuHa g JABUraTesiss aBTOMOOWJIA,
pasBuBaioiiero MomHocte P = 15 kBt npu
ckopoctn © = 72 KM /4? JIBuraTtesib uMeer
KIILT n=27%. Ilnornoctp GensuHa
p=700 Kr/ M yJieJibHasl TEeNJoTa CropaHus
6ensmna g = 46000 x>k /Kr.

9. ComporuBienue JBYX IOCJIeI0BATEIbHO
COEJIMHEHHDBIX OJIMHAKOBBIX PE3UCTOPOB HA
45 Owm Gouiblile, 4eM CONPOTUBJIEHUE NPU UX
napaJsiiesbHoM coenuHenun. Haiinure compo-
TUBJICHNE OJHOTO PE3WCTOpA.

10. Kamenn, 6porieHHBII BepTHKATBHO BBEPX,
BO3BpaTUJ/Cs K MecTy 6pocka yepe3 t =3 c. C
KaKoil cKopocTbio Obl1 Gporren kKamenb? Co-
[IPOTUBJICHUEM BO3/lyXa MpeHeOPeyb.

11. Bpyckn maccamu my = 0,2 xr u m, =
=(0,3 KI CBS3aHbI JIETKOW HUTHIO W HAXOASITCS
Ha TJIaJIKOM Tropu3oHTajgbHOM crosie. K Gpyc-
Ky Maccoil my TPUJIOXKHJIN TOPU30HTATBHYIO
cuny Iy =1 H, nampasjieHHyIo BJOJb HUTH,
a K apyromy OpyCKy IPHUJIOKHUIA B IMPOTHBO-
MOJIOXKHOM HarpaBieHnn cuiay F, = 1,5 H.
Bpyckun mpumam B ABUXEHHWE, a HUTD
craja Hatauyrtoil. Hailaure cuiy HarsokeHUs
HUTH.

12. YenoBek ycabIMIaa packaTbl TpOMa yepes
t =6 cmocie Toro, Kak cBepkHyJia MoHus. Ha
KaKOM PACCTOSIHUU OT 4YeJIOBEKAa IMPOU30IIesT
anexTpuyeckmii pa3psaa? CKopocThb 3ByKa B
Bo3ayxe v = 330 M/c.

13. Asor maccoit m = 9 r mHaxommTCA B
IUJIMH/PE C BEPTUKAJbHBIMU CTEHKAMH I10/1
nopmHeM ¢ rupeit. I[laomaap mopimHs
S =90 cM? . Tlocae HarpeBaHus raza Ha AT =
=25 K mopmenb mofHsiAcs HA BbIcOTy H =
=7 cMm. Hafinzute Maccy mopmHA ¢ THpe.
Hapyxnoe aTmocdepHOoe  gaBieHHe
Po =10” TIa. Tpenuem MOPIUIHS O CTEHKH 1IU-
JINH/IpA TpeHe6pedb.

14. T'enmii Maccoit m =8 1 Harpen n3o6apHo
na AT =50 K. Kakyio pa6oty coBepiiii ra3?
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15. UsBectHo, uto arMocdepa 3eMin nMeeT
MOJIOKUTETHHBII 2JIEKTPUYECK I 3apsi/l, a caMa
3eMJIs — TaKoil Ke 10 MOJIYJII0 OTPUIIATETbHBII
3apsit. HanpsiykeHHOCTDb AIEKTPHYECKOTO T10JIsT
BOm3u noBepxuoctu 3emsmm E = 130 B/,
paanyc 3eman R = 6400 M. Haiigute 3apsn
3emu.

MATEMATUKA

1 (2 Gamna). K ABaalatuipoleHTHOMY pa-
CTBOPY 11eJoun Jo6aBuau 25 Kr IeJo4u, B
pesyJibTare 4ero KOHIEHTPAIUsl PacTBOpa cra-
Ja paBna 36%. Haiiinte maccy moydeHHOTO
pacrBopa.

2 (3 6.). Maccaxup, exyumii us A B B,
[EePBYIO TPETh 3aTPAYCHHOTO HA MYTh BPEMEHU
exajl Ha MalluHe, a OCTaBIIHMECS JIBe TPETH
BpeMenn — Ha aBroOyce. Eciiu 6bI OH Bech 11y Th
mpoexas Ha aBTobyce, ato 3ausio 6br Ha 30%
6osipiiie BpeMeHH. Bo ckoJbko pas ObicTpee
MIPOXO/IUT Iy Th 3 A B B Maina, uem aBrobyc?
(CkopocTi MammHbl U aBrofyca CYdUTaTh I10-
CTOSIHHBIMH. )

3 (3 6.). OmuH W3 yrIOB TPEYrOJbHUKA
paBeH o . Haitznre yros mexay 6uccekrpuca-
MM BHEIIHUX YTJIOB, TIPOBE/ICHHBIMHU 13 BEPIITHH
JIBYX JIPYTHX YTJIOB.

4 (5 6.).a) (2 6.) Hocrpoiite rpadux QyH-
(8-x)(2+x)-6x

o[ - 4

6) (3 6.) Haiigure Bce 3naueHuss a, 1pu
KOTOpBIX mpsaMasg Y =da(x+5)+2 umeer c
MOCTPOEHHBIM TPaUKOM POBHO OJHY OOIILYIO
TOUKY.

5 (5 6.). Haiiure HauMeHbIee HATYPAJIb-
HOE YHCJI0, KOTOPOE 3aMHCHIBACTCS OIMHAKOBDI-
MU nmdpamu u geautcs Ha 693.

6 (3 6.). PesepByap cuaGskaercss BOAOH 1o
st tpy6am. IlepBast nanosaser ero 3a 1 u;
BTOpAsi, TPETDSI 1 ueTBepTasi BMecte —3a 15 MuH;
BTOpasi, TpeThbs U ngatas — 3a 10 MuH; ueTBep-
tad u naras — 3a 20 MuH. 3a Kakoe BpeMs ero
HATOJIHAT Bce S5 TpyO BMecTe?

7 (5 6.). Cpeanss munus Tpamenuu pasia 8,
a 0TPE30K, COeIMHSIONINI Cepe/INHbI ee OCHOBA-
Huil, pasen 3. Haiifiute ocHOBaHus Tpareiuu,
€CJIM YTJIbI TPU €€ MEHbIIIEM OCHOBAHUU PABHBI
160° u 110°.

8 (3 6.). Oupenenure, ABAAETCA U YUCJIO

\/|40x/§ - 57| - \/|40\/§ + 57| paIMOHATbHBIM.

OrBer oGocHyiiTe.

KIUn Y =

9 (3 6.). Pemmure ypaBHeHue
2362 +1261 =18x% —17x .

10 (4 6.). Yerbipexyroabuuk ABCD Briucan
B OKPY’KHOCTb, 1ipu atoMm AB : CD =1 : 2,
BD : AC = 2 : 3. Haiinute AD : BC.

11 (3 6.). Peumre cucremy ypaBHEHHI

2 2
x“+4y =5,
xy
2x% - y? = 31.

12 (3 6.). Pemmte ypasHenue

. sin 2x
cos x cos2xsin 3x = ———

13 (4 6.). Penmre HEpaBEHCTBO

\/x2+x—6+3x+13>

X+

1.

14 (4 6.). Haiigure Bce mapbl HATYPaJIbHbIX
unces (X, ¥), YAOBIETBOPSIONIX YCIOBHIO

11 1
x y 2017

MHOPOPMATUKA

1 (1 Gann). Pacceanubiii npodeccop cobu-
pajcsi Ha pabory B yuuBepcuter. OTKPbIB
SIUK KOMOJIAa, OH OGHAPYKUJI, YTO TaM BIIe-
PEMEIIKY JIEXKUT GOJIBINOE KOJMYECTBO OJIMHA-
KOBBIX TlepyaTok. IIpodeccop TouHO MOMHUT,
yto 12 w3 mmx — JieBble, a 17 — mpaBble.
Kaxoe MuanMaIbHOE KOJMYECTBO TIEPYATOK eMy
HY’KHO B3SITb M3 KOMOJa, 4TOOBI TapaHTUPO-
BaHHO uMeTh Ha pykax mapy? Otser o060-
CHYiiTe.

2 (1 6.). TlouToBBII MHAEKC B HEKOTOPOI
CTpaHe COCTOMT U3 OJHOII mepBoil GykBbI (Hc-
TOJIb3YeTCsl 25-CUMBOJIBHBIN anaBuT) U Tpex
JECSITUYHBIX 1UdpP, cpeau KOTOPbIX MOXKET
6bITh He 6oJiee BYX 0. CKOJIBKO Pas3M4HbBIX
MH/IEKCOB MOKHO TIocTpouth? OTBeT 060CHYI-
Te.

3 (1 6.). CkoabKo 3anuceil B HUKeECAEAYIO-
meM (parMenTe 9K3aMEeHAINOHHON BeJOMOCTH
YIOBJIETBOPSIIOT YCJIOBUIO

« (Ilojm = M U dusuka >= 3 ) WIN XuMug
= 5»°?




36 KBAHT

e e e B e e
AKCceHOB M 5 4 5 3
TomoBa K 3 5 4 )
TpuropeHko | 5 5 4 )
WBaHoB M 4 5 3 )
Cepreea K 4 3 4 4
HepemnaHoB M 3 2 5 3

4 (1 6.). B GyTtbuike, crakane, KyBIIMHE W
OaHKe HaXOJATCS MOJIOKO, JUMOHAJ, KBaC U
Boja. V3BecTHO, 4TO BOZAa U MOJIOKO HE B
OyTBLIKE, COCYJl C JMUMOHAJIOM CTOUT MEK]LY
KYBIIMHOM U COCY/IOM C KBacoM, B 0OaHKe He
JIUMOHAJI U He BOJA; CTAKaH CTOUT MEXK]Ly
GAHKOI 1 COCY/IOM C MOJIOKOM. B KakoM cocyie
HAXOJUTCS Kask/as u3 skugrocreii? Orser 060-
cHyfiTe.

5 (1 6.). CKOAbKO emuHUIl B JBOUYHOIL
s3anmcn gecaruaroro yucaa 438? OtBer 060-
CHyTiTE.

6 (16.). 3anummTe Mo MpaBuIaM CHHTAKCHCA
si3bIKa TporpammupoBanust [lackasb ciemyio-
Iee JIOrnmueckoe BbICKasbiBaHme: <«Umcao X
YeTHOE U He MPUHAJJIERHUT OTpe3Ky [6; 8]».

7 (2 6.). OTMeTbTe ITPUXOBKOIT Ha KOOPANU-
HATHOIH IJIOCKOCTH 00J1aCTh, B KOTOPOU M TOJIb-
KO B KOTOPOI1 BBITIOJTHSIETCS TPUBEIEHHOE JIOTU-
yeckoe BbIpakenne (MMeer sHaueHue true):

(x <=1)>(x*+y® <=9)

Ecnu rpanuiia Bxoaut B 06JacTb, TO 0603HAa-
yaiiTe ee CILIOIIHOW JUHUEH, ec/ii He BXOJINT,
TO — MITPUXOBOH.

