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Uanebni gecamukiacHUKIL
° - ./
U JECAIMUKAACHUUL:
eoMeTpifA — ofHA 3 HAMJABHIININX, HAUIJIAXETHIMINX, KOPUCHUX i IMIKaBUX
HayK. ¥ Hilf — 3ryCTOK 3HAUHOI YaCTHMHU 3araJbHOJIIOACHKOI KYJIbTYpPH,
Haa0aHOI JIIOACTBOM 3a KiJIbKa TUCAYOIiITh. A IIle BOHA € He3aMiHHUM iH-
CTPYMEHTAapieM [Ji HaYKOBIIiB i BUPOOHNUYHUKIB, 32aCO00M /IS PO3BUTKY JIOTiUHOI'O

MUCJIEHHS, TPOCTOPOBOI YABH, PAIliOHAII3aTOPCHKUX 3iI0HOCTE Ta IHIITNX TTO3UTHUB-
HUX i KOpHCHUX pHC XapaxkTepy mojoxai. Och 1o roBopuB IIpo reomerpito IliaTom:

T'eomempis € ni3HAHHA 6Cb020 iICHYIOL020

T'eomerpia ckaamaeThed 3 IBOX YaCTUH: nJAaHimempil i cmepeomempii. ¥ 11o-
mepefHiX KJjacax BM BUBUYAJY B OCHOBHOMY ILIAHIMETPilo, Terep IepexoauTe 0
BUBUYEHHS CTepeoMeTpii (Bif rpeir. 6Tepe0l — MPOCTOPOBUIA), Y AKiil PO3IIAAAIOTE
BJIACTUBOCTI reoMeTpUUYHUX (Piryp y mpocTopi.

IligpyuysUK CKJIaIa€ThCA 3 YOTUPHOX PO3MiTiB, KOKHUU i3 AKUX PO3MOUM-
HaETLCSA KOPOTKUMU BiIOMOCTSIMU ITPO TBOPIIIB BiAMNOBiZHUX TeOpiii, IIPo 3MicT
HABYAJIbHOTO MaTepiaay, a TaAKOK XapaKTePUCTUKOIO0 OKpeMux mpodecii , axi
BU MOJKeTe o0paTu y MaiibyTHBOMY.

Pozginu mictaTe TeopernuHmMi MmaTepiana i 3agaui. Uuramouwm Teopiro, OCHOB-
HY yBary cJijJ 3BepTaTU Ha CJ0Ba, HaJPYKOBaHiI kKypcueom i :KUPHUM HIpud-
ToM. Ile HOBI MOHATTA i TBep)KEeHHS, 3aCBOIBINY AKi BU 3MOYKETe BIEBHEHO
posB’A3yBaTu abcTpaKkTHiI Ta mMpukJagHi 3agadi. [igda TUX, XTO Xoue 3HATHU
Oinplme, mpusHaueHa pyopuxa [AJIF9 AONMUTIIMBUX, Ky MOKHA BUKOPUCTATH
IJiA TOTJIuOJIeHHS 3HaHb, PO3IIMPEHHS KPYyros3opy, BUKOHAHHA HABUYAJbHUX
IPOEKTiB Ta HAIIMCAHHS JOCIiTHUIIBKUX POOIT.

3HaTU reoMeTpilo — Ile HacaMIlepel YMiTU KOPUCTYBaTUCA HEIO Yy ITOBCIK-
IEeHHOMY »KHUTTi, TOJAJbIITOMY HaBYaHHI Ta MaiOyTHi#M mpodeciiinii gigabHOCTI.
HabGyBaTu mocBimy BUKOPHCTOBYBATH I'eOMETPUUHI 3HAaHHSA HaWKpallle Hif dac
pO3B’sI3yBaHHS MeOMETPUYHUX 3a7aY i BUKOHAHHSA IPAKTUYHUX 3aBAaHb. ¥ IIijI-
PYYHUKY BMIiIlleHO 3a/iavi pisHUX BU/IiB (HA O0UMCIEHHA, JOCTiIPKeHHs, TOBeIeHHs,
mo0yIoBYy) Ta piBHIB cKJiagHOCTi. € 3a7ayui 3 peaTbHUMU TaHUMU, 110 CTOCYIOTHCSA
PisHUX rajryseii 3HaHb, F'OCIIOAAPCHKOI TiAIBHOCTI, IPUPOJHUX Pecypcis, (hinamcis,
TPOMAJACHKIN BimIOBigabHOCTI TOMIO. POSBUTKY KPUTHUUYHOTO MUCJIEHHS, Kpea-
THBHOCTI Ta paIioHAIi3aTOPChKUX 3Mi0HOCTEN MPUCBAUYEHI IIPAKTUYHI 3aBIaHHI.

3aBraHHA, PEKOMEHI0OBaHI AJIA JOMAIITHBOI POOOTH, BUMIJIEHO OIaAKUTHUM KOJIBO-
poM. Bajaui i BIIpaBu B mipyYHUKY noxinteHo Ha: BUKOHAWTE YCHO, pisers A,
pisers B i BNPABM 019 NOBTOPEHHS. TlopiBHAHO Ba:KKi 3amaui mosHaueHi 3i-
poukoio (¥). BoHu po3paxoBaHi Ha yUYHIB, AKi IIIKaBIATHCI MAaTEMATUKOI. Y KO-
HoMy poszizi € SAAAYI 3A TOTOBUMU MAJTIOHKAMMU. YMOBI TaKHX 3afad IIoO-
IaHO y BUTJIAAI Ma/JIOHKIB Ta KOPOTKUX 3anuciB. Ilaparpadu migpyyHrka MicTATD
py6puxy BUKOHAEMO PA3OM, 1e sampomoHOBaHO 3a#adui 3 O3B’ ABAHHAMI.

3amporrryeMo Bac y Garatuii i nuBHui cBiT 'eomerpii i crmoxiBaemocs, 110
BUBUYEHHSA reoMeTpPil 3a MUM OiIPYIHUKOM Oyie OJIs Bac IMiKaBUM i HECKJIATHUM.

Abmiopuw
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ABTOpP nepLUunx TEOPETUYHUX TPAKTAaTIB,
LU0 AIVLLIIV 40 HaLIOoro 4Jacy. Y TBopi
«OCHOBW» 3IKCHNB repLLy cripody N8
akciomatn4Hoi nooyaoBy reoMeTpii. :
Voro akciomatuika He 3a70BO/bHSE
BUMOIY Cy4acHOI Maremartviku, asne ii

3Ha4YeHHs AJi15 Hayky He3ariepe4vHe.
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Aasup MNNbBEPT
(1862-1943)

Y npaui «OcHoBu reomeTpii» (1899)
yBiB HEO3Ha4yBaHi NoHSATTS, abcTpa-
ryK4Y1Ch Bif iX Npupoau, i 4aB roBHY
cucTeMY akCioM eBKJIiJ0BOI reo-
MeTpii, knacu@ikyrouuv ix Ha 5 rpyr.

Y takuvi crioci6 rnobyayBaB reoMerT-
DIt Ha MiLHIVi OCHOBI Ta AOCAIANB

Ii 10riYHy CTPYKTYPY.
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Po3apnin1 | Chapter 1

BcTyn Introduction
0O cTepeoMeTpil to Stereometry

9k Hayka cTepeomMeTpia cpopmyBanacd y CtapoanasHin pediii.

CnouaTKy BNacTUBOCTI reoMeTpuyHux diryp 6ynmn aHanaeHi 4OCNigHUM
LUISAXOM. 3rofaoMm Li TBEpAXKEHHS oBenu, a EBkig 3BiB X y cuctemy

B poboTi «<OcHOBM». Lle Byna neplua cnpoba akciomaTnyHoi Nobyaosu
reoMeTpil. [pekn yaBnianm reoMeTpito 9k AeJYyKTUBHY HayKYy, L0 3aMMaeTbC
YNCTO NIOTYHMMM BUCHOBKAMM 3 HEBEJIMKOI KiNIbKOCTI 3a3aaneriib
BCTAHOBJIEHNX aKCiOM.

EBknig cdhopmynioBaB akCiomMm, NOCTYNaTH i HAMaraBcs AaTu ONMCOBE O3Ha-
YeHHS1 OCHOBHMX NPOCTOPOBUX OO’EKTIB i CMNiBBIAHOLLEHb, LLIO HAABHI B 10r0
akciomax. EBkniga uikaBuB peasibHUM NPOCTip i3NYHOro CBITY, Y IKOMY
chopMyfboBaHi akcioMmu Oynu OHEBUOHUMN.

AkciomaTuka EBkniga He 6yna JOCKOHAO0, 3 YHacoM ii CyTTEBO AOMOBHUN
M YTOYHUNW.
Ane i 3apa3 reomMeTpilo, LU0 BUBYAETLCS B LLUKOJi, HA3MBaAIOTb €BKJiL0BOIO

reomMmeTpieto. HaykoBLj Ta CTYOEHTN YHIBEPCUTETIB PO3rAg4al0Tb TaKOX
i HEeBKigOBI reoMeTpil.

§1 OCHOBHi NOHATTS ‘ Stereometry Basic
cTepeomMeTpir Concepts

2 Akciomun ctepeomMeTpii ‘ Steremetry Axioms and
i Hacnipkn 3 HUX the Consequences of Them

Polyhedra and

3 MHororpaHHuKu
Their Cross Sections

Taix nepepisn

Habuarorui npoexin

«Mo6GypnoBa nepepis3iB MHOrorpaHHUKIB 3 BUKOpuUcTaHHam IKT»
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logistikos — obuncnioBaTu, MipKyBaTu. .\’&]
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PerynioBaHHg nepemilleHHa maTtepiasb-
HUX Ta iIHGOPMaLiNnHNX NOTOKIB

11

MATEMATUKA
B MOI/ NPOMDECIT
v

HAHOTEXHOMOrII MoB’s3aHa 3 MaTemaT-
HaHo- (kapnuk) — npedikc y cuctemi ognHuup Cl, Koo, di3nKoio, reo-
LLI0 03HAYAE MHOXHMK 102, disunkoto, acTPOHOMIEID
Po3pobka CTBOpPEHHS IHXXeHepia
HaHOMIKPOCXeM HaHOpPOOOTIB Ha aTOMHOMY pPiBHi
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§ 1 OCHOBHI NOHATTSHA
cTepeomMeTpil

T'eomeTpia — mayka mpo BJIacTUBOCTI reomerpmuHux Qiryp. Boma ckiaana-
€ThCA 3 ABOX UACTHH: ILJIaHiMeTpii i crepeomeTpii. ¥V miranimerpil pos3risanaioThb
¢irypu B omuini miomimui. Crepeomerpisa (Bim rper. stereoz — TIPOCTOPOBUI
i metrew — BUMIipIOI0) BUBYA€ BJIACTHUBOCTI reoMeTpUUYHUX (iryp y mpocTopi.

T'eomerpuuna girypa — Oyab-AKa MHOKMHA TOUOK: CKiHUeHHa ab0 HECKiH-
YyeHHAa, Ha ILJIOIKHI abo B mpocTopi.

¥V crepeomerpii BUBUAIOTH BJIACTUBOCTI AK MJIOCKUX TeOMeTPUYHUX (Giryp,
TaK 1 HETIJIOCKUX.

ITpuknany miaockux Qiryp: npama, TPUKYTHUK, Koo (Mau. 1).

~ N\ O

Maui. 1

B omHi# maomuui. IIpukaagu Hemaockux (iryp: Ky0, KyJis, mapaJjelenimesn
(maa. 2).

N
\
\
\
\
\
(O

Mau. 2

V¥V crepeomerpii posryisamaioTh i iHIII reOMETPUYHI TOHATTA:

— ceomempuiti eeautuHy (ZOBKUHU, ILJIOII, 00’eMu, Mipu KyTiB);

— zeomempuiri nepemeopeHHsa (mapajielbHi ITepeHeCeHHA, Pi3HiI Bugm
cuMeTpii, TOBOPOTHU, IIePEeTBOPEHHA IMOAIOHOCTI TOI0);

— gexmopu;

— ceomempuuHi i0HOWeHHA (IEPIEHAUKYIAPHOCTI, TapaJIeIbHOCTI, PiBHOC-
Ti, MOAiOHOCTI TOIIO).

3micT 6inbITOCTI HAYKOBUX IIOHATH 3BUYAWHO PO3KPUBAIOTH 3a IOIOMO-
roio0 o3HaueHb. AJie He Bce MOKHaA o3HauuTu. 1[[06 o3HAaUMTN AKECh MOHATTS,
Tpeba mifBeCTH ¥MOTrO Wij iHIlEe IMOHATTS, 3MICT AKOro B)Ke Bimomwuii. Hampu-
KJIazm, (QOPMYJIIOI0UM O3HAUEHHSA «IlapajejorpaMoM Ha3WBAOTh YOTUPUKYTHUK,



8 Posgin 1. BcTyn oo ctepeomeTpii

Y SKOTO IPOTUJIEKHI CTOPOHU IOMAPHO IlapaJiesibHi», O3HAUyBaHEe IOHATTS
«mapajgejgorpaM» MiJBOAATE IiJ yKe BijoMe MOHATTS «UOTUPUKYTHUK». A Tix
AK1 reoMeTPUYHI MOHATTA MOKHA ITiABECTHU IIEPIIi IMMOHATTH, TaKi AK «TOUKAa»,
«IIpaAMa», «IUIOMMHA»? IX BBOJATH 6e3 0O3HAUEHD i HABWBAIOTH OCHOBHUMHU (He-
03HAUYYBAHUMMU) TTOHATTAMU.

BiactTuBocTi Heo3HAUYBAHUX IIOHATH PO3KPUBAIOTH 3a JOIOMOTOI0 aKCioM.
Hani mu chopmyrroeMo akciomu crepeomerpii. Ase cmouaTKy 3po0MMO KiJbKa
3ayBa’KeHb IIPO MOHATTA «ILJIOITUHAY .

IIpo miommHy roBOpATH i B ItaHiMeTpii (3razaiiTe xoua 6 O3HAUEHHSA Iapa-
JeJbHUX MPAMUX). AJle TaM PO3TJIAJAI0Th TiIbKU OAHY IJIOMINHY; yci dirypu,
AKi BUBUAIOTh y ILIaHiMeTpii, HamexaTsb il equHin miromuHi. OTiKe, y IIaHi-
MeTpii 3a yHiBepCcaJbHY MHOMKUHY TOYOK B3ATO IJIONIUHY.

VY crepeomerpii yHiBepCcaIbHOIO MHOYKUHOIO TOUOK € MPOCTip (TpUBUMIipHUIL),
y HbOMY icHye 0esniu pisHUX maoimuH. MaTepiaJlbHUMU MOAENAMU UYACTUHU
IJIOIIMHYU €, HAIIPUKJAL, IIOBePXHA BiKOHHOIO CKJa, JoOpe BimmosiposaHa
IIOBEPXHS CTOJIa, MAPMYPOBOI IJINTH, IIOBEPXHA a€POAPOMY TOIIO. ¥ ABJIEHHSA
PO YACTUHY IJIOIIMHU MOYKHA OTPUMATU, JUBJIAUYNCH HA TJIaJeHbKY ITOBEPXHIO
o3epa, 3JIiTHI cMyru aepomopTy uu (pyTdoJbHe moje (MaJ. 3).

Ozepo CuueBup 3uiTHI cMyTu aepomopTy dyrHosibHE TOJIe CTagioOHy
Bopucninp «MeragicT» y Xapkosi
Mau. 3

3posymino, 110 1me rpy6i Moaeai. ¥ reomerpii mIOIUHY MUCIATE HeoOMe Ke-
HOIO, ijeaJIbHO PiBHOIO i IJIaJeHbKOIO, IO HEe Ma€ HifAKOI TOBIMHMU.

300pakaioTh ILIOIIUHY Y BUTJIALL HmapajejiorpaMis
ab0 «IIIMATKiB» ILJIOI[MHN, OOMEXEeHUX JOBLIbHUMMU
3aMKHeHUMU JiHigvu (maJ. 4). [logHauaroTs ix 3a3BUUail
rpenbKuMu Jitepamu o, B, v, 6, ® ToIIo.

Sk i 0yab-sxa reomerpuyHa irypa, ImIoIIMHA CKJIA-
JAEThCSA 3 TOUOK. SIKIIO Touka A JIeKUTH Y IJIOIIKUHI O,
KayKyTh, IO ILIOIIMHA O, MPOXOJUTH UepPe3 TOUKY A,
i samucyioTh: Aco. 3anuc A¢o0o o3HaAYae, IO TOU-
Ka A He JISKUTH y IJIOMINHI 0. SIKIIO KOKHA 3 TOUOK A,
B, C (1110 He Jie;KaTh Ha OOHiN IPAMIill) JIEIKUTH y TeaKiit
IJIOMIUHI O, TO i MoskHa mosuauaTu cuMBoJjom (ABC). Mau. 4
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SKIo0 KOoXKHA TOYKA IPAMOI @ HAJEKUTH ILJIONINHL O, KaXKyTh, 110 IpAMa a
JI€KUTH y ILIOMINHI 0/, a00 MJIONIMHA O, MPOXOIUTH Yepes Mpamy @. 3a JOIIOMOTOI0
CUMBOJIIB 3alIUCYIOTH Ile TaK: a C 0. Ha MmaioHKY 5, a 300pakeHo ILJIOIIUHY O,
AKa OPOXOAUTH Uepes3 MpAMY a i Touky A. 3amuc b o o3Hauae, 110 Ipama b
He JIeKUTDH Y IJIOIIUHI .

b

Mau. 5 Mau. 6

SAximo npsama a i mommHA 00 MAIOTh TLIBKYU OMHY CIIIJIBHY TOUKY A, KaiKyTh,
110 BOHU MEepeTHHATheA B Touli A. 3anucyooTs: allo=A. Ha MalioHKY He-
BUAVMY YaCTUHY IPAMOI 300pasKaioTh IITPUXOBOIO JIiHieo (MaJ. 5, 6).

AKI10 uepes MpAMY ¢ IPOXOAATH ABI IIOMUHU O i B, KaKyTh, IO IIi ILJIO-
IUHY TTePEeTUHAIOTLCS M0 MpaMiit ¢. 3anucyioTs: of1f=c (man. 6).

3ayeancenna. Koy KaKyTh «IBi MJIOIMHN» , TO BBAXKAIOTh, 1110 BOHY Pi3HI,
He 36iraroThcd. Tak caMmo po3yMiTUMEMO BUPA3M «ABi TOUKM», «IB1 MPAMi» TOIIIO.

— Ang gonntsinBux ~

He cnig oo Hennockmnx ¢iryp BigHOCUTM TinbkK Taki, 9K Ky0, Kynst, LuniHap, KO-
HYC, siKi MaloTb MOBEPXHIO 41 06’eM. [1Bi NNOLWMHN, SKi NnepeTuHaloTbes (Man. 6),
YTBOPIOIOTb OHY HEMIOCKY Dirypy; TPy NPsiMi, siki nepeTUHaTbCH B OOHIN ToYL
i NepneHauKynsapHi KOXHa 00 KOXHOI (Man. 7), — Takox Hennocka girypa. Taki
dirypu He MatoTb Hi NoLLj, Hi 06’emy.

c NOBEPXHI

b MJOLWMHN

]

Man. 7 Man. 8

KpiM NOHATb «NpsiMa» i «NNoLWUHA», HEPIAKO PO3rNaaatoTh LLE MOHATTS JiHiA
i noBepxHsA. PO3yMmiloTb, WO NpaMa — OKPEMMU BUA, NiHil, a naowmHa — BUA,
MOBEPXOHb (Masl. 8). OgHaK NOSCHUTK, WO Take AiHis i WO Take NOBEPXHS, HAATO
Ba>XKO.

v
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v

IcHye 6e3niy pi3HMX NiHIN, Oeski 3 HUX MalTb
oKpeMi Has3BW: Koo, namaHa, napabona, cni-
panb, rBUHTOBA NiHiga (Man. 9). Bigpisok, NpOMiHb,
npsMa — NPOCTiWi NpuKNagun niHin. | pi3Hux no-
BepxoHb 6e3niy: chepa, uMniHapuyHa, KOHi4Ha,
MHOrorpaHHa. ICHyl0Tb | LOCUTb LLiKaBi NMOBEPXHi: Man. 9
«nncT Mebiyca» (man. 10, a), «nnswka KneiHa»
(man. 10, 6) Towwo. Ix po3rnaaaoTb Y BULLKA reo-
MeTpii. MNnowmHa Ta it YacTuHm (KyT, cMmyra, Tpu-
KYTHUK, KPYr) — NPUKNaam NPOCTiLLMX MOBEPXOHb.

CumBonM €, ¢, C, &, BUKOPUCTOBYIOTb HE SinLLIE
B reomMmeTpii. Lle — BaxxnnBi cuMBOM TEOPIl MHO-
XWH, HAQ OCHOBI SIKOT Oyyl0Tb YCIO Cy4acHy maTe-
mMaTuky. Ix ynTaloTb:

€ — € eNIeMEHTOM,;

¢ — HE € eIEMEHTOM;

C — € 4aCTMHOIO (MiIAMHOXNHOIO);

@ — He € NiAMHOXWHOIO.

KpiM 3a3HayeHux, 4acTo BMKOPUCTOBYIOTb
iHWi cumBONN: & — MOPOXHA MHOXuHA;, U —
006’€HaHHA MHOXWH; [] — nepepis MHOXMH.

Hanpuknag, akuwio npsMa a i naowyHa o He

MaloTb CrifibHUX To4ok, Toa [l oo=J. a U o — 6
MHOXMHA TOYOK (dirypa), ki Hanexartb YCi TOHKM
npsSMOi & | mowWmHN o (Man. 5, 6). Man. 10

SAMUTAHHS | SABOAHHS AJ19 CAMOKOHTPOJIIO

. IloscHiITHL MOXOMYKEHHSA CJIOBA Cmepeomempis.

. SKi ¢irypu Ha3UBaIOTh HEIJIOCKUMU?

Axi mouATTS B cTepeoMeTrpil mpuiiMaoTh 6e3 0O3HAUEHb?
. Ilo osuauators 3anucu: Acd, Beo?

. Ilo osmauaroTh 3anucu: acC o, azf?

CU QW IN =

BUKOHAEMO PA3OM

e Mano mpamy ¢ i mromuny o. JIxum mMosxe Oyt (1o ?

® JSIKio mpsaMa ¢ He Mae CIILHUX TOYOK 3 IJIOIMHOIO O, TO ¢ o=, fAKmo
npsAMa ¢ NepeTHuHAE ILIOMUHY o B Touli A, To c¢(lo=A. fAxmo npama c
JICXKUTH y ILIOIMHL O, To c[lo=c.
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9 Ha cKifnbKY 4aCTUH MOYKYTH IOAIJIUTH IPOCTip Tpu pisHi

3AOA4I | BMPABU

ILIOMHHMA?

SIK110 KOIHI IBi 3 TPHOX JAHUX ILJIOIIITH HEe MalOTh CITLIBHUX
TOYOK (MaJj. 11), To BOHU IOALIAIOT IIPOCTIP Ha 4 YacTUHU.
B iHmux Bunagkax TpU IJIOIIUHU MOYKYTh JiJIUTHU IIPOCTip

Wil

Ha 6, 7 un 8 wactuH (Mmax. 12). Mauxr. 11
1'\2/|3 2[4 3 4
6 4 v 6 5 2 1
7
8
____________ 4
0 8

Ha npawmiii ramo 27 pisaux Touok. Ha cKibKY YacTUH BOHU JiJIATH OIPAMY ?

OpHa BHYTPIITHA TOUYKA IiJIUTH IPAMY, IIPOMiHb U1 BiApisok Ha 2 YacTUHU,
IBi TOUKM — Ha 3 YacTUHU i T. A. 3i 30iJbIIIeHHAM Ha OSUHUIIO UKCJA
TOYOK Ha OPAMiH 36iJbIIYETHCI HA OQUHUINIO i KiJIbKiCTh YaCTHUH MPAMOI.
Omxke, 27 pPiBHUX TOUOK IPAMOI AinATH ii Ha 28 vactuH. [IBi i3 1MUx uac-
TUH — IIPOMEHi, a pelmrTa — Bigpiskm.

Yu mpaBuUIbHI 3amucu:
a)aeca; 06) Aco; B) beP; r) BcP (man. 13)?

0) — mpaBUWJIbHO; a), B), I') — Hi. Ciixg nucaru:
a)aca, B) bcPB, r) Bep.

BUKOHAWTE YCHO Mau. 13

HageziTh mpukJIagyu reoMeTpudHUX Giryp: a) MIOCKUX; 0) HEIJIOCKUX.
Yu € reomeTpuyHUME Qirypamu (pirypu BUIIIOTO MIiJIOTAXKY, AK1 BUKOHYIOTH
JAbOoTYuKU? A 11axoBi Qirypu?

Yu BigpisHAIOTHCA MOHATTS «IIJOIIMHA» 1 «ILIOIa» ?

Axi 3 mepesriveHnx (hiryp HEIJIOCKI: BiIPi3oK, K010, IPU3Ma, IMWIIHAD, IIPIMUI
KYT, IPAMOKYTHUIN TPUKYTHUK, MPAMOKYTHUUN IapaJeselines, IaoIiuHa?
CKiJIbKY CIIJIBHIX TOUOK MOKYTH MATH: a) ABi IpaMi; 0) mpaMa i miIoinma;
B) ABi miomuHMT?

CKiJIbBKU CIIJIBHUX TOYOK MOXKYTh MaTH: a) IpsaMa i Bigpisox; 0) mpama
i KoJio; B) KoJjio i mromuHa?
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7. HamamroiiTe miaomuuy o i Touky M, I10 JEXKUTh y Hill. 3anmumIiTe Ie 3a
JOIIOMOT'0I0 CIMBOJIiB.
8. Hawmauroiite miomuuay 3, 1[0 IPOXOAUTH Uepe3 MPSIMY X. SaUuIliTh Ie 3a
JOIIOMOT'0I0 CIMBOJIiB.
9. HawmauroiiTe IJIOMUHY O i IpAMY ¢, AKi mepeTuHaoTheA y Touti M. CKinbKku
TOYOK IITPSAMOI € JIEKUTDH y IJIOIIUHI o7
10. HamarofiTe MIOMIUHYT O i (0, II[0 IEPETUHAIOTHCA II0 IPAMIiH m.
11. TIIpsima a JeXKuTh y IUIOMMHI O, a npsama b — y miomuui  (manx. 13).
Yu BUILIUBAE i3 OO, IO IPAMi @ i b He JIeKaTh B OAHIN IJIOITMHI?
12. IIpama a TpOXOaUTH Yepes TOUKY A IJIOIMUHU (. U1 BUIJIUBAE 3 I[HOTO, IO
IpsaMa @ MePeTUHAE IJIOMIUHY O
13. 3anuniiTek 3a JOIOMOT'0I0 CMBOJIiB B3a€MHE PO3Ta- K
IITyBaHHA TOYOK, IPAMUX i IJIOIWH, 300pasKeHUX
Ha MaJIIOHKY 14.
14. Hakpecaite Ky0 ABCDA,B,C,D,. 3anuIiits 3a [0-
TIIOMOTOI0 CMMBOJIiB BifTIOBiAi HA 3amUTAHHS:
a) Mo AKill HpaMiii mepeTUHATHCA MJIOIIUHU:
1) (ABC) i (AA,D,); Mo, 14
2) (AA;B)) i (AA,D);
3) (BB,(,) i (CC,D,)?
0) AKUM ILJIOIMHAM HaJeKUTh Touka: 1) 4; 2) Cy; 3) D?
B) UM HAJIEXKUTh Touka B, miomuui: 1) (ABC); 2) (BB,C,); 3) (A,B,C,)?
15. Hakpecaite TpukyTHy nipaminy ABCD. 3anunriTh 3a JOTIOMOTOI0 CIMBOJIiB
BiAmOBimi Ha samuMTaHH:
a) mo AKi# mpamiii meperuHaoThea miaomuau (ABC) i (ABD)?
0) AKill IJIOMIMHI He HAJEKUTHh TOUuKa B?
B) AKUM ILJIOIIIUMHAM HaJIeKUTh npama AC?

16. ILromuuu o, B, mpsAMa a i Touka A 3aJ0BOJILHAIOTH TaKi yMOBH: @ C O,
acPB, Aef, A¢o. 300pasiTh e HA MAJIOHKY.

17. ILromuuu o, B, Y MOMapHO IMEePeTUHAITHCA II0 IPAMUX @, b i ¢, mpuuomy
al||b i b|lc. 3o0pasiTh 1e Ha MAJIOHKY.

18. IIpsima a mepeTHHAaE ILIOIIMHY O B TOUIli A. ¥V IJIOIIMHIL O JaHO Ile TOUuKy B.
ILnomuua B mpoxoauTh uepes mpaAMy a i Tourky B. 3pobiTh BimmoBimHmit
MaJIIOHOK.

19. Touku A i B jmexxarTb y ILIOMKHLI O, a Touka C — mosa Hero. HamaJrroliTe
ILJIOIUHY, V AKil JeXaThb yCi TPU TOUKH.

20. Ha cKiJIbKK 4acTUH PO3LLIAECTHCSA IIPOCTIp ABOMA ILJIOI[MHAMIK?

21", Ha CKiJIbKHY Y4acTUH MOKYTH PO3ILINUTHU IIPOCTiP YOTUPU IJIOIMHI?
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MPAKTUYHE 3ABOAHHS

22. 3pobiTh 3 IIYIKOro IIanepy Yu KapTOHY MOJeJb ILJIOIINH, 1110 IIEPeTUHAIOThC:
a) IBOX MJOIMWH; 0) TPbOX; B) YOTUPHOX.

3AJJ.A‘-II AJ19 NTOBTOPEHHYA

23. Ilnoma nmapasesorpama ABCD popisaioe 48 cm?, a Touku M i N — cepe-
nuHau toro cropia AD i DC. YceraHoBiTh BiamoBigHicTh MisK dirypamu (1—4)
ra ixHiMmu maomamu (A—II).

1 Tpurkyrauxk DMN A 24 cm?
2 Yorupurytauxk MBND B 42 cm?
3 UYorupuryruux MACN B 12 cm?
4 Il'stuxyraux MABCN I' 6 cm?
O 18 cm?

24. Yu nexxath Touku M, N, K Ha omHili mpamiil, SKIIo:
a) MN=51L y MK =11,65 m, NK=5L u;
15 25

6) MN =17 cm, NK = 21,5 cm, MK = 5,5 cm?
25. NuinpomerpoBcbKuii « Arpo-Coios» poOUTH
o0agHAHHSA He JIUIe A3 YKpaiHIliB, a i mpo-
la€ CBOI arperaTu Ha eKCIIOPT. Y HiBepcaJbHa i =
ciBanka «Arpo-Coros FM-3090» npusnauena | Eoeri e St
st ciBGU pisHUX KymbTyp — sk sepHoBux, | SURSMUNNNENNERRE
Tak i mpocanEnx. OCHOBHI TexHiuHi xapak- | Mkl g
TePUCTUKU Iliel ciBaJKU IIOJaHO B TAOJIMIII.

KinbKicThb COMIHUKIB AJIA 3€pPHOBUX KYJIbTYP, IIIT. 31
IIIupuHa 3axBaTy AJs1 3€PHOBUX KYJbBTYP, MM 5425
Mixpanna nis 3epHOBUX KYJIbTYP, MM 175
KinbKicTh COMHMKIB AJA TpOCAaTHUX KYJIbBTYP, IIIT. 8
IIMupwunaa 3axBaTy I/ IPOCATTHUX KYJIbTYD, MM 5600
Mixkpanna nada OpocamHUX KYJAbTYP, MM 700

a) Bimomo, 110 mig yac BuciBaHHS IIIIEHUINI ciBajJKa pyxaJacs 3i IIBUf-
Kictio 9,3 km/ron. BeranoBiTs: 1) ary momny (y ra) 3acisnu 3a 30 xB;
2) CKiJIbKU IOTOHHUX MeTpiB 3acisau 3a 1 roxa.

0) Bimomo, 1o mijg uac BUcCiBaHHA KYKYPYA3U CiBaJiKa pyxajacd 3i IIBUJ-
Kictio 7,5 kKm/rox. BeramoBiTs: 1) ary miorny (y ra) sacisnau 3a 40 xB;
2) CKiJIbKM TIOTOHHUX MeTpiB 3acisgau 3a 1 rox.



§ 2 Axciomu ctepeomeTpii
I HACNigKu 3 HUX

¥ cupaBeyinBOCTI MaTeMaTUYHUX TBEPIKEHD IIEPEKOHYIOTHCSA 3a JOIIOMOTOIO
dogedenv. [loBecTHu naHe TBEPAKEeHHA — O3HAUAE ITOKa3aTHU, 1[0 BOHO BUILJIUBAE
3 iHINTUX TBEPIKEHb, iICTUHHICTD IKUX YV:Ke BCTAaHOBJIeHO. TBepI:KeHHs, IKi J0-
BOISATh, HA3UBAIOTh TEOPEMaMHU.

He xo'xHe reoMeTpuuHe TBEPIKEHHSI MOYKHA ToBecTU. Ko BUKJIAA reoMeT-
pii TiBKY MOUYMHAETHCS, HEMOKJINBO BUBECTHU HACJJIAKM 3 iHIINX TBEPIKEHD,
OCK1IbKM iX (iHIIMX TBepAKeHb) e HeMae. Och YOMY KiJibKa MEPIINX TBEP-
IPKeHDb IPUIIMaoTh 0e3 JOBeAeHHA. IX HA3HBAIOTH aKcioMaMu.

3a reoMeTpuUuHi aKcioMu 3asBUUall IPUNMAaIOTh TBEPAKEHHS, SIKi Bimmosi-
IaoTh (popMaM i BigHOIIIEHHSIM, IO CIIOCTEPiramThCsa B MaTepiaJbHOMY CBiTi.
V¥ cupaBemyimBOCTiI IMUX TBEPAKEHD JIIOAW MEPEKOHAJNCA B Pe3yabTaTi 6araro-
BiKOBOI MPaAKTUYHOI AisJIBHOCTI.

Bmepirte mpo HeoOXiHICTE BUKOPUCTAHHA aKCioM y reoMeTpii BU AidHAIMCA
B 7 KJaci, xoau BuUBUYaJAM IIaHimerpito Ta ii akciomu. Ilpurazmaiite axkciomu
miaaHimMeTpii (quB. c. 259 y JJodamky «OnopHi paxmu naanimempii»).

Ha 6y0v-axiil naowuHri, Ak 60Ha He 6yna 6 po3mauloéarna y npocmopi,
6UKOHYIOMbCA 6Ci aKciomu naanimempii.

Ane nis crepeoMeTpil ofHMX IUX akcioMm HemocTaTHbO. IloTpibHi akciomu,
III0 BUPA’KAIOTh OCHOBHI BJIACTMBOCTI TOYOK, IPAMUX i IJIOIMMH y IIPOCTOPI.
ChopmyrroemMo ix.

C,. Y npocTopi icHy€e (NpuHaiMHi 0a4HAa) NJOLWMHA | TOYKA, L0 He JIeXXUTb
Y Wi NNOLWUHI.

C,. Yepe3 Gyab-fKi TPU TOYKMU, L0 He sieXXaTb HA OAHI NPAMiiA, MOXHa
MPOBECTU NJIOLWUHY i A0 TOrO X TiJIbKU OAHY.

C;. Slkwo0 ABi TOYKM NPAMOI JieXaTb Y MJOLWMHI, TO i BCA NpsMa NeXUTb
Y Wi NNOLWUHI.

C,. K10 ABi NJIOWMHN MalOTb CMiJibHY TO4YKY, TO BOHU NEPeTUHalTbCSH
no NpPaMIi, sKa NPOXoAUTb Yepe3 LII0 TOYKY.

3ayeaxrcennsn. Hiskux iHCTPyMeHTIB, AKNMU MOKHA 6yJI0 6 TPOBOJUTHY Y IIPOC-
TOopi maommHU, HeMae. ToMmy BuUpas «MOKHA ITpoBecTH» B akciomi C, BIKUTO
B po3yMiHHiI «icHye». B axciomi C, ciioBa «dKa IPOXOAUTH Uepes3 I[I0 TOUKY»
He 000B’A3K0Bi. AJjie chopMyJIHOBAHOIO TAK AKCiOMOIO 3PYUHIiIlIe KOPUCTYBATHUCAH.
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Posrimanemo HaliBaskJIMBIIILI HACHIAKM 3 aKCioM cTepeoMeTpii.

Y mpoctopi € 6e3miu TouoK. AKe mpocTip MicTuTh miaomuHy (akcioma C;),
a 3 IJIaHiMeTpii BioMO, III0 MHOKMHA TOUOK ILJIOIIUHU HEeCKiHUeHHA.

3 axciom C; i C, BUmIuBae, 110 B OPOCTOPi € 0e3siu muomuH. Y KOMKHIiN
3 HUX iCHYIOTh HpsAMi, Bipisku, KyTu, Koja Ta iHmIi maocki ¢girypu. Orixe,
yci BoHU € i B mpocrtopi. IIprnyomy BipcTamps MisK gBOMA TOYKaAMU y IPOCTOPIi
He 3aJIeXKUTDh BiJl TOTO, ¥ AKIM MJIOIWHI IIi TOUKU 3HAXOAATHCH.

IBa HacxigKu 3 akciom crepeoMeTpii c)OPMYJIIOEMO y BUTJISALL TEOPEM.

“TEoPEMA |1

Yepes3 npsamy i TOUKY, LLO HE JIEXUTb HA HilA, MOXXHA NPOBECTU MNJIOLUHY
i /O TOrO X TisIbKWU OOHY.

OOBEAEHHY.

Hexait namo nmpamy a i Toury K, 1110 He JIeXKUTh Ha
Hil (mana. 15).

ITosmaunmo Ha mpaAMiit a aBi moBinbHI Touku A i B.
Touxku A, B i K He JeaThb Ha ONHIiN mpamiii, Tomy
yepe3 HUX MOKHA mpoBecTH IomimHy o (axcioma C,).
Touku A i B npsaMoOi a JeaTh y ILIOIIUHI O, OTKe, 1 BCA IpsaMa a JeXKUTh Yy I
mwiromuHi (akcioma C,;). Ak 6aunmo, ueped npAMY a i Touky K ofHy IJIOIIUHY
IPOBECTH MOYKHAa. A um MOKHA mpoBecTH Ife oxuy? JAKOM 1e 0yJI0 MOXKJIUBO,
TO uepeld Touku A, B i K npoxoguau 0 aBi miaomiuuau. OcTaHHE CYIepeunuTh aK-
ciomi C,. OT:xe, uepes IpPaAMY i TOUKY, IO He JIEJKUTh Ha Hill, MOKHA IIPOBECTH
TiJIBLKY OfHY ILIOIMUHY. []

“TEoPEMA |2

Yepes ABi npami, WO NepeTuHalTbCA, MOXHA NMPOBECTU MNOLUNHY
i MO0 TOrO X TiJIbKV OOHY.

Mau. 15

AOBEAEHH4.
Hexaii gano opsami a i b, 1110 IepeTUHAIOTLCSI B TOU-
mi K (man. 16).
ITosmaunmo Ha Hux Touku A i B, Bigmimui Bim K. )
Yepes Touku A, B i K MoKHa IIPOBeCTH ILJIOITUHY O (aK-
cioma C,). IIpsawmi a i b mexars y miromnuHi o (akcioma Cs). Mau. 16

Orixe, yepes IpsaMi a i b IIOMIMHY IIPOBECTH MOXKHA.

ITpunycrumo, 1110 yepes gaui npami a i b MoKkHA TPOBECTH IIe IJIOIHUHY 3,
BigmimHy Big o. ¥ Takomy pasi uepes Tourku A, B i K, 1110 He JeKaTh Ha OAHIM
IpAMil, TPOXoAATH ABi pidHi mromuHaU. Ile cynmepeunTts akciomi C,. OTixe, yepes
Bl IpAMi, AKi IepeTUHAIOTHCA, MOMKHA IIPOBECTU TLIbKU OLHY ILJIOIIMHY. [
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3 akciomu C, i JOBeIeHUX TeOPEM BUILJINBAE, IO IJIOIUHY MOYKHA 3aJaTH:
1) TproMa TOUKaMM, II[O He JeKaTb Ha ONHiil mpsaMiii;

2) mIpAMOI0 i TOYKOIO, IO He JIeKUTh Ha Hil;

3) IBOMa MPAMUMY, AKi IIePEeTUHAIOTHCA.

IIpo BamanuA MJIOMIMHYU ABOMA IapajeJlbHUMU MPAMUMU AUB. Ha c. 67.

Crpori HayKOBi Kypcu reomeTpii OyaAyIOTh 3a Takoo cxemoro. CrmouaTky Ha-
3MBAIOTh HEO3HAUYBaHI MOHATTA i (hopmyao0Th akciomu. Ilicasa Toro 3a momo-
MOT'0I0 O3HAUEHb IIOCTYIOBO BBOAATH iHIN MOHATTA (i BigHOIIIEHHA) i TOBOAATH
immi BaskuBiIIi TBepmiKeHHA. Tarkuii BuKjganm reometpii (i HayKm B3araJji) Ha-

3uBaOTh aKciomatuunum. ([leranbHilne npo e AuB. Ha c. 256).

.

— Angd AgonnuTinBux

Meplwa cnpoba akciomaTU4HOI NOOYA0BM FreOMETPIl HANEXUTb AaBHbOIPELbKO-
My MaTemaTunky EBkniay (365-300 pp. Ao H. e.) i peanidoBaHa y 1oro poboTi «OcHo-
BW» (rpew. Zroiyeio, nat. Elementa). Y Hin cnovatky cOpMysibOBaHi O3HaYEHHSA
i akCioMK, a BCi HACTYMHI TBEPIDKEHHS A0BEAEHI IK Teopemu. EBKig HacTinbky BAa-
J10 CUCTEMATU3yBaB MaTeMaTuyHi BiLOMOCTI, WO horo «OCHOBM» Oy FOIOBHUM
Nigpy4YHNKOM MaTeMaTUKM Maiike AJ1s1 BCbOro CBIiTy npoTtarom BinbLu sik 2000 pokiB.

Crtpore akciomaTnyHe oOrpyHTyBaHHS reomeTpii EBkniga Bnepiie 6yno 34iii-
CHeHOo HanpwukiHui XIX cT. y pob6oTax iTaniicekoro matematmka Mapio Miepi
(1860-1904), npodecopa leTTiHreHcbkoro yHisepcutety Jasuaa lNnbbepta
(1862-1943) i npuBaT-goueHTa HoBopocincekoro (Ooecbkoro) yHiBepcuteTy
Beniamina ®epoposnya Karana (1869-1953).

CucteMn Heo3Ha4YyBaHUX MOHATb | aKCIOM MOXYTb OYyTU PI3HUMK. Y HaLLOMY
Nigpy4HUKY HEO3HAYYBaHMM BBaXXAKOTLCS NOHATTA: TOYKa, rpsMa, rnJoLumHa i Bia-
HOLWIEHHS: HAaJIEXUTb, HE HAJTEXUTb, JIEXUTb MiX, NepeTuHaloTbCs Ta OesKi iHLUI.

KOXHWin CTpOrmin akCioMaTn4HMM Kypc reoMeTpil LOCUTb FPOMI3AKUIA | BRXKKUN.
Haw kypc Takox no6yaoBaHO Ha akCiOMaTUYHI OCHOBI, ane — He CTPOTil. Y HbO-
My JOBOOATLCS HE BCi TEOPEMMU, a TiNIbKWM HaNBaXKMBILLi. A e, abu nonerwnTn
CNPUNMAaHHS, Y HbOMY PO3rAg4al0TbCs AesKi CTEPEOMETPUYHI MOHATTS, BiAOMi Bam
3 nonepeaHix knacie, HaNpuknaa Kyo, nipamiaga, rpaHb, KyJss, MHOXWHA, MpocCTip
Towo. MPOCTip — Le MHOXMHA BCiX TOHOK (YHIBEpCasibHa MHOXWNHA).

AkcioMaTU4YHU MeTOo[, LUMPOKO 3aCTOCOBYETLCH B AEAKUX IHLWIUX rany3dax
MaTtemMaTukn, 30KpemMa B TEOPIl MMOBIPHOCTEN | MaTeMaTUYHIN NOriui, a TakoxX
y Oesikux posainax ¢i3mku i 6ionorii. | Bce X 3a Mexamm noriko-maTeMaTuyHmX
HayK cdepa Noro 3aCTOCyBaHHS HE3HAYHA.

SAMUTAHHS | SABAAHHS AJ19 CAMOKOHTPOJIIO

1. HasegiTh mpuUKJIagU T€OMETPUYHUX TOHSTD.

. HaBegmiTh mpukJiajg reoMeTPUYHOTO TBEPAKEHHSI.

IITo masmuBaoOTL aKciomoro?

Chopmy.rroiiTe akciomu crepeomeTpii.

ChopmyrroiiTe i JoBemiTh HACHIOKM 3 aKcioM cTepeoMeTpii.
. fK MoKHA 3amaTy MJIOIIMHY B IPOCTOPi?

DURAWN
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BukoHAEMO PA3OM

Touku A, B, C, D He JexaTb B OfHil miomiuui. [oBeaiTe, 110 HigKi Tpu
3 HUX He JIeXKaTh Ha ONHIN mpamiii.

IIpunycTumo, 1m0 AKi-HeOyab TpU 3 AAaHUX TOUYOK, Hampukjgax A, B, C,
Je)KaTh Ha OfHiNM mpawmini. Uepes 1mio npAMy i Touky D MOKHA IPOBECTHU
miomuHy o (Teopema 1). ¥Yeci woTupu maHi TOUKHM JeKaThb y IJIOIIUHI O.
A 1e cynepeunTh yMOBi 3amaui. OT:Ke, HIAKI Tpu 3 TaHUX TOUOK HE MOKYTH
JeKaTu Ha ONHIN mpaMii.

HoBenits, 110 yepes3 OyAb-AKi B TOUKW TPOCTOPY MOXKHA IPOBECTHU IIPAMY
i 1o TOro K TiJIBKW OOHY.

Hexait A i B — noBiabHI Touku mmpocTopy. Uepes HUX i AKy-HEOYIb TPETIO
TOUKY IIPOBEAEeMO ILIOIMUHY O. ¥ IIill mJaomuHi yeped Touku A i B MOKHaA
IIPOBECTH E€IWHY MPAMY d.

IIpunyctumo, 1o yepes Touku A i B y mpocTopi MpoxXoaAuTh Iie mpaMa a,,
BigmimHa Bix a. Ii Toukm A i B mexarh y ILUIOIUHL 0, TOMy i mpaMa a,
JeXuTh B o (axcioma C;). BuxoauTs, m1o yepesd Touku A i B y IJIOMuHI O
IPOXOAATH ABi pisHi mpawmi a i a,. Ile cynepeunTs niaaHiMeTpuuHii akcio-
Mmi 2 (guB. c. 259 y Jodamky «Onopui pakmu naanimempii»). OT:xe, yepes
TouKu A i B y mpocTopi MOKHA IPOBECTU TiIbKU OJHY HPAMY.

Ha mipamini ABCD zagano Touku M i N. Ilo-

OyayiiTe TOUKy mepetuny npamoi MN 3 mio-

muuoio (ABC), akmio: a) M e AD, N eBD;

6) M eAD, Ne(BCD).

a) Touku M i N i npama AB JieKaThb B OIHIl
IO HI — 1IoIuHi (ABD). VY 1ifi mwiomniu-
Hi 3HaleMo TOUKY mepeTuny npamux MN
iAB — moury @ (maut. 17). Ockinbku @ € AB,
ABc(ABC), to tourka @ € (ABC). Maemo:
Qe MN,Qe(ABC). Orxe, @ — TouKa IIepe-
TuHy Ipamoi M N 3 miomniuao (ABC). fkio
MN || AB, To 3amaua po3B’s3KiB He Mae.

6) Y maomuui (BCD) npoBegemo npamy DN,
mro nepetunae BC y Touri P. Toxi mpsami
MN i AP nexaTh B ONHil MJIOINHI — ILJIO-
muHi (ADP). V 11i#t niionuHi 3HaAEMO TOY-
Ky mepetuny npamMux MN i AP — Touky @
(man. 18). Ockinbku Q € AP, AP c(ABC),
to Touka Qec(ABC). Maemo: Qe MN,
Q<c(ABC). Orike, @ — TOUKA HEPETHHY
npamoi MN 3 maomuuoio (ABC). SAxiro
MN || AP, To 3amaua po3B’s3KiB He Mae.
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3AAAUI | BTPABU

BUKOHAWUTE YCHO

26. CKiJIbKY CIIJIPHMX TOYOK MOJKYTH MATH OB IJIOIIMHI?

27. [IBa KiuIi Bigpiska Haje:xaTh mJaomuHi. Yu HajgeKaThb Iiil mIomimHi ixmi
TOUKM Bigpiska?

28. [IBi pisHi Toukwm Bigpiska He HaJeKaTh IJIONMHI. Uu MOKe AKa-HEOYIb
TOUKA BiApisKa JeskaTyu Ha il IIom[mHi?

29. OauH KiHemb BifpisKa HAJEKUTDH ILJIONINHI, iHIIWH He HaaeKUThb. CKiIbKHU
CILJIBHIX TOYOK MAIOTh BiApisoK i maoruua?

30. Yu MoKHa OPOBECTU ILJIOIIUHY UYepes TPU (YOTHPHM) TOUKHU, AKi JIeKaTb
Ha OMHIiN mpaAMiit?

31. Yepes Tpu TOUKU IIPOBEAEHO ABi pisHi mnomuau. K posmimieHi i Tourm?

32. Yu MOKYTH HaJIe:KaTH HaHIM IIJIOIIMHI: a) TiAIbKU OBi BepIInHU pomMoOa;
0) TiIbKU TpU BepIIuHU pombOa?

33. 3adaua-scapm. Tpu jacTiBKu posiyerinucsa B pisHi 60KU. 3a AKUX YMOB
BOHU OyAyTHb B OMHiN IIOMMHI?

34. ByrinpHuii miacTt 3a3Budail 3ajArae Tak, 1o Moro BepxHsg Mmexa (y rpyoomy
HaOJIM)KEeHHI) € YaCTUHOIO ILIOMNHU. Ky HaliMeHIITYy KiJIbKicTh CBePIJIOBUH
ciig mpoOypuTH, 11106 BUBHAUUTH, AK PO3MIIIEHO IjIacT?

35. II1o6 nepeBipuTu, un o6pe 06PoOOJIEHO IIJIOCKY MMOBEPXHIO, ¥ PidHUX ii mic-
IAX IPUKJIATAI0Th BUBiIpEeHY JHINKY i IUBJIATLCA, UM HEMAa€E 3a30py MixK
HUMU. ¥ AKOMY BUIIAAKY KaKyTh, IO IIOBEPXHA «HeIJocKa»? Homy?

36. SIKmio He BCi TOYKHM JOPOTY AOTUKAIOTHCA
0 IIJIOCKOI IOBEpXHi KoBajJa, APIT «Hempsd- é/
muii». HYomy? II[o6 BupiBHATH #or0, 0’IOTH =]
MOJIOTKOM IIO MOTO OOYKJIOCTAX, AK ITOKa3aHO L /
Ha ManioHKyY 19. Ilicaa kinmbkox ymapiB apiT
mepeBepTaoTh. Hapino? N

37. [loBexmiTh, 1110 B IPOCTOPi icHYe 6e3iu MIOIIMH.
38. Ilinomuum o i B MawTh CHiIBHY TOUYKYy A
(maa. 20). Yu MaioTh Ii OJOMIMHU CHiJABbHI
TouKH, BigminHi Bix A? Ckinxbku ix? 300pasiTh
iX Ha MaJIIOHKY.
39. V miomuHi o te:kaTh Touku A i B, y IJIOIMMHI
B — rouxku B i C, y mromuui Y — Touku A, B
i C. 3pobiTh BiATIOBIZHMI MaJIIOHOK. o
40. OoBeniTsk, 110 Uepes OyAb-AKY TOUKY IPOCTOPY A
MOKHAa HmpoBecTHu ILIomInHy. CKiIbKM MJIOITNH
MOJKHa IPOBECTHU Uyepes3 JaHy TOUKY? Maan. 20
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41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

IIpsami a i b He MaOTh CHIJIBHUX TOYOK. UM BUIIMBAE 3 I[LOTO, IO Uepe3
HUX He MOKHAa MTPOBECTH ILJIOIIUHY?

CKiZIbKH ILTOIIMH MOXKHA IIPOBECTH uepes ABi maHi Toukmu? 300pasiTh Bix-
TMOBiJHUY MAaJIIOHOK.

YoTupu TOUKU He JeXKaTh B OAHiM maoiuHi. CKiJIbKY IJIOIIUH MOXKHA IIPO-
BECTHU uepes TPifKy IMX TOUOK?

Touka A HAJIEXKUTh IJIOIIUHI O/, a B He HAJIeKUTh. U1 HAJIEKUTh IIJIOIIUHI O
cepenuHa Bifgpisxa AB?

Hano ipamy a i Touky B, 110 He JIe:KUTh Ha Hil. [loBexiTs, 1110 BCi mpawmi,
AKiI IPOXOAATH Uuepesd TOUKY B i mepeTuHAIOTh @, JeXKaTh B OAHIN IIJIOITMHI.
JlBi BepIIIMHY i TOUKA IIePeTUHY AiaroHajeil Tparmneiril HajexXaTh MJIOIITNHI .
Sx poswmimeni aBi iHIIT BepiuHM Tpamelrii BigHOCHO O

Bepmuuau A i B pom6a ABCD i TouKa mepeTUHY MOro AiaroHaliell JiesKaTh
y miomiuHi o. [oBexiTs, mo Cea, Dea.

Bepmuua A i meniana BM tpukyTtHuka ABC Hane:xarts mioiuHi o.. Yu Ha-
JIeKUTE il maomuHi Bucora CN?

Tpu BepIIUHU TPUKYTHUKA JIeXKaThb y IJIOIMMKHI . [oBemiTh, IO KOXKHAa
TOYKA IIbOTO TPUKYTHUKA JIEXKUTH y ILJIOIIWHIL L.

Tpu pisHi Touku TpukyTHuUKa ABC jeXarTh y IJomuHiI .. Yu BUIJIUBaAE
3 I[bOT0, IO KOKHA TOUKA TPUKYTHUKA ABC JIe;KUTh y ILJIOIMIKHI 0.7
IIpami MA i M B neperunaiotbcesa B Toulti M. IloBexiTsk, 1110 Bei mpami, Aki
iX mepeTWHAIOTh, ajie He IIPOXOAATh Uuepe3 TOUuKy M, JiesKaTh B OHIN ILIO-
muHi. Y1 MoKHaA yepes TOuKy M IIpoBecTu NMpPAMY, Ka He JIeKUTh y il
ILJIOIITIH?

IIpsami AB, AK i KP mepeTHHAIOTh ILJIOIIHUHY O

B Toukax B, C i P, aKk mokasaHo Ha MaJioHKY 21.

Yu neperunaroThes upsami AB i KP?

HoBeniTs, 110 icHye: a) mpaAMa, AKa MepPeTUHAE

IaHy IJIOIINHY; 0) ILJIOIIUHA, 10 IIePeTuHAE TaHy

ILJIOIIUHY.

Ha manrouky 22 so6paskeno kyo ABCDA,B,C,D,,

Touka K — cepenuna pebpa AA,. [linomuHay aKux

rpameii Kyoa meperuHae npsama BK? A mpsma

CK?

BukopucToByoun MaJIOHOK 22, MOOYAYHATE TOUKY

nepetuny: a) npamoi D;K 3 mmomuuoio (ABC);

0) nmpamoi BK 3 miomunoio (4,B,C)).

Ilnomueun o i f meperuHalOTbCA MO TPAMIiA a. D

VY mromuHi  B3ATO mpAMY b, IKa ITePeTUHAE ILJIO-

muHy o B Tourii K. [loBexits, mo K €a. c B
Mauan. 22

G
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57.

58.

59.

60.

61.

62.

63.

64",

65"
66"

Posgnin 1. BcTtyn oo ctepeomeTpii

IIpawmi a, b, ¢ mexxars y maomiuHi o. Ha Hux B3sgTo Touku Aeca, Beb,

Cec, saki manexars mwiomusi B. [osenits, mo Touku A, B, C mexarh Ha
ONHiT IPAMIH.

Haxpecaits ManoHOK 23 y 30IIuUTi i OOy AyliTe: a) TOUKY IEePETUHY IPAMUX

MN i A,B,; 6) Tourky nepetuny npsamoi MN 3 (B,BC); B) JiHiio nmepeTuny

minowmun (MNB) i (BB,D,); r) aigiro neperuny miomus (MND) i (AA,D).

D

D, M

Ns |

¢ f— B,

A,

c*“ B C
Maua. 23 Maua. 24

YcTaHOBITH BigmoBigHicTh Mik enementamu (1—4) Kyba, 300paskeHOTO Ha
MaioHKY 23, i maomuaamu (A—][l), AKi MuMu ejleMeHTaM” BU3HAYAIOTHCA.

1 Touxku M, N i B, A (B,DD,)
2 Peb6po BB, i Tourka D B (A,.CD)
3 Pebpa A,B,iCD B (C,DD))
4 Bigpisku AJM i AM ' (A,DD))
A (A,B,C)

Touxku A, B, C, D, aki He JeXaTh Ha OOHIN MJIOIWHI, IIOIIAPHO CIOJYUYeHi
Bigpiskamu. M € AD, N eCD, PeBD (mau. 24). HakpeciaiTs maoHOK 24
y somuTi ¥ mobyayiTe: a) Touky meperuny npamux MN i AC; 6) TOUKy
nepetuny npsamoi MP 3 (ABC); B) Touky nepetuny upsamoi NP 3 (ABC);
r) Ji"ito neperuny miomnud (MNP) i (ADB).

VaBith, 1m0 Ha MaJdOHKY 24 Touka N MO’Ke 3MiHIOBATU MOJIOMKEHHSA Ha
npamiii CD. Busuaure Touky mepetuny npamoi MN 3 maomiuaoio (ABC).
Yu 3aBKAU TaKa TOUKA icHye?

Bidxpuma 3adawa. ano xyo ABCDA,B,C,D, i Touxku P, @ i R Taxki, 1o
PeAA, Qe AB, i ReDD,. IlobynyiiTe TOUKY IIePETUHY

Ha mamionky 24 3obpakeno Touku M, P i N raki, mjo M e AD, Pe BD,
N eCD. Tlpami MP i AB nepeTuHaioTbcsa B Toulli @, npami PN i BC —
y Tourii R, a mpsami MN i AC — y Toumi S. HoBexirs, 1o Touku @, R, S
JeXaTh Ha ONHIN mpaMiii.

HaHo nBi mpsawmi, AKi He JeaTh B OmHiN miomuHi. Yepes KOXKHY 3 HUX
IPOBEAEHO ILJIOIIUHY, IO IIepeTHuHae Apyry npamy. oBemiTh, 1Mo mpsama
TMEePEeTUHY WX IIJIOIINH MTEePeTUHAE KOMKHY 3 JaHUX MPAMUX.

HoBemiTs, 1110 B IPOCTOPi iCHYIOTHh IPAMIi, SKi He JeKaTh B OAHIN IJIOIITUHI.
Haxo n npamux. IloBediTh, 110 B IPOCTOPi € TOUKHU, IKi He JeKaTh Ha KO/I-
Hi#l 13 MUX IPAMUX.
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MPAKTUYHE 3ABOAHHS

67. 1. 3pobiTe i3 ApoTy TpuHOrYy i mepesipre ii cTifiKicTh, AKIO BCi il «HOrM»
MAalOTh: a) OJHAKOBI HOBKUHM; 0) Pis3Hi MOBKUHU.
2. 3pobiTh aHAJIOTIUHY KOHCTPYKILiIO i3 4 npoTtukis. IlepesipTe ii cTifiKicTp,

3. PosriaupTe manoHoK 25. IToscHiITE, YoMy AJid 3AiicHeHHsSI (DOTO3HOMKM
B CTymii i reomesnyHoi 3MOMKM MiCIIeBOCTi BUKOPHCTOBYIOTH TPUHOTH.

=y

Mau. 25

3A0A4I AN NOBTOPEHHS

68. 3obpazite: a1f=1, aca, Meo, Kea, Kep.
69. Hano xky6 ABCDA,B,C,D,, F eCC,. flkum miomuHaM HaJIeXUTh TouKa F?
70. Ha mapkax (maJs. 26) 3o0paskeHo aABi KapTuHu Xypo:kuHuii Mapii ITpu-
MaueHKO «['opoxoBuii 3Bip» i «[lukuit yanayn». OpuriHaiu mux KapTuH
MaoTh po3Mmipu 74 X 85 cm i 62 X 85 cm. 3HAUAITH, HAOIMIKEHO:
a) IJIoINy KOXKHOI KapTuHU y M2 (BLAIIOBigb OKPYIJIITEH 4O COTHUX);
0) Ha cKijmbkM M? mioma KapTuuu «['OpoXoBHI 3Bip» MMEPEBUIIYE ILIOIY
KapTuHu « UKW YamIyH».
HisHaiiTecs 6iJbIle PO MKUTTA i TBOPUICTh HAPOIHOI XYAOMKHUILL. 3BEPHITH
yBary Ha Te, 1110 il «3BipuHa cepifg» — sABHUINE YHiKaJbHe i He Mae aHAJIOTiB
Hi y BiTUMBHAHOMY, Hi ¥ CBITOBOMY MUCTEIITBI.




§ 3 MHororpaHHUKM
Talx nepepiau

CBiT HaBKOJIO HaC — ITiKaBuil i pisHoMaHiTHUII. BaraTto 06’e€KTiB MOBKijIsA
MaloTh IIOBEPXHIO, IO CKJIALAEThCSI 3 MHOTOKYTHUKIB. Hanpukaanm, JTiunabHM-
KU rasy, KOpoOKHU IJIs HOJapYHKiIB, KOHTEHHePU IJIsI COPTYBAHHSA CMITTS TOIIO
(mam. 27).

Maux. 27

Y MaTemMaTHuIli TaK0K PO3TJIANAIOTH TeOMETPUYHI Tijla, TOBEPXHA IKUX CKJIa-
IaeThCd 3 IIIOCKUX MHOTOKYTHHUKIB. IX HasmBaoTh MHororpanEMKavu. OKpemi
3 HUX MAalOTh BJAacHi (cmerianbHi) HasBU: npusma i nipamioa.

IIpusama — 11e MHOTOTPAHHUK, ABi I'paHi AKOr0o — PiBHI n-KYTHUKU 3 BifIO-
BiTHO ImapaJieIbHUMM CTOPOHAMM, a BCi iHII 7 TpaHell — mapaJjiesorpaMu. [IBa
N-KYyTHUKW — OCHOBU NPU3MU, PemiTa rpaneit — 0Oiuni epani. Ha manoaKy 28
300pasKkeHo MIeCTUKYTHY Ipu3mMy. Pebpa nmpusmu, AKi He € cTOpoHaMHu ii OCHOB,
Ha3sWBalOTh OiYHUMM pedpamu. Yci 6iuHi pebpa mpuUsMU MOTAPHO MapaJiesbHi
¥ piBHi.

Oxpemi Buay mpu3Mu — mapaJjiesaernines i Kyo. Y mapasesemninena Bci rpani —
napajengorpamu (Maja. 29), a B Kyba — piBHI KBagpaTu. SIKI0 Bci rpaHi mapaJe-
Jemninena — MPAMOKYTHUKM, M1OT0 HA3WBAIOTh NPSIMOKYTHUM IapaJiesIenineom
(maz. 30). Bin mae 6 rpaneit, 12 pebdep, 8 BepmInH. 3aIUCYIOUN «IIapajeselines
ABCDA,B,C,D,», maroTs Ha yBasai, 110 ftoro ociosu — ABCD i A,B,C,D,, a 6iuni
pedbpa — AA,, BB,, CC,, DD,.

D, A,

¢

SR S Di____|._JA

Maui. 28 Maui. 29 Mai. 30
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Ilipamiga — MHOTOTPaHHUK, OJHA I'PAHb AKOT'0 — JOBLILHUN MHOTOKYTHUK,
a Bci iHIITi rpadi — TPUKYTHUKU, IO MAIOTh CIIiJIBHY BEPIIUHY. SIKIITO OCHOBOIO
mipaMiiu € TPUKYTHUK, YOTUPUKYTHUK, ..., TO 1l Ha3MBaIOTh BiIOBiTHO TpU-
KYTHOIO, YOTUPUKYTHOIO, ... mipamigooo. Ha manaioHKy 31 300pakeH0 YOTUPU-
KyTHY nipaminy SABCD. TpukyTHy mipaMigy Ha3uWBalOTh TAKOXK TeTpPaeapoM.

S A

* -

C
Mau. 31 Mau. 32

Terpaeap — UYOTUPUTPAHHUK (Tpell. mempa — dvoTtupu). Bin mae 4 rpaHi,
6 pebep, 4 Bepmuuu (Maa. 32).

VYeci rpaHi TeTpaenpa — TPUKYTHUKU. SIKIO BCi BOHU — IIPABUJIbHI TPUKYT-
HUKW, HOTO0 HAa3WBAIOTh NPABWIHBHUM TETPaeIpoM.

BiacTuBoCTi MHOTOTPAaHHUKIB Ta iX BUAU I'PYHTOBHO BUBYATUMYThCA B 11-My
KJIaci, aje 3 Kypcy MaTeMaTHUKM 5-TO KJacy BaM y:Ke BifloMi ABa BUIM MHOTO-
TPAHHUKIB: IPAMOKYTHUH MapaJejelrinen i mipamizga.

PosrnsuyTri B momepeguaboMy maparpadi cmocobum 3asaHHA IJIOIIUH YacTO
BUKOPUCTOBYIOTH IIiJl uac mo0yLoBHU IepepisiB MHOTrOrpaHHUKiB.

IITo Taxe nmepepisa MmHOTOTrPpaHHUKA? SIKIITO KO-
Ha 3 ABOX TOUOK He HAJIEKUTDH ILJIOIWHi, a Bif-
PiBOK, IO IX CIIOJIy4ya€e, Ma€ 3 I[i€l0 IJIOMTTHOIO
CIILJIBHY TOUKY, TO KaKyTh, ITI0 TaHi TOYKH JI€KATD
o pisHi O0KU Bij muomuHM. A AKIO IPUHATMHI
IBi TOUKN MHOTOTPAHHUKA JIe;KaTh 110 PidHi 00K’
BiJl TIJIOIIUHU, KaXKYTh, 110 IIJOIIUHA TTePETUHAE
HOIO ILTOIUHOI. Dirypy, gKa CKJIafaeThed 3 yCixX
TOYOK, CHiIBPHUX IJA MHOTOTPAHHUKA i ciuHoOl
IJIOIIWHY, Ha3WBAIOTH MEePEPi3oM MHOTOTPDAHHUKA
mamoo mroimuHoo. Ha manonky 33 300pakeHo
Terpaeap ABCD i ciuny miomuny ®. Toukm A
i B jmexxaThb mo pisHi O0KH Bim ciuHol miuomimHM.
Ilnockwit vorupukyrauk KPTL — niepepis ganoro
TeTpaeapa IJIOIMHOIO M.

1106 mobGyamyBaTu Iepepis MHOTOTPAaHHMKA IMJIOIIWHOIO, Tpeba 3agaTu Iff0
IJIOIINHY: BKasaTu Tpu (I[0 He JeKaTb Ha ONHIM mpaMiil) TOUuKu, dyepesd AKi
IPOXOAUTH IA IJIOIMHA, a00 TOYKY i IPAMY TOIIO.

Maux. 33
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IIpurnad 1. ITobynyiite nepepisd ky6a ABCDA,B,C,D, nj0omuHO0, 1110 IPO-
xonuTh ueped Touku K, P, T — cepenunu pebep AB, BB, i BC (man. 34, a).
Posg’asannsa. Touku K, P, T He jieKaThb Ha OSHIN D,
mpAMiii, TOMY 3a4ai0Th OeAKYy mioinuuy. Tpebda Ha g
300paskeHH]I Kyba IMoOyayBaTH 300pasKeHHs IIyKa- c, ; B,
HOTO IIepepisy. -
Touxku K i P smexkarb y mioniuui rpaui ABB,A, :
Ky0a i B ciuniii miomuai. OToKe, Il IJIOIIMHY IIePEeTH-
HaoTbesa o npamiiit KP. Ciuna moninea nmepeTuHae
kBagpat ABB; A, 1o Bigpisky K P. AnajyioriuHo mepe-
KOHyeMoOcCs, IT10 ABi iHIITi rpaHi Ky0a ciuHa IJIommHa T
nepetruHae 1o Bigpiskax KT i TP. Ilo6ymyBaBIiiu
ix, micramemo TpuKyTHUK KPT. Ile i € mykauuit D,
mepepis (man. 34, 6). :
Imoni B 3amavax moTpiOHO He TiJIbKY MOOyayBaTU c, ; B,
mepepis, a i1 3HANTH HOTO TLIOITY abo mepuMeTp. s :
pOTro Tpeba 3HATH po3Mmipu maHoi ¢irypu. Hampu- :
KJIaJ, IKIO JOBJKIHA pedpa posriIAqyBauoro Kyoa a, :

av2

A,

r0 BK=BP=BT=_, KP=PT=TK=""".0mxe, (L
. . KP'V3 3 , o
ILJI0IIA 3HAleHoro nepepisy S=——=——a".
4 8 Maur. 34

ITpuknad 2. Ha pe6pax terpaenpa ABCD pano touku K, P, T, sk moKasaHo
Ha MaJIIOHKY 35, a. [lo0yayiiTe mepepis TeTpaeapa MJIOIINHOIO, IIIO0 IPOXOIUThH
yepes JaHi TOUKMH.

A

Maun. 35

Posé’asanns. IIpoBogumo Bigpisku KP i PT.

11106 moOyayBaTH iHIIIL CTOPOHY IITYKAHOTO IIepepisy, 3HANIeEMO TOUKY, Y AKil
ciuma muomuua K PT neperunae pedopo CD. IIpami KP i BD nexaTh y IJIOITAHI
(ABD) i He mapaJjenbHi, OT:Ke, IePeTUHAIOTLCA y IeaKii Touri @ (mana. 35, 0).
Touka @ Hamexuth miommuaM (KPT) i (BCD). I touka T HaAJEXUTh UM
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miromuHaM. ToMy KoKHA TouKa npAMoi QT HaJIeKUTh CiuHil MJIOIMHI, ¥ TOMY
yueyai i Touka M, y AKi meperuHaioThed npAmi CD i Q@T. BusHauuBIiu To4-
Ky M, cnonyuaemo ii Bigpiskamu 3 K i T. Hotupukytauk KPTM — mrykaHui
mepepis (maua. 35, 8).

ITeit meTon moOymoBY IepepisiB Ha3MBaIOTh METOAOM CJiTiB.

Crinx ciuHOI ILIOITWHY B ILJIOIIMHI Of — Ile IpAMAa, I0 AKill ciuHa IToIuHA
mepeTnHAaE IJIOMIMHY O.. Touka, y AKil ciuHa IJIOINMWHA HNepeTHuHae IMpAMYy, —
CJim ciuHOI MJIONMIMHY HAa ITifl IPSIMii.

Y manomy Bunmagry npama QT — ciin ciuHOl IJIONIMHY B ILJIOIIMHI OCHOBU
BCD. 3 o3HaueHHSA CJiAy BUILIWBAE, 10 KOKHA MOr0 TOUYKA — Ile TOUKA IIepe-
TUHY NPAMUX, OAHA 3 AKUX HAJEKUTh CiUHil IJIOIIUHI, a Apyra — IJIOIIWHI
rpaui muororpanumuka. Came I[f0 BJIACTHUBIiCTh BUKOPHCTOBYIOTH IJIs IIOOYIOBU
mmepepisiB MHOTOrPpaHHUKIB METOJIOM CJIiIiB.

Inonmi moBomuThesa 3HiliCHIOBATU IIepepPisy MHOTOTPAHHUKIB MJIONIMHAMU,
3aJaHUMU TOUKAMU, AKi JeKaTh He Ha pedpax MHOTOTPAHHUKA, a 11034 HUMMU.

IIpuxnad 3. Nano xyo ABCDA,B,C,D, (AB = a) i tourku K, P, T raki, 1o
BepinuHu Ky6a D,, A, C — cepenuuu Biapiskis DK, DP, DT. Ilo6ynyiitTe mepe-
pis Ky6a miomuuoio (KPT) i 3HalAiTh MJIOIHTY IIepepisy.

Posé’szannsa. Ha npomensax DD,, DA, DC K
nos3Hauumo gaui Touku K, P, T i crmosydumo
ix Bigpiskamu (Mmaj. 36).

Yasimo, mo AM — cepenus jginigs aPDT, D, c,

BoHa mapaJjseabHa DT i mopiBHIOE ITOJOBUHI

DT. Pebpo AB nanoro Kyba TaKo0:K mapaJieibHe A,
DT i nopiBuioe mosoBuHi DT. OTike, Touka M
3biraerbeca 3 B, Bigpisox PT, a oT:Ke, i ciuHa Ao H--> T
ILJIOIIIWHA, IPOXOAUTD Yepes BepIinuHy B Kyda. Ia |~
Tak camo MOsKHA ITOKa3aTH, 10 CivHa IJIOIIH- B

Ha mpoxoauTh uepes3 Bepmnuau A; i C; Kyba.

OT:Ke, POBTIAAYBAHUM II€PePi3oM € TPUKYT- P Maur. 36
HUK A,;BC,. CTOPOHU IHOTO TPUKYTHUKA —

niaroHaJi piBHUX KBaApaTiB, ToMy TPUKYTHUK A,BC,; PiBHOCTOPOHHI.

os)

SK1mI0 cTOpOHA KBagpaTa TOPiBHIOE @, TO MOT0 AiaroHaJb ax/E . Tomy mrykana
ILJIOIA Imepepisy:

ang gonntianmBux

Lna po3B’a3yBaHHsA CKIaOHIWIKMX 3a4a4 Ha Nepepi3n MoXHa ckopucTaTmcs
nporpamHumMmmn 3acobamu, Hanpuknag GRAN 3D, DG, GeoGebra. PoarnaHemo
pO3B’A3aHHA OfHIEl 3a4adi ABoMa cnocobamu.

v
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v

3apgaya. MNobynyinTe nepepid N’aTMKyTHOI NipamMian SABCDE nnoLwmHoto, ska
npoxoauTb Yepes Todkn M, N, K, ne Me(ASE), Ne(SED), KeSC (man. 37).

Man. 37

Mepwwnin cnoci6. MNpoeeaemo npsmi SM i SN, aki nepeTuHaTb CTOPOHU
AEi ED y Toukax M, i N,. NMpama MN HanexmTb Ci4Hin nnowuHi, a npama M,N, —
nnowmHi ocHoBw. Mpami MN i M,N, nexatb B ogHin naowwmHi (M,SN,). 9KLL0 BOHU
He napanesbHi, TO NepPeTUHaNTLCS B Aesikii Todui O,. AHanoriyHo 6yayemMo TouKy
O, — Touky nepeTuHy npsmux KN i CN,. Toai npama 0,0,, abo | — cnig, civyHoT
MAOLLMHN B MJIOLLMHI OCHOBMN.

3Hangemo Tenep NiHil NepeTrHyY CiYHOI NAOLWMHM 3 rpaHaMu nipamign. Npoaos-
Xumo DE no nepetuny 31y To4ui O, i nposeaemo npsamy O;N, sika nepeTHe rpaHb
ESD no Bigpisky LP. Togi LT i PK — niHii nepeTunHy CiYHOT NNOLWMHY 3 rpaHammn ASE
i CSD. MNpoposxnmo BC o nepetury 3 /i yepes yrBopeHy Touky O, NnpoBeaemMo
npamy O,L, 9ka nepeTHe rpaHb BSC no Bigpisky KR. Cnonyunswm to4kn T i R,
OTPMMaeMO LykaHuii nepepis TRKPL.

Akwo Toukm M, N i K po3TtaiwuoBaHi Tak, wo npama MN 4n KN He nepeTuHaloTb
NAoLWMHY OCHOBM Mipamian, po3s’a3aHHs 3agadi Tpeda 3aMiHUTU. 9K Le 3podbuTu,
PO3rAsaHeMOo aani.

Opyruii cnocib (3BukopuctaHHam GRAN 3D, DG, GeoGebra).
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SAMNUTAHHS | SABOAHHS AJ19 CAMOKOHTPOJIIO

NSOk L=

Hasenits mpukagzm MHOTOTPaHHUKIB.

CrinbKku rpameii, pebep i Bepiiun mae Ky6? A mapasesneminen?
Ckinbku rpaHeii, pebep i BepiinH mMae TeTpaeap?

IITo Ha3WBaIOTH CiUHOIO IJIOII[MHOIO?

CkiJbKOMa TOYKaAMM MOXKHA 3aJaTH CiUHY IJIONIHUHY?

IITo HasuBalOThH ITepepizoM MHOTOTpaHHUKA?

IITo HasuBaiOTh CJifOM CiuHOI IIJIOIITUHI?

BukoHAEMO PA3ZOM

Hawmo npaBunpuuii rerpaenp PABC, a uma iioro pebpi PB Touky K Takry, IIo
PK = 2KB = 8. IlobynayiiTe mepepis TeTpaeapa ILIOIIUHOIO, II[0 IIPOXOAUTH
uyepes pedopo AC i Touky K. S3HAUIITEL IIJIOIIY IIepepisy.

Coonyuumo Touky K 3 Toukamu A i C (maa. 38). P
Tpuryrtaurk KAC — mrykaumit nepepis. ¥ aKAC:

AK =KC, ockinbku TpukyTHuKn APK i CPK piBHi.

Aximo KH — Bucotra rAKC, to AH = HC. 3uaii-

memo AC i KH. K
Ockinbku PK=2KB=8, 0 KB=4, PB=12. Koxxue
pedpo Terpaenpa mopisuioe 12, romy CH = 6. B A

Y ACBK: BC =12, BK =4, ZKBC=60°.
Toxi 3a TeopeMoOI0 KOCUHYCiB 3HAXOAMMO:
CK? = BC? + BK? — 2BC - BK - cos 60° = 122 + C
+42-2-12-4-0,5 =112.

3a reopemoio Iliparopa 3 ACHK suaxomumo KH:

KH=+CK?-CH? =J112-36 =219.

OT:xe, IMIyKaHa IJIOIA:

S:%-IZ-Z\/E:H\/E.

IToGynyiiTe mepepis YOTUPUKYTHOI NMPUIMU
IJIOIIMHOIO0, 3aJaHOI0 CIigoM [ B IIJIOIIMHI
ocHOBH i Toukoio M rpaui CC,D,D (mamu. 39).

