Mynununansaeii 3tan BcOIL 2024-2025 yu.r.
MaTeMaTuKa 7 KJIacC KPUTEPUH MPOBEPKU
Pabora paccuutana Ha 180 MunyT

1.Haueptute yetwipe nyua OA, OB, OC u OD c¢ o0uM Ha4aJioM Tak, 4TOObI Ha
3TOM YepTexe Hauwmceh yriisl B 100°, 110°, 120°, 130° u 140°. 3anummuTe, Kakue UMEHHO
YIJIbl UMEIOT YKa3aHHbIC BETUYUHBI.
OtBet: 240D =100°, 2AOC =110°, 2A0B =120°, £BOC = 130°, £BOD =
140° (cm. puc. 7.1).

MoskHO, HanpuUMep, AEUCTBOBAThH CIEAYIOUIMM 00pa3oM: CHavajia MPOBECTH JIyuu
OA, OB u OD Tak, utro £ZAOB = 120°, £BOD = 140°, £AOD = 100°. 9T0 BO3MOKHO,
TaK KaKk cyMMma Takux yrjioB paBHa 360°. 3atem npoBect jayd OC MexXIay CTOPpOHAMHU
yria BOD tak, uto6s1 £COD = 10°, torna £AOC = 110°, £BOC = 130°.

Kpurepnu nposepku:

2 Oasta - IpUBEAEH BEPHBIN YEPTEK U BEPHO 3aIIUCAHBI BCE TPEOyEMBbIE YTJIbI;

1 Gann - mpuBeneH BEPHBIN YEPTEX, HA KOTOPOM OTMEUYEHA 4YacTh TPeOyeMBbIX
yriaoB (1100 3amucana OTAEIbHO), @ OCTAIbHBIE YIIIbl OHO3HAYHO BOCCTAHABIUBAIOTCS;

1 Oamn - mpuBeAeH NPaBIONOJOOHBIM YEPTEX, HO MO HMMEIOIIUMCS 3aIUCIM
TpeOyeMble YIJIbl HE BOCCTAaHABIMBAIOTCS OJHO3HAYHO;

0 GaIoB - MpUBEICH HEBEPHBIN YEPTEK UM OH OTCYTCTBYET.

2. 3anojHUTE KBajApar pazMepoMm 6 x 6 purypkamu terpuca (CM. pUCYHOK) Tak,
4YTOOBI MCIOJB30BaTh (QUTYPKH KaXKJIOTO M3 YKa3aHHbIX BUJIOB. (DUTypKH MOMXKHO Kak
MOBOPAYUBATh, TAK U NIEPEBOPAUNBATD. )
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OtBeT: HanpuMep, cM. puc. 7.2.
Puc. 7.2



Cyl11ecTBYIOT U IpyTrU€ NPUMEPBI.

Kpurepnu nposepku:

2 Oajyu1a — IpUBEAECH BEPHBINA IPUMED;

1 Gan — npuBEAEHO HECKOJIBKO NIPUMEPOB, CPEIU KOTOPBIX €CTh KaK BEPHBIN, TaK
Y HEBEPHBIE,

1 Oamn — mpuBENEH TOJBKO MPUMEP, B KOTOPOM OTCYTCTBYET POBHO OAMH W3
YKa3aHHBIX BUJIOB TETPUCA;

0 GayoB — 337a4a HE pelIeHa WK PEIIeHa HEBEPHO.

3. Buepa Hukura Kynui HECKOJIBKO pydek: 4€pHble — 1o 9 pyOreil 3a mrTyky u
cunmue — no 4 pyOust 3a WTyKy. 3alis CETOAHS B TOT YK€ Mara3uH, OH OOHApYXWJI, 4TO
LEHBbl Ha PYYKH MU3MEHWINCH: YEPHBIE CTAM CTOUTH 4 pyOis 3a MITYKY, a CHHHE — 9
pyOneit. YBuneB takoe, Hukura ckaszan ¢ nocagoi: “Ilokymnaii s Te ke py4kH CErojHs,
cokoHOMMI OBl 49 py6iei”. He ommbaercst i oH?