8(26.). Momycrum u cieyioniuii onepatop
npucBauBanus npu y=3? Ecim 1a, T Bpinuiim-
T€ TUI U UTOTOBOE 3HAYEHUE TIEPEMEHHON «y>,
€CJIM HeT, TO HAIUIIUTE, [T0YeMy.

y := round(5*9 Div y Mod 7/3/y) -
— Trunc (0.724)

9 (2 6.). Ucnommurens Yepenanika mnepeme-
aeTcs Ha SKpaHe KOMIIBIOTEPa, OCTABJIAS CJIe]
B BU/Ie JIMHUU. B KaXK/IbIfl KOHKPETHBII MOMEHT
U3BECTHO MOJIOKEHHE UCIOJHUTETS U HaIlPaB-
JIEHHE €ro ABVKEHUs. Y HCHOJHHUTENIS CyIle-
CTBYIOT JIB€ KOMAH/IbI:

Brnepén n (n — mesaoe 4nucjao) — BBI3BIBAET
nepeBMkeHne UYepenanky Ha 7 MIaroB B Ha-
IPaBJICHUN JBVKEHUS.

Hanpaso m (m — 11e/10€ 4nc/a0) — BbI3bIBAeT
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U3MEHEHNEe HATIPABJICHUS [[BUYKEHUST HA M TPa-
JIyCOB TIO YaCOBO#1 CTPeJIKe.
3amnuch

lloBTopr k [Komanmal KomanHpmaZz]

03Ha4yaer, 4TO TOCJEe/I0BATENBHOCTD KOMAH/| B
CKOOKaxX MOBTOPUTCST R pas.

Harmnumure nporpamMmy JJisi JaHHOTO UCIIOJ-
HUTEJIT, KOTOpasi MPUBEIET K TIOSBJICHUIO Ha
SKpaHe IPaBUJIBHOTO Tpeyroabhnka (y KoTopo-
0 BCE CTOPOHbBI PABHbI).

10 (3 6.). Ha Bx0a mporpamMme IOZAeTCs
MOCJIE/OBATEbHOCTD HATYPAJIbHBIX UUCEJ.
IIpusnak konma BBojga — HOJb. Harnwmmmre
MporpaMMy, KOTOPasl HaXOJUT CyMMY YHUCEI,
KoTopble fgenstcs Ha 13 u nocnennss nndpa
KOTOpPBIX paBHa 7. Umcia He TPEBOCXOMAT
10000. MaccuBBI HE MCTIOIB30BATD.

11 (2 6.). Kakue u3 mepeumncIeHHBIX HUKE
MMeH y/IOBJIETBOPSIOT JaHHOMY ycjoBuio? OT-
BeT 060CHYIiTE.

- (= nocrnenHas OyKBa TJlacHasa —
neppas OykBa coIJlacHas) & BTopas
OyKBa coIJlacHasd

VPVHA, APTEM, CTEIAH, MAPKIA

12 (2 6.) CKOJIbKO 3HAYAIMX HYJIEH B IBOMY-
HOIl 3amucH IIeCTHAAIlATEPUYHOIO YHUCJIa
28FA,E4, ? Hosb HasbIBaeTCS 3HAYAIINM, €CJIH
yJlaJIeHNe ero 13 3allICH YIC/Ia BeJEeT K N3MEHe-
HMIO 3HauyeHUs uucia. llpuBeaurte perenue
3a/1aui.

13 (4 6.). Hanuiure Ha A3bIKe IPOrpaMMHU-
posanust Ilackanb mam B BHJE OJOK-CXEMbBI
AJITOPUTM, TIO3BOJISTIONINN BBIYUCIUTH CYMMY
BCEX JleuTeNeil BBEJEHHOTO HATyPalbHOTO
qicIa.

14 (4 6.). Hanumure Ha S3bIKE NPOrPAMMIU-
posanus Ilackanp uwmu C mm6o B Buje GI0K-
CXEMBI aJITOPUTM, ONPEEIAIONINI KOJTMIECTBO
Pa3IMYHBIX KOPHEH B OGOOIIEHHOM KBajpart-
HOM ypaBHeHun. Ha BXOJ aaropurMy mogaior-
cs1 Koapuiments a, b, ¢, Ha BbIXO/E HYKHO
BBIBECTH KOJMYECTBO PA3JINYHBIX KOPHEI.

Xnmmnd

1 (56.). a) B Boze maccoii 80 T pactBopuIn
20 rcyabdara narpusi. Kakosa maccoBast /107151
COJA B TIOJIyYEHHOM PacTBope?

6) Kakyio mMaccy BOABI HY/KHO J06aBUTDH K
ATOMY PACTBOPY, YTOOBI MACCOBAst JIOJIsI COJIM
crasia paBHa 12,5%7?

B) Kakue maccor npurorosnennoro 12,5%-ro
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pacTtBopa M PacTBOpa € KOHIEHTPAIUEH CYJib-
dara Hatpust 20% caeayer cMemmarb, 4TOGBI
npurorosutb 300 r 14%-ro pacrtsopa?

r) Kaxkosa MosigpHasg KOHIEHTpalus
[Mosib /1] pacTBopa cysbdara HaTpus B HpU-
roroByieHHOM 14%-M pactBope maccoit 300 r,
€CJIl U3BECTHO, YTO TLIOTHOCTH 3TOTO PACTBO-
pa 1,13 r/mna?

2 (5 6.). OcyniecTBuTe HEMOYKY MPEBpalie-
HITH:

; A HCIKOHH B Fe Z[
KMnO4~{
5 _FeO _ . HCI T

Ompenenute BemectBa A, b, B, T, /[. Yrkaxkure
YCJIOBUS TPOBEEHHST PEAKIIii.

3 (5 6.). Kakue u3 HmKenepeunCcIeHHBIX
BelecTB OyAyT B3aUMOJEHCTBOBATb € PACTBO-
pom rugpokcuia narpusi: Mg, Zn, Cl,, SiO,,
Si, Al,O5, KNO;3, CuSO, ? Hanummure ypas-
HEHMS BO3MOJKHBIX XUMHYECKMX PEAKIUHA 1
YKa)KUTE YCJIOBHUS UX ITPOBEIECHUS.

4 (56.). Ilpu npokamuBaHuu cMecu KapGoHa-
Ta U TUAPOKapGOHATa HATPUS €€ MAcCa YMEHb-
murach Ha 22,63%. PaccumTaiite MaccoByo
JI0JT10 KapOOHATa HATPUST B MCXOJHON CMECH.

5 (5 6.). B pacTtBop rosy6oro 1nseTa omycTu-
JIi cepeOPHICTO-CEePOe IIPOCTOE BEIECTBO. Uepes
HEKOTOpOe BpeMsl rosy6asi OKpacKa pacTBopa
ucyesna U MOSBUIOCH HEPACTBOPUMOE B BOJIE
BEIECTBO KPACHOTO IBeTa. PacTBop oTaemam
U J06aBJSAIM K HEMy PacTBOP MLIEJIOYU [0
BBINAJEHNST CEPO-3EJIEHOTO OCaAKa, KOTOPDIN
[P BO3EHCTBIN HA HETO TIEPOKCHIOM BOLOPO-
na cran 6ypbiM. Ocalok BbICYIIMIN, IIPOKAJIHI-
JIM 1 TIPOILYCTUJIN Yepe3 Hero GeclBETHbIIi Ta3
Ges sanaxa. B pesyJibrare Hab/II0a/I1 U3MEHE-
Hue OyPOil OKPACKH BEIECTBA HA TEMHO-CEPYIO.
Hanuimre ypaBHEHHs BceX ONUCAHHBIX Peak-
HUA U yKasKUTe YCJAOBHSA MX MPOBECHHUS.

6 (5 6.). Jlaubl BemiecTBa: Me/b, KaJbliuii,
okcug sxenesa (I11), okenp 6apus, oKkcuz azoTa
(I1), okcup xpemuusa (IV), okenz aszora (V),
cy bdar Meu, XJOPU/] Kaius, KapGoHaT Mar-
uusi. Boibepute u3 3THX BEIIECTB T€, U3 KOTO-
PBIX MOKHO B OJHY CTaJUIO TIOJYYUTh THAPO-
keng (kueqory wim ocnosanue). IIpuseanre
[pUMEPbl COOTBETCTBYIONINX PEAKIMIT U yKa-
SKUTE UX THUIL.

7 (7 6.). OcyuecTBuTe 1ENOYKY IpeBpaiie-
Huil:

Cay,(PO,) — A —> b —> PH, —l

f

Na,HPO, <— NaH,PO, <— H,PO,

8 (3 6.). PactBOpbI XJI0pHIA AMIOMUHUS 1
KapOoHaTa HATpus CJauJn. BeimaBmmit Gesbrii
aMOP(HBIN 0CAJIOK OT/EJUIN U PACTBOPUIN B
u30bITKE MMEeJI0un. 3aTeM K IOJYYeHHOMY pa-
CTBOPY CTAJM MO KaIJsiM I00aBJSITh a30THYIO
KHCJIOTY /IO TeX TOp, TOKa He BbImaJ GeJiblii
amopdHbIit ocasiok. Hammrmure ypaBHeHust OMu-
CAHHDBIX PEAKITUIL.

9 (5 6.). Cmech Ba u BaO maccoit 44,3 ¢
pacTBopu/H B Bojie 1 mosryunin 10%-it pacTBop
rupokcuga Gapus. [Ipu pacTBopeHUU Bbijle-
manock 2,24 1 rasa (n.y.). B kakom o6beme
BOJIbI PACTBOPHUJIN HCXOHYIO CMECh?

10 (5 6.). TepMuueckoe pasjoxkenue Kapoo-
HaTa KaJblmst mpoBoguan mpu 881,33 °C u
HOPMaJIbHOM JiaBjieHun. Yepes HEKOTOPOE Bpe-
MSI BBIJIETIIOCH 28,4 J1Tasza, a Macca TBEPOTo
ocratka coctaBuia 36,8 r. Onpenennre Mmaccy
UCXOMHOTO KapOoHaTa KaJbIUs, B3SITOTO JJIS
PasJIOKEHUS.

11 (4 6.). Uepes packajieHHbIT OKCUJ MeH
nponycruan ammuak. OGpasoBaBuImiicss npu
HTOM Ta3 TPOIYCTUJIN HaJl HATPETHIM MArHUEM.
[TostyuenHoe TBepOe BEIIECTBO PACTBOPUJIN B
ropstueil Bojie, a BBIJICTUBIINICS TIPU 9TOM Ta3
MPOIYCTUIN YePe3 PACTBOP CyJibdara agioMu-
HUSI, B Pe3yJIbTaTe 4ero BbImaj GesIblil 0Ca/IoK.
Harumire ypaBHeHMsT OIMUCAHHBIX PEAKITH.

12 (5 6.). OcyutecTBuTe LENOYKY TIPEBpalile-
HWIT:

CH,~CH(CD-CH,
AlCl, o

H,S0,, ¢ = Nit,p

KMnO,
HOOC-(CH,),~COOH

H,S0,

H,SO .t
—» 24—(KOHH)>D

13 (4 6.). HarpesaHune 5TUJI0OBOTO CIUPTA C
KOHIEHTPUPOBAHHOH CepHOIl KUCJOTOH /10
140 °C npuBoauT K 06pPa3oBAHUIO CMECH, CO-
CTOAIIEN M3 JBYX OPTAaHMYECKUX BEIIECTB C
IJIOTHOCTBIO 110 Bojiopoay 18,26. Omnpenenure
BBIXOJ[ Ka’K/[OTO KOMIIOHEHTa B IOJIyUEHHOI
CMECH B PacyeTe Ha STUJIOBBIN CIIUPT, KOTOPBIi
npopearupobai Ha 87%.




OTBETHI,

«KBAHT» A4 MJIAALLNX LUKOJIbBHUKOB
3AOAYN
(cm. c. 22)

1. 3ajzaua uMeeT pasHble PEIICHHs B 3aBUCHMOCTH
OT TOT'0, KaKOii CMbIC/I BKJIAJIbIBAETCS B CIOBO «KBaJl-
par» (puc.1).