Hexati CD nepetunae I B rourti O,. Toxi mpsama
O, M neperunae rpaub CC,D,D nio Binpisky KP.
Axmo O, — Touka nepetuny BC i l, to PT —
JiHiA IepeTUHY CiuHO1 IJIOIIUHY 3 TIJIOIITUTHOIO
BB,C,C. Amnamoriuuno 6yayemo Bigpisox LK
(ADN1=0,, O,KN(AAD)=KL).
CoosyumBmu Touku L i T, orpumaemo Iry-
KaHmUi nepepis LTPK.
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SAAUI | BIPABU

BUKOHAWTE YCHO

71.
72.

73.
74.

75.

76.

Yu MosKe mepepisoM MPsSMOKYTHOTO IapaJjiesyeninesa 0yTu IpAMOKYTHUK?
A xBagpat?

Yu moske ciuHa ILIOM[MHA IIepeTHHATH BCi pebpa Kyb6a? A Bci rpani xy6a?
Ha ckinpku yacTuH MOXKYTH pospisatu Ky06 aBi ciumi mmomuamu? A tpu?
Yu moxxe OyTum mepepisom Kyba _

piBHOOEApPEeHUII TPUKYTHUK, MIpa- AT

BUJIBHUN TPUKYTHUK, HPIMOKYT-
HUK, KBaJparT, Tpamemisa? )
HoBexmiTs, 1110 IEpEpi3om TeTpaeapa f
He MOKe OyTH I’ ATUKYTHUK. A
Yuenp HamaJOBaB Iepepis Kyba
naomiuuoo (man. 40, a—06). Um a 0
€ TOMHUJKA HAa MaJIIOHKax? Mau. 40

71.

78.

79.

80.

81.

IToGynyiiTe mepepis mpamokyTHoOTO apajyeneninena ABCDA,B,C, D, nioiiu-
HOIO, AKA IPOXOAUTH ueped: a) Touku A, B, i D;; 6) Touku A, C i cepequny
pebpa DD,.

Touxa K — cepenuna pebpa AD rterpaenpa ABCD. IlobGynyiiTe mmepepis
TeTpaeapa ILJIOIINHOIO, AKa IIPOXOAUTHL uepesd Touku B, C i K.

Touxa M — cepenuua pebpa CD terpaenpa ABCD. IloboynyiiTe mepepis
TeTpaeapa ILJIOIIUHOIO, AKa IIPOXOAUTH uepes mpamy AB i Tourky M.
ABCD — terpaenp. Touku K i M — cepenunu pedep AD i CD. IlobynyiiTe
mepepis Terpaenpa mioinuuoi (BKM).

Haxkpecaite maniorku 41, a—2 y 30muTi i Ha KOXKHOMY 3 HUX MOOyAyiTe
mepepis MHOTOTPAaHHMKA ILJIOIIMHOIO, AKA IPOXOAUTH uepe3 Touku K, P, T.

o]

r
1
1
1
|
|
14

. =
e L e
~

Mau. 41
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82.

83.

84.

85.

86.

87.

88.

89.

Haxpecaite MmanoHKEU 42, a—2 y 30IIUTI i1 Ha KOKHOMY 3 HUX HOOYyIyii-
Te Mepepis MHOTOTPAHHWKA MJIOMMHOIO, KA HPOXOAUTH Uepe3 TOUKH
M, N, P.

D P

M M N

Mau. 42

IToGynyiiTe TOUKY HePeTUHY MPAMOI 3 IJIOIMHOIO OCHOBU YOTHUPUKYTHOI
mipamigu, AKIIO0 A IpAMa IIPOXOAUTH Yepe3 ABi TOUKU, AKi HaJIeKaTh:
a) 6iunuM pebpam ofHiel rpaHi; 6) mMpoTuaeKHUM OiuHUM pedpam; B) GiuHO-
My pebpy i mpoTuaekHiil 6iuHii rpami; r) ABoM CyMiKHIM GiUHUM I'paHAM;
') IBOM IIPOTUJIEKHUM OiUYHUM rpaHaM. 3a AK01 YMOBU IT00y0Ba HEMOMKJIUBA?
Po3B’sa:xiTh onepeHIo 3a7ayy y BUIAAKY ITECTUKYTHOI mipamiau.

Hamo mpaBUJIBLHUN TeTpaenp, AOBXKWHa pebpa Akoro a. IloGyayiiTe #oro
mepepis IJIOIMHOIO, IO IPOXOAUTh Yepes3 cepequHu TPhoxX pebep, AKi BU-
XOOATH 3 ONHiel BepInuHN. 3HANAITH, MepUMETP i IJIOIIY IIepepisy.
JoB:XUHYU TPHOX pebep IPAMOKYTHOTO ITapaJeseninena, 1110 BUX0AATh 3 OMHiel
BepIINHI, TOPiBHIOIOTE 6 cM, 6 cm i 8 cm. IloOyayiiTe mepepis mapaJsiese-
mimea IJIOIIMHOIO, SKa IPOXOIUTh Uepe3 cepeanHu Itux pebdep, i sHAHTITE
HoT0 TLIOITY.

3HalgiTe mepuMerp i oIy mepepidy Kyoa ABCDA,B,C,D; (AB = a) mwjo-
IUHOI0, AKAa IIPOXOoAUTh uepesd Touku A, C, B;.

Y ky6i ABCDA,B,C,D, Ttouku M i N — cepenunu pebep BC i DC, AB = a.
3HaAWAITh WJIOIY Mepepidy Kyba ILJIOINIMHONI, KA IIPOXOAUTh Uepe3 TOUYKU
M, NiC,.

Hamo xky6 ABCDA,B,C,D,, AB = a. 3HalifiTh IepuUMeTp i IJIOHIy Iepepisy
Ky0a TJIOIMHOI0, AKA MPOXOAUTH uepesd Touku M, A, D,, armo M —
cepenuHa A,B,.

90.

91.

3agaiiTe Ha pebpax Kyba Tpu TOYKH TaK, II00
ILION[MHA, KA IPOXOJUTh Yepes HIX, IIepeTuHaIa
JaHUi Ky0 I10: a) TPUKYTHUKY; 0) YOTUPUKYTHUKY;
B) I’ ATUKYTHUKY.

HepeB’saHnii Ky6 PO3MUIIOIOTH TaK, IO MUJIKA
npoxonuTh uepesd Touku K, P, T, AK IIOKasaHO
Ha MaaoHKY 43. fIka ¢irypa Oyme B mepepisi?
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92.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

Posgnin 1. BcTtyn oo ctepeomeTpii

Pebpo Kyba mopiBHioe a. Uu MosKe mJIola mepepisy Iboro Kyba MaTu 3Ha-
yeHHd, OiabIme 3a 2a%?

Ha pe6pax AA, i CC, nmapaineneninena ABCDA,B,C,D, nano Touku K i P Taxki,
mo AK = KA,, CP : PC, =1 : 2. Tlo6yaytiTe miepepis mapaJesemninea mIoI-
Hoto (D, KP).

Cupo0OyiiTe mmepepisaTu Ky0 ILJIOIIUHOIO TaK, 00 IIepepisoM cTaB HpaBUIbHINI
IIEeCTUKYTHUK. SHAWIITh IJIOIIY IIepepisy, AKIIo pedpo Kyba IOpiBHIOE a.
Touku M, N i K — BepIiimHu ab0 cepeinHY BiATTOBiAHUX pedep Kyba (Mas. 44).
YcraHOBITH BifTIOBiAHICTD MisK mepepisdamu Ky6iB (1—4) mIOMIMHOIO, IO IIPO-
x0auTh uepes Touku M, N, K, i muorokyraukamu (A—E), 1110 yrBopuincs.

N N
1 M ! ! M
T T + T
I K i *M i
My : TOK Nt
1 bemmm e -- ,1 -------- - 7}-1—--0—-,6 -=- R etk -=
K& ~N K
1 2 4
Mau. 44
A TPUKYTHUK B pom6 [ mecTUKyTHUK
B nmpaMOKyTHUK T' Tpamemia E m’aruxkyTHUK

Hamo Terpaeap ABCD, M — cepenuna BC. IloOynyiiTe mepepis Terpaenpa
IJIOIITUHOIO, AKa IPOXOAUTh uepe3 Touku A, D, M, i sHAHOITL HOr0 Iepu-
meTp i miaoy, akio DA = DB =DC =5 cm, AB=BC =AC =6 cMm.
ABCD — npaBuiabHU# Terpaenp, AB =a, BM : MD =1 : 3. 3HaigiTs me-
puMerp i miaoIny mepepisy, AKUI MPOXOAUTH ueped Touku A, C, M.

Hawmo npaBunbHuii Terpaenp ABCD, AB=1. AM i AK — meniaunu, M € BC,
K € BD. 3HaiifiTh ImepuMeTp i ILJIOIIYy Iepepisy, AKuii IPOXOAUTH depes
Touku A, M, K.

ABCDA,B,C,D, — ky6, AB=a, M — cepeguna AA,, N — cepeguna CC,. 3Haii-
IiTh IePUMeTP i MJIOITY Imepepisy, SKUil MpoxXoauTh uepes Touku M, N, B,.
. Harno xy6 ABCDA,B,C,D,. M, N, K — cepenunu Biapiskis B;C;, C,D,
i DD, BigmosigHo. IToGyayiiTe nepepid Kyb6a miaomuuon (MNK) Ta 3Haii-
IiTh mepUMeTp i MJIOIY YTBOPEHOTO Iepepisy, AKINo AA; = a.
ABCDA,B,C,D, — ry0, Touka B; — cepenuHa Binpiska BB,. Ilo0yzxyiiTe
mepepis Kyba ILIOIIMHOIO, IKa IIPOXOIUTH Uepe3 Touku A, B, i C.
ABCDA,B,C,D, — ry6. Toura B, — cepenuHa Binpiska BB,, a C — cepexnu-
Ha Bigpiska BC,. ITo6yayiiTe mepepis Kyba miomuuaoio (AB,C,). 3HaiIiTh
mepuMeTp mepepisy, aximo AB = a.

Touku M, N i K — BepimuHu abo cepeauHHu BigmoBimHux pebep KyOa,
pebpo sxoro mopiBHioe 6 cM (muB. mMaJj. 44). YcTaHOBiTH BiAMOBigHICTH
MixK mepepisamu Ky0iB (1—4) mJIOIIINHOO, 110 IPOXOAUTEL Uuepes TOUuKu M,
N, K, i nepuMmerpaMu MHOTOKYTHUKIB (A—]l), 1110 yTBOpUINCA.

A 182 B 3(3/2+5) B12y5 T 3(3J2+25) 1 9V2
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104. Touku M, N i K — Bepmuuu abo cepequHN BiAmoBigHUX pedep KyoOa, pe-
Opo sAKOT0 mopiBHIOE a c¢M (muB. MaJ. 44). YcTaHOBITH BifmoBigHicTh MiK
nepepisamu Ky0iB (1—4) mIONMIMHOIO, III0 IPOXOAUTH ueped Touku M, N,
K, i mnomamMu MHOTOKYTHUKIB (A—][I), 1110 yTBOpUIUCS.

9a’ a*\3 a’/6 3a* (V3 +1) 3a’\/3

b B—— r ——= qI ——-
8 8 2 16 4

105. ¥V mapanenenineni ABCDA,B,C,D; npoBeieHO BifpisoK, AKWUI CHOJIyUaE
BepmuHy A i3 cepegunoio pebpa CC,. IToOyayiiTe TOUKY HepPeTUHY I[HOTO
Bigpiska 3 miomiuuotio (BDA,). ¥ AKOMY BiJHOIIIEHH] I1e# BiApi3oK AiiuThCca
IaHOIO TLJIOIUHOI0?

106. ITob6ynyiiTe mepepis vorupukyTHoi npusmu ABCDA, B,C,D, TIoIUHOI0, AKa
3a/laHa CJIioM y IUIOIIMHI ocHOBHY i Toukoio P, Pe DD,, akmio: a) [ He mtepe-
TuHae ocHoBy ABCD; 6) [ mpoxoauTh uepes Touku A i C; B) [ mepeTuHae
cropouu AB i BC.

107. BurkomnaiiTe momnepenHio 3agauy, aximno SABCD — JyoTupuKyTHa IIipamizna,
PeSD.

108. ITobynyiiTe mepepis mipamigun SABCDE mOIONIUHOIO, SKa IPOXOAUTH Uyepes
Touku M, N, K, aki HasexaThb: a) peopam SA, SC, SE; 6) M €SB, NeSD,
Ke(ASE); B) MeSA, NeSC, KeDE.

109. IToOynyiiTe mepepis mM’ATUKYTHOI MPU3MU IJIOIIMHOIO, AKA MPOXOIUTH
yepes3 TPU TOUKHU, AKi JieKaTh Ha TPHOX ITOCTiOBHUX OiuHUX pedpax.

MPAKTUYHE 3ABOAHHS

110. 3po6iTs 3 IyITKOT0 ITanepy MOJIeJi Te-
Tpaeapa i mapaneneninena (maJ. 45).
ITosHauTe cepequHY TPHOX PedEP MHO-
rorpaHHUKA, IIPOBEAITH Uepes HUX
nepepis, HAKPECJUBIIU Ha TPAHAX
BimmoBinui Bigpisku. O0GUUCIIITE IIJI0-

m1i mepepisiB, BUKOHABIIN HOTPiOHI
BUMipIOBaHHS.
~_

Mau. 45
3AJJ,A‘-II Angd NOBTOPEHHYA

111. Tpu BepIIMHU TPAMOKYTHUKA HAJEXKaTh IJomuHI o. oBemiTs, 1o mii
IJIOIWHI HAJIEKUTh 1 TOUKA IMEepPeTUHY AiaroHajaeil MPAMOKYTHUKA.

112. M — BuyTrpimHa Touka rpaHi BCD rterpaeapa ABCD. IlobyayiiTe miHii
nepetuny miaomuau (ADM) 3 niaomuaamu (BCD) i (ABC).

113. 3 Touku M pmo mpamoi [ mpoBeneHo nepueHAUKYaAp MO = 12 cMm i moxwmiri
MA, MB, pisHUIlsg TOBXKUH AKUX OOPiBHIOE 7 cM. SHAWIITh JOBKUHU IIO-
XUJINX, SIKIO0 IX IPoeKIii BigzHocaTbesa AK 5 : 16.

A
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SALAYI 3A TOTOBUMW MAJIIOHKAMU

VEKaxiTh TOMUJIKY Ha MaJIIOHKY.

ABCD — pomb6
Aea

D : B
Ne (ADC) : %% ¢
. LM D, tM
A B Bi ... L __Jc
Ny
AL D
C

N
P
n 3HaiaiTh Touky neperuny npamoi MN 3 (PRK).
D : : R
p N e(BCD) : Mg

M *P N

R - - -

A B . K

K



Po3gin 1. Bctyn oo crepeomeTpii 33

ITo6ynmyiiTe mepepis mpaBUILHOTO TeTpaeapa i Kyba MJIOIIMHOIO
(MNP). 3uaiigiTs mepuMeTp i IOy IIepepiay.

D pp:PC=2:1 : ;
§ * i N
M N : 1
: M '
E E S ')'_ _____ -
A B :
a : a P
c :
B sv:nc-sp:PB=3:1 "C,P:PC=3:1

N c,

s z
E A, D,
M : :
P : ; P
A B "/)B _____ -
a . A ‘ 7
. M
C :

ITobynyiiTe mepepisyw MHOTOTPAHHUKIB ILIOIMUHOI, AKA IIPOXOAUTH
uepe3 Touku M, N, K.

>
C

Ke(ABC) 5 \u
N :
A B

—

Q

s P

K

K e(ESD)
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TecToBI 3ABAAHHSA 1

B2 O B2

B B

Ilpama a JeXuUTh y IJIOIIMUHIL O.
Axuii 3HaK cJuaig mocTaBuUTHU 3a-
MicTh 3ipoukKm y s3amucy a % o?

Yu MOXKYTH ABi IIJIOMIMHU MaTHU
TiILKY OOHY CIILJIBHY TOUKY?

CKiJBKY IUIOIMH MOJKHA IIPOBEC-
TH Yepes TPU TOUKU?

IIpama a meperuHae IWIOIUHY 3
y Touri A. Tonmi:

Tpu npsami momapHo IIepeTHUHAa-
1oTbcsa. CKibKY PIBHUX IJIOIIIUH
MOJKHAa IPOBECTHU Yepes Il mpami?

TLnomuuu o i B meperuHAIOTHCA
no npawmiii m. IIpama a 1exKuTh
Yy IJIOIIWHI O i IepeTuHae IpPAMY
m. SIKke B3aemMHe posTallryBaHHA
npamoi a i miomuan P?

IIpama a mepeTuHae MWIOIMHY O

i nekurs y mwiomuui B. CrinbKu

CIIiIPHUX TOYOK MAIOTh IJIOITMHU
oip?

Touku M i N Hane:xXaTb pedpam
BB, i CC, xy6a ABCDA,B,C,D,.
VKaKiTh JIiHiI0 TepeTuHy IJIOIIUH
(BB,C,) i (AMN).

Bicexkrpuca AL AABC i neHTp
KO0JIa, BIIMCAHOTO B 1€l TPUKYTHUK,
JIesKaTh y mwoniuHi o. Yu Hae-
JKaTh it moruHi Bepinuau B i C?

ITepepiszom Ky0a ILIOIIMHOIO
He MOKe OyTu:

Posgnin 1. BcTtyn oo ctepeomeTpii

a) e; B) N;

0) c; T) D.

a) Tax; B) He MOKHa BCTAaHOBUTH,

0) Hi; T') 3aJIe’KUTH BifJl po3Ta-
IITyBaHHS TIJIOIIUH.

a) Onny; B) TpU;

0) OesJriu; r) ogHY abo OesJriu.

a)AcfB,Ae a;
0)Ac a, Ag B;

a) Onny;

0) Tpwu;

a) IlepeTuna-

IOThCH;

0) He MalOTh

B)Ae B, A€ a;
r)Ae B,Ae¢ a.

B) Oesuriu;
T') KOJHOI.

B) a JIEXKUTH
y mwiaomuHi 3;
T') He MOYKHA

CILIBPHMUX TOYOK;  BCTAHOBUTH.

a) Ogmy; B) JKOIHOI;

0) nBi; r) Oesiu.

a) AM; B) DN;

6) MN; I') IJIOIUHY He IIe-
PEeTHUHAITLCS.

a) Tak; B) OfHA HAJIEIKUTD,

0) Hi; imma — mi;

a) TPUKYTHUK;
0) I’ ATUKYTHUK;

T') He MOKHa BCTa-
HOBUTH.

B) IIIECTUKYTHUK;
I') BOCbMUKYTHUK.
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Tunosi 3AAA4I A9 KOHTPOJIbHOT POBOTHU

1°.

2°.

3°.

4°,

Ilnomuua o, opami a i b Ta Touka A 3aJ0BOJILHAIOTEH TaKili yMOBH: a C O,
ab=A. 300pasiTh Ha MAJIOHKY BCi MOKJIMBiI BapianTu.

Yu MoKe cepeqHS JiHiA TPUKYTHUKA He JIeXKATU B ILIOIUHI ITHOTO TPU-
KyTHUKa? Bigmosigs oOr'pyHTyIiTE.

Hiaronamsi nmpamoryTHuKka ABCD meperuHaioTheca B Touri O. Touka P
He JieKuTh y miaomuii (ABC). Uu MoKHA TPOBECTU MJIOIIUHY Uepes:
a) mpamy PD i Touku B i O; 6) mpamy AO i Touku P i D? BigmoBigs
OOT'pyHTYIHTE.

IloOynyiiTe mepepis MPaBUJIBLHOTO TeTpaeapa ILIOIITWHOI0, IO IIPOXOAUTH
yepe3 OiceKTpUCYy T'paHi i mpoTuieskHy Ii#i rpani Bepmumuy. OOUuCIiTH
ILJIOIITY YTBOPEHOTO IIepepidy, AKIIO pedpo TeTpaempa JOPiBHIOE 6 cM.

5°.

6°.

7°.

8°.

[ Bi BepIMUHYU TPUKYTHUKA JIEXKATh Y IJIOIMUHI 0. Y1 HAJIEXKUTH ITi#l IO -
Hi TpeTd BepIINHA TPUKYTHUKA, AKIITO BiTOMO, M0 ILJIOIMWHI O, HAJEKUTD
IEeHTP KO0JIa, OINCAHOr0 HAaBKOJO TPUKYTHUKA.

Touku M i N nexarh y 6iunux rpausax terpaempa ABCD. IlobyayiiTe
TOUKy mepetuny mpsamoi MN 3 ocuoBoio ABC.

IToGynyiiTe epepid npaMoKyTHOTO napajesnemninena ABCDA,B,C,D, mio-
IIXHOI0, AKA IPOXoAuTh deped Touku K, L, M, akmo KeAA, LeCD,
MeCC,AK : KA, =1:3,DL:LC=1:1,CM : MC, =3 : 4.

Hamo kyo ABCDA,B,C,D,. IlobynyiiTe giHito nmepetuny mioinuH (A,C,D)
i (AD,C). 3uaimgiTs OBKUHY BiApisKa Iiel mpamMoi, 1110 3HAXOIUTHCA BCE-
penuHi Kyba, SKII0O pedpo Kyda MOPiBHIOE 4.

9°°.

10°°.

Tourka M nexutsb y rpani APC terpaenpa PABC. Ilo6yayiiTe TOUKyY mepe-
TuHy npAamoi BM 3 miomunao0 (APK), skmo KeCB, CK : KB=1: 2.

ITo6yayiiTe mepepis m’ATUKYTHOI MipaMiAy MJIOITUHOI, AKa 3aJaHa TPhO-
Ma TOUKaMU, Bl 3 AKUX HaJIEKaTh CYMiXKHUM OiYHUM I'paHAM Iipaminu,
a Tperda — Ii OCHOBI.
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l'eomerpuuna ¢irypa — Oyab-axka MHOKUHA TOYOK. CKiHueHHA a00 HECKiH-
YyeHHAa, Ha ILJIOIMHI a00 B IIPOCTOPi.

r FeomeTpuyHi pirypu —l

Mnocki Hennocki

D ‘éﬂ' ‘
\V/

C B

Cc

1. fAx Bimomo, mpu aKcioMaTHUYHOMY BUKJAAI TeoMeTpii KiJbKa mepIimx mo-
HATH i BiJHOIIIeHb IPUAMAIOTLCS 0€3 03HAUEHbD, a BCi iHIIi 03HaYaoTLCI. ¥ IILOMY
TiAPYYHUKY 3a HEO3HAUyBaHI MPUAHATO MOHATTA TOYKA, MPSIMA, MJIOIIWHA,
npocrip i BigHOIMeHHA Hasexcamu (TOUKA HAJEKUTb NMPAMIA UM TJIOIWHI),
aexcamu mixne (toura A jmexxutsh mMisk B i C) Ta iH.

2. BiacTuBOCTi HeO3HAUYBAHUX IIOHATH PO3KPUBAIOTH 3a JOIIOMOTOIO aKCioM.
Axciomamu TyT BBaskaioTh yci 10 akciom nutomuun (gus. Jodamok, c. 259)
i 4 crepeomeTpuYHi aKciomu:

C,. Y npocTopi icHy€e (NpuHaiMHi 0aHa) NJIOLWMHA | TOYKA, L0 He JIeXXUTb
Y Wil NNOLWMHI.

C,. Yepe3 Oyab-9Ki TPU TOYKMU, LLO HEe JsieXaTb HA OAHI NPaAMiiA, MOXHa
NPOBECTU MNJIOLLMHY i A0 TOrO X TiJIbKU OOHY.

C;. SIk0 ABi TOYKM NPAMOI JieXaTb Y MJIOWMHI, TO i BCA NpsaMa JIeXUTb
Y Wi NNOLWMHI.

C,. kw0 ABi NIOWMHN MalOTh CMiJibHY TO4YKY, TO BOHU NEepeTUHaloTbCs
no NpSAMIi, 1Ka NPOXOAUTb YEPE3 LLI0 TOYKY.
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3. Axriio Touka B HaleKUTh, a TOUKA A He Haje- B b
JKUTh OPAMiii b, TO IUIITYTh BigmoBiguo: Beb, a A¢b.

(man. 46). a\
SIKIIO TpAMa a JeXUTh, a IpaAMa b He JeXKUTh

y ILJIOUIHWHI ¢, TO IUIITYTh BiAIOBiAHO: a C (., a bz Q.

Mauan. 46
vr Hacnipkun 3 akciom ctepeomeTpii —i

Yepes nmpaMy i TOUKRYy, IIIO He Yepes aBi mpsami, 110 mepeTu-
JIeKUTDH Ha Hilf, MOYKHaA IIPOBECTU HAIOThCA, MOXXHA IIPOBECTU ILJIO-
TIJIOIIIHY 1 IO TOTO YK TiJILKU OJHY. IUHY i IO TOTO K TiJIBKU ONHY.

4. 3 Takoi cucTeMu aKCioM BUIJIMBAIOTH, 30KpPeMa, TaKi TBepI KeHHH.
Y mpocTopi:

— npama 00HO3HAYHO BU3HAYAEMbCS 080MA MOYKAMU;

— NJAOWUHA BU3HAYAEMBCS!

1) TppboMa TOUKaMU, AKi He JeKaTh Ha OAHiN mpawmiii (akcioma C,);

2) mpAMOIO i TOUKOIO, AKa He HaJEeXKUTh ii (Teopema 1);

3) ABOMaA TMPAMUMU, AKi MepeTUHAOTHCA (Teopema 2);

4) mBoMa mapajieIbHUMU NPAMUMU (O3HAUEHHS MapaieIbHUX MPAMUX).

5. ¥ npoMy pO3/iJii a0 ThCA MEPIITi YABIEHHSA PO IPOCTIiIlli MHOTOTPAHHUKHA
(mag. 47): npuamu (KyOu, mapaJeseninenu) i mipamigu (3oKkpema, TeTpaeapu).

Byi G Q
B " G A, i“\‘ 1
~— i
P Lo
Bi,j--_\_\\‘___ C /J-___\\:__ C
Al - D AL k D
Mau. 47

6. [Ina HaouyHOI isrocTpallii pO3TIALYBAaHUX TE€OMETPUUYHUX MOHATH i Bif-
HOIIIeHb HAWKpallle HigXOAATh 3ajaui IPo nepepidu MHO0202PAHHUKI6 TLIOIIU-
HaMmu. 3a7a4i Ha MOOYyLO0BHU IEPEePisiB TYT TaK0K PO3TJISAAAI0ThCA HAMIIPOCTIITi,
po3B’A3yBaTH AKi MOKHA Ha OCHOBi cTepeomerpuuHmMX akciom C; i C, Ta 3a
IOIIOMOT'0I0 METONY CJIimiB.

Meroau ckaagHiUX TOOY/IOB IePePis3iB POSTIIAHYTO B HACTYIIHUX PO3/iiax.
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Mukona JIOBAYEBCbKUi
(1792-1856)

Moro 18ip «[Mpo no4atku reomeTpii»
(1829) — nepLua B cBiTi nybikayis

3 HEEBKJ1i0BOI reoMeTpii, y SKii Ha
MJI0LLMHI YEPES TOYKY, LLO HE JIEXUTb
Ha AaHivi npsimivi, npoxoamnTs BibLue
HDK ogHa rpsma, sika He rnepeTnHae
AaHy. Binkputta Jloba4eBCbKOro
MOK/1aJ10 M0YaTOK CTBOPEHHIO HLLINX
HEEBK/1i0BUX FTEOMETPIVI | CripaBuio
BEJINHE3HW BIJINB HA rNoAasibLUunmi
PO3BUTOK MaremMaTuku v Qi3vKu,
30KpemMa Ha PO3BUTOK Cy4aCHOIro
BYEHHS PO rpocCTip.

1800

BerPHrapg PiMAH
(1826-1866)

Y nonoBsiai «[Npo rinoresu, 1o
Jiexxatb B OCHOBI reomeTpii» (1853)
y3araJilbHB TEOPItO NOBEPXOHb HA
6araTtoBUMIpPHWY BUNaaok. Bucio-
BUWB MPUIYLLIEHHS, LLIO reOMeTpis

B HECKIHYEHHO MaJsioMy i B HE3MIPHO
BEJIMKOMY MOXE BiAPI3HATUCS Bif
TPUBUMIPHOI €BK1A0BOIL. [Tics
ny6nikauii s poborta crania ero-
XaJlIbHOO MOAIEI0 71 reOMETPII,

a BYICJIOBJI€HI B Hivi r/inOOKi igei —
CTUMYJIOM 47151 PO3BUTKY HAYKM.

@ @
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NMapanenbHiCcTb
NnpPaMux i NIOLWUH
y NpocCTopi

BaxxnuBa ponb Yy reoMeTpii BigBOAUTbLCH NapasiesibHUM MPSMUM i MIOLWM-
HaM. Ix MaTepIaJ'IbHI/IMVI MopgenamMm €, Hanpuknan, NiHil eJiekTponepenayd,
YaCTMHU 3aiBHUYHMX KON, MI)KI'IOBerOBI nepekpuTTa y 6y,EI,VIHKaX TOLLO.

Mwu 3BUKNKN yBNATU COBi BECb CBIT i BCi 1Or0 siBULLLA 32 aHOJIOTIED A0 OTO-
Yyl4OIl Hac AincHocTI. Lli yaBieHHa M1 NepeHOCUMO Ha MiKPO- | MakpOCBIT,
a BOHM MOXYTb OyTM BnawuToBaHi 30BCiM iHaKLle. YCBIAOMUTU Lie A03BOSISIE
CTBOPEHHS HOBOI reOMETPIl — HEEBKNiAO0BOI. AKCIOMY NapanenbHOCTI 3a-
MIHUM Ha iHLWY, | LLe CTanNo NOLWTOBXOM A0 NOSIBU HU3KM HOBUX FEOMETPIN —
reomeTpii JJobaueBcbkoro, reomeTpii PimaHa ToLLo.

Y uboMy po3aisi B 03HaoOMUTECS 3 BNACTUBOCTAMU NapasiefibHUX NpPsMmx
i MIOWMH Y TPUBUMIPHI €BKiQOBIV reoOMeTpil, Ae ABi MPsMI, LLO HE NepeTu-
HalTbCS, MOXYTb OYTW HE TifIbkK NapanesbHUMK, a M MUMOBIKHUMMW.

MumoOiXHi i napanesnbHi
npsami

MapanenbHiCTb NPSMOT
i NNOWMHM

MapanenbHiCTb NNOLWUH

MapanenbHe NpoeKLuUiloBaHHS
i loro BNacTuBOCTI

3o06paxeHHs ¢iryp
y cTepeomeTpii

MeToau noGynoeu
nepepisiB MHOrorpaHHuKIB

Habuaroruil npeerin

«HeeBknipoBi reomeTpii Tax mogeni»



AKTYAPHA CMNPABA

AKTyapiri — ue eKkcrnepT i3 MaTeMaTukKn CTpaxyBaHH4A: cneuianict
3 OLHKM pU3KKiB i piHAHCOBUIA aHanNITUK.

PuaunkoBe cTpaxyBaHHS Prnauk-meHeoxXmeHT Tapudikauia

CTpaxyBaHHS XUTTH ®diHaHcoBMN aHani3 OuiHka pe3epBiB

LA
i
y iftih  ph

b, Ll i

MATEMATUKA
B MOIN NMPODECII
\ 4
EHEPIrETUKA | TENNIOTEXHIKA

BrBYEHHS Ta BUKOPUCTAHHS EHEPreTUYHUX | TEMJIOBUX PECYPCIB 3 METOIO
BUPOONEHHs, NepeTBOPEHHS, Nepenadi i po3noainy eHeprii Ta Tenna.

MpoekTyBaHHSA EHEproMeHemKMeHT Tpchnop_)_TyBaHﬂ_g
efiekTpoMepex TennoBoOi eHeprii
BigHoBnioBaH
HopreTaka — B
HH HH

HHHEH HH




MumoOiXHi
| napanenbHi npami

Bu B:xe 3Haere, mo B reomerpii nmpaMi ysaBIAIOTH HEOOMEKEHUMU, iTealib-
HO PiBHUMM i IJIafleHbKUMU, 1110 He MAIOTh HiAKOl ToBIMHU. MaTepialbHUMUI
MOJEJSIMU YaCTUHU IIPAMOI €, HaIPUKJIAL, OJIiBelb, IMJIIHTYC Ha MMigio3i, Jrimii
eqexTponepenau (maj. 48), yacTuHU pUinTyBanua (Masa. 49), sanxisHUYHI KOJTil
(mas. 50) Torro.

Mau. 48 Mau. 49

Posrinanbpre ManmoHKU i 3ragaiTe, SK MOMKYTb B
poaminryBaTucsa ABi mpAMi.

SAximo aBi mpsmi JeKaTh B OAHII IJIOIIUHI, BOHUI
a0o mepeTUHAIOTHCA, a00 mapaJesibHi. SHAUIITHL 30- C
OpasKeHHsA TaKUX IPAMHUX Ha MajaioHKax 1-3. Pos- A
TVIAHbTE YBa)KHiIlle MaJIIOHKU 2 i 3 Ta 3HAWIITh HaA
HIX 300paKeHHA MPAMUX, 1110 He IIePEeTUHAIOThCA i He
€ mapaJyiesbHUMH. SIK 6a4nMO, Y cTepeoMeTpil MOMKIM- Mau. 51
BUI i TPETil BUTIAJOK PO3TAIITYBAHHS ABOX IPAMUX.

Hanpuraan, axio ABCD — terpaenp (maj. 51), To npami AB i CD ue mepe-
TUHAIOTHCA i He mapajesbHi. BoHu He Jie:kaTh B OAHIN HJIONTWHI.

IBi mpsaMi, AKi He JeKaTh B OAHIN IIJIONINHI, HA3WBAIOTh MUMOOIKHUMH.

“TEoPEmA |3

(O3Haka MMMOBIXHOCTI NPAMKX.) AKLLO O4HA 3 ABOX NPSAMUX JIEXXUTb Y MJ10-
LWUHi, a gpyra nepeTuHac Lo NJOLNHY, asfie He NepeTUHaE nepLly npsamy,
TO gaHi npsaMi MUMOOGIXHI.

AOBEAEHHS.
Hexaii mpsama a JIe:XKUTh y IJIOMINHI O, a IIpaMa b ’

IepeTrHAE IO IJIOIIUHY B TOUIli A Takiii, 1mo A ¢a
(man. 52). Mau. 52
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HoBenemo, 110 pAMi a i b MumMo00iKHi, TOOTO He Jie}KaTh B OJHIN MJIOITMHI.
Cropucraemocss MmeTo0M Bin cynporuBHOTO. IIpumyctumo, 1o uepe3 mpami
a i b moxkHa mposecTu JesKy miomuay . BoHna He 36iraerbcs 3 O, OCKiIbKU
bz o i bcp. Ilnomuunu o i B mpoxoaaTs uepesd Touky A. 3a akciomoro C, BOHU
MOBUHHI IIepeTUHATUCS 0 IPAMil, 10 TPOXOAUTEL Uepesd TOUKy A. AJie BOHU
MaioTh CIJIBHY TIPAMY d, AKa He MPOXOAUTH uepe3 TouKy A. Otike, 3pob.ie-
He IPUNYIIEeHHS IPUBOAUTH A0 cylepeuHocTi. BuxoauTs, 1o npami a i b He
JexaTh B ogHili maomuHi. IITo i Tpeba Gymo mosectu. [

IBa Bipisku HA3MBAIOTh MUMOOISKHHMHY, SKINO BOHU JIe)KAThb HA MHUMO-
OI’KHUX TIPAMUX.

SAxio opami abo Bigpisku a i b MuMo6iKHI, TO MUITYTh: a ~b .

HBi nmpaMi Ha3WBaIOTH MapajJeJbHUMU, STKIIO BOHU JIE€KATh B ONHIN TJIO-
IIUHi i He TIEepeTUHAIOTHCA.

3 o3HAueHHs BUILIMBAE, IO Uepe3 ABi mapajieJbHiI ONpAMi 3aBXKIN MOXKHA
MIPOBECTH ILJIOIIUHY, IIPUUYOMY TiJIbKU OAHY. AI)Ke SKINO IPUIYCTUTHU, IO
yepes mapajiesibHi npaMi a i b mpoBemeHo ABi pisHiI HMIOMIMHU, TO 3 I[LOTO BU-
mInBaJo 0, IO Yepe3 MPAMY a i AesdAKy TOUKYy IpsaMoi b mpoBemeHO ABi pisui
mwiIomuHu. Aje 11boro He Moike OyTu (Teopema 1).

Orxe, 10 mepesiveHux Ha ¢. 16 cmocobiB 3amaHHsA MJIOIIMHN MOXKHA JOSATH
1I1e OJIMH: IIJIOITUHY MOYKHA OAHO3HAUHO 3aJaTH [JBOMA HaPaJeSbHUMU IPAMUMU.

3 akciomu mapaJiesbHOCTI EBKJIi1a BUIIIMBAE, 1110 B MJIOIIMHI Yepes JaHy TOU-
Ky MOKHa IIPOBECTU He OijbIlle OgHiel mpsaMoi, mapajesbHol JaHiii. A CKiIbKU
TaKUX MPAMUX MOKHA IIPOBECTU B IIPOCTOPi?

“TeoPEMA |4

Yepes O0yab-aKy TOUKY MPOCTOPY, KA He JIEXUTb Ha AaHii NnpaMiil, MOXXHa
NPoOBeCTU NPsAMYy, NapasnesibHy AaHil, i TiNbKN OOHY.

AOBEOEHHA.

Hexait mramo npamy a i Tourky A, 1110 He JeXKUTh Ha Hii. Yepes HUX MOK-
Ha IIPOBECTH €OUWHY ILIOMINHY (Teopema 1). V Ii#l IIOITUHI MOMKHA IIPOBECTU
npAMYy, MapajieJibHy NpAMil @, D0 TOTro K TiabKu omHy (akcioma EBkiinma).
OT:ke, y IPOCTOPi Uepes JaHy TOUKY A MOXKHA IIPOBECTU TiJIbKMW OOHY IIPAMY,
napajeibHy AaHiN mpamii a. [

3aysancennsa. [loBefeHa TeopeMa cIpaBeInBa TiTbKU B eBKJITOBi reomer-
pii. IIpo HeeBKJIiTOBI reomeTpii AuBiTHCA Ha c. 256.

I Bi mapaJsienbHi IpAMi 3aBK AU JIeKaTh B OAHIN IJIOIKUHI. A Tpu uu Oinbiie?
Mo:kyTh i He JekaTu B ofHii miomiuui. Hampukaanm, yci pedbpa mpamosy6oi
MUJIiHAPUYHOI ITecTipHi (MaJi. 53) Jie;kaTh Ha HapaeIbHUX IPIMUX, ajie He Ha-
JeXKaTh ONHIil IIJIOITMHI.
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Te came MosKHA CKa3aTH i ITPO MO3J0BKHI pedpa MIIYHTOBUX MOMIOK (MaJ. 54),
BEPTUKAJbHI KOJOHU OYAMHKY TOIIIO.

Mauxa. 53 Maux. 54

“TEoPEMA |5

ABi Nnpsimi, napanenbHi TpeTi, NapanenbHi.

AOBEAEHHSA.

Hexaii a|lb i b||c. HoBegemo, mo allc. IIpami a i ¢ He MOXKYTDH IIepeTH-
HaTucs. [HaKIIe yeped TOUYKY iX IlepeTMHY mpoxoaunau 06 aABi pisHi mpawmi,
mapaJjiesbHi b, 1110 cynepeunsio 6 Teopemi 4.

ITpunyctumo, 110 opami a i ¢ — mumobixkHi (Manx. 55). Uepes mapaenbui
upami a i b, b i ¢ mpoBegemMo WIOIIMHY Y i O, a Yepes IPAMY @ i AKYy-HEOyIb
Toury C mpsamoi ¢ — miomiuay . Hexait miommuan o i B meperuHaThCs
mo npamint m. Ilpami b, ¢ i m nexars B of-
Hill momuHi o, mpuuomy b|lc. Tomy npsama m,
sAKa IepeTHHAE C, IepeTUHAE B AeAKin Touri P
i mpamy b. IIpami m i b nexxaTh BiAMOBiZHO
y wromuaax P iy. Tomy ix coineHa Touka P Ha-
JEeXXUTHh UM ILIONTMHAM, a OTKe, i 1X CITiJIbHINl
mpaMii a. Ak 6aunmo, 3 IPUIYIeHHS BUILIUBAE,
1110 TIapaJiesibHi (3a YMOBOIO) IpAMi a i b maioTh
cuisbHy Touky P. Ile — cymepeuHicTb.

Omxe, IpAMi a i ¢ He MOXKYTH Hi mepeTUHATH-
cd, Hi 0yTr MUMOOI»KHUMM. 3aIUIIAETHCI €IUHO
MoxxIuBe: allc. [

P

Maun. 55

IloBemeHy TeopeMy Ha3WBAaIOTh TEOPEMOIO IIPO
TPAH3UTHUBHICTH MapPaJIeTbHOCTI IpAMux (Bix sar. transitivus — mepeximumii),
OCK1JIBKM B Hi#l #iile MOBa IIPO IIepPexiJa BJIACTHUBOCTI IIapajieIbHOCTI ABOX IIap
npAMUX Ha TpeTio: 3 al|lb i b|lc BuniuBae: al|c.

ITpumimxa. 11106 1ia BiracTuBicTh OyJia IPaBUJIBHOIO 3aBXK/AM, HABITH 3 a || b
i b|la BumIMBaJO, IO a||a, YacTO AOMOBJISIOTLCS, IMO KOKHA IpsAMa Iapa-
JeabHaA cama cobi.

ITapanenpbHUMU OyBaioTh He TiABKHW OpAMi, a ¥ Bigpisku, mpomeni. [[Ba
Bifipisku (IpoMeHi) Ha3WBAIOTh MapaJjejJbHUMH, AKIIO BOHU JIE)KATh Ha Iapa-
JeJbHUX MPAMUX abo Ha OmHiN mpAMiii.
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— 4ng AonnuTinBuXx \

K MOXYTb PO3TaLLOBYBATUCS B MPOCTOPI YaCTUHW ABOX NPSAMKX: Biapi3kmn abo
npomMeHi? Ockinbkn MUMOOBIXHI NPSAMI He nexaTb B OAHI NAOLLMHI, TO 1 6yOb-SKi
BiAPI3KN Y1 MPOMEHI ABOX TAKNX MPSMMX HE fIeXXaTb B OOHIN NAIOLLNHI.

AKLLIO0 X OBi MPAMi NPOCTOPY NEPETMHAIOTLCS, TO IX BiAPI3KM MOXYTb HE MaTU
CNiNlbHUX TOYOK (Man. 56, a) abo MaTu 0aHy ChinbHY TouKy. KaxyTb, L0 ABa Bigpi3-
KM NEPETUHAIOTLCS, SKLLO BOHN MaIOTb TifIbKM OOHY CRiSIbHY TOYKY, iKa € BHYTPILLU-
HbOI TOYKOIO 11 KOXKHOIO 3 HUX (Mast. 56, 6). Biapiskn AB i CD He nepeTnHatoTbCs
(man. 56, B), xo4a nepepis ix 9K MHOXMH TOHOK HE MOPOXHIN.

D

C/ A D A
) —<_ b
\ C c B
B
B
a 6 B
Man. 56

Konn npsgmi i Biopi3kn po3rnganaroTb 9K MHOXWMHW TOYOK, TO iIX MO3HAaYaloTb
pisHnmMu cumBonamu: (AB) — npsama, [AB] — Bigpi3ok.

Mepepi3 MHOXMH To4ok Bigpi3kie [AB] i [AC] He nopoxHii: [AB] N [AC] moxe
nopiBHIOBaTK TouLi A abo Bigpisky AC un AB (man. 57).

a 6 B

Man. 57

Y reomeTpii B OCTaHHix BMNaakax BiApi3kn He BBa-
>XalTb TaKMMU, LLIO NepeTUHaTLCS. Konm kaxyTb, WO
[Ba BiAPi3KM Y NPOMEHI NEePETUHAIOTLCS, TO PO3YMi-
0Tb, LLIO BOHM MalOTb TiJIbKM OOHY CHiSIbHY TOYKY, sKa l
He € KiHLEeM Bigpi3ka 4 no4aTkoM NPOMEHS. I/
Hexain a i b — aBi OOBiNbHI MUMOOIXHI NpsaAMi "
(man. 58). YaBiTb, L0 Yepes KOXHY TOUKY MPSIMOI & Npo-
BeEHO NpsiMy, NapanenbHy Npsamiin b. Yci BOHM 3anoB-
HATb OEesKY MAOWMHY 0. KaxyTb, WO reoMeTpuiHnM Man. 58
MiCUEM NpsSAMUX, K napanesbHi OAHIN 3 ABOX OAHUX
MUMOBDKHNX MPSIMUX | NIEPETUHAIOTL OPYTY, € NJOLLMHA.
Y naHomy B1naaKy Le — rsoLmHa d.

v
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v

AKLwo Npsama b nepeTnHae NIOLWMHY o, TO reo-
METPUYHNM MICLEM NPSAMUX, SKi napanesnbHi nps-
Mil1 b i nepeTnHaloTb NAOLWMHY ¢, € BECb NPOCTIP
(man. 59).

MnowwnHa o po3buBae NpocTip Ha ABa niB-
npoctopu. lNnowmHa o — Mexxa niBnpocTopy.
3BepHITb YBary Ha aHasorito: To4uka po30mBae Nps-
My Ha ABi NiBMNpsMi (ABa NPOMEeHi), npsima po36bu-

BA€E MJIOLWMHY Ha OBi MIBMIOLLNHN.

Man. 59

45

SAMUTAHHS | 3ABAAHHS OJ19 CAMOKOHTPOJIIO

. fIki gBi mpsaMi HasuBawOTH MapaieIbHUMU?
. ki gBi mpami HasuBawTL MUMOOLKHUMUI?
. Hapegits npukjagm MUMOOLKHUX HNPAMUX, MOLEJIOIOUN iX: ABOMA OJIiB-

AMU, peuamMu, IO € B KJaci.

. CohopwmyroiiTe i JOBEiTh 03HAKY MUMOOIKHOCTI IPAMUX.

OpAMii?

. Ckinpku IIPAMHUX MOMKHAa IIPOBECTHU Uepe3 JaHy TOUKY IIapaJjieJIbHO I[aHifI

. ChopmyroiiTe TeOpeMY IIPO TPAH3UTUBHICTh MapajejJbHUX MPAMUX.

Axi Bigpisku um mpoMeHi Ha3sWMBAIOTH HapaJeJbHUMU?

BUKOHAEMO PA3OM

o ABCDAB,C,D, — xy6. [oBenits, 110 npsd-

Ma AB mumobixkHa 3 npamoio CC, (mamu. 60).
IIpama CC, mexurs y muomuai BCC,B,,
a mpsama AB mepeTHHAE IO IJIOIIHUHY B TOY-
ui B, aka #He jgexuth Ha CC;. Tomy 3rigHO
3 03HAKO0I0 MUMOOiKHOCTI mpsami AB i CC, mu-
MOOiKHi.

K, P, T, M — cepenunu pebep AB, AC, CD,
DB terpaenpa ABCD. JloBeaiTs, II10 YOTUPU-
KyTHuK KPTM — mapaJjejorpam.

Bigpisku KP i MT — cepenHi giHil TpPUKYT-
HuKiB ABC i DBC (man. 61). Tomy KoKHUIA
3 HuX napaJieabHui peopy BC i mopiBHIioe iioro
MMOJIOBUHI. 3a BJIACTUBICTIO TPAHBUTUBHOCTI
Bigpisku KP, MT napajnenbHi i1 piBui. OTike,
yoTupuKyTHUK KPTM — mnapaJjieaorpam.

B,

¢,
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e ITpsami AB i CD mumo6ixui. Yn MoxyTh OyTu mapanenbHuMy npami AC
i BD? A meperuHaTucs?

o Axo6u upsami AC i BD 0yiu napajelbHUMU a00 IepeTUuHAINCA, Yepes HIX
MOJKHAa 0yJio 0 IIpOBECTH ILIOIMUHY. ¥ il mIOIuHI Jexxau 6 Touku A, B,
CiD, aorxe, inpami ABiCD. Ane 3a ymoBoio npsami AB i CD He j1exaThb
B oxHi# mmomuHi. OTiKe, tpaMi AC i BD He MOXyTh OyTH Hi TapajeabHU-
MU, Hi mepeTuHaTHCAd.

SAOAYI | BIPABU

B, C,

A :

114. Mano xy6 ABCDA,B,C,D, (max. 62). Ha- i
3BiTH #10r0 pebpa, AKi: a) mapangenbHi AA;; A, i D,

0) mepeTuHAOTH AA;; B) MUMOOiKHI 3 AA;.

115. HasBiTh Tpu mapu MUMOOGIKHUX NPAMUX, B c
Ha SKUX JexkaTb pedpa Terpaeapa ABCD N R~
(mas. 63). -

116. ABCD — retpaenp (ma. 63). Uu mapasenb- A D

Hi fioro pedpa AB i CD? Yu mepeTuHAaOTHCA
apsami AC i BD?

117. Yu mapaJsienbHi Bigpisku a i ¢, aximo al|b
ibllc?

118. Bigomo, mo acao, blla. UYu moxke mps-
Ma b meperuHaTH o7

119. Ilpami AB i CD mnapasenbHi. Y1 MOKYTH
O0ytu mMumobixkHuMu npami AC i BD?
A nmeperunatucsa?

120. Yu mo:xHa BBasKaTH IPABUJIbHUM TaKe O3Ha-
yeHHA: «[/IBi mpaMi HasWBaOTHL MUMOOIK-
HUMU, SKITO0 BOHU He IEePEeTHMHAIOThCA 1 He
mapajeabHi» ?

121. ABCDA,B,C,D; — ry6 (man. 62). Ycrano-
BiTh BigmomigHicTh MiKk mpamumu (1-3)
Ta iX B3aeMHUM po3Mimtennam (A-T).

1 DCi DD, A Tlapanenbhi
2 B,DiBC b Ileperunatorbcs
3 AB,iDC, B Cywmimaiorsca

I' Mumo6iskui

Maun. 64

122. PosrasanbTre MaaioHOK 64. 3HANAITh HA HHOMY MaTepiaJbHi MoesIi yacTuH
OpAMUX: a) mapajieibHuX; 0) MUMOOIMKHUX; B) IO HePETUHAIOTHCA.
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123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

ITomapHo mapaJienbHi IpAMi a, b i ¢ mepeTuHAITH
IIOIMMUHY O B Toukax A, B i C, AK mokasaHo Ha
MaJIOHKY 65. Uu Hase)xaTb HaHI OpaMi omHii
TJIOIIIIAHI?

IIpami BB, i CC,, 300pakeHi Ha MaJlOHKY 66,
nepeTuHAIOTH Ipamy A, B y Toukax B i C, a mio-
muHy o0 — y Toukax B; i C,. YUu mapaJienbHi
upawmi BB, i CC,?

ITapanenorpamu ABCD i ABC,D, nexatb y pis-
HUX IJiomuHax. IloBediTh, M0 YOTUPUKYTHUK
CDD,C, — Te:x mapaJieJorpam.

Touxka M uHe mexkutrsb y miomuai rABC. fke
B3aeMHe posMmimienus npamux MA i BC? A nps-
mux EF i PK, akimio touku E i P jexxaTb Ha
npamiit MA, a touku F i K — Ha npawmiii BC?
Yepes Bepmuuay A mapasesorpama ABCD mpose-
JIeHO TIPAMY a, AKa He JIeXKUTH y IJIOIIMHI Iapa-
JeyiorpaMa, a uepes Touky C — mpamy b, ska ma-
pasenbua BD. JloBeniTh, 110 @ i b — MuUMOGiKHi.
ABCDA,B,C,D, — mnapaneneninezn. Hosenits,
o mioiuHa (ACC,) TPOXOAUTH Uepesd TOUKY A;.
Ilpawmi a i b mapanensHi, a b i ¢ He mapaJiesbHi.
HoBenmiTh, 1110 IPAMi a i ¢ He mapaJjeJibHi.
HoBexmiTs, 1110 TapajgenabHi IpaAMi, AKi mepeTnHa-
IOTh JAaHy IPSAIMY, JIEXKATh 3 HeI0 B OJHIN IJIOIITIHI.
TLmomuuu o i B mepermHAOTHCA MO UPAMIl c.
Aea,Be a,Cef, Def.Ilpami AB i c neperuHa-
1oTbesa y Toutti M, aCDic — ytouri N. fIxe B3aem-
He poaMmimenua npaMux AB i CD, SKIIT0: a) TOYKHU
M i N s6irarorecs; 6) Touku M i N He 36iraroTbca?
Bigpisku OA i OB mepeTHHAIOTh IJIOIUHY O
B Toukax A; i By, AKi € cepefmHaMu 11X Bigpis-
KiB. 3HaugiTe Bimcranb AB, akino A,B; = 3,8 cMm.
Bepmimaamu tpukytHuka ABC € cepeiuHU Bij-
piskiB OA,, OB,, OC,. Touka O He JIE}KUTH y ILJIO-
muHi TpukyTHUKA ABC. ¥ CKiJbKU pasiB mepu-
MeTp TPUKyTHUKa A;B;C; 6ibIuii 3a mepuMeTp
TpukyTHuka ABC?

Yepes kiumi Bigpiska AB i iioro cepeaguny M mpo-

BeJIeHO mapaJiesibHi IPaMi, SKi IepeTuHaTh AeAKY IIJIOIIUHY B TOUKax A,
B,, M, (man. 67). 3uaiigitTe noB:KuHy Bigpiska MM ,, axiio AA, = 6,5 ™,

BB, = 8,5 m.
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135

136.

137.

138.

139.

140.

141.

142.

143.
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.3 TouoKk A i B IJIOIIMHMU O, IPOBEAEHO I103a HeI0 MmapajiesibHi Biapisxu
AK =16 cm i BM = 12 cm. I[Ipama KM mepeTuHae MJIOIIUHY O B TOY-
ui C. 3uatigite Bigcraub AC, arkmio AB = 9 cm. PosrasaabTe ABa BUMIAIKN.
Touka C minuth Bigpisox AB y Biguomenui AC : CB = 2 : 3. IlapanenbHi
npAMi, AKi TpoxoaaTh uepes3 Touku A, C, B, mepeTHHAIOTH AeAKY IIJIOIIUHY
B Toukax A,, C;, B,. 3uainits BigHomenua A,B, : A,C,.

Yepes kimenp A Bigpiska AB npoBeaeHO ILIOIUHY O. Yepes Kinens B i Tou-
Ky C 1mporo Bimpidka IpoBeAeHO IapajiesibHI mpAMi, AKi mepeTWHAIOTH
IJIOMMHY O B ToukKax B; i C,. 3HaiiniTe moB:kuHy Bigpiska CC,, AKIIO:
a) AC:CB=3:2iBB;,=16 nm;

0) AC, : C;B,=2:11iBB;=12 nm;

B) AB: BB, =4:31AC=m.

ITigmpuemenb BUTOTOBJIAE 3 TPAMOKYTHOI aJIfoMiHi€eBO1 E"
TPyOU PO3CYBHIi ApabuHM 3 JBOMA 3aMO0IKHUMY peMe- / L
Hamu (maja. 68). Ha kokHi#l cToponi npabunuu € 7 1a- [ |'
OeJiB, IO 3aKpimjeHi HAa ABOX OIOPHUX KepPAWHAX. /““:

a) YKaxXiTh, AKi eJeMeHTHU I1iel ApabUHU € apaJiesib-
HUMH, a AKi MEMOOIMHUMU.

0) YcraHOBiTH, CKiJIBKM IIOTOHHUX METPiB TPpyOu mMae
KYOUTHU TiJOpUEMENb JJId BUTOTOBJIEHHA ONHi€El Ta- !
Kol apabuHu, aximno mupuHa gpadbuuu 0,5 M, a 70B-

KuHa y 3,3 pasdy Oinbina. BpaxyiiTe, 1110 JOBXKUHA Mau. 68
npodisa Tpyobu — 6 M.

B) Ywm Buctrauuth mignpuemiro 18 000 rpH, 1106 nmpugbaTtu TpyoOu HA BU-
TOTOBJIEHHSI 5 TaKWX ApPaOWH, AKIINO HOTOHHUN MeTp TPyOU KOIITYE
255 rpu?

Y rerpaenpi ABCD touku M, N, P, K — cepenunu siapiskis DC, DB,

AB, AC. 3uaiigite AD i BC, aximo AD : BC = 3 : 2, a mepuMeTp YOTUPIU-

rkyrauka MNPK nopiBaioe 10 cm.

Touku M,, N,, P,;, K, — cepenunu pebep DB, DC, AB i AC Terpaenpa

ABCD. Touku M, N, P, K — cepenunu Binpiskie DM,, DN,, AP,, AK,.

3uainite nepumerpu yoTupukyTHukiB MNPK i M,N,P,K,, sxkmo BC =

=20 cm, a AD = 16 cm.

IIpsawi a i b mumo6iskHi. Touka M He HaIeXKUTh IPAMUM a i b. Uu MoKHa
yepe3 Touky M mpoBecTH ABi mpaAMi, AKi OyAyTh nepetuHaTu npami a i b?
IIpami a i b mapanenpHi. M¢a, Meb. Yepes Tourky M Tta mpami
a i b npoBeneHo mIOIUHY O i B BigMOBiAHO, SAKi MepeTUHAIOTHCA IO MPS-
mi#i c. [loBeniTh, 1m0 allc i b||c.

IIpawmi a i b Mumobiskui. M ¢a, M ¢b. Uepea Toury M Ta nipami a i b mpo-
BeJIEHO TJIONMIWHY O i [ BiAMOBiAHO, AKi MepeTUHAIOTHLCS MO MPAMIN c.
flKe B3aeMHe PO3MIillleHHsA NPAMUX @ i ¢, b i ¢? BignoBigs oOTr'pyHTYIHTE.
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144.

145.

146.

147.

148.

149.

Hamo Touku A, B, C, D, AKi He Jie;kaTh B oOAHiN moiuHi. [JoBeniTs, 1o
mpaMi, gKi crmoay4uaioTh cepensuuu Bigpiskis AB i DC, AD i BC, neperu-
HaIOTLCA B OJHIN TOUII.

Hawmo Touku A, B, C, D, aKi He Jie;kaTh B ofHiN mromuHi. [oBeniTs, mo
mpaAMi, AKi cmosiyyaroTh cepeaunu BinpiskiB AB i CD, AC i BD, AD i BC,
epeTUHAIOTHCSI B OJHINA TOUIII.

Bidxpuma 3adaua. [awno xyo ABCDA,B,C,D,.
YcraHoBiTH BBaeMHE po3MimieHHA npamux MN
i PK ta npamux MP i NK, akmio Touku M, N,
P — cepenunu pebep AA,, AD, CC, BinmoBigHO,
a Ttouka K
Yepes Bepmuny D mapainesnorpama ABCD mpo-
BeJIEHO TJIOIIUHY, a uyepe3 Touku A, B, C — ma-
payienbHi IpaAMi, SKi IepeTHAIOTh I[I0 IIJIOITUHY
B Toukax A,, By, C, (maun. 69). 3natixzits BB,
akmo AA, = 15 cm, CC, = 17 cm.

Hexait O — Touka meperuHy amiaroHaJsieil mapaieiaorpama ABCD, a o —
IJIOIIIMHA, AKa He IepeTHMHae mapaiejorpam. Yepes touxku A, B, C, D,
O mpoBeneHO ImapaJieJibHi IPAMi, IKi IepeTUHAIThH IJIOIMIUHY O B TOUKaX
A,, By, C,, D,, O,. loBexnite, 1mo: a) AA, + CC, = BB, + DD,; 6) AA, + BB, +
+ CC, + DD, =4 - 0O0,.

ARy ¢irypy yTBOpPIOOTH yCi BiApisKwM, IO CIOJAYYaOTh OYAb-sIKi TOUKU
IBOX MUMOOiKHMX BigpiskiB?

150%. JlaHo nBa MUMOOI'KHUX BifpisKu. 3HAWAITH TeOMeTPUYHE MicIle cepeauH

151%,

BiZpisKiB, II[0 CIIOJIy4alOTh OYAL-AKY TOUKY OJHOIO 3 HUX 3 OyIb-sIKOIO
TOYKOIO APYTOro.
HoBexiTs, 1110 B TPOCTOPi icHYe IpUHANMHI TPU ITOITaPHO MUMOOiKHI TpAMi.

152%, {x nmobyayBaTu IPAMY, 1110 IIEPEeTUHAE TPH AAHI IIOIapHO MIMOOIMKHI Ipami?

153.

Tpu npami y mpocTopi MosKHa pO3TallryBaTy 6araTbMa PisHUMU CIIOCO0aMU.
Yci BoHU MOXKYTBH IIepeTUHATUCSA B OfHi# Touri (masn. 70, a), ogHa 3 HUX
MOJKe IIepeTUHATH OBi iHImi, SKi He MaloTh CIiIbHUX TOUOK (MaJu. 70, 0),
BOHU MOKYTbh II€PEeTUHATHCA IMOIIapHO Y TPhOX PisHUX Toukax (MaJ. 70, 8).

VA
/\ A\6B\ AbC\

a

Maun. 70
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a) 3pobiTh i3 COJIOMUHOK (CHpPaBKHIX UM AJA KOKTEHJI0) MOJesi ajisd
KOJKHOTO 3 IlepejiiueHnx BUIlle BUIaaAKiB. Uu 3aBK /M BCi Tpu npAMi Ha-
JeaTh OSHIN IIomuHi? YCTaHOBiTh, ¥ AKOMY BUOAAKY BCi Tpu mpsami
000B’sI3KOBO HaJIeXKaTh OAHiM miomuHi. O6r'pyHTYyIiTeE.

0) 3a momoMOTroM0 apKylia mamnepy (IleperuHaHHAM) CIIPOOYHTEe CTBOPUTHU
MOJeJIb PO3TaIllyBaHHSA TPHOX HMPAMUX, OSHA 3 AKMX MUMOOIKEHA KOMKHI
3 IBOX iHIIIUX.

154. TTo6ynyiiTe mepepis mpaBuabHOTO TeTpaeapa PABC IIOINIUHOIO, SKa IIPO-
xXoauTh uepe3d Touku P, M, N, ne M i N — cepenunu pebep AC i BC.
3HanmiTe Kocunyc Kyra MPN.

155. ABCDA,B,C,D; — ry06, M — cepenuna AA,. IlobynyiiTe mepepis Kyda
IJIOIINHOIO, IKA IIPOXOAUTH ueped Touku B, D, M. 3maiimiTh miaroHajib
Ky0a, AKII0 IJIOIa mepepisy AopiBHIOE 646 cwm?.

156. PisHuIig kateTiB IPAMOKYTHOTO TPDUKYTHUKA — 7 CM, a MeJiaHa, IpoBeieHa
3 BePINTMHU IIPAMOTO KYTa, AopiBHIOE 6,5 cM. 3HANIITH MJIOITY TPUKYTHHUKA.

NMapanenbHICTb
NPSAMOI | NJIOLWUHN

SIK MOKYTH pO3TaIIOBYBaTHCS B IIPOCTOPi mpAma i miomuHa? Posrasubre
MaJIoHOK 71, a—s.

,_.Hn_.

a 0 8

Maun. 71
Bouu mMoKyTh:
1) mepetuHaTHUCA, TOOTO MATH TiJIBKYU OAHY CHIJIBHY TOUKY;
2) He MaTHu KOJHOI CIIiJILHOI TOUKU;
3) Ko:KHa TOUKA IIPAMOI MOKe JIe;KaT! B ILJIOIIMHI.
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Y npyromy BUNAIKy Ka)XyTh PO IMapajesIbHICTh IPAMOI i IIJIONTUHUA.
IIpamy i miaommHy Ha3WBAIOTH MapajieIbHUMU, SKIO BOHW HE MAaloTh
CITIJIBHUX TOUYOK.
Sxmo npamMa a mapaJsiesibHa TJIOIIWHI O, TAINYTH: al|lo .

“TEOPEMA |6

(O3Haka napanenbHOCTI NPSAMOI | MNOLWNHN.) AKLLO0 NPSMa, Ka He JIeXUTb
y MJOLWMHI, NnapanenbHa AKik-HeOyAb NpaMiii NNOWMHK, TO BOHA napa-
NneJsibHa i camMiil NJIOLWWMHI.

OOBEAEHHS4.

Hexaii mpsiva b He JI€KUTh Y ILJIOIITIHI O, TIPS-
Ma a JeXXuTh B o i b|la. doBememo, mo i bl o.
IIpunyctumo, mo npama b He napajgenbHa |
IJOINMUHI O, a MmepeTHHae ii y medAkriil TouIri S a 7
P (mas. 72). Ila TouKa JEXKUTH y IJIOMMHI o P
o i y muomuni B, AKa TPOXOAUTL Uepes Ia-
pasenbHi mpami a i b. OTsxe, Touka P JIeXKUTH Maur. 72
Ha IpAMili a, 110 AKil mepeTHHAIOTHCS ILJIOIIUHNI
o i B. Hpwuiiniu 1o cynepedHocTi: npAMi a i b mapasienbHi i ogHOUYACHO Ma-
IOTH CHiNBbHY TOuKy P. OTixe, mpaMa b He MosKe IIepPeTUHATH ILIOIIMHAY O. [

AKW 0 NoWMHA NPOXOAUTb Yepe3 NpsamMy, napasesibHy Apyriin nnowm-
Hi, i nepeTnHae LU0 NJOLWMNHY, TO NPsSiMa X NepeTuHy napanesnbHa AaHin
npamin.

AOBEAEHHSA.

Hexaii b|la, bcB, o \B=a (man. 73). Hosegemo, mo a||b. Ix6u npami
a i b meperuHaanCcd, iX TOUKa mepeTUHy OyJia O CIiJIbHOIO AJA IPAMOI b i mio-
muH" o. [le HeMoKJINBO, OcKiIBbKY b || .. OToke, IpAMi a i b He TepeTUHAIOTHCS,
a Jearhb B ofHil muomuui B. Tomy al|b. [

Bigpisok a6o mpomiHb Ha3WBaOTL mapa-
JIGIBHUM ILJIOINWHI, AKIIO BiH € YaCTUHOIO IIPs-
MOi, mapaJjejIbHOl IIJIOITIHi.

KoxxHe pebpo mapaJienenimena mapaJiejibHe
IJIOIIIMHAM JIBOX ioro rpaHeit. Mynapu KiagyThb
CTiHY ITiJ BUCOK, IITHYP SIKOT0 mapaieIbHUH IJI0-
IUHI cTiHM.
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TopusoHTaNbHI IJIAHKKM MOTOBHIJIA 3€PHO30MPAaJIb-
HOr'0 KOMOAMHAa X0U i 3MiHIOIOTH CBOE IIOJIOMKEHHS IIiJI
yac pobOTH, 3aJUIIAIOTHCA MapajeJbHUMHU TJIOITMHIL
moJis (auB. Maj. 64). I mpsama, mpoBeseHa B rpaHi 6pyc-
Ka 3a JDOIOMOTOI0 peiicmyca (MaJ. 74), — IJIONMIMHAM
TPHOX I'paHel. ¥Yce Ile — MaTepiaabHi Momesi mapa-
JeJIBLHOCTI IPAMO] i MJIOIITUHMA.

SAMUTAHHS | SABAAHHS
ANn9 CAMOKOHTPOJIIO

Ax MoKyTH OyTH pO3TAIlOBaHi B MPOCTOPi IpsAMa i mioruua?
Chopmy.roiiTe O3HAUCHHS IIapaJeJbHOCTI IPAMOI i IJIOIIUHN.
ChopmyrroiiTe i JOBeIiTH OBHAKY HapaJeIbHOCTI IIPAMOI i IIJIOIUHN.
Yu mMosKke Biapisok abo mpoMiHb OyTU mapaJjejJbHUM MJIOIIUHI?
SIxunii BiApi3oK HA3MBAIOTH IMapajeIbHUM ILJIOMHNHI?

Suh N

BUKOHAEMO PA3ZOM

0 IInomuua nmepernuae ctoporu aABC y Toukax

M i K (MeAB i KeBC) rak, mo AC]|a, B
AM : MB=2:5 (man. 75). 3HaigiTe AC, AKIITO
MK = a.

® Ockimexu AC|loo i ACc(ABC), To miomuHa
2ABC mepeTWHAa€ MIJIOIUHY (O II0 IPAMiil, AKa
napaJyeabHa AC (Teopema 7), TooTo MK || AC. Toxi
rMBK ~ArABC. Maewmo:

MK _MB . a _5

-/ = o — == 3Bigcu AC = 1,4a.
AC AB AC 7 — -
9 HoBeniTs, 110 uepe3 OyAL-AKY 3 JBOX MUMOOiK- A C
HUX IPAMUX @ i b MOXKHA IIPOBECTH ILIOIIUHY O,
mapaJjiesIbHy iHIITiA mpaMiii. Mam. 75

® Ha manoary 76 300pakeHo MHUMOOiIXKHI mpsami

a i b. BizeMeMo Ha mpamiii a Toury A i mpose- v
JeMo uepes Hel IpaMy ¢, IapajeJbHy OpaMiii b. 0 O
Yepes mpsami a i ¢, 1110 TIEpeTUHAIOTHCA, ITPOBEIEMO ‘
miomuuy o. Ile i € mrykana mJolinHa.

e Yepes cepenuau M i N pebep AD i CD mapaJie- /b
neninena ABCDA,B,C,D, npoBeieHO IIJIOIIUHY
napaJsiesbuo B, D. Ilob6yayiiTe mepepis mapaJeJe- Man. 76

mimesa I1i€io MJIOIIMHOIO Ta BCTAHOBITH, V IKOMY
BiHOIIIEHHI BOHA AiJuTh pedpo BB;.
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Hexait y nmapanenenineni ABCDA,B,C,D, TouKu
M i N — cepegunu pedep AD i CD (manx. 77).
ITo6ynyemo mimomuuy BB,D,D, Aka mepeTmHae
Bimpidok MN y Toumi P. Uepesd Touky P y mjo-
muni BB, DD nposegemo PK || B D.

3HalgeMo TOUYKY E — TOUKYy HepeTUuHY HNPAMHUX
AB i MN — Ta mpoBenemo Binpisox EK, axwuii
neperuHae pedbpo AA, y rtoumi X. AnHajsoriuno
oynyemo Bimpisox KZ. IlposiBmu Bigpisku XM
i ZN, orpumaemo mrykanuii mepepis MXKZN.
Ockinbku ABCD — mapanemorpam, To BP : PD =
=3 : 1. Toxmi 3 moxi6bHOCTI TpUKyTHUKiIB B;BD
i KBP BunnuBae, mo BK : KB, =3 : 1.

3A[AUI | BTPABU

157. 3uaiigiTh cepel HABKOJUIIHIX IpPeIMeTiB MOJeIi MPAMUX i MJIOIUH, AKL
nmapaJjeabHi Misk co00I0.

158. CopocryiiTe TBepI:KeHH: «JKImo npami a, b i mrommea o Taki, 1o allo
iblla, To al|b».

159. IIpama a mapajgenabHa OpAMii b, a b mapajaeabHa MJIOIINHI ). Y1 BUILIIBaE
3 IBOT0, 1110 a||o?

160. Koskua 3 miomiue o i B mapanenbHa npamii a. Yu MOKYTb i MJIOMIUHA
nepeTuHaTUCH?

161. IIpama a uepermHae miaomuHy o. CKIJIbKKM MOYKHA HPOBECTH IPAMUX,
I10: a) IePeTUHAIOTH IJIOIINHY O i mapajgeabHi npaMiil a; 6) mepeTUHAIOTH
npaMy a i mapajeabHi IIOMUHI o7

162. CKinbKU IPAMUX, TapaJeJbHUX AaHiH MJIOIIUHI O, MOYKHA IIPOBECTHU Uepes
IaHy TOUKY A, axkmo A¢o?

163. CKinbKM TIJIOIIWH, MapajeJbHUX JaHill NMpAMili, MOKHA IIPOBECTU Uepes
IaHy TOUKY?

164. ABCD — mapajenorpam. Ilmomninaa o IpoXoguTh
yepes 1oro BepiiuHu A, B i He IPOXOIUTH Uepes
Bepmuny C (majn. 78). Hosexitwh, mo CD | o.
165. [JoBeniTs, 1110 KOJU IJIOIIWHA IEPETUHAE TPaIIe-
miro mo ii cepemHiil Jimii, To BoHa mapaJjesibHA
ocHoBaM Tparmellii. 3o06pasiTe BigmoBimHuii Ma-
JIFOHOK. Man. 78
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171.

172.

173.

174.

175.

176.

177.

178.
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Tourku A i B nekaTs y miomnuHi o, a O — moaa miaoniuHoo. [loBemiTs, 1110
mpsaMa, sKa IPOXOAUTDh uepesd cepeAuHu Binpiskis OA i OB, mapaJjienbHa
TJIOIITUHI O.

IInomuua o meperunae Bigpisku AB i AC B ixHiX cepegmHaX — TOUYKAax
K i P. HoBexnitw, mio Biapisok BC mapaJiesbHU# mioiiuHi o. SIK BigHO-
cATHCs: a) mepumeTpu TPUKYTHUKIB ABC i AKP; 0) 1mIoIi TPUKYTHUKIB
ABC i AKP; B) nnoti mHOroKyTHUKIB AKP i BKPC?

Inomuum o i B mepernHaoThea 1o npamiin ¢. IIpava a€ o. YCTaHOBITH
B3a€EMHe PO3MillleHHs MPAMOI a i miomuHu o. 300pasiTh IIi BUMAAKH.
Y tpukytHuky ABC uepe3 TouKy M — cepenuHy cTopouu AB — TIpoBe-
meno mwiomunay o, ol BC, o[JAC =N. 3naiigits: a) BC, axkmo MN = a;
6) Seuwe * Suan-

Ilnomuua o meperunae cepenunu xaretiB AB i AC piBHOOeIpeHOTO MIpsi-
MOKyTHOTO TpukyTHUKa ABC y Toukax M i N. Hosenits, mo BC| o,
i 3HaNAiTE BigHOIEHHA Ppynvet Poan-

Yepesd Touky M — cepenuny rinoreny3um AB mpAMOKYTHOTO TPUKYTHUKA
ABC — mpoBezieHO ILIOIIUHY O, IapajejbHy Kartery BC, sKa mepeTuHae
rarer AC y rouni N. 3uaiiaite CM, axmo BC : AC=6:8, S ,,v =24 cm’
Hamo Hermocky 3amMKHeny Jiamany ABCDA

(man. 79). HoBexmiTh, 110 cepegwHU BCix il

JIAHOK JIeXKATh B OJHIN TJIOITUHI.

PABC — TeTpaenp, Ko:KHe pedpo aKoro 6 cM.

IToGynyiiTe mepepis TeTpaeapa MIOIIMHOIO, KA

IIPOXOIUTEL uepes cepenuny pedopa PB mapa- A

JenbHO pedopam PA, PC. 3HalgiTh mepuMeTp

IIBOTO IIepepisy.

IToGynyiiTe mepepis Terpaeapa PABC mioiu- Mau. 79

HOIO, IIapaJieJbHOI0 pedpy AB, AKa IPOXo-

IUTH uepes BepinuHy P i cepenuny pedopa BC. 3HalAiTh MJIOILY IIepepisy,
axiio AB=BC =CA =a, PA=PB=PC=b.

ITo6ynyitTe mepepis kyoa ABCDA,B,C,D, LIOIINHOIO, IKa IPOXOIUTH Yepes
cepenuHu pebep AB, AD i mapanensHa npawmitt CC,. 3HaWAiTh HePUMETP
i oy mepepisy, axio AB = I.

ITo6ynytiTe mepepis Terpaeapa ABCD miomumHOI0, AKa IPOXOIUTH UYepe3
cepenuny pebpa CB napanenbuo npamuMm AC i DB. Busnaure Bujg yTBO-
peHoro mepepiay.

ITobynyiiTe mepepis Terpaenpa ABCD MJIOIIUHOIO, KA HapajejibHa MIPs-
muMm AD i BC ta nmpoxoauTts ueped Toury M, M e AC, AM : MC =2 : 1.
3HalgiTe mepuMeTrp mepepisy, aximo AD = a, BC = b.

Touku B i C He je:kaTh Ha nNpaAMiil a. CKiJIbKY iCHY€ IIJIOIINH, ITapaJiellb-
HUX @, AKi IpoXoaaTs uepes Touku B i C? Po3riasubTe BCi MOMKINBI BUIAAKN.
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179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

SKI10 yepes KOMKHY 3 TBOX IapaJjieIbHUX NMPAMHX IIPOBEIEHO ILJIOIINHY,
IPUYOMY IIi IVIONIWHYU MEePETUHAIOTHCH, TO JIiHisS IX mepeTuHy napaJiejgbHa
KOKHiN 3 manux npavux (maua. 80). loBemiTs.

IIpama, axka mapaJjieJbHA KOKHIN i3 TBOX ILJIOIIWH,

1[0 IePETHHAIOTHCA, IapaJjieJIbHA JIiHIl IX IepeTuHy.

JoBemiTk. l
IloBeaiTh, 1110 KOJIM KOYKHA IJIOIUHA, KA IIePEeTHHAE
OJIHY 3 IBOX NaHWUX IMPAMUX, IEPETUHAE i APYTy, TO /

i mpAMi mapaJjesibHi.

HoBeniTh, mo Bci mpami, AKiI IepeTWHAOTH OJHY

3 IBOX MUMOOIKHUX MPAMUX i ImapajejbHi IPyTrii, Maur. 80
JIe;KaTh B ONHIN ILIOITMHI.

Yepes Touky M — cepenuny rinorenysu AB TPUKYT-
HuKa ABC — mpoBeIeHO TLIOINHY O, AKa IapajejbHa
karery AC i neperunae xkarer BC y Touni N. CM =a.
SHAUAITE S ,p.-

Ha 6iuniit croponi AB tpanertii ABCD B3saTo0 Touku M,
M,, M, rax, mo AM, = M,M, = M,M, = M,B, i uepes >
Touku M,, M,, M ; IpOBeieHO ILJIOIINHY, K ITapajeslb- A

Hi AD. I1i nurormmay nepeTnHAIOTH cTOPoRy CD y TOUKax

Ny, N;, N; Bignosinso. 3HaUAITE: &) Sy, t Sasens Maur. 81

6) Saunp:Supcn,> AKIO AD =a, BC = b.

Tpamerii ABCD i AMND jnexxarb y pisHux mioinuHax. IloOyayiiTe ToU-
Ky neperuny moimnuHu (BCP) i mpamoi ND, akiio P — noBiJibHa TouKa
npamoi AM (mam. 81).

¥ rerpaenpi ABCD Touka M — cepenuuna AD, NeDB, DN : NB=1: 3.
IToGynyiiTe mepepis TeTpaeapa IJIOIIUHOIO, KA HMPOXOAUTH Uepes3 TOUKU
M i N nmapanenapro BC. O6uucaiTh mepuMeTp i oIy mepepisy, AKIIMo BCi
pebpa TeTpaeapa ILOPiBHIOIOTH a.