OtBer: Hukura ommubaeTcs.

Pemenue. I[lepBriii cnoco6. [lycts Hukura Kymuia x 4epHbIX pydyeK M ) CHHUX
pyuek, Torna oH 3amiatui 9x + 4y pyouneil. [lociie u3MeHeHUs 1IeH CTOMMOCTh PyYeK
ctana paBHa 4x + 9y pyouneit. [lycts Hukuta He ommlcs, Torna (9x+ 4y) — (4x + 9y) =49.
[IpeoOpa3oBaB JieBYIO 4acTh ATOTO ypaBHEHUS, OIyduM: S(x —y) =49. Tak kak x U y —
Hesble Yucia, TO Yucio (x — y) Takxke 1enoe. Toraa nojayyeHHOE YpaBHEHHUE HE UMEET
LIEJIBIX PENIEHUM, Tak Kak 49 He aenutcs Ha 5. [IpoTuBopeune.

Bropoii crioco6. 3aMmeTrnM, 4TO IieHa KaXJIOW PYyYKH M3MEHUIach Ha 5 pyoOJieH,
3HAYUT, YTO U O0IIasi CTOUMOCTh BCEX PYUYEK M3MEHWIACh HAa BEJIMUMHY KPATHYIO TSTH.
Tak kak 49 ne nenurcs Ha 5, To Hukura ommbaercs.

Kpurepnu nposepku:

3 Gayuta — mMpUBEICHO MTOJIHOE 00OCHOBAHHOE PEIICHUE;

2 Oamna — MPUBEACHO BEPHOE B LEJIOM PACCYXKIEHUE C HE3HAUYUTEIbHBIMU
npobenamus;

1 Gas1 — BEpHO COCTaBJIEHO YpaBHEHUE, HO JATbHEHIINX MPOJIBUKEHUI HET

1 Gam1 — npUCYTCTBYET YTBEPKIECHUE O TPOTUBOPEUHH, CBSI3AHHOM C JETUMOCThIO
Ha 5, HO OHO HE 00OOCHOBAHO;

0 GasIoB — OTBET IMOJYYeH HA OCHOBAHUM PACCMOTPEHHUS YACTHBIX CIIy4aes;

0 GaIoB — NPUBE/IEH TOJILKO OTBET;

0 GaioB — 337]a4a He pPelIeHa UK PellieHa HEBEPHO.

4. Kaxaplil U3 TpUHAAUATH THOMOB — PBILAPb, KOTOPBIA BCETa TOBOPUT MIPaBLY,
WIM JDKEL, KOTOpbIil Bceraa JoKET. OpHaxapl BCEe THOMBI IO OYEpEad CAENalu



3asBieHue: “Cpenu 3asiBICHUM, CIENAHHBIX PaHee, JOXKHBIX POBHO Ha JBa 0OJIbIIE, YEM
UCTUHHBIX . CKOJIBKO PhILIApEi MOTJIO OBITH CPeu THOMOB?

Ortser: 6.

Pemenue. IlepBble ABa yTBEpKICHUS 3aBEIOMO JIOKHBIC, TaK KAK /10 KaXJA0ro U3
HUX OBUIO CIIeJITaHO MEHee NBYX 3asBieHHU. TpeTbe 3asBieHHEe UCTUHHO, TaK KakK J0
HEro OBLJIO MPOM3HECEHO 2 JIOKHBIX 3asBJICHUS W HOJIb HCTUHHBIX. YeTBepToe
3asBJICHUE JIOKHO, TaK KAaK K JIBYM JIO)KHBIM 3asBJICHUSIM JJOOABHJIOCh OJJHO UCTUHHOE,
a TATOE 3a8BJICHUE CHOBA HCTUHHO.

Paccyxnas aHamormyHo, mOJy4WM, YTO BCE€ THOMBI, JICJIAOLIAE Jajee YETHOE
YTBEPKIACHUE, TOBOPWIM JI0OXKb, @ THOMBI, JENAIOIINEe HEYETHOE YTBEPXKICHUE,
TOBOPWJIH TIpaBmy. TakuM 00pa3oM, pPhIAPSIMHU SBIISTFOTCS
THOMBI, BBICTYNIABILIKE 1TOJ HOMepamu: 3,5,7,9, 11 u 13.