— ]

ol e

Puc. 1

2. Mo:xHo.

Hampmmep, 0,13 + 0,24 + 0,65 + 0,98 = 2.

3. OauH U3 BO3MOXKHBIX IPUMEPOB IIOKA3aH Ha
pucyske 2.

Puc. 2

4. 7 nmm 8.

2

HpHSOBOﬁ (I)OHL[ COCTaBJIAET § OT BCEX IIOCTYIIUB-

mmx jener. [lostomy mobGenntenb TypHHpa IOJY-

12 1
YL = OT TOCTYNUBIIAX JieHer. 3HA4MT,

6 3 9
€CJIM 4YMCJIO YYaCTHUKOB HeE 6oJibliie BOCbMH, TO
B3HOC TIIPEBbBIMIAET Harpajay 3a I[IepBOoe MeCcTo, a
NHaye — He IIpeBbIlIaeT. I/ITaK, KOJIMYECTBO y4acCT-
HUKOB He 6O0JIbIIE BOCHMH.

1

Tax kak 1mo6eanTesb IMOJYUUI 5 OT IIPU30BOIO
)

(onzma, TO OcTaNbHDBIC YYACTHUKHU Pas/iesINIn 6

donma. IIpu stom mobeautenb TOJTYUHT GOJBIIE
Ka)/JI0ro 13 ocrajbHbiX. [loaTomy Kaskablii u3 oc-

1
TaBIINXCS TOJYUYUJ MeHbIIe E donmga, a 3HauwnT,

5 1
OCTAJIBHBIX YYACTHUKOB GOJIBIIE, YeM 3 : 5 S5 de-

JIOBEK.

YKA3AHNA, PEIIEHNA

Taxum 06pa3oM, B TypHHpe MOIJIM Y4acTBOBATb 7
w8 yenoBek. O6e 3TUX CUTyaIlMd BO3MOSKHBI.
[lnst aTOTO, HANPUMED, HE BBIUTPABIIME YYACTHUKI

MOIJIH II0POBHY Pas/eMUTh OCTAIOUIECS & IPU30-
( 5.1 _1

BOTO OH/la IIOJIVUUB 110 . . -

® Y 66 6

51 1

—_—— < —_—

6 7 <'g Tpu3oBOIO donaa).
3AOA4YN

(cm. <Keanwm» Nol1)

1. Ecan BpiOpanpr ymcaa 7, 8, 9, 10, to y Bamn
nostyunsioch 78910, a 'y Mumu 10987.

2. Ilycrtp sagbs cuenaer 7 XOIOB TaKuM 00PasoM:
xo/pl Ha 1, 6 1 7 KJIeTOK — BBEpX, a XO/bl Ha 2, 3,
4 u 5 kJeTok — BrpaBo. Torga oma cMecTUTcs 1O
Beprukaian Ha 1 + 6 + 7 = 14 KJIeTOK, T.e. OKa’KeTcs
B BepxXHeil cTpoyke, W 10 rOpU30OHTa N Ha 2 + 3 +
+4 + 5 = 14 KJETOK, T.e. OKaXKeTcsl B IPAaBOM
croJone.

3. [leBouka B skeaToil manke crapuie sKennm Ha 3
rojia.

[Iycrs C — Bozpact Cammm, K — Kuaapel, 3 — 3unbl,
K — JKenn, ¢ — [1eBOYKM B CHHEH IIamke, K —
JIEBOYKM B KPACHOI IIAaIKe, 3 — JEBOYKHU B 3€JIEHOI
manke, JK — JI€BOYKH B JKeaToll Imamnke. Torma
CyMMa BO3DAaCTOB YeTbIPeX /IeBOYEK, C OIHOU CTOPO-
Hel, paia C + K + 3 + /K, a ¢ apyroii, oHa paBHa
¢+ x + 3+ k. Orcioga nomaydaeM, 4to & — K =
=C-c+K-x+3-3=1+1+1=3.

4. Ilpeamonoxkum, 4ro BypatuHOo He o6cumTascs,
TOT/Ia PN KaKUX-TO PA3JIMYHBIX HATYPAJIbHBIX d, b,
¢ BepHO, uT0 @ + b — ¢ = ab : ¢. [loMmHOXUB 00e
YaCTH Ha ¢, HOJYYUM PABEHCTBO ac + be — ¢ = ab
u npeoGpasyem: (@ —c)(c—b)=0. A 210 HeBO3-
MOKHO, TaK KakK ¢, b U ¢ — pa3NIHbIe YNCa.

KOHKYPC UMEHU A.N.CABUHA

(cm. «Keanms» No10)
5. 1200.
[lepenumiem paBeHcTBO:

100- T + bIP +100-II + bIP =800 - /I + 8- bIP .

IIpeo6pasyem ero: 100 (T+I11—-8-/)=6-bIP .
JleBas wactp gesutcs wHa 100, a 3HAUWT, U mMpaBas
toxe. Ilpu stom mpaBas wactb menbine 6-100 u
npemures Ha 6. 3naunt, ona pasHa 300. Ilostomy
BIP =50u T+II-8-/ =3. KakuM mMoxeT ObIThb
? Ecm 122, 1o T+I1>19 — nporuBopeure.
3uauut, [l = 1. [losywaem, uto

TBIP + IIbIP = 8-150 = 1200 .

6. Ilyctp rpy3 MOXKHO yBe3TH Ha TpexX 9-TOHHBIX
rpysoBukax. IlokaxeM, kak U3 KaxJ0ro 9-Tonnoro
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I'PY30BHKa MEPETOKUTD BCe SAMNKH B ABA 6-TOHHBIX
— MOJIyYHM IpoTuBopeure. Tak Kaxk AMUKH MOXHO
yBe3TH Ha ceMH 6-TOHHBIX I'PY30BUKAX, TO KaXK/Iblil
ANMK BecuT He GoJee 6 ToHH. Bymem mepememarh
10 oyepean SAMMUKH € 9-TOHHOTO TPY30BHKa B 6-
TOHHDII, 6eps KaXAbLI pa3 caMblil TSKeJblil AIMUK,
noka Ju6o onu He KoHuarcs (Torga Bee AUMKH
BJIE3JIM B OJ[MH IPY30BHK), G0 6-TOHHBII rpys0-
BUK He 3arpysutcss Xors Obl Hamososuny (Toraa
OCTaBIINECS SIMKH TIOMECTSTCS B JIPYTOil I'Py30-
BHK). ITO yJacTcs C/IeaTh, MOTOMY 9YTO MEPBbIil
SIUK TIOMECTUTCSI, a BeC KaKJOTo CJIe/yIoIero
SNUKa MeHbIe, YeM CyMMapHBIH Bec Ipysa, yske
Jeskaiero B 6-ToHHOM rpysoBuke. Ecim gmmxu B
9-TOHHOM TPY30BHKE OCTAJIUCh, TO IIEPEJOKUM HUX
Bce BO BTOPOI 6-TOHHBII TPY30BUK.

7. Omvernm uncna Buga p°, TAe p — TPOCTOE.
OrMedyeHHBIX YnceJa GECKOHEYHO MHOTO, TaK Kak
IIPOCTBIX 4nces 6ECKOHEYHO MHOro. 3HAYUT, Cpe/iu
OTMEUYEHHBIX HailJ[yTCs TPU YHCIA OJHOTO IIBETA.
Ux iponssesienue mveet sun p’q’r® , tae p, qur —
pasJIMuHble MIPOCTBIE YHCJA. Y YHCAQ TaKOTO BHIA
BCe JIeJIUTeI UMEIOT BU/| p“qbr" yte 0<a,b,c<9.
Bee ot pmesmrtenm pasnmuHbBI M WX 10° = 1000
MTYK.

8. a) Mosxno.

KosmuectBo KyOUKOB fiesiutcst Ha 8, mM09TOMY KyOu-
KM MOKHO Pa36uTh Ha TpPyNIbl 10 BoceMb. I3
KakK/[OU TPYTIIBI CTOKUM KyOuk ¢ pebpom 2. Kyo6u-
KH PACIIOJIOXNKHUM TaK, YTOOBI OHN HE KACATINCH JAPYT
zpyra.

6) Heubas.

[Tpeamonosknm, yro MoskHO. HaszoBeM epanuunvimu
KBa/[PaThl, KOTOpBIE SIBJSIOTCS OOGIIMMHU TPAHSIMU
nByX KyOukoB. IlocumraeMm, ckoJbKO uX Bcero. Ha
KaK/JI0M KyOHKe 110 3 I'paHMYHbBIX KBajpara, TOraa
Ha BcexX KyOmkax Mbl HacumtaeM 20173 TpaHHY-
HBIX KBajipaToB. Ho 1pm aToM mojcuere KaxKablil
IPAHMYHBIl KBaJpar yuTeH IO /iBa pasa, TaK Kak
HAXO/JUTCS HA IBYX KyOHMKaX. 3HAYMUT, TPAHUYHBIX
kBagparos 2017-3/2, HO 5TO uHMCIO Heleoe.
IIpoTuBopeune.

3ameuanue. Taxxe MOXKHO OBLIO PACCMOTPETH rpad,
BEPIIHBI KOTOPOTO COOTBETCTBYIOT KyGHKaM, a pebpa
COE/INHSIOT BEPIIMHDI, COOTBETCTBYIONINE COCETHUM
ky6ukam. B arom rpade 2017 Bepmun crenenu 3.
Ho mno snemme o pykomoxarusx B Jio6oMm rpade
KOJIMYECTBO BEPINMH HeveTHOIT crenenn yetro. (Pac-
CY’K/ICHUST BBIIIE 110 CYTU IOBTOPSIIOT JIOKa3aTeJlb-
CTBO JIEMMbBI O PYKOTIOJKATHSX. )

B) MoxHo.

CocraBuM ziBe purypku 1o 17 Ky6UKOB, Kak IOKa-
3aHO Ha PUCYHKe 3, a 3aTeM IIOCTaBUM OZHY (DUTYP-
Ky Ha JPYTyIo.

Takum o6pazom nosyyuM QUrypky u3 34 KyOHKOB,
KaK/IbIil U3 KOTOPBIX KAcaeTcs TPeX APYTHX.

Puc. 3

Ocrasuimecs: KyOUKN MoAeguM Ha 248 rpymnm 1o 8
KyOukoB (2018 = 248 -8 + 34 ). U3 xaxaoil rpyn-
b CJIOKUM KyOHK, KaK B MYHKTE a).

MHCTUTYT KPUMMTOTPA®UN, CBASU U
NMHOOPMATUKU AKAOEMWN dCB POCCUUN

MATEMATUNKA

MEXPETMOHATTBHAA OTMMIMTUALA LLUKOJIbHMKOB
HA BA3E BEOOMCTBEHHBIX OBPA3OBATEJTbHbBIX
YYPEXOEHNN

U36paHHble 330391
2035153
L 9999 -
Bocno/ib30BaBIIICh TPABUJIOM TIEPEBOJA TIEPHON-
YeCKOIl [ecsITuIHOil 1po6u B OGBIKHOBEHHYIO, a
Takyke popmyJioit Jsst cyMMbl 1epBbix 2017 ujieHoB
apuMeTHYeCKoil Tporpeccuu, HaiigeMm

0,(0001) + 0,(0002) + ...+ 0,(2017) =

__0 .2 2017 _1009-2017 _ 2035153
9999 9999 9999 9999 9999

2. Paccmorpum ypasuenue Axy+ Bxz+ Cyz = N.
[Tycrp uncaa A u B B3aumuo npoctbl. Torga cyie-
CTBYIOT TaKWe I[eJble 4Yucjaa y ©W 2z, 4YTO
Ay + Bz =1. Cnenosarespio, x = N — Cyz. [loaro-
My Hallle ypaBHEHUE MMeeT CJeAyIolllee pelieHne B
LHeablX 4Hucaax: y=-5, z=3, x=N+27-3-5.
YTBepskjieHne TOKAa3aHo.