Hano terpaenp ABCD, y skoro LADC=90°, M e AD, AM : MD =1 : 3,
NeDC, DN : NC =1 : 3. 3uaiiiiTh ILJIOIY IIepepidy, AKUi IPOXOAUTD Ue-
pes3 Touku M i N nmapanensuo BC, aximo DA = DB =DC=b, AB=BC =AC.
IToGynyiiTe mepepis Terpaenpa ABCD MIOIUHOIO, AKa IIPOXOIUTH UYepes
rouku C, M (M € AB) i napanensna npamiii DE, ne E — cepenuna BC.
Hawmo nmpaBuabHUil Terpaeap ABCD, pebpo skoro nopiBuioe 12 cMm, i ToU-
Ka M — cepenuna AC. IloOynyiiTe mepepis Terpaeapa ILIOIIUHOIO, AKa
MIPOXOAUTEL uepe3 ToOUKy M i 3amoBoJsibHsie ymMoBu (1—4). YcTaHOBITH Bif-
MOBiAHiCTh MidK IOOyZOBaHMMU Ilepepisamu Ta ix mepumetrpamu (A—]I).

N

1 ILnomuua mepepisy napasnenbraa npamum AD i BC A 18 cm
2 ILnomuua mepepisy napaJenbHa npamum AD i BD B 6(2 J3 +1) em
3 ILmomuHa mepepisy MPOXOAUTEH Uepe3 TOUKY B mapa-
< B 24 cm
JIeJIbHO TIpAMint AD
4 TlnomHa mepepisy IpoXoguTh depes Touky K mapa- I 18V3 cm
JaeabHO npamint CD, akimo Ke BC i CK:KB=1:2 II 2ﬁ(2+ﬁ) cM
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190. Touka M — cepenuHa pebOpa BB; IPAMOKYTHOTO IapaJjejenimena
ABCDA,B,C.,D,. IlobynyiiTe mepepis mapasejeninena IJIOMIINHOI, AKA
IPOXOAUTHL yepe3 Touku A i M mapasenbuo B;D. 3HAUAITH IJIOITY Hepe-
pisy, axmio AA, = a, AB=BC =b.

191. V¥V xy6i ABCDA,B,C,D, touka M — cepenuna pedopa AA,. Yepes Touku M,
B, D npoBeneno niepepis. [floBexiTs, 110 et nepepis mapaaeabHUN IPAMIT
A,C, ra sHalgiTh moily mepepisy, akiio A,C = d.

192. V napanenenineni ABCDA,B,C,D, B3aro touku M € A;B,, N € A D, Taki,
mo B,M : MA, =A,N : ND, =3 : 1. [lo6ynyiiTe mepepis nmapaJieyemninena
IJIOIIIMHOIO, TKa TPOXOAUTh uepe3d Touku N i M mapanensuo D, D. 3uaii-
IiTh MepuMeTp mepepisy, AKINo Bci pedpa mapaJjeserinena JOPiBHIOOTH a,
ZABC =120°.

193*. Yepes cepenunau M i N pebep AD i CC, napaneneninega ABCDA,B,C,D,
IPOBEIeHO MJIONMHY napajsenbno B;D. IloO6yayiiTe mepepis mapaJseserri-
meja Ii€io IJIOMIMHOIO Ta BCTAHOBITH, Yy AKOMY BiJHOIIEHHI BOHA IiJUTh
pebpo BB;.

MPAKTUYHE 3ABOAHHS

194. IligroryiiTe mpeseHTaIlil0 HA TeMy « B3aeMHe po3MillieHH IPAMO] i IIO0IIH-
HH Y ...», OOpaBIIIY OAHY 3 IIiATeM: TeXHiKa, 100y T, Ipupoaa, Oy IiBHUIITBO,
TOPTiBJs, CiIBChKE TOCIIOAAPCTBO, MUCTEIITBO, CIIOPT TOIIO.

ITapanensHicTs mpsaAMoOi i mIOIMHEN

3AJJ,A'-II AJ19 NOBTOPEHHSA

195. [Mano nBa mapamnenorpamu ABB;A; i ACC.A,, AKi JneXaTh y PiBHUX ILJIO-
muHax. JoBeaits, mo rABC= A B/C,.

196. Ha Bigpisky AB B3aTo TouKy M Takry, mo AM : MB =1 : 3. Uepes Tou-
Ku A, B, M mpoBeneHO mapajiesibHi IpaMi, AKi MepeTuHAOTh ILIOIIUHY O
y Toukax A,, B;, M, BigmoBiguo. AA; =10 cm, BB, = 16 cm. 3naiigite MM,
AKIO: a) Biapisok AB He mepeTWHAaEe ILIOIIUHY O; 0) Bigpisoxk AB mepe-
TUHAE ILJIOIIUHY O.

197. Cropona pomba SOPiBHIOE @, & TOCTPUH KYT ¢ SHANAITL HiaroHasai pomoba
Ta MO0 TJIOMTY.




NMapanenbHIiCTb
NJOLWUH

IToguBiThCA HaBKOJIO cebe. AKi eTeMeHTH JOBKiIIS MOKHA BBaKaTU MaTepi-
AJbHUMU MOJEJSAMMU IJIOIUH UM IXHiX yacTuH? KUM € B3acMHe PO3MillleHHSA
MUX «IJIOIHH» (Maja. 82)?

Mau. 82

HBi mromumHaM Ha3WBAIOTH MapPaJIeIbHUMM, SKIITO BOHY HE IEPETUHAIOTHCH.
Axuro miomuay ¢ i B mapanenbui, numryts: ol .

“reopEMmA [8]

(O3Haka napanenbHOCTI NNOLWVH.) AKWOo ABi NpsAMIi, WO NepeTUHalTbhCs
i nexxaTb B OAHI/ NNOLWMHI, NapasnesibHi ABOM NPAMUM APYrOl NJAOLWUHN,
TO TaKi NIOWMHU NapanenbHi.

AOBEAEHHSA.

Hexait mpawmi a i b, mo nepeTuHAOTHCA,
JeXKaTh y IJIOIMUHI O, a mapaJieJbHi iM mpami
a, i b; — y wromuHi B (man. 83). Hosememo,
mo ol .

IIpunycrumo, 1o miomueu o i § He ma-
paesbHi, TOOTO IEePEeTUHAIOTHCA II0 AKiMch Maui. 83
npamii c. OckinbKu npami a i b mapanenbHi
OpAMUM @, i b, wiomuay B, To 3rigHo 3 Teopemoro 6 al|f i b||p.

IIpsami a i b He TepeTHHAIOTH €, OCKIJIBKY IPAMAa C JIEKUTH Y IJIOIUHI 3,
3 AKOIO @ i b He MalOTh CHIJIbHUX TOUYOK. JIexkaTh yci 1i mpsAMi B ogHi# maomu-
Hi 0. BuxonuTs, al|lc i b||c — Bl nmpami, AKi mepeTnHAIOTHCA i mapaJiesbHL
tperiii. Ile cymepeunTh axciomi mapasesnsHocTi. OTiKe, IIOmUHU O i [ He
MOKYTh IePeTUHATHACHA, TOOTO BOHM HapajeabHi. [

Hacnidoxk
Axuro ABi mpaMi, 10 MepeTUHAIOTHCA, OAHi€T IJIONIMHU MapaJjiesibHi apyrii
IJIOIIMHI, TO TaKi IJIOIIMHY MaPaJIeJIbHi.
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“rEoPEMA |0

MapanenbHi NJOWMHN NEePEeTUHAIOTLCS CiYHOIO MJIOLLMHOIO MO napanesb-
HUX npsmMmux.

AOBEAOEHH4.

Hexali nnomuHa Y mepeTuHae Iia- ?,f ----- 5 —
pasienbHi mHOMMHU O 1 3 mO mpAMUX f
aib (man. 84). losBegemo, 110 allb. B

IpumycTumo, 1mo opami a i b He mapa- g ] P
genbHi. Tomi BOHUM IepeTUHAIOTLCA B Je- o

AKiA Touri P, OCKiJIbKU JiesKaTh B OOHIN
miromuHi Y. Touka P HaleXUTh IPAMUM
aib, orike, i romuuam o i B, y axux jgexars 1i npami. [puiiniu o cyme-
PEUYHOCTi: mapaJiesibHi IIoImuen ¢ i B MaooTs cuiibHy Touky P. Oroke, mpsmi
a i b He MOKYThb IEePETUHATHUCI — BOHU MapajeiabHi. [

“TeopEMA |10

Biapisku napanenbHUx NpsMuXx, WO BiATUHAIOTbLCS NapasesibHUMU NNo-
LiMHaAMW, PiBHi.

Maun. 84

OOBEAEHHS.

Hexait Binpisku AB i A;B; napaJiesbHi, a iX KiHIIi
JIeXKATh y MMapajeJbHUX IIomuHax o i B (mau. 85).
Ilnommua, axa npoxoauts ueped mpami AB i A,B;,
IepeTrHaE mapajesabHi miomuun o i f mo mapaJsess-
Hux npamux: AA ||BB,. Kpim Toro, 3a yMOBOIO Teo-
pemu AB|| A, B,. Yorupukyrauk ABB A, — napajeJo-
rpam, otake, AB = A,B,. Illo i Tpe6a 6yno gosectu. [

¥V mapajenbHUX IIOITNHAX PO3MIIITYIOTh ITEePEKPUTTS
MMOBepPXiB 0araTomoBePXOBUX OYAUHKIB, ITNOKM HOABili-
HUX BiKOH, BepXHi rpaui cxomgmuok. IlapasenbHi mapu panepu, TUIKH, III0 PO3-
MMAJII0I0Th KOJOAY Ha JoInku (Masi. 86), IpOTHMIEKHI rpaHi merJauHu, IBesepa,
IBOTaBPOBOI Oasku (Mas. 87), ryOKU CJIIOCAPHUX JIeIaT Ta iH.

Mai. 85

Maun. 87
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— AN 4onnTanBux ~

cyMiwatTbes (o = ), 4acTo X TakoX BBaXarTb NapanenbHuMmu. Ons uboro Bu-
nagky Teopemm 8 i 9 oueBUHI.

LLEHHS NapanenbHOCTi NPSMUX.

oipTaki, woalloi allp, Toall p».

Teopemu 8 i 9 noBeneHi AN BUNAOKIB, KOM NAOLLMHK o i B Pi3Hi. FKLLL0 BOHM

BigHoweHHs napanensHOCTi MIOLWNMH Mae Taki cami BlaCTUBOCTI, 9K i BigHO-

KoxHa nnowmHa napanenbHa cama cobi (pednekCuBHICTb).

Akwo o], To B|l ot (CUMETPUYHICTDL).

Akwo o||B i BIly, TO o]y (TPAHBUTUBHICTD).

CnpobyinTte o6rpyHTYBaTh Take TBEPMAXEHHS: «AKLWLO0 npsamMa a i NiowmnHn

SAMNUTAHHA | 3ABAAHHS OJ19 CAMOKOHTPOJIIO

1. fAxki nyiomuHYM HAa3WBAIOTH TapaeTbHUMU?

2. CoopwmyroiiTe 03HAKY MapaieJIbHOCTI IIJIOIIMH.

3. CdopmyioiiTe i moBemiTh TeopeMy MHpPO IIEPETHUH IIapajeIbHUX ILJIOIIHNH
CiUHOIO TIJIOIIMHOIO.

4. CdopmystioiiTe i J0BeAiTH TEOPEMY IIPO IEPETUH ABOX MapaJelbHUX MPIMUX
napaJieIbHUMU TLJIOIUHAMU.

BUKOHAEMO PA3OM

o IInommuu o i B mapasmenbHi, ane He cymimaTrbesa. [[oBeAiTh, 110 KOMKHA

npsAMa IJIOIUHY ¢ TapajejbHa IouHi 3.

Hexait mumomuam o i § mapasenbHi. ¥V mIonuHi o BisbMeMo OBIIbHY mpsi-
my a. Hosexemo, 110 a || B.

IIpunycrumo, 1o npsma a He napasuenbHa mwiaomusi B. Toxi nmpsma a a6o
repeTUHAE MJIOIUHY [3, 460 JIEKUTD Y Iill IJIOIIUH].

Aximo npsiMa a meperwHae MWIOMUHY [ ¥ meAkiit Touni M, To A TOUKA
CIILJIbHA IS MapaJieJbHUX IJIOMUH O i B, mo HemoskauBo. AKIo npsama a
JIEIKUTH Y IUIOIIUHI 3, TO mapasieibHi IIOMNHY O, i B IepeTHHAIOTHCS 110 IPS-
Mi#l a, II10 TAKOK HEMOKJIUBO.

Orxe, IpsAMa @ He MOXKe IEePeTUHATH ILJIOIIUHY 3 ><
>

i He MOKe JiekaTu y Iill mwiomuHi, To06TO a || B.

9 fK uepes TOUKy MO3a AAHOIO ILIOIIUHOIO IIPOBECTHU

TJIOIIUH?

VY mamiifi mIoOIMMHI O IPOBeIeMO AKi-HeOyab IpaMi

a i b, mo meperuHalTbcsa (Mayn. 88). Uepes many

TOYKY A mpoBemeMoO mapaJjedbHi iMm mpami a, i b;. Mau. 88

ILIOIIUHY, HapaeabHy gaHii? CKiapKM icHye TakuxX B '
i
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IIpsawmi a, i b, mepeTuHAIOTHCSA, TOMY Yepe3 HUX MOKHA IPOBECTH ILIOIIU-
Hy B. 3a Teopemoro 8 mioIiuHA 3 MapaJsieJbHA IJIOMIUHL O.

Cupo0OyiiTe po3B’si3aTH 3ajauy iHIIIUM CIIOCOO0OM, K MOKA3aHO HAa MAaJIOH-
Ry 93.

HoBegeMo MeTOZOM BiJ CYIPOTHUBHOTO, IO
Taka IJIOIMWHA enmHa. IIpumycTumo, 1o ic-
Hye iuma miommuHa P, Taka mo o || B; 1A € B,
(mas. 89). 3a nux ymos miomnuau Bi ; MaoTh
CHiJIBHY TOUKY A, a TOMY II€PEeTUHAITHCA 110

OpaMili, AsKa IPOXOAUTH uepes Mo Touky. He- o ><
o~b

xait BN B,=1, Ae L. a
Bissmemo y momuui o npami a i b, aki me-
pertunaroTbea y Toulli O. Ockinbku a C Q, Maxn. 89

allBiallB,roallBiall P, aromyal!

(muB. 3amauy 159). Awmamnoriuno, b || Bi b || By, a Tomy b || I. Ilpuiitin
IO cyIllepeuHoCTi: uepes3 TOuKy O IPOXOAATH ABi mpAMi, KOKHA 3 AKUX
napaJjesbHa npamii . OT:Ke, iCHye eqrHA MJIOIMHA, KA IPOXOIUTDL Uepes
TOYKY A i mapaJjesbHa IJIOMIUHI QL.

IToOynyiiTe mepepis mapajesenimena ILIOIIU-

HOIO, II[0 NMPOXOAUTH Yepe3 pPedpo HUKHBOI B,
OCHOBM i TOUKY IIEPEeTUHY JIiaroHaJieil BEpXHbOI M
OCHOBH. A,
Hexaii mepepis mpoxoauTs uepes pedpo AD

i roury O meperuny niaromaneit A,C; i B,D;. /
OcKiJnbKY OCHOBY IIapaJiesenimena napajaeiabHi,
TO ciuHAa MJIOIIKHA IIepeTHHAaE IX Mo mapajeib-
HuX npaMux. Tomy yepes Touky O mpoBememMo
Bigpisok MK, takuii, mo MK ||AD. Cmooay-
yumo Toukn A i M, K i D. Toni AMKD —
mrykauui nepepis (maa. 90).

3AAUI | BIPABU

198. Bigowmo, 110 ABi mpsimi, sIKi JiesKaTh y IIOIUHI O, TapasieabHi mwiomuHi f.
Yu BUILIWBAE 3 I[bOro, 110 O || ?

199. Koxxkua giaronanab pomba ABCD mapaJjeabHa ILIOMINHI o, K posmimmeni
miomuau o i (ABC)?

200. Yu Oyme mommHa Tpamelrii mapajeabHa ILIOIIWHI O, SKII0 I[ilf IJIOIIMNHI
mapaJiesibHi: a) ocHOBH Tparmerlii; 6) 6iuHi cTopoHu Tparmerii?

201. Yu M0o:KyTh MaTH ONHAKOBI MOBKUWHU BipisKM HemapaJeJbHUX MPAMUX,
110 MiCTATBCA MiK HmapajeJbHUMU ILJIOIIUHAMU?
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202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

TLnomuua ¥ meperuHae miomuHy o i B mo mapa-
JeJbHUX IpaMux. Ym BUNIMBAE 3 IIHOTO, IO
IIoIMHY O i B mapasensui?

Yu mapasensHi mpami AB i A, B;, AKII0 Tapajerb-
Hi mJIomuHY O i B BOHM MePeTUHAIOTh ¥ TOYKaX
A, B, A,, B,, 1K TIOKa3aHO Ha MaJIOHKY 917

TLnomwau o i p napasesnsni. IIpomeni SA i SA, me-
PEeTHMHAIOTH IUIOIUHY O B TouKkax A i A, (mas. 92).
SA neperunae momuuy 3 y Touri B. IToOy-
nyiite Toury B, meperuny SA; 3 mrommHO©O 3.
Ilpama a nmapanenpHa maomuHi . K uepes
OpAMY @ TPOBECTH ILJIOIIWHY, TMapajeJbHy o7
Bingpisku OA, OB i OC He jeXaTb B OOHIN I1JI0-
muHi. [foBemiTh, M0 IJIOIIWHA, KA IPOXOINUTH
yepe3 ixXHi cepeAuHU, mapaJjeyibHa ILJIONIMHI
(ABC) (mau. 93).

Touka O — cHijbHAa cepeArHAa KOXKHOIO 3 Biapis-
KiB AA,, BB,, CC,, aKi He JeXaTh B OZHIl IJIO-
muHi. [JoBenits, mo miomuuau (ABC) i (A,B,C,)
mapaJjesbHi.

Yu MOKYTB IePeTUHATUCS ILJIOIIUHY O 1 3, AKII0
KOJKHA 3 HUX IapaJejbHa IJIOMNHI Y7
HoBemiTh, 110 KoJim IpAMa abo IJIOIMHA Hepe-
TUHAIOTH ONHY 3 [BOX IapajeJbHUX ILJOINH,
TO IIePEeTUHAIOTH i APYyTY.

Ilnomwuun o i f meperunatoTbesa. JoBeniTs, 1o
OyIb-AKa IJIOIIUHA IIPOCTOPY IepeTuHae xoua 0
OJTHY 3 WX TIJIOIIMH.

HoBemiTh, mo uepes3 aABi Oyab-AKIi MUMOOiKHI
IPAMi MOKHA ITPOBECTH €IUHY Mapy Mapajeiib-
HHUX TLIOIIUH.

61

Mau. 93

HoBeniTs, 110 T€OMETPUYHUM MIiCIIEM IIPAMUX, IO TPOXOAATH YePes TOU-
Ky mo3a JaHOI0 ILJIOIWHOIO i ImapajiesbHi I[ill IJOIMWHI, € IJIOMINHA, AKa
MIPOXOAUTDL Uepesd JaHy TOUKY i mapajieibHA HaHIH MJIOIIUHI.

Yepes Touky C, sSiKa JEKUTH [103a MapajieJIbHUMU IJIoIuHaMu o i J,
IPOBEAEHO IPAMi a i b, m0 MepeTHHAITDh IJIOMMHY O B TOuKax A i A,
a miromuny f — y Touxkax B i B, BigmosigHo. 3uaiigitTe AA,, AKIIO:

a) AC=2cwm, AB =6 cm, BB, = 10 cwm;
6) A,C:A B, =2:3, BB, =10 cm;

B) AC =2 cm, BB, =8 cm, CB = AAj;
r) AC = 2 cm, BB, = 24 cm, BA = AA,.
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214.

215.

216.

217.

218.

219.
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Tourka C JeXUTh MiXK mapajelbHUMu IomuHamu ¢ i B. Yepes Tou-
Ky C mpoBemeHO mpAMi a i b, AKi mepeTHHAIOTH MIJIOMIMHY O, B TOUKAaX
AiA,, ammomuny p — y Toukax B i B, Bigmosiguo. 3uaiigite AA,, SKIIO:
a) AC=2cwm, BC=5cwm, B;B =15 cwMm;

06) AC: BC=2:3, BB, =9 cwm;

B) AC =1 cwm, B;B =6 cm, AA; = AB;

r) AC =3 cm, B;B =12 cm, AA, = CB.

ITapanenpHi Binpisku AB i CD MicTAThCA MidK ITapajieIbHUMHU ILIOITUHAMY
o i B rak, mo Touku A i C HaymexaTh IWIOIMKHI ¢, a B i D — miomusi P.
3uangite AD i BC, sakio:

a) DC =25 cm, AC = 7 cm, LCAD =90°%

6) AC=5cm, CD =8 cm, LACD =120°.

Hawmo terpaenp ABCD. M e DB, NeDB, DM = MN = NB. Ilooygyiite
mepepis TeTpaeapa IJIOIIWHOIO, IO IPOXOAUTH Yepe3 ToOuKy M mapajeib-
HO mwiommuHi (ANC). O0uucaiTh nmepuMerp i mioIly mepepisy, aximo AN =
= CN = 25 cm, AC = 14 cwm.

Tourka A, minuth pebpo PA terpaeapa PABC y Bignomienni PA,: A/A =
= 2 : 3. Ilo6yayiiTe mepepis TeTpaeapa IJIOINMHOIO, SKa HMapajejbHa ILIO-
muHi (ABC) i nmpoxoauTh depes TOUKy A;. 3HAUAITH, MEPUMETD i MJIOITY
mepepisy, akimo ABC — piBHOCTOPOHHi#N TpuKyTHUK i AB = 20 cMm.
Touka X ginuts pe6po AB Kyb6a ABCDA,B,C,D, y BinnomenHni AX : XB =
= 2 : 3. IlobyxayiiTe mepepis 1bOT0 Kyba MJIOIIUHO, KA IapajeabHa ILJI0-
muHi (AA,C,) i mpoxoauTth uepesd Touky X. SHAUAITH IIEPUMETP IIepepiay,
akmo AB = a.

HaxkpecuiTe nmapaneneninenu (man. 94, a—2) y 3omuri i mobyayiire ix me-
pepisu, aKi mpoxomaThk uepe3 Touku M, N, K.

N

220.

Maun. 94

VaBiTs mapajenabHi Opycu — IiMHACTUYHUN CIIOPTUBHUNA cHAPAL. ¥ CIIOP-
TUBHUX 3MaraHHAX JIJIs YOJIOBiKiB BUKOPHCTOBYIOTEH OPyCH TAKUX PO3MipiB:
BucoTa Kepaua — 195 cm, mosxxkuua — 350 cm, BimcTanb Mixk JKepauHa-
Mu — Bix 42 mo 52 cm, miameTp KepauH — 4 CM.

a) YcTaHOBITHL B3a€MHE PO3MIINIeHHA IJIONMHU MiJJIOTH CIOPTUBHOI 3aJu
i mIomMuHYT, 1110 IPOXOAUTDL Uepes o0uaBa Opycu. Bigmosias o0rpyHuTyiiTe.
0) CruamiTh aHaJIOTiuHy 3a/auy PO Pi3HOBUCOKi Opycu. IlisHaiiTeca mpo
icTopito cTBOpeHHA OPYCiB Ta OJIMITIICBKUX YeMIIiOHIiB y BOpaBax Ha OPy-
cax 3 YKpaiHum.
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221.

222,

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

PiBui TpukyrHuku ABC i A,B,C, posMmiieHo B miaomuHax o i B Tax, o
npami AA,, BB,, CC, napanenbHi. Uu BUIIUBAE 3 I[HOTO, IO TJIOIWHUI
o i B mapasnenbHi?

HoBexniTs, 10 KOJIM IIepepisoM ImapaJjeselinesa € IMeCTUKYTHUK, TO HOro
IPOTUJIEIKHI CTOPOHU IapaJiebHi.

Koxxua rpamp [OOmMIKM — OPAMOKYTHUK
(man. 95). HoBexmiTsh, 10 B AKOMY HampsaMi
He PO3TUJIIOBAaIU O JOIIKY, IepeTHHAUYN BCi
ii mosmoB:KHI pebpa, y mepepisi sasxxau Oyae
mapaJiesyiorpam.

Yu moxxe mepepisom Kyba OyTH HpPaBUILHIIA
I’ ATUKYTHUK?

ABCDEFA — HemJoCKa 3aMKHeHa JaMaHa i3
mrectu Janok. [oBemits, mo koau AB| DE,
BC||EF i CD| FA, o AB = DE, BC = EF
i CD = FA.

Bigpisku AB i CD napajielbHUX IPAMHUX PO3MiIlleHi MiK mapajieJbHUMUI
mromuaamMu o i f Tak, mo Touku A i C jexars y miomusi o, a Bi D —
y mwroruui B. CB = 7 cwm, Asz/m cMm. SHangite AB i BD, axifo DC
"Ha 3 cM Oiapmmuii, misk AC.

Hano terpaenp ABCD, M€ AD, AM : MD =1 : 3. IlobynyiiTe mepepis
TeTpaepa IJIOIINHOIO, 1110 IPOXOAUTH Uepe3 TOUKY M mapaJsieJIbHO IO H
(BDC). 3HaiiniTe miomly i mepuMeTp Iepepisy, aximo aBDC — piBHO-
CTOPOHHIN i Mioro mioma gopisHioe 64 cm?.

Hano Terpaeagp ABCD. Pe BC, BP =CP, M e AC, CM : AC =1 : 3. Ilo-
OynayiiTe Iepepis TeTpaeapa IJIOIIUHOIO, IO IPOXOAUTH yepe3 TOUuKy M
napajiesibHo mnommuHi (ADP). 3HAWAITH CTOPOHM Iiepepidy, AKmo AB =
=AC=20cm, BC=16 cm, AD =DB =DC =17 cm.

Hano ky6 ABCDA,B,C,D,, AM : MA, = DN : ND, =C,K : KC=2: 1.
IToOynyiiTe mepepis Kyda ILJIOIIMHOIO, IO IIPOXOAUTEL uepes Touku M, N,
K. 3naigits fioro mepumerp, axiio AB = a.

Hamo mpamoxkyTuuit napasesnemrninenq ABCDA,B,C,D,, M — cepenuna A,B;.
ITobynmyiiTe mepepis mapaJseseminena TJIOIMHOI, IO MPOXOAUTH UEpe3
Touky M mnapasiesbHO IomiuHi (BB;D;). 3HaiifiTh mepuMeTp i MJIOIY
nepepisy, armo AB =a, AD = b, AA, = c.

ABCDA,B,C,D, — upsaMokyTHu# mnapaiueneninen, AB = BC = a, K —
cepenuna pebpa A;B, i LKAC=o. IlobynyiiTe mepepis mapaieneminmena
ILJIOIIIMHOO, 1110 IPOXOAUTEL ueped Touku A, C, K, i 3HAHAITEL MOro ILIOILY.
O0uncIiTh, AKINO a = 3,78 mM, o = 75°.

Hawmo kyo ABCDA,B,C,D,, M — cepenuna peopa CC,. IlobyayiiTe mepepis
Ky0a IJIOIUHOIO, TKa TPOXOAUTE Uyeped BepmuHy C; mapajeabHO MIOINHI
(BMD). 3HaiifiTh mepuMeTp i IJIONIYy Hepepisy, AKIIo pedpo Kyba a.

Maim. 95
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233. Hauo ky6 ABCDA,B,C,D,, AB = a. IlobynyiiTe nepepis Kyba MJIOIIMHOIO,
110 TPOXOJUTH uepes Bepiiuuy D mapasenbHo miaoiuHi (AB,C). 3HaiaiTh
IepuMeTp i ILJIOINy Iepepisy.

234. Touka M — cepeguna pebpa B,C; kyba ABCDA,B,C,D,. IlobyayiiTe mepe-
pis Ky0a IIOLIMHOIO, IO IIPOXOIUTEL Yepe3 TOUuKy M IapaJieJbHO 3aJaHii
IJIOIIKHI. YCcTaHOBiTh BigmoBigHicTs Mik miromuuoio (1—4), mapaJieabHo
AKil OyxyBaBcd mepepis, Ta miorieio (A—]I) dpirypu, 1o yrBopuiaca B mepe-
pisi, axiio pebpo Kyba mopiBuioe 10.

1 (BB,D,) A 446 T 502
2 (cC,D)) B 100 1756
3 (AB,0) 7543 A 1
4 (BKD), ne K — cepenuna CC, B

235. Hakpeciits MadoHKH 96, a—6 y 30IHUTI i Ha KOXKHOMY 3 HUX IIOOyayiiTe
mepepis MHOTOTPAaHHUKA IIJIOIIITHOIO, II10 ITPOXOIUTE uepes Touku E, F i K.

Bl Cl Bl Cl Bl Cl
i I oF | eF
A, : D, ;’ Ay i D, A : D,
! ! °E |
i i K i
E K ! . !
0/)‘-B- ------------ C ,’)E ------------ C ,’)E ——————— .— -K--C
A D A D A D
E € (ABB) E € (ABC) E € (ABB))
F e (DCC,) F e (BB,C) F e (BB,C)
K € (DCC)) K € (DCC))
a 0 8
Ma. 96

236*%. ABCDA,B,C,D, — mnapaneinemninen. Touka P jexuTh B rpani AA,B,B,
K — B rpani AA DD, LeC,D,, M e AA, (man. 97). IlobynyiiTe nepepis
mnmapaJieJierrineia IJIOIUHOIO, IIT0 IPOXOAUTH Uepes TOUuKy M, mapajieabHO
miommuHi (PKL).

237%. ABCDA,B,C,D, — mnapaueneninen. M e A B,, N JeXuTh y IJIOIINHI
rpaui DD,C,C, K — y muomuHui rpadi ABCD (mai. 98). Ilo6yayiiTe nepe-
pis mapaJiesnelninefia IJIOIIMHOIO, IO IPOXOAUTH uepe3d Touky Pe DD,
napaJiesibao miomnnHi (MNK).

B, . ¢, B ¢,
: L . D,
4 'P: D, = :
e 1 N
I i P
: B ‘B
P EEEI -l EEELLS C JUEE R R & C
M ¢ ) o ]K ) . K,
A D A D
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238%*. Jlamo Tpu mapaJejbHi IIJIOIUHU O, O, O, 1 TpAMi a, b, AKi TepeTuHAIOTH
ix BizmoBimHO B TOuKax A, A,, A, i B, B,, B,. loBeziTs, mo AA,: A A, =
= BB, : B,B,.

239*, IIpoBexiTs ABi mapajienbHi MJIOIMUHU, AKi BiATUHAIOTH HA TPHOX HAHUX
MOIIapHO MUMOOIKHUX MPAMUX PiBHI Bigpisku.

240. 3pobiTs 3 KapTOHY a00 IYIIKOTO IIamepy MoZejb 40 TeopeMu 9.

241. Cepenns JiHig Tparmeliii fopiBHIOE 8 cM i momiiAeThCA HiaroHAJIIO HA I1Ba
BiZIpisKM Tak, IO PiBHUILA MiK HUMHU HOPiBHIOE 2 cM. SHAWAITH OCHOBU
Tparmelrii.

242, IIpami a i b — mumo6ixkHi. Touku A i B JjekaThb Ha OPAMIil @, a TOUKU
M i N — ua npawiii b. fIke B3aemHe posmimienua npamux AN i BM?

243. ABCD — xBagpat, Touka K He JIeXKUTHb B HMOT0 ILJIOIMUHI. SHAWIITH IIe-
pumeTp yoTupukyTHuka A,B,C,D,, akmio A,, B;, C;, D; — cepegunu Bix-
piskiB AK, BK, CK, DK i AB = 8 cwm.

NMNapanenbHe npoekuiltoBaHHSA
| NOro BN1aCTUBOCTI

3i mKinepHOrO Kypey GisuKu BigomMo, 1110 B peaJbHOMY CBiTi Oy Ab-IKUHA 00’ €KT
He3aJIe;KHO BiJ po3Mipy BimKupae Tinb. 300pasKeHHs IpeaMeTa, «BiIKUHyTe»
Ha IJIOIIMHY 3a JOIOMOTOI0 IPOMEHiB, HasMBAIOThH IpoeKIielo. VIMoBipHO, BU
Oaumu abo ¥ cami pobuan mMikasi ¢irypu 3a momomMoroio pyk i Timi (mas. 99).
SAKIo TiHb OTPUMAHO 3a JOIIOMOIOI COHAYHUX ITPOMEHiB (K1 MOXHA BBasyKa-
TU IapajeJbHUMH), TO 300paskeHi Ha MadoHKY 99 (irypru € mapajiebHIMU
MIPOEKI[iAMHU [0JIOHB, CKJIANEHUX MEBHUM UNHOM.

Yo ¥

Mam. 99
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ITapaJienbHe IPOEKIIiIOBaHHA (IIPOEKTYBAHHA)" BUKOPUCTOBYIOTH IJIs 300pa-
JKEeHHSA IPOCTOPOBUX (iryp y crepeomerpii.

Hexait mano goBinbHY miomuuy ® i Touky A (maa. 100). IIposegemo uepes
TOUKYy A TPAMY, AKa MEepeTHuHAE MJIOIUHY O yV AedKiil Touri A;. 3HalimeHy
B TaKUU c1iocib TouKy A, Ha3WBAIOTh MPOEKI[i€I0 TOUKN A HA TJIOIUHY (), IPA-
My AA; — IPOEKTYIOUOI0 MPSIMOIO, () — ILIOU[WHOIO MPOEKILiii.

1106 mobyayBaTu HpoOEKIifo Oyab-aKoi Qirypu, Tpeba
CIIPOEKTYBATH Ha IJIOMINHY ITPOEKIIA KOMKHY TOUKY Ja- A
HOI (hirypu. SKIIO0 IPOEKTy0Ui IpAMi IIPOBOLATH Uepes
OHY TOUYKY, Ka’XyTh NIPO IEHTPaJbHEe NMPOEKTYBaHHSI.
SIKIO TpPOoeKTyBaHHSA 3MiMICHIOETHCA MapaieIbHUMU IIPA-
MUMU, HOTO Ha3WBAIOTH MapajieIbHUM MPOEKTYBAHHAM,
a moOymoBaHi MpoeKIlii — mapajeJbHUMHU IPOEKI[iaAMH.
Y crepeometpii (irypu 3o0pakaioTh 3as3BUUall 3a HOIO-
MOT'0I0 TTapajieJIbHOr'0 ITPOeKTYBaHHI.

“TeoPEMA |11

AKLW,0 BiaPi3KU, LLLO NPOEKTYIOTLCSH, HE NapasnesibHi NPOeKTYIoYil NPaMmin,

TO Npu NapaJsiesibHOMY NPOEeKTYBaHHi:

1) Bigpisku ¢irypmu 306paxyloTbca Bigpiskamu;

2) napanenbHi Bigpisku — napanensHUMun Bigpizkamu abo Bigpizkamm
OAHIET NPAMOI;

3) BiaHOLUEHHS AO0BXWH NapanenbHUX Biapi3kiB abo Biapi3kiB oaHIET nps-
MoT 30epiraeTbcs.

Maa. 100

AOOBEOEHH4.

1) VYci npami, mapasiesbHi MPoeKTyIoUiil Ips-
Mifi [, aKi mepeTuHAaOTh HAaHW Biapisoxk AB,
3aIIOBHIOIOTH YACTHUHY ILJIOIIUHU O, 00OMEKeHy
napasenabHuMu npamumu AA; i BB, (auB. 3a-
nauy 109). I[a yacTuHa TJIONIUHU TI€PETUHAE
TLIOTITMHY TIPOEKITiil ® o BiApisKy A, B; — mpo-
eKIrii Bizpiska AB Ha momuay O (Maa. 101).

2) Hexait Bigpisku AB i CD, 110 mpoeKTy-
I0ThCs, MMapajieJabHi. Yci mpawmi, 1o ix mepe-
TUHAIOTH 1 TapaJiesibHi /, 3aII0BHIOIOTH YaCTUHU
onHiel mmomuaM (Maja. 102) abo mapajieabHUX
moriuH (MaJs. 103). I1i yacTuHYT MIOIIWH ITepe-
TUHAIOTH IJIOIINHY () BiATIOBiAHO IO BiApisKax
onHiel mpsaMoi abo mo mapajieIbHUX Bigpiskax
A,B;iC,D, — npoeKnigax gaHux BiApiskiB Ha
IJIOIIIUHY .

Maur. 102

“O6unBa Tepminu € npaBuabHUMU. [[aji BUKOPUCTOBYETHCS NPOCKMYBAHHA.
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3) fAxmo Bigpisku AB i CD, siKi IPOEKTYyIOTh, PO3MiIlleHi Ha OMHiNl mpAMiii

(man. 101), To 3a Teopemoio Paseca:
AB,: C,D,=AB : CD.

Axmo Bigpisku AB i CD mapaJienbHi, a ix
mpoekitii A, B, i C,D, nexarb Ha OOHiN OpA-
it (mas. 102), to ABB,A, — mapaJjeJyorpam.
Y 1npoMy BUIIAAKY

AB,: C,D,=A,B,: CD=AB : CD.

Hapemri, aximo npoexkrii A, B, i C,D, na-
HUX mapajeabHux BiapiskiB AB i CD He Je-
JKaTh Ha OofHiN npawmii (man. 103), To
o6y ayemo napasenorpam CDKB. Horo mpo-
ekiia — mapanaeaorpam C,D,K,B,. Maewmo:

AB,:C,D,=AB,: BjK,=AB : BK =AB : CD.

Omxe, 3aBxau A;B,: C;D, = AB : CD, T00TO MOB:KWHHM IPOEKIIiii mapa-
JeJIbHUX BiIpi3kiB a00 BigpiskiB omHiel mpsaMol BiTHOCATHCA, AK TOBKHHU
BifpisKiB, AKi MPOeKTyOTh. [

PosraanyTi BIacTUBOCTI mapaJjesIbHOTO IPOEKTYBAHHA HAI0Th 3MOT'y HAOUHO
i 3 6iybIIOI0 BU3HAUEHICTIO 300paskaT HeIJIOCKi Qirypu Ha mJIOImHi.

OcCKinbKHY IHIINX HPOEKIill, KpiM ImapajieJbHUX, Jaji He PO3rIafaTHMeMOo,
YMOBUMOCSH iX HA3WBATHU IIPOCTO MIPOEKIliAMU 6e3 cJa0Ba «IapajesbHi».

— AN 4onnTianBuX ~

KpiMm napanensHOro NpoekTyBaHHA, YuMasno ¢axiBLiB KOPUCTYIOTLCH i LEHT-
pasibHUM NPOEKTYBAHHSAM, KONU MPOEKTYIOYI MPAMi MPOXOAATb YHEPEe3 OHY TOUKY
(man. 104). Takm NPOEKTYBAHHAM, 30KPEMA, KOPUCTYIOTbCH XyAOXHWKN, Ha3MBa-
I0un ioro nepcnekTmeoto (Man. 105). BnacTMBOCTI LLEHTPanbHOrO NPOEKTYBAHHS
BiAPI3HAIOTLCS Bif NapanefsibHOro NpoekTyBaHH4A. JleoHapao aa BiHdi nucas:
«KuBonuceup i € TON, XTO 3a NOTPEO00 CBOro MUCTELTBA CTBOPUB... Mepcrek-
TnBy». A. [llopep 3i3HaBaBcCS: «BusgBMTM 3aKOHU NepcnekTuBn a9 6axan OinbLue,
HDK OTPUMATU KOPONIBCTBO».

pi---d cooo

Man. 104 Man. 105

BnacTnBOCTI LeHTPasibHOr o MNPOEeKTYBaHHA MU HEe po3risgatnMemMo. foBopsyn
Jarni Npo npoekuii, MaTMMeMO Ha yBaai TiNlbk1 napasnenbHi NpoeKLjl.
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SAMUTAHHA | 3ABOAHHA ON9 CAMOKOHTPOIJIIO

R

IlosacHiTH KiTbKOMa pPeYEHHAMH, IO HABWMBAIOTH TPOEKTYBaAHHAM.

Axi Buam mpoeKTyBaHHSA BaM Bimomi?

IITo HasMBaIOTH IMapaJieIbHUM ITPOEKTYBAHHAM?

ChopwmyurioiiTe i JoBeAiTh HAWBAYKJIMUBIIIII BJIACTUBOCTI apaJieIbHOTO IPO-
eKTYBaHHA.

BukoHAEMO PA3OM

Hosenits, mo koau aA B C, — npoexnia aABC

i mJIOIMMHM IUX TPUKYTHUKIB mapajejbHi, TO A
2A B C, =2ABC.

OckinbKuM mnOJaomMuHU TPUKYTHUKIB ABC ‘
i A;B,C, napanenbHi (man. 106), To mapaeinb- ’Q
Hi Bigpisku AA,, BB,, CC,, 1110 MicTATbCA MixK A
HUMU, piBHi. OTiKe, yoTupuKkyTHUKU ABBA,,

ACC,A, i BCC,B, — napanenorpamu, A;B, = AB, Mau. 106
A,C, = AC, B,C, = BC. 3a TphoOMa CTOpOHAMU

TpukyTHuku ABC i A,B,C, piBHi.

Yu npaBUIBbHO, IO ILIOCKA ()irypa JOpiBHIOE CBOil IPOEKILil TiIbKY 3a yMO-
BU, AKIIIO BOHA PO3MiIlleHa B IIJION[MHI, IapajaelbHil IJIOMHI IPOEKITii?
Hi. Hanpuknazn, aximo ABCD — mnpaBUJILHUN TeTpaenp, a IPOeKTyioua
npama AB, to rpaub BCD — mpoexkiia rpadi ACD (man. 107). IIi rpani
piBHIi, X0OUa I He JeXKaThb y IMapajeJbHUX TJIOIIMHAX.

Hexait Tpanenia A,B,C,D, (man. 108, 6) € mapajieilbHOIO HIPOEKIIi€I0 MIPs-
mMoKyTHOI Tpameirii ABCD (maxn. 108, a). ITo6yayiiTe mpoekitito Bucotu CH
miel Tpamerrii.

A B C B, ¢,

C

Mauxa. 107 Mau. 108

Hexait y rpanertii ABCD kytu A i B npawi. Toxi Bucora CH Gyne mapaJjenib-
Ha cTopoHi AB. OCKiIbKM IIpU IapaJjieIbHOMY IPOEKTyBaHHI ImapajebHi
OpAMi IIepexonATh Y HmapaJiesibHi mpaMi, To yepes Touky C; moTpibHO mIpo-
Bectu npamy C,H,, nmapaneabny A;B;.
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3AJAUI | BIPABU

244. TIpoekmisa ¢girypu — Touka. HassiTh 110 dirypy.

245. Bigpisoxk a — mpoexiia Bigpiska b. Uum 3aBKIM a KOPOTIIMIL, HixK b?

246. Poariaabre maaoHOK 109 i HasBiTh iHmIi Girypu, OpoeKIiaMu AKUX MOKe
OyTu Bigpisok. OOrpyHTYyiATE.

247. ABCD — mapaJjienbHa IIPOeKIlia mapasuenorpama A,B;C;D; Ha ILJIOIIUHY O
(man. 110). YraxXiTh DOMMJIKY Ha MaJIIOHKaX.

Maur. 109 Mau. 110

248. Yu morxe OyTu:
a) pom0 IIpoeKIlielo KBajapara;
0) pom0 IpPOEKITier0 Tpamelrii;
B) piBHOOiIuHA Tpalelia MpoeKIliel0 HepiBHOOIUHOI;
r) HepiBHOOIUHA TpATellis IPOEKIliel0 PiBHOOIUHOI;
I') BiZpisok mpoekIiiero HemIocKoi ¢girypu?
249, YVuennb ropoputhb: «fkimo ¢irypa A Taka, mio ii mpoekmii Ha aBi pisHi
IJIOMIMHU — Biapisku, To A — Bigpisoxk». Yu mpaBuabHO 11€?

250. KoxxHa cTOpoHa TPUKYTHUKA IIapajebHa Moro npoekiii. 300pasits Majro-
HOK. JloBeniTh, 10 Ii TPUKYTHUKYU PiBHI.

251. Yu MOKyTh HellapaJjesjbHI IPAMi IPOEKTyBaTHCA B HapaJiebHi mpami?
BiamoBiaes o6TpyHTYy#iTe. BUKOHAalTEe MaTIOHKH.

252. fIxoro Qiryporo moxxke OyTHu ImapaJiejbHa IPOEKIlisd HA IJIOMINHY ABOX IIPs-
MUX, AKi: a) mepeTUHAOTHCA; 0) mapajgeabHi; B) MuMoOisKHI? Posrisaubre
pisHi Bunagku. BukonaiiTe MaJIlOHKN.

253. fAxor Qiryporwo Moixe OYyTH MPOEKIiA IIPAMOIr0O KyTa?
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254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.
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AKX moTpiOHO PO3MICTHTH y IIPOCTOPiI TPH TOUKHU, II00 iX mapajieJbHU-
MU MIpPOeKIliAMU OyJjam: a) ogHA TOUKa; 0) ABI TOUKHW; B) TPU TOUKHU, AKi
JIeKaTh Ha ONHIN MPAMIili; T') TPU TOUKHU, AKi He JeKaTh Ha OMHIN mpamiii?
BukonaiiTe MaSIOHKN.

HoBeniTs, 1110 mapajebHOIO IIPOEKIiEI0 MHOTOKYTHUKA, ILJIOIIUHA SAKOTO
mapaJjejibHa IJIOMINHI IIPOeKIlili, € MHOTOKYTHUK, PIiBHUHA JTaHOMY.

Yu neperunaioTbea npami AB i CD, 3o0pakeHi Ha
masouky 111, axmo A;B; i C,D, — ixHi npoekirii
Ha ILIOIIUHY 07

TpurytHuk A,B,C, — npoeknia TpukyTHura ABC.
ITobynmyiiTe mpoekIlii cepeqHix JiHil 1 Mmegian Tpu-
Kytuuka ABC.

HawmamnroiiTe moBinpHuUit mapasesnorpam. Hexait
BiH — mpoekiIiia pomba 3 kyrom 120°. IToOyxmyiiTe
IPOEKIlilo BuCOTu pomba, MPOBEAEHOI 3 BEPIINHU
IBOTO KyTa.

Hexait nmapanenorpam A,B,C,D; — TIpoeKIlis KBaJI- Maur. 111

pata ABCD. Ilo6ynayiiTe mpoekirii oceit cumeTpil

IIOT'0 KBajapara.

HaxpecuiTs goBinsauit mapanenorpam A,B;C;D,. Hexait BiH — mpoekIia
nedakoro npaMokyTHuKa ABCD. IloO0yayiiTe mpoekIii npaMux, AKi mpo-
XOAATH Uepe3 TOUKY MEePeTWHY AiaroHajeil mapaJieJibHO HOTO CTOPOHAaM.
BH, BM, BL — Bucora, Megiana i 6icexkrpuca rpuxkyrauka ABC. aA B,C, —
napajyenbHa mpoekitia aABC. Yu Oyme mapayieIbHOIO ITPOEKITi€l0 BiApisKiB
BH, BM, BL Bucota, Meziaza i 6icexrpuca a A, B,C,? Binnosinb o6 pyHTYyIiTe.
Haxpecnits poBinbuuil TpurytHuk A,B,C,. Hexail BiH € mapajeiabHOIO
npoekiieo pisHocTopoHHBOTO AABC. IloOyayiiTe mpoekiii npaAMux, AKi
IpoxoAaTh uyeped Touky M (M € AB) NepneHAUKYJISPHO IO CTOPiH TPH-
KYTHUKA.

ITapanenorpam A,B,C,D, € nmapaJjiesbHOI0 TpoeKIiiero pom6a ABCD. Ilo-
OyayiiTe mpoekIlii mepHmeHAMKYIApiB, mposemerux 3 Touku M (M e BC)
Io miaromaJjieit pomoa.

M — BuyTpimaa Touka kBagpata ABCD. Hexaii napasenorpam A,B,C,D,
i #ioro BHYTpimHS Touka M; — mapaJiesibHA IPOEKI[idA IIHOTO KBajpaTa
i Touku M. IloOyayiiTe HmpoeKIlii mIpAMUX, AKi NPOXOLATL Uepes3 TOU-
Ky M mepreHAWKYJIAPHO I0: a) CTOPiH KBagpara; 0) miaroHasmeir kBaapara.

fAxoio giryporo morke OyTu mapaJjejbHa IPOEKIisd Ha IJIOIMUHY: a) Kyba;
0) TeTpaenpa; B) YOTUPUKYTHOI mipamigu? BuxkoHaiiTe BigmoBigHI MaIIOHKN.
Hawmauioiite noBinbHy Tpanerito A, B,C,D,. Hexaii BoHa — IIPOEKIid AesaKol
piBHOOIuHOI Tpamerii ABCD. IToGyayiiTe IpoeKIlito BUCOTH Ifiei Tpamelrii,
mpoBeneHoi 3 BepIiuHU B.
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267.

268.

269.

270.

271.

Hexaii mapanenorpam A, B,C,D, € napajeiabHOI0 IIpoeKItieio pom6a ABCD,
y axkoro ZA =60°. IloGyayiiTe mpoekIlii BucoT pomba, MPOBEAEHUX 3 TOU-
KU A.

Haxpecuaite nosineuuii 2 A B/C,. Hexaii BiH — mapaJjeibHa IPOEKILiA
2aABC (£C=90°) 3 gareramu 6 cm i 8 cm. IToGyayiiTe IpPOEKIii IeHTPiB
KijJ, BIMCAHOTO B TPUKYTHUK i OMMCAHOTO HABKOJO HBHOTO.
ITlapanenbHOIO mpoekiriero Touok M, N, K, mio jexaTh Ha ONHIN Hps-
Mi#i, HA mIomuHy O € Touku M,, N,, K,. S3uangite M,N, i M,K,, AKII0
MN =6 cm, MK =4 cm, N,K; =5 cwMm.

Yu mpaBUJIBHO, 10 Koot F'; — TpoeKIlia miockoi girypu F, To i F — mpo-
ekIia ¢irypu F,?

Pebpo xkyba ABCDA,B,C,D, nopiBHiOE 6 cM. 3HAWAITH MJIOITY ITPOEKITil
TpuKyTHUKa AB,C:

a) Ha mwomuny rpadi ABCD B pe3yabTaTi IpoeKTyBaHHA B Hanpami B, B;
0) Ha mIonuHy rpaHi ABB;A; B pe3yabTaTi IpoeKTyBaHHA B HanpaAmi C,A;;
B) Ha mromuHy rpaui CBB,C, B pe3yabTaTi mpoeKTyBaHHA B Hanpami AC,.

272*%, PABC — TteTpaenp, miaoia rpadi ABC mopiBHIOE @. 3HAWIITHL IIJIOMIY

napaJiesbHOI mpoekItii woro rpaui PBC Ha nnomuny (ABC) y pesyabTaTi
IpOeKTyBaHHA: a) y Hanpawmi PA; 0) y manpami PM, ne M — cepennHa
pebpa AB.

273%, TlapasmeabHOIO TPOEKIi€I0 MPABUJIHHOTO I’ ATUKYTHUKA € I’ ATUKYTHUK

274.

275.

ABCDE, y akoro AB=BC =1, ZABC =90°. 3HaiigiTh OJOBKUHU PEIITU
cropin m’arukyrauka ABCDE.
Hauo rerpaexp SABC (man. 112), y sKoro S
Aceo,Beo,Ceo,Ke AC,De SC,N € AB, D
H € (ABC). YcTaHOBiTH BiATIOBiAHICTHL MiK

MIPOEKTYI0u0I0 IpsAMoio (1—4) Ta 300pasKeHHAM 4 ¢
rerpaeapa SABC (A—]l) npu mapajieibHOMY N
MIPOEeKTYBaHHI Ha ILJIOMIUHY O.
1 SA 3 SK
& & & &

A B B T I

3a IOTOMOT0I0 HACTiJBHOI JIaMOU CTBOPITH 300paskeHHA TPAMOKYTHOTO
apKyliia amnepy, «BiIKUHyTe» MIPOMEHAMHU Ha IIJIOMINHY cToy. JlocaiaiTs,
AKO0I0 (piryporo Moske OyTH MPOEKIliA MPAMOKYTHUKA IPU IeHTPAIbHOMY
NIPOEKTyBaHHi.
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276. Nawmo npamy a i Touky M, M ¢ a. Yepes Touky M npoBeniTh IpAMY b Tak,
100 mpaMi a i b Oyau: a) mapaJiesbHi; 6) MEMOOIMKHI; B) mepeTUHAINCA.

277. K, P, T — cepenunu pebep AB, CD i A, B, napanenemninena ABCDA,B,C,D,.
Ilo6ynyiiTe mepepis 1IBOroO IapaJeellinena ILJIOIIUHOI, AKa IIPOXOIUTH
uyepes3 Touku: a) K, P, T; 6) K, P, A;; 8)C, D, T.

278. ABCDA,B,C,D, — npamoryTHui napanenemninen, AB=BC=ai /B, AC=o0.
3HaNAiTh oy TpukyTHuKa AB,C.

300paxeHHa ¢diryp
y cTepeomeTpil

VY crepeomerpii posriasmaroThCsa He TiJIbKHU ILJIOCKiI, a W HEILJIOCKi (irypu.
3o00paskaTu HEILIOCKi (irypu Ha MJIOIMHI HEMPOCTO: HEMUHYYE MOBOAUTHCS
CIIOTBOPIOBATH OesAKi IXHi eJeMeHTH.

Oco6IMBO KUBOIHUCI[I HamMarajJucsa 3’sCyBaTH, SIK HaWKpalme 300paykaTu
IIPOCTOPOBI (irypm Ha IJIOCKOMY IIOJIOTHI, III00 OTpUMAaTHU 300paskeHHs, CXOXKi
3 peaJbHUMU. BOHM BUABUJIMU, IO AJA I[HOT0 HAWOIJBII HPUAATHA MMEPCIeK-
TUBa — IeHTpaJibHe IIpoeKTyBauHuAa (auB. maa. 104, 105).

IlJ1s reoMeTpiB, KpecasapiB Ta iHIMuX (haxiBI[iB KpaIiuM BUABUJIOCS IIapaJiesb-

He IPOeKTYBaHHSA, KOJIU MapajebHi BiApisku Qirypu-opuriHaay mpoeKkTyIOThCs
Ha mapaJjejbHi BiIpiskwu.
Ha ILJIOIMHI, To F; MOKHA BBaKaTu 300paskeHHAM Qirypu F. A aK sobpaskatu
Ha apKyIIi mmamepy HaATO BeJIMKi 00’€KTu, HanpukJaan Kyo 3i croponoio 10 m?
JoMoBuancA 300paskeHHAM TaKOro Ky0a BBasKaTU HOT0 MIPOEKIliio Ha ILJIOMINHY,
3MEHIIIeHY B KiJbKa pasiB.

Y reomerpii 300paskeHHAM (irypum HasUBaOTH OyIb-AKY (irypy, momioHy
Io mapaJiedabHOI mpoeKIii gamoi ¢irypu. Ilpu 1mpoMy MaroTh Ha yBasi HMpPOeK-
mii, AKi JarTh 3MOT'Y OJZHO3HAYHO BUBHAYUUTU (POPMY
300paskyBaHol Qirypu. OcKinbKU, HATPUKJIAL, KOKHUNI
MHOTOKYTHUK MOKHAa CIIPOEKTYBAaTH Ha IJIOITUHY TaK, 1110
¥oro mpoekiriero oyae Biapisok. IlapaiesbHOIO TPOEKITi€IO
Ky0a Moike OyTHU, KpiM iHINTNX, IPAMOKYTHHUK 3 Bipiskom
(mag. 113). A raki 3o0pakeHHA HeHAOYHI i HE3pPO3yMiJIi:
icHye 0esiiu pisHMX IeOMETPUUYHUX TijJ, BiAMIHHUX Bin
Ky0a, 110 MamTh TakKi cami mpoekrii (man. 114, 115). Maur. 113
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SKIimo mpoekTyoua mpsaMa mapaJiesbHa ILJIOIIWHI
mwiIockoi ¢irypu, To mpoekItiero Takoi ¢girypu € Touka,
BiIpisoK, IpPOMiHB UM IpsAMa. S30KpeMa, IPOeKIIiero
TPUKYTHUKA, JOBIJILHOTO MHOTOKYTHHUKA, KOJIA 1 KPYy-
ra mMoxke OyTu Bifpisok. Taki mpoekiii masuBamOTh
BHPOMKEeHUMHU. 31e0iIbII0oro y crepeoMeTpii posriisd-
IAaOTh HEBUPOIMKEHI IMPoeKIrii.

11106 306paskeHHsA MHOTOTPAHHUKA 0YyJI0 3p0O3yMi- Maux. 114
JiMInM, 3 YCiX MOMKJIMBUX HOTr0 IPOeKIlili BUOMPAIOTh
Taki, Ha AKUX € 300pasKeHHs ycix iioro pebep. IIpu
IbOMY «HeBUAUMi» pebpa (posTaloBaHi 3a iHITUMUI
YacTUHAMU MHOTOTPDAHHUKA) 300paKatoTh WMPUX08U-
mu gidpiskamu. Kpeciasapi KopucTyoTbcs ¥ iHITUMU
Bugamu JiHi# (maa. 116).

TOHKA
[IOTOBIIEHA
........................ LITPUXOBA Mau. 115
........... — IOTPUXNYHKTUPHA

............................................ IIyHKTHUPHA

Maua. 116

¥V crepeomeTrpii Haiiuacrile JOBOAMTHCA MaTHU CIpPaBy i3 300parKeHHAMU
HeIJIocKux (iryp: mpusm, mipamig Torfo. A 1100 IpaBuUJIbHO BUKOHYBATH iX,
OakaHO 3HATHU, AKUMU MOXKYTh OyTU 300pa’KeHHA TPUKYTHUKA, ITapaJjesorpa-
Ma, KoJia TOIIO.

3o00pakeHHAM HapajejorpaMa MoOKe OyTH OyAb-aKuil iHIINII mapajejorpam,
OCKiJIbKH IIpU IapaJjie IbHOMY IIPOeKTYBAaHHI mapaJiesIbHi miapisku BimoOpasKkaoThCsa
Ha mapaJjeJsibHi Biipisku. 30KpemMa, poM0, MPAMOKYTHUK, KBaJpaT MOKHAa 300paskaTu
Oyab-AKUM IapaJjieorpaMoM. 1 HaBmaku, OyAb-AKUH MapajesorpaM MOKHA BBa-
JKaTu 300paskeHHAM KBajpara, poMm0a, IPAMOKYTHIUKA UM iHIIIOTO ITapaJjejiorpaMa.

3o00pakeHHAM Tparnerii Mosxe OyTu OyIb-sKa iHIIA TpameIlid 3 TAKUM CaMUM
BiHOIIIEHHAM JOBKWH OCHOB, OCKiJIbKY ITPU HapaJieIbHOMY ITPOEKTYBaHHI Bif-
HOIIIEHHS MOBXKUH IapajieIbHUX Biapiskis sOepiraerncs.

3o0paskarouym IJIOCKiI Qirypu mpu mapajelbHOMY HPOEKTYBaHHi, KOPUCHO
BPaxoBYBAaTHU OBi Taki Teopemu.

“TeoPEMA | 12

[ oBinbHMA TPUKYTHUK A'B'C’ MoXe OyTu 300paXkeHHAM [,aHOro TPUKyT-
Huka ABC.

AOBEAEHHSA.

Hexaii y mromuui o garno aA’B’C’, a B npoctopi — aABC. IoBememo, 1110
2ABC wMo:XHaA TaK PO3MICTHUTU y HPOCTOPi BifHOCHO IJIOIMHYU O i 3agaTu
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TaKUH HATIPAM IIPOeKTYyBaHHs, 1110 TpoeKIlieio AABC 0yae TPUKYTHUK, MOAi0-
HUl 1o aA’B’C’.

Ilobynyemo y miomiuni o 2 A, B,C,, nonioHuMii
no rA’B’C’ Tax, mob A,B; = AB (mau. 117).
2ABC posmicTMO y IpocTOpi Tak, 106 CTOPO-
HU A, B, i AB cymictunucs, a miaoniuaa aABC
He s0irayacs 3 mIoIIMHO O. Toxi mpu mapa-
JeJbHOMY IIpoeKTyBaHHiI B Hanpami CC; mpo-
exkniero aABC 0Oyxme oA, B,C,, noaibHmii 1o
ArA’B’C’. A 1e osuauae, mo aA’B’C’ — 30-
OopaskenHa aABC. [

I3 1miei TeopemMu BuUMIHBAaE, 1110 300paKeH-
HSM JaHOTO TPUKYTHUKA (Y TOMY YHCJi i piB-
HOOEeZIPEeHOTr0, PiIBHOCTOPOHHBOTO, TPAMOKYTHO-
o) MOJKe OyTHU JOBiIbHUI TPUKYTHUK.

“TEoPEMA | 13

AKLL0 Ha NNOLWMHI 300paXkeHb o, 300pakeHHI0 AABC BignoBipae AAB'C/,
TO Ha NIOLMHI 0, MOXXHA O4HO3HA4YHO NOOyAyBaTN 300paXKeHHA A0Bifb-
HOT TOYKM, fIKa JIeXXUTb Yy NiowuHi AABC.

Man. 117

AOBEOEHHA.

Hexait P — goBijnbHA TOUYKa, IO JIEKUTh y mioinuui aABC (mai. 118),
i mpomiub AP meperunae croporny BC y rtourii M. ITobyayemo 300paskeHHA
rouku P y muomuui o. Hexait aA’B’'C’ — zobpaskenusa aABC (max. 119).
Cropucrasiuck ymoBoo B'M’ : M'C’ = BM : MC, ua upawmiii B'C’ mobynyemo
equny Touky M’. A 3a ymosoio A'M’ : M'P’ = AM : M P moeMo IIo0yaAyBaTu
TouKy P° — 3o0pakennsa Touku P. []

Mau. 118 Mau. 119

Ha ocuoBi 1ux Teopem 300pakeHHA MJIOCKOI Qirypu F MoKHA BUKOHYBATHU
B TaKuil cmoci6:

1. Buginuru y ¢irypi F axuii-ue0yab TPUKYTHUK.

2. 3006pasuTy; 1meil TPUKYTHUK JOBLILHUM TPUKYTHUKOM.

3. ITobyayBaTu 300paskeHHs iHIITUX TOYOK Qirypu F, KOPUCTYIOUNUCH TiIbKU
TUMHU Ii BJIACTUBOCTAMU, AKi 30epiraroThcs IpU mapajaelbHOMY IIPOEKTYBaHHI.
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Insa BUKOHAHHS NesdKWX 300paskeHb OOIIJILHO B 3aAaHiil ¢qirypi BumiasaTu
He TPUKYTHHUK, a iHIINI MHOrOKyTHUK. Hampukianm, mo0 mo0yayBaTu 300pa-
JKeHHS TPaBUJbHOTO IecTukyTHUKa ABCDEF (Man. 120), moTpi6bHO BpaxyBaTH,
mo ABCO — pomb6, Touka O — 1eHTp cumerpil mecturkyruuxa. OTike, 11500
300pas3uTH Ieil IMIeCTUKYTHUK, moTpioHo (Man. 121):

1. Ilo6ynyBatu moBinbHMIT mapasenorpam A’B'C'O’ — zobpakeHHA pomba
ABCO.

2. Ilo6ynysatu Touxku D’, E’, F’, cumerpuuni toukam A’, B’, C’ BigHOCHO
Touxku O’.

B C

F E F
Mam. 120 Maun. 121

IIpaBuabHMII MIECTUKYTHUK MOYKHA 300paKaTy JOBLIBHUM IIIECTUKYTHIKOM,
KOJKHa CTOPOHA SKOT0 IIapaJeiibHa ITPOTUJIeKHiMl CTOPOHI I ogHil 3 miaronasei,
110 IPOXOAUTH Uepe3d LEeHTP MIeCTUKYTHUKA.

ITpu mapasenbHOMY IIPOEKTYBaHHI KOJIO Bizmo-
OpaskaeThbcsa Ha eiinc. Tomy B cTepeomeTpil KoJio
300paskaTh AOBiMbHUM ejainmcom (man. 122),
a 300parKeHHs MUJIIHApPaA, KOHyca Ta iHIIUX Qiryp
obeprTaHHS MicTATH pisHi esincu. [deranbHilire
3 HUMU BU o3HaliomuTecs B 11-my Kuaci.

ITpu 3o06paskeHHi MHOTOKYTHUKIB, BIMCAHUX
Y K0JI0 a60 OMUCAaHUX HaBKOJIO HHOTO, KOPUCTYIOTh-
CcA IOHATTAM CIIPAKeHUX AiaMmeTpis. [IBa qiamerpu
ejinca Ha3WBAIOTh CIPAKEHUMHU, SKINO KOXKHUN
3 HUX OIJIUTHh XOPAU, HapaJieJbHi iHIIIOMY, HaBMIiJI.
Ha opurinani cupsa:xeHuMm miamerpam eJjimca Bif-
MOBiIAIOTh IEePUEeHANKYJIAPHI giamerpu Koja. 1106
mo0yayBaTH CIpsKeHi fiamerpu eainca (masa. 123),
moTpPioHO: Mau. 123

1. Ilo6byayBaTu moBinbuuii miamerp AB.

2. IlpoBectu moBinbHY Xopny MN || AB.

3. 3maiitu Touky P — cepenuny xopau MN. B

4. Yepes Touku O i P nposectu giamerp CD. ¢

Aximo cmoayuuTn mociaigzosuo Touxku A, C, B, D,
TO OTPUMAEMO 300pakeHHs KBaJpara, BIIMCAHOTO D
B Kojio (maj. 124). Yomy? A

Kpecauru npocroposi ¢pirypu moTpidHO Tak, 11100
300paskeHHA OyJso nmpaBuabHuM (0yjao ¢irypoio, Maur. 124
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moi0HOIO 0 TTapaJjieIbHOI ITPOEeKIlil opurinasy) i HaouHUM (ZaBajo IPaBUJIbHE
yABJIEHHA TIPo ()OPMY OPUTIHAIY), IMIBUAKO i JIETKO BUKOHYBAJIOCH.

11106 3o6pasutu mipaminy (masna. 125), moTpibHO:

1. IToOynyBaTu 300parkeHHsI MHOTOKYTHHUKA, AKUHI JIEKUTH B 1i OCHOBI.

2. 3a yMOBOIO 3aJaui 3HAWTU HOJIOMKeHHA Touku O — ocHoBU Bucotu SO
(muB. c. 108).

3. 3 Touku O BepTUKAJbLHO Bropy IIPOBECTH NIPOMiHbL, Ha AKOMY BHOpaTH
TOYKY S — BepPIINHY ITipaminu.

4. CrosriyuuT TOUKY S 3 BepIIMHAMU OCHOBMH.

5. Buginutu Bugumi i HeBuauMi pebpa mipaminu.

300paskeHHAM JOBIJILHOTO TeTpaeapa IIPU IapajelbHOMY MPOEeKTyBaHHi
MoKe OyTH OyAb-AKUN YOTUPUKYTHUK 3 MIPOBEJIEHVWMM B HbOMY AiarOHAJIAMU.
g HaouHOCTI HeBUAMMIi pebpa TeTpaeapa 300parkaioTh IMITPUXOBUMU JIiHIAMU
(maz. 126). 3o0parkenHsa TeTpaeapa Ha MAIOHKY 127 mpaBuibHe, ajle HeHAOUHE.

S b
)

[}

'

'

[l

1

)

1

)

)
[l
" '

Pt

Max. 125 Maxn. 126

Man. 127

ITapaneneninen kpaiie OyayBaTi, IOUYNHAOUN 3 OCHOBHU (Maj. 128):
1. ITo6ynyBaTu moBinbHUI mapasuenorpam ABCD.

2. ITo ogmu 6iK Big IJIOIMMHU IBOT'0 IapaJiejiorpaMa IPOBECTH MapajebHi
Bigpisku AA,, BB,, CC,, DD,, 1110 MaioTh PiBHi JOBKWHU.

3. ITobynyBatu napasenorpam A,B;C,D;.

4. Bupginutu suguMi i HeBuauMi pebpa.

IIo6GymoBy mpu3Mu BUKOHYIOTh aHAJOTIUHO, IIOUYMHAIOUYN 3 OCHOBU. I/ Ha-

OUHOCTi OiuHi pebpa mpsAMOI MPU3MU 300pakaloTh BEPTUKAJILHIMHU BigpiskaMu
(man. 129), a moxmioi mpusmMu — noxuaumu (Maju. 130).

B, C,
i
Al D, '
sl
A
Maxn. 128 Mau. 129

Maua. 130

PisHi crmocobu 306paskeHHA IPOCTOPOBUX (Diryp Ha MIIOMIUHI PO3TIALAIOTHCA
B KPecJIeHHi i B HapucHill reomeTpii.
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— AN 4onnTanBux ~

Xy[O0XHUKM HaMaraTbCs BioTBOpUTY 6araTto-
rpaHHe 6araTtcTBO CBIiTY, 00’EMHICTb Ta NOBHOTY
npeaMeTiB Ha NOOTHI YK nanepi. [1o Toro X € kap-
TUHU, Ha FKMUX 300pakeHO NPOCTOPOBI 06’EKTU,
CTBOPEHI HA OCHOBI OMTUYHMX iNtO3ili 3 BUKOPUC-
TaHHAM «HEMOXTMBUX ¢iryp». Lle, Hanpuknaa, Bi-
noma pobota M. Ewiepa «Bogocnagy» (man. 131).
Y Hili noegHAHO ABa «HEMOXJTUBUX TPUKYTHUKU»,
npuaymMmaHi matematnkom Pomgxepom leHpoy-
30M. CTBOPIOETBLCS BPabkeHHS, LLIO BOAOCNa € 3a-
MKHEHOIO CUCTEMOIO i NPALIOE K BiHHMIA OBUTYH.
3HanaiTh HA MaIOHKY «HEMOXITNBI TPUKYTHUKN >,
LizHariTecsa Oinblue Npo «HEMOXUBI Pirypu».

«Hemoxnumei dirypun» — @irypm, Wwo Ha nep-
Wnin Nornag 34alnTbCa NPOEKUIEID 3BNYANHOIO Ma. 131
TPUBUMIPHOro 06’ekTa, ane nig, Yac yBaXHoro ix
[OCNIOXEHHS MOXHA NobavymTi cynepednei no-
€0HaHHS eNieMeHTIB dirypu.

SAMNUTAHHSA | 3ABAAHHS AJ19 CAMOKOHTPOJIIO

1. IITo masuBatOTh 300paskeHHAM (irypu y crepeomerpii?

2. fkwuit Bug MpoeKTyBaHHSA BUKOPUCTOBYIOTH MPU 300paskeHHi (iryp y cre-
peomeTpii?

ChopmyttoiiTe i 1oBeAiTh TeopeMy HIPO 300paKeHHS TPUKYTHUKA.
Axumu pirypamu Mo:KHA 300pasKaTu Imapajiesorpam, MIPAMOKYTHUK,
KBajapar, poMm6?

fAxumu dirypamu Mo:KHa 300paskaTy Tparmerio?

fAxoro Qirypoio y crepeomeTpii 300pakaoTb K0JIO?

fAx moOymyBaTu cupsskeHi miamerpu esimca?

Ax moOymyBaTu MPAMOKYTHUII mapaJiesieline/, IMOXUANN mapaJjejerninesn,
TPUKYTHY IPU3MY, YOTUPUKYTHY Imipamimy?

o

® NS>

BUKOHAEMO PA3SOM

o IToOynayiiTe 300paskeHHsT KBajpaTa, BINCAHOIO B PiBHOOEIPEHUN IPSIMO-
KYTHUY TPUKYTHUK, AKIIO ABi BePIINHU KBaJpaTa JeXaThb Ha TiloTeHys3i,

a ABi iHmIi — Ha Karerax.
® Hexaii kBagpar EFPK Buucanuii y ~ABC, y asxoro ZC=90° AC = BC
(man. 132). AKIMO TPUKYTHUK PiBHOOEAPEHUN NPAMOKYTHUHA, TO LA =45°,
toni LAEF =45°. 3uaunth, aAEF — piBHOOEIpPEHUIN TPAMOKYTHMH i AF =
= FE = FP. Auajoriugo 1oBoauThcs, 1o BP = PK = PF. Toni AF = FP = PB.
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ITposegemo CM | AB, tomi M — cepenuna AB. Ockinbku KP 1 AB,
EF 1 AB, to KP||EF||CM. BpaxoByouu Iie, MOKeMO BUKOHATH OOy I0-
By 300paskenHsa (maia. 133).

A
F A F M p B
M
E P
C K B
Mau. 132 Maug. 133

1. ITo6ynyemo moBinbuHUIT aA’B’C’, akuii € so6paskenuam aABC.
2. Toukamu F’ i P’ moginumo Bigpisox A’B’ Ha Tpu piBHI yacTUHHU.
3. IIposememo Bigpizox C'M’, ne M’ — cepenuna A'B’.
4. Ilposegemo E'F’||C'M’ i P’K’||C’'M’. Yorupukyruuk E'F'P'K’ —

300paskeHHsA IIYKAaHOTO KBagpaTa.

PN — piametp xosia. Ha mpomeni NP 3uaigiTe Touky M Taky, IO JOTHY-
Hi, IIpoBeaeHi 3 Hel 40 KoJa, yTBOPIIOTHL KyT 60° (man. 134). IToGyayiiTe
300pakeHHsa Touku M Ta JOTUYHUX.

Hexait MA i MB — pgoruuni, ZAMB=60°. Toxi LZAMO = Z0AK =30°,
Tomy MO =20A=20PiOK =0,50A=0,50P. Bpaxosyiouu, mmo AB | MO,
MOJKeMO OyAyBaTH 300parKeHHsd.

Hexaii exinc i3 meatpom O’ € 300paskeHHSAM JAHOro KoJia, a giamerp P’N’ —
300pakenHaM mgiamerpa PN (mau. 135).

A
M Pl K o N
B
Maur. 134 Maxn. 135

1. IIposegemo mpomins NP’ i mosHaumMo Ha HBOMY TOUKYy M’ Tary, IO
O'M’ = 20'P’.

ITosmauumo Tourky K' — cepeguny P'O’.

ITo6ynyemo piamerp E'F’, cupssxenuil no P’N’.

Yepes Touky K’ mposegemo A'B’||E’F’.

IIposememo mpomeni M'A’ i M’'B’, aki i OyayTh 300paKeHHAM IIYKAHUX
OOTUYHUX.

guks
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3AJAUI | BIPABU

279. Yu MmosKe PiBHOCTOPOHHI#M TPUKYT-
HUK OyTH 300pasKeHHAM IIPAMO- 0
KYTHOrO TPUKYTHUKA? A TYIOKYT-
goro? | e

280. Yu moske 300pasKeHHAM KBajpaTta
OyTu pom6? A 300pakeHHAM Tpa- a 6 6
merrii mapasemorpam?

281. 300pakeHHSAM SKOTO TPUKYTHU- Mau. 136
Ka € TpukyTHuk ABC, AKII0 TOY-
Ka B jexxurns Ha ejimci, a AC —
miameTp mporo eJimca?

282. AB i CD — pgBa JoBijbHI miamerpu
egimca. 300paKeHHAM SAKOTO YOTH-
PUKYTHUKA € YOTUPUKYTHUK ACBD?
A AKIo giamMeTpu CHPSAKeHi?

283. fka 3 HaBegeHMX Ha MaJIOHKY 136
diryp € 3o0pakenHaM (IIapajejb- Maur. 137
HOIO IIPOEKITier) Kyba?

284. Skwnii i3 mecTUKyTHUKIB (Maj. 137)
€ 300pakKeHHsaM IIPaBUJIBLHOIO IIec-
TukyTHIKa? Yomy?

285. Yu mozxkua MaaioHOK 138 BBaskaTu
300pasKeHHAM MPSAMOKYTHOTO TTapa-
sgeneninena? Yu HaouHe Take Horo a 6 8
300pasKeHHsa?

a 0 8

Mau. 138

286. Touku A;, A,, A;, AKi He JeKaTh Ha ONHIiNl TpPaAMill, € mapajeIbHUMU
OPOEKI[iAMU ABOX BEPIIUH i TOUKU IIePEeTUHY AiaroHajiell mapaJjiejorpa-
ma. IToOynyiiTe 300paskenHsa mapajenorpama. CKinbKu pos3s’a3KiB Mae
3amaua?

287. Touku A,, A,, A,, AKi He JIe;KaTh Ha OJHIN NIPAMill, € mapaJeTbHUMU ITPOEK-
migAMUu ofHiel BepIIMHU i cepequH OBOX CTOPiH TpuKyTHHUKA. Ilo0yayiiTe
300paskeHHA TpuKyTHUKA. CKiJIbKM po3B’sA3KiB Mae 3amaua?

288. IToOyayiiTe 300parkeHHs IPAMUX, AKi IPOXOAATE yepesd TOUuKy M — BHYT-
PiIIHIO TOUKY PiBHOCTOPOHHLOTO A ABC, meprneHIuKyJIsSPHO J0 CTOPiH IILOTO
TPUKYTHUKA.
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289.

290.

291.

292.

293.

294.
295.
296.
297.
298.
299.
300.

301.

302.

303.

304.

305.
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Tpukyrauk A’B’'C’ — mapaJieqbHa IIPOEKIiss piBHocTopoHHLOrO 2ABC.
IToGynyiiTe 300paskeHHA IEHTPa KOJjia, BIIMCAHOTO B TPUKYTHUK.
Tpukyruuk A’'B’C’ — mapaJieibHA IIPOEKIliA piBHOOEIPEHOTO IPSIMOKYT-

Horo aABC (£C=90°). IloGyxnyiiTe 300paskeHHS CepeUHHNX IePIeHIH-
KYJIspiB, IPOBEIEHUX [0 CTOPiH TPUKYTHUKA.
HaHo 300paskeHHs TPUKYTHUKA i IBOX HOTO
BucoT (man. 139). IToOGyayiiTe 300pasKeHH
[EHTPA OMMCAHOr0 KOJIa.

Tpurkyrauk A’B’C’ — mapaJjieJlbHA IPOEKIlis

B,

npsamoryTHOTo aABC (£C=90°). Ilo6ynyiite
300paskeHHA IeHTPa BIUCAHOTO B TPUKYTHUK
KoJa, AKmo BC : AB=4: 5. A, K, c,
YV tpuxkytaury ABC AB : AC = 2 : 3. Ilo0y-

nyhiTe 300paskeHHA OiceKTpucu, IPOBeAeHOl Mau. 139

3 BepInuHU A.

OcHoBu piBHOOeApeHOi Tpamelii npomopiiiiai yncaam 1 i 2. IloGygmyiiTe
300pasKkeHHd ITiel Tpamerrii, 1i cepeaHbOI JiHiI Ta BUCOT.