Kpurepun npoBeEpKHU.
3 Gasta - MpUBEICHO MOJTHOE 000CHOBAHHOE PEIICHUE U TIOJIYYEH BEPHBIM OTBET;
2 Oamia - TPUBEACHO BEpPHOE B IIEJIOM paCCyXIEHHE, COJeprKallee

HE3HAYUTEIbHbIE MPOOENbl MM HETOUHOCTH U INOJyYEH BEPHBIN OTBET;

1 Gam - BEpHO yKa3aHbl TOJBKO HOMEpPAa THOMOB, CKa3aBIIMX IPABAY, HO
KaKue-T1u00 MOsSICHEHUS OTCYTCTBYIOT;

0 GayJI0B - IPUBEAEH TOJIBKO OTBET;

0 6asu10B - NPUBEAEHO HEBEPHOE PELLIEHNE UIH OHO OTCYTCTBYET.

5. Baoaps npsIMOJIMHEMHOIO ydacTKa IpaHMIlbl yCTaHOBJIEHO 15 ctonbos. Okoso
KaXXJ0ro cTosida molMaay HECKOJIBKO ONHM30pYKUX MIMUOHOB. KaXkaplii U3 HUX YECTHO
CKa3aJ, CKOJIbKO APYTHX MIMUOHOB OH BHed. Ho ir000i MIMmuoH BUACH TOJIBKO TEX, KTO
HAXOAMJICSA OKOJIO €Tr0 CTOJI0A M OKOJIO ONMMKAMIINX COCEAHUX CTOI00B. MOXKHO JH MO
TUM JAaHHBIM BOCCTAHOBUTH YHUCJIIEHHOCTHh LINMOHOB, MOMMAHHBIX OKOJO KaXKJI0Tr0
cronba?

OTBeT: MOXHO.

Pemenue. 3anymepyeM ctonOsl unciaamu ot 1 1o 15 cineBa Hanpaso. M3 ompoca
BCEX UIMHOHOB, NMOMMAHHBIX y BTOPOrO CTOJI0A, y3HAEM CYMMApHYH) YHCIIEHHOCTb
IIMHOHOB y MEPBBIX TPEX CTOJIOO0B, @ U3 ONPOCA IIHNOHOB, TIONMaHHBIX y IIEPBOTO CTOJI0A,
Y3HAEM YMCJIEHHOCTh LIITMOHOB, NOWMaHHBIX Y IIEPBOIO U BTOPOIrO CTOJI00B. BhrunTas us
IIEPBOrO pe3ysibTara BTOPOW, Y3HAEM CKOJIBKO HIMMOHOB MOWMANM y TPEThEro cronoda.
Jlasiee, onpocuB IUIMOHOB, MOWMAHHBIX Y IISITOTO M YETBEPTOrO CTOJNOOB, M 3HAs
KOJIMYECTBO LIMHOHOB, MOMMaHHBIX y TPETHETO CTOJI0A, HAlAEM KOJIMYECTBO IIITHNOHOB,
NOMMAaHHBIX Y IIECTOro CTOI0a. AHAJIOTHYHO ONPEAEIIAeTCs, CKOIBKO IIMUOHOB NOWMaHO
y cT0s100B ¢ HOMepamu 9, 12 u 15. Tenepp, ONpOCUB MIMHOHOB y cTOI0a ¢ HOMEpOM 15,
y3HaeM, CKOJBKO IIMHUOHOB MOMMaHO y cToiba ¢ HomepoMm 14. JlampHeiue onpoch
MOKHO TPOBOAUTH ‘“‘C KOHIA~ pa3NnUYHbIMU criocobamu. Hampumep, nocTatodHo
ONPOCUTH IIMHOHOB y CTOJI00B ¢ HOMepamu 14, 12, 10, 9, 7, 6, 4, 3, ycranaBnuBas TeM
CaMbIM, CKOJIBLKO IITTMOHOB TIOMMaHO y ¢To100B ¢ Homepamu 13, 11, 10,8, 7,5,4,2u 1
COOTBETCTBEHHO.