3. g(x) = 6412161 + 416x% — 40x° + x* .
O60o3HaunM KO3(PDUIMEHTHI 3a/[aHHOTO MHOTOYJIe-
na (kpome crapmrero) uepes d;, d;, dy, ds. Tormga
[0 YCJIOBUIO 3a/1a4N UMEEM

f(x) = ay + ayx + ayx* + azx® + 1" =

= (20— 2) (=205 (2 = 23) (20 = ) -
Bumecre ¢ muorowsrenom f(x) paccMOTPHM MHOTO-
uen f(x), umeromuii KopHu {—xy,—xy,—x3,—x4}

h(x)=(x+x)(x+2)(x+2a3)(x+2a5)=

- 2 3, .4
= dy— X+ ayx” —azx” +x° .



40 KBAHT

Pacemorpum muorowten G(x)=f(x)h(x):

G(x) = (x—a)(x =) (x — x3) ( —2) %
(a4 ap) (0 +25) (0 +23) (x +24) =

(6 ) ) ) ).

3amenoii nepemennoii y = x? momydaem TpeGye-

MBIl MHOTOUIEH ¢ (¥), TTOCKOJBKY
9(y)= (y - xf)(y —x22)(y —xsz)(y —xf) .
B namewm cayuae:
f(x)=8+32x - 122 —4x® + &,
h(x)=8-32x—12x% +4x% + 2",
G(x)=f(x)h(x)=64—1216x" + 4162" — 4025 + 2%,
g(y) = 641216y + 416y° — 40y° + y* .
4. Haumenbliliee KOJIUYECTBO TIE€PEJUBAHUN PABHO
1000. IIpu aToM MOTYT OBITH UCIOJB30BAHBI MAKCH-
MyM 73 npobupku Buzga C.

ITycts npo6upox Buga A, B u C B3snu a, b u ¢
mTyK coorBercrBerHo. ITo yciaoBuio,

0,12+ 0,26+ 0,9¢ = 0,2017 - (a +b+¢) &
< 1000 (a+2b+9¢)=2017-(a+b+c).

JleBast 4yacTbh TIOCJIEHEr0 paBEHCTBA JIEJUTCS Ha
1000, caemosarespro, Ha 1000 Mo/mKHA 1EJUTHCA 1
mpaBasi vacTb. J3HAYNT, HAMMEHbIIEE BO3MOKHOE
3nauenne cymmol @ + b + ¢ pasuo 1000. [Tokaxkem,
YTO 9Ta OIEHKA JOCTIIKMMA, T.e. JIOKa)KeM, YTO
CYIIECTBYIOT HEOTPHUIIATEbHBIE I[eJIble Yncaa d, b u
¢ Takme, 4To

a+b+c=1000,
a+2b+9c=2017, (@)
a <500, b <500, ¢ <500.

Ilocsiemnme Tpu HepaBeHCTBA CJy»KAaT HEOOXOM-
MBIM ¥ JIOCTATOYHBIM YCJOBHSIM TOTO, YTO yIACTCSI
n36eXarh UCIOJIb30BAHUS MPOGHPOK OJHOTO BHIA
MIPH JIBYX IOCJIE/IOBATENbHBIX TTE€PEJUBAHUSIX.

13 niepBbIX BYX ypaBHEHUIl crcTEeMbl (1) mHaxommM

a=7c-17,b=1017 - 8c. (2)

[TocTaBuB 9TH BBIPAsKEHHS B [IOCJE/[HIE TP Hepa-
BercTBa cuctembl (1), mosyunm

7c <517, 8¢ 2 518, ¢ < 500.

Orciona naubosibliiee 3Havenne ¢ pasio 73. Emy
COOTBETCTBYIOIE 3HAueHuss ¢ u b MoOryT ObITh
naiizens! n3 (2). OHU, OYEBHIHO, YJIOBJIETBOPSIIOT
nepasenctBam cuctembl (1). Takum o6pasom, pas-
PEInMOCTb B HEOTPHUIATEIBHBIX IEJIBIX YNCJIaX CH-
crembt (1) mokazaHa.

3. 5035485.

Iycte 6(N) — cymMMa KBaJpaToB HATyPAIbHBIX
JlesTesiell HatypaabHoro uyncsia N. 3aMeruM, 4TO

2017 /Nel2

[ OOBIX /IBYX B3AMMHO TPOCTBIX HATYPAJTbHBIX
ypcen a u b cupaBeANMBO PaBEHCTBO
c(ab)=oc(a)-o(b). [eiictBurenbHo, J1060i [e-
JIUTENTb IPOU3BECHNS ab eCcTh MPOU3BeICHNE JIe TN~
Tenst a n penurens b. I Hao60pOT: yMHOKUB J1€/TH-
TeJIb @ Ha JIeJIUTeNb b, MOJTy4uM JeUTe b IIPOu3Be-
JeHust ab. ITo ke, OYEBUAHO, BEPHO U IS KBapa-
TOB JenuTeseil (KBagpaT AeNUTeNIs IIPOU3BeIeHHs
PaBeH MPOU3BEIEHUIO KBAJPATOB JeIUTeNell COMHO-
sxKuTeseil 1 Hao6opoT).

PaccMorpuM  pasaokenue uucia N Ha [pOCTbie
MHOKHTEan: N = pf e pﬁﬂ_ 31ech p; — monapHo
pasiuuHble mpocThle uncia u Bee k; € N. Torma

G(N):G(pf‘)-...ﬂ(pf”) u
G(pk):1+p2+p/‘+...p2k.
ockoapky 1800 =23 -32-52, 10
o(1800) =
= (1422 +20+2°)- (1432 +3")- (1+5° +5') =
= 5035485 .

6. U3 ycaosusa crenyer, urto ¢ >b (puc.4). Haii-
neM Ha otpeske AB Touky D Takyio, uto AC = AD.

Puc. 4 b

Torpa tpeyrompuuk ACD paBHoGeApEHHBIH 1
ZACD = ZADC =90° - 0/2 . Yron ADC — BHel-
Huil yronx Tpeyroabuuka CBD.
ZBCD+B=4ADC=90°-0/2=0+p. Toraa
Z/BCD = o., u tpeyroapinku BCD 1 ABC 1mom06-

3Ha4uuT,

BD BC c-b a

Hbl. IMeeM —— =——, wuinu =—, OTKyJa
BC AB a c

CJIe[yeT MCKOMOE COOTHOIICHHE.

7.12.

Wz pucynka 5 caexyer, uro £XBM = ZZAM =
v

=%BM , 3HauutT, TpeyrojbHuku BMX u ZAM

XM BM
MOJI00HDI, TMO3TOMY ﬁ=w

1 U
ZABM = ZLYAM = EAM , CJIeJIOBATeJIbHO, Tpe-

AHaJOTUYHO,

yroapaukn AMY m BMZ 1ono6HBI, HO3TOMY

YM AM

ZM BM
ZM? = XM -YM =24-6 =144, ZM = 12.

Orcrona
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Puc. 5

8. 102°.

Iposesem orpesku BD u CE (puc.6). Ilycrb oun
nepecekaiorcss B Touke O. 3aMeTHM, YTO TPEYTroJib-
Hukn BCD u CDE paBHOGenpennbie ¢ yrioMm 108°

Puc. 6 B A

Py BeplIMHe, a 3HAYNT, YIJbl IIPH OCHOBAHUH
paBrbl 36° (OHM OTMedeHbI Ha PUCYHKE 3€JEHBIM
msetom). Torna ZBCE = ZBDE =72°. Yron COD
pasen 108° (rax xax B Tpeyroipruke COD aBa
yraa no 36°). Ioatomy ZCOB =180°-108° =
=72°. Yrupt mo 72° oTMedeHbl Ha PHCYHKE Kpac-
HbIM 11BeToM. ITosryuaem, uro TpeyrosapHuku CBO u
DEO pasuHoGenpeuubie. 3uaunt, AB = BO =
=BC = CD = DE = EO = x. 3aMmeruM, 4To
ZOBA =96°-36° =60°, t.e. Tpeyrosbuuk OBA
paBHOGeIpeHHbIil ¢ yrjaom 60° mpu BepiiuHe, T.e.
paBHocroponHuit. IToatomy AO = x. Bbrunciaum
yron AOE: ZAOE=ZEOB-/ZAOB =108°-
—60° =48°. Tpeyroapuuk AOE paBnoGepeHHbII
¢ yraom 48° npu Bepmune. Iloatomy
ZOEA = (180° - 48°)/2 = 66° . Ilo/iyuaeM, 4T0 yro
E naTtuyrospHIKA paBeH

LAED = ZAEO + LOED =66° + 36° =102° .

9. PaccMorpuM uncsa Buga 10%, k= 0,1,..., a nMeH-
no: 1, 10, 100, 1000,... Cpeau stux yuces BbiGe-
peM n 4guces, UMEKNHNX O/IMHAKOBbIE OCTAaTKU OT
nejernss Ha n (3TO MOKHO CJIeJaTh, IOCKOJbBKY
upcent Buga 10* GeckoHedHO MHOTO, a OCTATKOB OT
JleJleHnsl Ha n poBHO 7). B kauectBe mckomoro N
BO3bMEM CYMMY OTHX 7 YuceJ. Y TBEp:K/IeHUe JJ0Ka-
3aHO.

10. Hesb3as.
Ecmu ta6muuna 2 (puc.7) noaydena us taGauipt 1
OJlTHUM u3 yKa3aHHBIX nefcTBuil, TO
a| b a| b,
Ta6uuua 1 Ta6uuia 2
¢ | dy 6| d,
Puc. 7

aydy = bie; = a,d, —bycy, uto pust Tabaun A u B ue
BbIoJHeHO. [T09TOMY YKa3aHHBIM CIOCOOOM IOJIy-
yuTh Ta6aUIy B 13 Tabauibl A Helb3s.