HaxpeciiTs esinic i mpoBeniTh goBinbuUI giamerp AB. [IoOynyiiTe miameTp,
cupsKeHuu 1m0 AB.

IloOynytiTe 300paskeHHA: a) KBaapaTa, BIIMCAHOTO B Ko0JIo; 0) KBagpara,
OIIMCAaHOTO HABKOJIO KOJIA.

IToGymytiTe 300paskeHHA TPaBUJIBHOTO TPUKYTHUKA: a) BIIMCAHOTO B KOJIO;
0) ommmcaHOro HaBKOJIO KoJia.

ITo6ynyiiTe 300paskeHHs MPAMOKYTHOTO TPUKYTHUKA, BOMCAHOTO B KOJIO.
IToGynyiiTe 300paskeHHsA MPIMOKYTHHKA, BIILCAHOTO B KOJIO.

Ha zo6paxenni kKosa gano Touky M. I[loOyayiiTe 300pakeHHsT JOTUYHOI,
IpOBeIEHOI A0 KoJia B IiHl TOUIIi.

ITo6ymyiiTe 300paskeHHA KBaagpaTa, BIIMCAHOTO B IPAMOKYTHUHN TPUKYTHUK,
AKITO BOHU MAIOTh CIIIJIBHUN IPAMUHN KYT i:

a) TPUKYTHUK PiBHOOEIPEHUI;

0) xaTeTH, IIPOIOPIIiKiHiI uncaam 3 i 5;

B) rimoreHysa i Karer BigHOCATHCA AK 13 : 5.

ITo6ynyiiTe sob6paskenusa mapaseremninmenqa ABCDA,B,C,D,;, AKIIO maHO
300pasKkeHHs TOUoK: a) A, B, C, D,; 6) A, B, D, A,; B) B, B, C,, D.
TocTpuit KyT pomba mopiuioe 60°. IToOyayiiTe 300paskeHHA BUCOT I[HOTO
pom06a, ITpoBeleHNX 3 BEPIIMHU: a) TYHoro Kyra; 6) rocTporo KyrTa.
Biuma cTopoma i ocHOBa piBHOOEIPEHOT0 TPUKYTHUKA BiJHOCATHCS
Ak 3 : 2. ITobyxayiiTe 300parkeHHs IIeHTPA KOJa, BIINMCAHOIO B TPUKYTHUK.
Y piBHOGenperHomy TpukyTHUKY ABC Bucota AH ninuth cropony BC
y Bigmomienni BH : HC = 3 : 1. Ilob6yayiiTe 300paskeHHs I[eHTpa KoJjia,
ONIMCAHOTO HABKOJIO TPUKYTHUKA.
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306. Exinc, meHTp AKOTo HeBimoMuii, € 300parkeHHIM KoJia. ITooyayiiTe 300pa-
JKeHHS IeHTpa KoJia.

307. Hamo so0pasKkeHHSA K0Jia, MOTO IeHTPa Ta TPUKYTHUKA, BIIMCAHOTO B Ie KOJIO
(man. 140). ITo6yayiiTe 300pakeHHA BUCOT IIbOTO TPUKYTHUKA.

308. ITobynyiiTe 300pasKeHHsI IPABUJILHOIO IIIECTHU-
KYTHUKAa: a) BIIMUCAHOTO B KO0JI0; 0) OMMCAHOTO
HaABKOJIO KOJIA. A

309. Ha mromuHi gano 3o0paskeHHsa Koja, Horo IeHT- 1
pa O, npsama [ i Touka M, sika He HAJEKUTH Hi C,
mpsamiii, Hi Koury. ITo0yayiiTe 300pasKkeHHs IepIIeH- Maur. 140
IUKYJIsipa, IpoBeaeHoro 3 Touku M mo mpsamoi [.

310. TlobynytiTe 300paskeHHA MPABUJIBLHOTO I’ ATUKYTHUKA.

B,

311. CTopoHu HPAMOKYTHHKA BiJHOCATHCA SK J3:1. IToOynyiiTe 300paskeHHs
MEePIeHANKYJISPAa, IIPOBEIEHOr0 3 BePIITNHY IPAMOKYTHHKA [0 f10T0 AiaroHai.

312. ITobynyiiTe 300pa’KeHHs IPABUJILHOrO TPUKYTHUKA, BIIMCAHOT'O B KBaAparT,
AKIITO O HAa Oro BepIinHa 30iraeThbCcsa 3 BEPIIMHOI KBaapaTa, a ABi iHImi —
JIeXKaTh Ha CTOPOHAX KBajapara.

313. ITobGynyiiTe 300pakenHs pomba AMNK, sBuucanoro B ~ABC Taxk, mo /A
B HUX CIILJIBHUMI, AKIIO:

a) AB=BC =AC; 6) AB=BC = 2AC; B) AB : AC =3 : 5.

314. ABCDEF — nipaBUJIbHUH MIeCTUKYTHUK. [100yAyiiTe 300paskeHHA MepIeH-
IUKYJIsApa, IIPOBeleHOTo 3 BepminHU A Ha: a) piaronanb CF; 6) cTOpoHY
CD; B) cropony BC.

315. Bidxpuma 3adawa. ABCDEF — npaBUJbHUH IMIeCTUKYTHUK. II00ynyiiTe
300pasKeHHs MePIeHANuKYasapa, IIPOBeJIeHOro 3 Bepminau D Ha ... .
316%*. [liaronasi pomb6a BimHOCATHCA AK 1 : 2. [ToOyayiiTe 300paskeHHA BUCOTH,

IPOBENEeHOI 3 BEPIINHU TYIIOTO KyTa.

317*%. TloOynyiiTe 300paskeHHs KBaJpaTa, BIIMCAHOTO B PiBHOCTOPOHHIH TPUKYT-
HUK TaK, I10 ABi MOTo CyCigHiI BepIIMHU Jie)KaTh Ha OMHIA CTOPOHI TPHU-
KYTHUKA, a OBi iHIIi — 110 ONHiN Ha ABOX iHINIMX CTOPOHAX TPUKYTHUKA.

318%*. IToOynyiiTe 300paskeHHs IPABUILHOIO TPUKYTHUKA, BIIMICAHOI'O B KBaApaT
Tak, 10 BOHU MAalOTh CIiJBLHY CTOPOHY,
a BepIIInHA TPUKYTHUKA JEeKUTh BCepeanHi
IBOTO KBajaparTa.

319. 3a momomoromo Mozesai, 300pakeHOI Ha
MaJIIOHKY 141, MoiKHa IMOKasaTH, IO IIa-
paJIeIbHOIO IIPOEKIII€I0 KOJa € TaKe caMme
Koso. CTBOPiTHL MOJesb, 3a MOIOMOTOIO
SAKOI MOJKHA IIOKAa3aTH, IO IIapajebHOI0
IIPOEKIIi€l0 KoJia €: a) BiApisok; 0) eJimc.

Maua. 141
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320. IIpaBuabHUI IIECTUKYTHUK i IJIOIIIUHA O. PO3MillleHi Tak, 1m1o: a) AB| o
i BE||a; 6) BC||loo i AE||o; B) AB|low i FC|lo. Hu 6yayTh mapajelbHUMEI
ILIOIMHA IIEeCTUKYTHUKA i mIomuHa o?

321. ¥V xy6i ABCDA,B,C,D, uepes cepenuny pebpa: a) A,D;; 6) CC, nmpoBegeHo
IJIOIUHY TapaJiesbHo ILtomnuHi (AB,D,). 3HaliAiTh mepuMeTp i MJIOIY
YTBOPEHOTO Iepepisy, AkrIimo AB = a.

322, Iliomuuu ¢ i f mepeTuHATHCA MO NPAMIi ¢. ¥ IUIOIMMHI ¢ IIPOBEAEHO
IpaMy a, al|c. YRaxiTh Kinbka crocobis mo6ygosu npamoi b, bc B, bl a.

MeTtoan nodyaoBu nepepisie
MHOrorpaHHuKIB

Pamirre Bu Bike OyyBaau mepepisy MHOTOTPAHHUKIB IJIOITNHO0. BUKOHYBa-
Jn X, BUKOPHUCTOBYIOUM aKCioMHU cTepeoMeTpii Ta TeopeMu IIPO IIapajebHiCTh
mpAMux i maomuH. IcHyOTS 7 iHmnTi meToau nobynoBu nepepidiB. HalteekTus-
HimmuMu € Taki Tpu Metoxu: 1) MeTon ciaifiB; 2) MeTOh BHYTPIIIHBOTO ITPOEK-
TyBaHHA; 3) KOMOIHOBAaHUIT METO[.

Meron caigiB. 3 meromoMm ciaifiB Bu osHatiomuauca B § 3. Haramaemo, 110
OpAMYy, 0 AKill ciuHa IIJIOIIMHA NepeTHWHAa€E MJIOIINHY O, Ha3sMBAIOTH CJIiTOM
ciuHOl ITOIMHY B TIOMmKHI 0. TouKka, y AKill ciuHa IJIOIUHA IepeTUHAE IPs-
MY, — CJiJ CiYHOI IJIONIMHY Ha Il IIPAMI.

PosransaaeMo KinbKa OPUKJIATIB.

3adaua 1. I1o6ynyiiTe mepepis woTupuKyTHOI mipamiau SABCD TIOIUHOIO,
AKa IpoxXoauTh uepe3 Touku M, N, K (man. 142).

ITo6ynyemo cirif ciuHOI MJIOIWHY Yy TJIOIMIWHI OCHOBHU. [[JIA IIHOTO CIIPOEK-
TyemMo Touku M, N, K Ha IJOIIMHY OCHOBU 3 TouKu S. OTpumMaemo Touku M,
N,, a poektia Touku K 36iskuThCcA 3 Toukoio D. 3HalgeMo ABi TOUKHU ciiny,

no6yxysasmu Touku O, (NKNN,D=0,) i 0, (J\ﬂ\fﬂMlN1 = 02). Omxe, mpsa-

ma 0,0, — ciaif ciuHOI IJIOIIWHY y IJIONIMHI ocHOBU. Termep MoKeMO II00Y-
nyBaTu mykanuit mepepis. Hexait BC(10,0,=E, a NK(1SC=P. IlposiBmiu
npamy EP, orpumaemo Bigpisdok PF, 110 AKOMY CiuHa ILIOIIMHA IepeTUHAE IT'PaHb
BSC. Hani, axmo FM () AS = R, nposenemo Bigpisku FR i RK. YoTUPUKYTHUK
RFPK — mykaHuil mmepepis.

3adaua 2. IlobyayiiTe nepepis I’ ATUKYTHOI IPU3MHU IIJIOIIMHOIO, KA IIPO-
xoauTh ueped Touku M, N, K (mana. 143).

Cupoexryemo Touku M, N, K Ha HJIOIIIMHY OCHOBHU IIapajieibHO OiYHOMY pe-
opy npuamu. Orpumaemo Touku M,, N,, K,. Ilo6yanyemMo TOUKH CIigy AK TOUKU
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Maua. 142 Mau. 143

nepetuny npamux MN i M;N, rta
npamux NK i N,K,. ITo6yayBaBIiu
caig 0,0,, 3Mo:KeM0 moOyayBaTu
i mykauuii nepepis. IIpomornyemo
3pPOOUTH IIe CAMOCTifiHO.

Axrmo Touxky K rpani DEE;D,
mano Buire (maj. 144), To TOURY
O, mobyayBaTu CKJIAgHO, 60 IIpsami
TMEPETHYTHCA JAJTEKO 3a MeKaMU Ma-
JIIOHKA. Y IbOMY BUHOAAKY Kpailre
KOPUCTYBATUCA IHIIIUM METOIOM.
Bubepemo na npamiiit NK goBinbHyY
roury P. Tomi Pe(MNK), a 3Ha-
YuTh, TOUuKu M, N, P BU3HAYamOTh
Ty caMy IJIOMIUHY, 10 i Touku M,
N, K. Tenep mobyayemMo cJiif 1jo- Mau. 144
e (M N P). 1714 OT0 CIIOYaATKY
Ha nmpamin N,K, mobyayemo Touky P,, AKa € mapaJieJibHOI IIPOeKIliefo TouKu P
(HampsaM TTPOEKTYBAHHSA He 3MiHIOETbCS — IapajelbHU 6iuHOMY pPedpy mpu-
3mu). 3HaigemMo TouKy O; — TouKy neperuny npamux PM i P,M,. Orpumau
npamy 0,05 — ciin ciuroi miaomuan. 3poOUBIIK BiAMOBiAHI TOOYI0BU, OTPH-
MaeMO INYKaHUN mepepis — m’ATukyTHuK LRFQH.

Meroa BHyTpinrabOr0 mpoexktyBanus’. [leit mero yHiBepcasbHMI i Mae nesaxi
mepeBaru HajJ METOZOM CJiJiB, 0CcO0JIMBO, KOJM CJIiJ CiuHOI IJIOIMMHMN 3HAXO-
IUTHCA JAJEKO 3a MeyKaMHé MaJIIoHKa (AK 1e 0yJio B 3amaui 2).

SKII0 MHOrOIrPaHHUKOM, IIEPEepPi3 AKOro OyAyeThCs, € IPKU3Ma, TO HaluacTiie
BUKOPHCTOBYEMO TapaJieJibHE MPOEeKTyBaHHA Ha ILJIOIIMHY ocHOBU. I[Ipm mbomy
M0ro HAIpPsAM BU3HAYAETHCA OiUHMM pPeOpoM Hpu3MHU. SIKIO 3K MHOTOIPAHHUKOM
€ Tmipamizia, To BUKOPUCTOBYETHCA IEHTPAJIFHE IIPOEKTYBAHHS HA ILJIOIINHY OCHOBH.
ITeHTpOM IIpoEeKTYBAaHHS € BepIIIHA IIipaMiau, v AKiil cxonaTbes Bei 6iuHi pedpa.
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3adavwa 3. IloOGyayiiTe mepepisa mnpusmu
ABCDA,B,C,D; niouuHoI0, AKa IPOXOJUTH Uepes
Trouku K, P, T (mau. 145).

Hexait KPTM — nepepis, axuii Tpeda modyaysa-
tu. OpHy 3 fioro giarouaseii KT moskHa moOyayBaTu,
ockinbKu mano Touku K i T. 3amaua 3BOOUTHCA 10
nobymoBu apyroi mgiaromaui. ITpoexirii o6ox mux
nmiaroHaseit moOyayBaTH HEBasKKO, OCKiJIbKM BOHU
€ miaroHajJiaMu OCHOBU IpusMu. BcTaHOBUMO Bif-
moBimHicTh: miarouaui nmepepidy KT Bigmosimae mpo-
ekIia BD; niarouaJii nepepisy PM — mpoexkitiss CA;
mepeTuHY fiaroHasel mepepidy O; — Toura O.

3 omMcaHOTO aHaJIi3y BUIJIMBAE TaKUI CIIOCiO po3B’A3aHHS 3amadi:

1) mpoBogumo miaronasi ocuou mpusmu AC, BD i mosHauaemo TouKy O ix
MepeTUHy;

2) mpoBogumo gmiaroHasb nepepidy KT, AKy MOKHa IPOBECTH;

3) uepes Touky O HPOBOAMMO HPAMY, HapaJjejbHy AA,, 10 mepeTuHy 3 mia-
roHasnio KT y Touri Oy;

4) nmpoBogumo npamy PO, no nepetuny 3 AA; y Touni M.

Mau. 146 Maun. 147

3ajiekHO Bim Toro, Ak posmimieHi mami Touku K, P i T, y mepepisi moxe
o0yTu wotupukyTHUK KPTM (main. 145) abo n’arurkyrtauk KPTFE (man. 146).

Bynysaru mepepis mipamigu MeTogoM BHYTPIITHBOTO MTPOEKTYBAHHA MOXKHA
aHAJIOTIUHO, TIJIBKM CJIiT KOPUCTYBATUCS IEHTPAJLHUM IPOEKTYBAHHIM.

3adaua 4. IlobynyiliTe mepepis mipamMigu IJIOIIMHOIO, AKA IIPOXOIUTEL Yepes
Touku M, N, K (man. 147).

Cmapoexryemo Touku M, N, K 3 Bepmmiuanu S Ha mirommuay ABCD. OrpuMaemMo
Touku M,, K,, a Touka N, 36iskurbca 3 Toukomw C.

Axmo DM, NCK,=T,, aST,(\NK=T, to MT(\SD = F. Busnauaemo TOUKHU
E i R, y AKuX ciuHa IJIOI[MHA IIepeTuHae pedpa SA i SB.

FKNSA=E, EM () SB = R. Ilposiemu Biapisku RN i NF, MaTuMeMO ITyKa-
HU# nepepis ERNF.
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— AN 4onnTanBux

3 nobynoBamMum nepepisie MHOrOrPaHHMKIB TICHO NOB’A3aHi Aeski NnaHiMeTPUYHI
3ajadi Ha Nnobyaosy.

Bapgaya 5. JaHo Tpu napanensHi NpsMi OAHIET NIOLWWHY | TPU TOYKN MiX HUMW.
MobyaynTe TPUKYTHUK Tak, LWOO MOro BEPLUNHU Nexan Ha AaHUX NPsSMUX, a CTo-
POHM NPOXOOVM Yepes AaHi Touku (Man. 148).

FAKLLLO KOPUCTYBATUCS TiNIbKM METOAAMU MAAHIMETPIl, 3a4a4y PO3B’A3aTh BaXKKO
(cnpobyiite!). MeTomamum ctepeoMeTpil BOHA pO3B’A3YETbCS NOPIBHAHO NPOCTO.

Y4BiMO, L0 BiAPI3KM AaHNX NpPAMUX — pebpa TPMUKYTHOI Npu3mmn, a Touku K, P,
T nexaTtb Ha il BiYHUX rpaHsX.

3anuwaeTbcs NobyayeaTy nepepia NpMamMm NIOLMHOK, SKa MPOX0ANTL Yepes
Toukn K, P, T (man. 149). MNpoexuis noGynosaHoro nepepidy ABC — TPUKYTHUK,
AKMIA 3a00BONIbHAE YMOBY 3aaadi. Ockinbku To4km Ki P MOXHa YSBASATU TO B OAHIN
rpaHi npn3mm, TO B iHLWIN, 3aa4a MOXE MaTu ABa Pi3Hi po3B’a3kun. [epekoHanTecs
CaMOCTINHO.

*p

T

K

Man. 148 Man. 149 Man. 150

9k 6a4yrmo, po3B’aA3yBaTu AesiKi NIaHIMETPUYHI 3a4a4i MOXXHa METOAAMU CTe-
pPeoMETIl, «BUALLOBLUW B MPOCTIP». [HOAj 3pyYHO MOAENSIIO NIaHIMETPUYHOI 3a4a4i
BBaXaTun OesKy CTEPEOMETPUYHY KOH®Irypauito. Lie cTocyeTbCs He Tinbkn 3anau,
a n 6baraTbox Baxmeux Teopem. OgHa 3 HUX — Teopema [esapra.

Akwo TpukyTHUKM ABCi A,B,C, po3TalloBaHi Tak, Wwo npami AA,, BB,,
CC, npoxoaaTb 4epe3 ogHy TO4Ky, To npsami AB i A,B,, BCi B,C,, CA
i C,A, NnepeTUHalOTbCA B TOYKaX, WO JieXaTb Ha OAHIN NpsaAMiii, abo
napanesbHi.

Cnpo0byinTe goBECTN TEOPEMY, KOPUCTYIOHMCh MatoHkoM 150 abo 3apadyeto 5.
MokaxiTb Ha ManloHKy BUnNaadok, konn XY || AC || A,C,.

SAMUTAHHA | 3ABAAHHS OJ19 CAMOKOHTPOJIIO

1. ARy nmpamMy HasWBAaIOTh CJiOM CiYHOI IJIOITWHY B ILJIOITUHI O/?
2. fxi metomu moOymoBu IepepisiB Bu 3Haere?
3. fAx OymyBaTu mepepisyu MHOIOrpPaHHUKIB MeTOZOM CJIigiB?
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BukoHAEMO PA3OM

ITo6ynyiiTe mepepis uoTupuryTHOi npusmu ABCDA,B;C, D, I0IINHOI0, AKa
OpOXOAuTh yepes3 Tpu Touku K, P, T, mo nexartsb Ha pedbpax BB,, CC,, DD,

BigmoBizHO.

ITo6ymyemo citif ciuHOI IJIOMITUHYT Y ILJIO- C, D,
muHi ocHOBH. Ilpami PK i PT wmae- P

JKaTh CiUHiN mJIOmMHI, TOMY i TOUuKa S, N\ B1 A4

y akii neperuHaioTbhed npsami BC i PK,
i Touka @, y AKili mepeTuHAIOThLCI IPs-
mi PT i CD, Hane:xaThb CiuHill mJIoIH-
Hi (Man. 151). Kpim Ttoro, Tourku S i @
HaJIe)KaTh IJIOMIMHI OCHOBU JaHOI IIPH-
amu. OT:Ke, KOXKHA TOuKa mpamoi S@
HaJIEXKUTh CiUHil IJIOMIMHI Ta ILJIOMTMHI
ocHOBU. SQ — cain ciumoi miIommHM?
B momiuui ABC.

3HangemMo TouKy N IepeTuHy TpAMUX
BAiSQ, amorim Tourky M, y akiii nmepe- S

TuHAIOTECA npami NK i AA,. Toukn M Mau. 151

i T nexkatpb B miromuHi DAA, D, i B ciuniit

mwiromuHi. Tomy Bigpizok MT HaNeXUTh MIyKaHOMY Iiepepidy. Orpumasu
IIyKaHUK mepepis nmpusamMu — 4oTupukyTHuk KPTM.

IToGynyiiTe mepepis TpukyTHOI mipamigu SABC ILIOIIINHOIO, SKa MIPOXOIUTD
yepes Tpu Touku K, P, T, 1o je:xathb y rpanax ABS, BCS, ACS Bigmosinmo.

IToGyayemo cirif ciuHOol mIOIUHY Y I1JIO0-
UHI 0CHOBU. /15T IHOT'O CIIPOEKTYEMO
Touku K, P, T Ha ILJIONITNHY OCHOBU 3 TOY-
ku S (maa. 152). Orpumaemo Tourku K,
P,, T,.IIpami PK i PT Hane:xaTh CiuHil
MIJIOIIUHI, TOMY I TOUuKa S, y aKiii mepe-
TuHaioThea npami P,K, i PK, i Touka @,
y AKiit neperuHaloThea npami PTi P, T,
HaJie)kaTh ciuHil miaomuHi. Kpim Toro,
TOUuKY S i  HaJNeKaTh IJIOMINHI OCHO-
BU maHoi mpuamu. OTiKe, KOXKHA TOUKA
npsaMoi SQ HaJIeKUTh CiuHill HmIOMIMHI
Ta IJIOIUHI ocHOBU. SQ — ciix ciumoi
miomuen B miuoniuai ABC. Mas. 152

Touku E i F (TOYKU IEepeTUHY CJIiTy

3 pebpamu AB i AC) Hae:kaTh Iepepisdy. 3Hall1eMO TOUKHU IIePETUHY ILIO0-
IUHU Hepepisy 3 peépamu SB i SC. Maemo: EK(NSB=M i FT(1SC = N.
Ilykauwuii mepepisa mipamigun — yoTupukyTHUK EMNF.
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3AJAUI | BIPABU

323.

324.
325.

326.

327.

328.

329.

330.

331.

Yu MoKe I’ ATUKYTHUK OyTH IepepisoM IIeCTHKYTHOI mpusmu? A cemu-
KYTHUK?

Yu MoKe IPABUIBHUN I’ AITUKYTHUK OyTH IepepisoM mapaJiejemnimema?
SKy KiJbKicTh CTOPiH MOMKe MaTu MHOTOKYTHUK, OTPUMaHUU y Iepepisi
YOTHUPUKYTHOI ImipamMigy mIoInHO0?

IToGynyiiTe mepepid yoTupukyTHOI moxwuaoi npusmu ABCDA,B,C,D, mjo-
IUHOI0, SKa MPOXOAUTH Uepe3 TPU TOUKHU, IO JeKaTh Ha pebpax BB,
CC,, AD.

ITo6ynytiTe mepepis m’arukyTHoi mpusmu ABCDEA,B,C,D,E,| nyioiunHoI0,
AKa IPOXOIUTh Uepes TOUKH, IO JieKaTh Ha pebpax AA,, CC,, EE,.
IToGynytiTe nepepid o’ aTuryTHOI mipamign SABCDE niominHOIO, 110 TPO-
XOAUTH uepes Touxu M, N, P, sxkmo M eSA, NeSC, Pe(DSE).
IToGynyiiTe nmepepis napaneneninena ABCDA,B,C,D, niomuuoio (MNR),
akmo M eCC,, NeDD,, Re A B,. 3agauy po3B’axKiTb:

a) MeToJOM CJIiiB;

0) MeTOIOM BHYTPIIITHBOTO MPOEKTYBaHH;

B) KOMOiHOBAHUM METOIOM.

ITo6ynyiiTe mepepis moxwmiioro nmapasesemninena ABCDA,; B,C,D, niaomuHOIO,
AKa TpoxoauTh uepes Touku K, L, N, axmo K e€(CCD,), Le(AA.D,),
N € BB,. 3agauy po3B’aiThb: a) METOZOM CJIiJiB; 6) MeTOZOM BHYTPillIHEOTO
IIPOEeKTYBaHHA; B) KOMOiHOBAHIM METOIOM.

Touka R Hage:xkuTh pedopy SA mipamigu SABCD, a Touku P i T — 6iuHuM
rpaasam SBC ta SCD. Ilob6yayiiTe mepepis mipamigu maomuuoio (PRT).

332. ITobyayiiTe mepepisy MHOrOrpaHHHKA ILIOIMHOIO, SKa IPOXOJUTh dyepes
Touku M, N, P (man. 153, 154).
M
| . N P
| ) | M
. g Pis g I'zo’//
-’ P s a

Maua. 153 Maux. 154
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333.

334.

335.

336.

337.

338.
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IToGynyiiTe mepepis mipamigu SABCDE mIONMINHOIO, AKa MPOXOIUTDH Uepes
Touku P i @, axi jgexxarb y miomuuaax (ASB) i (ABC), Ta BHYTpiIIHIO
TouKy R pebpa SE.

ITo6ynytiTe nmepepis npusmu ABCDA,B,;C,D; mjJONNHOI, KA IIPOXOAUTH
uyepes Touku K, L, M, AKII0 BOHU J€XKaTh BiAmoBigHo B rpauax AA,B;B,
AA,D,D, CC,D,D.

ITo6ynytiTe mepepis npusmu ABCDA,;B;C,D; II0OIIUHOI, KA IPOXOIUTH
uepes Touku E, F, T, axkmo Ee AC,, FeBD, TeCD,.

Hano mpusmy ABCDA,B,C,D;, B 0CHOBi AKO] Jie-

Kuth Tpamnernia ABCD (man. 155). YcraHOBiTH 4 B,
BIAOBiAHICTE MisK ITepepidoM IPU3MU MJIOIITUHOIO, r
110 IPOXOAUTE Uepes npamMy K P mapajelbHo Ipsi- D, C, PP
miii (1-4), Ta Bugom yTBOpeHoro mepepisy (A—II).
1 DA A HlectukytEmk | | /g
2 AB B TpukyTHHUK A
3 BL B Tpanenia L K
4 TL I' YoTupUKYTHUK D c
O II’aturyTHUK
Mau. 155

Ha pebpax AC, SB i SC nipamigu SABC 3amaso
Trouku M, N, K. Ilo6ynyiiTe iepepis mipaminm S
ILJIOIIIUHOIO, KA MPOXOAUTDL uepes mpamy MN

napaJiesbHO npamini BK.

ITobynayiiTe mepepis nipamigu SABCD momiu-

HOIO, IKa IIPOXOIUTh uepes TOUuKu P, @, R, AKIII0

Qe(SBC), PeCD, ReSM, ne M — Touka 4 B
3 miaomuuu (ABCD) (main. 156).

339. Bioxpuma 3adauwa. IloGygmyiiTe mepepis TeTpa-
enpa PABC miomuHOI, KA IIPOXOAUTH Uepes D P C
TOYKH ... , METOLOM

340%*. Ha peOpiAD, na npomosxkenui peépa BB, i B 1wL10- Maun. 156

miuHi rpadi CC,D,D npusmu ABCDA,B,C, D, 3a-
mauo Bigmosimuo Touku M, N, K. IloOynyiiTe
nepepis mpusmu miaoiuuoo (MNK) i suaiigiTs N
TOUKY HePeTuHy Iiel miomuuu 3 mpsamono EF,

arkmo Ee A B,, FeBC (man. 157). B,

341%*. Ha pebpax BB,, EE, i Ha TpONOBKeHHi pedpa

CC, pusmu ABCDEA,B,C,D,E, 3agaso To4Ku
M,, N,, P, BinnoBinuo, a Ha pebpax AA,, BB,
i CC; — Touku M,, N,, P,. IloGynyiiTe mepe-
pi3 IpMsMU IJIOIIMHOIO, IO IIPOXOAUTH Yepes D C
Touku: a) M,, N,, P;; 6) M,, N,, P,; B) minito

nepetuny miomul (M,N,P,) i (M,N,P,). Mau. 157

hN
s
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342. Koxxui aBi 3 TPphOX IPAMUX IIEPETUHAIOTLCA, ajle He JeXKaTh B OSHIN I1JI0-
muHi. K posramoBani maHi npami? BukoHaliTe MaJIIOHOK.

343. IlooynyiiTe 300parkeHHsA NPAMOKYTHOT'O PiBHOOEIPEHOr0 TPUKYTHUKA,
BINCAHOTO B KOJIO, i TOUKU IIEPETUHY 3 KOJOM IPAMUX, AKi IPOXOAATH
yepes3 cepelrHy TilIOTeHY3U HNepIeHANKYJIIPHO J0 KaTeTiB.

344. Kopucryounch HaBeIeHOO HUMKUe TabJauIileo, MiAroTyiTe po3moBiahr mpo
PisHi Buau poaTamryBaHHs IPAMUX 1 MJIOIIUH y IPOCTOPI.

BigHomenusa ITapanenpHi He nmapasnensni
IIpama allb, bllc Ilepeciuni Mumobixncni
i mpsama
! b
/ ! b w

09 T49 T5 T3
ITpama aNo=D O, T, T, aco aNoa=A
i mionIuHA

/ a

%
(0]
IInomuna oaNp=2 aNB=m
i maommHa
V
Oa TS’ TQ, TlO

Tyt O — o3HaueHHsa, T — Teopema.
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3AJJ,A‘-II 3A rotoBMMUN MAJIIOHKAMU

AC|a "BM:MA=1:3,
MN BC|la, ABCD — rpanenisa
B ' MN
6, :
A AN c : 12
21 A D

2| AA,||BB,||MM,; AM : MB=3:2 ' AA || BB,||MM,; AM : MB=3:1
MM, L MM,
N :
M
B
1%4
o A M, By

¢ id — vMumobixkHI : Aeo; Beo; Ogo

% Hosectu: CD || o

: B c
o : * -
o / z A"D

77

Y
M 8

A,
o2/ M B,

‘A

[SH

(=

_ o

n M, N, P, K — cepenunu pebep; o||B; ABCD — mapaJesorpam
NP — MN = 3; Py,p = 26 ;

AD; BC

: A,B,C,D, — mapaJjenorpaM
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B allo; AC||BD ABCD — rparerris;
- Sauvp = 54 cM?

P, pcps Sapep

E SABCD
a :
Ne | G —
i v/
25 : S
o D ¢ : 9
A D
B ABCD — mapaJjesiorpam; - AC| oy
DD, =7 cwm; © O — TOuKAa NepeTHHY MeiaH;
AA, || BB, ||CC, || DD, . AA, || BB, ||CC, |00,

BB : 00,

1
C :
12 : 0
N D | 9, |17
o A D, : Ve,

Ot

SHAUAITH IJIONTY Iepepisdy MPaBUJIBHOL ITipaMifu IJIOIIUHOIO, II[0 IPO-
XoauTh ueped AB i Toury K.
" SK:KM=2:1

S,
K :
12 c
A D

E 3HalIiThL mepuMeTp mepepisy Kyba MJIOMIMHOIO, AKa mapajeabHa AC
i mpoxoauTh uepes 3amaHi Touku M i N.

10 : A
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TECTOBI 3ABOAHHS 2

ABiCD — ocuoBu tpaneitii ABCD. IIpama
mpocTopy a napaJsenbHa AB. fIke B3aemHe
posmimienua npamux a i CD?

ITpsawmi a i b napanenpHi maomuui o. AKe
B3aE€MHEe PO3MilfeHHa upamMux a i b?

IlnomuHua TpoOXOaUTEL Uepes MpaMy, mmapa-
JIeJbHY iHMIIA miromuHi. K posramoBaHi
i maomuun?

Touka M He JeXUTHh y ILIONIMHI TIPAMO-
KyTHuKa ABCD. fIke B3aeMHe pO3MiIIleHHS
npamux MA i BD?

Touxku A, B, C, D He je)XaTh B OLHil ILJI0-
muHi. Ike B3aeMHe PO3MIMeHHA TPAMUX
AC i BD?

IIpami a i b mumobixkHi. CKinbKHu icHye
PiSHUX IJIOMINH, AK1 IPOXOIATEL Uepes a Ia-
panenbHO b?

Y rpurkyraury ABC AC = 8 cm, M € AB,
AM : MB=1:3.Yepes Touky M mnapaJjieyb-
H0 AC IIpOBeIeHO IJIOIIUHY, AKa IIepeTuHAaE
BC y toumi P. 3uaiigite MP.

ABCDA,B,C,D, — ry6, M € AB. Yepe3s Tou-
Ky M TpOBENEHO IJIOIIMHY, IapaJeJbHY
miomuHai BB;D,;D. ¥ AKOoMYy BigHOIIIEHHi
Touka M painuTh AB, AKIIO B Iepepisi yTso-
puBcsa KBagpat?

Pe6po mpaBusbHOro terpaeapa ABCD mo-
piBHIOE 24 ¢cM, M € BD, BM : MD =3 : 1.
3HaAiTh IJIOIY IIepepisy TeTpaenpa ILIo-
IITUHOI0, KA TPOXOAUTH Uuepes TouKy M ma-
panenbno maornuHi (ABC).

Pe6bpo mnpaBusbHOro Terpaeapa ABCD
mopiBHIOE a. Uepes cepenunu pebep BD
i CD napaiensao AD IpoBeeHO IJIOIIUHY.
3HaAUAITH IepUMeTP YTBOPEHOTO mepepisy.

a) IlepeTunatorbcesi; 0) ma-
paJiesibHi; B) MUMOOiKHI;
T') He MOYKHA BCTaHOBUTMH.

a) Ileperunaiorbcsi; 0) ma-
pajiesibHi; B) MUMOOiKHI;
r) yci Bizmosigi a)—B).

a) IlepeTunaioTbcsa abo
mapaJjesibHi; 0) mapajesb-
Hi; B) HepeTUHAIOTHCH;
r') He MOYKHa BCTAHOBUTH.

a) Ileperunatorbesi; 6) ma-
pajenabHi; B) MUMOOIMKHI;
r') He MOYKHA BCTAHOBUTH.

a) IlepeTunaiorbcsa; 0) ma-
pajiesibHi; B) MUMOOiKHi;
T') He MOYKHA BCTaHOBUTH.

a) Opua; 0) »KomHOI; B) Ges-
Jiu; T) JKomHOI abo Oesiiu.

a) 24 cm; 0) 2,6 cm;
B) 6 cm; 1) 4 cMm.

a)l:2;6) 1:4/2;

B) 1:(\/5—1); r) mepepisom
KBaZpaT OyTu He MOJKe.

a) 1643 cm?; 6) 9V3 cm?;
B) 8143 cm?; 1) 3643 cm?.

a) 1,5a; 0) 3a; B) 2a; 1) 4a.
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Tunosi 3AQAYI ON151 KOHTPOJIbHOT POBOTU

1°.

2°,

3°.

4°.

Ilnomuunu o i B mapanensHi. IIpami SA, SB, SC mepeTuHATDH ILJIO-
muHy o B Toukax A, B, C, a mmomuny B — y rourkax A,, By, C,.
M iM, — cepenunu BigpiskiB BC i B,C,. 3uaiigite A, M,, axkiuio AM =6 cm
iSA:AA, =3: 2.

Yu MOXKYTB IIEPETUHATHUCS JiarOHAJII ITPOCTOPOBOT0 YOTUPUKYTHUKA, He BCi
BEPIIUHU AKOTO JIEKATh B ONHI IJIOIITWHI?

IToOynyiiTe 300paskeHHs MePHIEeHAUKYJIAPiB, MPOBEIEHUX 3 IIeHTpa KoJja,
ONMCAHOTO HABKOJIO Tpamerii, o ii cTopiH, AKIIO miaroHaab Tpamernii
HepIeHIUKYJAIpHA 00 0iYHOI CTOPOHM!.

Touku M, N, P, K — cepenunu pebep AD, BD, BC, AC terpaenpa ABCD.
3HanaiTe qoB:KuHMU pedep AB i CD, akimo MP=NK =10cm i LZKMP = 60°.
IosexiTs, mo DC||(MNK).

5°.

6°.

7°.

8°.

Ilnomuua o neperuHae cropony AB rpukyTauka ABC B ii cepenusi i na-
panenbHa cropoHi AC. 3HangiTe miaomy aABC, SKIMO IIJIOINA YOTHUPU-
KYTHUKA, SKUH BiATWHAE BiJl TPUKYTHUKA ILJIOIMHA O, JOpiBHIOE 24 cM2.

ABCD — npaBunabHUuii Terpaenp, O — MeHTp BIIMCAHOTO B TPUKYTHUK ABC
KoJia. I[loOyayiiTe mepepis Terpaenpa IJIOMINHOIO, AKa MIPOXOAUTH Yepes
Touky O i mapanenpHa BC i AD. Y sKoMy BiIHOIIEHHI IIs ILJIOIMHA Ji-
auTh Bigpisdoxk EF, aximio E i F — cepeanunu pebep AD i BC?

Touxku M i N nexxaTb BigmoBimmo Ha pebpax AB i CD mapaJenerinena
ABCDA,B,C,D,. IlobyayiiTe minito meperuny maomui (AA,N) i (DD, M).
HoBemiTs, 110 BoHA mapaJeabHa AA;.

Y vorupukytHuit mipamigi SABCD O, i O, — TOYKH IIepeTMHY MeaiaH
rpaneit SAD i SDC. Yu napanensHa npama 0,0, niomnuai (SAC)?

9°.

10°°.

¥ mpocTopi mpoBeseHO Tpu OpAMi, AKi He JieKaTh B OMHIN ILJIOMIUHI 1 Tpu;
BOMY KOIHI MBI 3 HUX He MuMOOiKHi. JloBeniTh, 110 Bei i mpAMi mpo-
XOAATh Uepes OAHY TOUKY abo mapaJjiesbHi.

Yeci pebpa yorupuryTHoi mipamigu SABCD popisBuoTh mo 12 cm. Ilo-
OynyiiTe mepepis mipamMigu MJIOIMHOM, AKA MPOXOAUTH Uepes CepeiuHy
pebpa SC napasenbuo miaoniuHi (ASM), ne M — cepeauna CD. 3HaWAITH
mepUMETP YTBOPEHOTO Iepepisy.
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1. dAxmro aBi mpAMi MalOTh TiIBKY OAHY CHIJIBHY TOUKY, KaKyTh, 1110 BOHU
nepeTuHaOThcA. [HOMI IX HABMBAIOTH MEePECiYHUMU IPAMUMMU.

2. IIBi mpAMi B TpOCTOPi MOKYTH IepeTUHATUCSA, OyTHU TapajeJlbHUMU abo
MumoOikHUMH. [[Bi npsaMi HaduBaOTh MEMOOIMKHUMHM, SIKIITO BOHU He JIeJKaTh
B OOHIiI muomuHi. K0 ogHA 3 ABOX NPAMUX JIEKUTHh y IJOINUHI, a Apyra
IepeTUHAE II0 IJOIMNHY, aje He IepPeTHHAae IepIly IpaMy, TO JaHi mpami
MuMOOiKHI (03HaKa MUMOOIKHOCTI IPAMUX).

3. [IBi mpami mpocropy, fAKi JieKaTh B ONHiN mJaomuHi i He mepeTuHa-
I0OThCs, HA3WBAIOTh MapaJjejJbHUMHu npamMuMu. /[Ba nmpomeHi abo Bigpisku,
AKi JexaTh Ha HapaJjesibHUX OpAMUX ab0 Ha OAHiIN mpaMmiii, HasWBaOTH

napaJjeJbHUMM.
r Mpamiaib T
JlexxaTb B OOHi MNOLUUHI He nexaTtb B OgHi NAOLLUHI
MepeTnHaoTbCH MapanenbHi MunMOOGiXHI

BigHomenunsa mapajielbHOCTI IpaMux pe@ieKCUBHE (alla), cuMeTpUUYHE
(akmo allb, Toi b|la) i rpausutruBHe (AKIO al||b i b|lc, To allc). Tpu abo
OispIlle TTOIAPHO MapaieIbHUX MPAMUX IPOCTOPY MOMKYTH He Jie:KaTu B OOHI
TJIOIIMHI.

Yepes OyAb-AKY TOUKY IIPOCTOPY MOKHA TPOBECTHU TiJIbKU OAHY TIPAMY,
napajejbHy OaHi# mpAaMiii.

HBi npawmi, mapasenbHi TpeTili, mapaJjejabHi OJHA OOHIN.

4. IIpamy i naoMMHY Ha3WBaIOTh MapaJjieIbHUMHM, SKIO BOHU HEe MAaIOTh
CHLIBHUX TOUOK. SIKIIO IpsaMa a mapaJiejbHa AKili-HeOy b IPAMill IIOIINHA O,
ajie He JIEXKUTD Y I[ilf TJIOIUHI, TO a0 (03HaKa mapaJie/bHOCTI IpAMOi i I1I0-
IUHN).

IIpama i mommHEa MOMKYTh MaTU OAHY CHIJIbHY TOUKY (TOOTO IIepeTUHATHUCS)
abo He MaT¥ CIJIBHUX TOYOK B3araji (mapaJeinbHi). KMo mpAMa i miommHa
MaTh JIBi CHiJIbHI TOYKM, TO BCi TOUKM IPAMOI HajJeKaThb ILJIOIIUHI (Ipsama
JIEKUTD Y TLJIOIIIWHI).
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Mpsma i naowwmHa y npocTopi

MaioTb oaHy He maioTb MaioTb aBi
CnifIbHY TOYKY CRiSIbHMX TOYOK CNiSIbHI TOYKM
MepeTnHalTbCH MapanenbHi Mpama nexnTb

—_— V4 MAOLLUMHI
5. I[Bl IIJIOLMMHHU Ha3WMBAIOTh IMapaJe/JIbHUMHU, AKIIIO BOHU He IIEPEeTUHATHCA.

ITapanenphi maomuay a60 He MAaIOTh CIIIBHUX TOYOK, a00 CyMilmarThesA BciMa
CBOIMHU TOUYKAMMU.

ABi nnowmHU y npocTopi

MepeTnHaloTbCA MapanenbHi
(MaloTb CrinbHY NpsMY) (He MaloTb CMiSIbBHUX TOYOK

E abo cymilaloTbCs)

SKmoro mBi mpami, AKi mepeTMHAIOTHCS, OAHiEl IIOITUHY MapajelbHi TBOM
OPAMUM APYroi ILIOIIWHU, TO TaKi IJIOIMMHU IapajieibHi (03HaKa mapajieib-
HOCTi TIJIOIIIWH).

SAx10 ogHY 3 mapajeIbHUX ILJIOIIMH IePeTUHAE IKa-HeOyab IpaMa a0o ILIOIIH-
Ha, TO BOHA MepPeTUHAE i1 ApyTry ILIoIIuHY. IlapaebHi IJIOITMHN IIePeTHHAIOTE-
cA CiYHOIO IJIOITWHOIO II0 IapaJieIbHUX IPAMUX.
ITapanmenbHi IoIHYT, TIEPETUHAIOYY ITapaJIeIbHL
npsaMi, BiATUHAIOTH BiJ, HUX PiBHI BiApisku.

6. Ilpu mapaseTbHOMY TPOEKTYBaHHI Bimpis-
KU, AKi He ImapaJieJIbHI IIPOEKTYIOUill mpAMii,
300pasKkarThesA Bigpiskamu; mapajebHi Bigpis-
KM — IapajeJbHUMH BifpisKaMu, IpU IIbOMY
BITHOIIIEHHSA iX MOBKUH 30epiraetvesa: AM : MB =
=AM’ : M'B’ (man. 158).

7. 3o0paxennaam ¢irypu HasumBaoTh (Qirypy, Maur. 158
HoAiOHY IpOoeKIIii maHoi (pirypu Ha JeAKY IJIOIINHY.




F'acnap MoHX
(1746-1818)

OcCHOBHI npaLi CTOCYOTbCS r€OMETPII.
31006yB BCECBITHE BU3HAHHS
CTBOPEHHSIM Cy4acHUX METOL4IB
rPOEKLIMHOro KPecseHHs Ta horo |
OCHOB HapyCcHOI reomeTpii. Po3pobus ©
TEopito Mo6Y[A0BY OPTOrOHALHUX
rPOEKLii TPUBUMIPHUX OO’EKTIB Ha

rowmHi i BuknaB ii y poboTi «HapucHa
reomertpis», oaHak 20 pokiB ypsia

®paHuii 36epiras ue BiaKPUTTS SK

BiiCbKOBY TAEMHMULIO.

)

OnekcaHaP
CMOropP)XEBCbKU#M

(1896-1969)

OCHOBHIi reoMeTpu4Hi pob0oTH CTO-
CYIOTbCSI TEOPIi reOMEeTPUYHNX MoBY-
0B Ha eBKJ1iA0BIV Ta rinepboslidHiv
MI0LMHAX, PO3B’93aHHSI KOHCTPYK-
TUBHUWX 3aa4 reomeTpii Jloba4eBs-
CbKOIo 3a JJ0ONOMOrot 0OMeXeHux
3aco6is Touo. Y 50-60-1i pp. XXcCT.
Vioro 6ys10 BU3HaHO roJ1I0BOK KNiB-
CbKOI LLIKOJIN FEOMETPIB. BBaxas, L0
reomeTpis EBkJiiaa € nviue nepLumim
KPOKOM 10 BUBHEHHST (pOPM peasib-
HOro rnpocTopy.




Po3ain 3

NMepnenaukynap-
HiCTb NPAMUX
I NJIOLLUH Yy NPOCTOPI

Chapter 3

Lines
Perpendicularity
and Planes in Space

[eomeTpia — NOTYXHil 3acib NisHaHHSA peanbHOro CBITY 3a A0MNOMOIrol0 [0-
CNig)XeHHs BiANOBiAHMX MaTeMaTUYHUX Moaenen. Buyaioyum BIacTUBOCTI
reoMeTpuUYHUX Piryp, Mm MaeEMO MOXJIMBICTb OTPUMATU YIBJIEHHS MPO reo-
MEeTPUYHI BNAaCTUBOCTI peasibHUX NpeaMeTiB.

Y uboMy po34iNni B 03HAMOMUTECS 3 BNAaCTUBOCTSAMU NEPNEHANKYISPHMX
NPAMUX | INOLLMH Y TPUBUMIPHI €BKIA0BIN FEOMETPIl, a TaKOX 3 npaswua-
MW OPTOrOHAIbHOIrO NPOEKTYBAHHSA. HaBUMTECS BU3HAYaTKX BigCTaHi i KyTu

B CTEPEOMETPII.

§10

Kyt mix npasmumu. MNMep-
NeHAUKYNSPHICTb NPAMUX

The Angle Between Straight Lines.
Straight Lines Perpendicular

MepneHpauKynapHiCcTb
NPSAMOI i NJIOLWMHN

§ 11

Straight Line and the Plane
Perpendicularity

NMepnenpaukynsap
i noxuna Ao NAOWnHN

§12

Perpendicular
and Inclined to the Plane

§13

MepneHaukynsapHi ‘ The Plane Perpendicular

MJAOLUHN

§ 14 OpTtoroHanbHe | Orthogonal
NPoOeKTyBaHHS Design
BipncTaHi Distance

§ 15 MiX pirypamm

Between Figures

§ 16 Kytn

B cTepeomeTpil

Angles
In Stereometry

«BipgcTaHi Ta KyTK y npocTopi»

Habuarernuu npeekin




APXITEKTOP

OpraHisauiga BCix piBHIB NPOCTOPOBOro CEPEenoBMLLA: Bif Manumx
bOpPM [0 BEJINKUX TEPUTOPIASIBHUX CUCTEM.

MatemaTtmka — rpamatuka apxitekropa.

MicTobyayBaHHS Jle Kop6io3be

ApxiTekTypa
Oyaoisenb i crnopyn,

un3ainH apxiTekTypHOro
cepenosuLLa

MATEMATUKA
B MOI NPOMDECIT
v
IT-nPodECIH

CTBOpEHHS, PO3BUTOK | ekcrnnyaTauis iHbopMaLuinH1X CUCTEM.
Mpwuitom, nepepobka, 36epiraHHa Ta nepenadva iHpopmadiji.

Mepexesi Po3pobka nporpamMHoro Komn’toTepHa rpadgika
TexHonoril 3abe3neyeHHs Ta amn3anH
CuctemHe

- TecTyBaHHS
afMiHiCTpyBaHHS



1 O KyT MmiX npaMmummn.
NMepneHaNKYNapHICTb
NnPAMunXx

Posrasabre masonok 159 i sragaiiTe, SK MOMKYTH PO3TAIIIOBYBATHUCS Y IIPOC-
Topi ABi mpami. CrrpoOyiiTe yABUTU, AKi KYTH YTBOPIOIOTH IIi IPAMi B KOMKHO-
MYy BUIIAJKY.

IITo6 yBecTu mOHATTA Kyma Midx
NpAMUMU Y TPOCTOPIi, CIiT POSTIAHY-
T TPU BUNATKU:

— IPAMi IIepeTUHAIOTHC;

— IpAMi mapaJjienbHi;

— mpaMi MUMOOGiKHI.

Ao aBi mpAMi mepeTUHAIOTh-
cA, BOHU YTBOPIOIOTH YOTHUPU KYTH.
KyroBy Mipy He HaAWOiIbIIOTO 3 HUX
HA3WBAIOTh KYTOM MiK JaHUMHU IIPSI-
MHMHM, IO MepPeTHHAKThCA. KyT MixK
MIPAMUMU, IO IIEPETUHAIOTHC, He IIe-
peBuriiye 90°.

ITosHavaioTh KyT Mix npamMumu a i b cumsosom Z (ab).

3ayeancenna. Kyt mixk npamumMm — He ¢irypa, a KyroBa Mipa, BeJMYuMHA.
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AKLWo ABi NpaMi, 9Ki NepeTuHalTbCA, NapasnesibHi iHWuUM NpaMumMm, Lo
NnepeTUHalTbCA, TO KYT MiXK nepwvmMmm nNpSsMUMnN AOPIBHIOE KYTY MiX
Apyrmmu.

AOOBEAEHHY4.

Hexait npami AB i AC, 1o mepertu-
HaIOThCA, IapajieJbHI BimmoBimHO mps-
mum A,B, i A,C,. [OoBememo, m0 KYT
mixk mpamumu AB i AC [opiBHIOE KyTY
Mmik mpamumum A,B; i A;C; (max. 160).

PosrisgHemMo cmouyaTKy BUOAAOK, KOJIU
IaHi OpaMi JeKaThb y PisHUX IIJIOIUHAX.
Armo ZBAC=¢ — xyTt Mixx npamumu AB
i AC (¢ £ 90°), To uepes HOBiNBHI TOUKU
B i C iioro cropin mpoBegemo npami BB,
i CC,, napanenwni AA,. Hexait npami BB, Mas. 160
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i A,B, nmepetuHaioTbcA B Toulli B,;, a nmpami CC, i A;,C, — y Toumi C,. Yo-
TupukytTHuku AA,B;B i AA,C,C — mapajesorpaMu, OCKiJIBKY IX IPOTMIIENK-
Hi cTOpOHM TomapHO mapaJiesbHi. Binpisku BB, i CC, napaJiesbHi Ta piBHI,
OCKiJTbKY KOKHUY i3 HUX mapajeJabHUi BiApisKy AA, i mopiBHIoe itomy. OTiKe,
yorupukytHuk BB,C,C Te:x mapanenorpam, romy CB = C,B,. 3a TpboMa CTO-
ponamu aABC=1rA B,C,, rtomy £B AC, = ZBAC = . OTe, KyT MK IPDAMAMHA
A,B, i A,C, nopiBHIOE KyTy Mixk npamumu AB i AC.

Y Bunaznkry, konu npawmi AB, AC, A,B, i A,C, nexaTrh B ofHi} niouiuHi,
MOJKHA JOCJIiBHO IIOBTOPUTH HaBeaeHi MipkyBauusa. Tineku Toury C Tpebda 6paTu
1mosa npamMoo BB;, mob mapajieaorpam BB,C,C He Bupoguscs y Biapisox. [

Axmro aBi mpami mapaJsenbHi, TO BOHM He MalOTh CIiJIBHUX TOUYOK, a TOMY
KyT AK TeOMeTPUYHY (Pirypy He yTBOPIOIOTH. BBaKarwThb, IO KYT MiK IIapa-
JIeITbHUMU TIpAMuMH nopiBHIOE 0°.

Temep BBeIEMO MOHATTA KYma Mid MUMO-
Oiscnumu npamumu. Hexatri a i b — mosiabui
MuMoOixkHI mpami. Yepes Oyab-IKy TOUKY
O mpocTopy IpoBedeMO NpPsSIMi, ImapajiejabHi
aib (man. 161). Kyr ¢ mixk mobGymoBaHuMu
Tak IpAMUME @, i b,, AKi IepeTmHAIOTHCH,

Ha3WBaIOTh KYTOM MidK JaHUMHI MUMOOILMKHIMU ¢
npamumu: £ (ab)=Z(ab,). Leit xyT He 3a- o
JICXKUTD Bix BuOopy Touku O. Amike sIKIO Ue- 2
pe3 AKRy-HeOyab iHIIy TOYKY IIPOCTOPY HPO- 0,
BeCTU IpAMi, mapajiesibHi npaMum a i b, KyT

Mau. 161

MijX HHUMH TeX HOpPiBHIOE ¢ (Teopema 14).
Tourky O MmosxHa 6paTu i Ha OyIb-AKil 3 faHUX
npamux. ko b|| ¢, Tosasxmu £ (ab) =~ (ac);
KOMKHUI i3 IUX KyTiB JopiBHIOE £ (a1b1)-

= Kyrom Misk MUMOOGisKHUMY IPIMHUMU Ha-
3MBAIOTH KYT MiK NpAMUMU, SAKi IepeTwHAa-
IOThCA 1 mapaJjesibHi BiAMOBIAHO faHUM MUMO-
OiLsKHUM TIIPAMUM.

Kyt Mizxk MUMOOIKHUMY IPAMUMU, IK 1 MisK
NPAMUMU OHiel TJIOIIUHU, HEe MOXKe MaTu
oinbirre Bim 90°.

B JIBi mpaMi Ha3WBaIOTh MEePHEHINKYIAP-
HMMH, SKIIO KYyT MijKk HuMU gopiBaioe 90°.

IleprieHAUKYJIAPHUMU MOMKYTb OyTHU AK
mpsaMi, 110 IePeTUHAIOThCA, TaK i MUMOOiKHi Mau. 162
npami. Hanpuraazn, axkmio ABCDA,B,C,D; —

Ky0, To KoskHa 3 npamux AB, BC, CD, DA,
A,B,, B,C,, C.D,, D,A, nepuengurkyadapHa xo npamoi AA, (man. 162).

B Bigpisku (mpoMeHi) HA3MBAIOTh MEePIEHAUKYIAPHUMHU, AKIO BOHU HaJe-
JKaTh HMEePIeHIUKYIAPHUM IPAMUM.
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FKLL0 NPsSMa NeprneHAuKynspHa A0 OAHIET 3 ABOX NapasiesibHUX NPSMUX,

TO BOHa NepneHAunKynspHa i 4o ApYyroi npsiMoi.

OOBEAEHHY4.

Hexait npawmi a i b napanensuii A L a. [loBexgemo,
mo hlb (manx. 163).

sIkmo bl a, To 3aBxau £ (hb)= £ (ha). V nanomy
Bunagky Z(ha)=90° tomy i Z(hb)=90° Tt06TO
h Lb. Illo i1 TpeGa Gyo moBecTu. [

Koau 6ynyiors 6araTomoBepxoBuii OyAUHOK, TO CIIO-
YyaTKy OyAyIOTh KapKac, Y SKOMY KOKHA TOPU30HTAIb-
Ha 6aJiKa mepIeHIuKYJIAPHA 10 BePTUKAIbLHOI KOJIOHU
(mag. 164). Ilig npaMuMUu KyTaMi 3BapiOIOTh CTaJIb-
Hi IpyTH B apMaTypi 3a1i300€eTOHHUX KOHCTPYKIIiA,
CKPIILJIIOIOTHL CYMIisKHI merasii BiKOHHOI paMu TOIIIO.

Mau. 164

— AN 4OonMNTInNBUX

$IK BUSHAUUTU KYT MiX ABOMA MUMOOIKHUMUN NPSIMn-

BUMaAKax Le MOXHa poduTn, yTBOPUBLLN OOMNOMIXHUN
TPUKYTHUK, ABi CTOPOHM KO0 NapanesbHi JaHUM MUMO-
GDKHUM MPAMUM.

3apgaya. Yci pebpa npaBUIbHOI TPUKYTHOT NPU3MU
piBHi. 3HANAiTb KOCMHYC KyTa M)XK MUMOOIKHUMN Npsi-

NpU3mu.
Po3B’sa3aHHs. Hexan yci pebpa npuamun ABCA,B,C,
piBHi. 3HaraeMo KyT Mix npamummn AC, i BA, (man. 165).

v

Mun? Ti3HiWwe BM HaBYMTECH POOUTK LIe, KOPUCTYIOHUCH
BEKTOPHUM 41 KOOPAMHATHUM MeToaoM. A B BaraTbox

MUMMU, IKUM Hanexarb AjiaroHasi ABOX OiYHUX rpaHei Ljiel
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v

Ha paHini npuami nobyayemo piBHY i npuamy
ABCA,B,C, i posrngHemo TpukyTHUK A,BC,. Ockinb-
kn AC,||AC,, TO wyKaHun Kyt Mix npsammmu AC,
i BA, popisHioe kKyTy BA,C, abo CyMiXXHOMY 3 HUM.

Hexaln poBXuHa pebpa gaHoi npuamu OopiB-
Hioe 1. Toni BA, =AC, =+/2. 3a Teopemoio Mida-
ropa 3 aBCC, 3Haxoonmo BC, =5.

3a TeopemMoto KOCKHYCIB

BC.=AB*+AC; -2AB-AC, -cos,
5=2+2—2~\/§~x/§-cos<p.
3siacu 4cos ¢ =-1, cos ¢ = -0,25. Man. 166
Kyt ¢ Tynuia, Tomy KyT Mix npamumm AC, i BA,
popisHioe 180° — ¢. A cos(180° — ¢) = -cos ¢ =0,25.
OTXe, KOCUHYC LWyKaHOoro kyTta gopisHioe 0,25.

CnpobyinTte po3B’a3aTu 3agadvy iHWKUM cnocobom (man. 166). Ockinbku
C,A, || AC,, To Tpeba 3HanTu KocuHyc kyta BA,C,.

SAMNUTAHHSA | 3ABAAHHA AJ19 CAMOKOHTPOJIIO

IITo HasmBaOTh KYyTOM MisK JIBOMA IPAMUMU, IKi MIePeTUHAIOTHCA?
IITo HasuBaOTh KYyTOM MiK ABOMA MUMOOIKHUMU IIPAMUMI?

Yu MoKe KYyT MisK OpAMUMU OyTH TynuM ab0 pPO3TOPHYTUM?

SAxi aBi mpAMi mpocTopy HAa3WBAIOTH IIEPIEHINKYIAPHUMEI?

Axi Bigpisku abo mpoMeHi Ha3WBAIOTH NEPHEHAUKYIAPHUMU?
Yomy M0OpiBHIOE KYT MisK IIapajeIbHUMU NPAMUMU? A MK HepHeHIUKY-
JSAPHUMYU TPAMUMU?

SOk W=

BUKOHAEMO PA3OM

Q SHaANIITh KYT MisK MEUMOOiKHUMY JiarOHAJIIMU
IBOX CYMi:KHHMX rpaHeil Ky0a.

® 3HaiizeMmo KyT Mixk miaronanamu AB, i BC, rpa- \_ !
Heii Ky6a ABCDA,B,C,D, (man. 167). Ockinbkn ™,
DC, || AB,, To kyT mixk npamumu AB, i BC, fo- DN | A
pismioe kyty BC,D. /BC,D=60° ocKkinbku Cl- -
aBC,;D piBHOCTOpOHHII.

Mau. 167
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9 HoBenmiTe, 1110 IpAMa, NePHeHAUKYAAPHA 10 ABOX IIPAMUX, AKi ImepeTuHA-
I0ThbCA, MepPeTUHAE ILJIOIIUHY, IO IIPOXOIUTh Uepes HUX.

@ Ilpumycrumo, 1o npsaMa h, IepIeHInKYJIIpHA 0 ABOX NpAMUX a i b, aki
IIEPEeTUHAIOTHCSA, HE MePEeTUHAE IJIOIIWHY O, II[0 IPOXOJUTH Ueped HUX
(maun. 168). Toxi h||o abo h c o.. B 000x BUIIagKax y IJIOIIUHI ¢ 3HANIETh-
cd mpama h,, napanenabHa h. I akmio npama h mep-
MeHIUKYJIAPHA A0 IPAMUX a i b, To mapajeabHa
it mpAaMa h; TeXX mepHeHAUKYJIAPHA 0 IIUX IP-
mux. [Tpuiinim 10 cynepeyHocTi, OCKiJIbKY Ps-
Ma, dKa JEXKUTh y IJIONIIUHI, He MOKe OyTH Iep-
MeHAUKYJISPHOIO 10 ABOX IPAMUX ITi€l IIOIITNHYA,
o neperuHaioTbeA. OTiKe, IpAMa h IepeTUHAaE
IJIOLIUHY O. Man. 168

SAOAYI | BMTPABU

BUKOHAMTE YCHO

345. Kyt mixk npamumu — 1e Qirypa um BeamuuHa?

346. CKiIbKU IPAMUX, IEPIEHAUKYIAPHUX 40 SAHOI IPAMOI, MOKHA IIPOBECTH
yepes AaHy Ha Iiil mpsamiit Touky? A uepes TOUKY, siKa He JIEKUTH Ha
maHii mpamii?

347. laHo mjomMHY O i mapajieJibHY il IpaMy a. c,
CKiMbKY TPAMUX, MEPHEHAUKYIAPHUX OO TIPI-

MOI a, MOKHA IIPOBECTU Y ILJIOMINHI O

. D,
348. 3 mmanimerpii Bimomo: ABi mpAMi, mepIeHIUKY- B, Ay

JAPHI m0 TpeThoi, mapayeabHi. U mpaBuiIbHE i

e TBePIKeHHs IJA cTepeoMeTpii? 0} SR . D
349. ABCDA,B,C,D, — xy6 (maJj. 169). 3HaligiTh KyT e

MiX OpAMUMU: B A

a) DC i BC; 0) ABiBB,; B) AA,1iD.C;

r) AA,i D,C;; r) A,C,iAC; n) ABi B,D,. Mau. 169

350. ABCDA,B,C,D, — Ky6. 3uaigith KyT Mixk npamumu AB, i AD,.

351. ABCDA,B,C,D, — IpAMOKYTHUH mapaJeseninesn. SHAHIITh KYT MisK MUMO-
boiskauMu npamumu AD, i B,C, akimo:
a) £ZB,CB=50°% 6) BC = a, BC, = 2a.

352. ABCDA,B,C,D, — Ky06. 3HalIiTh KyT MidK IPAMUMU:
a) DC, i A,B; 6) A,C i AB; B) B,D,iC,C; 1) B,DiAC.
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353. ABCDA,B,C,D, — mnpaMokyTHHUU mnapaiesemninen, AA, = 2AB, ABCD —
KBagpar. SHAUAITh KYT MidK IPAMUMU:

a) B,CiAD; 6) AB,i CDy; B) AB,i A,C,.

354. [lano vorupu npami: alla, i b||b,. Hosexirs, mo ko a lb, To a, Lb,.

355. Uu mMoKyThr OyTH HepHeHAUKyIAApHuMH npami OB i OC, akmo
LZAOB=/ZA0C=60°?

356. Ilpsawmi a i b meperunatoThed mig Kyrom 30°, a mpami a i ¢ — mig xyTom
40°. Yu MOKyTb OyTU HMEePUeHIUKYJIAPHUMY Tpami b i ¢?

357. Yu icHye 3aMKHeHa HeIlJIOCKA JilaMaHa 3 II’ATH JIAHOK, KOKHa JIaHKa AKOo1
MepHIeHgUuKYJAIPHA 10 CyMiKHOI?

358. ABCDA,B,C,D, — xy6. HoBexirs, mo AB, 1L CD,.

359. A, B, C — TOUYKH Ha IIOIAPHO MMepIeHAuKYyIApHuX nmpomensax OA, OB, OC.
3HangiTe Kyt TpukyTHuka ABC, akijo OA = OB = OC.

360. IIpomeni OA, OB, OC momapHO NepHeHAUKYJIAPHi. SHAUAITL IepuMeTp
TpukyTHUKa ABC, sIKIIO:

a) OA=0B =0C =14 cm; B) OA = OB =3 oM, OC = 4 aMm.
6) OA =0B =0C = a;

361. [ToBemiTs, 1110 miaroHa i MTPOTHIEKHUX IpaHell Kyb6a abo mapaJsenbHi, abo
MepHueHIuKYIsIpHi. Y BUKOHYETHCSA Ile TBEPIKEHHS IJIS IPIMOKYTHOTO
mapaieieninena?

362. M — cepenuna pebpa AD mpasuabHoro terpaeapa ABCD. OnyctiTh
nepuneHAUKyaApu 3 Touku M Ha npami AB, BD, BC. 3uaigite n0-
BYKMHY KOMKHOIO IEPIeHANKYJIsIpa, AKI0 AOBMKMUHA pedpa TeTpaempa
IOPiBHIOE a.

363. OcuoBoo npaMoryTHOTO napaseneninenga ABCDA,B,C,D, e kBazgpar 3i cTo-

ponoio a. Moro 6iune pe6po nopiBHIOE ax/g . BHAUZITH KYT MidK IPAMUMU:
a) AB, i D,C; 06) AB;iA,Cy;
B) A,C i BD; r) AB,i A,D,.

364. ABCDA,B,C,D, — ry6, O — Touka mepetuny aiaronaneit AC i BD. 3uaii-
IiTh KYT MiK IPAMUMMU:
a) OB, i DDy; 6) OB, i A,Cy;
B) B,0 i BD,; r) B,0 i BC.

365. ABCD — rerpaenp, M e AC, NeBD, AM : MC = DN : NB=2:1,
BC = 10,5 cm, AD = 24 cm, MN = 13 cm. 3uaiigite xkyt misk AD i BC.

366. V mpasuabHOMY TeTpaeapi ABCD CM = MB (M € CB). 3Haiinits KyT Mix
npamumu AM i BD.

367. Mamo Terpaenp ABCD, y sxomy AC = 6 cm, BD = 8 cm, M — cepenuna
AB, N — cepenuuaa CD i MN = 5 cm. 3Haugite Kyt misxk BD i AC.

368. ABCD — tetpaenp, y sxkoro DA=DB=DC, ZADB=/ADC=/ZBDC =90°.
3HaUmiTE KyT MiK npavumu DM i AB, axkmio M — cepenuna BC.
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369. ¥V xyo6i ABCDA,B,C,D, Ttouku M, N, K — cepenunu pebep A,B,, B,C,,
AA, BignioBimuo, O — TOuKa nmepetunHy niaronasnei rpani DD,C,C. 3HaigiTh
KYT MiK IPAMUMMU:
a) MC, i KO; 6) C,K i OM; B) OA, i MN.

370. Kyt Mik MUMOOI'KHUMHU OiaroHAJIAMHU CYMiXKHUX IpaHell MPAMOKYTHOTO
mapaJiesierninesa TOpPiBHIOE (.. SHAWAITH KYT MidK fiaroHAJIAMM ITUX I'PAHEN,
AK1 BUXOJIATH 3 OHi€l BepIINHU.

371. Mawmo npsamoryTtauii napasenenineq ABCDA,;B,C,D,, B OCHOBIi SIKOTO JIE3KUTH
kBagpat ABCD, AA, = 2AB. YcTaHOBiTh BimnmoBigHicTh Misk KyTamu (1-4)
Ta ix Kocurycamu (A—II).

1 Kyt mizx AA,1DC, A 0,8

2 Kyt mixx A,C,i BD b -0,6

3 Kyt mix CB,i DC, B 0,45

4 Kyt mick A,D i BC, T 0,6
oo

372. K i P — cepenunu pebep AB i AD ry6a ABCDA,B,C,D,. OnycriTs mep-
NeHAUKYJIAp 3 Bepminuu A, Ha npawmi BD, AD,, KP, C,D, KD,. 3uainits
IOBXKMHY KOXKHOTO MEepPIeHAuKYyJIdpa, AKINo AB = a.

373. Touku K i M — cepenunu pebep AB i CD mpasuabHOro Terpaeapa ABCD.
HoBexitb, 1mo KM 1 AB i KM 1 CD. 3uaiigite mo:xuny KM, akino AB = a.

374. Yci rpani mapaneneninmena — pom6u 3 KyToM 60°. S3HAWIITL KyT MiK
MHUMOOIKHUMN MEHIIMMH OiaroHaJAMM ABOX HOT0 CYMisKHUX TI'paHei.

375%, 3HaliaiTh KOCMHYC KyTa MisK MeJiaHaMH ABOX I'pPaHeil IpaBUILHOI'O Te-
Tpaeapa. Po3raaHbTe BCi MOMKJINBI BUIIAAKU.

MPAKTUYHE 3ABOAHHS

376. Tpu cTpukHI 3’eaHAH] 3BapIOBaHHSAM CBOIMU cepeIrHaMU OJNH 10 OJHOTO
TaK, I10 KOKHUN MePIeHINKYJAIPHUN I0 ABOX iHMNX. UM MOKHA Tako-
ro «irkaka» IPOTATTU Uepes JIIOK, AiaMeTp AKoro 1,8 M, AKIIO JOBXKUHA
i TOBIIMHA KOXXHOI'O CTPUYKHSA JOPiBHIOIOTE Bigmosiguo 2 m i 0,1 m? 3po-
6iTh Momesab mo 3amaui (y macirabdi 1 : 10) i cpoOyiiTe posB’sasaTu ii mo-
CIIJHUM MIJISAXOM, a IIOTiM HiATBEPAiTh OTPUMAHUN PE3yJIbTAT JOTIUHUMU
MipKyBaHHAMH.

3AJJ,A'~II ANg NOBTOPEHHYA

377. Yepes Toury M MIpoBeIiTh HNpAMY, HapajejbHy KOMKHIA 3 ABOX ILJIOIIUH,
110 TIePeTUHAIOTHCS.

378. IloboynyiiTe mepepis Terpaeapa ABCD MJIOIUHOIO, KA IPOXOAUTH Uyepes
BHYTpPilIHIO TOuKy rpaHi (ACD) napasesbuo npamum AB i CD.

379. 3uaiigiTe pagiyc KoJia, OIMCAHOI'O HABKOJO TPUKYTHHKA 31 cTOpoHAMMU
10 cm, 10 em i 16 cMm.



§ 11 NMepneHanKYNapHICTb
NPSAMOI | NJIOLWUHN

SKII0 MpAMa He JIEXKUTH y IJIOIIMHI 1 He mapaJjiesbHa iif, BOHA IIEPETUHAE
mwiromuny. Hexait nmpama AO meperuHae mioimuey o B Touri O, a npami OB,
OC, OD,... nexxatb y maoiuHi o (Mmaa. 170).

s

Maua. 170

Kytu AOB, AOC, AOD,... MOXYyThb OyTH Pi3HUMMU.
3acayroBpye Ha yBary BUIaJ0K, KOJIX BCi BOHU IPSIMi.
Y Takomy pasi KaiKyTh, 110 npama AO nepnenHouky-
ASApHA 00 NAOWUHU O.

IMumyTts: AO Lo, abo ol AO. MarepiaibHOIO
MOJIeJIJII0 IbOT0 BUIIAAKY € KapKac IITYYHOI AJTUHKUI
3 xpecToBuHOIO (Maja. 171).

B [Ipavmy Ha3UBAIOTh MEPIEHAUKYJIAPHOIO O ILJI0-
IMHU, KO0 BOHA IEPETUHAE ITI0 IJIOIIUHY 1 IepIeH-
IUKYJIAPHA 10 OyAb-IKOI IPSAMOI, IO JIEKUTH Y ILJIO-
IIUHI i TPOXOAUTH Yepe3 TOUKY HePEeTUHY.
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(O3Haka nepneHauKynsapHOCTI NPAMOI i NIOLLVHN.) IKLLO NpaMa, 9Ka nepeTu-
Ha€ NJIOLWMUHY, NepneHANKYIspHa A0 ABOX NPSAMUX Li€T NJIOLLWHMU, LLLO NPO-
XOAATb Yepes TOYKY NepeTuHy, TO BOHA NepneHANKYJISpHa A0 MNJOLWUHMW.

Mau. 171

AOBEAEHHS4.

Hexait npama AO, aKa mepeTwHae IJIOIMUHY O B Touri O, mepumeHIUKY-
asspHa go npamux OB i OC 1iel muomuan (Man. 172). JoBemgemo, 1o mpsama
AO mepneHAUKYJIAPHA M0 0yAb-aKkoi mpamoi OX, AKa JeXKUTh y IJIOIIUHI O.
1 1b0T0 IpoBeneMOo JOBiIBbHY MpAMY, ska nepeturae npami OB, OC i OX
y Touxkax B, C i X. A ma npawmiii OA 1o pisui 6oku Big O Bigxaagemo piBHi
Bigpisku OA i OM. Cuoayuusiiu Bigpiskamu Touku A i M 3 Toukamu B, C, X,
nicranemo Kisbka nmap TpukyTHUKIB. Tpukyrauku ABM i ACM piBHOOexapeHi,
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ockinbku ixui memiamu BO, CO € i Bucoramu.
Orxe, AB=BM i AC =CM. Tpukyrauku ABC
i MBC piBHi 3a TpbOoMa CTOPOHaAMHU, TOMY
ZABC = ZM BC. PiBHi TaKOX TPUKYTHUKI ABX
i MBX — 3a gBoMa CTOPOHAMM i KyTOM MiXK
HuMu. Orike, AX = MX. OCKiTbKY TPUKYTHUK
AXM piBHOGenpenuii, To itoro mexmiana XO
€ i Bucoroio, To6To AO L XO. IIlo i1 Tpeba GyJio
noBecTu. [

IoBemeHy TeopeMy MOKHa y3araabHHUTHU. Ha
ocHOBi Teopemu 15 mpamy AO Mo:KHa 3aMiHUTU
O0yab-saKoio mpamoio K P, mapajeabHOIO iii, a Ips-
My OX — OyIb-aAKoi0 nmpamoio EF, 110 JIeKUuTh
y maomuHi o i mapamenbna OX (man. 173). Bap-
TO TAKOXK BpaxyBaTH, IO MpaMa, MePIeHAuKY-
JAApHA OO0 ABOX NPAMHUX, SAKi IepeTHHAITLCH,
000B’ I3K0BO IIEPETUHAE ILJIOITUHY, II10 IPOXOINUTh
yepes3 HuX (3amaua 2, c. 103). Tomy mMosKHa BBa-
JKaTu NOBEIEHUMU TaKi TBepI:KeHHS.

e Mpama, nepneHauKynspHa A0 ABOX nNps-
MUX, W0 NepeTuHalTbCs, NeprneHanKy-
JNISPHa A0 NJIOLUHU, SKa NPOXOAUTHL Yepes
ui npami.

e Mpama, nepneHaUKyNapHa A0 MJOLWWUHN,
nepneHauKynsapHa no 6yab-g9koi NpsaMor,
LLLO JIEXUTb Y L NNIOLLMHI.

e SKLWLO0 NpsiMa NepneHauKynspHa A0 ABOX
CTOpPiH TPUKYTHUKA, TO BOHA NepneHauKy-
NSIPHa i 40 TPeTbOoi ioro CTopoHu (Mas. 174). Mam. 174

TEOPEMA

AKLL0 OaHAa 3 ABOX NapasnesibHUX NPSMUX NeprneHAnKYISpHa A0 NJIOLWUHN,
TO i Agpyra npsMa nepneHaAnKynspHa Ao Wi€i NAOLWNHN.

OOBEALEHHY4. al a

Hexait alla, i alo. Hosememo, mo a, Lo ‘
(man. 175). ‘
OckinbKu a 1 0, TO B ILJIOIUHI Ol 3HANIYTH- ’
ca npami b i ¢, AKi mepeTUHAIOTHCA i IMepIIeH-
IUKYJIAPHLI 10 a. Yepes Te 110 b i ¢ mepueH -
KYJIAPHIL 10 IpsaAMoOi a, To 3a TeopeMoro 15 BoHu Maun. 175
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MepneHINKYJIAPHI 1 1o mpAMoi a,, napajenabHoi a. OTKe, IpsaMa a, IepIeH -
KyJdpHa A0 OIpAMUX b 1 ¢ IIOIUHY O, IO IepeTHHAIThCA, T00To 4, Lo []

“TeopEMA | 18

ABi NnpsimMi, neprneHanKYSpHi A0 OOHIET NNOWMWHU, Napa’sesbHi.

AOOBEAEHHY4.

Hexait alo i bLloa. Hoeegemo, mo allb (man. 176). Ilpunycrumo, 1o
npami a i b e napasnensHi. Toxgi uepes AKy-HeOyab TOUKY M TPAMOI a IPO-
BeJeMO IPAMY a,, napajeibHy b. Ockineku blo, T0i a; Lo (Teopema 17).
A 3a ymoBow a lo. Armo A i B — TOUKU IepeTMHYy NpAMUX a i a; 3 mJIo-
IUHOIO O, TO 3 TMPUNYINEeHHA BUILJIWBAE, M0 B aMAB pgBa mpAMUX KYTH.
Ilroro ne mosxke 0ytu. Tomy npawmi a i b mapanenbmi. []

B Bigpisok Ha3MBaIOTh NEePIEHIUKYIIIPHIM IO ILJIO0-
IINHMA, SKIO0 BiH JeKUTD HA IPAMil, IepIeHINKYJIAP-
Hil Mo maHOI MJIOIIUHU.

u IlepneHAUKYJIAPOM, ONMYIIEHUM 3 TAHOI TOUKH
Ha JaHy IJIONIUHY, Ha3WBAaIOTh BiIPi3OK mpsaMoOi, mep-
MeHIUKYJIAPHOI 10 MJIOINHU, 10 MiCTUTHCA MiXK Jaa-
HOIO TOUKOIO i IIJIOIUHOIO.