Kpurepun nposepku.

3 Oasna — npuBeACHO MOJIHOE 00OCHOBAaHHOE PEIIICHHUE;



2 6ayia — BEpHO OIMKMCAaH aJITOPUTM, TO3BOJISIOIIHMI OTBETUTH Ha BOIPOC 3aa4d, HO
HE HAIlMCaHO, KaK UMEHHO HAaXOJUTh TpeOyeMble KOJIMYECTBA;

1 Gay1 — NpUCyTCTBYET BEpHAs UEs pEUIeHUs, HO OHA HE JI0BE/IeHa J0 KOHIIA;

0 GasI0B — NPUBE/IEH TOJIBKO OTBET;

0 GaioB — 337]a4a He pelIeHa UK PellleHa HEBEPHO.

6. B xaxoi BepimHe Kyda )KUBET YUCII0, HEe 00s3aTeNIbHO MOJ0KUTEIbHOE. Bee
BOCEMb YHCEJI PA3JINYHbIL. ECIIM 4MCII0 paBHO CyMMe TPEX YMUCEIN, KUBYILIUX B COCEIHUX C
HUM BEPIIMHAX, TO OHO cuacTiInBO. Kakoe HanbombIee KOTMIECTBO CUACTIUBBIX YHCEIT
MOJKET )KUTh B BEpIIMHAX Ky0Oa?

Orser: 8.

Pemienune. Cm., Hanpumep, puc. Sa.
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Jlerko IpOBEPUTH, YTO B KXKAOW BEpIIMHE KyOa CTOUT CHACTIMBOE YUCIIO.

Cy1iecTByIOT U Ipyrue nmpumepsl. Pazoepémcs, kak OHU YCTPOESHBI (OT yYaCTHUKOB
OJIMMITHAJIBI ATOT0 HE TpeOoBasiock). O003HAUMM YHCIa, CTOSIIME B BEpIIMHAX KyOa (CM.
puc. 50).
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3amuineM cHavajia JBa PaBEHCTBA JUIsI TPOTHUBOIMOJIOXHBIX BEPIIMH HIKHETO
kBagpata: a= a;+B+d (1); c= c;+B+d(2). Beruuras us paBerctna (1) paBeHcTBO (2),
MOJyYuM: a — ¢ = a; —C4(3). Tenepp 3anuiieM aHAJIOTUYHBIE PABEHCTBA IJIs ABYX
BEPIIIMH BepTUKAILHOTO pebpa: B= B;+a+c (4); By =B+ a;+ ¢4(5). [loncraBuB B; u3
paBeHCTBa (5) B paBeHCTBO (4), moiyunm: a + ¢ = — a; — ¢; (6). OObenMHUB paBEHCTBA
(3) u (6) B cucteMy, MOJy4HM, UTO a =— C;; C =— a;. TakuM 00pa3oM, YKcIia, CTOSIINE B
MIPOTUBOIOJIOKHBIX BEPIIMHAX Ky0a JOJKHBI OBITh MMPOTHUBOTIOIOKHBIME (aHAJIOTHYHEIC
paBeHCTBA JJIs IBYX APYTHX Map YUCEIl CIEAYIOT U3 CHMMETPHUH Ky0a).

CrnenoBaTenbHO, 17151 TOCTPOEHUS JIFOOOTO MpUMEpPa JOCTATOUHO BHIOPAThH OJIHY U3
BEpIIMH Ky0a 1 0003HAYUTh YMCIIA, )KUBYIINE B COCETHUX C HEHM BEpITMHAX, HATIPUMED,
yepes X, y u z. [{nst Toro, uroObl BeIOpaHHas BepIInHaA Oblila CYACTIIMBA, MTOCEIUM B HEE
gyucio X +y + z. Tpebyercst TonbKO, 4YTOOBI MOAYNIH YUCEN X, Y, Z U X + Yy + Z OblIN
MOTIAPHO PA3MUYHBIMU. TOrma OCTaHETCS MOCETUTh B MPOTHUBOIOJIOKHBIX BEPIIMHAX
qHcia — X, — y, — Z 1 — X— Y — Z COOTBETCTBEHHO. HeTpyaHo yOoenuThes, 4To Bce BOCEMb
YHCeIl CYACTIINBBIL.