11. Hesb3as.

Omnpenexenne. Paccvorpum tabiuiy 2 Ha 2 Buja

a
(c d],a,b,c,deR. Yucao ad — bc HaspiBaioT

onpedenumenem ITOi TaGIMIIBL.
YrBepxkaenune. Ilyctb B cocTaBIeHHOH U3 IIEJIBIX
quces TabJuIe

azy dzy dzz A3y d3s 1)
Ay gy Agz gy Ays

dsy dsy dsz dsq  dss
y mo6oit oarabauibl pasmepa 2 Ha 2 (r.e. moaral-

. @Gy ik
JUIbl  BHUJA

1L, i+ kR j+ke
- ai+k,j ai+k,]’+k

€ 1,...,5) ompezmenurenp AeUTCA Ha IIEJ0€ UYHUCIO
m. IIponeraem c tabmumeit (1) oxHo u3 YKa3aHHBIX
B 3a/lave JENCTBUIT. Y MOJIYYUBIIENCS B pe3yJibTaTe
TaGJIUIIBI OIPE/IETUTEND JII0OO0IT ee TToATa0 MBI Pa3-
Mepa 2 Ha 2 Takxke OyJeT IeJUThCS HA M.
JlokazarteabcTBo. [IpoBeieM 0Ka3aTebCTBO JIJIST
neiictBust 1 w3 yeaosust 3agaunm (s cToa6nos
JIOKA3aTeqbeTBO aHasorndno). Ilycrb, Ges orpanu-
4yeHus: OOILIHOCTH, K IEPBOil CTPOKe MpuOaBIsieTcs
BTOpast, YMHOKEHHAS Ha IeJoe 4nucio b:

ay +bay ay +bay az3+bay ay+bay a5 +bay

ay ay a3 Ay s
a3y a3 33 a3 35
Ay &) a3 Ay s
dsq as) a3 54 55

(2)

B nosyuusireiicst Tabumie Bee moarabmib 2 Ha 2,
He COMlepsKallne 3IeMEHTDI TIEPBON CTPOKH TaGJIUIIbI
(2), ocrammch Ge3 U3MEHEHUs, U MOTOMY UX OIpe-
JICTNTEb, €CTECTBEHHO, Ha 7 MO-TIPESKHEMY JICJIUT-
cs1. [oatomy mposepum, uto B Tabmune (2) onpese-
JIATEN N TOATA0 NI 2 Ha 2, BKJIIOYAOIINE HJI€MEHTDI
LIepBOii CTPOKH, AEJATCS Ha M. ITO HYXKHO IIPOBe-
puth B ABYX cayvasx: 1) moarabimma 2 mwa 2
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COCTaBJIeHA M3 HJIEMEHTOB MEPBOW M BTOPOI CTPOKHI
tabauupl (2) u 2) tabauna 2 Ha 2 COCTABJIEHA U3
AJIEMEHTOB TIepPBOii 1 emte Kakoii-ro (oTaudHOii oT
BTOpOI1) cTpokn Tabmuisr (2).

Cayuaii 1. Oupenenuresb TaOINIBI

ay +bay  a;y +bay,

) dy
paBeH

ayy (@1 +bayy ) = ay (@ +bayy) = aqiay, — ayay,

YTO COBIAJACT C OTPe/IeJIITeIeM COOTBETCTBYIOMIEH

noarabmuipl Tabauist (1), a 3HAUMT, AeJAUTCSA HA M

110 yCJIOBHIO.

Cayuaii 2. PaccMoTpuM moJTab/uIly, COCTaBJIEH-

HYIO M3 3JIEMEHTOB ITI€PBOIl M, HAIpUMep, TpeTbeil
ay +bay,  a;y +bay,

CTPOKHM: Ee OTIpeIeJInTe/b

a3y a3y
azy (ay; +bay) — azy (ay; + bay,) 3

PABEH  d3ydyy — dyyyy + b (a3y0y, — a3ay,). Tucina
A3y0yy — A3(A1y N Az90y1 — d3ylyy TIPEACTABISIOT CO-
6oit onpeeutenu nmoarabmui Tabauipl (1), a 3Ha-
yur, genaarca na m. Cie-
1 JIOBATENbHO, Ha M JIEeJUT-
ca u onpenesmrens (3).
YrBeprkenue H0Ka3aHo.
Ocraercs 3aMeTHTb, YTO
OTIpEIETNTENNN BCEX TOJI-
Tabsmig 2 Ha 2 Tabauisl A
9 JIeJIITCss Ha 3, B TO BpeMst
Kak Tabsmia B comepKuT
Puc. 8 noarabauity (Ha pucynke
8 OHa BbIZIEIEHA IBETOM), ONPEAENHUTETH KOTOPOIt
Ha 3 He genutcs. 3HAYNUT, NOJY4YUTHh Tabauily B u3
Tabumibl A yKa3aHHBIMU JECTBUAMU HEJIb3SI.
b

12. e

3amMeTuM, 4TO
3

0
0
0
0

0[0]0
0102
01360
6100
0|0]0

S |Io|lo |2

sin® x — cos® x = 4+/2 sin® x cos® x &

& (sinx - cos x)(sin2 X + sin x cos x + cos’ x) =
= 4\/§sin3 xcos® x .

2
3ameHa: sinx —cosx =t,sinxcosx = — Tor-

na t(3 - t2) = ﬁ(1 — t2)3. [octe 3aMenbl ¢ = z+/2

3
ypaBHEHUE MPUMET BU/T 2(3 - 222) - (1 - 222) =0.
Vmeercst kopenb z=—1, u JeBas 4acTb MOKeET
ObITh Pa3JIOyKeHa HAa MHOKUTEIN CJIeAyIomnM o0pa-
30M:

(z+1)(82° - 82" —42° +22° + 42 1) = 0. (%)

b .
Tak kak xe(—g;o), TO t=sinx—-cosx =

2017 /Nel2

2
IIpr Takux z MHOTOYJIEH TATOH CTeNeHW B JIeBOI

qacTnu (*) INIPUHUMAET TOJIbBKO OTpHUIlATE€JbHbIE 3HA-

. b
=+2sin| x —— | < —1. CuegoBareysbHo, z < ——=.
4 J2

5 3 4 2
YeHus, Tak Kak ‘82 ‘> ‘42 ‘ u ‘82 ‘> ‘22 ‘ IToaro-
My z =—1 — eMHCTBEHHDIN KOPeHb ypaBHeHus (*).

. . T

Jlajmee Jerko HaiiT, 4YTO sm(x _Z =-1, u

b
xX=——.
13. a =24,b=-32.
ITyctp Xy, Xy, X3, X4 — KOPHU HAMIETO ypPABHEHHUs
(BO3MOKHO, cpeu HUX ecTh ouHakoBbie). Cieso-
BaTeJbHO, MHOTOUYJICH B JIEBOIl 4YacTh ypaBHEHUS
PACKJIQJIBIBAETCST HA MHOMKUTEJIN:

2 =8 +ax® +bx+16 =

= (r—x) (2 —2,) (x —23) (x = x4).
PackpbiBast B 11paBoii yacTi CKOOKHU U TIPUPABHUBAS
K02(PPUIMEHTHI TIPH OJANHAKOBBIX CTENEHSX X, MO-
JIYYIM

X+ +x3+a, =8 xaa3x, =16.

3BecTHO, YTO Cpe/[Hee reOMeTPUYECKOe HEOTPHIlA-
TEJNIbHBIX YHCEJT He MTPEBOCXOUT X CPEIHEro apud-
METHYECKOTO, HO B HAIlEM CJIy4yae OHU PABHbI:
X0+ Xy + X + X
4
CrieloBaTeIbHO, Xj =Xy = X3 =X4; =2, |

= {Jx 30, = 2.

xf = 82% +ax? +bx +16 = (x - 2)".
Orcona a =24,b =-32.

14. 1) N = 2332. 2) Jluma BbIOHpaeT IepBbIe ABa
yucJaa ¢, U d, TpomsBosbHO. Ha kaskgom 1mare
HOBble umcaa b u by, OH BbIOMpaeT Tak, YTO
lay —a)| = by, = b| > 0.

Haiinem nanMenbmmmii Homep crpanuilbl N, Ha KO-
Topoit GyAyT 3ammcaHbl BCe UNCTA MHOXECTBA
{0,1,2, ... ,p—1}, rme p =2333 — mpocroe YHCJIO.
[Tokaskem, 4TO Ha HOBOIl CTpaHUIlE PA3JUYHBIX YU-
cesq GyJer 3alcaHo IO KpaiiHell Mepe Ha OJHO
6ousbllie, WeM Ha mpeablaymeil. [lokaskeM aTo yT-
BEPJKJEHNE METOOM OT IIPOTHBHOTO.

[Iyctb A — MHOKECTBO Pa3IMUHbBIX YHCEJT, MOJyYeH-
HBIX Ha JIJAaHHBII MOMEHT:

A={a,...,a,} #{0,1,...,p—1}. ()

[Masee [InMa BoIOGpAJ [Ba Pa3JHIHBIX nciaa by, b,
u IpuGABUJI MX KO BCEM YHMCJAM MHOXKecTBa A, HO
KOJIMYECTBO CYMM B pe3yJ/IbTaTe He YBEJIMYHJIOCD.
Takum o6pasoM, NprGABUB K YUCIAM U3 MHOKECTBA
A cHavana wncio by, a 3arem uymncao b, , oH mouy-
YWUJI OJIUH ¥ TOT K€ HAbOp CYyMM:

[ (@ +0)eory (@, +5)) =
= {rp (ay +b2),...,7’p (@ +b2)}
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(szecp 7, (m) — ocTaTok OT JeNeHHs WHCIA M HA
uncio p). CuaepoBaresbho, atst mawoboro ae A
cymectByer Takoit ce A, uro 7,(a+b)=
=7, (c+b). lpyrumu caosamu, 451 1060r0 g e A
Bepro, uto 7, (a+(by—b))=r,(c)e A. 3naunr,
i moboro ae A u ana seex k=0,1,2,...,p—1
BepHO, U0 7, (@ +k(by —by))e A . Ho s taknx k
ancna suga 7, (a+ k(b —b)) mexay coboii pas-
muunbl.  (JlefcTBUTENBHO, MyCTh dHCIA 7, (a +

+k (by—by)) u r,(a+k (by - b)) cosnamaior. Tor-
Jla PasHOCTD (d + R (b, - b1)) - (d +ky (by b1)) ae-

JIUTCS HA P, a CJIEJIOBATENbHO, HA P JIEJIUTCS TIPOU3-
sezenne (k —ky)(by —by), 4TO HEBO3MOXKHO, Tak
KaK KaK/(blii COMHOXKHTEJDb 10 aOCOJIOTHON BeJH-
YMHE He TPEBOCXOANT p — 1, a yucao p — mpocroe. )
[Tomyuaercs, uto MHOXECTBO A yKe COAEPXKUT P
yucea, 4To npoTuBopednt (*).

Wrak, qoKaszaHo, YTO KasK/Iblil pa3 KOJMYECTBO pas-
JIMYHBIX YMCe yBeJIUYUBAeTCs Mo KpaifHeil Mepe Ha
1. 3nauuT, camoe 103/(HEe HA CTPAHUIE C HOMEPOM
p — 1 Gyayr sammcanbl Bce p umces. ITa OLEHKA
JTIOCTHIKUMA: €CJTH KaK/Iblii pa3 BeIOupath yncaa (0 u
1, To Bce umcJsa BIepBble OYAYT 3alICAHbl UMEHHO
Ha cTpaHuie ¢ HoMepoM p — 1 u He pamblie.
CunepoBarenbno, uckomoe N paBHo p — 1.