PosrinanbpTe MmaoHOK 176. OckinbKu npsaMa a mep-

MeHINKYJISPHA [0 IJIOIITUHHY O, 1 mepeTuHae ii B Tourii A, Mau. 176
a Touka M JIeXKUTh Ha NpAMii a, To Bigpisox MA —
HepIeHAUuKYJIAP, ONyIeHui#r 3 Touku M Ha ILJIONIHU- P

HY o. Touka A — OoCHOBa IepPIeHAUKYJIApA.

IIpointocTpyeMO BUKOPUCTAHHA O3HAKM II€PIEH-
IUKYJIAPHOCTI mpAMOl i HMJIOMIMHU Ta TOHATTA IIEp-
MeHIUKYJIApa, OMYIIeHOTO 3 TOUKHM Ha ILJIOIINHY, Ha
OPUKJIAAI YOTUPUKYTHOI ITipaminu.

3adaua. B ocHOBi yoTupuKyTHOI mipaminzu PABCD 4
aexxuthb kBaapaTr ABCD i AP =CP=BP=DP (man. 177).
Hosexits, mo PO 1 ABC, ne O — TO4YKa MEpeTUHY Mau. 177
IiaromaJsieii KBaapara.

Hoeedenna. Posrasauemo TpukyTHuk APC. 3a ymoBowo AP = PC, AO = OC,
Tromy PO — Bucora APC a6o PO 1L AC.

Amnanoriuno, PO 1 DB, ockinbku aDPB — piBHOGeaperuii. Maemo: PO L DB
i PO 1L AC. Ockinbku npama PO neprneHIUKYJISPHA 10 ABOX IIPAMUX, IO IIepe-
TUHAIOTHCS, TO BOHA MEPIEHAUKYJIIPHA OO IJIOIIUHU, AKA IPOXOAUTDL Uepes ITi
npami. TooéTo, PO 1 ABC.

3a nux yMmoB Bigpisox PO HasuBaiOTh BHCOTOIO IIipaMigm, a caMy Taky IIi-
paminy — IpaBUJIBHOIO YOTHPUKYTHOIO Iipamimoro. ¥ 3arajJbHOMY BUOAIKY:

B BHMCOTA IipaMigu — IePIeHIUKYISAP, ONYINeHuH 3 i1 BepITuHY Ha IIOITAHY
OCHOBH, ab0 JOBXKMHA IIHOT'0 MEPIEeHAUKYJIIpa.

e e ol
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m Ilipamigy HasmBalOTh MPABUJIBHOIO, AKIIO Ii OCHOBA — IIPaBUJLHUN MHO-
TOKYTHUK, a HOr0 IIeHTP CIIiBIIaJae 3 OCHOBOIO BUCOTH IIipaMiam.

— Ang gonntsinBux ~

[eski cTepeoMeTpuyHi TBEPIAXKEHHS CXOXi Ha TBEPIKEHHA MiaHIMEeTPUYHI,
TiINIbKM B HUX 3aMiCTb MOHATTA «nNpsiMa» Tpeba HanncaTu «MoLLnHa».
CniBcTaBMMO AesKi NNaHIMETPUYHI | CTEPEOMETPUYHI TBEPAKEHHS.

Y nnaHimeTpii Y ctepeomerTpir
v v
1) ABi npsami, nepneHanKynsapHi 1) Agi npsmi, nepneHaukynspHi
[0 TPEeTbOI MPSAMOI, NapasnenbHi. [0 OOHIET MIOWMHW, NapanenbHi.
2) Yepes gaHy TOYKY NPOXOAUTh 2) Yepes paHy TOUKY NPOXOaUTh
TiNbKM Of4Ha NpsiMa, nepneHam- TiNbKX O4HA NpsMa, nepneHam-
KyngpHa oo AaHoi NpsMOi. KynsgpHa oo AaHoi NJOWNHN.

MopibHMx aHanorin Mixk TBEPAXKEHHSAMU MAAHIMETPIT i CTepeoMeTpil MOXHa
HaBecTu Garato. KopmcHo nomivaTtuy ix. HaykoBLi Ha Taki aHanorii 3sepTalTb
ocobnvBy yBary.

C. baHax: «<MaTtemaTtunk — Lie TO, XTO BMI€ 3HAXOANTY aHaJOr il Mi>XK TBEPOKEH-
HAMU».

M. Kennep: «l 9 HaibinbLue uiHyo AHanorii, Moix HalBIpHILLNX yanTenis. BoHu
3HatoTb yCi cekpeTu MNMpupoaun, i HUMK HarimeHLle Tpeba HexTyBaTu B feoMeTpii».

CnpobyemMo, MipKylo4M aHasnoriyHo, 3goragatucs, Y44Mm € B NPOCTOPi reome-
TPpUYHE MiCLLe TOYOK, piBHOBIAOANEHWUX Bif, KiHLIB Bigpiska. Npuragaemo, wo Ha
naowmHi Takum NMT € cepeanHHMN NepneHanKynap aHOro Bigpiska. Ay npo-
cTopi?

PosrnsaHyBLUK Kinbka npuknaais, MOXHa 3goragartucs, wo takum F'MT € nno-
wyHa. 3anmaeTbCs AOBECTH, WO Le cnpasai MaoWmHa, i 3’acyBaTt, 9K BOHA
po3MillgHa BiAHOCHO OaHOro Bigpiska (omBe. 3agady 1 Hac. 110 i man. 178).

SAMUTAHHS | SABOAHHA ON9 CAMOKOHTPOIJIIO

1. fAxy nmpsamy HasWBaIOTH IIEPIEHINKYJIAPHOIO [0 MJIOIMTUHU?

2. Coopmy.troiiTe i JOBeOiTH 03HAKY IEPHEHAUKYISIPHOCTI IIPAMO] 1 ILJIOIIHE.

3. HaseniTh KijbKa BiIaCTHUBOCTEH BiJHOIIIEHHSA IEPIEHINKYIIPHOCTI IPAMUIX
i maomImH.

4. CoopmyamoiiTe BIaCTHUBICTL IPAMUX, IEPHEHANKYIAPHUX OO OFHIiel 1LI0-
IUHA.

5. Illo Ha3WBAIOTH IEPIEHANKYJIIPOM, OIYIIEHUM 3 AAHOI TOUKU Ha AaHy
ILJIOLIUHY?
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6. ke cJyi0BO mpomyllleHe B TAKOMY PEUYeHHi:
a) fArio ogvH KaTeT NPAMOKYTHOTO TPHUKYTHHKA IEPIEHIUKYJIIPHUN
IO IJIOLI[UHM, TO APYTUi KaTeT... 1O Hei;
0) fxio omma miaromasb pomba MEePHEHANKYJIAPHA M0 IJIOIIUHU, TO APY-
ra... 1o Hei?

BUKOHAEMO PA3OM

c HoBeniTh, 110 reOMeTPUYHUM MiclleM TOYOK, PiBHOBiAJa/JleHHMX BiJ KiHIIB
BifpisKa, € mJOIMHA, AKa MePHIeHIAUKYJIIpHa A0 MaHOro Biapiska i mpo-
XOOUTH Uepes3 Moro cepeiuHy.

® Hexaii niomuHa o IePIeHAUKYJIIPHA 0 Bigpiska AB
i mpoxoauTtsh uepes woro cepenuny O (maju. 178). Tou-
ka O piBHoBiggaseHa Big A i B. fAxkimo M — 0yab-saxa
iHIIa TOYKa miIoniuHu o, To0 aAMOA =AMOB (3a nBoma
kareramu). Tomy MA = MB. fIxk 6aunMo, KOKHa TOUKA
IJIOIITUMHY () PiBHOBiAmajsieHa Big KiHmiB Bimpiska AB.
Axiio Touka K He JeKUTh y ILIOIIMHI O, a po3MilieHa,
HATIPUKJAJ, 3 TOUKOI0 B 10 pisHi 60Ku Bim o, TO Biapi-
30Kk KB mepermHae ILIOIIUHY O Yy TaKiin Touri P, 1110
PA = PB. Toni BK = BP + PK = AP + PK > AK. Bu-
xomuThb, BK > AK. OT:Ke, TiIJIbKYM TOYKHU ILJIOITNHU O, PiB-
HOBijaeni Bix KinmiB Bimpiska AB. Mau. 178

9 Touka M 3HaxoguThCA Ha BifcTaHi a\/g BiJ KOKHOIL M
BePIINHN PiBHOCTOPOHHBOTO TPUKYTHUKA 3i cTOpO-
HOIO0 a. SHAWAITL MOBXKHUHY IEePHeHAUKYJIApa, IIPO-
BeIeHOTro 3 TOUKU M [0 IJIOIIUHU TPUKYTHUKA.

® Hexait MO — mnepuneHAuUKyJaAp A0 Imaomuau aABC
(man. 179). aAMOA=AMOB=aMOC 3a Katerom i ri-
moTeny3010, Toai OA = OB = OC. 3uauutb, O — MMeHTp

a3

KoJa, ommcaHoro HaBKoiao arABC. Tomi OA= .

3
3 aMOA 3a teopemoro ITiparopa OM? = MA? — OA2.
2 2
OM? =342 _a_zsi’ OM:@Z@.
3 3 J3 3

S3AAAUI | BTPABU

c
BUKOHANTE YCHO j D,

B, (— A,
380. ABCDA,B,C,D, — npsaAMOKYTHUH ITapaJjejelimnesn Ci ] D
(mag. 180). HasBiTh npaMi, HepneHIuKYIAPHI 10 ‘
IJIOIMHY I'DaHi: B A

a) BB,C,C; 6) A,B,C,D,;;  B) ABBA,. Mau. 180
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381.

382.

383.

384.

385.

Ilpsama h nmeprneHAUKYJIAPHA OO0 OpAMUX a i b momuaU . Y1 BUILIUBAE
3 IbOTO, IO TpAMAa /i MEePIEeHAUKYJIAPHA A0 TJIOMIUHU o7

CKiNbKY MJIOIWH, IEPIEHAUKYJIAPHUX A0 TaHOI IpAMOI, MOYKHA ITPOBECTHU
yepes JaHy TOUKY?

CKibKY ONpAMHUX, NEePIEHAUKYJIAPHUX 0 AAHOI IJIOIIMHU, MOKHA IIPO-
BECTHU uepes JaHy TOUKY? A Bimpiskis?

Ilpama a nepneHIUKYyJAAPHA A0 IJIOIMHU O. SIK posamimieHi BigHOCHO
MJIOIIUHY O, IPAMi, IePIeHIUKYJIAAPHI A0 npamoi a?

Ilpama a nmepneHAWKYyJAApPHA M0 IJOIIMHU (. UM iCHYIOTH y IJIOLIIWHI O
npaMi, He TePIeHANKYIAPHL 10 mpamoi a?

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

IToGynyiiTe mepepis Kyba IMJIOIHMHOIO, AKa HPOXO-
IUTH Yepes cepequHy Horo pedbpa mepueHIuKyIapHO
o IIbOT0 pebpa. SHAWAITH IOy Imepepisy, AKIIO
pebpo Kyba JopiBHIOE a.

Tpuxkyruux ABC — piBuobGenpennii, AB = BC =
=10 cm, AC = 12 cm. IIpama M B nepneHIUKYJIAP-
Ha 10 AB i BC, K — cepenuna AC (maa. 181). Ho-
BeIiTh, 10 aAMBK i aAMAK mpaMOKYyTHi. 3HAUIITH
ixHi mioi, asximo MB = 15 cm.

ITpama MO nepuneHguKyJIApHA OO0 AiaroHaJel mapa-
aenorpama ABCD, aki meperuHaioTbesa B Touri O. BeranoBiTh Bug Tpu-
kytHuka MOK. 3uaiigite MO i MK, akmio K€ AB, OK =a, ZOMK =q.
Ho maomuuu KBagpata ABCD mpoBeneno mepueHAuKyaap MB. Axum
e TpukyTHUK MAD? 3uangite M D, aximo AB = MB = a.

o miaomuanu kBagpata ABCD npoBeneHo neprneHguKyasasp M B, O — Touka
mmepeTuHy miaroHasei kBagpara. Jlosenits, mo MO L AC. 3naiigits MO,
aimo aAMC — piBHocTOpoHHIN i AB = a.

Yepes Bepmiuny npamoro kyta C rpukytauka ABC 3 Kateramu 6 cm i 8 cm
[0 HOro IJIOIIWHYU HpoBemeHo mepneHgukyaap MC, MC = 12 cm, CL —
MeiaHa JAaHOTO TPUKYTHUKA. 3HaumiTe ML.

ABCDA,B,C,D, — npamMmoKkyTHuii nmapaJesetnines. [lopeaits, mo AB,;C;D —
MPSIMOKYTHUK.

Bigcrani Big Toukum M 1o Bcix BepIimH KBaapaTa OZHAKOBi, Touka O —
1meHTp KBagpara. [loBexiTs, o npama MO neprneHIUKYJIAPHA A0 ILJIOITUHA
KBajapara.

Touka M piBHOBigmanseHa Big BepiuH KBagpata ABCD. S3HAUIITL JOBXKUHY
MepIeHIUKYJIAPa, IIPOBEIeHOr0 3 TOUKKU M [0 ILIOMMHYU KBajapara, AKII0
AM =10 cvm, AB=642 cm.

O — IeHTp KoJa, OIMCAHOr0 HaBKOJO IpAMOKyTHUKa ABCD, MO — mep-
MeHINKYJIAP A0 IJIOIMMHYU IPAMOKYTHHKA. SHAWAITh Bimcrami Big Tou-

Mau. 181

KU M 10 BEpIIIUH NPAMOKYTHUKA, AKIT0 OM = Cl\/g , a JOB)KHHA KoJia 4Ta.
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396. CTopoHr HNPAMOKYTHHKA IIPOIOPIIiiHI umciaam 2 i 3, a Horo mepuMeTp
40 cm. Touka P piBHOBiAmaseHa Bim BepinuH IpAMOKYTHUKA, PA = 14 cwm.
SHaNIITh JOBKUHY MEePIEHINKYJIAPA, IPOBEIEHOr0 3 TOUKY P 10 MIoImuHu
MPAMOKYTHUKA.

397. Touka M piBHOBimmaseHa Bix BepuinH TpukytHuka ABC, MO — nepneH-
TUKYJIAP A0 MJIOUIUHN TPUKYTHHKA, O € (ABC). HoBexits, mo O — 1eHTp
K0JIa, OIMMCAHOT0 HABKOJI0O TPUKYTHHKA.

398. Touka M piBHOBiAmaseHa BiJ BEpPIINH PiBHOCTOPOHHLOTO TPUKYTHUKA
ABC, AB = a, AM = 2a. 3HaiifiTh JOBXKUHY NePIeHIUKYIApa, IIPOBeje-
HOTO 3 TOUKY M [0 TJIONIUHYU TPUKYTHUKA.

399. Touka S 3HaxoAUTHCA Ha Bifcraui 13 cM BiJ BepIIMH TPUKYTHUKA 31 CTO-
pouamu 10 c¢m, 10 cm i 12 cvm. S3HalIITEL JOBKUHY HEePIEHAUKYJIAPA, IPO-
BEJIEHOr0 3 TOUKM S 10 IJIOIN[MHUA TPUKYTHUKA.

400. Tpukytuuk ABC piBHOCTOPOHHIH, a Bipidok AM HepreHIUKYJIAPHUN JO
Moro miIoImuHu. SHAUAITEL mepuMerp i miuoiny Tpukytauka MBC, AKIIo:
a) AB = 3 cm, AM = 4 cwm; 0) AB=AM =c.

401. IlnomuHa O IepueHAMKYJaApHA A0 Karteta AC NPAMOKYTHOTO TPUKYTHU-
ka ABC i ginuts fioro y BigHomenHi AA; : A,C = m : n. ¥ aKomMy BigHO-
IIeHHi IJIOIMHA O, JiJIuTh rimotenysy AB?

402. TIpami AA; i BB,;, TIepOeHIUKYJIAPHI 0 TJIOIMHU O, MEePeTUHAIOTH Ii
y Toukax A, i B, a npama AB — y Tourti C (maJj. 182). 3HaiigiTs BigcTaub
B,C, axmo AA, =12 cm, A,B;= BB, = 3 cMm.

403. 3 kiunis Bigpiska AB i Touku M 1bOro Bigpiska
IO ILIOIIUHU (O, AKA He IIepeTuHae Bimpisox AB,
npoBeseHo meprneHaukyasapu AA,, BB, i MM,.
Suangite MM, axmo AA, =6 cm, BB, =10 cMm i:
a) M — cepenuna AB; 6)AM : MB=1: 3.

404. 3 BepiuH napasenorpama ABCD Ha TIONTUHY O,
sKa He MepeTUHAaE ImapaJiejiorpam, OIMyIeHo mep-
neHaAuKyasapu AA,, BB,, CC,, DD,. 3uaiigitTs DD,
AKIIO:

a) AA, =9 cm, BB, = 20 cm, CC, = 13 cwm;
0) AA, =15 cm, BB, = 25 cm, CC, = 13 cm.

405. ABCDA,B,C,D, — ky6. [oBexiTh, mo npsama AC mnepueHAUKYJAPHA IO
IUJIOIIMHY, TKa IPOXOAUTH yepe3 Touku B, By, D;,.

406. IlobynpyiiTe miepepid mpaBusibHOrO Terpaeapa ABCD miomunHow, sKa mep-
MeHINKYJIAPHA 10 pedopa AB i mpoxoauTh Yepes Horo cepesuny. SHAHIITH
IJIOIIY Iiepepisy, Akmo AB = 12 cwm.

407. Yepes Bepiuny B Tymoro Kyrta pomoa ABCD po mioinuuHm pomMba IIpo-
BelleHO ImepueHAuKyaap BM. 3uangite MD, AKIO pisHUIlg miaroHajen
pomba mopiBuioe 4 cm, AB = 10 cm, AM=2\/@ CM.

A
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408.

409.

410.

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

MA — mnepneHIUKYJAAP A0 maoinuuau pomba ABCD.

Hosenits, mo MC L BD.

O — uenTtp kBaapata ABCD, MO — nepneHAUKyJaAp A0 MOro MIJIOIIWHH,
K — cepenuna BC. osexits, mo DC L(MOK). Bmuaiizite MO, axiuo
MC=234 cm, MK =10 cm.

AP — mepueHAUKYJIAD A0 IaomuHu KBagpata ABCD, K € PC. JloBenits,
mo BD 1 AK.

Yepes BepminHy A piBHOOEAPEHOro HMPAMOKYTHOro TpuKyTHura ABC
(£C=90°) no iforo IJIOIIMHM NIPOBEAEHO HepIeHAUKYyIsap PA. S3HainiTs
oty Tpukytauka PCB, aximo AB = 10 cm, LZPCA =30°.

ILno1ia piBHOCTOPOHHBOI'O TPUKYTHUKA TOPiBHIOE 27 J3 emz. Yepes Toury O
MepeTUHy MeAiaH TPUKYTHUKA J0 HOro IJIOIUHY ITPOBeIeHO IePIeHIuKY-
asap MO, MO = 8 m. [JoBeniTk, 1110 Touka M piBHOBiAmajsieHa Bif BepIINH
TPUKYTHUKA, 1 3HAUAITH 1110 BiICTaHb.

CTOopoHU TPUKYTHUKA AOPiBHIOIOTH 8 cM, 15 ¢cm i 17 cm. Hepes Toukry S,
sAKa piBHOBiggajseHa BiJ BepIIWH TPUKYTHUKA, MO0 HOTO IJIONMHU IIPOBE-

IeHo mepneHAUKyadAp SO. 3HaumiTL SA, AKIIO SO=2x/ﬁ CcM.

Touka M piBHOBigmajeHa Bif BepPIIMH MPAMOKYTHOTO TPUKYTHUKA i He
JIEXKUTH Y fioro miioiuHi, F — cepenuua rinorenysu. [loBeniTs, mo MF —
MePIeHAUKYJIAP A0 IJIOIMUHNA TPUKYTHUKA.

Touka P 3sHaxonuThcA Ha Bigcraui 26 cMm Bij ycix BepIIMH TPUKYTHUKA
ABC (£C =90°). 3HaliiTh JOBKUHY IIePIEeHANKYJIIPa, IPOBEIeHOr0 3 TOU-
K1 P 10 IJIONMHYN TPUKYTHUKA, AKIO Horo miuomia 96 cm2, a pizHuiia
KaTreTiB 4 cM.

HoB:KMHA IePIeHINKYJIApa, IPOBEIeHOr0 3 TOUKU M 10 IJIOIUHU IPSIMO-
KYTHOTO TPUKYTHUKA, HopiBHioe 10 cm. 3HAKUAITH HepuMeTp TPUKYTHUKA,
AKIO OiceKTprca, IpoBeleHa 3 BEPIUHU MPSIMOro KyTa, AiJIUTh TimoTe-
Hy3y Ha Bimpisku, mpomopifitiai yucaam 24 i 7, a Touka M 3HAXOAUTHCA
Ha Bigcraui 12,5 ¢cM Big ycix BepIIMH TPUKYTHHKA.

Touka @ piBHOBigZasieHa Bim BepiimH Tpareliii 3 ocHoBamu 4 cm i 20 cm
Ta 0iuHor0 cropoHoio 10 cm. [foB:KWHaA IEepPHEHAUKYJISAPA, IPOBEIEHOTO
3 TOUKH @ [0 IJIOIIWHU Tparelii, JopiBHIoe 5\/ﬁ cM. 3HAWIITE BigcTaHb
Bi TOUKU @ IO BEPIIMH Tpamelrii.

Bidkxpuma 3adaua. Tourxa M Bigmanena Big BepINH YOTHPUKYTHUKA
ABCD na 10 cMm. 3HaHAITL JOBKUHY IEPIEHINKYJISIPa, IIPOBEIeHOT0 3 TOU-
Ky M 1[0 HJIOLIUHYN YOTHUPUKYTHUKA, AKII0 ABCD — .. , y sIKOrO
3 kinmmis Bigpiska AB i Touky M (M € AB) [0 IJIOIIUHU O, KA IePEeTH-
Hae Bimpisoxk AB, MpoBeneHO neprneHauKyaapu AA,, BB,, MM,. 3HaiigiTh
MM,, akmo AA, =5 cm, BB, =11 cwm i:

a) M — cepenuna AB;
0)AM : MB=3: 1.

Yepes Bepruau TpukyTHUKA ABC (£C = 90°) 10 mIoIuHu o, AKa napaJjejbHa
HaMOLIBIIiT cepenHiii TiHIT TPUKYTHUKA, TPOBEIEHO TePIeHINKYIapu AA,,



114

421.

422.

423.

424.
425.
426.
427.
428.

429.
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BB,, CC, (man. 183). 3HaiifiTh CTOPOHU TPU-
kyTHUKA ABC, axkmo A, B, =443 cMm, B,C, =
=16 cm, A;,C, =12 cMm.

BK — npsiMa, IpoBefileHA IePHIEHANKYJISIPHO 10
miomuay KBaapara ABCD. 3HaliaiTh BigcTaub
Big Touku K 10 BepIIUH KBajparTa, akiino AB =
=a, BK = 0.

JdoBeniTh, [0 ABi MIONIUHH, TIEPIIEHTUKYIIPHI
o omHi€el i Tiel camol mpsAMoi, mapajeabHi.
MoBeniTh, 110 ABi MpAMIi, NePHEeHINKYIAPHI 10 Mau. 183
nmapaJjieIbHUX IUIOINWH, MapajeabHi. Yu Mmo-

JKYThb OyTH HapaJjieIbHUMU MPSAMi, IepHeHIUKYJIAPHI 70 MBOX ILJIOIIWH,
AKi mepeTuHATHCA?

Yepes maHy TOUKY NPOBENITH MPAMY, MEePIEHAUKYJIAPHY A0 HAaHOI ILJIO-
IIUHUA.

Ha paniit npamiit ¢ 3HaiTh TOUKY, OJHAKOBO BifajieHl Big JaHUX TOUYOK
AiB.

3HaWAiTh TeOMEeTPUYHE MiCIle TOUOK IIPOCTOPY, PiBHOBiAZAJIEeHUX BiJx ycix
BEePIIH KBaapara.

3HaNIiTh TeOMETPUUYHE Miclle TOUOK IIPOCTOPY, PIBHOBiAZAaIeHUX Bix Bep-
IIUH TPUKYTHUKA.

PiBuoGenpeni TpukytHuku ABC i ADC mMaoTh CHiJIbHY OCHOBY 1 JIeXKaTh
y pisHux miaomiuHax. JoBexits, mo AC L BD.

Tourku A, B, C, D poamimeHni B mpoctopi Tak, mo AB = BC i CD = DA.
Hosexits, mo AC 1L BD.

C

430*%., KABC i PABC — mpaBuJibHi Terpaenpu. [loBeniTh, mo npama KP mep-

MeHINKYJIAPHA 0 IJIomuHu TpuKkyTHuka ABC.

431%, Touka O — menTp rpani ABC npaBuyibHOTO Terpaenpa PABC. [loBenirs,

1o npama PO mepneHINKYJIAPHA A0 moimuau rpaHi ABC.

432%*, IlepumeTp pPiBHOCTOPOHHBLOrO TPUKYTHUKA ABC nmopiBHIOE 2p, a Bipisku

AA, i BB, nepuneHIUKYJAPHI A0 IJIOINHUA IIHOTO TPUKYTHUKA. SHAUAITH
epUMeTp, IJIONTY i KocuHycHu KyTiB TpukyTHUKA A, B,C, akmo ABB,A;, —
KBajapar.

3ALAYI 0119 MOBTOPEHHS

433.

434.

435.

ABCDA,B,C,D, — xy6, M, N, K — cepenuuu pebep A,B,, B,C,, AA, Bin-
moBigHO. 3HAUAITE KyT Mik npamumu MN i AC, MN i BD, C,K i AC,
MK i AC.

3HaUAITH pajiyc KoJa, ONMCaHOr0 HaBKOJIO Tpatmellii 3 fiarorasiio d i roc-
TPUM KYTOM OL.

3 Touku P g0 mpsamol a npoBeneHO nepueHAUKyaAp PM i moxuai PA =
= 15 cm, PB = 13 cm. 3Haiigite PM, AKIIO PiSHUIA HTPOEKIN IMOXMINX
IopiBHIOE 4 cM.



1 2 NMepneHpgukynap i noxuna
§ A0 NJOLLUHM

O3upHITBCA HABKOJIO cebe i MPpUAMBITHCA JO OTOUYIOUUX IIpeaMeTiB. Bu
3MOJKEeTe HaBeCTH He OJMH NPUKJIAL IX B3a€MHOI'O PO3MIIIeHHs, IO XapakKTe-
PUBYETHCA BIACTUBICTIO «IIE€PIEHIUKYJIAPHOCTL».

Y cmopTuBHIiN 3aJi, HAIPUKJIAL, IePHEeHANKYIAPHO A0 HiJJIOTM BUCUTH Ka-
Hat. 'iMHacTHuHA mIepekJagnHa Ta il CTOMKA MePIeHINKYJISIPHI BiAIOBiZHO 00
ctinu Ta mo miagoru (mas. 184). He mepmeHAUKYIAPHI OO0 TiJIOTH PO3TIKKUI

mepeKJIaAUHY, a TAKOK 1 Hi'KKM IMMHACTUYHOTO KOHA.
ﬁ )
B
C

Mau. 184 Maug. 185

Ha maniorKy 185 300pakeHo 0a30By CTaHIIiIO CTiIBHHMKOBOTO ollepaTopa.
Tyt omopa AC nepneHANKYJISPHA A0 IJIOIIWHU, & PO3TAKKYN HaXWJIEHi 10 Hel
Oig JessKuM TOCTPUM KyToM. ¥ crepeomerpii Biapisku AC i AB Ha3uUBAIOThL Bif-
TOBiTHO MEPIEHINKYJIAPOM i ITOXUIIOIO0.

IlepneHguKYJIAPHO OO MJIOIIMHY 3a3BUUYAl 3a0MBAIOThL HaJi, OyPATL CBEP/I-
JOBUHU, IPOXOAATH IIAXTHI CTBOJIU, 3allyCKAOTh KocMiuHi amapatu. TinbKu
NiJHABIINCH Ha IIeBHY BUCOTY, PaKeTa-HOCif BiAXMJIAEThCSA B IOTPiOHOMY
HaTpAMi.

Bu B:ke sHaeTe, 110 IePIEHIUKYIAPOM, ONIYIIEHUM 3 JaHOI TOUKH HA TAHY
ILUIONIUHY, HA3WBAIOTh BiIPiBOK MPAMOI, IIepreH1u-

KYJAPHOIL [0 ILJIOMIWMHU, IO MICTUTHCSI MiK JaHOIO A

TOuKOI0 i mommuo. Ha manoarky 186 AC — mep- ‘

HNeHIUKYJIAP, ONYIIeHnll 3 TOUKN A Ha MJIOIIUHY O.

Touka C — oCHOBa MEePHEHAUKYJSIPA. ‘
Arimo AC — mepneHIUKYJSAP A0 IJIOIIUHU O, L]

a B — Bigmimna Big C Touka Iiei mJaomMmHU, TO

Bigpisok AB Ha3WBalOTh IMMOXHJI0K, IPOBEIEHOIO

3 TouKu A Ha miaomuHy o. Touka B — oCHOBa IIO-
xuaoi, a Bigpisok CB — mnpoekniga moxumaoi AB
Ha TJIOMUHY O.

Mag. 186
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3ayBasKUMO, IO TYT ifeTbCA IIPO NPAMOKYMHY npoekuino noxunoi. Taki
IPOEKIlii AicTaloTh 32 YMOBH, IO BCi IPOEKTYIOUi IPAMI MEePIEeHAUKYJIAPHI 10
TJIOIIIUHY TPOEKITiHA.

“TEOPEMA | 19

AKLLO 3 OAHIETI TOYKU, B3ATOI MN03a NJIOLWMHOIO, NPOBeAeHi A0 LIET NJIOWNHN
nepneHauKynap i noxmni, To:

1. ABi noxuni, 9Ki MaloTb PiBHi NPOEeKLil, PiBHi.

2. 3 ABOX NOXUUX Ta OiNblua, NPOEKLiqa 9KoT GinbLua.

3. MepneHanKynap KOpoTLKUi 3a OyAb-9Ky Nnoxuny.

AOBEAEHHS.

Hexait AC — nepuengukyasap, a AB, AK, AP —
moxuJji go miaomueu o (Maa. 187).

1) dxmio CB = CK, to nAACB=2ACK (3a mBoMa
kareramu). Tomy AB = AK.

2) 3 npAMOKyTHUX TPUKYTHUKIB ACB i ACP maemo:
AB=+AC*+CB® i AP=+AC*+CP*.
Omxe, axio CB < CP, to AB < AP.

3) Ilepunengurynaap AC — xarer, a Oyab-AKa IIO-
xuna AB — rinorenysa TpukyTHuka ABC. Tomy Mau. 187
AC < AB. Teopemy moBeneHo. [

“TEoPEMA |20

(Mpo Tpn nepnenaukynsapn.) Mpama, npoBeaeHa Ha NMNJOLWMHI NepneHan-
KYJISPHO A0 NpoeKLuil Noxunoi, nepneHankynapHa Ao uier noxunoi. | Ha-
BNaku, SKLL0 NPSMa Ha NOLWMHI NeprneHauKynspHa A0 NoxXusoi, TO BOHa
nepneHAuKYNSpHa i 40 NPoeKuiT NoXusoi.

AOBEAEHHA.

Hexait AC i AB — mnepueHAUKYJIAP i moxXwuia g0
momuau o (Masa. 188). Axmio npama KP J1eXUTH
y maomuHi o, To KP 1 AC. §fkmo, Kpim Toro, mpsd-
ma KP nepnenpukyaspHa no BC a6o AB, To BoHa
MepHeHAUKYIAPHA OO0 IJOMMHU TPUKYTHUKa ABC
(macaimox 3 Teopemm 16), a oTike, i mo mpamoi AB
a6o BC. Tob6ro: ssxmo KP 1 BC, to KP 1 AB; AKIII0
KP 1 AB, to KP 1 BC. Illo i Tpe6a 6ymno gosectu. [ |

3 moBemeHHS BUILINBAE, 110 Kouu npsama KP He mepueHgukyasapHa go BC,
TO BOHA He IMepHeHAUKYJIApHa i 1o AB. Tomy TeopemMy MOMKHa c(HopMyTI0BATH
ONHUM TBEPIKEeHHIM.
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Mpama, gska neXxuTb Yy NJIOLWWHI, NeprneHAuKyNspHa A0 NOXUIOoI TOAi i Tisib-
KM TOAi, KOJIN LS NpsiMa NneprneHAnKyJiIspHa A0 NpoeKLil MoOXuor.

Ile TBepaKeHHA HA3WMBAIOTh TEOPEMOIO IIPO TPU MEPHEHAUKYIAPU, MAIOUU
Ha yBagzi nmepnenaurynapu: AC Lo, BC1L KP, AB1 KP.

— AN 4onnTaInBuUX

Ak nobynyBaTu NepneHankynsap, onyLieHuin

3 OaHOl TOYKM A Ha nnowmHy o? Bukonatn ue

MOXHa Takum criocobom (man. 189).

1) Y manin naowmHi oo NpoBeAEMO A0BINbHY NpPs-
My m.

2) Yepes mipaHy TOHKY A MPOBEAEMO MIIOLLMHY [3.

3) Y naowwmHi B yepes Touky A NpoBeAEMO Npsi-
My AM, nepneHanKynapHy oo npsamoil m.

4) Y nnowuHi oo Yyeped Touky M npoBeaemMo nps-
MY N, NeprneHanKynspHy oo m.

5) Yepes npami AM i n npoBefeMO MAOLLMHY Y.

6) Y nAowwmHi ¥ 3 TO4kM A ONyCTUMO neprneHan-
Kkynap AH Ha npamy n. Lien nepnenaukynap —
BiOPI30K, AKMiA | Tpeba 6yno nobyayeaTu.
AosegeHHs. OcKinbkn NpsiMa m nepneHankynsapHa ao n i AM, To BOHa neprneH-

OVKYNsipHa 00 NAOLWMHK 7, a OTXe, i Ao npamMoi AH. MNMpava AH nepneHamkynspHa

00 NpsaMux N i m, 9Ki NePeTUHaKTbLCH, TOMY — i A0 NOWKMHKY o. Bigpisok AH nep-

NEHANKYNAPHUIA A0 NAOLLMHN O, TOMY BiH — NepneHanKynap, onyueHnin 3 A Ha o.

Man. 189

SAMNUTAHHS | SABAAHHS AJ19 CAMOKOHTPOJIIO

1. IITo HasuBaOTh MEPIEHANKYIAPOM O ILJIOITUHU?

2. IITo HasMBaIOTh MOXUJIOKO, ITPOBEAEHOIO 3 JAHOI TOUKHU 10 IJIOIIMHU? A mpo-
eKI[i€l0 IMOXUJIOl Ha ILIOIIUHY?

3. YKaKiTh HAWBaKJIMBIIII BJIACTUBOCTI MEPIEHAUKYIAPA, IIOXUJIOI i i1 mpo-
eKIlil Ha IJIOIIUuHY.

4. CoopwmyioiiTe i 1OBeIiTh TeOpeMy PO TPU MEePHEeHAUKYIAPHU.

BukoHAEMO PA3OM

3 TouKu S M0 ILJIOIWHU IPOBEIEeHO TPU MOXWJi 3aBHOBKKU 25 cMm, 30 cm
i 40 cMm. 3HAHAITH IPOEKIIiI0 TPETHOI MOXUJIOI Ha I[I0 ILJIOIIUHY, AKIIO Pis-
HUIA TPOEKITill mepInx ABOX MOXMJINX AOpiBHIOE 11 cM.
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Hexait OA = x, Tongi OB = x + 11 (man. 190).
3 aSOA i ASOB 3a Teopemoro Iliparopa SO? =
= SA%2 — OA% i SO? = SB? — OB?. Toxi SA%2 — OA? =
= SB? — OB?, a6o 625 — x2 = 900 — (x + 11)?,
sBigzcu x = 7. Toxmi AO = 7 cm, BO = 18 cm,
SO=+625-49 =24 (cm). 3 aSOC 3a TeopemMorO
ITidaropa suaitgemo, 1o OC =/1600-576 =32 (cm).

MA — miepueHAUKYJIAP A0 Iaoinuau pomoa ABCD,

ZBAD =60°. IlobynytiTe Bucory M H TpuUKyTHUKA Maux. 190
MCD.
IIpoBegemo AH 1 CD (max. 191). Ockinbku M

ZADH =60°, To Touxka H MOBUHHA JIeXKATH HA IIPA-
mi#t CD mosa Bigpiskom CD Tak, 1mod6 HD = 0,5CD.
ITobyaysasiu Touky H, mpoBoguMo Bigpisox M H.
Bin i € Bucoroto aAMCD, ary Tpeba 0yJio mooymy-
Batu: AKmo AH | CD, To 3a TeOpeMOIO IIPO TPU B
nepunesgukyasapu MH 1 CD.

Maum. 191

3ALAYI | BIPABU

BUKOHAMUTE YCHO

436. lano xkyo ABCDA,B,C,D, (man. 192). Vraxitb mpoekiiii Bigpiska B;D
Ha maomuuau ABCD, A,B,C,D,, ABB,A,, BCC,B,.

437. 3 TouKu S [0 IJIONMIMHU ITPOBENEHO HEePHEeHAUKYJIAP i MOXMIY, KYT MiXK
axumu o (Maa. 193). 3HalAiTh: a) JOBKUHY IEePIeHANKYIdpa i mpoeKIrii
MOXMJIOI, AKIIO MOBXKMHA MOXMUJOI [; 0) mOBKUHY moxwuJiiol i ii mpoexirii,
AKIO MePIeHAUKYJIAP AOPiBHIOE A; B) JOBMKUHY IMOXHUJOI i MePIeHIUKY-
Jsdpa, AKIINO MTOBXHWHA IIPOEKIlil JOpiBHIOE a.

438. Iosexnite, mo B Ky6i ABCDA,B,C,D; (man. 192) DC, L BC, AC 1 BD,
AC 1 BD,.

S M
B, ; c ‘

Al : “\ D, ‘

Y 5 c
- 2 LK
A“ D A D

Mau. 192 Mau. 193 Mau. 194
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439.

BM — mepueHAUKYJIAP A0 IJIOIMUHU YOTUPUKYTHUKA ABCD (Mmaj. 194).
Axi 3 map npavmux MAiAD, MCiCD, MO i AC nepueHauKyJIAPHi, AKIIO:
a) ABCD — npAMOKYTHUK, BinMiHHUN Bix KBagpara; 6) ABCD — powmo,
Bigmimumit Big KBagpara; B) ABCD — kBazgpar?

440.

441.

442,

443.

444.

445.

446.

447.

448.

449.

450.

451.

3 TOuKM A IpoBeIeHo 10 OAaHiel i Tiel caMol MJIOIIWHU HEePIeHIUKYJIAP
AC =40 cm i moxuny AB = 50 cMm. 3HAWAITh JOBKUHY IPOEKIIil MOXUJIOI.
3 Touku M 10 MJIOIUHY IIPOBeAeHO neprneHauKkyaap MO i moxuai MA ta
MB. 3uatigite MO, AKIIO JOBKUHU IIOXUJINX IPOIOPIiliHi uncaam 51 13,
a iX mpoekIii JopiBHIOIOTH 4 cM i 4@ cM.

3 Touku M [0 IJIOUIMHU IpPoBeleHOo mepueHAuKyaap MO i moxuai MA,
MB. ZAMO=60°, ZBMO =45°., 3HaligiTh AOBKUHU IIOXUJIUX, AKIIO
IPOEKITiA MEHINOoI ITOXUJIOl JOPiBHIOE a.

3 Tourku P no miomumHYT mpoBeieHo meprneHaukyasap PO i moxwuai PA ta PB.
PO =a, ZPAO=45°, ZPBO=30°. 3HalgiTh KyT MiX HOXUJINMH, AKIIO
KYT MiK IX mpoekIisavu mpopiBHioe 90°.

3 TouKHu S [0 ILJIOMIMHU IPOBeNeHOo ImepneHAuKyaap SO Ta moxuiai SA =
=13 cm i SB = 20 cm. S3HAWAITh KYT MiK OPOEKIiAMU HOXUJIUX, AKIIO
AO =5 cM, a KOCUHYC KyTa MiK moxuauMu mopiBHioe 0,4.

Yepes Bepmuny A pomb6a ABCD nposeneno npavy AM, iepueHIuKYIAP-
HY [0 #oro miaomuHau. S3Ha#AiTh BigcTtani MB i MC, akimo MA =AB =a
i ZABC=120°.

3HaigiTe croporny pomba ABCD, skino AC — mpoexkiia noxuiaoi MC Ha
WIOIMUHY Iboro pomba i MA =a, LBAD=/MCA=q.

AB — mepueHAUKYJIAP I0 maomuau o, Cea i Deo. doBenits, mo AC =
= AD Toni i TinbKu Toxi, Kosu BC = BD.

Yepes Bepiruny C npamMokyTHOTo TpukyTHUEAa ABC (£C =90°) mpoBezeHo
IJIOITuHY O, 0| AB. IIpoeKIlia MeHIIOro KaTeTa Ha ILJIOIMUHY JOPiBHIOE
8 cM. 3HAUAITH MPOEKITil iHIIKUX CTOPiH TPUKYTHUKA Ha ILIOIUHY O, IKIIO
AB = 26 cwm, a pisuunga karetiB 14 cm.

3 Bepiug B i C pom6a ABCD 10 IJIOLIUHU O, AKA IPOXOAUTH Uepes CTO-
pouy AD, npoBeneHo nepueHAuKyasapu BB; i CC,. 3HaiaiTh mpoeKIii
miaroHaJseii i cropium pomba Ha IIOMIUHY O, AKIN0 AC =16 cm, BD =12 cwMm,
BB, = 8 cm.

IBa Bigpisxu, moB:uHU AKX 13 am i 37 mm,
yOUpamThbCesd KiHIFAMU B ABI mapajesbHi IIJIO-
muau (Maa. 195). IIpoeKIiia MeHIIoTo 3 HUX Ha ™
IJIONIMHY AOPiBHIOE 5 nM. 3HAUIITHL HOBMKUHY ~

IPoeKIlii Apyroro Bigpiska. N
IIpsma a mepetuHae IJIOMIMHY O, Touka M Ha- AC £

JeXuThb o. IIpoBenits y niomuai o0 npamy MK,
IepIeHIUuKYJIAPHY 10 a. Maaxn. 195

A C
PN
1" ERNS
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452. Vuenb Kake: «IIpama, meprueHIuKyJISApHA [0 MOXUJIOL, TePIIeHANKYIsIpHA
i mo mpoexkirii miei moxmioi». HaBeniTh KOHTPOPUKJIAL.

453. Tpuryrauk ABC — piBHOGenpenuii, AB = BC, BM — mepuneHIuKYJIAp A0
IIOIINHYN TPUKyTHUKA. [To6ynyiite MK 1 AC, K € AC.

454. ABCD — npaMoKkyTHUK, O — TOUYKa IepeTHUHy Horo miaronasaeii, MO —
NePIeHANKYJAD A0 IJIOMMHYN NPAMOKYTHUKA. [loOyayiiTe mepreHIUKY-
JApuU, IPoBedeHi 3 TouKu M 10 CTOPiH HNPAMOKYTHUKA.

455. Tpurkytauk ABC — mnpamokyTHuii, £C=90°. MB — mepuneHIUKYJIAP
IO IJIOIUHN TpuKyTHuKa. Ha npawmiii AC sHaigite Touky K, y AKii
MK 1 AC.

456. Yepes Toury O mepeTuHY MeJliaH PiBHOCTOPOHHBOT'O TPUKYTHHUKA IIPOBEe-
HO nepueaaukyaap MO no iioro miaomiuau. [Io0yayiiTe IepHeHINKYIAPH,
npoBeseHi 3 Touku M [0 CTOPiH TPUKYTHUKA.

457. ABCDA,B,C,D; — wy6. 3HaiiaiTe KyT Misk npamumu AC; i BD.

458. ABCDA,B,C,D, — npamokyTHuii napaneineninen. AC, L BD. [loBefniTs,
mio rpadib ABCD — KBajapar.

459. MA — nepneHANKYJIAP OO ILJIOIIMHNA PiBHOCTOPOHHLOTO TPpuKyTHUKA ABC,
K — cepenuna cropouu BC. losenits, mo MK | BC.

460. MB — mepneHIUKYJAP OO ILIOIIUHU TpaAMoKyTHuka ABCD. [loBenirs,
1o TpuKyTHUKY AMD i MCD npAMOKYTHi.

461. Ocuosoio Terpaeapa SABC e npamMokyTHuil TpukytHIK ABC (LC=90°).
Pebpo AS nepnieHIUKYJISPHE 0 MJIONTMHY OCHOBU. [loBexiTh, 1110 BCi 6iuni
TpaHi mipamigy — TPAMOKYTHI TPUKYTHUKH.

462. ABCDA,B,C,D, — ry6. Touku K, L, M — cepengunu pebep AA,, CC,, AD
BigmoBigHO, O — TOYKAa mepeTHHyY AiaroHaJei rpaui A,;B;C;D,. loBenirts,
mo OM 1 AD i OD 1 KL.

463. K — cepeguna croponu pomoa, MK = 12 ¢cM — TepIeHguKyJIAap, IpoBee-
HU# g0 mioimuHu pomba. I[loOyayiiTe nmepneHAUKYJIAPU, TPOBEAEHI 3 TOU-
Ku M po miaroHasieii pom6a. S3HAUAITh JOBXKUHU IIUX IEPIEHIUKYJIAPIB,
AKII0 cTopoHa pomba mopiBHIoe 20 cMm, a KyT — 60°.

464. O — cepenuHAa TiMIOTEHY3UW MPAMOKYTHOTO TPUKYTHUKA 3 KaTetamMu 10 cm
i 18 cm. OS — mepHneHAUKYJIAP OO0 ILIOIIUHYN TPUKYTHHKAa, OS = 12 cwMm.
IToGynyiiTe mepmeHAUKYJIAPU, IIPOBEAEHI 3 TOUKM S OO KaTeTiB TPUKYT-
HUKa, i 3HAHAITL iXHi JOBKUHU.

465. Cropouu Tpuxkyrtauka ABC mnopiBHOOTh 13 cM, 14 cm i 15 cm, O — 1eHTp
BIIMCAHOTO B TPUKYTHUK KoJa, MO — TeprneHAuKYIap OO IJIOIUHN TPHU-
KYTHUKA. SHAUIITh MOBKUHU BiApisKiB MeprIeHAUKYJIAPiB, IIPOBEIEHUX
3 M nmo cTopiH TpuKyTHUKa, axifo MO = 3 cMm.

466. Y mpukytaury ABC AB = BC = 10 cm, LABC=120°. MB — nepueHu-
KyJAp, IPOBEIEHUN [0 IJIONIMHU TPUKYTHUKA. SHAUAITH JOBMKUHY IIEp-
MeHINKYJIapa, mpoBegenoro 3 touku M go AC, axito MC = 15 cm.

467. ¥V tpuryrauxky ABC 2C=90° AC=12cm, BC =16 cm. CM — mepueHgu-
KYJISp IO IJIOIMUHY TPUKYTHUKA. 3HAWAiTe CM, sximo MK 1 AB, K< AB
i MK =10 cwm.
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468.

ABCD — teTpaefp, yci pebpa iKoro fOpiBHIOIOTE @. DO — mepIeHIuKyJIap
oo mwaoimnuau aABC. IloOynyiiTe mepepis TeTpaenpa MJIOIIHMHOIO, AKA IPO-
xonuTh uepe3 DO, nepneauKyaapuo 10 AC. 3HaWIITh IOy Iepepisy.

469.

470.

471.

472,

473.

474.

475.

476.

477.

3 Touku M 10 IJIOMIMHU TpPOoBeAeHO mneprneHAUKYyJAp MO i moxuai MA
Ta MB. PisHuiig MisK IOXMJIMMHU JOPiBHIOE 7 CM, a MilK HPOEKIiAMH —
11 cm. 3mangite moe:xkuHy MO, AKIIO OiNbIIa MOXWJA BiTHOCUTHBCS IO
cBO€l mpoekIrii AK 5 : 4.

3 Touku P [0 MJIOIMHU IMIPOBEAEeHO IepneHAuKyJaap PO i Tpu moxwuii
PA, PB, PC, Ce AB, AC = BC = 10 cm. 3HalgiTh SOBXKUHU HAMOLJIBIIIOI
i HalimeHIIoi moxmaux, aximo BO = 16 cm, LZAOB=90° tg ZPCO=0,5.
Iz meuTpa O KoJia, BINCAHOTO B IPAMOKYTHUN TPUKYTHUK, [0 HOTO ILJIOIH-
HU mpoBefeHo nepueHauKyasap OM. Touka fOTUKY AiJIUTH TiloTeHY3y Ha
Bigpisku 5 cm i 12 cm. 3HAWIITh JOBKUHYU HOXUJINX, IIPOBEIEHNX B TOUKH
IoTuKRy, aximo OM = 4 cum.

Binpisku AB i MN 3 kinngamu Ha mapajiejpHux miomuHax o i B (Aea,
M e ) jexxkaTh Ha MUMOOLKHUX NpAMHUX. SHAULITE KN — mIpoekIriio
Bigpiska MN wa mnomuny B, axkmo ABL1p, AM = 3 cm, BN = 8 cwm,
Z/KBN =60°.

3 BepmiuH A i C pomb6a ABCD [0 NJIOHIUHYU O, KA IPOXOAUTH Uepes mia-
rouajb BD, mpoBemeno mepueHIukyaapu AM i CN. 3HaigiTh mpoekii
cTOpiH Ta miaroHaseil pom0Oa Ha IJIOMHMHY O, akmo AC : BD = 12 : 5,
AM=2J11 m, a mroia pomba — 120 m2.

Kouio 3 mearpom O notukaerses no croporau BC Tpu-
KyTHuKa ABC y Tourli M, a IPOJOBIKEHHSA CTOPiH
ABiAC — y toukax P i K (man. 196). SO — mep-
MEeHAUKYJIAP I0 IUIOIMINHYA TPUKYTHUKA. SHAUIITh
moB:xxuHY moxuaux SM, SP, SK, AKII0 mepuMeTp
~ABC nopisuioe 2p, ZBAC=0, £SKO=§.
OpHa 3i cropiH mpaBuJibHOTO TpuKyTHUKA ABC,

IJIOIA SAKOTO 16\/§ cM?, JIeUTH y ILIOIUHL O,
a IPOoeKIril ABOX IHINMMX CTOPiH Ha ITI0 ILJIOIIUHY
IOPiBHIOIOTH Zﬁ cM. SHAHAITH JOBKUHU IIPOEK- Maur. 196

il MediaH IPOTO TPUKYTHUKA HAa MJIOMINHY O.

OcHoBu piBHOOGiIUHOI Tpamellii JOpiBHIOIOTL b cM

i 15 cm, a Kyt 120°. 3 TOUKU IIepeTHUHY AiaroHajel Tpamellii J0 IJIOIIH-
HU, AKA TPOXOAUTH uepes OiJbIIy OCHOBY, IIPOBEAEHO IIEePHeHIUKYJIAP
3aBOOBXKKU 6 cM. 3HAUAITHL HOBMKUMHU MPOEKIil CTOPiH Tpamellii Ha IO
ILJIOIIUHY.

Hano mpasuabuuii Terpaeap ABCD. IlobyayiiTe tioro mepepisa ABK, axuit
O0u MaB HaWMEHIIY ILJIOIIY.
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478. 3 Bepmnuau A npaMoKyTHuKa ABCD mpoBeeHO MePIeHAuKYIAP 40 Horo
IJIOIMUHYN. SHAUITh JOBKUHY ITHOTO0 IIEPIeHAUKYIAPA, IKIMO HOr0 KiHemb
H Bigmanenuii Bim Bepmua B, C i D Bigmosizmo Ha 5 M, 11 m i 10 M.

479. ABCDA,B,C,D, — ry6. HoBexnits, 1mo npamva A,C mepuneHIUKYJIAPHA IO
ILIOIUHYN TPUKYTHUKA AB,D;.

480. ToBexiTs, 110 Koau B TeTpaenpi ABCD AB1CD i AC1 BD, to AD 1 BC.

481. loBenits, 1110 B IpaBUJIbHOMY TeTpaeaApi MpoTUJIeKHi pedpa IepuneHInKy-
JApHi.

482. ABCDA,B,C,D, — xy6, M i N — cepenunu AD i CD BigmoBiguo. [loBeairs,
mo BM 1 AN.

483*., ABCDA,B,C,D, — npaMOKyTHUM napaJjeJerinen, AB=a, AD =2a, K —
cepenuHa AA,, M — Touka nepetuny ngiaronasueii rpaui DD,C,C, N € AD,
AN : ND=1:7. losexirs, mo KM L BN.

484. Pom6 ABCD sirmyau mo miaronaai BD Tak, I[o TOuKa A He HAJIEKUTD
miromuHi (BCD), O — TouKa mepeTUHY AiaroHajei pomba. [loBeaiTs, 1m10:
a) mpoek1ia AO Ha nioutuey (BCD) nexuts Ha npawmiit CO; 6) meprneH-
IUKYJIAp, onyineHun 3 Touku C Ha miuomuny (ABD), neperhe npamy AO.

485. O — Touka mepeTurHy pmiaromaJseir pomoa ABCD, AB = 10 cm, AC : BD =
=4 :3. MO — mnepueHAUKYJIAp, IPOBeAeHNI A0 ILJIOIIUHYA poMba. SHaii-
OiTh MTOBXKUHU BiApisKiB, mpoBemeHUX 3 TOUKH M IMePHeHIUKYJIIPHO IO
cTopin pomba, Ao MO = 2 cMm.

486. SB — mepHeHIUKYJIAP OO0 IJIOIMNHN TPUKYTHUKA ABC. 3HAUIITH IIJIOIITY
TpukyTauka ASC, sakio AB =15 m, BC =13 m, AC = 14 m, SB = 5 M.

487. BK — mepueHAUKYJIAP, IPOBEAeHUN 0 ILJIOIIMHN PiBHOOEIPEHOIo IIPs-
MoKyTHOro TpukyTHHKa ABC (£C=90°). BHaiiiTh IOy TPUKYTHHKA
AKC, axmio BK = h, ZKCB=q0.

488. SABC — upaBuabHuii Terpaenp, SO — iioro Bucora. [lo0yayiiTe mepepis
TeTpaeqpa IJIOIUHOIO, KA IPOXONUTh uepesd Touky O mapajenabHo AS
i BC, Ta 3HaiigiTh ILIOIIY Iepepisy, axino AB = a.

489%, Tpu pebpa IPAMOKYTHOTO IapaJiejielrinesna, 10 BUXOAATh 3 OAHiel Bep-
IINHN, MAalOTh JOBXKUHU d, @ 1 av2. 3HalIiTh IJIOILY IIepepisy mapaJiee-
mimena IJIOMIMHOIO, AKAa MEPIeHANKYJAIPHA J0 AiaroHaJi ImapaJeserrinena
i mpoxoauTh uepes il cepeauHy.

490%. Yepes cepeauHy AiaroHasai Ky0a, IepPIeHANKYJIAPHO M0 Hel, TPOBEIEHO
miIomuuy. BusHaure mioiny ¢irypu, yTBOpPeHOI B mepepisi, AKII0 pedpo
Ky0a IOpiBHIOE a.

3ALAYI 0119 MOBTOPEHHS

491. Ocnosoto mipaminu SABCD e pom6 ABCD, SA=SC. Iloexits, mo AC 1 (SBD).

492. AK i AP — meniaunu rpaueii ABD i ABC terpaenpa ABCD. Yu napajienbHa
npama KP sakiii-ueOyab rpaHi Terpaeapa?

493. Ilpsama m mapaJjejbHa OAHiN i3 ABOX MUMOOIKHUX MpAMUx. JloBeaiTs, 1110
m He MO:Ke OyTHU mapajeJbHOI0 iHIIiN mpaMii.
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CrouaTKy BBeIeMO MOHATTA Kyma mix naowuxnamu. Hexait o i B — mionu-
HU, AKi mepeTUuHAIOThCA Mo npAMii ¢ (mas. 197). IIpoBemeMo B X IJIOIIUHAX
npami a i b, nepueHAUKYyJIAPHI Ko mpamoi c. Hexain
KYT MisK HUMU £ (ab)= ¢. Skio B gaHUX NJIOIIMHAX
IpOBeCTH AKi-HeOynb iHImi mpami a, i b;, mepunenau-
KyJAApHI 0 ¢, KyT MisK HUMU Oyme TaKuii caMuUii:
A(albl)z(p (nuB. Teopemy 14, c. 99). Tomy moxHa
OPUNHATU TaKe O3HAYEHHA.

= KyroM Misk NIoOmMHaAMHU, [0 TMEePEeTHHAIOTHCA,
Ha3WBAIOTh KYT Mi)K MPAMUMU, TPOBEEHUMHU B ITUX
IJIOITMHAX TEePHeHAUKYJIAPHO 0 JiHil iX mepeTuny.
SKmI0 maomMHY ImapaJiebHi, TO BBAYKAKIOTH, IO KYT
Mixk HUME mopiBHIOE 0°.

Maua. 197

Kyr misk niomuuaavu o i f mosHauaots £ ((XB) . Bin mabyBae 3HaUeHb y TUX
caMmuX MeXKax, [0 1 KyT Mixk mpavmumu: 0°< Z(OLB)S 90°.

B [IBi mJIOIIMHY HA3WBAIOTL MEPHEHAUKYIAPHUMHU, SKIO KYT MiK HUMU
nopisuioe 90°.

“TEOPEMA |21

(O3Haka nepneHaAnKYNSPHOCTI NAOLLVH.) AKLL0 O4HA 3 ABOX MJIOLWMH NMPOX0-
AUTb Yepes NpsMy, NneprneHAnKyAsspHy A0 APYroi MAOLWMUHA, TO Lii MAOLWUHN
nepneHauKynspHi.

OOBEAEHHY4.

Hexait mromuua 3 mpoXoauTh uepes mpaMy b,
MepIeHAUKYJIAPHY A0 miaommuau o (maa. 198). Io- B
Bememo, 1o B L o.

IIpsama b mepeTuHae MJIOIUHY O V OeAKiil Tou- b
i O. Ila Touka cmisbHa Ay mwiomue o i B. Tomy
JaHl MJIOMIMHU IIePeTUHAIOThCA II0 MPAMINA ¢, sgKa n @
npoxoauTs uepesd Touky O. IIpoBememo y momiu-
Hi 0 yepesd Touky O IpAMY @, HEePHEHIUKYJIAPHY o
Io c¢. OcKinbKY OpAMi a i ¢ JieKaTh y IJIOMINHI O
iblo, To bla i blec. Kpim Toro, a Lc. Orixe, Man. 198

Z(of)=2(ab)=90°, to6ro B La. [
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“TEoPEMA |22

Mpsama, npoBegeHa B oAHIN 3 ABOX nepneHauKynsapHux njaowuH nep-

NEeHANKYNSPHO A0 NPAMOI IX NepeTUuHy, NnepneHauKkynspHa Ao Apyroi
MNAOLMHN.

AOOBEAEHHS4.

Hexaili mepneHIUKYJAPHI MIOMMHA ¢ i B mepeTuHAaOThCA IO mMpAMii c,
i B momuHi  mpoBemeHo npaMy b MepHeHAUKYJIAPHO A0 ¢ (auB. man. 198).
Hosegemo, o b 1 o. Ilyis 1150ro mpoBeAeMo y ILJIONMHL O IPAMY @, IIepIeH-
MUKYJISPHY M0 IPAMOI mepeTury miomuH o i B. Toxi Kyt Misk npsamumu a i b ro-
piBHIOE KyTy Misk miomuaamu o i B, To6ro 90°. Omxe, npsama b mepneHu-
KyJISpHA [0 IPAMUX @ i ¢ IIJIOIUHU O, AKi mepermHaoThea. Maemo: b L o.
IlTo it TpeGa Gyao mosecTm. [

ITix ogHAKOBUMH KyTaMH A0 TOPUB0HTAJIBHOI IJIO-
muHY 0yBalOTh HaXUJIeHi BYTiJbHI IIJacTu, CTiHU Ka-
HaJiB, BiIKOCU HACHUITiB, CXUJU AaXiB TOIIO. ¥ Mep- ¥
MEeHAUKYJAPHUX IIJIOIIUHAX PO3MIIeHi cyMisKHi rpaHi ; )
IerJinHu, OpycKa, IlIBejepa, 6araTboX CTOJAPHUX BU- ] ] B
pob6iB, crima i miggora, criza i crens KimMHATH.

Teopemy 22 MOKHa iJIOCTPYBAaTU TaKUM HAOUHUM
TPUKJIAAOM. SIKIO TpsAMa, AKa IPOXOIUTH Uepes IeH-
TPU THeTesJb JBepeil, IepneHIuKYJIAPHA 10 TJIOIIUHYI
mMigJIoTH, TO K OM He IIOBEePTAJIH LABepi, iIXHA MJIOIIH- Y
Ha OyZe NMepHneHAUKYJIIPHOI A0 IJIOIHMHU IiJJIOTH.

BigHomneHHS MePIeHAUKYJISIPHOCTI IIJIOITUH CUMe-
rpuyne (a0 o LB, To BLa), ame He TPAH3UTUBHE:
armo oo LB i BLy, To miomumuu ¢ i Y He 060B’I3KOBO /|
HepIeHAUuKYJIAPHI. BOHM MOXYTh IIepeTUHATUCS i
IOBiTbHUM TocTpuM KyToM (Mais. 199, a) i MoXKyTh
O0yTu HaBiTH mapaJseabHuMu (May. 199, 0).

SKIO TPM MIOMWHU O, 3 i Y HOmMapHO MepHeH/ -
KYJSPHi, TO BOHU MEPETUHAIOTHCS 10 IOIapHO Iep-
NeHIUKYIAPHUX NPAMHUX X, I 1 2 Takux, mo x Ly,
ylz zlx (man.200). ko Taki monapHo nepueH-
IUKYJIAPHI mpaMi X, Yy, 2 — KOOPAWHATHI mpami 3i
CHiTBHUM MOYaTKOM KoopauHaT O, TO BOHU CTAaHOBJIATD ’ '
cuCTeMy KOODPAWHAT TPUBUMIPHOTO IpocTopy. BoHa 0,
la€e MOXKJIMBICTD KOMKHIMI TOUIII IIPOCTOPY IIOCTABUTHU :
VY BiAIOBiIHICTE €IMHY BOOPAAKOBAHY TPiliKY MiliCHUX
yuces, a KOXKHINA TPpifi gilicHuX yncesa — €IUHY TOY-
Ky IIpocTopy. I3 cucTeMo0 KOOPAWHAT TPUBUMIiPHOTO
IIPOCTOPY BW O3HAWOMMUTECS 3T0JIOM.

Maun. 199

Maut. 200
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— AN 4onnTanBux

PosrnaHemo 3agayy.

Tpu NpoMeHi, aKi BUXOOATb 3 OOHIET TOUKM, YTBOPIO-
I0Tb TPW rOCTPI KyTW: o, B, v. [LOBEAiTh, L0 KOV NAoLwun-
HW KYTIB oL i B nepneHamMKynspHi, TO COS 0. - COS 3 =CO0S Y.

Poss’sizaHHs. Hexan <(bc)=o0, <(ca)=B,
Z(ab)=7 (man. 201). 3 AOBINbLHOI TOYKM A MpoOMe-
HS @ onyCcTUMO nepnenankynspu AC Ha NpoMiHb c i AB
Ha NPOMiHb b. OCKiNlbKN NNOLMHK KYTIB o i B nepnex-
ankynapHi, To CB — npoekuis AB Ha NioLMHY KyTa o.
3a Teopemoio nNpo Tpu nepneHaukynsapu CB L b.

Otxe, TpukyTHUKM ACO, CBO i ABO NpsiMOKYTHI. Tomy Man. 201
BO CO _BO

coso-cosP= =COSY.
CO A0 AO

JoBeneHy piBHICTb COS . - COS = COS Y Ha3nBalTb TEOPEMOIO NPOo TPU
KOCUHYCMU.

CnpaBegnnvee 1 00epHEHE TBEPOXKEHHS.

SKLO TPY MPOMEHI, L0 BUXOASATb 3 OAHIEI TOYKUN, YTBOPIOKTb TPY rOCTPI KYTU
o, B iy, 415 5KMx COS oL - COS 3 =COS Y, TO MJIOLLMHU KYTIB 0. i B — rneprneHamnKyspHi.
Cnpo0byiTe Le JOBECTV METOLOM BiJ, CYyNpPOTUBHOIO.

JoBepiTb, L0 TeopemMa Mae Micue i y Bunagky, Konum He BCi Kyt o, B, y —
rocTpi.

SAMNUTAHHS | 3SABAOAHHA 019 CAMOKOHTPOIJIIO

CoopmystoiiTe 0O3HAUEHHSA KyTa MisK IJIOITMHAMU.

Axi nomuHEY HA3MBAIOTH IIEPIeHIUKYIIPHIME?

YoMy IOpPiBHIOE KYT MiXK mapajebHUMU ILJIOIIMUHAMUI?

ChopmyttoiiTe i 1oBeAiTh 03HAKY IIEPIEHANKYIAPHOCTI IIJIOIIMH.
CoopmysroiiTe BJIACTUBICTE IIPAMOI, IIPOBEIEHOI B ONHill i3 JBOX IIE€pIeH-
IUKYJIAPHUX ILJIOIIMH.

Yu € BigHOIIEHHS MEPIeHIUKYISPHOCTI MJIOIIUH cuMeTpuuyHuM? A TpaH-
3UTUBHUM?

AR A S

o

BukoHAEMO PA3OM

o Kareru npamoxkyTHOTo TpuKyTHUKA ABC nopiBHIOOTH a i b. ILmomuHa o
MPOXOAUTH Uepe3d TillOTeHY3y TPUKYTHUKA I YTBOPIOE 3 HOTO ILJIOIIIUHOIO
KyT ¢@. 3HaAHAiTHL BimcTaHb Bij BepIIMHM IPAMOro Kyra mo il mpoexirii
Ha IJIOUIUHY O..
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® Hexait CP Lo i CD 1L AB, tomi PD — mipoekiria CD Ha mrontuny o (Maj. 202).
3a TeopeMoI0 IIPO TPU IEePIeHAUKYIIPU
PD 1 AB. Otxxe, LPDC = .

3 AABC: CD - AB = AC - BC, 3Bigcu

AC-BC _ ab

AB Ja? +b*
3 aCPD: CP =CD - sin ¢. Ot:xe,

CD=

CP= _ab sin @.
Ja? +b°
9 ITpomiae OP yTBOpIoe 3 nmpomensvu OH i OM

KyTu mo 45°. 3HalAiTh KYyT MiK ILIOIIIUHAMU
POM i POH, axmo £ZMOH =60°.

® Ilepwuii cnoci6. Ha mpomeni OP o6epemMo A0BLITb-
Hy Touky A i modoymyemo AB L OP i AC L OP
(maut. 203). Togi LBAC — urykaHUA.
Tpuxkyranxku BAO i CAO — npsAaMOKYTHI i piBHO-
6empeni, a tomy AB = AO, AC =A0 i OB = OC.
Ockinbku ACOB piBHOOeIpeHNUi i MiCTUTB KyT Mao. 203
B 60°, To BiH piBHOCTOpOHHI, a Tomy OB = CB.
Maemo: ACAB =20OAB (3a TpbOMa CTOPOHAMM).
Or:xe, LBAC=/ZBAO=90°.

® /Ipyeuii cnocio. OcKinbKY 38 YMOBOIO 3a/iaUi IPOMeEHi yTBOPIOIOTH MisK c0600

BN\ wMm

. 1 .
Kyt 45°,45°160°, a cos 45°-cos45°= 3 =¢0s60°, To IJ1d X KYTiB BUKOHY-

eThest PiBHICTB cos o * cos B = cos V. OTixe, 3a TEOPEMOIO, 00EPHEHOIO [0 TEO-
pemu rpo Tpu Kocurycu, maoimuHu (POM) i (POH) yTBOPIOIOTH IPAMUH KYT.

3ALAUI | BTPABU

BUKOHAMTE YCHO

494. CKiJIbKU ILIOIINH, AKi HepeTHHAIOTh JaHy IJIOMINHY Oig KyToM 50°, MoKHAa
IIPOBECTH Uepe3 JaHy TOUKY?

495. JTamo miomuHy O i mapangeabny il mpamy a. CKiTbKU ILIOIINH, AKi mepe-
TUHAIOTH IJIOIIUHY O, IiJ] JAHUM KyTOM (), MOKHA IIPOBECTU Uepes3 mpamy a?

496. CkinbKHu map MepIneHIUKYAAPHUX ILIOIIMH MOKHA IIPOBECTH Uepesd HaHy
apamy?

497. CKinpKHu map MeplIeHIuKYIAPHUX IJIOIMUH MOXKHA IIPOBECTH Uepes ABi
naHi mapajenbHi mpami?

498. Uu mo:xkHa yepes MPAMY a, NEPIEHIUKYJIIPHY OO IJIOIIUHU O, IIPOBECTHU
IJIOIINHY, He IePHeHINKYIAPHY 10 o7

499. Yu mpaBUIbHO, 110 ABi IJIOIUHY, IEPIeHANKYJIAPHI J0 TPETHOI, IapasiebHi?
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500.

501.

502.

503.

504.

505.

506.

507.

508.

509.

510.

511.

512,

513.

YHu MoKHa Uepes3 OBiI MepHeHAUKYJIAPHI ONpAMi IpoBeCcTH ILJIOIMWHU, SKi
meperuHaThbCa mig KyrtoMm 30°? A mix Oyabp-aKuUM Halepen 3aJaHnM I'O-
CTPUM KyTOoMm?

Touka M piBHOBimmaneHna Bix BepmwuH KBaapatra ABCD. Iosenitsb, mio
mwioniuau (MAC) i (MBD) niepueHIUKYJIAPHi.

O — TouKa mepeTuHy giaromaiuei pomoa, OM — nepneHIUKYJIAP IO ILIO-
muHu pomba. IloBemiTh, IO IJIOIUHU, IKi IPOXOAATHL uepes TOUuKy M
i miaromayi pomba, — IEepPIEeHIUKYJIIPHI.

Tpurkyrauxk ABC i npaMokyTHUK ABMN JeXaTb Y B3BA€MHO IePHeHIUKY-
JAApPHUX mromuHax. [loBeniTs, mo Kyt CAN npamMuii.

Iz menTpa O kBagpaTa ABCD nposegero Biapisox OM nepneH UKYJISPHO 10
IJIOIITWHY KBaApaTa. SHAUIITh KYT MiK IJIOIIMHOIO KBaAparTa i IJI0MINHOIO,
nposegeHoro ueped DC i Toury M, akino kBaapari aDMC — piBHOBeIHKi.
JdoBemiTh, [0 KOJIH ABi IJIONIUHY, SIKi IEPETUHAIOTHCS, MIEPIEHANKYJIAPHI
JI0 TPeThoi, TO JiHiA IX MepeTHMHY NMEePIeHAUKYJIAPHA IO I[i€l MIONIUHU.
JoBexiTh, 10 MIONIWHA, HTEPHEHTUKYJISIPHA IO OAHIET 3 BOX Mapaie TbHUX
ILIOIUH, TEePIEeHAUKYIAPHA i 10 APYToi.

Kinmi Bimpiska AB JjeaTh y IeplIeHInKyJIapHuX miaomnuuax. AC i BD —
MepIeHUKYAAPH, IPOBEeIeHl M0 JiHil mepeTuHy IUX IJIOIMIMH. SHANIITH
CD, armo: a) AC =6 cm, BD =8 cm, AB =12 cm; 6) AD =4 cm, BC =
=T7cm, AB =8 cm; B) AC = BD =a, AB = 2a.

Kinmi Bimpiska AB jeXaTh y IeplIeHInKyJIapHuX miaonnuax. AC i BD —
NepHeHAUuKYIAPH, IIPOBeaeHi mo Jinii neperuny mux miomud, AC = 6 M,
BD =3\/§ M. 3HaWAITh HOBXKUHY Bigpiska AB, akmio £ZDBC=30°.
Tpukyraux ABC — piBHOOegpennii, AB = 24 cm,

ZC=120°. Touxku A i B j1exaTh y IepIeHIUKY- B
JSAPHUX ILJIOIMIMHAX, a Touka C Ha mpaMii a —

JiHil IepeTuHy MUX MJIOINUH. SHAUIITL JOBIKITHI A
HepHeHINKYJIAPiB, IPOBeIeHUX 3 TOUOK A i B
o mpAMOi a, axino KyT Misk AC i npsamoro a mo-
piBHIOE 45° (Masn. 204).

Keagpar ABCD sirgyau mo giaronani AC rTak, ¢ B
mro mwiomuan (ABC) i (ADC) cranu mepueHIu-

KyJAApHUMU. SHAUAITH BificTaHb MilK TOUKaMU o

B i D, akmo AB = a.

KBagpatu ABCD i ABC,D, nexxaTh y ILJIOIAHAX, Mau. 204

KyT Misk axumu 60°. 3HaAWmiTL BimcTaHB MiK

ixHiMu meHTpamu, AKI0 AB = 2m.

ITnomwuun kBagpariB ABCD i ABC,D, neprieHAUKYJIAPHi, AB = a. 3HaUiTh:
a) Bizcranp CC,; 6) Biacraus C,D; B) KyT Mixk miaromanamu AC i AC,.
IBa piBHOCTOpOHHI TpUKYTHUKYU ABM i ABN Je:xaTh y pPi3HUX ILJIOIIUHAX.
3HanigiTe M N, axiio AB = a i KyT M ILIommmHamMu gopisuoe: a) 90°; 6) 60°.
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514. Ilnomuuu piBHOCTOPOHHIX TPUKYTHUKIB ABC i ABD mnepneHAUKYJIAPHi.
3uatigite: a) LCAD; 6) noB:xuny AB, akmio CD = a.

515. ABCDA,B,C,D, — upamorkyrtuuii napaineneninen. Touku M, N i K —
cepenqunu pebep AB, B;C; i BC Bignmosigno. Ilo6yayiiTe mepepis mapaJe-
Jerinea IJOIIMHOI0, AKa NPOXoAuTh uepe3 Touku M, N i K. [loBeniTs,
110 TLJIOTITMHA OCHOBY i TIJIOIMHA IIepepisy mepueHIuKyaApHi. O0unucaiTs
mepuMeTp i myomry nepepisy, axiio BB = 16 m, B;D = 20 m.

516. OcuoBoio npsamoro napaseneninega ABCDA,B,C,D, € pom6 ABCD. [lose-
IiTh, 110 miaoniuau nepepidiB ACC, i BB;D — B3aeMHO IepHeHIUKYJIAPHi.
3HalAiTh, BiJHOIIIEHHS IIJIOI YTBOPEHUX Tepepisis, axmo AC : BD =m : n.

517. OcuoBolo Terpaenpa ABCD e tpukytauk ABC (£C=90°) i DA=DB=DC.
Ha pe6pi CD B3aro Touky K tak, mo CK : KD = 2 : 1. IlobyxnyiiTe nepe-
pi3 TeTpaeapa MJIOIIMHOIO, IO MPOXOAUTH Yeped Touky K mapaneabHo AD
i BD. [loBeniTh, IO MJIOIIMHA Iepepidy MepIeHAUKYJApHA A0 IJIONNHU
OoCHOBU. S3HANAITH ILJIOITY IIepepidy, AKINO moia rpaui ABD mopiBHioe S.

MPAKTUYHE 3ABAAHHS

518. IligroryiiTe Mpe3eHTAIlil0 PO MEPHEHAUKYIAPHICTD MJIOMIAH V... (TOBKiJ-
Ji, apxiTekTypi, TexHili, ciibcbKoMy rocuogapctsi). IIpoindtocTpyiiTe Ha
KOHKPETHUX IIPUKJIa/laX BUBYEHI BJIACTUBOCTI, IO CTOCYIOTHCS MEePIIeH/ M-
KYJSPHUX ILJIOIIIUH.

519. HoBeniTh, 110 MJIOIINHA, IKa IIEPEeTUHAE OJHY 3 JBOX IIapajebHUX IIJIOINH
mig KyToM ¢, IepeTHHAE i APyry mix KyToM .

520. ILmomuuu O, 3, Y MOMapHO HNepPIeHAuKyAsapHi. JloBeaiTh, mio i mpami, mo
SAKUX BOHU IEePETUHAIOTHCS, MOTAPHO HMePIeHIUKYIAPHI.

521. Touka M piBHOBigmaseHa Bif BepIIUH IMIPAMOKYTHOro TpuUKyTHUKa ABC,
ZC=90°. HoBexitb, mo niomuuu (AMB) i (ABC) nepneHIUKYJISAPHI.

522, IlpamoryTauk ABCD i pom6 ABMN poswmimieHi Tak, 1o iX IJIONIUHU
neprneHAUKyaapHi. JoBemits, mo Kyr M BC — mpamuii.

523. [IBa npaBuabHi TpuKyTHUKT ABC i M BC poawMiilieHi y JBOX IepPIeHIUKY-
JSAPHUX IJIOIIWHAX. SHAUAITE KyT MidK miaomuaamu (ABC) i (AMB).
524%, ABCD — pom06, £B=120°. IIpama AP neplneHAMKYJIAPHA A0 IJIOIUHU
pomba, AB = AP. 3HaiiTh KyT MiK miaomtuHaMu (1—5) Ta yecTaHoBiTE Bif-

MOBiAHICTh MiK 3HalimeHMMHU KyTamMu Ta ix mipamu (A—E).

23

1 (ABC) i (APB) A arctg 22 r -t

2 (APB) i (APD) 3 2 .
3 (CPD) i (ABC) B L~ Il T — arccos—
4 (APD) i (BPC) 3 7

5 (BCP) i (DCP) B arccos% E arctgg
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525.

526.

527.

528.

529.

530.