Kputepun npoBepkwu.

3 Gayna - mpuUBEICHBI BEPHBI OTBET M BEPHBIN MIPUMED;

0 6ayIoB - MpUBE/IEH TOJIBKO OTBET;

0 GayoB - MpUBEIeH HEBEPHBIN MPUMED UM OH OTCYTCTBYET.



7.5. B kaxxgo# BeplunHe Kyba »UBET YMcno, He oBA3aTenbHO NonoxuTensHoe. Bce BoceMb YKncen pasnuyHel. Ecnu
YMCNO PaBHO CYMME TPEX YWCEN, XUBYLLMX B COCEQHMX C HUM BEPLUMHAX, TO OHO cyacTnueo. Kakoe Haubonbluee

KOMWYECTBO CYACTNMBLIX YMCEN MOXET XUTb B BEpLUMHaxX Ky6a?
OtBeT: 8.

PeweHune. CM., Hanpumep, puc. 7.5a. Jlerko npoBepuTb, YTO B KaXO0W BepLUMHE Kyba CTOMT cyacTnvMeoe

4yucno.

Cyuwiecmsyrom u Gpyaue npumepsl. Pa3bepémca, KaKk OHU ycmpoeHbl (om yyacmHuKkos onumnuadsl 3mozo

He mpebosanocsk). O6o3Ha4yuM Yucna, cmosAwjue 8 sepuuHax kyba (cm. puc.
7.56). 3anuweM cHavana Osa paseHcmea OrA MPOMUESOINONOXHbIX SepPWUH
HWkHe2o Kealpama: a = a; + b +d (1), c = ¢, + b + d (2). Beiqumas u3
paseHcmsa (1) paseHcmso (2), nony4um: a — c =a; — C4 (3).

Tenepb 3anuuwieM aHanoz2uyHblie paseHcmea Onsa 0syX 6epliuH
sepmuKarnbHo20 pebpa: b=b; +a+c (4). b; =b + a; + ¢, (5). [lo6cmasus b,
u3 paseHcmsa (5) & paseHcmeso (4), nony4yum: a + ¢ = — a; — ¢y (6). O6veduHuUs
paseHcmsa (3) u (6) & cucmemy, Moay4uM, YmMo a = — C;, C = — a;. lakum
obpasomM, 4ucria, cmofAwue & MPomMUSOIoOIoKHbIX sepuluHax Kyba OoimKHbI
6bImb MPOMUSONONOXHLIMU (aHanozuUYHble paseHcmesa Ons dsyx dpyaux nap
yucen cnedyrom us cumMmempuu Kyba).

CnedosamenbHo, 0nsa nocmpoeHus mobozo npumepa docmamoyHo
sbibpamb 0dHy U3 sepliuH Kyba u obosHaqyumb Yucna, xusyuwue 8 cCocedHUX ¢
Hell eepliuHax, Hanpumep, 4epe3 X, y u z. [na mozo, 4mobbi sbibpaHHas
sepwiuHa beina cyacmnusa, NocenumM & Heé Yucio x + y + z. Tpebyemcsa mosnbko,
ymobbl MOGynu 4qucen X, ¥y, Z u x + y + z Bblu nonapHo pasnuyHbiMu. Tozda
ocmaHemcs rnocenums 6 NPOMUEONONOXHbIX 8EpLUUHAX YUCHa — X, — Y, — Z Ul — X—
y — Z coomsemcmeeHHo. HempydHo ybedumbcs, 4mo 6ce s8oceMb 4Yucen
cYacmnussbi.

KpuUTepuu NpoBepKn.

“+" MpusedeHbl epHbILD omeem U 8epHbIU npuUMep
“~" [NpusedeH MonbKo omeem
[pusedeH HegepHbI NPUMEP UMU OH omcymcmeyem
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