UToO6b! /151 TOJTyYeHUsT BceX dncesi Jluma 3amoJrHsn
B TeTpajan MakcuMaibHoe (paBHoe p — 1) KoJmde-
CTBO CTPAHUI[, €My CJIelyeT BbIOUPATh YHCTIA TaK,
4TOOBI KOJMYECTBO HOBBIX PA3JUYHBIX CYMM YBEJIH-
YMBaJIOCh Kaxk/blii pa3 poBHo Ha 1. [lng atoro
HEOOXOANMO U JOCTATOYHO, YTOOBI MOJydeHHBbIE Ha
KQKIOM Iare pasJjnyHble Ynucjaa 00Pa3oBbIBAIN
apudMeTnIecKyIo porpeccuio, t.e. A = {a1,a1 +d,...
ey +d(m—1)}, rje d — IpPOU3BOJILHOE 3apaHee
BbIGpantoe yncao ot 1 10 p — 1, a HoBbIe yncaa by
1 by Hajo BBIGHpATH TaK, 4To0bl d = |by —by.
[Mlocrarounocts oveBngHa. HeoGX0MMMOCTb JIETKO
JIOKa3ath 1o MHAYKImU. [[eficTBUTEIHHO, MyCTD CIIep-
Ba /luma BbIOpas unciaa @ U d,, d, > a;. [lonoxum
d =a,—a; >0. 3arem on BbIOpas uncia b u by, n
B pe3yJbTaTe MOJYUNI CYMMBI @ +Dbj,a, +by,
a; +by,ay +by,. V3 910X CyMM [[Be JIOJGKHBI COB-
najgarb. 3HAYMT, WUAU dy+b =a;+by, unu
a;+by =ay+by. B oboux caydasx d=|by—b.
Herpyamo 3aMeTuTp, 4TO MOJYUHBIIHECS B PE3YJIb-
Tare TPU HOBble CyMMbI 00pasyior apudmernyec-
Kyio mporpeccuio. ITyctb Temepp Ha m-M miare 1o-
JIyUeHbI CyMMbI {dy,...,d,, (} , oOpasymomine apud-
METHYEeCKYIO mporpeccuio ¢ paznocteio d. ITpuGas-
JiIst K Heil HOBble umcaa b u by, Mbl «C/ABHTaeM»
BCIO MIPOrPECCHio BIpaBo Ha by u by mnosuumii, u
ecn d #|by —by|, TO KOIMYECTBO HOBBIX Pa3jIMy-
HBIX CyMM yBesamuurcs GoJsiee wem na 1. 3naunr,
d =1|b, — by| , 1 HOBBIE CYMMBI OIATD 06Pa3yYIOT apud-

METHYECKYIO TIPOTPECCHIO C TOH JK€ PAa3HOCTHIO.
Heob6xoaumocTh oKa3aHa.

OU3NKA

MEXPEMMOHATTIBHAA OTMMITNALA LLUKOJIbHMKOB
HA BA3E BEJOMCTBEHHbIX OBPA3OBATEJIbHbBIX
YYPEXAEHN

9 knacc

1. m=(B, - B)p,V /100% = 207,61 (3mecp, B
cootBeTCTBIN ¢ Tabumeit, p, =17,30-107 KF/ M ).
m - - - mM
——, = ti———
m+ M (m+ M)
TOPBI Ty U % MMEIOT IPOTUBOIIOJIOKHDBIE HAIIPaBJIC-

2. 3, =79, (Bek-

<y

HIsE, 3HAYHUT, IOCJE MepeGPOCKH TIpys3a CKOPOCTH

[EPBOIl JIOAKH YBEJIUYUTCS, a BTOPOH YMEHbIINT-

cs1).

3. B= BipuiVi + Byp oV
pn (‘/1 + VZ)

cooTBeTCTBII ¢ Tabuuieii, pyy = 12,80-107 Kr/M3 ,
P = 27,20 -107 xr/m® p, = 17,30 107 kr/M?).

=0,37 =37% (3nmech, B

10 knacc

1. t= L + L
o+u o—-Uu

kpeficepa, © — CKOpPOCTb KaTepa, # — CKOPOCTD
kpeiicepa).

=11 Mmun (3mecp L — mamHa

22 2
m-g +2mgh

k(M +m) (M +m)2
cHMaJIbHa, KOIJla YCKOPeHHe PaBHO HYJIO).

2. Upax = (cxopocTb Mak-

2 2
3. 0= %:1987»«/0
4. EZ@Z&SKF/C.
At v

T
S. p=py o ;00\/5 (B npesesiax oTBEpCTUS MO-
0

TOKH MOJIEKYJI B 066 CTOPOHbI B YCTAHOBUBIIEMCA
COCTOSTHUU PABHbI).

6. L =15.
2
71 knacc
G, -0, L
1. M:M=1,36M/c2.

m
2. Pa6Gora Bo BTOpoM cJiyuae GOJIbIleE, MOCKOJbKY
OHa COBEPIUIAETCS TIPOTHUB IIOCTOSIHHON CHJIBI TIPUTSI-
JKEHUS TJIACTUH KOHJIEHCATOPA, TOT/Ia KaK B ePBOM
cJIydae aTa CUJIA TMOCTENEHHO YMEHBITAeTCs.
2q?

3. d=—7"—
q~ + 8neymorl
COXPAHEHUs] HHEPIUM).

(Bocmosb3yiiTech 3aKOHOM

4. Uepes IPOMEXYTOK BpeMeHH ¢ CKOPOCTb PaKeTbl
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n ee Macca OyAyT paBHBI
at?
M =M, + 00t+7 nmS  coorBercTBeHHO. Tor-

v=yytat n

Jla peaKkTHBHAsl CUJIA pakeTbl Oy/ieT paBHA

podfe) _ dM , do
at ar U dt

. 2
= (vo+at)znmS+ M, + vot+a7 nmS |a .

d. AMIepMeTp TOKaKeT TOK, TEKYIHH OT OOJIbIIETO
llapa K MeHbIIEeMY, IIOCKOJIbKY IIOTEHIIMaJJ MEeHbIle-
TO IIapa MeHbIle, YeM TIOTEHI[HAT GOJIbIIEro.

6. Ilocsie BBIKJIIOYEHUA IJEKTPHYECKOIO MOJS HM-
IyJbC HEPBOrO IapuKa H3MEHHTCH Ha Ap =
= qEAt = mpsin60° , a Broporo — nHa Ap, =
= q,EAt = myv/cos30° . Orciona HaxoUM

D _ I Ay
m,  mysin60cos30° 3 t
d (Mo dM
7. FI‘SII'H = E‘pemm % = “Mg + 9 W =

= uMyg + (v, + pgt) nmSo .

46 406  4o(n -7
8. ap=py—py =20 do_tolizn)
r n nr

=161Ila.

9. Brunouns mexay toukamu A u B (puc.9) Bosbt-
METp, MOXHO OIIPEJEIUTh, KAKas U3 TOYEK HMeeT

I A
©

O+

O

B

Puc 9

6osiee BbicOKMii mortenimani. llogHecss K mpoBomy
MarHUTHYIO CTPEJIKY, TI0 OTKJIOHEHHWIO €€ CEBEPHOTO
MOJTI0CA MOKHO OTIPEIe/INTh HAIPpaBJIeHHne TOKA B
npoBojie. Hampumep, eciu ceBepHbIil TOJIOC Mar-
HUTHOU CTPEJNIKM OTKJIOHUTCS M3 IJIOCKOCTU PUCYH-
Ka Ha YUTATeJsI, TO, 3HAYUT, TOK B HTOM IPOBOJIE
TeyeT depe3 TOYKy A cmpaBa HaseBo. OTciona cJe-
JIyeT, 4TO TEHEPaTOp B PACCMATPUBAEMOM IIpHMepe
PACIIOJIOJKEH CIIpaBa OT TOUKH A.

MPO®WbHbIA SK3AMEH

BapuaHt 1

1. Us ycJioBUA PaBHOMEPHOIO ABUIKEHUSA BAOJb
HAKJOHHOU TLJIOCKOCTH

Fcoso = mgsin o + [t (mg cos o+ F sin o)

2017 /Nel2

HaXO/MM
ino+
Fe mg (sin o u‘cosoc) Z211H.
cos o — usin o

2. AV=V1[T2-1J.
n

3. CorJlacHO TIepBOMY Hayasy T€PMOAMHAMUKI,
Q:AU+A=AU+O=§VRAT,

CDCI[HHSI KBa/I[paTHdHasda CKOPOCTb MOJIEKYJ © CBA-
3aHa C TeMHepaTypoﬁ ra3da COOTHOIIECHUEM

2

mo 3
—— =—kT,

2 2

CJIeJIOBATEJIbHO,
2

TK O _ 2
e
];I UH

OKOHYaTeTbHO UMeEeM
0= ngTH (n* —1) = 10,3 xIx

(3pecp T, =T =300 K).
4. Tlocuie morpyskennst 06pa3oBaiaCh CUCTEMA JIBYX
MapaIebHO COeTMHEHHBIX KOHIEHCATOPOB € BBOE
MEHbIIEIT MJIONA/BI0 MJIACTUH, NPUYEM OJMH KOH-
JIEHCATOP 3allOJIHEH BO3/yXOM, a J[PyToil — BOJOIL.
Torma
C'" C+Cy C/2+eC/2 e+1
c ¢ = cC T2

5. llenTpocTpeMuTe/NbHOM CUJION SIBJSICTCS  CUJIA
Jlopenmna:

41.

F,=—=F, =qguB .
1 R JI q
BR
Orcroa vzq—, n
m
252
F“=qu=ﬂ=7,68-10’17 H.
m
2
20
2 (at,) \&7)  are
6. a, =—== = = IR
r 7 7 N

7. Korga maii6a cryckaercss 10 JIEBOH IOJIOBHHE
yray6senus, daira mokoutcst. [Ipu mogpeme maitonr
10 TIPaBOii MOJIOBUHE YIIyOJIeHUS Yallla PasTOHSeT-
ca. Yama npojossKaeT pasroHATbCS IIPU CILyCKe
aii6pl 110 MPaBoOil MOJOBUHE YIIyOJIeHHS U JJOCTH-
raer MaKCHMaJIbHOW CKOPOCTH, Korja maiiéa oka-
JKeTCsl B caMoil HIDKHell Touke. V13 3aKoHOB coxpa-
HEHMST 9HEPIUN U UMITYJIbCa HAXO/UM

2m =
vmax = ZQR .

M +m
S'k:g:R1+R2,H&:ﬁ:3.
& 3R +R, R, 1-k
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HEMPO®WIIbHbIN SK3AMEH 4. 18 ma6opos: (1, 2, 3, 4, 5, 6,7, 8,9), (1, 2, 3,
4,5,6,8,7,9), (1,2, 3,4,5,6,9,8 7)), 1,5,2,
Bapuarr 1 4,3,6,7,8,9), (1,52 4,3,6,8,7,9, (1,5, 2,
4,3,6,9,8,7),(4,2,3,1,5,6,7,8,9), (4, 2, 3,
L p = miv} + mjv; . 1,5,6,8,7,9), (4,2,3,1,5,6,9,8,7), (4, 5, 2,
At 1,3,6,7,8,9), (4,52, 1,3,6,8,7,9), (4, 5, 2,
2. 4= Nre(T=Tp) 0,96 »um = 1 vuH . 1,3,6,9,87),(6,23,4,51,7,8,9), (6,2,3,
0
4,5,1,8,7,9),(6,2,3,4,51,9,8,7), (6,5, 2,
3. E=k—T  =10° B/m=1xB/m . 4,3,1,7,8,9),(6,5,2,4,3,1,8,7,9, (6, 5, 2,
(R+d) 4,3,1,9,8, 7).
U, Ry+R, 5. (1, 11, IV) u (IV, 11, 1ID).
4. 07RO 24 6. IPVIXO/IUTE 3ABTPA B JIBA UACA.

7. 4-e oKTAODS.

3. A=1IBLs=0,04 Jix. 8. HawuGoJbiieit o6mieil Mepoil [TaHHBIX OTPE3KOB

6. I'=1 3-n . sBisteTcst orpe3ok jumubl 2015, Ero mosxno mouty-
n+1 yuThb 1O aaroputrMy EBkimja: Menbiuil oTpesox
Msino —m OTJIOKUTDb IIUPKYJIEM Ha 6GOJIbIIEM OTpe3Ke CTOJIbKO

T.a=g T Mam pas, CKOJIbKO BO3MOJKHO, & OCTABIIYIOCS 4acTh GOJIb-

T utero orpeska (IIPHHUMAEMYIO 3a «OCTATOK OT JieJie-

8. 1, =1 [2%. HUSI») OTJIOJKUTH Ha MEHBIIEM OTPE3KE U T.[I.

h 9. 9TO MOJKET ITOKA3ATbHCA CTPAHHBIM
HO HOYbIO 3IECh BCE KOHIKM CEPBI.
KPUOTOTPADMUNA 10. MOXHO BDBUIETETL 3A MAPC, IOBE-

1. 37. JIMPHO CBEPHYB VY HAIIEN TIJIAHETDI.