Touxku A i B posMillieHi y ABOX B3a€MHO IEePIEHANKYIAPHUX ILJIOIIMHAX,
CiD — ocHOBU NIEPIEHANKYJIAPiB, IPOBeeHNX 3 TOUOK A i B BigmmoBimHO
IO JIiHil HepeTHuHY ILIOIIMH. AC=211 cm, BD =12 ecm, CD = 15 cmMm.
3uangite LZAMB, akmo MeCD, CM : MD =2 : 1.
Karer i rimorenysa piBHOOEAPEHOr0O IPAMOKYT-

HOT'O TPUKYTHUKA JIe}KaTh Y ABOX B3a€EMHO IIep- A
NeHIUKYJIAPHUX ILIOIMUHAX. BepiuHa mpamMmoro
KyTa BigmajeHa Bif JiHII mepeTMHY IIJIOIIMH Ha

12 cMm, a BepIIuHA FOCTPOTO KyTa — Ha 5J7 cwm. C
3HaiAiTe miaomly TpukyTHuka (Maua. 205).
IIpamoryrauk ABCD 3i croponavu AB = 15 cwm,
AD = 20 cm girmyau mo miaromasi BD Tak, 1110
mwiromuun (ABD) i (BCD) BussiBUINCA IePHEeHIN- o
KyaapuuMu. 3HAWAITh HOBKUHY Bimpiska AC.
V rpukytauky ABC (£C=90°), AC = 12 w, Maur. 205

BC = 16 M. TpukyTHUK 3irHyam mo mepia-

Hi CM rak, mo naomuau (ACM) i (BCM)

cTajnu TMepuneHAWKYJAAPHUMU. SHAWUAITHh MOBXKUHY Bigpiska AB.
IBa piBHOOEAPEHI TPUKYTHUKU MAIOTh CIILJIbHY OCHOBY 3aBIOBXKKHU 16 cM,
a iX IJIOIMWHU YTBOPIOIOTHL KyT 60°. BiuHa cTOpoHa OZHOTO TPUKYTHUKA
mopiBHIOE 17 cM, a APYruil TPUKYTHUK NPAMOKYTHUHN. SHAHITEL BiCTaHb
Mi’K BepIIMHAMU TPUKYTHUKIB.

ITnomi mBOX piBHOOEAPEHUX TPUKYTHUKIB, AKi MaroTh CIiJILHY OCHOBY, JO-
piBuIOIOTE 48 cM? i 90 cm?. Biuna cTOpoHA IIEPIIOTro TPUKYTHUKA JOPIBHIOE
10 cMm. 3HAHAITE KYT MisK ILIOIMUHAMY TPUKYTHUKIB, SKIIO BiCTaHb MiK
ixHiMu BepmuHamMu gopiBHioe 13 cMm.

531%. Tpurkyrauxku ABC i ABD nexaThb y NePHNeHAUKYIAPHUX ILJIOI[HHAX.

3uangite Bigcrans CD, axmuio AC =AD =a, BC=BD=biAB-=c.

532%, IlnomuHu npaBuAbHUX HiecTukyTHUKiIB ABCDEF i A,B,C,D,E,F, tiep-

533.

534.

535.

536.

ONeHINKYIAPHi. 3HauaiTh Mipu kyTiB EAE,, DAD, i CAC,.

ITnomuun kBagpara ABCD i mpaBuibHOTO TPUKYTHUKA ABK meprneHIu-
KyJaapHi. 3HanAiTe Mipy Kyta ACK.

ABCDA,B,C,D, — npaMmokyTHU# napaneneninen, M €A B, A\M : MB, =
=1: 2. IlobGyayiiTe mepepis mapajeseninena IJIOIIMHOIO O, AKa IPOXOIUTH
yepe3d AD i Ttouky M. a) JloBeniTh, 10 IJIOIIMHA IEePepPisy HMepIeHIuKY-
JISIpHA 10 TIOIWHY I'paHi AA,B;B. 3HaliTh mepuMeTp i IJIO0y Iepepiay,
akio AB = 15 cm, AA; = 12 cm, AD = 20 cm. 6) IToGyayiiTe mepepis ma-
pajiejemninena MJIOMIUHOIO, IKA IMIPOXOAUTH yepe3d BC, mepuneHANKYIAPHO
IO ILIOIIMHU . SHAWAITH HOro mepuMeTp i mjaomry.

ABCDA,B,C,D, — xy6. IlobynytiTte mepepisu KyoOa miaomumaamu (BCD;,)
i (DC,B,). doBeaiTs, 110 MJIOIINHYU IepepisiB mepneHAuKYIIpPHi.
ABCDA,B,C,\D, — xy6, MeDC, NeCC,, DM : MC =CN : NC, =2 : 1.
HoBemiTh, 10 ILIOIMHU HepepisiB, mposeaeHi uepes AD i N ta A,D, i M,
B3a€MHO IIEPHEeHINKYJIAPHI. SHAUAIT ILJIOIII Iepepisis, AKINO pedpo Kyda a.
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537. ABCD — mpasuibHuii Terpaenp 3 peopom a. M, K — cepenguuu AC i BD
BigmoBigHo. IToOyayiiTe mepepisu TeTpaeapa MIOIIUHAMU, AKi TPOXOAATH
yepe3 Touku M, D, Bi K, A, C. [loBexiTh, 110 IJIOIIMHYU IIepepisiB mep-
ONeHAUKYJIAPHi. S3HANAITH, BiTHOINEHHA IXHIX IIJIOII Ta IePUMETPiB.

538. OcuoBoo Tetpaenpa ABCD e tpuxytauk ABC (£LC=90°), M — cepeauHa
CD. Touka D piBHOBignanena Binx Bepmuua aABC. IlobynyiiTe mepepis Te-
Tpaeapa IJIOIIMHOI, AKA IPOXOAUTH Yeped TOUKYy M, MepueHAuKYIAPHO
no (ABC) Tak, 1100 y mepepisi yTBopuBCA:

a) IOBiMbHUI TPUKYTHUK; 0) piBHOOEAPEHUN TPUKYTHUK;
B) Tpameiid; T') DOBiJIBHUU YOTUPUKYTHUK.

539. 3 Bepmmau B TpurkyTHUKa ABC mpoBeneHo moxuiy BL, sKa yTBOPIOE 3i
cropoHamu BA i BC piBHi kyTu. [loBenits, 1o niomuaa (LBK) mepneH-
IUKyJIApHA O0 IIomuHau TpukyTHuka (BK — Oicektpuca aABC).

540. IInocki KyTu mpu ONHill BepIINHiI TeTpaeapa
nopiBuioTH 45°, 60° i 45°. AAKuit KyT yTBO- A
PIOIOTHL T'paHi TeTpaenpa, IO MiCTAThH pPiBHIi
KyTtu?

541. IIpomeni OA, OB i OC yTBOpIOIOTH TPHU TO-
crpi Kytu rtaki, mo ZAOB=/AOC=60°, o
a ZBOC=90° (maJ. 206). [ToBexniTs, 110 MJIO-
muHa (ABC), sKa BiATHHAE Ha IPOMEHAX Bif-

PisKu piBHOI HOBKUHU, IIEPIEHIUKYJIIPHA IO C
ILJIOIMHY [IPAMOTO KyTa.
542%, 3 BepIIMHU TPAMOTO KyTa A TPUKYTHUKA Mau. 206

ABC npoBefieHO IIepuneHInKyaap AM mo mio-
IIUHN TPUKYTHUKA. SHAUAITE KOCUHYCH KYTiB TpukyTHuka MBC, akIiio
ZABM =a, LABC=p.

543*, 3 TOUKM m03a IJIOIIMHOIO IPOBENeHO MePIeHAUKYJIAP i ABi moxmii, m1o
YTBOPIOIOTH 3 IJIOIINHOIO KYTH O, a MisK 06010 KyT 3. S3HANAITE KYT Y MiK
MPOEKIiAMY ITUX MOXUIUX.

544%, Ik uepes maHy IPAMY IIPOBECTH ILJIOIIMHY, MEPIEHANKYIAPHY N0 AaHOL
miomuan? Po3risHabTe BCi MOKJINBI BUIIAIKH.

3Aﬂ,A‘-II A9 NOBTOPEHHSA

545. OnuH i3 KyTiB pomba mopiBHIoe 60°. ITo6yayiiTe 300paskeHHA IBOTO PoMba
i #ioro BMCOT, IPOBEEHUX 3 BEPIIUHM:

a) TYIoro KyTa; 0) rocTporo Kyra.

546. IIpava BK nepreHAUKYJIAPHA 10 IIouHu KBaapata ABCD. [loBeniTs, 1110
npama nepetuny ol (ADK) i (BCK) nepneHAUKYISPHA 0 JIOITUHT
(ABK).

547. Jlamo npAMOKYyTHUH mapaJsesnernines. [JoBeaiTs, 1110 mpaMa, SKa IPOXOAUTH
yepes IeHTPU HOro MPOTUJIEKHUX I'PaHel, IeplIeHAuKYIsIpHa 10 IIOIUNH
IuX T'paHen.
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Bu B:ke 3HaeTe, 1110 OJA 300pakeHHs IIPOCTOPOBUX (Piryp Ha ILJIOIWHI BU-
KOPHUCTOBYIOTH Pid3Hi BUAM IIPOEKTYBAaHHA — IapaJiejibHe um IeHTpajbHe. IIpo
mapaJjejbHe IPOEeKTyBaHHA Hiaocsa B § 7.

B Ko mpoeKTyoui IpaMi HeprIeHAMKYJISPHI M0 MJIOIIMHU IIPOEKILil,
TO TaKe MPOEKTYBAaHHS HAa3WBAIOTH OPTOTOHAJBHUM, 200 MPAMOKYTHHM.

OpToroHajibHe MMPOEKTYBaHHSA — BUJ IIapajejbHOT0 NPOEKTyBaHHS, TOMY
BOHO Ma€ BJIACTHBOCTi, moBemeHi B § 7. OpToroHaibHe IMIPOEKTYBAHHS 3aCTOCO-
BYIOTH iH)KEHEPU-KOHCTPYKTOPH Yy MAIINHOOYAYBaHHi, JerkKii mpoMucI0BOCTi,
OyIiBHUIITBI Ta iHIMMWX rajy3sax BUPOOHUYOI AisIIBHOCTI.

Y reomeTpii opToroHasibHe NMPOEeKTyBaHHA ocHOBHe. [lajsi, roBopauYm mpo
IPOEKTYBaHHSA i MPOEKIlii, MU MaTuMeMO Ha yBasi TiJIbKM OPTOTOHAJIbHE IIPO-
eKTyBaHHs, OPTOTOHAJIbHI IPOEKILii.

m IIpoekmiero ToukM, IO He JIEKUTH HAa IJIONINHI, HAa3MBAIOTh OCHOBY IIep-
MeHINKYJIApa, ONYIIeHOTO 3 JaHOI TOYKM Ha IJIOIIUHY. SIKIO TOYKA JIEKUTD
Ha IJIOIIWHI MPOEKIIiii, To BoHA 30iraeThbcd 3i CBOEIO IIPOEKIIi€lO.

u IIpoekmicro ¢girypu Ha IJIOMIMHY HA3WBAIOTh MHOMKHHY IIPOEKIIiH ycix
TOYOK IIiei (pirypu Ha JaHy IJIOMUHY.

ITpoekiiero Binpiska, mpomeHs abo IPAMOI, He IePIeHAUKYIAPHNAX 0 ILJIOIII-
HU IPOEKIIili, € BiIIOBiAHO BiAPi30OK, MpoMiHb a00 mpsama. IIpoekItieio n-KyTHIKA,
IJIOIMHA AKOTO He MepPIeHANKYJIAPHA M0 IJIOIIUHU HPOeKIii, € n-KyTHUK.

“TEopEmA |23

Mnowa npoekuii MHOrOKYyTHUKA Ha MJIOLWUHY AOPIBHIOE MNJIOLLI JaHOro
MHOrOKYTHUKAa, MOMHOXEHIn Ha KOCUHYC KyTa MiX X MJIOLLLUHAMMU.

AOBEAEHHS.

Hexait miomuna f 1aHOro MHOrO-
KYTHHKA i IIJTOIIIHA ITPOEKIIil O ITepe-
TUHAIOTHCA i KyTOM ¢ IO IpAMiit /.
Posrisgaemo criouaTKy BUNIaJ0K, KOJIU
IaHUA MHOTOKYTHUK — Tpamemnisa
ABCD, ocuoBu sakoi AB i CD mapa-
aeabHi [ (man. 207). IIpoexkiieio ma-
Hol Tpanenii e Tpanenia A,B,C,D,, ii
ocuoBu A;B; i C,D, Te:x napaJjieabHi [
(womy?). ABB,A, i DCC,D, — mpsimo-
KYTHUKU, Tomy A, B, =AB, C,D,=CD.
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Axio CK — mepueHAUKYJIAP 10 [, TO 3a TeOPeMOIO IIPO TPU HEePIEHIUKY-
aapui C,K 1L1. Orxe, ZCKC, =¢. fIkmo CK(VAB=H i CK(AB, =H,, 10
CH i C,H, — BUCOTH pPO3TJIAAyBaHUX Tparelliii, npuuomy C,H, — mpoekiia
CH. Orxe, C;H, = CH cos ¢. Tomy, axkmio S i S, niomi Tpanenit ABCD
i AB,C,D,, T0o

S, =%(AiBl +C,D,)C,H, =%(AB+CD)CHcoscp=Sc05(p.

Y Bumagky, Koau maHa ¢Qirypa — tpukytauk ABC, y axoro AB]||l, mo-
BTOPUBINU Maliyke AOCJIiBHO HaBeJleHi BUIlle MipKyBaHH:A, JicTaHEMO Ty camMy
3ayexHicTh: S, =S cos o.

Haperi, Hexait nano goinbuuii MHOrOKYTHUK ABC...F. IIpoBenemo uepes
Ioro BepIIMHYT IPsaMi, napasenbHi [. Boru po3i6’oTh faHuil MHOTOKYTHHUK Ha

CKiHUeHHe YICJIO TPaIelliil i TPUKYTHUKIB, OCHOBU AKUX IIapajesIbHi Ipamiii [.
SIkmo S;, S,,..., S, — ILIOIII IMX TpaIenii i TPUKyTHUKIB, a S;, Sy, ... S, —
TLJIOIII X IIPOEKITiii, TO 3a JOBEIEeHUM BUIIIE:
’ ’ ’
S/=8,cosg, S,=85,cosq,.., S;=5S5, coso.
Omxe, S, =8/+S;+...+8,=(S,+8,+ ... +S,) cos =S cos .
Teopemy moseneHo. [

Posrasaremo 1me mpoekriiii ¢giryp Ha npamy.
IIpoekmiero Touku HA IPAMY (II[0 HE TPOXOIUTH
yepes I[10 TOUKY) Ha3WBaIOTh OCHOBY IIePIeHANKYJIAPAa,
OTYINIEHOTO 3 JAHOl TOUKM Ha mpamMy. SIKIO TOUYKa
JEeXUTh Ha ONPAMill, TO BOHA € CBOEIO IIPOEKI[i€I0 Ha
IaHy TIPAMY.
IIpoekiricto (irypu Ha mpsaAMy Ha3UBAIOTh MHOMKH-

HY IIPOEKINHA ycix TOUOK Itiel (irypm HaA AaHy OpAMY.

11106 mo6ymyBaTu IpoeKItifo Binpiska AB Ha IpaMy [,
IOCTATHLBO uepes3 TOUKM A i B mpoBecTU MJIONIWHU,
MepUeHANKYJIAPHI 10 mpamoi [ (mas. 208). OomerxeHMt
UMY TJIOTIMHAMUY Bifpi3ok A,B; mpsawmoi [ i 6yzae mry-
KaHOIO MPoeKIlieio Bigpiska AB Ha npamy [. [[oBKUHHI
IIPOEKITi# ABOX MapaJieIbHUX BiAPidKiB HA MpAMY Bix-
HOCATBHCA SIK JOBXKUHU BiIpi3KiB, 10 IPOEKTYIOTHC. A, A

Hexait y nomuHi aHO IEepIeHIUKYIAPHI mIps-
mi OX, OY i Bigpisoxk AB (main. 209). fAxmo A, B,
A,B, — mpoeknii Bigpiska AB na mpami OX, OY
i sxmo ABJOX, ABJ OY, To 3a Teopemoro Ilida- v
ropa AB? =AxBf +AyBy2. IIa piBHicTL cmpaBemmBa
i Tomi, xonmu AB|OX a6o AB|OY. Orxe, TeopeMmy o A, B, X
ITiparopa MoskHa y3araJbHUTU TaK: K8a0pam 008HCUHU
8idpisrka OopisHIe cymi Keadpamia iL0zo npoexuyiii Ha
06i nepneHOUKYAAPHI npami.

AmnajoriuHe TBepAKeHHS IIPaBUJbHE i IJISg IPOCTOPY.

Maun. 208
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“TEoPEMA | 24

(MpocTopoBa Teopema lNidaropa.) KeagpaT foBXUHN Oyab-9KOro Bigpi3ka
AOPiIiBHIOE CYyMi KBagpaTiB AOBXWH MOro NpoekLin Ha TP BSaEMHO nep-
NeHAUKYNSpHi Npsami.

AOBEOEHHA.

Posrissmemo 3arajibHUN BUIAL0K, KOJH Ja- B
HUU Binpisok AB He NEPUEHAUKYJAPHUN 0 B,
JKOJIHOI 3 TaHUX MOIIAPHO IIePIEHANKYIAPHUX A,
mpamux 0X, OY, OZ (masn. 210). ITpoexii Big- A, C
pisxa AB Ha mwiomuau X0Y, X0Z, YOZ nosHa- A, ‘A
4ymMo Bignosinuo uepes A, B, A,B,, A;B;, a Ha
npami OX, OY, OZ — yepe3 A B,, A,B,, A,B,. =l 5 ;

A Y

Togi, akmo AC L BB,, to AC =AB, i BC = A B
=B.A,.Omxe, AB* = AC*+ BC* = A, B} + A B. X A,
Bamosenenum Butie A, B = A B’ +AyBy2. Tomy Maur. 210
AB*= A B!+AB!+AB. (*)
Axmo, Hanipurkiaax, AB 1 OZ, 10A,B,=01i AB? = Ale = AxBf + AyBy2 . Bauu-
MO, 1110 PiBHiCTS (¥) cripaBemnBa pu 0y b-AKOMY PO3TaIllyBaHHi Bigpiska AB. []

— AN 4OoNMNTInNBUX

MMOHATTSA MPOEKTYBaHHS, NnapasiesibHe NMPOEKTYBaHHS | OPTOrOHaJIbHe MPOEeKTY-
BaHHS NMOB’A3aHi MiXX co0010, ik nokasaHo Ha giarpami (man. 211). To6To opTOoro-
HaJslbHe NPOEKTYBAHHS — OKPEMUI BUA, NapanesibHOro NPOeKTYBaHHS, a napanesb-
He NPOEKTYBaHHS — BUA NMPOEKTYBAHHS. |HWWA BUA OCTAHHBOIO — LieHTpasibHe
MPOEKTyBaHHS (NepcnekTnaa).

A — poeKTyBaHHS
65 — napanesnbHe
B — oproroHasibHe
I" — nepcnekTvBa

Man. 211

3o6paxaTn @irypm MoxHa pisHuMmM cnocobamu. Y KpecneHHi ong Oinbwoi
HAOYHOCTi BUKOPUCTOBYIOTb AUMETPUYHI N 3BOMETPMYHI 3006paxKeHHs1. Y HApUCHIl
reomMeTpii 300paxeHHs TPUBUMIPHUX 00’EKTIB NOAAI0Tb Y BUTMISAAI €rMopiB, Ha KX
npocTopoBa ¢irypa 3o6paxeHa i OpTOroHasbHUMKW NPOEKLAMU, CYMILLLEEHVUMU
B OZHI NAOLLNHI.

v
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v

Ha manioHky 212 nopaHi gumetpudHe 1 isomeTpuyHe 300paxeHHs kyba.
Y AMMEeTPUYHIA npoekuii (AuMeTpis — NoABIHMIA BUMIpP) po3Mipyn 306paxyBa-
HOro NpeamMeTa BiaknaaaTb MO 0Cax Z, x i y nponopuii 1:1:0,5. B isomeTpuyHin
npoekLii (i3omMeTpia — 04HakoBUi BUMIP) PO3MIpK MO BCiX OCHX BiAKIaaaloTb
y nponopuii 1:1:1. Ha mantoHky 213 nogaHo 300paxeHHs kyba 3a 40MoMOroto
entopa (GpoHTanbHa, ropn3oHTasbHa i NPOodinbHA NPOEKL,T).

ZA ZA z
v w

1

&00

X1 " Y
ON &
0,5
7350

y h y

a
Man. 212 Man. 213

SAMUTAHHA | 3ABOAHHA ON9 CAMOKOHTPOIJIIO

SKi Bugm nmpoeKTyBaHHS BU 3HaETE?

SIKe mpoeKTyBaHHSA HA3WBAIOTh OPTOTOHAJIBHUM?

IITo HasuBaIOTh MPOEKIi€I0 TOUKU Ha ILJIOIIUHY?

ChopmystioiiTe o3HAUEHHS MPOEKITil (Girypu Ha MJIOITUHY.

Chopmy.rioiiTe TeOpeMy IIPO ILIOIY OPTOTOHAJIBLHOI IPOEKI[il MHOTOKYTHHUKA.
IITo Ha3MBaIOTh MPOEKI[I€I0 TOUKU Ha MPAMY?

Chopmy.rroiiTe mpocTopoBy Teopemy Iliaropa.

NPouh o=

BuUKoOHAEMO PA3OM

c Hosemits, 110 xKoau A,;B, — mpoekIisa Bigpiska AB
Ha opamy [, a ¢ — Kyt Misk ABil, To A,B, =AB cos ¢.
® IIpoBememo uepes KiHIi maHoro Bifgpiska AB IjoIu-
HEU O 1 B, mepuneHquKyaapHi 10 npsamoi [ (man. 214).
Bonu neperuyTh npamy [ y Toukax A, i B,. ILmomuanu
o i B mapasmensui, Tomy sakio ABB;M — mapaJie-
jgorpam, To MB, = AB, ZMBA =¢ iAB,: MB, =
= cos ¢, 3Bigcu A,B, = M B, cos ¢ = AB cos ¢.
© Vv rerpaenpi ABCD AC = BC = 37 cm, AD = BD =
=13 cm, AB = 24 cm, DC = 35 cMm. 3HaigiTh IIIOIILY Mau. 214
OpTOTOHAJBHOI TpoeKITii rpani ABD wua miomuny (ABC).
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Hexait ABCD zagauuii terpaenp (mana. 215).
3HaligemMo KyT Mixk maomuHamu (ADB)
i(ABC). fIxmo K — cepeguna AB, To CK | AB
i DK 1 AB, ockinbku aABC i AADB piBHO-
o6eapeni. Toxgi ZDKC — mykaHuU# KYT.
3 AAKC i AAKD 3a Teopemoio ITiparopa 3ua-
ngemo, 1mo KC = 35 cm, KD = 5 cm. Toxi 3a

TeopeMoio KocuuyciB 3 aADKC 3Haiizemo: Mau. 215
2 2 2

cos ZDKC = KC +KD -DC =L.
2KC-KD 14

IN

Ockinbru S, ,,p = % AB-DK =60 (cm?),108,,=S, o5 c0s ZDKC = % (cm?).

3AOAYI | BMPABU

BUKOHAMTE YCHO

548.

549.

550.

551.

552.

553.

554.

Yu MoKe ILJI0Ia OPTOTOHATIBHOI MPOEKITii Pirypu 6yTu 6iIbII1010 3a IIIOITY
camoi (irypu? A mopiBHOBaTH?

CropoHa KBajpara AopiBHIOE 6 cM, a IJIOIIa HOTO OPTOTOHAJIBHOI IPOEKITil
18 cm?. 3HANAITL KYT MisK IJIOIIUMHAMU KBajpaTa Ta HOro mPOeKILii.
IInoma TpUKyTHUKA HOpiBHIOE S. 3HANIITH IIJIOIIY OPTOTOHAIBHOI TPOEKITil
IIFOr0 TPUKYTHUKA Ha IJIOIIUHY, AKa YTBOPIOE 3 IJIOIIUHOIO TPUKYTHUKA

KyT 60°.

Sk poswmirmieni aABi mpaMi, AKIO IX IPOEKIil Ha MJIOIMIUHY — IpAMi, AKi
mepeTUuHAThCA?

Sk posmimieHi aABi mpAMi, SKITO iX IIPOEKIlil Ha ILIOIIMHY — IIapaJjebHi
apami?

Yu MorKe IPOEKI[i€l0 MPaBUJIBHOTO TeTpaeapa Ha IJIOINIMHY OyTH: a) mpa-
BUJIbHUI TPUKYTHHUK; 0) HEIIPABUJILHUN TPUKYTHUK; B) KBAApPaT; I') YOTH-
PUKYTHUK, BigMinmHui Big KBaapara?

Yu MosKe MPOoeKIlielo Ky0a Ha IJIOIMHY OyTH: a) KBagpatT; 0) IPsIMOKYT-
HUK, BIAMiHHUH Bif KBaapara; B) I’ ATUKYTHUK; I') IIIECTUKYTHUK ?

555.

556.

557.

ABCDA,B,C,D, — xy6, M e€BB,. [loBeniTp, 110 IpPOEKIii TPUKYTHUKA
MDD, na nnomunu rpaneit ABB,A, i BCC,B, piBHi.

HoBeniTh, 110 MpPOeKIii Oyab-AKOr0 MHOTOKYTHHKA Ha ABiI mapaJjeibHi
IIJIOTIMHY PiBHI.

Yu MOKYTh OyTH PiBHUMU IIPOEKIii oxHiel i Tiel camol ¢irypu Ha Hema-
pasienbni miromuuau? HaBemiTe mpukaagu.
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558.

559.
560.

561.

562.

563.

564.

565.

566.
567.

568.

569.

570.

571.

572.

573.
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ILnomuuu o i B nmeperuHaThCs M0 NpAMiil a. [oBinbHA TOUKa A MPOEK-
TJIOIIMHI.

IBi moxuyi, mpoBeneHi 3 oxHiei Toukmu, mopiBHIOTE 15 i 20. IIpoekiia
omHiel 3 Hux 16. 3HAKAITH MPOEKIiI0 APYyroi.

Kosxua 3 moxunux AB i CD popiBuioe 10 cMm, ix mpoeknii HB i HD no-
piBHIOIOTEH Bigmosiguo 6 cM i 8 cm. 3HangiTe Bigcraus AC.

3 Touku M 10 ILIOUIMHU IIpoBedeHO moxuii MA i MB, HOBXUHU SKUX
mopiBHIOIOTE 10 c™ i 8\/§ cM. PisHUIIA IPOEKINiNA MUX MOXUINUX 2 CM, KYT
Mixk mpoermisgmu 90°. 3HaWIITE HpoeKIil moxmanx Ha npamy AB.
Bigpiskm aBox mpAMUX JeXKaTh MiK IIapajieIbHUMH IJIOITUMHAMU i Bif-
HOocaTheA Ak 20 : 13. Ilpoekiria ogHOro Bimpisdka Ha OOHY 3 IIJIOIIUH IO-
piBHIOE 16 cM™m, a iHITOTO BiApiska Ha iHINTY IJIOMMHY — 5 cM. SHAUAITH
IOBXKUHU WX BiIPisKiB.

Binpizok 3aBHoB:KKU 26 cM OomUpPAEThCA KiHIIAMY HA IBi BBA€MHO IepPIIeH-
OUKYJAAPHI momuau. [JOBKUHN NePHeHAUKYIAPIB, OMYIIeHNX 3 KiHIiB
Bimpiska mo JiHii mepeTuHy IJIOIIUH, fopiBHIOOTH 10 cM i 20 cm. 3HAKHAITH
OPOEKIIiio Bimpiska Ha KOMKHY 3 ILIOIIUH.

3 TOYKHU [0 MJIOIIWHU NPOBENEeHO IEePHEeHAUKYJIAP i IMOXWIY, HOBKUHU
AKUX TopiBHIOIOTH 16 c¢M i 20 cm. OOUMCIiTh IPOEKITiI0 IIePHeHINKYIIpa
Ha MOXUJIY.

3 TOUKW A0 TJOIIMHU MPOBEIEHO NMEepPIEeHANKYJIAP i MOXUIy, PisHUIlA
IOBXKUH SKUX HOPiBHIOE 2 cM. OOUMCIIITE IPOEKITiI0 MepIeHIuKYJIapa Ha
MOXUJIY, AKIIO IPOEKI[isd MOXMJI0l Ha IJIOIIUHY HOPiBHIOE 6 cM.

fAra moB:KMHA BiApisKa, AKINO AJOBMKUHU HMOTO IIPOEKIiN Ha TPU IIOIIAPHO
MepPIeHAUKYJIAPHI IpAMi JOPiBHIOOTE a, b i ¢?

fAka moB:kmHA Bimpiska, AKINO JOBKWHU HOTO MPOEKIiNl Ha TPU IIOIIapHO
MepIeHAUKYJIIPHI MIOIUHN JOPiBHIOOTD @, b i ¢?

Yepes BepIIUHN PiBHOCTOPOHHLOTO TPUKYTHUKA IIPOBEJN TPU IIPAMi, IIep-
MeHIUKYJIAPHI 10 HOTO0 WIOIMMWHN. Y1 MOXKYTh Ha TaKUX NPAMUX JIEKATHU
BEPIIUHU IPAMOKYTHOTO a00 TYIOKYTHOTO TPUKYTHUKA?

ILnoma muOrOoKyTHHKA — 70 cMm2, a #ioro mpoekiii — 35 cm?. 3HaigiTh
KYT Mi’K IIJIOIIMHOIO MHOTOKYTHHMKA i ILJIONTMHOI IPOEKITii.
OpTOroHaJBHOIO IMPOEKI[i€I0 MPAMOKYTHUKA, CTOPOHU AKOTO AOPiBHIOIOTH
6 cM i 4 ¢cM, € YOTHUPUKYTHUK, ILIoIa aKoro 12 cm?. OGUHCIITE KyT MixK
IJIOIIIMHAMY YOTUPUKYTHUKIB. U1 MoKe JaHa IPOEKI[is OyTu KBaapaTom?
OpToroHaJIbHOIO ITPOEKITi€I0 MPSAMOKYTHUKA € KBaapart. ILioia mpsaMOKy THH -
Ka 128 cm?, a KyT Mixk mnonuaamu 60°. S3HalIiTE IepuMeTp IPAMOKYTHHKA.
OpTOroHaJIBHOIO ITPOEKITi€I0 IPAaBUJILHOTO TPUKYTHHUKA 31 cTopoHoI0 20 cM Ha
ILJIOLITUHY, IapaJieIbHy OAHil i3 cTOpiH, € piBHOOEeAPEHUIT TPUKYTHUK, OJHA
3i cTOpiH AKOTO 5\/§ cM. SHAHAITh KYT MidK ILIOIIMHAMUN TPUKYTHUKIB.
OpTOroHaJIbHOIO IIPOEKIi€I0 MPABUJIBHOTO TPUKYTHUKA € TPUKYTHUK 3i
croponamu 13 M, 14 M, 15 m. Kyt Mmixk miaomumHaMu TpuKyTHUKIB 30°.
3HAHAITh MePUMeTpP JAaHOTO0 TPUKYTHHUKA.
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574.

575.

576.

577.

578.

137

OpTOTroHAJIBLHOIO ITPOEKIIi€I0 TPamelrii, miIoima AKoi 52x/§ cm?, € piBHOOIUHA
Tpamnerisa 3 ocuoBamMu 16 cm i 10 cm Ta 6iuHOI0 CTOPOHOIO 5 cM. SHAUAITH
KYT MiK IJIOIMIMHAMHU TPAaMeIiii.

Yorupurytuuk A,B,C,D, — oproroHainbHa mpoekiiis pomba ABCD Ha
ILIOIIUHY, IapajieJlbHy MeHIIil miaroHasni. S3HaAAiTh JOBKUHU IPOEKITiit
miaronaseii, akmo AB = 20 cm, BB, = 10 cm, £LB=120°.
OpTroroHajbHOIO IpPOeKIlieio mapaJjenorpama ABCD Ha ILJIOHIUHY, AKa
MPOXOUTH Uepes BepIIuHy A napasenbHo BD, € wotupukytHuk AB,C,D;.
O6uwncaitey AC, AKIIO BD=3\21 M, CC, =10 m, AD, =12 ™, D,C, =9 ™.
ABCD — mnpaBuJbHUN TeTpaenp, pedpo Aroro mopiBHoe a. IlobymyiiTe
npoekitiio rpani CDB ua maomuny (ABC). 3HAWIITH IJIOIMY IPOEKIii Ta
KyT Mmisk murommuHaamu (ABC) i (CDB).

ABCDA,B,C,D, — nupaMokyTHHuii napaieiemninen. Moro pe6pa AB, AD
1 AA, nponopuiiini Bignmosiguo unciaam 1, 213, a MeCC,, CM : MC, =
= 2 : 1. 3Haigits KyT Mixk maomuHOI0O AMBD Ta #oro mpoekilieo Ha
mwiromuny: a) (ABC); 6) (BB,D).

579.

580.

581.

582.

583.

584.

585.

IToGyayiiTe mpoekIlito JiaroHasi ocHOBU Ky0a Ha ILJIOIUHY, KA IIPOXOAUTH
yepes ABi AiaroHaJsi MOro CyMisKHUX OiUHMX rpaHeil. SHAUAITH TOBKUHY
MIPOeKIlii, SKIIO JOBXKMHA AiaroHaJi OCHOBU JOpiBHIOE d.

Y Ky0i uepes pebpo OCHOBHU i cepequHHN ABOX OiUYHMX pebep IPOBEIEHO
maomuHy (Mai. 216). 3HAHAITh KYT MiK JaHOIO IJIONUHOIO i MJIOITMHOIO
OCHOBHM Ta IJIOIY Iepepi3y, AKII0 pedpo Kyba MTOpPiBHIOE a.

B ocHOBi TeTpaegpa JeXUTHh MPAaBUIBHUNA TPUKYTHUK 3i cTopoHOoIO [. Ue-
pe3 pedpo OCHOBHU i cepeAMHY IPOTUJIEIKHOTO pedpa IPoBeeHo IJIOIINHY,
SIKA YTBOPIOE 3 ILJIONIMHOIO OCHOBU KYT 3. 3HANAITH

ILJIOINY Tepepisy, AKImo Bci Oiumi pebpa TeTpaeapa :

piBHi. :
B ocHOBI psaMoro napaJiesenimnea JIeKUTh KBagpaT A
3i cropoHoio a. Yepes cepefuHU TBOX CYMiKHUX CTO- S
PiH OCHOBU IIpOBeieHA MJIOIINHA, AKA IePEeTUHAE TPU K » --------------
6iuHi pebpa mapaJjeerinena i yTBoOpioe 3 IIJIOMUHOIO
OCHOBHU KYT O. 3HAUAITH MJIOIIY IIepepisy.

Hexait @ — morra rpadi mpaBuJIbHOTO TeTpaeapa, Mau. 216

@, — TLIOIIa IPOEKITii Iiei rpaHi HA MJIOMMHY APYyTrol

rpaHi. 3HaigiTH Q; : Q.

Pebpo mpaBuabHOTr0 TeTpaeapa JOPiBHIOE a. SHAHIITH <
ILJIOTITY IPOEKIIil IIbOTO TeTpaeapa Ha IIJIOMIUHY, TIep- ‘

MeHIUKYJISAPHY 0 oro pebpa.

HawmamtoiiTe a60 onuiriTe Qirypu, IpoekIrii AKuX Ha
IBi BBa€MHO MePIeHINKYJISPHI IMJIOIUHYA 300pakeHo a 0 6
Ha MaJgioHKYy 217. Maug. 217
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586. CTOpOHHN IPAMOKYTHHKA AopiBHIOIOTH 20 cM i 25 cm. Moro mpoekuia Ha
IJIOIIUHY TOAiOHA 10 HbOTO. SHAUAITH TePUMETP MPOEKIIii.

587. 3 Trouku K mo niomuuu mnpoBeneno moxmiai KA = 13 cm i KB = 20 cw,
a KyT Mk ix mpoexiiamu mopiBuioe 120°. Ilpoekiiis 6inbirol moxmiol
mopiBHIOE 16 cMm. S3HAHAITE IPOEKITiI0 HA 1[I0 IJIOINHY Bigpiska K P, AKIIIO
PeAB i AP : PB=5:16.

588. OcHoBa piBHOOEAPEHOr0 TPUKYTHUKA HapajebHa IJIOMINHI O, a 1oTo op-
TOTOHAJbHA MPOEKI[id Ha II0 MJIONIUHY — MNPABUJIBHUMN TPUKYTHUK. KyT
MiK mJIomimHaMu TPUKYTHUKIB 30°. O0UYMCIiThE KYyT IPU BEPINUHI PiBHO-
0epeHoOr0 TPUKYTHUKA.

589. OproronaabHOIO IPOEKIIi€l0 Tpalmellii € piBHOOIUHA Tpamellis 3 OCHOBAMU
7 cm i 25 cm Ta miaroHaNAMU, AKi MEePIEHAMKYJAAPHI M0 GiYHUX CTODIiH.
Kyt Mmixx nioommuaMu tpameitiii 45°. O6UMcIiTh IOy AaHOI Tpamelrii.

590. OpTOroHaJILHOIO IIPOEKIIi€I0 Tpamellil, OCHOBM SIKOI HmapaJie/bHi IJIOIMNHI
IPOeKIlii, € piBHOGIUHA Tpamellid 3 OCHOBaMu a i b, giaroxnasi AKoi B3BaeMHO
nepnesgukyaapHi. Kyt Midk nioomwmuamMu Tpaneniii ¢. 3HaAUIITH BUCOTY
ITaHOoI Tparmerrii.

591. Yepes 6iabiry ocHoBy AD piBHOGIuHOI Tpateriii ABCD mpoBeieHO TJIOITH-
Hy. AB,C,D — oproroHajbHa mpoekIilia Tpaneiii ABCD Ha ITi0 IIJIOIIUHY.
O — Ttouka nepetuny apiaronasneit AC i BD, O, — ii mpoekiia. O6uuciaits
miointy Tpaneitii ABCD, nory il mpoekIlii Ta KyT MidK IIJIOIIIMHAMHU Tpa-
metriit, axio 00, = 12 cm, AB; = 15 ¢cm, AD = 42 cm, BC = 28 cwMm.

592. PiaobGeapeni tpurytHuku ABC i ABD 3i cuinbHOI0 ocHOBOIO AB Jje-
JKaTh y PiBHUX IIOMMHAX. 3HAWUAITH IJIOITY OPTOTOHAJBHOI MPOEKILii
AABC ma unomuny ABD, axiio AB = 24 m, AC = 13 m, AD = 37 M,
CD = 35 m.

593. B ocuosi Terpaenpa ABCD nexutb TpukyTHuK ABC, v skoro ZC=90°,
BC = a, AC = b. Ilo6ynyiiTe mpoekiIiito rpaui ADC Ha miaomuny (ABC).
3uaigite Kyt Misk muommuamu (ADC) i (ABC), akmo DA = DB =
= DC = 1.

594. ABCDA,B,C,D, — xy6, M — cepenuna BB,. Ilo0yayliTe mIpoeKIiito mepe-
pisy Ky0a ImJIoIInHOI, AKA MPOXOAUTD uepe3 Touku A, M, C,, Ha LIOIUHY
(BB;D,). 3HaiiiiTy KyT MijK IJIOIMHAMUA.

595%. ABCDA,B,C,D, — xy6, M, N, K — cepeaqunu pebep B,C,, CC,, CD Binmo-
Biguo. IToOyayliTe mepepis Kyba MJIOIIMHOI0, AKA IPOXOJUTH Uepes3 TOUKU
M, N, K. O6uyuciiTs mpoekiito miaroxnasi B;D Ha If0 IJOIUHY, AKIIO
pebpo Kyba mopiBHIOE a.

596. ABCDA,B,C,D, — ry0, M, N, K — cepegunu pebep AA,, AD, B,C, Bixmo-
BigHo. IToOyayliTe mepepis Kyba MJIOIMHOI0, AKA IPOXOJUTH Uepes3 TOUKU
M, N, K, i modbyayiiTe IpoeKI[ifo poro mepepisy ma miaomuny (ABC). 00-
YUCJITh IJIOII Iepepidy Ta mpoekilii, AKmo AB = a. 3HAUAITh KyT MixK
UMY TJIOITMHAMH.

597. Skmo nmpoekuia npsavoi AB Ha nromuHy o yrBoproe 3 npavmuvu ACi AD
i€l maIouuaM piBHI KyTH, TO i MpavMa AB 3 npavmumvu AC i AD yrBOpIOE
piBHi KyTH. [[oBemiTh IIE.
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598. Yepes Bepmuny B kyra ABC nposeneno npoMins BM, axuii yrBOpIO€
3 BA i BC piBni kyTtn. [loBemiTh, 1o MPoeKIis Touku M HaA TIOUIHHY
KyTa JIe;KMTh Ha 0iCeKTPHCi I[hOTO KyTa.

599. Yepes Bepuiuny C Tpukyruuxka ABC nposezneno nmoxuay CM, sKa yTBOPIOE
3i croponamu AC i BC piBHi KyTu. M, — mpoeKIlis Touku M Ha IJIOIUHY
(ABC), M, € AB. 3HaiifiTh JOBXKUHY IOXIJIOI Ta Ii mpoeKIio, AKIo AB =
=13 cm, BC = 18 cm, AC = 21 cm, MM, =415 cwm.

600. Yepes Bepmuny npsamoro Kyra C tpukyTHuka ABC mpoBeleHO MOXUJIY
CM, aka yrBopioe 3i croponamu AC i BC piBHi Kytu. N — mpoexkiligs M Ha
IJIONMHY TPUKYTHUKA, N € AB. 3HaiiaiTh npoekiiio moxuaoi CM, AKII0
mpoekiii AM i BM popiBHIOOTH BigmosBigao 20 m i 15 M.

601. ¥V rerpaenpi ABCD Z/ADB=/BDC=/ADC=90°. oBenith, 1110 OPTOTO-
HaJIBbHOIO IpoeKIrieto Touku D Ha minomuay (ABC) € TouKa TepeTuHy BUCOT
(opronienTp) TpukyTHUKa ABC.

602. ToBexmiTh, 110 TPOEKI[isd MPAMOTr0 KyTa Ha IJIOIUHY Oy/Je MPAMUM KYTOM
JIUITIe TOMi, KoM Xoua 6 OJHA CTOpPOHA KyTa MapaJjejbHa MJIOI[UHI IPo-
eKITiil.

603. ToBexmiTs, 110 KOJIU MPOEKITi€l0 ITapaJjejelinena Ha IJIOIUHY € IITeCTUKYT-
HUK, TO KOJKHA CTOPOHA ITHOT0 IMMEeCTUKYTHUKA apajeJ bHa MTPOTUIEKHIH.

604%. Pebpo mpaBuJIBHOTO TeTpaeapa AOPiBHIOE a. SHAWIITH IJIOIIY IPOEKIil
IILOTO TeTpaeapa Ha MJOMKNHY, IIapajejbHy ABOM MHMOOIKHUM I1OT0
pebpam.

605%. JloBeniTh, 1110 TIPOEKITi€l0 Ky0a Ha IJIONMUHY, IEPHEHAUKYIAPHY 0 HOTO
JiaroHaJsi, € IPaBUJBHUU IIECTUKYTHUK. SHAUIITH ILJIOIIY I[HOT'O III€CTH-
KYTHUKA, AKII0 pedpo Kyda ITOpiBHIOE a.

606*. ABCDA,B,C,D, — ry6. HoBeniTs, mo npoekIii Touoxk B i B, Ha giaro-
Haab AC, OinATh 110 JiaroHaJ b HA TPU PiBHI YacTUHMU.

607*. [ToBeniTh, M0 KBaApaT IJIOIII TPUKYTHUKA AOPiBHIOE CyMi KBajJpaTiB
TJIOI] IOTO MPOEKI[ifi Ha TPU B3AEMHO MEPIEHANKYJIAPHI MJIOIIWHU.

MPAKTUYHE 3ABOAHHS

608. PosrisubTe MAJIOHOK OYAUHKY Ha IIa- z |
nepi B Kritueky (Max. 218). Moro mo-
0yI0BaHO TaK, IO Bich i pO3TaIllOBaHa 3
FOPU30HTAJBHO, Bich 2 — BepTUKAJb- I S O O O O Y S
HO, a BiCh X IIPOXOAUTH V HAIPAMKY %
miaromajeil KJIITMHOK. 3a OSWMHWYHI 4
BiApiskm HaA ocax y i 2 obpaHOo 2 KJIi- 1
TUHKM, a4 Ha OCi X — [miaroHajnab KJIi-
TUHKU. Y CTAHOBITH CIPaB/KHI po3Mipu
OynuHOuKa (0e3 Jaxy), AKIIT0 OJHAa KJIi- x
TUHKa mosHauvae moBxuHy 1 M. Ilo-
OyayiiTe B Takiii cucTeMi KoopamHAT Mau. 218
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300pakenusa Kyba. ITopiBusiiTe fioro i3 300paKeHHAM Y CCTeMi KOOPAUHAT,
110 Ma€ OAHAKOBi OAMHMWYHI BipidKu Ha Bcix ocax. fIKe 300pakeHHA, Ha
BAIlly IYMKY, € OiJbIII HAOUHUM?

3AOA4I ANS NOBTOPEHHS

609. Yepes Toury neperuny npamux AB i AC nmpoBeneHo npamy [, iKa He JIE)KUTD
3 HUMU B OfHi miomuHi. [JloBenits, 1o npami [ i BC He mepeTUHAIOTHCA.

610. AP — mepmneHIUKYJIAP MO IJIOIMUHU mapaJenorpama ABCD, PC 1 BD.
Hosexnits, mo ABCD — pomo6.

611. 3 Touoxk A i B, AKi JexXaTh y IePHeHINKYIAPHUX IJIOIIHUHAX, OMYIIEHO
nepueagukyaapu AC i BD ua npamy CD nepeTuHyY IUX ILJIOMINH. SHANIITE
nosxxkuny AB, akmo AC =a, CD =b, BD =c.

Bi i
§ 15 ‘ Mlif"KcJ)?:lylpaMM

IITo Take BimcTaHb MisK TOUKaMU, HAM yJKe BioMo.
VYzarajsbHUMO Iie MOHATTA IJIA BUMAAKY AOBIJIBHUX
Giryp.

Hexait gano nBi ¢irypu F i F,; (man. 219). Tou-
ku AeF i BeF, HasuBalOTh HAHOIMKINMU TOUKA-
Mu nux Qiryp, Akmo naa 6ygb-aKux Touok A, € F
i B, € F, BukonyeThcA HepiBHicTE AB < A, B,;. Mau. 219

® BimcramHio mixk mBoMa (irypamMu Ha3UBaIOTh
BiZicTaHb MiK HAMOAMMKUYNME TOUKAME ITUX Qiryp (AKIO TaKi TOUKHU iCHYIOTBH).
Sximo aBi irypu MaioTh COiJIbHI TOUKM, TO BBAXKAIOTh, IO BiicCTaHb MiK HUMU
mopiBHIOE 0.

3aysasncenna. He Oynp-aki nBi ¢irypm marors Haiibuamkui touku. IIpo me
IizHAeTecsa 3roJOM, a IIOKM MU BUBUATHUMEMO TiJIbKM TaKi Qirypu, mas AKUX
HANWOJIMIKYiI TOUKU iCHYIOTB.

PosrianeMo KOHKPETHI IPUKJIAIN.

Bigcrans Big Toukum mo mpamoi. [lepneHauKyiAap, ONMyINeHWN 3 TOYKMU Ha
IPAMY, KOPOTIIHUH Bif OyAb-IKOT0 BiApisKa, IO CIOJYYaE ITI0 TOUKY 3 JAAHOIO
npamoo. Tomy BifcTaHp Bi TOYUKM 10 MPAMOI JOPiBHIOE TOBKHMHI IepPIeHIN-
KyJspa, OMyHIeHOTO 3 TaHOI TOYKH HA IIPAMY.

Bigcranp Big Touku 10 Bimpisdka He 3aBKAU JOPiBHIOE BifcTaHi Bixg TOUKU
IO IPSAMOi, AKIN HaJIeKUTH Iell Biapisox. Boma moike mopiBHIOBaTH Bimcrami
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Bim mamoi TouKu mo KiHIA Bigpiska. IlogusiThea mHa mamiomox 220. Bimcranb
Bim Touku M mo Bimpiska DC mopiBuioe M D, a He MH.

Bigcraus Big Touxku qo muaomuHEN. OCKiJIbKY IEPIEHAUKYIAP KOPOTIINI Bix
moxmioi (Teopema 19), To BigcTaHb Big TOYKM 0 ILTOIM[MHU TOPiBHIOE TOBKHHI
TIePIeHINKYJISIPA, OIYIIEHOTO 3 JAHOI TOYKH HA ILJIOIIUHY.

Hampuraan, aximo ABCDA,B,C,D; — Ky0 3 pebpom a, Tc
TO BificTaHb Bif Touku A, mo mioinmuHu rpaui ABCD pno-
piBHIOE a. Aste akio A, — cepenuua Biapiska D, P, To Bif-

craub Bixg Touku P mo xkBagpata ABCD pmopiBHIOE a\/§

(mas. 221). Bsarami, BigcTaHb BiJf TOUKU M0 ILJIOCKOIL D
dirypu He 3aB)KIM JOPiBHIOE BiAcTaHi Bif Ifiel TOYKHU OO
IJIOMIUHU, Y AKi# JIe:KUTh AaHa Qirypa. H
Bigcranp Mik mapajgeabHUMH ILIOMMHAMHU. SIKIITO M
IJIOIIUHY ¢ 1 [} mapajenabHi, TO IIePOeHIUKYJIAPU, OIIY-
i B map , PIEeHIUKYJIADPH, Oy Mar. 290

IeHi 3 TOYOK OAHiel 3 mMuX ILIOIMWH HA APYry, PiBHI

(man. 222). CupaBgi, BCi ITi TIepHIeHIUKYJIAPY IapaJiebHi

OIH OMTHOMY, a BiIpidKM mapajelbHUX MIPAMUX, IKi BiITHHAIOTHCA IIapajiesb-
HUMU IJIONMHAMU, piBHI (Teopema 10). /[oB:KUHA IePIIEHAUKYIAPa, OMYIEHOTO
3 OyAb-IKOI TOYKM ILIOIIMHM Ha IapaJjefibHy il IJIOIIHHY, € BiICTaHHIO MiK
TAaHUMHU MAPaJeJTbHUMHU IIOIM[MHAMM.

B
1 : Cl
P Ay i
i D,
Bi .| C
A“ D
Mau. 221 Mau. 222

3 Tiei caMoi TpUYMHU BiICTAHB MisK MPAMOIO i MapaieIbHOIO Tl IJIONIUHOIO
IOPiBHIOE MOBXKUHI IEPUEHAUKYJIAPA, OMYIIEHOTO 3 OYIb-AKOI TOUKU HIPAMOIL
Ha MaHy IJIOIINHY.

Bincranp mixk nmapajgeJbHUMHM NPAMHUMU TOPiB-

HIOE JOBYKWHI TePIIEeHUKYIAPA, OIIYIIIEeHOTO 3 Oy Ab-
AKOI TOUKM OAHi€el mpAMOl Ha APYTY. b

Bigcrans misk MumoOiskHUMET npavMumu. Hexaii
mamo MuMoOiKHI mpami a i b. IIpoBegemo uepes AKY-

HeOyAb TOUKY A; IPAMOI @ IPAMY a4, HapajeJbHy b "
(man. 223). Ilpawmi a, i @ BUBHAYAIOTE ILIOIIUHY O, ’ ¢
napaJjenbHy npamiit b. Hexait ¢ — mpoekIia ops- &v
moi b Ha mnomuny o i ¢[\a=A. Ilpama, gKa mnpo- @
XOIUTD uepes A i mepueHAuKyIapHa 10 IIOIIUHY O,

nepeTuHae npaAMy b y geskiii Tourti B. Bigpisok AB Maur. 223
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HePIeHINKYIAPHUN 0 KOMKHOI 3 JaHUX MUMOOLKHMX HpAMHUX a i b, fioro Ha-
3WBAIOTh CIIJIFHUM MEePHEeHAUKYIIPOM MUMOOIKHUX mpamMux. [aa Oyab-akux
MUMOOIKHUX NPAMUX iCHY€ €IMHUN iX CHIIbHUN NepuneHAuKyasap. CroinbHui
MEePHIeHIUKYJIAP ABOX MHUMOOIKHUX TPAMUX KOPOTIIHUM Bif OyAb-sSKOTO Bif-
pisKa, IO CIIoJIy4Ya€e AOBiJbHI TOUKM IIUX IPAMHX. TOMYy BiicTaHb MiK JBOMA
MHUMOOIKHUMHY TPAMUMH JOPiBHIOE JOBKWHI IX CIIJIBHOTO IEPIEHIUKYJISIpA.

Kopucuo mam’aratu take. [IBi MuMoOiskHI mpAMi Bu3HaualoTh Iapy mapa-
JeJbHUX IIomnuH (guB. 3agauy 211, c. 61). Bigcranb Misk IIEMHI ILJIOIMUHAMUA
IOPiBHIOE BiicTaHI MiK JaHUMU IPAMUMU.

Omxe, BigcTamp MiK MUMOOLKHUMU HPAMHMN MOJYKHA 3HAWUTH KiJbKoMa
cmocobaMu:

1) mo6GyayBaTy COiMBHUN HMEPIEHIUKYJIAD M0 JAaHUX MUMOOIKHUX MPAMUX.
Horo moe:xuHA HOpPiBHIOE mIyKaHiH Bigcrami;

2) uepes OOHY 3 MUMOOLKHUX MPAMUX @ IPOBECTHU IIJIOIIUHY O, TapaieIbHy
npamii b, i 3HAWTH BigcTaHb BiJ JOBLIBHOI TOUKHK MPAMOI b 40 ILIOIIMHU O 200
0 OPTOTOHAJBHOI TPoeKIlil mpAmoi b Ha maomuHy o. Ig Bigcranb i 6yme ry-
KaHOIo;

3) uepes maHi MUMOOIMKHI IpAMi IpoBecTH HmapasiesbHi IJIOIMUHU 1 3HANTU
BificTaHb MixK nuMu maormuHamMu. e i Oyme mykana BifcTaHb.

IIpoinmfocTpyemo Bci 11i crmocobu mpu po3B’sA3yBaHHI 3amadi.

3adavwa. ABCDA,B,C,D;, — Ky0 3 pebpoMm a

(man. 224). 3uaiigiTe BimcTaHb d MijK IPAMUMU: By
a) BB, i CD; 6) CC, i B,D;
B) AB, i CDy; r) AC i B,D. A,
a) Ockinsku BC 1L BB, i BCL1LCD, to BC —

CHIMBFHUY TTepIeHAuKYIAp npaMux BB, i CD, Tomy ):3

BificTaHb MijK HIMU JOPiBHIOE OB UHI Bigpiska BC. /

Orxe, d = a.
6) Uepes mpamy B;D mnpoBegeMo MJOIIUHY A

BB,D,D, axanapanenbsa CC,, ockinsku CC, || BB,.

3uarigemo BigcraHp Big Toukm C 00 IJIOIUHU Man. 224

BB,D,D. 11a BigcraHb JOpPiBHIOE AOBXKWHI Bimpis-

ka CO. [iiicao, COLBD i CO 1L 0Q,. Otxe, COJ_(BBID). Axmo AB = a, TO

a2 a2
2

. OToxe, d= .
2

AC=a+2, Toxi CO=%AC:

B) IIpawmi AB,i CD, nexarp y nmapaneabHux miaomuHax AA,B,B i CC,D,D
Bigmosigmo. Tomy Bimcranp misk npamumu AB, i CD, mopiBHIOE BifcTami mix
UMM IJIOIIUHAMU, TOOTO MOBKUHI Bimpiska AD, aKuili NepIeHAUKYIAPHUN
mo nux miaomuH. Omxe, d = a.

r) Yepes B;D mpoBememo miaomntuuay BB;D,;D i B 1ifi IJomuHi TpoBeaemMo
OM 1 B D. OM — cuinpeEuil nepneHgukynaap po npamux AC i B;D. [liii-
cHo, ACLBD i AC 10OO,, Toxi ACJ_(BBIDI). Ockinbku OMC(BBIDI), TO
AC1LOM. OM L B, D 3a nobyzmosoro. OTxe, BiACTaHb MiK JaHUMU IPAMUMHI
IOpPiBHIOE HOBXKMHI Bigpiska OM.
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OM BB

1

OD BD

aMOD ~aBB,D, Toxi

a2

Ockinpku OD =

, 3Bigcu OM =

OD-BB,

B.D

, BD=a3, ro OM=2 2:a_aV2_aV6

2.3 a3 6

a6

Orixe, d= .

— AN 4onnTianBuXx
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[HKONM NS 3HAXOOKEHHS BiACTaHI MiXXK MUMO-
OKHUMWN MPAMUMU 3PYYHO KOPUCTYBaATUCHA Me-
TOOOM OPTOrOHaNbLHOrO MNPOEeKTyBaHHsA. Hexan
a i b — MuMoOBiXHI npsami (man. 225). Mobynye-
MO MJOLLUMHY ¢, MEPNEHANKYNAPHY A0 NPaMOI a,
i CNPOEKTYEMO Ha NNOLWMHY o npamy b. OTpuma-
€MO Npsamy b,. Y NNOLWMHI o 3 TOYKM A NpoBEAEMO
AM L b,. Ockinbky naoLwmHa, sKka NpoxoamTb Yepes
b i b,, nepnenankynsapHa 4o o, To BOHa napaneb-
Ha a. OTxe, BiaCTaHb MiXX MUMOOIXKHUMMN NPAMUMMI
a i b oOpIiBHIOE AOBXWHI nepneHamnkynapa AM.

3apgaya 1. ABCDA,B,C,D, — xyb6 3 pebpom a
(man. 226). 3Hanaite BioCTaHb Mix npsmumu O,A
i CD, pe O, — ueHTp rpani A,B,C,D,.

Ockinbkn CD L (AAD, ), To cnpoekTyemo O,A Ha
nnowmHy (AA,D,). OTpumaemo Bigpi3ok AP. Y nno-
wmHi (AA,D,) npoeenemo DK 1 AP. JoexuHa DK
i € WykaHa BigcTaHb. PosrngHemo ~APD. Axkwo H —
cepeanHa AD, TO, BUKOPMCTOBYIOHM METOL, MNOLL,
oTpumaemo, wo AD - PH=AP - DK, 3Biacu

DK = % Ockinbkn AD=PH =a

2
i AP = JAR s AP? = |a? + 2 325 :

42
ro DK - 22225

V5 5

3apgaya 2. Touka K oinntb pebpo AB npaBuib-
Horo TeTpaegpa ABCD y BigHoweHHI AK : KB =
=2 :1. 3Hangite BiacTaHb Mix DK i BC, akuwwo AB =
=a (man. 227).

Hexah M — cepeaunHa BC. lNpoeenemo nno-
wmny (ADM). Ockinekn DM 1. BC i AM L BC, 10
BC 1 (ADM). CnpoekTyemo DK Ha nnowpmHy (ADM).
v

al | M b,

o

Man. 227
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v

Ockinbkn TeTpaenp npaBunbHuii, To UeHTP O rpaHi ABC nexuntb Ha AM
iAO:OM=AK:KB=2:1.
OTxe, npoekujeto Toukm K byae Touka O. Toai wykaHa BiacTaHb JOPIBHIOE [0-
BXMHi Nepnenamkynsapa, npoBeaeHoro y nnowmHi (ADM) 3 Toukmn M oo DO, To6T0
1 a/3 a3

n0oBXuHi MO. Akwo AB =a, 10 OM=1AM=—~—=—.
3 3 2 6

SAMUTAHHA | 3ABAAHHA AN CAMOKOHTPOJIIO

1. IIlo masmBalOTh BimcTaHHIO MixK ABOMa (irypammu?
2, JlaiiTe o3HAUEHHSA BifCTaHi BiJ TOYKH J0:
a) mpAMOT; 0) Bizmpiska; B) TJIOIITUHU.
3. fAx sHaiiT; BiAcTaHL MiK HapajJeJbHUMHU IJIONMHAMHU? A MiMK IPAMOIO
i mapaJjie1bHOIO 1ii IIJIOIITMHOO?
4. 1llo Ha3WBAIOTH CIIJILHUM MEPIEHIUKYIAPOM JBOX MUMOOGI:KHUX TPAMUX?
5. Sk sHaiiTu BimcraHp MidK MUMOOIKHUMU IPAMUMU?

BUKOHAEMO PA3OM

Q Yepes Bepinuny npamoro Kyra C aABC mpoBe-
neHo nepuneHAuKyaap CM 0 MJIOIMUHT TPUKYT-
Huka (maa. 228). AC =6 cm, BC =8 cm, CM =
= 6,4 cMm. 3HAUAITE BigcTaHb: a) Bix Touku M 1o
apsamoi AB; 6) Bix Touku C go moniuau (AM B).

® a) IIposegemo CK 1 AB i cnomyuyumo Touky K
3 Toukoio M. 3a TeopeMOI0 PO TPU HePIIEeHIN-
rynaapu MK 1 AB. Ot:xe, moB:KHHA BigpisKa
MK — sBigcranp Big Touku M go AB. Mau. 228
3 aABC 3a Teopemoro ITiparopa smaiimemo, 110

AC-BC 6-8

AB 10
3 aMCK 3a Teopemoio Iliparopa suatimzemo MK:
MK =MC*+CK? =/6,4% 4,8 =8 (cm).

6) Ockimekun KC 1 AB i KM L AB, to AB1(MKC), a oTse, TIOIIHI
(AMB) i (MKC) nepueHaukyasapHi, MK — jiHia ix mepeTuny. ¥ ILJIOIIUHI
(MKC) nposBememo CP 1 MK, Tomi 3a BJaCTHUBICTIO IEPIEeHAUKYJIIPHUX

AB =10 cMm. Tozi 3a meromom 1ol CK = 4,8.

mwiromue CP L (AMB). Orxe, CP — Bincraus Bix Touku C [0 IJIOIIMHI
(AMB). 3uaiigemo ii.
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=3, 84.

3 aMCK 3a mertomom momi: CP=

Otxe, CP = 3,84 cm.

9 KoxkHa 3 TphOX IONAPHO MEPIEHAUKYIAPHUX Y
IJIOIIIVH IPOXOAUTH uepes Touky O. Touxa A Bifg- B
masena Big nmux mirormyH Ha 90 em, 120 cm i 80 cm.
3HangiTe Bigcraus OA.

e Hexait AA, = 80 cm, A4, =90 cmiAA, =120 e — 4o
BimcraHi Bim maHol TOuKu A OO IJIOIIHUH O, o
B iy (man. 229). IlnomuHa, SKa TPOXOAUTD Ue-
pe3 TouKu A, A, i A,, nepeTuHAE IPAMY IIEPETUHY
wrotuH o i By Takiit rouni Z, mio 4OTUPUKYTHUK
AA,ZA, — npamMokyTHUK. HoTupukyTHUuK AA;0Z
TeXK IPIMOKYTHUK. 3a Teopemoro Iliparopa:

OA=\JAA%+ AZ® = \[AA? + AA% + AA? =\120° +90% +80° =170 (cm).

CK-CM _4,8-6,4
KM 8

Z A

Maun. 229

3ALAUI | BMTPABU

BUKOHAMTE YCHO

612. ABCDA,B,C,D, — ky6 3 pebpom a, M — B,
cepenuna AD (maa. 230).
a) BHaiixite Bigcrani AC, MC, MD,. A,
6) fxa 3 Bimcranmeit AC, MC, BC Huaiibinbiia,
a Aka "Hatimenrta? i
B) IlopiBuaiite Bincraui MC, MD,, MA,. ,,1_3 ___________ C
r) 3HAUOITL BifcTaHb Big Touku M DO OPAMUX
A,D,, B,C,, no mromus A,B,C,D,, DD,C,C. A“ D
r) 3HaimiTh BigcTaHb Mixk miaomuuamMu ABCD
iAB,C,D,.
n) 3HaAUAITH BigcTaub Bix mpamoi A;M mo miio-
muuu BB,C,C.
e) Smaiiznite Bigcrams misk npamumu AD i B,C,, CC, i A,D,.

613. Yepes cepequny Bipiska AB IpoBeeHo IIOINHY. JloBeaiTh, 110 BigcTaHi
Bim TouoK A i B 10 maHoOl IJIOIIMHN PiBHI.

614. Yepes giaroHass mapaJiejiorpaMa IIpoBeieHo WwiIonuHy. JoBemiTs, 1o KiHIi
Apyroi miaroHaJii OMHAKOBO BigmajieHi Bif miel miaomiuHMT.

615. Kiumi Bigpiska, AKKUI He mepeTHHAE ILJIOIIUHY, Bigmaaewi Bix Hel Ha 7 cm
i 13 cm. Ak Bigmasena Bim IJIOIIMHY cepeanHa Biapiska?
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616

617

618

619

620

621

622

623

624

625.

626.

627.

628.

629.

. Touku Ci D, aki ginars Biapisoxk AB Ha Tpu piBHI uacTuHU, BigmajaeHi Bifg
ILJIOIINHY, 1[0 He IIepeTuHae Biapisox AB, ma 4 c¢cm i 8 cm. Ak Bigmameni
Bif miuommHYM KiHii Bigpisxa?

. Bigpisox 3aBmOBXKKU a IepeTHHAE IIJIOIMINHY, a MOro KiHIli BigmasaeHi Bifg
IJIOIMUHY Ha b i ¢. 3HAUAITH JOBKUHY IIPOEKIIil Bimgpiska Ha ILJIOIIUHY.

. MA — nepneHIuKyJaAp Ao miomuunu KBagpata ABCD. 3uaiifiTh BigcTaHb
Bim Touku M npo npamux AB, BC i BD, akmo AB = 3 nm, MA = 4 gwm.

. o miomuHM TPUKYTHUKA 3 IIEHTPa BIMCAHOTO B HHOI'O KoJia pajiyca r
MIPOBEEHO MEePIeHINKYJIAD 3aBAOBKKHU h. S3HAUAITH BifcTaHb Bim KiHIla
I[BOI'0 IEPIEHAUKYJIAPA 0 CTOPiH TPUKYTHUKA.

. IIpoekIiia TouKu, piBHOBigTaIeHOI Big CTOPiH TPUKYTHHKA, HA IJIOUIUHY
I[OT0 TPUKYTHHKA CIIiBIAJa€ 3 IEHTPOM KO0JIa, BIIUCAHOTIO y I[eil TPHKYT-
HUK. [loBemiTsh.

. 3 Bepminuu B piBHOOeapenHoro TpukyTHuka ABC [0 HOro ILIOIIMHU IIPO-
BeZieHo neprneHgukyasap BK = 12 cm. 3HaigiTs BigcTanp Big Touku K 10
croporu AC, akiio AC = 24 cm, AB = BC = 20 cMm.

. 3 Bepirunu B piBHOGEAPEHOTO IPAMOKYTHOTO TpuKyTHUEKA ABC (£C =90°)
IO MOT0 IIOMIMHY IPOBeJleHO nepreuaukyaap BM. Bigcraus Big Touku M
o cropouu AC mopiBuioe 15 cM, a 70 TOUKu A — 3434 cwm. 3HaUgITE Big-
cTaHb Big Touku M [0 IJIOIMUHN TPUKYTHHUKA.

. 3uenTpa O Kojia, OIMCAHOT0 HABKOJIO IIPSAMOKYTHOI'O TPUKYTHHUKA 3 KYyTOM
30°, 10 IJIOMMHYU TPUKYTHUKA HpoBeaeHo mepuneuankyaap OK. Touka K
Bimmasena Bix 6isgpmioro Karera Ha 10 ecm. 3HaligiTe Bigcraus Big Touku K
o MeHIoro kKarera, akmo OK = 8 cwm.

. AK — TepueHAUWKYJIADP, OPOBeIeHUN 0 IJIOIMUHU TPpUKyTHuKa ABC.

3uaiigiTe Bigcraub Big Touku K mo cropouu BC, aximo AB =13 cm, BC =

=14 cm, AC = 15 cm, AK = 16 cm.

Yepes Bepiuny B rpukyTHUKa ABC poBeieHo TepneHANKYIap BM 1o mwio-

muHE TpukyTHuKa. Touka M piBHOBigmanena Bix Bepmnuu A i C. 3HAHAITH

BimcTaus Big Touku M mo cropouu AC, akiio AC =a, BM = % , ZB=60°,

ITepumerp TpukyTHuKa ABC nopiBuioe 96 cm, AC = 36 cm. Uepes Bepiiuny B

IPOBENEeHO MNePIeHIUKYAAp BP mo miomuHu TPpuKyTHuKa, PA = PC =

= 50 cm. 3HaumiTL BiAcTaHB: a) Bigm P mo miaomuHU TPuKyTHuUKa ABC;

0) Bix Touku B mo mioinuHu TpukyTHUKA APC.

Touka M 3HaxomuUThCS Ha Bigcraui 26 ¢cM Bif ycix CTOpPiH IPAMOKYTHOTO

TPUKYTHUKA. SHAHAITL BigcTadsb Big Touku M [0 ILIOIIMHYA TPUKYTHUKA,

AKIITO MOT0 BMCOTA, IIPOBedeHa OO TilIOTeHYy3U, HOPiBHIOE 24 cM i miauTh

rinmorenysy y BigHomeHHi 9 : 16.

Tourka P 3HaxoauTHCS Ha BifcraHi 2a Bif ycixX CTOpPiH MPaBUJIBHOTO TPU-

KyTHHKA 3i cTOpoHOIO a. 3HaWAiTh BigcTaHb Big Toukum P 10 ILIOIUHNA

TPUKYTHUKA.

CropoHu TPUKYTHUKA HopiBHIOIOTE 10 cm, 17 cm i 21 cm. Touka mmpocTopy

O 3HaxonuTheA Ha BifcTani 12,5 ¢cM Bif yeix cTOpiH TpUKyTHUKA. SHATAITH

Bigcraus Big O [0 IJIOIMIMHU TPUKYTHHKA.
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630.

631.

632.

633.

634.

635.

636.

637.

638.

639.

640.

Binbimna giaronans pomba gopisuioe d, a roctpuii KyT o.. Touka mpoctopy M
piBHOBigmaseHa Big cTopin pomba i 3HaxoauThCS Ha BigcraHi 2d Bim #ioro
IUIOIMUHYN. 3HAUAITH BigcTaub Big Touku M 1o CTOpPiH pomoda.

3 Touku P 10 mIOmIMHU IIPoBeAeHo ABi piBHi moxuiai PM i PN, KyT Mix
axumu 60°, a KyT Misk ix npoekmiavu 120°. 3uaiigiTs BigcTaub Big Touku P
Io maomuHu i 1o npamoi MN, akimo MN = a.

3 TOUKU [0 ILJIOIIMHY IIPOBEAEHO ABi MOXMIi, AKi qopiBHoo0Ts 17 Mi 10 M.
Pisuuiig mpoekiriii mux moxuanx 9 M. 3HAHAITH BiAcTaHb Bif JaHOI TOUKHU
IO IIJIOIIIHU.

Ha OymgiBHunTBi BHKOpPHCTO- 3 P

BYIOTh IIOXUJHNN KOHBEED IJA ”[— [ I3M
TPAHCIOPTYBAaHHA BUTPATHUX 2 L/ bl T
marepianiB 3 piBHA 1 g0 piB- An
HA 2, [0 3HAXOAUTLCS Ha 4 M [ [ [ [ [ [ A
BuIe piBHA 1, AK mOKazaHO Ha 1 T |

masoHKy 231. Kouseep migrpu- 8Mm
MY€ETBCA OIIOPOI0, OCHOBA SKOI

BigmasieHa Ha 8 M Big mouaTky

KoHBeepa Ha piBHI 1. IToTpiOHO MOZOBIKUTU KOHBEED, 11100 JOCATTU HOBOTO
piBHA 3, AKWII 3HAXOAUTHCA Ha 3 M BHUIlE PiBHA 2, 30epirarouu mpu IILOMY
KYT HaXWJITy KOHBeepa. SHAWITh BiICTaHb Bi/l mePIOi omopH A0 APYroi, aKa
Oyze miATPUMYBATH KOHBEEP Ha MOTro HOBOMY KiHIII Ha piBHiI 3. O0UMCIiTH
3araJIbHYy JOBXKUHY HOBOTO KOHBeepa.

Touka A BimmasmeHa Bim omHiel 3 IBOX HMePHEHIUKYIAPHUX IJIOIIMH HA X,
a Bix gpyroi — Ha y. 3HaUAITH BigcTaHp Bif TOUKU A 40 IPAMOI IIePETUHY
JTaHUX ILJIOIINH.

Ilnomwmua o mpoxoauTh depesd cropony AB mapanemorpama ABCD i Bifm-
JajeHa Ha d BiJ TOUKU IIepeTUHY HOro AiaroHajei. S3HaliThL BiAcTaHb Bifg
npamoi CD no IJIOUIUHU O.

Bepmuuau A, B, C xBagpata ABCD BigmajeHi Binm IIOIuHMN, SKa He mmepe-
TUHAaE #oro, Ha 13 M, 14 m i 17 m BignoBiguo. Ak BiggaseHi Big miaomuan
IEeHTP KBazpara i Bepmiuaa D?

Bepmiuay TpuKkyTHUKA BigmaneHi Bif maommHU, AKa He IIEPETUHAE HOTO,
Ha 6 M, 8 m i 10 M BigmoBigHO. 3HAWIITE BifcTaHb Bil TOUKU IIEPETUHY
MeiaH TPUKYTHUKA A0 ILJIOIIUHMU.

Pebpo mpaBuiabpHOr0O TeTpaenpa AOPiBHIOE a. S3HAWIITHL BifcTaHb Bim ioro
BePIINHHU A0 IIPOTUJIEKHOI I'paHi.

I Bi BepIInHYU TPUKYTHUKA i TOUKA IIePeTUHY MeiaH BiaggaieHi Big miaomiu-
HU, KA He ImepeTuHae oro, Ha 40 cM, 24 cm i 38 cm BigmoBigHO. 3HAWIITE
BificTaHBb BiJ TPeThOl BEPHUINHU 0 ILJIONTUHU.

Biacranb misk 1BOMA ITapaieIbHUMU ILTOITUHAMU HJopiBHIOE 40 cM. Bigpisok
3aBIOBXKKU 50 cM CBOIMU KiHIIAMU BIMPAETLCS B IIi MJIOIMUHU. SHAWIITH
JOBXKUWHU MPOEKI[iN BiApidKa HA KOXKHY 3 ILJIOIIWH.

Maua. 231
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641. 3adaua 3 Hecnodiéanoro 6i0n06i0010. Ha KHUKKOBII
MOJIUITi CTOITh TPUTOMHUK (MaJi. 232). ToBIuHA KOMKHOI
KHMKKN 40 MM, a KHH)KKY 0e3 OOKJIAAUHKN — 35 MM.
3HaNIiTh BiACTaHb BiJ IepIol CTOPiHKM IEePIIOro TOMY
10 OCTAHHBOI CTOPiHKU TPETHOT'O TOMY.

642. 3 Touku K, posmiIeHoi mo oauH O0iK Bij mapajieIbHUX
IJIOWIWH ¢ i B, mpoBeseHo ABi IpsiMi, AKi HepeTUHAITH O
y roukax AiC, a3 — y roukax B i D Bigmosiguo. 3uaii- Maur. 232
TiTh BiflcTaHb MiK IJIOITMHAMHU, AKINO Touka K Bigmaaena
Big f wa 14 m, AK =9 ™, CD =16 m, KC = AB.

643. Yepes Toury O, KA JIQXKUTH MK TapajebHUMHU IIOMUHAMY O i B, Ipo-
BeeHO ABi mpsAMi, AKi mepeTmHaoTh O y Toukax A i C, a f — y Tourax
B i D Bigmosimuo. AO = OD, OC = 18 m, OB = 32 M. 3uaiigiTs BigcTaHb
MiK IUIomMHAMH, AKINo Touka O Bigpanena Bim B ma 16 m.

644. M, N, K — cepenunu pedep PA, PB, PC npaBunabHoro rerpaenpa PABC.
3HangiTe Bigcraub Mixk miomuaavMu (MNK) i (ABC), akio AB = a.

645. AK — meprneHIUKYJIAP OO ILIommHYU KBagapata ABCD, AB = a, AK = 2a.
3HanigiTe Bigcraus Mixk npavumu KB i CD, KB i AD.

646. Pebpo Ky0a gopiBHioe 6 cMm. 3HAWAITHL BifcTaHb MiXK AiaroHajam Kyba
i MUMOOiKHOIO 3 HEIo AiaroHAaJIJII0 OCHOBH.

647. Pebpo ryoa ABCDA,B,C,D, nopiBHioe a. 3HaiiniTs Bigcraus misk CC, i BD.

648. Pebpo mpaBMJIbHOIO TeTpaenpa a. SHAWIITh BifcTaHb MiXK HOro IIPOTH-
JeKHUMU pebpamu.

649. Pebpo Kyba — a. 3HalgiThL BigcTaHb MiX MUMOOLKHHMMU LiaroHaJIsaMU
MOro MPOTUJIEKHUX T'DAHEN.

650. 3HaiigiTe BigcTanb MidK giaronasaio Kyoa, pedopo sIKoro JOPiBHIOE @, i 0y ab-
AKUM pebpoM, MUMOOIKHUM 3 I[i€l0 HiaroHAaJLIIO.

651. Pebpo ky6a ABCDA,B,C,D, nopiBHIOE a. YCTAHOBiTh BiflHmOBigHIiCTL MiK
npamumu (1-4) ra Bigcranao mixk HUMET (A—]1).

a2 a6

1 DC, i AB A T
2 B,D i AC \ZF 6
3 AD,iC,D g 26 I av2
4 AB,i DC 3

B a

MPAKTUYHE 3ABOAHHS

652. [lisHaliTecsa Mpo cTaHAAPTHI po3Mipu 6acKeTO0JIbHOTO MaliJaHYNKa i TpaBu-
Jla BCTAHOBJIEHHA 6acKeTOobHOTO 1TuTa (Maj. 233). 3HAWAITh TPUOGIU3HY
BificTaHb, AKY Ma€ MOMOJIATA M’ Y IO IIONAJaHHA Y KOIIUK, AKII0 6acKeT-
Goiict, 3picT sxoro 2 M, OyJae KumaTu M’ A4 ABOMAa PYyKaMU Bifn rpynpei,
nepeOyBawuM y MEeHTPi MalijaHuynKa. 3 AKOI BiJicTaHi BiJ IuTa B MOMKeTe
MOIIaCTy M’ SIYOM y KOIIUK?
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653.

654.

655.

656.

657.

658.

659.

660.

Maug. 233

Hiaromamni pom6a ABCD popiBuooTh 30 cm i 40 cm. 3 Bepmuau A 10
ILIOMMHY poMOa IpoBeneHo mepneHAuKyaap AK. 3HalgiTe BigcTaHb Bif
Touku K mo ctopim pomba Ta OO0 mpAMHX, AKi MicTATH cTOpoHU pombOa,
akmo AK = 10 cm.

ITenTp KoJa, BOMCAHOTO B piBHOOeAPEHUII TPUKYTHUK, MiJIUTH BUCOTY,
IpOBeleHy M0 OCHOBM, V BimgHoIeHHi 5 : 4, OiuHa CTOpPOHA TPUKYTHHUKA
mopiBHIOE 60 cMm. Touka M piBHOBigZajeHa Bif CTOPiH TPUKYTHUKA i 3HA-
XOOUTHCA Ha BigcTaHi 12 ¢cM Bif mIOIIMHY TPUKYTHHKA. SHAKIITE BifcTaHb
Big Touku M [0 CTOPiH TPUKYTHUKA.

OcHoBU piBHOOGIUHOI Tpartielrii mopiBHIOOTEL 8 ¢cM i 18 cm. Touka P Bimmamena
Big cTopiu Tpamnerii Ha 10 cm. 3HAHAITE BifcTaHb Big P 0 MJIOIIMHY TPaIelrii.
ITenTp KoJa, BIMCaHOTO B Tpamellito, BigmaseHuit Big Kiumie 6iumoi cTo-
pouu Ha 30 cm i 40 cm. Touka S Bigmasena Bif cTopiH Tpamernii Ha 26 cM.
3HAHAITh BifcTaHb Bif TOUKM S [0 MJIOIIUHHK TPamelrii.

Touka nmpocTopy piBHOBiAaJIeHAa BiJl ABOX CTOPiH TPUKYTHUKA 1 IepIIeHIN-
KYJIAP, IPOBEeIeHUN uepes I[I0 TOUKY [0 IJIOIMHY TPUKYTHUKA, IePEeTUHAE
TpeTio CTOPOHY. IloBemiTh, IT0 OCHOBA IIHOTO MEPIEHIMKYJIApPa JEKUTH
Ha OiceKTpuci KyTa TPUKYTHUKA.

MK = 2 cM — TepuneHIuKYJIAp, IPOBeAeHUN 3 TouKU M [0 IJIOIIUHU TPU-
rkyrauka ABC (£C=90°), K e AB. Touka M piBHOBixganzeHa Bin cTopin
AC i BC. 3uaiigiTe BigcTraub Big Touku M [0 KaTeTiB TPUKYTHUKA, AKi
IOpPiBHIOIOTE 6 cM i 8 cMm.

Touka P piBHoBignanena Bix cropin AB i BC tpukytuuka ABC, PK — mnepreH-
IUKYJIAP IO IJIOMIUHY TPUKyTHUKA, K € AC. 3HamiTh BigcTaub Big Touku P
70 cropin AB i BC, axmo PK =45 cm, AB =4 cm, BC =8 cm, ZB=60°.
Y rpurytaury ABC AB =15 cm, BC = 21 cm, AC = 24 cm. MN — neprueHau-
KYJIAp OO ILUIOMnHY TpuKyTHUKa, N € AC, a rouka M BigmasieHna Big cropia AB
i BC ua 10 cm. O6unciiTs BiscTans Big Touky M 10 ILIOIIMHYN TPUKYTHUKA.
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661. YV npsaMOKYTHOMY TPUKYTHHUKY IAHO TiIIOTEHY3y ¢ i TOCTPHUH KyT, IO I0-
piBaIOE 30°. BusnauTe BificTaHb Bi/f BEPIINHY IIPSIMOTO KyTa 0 ILJIOIMHHA,
AKa MPOXOIAUTEL uepes TilloTeHy3y i HaxmieHa 0 ILIOL[UHU SAHOTO TPU-
KYTHUKA Oig KyToMm 45°.

662. YV piBHOOEIZpeHOMY TPHUKYTHHKY OCHOBA i OiuHA CTOPOHA IIPOIOPIIiiHI
yucaam 6 i 7. BepmimHM OCHOBU TPUKYTHUKA BimmayieHi Bij mIOMIMHU,
AKa He IIepeTUHAaE TPUKYTHUK, Ha 20 cm i 12 cM, a I[eHTp BIKCAHOIO KOJa
Ha 19 cMm. 3HAHAITE BigcTaHb Bi TPETHOI BEPIIMHMN TPUKYTHHUKA O0 Ifiel
ILJIOIIMHMA.

663. Cepenus Jjimia Tpameril mapajejbHa ILIOIIWHI O i BigmaJeHa Big Hel Ha
12 cm, a TOUKa IepeTUuHy AiarouaJei Bigmanaena Big oo Ha 10 cm. SHAKHIITH
BificTaHb BiJ OCHOB Tpalernii [0 ILJIOIMIUHU O, AKIIIO OCHOBU Tparernii Bis-
HOCAThCA AK 1 : 3 1 maommHa O Tpamellilo He IepeTUHAaE.

664. HMiaromamiA,CiBD, ry6a ABCDA,B,C,D, nepetunaiorsca B TouIti O. 3HANTITH
BigcTaub Big Touku O no miomnuau (AB,D,), AKIo pedpo Kyda HOpiBHIOE a.

665. ABCD i ABC,D; — xBaapatu, AB = a, ZCBC, = 0. 3HaliAiTh BincTa"p Mix
Bigpiskamu: a) DC i BCy; 6) DC i D,C,;.

666. Y rerpaenpi PABC AP = PC, AB = BC, AC = 20 cm, PB = 25 c¢cMm. 3HaAAOITH
Bimcraub Mizk AC i PB, akio mioiri TpuKyTHuKiB APC i ABC n0piBHIOIOTH
Bigmosimmo 250 cm? i 300 cm?.

667. BosioHTEpH BUPIMININ MPUKPACUTH ITAPK BYJINU- B C
HUMHJ Ba3aMH, 11100 BUCAJ/KyBATH B HUX HAaBECHI .
kBiTu. Ilepenbavasiocss xapkac Bas BUrOTOBUTH A

3 MeTaJeBUX CTPUKHIB OMHAKOBOI TOB/KMHH, 3Ba-

pUBIIHK iX B OAHINA TOUIlI TaK, MO0 TYIi KyTH

Mi¥K TPOTUJIECKHUMYU CTPUIKHAMU JOPiBHIOBAJIN & A,
120° (maJg. 234). BixgcraHb Bijg 3eMJIi 10 BEpXHBOL C; B,
BepiuHY Basu Mae 6yt 60 cm, aCO : OC,=2: 1.

YcraHOBiITh, CKIJIBKU METPiB MeTaIeBUX CTPUIK- Maux. 234

HiB Imize Ha BHUTI'OTOBJIEHHS OJHiel Takol Basu.

Yu BucTauuTh 3i6panux BosioHTepamu rpoireit (1900 rpu), 1100 3aKynuTH
CTPMXKHI mJyia BuroroBjeHHs 20 Takux Bas, AKIIO0 CTPHIKHI IIPOAAIOTHCS
saBmoB:xKu 11,75 M, a BapTicTh OJHOTO MeTpa CTAHOBUTEL 15 rpH?

668. PABC — mpaBuibHUI TeTpaeap 3 pedbpom a, O — mpoekIlig Touku P Ha
miomuny ABC. 3uatigiTe Bigcrausb Misk BC i: a) PO; 6) PL — 6iceKTpucoio
rpaui APC; B) AM — wmegianoto rpani APC.

669. ABCDA,B,C,D, — upamwuii napaneneninen, A;B =25 v, AD =13 m, AA, =
= 20 M, BD = 14 m. 3uaiigits Bigcrauns misk DD, i A;B.

670. Ilpami a, b — MuMO0OiKHI i JeKaTh y NEePIEHAUKYIAPHUX IJIOITUHAX
o i . IIpama a mepmeHIUKYIAPHA 10 JiHil meperuny miomuH. Bigcrans
Big Touku M (M ea) mo miomuen B mopiBHIOE M, a n0 mpsAMOi b — n.
3HaAWOITh BifcTaHb MiK IpaMumu a i b.

671. Ilnomuuu piBHOCTOPOHHBOTO TPUKYTHUKA ABC i piBHOGEADPEHOTO TPUKYT-
Huka ABD (AD = BD = 10 cm, AB = 16 c¢m) nepueHAUKYJIAPHI. SHAHTITH
BificTanb Misk mpamumu AB i CD.
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672. Y npaBunbaHomy TeTpaenpi ABCD 3 pebpom a Touka O — IIPOEKI[isl TOY-
Ku D ma nnomuny ABC, F i E — cepenunu pebep BD i CD Bigmosinmo.
3HaUOITh BifcTaHb MiK IPAMUMU:

a) AD i BC; 06) ACi EF; B) OD i EF; r) AD i EF.

673*. 3HaligiTh BiZcTaHb MijK MUMOOIXKHMMU JiarOHAJAMM OBOX CYCiaHiIX rpa-
Heli Ky0a, pedpo AKOro AOPiBHIOE a.

674. 3uaiigiTs TeoOMeTPpUYHE MiCIle TOUOK IIPOCTOPY, PiBHOBiAAAI€HUX BijJ CTOPiH
TPUKYTHUKA.

675*%, 3HalgiTHL reoMeTPHUUHE MicIle TOUOK IIPOCTOPY, PiBHOBigmaaeHMX Bifm
MPSIMUX, HA AKUX JIEXKATh CTOPOHU TPUKYTHHUKA.

676*%. ABCDA,B,C,D; — xy6 3 pebpom a. 3HalIiTh BiicTaHb MijK TeTpaeapamu
AA,B,D, i C,CBD.

3AJJ.A‘-II AJ19 NTOBTOPEHHYA

677. OpTOoroHaJIbHOIO IPOEKIIi€I0 TPUKYTHIUKA € IPAMOKYTHUHN TPUKYTHUK 3 Ti-
noTeHy3010 15 cm i Kareramu, AKi mponopmiiiai unciaam 3 i 4. Kyt mik
IJIOIMHAMY IUX TPUKYTHUKIB 30°. S3HAHAITS IOy JAHOT'O TPUKYTHHKA.
Yu Moske 1eii TPUKYTHUK OYTH TPaBUIBHUM?

678. Uu MoKyTh OyTU IapajieIbHUMU IPAMi, YTBOPEHI IIpu mHepeTHHi ABOX
TJIOIUH, 0 IIePeTUHAIOTHCI, TPETHOIO ILIOIITNHOIO?

679. ABCD — mpasuiabHuii Terpaenp, AB = a, O — TouKa IepeTUuHy MeIiaH
TpukyTHUKA ABC. 3HaWIiTh ILIOITY IIepepisy TeTpaempa ILJIOITMHOI, dKa
HepIeHINKYJAsApHa o Bigpiska OD i mpoxoauTh uepes HOTo cepemsuHy.

K
§ 16 B‘(,:Trv(!)peomeTpi'l'

Buiie My posrisaHyIM BUOAAKM PO3TAIYBAHHA IMPAMOIL i IJIOMMHM: mpAMa
JIeXKUTH Y ILJIOIIWHI; IpAMa mapajesjbHa ILIOININHI; MpaAMa MepIeHAuKyIapHa
IO TLIOINMHU. 3aJUIIAETHCA AOCIIAUTH BUNAA0K, KOJIU IPAMA IIEePETUHAE ILIO-
IIUHY, ajie He IepIeHInKyJasapHa 10 Hei. Taki npami MoKyTs OyTu HaxXuJIeHi 00
IJIOIIMHY Hifi PIBHUMH KyTaMH i YacTo 3ycTpiuaroThbed y HOBKimIi (Maa. 235).
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IITo po3yMitoTh i KyTOM MiK IPAMOIO i IIJIOIMHOI?
SAximo mpama mapaJiedbHa ILJIOMIMHI 400 HAJEKUTH i, TO BBAYKAIOTD, IO
KYT MiK Tako HpPAMOI0 i miomuHOoio mopiBaioe 0°. AkIimo mpama mepreH-
IUKYJSpHA OO0 ILIOITMHU, KYT MiK HuMU mopiBHoe 90°. ¥V permiri Bumagkis
KYTOM MisK IIPAMOIO i IJIOIIWHOIO0 HA3WBAIOTh KYT MiK IIPAMOIO 1 ii mpoeKIiieio

Ha TJIOIIUHY.

SArmo ¢ — Kyt Mik mpamoro i mrommHEOI0, To 0° < @ < 90°,

ITpuxnao. Hexait ABCDA,B,C,D, — ry0 (mai. 236).
Ilix axuMuy KyTaMu HaxXUJIeHi 10 MJIOIIUHY 0oro rpaHi
ABCD upsawi AB; i AC,?

Posé’asanns. Ilpoekmnii Bigpiskis AB; i AC, Ha
mwiromuuy rpa"i ABCD — Bigpisku AB i AC. Tomy
mykasHi kytu: ¢, =£LBAB i ¢,=ZC AC, ¢, = 45°,
oCcKinbKu aABB, — NpAMOKYTHUII i piBHOOeApeHUIi.

tg 0, = cc, 1
D, CA 2
= KyroM MiK IMOXHJIOI0 i IJIONIMHOI HA3WBAIOTh

=0,707, 3Bizcu @, ~ 35°16’.

\ Bl
Dl E“\
(A,
Ci .\
gl o/ B
*\\(pg\ 1
, e
D A
Mau. 236

Ao ¢ — KyT MidK moxmior i miaomuHO0, To 0° < @ < 90°.

“TEoPEMA |25

KyT Mi>k nOXunnoto i ny1oWmMHO HaiMEeHLUUA 3 YCiX KYTiB, siKi noxusa yTBo-
PIOE 3 NPAMMMU, NPOBEAEHMMMU HA MJIOLWUHI Yepe3 OCHOBY NMOXWUOI.

OOBEAEHHY.

Hexait AB — moxuaa, AC — mOepHeHIUuKYJIApD
o IIOIMuHU 0, BM — Oyab-aka Bigminuaa Big BC
npAaMa njaomuean 0, LZABM — KyT MiXX OpaMuMu
ABiBM. Hosenemo, mo LABC < ZABM (mau. 237).

Ao opami BM i BC He neprIeHIUKYJIAPHi, TO
omyctumo neprneHguKyasap CM wa BM i nmpoBeneMo
Bimpisox AM. 3a TeopeMo HpPO TPU IIEePHeHINKY-
asspu AM 1 MB. Otixe,

AM

sinAABCzﬂ, sin ZABM =——.
AB AB

Ockinpru AC < AM, Tto sin ZABC <sin ZABM.
Posrnanyri kyru He mepeBmmiyioTh 90°, Tomy
LABC < LZABM.

Maua. 237

Axmio BM 1 BC, To 3a TeOpeMOIo IIpo Tpu nepueHIuKyaapu LABM =90°.
Kyr ABC menmuii Big 90°. OTixxe, i B nbomy Bunmaanry ZABC< /ABM.

Teopemy nosefeHO. [
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ITorATTA KyTa MiK TPAMOIO a00 MOXMJIOIO i IIJIOIITUHOIO BUKOPUCTOBYETHCS Oa-
rareMa axiBuamu. [1ig meBHUME KyTaMu 10 IJIOIITHY TOPUB0HTY CIIOPYAKYIOTH
eCKaJjaToOpy Ha CTAHIIAX METPO, IaXTHi YKJIOHUW, (DYHIKyJIepHU, MOXWJIi MOCTHU
IOMEeHHUX meueii i 6araTo iHImmx cmopyn. Ilig pisHUMH KyTaMu OO TLJIOIITUHUI
aepopoMy BJIITAIOTH JIiTaKN.

Axi me KyTu posrasamaTh y crepeoMeTpii?

Kyt misk muoumuaamu. Bu Bike sHaete 3 §13, a9k
3HAUTU KYT MiK IIJIOIMIMHAMMU. SIKIMO IBi IIOMIMHU
mapaJjeiibHi, TO BBAYKAETHCA, IO KYT MilK HUMHU [IO- ¢
piBuioe 0°. AKIO uIOMMHY O, i [} mepeTUHAIOTHCA IO
OpAMii ¢, To, 1100 BU3HAUUTU KYT MidK IIUMH ILJIO- 7P
MUHAMU, V KOXKHIN 3 HUX Uepe3 NOBiIbHY TOury M = M b
OpAMOI ¢ MOKHA IIPOBECTH NPAMi a i b, mepueHau- T
KyJasapHi no npamoi ¢ (mana. 238). Kyt mixk nmpamu- B
MU a i b mpuiiMaTh 3a KYyT MiK JaHUMU TJIOIH- o
wmamu o i B. MoskHa qoBecTH, 10 Mipa I[OTO KyTa ¢
He 3aJIeKUTH Bifl Bubopy Touku O Ha mpawmiit c. Ky Mau. 238
MiK ABOMA ILIOMIMHAMM, SIK 1 MisK ABOMA IIPAMUMU,
3HaxoIuUTheA B Mexxax Bix 0° mo 90°.

AKmoo xyT MixK gBoMa ILIOIUHAME AOpiBHIOE 90°, TO MJIOILIMHY IIEPIIEHIM-
KYJApHi.

Kpim BioMux BaM reoMeTpUUYHUX MOHATH KYmM, KYm MidH NPAMUMU, KYM
MiHC NAOULUHAMU, KYM MIH NPAMOIO i NIOWUHOI0, Y CTEPEOMETPil pO3IIazaloTh
e KiJibKa NOHATH, Ha3BU AKUX MICTATH CJI0BO «KYT»: 0802PAHHULL KYm, mpu-
2PAHHUL KYm, MHO202PAHHUL KYym, mijecrHUll Kym, KYm MIiH 6eKmopamu
TOIIIO.

JIBorpaHHHUM KyTOM Ha3WBaIOTh YACTUHY IIPOCTO-
py, oOMe:KeHy ABOMaA ITiBILJIOIIIUHAMM, III0 BUXOAATDH
3 ofHiel mpAMOi.

IliBmtomuuaM, AKi 00MEXKYIOTH IBOTPAHHUN KYT,
Ha3WBAOTh HOr0 IPaHAMU, a iX CIIJIBHY ONPAMY —
pebpoMm aBorpanuoro Kyra (maJ. 239). @irypy, yTBo-
pPeHy ABOMA HiBILIOMIMHAMMU 3i CIiJIBHOIO IIPSAMOIO,
mo ix o0MelKye, TaKOK Ha3WBAIOTh JBOTPAHHUM
KYTOM.

Kyr, yTBOpeHuii mepeTuHOM JBOTPAHHOTO KyTa
3 IJIOII[MHOIO, IEPIeHANKYJIAPHOIO 10 oro pebpa, Ha-
3WBAIOTh JiHIHHUM KYTOM JAHOTO ABOTPAHHOTO KyTa. o
Byab-axi aBa JiHiIMHI KyTH JBOTPAHHOTO KyTa PiBHi
(maj. 240). Tomy mBOoTpaHHI KyTH MOKHA XapakTe-
pu3yBaTH BiAmoBimHMMU JiHiAHUMEI KyTamu. SKIIO,
HaIpUKJIaL, JiHIAHUN KyT AeAKOT0 IBOTPAHHOTO
KyTa mopiBHIoe 60°, TO KasKyTh, IO Ile — ABOTPaH-
HU# KyT 60°. [IBOorpaHHUIl KyT HA3UBAIOTh T'OCTPUM,
OPAMUM, TYIIUM, POSTOPHYTUM YM OiJIBIIIMM BiJ pos- Mau. 240

Maun. 239
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TOPHYTOIO 3aJIE€KHO BiJl TOTO, UM € HOTO JiHIHHUNA Ky T rOCTPUM, IPAMUM, TYIIUM,
POSTOPHYTUM UM OiJIBITUM Bif posropHyToro (Mas. 241).

He cuig oToToskHIOBAaTH Mipy JBOIPAHHOT'O KyTa 3 KYTOM MisK IJIOIITMHAMMU.
Kyt mMixk miaommuuaMu MosKe 3MiHIOBaTuesa B Mexkax Big 0° mo 90°, a mipa aBo-
rpamHoro Kyra — Big 0° mo 360° (man. 242).

3aMicTh «IBOTPaHHUN KT, Mipa SSKOTO JOPiBHIOE O1»
HEPiIKO KasKyTh KOPOTIIIEe: «IBOTPAHHUHI KYT Ol». ¥ Ta-
KUX BUMAAKAX Il JBOTPAHHUM KYTOM PO3YMiIOTHb

i meBHy Qirypy, i BizmoBigHe ii ymMcioBe 3HAUYEHHA.

90° 180°
/A
a 0 8 2 r
Mau. 241

Haiinpocrimumu MatepialbHIMMA MOAEJISAMU JTBO-
TPaHHOTO KyTa € Kpai pisaJbHUX iHCTPYMEHTIiB: 3y0Ou.J,
CTaMeCOK, PisIliB IJ1d TOKapHUX BepCcTaTiB ToI0. BoHu
O0yBaOTh 0iIBIIT a00 MEHIIT TOCTPUMM. BUMipIOIOTh TaKi
KyTu KyToMipamu (maj. 243).

Mogennio, Ha AKiA OTHOYACHO MOYKHA IIOKA3aTHU PO3-
TJIAHYTI KYTHU B POCTOPi (KYyT MiK MPAMUMHU, KYyT MiK
OPSIMOIO i IJIOIIIMHOIO Ta ABOTPAHHI KyTH), € mipamiza.
Ha masionky 244 300paskeHo IepepaxoBaHi BUAM KyTiB Ha
MIPaBWJIBbHIT YOTHPUKYTHiH mipamiai. Aximo SO 1 ABC,
MO 1 BC, MS 1 BC, BK 1CS i DK 1CS, To:

— SAC — xyt Haxuay OiuHoro pebpa SA mo miaoniuau ABC;

— SMO — kyt Haxuny 6iunoi rpaui SBC mo naomiuuu ABC abo ABOrpaHHUN
KyT IIpu pedpi ocHOBWU;

— BKD — pgBorpaHHHN KyT Ipu OiuHOMY peopi.

Mau. 243

C
Maux. 245
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Ha mantonky 245 300paskeHo riepepaxoBaHi BUAU KYTiB Ha TPABUJIbHIN TPUKYT-
Hi#t mipamiai. Axmo SO L ABC, MO 1L AC, MS1 AC, CK 1. BS i AK 1 BS, To:

— SBO — kyT Haxuay 0iunoro pebpa SB go muomuau ABC;

— SMO — xyT Haxuay 6iunoi rpaui SAC mo miaomuau ABC a6o JBOrpaHHUMI
KyT npu pebpi ocHOBHU;

— AKC — pBorpaHHUI KyT npu O6iuHOMY pebpi.

— AN 4OonMNTInBUX ~

KyTn MixX npsaMmMu i naoLWmMHaMM 4aCTo A0BOAMTLCS BUMIPIOBATN aCTPOHOMaM,
reogesuncrtam, reorpadam, mapkwengepam, npauisBHMkam TpaHcnopTty. Han-
NPOCTIWNIA caMopoBHUIA Npunag, ons BUMIPIOBAHHS KYTiB MiXXK rOPU30HTaIbHOIO
MOLLMHOIO | NIOXMIMMN — eKnliMmeTp (man. 246, a).

Man. 246 Man. 247

ByBatoTb eknimeTpu i pabpryHOro BUroTOBNEHHS (Man. 246, 6). Akwo noTpid-
Ha BinbLUua TOYHICTb, KOPUCTYIOTLCS TeO/0NITOM (Man. 247). Teononit Mmae oga
Kpyrv 3 rpagyCHMUMK nogisikamu (nimou). KopmucTyounce ropu3oHTanbHUM iM-
O0M, BU3HAYaOTh KYTW Y FOPU3OHTabHIN NMIOLWLMHI. BepTukanbHuii nimb nae amory
BUMIPIOBATU KYT MiXXK TOPU30OHTasIbHOIO MIOLLMHOIO | NOXMIIMMU 00 HET HAanpaMamu.

SAMNUTAHHS | 3ABAAHHSA AN CAMOKOHTPOIJIIO

IITo HaswBaOTh KYyTOM MiK HPAMOIO i ILJIOII[MHOIO?

Axum Moke OyTH KYT MijK IPAMOIO i HJIOIMHOIO?

IITo HaswBaOTh KYTOM MiK MOXMJIOIO i ILJIOIITHMHOIO?

ChopmystroiiTe TeopeMy OPO KYT MisK ITOXUJIOK i IJIOIMHO.

IITo HasuwBaOTh KYyTOM MiK IBOMA ILJIOIITHHAMU?

IITo HasmwBaioTh ABOTrpaHHUM KyToM? fIKi OyBarOTh ABOTpPaHHI KyTU?
. IIlo HasWBaIOThH JiHIHHNM KyTOM ABOTDAHHOTO KyTa?

8 Y axmx Merxkax MOKe 3MiHIOBaTHCA Mipa JBOIDAHHOIO KyTa?

. .

B

NOTA W
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BUKOHAEMO PA3OM

0 Sx1mo onmH i3 KaTeTiB piBHOOEAPEHOTO TPSIMOKYT-
HOTO TPUKYTHUKA JIEXKUTD Y IJIOIINHI O, a IPYTHUi
YTBOPIOE 3 HEIO KYT 45°, TO KyT MisK rimoOTeHy3010
i mmomuaolo — 30°. JloBeniTh 1ie.

® Hexait ABC — TpUKYTHUK, y akoro LZACB=90°,
AC=CB, aAO — nepueHINKYJIAP A0 ILJIOIIUHA O,
sAka npoxoautsb ueped BC (man. 248). [TloBememo,
o komu LACO=45° 1o LZABO=30°. Hexaii

AC = a, Toni BC = a, AO=-%, AB=a"2,
J2
sin2aB0=29_ 2 . j5-1,
AB 2 2

Oroxe, LABO =30°.

9 SABC — TpukyTHa nipamiga, AABC — npaBuib-
HUuii, O — ToukKa meperuHy memian, SO L ABC,
ZBSC =20. 3HalifiTe KyT HaxXuIy 6iunoro pedpa Mauz. 249
mipaMigu 10 TMJIOMIMHU OCHOBH.

® Hexait SABC — tpukyTHa mipamizna (man. 249), y axkoi £ZBSC =2q. 3uaii-
memo ZSAO = ¢.

ITposegemo SK 1 BC. Hexait BC=a, Toni3 ASKB SB=

BK sp-_9 |
sin o 2sina

a3

Ockinbku ArABC — mnpaBuJbHUIi, TO OAngK, AK = 5 oTIKe,

av3 ) OA a\/§~2sin0c 2\/§sinoc
OA = . Tomi cosp=——, cos@= = .
3 SA 3a 3
2\/§ sin o 2\/§ sin o
Or:xe, cosq)zT, a (pzarccosT.

9 Iz Touox A i B, 110 JieKaTh y IpaHaX ABOTPAHHOTO KyTa, OIIYIIeHi mep-
neunukyiapu AA, i BB, Ha pebpo KyTa. 3HaAUAITh JOBKUHY Bigpiska AB,
akmo AA, = 8 cm, BB, = 6 cm, A B, = \/@ CM, a Mipa OBOTPaHHOTO KyTa
mopiBHIOE 60°.

® IIposegemo npami A C||BB i BC||A B,

(mag. 250). OCKinbKH YTBOPEHUN YOTH- 2l
puxkyTHUK A;CBB; — IPAMOKYTHUK, TO B,

A,C = B,B =6 cum. IIpama A,B, nepIeH- 60° A,
OIUKYJISPHA OO0 IJIONIAHU TPUKYTHUKA \/
ACA,, 60 BoHa HepIEeHAUKYJIIPHA IBOM C B

npamMuM 1tiel maomuan AA, i CA,. Ilpsa-
Ma BC mepneHAMKYJIAPHA IO ILJIOIIUHUI Maui. 250
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rpukyTHuka ACA,, 6o BC| A B,. Maemo: BC L AC, a ToMy TPUKYTHUK
ACB — TUpAMOKYTHHIA.

Posrisaemo TpukyTHUK AA,C. 3a TeOpeMOI0 KOCUHYCiB

AC?=AA?+ A, C*-2AA,-A,C-cos0.=64+36-2-8-6-0,5=52.

3 rpuxkytanka ACB 3a Teopemoro ITiparopa maemo: AB% = AC? + BC?, 3BigKu
AB? =52 + 69 = 121. Omxe, AB =11 cm.

3AOAUI | BMPABU

BUKOHAWTE YCHO

680.

681.

682.

683.

684.

685.

686.

Bigpisku OA, OB, OC piBHi i momapuo mep- ¢
neHAMKYIApHI (Maa. 251). 3HaAiTE: a) KyTH ‘k

A~ ABC; 0) xyT Mmick miomuuoi (AOB) Ta np-

mumu AC, BC, OC; B) KyT MiK ILIOIIIUHOIO

(AOC) ra nmpamumu AB i BC. 'l.\
CRIIBKYT IPAMUX, K1 TePETUHAIOTH TaHY TJIO- ,
muHy oig kyrom 50°, MOXKHA IPOBECTH Uepes

IaHy TOUKY?

Ilig AKuM KyTOM [0 IIJIOIIMHU HMOTPiOHO IIPOo-

BecTHu Bipisok M N, 11106 BiH 6yB yaBiui 6inb- Maur. 251

IINI 32 CBOIO IIPOEKILif0?

KyT Mixk mepmeHIAWKYJISPOM i IIOXMJIOI0, IIPOBENEHUMMU IO ILJIOITUHU O,
mopiBHiIoEe 40°. 3HAHAITL KYT MidK IIOXHUJIOIO i IJIOIIUHOIO O.

€ nBa ABOTpaHHI KyTu, JiHiIHI KyTm arux gaopiBuHiorors 100° i 120°.
Yu moxxe ix 00’egHaHHA OYyTH ABOTPAHHUM KYTOM?

€ nBa nBOTpaHHi KyTH, JiHifTHI KyTH AKUX KopiBHioOTH 0 200°. Yu mosxe
ix 00’emHAaHHSA OYyTH ABOTPAHHUM KYTOM?

Tpu niomuHM, AKi TPOXOAATH Yepe3 OAHY IIPAMY, TiJIATH IPOCTip HA PiBHI
IBOTPaHHI KyTu. SHAHAITL Mipy OZHOIO 3 HUX.

687. Ilpsama AB 3 ILIOIMHOIO O YTBOPIOE KyT 60°. SHAKAITH JOBKUHY IPOEKIIil

688

689

noxmyoi AB Ha ILIOIUHY O, AKIN0 AB = 48 cMm.

. Hosxxuna moxuioi AB nopiBaioe 50 cM, a TouKka A BigaseHa BiJl IJIOIMUHYT

Ha 25 cM. 3HAHAITh KYT MisK MOXMJIOIO i IJIOIITHUHOIO.

. ABCDA,B,C,D, — npAMOKYTHUI mapaJjejemninen, BumMmipu axoro AB = a,

AA, = b, AD = c. 3HaliiTh TaHreHCU KYTiB Haxuay npamux AB;, AD,,
AC, mo mnomuuu rpaui ABCD.
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690.

691.

692.

693.

694.

695.

696.

697.

698.
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HoBexiTh, 1110 KOJIM IPAMA IIEPETUHAE OAHY 3 ABOX IapajeJbHUX ILJIOIIUH
mix KyToM @, TO i APyry HJOIIWHY BOHA IepeTHMHAaE IIiJf TaKUM cCaMUM
KYTOM. _

HoBeniTe, 110 mapaJieJbHi MIpaMi HaxXuaeHi g0 W
onHiel i Tiel camoi MIOIUHM TiJ PIBHUMU KY-
Tamu. Uu npaBubHE O0ePHEHe TBePIKeHHI? h

Busuaute TOBHIMHY m BYTiJBHOTO IIjJacTa, m M

SAKIIO BepTHUKAaJbHA CBEPAJIOBHHA HaXUJIeHa
0 HBOTO Iif KyToM ¢ = 72° i IPOXOOUTH IO
ByTrijuIio Bimcraub A = 2,5 m (man. 252). Mau. 252
Ha akiii raubuHi 3HaXOAUTHCS CTAHIILSA METPO,
AKIIo i eckasaTop 3aBHOBKKU 85 M HaXWJIEHUI A0 ILJIOIIMHU IOPU3OHTY
mig Kyrom 42°7
OxHa 3 ABOX IPAMUX, IO HepPeTUHAIOThCA Iig KyToMm 50°, meprneHIuKY-
JApHa A0 nearkol muoimuHu. oBediTh, 110 i Apyra mpsaMa mepeTHHAE ITI0
IJIOIMUHY. SHAUMITE KYT MiK APYroi0 IPSMOIO i IIJIOIIMHOIO.
SHAUAITHL KYT MiK MUMOOLKHUMU IMPAMUMU, AKIIO OJHA 3 HUX IIePIIeH-
OIUKYJIApHA O0 AeAKOl IJIOIMHM, a APpyra IepeTHuHAE IO IJIOIUHY IIif
KyTOM (.
K uepes mpaMy, 110 IePeTUHAE IIOIIUHY O HiZi KYTOM (0, IIPOBECTH ILIO-
IMUHY, AKa IePeTHHAE IJIOIUHY O TAaKOXK Iig KyToM (?
IIpsama a mepeTuHAae IIOIMMHY O i KyToM 45°. Uu MosKHA yepes IPAMY a
MPOBECTH IJIOIIUHY, dKa MepeTUHae ILIOHMHY o mim Kytom 30°? A mix
KyTom 60°?
IToxkerxHa aBTOAPAOUHA — CIIEI[iAJbHUHA MOMKEeKHUI
aBTOMOOIJIb, MPU3HAUYECHUN AJIA IiHOMY MOMKEKHUX
Ha BepXHi moBepxXu Oy AUHKIB Ta CIIOPY/I I/ PATYBAH-
H JIIOIEH Ta IiHHOCTe!d Y 6araTonoBepxXoBUX Oy AMH-
Kax, a TAaKOK IJIs TaCiHHA ITOXKeK BOJOI0 i moBiTpsa-
HO-MexaHiuHOI0 mHoio (Ma. 253). Moro mapamerpu:
JoBXKMHA aBToMOoOiaa — 11 wm;
ImupuHa aBTOMOOiIA — 2,5 M™;
BHCOTa aBTOMOOLII — 3,2 M;
Bucora migitomy crpinu — 30,2 Mm; Maz. 253
miamasoH KyTa migiomy — 0-75°.
O06epiTh moTPiOHI AaHi Ta BCTAHOBITH: UM MOYKHA I[i€I0 aBTOAPAOMHOIO CcIIaC-
Tu Jiofe 3 16 moBepxy; HAWBUINUU ITOBEPX, A0 AKOTO MOYKHA JiCcTaTUCA
Iiero aBTOAPAOMHOI0; MAKCUMAJIbHY AOBXKUHY APAOUHU Y PO3KJIAIEHOMY
Buriaani. Ha akiii maiib6inpmriii Bigcrani Big OyquHKY MOKe 3HAXOAUTUCS
y Ieii uac aBTOMOOiJIb, 11100 34iliCHIOBATH MMOPATYHOK JII0Ie ab0 IiHHOCTeH.
3’scyiiTe, UM € MOKJIMBICTD BiJIbHO TWiA’iXaTH MOKEKHOMY aBTOMOO1JIIO
Ha TaKy BiJicTaHb [0 BAIIIOT0 YX CYCiAHBOT'O OYAMHKY. 3pO0iTH BUCHOBKH.

699. AH — mnepreHauKyJaap Ao mwiomuuau TpukyTauka ABC, AB = AC. [oBeniTs,

o moxwiti HB i HC 3 IIOIUHOI JaHOTO TPUKYTHUKA YTBOPIOIOTH PiBHI KYTH.
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700.

701.

702.

703.

704.

705.

706.

707.

708.

709.

710.

711.

712,

TLnomuua f npoxoauTts uepes Bepiiuau B i D pom6a ABCD. loBeaiTs, 1110
upsimi AB, CB, AD i CD yTBOpIOIOTH 3 IJIOIUHOWI [ piBHI KyTH.

3 oxHiei TOYKM MO NJOIMIMHU TpPoBemeHO ABi piBHI moxwmiri. Kyt mimxk
Humu 60°, a Mixk ixHiMu npoekiigmu 90°. SHAUAITE KYTH MiK IOXUJINMUI
i ILJIOIMIMHOIO.

3 TOUKU, BigmaJsieHol Bim maomiuHM Ha 8 IM, IIPOBeNEeHO ABi MOXMJi mifm
KyTamu 45° 1o miomuan. SHAHAITE BilcTaHb MisK IXHIMU OCHOBaMU, SIKIIO
KYT MiK mpoexiiamu moxuaux 120°.

Cropona kBaapata ABCD popiBHioe 6 cM, Touka M 3HaXOOUTHLCA Ha Bif-
cradi 6 cM Big KOKHOI 3 Horo BepminH. SHaAWIITh KyT MixK mpsamoro MA
i mJIOIIMHOIO KBajapara.

CropoHa piBHOCTOpPOHHBOTO TpUKyTHUKA ABC mopiBHIOE a, Touka M Bin-

. . 2 . .
AaJieHa Bl KOKHOL 3 MOI'0 BEPIIINH Ha g a. Hl,lI AKNMHA KyTaMM HaXUJIeH1

mapavi MA, MB i MC po miaomuuu Tpukytuuka ABC?
Tinorenysa piBHOGEAPEHOr0 IPAMOKYTHOTO TPUKYTHUKA ABC NOPiBHIOE C.
Yepes BepiiuHy npaMoro Kyra C 10 IJIOIIWHU TPUKYTHUKA IPOBEAEHO

. . c o .
nepueaaukyaap CK. Touka K Bigmanena Bix AB Ha . BHaligiTh KyTH,

AKi yrBopioioTh npsamMi AK i BK 3 MJIOIMMHOIO TPUKYTHUKA.

Tpukyruuxk ABC — piBHOOenpenunii, LA=120°, AP = a — ueplueHOu-
KYJIap, IPOBEIeHUN OO0 MJONMIMHYU TPUKYTHHKA. SHAUIITL BigcTaHb Bifm
Touku P mo cropoHu BC, aKImo npama BP yTBOPIOE 3 MJIOIMHOIO TPU-
KyTHHUKa KYT O.

Hamo gorpaumuuit Kyt 60°. Touxka A oxuiel fioro rpani Bigmanena Ha 12 cm
Bix mpyroi. 3HaiAIThL BiZcTaHb Big TOUKU A 40 pedpa HAaHOIr'o JBOTPAHHOIO
KyTa. 30

Y merasieBiii geTaJsii 3pobJeHo mas, momnepe-

YHUH 1epepis sKoro mae (popmy piBHOOGiIU- A

HOI Tpamerii (may. 254). 3a 3a3HaYeHUMU

Ha MaJIIOHKY pos3Mipamm (B Mijgimerpax) 201
00UYMCTiTh: a) KyTH HaXWUJay OiUYHUX Tpa-
Hel masa; 0) IJIOIY MOIIePeYHOr0 mepepisy
masa.

SHaANAITE KYT MiK IBOMA NIPAMUMIU, IEPIEeHINKYIIPHUMI 10 I'PAaHel 1BO-
rpaHHOI'0 KyTa, Mipa skoro mopisuamoe 100°.

Busnaute Mipy ABOrpaHHOTO KyTa, AKIIO TOYKAa, B3sdTa Ha OAHiN rpaHi,
BigmaseHa Bim peOpa BABiui mani, HizK Bif apyroi rpawxi.

Touka, B3ATa Bcepeauui gporpanuoro kyra 60°, BizgameHna Big 000x rpanei
Ha BifgcTaHb a. S3HAUIITH BiAcTaHb Bi TOUKU OO pedpa.

Ha oxwmiit rpami gBorpaHHOro KyTa B3STO OBi TOUKHU, IO BigmajeHi Bifm
peb6pa Ha 51 cm i 34 cm. Bigcramp Bif mepimoi TOYKM 4O APYToi rpaHi mo-
piBHIOE 15 cm. BusuauTe BimcTaHb Big Apyroi TOUKM A0 APYyroi rpaHi.

60

B C

Maux. 254
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713. Ai B — TtouKu Ha pebpi mpamoro asorpauuoro kyra; AC i BD — mepiieH-
IUKYJIAPHU 4O pedpa, MpoBeAeHi B pisuux rpanax. Busuaure Bigcraus CD,
akmo AB =6 cm, AC=3 cm i BD = 2 cwm.

714. Po3B’s:KiTh ToTepenHIO 3aJady, 3aMiHUBINU TPAMUIN ABOTPAHHUNE KYT
Kyrom 120° i B3aBmIn:

a) AB=AC = BD = a;
6) AB=3,AC =2, BD =1.

715. Bigpisku OA, OB, OC piBHi i momapHo mepneHInKyIApHi (guB. maja. 251).
3uangite Kytu Misk npamumu OA, OB, OC i miaomuuo aABC.

716. Y terpaenpi PABC PA = PB = PC = c. 3uaiigiTes Bigcrausb Big Touku P
no mwaomnuuu (ABC), akimio pedbpo PA yrBoprioe 3 momiuaoi (ABC) KyT o.

717. lamo mpaBuabuU Terpaeap ABCD (mai. 255). YcTaHOBITH BiATIOBiAHICTH
mixk Kyramu (1-4) Ta ix mipamu (A—[).

1 Kyt mixx AD i (ABC) A 90° D

2 Kyt mixx (ABC) i (ADC)

3 Kyt mix Bucoroio DO i (BCD)
4 Ryt mixx AC i BD B 60°

B arccos l
3

I' arccos —3
3

.1
arcsin —
a 3

Maui. 255

718. Touka P 3HaxoauTbCcs Ha BifcraHi a Bim ycix BepmmH KBaapata ABCD.
3HalgiTe Bigcradi Big Touku P oo IJIOMIMHN KBajpaTa i 4o Horo cTopix,
AKINO nmpamMa PA yTBOpIOe 3 ILIOIIMHOIO KBajapara KyT O.

719. Touxka M piBHOBigmaseHa Bif BepIINH NpaBUJIbHOTO TPUKyTHUKA ABC i Big-
IaJieHa BiJ ILIOIMWHYM TPUKYTHUKA Ha h. 3HAWIITHL Bigcramb Bim Touxu M
IO CTOPiH TPUKYTHUKA, AKIINO KyT Misk npamoio MA i miaomiuaoo (ABC)
JIIOPiBHIOE O!.

720. Touka mpoctopy M 3maxomuThbcsa Ha Bigcrami 20 cm Bim ycix Bepmimu
TpukyTHUKa ABC. 3HAWAiTh IEPUMETP TPUKYTHUKA, SAKINO HWOT0 IJIOIa
mopiBuioe 96 cm?, a mpsama MC yTBOPIOE 3 IJIOIUHOIO TPUKYTHUKA KyT 60°.

721. Bucora kpicen gutsuoi kapycemni 0,4 m (man. 256). .

Bonu poararioBaHi Ha JaHIorax 3aBIoB:KKHU 1,6 M,
110 IIPUKPIMJIeHi 1o MeTaJIeBOro KoJja pajaiyca 2 M.
Ilix yac pyxy Kapycesi MaKcuMaJibHE BiIXUJIEHHA
Kpiceus Bix oci cramoBuTh 45°. fAKoro paziycy ciin
CIIOPYAUTU 3arOPOKy HABKOJIO KapyceJsi, SIKII0 Bi-
IOMO, IO IO MIPAaIlI0UO0l Kapycesi He MOYKHa IIij-
XOIUTH OaMKue, HixK HaA 2 M?

Mau. 256
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722.

723.

724.

725.

726.

727.

728.

729.

730.

B ocHOBi npAMOKyTHOTO ITapaJeseninea JeKUTh KBaapaT. SHAWAITh 00’ eM
I[BOTO MapaJiesellinena, SKIo Moro AiaroHaab JOPiBHIOE d i YTBOPIOE 3 IIJIO-
IIIUHOIO OCHOBU KyT [3.

JiaroHaysb IpAMOKYTHOTO IlapaJeJelrinieia TOpiBHIOE [ i yTBOpIOE 3 ILIO-
IITUHOI OCHOBU KYT O, a 3 IJIOIINHOI0 OiuHol rpani KyT . 3HalaiTh 00’ eM
mapaJjesenimenaa.

Kinmi Bigpiska AB, fKi jexaTh y MepHeHAUKYJISAPHUX ILUIOMUHAX o i [,
Bigmaseni Bix Jaimiil meperuny maormmuH ¢ Ha 15 cm i 6 cM, a Bigcramp Mimxk
OCHOBaMU IEPHEHAUKYJIAPIB, IPOBEJEHNUX 3 IIUX TOUOK 0 MPAMOI ¢, IO-
piBHIOE 8 cM. 3HAUIITEL JOBKUHY Bimpiska AB Ta KyTH, AKi el Bigpisok
YTBOPIOE 3 IIomuHamMu o i f.

Kiuni Bigpiska AB sexarh y NepHeHIUKYJIAPHAX IIOMMHAX O 1 B. 3HAli-
IiTh BiZicTaHb Mi’K OCHOBAMU IEePIEHANUKYISAPiB, IPOBeAeHUX 3 TOUOK A i B
Io JiHil mepeTHHY ILIOIINH, AKIIO JOBXKMHA Bigpiska AB mopiBHIOE a i Bin
yTBOpIOE 3 mioiruHamMu o i B kyTu 30° i 45°,

Bucora i 6iuna cropoua Tparmnerii gopiBH0OTh BigmoBigao 12 cm i 15 cm,
a JiaromaJp NepHneHAUKyJAApHA A0 6iunol cropouu. Ilpami, AKi mpoxoaaTs
yepe3 BePIIWHU TPAaIellil Ta JeAKy TOURY M, yTBOPIOIOTH 3 TJIOIMHOIO
Tpamelii kytu 45°. 3HaiAiTL BigcTa®mb Big TouKu M [0 IJIOIUHY TpameIrii.
Touka mpocropy P Binmanena Bix BepiruH Tpamenii ABCD Ha 4 cMm. 3Haii-
OiTh KyTH, AKi YTBOPIOIOTH 3 ILJIOIIMHOIO Tpamellii mpami, 1Mo IpoxXogaTh
yepesd TOuKy P i BepmimHU Tparmerlii, axkimo ZA =60°, AC=23 cm.

Y rpurkytaury ABC AB = BC = a, ZC=30°. MB — mnepueHIUKYJIpP 10

IJIOIIMHY TPUKYTHUKA, MB=a"/2. 3HaUAITh KyT Misk mpamoro AM Ta
myomuuoio (MBC).

CK — mnepnesgukyaap no miaomuuau TpukyTauka ABC, y akoro AC = BC,
3
ZC=120°. IIpama AK ytBopioe 3 miaomuaon (ABC) KyT o, cosaz%.

SHAUOITh KYT, AKul yTBOpIoe npama AK 3 miaomuaoo (KCB).

3 oAHiel TOUKM IIPOBENEHO OO0 ILJIONIMHU ABi IOXWJi, IIPOEKIii AKuUX mI0-
piBHIOIOTH 4,5 M i 1,5 M. 3HAUAITH JOBKUHN HOXUINX, AKIIO OJHA 3 HUX
YTBOPIOE 3 ILJIOIIUHOI0 KYT, YABiUi GiibIniuii, HisK Apyra.

731. ABCDA,B,C,D, — ky6. 3HaliiTh Mipy ABOTpaHHOTO KyTa 3 rpauavu AC,B

732.

733.

734.

ta AC,D.

Y rterpaenpi ABCD pebpa AB, AC i AD monapHO IepHeHInKYJIAPHL i piB-
Hi. 3HAUAITH Mipu oro ABOrpaHHUX KyTiB npu pedpax BC, CD, BD.
Kinmi Bigpiska JiesxkaTh Ha rpaHax MPAMOTO IBO- 50 u

rpaHHOTO KyTa i BimgmaJseHi Bim iioro pedpa Ha R e —
12 cm i 16 cm. SHalgiThL BiZCTaHb Bix maHOrO
BifipidKa 10 pebOpa ABOTPAHHOIO KyTa.

Hia mosinmieHHA 3eMeJb i MigBUITEeHHA POIIO-
YOCTi I'PYHTIB 3 HECHPUATIUBUM BOJHUM PEIKIU-
MOM CTBOPIOIOTH CIIEeIliaJibHi IipoTexHiuHi cIIo-
pyau — KaHaau pisaoi ¢popmu. Ha mamoury 257 Mau. 257
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300pasKeHo Iepepis KamaJy, 1o mMae (popMy ABOIPAHHOTO KyTa. SHAUTITH
JiHIAHUN KyT IIHOTO JBOTPAHHOTO KyTa, AKIIO IITUPUHA BoAU B KaHai 50 M,
a raubuHa — 5 M.

735. Ba:KInBOIO XapaKTEPUCTUKOIO IIiJ dYac 50 M
OyaiBHMIITBA KaHaJiB € rigpaBiiuHmii
pazniyc (R) — BeamuwmHa, IO AOPiBHIOE
BiTHOIITEHHIO TJIOIIi TOTOKY (IIOIIEPEUHOTO _
mepepisy KaHaay) 10 3MOUYEHOTrO ImepuMe- ==
Tpa. Ha maoHKY 258 300paskeHo mmepepis — _ / 5m
KaHaJly 3 IBOMA IBOTPAHHUMU KyTaMW, e
KOKeH 3 AKUX gopiBHoe 135°. 3HaAUIiTH
rigpaBIivHHUi pafiyc KaHATy. Mau. 258

736%. 3 oxHiel TOUKM IPOBEAEHO M0 ILJIOIIMHY ABi MOXWUJIl, JOBKUHA AKUX 3 CM
i 8 cM. 3HANAITE TPOEKILil MOXUINX HA ITI0 ILIOIUHY, AKIIO PiBHUILA KYTiB,
YTBOPEHUX MOXUJINMHU 3 IJIOIMHOI0, JopiBHIOE 60°.

737. Ycipebpa yoTupuKyTHOI mipamigu piBHi. 3HAHAITE KyT MisK 6iuHUM peGpoM
1 MJIOIITMHOIO OCHOBU.

738. Hauo nnomuuey ® i mpamy AB, BigganeHny Big Hei Ha Bimcrasb a. Uepes
TOUKY A IPOBENEHO IMPAMi, IepHeHAUKYIAPHi 10 AB, AKi yTBOPIOIOTH 3 Ia-
HOIO ILTOMMHOI0 KyTu 45° i 30° Ta mepeTMHAIOTH I[f0 ILJIOMINHY B TOUKAX
P i @. 3uaiigite noBKUHY Bigpiska PQ.

739%. Y nmpaBuUJbHiNM TPUKYTHiN mipamiai 3amaHno KyTu: 0 — KyT HaXUJIy 6iUHOTO
pebpa [0 IJIOIMHYM OCHOBHU, [ — KyT HaxmJy OiuHOI rpaHi A0 MJIOIIUHU
OCHOBHU i & — ABOTPaHHUN KyT mpu OGiuHomy pebpi. JoBemiTh, 10 MAIOThH
micme opmyanm:

A
v

1 2 b
tgoa=—t sin 3 =—=cos —
go=_tgh § 73 %3
740%. YV npaBUIbHIN YOTHPUKYTHIN mipaMmifi sagaHo KyTH: O — KYT HAXUIY
6iunoro pe6pa [0 IJIOMIMHU OCHOBW, 3 — KyT Haxwuay OiuHOi rpaHi mo

ILIOIMHY OCHOBU i & — ABOrpaHHMI KyT npu GiuHomy pebpi. oBeniTsb,
10 MalOTh Miciie (hOpPMYyJIu:

tgoczitg[i sin|3:x/§cosé
J2 2

741*, Yepes ABi TOUuKH, AKi JeskaTh y JaHIM ILJIOIMKWHI HA BigcTaHi a, mpoBeme-
HO IIapaJjejbHi MOXuJji mig Kyrom 45° mo miomuuu. BusHauTe BimcTaub
MiK HMMM, AKIIO BificTaHb MiK IXHiMM IpOeKIisMU Ha OaHy ILIOIIUHY
mopiBHIOE b.

742%. Y mpocTopi maHO TPpU HOIapHO MUMOOiLKHI mpami. Uepes ogHY 3 HUX
MIPOBEeNiTh ILIOIUHY TaK, 11100 iHImi aABi mpami Oysu 10 Hel 0JHAKOBO Ha-
XUJIeHi.

743%. Y npoctopi maHO IJIOIMUHY O i 1Bi Touku A i B. 3HaAWAIiTh TeOMeTpUUHE
Miciie ToUuoK P maomimHu O, A AKuX npami AP i BP yTBOPIOIOTH 3 ILJIO-
IIUHOIO O PiBHI KyTH.



Poapgin 3. MepneHanKynsapHicTb NPAMUX i NNOWMH Y NPOCTOPI

3AJJ,A‘-II A9 NOBTOPEHHYA

744. TIpsma a JeXuTh y ILIOIMIUHI o, a npsama b L a. Bigcranp Bifg Toukum M
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(Meb) no IJIOIIIMHYU O TOPiBHIOE 4 c¢M, a J0 ONpAMOi a — 5 cMm. 3HAUIITE

BimcTaHp MisK mpamMumu a i b.

745. ABCD — npasuabHuii Terpaenp 3 pedbpom a. Yepes mentp O ocuosu ABC
IpPOBeIeHO ILJIOIINHY, dKa napaJeabua BC i meperunae peopo AD y Tou-
mi M. ¥V AKuX MeKax MOKYTh 3MiHIOBATHCS IIEPUMET] i IJI0II[a YTBOPEHOTO
mepepisy 3ajie;KHO Bif mosokeHHs Touku M Ha pebpi AB?

746. Kopucrymouuch TabanIEIo, IIepepaxyiTe BCi MOMKINBI BUIIAAKN PO3TAIIIY-
BaHHA NPAMUX i IJIOIMWH y OPOCTOPi, chopMy IIOiTe 1X HaWBaKJIMBIiImIi

BJIACTUBOCTI.
IIpama IIpama IInomuna
i mpama i mromu=Ha i mromu=aa
Hapanexs- | O g|b 4 O q|B a O ollp
i 4N S 4 S
Ilepnienmu-
KYJAPHICTH
IHuri
BUIIAKU

O (RyT MixK mps-
MUMH)

O (MuMOOiKHi
IpsAMi)

O (RyT MixK mpsd-
MOIO Ta TLJIOIIH-
Hoto) T' T

O (RyT Mix mIO-
IUHAMHN)

Tyt O — o3HaueHHdA, T — Teopema.
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3ALAYI 3A TOTOBUMW MAJIIOHKAMU

ABCDA,B,C,D, — ry0

SHAUMITh KYT MisK OPAMUMMU:

‘ AB = BC
: losenite: BN L AC

1) AB, i CD; B, . N
2) AB, i BC; g '
3) AB, i BC,. “Aif—+—D,
P B H c

A D A
AO 1o ABCD — mapaJesiorpam,
BO:0C=5:8 MO L(ABC), AB = 24 cwm,
AM M §AD=4OCM,MO=80M

! MK; ML
J1/| \2o | B_MN_

2161 :
é !!0 l :

e} C E

ocB M :

/

|

K D

/

A

AB = BC = AC = 8 cm; POL(ABC)
PM; PC

P

S = l—=="

M

BM 1 o; O — 1meHTp KoJa,

- BumcaHoro y A ABC
: ON

B

9

2
A< O

M
oclO @

AB =10; ZACB=90° AC = BC
Zo

. AD||BC, AB: BC=3:1,
. AA,||BB, | CC,| DD,

© AA Lo, AA, =11 cu,

. BB, = 21 cm, CC, = 23 cm
: DD,

C
B >0
B, G
A
D,
o Af
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CO LB; ZACB=90%
AC = 15; CB = 20; CO = 6

2o,

éKyTMi}KOﬂiB

" AB = 25; A,B, = 24; AA, 1 A,B;
. BB, LA,B,

BO 1P, AB = BC = AC;

Z0MB=60°

Z0AB; Z0OCB

BO 1B; S,z =48 cm?;
“AC =14 cm; AO =16 cm

ZAOB=ZA0C =60°

£ZBOC =90°

Kyr mix OA i (BOC)

A

(0]

B

C

ABCD — mnpaBUJILHUN TeTpaenp;

AC=a

' ABCDA,B,C,D, — &y6;

Bigcrans misk AD i BC

D

¢

:AB =8 cm
: Bigcrams mixk AB i B,D
B,
I
Al i ‘\‘
1 ‘\
1 AY
1 AY
: ‘\
i \
H \
B N
P \
’/ \\
AY
Al :
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TECTOBI 3ABOAHHS 3

[
=]

IMawso Tpu pisHi miomuuan o, B, yv: o Lp,
BLy. fIxe B3aeMHe po3TalIyBaHHSA ILJIO-
muH o i B?

Hamo b Lo, bl|lc. ke B3aecmHe posTarry-
BaHHSA IJIOMIUHYU O i mpAMoi ¢?

Hawmo Ky6 ABCDA,B,C,D,. fIka 3 mio-
IIIUH He MEepHeHANKYJIApHA A0 ILIONIUHU
(AA,C)?

SA — meprneHINKYJIAP A0 ILJIOMINHYN poM0Oa
ABCD, O — TouKa IIepeTHuHY #Horo miaro-
HaJiel. YcTaHOBiTH Buj TpukyTHUKa SOD.

IlepnieHquKyJIAP, TPOBEeAEeHUN 3 TOUYKH,
PiBHOBifIasIeHOI Bi/f BEPIIIMH TPUKYTHUKA,
IO TIJIOIIUHU ITHOTO TPUKYTHUKA, ITPOXO-
IUTH yepes:

IlepuierquKyiaAp, TpPoOBeAeHU 3 TOUKH,
piBHOBiAmaIeHOI BiJl CTOPiH TPUKYTHUKA,
IO TIJIOIIWHU ITHOTO TPUKYTHUKA, ITPOXO-
IUTDH Uepes:

M i M, — cepenunu pebep CD i C;D, kyba
ABCDA,B,C,D,. 3HaiifiTe BiicTanb Mix
npamvumu AB, i MM,, axmo AB = 2a.

OpTOroHAIHLHOIO IPOEKITIEI0 TPUKYTHUKA,
ILJIOIIA AKOr0 8 cM?, € pIBHOCTOPOHHIN TpH-
KYTHUK 31 cTOPOHOIO 4 cM. S3HAUIITH KYT
MiK ILIONTMHAMUY TPUKYTHUKIB.

M — cepenuna pebpa BC mpaBUILHOI'O
Terpaenpa ABCD. KyTom MiK IIJIOITMHAMU
(ABC) i (DBC) € kyT:

IIpaBuabpuuii TpukyTHuK ABM i KBagpart
ABCD wmamwTh cuijyibHy cTOpoHy AB, a ix
IJIONIUMHY IMePHNeHAUKYIApHi. SHAUIITH
ZMAD.

a) IlapamenbHi; 6) mepeTwHa-
IOThCS, ajie He MePIeHANKY-
JISIPHi; B) NEepPHeHAUKYJISAPHI;
r) yci Bigmosizi a)—s).

a) IlapamenbHi; 0) mepIieH-
IOUKYJIAPHi; B) IMeprneHau-
KyJapHi abo mmapaJjesbHi;
I) iHIIa BiAIOBiAb.

a) (BDD,);
B) (BCC,);

6) (ABC);
r) (A,B,C)).

a) I'ocTporyTHUIi; 0) mpH-
MOKYTHWI; B) TYIOKYTHWII;
I') He MOJKHa BCTAHOBUTH.

a) IEHTP BIIMCAHOTO KOJIa;
0) IIeHTP OIMCAHOTrO KOJIa;
B) TOUKY IIEPEeTHUHY Me[iaH;
I') TOUKY IIEPETUHY BUCOT.

a) IIeHTP BIIMCAHOTO KO0JIA;
0) IIeHTP OIIMCAHOTO KOJa;
B) TOUKY IIEPEeTHHY Me[iaH;
I') TOUKY IIEPETUHY BUCOT.

a) 2a; 0) 2a~/2;
B) a\/g; T) a3.
a) 30°; 6) 60°;

B) 45°; r) 150°.
a) LACD; 0) £DMA;
B) £DBA; r) LADM.

a) 60°; 6) 90°; B) 120°;
') He MOJKHa BCTAHOBUTH.
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Tunosi 3AQAYI OJ151 KOHTPOJIbHOT POBOTU

1°.

2°,

3°.

4°,

Pebpo mpaBuabHoro terpaeapa ABCD popiBHIOE a. S3HAWAITH MEePUMETP
i oIy mepepisy TeTpaenpa ILJIOIUHOI0, SKa MPOXOIUTEL uepes pedpo AC
epneHauKyaApHO 10 BD.

Touka A BigmaseHa Bij rpaHeil IpsAMOro IBOTPAHHOIO KyTa HA 3 AM i 4 1M.
3HaAITh BificTaHb Big TOUuKM A 10 pebpa ABOrPAHHOIO KyTa.

3 TOUKU, IO 3HAXOAUTHLCA Ha BifcTaHi 12 cMm Big miaomimuM, IpPOBemeHO
IO Iriel maomumHM ABI moxmii, KyT Mimk axuMu 90°. S3HAWAITE KyT MixK
MPOEKIiAMY HMOXUJINX, AKi mopiBHIOIOTE 9 cMm i 16 cMm.

Tinorenyza mpaMoKyTHOTO TpuKyTHUKA AOopiBHIOE 10 cMm. Touka M 3HaAXO-
IuThcA Ha BigcraHi 13 cM Big KoskHOI fioro BepInuHU. 3HAUAITH BicTaHb
Big Touku M [0 IJIOIWHYN TPUKYTHUKA.

5°.

6°.

7°.

8°.

OcHoBu Tparertii fopiBHOIOTE 12 cM i 20 cvm. Uepes 6iyibITy OCHOBY Tparelrii
IpPOBeAEHO ILIOIINHY O, Ha Bimcrami 16 cM Bim mMeHIIOI ocHOBU. SHAHTITH
BiZicTaHb BiJf TOUKU IIEePETUHY AiaroHaJiell Tparelrii g0 IJIOIMUHA O.

Y rerpaenpi ABCD AB = BC, ZDBC=/ZDBA. [osezits, mo AC 1 DB.

Kinmi Bispiska AB, moBKUHA AKOr0o 24 cM, HaJeKaTh IJIOIMHAM O i [,
o L B. Bimcrans MisK ocHOBaMU MEePHEHAUKYJSPIB, MPOBEIEHUX 3 TOUOK
A i B o JgiHii mepeTUHY IJIOIINH, HopiBHIoe 12 cMm. 3HAHAITH KyT, KU
npsamva AB yTBOPIOE 3 ILIOIMHOIO O, SKIIO 3 IJIOIIWHOO [3 BOHA YTBOPIOE
Kyt 30°.

Croponmu mpsaMoKyTHHUKa 2 cM i 6 cm. MeHIIa cTopoHa IPAMOKYTHHKA
JIeJKUTDH y ILIOIIWHI O, a Horo AiaroHaJ b yTBOPIOE 3 O KyT 60°. 3HAHAITH
KYT Mi)X IUIOIIWHOIO IPAMOKYTHUKA 1 IIJIOIIMHOIO O.

9°°. Bucoru terpaeapa ABCD, nposeneHni 3 Bepmiud A i D, mepeTuHAIOTHCA.

Hosexmits, o AD 1| BC.

10°°. Pe6po ky6a ABCDA,B,C,D, nopisutoe a, M — cepeauna BB,. 3uaiimits

KyT i Bixcranp Misk npamumu AB, i DM.



FonoBHe B po3aini 3

1. Kyr misk mpamumun. Kyt Mi’K gBOMa IpAMUMH, IO MEPETUHAIOTHCT, —
He HaWOiJIBIINI 3 yTBOPEHUX HUMU YOTUPHOX KYTiB (Masi. 259). KyT Mixk mapasieis-
HuUMU npaMumu nopisHioe 0°. KyroMm Misk MUMOOiISKHMMU PAMUMH HAa3WBAaIOTh
KYT MiK IPAMHMH, 110 IePEeTUHAIOTHCA i mapaiesibHi fanuM npavmuM (mai. 260).

2. JIBi mpAMi Ha3WBAIOTH MEPIEHAUKYITIPHUMM, AKIO KYT MisK HUMHU ITOPiB-
HiIoe 90° (maui. 260). AKIimo mpaMa nepueHAUKYJIApHAa 10 OAHiel 3 mapajeJbHUX
OpAMUX, TO BOHA MEePHEeHIUKYJIAPHA i ;o apyroi npamoi (maux. 261).

By ¢,
A, i
a2
b |
R B C
o a
A“ D
Maug. 259 Maun. 260 Mau. 261

3. IIpamMy HasMBaAIOTh MEePHEHAUKYJISIPHOIO T0 ILJIOU[MHU, SKIIIO BOHA mepe-
THHAE II0 IJIOIUHY i IepIeHAUKYJASpPHA T0 OyAb-AKOI HIPAMOI, IO JIEKUTH
y ILJIOMIMHI i IPOXOAUTH Uepes3 TOUKY IepeTuHy (o3HaueHHs) (Maj. 262). dxio
npsaMa IepeTUHAE IJIOMINHY i IepIeHInKYJIIPHA 0 IBOX Pi3HMX ONpAMUX Iriel
IJIOIIMHU, IO IIPOXOAATH Uepe3 TOUKY MePeTUHY, TO BOHA MEPIEeHAUKYJIApHAa
i mo miomuHY (0O3HAKA MEePHEeHAUKYIAPHOCTI IPAMOI i IIJIOIIMHM).

4. Sk1mo ogHA 3 IBOX MapaJieIbHUX IPAMUX MEePIeHANKYJIAPHA 0 ILJIOITUHH,
TO 1 Apyra mpAMa NepueHAnKYyJIApHa A0 Hel. I[Bi mpami, nepneHAUKYJIAPHI 0
onHiel momuHM, napajeabHi (Maa. 263). IlepneHINKYIAPOM, OIIYIIIEHUM 3 J1a-
HOI TOUKMY Ha JaHY ILJIOIUHY, Ha3UBAKOTh BiIPi30OK NPAMOIl, IEePIEeHINKYIIPHOL
0 TJIOMIUHU, IO MICTHUTBHCSI Mi)K JAHOIO TOYKOIO i IIJIOITMHOO.

5. IIpama, aKa JIEeKUTH y IJIOIIUHI, MEePHeHIUKYJIIPHA A0 MOXUJOI TOZIL
i TinpKM TOAi, KOJIM BOHA IEPIEHIUKYJIIPHA A0 HPOeKIlil moxmioi (Teopema
IIPO TPU MEePIeHAUKYIApu) (Maa. 264).

| | c

Mau. 262 Mau. 263 Mau. 264

6. Kyrom Mik mpsaMor0 i IUIOIIMHOI0 HA3WBAIOTh KYT MisK mpamoro i ii mpo-
eKIlier0 Ha IIONUHY. FKINo mpsiMa mapajeibHa (MepHeHIuKyIApHa) IIOIUHI,
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TO KyT Misk HuMU AopiBHioe 0° (90°) (mas. 265). Kyrom misk mionmimHamMu Ha3u-
BaIOTh KYT MiK MPAMUMH, IPOBEIEHNMY B IIUX TJIOMUHAX MEPIEHAUKYIAPHO 10
aiuii ix mepetuny (Maj. 266). Kyt mik mapajesbHUMY MIONTMHAMY qOopiBHIOE 0°.

7. [IBi mJIOIMMHY HA3WBAIOTh MEPHEHAUKYIIPHUMM, AKII0 KYT MiK HUMU
nopiBuioe 90° (masa. 267). SKII0 ogHA 3 ABOX IIJIOIIMH HNPOXOAUTHL Uepes Ipsi-
MYy, IePIeHANUKYIAPHY J0 APYTroi, TO TaKi MJIOIIWHY IePIeHNKYIAPHI (0O3HaKa
MEePIeHAUKYJIAPHOCTI TJIONNH).

m
P
B
C
/[ N
o b P — 4 D
n o NK . Y B i
= o/ NNk
« \ \V
Maui. 265 Maui. 266 Maua. 267

8. JIBorpaHHMM KyTOM HA3WMBAIOTh YACTUHY IIPOCTOPY, OOMEKeHy JBOMA IIiB-
IJIOIITMHAMU, SKi BUXOIATEL 3 OAHiel mpamoi. @irypy, yTBopeHy ABOMA MiBILIO-
IUHAMMY 3i CIiJIBHOIO IIPAMOIO, IO iX 00MEXKY€E, TAKOK Ha3UBAIOTh JBOTPAHHUM
KyroMm. KyT, yTBopeHUII IMepPeTUHOM ABOTPAHHOTO KyTa 3 IJIOIIUHOIO, TIePIIeH/IN-
KYJIAPHOIO 10 oro pebpa, Ha3uBalOTh JiHIMHNM KYTOM JAHOI'0 BOIPDAHHOr0 KyTa.

9. IIpoekTyBaHHA HA3WBAIOTHh NMPAMOKYTHHUM, a00 OPTOTOHAJIBHUM, AKIIIO
MPOEKTYIOUi IPAMI HepIeHANKYISPHI 10 ILJIOMINHY IPOoeKIii (ma. 268). KImo
S i.S,, — molIli MHOrOKYTHHKA i HOT0 OPTOTOHAJIBHOI MPOEKIil, a KyT Mix IX
ILJIOIUHAMH @, To S, = S cos ¢ (max. 269).

A

B m
A C M n

| ] e

sl | L “
Ar B m, N
o 1 Cl L 1

Mai. 268 Maxa. 269

10. Bizcrams Big TOUKM [0 IPAMOI JOPiBHIOE JOBXKUHI IIEPHEHIUKYJIAPA, OITY-
IIIeHOr'0 3 JJaHOI TOUKU Ha IPAMY, a A0 IJIOIMHU — JOBXKUHI HepIeHInKYyJIapa,
OMYIIIEHOTO 3 JaHOI TOUKHM Ha ILIOMINHY. BifcTanb MiK IIPSIMOIO i TapaaeabHOIO 1
IJIOIITUHOIO TOPiBHIOE NOBKUHI IEePIEHANKYJISIPA, OIMYIIEHOTO 3 OyAb-IKOI TOUKH
TpAMOI Ha AaHy ILIOIMUHY. BifcTans Midk mapajie TbHUMY IPAMUMUY TOPiBHIOE J10-
BYKUHI IepIeHINKYIApa, OIIYIIeHoro 3 0y Ib-IKO0l TOUKM OAHiel IIpsAMOl Ha ApYTy,
a Mi’K JBOMAa MUMOOIXKHIMHU IIPIMUMA — JOBXKUHI X CIILILHOTO IEePIeHIUKYIIpa.
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Bacunb EPMAKOB
(1845-1922)

3acny>keHuvi npogpecop

KuniBCcbKOro yHiBepcuteTty

cB. Bonoanmumpa (1890). lNepLuvim
cepes BITYN3HSIHUX MaTeMaTuKiB
pPO3pP006JIIB reOMETPUHHNI HAMPsSIM
TEOopIii BEKTOPHOIrO YAC/IEHHS. ABTOP _
«Teopii BEKTOPHOIr0 yncneHHs» (1887)
i «“/AHaniTn4HoOI reometpii» (1899). ST
3aCHOBHUK HayKOBO-rOMY/ISPHOMrO o
XypHasy «KypHas e/leMeHTapHOI
marematvku» (1884). OguH 3 opraHi-
3aropiB KniBCcbkoro @isnko-

marematundHoro tosapuctsea (1899).

_@_ . .

1855 1865

NEpmAH BEnb
(1885-1955)

BuinatHuii HiMeLbKui i aMepuKaH-
CbKUVi Martematuk, Qiavk i piriocod.
OCHOBHI HayKOBI MpaLji CTOCYITb-
__ ca anrebpu, maTtemMaTu4HOI J10riku,
- Teopii ynces, OCHOB MaremMaTuKu,

TPUFOHOMETPUYHUX PSAIB, TEOPIT
' QYHKUIN, anpepeHLiasibHUX PIBHSIHb.
;‘ 3anporioHyBaB y3arasibHeHW no-
’. 7154 Ha BEKTOP SIK €JIEMEHT BEKTOP -
& HOIO MIPOCTOPY, LLO ONUCYETLCS Bil-

roBiAaHo cucTeMoro akciom (1918).




Po3nin 4

KoopavHaTtu,
reoMeTpuYdHiI
nepeTBOpPEHHS Ta
BEKTOpPM Y NPOCTOPI

Chapter 4

Coordinates,
Geometric
Transformations and
Vectors In Space

LlikaBuin i LOBrMI LLUASGX NPOVLLIN Y CBOEMY PO3BUTKY KOOPANHATU, BEKTOPU
i reoOMeTpUYHi NepeTBOPEHHS Yy NpocTopi. CbOroHi Li BaxnvBi po3ai-

1 MaTemMaTtuku, o6’egHaHi CrilbHOK HA3BOIO «aHasiTUYHa reoMeTpIs»,
BMBYAOTbCH Y BCiX BULLIMX | CEPELHIX TEXHIYHUX 3akiagax i Ha MaTemMaTny-
HUX pakynbTeTax KAACUYHUX i NearoriYHnX yHiBEpCUTETIB.

KoopanHaTHW | BEKTOPHMI METOAMN, a TAKOX METOA, FreOMETPUYHUX NMepe-
TBOPEHb 0al0Tb 3MOry PO3B’A3yBaTU LUMPOKUI Knac 3a4ad, 30Kkpema asnre-
OpalyHi 3aa4i 3a 4OMNOMOrol0 reoMeTpil, a reoMeTPUYHi — 3a JONOMOIrol0
anredpu. Ha ocHOBI LiMX MeToAiB AOBOAATbL CKNadHi TBEPAKEHHS 3 Pi3-
HUX PO34iNiB MaTeEMaATUKU Ta PO3B’A3YI0Tb 3a4adi, Ki iHLWMMU MeToaamMu
pPO3B’a3aTu HAATO BaXKO Y/ 30BCIM HEMOXJINBO.

§17

npﬂMOKyTHa cucrtema
KoopAauHart

§ 23

CkangpHuii oOoOYyTOK BEKTO-
piB. KyT mi>k BekTopamu

§18

Mogpain Bigpi3ka
B 3a4aHOMY BigHOLUEHHI

§24

3acTocyBaHHS
BEKTOpPIB

§19

PiBHaHHS cdepn,
NJIOLMHU Ta NPAMOT

§25

FeomeTpunyHi nepeTBo-
pPeHHs y npocTopi

§ 20 3acTocyBaHHS § 26 CumerTpia BigHOCHO
KoopAauHat naowuHumn
MapanenbHe
§ 2 1 BekTopu y npocTopi § 27 ne:))eHeceHHﬂ

§ 22

AiTHag BeKTOpamum

Habuarornun npoexin

«KoopanHaTHWUM i BEKTOPHUA meToA»



Exkonoris

BuBYeHHA B3aEMOL,T XXNBOT | HEXMBOT NPUPOAN.

/Mo,u,emosaHHﬂ Hacnigkie /CTBOpeHHﬂ Ta OOCNIAXEHHS
NPUPOLHUX KaTaKﬂiSMiB/ NPUPOLHO-NPOMUCIIOBUX
CUCTEM

/ BumiptoBaHHga Ta aHania
napamMmeTpiB HABKOJINLIHbLOIO %
cepenosuLLa / \

85%

W 5%

95% 66% 9% 8% %

MATEMATUKA
B MOI NPODECIT
v

NEOQE3IA

vewdalola — noain 3aemni

/BVI3Ha‘-IeHHFI dopmu, ﬁ'lo6y,u.osa Mepex ﬂnorpacbi'-me 3HiMaH-

po3MipiB i rpasiTauin- MYHKTIB 3 EQNHOIO HS, CTBOPEHHY nane-

HOro NoNs NNaHeTu CMCTEMOIO MPOCTOPO- pPOBUX Ta LNPPOBUX
3emns / BUX KOOpAuHaT nnaaHie i kapT /




§ 17 Eg):;n;::;:a cuctemMa

MicmenosnoskeHHA TOYOK Ha IJOMIMHI UM Y IPOCTOPi 3ajal0Th KOOPAUHATA-
Mu. 3 IIi€0 MeTOI BUKOPUCTOBYIOTH Pi3Hi cucTeMu KoopAauHat. ¥ (Qisuii, o6
omucaTu pyx TijJ, 3aal0Th TPU IPOCTOPOBI KOOPAMHATHU i AOZATKOBE YMCJIO,
SAKUM BUMIipOEThCSA yac. B acTpoHOMIi 3a [OMOMOT0OI0 KOOPAMHAT BU3HAUYAIOTH
MOJIOKEeHHA 3ip Ha Hebocxmii. ¥ reorpadii mososKeHHA Ha MiCIleBOCTi BuU3HA-
YaloTh TPhOMAa YUCJAMH: IITUPOTOI0, JOBrOTOIO i BHMCOTOIO HAJ PiBHEM MOpS
(man. 270). Hanpukian, HaliBuilia BepinHa Y Kpaincbkux Kapmar i HafiBuma
Touka Ykpainu — ropa I'osépaa (mas. 271) — mae xkoopaunaTu 48°09’38” . 1.,
24°30°11” cx. ng., a HaiiBuIa il Bucora Haj pisHeM mopa — 2061 m.

Teozpagiuni koopOunamu:

ITnowuna

Ilapanenv exeamopa

ITupoma — o

Hoszoma — P Exeamop

Mau. 270

Mau. 271
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CnernianbHi cucTeMU KOOPAUHAT BUKOPUCTOBYIOTH Y MEIUUHUX JTOCTi I3KeHHIX
¥ arpapHiii HayIi, y TpoMuCI0OBOCTI Ta reoesii. KoopamuaTu MmiciiesHaxom:KeH-
Hs aBTOMOOiJIiB, KOpalJIiB, JiTakiB BU3HAUYAIOTH 34 JOIIOMOIOI0 CyYacHUX HaBi-

ramifHux TpuiMauisb.

IIpamMoKyTHaA cucTeMa KOOpAMHAT Ha
IJIOIWHI poaradmanachk y momepegHix
KJIacaxX. AHaJIOTiuHy cucTeMy KOOpPAUHAT
MO’KHA BBECTH i JJIsI IIPOCTOPY.

Hexail x, y, z — Tpu momapHO Iep-
NeHUKYJIAPHI KOOPAWHATHI mpAMi, AKi
nepeTuHawThea B Touri O (main. 272).
Hassemo ix koopdunHamHumu ocamu:
«Bich X», «Bich y», «Bich 2». Abo BixmO-
BimHO: Bichk abcyuc, Bick opduHam i Bich
anaikam.

Tourka O — novamok koopdurnam. Kox-
Ha Bichk Toukoio O po30MBaEThCA HaA OBi
miBoci — momaTHy, IIO3HAUYEHY CTPLIKOIO,
iBig’emny. IL1omuan, SKi IPOXOAATH Ue-
pesocixiy,x1iz,yiz, — KoopamHATHI
niomuau. Ilo3sHaAUaTh iX BiATOBiAHO:
xy, xz i yz. KoopanHaTHI TIJIOMIUHA PO3-
OMBaIOTh IPOCTIP HA 8 okmanmia.

Sxio 3agaHo Taky cucteMy KOOPAU-
HaT, KOXKHI TOUIli MPOCTOPY MOKHA MO-
CTaBUTH Y BiIIOBiTHICTH €TUHY BIOPSAI-
KOBaHY TPiNKy AiliCHUX YmrCeJ, a KOXKHIN
TPiNIi Yncesa — €IUWHY TOUYKY.