9 99 1. 107,

3. PEATEHT. 12. 1828.
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Ne xypHana  c Ne XypHana c
K Bocemupaecaruaermo Biaaumupa PemreTky 1 IPaBHJIbHbIE MHOTOYTOJIBHUKY.
Uropesnya ApHoubaa 7 2 A.Ezopos 4 2
K Bocbmupecstuaermio Uropsi ®epnopo- CKOJIDKO BpEeMEHH JIIUTCS IIpUYaIiBaHue?
uya Illapeiruna 7 23 C.Asopsanunos, 3.Kpaymep,
IMamsitn A.A.AGpuKocoBa 6 2 B.IIpomacos 11 2
MMamarun B./[.ApHoabaa 1 35 Teopema Illansa B Tpex Jsmnax.
IMamarun A.A.Eroposa 4 3 C.Kysneyo6 9 10
— <« — 10 2

Crarteu rno maremartmke

Crarbu o ¢usuke
Aunre6pa u apudmeTuKa sJeMeHTaPHbIX

napaJienorpaMmoB. A. Kanynnukos 1 8 ACTPOHOMIISL BEPHYIACh B LIKOJLY.

Bayxnanns no nemsm. A.luio, B.Cypoun 12 2
A Hempynun 3 10 Baputb, naputb uim mosockaTh?

Boixon B npocrpanctso-2. B.IIpomacos 12 7 A.Bapnamos, Yxonz Yoy, An Yen 9 2

Jl71s1 4ero MbI M3ydaeM MareMaThky? Heub — cymepku — noub. C.Bapaamos S 2
B.Aprnoavd 7 4 Kocmomoruss dpupmana: Topbl peasbHble U

— « — 8 2 norenianbupie. C./Jeopsanunos,

Marust KOMILJIEKCHBIX YHCEJI. B.Conosves 1 2
A.Kanynnuxos 5 5 - <« = 2 9

— o« = 6 9 Maccomnepenoc. JI. Awxunasu 3 2

OG6 oiHOW «OMMMITHAIHOI» 3aa4e PO IToBepxHOCTb M YTO Ha Heil MPOUCXO/INT.

rpadol. A. Paiizopodckuii 2 2 J. Awkunasu 8 7
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Ne XypHana C

Tpuniun 80:20 B 6uosnornu. A. Munees 10 6
CBepXIPOBOIIMOCTL: UCTOPHUS, COBPEMEH-
Hble TPEJCTABICHHUS, TTOCTEHNE YCIeXH.
A.A6purocos 6 5
— « — A.A6puxocos 7
Crpunrepsl u craiiepbl. A. Munees 11 11

Tenn cBepkatomero cuera. B.IImywenko 4 10
3ana4yHnk «KBaHTa»

Sagaun M2446 — M2493, 2453 — ©2500 1—12
Pemenna sazau M2429 — M2481, d2435 —

d2488 1—12
3amava ¢ kpykka, uin Emte pa3 o 3amaue

M2447. M.Ilanoe 4 24
Kakue 6biBator nosopotsl. C./Jeopsanuinos,

11. Ko.xeenukos 2 2
O BHHCAHHOH OKPY’KHOCTH HPSIMOYTOJILHOTO

Tpeyroibuuka. A.3acaasckuil 4 21
[Tpukmouenust ogHo# 3a1a4.

A.3acaasckuil 12 19

Pemerkn werpipexyronbuukos. H.beayxos 10 18

«KBaHT» A4/11 MIAALWNX LLIKOJIbHUKOB

Sagaun 1-12
Cratbn no mMaTtemMaTuke
Suanue — cuna! C.Kysneyos 6 21
Kax Bycenbka nmpourpasa KyJIuHapHBII
koHkypc. K.Koxaco 10 28
[Toutn MpaBUJIbHBIE MHOTOYTOTBHUKH Ha
kyetdaToit 6ymare. A.Kapnos 9 23
[Trnuka Bouieraer! C.Kysneyos 1 30
XXIIT Typuup matemarnueckux 60e€B UMEHH
A.Il.CaBnHa 8 23
Cratbn no pusnke
Kakue 6biBator onoper. C./leopsanuinos 4 28
Kakoii 6biBaer xomest. C./Jeopanunoe 7 21
[Touemy rpaBUTAIlOHHAST SHEPTUS OTPHUIIA-
tenbna. C./eopanunoe 3 27
Pynerka n pe6po >kecTKOCTH.
C. /lsopsanunos 6 22
Ckaska npo Bypartuno n ero rio6yc.
C./lsopsanunos 11 24
KoHkypc nmern A.ll.CaBuHa
3ajgaun 1—4, 9—12
Uroru koukypca 2016 /17 yuebnoro rora 6 24
Kanevigockon «KBaHTa»
MaTtemaTtuka
JlokasaresbcTBa 6e3 CJIOB 11 32
WNuBencopbl 2 <«
ITapkeTbl U3 BBIMYKJIBIX MHOTOYTOJIbHUKOB 3 <
Tpucexropnt 8 «
— <« — 9 «

2017 /Nel?2
Ne XypHarna
dunsnka
bBuonnka 10
Dusnkatdayna 1
Dusuka+dopa 4
Dusnka yenoBeka 7
Llikona B «KBaHTe»
MatemaTtunka
Aure6pa 1 reoMeTpHsT KOMIIJIEKCHBIX YHCeJI.
A.Kanynnuxos B
— o« — 6
T'ne ommbka? A.Baunxos 10
Meto KOOpAMHAT: perreHnst (6e3 JNITHIX
Boruncaenuit. O. Heanos 8
Paccrosinus na cdepe. C.Kysueyos 4
Teopema Iltosemess u mepekiaabIBaHNe
TpeyroabHukoB. M. openos 1
dunsunka
Kaxk cpouHO foCTaBUTD JIeKapCTBO HA BO3-
JIyHWHbI map. B. Bvuuwunckuil 11

Ha6mopnas 3a crpyeit Bojbl... B./po3dos 8
OuHOKasl Kalljigd B JaJIeKOil BCEJICHHOI.

IO.Bpyx, A.Cmacenxo 8
IToner B KpucramInueckoM obJake.

A.Kawesapos, A.Cmacenxo 3
Tepmomunamuka u Motol [MKJIL.

A.Cmacenxo 2
Tpanchopmarop Tecma — 4To 310 TakKoe.

B.Ynyxosuu 10
Dusnka rpaga. B./[posdos S
Uyno crekyasgHHoil mu3bl. A. Cmacenxo 6

Dusznqeckmri gpakynbraTus

JIBI>KeHNe aBTOMOOMIIEH ¥ JKUBBIX CYIIECTB —
I TeopeMa O KMHETUYeCKOH 3HeprHu.
A.Pvibaxos 1

Moueky I pHO-KHHETHYeCKast TeOpust n
XapaKTepPUCTUKN BEIECTBA.

C.Bapnamos 3
— <« — 4
O rpaHunax IPUMEHHMOCTH KJIACCHYECKON

MOJIEKYJITPHO-KMHETHYeCKask TEOPHH.

C.Bapnamos 8
TIpuniun Mepma u HEOOBIYHOE TTOBEIEHUE

csera. M.Pomawxa, M.Epmunos 2
Cuutbl nHEpIUK U (GOHTAHMPYIOMAs IIenou-

ka. A.Knases 11
Cxkopoctb 3ByKa B rase: Hoioton nmu

Jlanmac? A.Cmacenxo 10

Matematuyeckmii KpyXxok

AHTUTIApAJIICT U KOHUKH.
11. Koxeenuros 8
Boixon B nmpocrpanctso. U.Iapvieun 7
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Ne xypHana C

M3oronanbioe CollpsiyKeHne U 1ie/lajibHbie

tpeyroabuuku. /.IIpoxonenxo 9
Oo6o6imenne Teopembl [ToMmrero.

E.Baxaes 1
[lepekmouenus panos. E.baxaes 3
Mousipa. /. 1seyos B
ITTostleMeeBa OCb TPEYTOJBHUKA.

K.Kosepenxo, 1I.Daxanoe 2
CueTunku 1 pacctosinusi B rpadax.

11. Kosxesnurxos 6
Tax Jim HeOGXOMMO PA3inyaTh IBeTa?

U.Bozdanos, A.3acrascxuil 11
Dyr6osbHble 1 BOJIEHGOIbHBIE TYPHUPDI.

A.3acnasckutl 4
Du3uka — UHXeHepam
TeoMO/IOTOK U TaiiHa MOJIE3HOTO yjapa.

A. Dpudpuxcon S
Jlaboparopus «KsaHta»

Hanouseon-sostonaz u MefinmMan-skcepu-

menrarop. A.Ilanoe 4
UYro Takoe reJIMKON N KAaK PACKPYINBAETCS

iona. C./sopsanunos 9
IKcrepuMeHTsl ¢ addexTom Marnyca.

A.Anopees, A.Ilanos, I1.11anos 2
Hatm HabrrogeHus
«Umnpeccuonuctuyeckas> Gororpadusi.

B.ITmywenxo 12
WMioabekuit rpag. FO.Hocos 3
Kpusast, niepeBepHyTasi BBEPX HOTaMIU.

B.IImywenxo 1
lpakTuKym abutypueHTa
MaTemaTtnka
3arajaxa nenbix yriaos. K.Kuon 2
dursnka
3amaun 10 pu3NKe — CMBICJ YCIOBHIA.

J. Awrunasu 6
Korza nokasaresib 1peJiOMJICHUST MEHSIETCSI.

B.I'pe6enw 7
Pasmbinisiem, perias sagauy.

M.Bondapos 9
[ynTbl U 106aBOYHBIE CONPOTUBJICHUS B

3agauax. b. Mykywes 3
Onumnuagsl

leomerpryeckas oJmMITNA/a UMEHI
N.D. [lapsiruna 7
3akmounrenbubiit atan XLIIT Beepoccuiic-
KOU OJIMMITHA/Ibl MIKOJBHUKOB 110 MaTeMa-

THKE 7
3akmounrteapubiit aTan LI Beepocceniickoit
OJIUMITUAJIBI TTKOJBHIKOB 10 (hU3NKe 7
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Ne XxypHana
LVIII MexaynapojHas MaTeMaTHiecKast
OJINMITHA/IA 10
XXV Mesxaynaponnas oaumnuaja «Vures-
JIEKTYaJIbHbI MapadoH» 4
XXIV Mexnaynapoanas oanmnuazna <Tyii-
Maajia 8
XLVIII Mexaynaponsas gpuandeckast
oJIMMITHA/Ia 11
LXXX MockoBckast MaTeMaTHuecKast OJIM-
nuaja S
MockoBckas dusnueckas osumnuana 2017
roma S
Mymnmmnanpabii aTan Beepoceniickoit
OJINMITNA/IBI MIKOJIBHUKOB 110 (hu3nKe 2

Pernonanpnbriii atan XLIIT Beepoccuiickoit
OJIIMTNA/IBI MKOJTLHAKOB TI0 MaTeMaTHke 3
Pernonanpubiii atan LI Beepocceniickoii

OJINMITNA/IBI MIKOJIBHUKOB 110 (husnKe 3
XXXVIII Typuup roposos. 3ajaunl BeCeH-

HEro Typa 4
XXXVIII Typuup roposos. 3ajauil OCEHHETO

typa (2016 ron) 2

IK3ameHaLnoHHbIe marepunaibl

EI'D no dusuke
MuxeHepHAs OMMMINAIA MIKOTbHIKOB
WuctntyT xpuntorpadun, csa3u n uHQPOp-
maruku Axagemun MCBH Poccun 12
MockoBckuil rocy/japcTBeHHbII TeXHIYec-
kmii yauBepcuter nMenn H.9.baymana 7
MOCKOBCKHI TOCYZapCTBEHHDII YHIBEPCH-

9
B

ter umenn M.B.JIlomonocosa 10
Harnmonanbubiit uccie1oBaTeIbcKuil yHUBEP-
curer «MUNIT» 6
HoBocubupckuil Tocy/1apcTBeHHBIN YHUBED-
cuTer 10
Oumumnuana «Jlomonocos-2017» 4
Ommmnuana «Ilokopu BopoGbeBbl Tropbi!»>
MatemaTnka 9
Oummmnaza «IToxopu BopoGbeBbr ropst!»
Dusuka 8
Cankr-Ilerep6yprekuii rocyapcTBeHHbIIH
yausepcutet [lerpa Bemmkoro 11
Ungpopmavns
3aouHas (PU3MKO-TEXHUYECKAS IIKOJIA IPU
MOTU 12
3aounag mkosiaa CYHIL HI'Y 6
Ham iyt
Eme onHo penrenue 3agaun M2401 2
O «Gospumxy» (axropmanax 2

OG6 5/1eMEHTAPHOM JIOKA3ATEILCTBE TECOPEMbL
Deitepbaxa 11
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48 KBAHT

Ne XxypHana c

BHUMaHUIO Hawmx yuraresne! 1
4

8

10

11

12

Konnekuymns rosnoBosiomok

DBommsuenpl B KieTke
Wpes B xy6e 4
Jleromuno

Meanpbl

MecTo BCTpeun M3MEHUTH HEJb3sT
Omnacubril rpys

PoacrBennuk «Tanrpamas

CeMb TrOJIOBOJIOMOK C TETPAMIHO
Tpu renrammuuo

Tpwxabl Tpu

[ectp kBajpaToOB

UeK-1IouHT
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LllaxmartHas cTpaHn4ka
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26
24
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Becrtu ¢ maxMarHbIX 10JI€id 8 3-g c.o6u1.
Kak MbICHT 1maxMaTucT 3 <
Kax mpicauT maxmaTtuct-2 4 «
Kax mpicauT maxmaTuct-3 S «
Kopousb arakyer 1 «
MOoJKHO JI UTpaTh B IMIaXMaTbl O/

Homy? 2 <«
Ha ky6xe mupa 10 <«
HoBorojiune croskerbl 12 «
OTBa)KHBIN KOPOJIb 9 «
[TaxMatpl 1 peBoIOLUSA 11 <«
DHAINUIL 6e3 IeleK 6 «
DHAIINIb 6e3 eleK-2 7 «
lporynku ¢ ¢pusnkori

«mmpeccuonncrnieckasi»

(otorpacpus 12 4-g c.00.
Wiosbekuit rpaj 3 «
JIbDKHBII cuief 1 «
[TonsipHble cUSHUA S «
CBepXIpOBOANMOCTD B HayKe U B

SKU3HU 6 «
CBost KoJIest 7 «
CHe)KHbIe TeHH 4 «
Y30pbr 1o/ cKaMeKoit 8 «
Donranupyomas mernoyka 11 «
DJIEKTPUYECKHIT Pa3psii U CBETOMY-

3bIKa 10 «
Addexr Marnyca 2 «
10ma u reaukons 9 «

2017 /Nel2

BHUMAHWIO HALLUX YATATENEN!

B cnepytolem, 2018 rofy Hall xXypHan byaet
BbIXOAWTb B TOM Xe popmarte, 410 1 B 2017 rogy.
A Mbl no-npexHemy Oynem BbinyckaTb 12 Home-
poB B rof. B octanbHom «KBaHT» ocTaetcs TemM
Ke, YTO 1 OblN paHblie, — Hay4YHO-MOMyNsPHLIM
XKYPHaoM No r3nKe 1 MaTeMaTvke A1S LLKOJb-
HMKOB W BCEX, KOMY 3TO MHTEpPEeCHO.

MoanmncaTbCs Ha Halll >KypHan MOXHO C obo-
ro Homepa B l0OOM NMOYTOBOM OTLENEHWM CBA3U.
Hall nognucHom MHAEeKC B KaTanore areHTCTBa
«[pecca Poccum» — 90964.

ApPXMB BblLLeALLINX HOMEPOB XYypHasa «KBaHT»
MOXHO HalTW Ha camte: http://kvant.ras.ru

RBAHT @

HOMEP IIOATOTOBUJH

E.B.baxkaes, E.M.EnudaHos,
A.10.Kotoea, C.J1.Ky3Heuos,
B.A.Tuxomupoga, A.U.YepHoyuaH
HOMEP O®OPMUJMA
A.H.f'puwykoea, A.E.NMauxsepus,
M.H.CymHuHa
XYAOXKECTBEHHBII
PEJAKTOP

E.B.Mopo3oBa

KOMIIBIOTEPHAA TPYIIIIA
M.H.fpnuyk, E.A.Mutuenko

XypHan «KBaHT» 3aperncrpuposaH
B Komurere P® no neuarm.
Per. cB-Bo MU No®C77-54256

Tupax: 1-# 3aBop 900 3x3. 3aka3 Ne

Appec pepakumvm:
119296 Mockea, JleHuHckuii npocnexr, 64-A,
«KBaHT»
Ten.: (495) 930-56-48
E-mail: math@kvant.ras.ru, phys@kvant.ras.ru

OrtneuaraHo
B COOTBETCTBMM C NPEAOCTABNIEHHbIMMU
marepuanamm
B TMnorpadpun 000 «TAAC-CTOJIULIA-8»
Tenedon: (495) 363-48-86,
htpp: //capitalpress.ru




IMMAXMATHAAd CTPAHUUYKA

H OBOrofHU E
CIOXETbI

IlepBBIiT Mecsl 3UMBI Tpaju-
IMOHHO ACCOIMUPYETCS ¢ IpU6m-
Kafomumuca npasaaukamu: Ho-
BBIM TofioM H PoxgectBoM. He
o6oNja 3Ta TeMa CTOPOHOH W
[IAXMATHBIX KOMIIO3UTOPOB: B Ce-
rogusimHeM Bbinycke <«Illaxmar-
HOU CTPaHWYKH» TIPE/ICTABIEHBI
33/1a4M Ha TPasAHUYHYI0 TeMma-
THKY.
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C.KnygceH, 1950
MarT B 2 x0pa

B sroll noO3UIMKM MOXHO yBH-
JIeTh ¥ HOBOTOJHIOIO CJIKY, U 3B€3-
Iy Ha ce BEPXYIIKe, a OCHOBHAS
nfest 3a/laul 3aKJI0YaeTcsl B CO-
xpaHeHun cuMMerpun. OcTaBUTDH
HO3UIINI0 CHMMETPUYHOH MOXKHO
eAUHCTBEHHBIM cmnoco6oM: 1.
¥ e4]l HecMoTpsa Ha TO 4TO 3TOT
XOJI He CO3/IaeT HUKAKUX YIPo3, a
¢epsp HaxomuTCE TOX yAApOM
cpasy uersipex ¢Guryp, depHble B
nyrusanre. Ha mo6oit xox sajb-
eif 6esIble OTBEYAIOT MATOM KOHEM
(2. @ddx um 2. @c5%, ecaun
OTCTYIHT JIABA C4; 2. A f4X wm
2. @ g5X, ecau OTCTYIHT JAAbS
g4). Ecan Xke XOIAT IEIIKH, TO
Mat cTasuT caoH: 2. &L :cdX um

2. &ogdx.
T.JoycoH, 1914

Xopn 4epHbIX, MaT B 2 Xoaa

B opurmmase sra 3amaua BbIT-
JISITUT 3€PKaJIbHO, M MAT CTABAT
6eabie. OaHaKo, YTOGBI HOBOTO/I-

il e
Do e
B =30
Do e
nll »e

HSIS1 eJIKa He POCJIA «BBEPX TOP-
MalllKaMUs , MBI €€ TIePEBEPHYIH.
Hafiti pemieHne 3aaud IOMOXKeET
peTpoaHaru3: y GeJbIX eCTh TOJIb-
KO /B4 BO3MOXKHBIX IOCJIEIHHX
xona: d2-d4 wmm £2-f4. Kakoii xe
u3 Aux 61 caenan? UTo6bI pa-
300paThCs B 9HTOM, HYKHO IIO-
CMOTPETH Ha PACHOJIOXKEHHE Yep-
HBIX TeleK: TaKas O3NS MOT-
JIa BO3HUKHYTb, TOJBKO ecau GBI
4epHble cbesn 10 oTcyTCTByIOMIX
6esp1x (PUTYp CBOMMU IIEIIKAMHU.
Ho ecnu xoa d2-d4 cpemnan Tous-
KO 4YTO, 3HAYHT, YEPHOMOJJBHbINR
CJIOH 6€eJIbIX MOTr OBITH CHEAEH Ha
noJie ¢1 TonbKo yepHO# GuUrypoii,
HO He TIENIKOi, W HCXOTHAS O3H-
i BOSHUKHYTb HE MOrJja OBl
3HaunuT, MO3UIMSA HA JHATDAMME
nosyguiaace nocae 1. £2-f4, u re-
IIeph CJeyeT B3ATHE Ha IIPOXOJIe
1...gf, a sarem mar 2...f2X .

MN.beHko, 1975
Mart B 2 X0pa
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ITpomomxaer HOBOTOJHIOK Te-
MaTHKY IByXXOZOBKA aMepUKaHC-
kxoro rpoccMmelicrepa II.Benxo,
KOTOpasi TaK U HazbIBaeTcA: «Pox-

necrBenckasg eab» (Christmas
tree). Pemmaer xom depsem: 1.
¥ 5! ¢ yrposoit 2. ¥ d5x Ha
B3sITHE M060I 6€J10i1 PUTypHI CIe-
ayer mar: 1...%:£5 2. #:d5x,
1...B:c52. @d4x,1... & e4 2.
afix,1...dc 2. BeSx.

B 3aBepimenue HOMepa e1le 0HA
3agaua I1.Benko, koropas Hocur
HasBaHme «PoKIecTBeHCKad CBe-
qas,

> e [ oo i

MN.beHko

3anavya GesbIX COCTOUT B TOM,
4T0Gbl He BHIMYCTATh YEPHOTO
xoposs u3 yraa. 1. & d5! ®:g6
2. Hd4 ®h7 3. 2f4 ®g6 4.
£ g8 ®h55. &f7x.

«ITaxmMaTHass CTpaHWYKA» >Ke-
JIa€T CBOMM YWTATENAM CUACTIU-
Boro HoBoro rogma m mo6oJbine
YBJIEKATETbHBIX MaXMaTHBIX (7
HE TOJBKO) CIOXKETOB B HOBOM
roxay!

A.Pycanoe



UHpekec 90964

«VMMPECCNOHNCTNYE
DOTOIMPADINSI
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ECAV BaM KaXeTcs, 4TO 3TO parMeHT
OAHOIO 13 NOAOTEH MMMPECCOHCTOB,
TO Bbl OLIWDaeTeCh. 3TO COBepLIEHHO
peanbHas (hoTorpadugl,

KOTOpas He MOABEpranach

HMKaKo obpaboTke..
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