Hexait rano Ttouky A. OnycTumo 3 Hel
Ha IJIOIIUHYU Y2, X2, XY NePIeHANKYIAPN
AA,, AA, AA, (man. 273). [losxuHuu a, b, ¢
UX MEePIEeHANKYJIAPiB, y3ATi 3 BiATIOBi -
HUMU 3HaKaMU, Ha3WBAlOTh KOOPAUHA-
Tamu Touku A. 3amnucyiors: A(a; b; c¢).
Tyt a — abcuuca, b — opauHara, ¢ —
amaikaTa Touku A. JKIO TOuKa JeKUTh
y saKili-HeOyAb KOOPAMHATHIN ILIOIIMHI,
ii BigmoBigHa KoopAWMHATA ITOPiBHIOE
mynawo. Hampurkmaan, Touka B(0; 2; —3)
JIEXKUTH y IIoIuHi yz, Touxka C(5; 0; 0) —
Ha oci x.

SAx1mo uepes Toury A(a; b; ¢) mpoBecTn
IJIONUHY, IEePHeHINKYJIAPHY IO oci X,

4 vz
xz
X . : Xy
Maun. 272

Maua. 274

TO BOHA ITI0 KOOPAMHATHY Bich IIepeTHEe B TOUI[i 3 KOOPAMHATOIO a. Ilmomuun,
AK1 IPOXOJATH yepe3 TOUKY A NMepHeHIUKYJIAPHO IO Ocell y i 2z, mepeTmHAIOTh
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ixX BimmoBimHO y Toukax 3 KoopauHatamu b i c. Bsaraii, KoopaumHATH TOUYKU
A(a; b; ¢) — 11e KOOPAWHATH IPOEKIIill faHol TOUKHM BiAIIOBiAHO HAa KOOPAMHATHI
oci x, y, 2.

Hampukaaz, Touku, 300paskeHi Ha MadiOHKY 274, MalOTh TaKi KOOPAUHATH:
A(0; 5; 0), B(4; 0; 0), M(0; 5; 4), K(2; 3; 4), P(—2; 3; —4).

“TEoPEmA |26

KBappaT BiacTaHi Mi>)k ABOMa TO4YKaMU A0PIiBHIOE CYMi KBaapaTiB PiSHULb
TXHIX BigNnoBiAHUX KOOpPAUHAT.

AOOBEAEHHY4.

Hexait mamo aBi Touru A(x;; Yi; 21)
i B(xy; Ys; 25) (Mag. 275). HoBememo, 110

AB? = (xy— 1) + (Y2~ y1)* + (25— 21)% @
Posrnsguaemo BUIIaJIOK, KOJIU JaHi TOUKU o | B(xy; U3 25)
posMmirieHi, AK MOKa3aHO Ha MAaJIIOHKY 4.
B,

Alxys Y 21)

ITpami AA, i BB,, napanenbHi oci z, nmepe-
TUHAIOTh ILUIOIINHY XY B ToUuKax A,(x; y,; 0) 0
i B,(x,; Yy, 0). IIpoBegemo uepes Toury B
ILJIOIMHY O, TapaJieJIbHy IIouHi xy. Bona
neperHe npamy AA, y meakiit Touri C.

3a Teopemoro ITiharopa

AB? = AC? + CB2.
Bigpisku CB i A,B, piBHi Ta, AK Bigomo 3 mianimeTpii,

AB’ =(x2—x1)2+(y2—y1)2.

HossxuHa Bigpiska AC =|22 —21,| TOMY
AB? = (x, — %) + (Y2 — Y1)* + (22 — 2%
SAxmro Bigpisox AB mapajieIbHUMA, HAIPHU-
KJag, oci z, To AB=|22—21|. Takuii camuii
pesyiabTaT mae i sarajbHa (Qopmysaa mpu A
Xy = X1 Yy = Ys-
AmnajyioriuHO MOYKHA PO3TJIAHYTH ¥ 1HIITL A,

BUINIAAKN 1 NepeKOoHAaTHCsd, IO 3aBKAU
AB? = (x, — x,)* + (Y2 — 1) + (2, — 2% O

>

y

A

Maua. 275

<

IloBemeHa TeopeMa TiCHO IIOB’s3aHa 3 y3a- B
TaJbHEHOIO IJIs IpocTopy Teopemoro ITiharopa. v
Hexait y nuromuHi famo mepneHnKyaIapHi
npami Ox, Oy i Bigpisox AB, nme A(x;; Y.),
B(x,; y,) (man. 276). Toni AB? = (x, — x,)%+
+ (Y, — y))* fxmo A B, A B, — mpoexnii Mau. 276

o A, B, «x
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Bigpiska AB Ha koopamHartHi oci Ox, Oy rta akmo AB ) Ox, AB) Oy, To
A,B, =|x,-x,|iAB, =y, ~y,|. Maemo: AB*=A B!+ A B.. Ila pisicTs cupa-
BeAJMBa i B ToMy BUIIaAKy, Konu AB|Ox a6o AB]| Oy.

Om:xe, Teopemy Iliparopa MokHa y3araabHUTU TaK: Keadpam 008MCUHU
gidpiska OopieHIoe cymi kKeadpamis 1020 npoekyiit Ha 06i nepneHOUKYAAPHI
npami.

Amnajoriute TBepAKeHHs CIpPaBeIJINBe i IJIsI IIPOCTOPY.

TEOPEMA

(MpocTopoBa Teopema liparopa.) Keagpat poBXuHN Oyab-9KOro Bigpiaka
AOPIBHIOE CYMi KBagpaTiB JOBXWH MOro NpoekLii Ha TPU BSaEMHO nep-
NeHAUKYNAPHI NpaMi.

AOBEAEHHS.

Poarigaemo s3arajibHUN BUNAN0K, KOJU Ja- % |B, B,
HUHN Binpi3ok AB He NEepUEHJUKYJSAPHUN [0 B,
JKOIHOI 3 JAHWX MOIIAPHO IEPIEeHINKYJIAPDHUX A,
npamux Ox, Oy, Oz (man. 277).

Koopauratu mpoexrmiii Touok A(xq; Yq; 21) A, ‘A
i B(x,; y,; 2,) Ha KoOpAuHATHI oci x, y i z mo-
PiBHIOIOTH X; 1 Xy, Y; 1 Yy, 2, 1 2,. [JOBKUHU Y
mpoekIiit Bizpiska AB Ha 1Ii oci: B./0 B, y

A.B, =|x,—x], A,

AB, =y, 1|, Mau. 277
A,B, =|z,-z].
3 moBeneHol panimie piBHocTi (c. 175) BUmIMBaE:
AB’=A B+ AyBy2 +A B (*)
A axmo AB1Oz, 10 AB, =0 i AB*=A B} =A B.+A B Bauumo, 1110
piBHicTE (*) cmpaBemiuBa mpu OyAb-AKOMY posMimeHHi Bigzpisxa AB. [

SAMUTAHHA | 3ABAAHHA AN CAMOKOHTPOJIIO

IITo HasuBaOTh MIPAMOKYTHOIO CHCTEMOIO KOOPAUHAT Y TPOCTOPi?
IITo HasMBaOTh KOOPAMHATHUMU OCSIMU; MOUATKOM KOODPAMHAT?
HasgiTh abcriucy, opauHary i anjaikary Touku A(m; n; k).

Yomy mOpiBHIOE KBaApaT BifcTaHi MisK ABOMa TOuKamu?
Chopmy.rroiiTe ysarajabHeHy Teopemy Ilidparopa.

ChopwmyurtoiiTe mpocTopoBy Teopemy Ilidaropa.

SOk wD =
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BukoHAEMO PA3OM

CryamiTs piBHAHHSA reOMETPUYHOTO MiCI[f TOUOK ITPOCTOPY, PiBHOBiAmase-
HuUX Big Toukm A(1l; 2; 3) i mouaTKy KoopAauHAT.
Hexait M(x; y; 2) — OyAb-AKa TOUYKa ITYKAHOTO T€OMETPUYHOTO0 MicCIid
TouoK. Toxi MA? = MO?, abo

1-x2+@2-y?+@B—2P2=x+y?+ 2%
3Bizmcu

x+ 2y +3z—7=0.

Ile i e mrykane piBHAHHA.
3HaigiTe KoopauHatu Touku C, SKa JIeXKUTh HA OCi OpAuHAT, AKIIO BigzoMo,
mo aABC 3 BepmuHamu B Toukax A(=7; 1; 2)i B(5; 3; 1) — npaMOKYTHUIA.

® YV 3azmaui He cKasaHO, AKUH i3 KyTiB MoOBUHEH O0yTu npAMuUM. Tomy moTpi6bHO
POBTJIAHYTHU TPU BapiaHTH, KOJU NPAMUM Oyme KyT Hpu BepiuauHi A, abo
mpu BepinuHi B, a6o nipu BepiuHi C.
Posriaanemo Bunmagok, koaum ZA =90°.
Toxi 3a Teopemoro Iliparopa BC? = AB? + AC?.
Hexait C(0; y; 0) — mrykaHa Touka.
Tomi
BC?=25+(y - 32+ 1=(y — 3)? + 26;
AB? =144 + 4 + 1 = 149;
AC? =49+ (y -1 +4=(y — 1) + 53.
OTrpumMaemMo PiBHAHHSA
(y — 3+ 26=149 + (y — 1)® + 53.
Horo xopinb y = 42. Orxe, C,(0; 42; 0).
Posrianysiiu BUMIAAKY, KOJU OpAMUM Oyme KyT B ado Kyt C, oTpuMaeMo
OCTaTOUYHY BiAIOBiIb:
C,(0; 42; 0); Cy(0; 32,5; 0); C,(0;2++/39;0); ¢, (0;2-+39;0).
3AD,A‘-II TA BIMPABU z
Peo
Y
747. HasBiTh KOOPAUHATH TOUYOK, 300pa- i I EC e C
JKeHHUX Ha MaJIloHKy 278. i 1
748. Ilano touku A(0; 3; 1), B(-2; 0; 0), \ | 0. P B
C(0; 0; 4), D(0; —3; 0). ki 38 Hux -4 22 1 278 475 ¥
JIeKAaTh: L
a) Ha oci x; D 'f_'_l?__.ﬁ'

0) Ha oci z;
B) y ILJIOIIWHI XY;
r) y maomuHi yz? Mau. 278
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749.

750.

751.

752.

753.

754.

755.

756.

Poszgnin 4. KoopanHaTt, reOMeTpUyHi NEPETBOPEHHS Ta BEKTOPU Y MPOCTOPI

Yum € reoMeTpUUHE MicCIle TOUOK IIPOCTOPY, MJIS AKUX JTOPiBHIOE HYJIO:

a) mepIina KOOpAWHATA; r') IpyTri ABi KOOpPAWHATH;

0) Ipyra KoopamHara; ) mepima i TperTda KOOPAWHATH;
B) TpeTA KOOPAWHATA; e) yci Tpu KoopamHATH?

I') mepIi ABi KOOpAMHATH; y

Iano Toury A(3; 3; 3) (manx. 279). 21

3HalgiTe BigcTaub Big Hel go: 3.4

a) KOOPAMHATHHUX ILIOIINH; o

6) oceil KoopAuHAT; 2y A

B) IIOYATKY KOOPIMHAT. RS o

3HaugiTh BigcTani Bix Touku M(2; —-3; 1) 17

JI0 KOOPJWHATHUX ILJIOIIVH. : L -
Iaro Touky K(2; —3; 1). Bmaiigits o 1 o2 3 y’
KOOPAMHATH OCHOB ITePIeHIUKYIAPIB, I 1 P
ONyHIeHUX i3 Iiel TOUKM Ha KOOpIau- o2 i

HATHi ILIOIMHA. 3

Hawmo Trourky P(2; 3; 1). 3HaiigiTh Koop- x Maxa. 279

IUHATHA OCHOB HMePIEeHAUKYJIAPiB, Omy-

IeHnX i3 1miel TOUKM Ha KOOpPAMHATHI oci.

Terpaeap ABCD zagano xoopaunatamu Bepinum: A(2; 0; 3), B(—1; 0; 2),
C(4; 0; —1), D(1; 3; 1). ¥V akiit KoopAUHATHINA NJIOIUHI JIEKUTh OCHOBA
ABC Terpaenpa?

ITipamina SABCD 3anmana KoopAuHAaTaMu CcBOix BepinuH: S(—2; 3; —5H),
A(3; 1; —1), B(3; 2; 2), C(3; —1; 4), D(3; —2; —2). fIk posmiIena mIonHa
ocHOBU ABCD BifHOCHO KOOPAMHATHUX TIJIOITWH?

AKi 3 KoOOpAWMHATHUX IJOIIUH IIePeTUHAIOTh ILIOIMuHy AMNK, AKIIO
M(—2; 2; 4), N(0; —1; 4), K(3; 5; 4)?

X

757.

758.

759.
760.

761.

762.

763.

IToGynyiiTe B IPAMOKYTHilI cCCTEMI KOOPAUHAT TOUKM:

A(6; 0; 0), D(4; -2; 0),
B(0; 0; 5), E(2; 4; 4),
C(0; 3; —2), F(6; —4; —-3).

3HaAWIITh KOOPAMHATH TOUOK, AKi BigmaaeHi Bil KOMKHOI 3 KOOPAMHATHUX
IJIOIIWH Ha 4.

3uaiigiTe Bigcrams mMixk Touxkamu B(—2; 0; 3) i K(3; 4; —2).

fAxa 3 Touok — A(2; 1; 5) uum B(—2; 1; 6) — neXuTh OJUKYE IO TOYATKY
KoopamHaT?

Hawmo Tourku A(1; 2; 3), B(2; 3; 1) i C(3; 1; 2). 3HaiifgiTh mepuMeTp TPU-
Kyruuka ABC.

Hano Touku K(0; 1; 1), P(2; —1; 3) i T(-1; y; 0). 3HaiigiTe Take 3HAUYEH-
HA Yy, 106 BUKOHyBasach ymora KT = PT.

Yu e Touku A(1l; 2; 3), B(2; 3; 4) i C(3; 4; 5) BepImHAMU TPUKYTHUKA?



§ 17. NMpamMoKyTHa crcTema KoopamHaT 179

764.

765.

766.

767.

768.

769.

770.

771.

Hamo touxku A(a; b; c), B(2a; 2b; 2¢), C(3a; 3b; 3c) i D(4a; 4b; 4c), ne
a’+b®>+c*#0. Josexnits, mo Touku B i C ginare Bigpisox AD Ha Tpu
piBHiI yacTuHUI.

3HaliTh KOOPAMHATH TOUKH, KA JIEXKUTH Ha oci y i piBHOBigganeHa Bif
Touok A(4; —1; 3) i B(1; 3; 0).

YceranoBiTh BigmoBigHicTh Mik Toukamm (1-4) i ix BimcTamHIO mO Oci
amaikar (A-II).
1 A(-5; 12; 2) A 17
2 C(3; 4; 6) B 5
3 D(0; —6; 5) B 6
4 B(—8; —15; 0) T 13
o 2

SHaANAITh HJOBKUHU NPOEKIiil Bigpiska AB Ha KOOPAMHATHI IJIOI[MHU Ta
oci, axio koopauHaTtu oro kiumiB A(1; 1; 1) i B(1; 4; 5).

Hosemits, mo Touku A(—2; 0; 5), B(—1; 2; 3), C(1; 1; —3) i D(0; —1; —-1)
€ BepIImHaMU Iapajejorpama.

YceranoBits Bug aABC Ta 3HAWIITH HOro mepuMeTp i IOy, SAKIIO:

a) A(3; 0; 0), B(0; 3; 0), C(0; 0; 3);

6) A(2; 0; 5), B(3; 4; 0), C(2; 4; 0);

B) A(2; 4; —-1), B(—1; 1; 2), C(5; 1; 2).

Touxku A(0; 0; 0), B(b; 0; 0), C(0; c; 0) i D(0; 0; h) — BepIIuHU HapaJie-
Jeninena. 3HAUAITH KOOPAWHATHU PEIITU MOTO BEPIIUH.

Touxku A(1; 1; 1), B(-1; 1; 1), C(-1; —-1; 1) i C,(-1; —1; —1) — BepmIuHU
Kyba. 3HAUAITh KOOPAWHATH PEIITH BEPIIUH IIHLOro Kyda.

X

772.

773.

YceraunoBiTh Bug uoTupukyTHUKa MNPK i 3HAWAITHL HOr0 ILJIOMTY, AKIIO:
a) M(0; —2; 0), N(4; 1; 0), P(4; 1; 5), K(0; —2; 5);

6) M(6; 8; 2), N(2; 4; 3), P(4; 2; 8), K(8; 6; 7);

B) M(—1; —3; —8), N(—1; 4; —9), P(7; 5; —2), K(7; —2; —1).
YorupukyTHuk ABCD 3agaHuii KOOpAUHATAMU BepPIINH. Y CTAHOBITEH Bij-
MOBifAHIiCTE MisK Bumom uoTupukyTHHKA (1—3) i KoopamHaTaMu HOTro Bep-
muH (A-T).

1 Ksagpar A A(-5; 2; 2), B(—1; 6; 3),

2 Powmb6 3 pisEmMHu KyTamu C(3; 2; 6), D(-1; —-2; 5)

3 IIpAMOKYTHUK 3 Pi3HUMU b A(-5; —1; 2), B(—4; 6; 7),
CTOPOHAMMU C(1; 1; 2), D(0; —6; —3)

B A(-9; -1; 4), B(-2; 7; 5),
C(-1; 7; =2), D(=8; —1; —3)

r AQ1; -1; 2), B(1; —1; 6),
C(5; —1; 6), D(5; —1; 2)
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774. 306pas3iTh y cucTeMi KOOpAMHAT IPAMY, SKa IPOXOAUTH Uepe3 TOUKU
A(0; 0; 5) i B(0; 5; 0). uaiigity KyTu Mix mpamoo AB i npamMumu, 10
30iraroTbCcA 3 OCIMHU KOOPAMHAT.

775. amo touxku A(0; 0; 4), B(0; 4; 0), C(0; 0; 2) i D(2; 0; 0). 3HaUAITH KYT
Mixk npamumu AB i CD.

776. 300pasiTh y cucTeMi KOODAMHAT IJIONIUHY, KA MPOXOAUTH Yepe3 TOUKU
A(0; 0; 4), B(0; 4; 0) i C(4; 0; 0). Ilixg axuMu KyTamMu OO Ili€l MIOIMIMHYT
HaxuJaeHi oci KoopauHaT?

777. 3HalAiTh KOOPAWHATYA TOYKHU, KA JIEKUTH Y IJIOIUHI XY i piBHOBiA#maaeHA
Bim Touox A(O; 1; —1), B(—1; 0; 1) i C(0; —1; 0).

778. 3HaiiniTh TOUKYU, piBHOBiA#ameHi Big Touok A(0; 0; 1), B(0; 1; 0), C(1; 0; 0)
i BigmaseHi Bif miiomwHM y2 Ha BimcTaHb 2.

779. Nawo Touku P(3; 8; 1) i @Q(2; 9; 1). ¥V muromuHi xy 3sHAUAITH KOOPAUHATHU
ToukKu R, Koau Bimomo, 1110 APQR — mpaBUJILHUIA.

780. Y aABC Bepmmuau A i C maroTh KoopauHartu: A(3; 2; 1), C(—2; —1; 3).
Ha oci Oz sumaiigite Touky B Taky, mo aABC 0ype: a) piBHOGeIpeHUM;
0) IPAMOKYTHUM; B) PiBHOCTOPOHHIM.

781. HoBemits, mio mipamima SABC, 3amana KOoOpAWHATaMU CBOIX BePIINH
S(0; 0; 0), A(2; 0; 0), B(0; 2; 0), C(0; 0; 2), — npaBuIbHA.

782. OcuoBa ABC mpaBuibHOro Terpaeapa ABCD ne:XUTh y IJIOMINHI yz. 3HAaM-
niTe KoopauHaTu BepmuH B i D, axiio A(0; —2; 0), C(0; 2; 0).

783. YKaKiTh TeoMeTpUUYHE MiCIle TOUOK IPOCTOPY, AKi 3a0BOJBHAIOTH TaKe
PiBHAHHA:

a) \/(x—6)2+y2+22 +\/x2+y2+(z—8)2 =
6) \/x +(y—3)" +2 +\/x +yi+(z-4) =

784. T'ocmomapi oxuiel mpAMOKyTHOI cagumbu I

3aXHCTy I'PYHTY IiJ IJOLOBUMMU KYIaMHt / \<
BiJ IepecuxaHHsa I ImeperpiBaHHA BUPIIIMIN 8 M 8 M
BKPUTHU I'PYHT MYJab4Y010. Biomo, 1110 3 omHOTO
minrka myabdi (50 J1) MOKHA ITOKPUTHU TiJITHKY
3,5—3,75 Mm%, CKinbKM MIIIKiB Myabui cirin Mau. 280
KYIINUTH, 100 3aMyJIbUYBATH IBi JiIAHKY, SKi
MOKa3aHo Ha MAJIHKY 2807
IlisHaliTecsa miHM Ha PidHiI BUAU MYJIbYi i BCTAHOBITH MOXKJIMBY BapTiCThb
MOKYIIKH.

785. 3ualigiTe moB:xuuy Memianu ND tpurkytHuka MNK, axkmio M(—2; 4),
N(2; 5), K(0; —2).

786. CKiIbKY MpAMUX, MapajieJbHUX ILIOIIUHAM O i B, MOKHA IIPOBECTU Uepes
TOUKY, AKA He HAJEKUTH [[UM ILIOIIHHAM?




§ 18 Moain Bigpi3ka
B 3a4aHOMY BiAHOLUEHHI

Sk BUpaskarTbCA KOOPAMHATH X, Y, 2 Touku C(x; y; 2) — cepeaimHU Bigpis-
Ka AB — uepe3 KOOPAMHATHU HOTO KiHIB A(x; Y3 21) 1 B(xy; Yss 25)?

“TeopEMA | 28

Akwo C (x; y; Z) — cepeauvHa Biapi3ka 3 KiIHUSIMn A(X;; yq; Z,) i B(X,; ¥,; 2,), TO
x=x1+x2’ =y1+y2,z=z1+zzl
2 2 2

OOBEAEHHY.

CuopoerTyemo Touku A, B i C Ha A, 2/ A
IJIOIMVHY XY; IXHIMU IpoeKIiaMu /
¢ rournm A,(x;; yi; 0) i B(x 43 0),  C,
C.(x; y; 0) (van. 281). //
OCKiJIbKY TPOEKI[i€l0 cepeanHu B, B
BiZpisKa € cepemmHa MOro IIPOeKILii,
To Touka C, — cepequHa Bigpiska
A_B,. A 3 iranimerpii Bizomo, 110 Ha 0
IJIOIIMHI XY KOOPAMHATH CEPEIUHU
BipisKa BUpayKaioThCsA uepes Koop- A,
OIUHATH! BOoT0 KiHIIiB 3a (hopMyiaMu Cz\
_KtX x :
==
_Y +Y,
=

CropoekryBasiinu Touku A, B, C Ha IJIONUHY X2, aHAJOTIYHO 3HAHAEMO

Mau. 281

=2t O
2
Hanpuraan, axmo C(x; y; 2) — cepenmua Bigpiska 3 kinmamu A(3; 6; 5)
i B(1; 0; =7), o
_6+0 5-7

=3ty 3, 2=2""__1.
2 2 2

Omxe, cepeaunoro Bigpiska AB € touxka C(2; 3; —1).

VYzarampHUMO Teopemy 28.
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“TEoPEMA | 29

Akw,o Touka P(x; y; z) Bigpi3ka 3 KiHUSIMU A(X,; ¥;; Z,) i B(X,; V.5 Z,) Taka, Wwo
AP:PB=m:n,T0

1
X = nx, +mx = ny,+m z= nz,+mz,).
m+n( ! 2)s ¥ m+n( yitmyz), m+n( ! 2)
OOBEAEHHS. 2 A
IIpunycrumo, o x, # x,, Y, # Y,,
2, # 2, (mai. 282). CupoeKTyBaBIIN A,
. .. A
TouKku A, Bi P Ha 110IUHY XY i Bich
Ox, MaTuMeMoO: P, P
AP,: PB,=AP : PB=m : n,
a6o (x; —x): (x —xy,)=m : n. B, B
3Bigcu
1
x= (nx, +mx,). R
m+n (o) ;
AnanoriuHO MOKHA OTPUMATHU Xy <
z Pz
y= (ny, +mys,), %
m+n
B,
z= (nz,+mz,). O Mau. 282
m+n

Axmo x; = x,, a60 y; = yY,, ab0 z; = 2,, To GOPMYyJIU TaKOK mpaBuabHi. Ilepe-
KOHalTecs B I[bOMY CaMOCTilfHO.

SIKIT0 YMCeNbHUKMU 1 BHAMEHHUKU PO3TJIAAYBAHUX (POPMYJI HMOAIINUTH HaA N
i mosumauntu AP : PB = A, To oTpuMacMo (POPMYJIN:

_x; +Ax, Yy, + Ay, 2zt Az,
IR TT G TR T

IIi dpopmynu 3amaroTh KOOPAUHATH TOUKU P, AKa AiauTh Bigpisoxk AB y Bia-
HomrenHi AP : PB = A.

SAMUTAHHS TA 3ABAAHHS 019 CAMOKOHTPOJIIO

1. CoopwmyioiiTe TeopeMy PO KOOPAMHATU CEPEIUHU BiJpisKa.

2. Yomy mOpPiBHIOIOTh KOOPAWHATH TOUYKM, AKa OIJINTL Y BiJHOIIEHHI m : n
Bimpisok 3 Kimmamu A(x; Y5 21) 1 B(Xs; Y3 22)?

3. Sk smaliTu KoopauHATH TOUKU M, sKa OiJIUTh Biapisox AB y BigHOIIeHHI
AM : MB=\?

4. YoMy m0OpiBHIOIOTH KOOPAWHATHU CEPEIUHM BiipisKa, KiHIli axkoro A(4; 0; 2)
i B(6; 8; 6)?
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BukoHAEMO PA3OM

HoBemiTs, 1110 YOTUPUKYTHUK 3 Bepinuuamu B Toukax A(7; 0; 6), B(4; 2; 2),
C(—3; 2; 2), D(0; 0; 6) — mapaJsenorpam.
@ 3mnaiigemo KoopamHatu cepenmam giaronaneir AC i BD.

7-3 0+2 6+2
:—:2, :—:1, :—:4.
X 9 Yy 9 2 9
Omxe, cepenuna giaronaai AC mae koopauHatu O,(2; 1; 4). AHajoriuuo
4+0 2+0 2+6
:_:2, :—:1, :—24.
x2 2 y2 2 22 2

Tob6To cepenuna miaronani BD mae xoopauHaTtu O,(2; 1; 4).

OCKiJTbKY KOOPAMHATHU CEPEINH AiaroHajen 36iraroTbes, To e O3HAYAaE, IO
IiaroHaJli YOTUPUKYTHUKA MEPETUHAIOTHCSA Ta TOYKOIO IIEPETUHY AiIAThCA
"HaBmoijg. OT:xke, ABCD — mapaJjiejiorpam.

9 ITipamizma OABC 3amaHa KoopauHATaMU CBOIX Bep-
muH: O(0; 0; 0), A(3; 0; 0), B(0; 3; 0), C(0; 0; 3)
(man. 283). 3HaigiTh OBXKUHY Bucotu OM.

® 3mHalizeMo AOBXKHMHU pebep maHol mipamigm.
Ockinbxu AB=BC=AC=3VJ2 i0A=0B=0C=
= 3, To mipamiza mpaBuJbHA.
Orsxe, M(x; y; 2) — TOUYKa IEepeTUHY MeJiaH
~rABC.
3a BiactuBicTio MegiaH TpukyTHUKAa CM : MK =
=2:1, TobTo A = 2.
Ockinbku Touka K — cepenuuaa AB — Mae Ko-

opAMHATHU K(%, %; 0), TO

0+2-1,5 0+2-1,5 3+2-0
x=—=1, =—=1, = =1
1+2 1+2

1+2
Omxe, xoopaunatu Touku M(1; 1; 1). Toxi OM =vJ1+1+1 =\/§

3AJJ,A‘-II TA BNMPABU

BUKOHAWTE YCHO

787. 3HaliaiTh KOOPpAUHATHU cepeAuHU Bimpiska AB, AKIIO:
a) A(-1; 0; 0), B(1; 2; 0);
6) A(0; 0; 0), B(2; 2; 2);
B) A(—2; 4; 2), B(2; —4; 2).
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788.

789.

790.

791.
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Yu € moyaToOK KOOPAMHAT cepequHoio Biapiska CD, AKIIO:
a) C(-1; 0; 2), D(1; 0; —2);

6) C(—4; 2; 6), D(4; —2; 6)? A

Ha axiii KoopauHATHIN OCi JeKUTH cepeqmHa 4|01 c,
Bigpiska M N, AKIINO:
a) M(2; 4; —6), N(-2; 2; 6); A, B

6) M(—3; 0; 7), N(3; 0; 2)?

Arift KoopAWHATHIA IJIOIMMHI HAaJNEXKUTH
cepenuua Bigpiska KP, AKIIO: ) 4
a) K(2; 1; 4), P(4; 0; —4);
6) K(-6; 2; 1), P(4; —2; 3)? 4 B
3HaUAITh KOOPAWHATY cepeanHU pebep i meHT- x

piB rpameii Ky0a, 300paskeHOro Ha MAJIIOH- Mau. 284
Ky 284.

<y

X

792.

793.

794.

795.

796.
797.

798.

799.

800.

801.

802.

3HaANIiTE KOOPAUHATU cepeanHu Biapiska PR, AKIIO:

a) P(1,2; -3; 6,3), Q(—2,6; 3,2; —5,1);

6) P(V3;21-2), Q(3v3;1;1+42).

Hamo Tourku A(3; —1; 4), B(—1; 1; —8), C(2; 1; —6), D(0; 1; 2). 3HaligiTH
BiicTaHb MiK cepegMHAMU BiIpisKiB:

a) AB i CD;

6) AC i BD.

Touxka M — cepenuHa Bifipiska AB. 3HAUAITH KOOPAWHATH TOUYKH B, AKIIO
A(2; —1; 6), M(1; 4; 0).

Touku M i N ginars Bimpisox AB Ha Tpu piBHI YacTuHU. SHAUIITH KOOP-
OWHATHU KiHIiB Bigpiska, aximo M(1; —1; 2), N(—3; 2; 4).

3uanaiTe goB:xunu Meniad a ABC, akioA(3; 3; 0), B(—5; 1; 2), C(5; —3; —2).
SHaWIITh JOBKUHU cepenHix JiHili AEFK, 3a7aHOro KOOPANHATAMU CBOIX
BepmuHu: E(-1; 4; 2), F(-3; 2; -2), K(1; —2; -2).

Touku M i N — cepenunu cropia AB i BC tpukyrHuka ABC. 3HaUAiTH
Koopamuatu Bepmiud A i C, akmio B(2; 0; —4), M(3; —1; 2), N(1; —4; 0).
AM — mepniana aABC. 3HainiTe nos:xuny menianu BN, akmo A(2; —4; 2),
C(0; 0; 6), M(1; 2; 4).

Yu O6yge wotupukyTHuK ABCD mapaJjiejiorpaMoM, AKIIO:

a) A(1; -3; 12), B(0; 2; 6), C(3; 3; —10), D(4; —2; —4);

0) A(4; 2; —5), B(—6; 2; 8), C(2; —3; 9), D(12; 2; —4)?

3HaligiTh KoopauHaTy BepmiuHu D mapasaeaorpama ABCD, AKIO:

a) A(4; 2; -1), B(1; -3; —2), C(-6; 2; 1);

6) A(-1; 7; 4), B(1; 5; 2), C(9; —3; —8).

O — Touka mepeTHHY fiaroHasei mapajueaorpama ABCD.

3HalaiTe KoopauHatu BepmmuH C i D, axmo A(1; 3; —2), B(—4; 0; 5),
O(1; 0; 2).
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803.

804.

805.

Cepenuna P Bigpiska MN Jsexuthb Ha oci z (maj. 285).
3HaUgiTL uncaa a i b, aKmo:

a) M(a; —2; 3), N(2; b; —1);

0) M(2a?; —b; 1), N(a — 1; 1; 5);

B) M(3a; b + 1; 4), N(b; 1 — a; —2).

3uaiigiTs Bucotry aABC, mpoBeneHy 10 Hai0iab-
1101 CTOPOHU, Ta ¥Horo mioIty, akimo A(1; —1; 2),
B(4; 2; -1), C(1; 5; 2).

Tpukyraux ABC 3amaHo KOOpAHMHATAMM CBOIX
Bepmuu: A(1; 3; —1), B(3; —1; 1), C(3; 1; —1).
3HaNIiTh:

a) BHUCOTY, IPOBEAEHY A0 Hai0iJIbIIOl CTOPOHH; Mau. 285
0) KyTH TPUKYTHUKA;

B) ILJIOIY TPUKYTHUKA.

X

806.

807.

808.

809.

810.

811.

812.

813.

814.

3HalAiTh KoopauHATH TOUKU M, AKa OiauTh Bigpisox AB y BigHOIIeHHi
AM : MB = A\, aKIo:

a) A(-5; 4; 2), B(1; 1; -1), A = 2;

0) A(1; —-1; 2), B(2; —4; 1), A = 0,5;

B) A(1; 0; —2), B(9; —3; 6), x:%,

3HAUAITh KOOPAUHATH TOUYKHU IepeTuHy menian aMNP, axito M(3; 2; 4)
N(1; 3; 2), P(—3; 4; 3).

Iamo KoopAuHATH TPHOX BEpIINH mapajegorpama: A,(1; —2; 3), A5(3; 2; 1),
A,(—1;4;-1). BuaiigiTe KoopAUHATH YeTBePTOi BepinuHu. CKiIbKY PO3B’ A3KiB
Mae 3amaya?

3HAUAITH BifICTAHb BiJ IMMOYATKY KOOPAWHAT [0 TOUYKW IEPETHUHY MemiaH
ArABC, akmio A(-1; 2; 10), B(1; 0; 2), C(3; 4; —6).

3HAUAITH KOOPAWHATHY IIeHTPa KO0Jia, ONMCAaHOT0 HaBKOJIO AABC, AKIIO:
a) A(-1; 1; 5), B(5; —1; 1), C(1; 5; —1);

06) A(-1; 3; 1), B(2; 4; 1), C(3; 1; 3).

3HalgiTh KOOPAWHATH IIEeHTPa Koja, BoucaHoro B aABC, AKIIo:

a) A(—-2; 6; 4), B(4; —2; 6), C(6; 4; —2);

6) A(5; 1; 2), B(2; 4; —-1), C(-1; 1; 2).

Hano xy6 ABCDA,B,C,D,, y axoro ocHoBa ABCD ne:XuUTh y MJIOIINHI XY
i A(=2; 4; 0), B(2; 7; 0), C(5; 3; 0).

3HAUAITH KOOPAWHATH IHIITUX BEPIIUH Ky0a 1 KOOPAMHATU TOYKU IEPETUHY
fioro giaroHaJiem.

3uarnaiTs koopauHaTtu Bepinuau C TpukyTHUKA ABC, AKIO JaHO BEPITUHYI
A(3; 4; 0), B(7; 6; —5) i Toury nmepetuny menian M(1; 2; —2).

BL — 6icexkTpuca aABC. 3HaligiTh KoopauHaTu Touku L, akmio A(D; 6; 3),
B(3; 5; 1), C(0; 1; 1).
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815. 3uaigity noB:KuHYy 6icekTpucu ML tpukyrauka MNK, axito M(4; 0; 1),
N(5; -2; 1), K(4; 8; 5).

816. M i N — cepenunu ctopia AB i BC aABC, BL — iioro 6icekTpuca. Ycra-
HOBiTH BimmoBimHicTh MisK ymMoBamu (1—4) Ta KoopAUHATAMU BiAMOBiTHUX
Touok (A—[M), akmio B(1; 3; 2), C(—-3; —5; 1), M(2; 2,5; 3).

1 1
1 Koopauuatu Touxku A A |30,
3 3
2 Koopgunatu Touku N
3 KoopaumHaTy TOYKHU IepeTuHy Mefian aABC B (3; 2; 4)
4 Koopauratu Touxku L B (1; 15 1)
I (-1; -1; 1,5)

A (1,55 0,25; 3,25)

817. 3HaigiTe BiAcTaHb Bif IOYATKY KOOPAMHAT A0 IJIOIIHNHI, AKA IIPOXOIUTH
yepes Touku A(6; 0; 0), B(0; 6; 0), C(0; 0; 6).

818. Ilnommua o mpoxoxuTth uepesd Touku A(2; 0; 0), B(0; 2; 0) i C(0; 0; 2),
a wromuHa 3 — uepes rouku K(4; 0; 0), P(0; 4; 0) i T(0; 0; 4). Hosexnits,
mo ol|B. 3HaiigiTh BigcTaHB MiXK UMUK IJIOIUHAMU.

819. 3maiigite Bucory SO mipamigu SABC i kytu Haxuay ii 6iuHmX pebdep 10
IJIOIIIMHY OCHOBHU, SKIIO:

a) S(2; 2; 2), A(-2; 0; 4), B(4; —2; 0), C(0; 4; —2);
6) S(2; —1; 0), A(0; 4; 1), B(4; 4; 1), C(0; 0; 5).

820. Ycranosith Bun aEFK, 3amanoro KoopamHaTamu Bepinuu: E(1; 5; 3),
F(3; 1; 5), K(5; 3; 1). 3uaiimiTs #ioro IIepuMeTp i ILIOITY.

821. 3anumniith piBHAHHS K0JIa, OINCAHOTO HABKOJIO TPUKYTHUKA BCD, SKIITO
B(-6; 2), C(—2; 5), D(1; 1).

822. Ha magamouky 286 300paskeHo Mapky i KymoH «Cio0oskaHIIIUHA», PO3-
pobieHi YKpaiHCBKUM XYDOKHHUKOM-TpaikoMm i mucbmMeHHHKOM IOpiem
Jlorsuaum. Bimomo, 110 mos:xuua mapku B 1,4 pasy OijbIlla 3a IMINPUHY,
a IJIOIla MapKM i IIoIa KyIlOHa, 1o Mae (opMy KBajpaTa, pasoM J[IO-
piBHIOIOTEL 25,35 cMm?.

SHaAWIITE IJIOITY MapKH i ILIOITYy KymoHa oKpeMo. CKJIaaiTh CBOIO 3amauy
IIPO MapKH I[LOT'0 aBTOpA.




PiBHSHHSA cdepwu,
MNJOLLMHUN Ta NPAMOI

PiBugauam ¢irypu Ha3WBaOTh TaKe PiBHAHHA, AKEe 3aJ0BOJBHAIOTH KOOD-
IuHaTHU OyAb-AKOI TOYKM mAaHoi Qirypu i TinmbKuM TOuKM gaHOi dirypu. 3 miaaHi-
merpil Bimomi piBHsHHA mpsamol ax + by + ¢ =01 xoma (x — a)® + (y — b)>=1r?,
po3MileHnX HAa KOOPAMHATHIN IJomnHi. AHaJoriuHi piBHAHHA BigIOBiZaioTh
baraTboM (pirypam y mpocTopi.

Pisnanna cepu. Creporo HasMBaIOTHL TeOMeT- A M @ y; 2)
pHYHE MicIle TOYOK IIPOCTOPY, AKi BigmaseHi Ha >
onHY U Ty camy Bixcraus r (r > 0) Big maHoi ToU-

Ku. I1a Touka — 1meHTp cdepu, a Bigcrausb r — ii
paniyc.

Cdepa paziyca ris mearpom y Toutti A(a; b; ¢) —

Ile MHOKMHA BCiX TOUYOK, BigmajeHux Bim A Ha O—;
Bigcraus r (man. 287), Ttootro AM = r. 3a Teo-

pemoro 26 roxxHa Touka M(x; y; 2) maHoi chepu /

3a7I0BOJIbHSAE DiBHAHHA: Maux. 287

(x—aP+Wy-b2+(z—-cl=r
Ile pisnannsa cgepu padiyca r i3 yuenmpom
y mouuyi A(a; b; c).
Ao a =b = ¢ =0, gicranemo piBHAHHSA cde-
pu pajiyca r i3 eHTpPOM y IOYaTKy KOOPAWHAT:
x2+yr+22=r2

A(xy; Yyos 21)
Ipukxnad. Chepi 3 mentpom y Touri A(1; —2; 3) q
panmiyca r = 4 BingmoBizae piBHAHHSA

(x—12+ @y + 22+ (z — 3)2 =16, abo

X*+y*+22-2x+4y—-62-2=0. B(Xy; Yo 25)
Pipuauua naomuau. Hexalli o0 — moBijabHA
IJIOIIMHA, & TOUKH A(xy; Yy 2¢) 1 B(Xss Yss 25) Mau. 288

TakKi, 10 JaHa IJIOIIWHA O MePIeHIUKYIApHA A0
Bimpisxka AB i mpoxoauTh uepes iioro cepenumuay M (maia. 288). Byab-saka Tou-
ka K(x; y; 2) niomueu o, piBHOBigmanena Bix A i B, ockinbku aKMA =aKMB.
Orxe, AK? = BK?, a6o
-2+ -yt @E-—z2)=(—x)+ Wy —y)*+ (2 — 2) (*)

Hapmakwu, aKIo KoopauHATH X, Y, 2 3aJOBOJIbHAIOTH PiBHAHHA (¥), TO TOU-
Ka K(x; y; 2) piBHOBigmanena Big A i B, a oTiKe, HAJIEKUTH IJIOMUHI O.

fIx 6aunmo, piBHAHHA (*) € PIBHAHHAM AaHOI ILUTOmMMHU. loro MosKHA IIO-
IaTH B iHIIIOMY BUTJIAII:

2(x,—x))x+2(y,—y, ) y+2(2, -2 ) z+xl +y; +2 —x) —y5 -2, = 0.
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SAxmo nosmaummo 2(x, — x;) = a, 2(y, — y;) = b, 2(z, — z;) = c,
x+yl+2l—x) -y’ -2z. =d, To nicramemo DiBHAHHA:
ax + by +cz+d=0.
Otike, OyaAL-AKill IJIOIIUHI B JeKapPTOBi#l cucTeMi KOOpAMHAT BiAIIOBigae pis-
HAHHA ax + by + cz + d = 0, AsKe HA3WBAIOTH 3araJIbHUM PiBHAHHSAM ILJIOIIUHH.

— And AornnTINBUX

PiBHAIHHSA npsaimol. [1psma y npocTopi — NiHig NnepeTuHy ABOX NAOWMH. ToMy
i BigNoBiaae cncremMma ABox NiHIMHNX PIBHSHb:
ax+by+cz+d=0,
{a1x+b1y+c1z+d1 =0.
KoopanHaTt KOXKHOT TOYKKM JaHOI NPSIMOI 3a40BOJIbHSAOTL LIIO CUCTEMY PIBHSHb,
i KOXXHMIN PO3B’A30K CUCTEMU — TPINKA 3HAYEHb X, ¥ | Z — KOOPANHATU TOYKM, AKa
NIeXNTb Ha AaHin Npsamin.
Akwo npsama AB, gka NpoxoamnTb Yepesd TOUKU A(Xy; Vq; Z,) 1 B(Xy; V,; Z,), HE na-
pasnesfibHa XO04Hi KOOPAMHATHIN NIOLWMHI, T BianoBigae cncrema piBHsHb
X=X, _ Y=Y, _2-2
Xo=Xy Yo= Vi Z7Z4
LL1o6 nepekoHaTUCH Yy LIbOMY, PO3rISHEMO Ma-
NoHOoK 289. TyT M(X; y; z) — AOBiNbHA TOYKa NPSMOI
AB, A,, B,, M, — npoexuji TO4OK A, B i M Ha nnowmHy B
Xy, anpsama AP, napanenbHa A,B,, nepetuHae npsami A
BB,i MM,y Toukax Ki P. K
MpaAMOKYTHI TPUKYTHUKN AMP i ABK nopfji6Hi,

MP : BK= AM : AB,

274 _ AM: AB. A

z,—- 2, M
AHanoriyHo, crnpoekTyBasLUn NpsMy AB Ha iHLUi
KOOPAMHATHI NAOLWWHW, OiCTAaHEMO: Man. 289

YV _amiaB i X=X
Y=Y, Xy = X4
3 TPbOX OCTaHHIX PIBHOCTEV BUMMVBAE CUCTEMA PIBHSAHDb (**), 9Ky HA3MBAIOTh
PiBHAHHSIM NPSAMOI, LLLO NPOXOAUTb Yepe3 ABi TOUKN.
Hanpwuknag, npsamin, ska npoxoanTb Yyeped Toukm A(1; -2; 0) i B(3; 1; 4), Bia-
nosigae cucrema:

(**)

\=<

©)
‘<v~U

=AM:AB.

x-1 y+2 =z

2 3 4
AKLLO Y CUCTEMI PIBHAHBL (**) BBECTU NO3HAYEHHS
Xo=Xy=M, Y= Y1=N,2, = 2, =P,
TO OTPUMAEMO KaHOHIYHE PIBHSIHHST MPSIMOI
X—X1:y—y1:Z—Z1 (***)

v m n Io}
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v
AKLWO Yy UbOMY PIiBHSHHI BCi BiOHOLIEHHS MO3HAYUTW 4Yepel t, TOBTO
X=X, _ Y=Y _Z-
m n

Z
L =t, TO OTPMMAEMO CUCTEMY
X=Xx,+mt,

y=y,+nt,
z=2z,+pt.

OTpuMaHy CMCTeMY PiBHSIHb HA3VBAIOTb MAPaMEeTPUYHUM PiIBHAHHSAM MPSIMOI.
KopucTytouncb napaMmeTpuyHUM PIBHAHHAM NPSMOI, 3PYYHO 3HAXOOAUTU TOYKU
nepeTvHy NPAMmMX, MNPSMOI Ta MJIOLLMHW, NPSMOI Ta chepu.

3ayBaxmnMo, WO Yy KAaHOHIYHOMY PiBHSIHHI NpsiMoi ogHe abo ABa (ane He Tpu)
34mMcen m, n, P MOXe OOPIBHIOBATU HYJIIO, OCKINIbKU B JAHOMY BUMAZKY LLe O3Havae
He [iNeHHS Ha HyJb, @ YMOBHY GOpMy 3anucy. [Npu LbomMy, SKLLO OAHE 3 X YUCer
[OPIBHIOE HYNIO, TO NpsiMa 6yae napanesibHo OAHIN 3 KOOPANHATHUX MJIOLLMH.
FIKLL0 X HY/I0 JOPIBHIOKOTL ABa YMcna, To Npsma Oyae napasnenbHo OfHil 3 KO-
opauHaTHMx ocen. Hanpuknag, akwo m = 0, To npsmMa napanefibHa nioLmMHI yz,
a akwo ogHovyacHo m=0in =0, To npsamMa 6yae napanensHoto oci Oz.

SAMNUTAHHS TA 3ABAAHHS OJ19 CAMOKOHTPOJIIO

1. o HaswBaiOTh PiBHAHHAM (irypu?

2. fky reomerpuuny (pirypy HasmBaiTb c(peporo?

3. fkuii Burman mae piBHAHHA chepu? A chepu 3 IEHTPOM y HOYATKY
KoopauHaT?

4. SAxwuit BUraan Mae PiBHAHHSA TJIOIUHUA?

BukoHAEMO PA3OM

o CryaamiTh PiBHAHHSA IJIOIMUHU, KA IPOXOAUTH ueped Touku A(4; 2; —1),
B(-1; 0; 3)i C(0; 0; 1).

@ PiBHaHHA maomuHu ax + by + cz + d = 0. Ockinbku Touku A, B, C Ha-
JeXKaTh ILIOIIMWHI, IXHI KOOpAMHATH 3aJ0BOJIbHSIOTEL ii PiBHAHHS, TOOTO
4da +2b-c+d=0,-a +3c+d=0, ¢c+d=0. Bupasumo KoepiiieHTn
a, b, cuepes d: ¢c =—-d, a=-2d, b =3d. Maemo: —2dx + 3dy —dz +d =0.
Ockinpru d#0 (uomy?), To oTpuMaeMo piBHAHHA 2x — 3y + 2 — 1 =0.

9 3uaiigiTe DOBKUHY JiHil meperuny chepu (x — 1)2 + (y + 2)2 + (2 + 1)2 =
= 25 njoiuHoL 2 = 2.

® Illo6 sHaliTu piBHAHHA JiHil mepeTuHy chepu i IJIOMIMHU, PO3B’AIKEMO
cucTeMy PiBHAHB:

{(x — 12+ (y + 2)% + (z + 1) = 25;
z=2.
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Orpumaemo: (x — 1)2 + (y + 2)2 + (2 + 1)? = 25,

sBigkm (x — 1)2 + (y + 2)2 + 9 = 25, abo

(x — 12+ (y + 2)2 =16 — piBusaHHA KoJa pazgiyca r = 4.

3HalmemMo mOoB:KUHY Iboro koja: C = 2nr, C = 8m.
e SHalaiThL JOBKUHY XOpau, ARy cdepa (x — 1)2 + (y + 2)2 + (z + 1)2 =35
BigTuHae Big npamoi AB, akmio A(2; 0; 1), B(6; 1; —2).
® CkopucraemMocsa PiBHAHHAM IIPAMOI, [0 TPOXOAUTH UepPe3 Bi TOUKHU:
X4 Y4 _EFTE
Xo=X Yo~ Y1 273
x-2 y =z-1

Toni piBuaAHHA nmpaMoi AB MaTuMe BUTJIAL: T = T = —3 =t,
3BigKU

x=4t+2,

y=t,

z=-3t+1.

3HalieM0o KOOPAMHATH TOUYOK MePeTUHY IPAMOi Ta chepu:
(4t +1)2+ (¢ + 2) + (2 — 3t)* = 35,
abo 162+ 8t + 1 + 2+ 4t +4 + 4 — 12t + 92 = 35, 3Bigku 26¢? = 26,
Tob6to t = =1. Tomi M,(6; 1; —2), M,(—2; —1; 4).
Tomy M,M,=+64+4+36 =104 =2./26.

3ALAYI TA BNPABM

BWKOHAWTE YCHO

823. fki 3 piBHAHB He € PIBHAHHAM IJIOIUHU:

a)2x+3y —z-2=0; r) y=0;

0) x +y=>5; X Yy z_

B) 2= 4; Moty Tl

r) x* +y* - 22 =15; e) x + 2y —xy + 3z =27

824. fIka 3 mJIONIMH IPOXOAUTL Uepes3 IMOUATOK KOOPIMHAT:
a) x + 2y +z=2>5;
06) 3x — 2y + 2=0;

B) ~+¥_2_09

2 3 4
825. fAki dirypu samaroTh Taki piBHAHHA:
a) z=0; r) x2 —y?=0;
0) y=2; 1) (x-2)y+3)=0;
B) x2-2x +1=0; o (z—2)(z+4)=0?

826. CrkiaziTe piBHAHHA cdepu 3 IEHTPOM y IOYATKYy KOOpPAUHAT paniyca 2.
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X

827.
828.

829.

830.

831.
832.

833.

834.

835.

836.

837.

838.

839.

840.

841.
842.

843.

844.

Cxaanits piBHAHHA chepu pazgiyca r = 5 i3 mentpom y Touri A(1; 0; 4).
HasBiThs KoopamHATH TPHOX TOUOK, IIIO HaJeKaThb chepi paxmiyca r = 10
i3 IIEHTPOM y MOYaTKy KOOPAUHAT.

Yu magexutb Touka M(3; 2; —1) chepi, piBusuus axol x2 + y? + 22 — 2x +
+4y — 62 -2 =07

Cxaaznits piBHAHHS chepu i3 meHTpoMm y Touri B(1; 1; 3), Koau Bimomo,
110 BOHA IPOXOAUTH uepe3 Tourky M(2; 0; —1).

Hanwumrites piBaAHEA chepu 3 giamerpom AB, aximo A(—2; 1; 4), B(0; 3; 2).
Hanwurits piBHSHHES cepu, pagiycoM SKoi € Bigpisox AB, axio A(—2; 1; 3),
B(0; 2; 1).

3HalaiThy TouKku mepeTuHy chepu, 3amaHol piBHAHHEAM xZ + y? + 22 — 4x =
=12, 3 Biccio x.

ki 3 KoopauHATHUX Ocell mepeTuHae chepa, 3agaHa piBHAHHAM X2 + y? +
+ 22— 16x — 12y + 19 = 0? 3HaiigiTs KOOPAUHATHA TOYOK IIEPETHUHY.
Hamo cepy paziyca r = 5 i3 meuTpom y Touiri A(2; 4; 3). 3HAHAITH T0B-
JKUHY JIiHIl nepeTuHy Iiel cdhepy 3 MIJIOIIUHOIO XY .

Hanwunrits piBHauHS cdepu 3 ieHTPoM y Toulri (—2; 3; 1), AKa JOTUKAETHCA
o ILIoImHU: a) xy; 0) yz; B) xz.

Bidxpuma 3adava. Hanumrite piBHAHHA chepm 3 IEHTPOM y TOUILl
M(-1; 3; —2), axa ...

3HalaiTe pagiyc i KoopauHATH IeHTPa chepu:

a) x2+y?+ 22— 2x +4y — 22=19; 6) ¥ + y? + 22 + 6x — 2y = 26.

Yu mpoxoguTh IIOIINHA, 3afana piBHAHHAM 2x + 4y + 3z — 7 = 0, uepes
TouKy A(2; 3; —1)? A uepes Toury B(-1; 0; 3)?

3HaliTh KOOPAMHATH TOUOK, Yy AKUX IJIOIIMHA, 3aJaHa PiBHAHHAM
2x —y + 3z + 6 = 0, mepeTnHaEe KOOPAMHATHI OCi.

CrJamiTh piBHAHHSA ILUIONUHA, AKa IPOXOAUTH uepes Bich x i Touky A(1; 1; 1).
CxraamiTs piBHAHHSA IJIOMUHA, KA apajiejibHA TJIOIWHI XY i TPpOXOaAUTh
yepes3 Touky A(2; 3; 4).

CriazmiTs piBHAHHSA IJIOMIMHU, dKa mpoxoauTh uepes Toukm O(0; 0; 0),
A(1; 2; —=3) i B(2; —2; 5).

HoBenmiTh, 1110 KOKHIH IIJIOIITWHI, SKA ITPOXOAUTH YePe3 TOYATOK KOOPIMHAT,
BizmoBizae piBHAHHA Bumy ax + by + cz = 0.

X

845.

846.

Ha xoopaumaTHux ocsax mamo Touku A, B, C raki, mo OA = 0B =0C = 2.

CkaamiTh PiBHAHHA MIJIOIIWHU, AKa IPOXOIUTH Uepesd IIi TOUKU.

HoBeniTs, 1110 KOJIM Ha KOOPAWMHATHUX OCAX X, Y, Z JaHO TOuKu A, B, C

Taki, mo OA = a, OB = b, OC = ¢, TO HJOIINHI, AKa IPOXOAUTEL Uepes IIi
. . . x y z

TOYKHU, BiATIOBijae piBHAHHSA Z+3+?= .
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847.

848.

849.

850.

851.
852.

853.

854.

855.

856.

857"
858.
859.

860.

861.

Poszgnin 4. KoopanHaTt, reOMeTpUyHi NEPETBOPEHHS Ta BEKTOPU Y MPOCTOPI

IlnomuHa i chepa sagani pieuguuamu 4x + 3y —4 =01 x2 + y2 + 22— 2x +
+ 8y + 8 = 0. Yu HameKUTh 1eHTp chepu AaHiil MIOMUHI?

Cdepa 3 eaTpom A(2; 3; 4) TpOXOAUTH Uuepes
nouaTok KoopauHaT (Mmas. 290). HanumriTe

z

PiBHAHHSA KiJI, II0 AKUX KOOPAMHATHI ILJIO- /

IIWHA [IePEeTUHAIOTEL cdepy. A

Cxaamiteh piBHAHHSA cepu, AKa MPOXOAUTH R
yepes Touku: O(0; 0; 0), A(4; 4; 2), B(0; 0; 2) (0] y
i C(0; 4; 0). A,

Cxrnanite piBHAHHA chepu, Koau Bimomo,
170 BOHAa MPOoXoAuTh uepes Touku A(0; 5; 1),
B(-2; 0; 4), a ii 11eHTp JIeKUTDH Ha OCi 2.
3HalIiTh reoMeTPUUYHE MicCIle TOUOK IPOCTOPY, BifcTaHb Big SKMUX 40 chepu
(x =22+ (y — 1)? + (2 + 4)? = 25 mopiBHIOE 2.

3ajie;KHO BiJ 3HaUueHb ITapaMeTpa d BCTAHOBITH B3aeMHE DO3TAIllyBaHHSA
chep: x2+ 2+ 22 -4x +2y=4i(x - 6>+ (y + 1)+ (z — 3)2=a’
300pasiTe IJIOMINHY, 3aJaHy PiBHAHHIM:

Maun. 290

a) x = 3; Vy—z—-2=0;
0) y=-4; n) x +y=05;

B) 2 = b; e)x +y+2=4.
r)y —4x=0;

HoBenits, 1o ko Touka A(a; b; ¢) — ocHoBa
MePIeHAUKYJIApa, IPOBEIeHOro 3 IOYaTKy
KoopAmHAT Ha mioinuuy o (Manx. 291), To
PiBHAHHSA ITi€l MJIOITUHMT:

ax + by +cz—(a®+ b2+ ¢c?)=0.
Touku O(0; 0; 0), A(3; 0; 0), B(0; 4; 0)
i O4(0; 0; 5) — BepUIMHYU TPAMOKYTHOTO TIa-
paneneninena. CKiaagiTh piBHAHHS IJIOIIUH
ycix #ioro rpaHei.
KoopauHaTtu Touok AKoi Girypu 3amoBoJIb- Max. 291
HAITH cucteMy HepiBHocTel: 0 < x < 2,
0<y<3,02<54?
3HAUAITH MOBKUHY JIiHIT, IO AKill ommHEA 2 = 2 — Yy nmepetuHae chepy,
x2+ (y + 1)2+ (z — 2)? = 25.
Y akomy BimHOIIeHHI miuomuHa 3x + 2y + 2z — 17 = 0 giauTh Bigpisox AB,
ario A(1; —1; 4), B(5; 3; 2)?
IIpamy 3amamo cuctemolo piBHAHb X —y +42=0i2x +y + 3z —-1=0.
3HAUAITh KOOPAWHATU TOYOK IIePEeTHHY Iliel mpsaMoi 3 KOOPAWMHATHUMU
IJIOTIMHAMUA.
CkianmiTh pPiBHAHHSA TPAMOI, KA IIPOXOAUTH deped Touku A(l; 3; 2)
i B(—5; 7; 4).

<y

. x-3 y-4 2z-2
IIpsiMy 3a7aHO CHCTEMOIO PiBHIHB E =3 7"

HasBiTe KoOpauHaTH AKNX-HEOYIh TPHOX TOUOK Ili€l mpsMoi.
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862. HanuiriTe piBHAHHA NIPSAMOi, AKa IPOXOAUTH uepe3 Touky P(—1; 4; 2)
i gimuTe Bigpisoxk M N masimiia, axmo M(4; —1; 3), N(—2; 3; 5).
863. Ilnomuua i npaMa 3amaHi PiBHAHHIAMN
x-2 y+3 z-3
1 5 3
Yu neperuHaOThLCI BOHU? ¥ AKiit Touri?
864. IIpsma i cepa 3amaHi piBHAHHIMN

x+2 y-3 z+1

2 1 4
Yu mepeTWHAIOTHCSI BOHU? ¥ SKUX TOUKax?

3A£|,A‘-II A9 NOBTOPEHHYA

865. HamumriTh piBHAHHSA KoJia, Buucanoro B aABC, akimo A(—3; 0), B(1; 3),
C(1; —-3).

866. BukopucToByOUN KOOPAMHATHUMN METO[, AOBEIiThH, IO cyMa KBaApaTiB
BiicTaHel Big MOBiJIBHOI TOUKM KOJIa, BIIMCAHOTO B KBAIpaT, OO BEPIIUH
IIOTO KBaJApaTa € BeJUUYNHOIO CTaJIOIO.

867. Touka M He HaNEXUThb MUMOOLKHUM mpaMuM a i b. Uu 3aBXKAU MOKHA
yepes TOUKy M IIPOBECTHU IIPAMY, SKa MepeTuHaATIMe KOXKHY 3 TpaMux a i b?

3x -2y +z-7=01

ix?+y?+22=13.

§20  Sspecran

SAx1o poss’sa3yioTh 3aauy a60 JOBOASATH TEOPEMY, 3aCTOCOBYIOUN KOOPIUHATHI
TOYOK, PiBHAHHSA JiHil a00 TOBEPXOHB, TOBOPATH PO Memod Koopdunam. s
MPUKJIAAy PO3B’AKeMO MM MeTOJO0M KiJbKa s3amad.

3adaua 1. [loBexiTh, 1110 BCi TpU cepen-

Hi JiHil TeTpaeapa IPOXOAATH Uepe3 OAHY

TOUKY i OinATHCA IIi€0 TOYKOIO HABMiJ
(cepednvoro ninicro TeTpaenpa Ha3WBAIOTH
BiIpiBoK, SKUUA CIIOJIyUYaE CEepPeIuHU HOTO0 E
IPOTUJIEKHUX pebdep).

Hoeedenns. Hexait ABCD — noBinbHUI
Terpaenp, KL, EF i PT — iioro cepenHi T'
aigii. PosMmicTuMoO cucTeMy KOOpPAWHAT, IK /D’(

x

IIOKA3aHO Ha MAIIOHKY 292, i mosHauMMO C(c; b; 0)

KOOpAMHATU BepINuH TeTpaenpa: A(m; n; h), Mau. 292
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B(0; 0; 0), C(c; b; 0), D(a; 0; 0). Toxmi koopauHATH cepeanH pedep i BigmoBiz-
HUX cepefHiX JiHiil TeTpaeapa OyAyTh:

K(ﬂ;ﬁ;ﬁj, L(“c;ﬁ;o),
27272 2 72

G(m+a+c . n+b.£)
4 4 4)

E(m+a;£;£)’ F(E;B;O), Gl(m+a+c;n+b;£)’
2 2 2 2 2 4 4 4

m+c n+b h a m+a+c n+b h
P( ; ;—), T(—;O;O), G2( ; ;—)-
2 2 2 2 4 4 4
Bigmosinui koopamuatu Touok G, G, i G, piBHi. OT:Ke, 11i TOUKU 36iraroThes.
G — cepenmHa KOKHOI cepeHBOI JiHil gamoro Terpaeapa. (Poss’sxiTh samauy
iHImIIM cmocoboMm.)

Toury G, y dKili mepeTHHAIOThCA BCi cepefHi JiHiI TeTpaeapa, Ha3WBaIOTh
IEHTPOIIOM TeTpaeapa.

3adaua 2. 3HAUAITH HA TPHOX IIOTIAPHO MUMOOI K- ZA
HUX pebpax Kyba Taki Tpm TOUKU, cyMa KBaJpaTiB C, D,
BimcTameil Mixk aAKuMu Oyiaa 6 MiHiMaJIbHOIO.

Posé’asannsa. Hexait ABCDA,B,C,D, — moBijib- B, T
Huil kKy0, K, P, T — TOUKHU Ha HOT0 IMOIIapHO MIIMO- p A
6iskHUX pebpax AB, CC,, A,D,. fIkiio cucremy Koop-
OUHAT PO3MICTUTH, SK IIOKA3aHO Ha MaJIOHKY 293,
i mosHAUMTH SOBKUHY pedpa Kyba OYKBOIO a, TO KO-
OpAUHATH PO3TJIALYBAaHUX TOUOK OynyTh: K(a; y; 0),
P(0; 0; 2), T(x; a; a). Cyma KBagparTiB Bifcraneii X
Mi’K TOUKaAMMU:

KP*+PT*+TK?=a’+y* +22 +x* +a’ +(a—2)" —(a—x)’ +(a-y) +a* =

=2(3a2+x2+y2+22—ax—ay—az):2(%az+(x——) (—%) (z——) )
4.
2

HaiimeH1oro sHayeHHs 1A cyMa HaOyBae€, KOJU X =Yy =2 =

N}
)l
Sy

S

A

Mau. 293

Tomy K, P,

T — cepenmHu MUMOOIKHUX pebep Kyoda.

PosrisryTa Bullle IpAMOKYTHA CICTEMAa KOOPAMHAT IITUPOKO 3aCTOCOBYETHCA
y OPUKJaJHUX HayKax i Ha BUPOOHUIITBI.

Y TphoX B3aEMHO IEPIEHAUKYIAPHUX HATpAMaX (0 OCsIX KOOpAMHAT) mepe-
MiIyfoThcsa poboui Byssam 6araThbox cydacHuxX BepcraTiB (maja. 294). IcHyoTh
KOODPAMHATHO-PO3TOUYBAJIbHI Ta iHIII BepcTaTy i3 YMCJIOBUM IIPOTPAMHUM Ke-
pyBaHHAM. 3BUUYaliHO, MPAMOKYTHA CHUCTeMa KOOpAMHAT — HaWIpocTimIa.
Y npukaagHUX HayKax i TeXHiIl BUKOPUCTOBYIOThCA ITUJIIHAPUYHA, chepruuHa
Ta iHIi cucTeMu KOOPAWHAT. ¥ IMWJIIHAPUUYHIN CHCTEMi KOMKHA TOUKA IIPOCTOPY
3aJla€eTbCcA NBOMA BimcraHaMmu r i 2z Ta KyTom ¢ (Mmas. 295).
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2 A

Mau. 294 Mau. 295 Mau. 296

Y chepuuniii — nBoma kyramu ¢ i 0 Ta Bigcranuio r (mas. 296). Ilpuraan cohe-
puuHOi cucTeMHu KOOpPAWHAT — CiTKa mapaJsieseit i MepugiauisB Ha riodyci (TyT
r crase). KoHCTpyKTOpHU i HaJIafUMKM PisHUX POOOTIiB i POTOPHUX MexaHi3MiB
3a3BMUall BUKOPUCTOBYIOTh IWJIIHIPUYHY CUCTEMY KOOPAMHAT.

Bimzomo, 1o xomm’ioTepu BUAAIOTH PisHi TpaekTopii, rpadikm, cxemm Ta
iH1ITi TeoMeTpUUHi 00pasu. 3AiNCHIOETHCA 1€ 3aBAAKY O0UNCIEHHAM KOOPAUHAT
iIXHIX TOYOK.

SAMNUTAHHS TA 3ABAAHHS OJ19 CAMOKOHTPOJIIO

1. ¥V yomy cyTh MEeTOAY KOOPAUHAT?

2. Illo masuBaiOTL TEeTpaeapom?

3. IIlo HasuWBalOTh cepeqHbOIO JiHieo TeTpaeapa?

4. fxk Ha3sWBAIOTL TOUKY IIEPETUHY CepPeaHixX JiHiii TeTpaeapa?

5. loBenitsb, 10 IIEHTPOIL TeTpaeapa — cepelrHa KOMKHOI HOro cepemHbol
JTimii.

6. fAki icuyroTh cucTeMU KOOPAMHAT Y IIPOCTOPi?

BukoHAEMO PA3OM A

o Ilnomwuua npoxonuts yepes Touku M, N i K
kyb6a ABCDA,B,C,D,, npuuomy M e AA, A
NeB(C, KeCD,AM : MA,=1:2, B,N:NC, = ! D,
=3 :2,CK = KD. YV axkomy BigHoieHHi 11
ILJIOIIMHA OiJIuTh pedpo AD? B - ¢

® PosmicTuMo cumcTeMy KOOPAMHAT BiJHOCHO K
IaHOI'o Ky0a, K IIOKAa3aHo HAa MaJIOHKY 297, A P D
i mosmauumo AB = 1. JlaHi TOUKu1 MaOTh TaKi x
KOOpAUHATH:

M(l; 0; l), N(O; E; 1), K(l, 1; 0).
3 5 2
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Ilnomunay, AKa HPOXOAUTHL Uepe3 IIi TOUKM, MOJMKHA 3aJaTH PIBHAHHSIM:
ax + by + cz + d = 0. dxmio migcTtaBuUMO B e PiBHAHHA KOOPAUHATHU Ha-
3BAHUX TOUYOK, JiCTAHEMO CHCTEMY

a+lc+d=0,

3
Eb+c+d:0,
5
la+b+d:0.
2

3Bigcu a = 26, b = 20, ¢ = 21, d = —33. Orike, ciu”ili miaomuHi Bigmosigae
piBHauHa 26x + 20y + 21z — 33 = 0.
Touka P(1; y; 0) mexuTth Ha CiuHill TIOMIUHI.

Orxe, 26 + 20y — 33 = 0, 3BigKH® yzi. Axrmro AP=%, TO PD=E

20°
Oroxe, AP : PB=1T7:13.

3A,E|,A'-II TA BIPABU

BUKOHAWTE YCHO

868. HasBiTh KOOpAUHATH BepPIIUH Ky0a, 300pakeHoro Ha MajaioHKy 298.

A 2 T
z c
4 B, c, B, 5 ; 1
A :
' D, A,
B 4C > B o c
. y -3 3 y'
Al
4 D 4 ‘A
x x
Maun. 298 Maun. 299

869. HazBiTh KOOpAMHATU BEPINIUH TPUKYTHOI mMpuaMu, 300pakeHol Ha Ma-
JI0HKY 299.

870. BepimuHa TPUKYTHOI MipaMigu JeKUTh y TIOYAaTKY KOOPAWHAT, a BePITUHUI
OCHOBWU JIEXKATh Ha KOOPAMHATHUX OCAX y TOUKAX, AKi BigmasewHi Bij 1mo-
YaTKy KOOpAWHAT Ha a. Has3BiTh KOOPAWMHATHN BEPIIWH ITipaMiaun.

871. Yomy mopiBHIioe pedbpo Kyba ABCDA,B,C,D,, akmio A(2; 0; 0), A,(2; 0; 4)?
Yu MosKe ofHA 3 BEPIIIUH IIHOTO Ky0a 3HAXOAUTHUCA B IOYATKY KOOPAUHAT?

872. V ry6i ABCDA,B,C,D, nauo xoopaunatu Bepiua A(1; —1; 0), B(1; 1; 0).
VYraxiTs koopauHaTy BepmuH A, i D,.
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X

873.

874.

875.

876.

877.

878.

879.

a) BubepiTh NpAMOKYTHY CHCTEMY KOOPAHWHAT i 300pasiTh Ky0, 3amaHUM
cucreMmoro HepiBHOcTel: —2<x <2,0<y<4,0<2z2<4.

0) 3agaiiTe cucTeMOI0 HepiBHOCTel iHINMUNE Ky0 3 pebpom 4.

3aaiiTe cucTeMOI0 HEePiBHOCTEH MPAMOKYTHUU mapaJjejemninesn 3 pedopaMmu

3,31i6.

Pebpo Kyb6a gopiBuioe 1. 3anuImiTs KOOPAWHATH BEPIIIUH TaKOTO Ky0a, I110:

a) ogHA 3 BEpPIINH Kyba JIeKUTh Yy MMOYaTKy KOOPAUHAT;

6) oci Ox i Oy € ocaMu cuMeTpil HUKHBOI OCHOBU Ky0a, MePIeHIuKYIAp-
HUMU IO MOTO CTOPiH;

B) AiaroHasi HM)KHBOI OCHOBU Ky0a JeskaTh Ha ocaAx Ox i Oy.

3HalaiTh KoopauHATH Bepuinuu D npasBuabHOro Terpaenpa ABCD i Bin-

craub Big mei go muomuuu ABC, akmio A(6; 0; 0), B(0; 6; 0), C(0; 0; 6).

Y npamoxyTtHoMmy napasesnemnineni ABCDA,B,C,D,AB =AD = a, AA,= 2a.

E,F, M, N — cepenunu A,D,, D,C, CD i A;D BinmoBiguo. [loBenits, 1110

Bigpisku EM i FN mepeTWHAIOTHCA i TOUKOIO IMEPETUHY AiJATHCSA HABILJI.

Hano mpamoryTHui napamnenemnines ABCDA;B,C,D, 3 pebpamu AB = 2,

BC =4, AA, = 6. Y axomy BigHomeHHi miomuua AB,C miauTh Bigpisok

BK, ne K — cepenuna DD,?

Hamo xkyo ABCDA,B,C,D, i Touku M i N ua pebpax AA, i CC,. Yu mipoxo-

nuth mwiommaa M B, N udepes Bepmury D, akio: a) AM = MA,, CN = NC;;

6) AM : MA,=3:1,CN : NC,=1: 3?

X

880.

881.

882.

883.

884.

885.

886.

Pe6po ky6a ABCDA,B,C,D, nopiBHIo€e a. 3HaUAiTh pagiyc cepu, sKa mpo-
XOOUTH ueped ToOuKu A, A, i meHTpu rpanet 3i cuimbaUM pedpom CC,.
Pebpo Kyba mopiBHioe a. 3HalAiTL pamiyc chepu, ssKa IPOXOAUTH Uepes
OJTHY 3 MOT0 BEPIIIVH i cepeluH! TPhOX pedep, AKi MiCTATH I[I0 BEPIINHY.
Cdepa mpoxXoauTh Yepe3 cepeiruHU TPhoX pebep Kybda, AKi MiCTATHL OTHY
BEPINIMHY, 1 Uepe3 BePIINHY Ky0a, MPOTUJIeKHY mepIriii. 3HalaAiTh paaiyc
cpepu, AKIo pedpo Kyda mopisuioe 20.

Yor1upu touku A, B, C, D posmimieni y mpoctopi Tak, mo AD | BC. [o-
BeJiTh, 1m0 AB% + DC? = AC? + DB?.

3HAUAITH TEOMETPUYHE MiCIle TOUOK ITPOCTOPY, CyMa KBaApaTiB BifcTaHei
BiJ AKMX A0 KiHIIIB JaHOro Bifgpiska craJia.

3HaliTh Ha rpaHi Kyba TOUKY, cyMa KBaJpaTiB BimcTameil Bim Kol 10
BCiX BepIIIMH NPOTHJEKHOI rpaHi HaliMeHmIa. YoMy OOPiBHIOE IS cyMa,
AKIIO HOB)KUHA pedpa Kyba a?

IlenTp KBagpara € 1eHTpoM cepu, AKa MPOXOAUTH Yepe3 BEePIITNHU KBa/l-
para. [loBeniTh, I1T0 cyMa KBaApAaTiB BifcTanei Big Oyab-AK01 TOuKU chepu
0 BCiX BepIIIMH KBajJpaTa cTajia IJsd JAaHOTO KBajapara (He 3aJIeKUTh Bifn
BuOOPY TOUKM Ha cdepi).
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887. Vci BepmmHu Kyba Jjexkarth Ha chepi. [loBeniTh, 110 cyma KBaapariB Bin-
craHeil Big Oymb-AKOl TOUKM cepr 4O BepIIMHU Kyba cTaja AJId ZaHOTO
Kyo0Oa.

888. B oxgny 3 rpaHeii Kyba BOucaHo Kojo. [JoBexiTh, 110 cymMa KBaapaTiB Bif-
cTaHed BiJ OyAb-AKOI TOUKHU IIHOTO KOJIA JO0 BEPIIUWH ITPOTUJIEKHOI rpaHi
Ky0ba craJa.

889. lamo kyo ABCDA,B,C,D,, pebpo sixoro mopiBHioe 2. N i K — cepeauHu
pebep A,D,i CD Bignosiguo. Pe BC;,, B\P : PC, =3 : 1.

YcraHOBITE BiATIOBiAHiICTD MixK Bigpiskamu (1—4) ta ix goB:xxkunamvu (A—I1).

1 BN A 0,521
2 NK B /6

3 PK B 0,541
4 PA I3

o5

890*%. ABCDA,B,C,D, — ®y6, M — cepenuna pebpa AA,, K — mnenrtp rpaui
CC,D,D. Y axomy BiHOIIIEHHI IJIOITNHA, KA IPOXOJUTH Uepe3 TOUKHU B,
M i K, ginuts pebpa CC, i DD,?

891%. Nano ky0 ABCDA,B,C,D,irtouku M, N, P na Bigpiskax AB,, DC, A,C, Big-
noBigHO. ¥ AKoMY BigHOIeHH] mioiuaa MNP ninutsk Bigpisok D,C,, AKIIT0
AM : MB,=1:3,DN:DC=1:2,AP:AC, =2:3?

892*, Ha skiit Biscrani Bix ocHOBU Kyba po3MillleHO mmapajieIbHUN OCHOBI Bix-
PiBOK 3aBHOBMKKU b, AKIITO OAWH KiHeIlb BiApisKa JIeXKUTh Ha miaroHai
Ky0a, a Ipyruit — Ha MUMOOiKHiN 3 Heto AiaroHaJi 6iunoi rpani? JloBKkuHa
pebpa Kyba mopiBHIOE a.

893*%., ABCDA,B,C,D, — upamokyTHuii napaJjejeninen, AB = BC = a, AA, =
= 2a. 3HaliTh JOBKUHY Bimpiska M K, mapanenabHoro rpani ABB A, AKIIO
MeAD,, KeDB, AM : AD,=2: 3.

894*, 3maiixiTh BigcTaub Big Bepimuuu D terpaenpa ABCD po iioro rpani ABC,
axmo AC = CB = 10, AB = 12, DA = 7, DB=+/145, DC=+/29.

895%*. 3manigiTe mos:xuny pedbpa AD Terpaenpa ABCD, saxmio AB = AC = BC =
= 10, DB=2\/5, DC=\/E i Bigcraup Big BepmuHU D [0 IJIOIIUHUA
rpaui ABC nmopiBuioe 5.

896. HamnumritTs piBHAHHS Qirypu, AKa CKJIaIaeThCAd 3 TOUOK, PiBHOBiAZaIeHUX
Big Touox A(-2; 1; —1) i B(4; —1; 3).

897. Ha mamtouky 300 momaHo moriToBuit 670K 3 6 Mapok «Minmepanau YKpainm»
(2009 p.). 3uaiigiTe MJaONIY OAHiel MapKu, MPAMOKYTHUKA i IIECTUKYT-
HUKa, 300pakeHnX Ha MaJIOHKY, AKINO ¢opmar 6oka — 132 X 86 MM,
a KOJKHa CTOpPOHA TPUKYTHHKA HopiBHIoe 47 MM. Ky yacTMHY ILIOIIi
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6Jioka 3aiimae miolrna mecTukyTHuKa? JlisHaliTecd 6iibIie mpo MiHepaJu,
300pasxeni ma mapiri. IKi 3 HuX € y Barriit micieBocTti?

e Ksapig

e Cipka camopomHa
e Tomas

® Q-KepueHiT

e Bepun

e OKO TUTpPOBE

Mau. 300

898. Haxpecuithb nBa foBiabHi Bektopu d i b.Ilo6yxnyiite Bexropu d+b, da—b,
23— 3b.

B
§ 21 ysll;()g::?rgpi

Besnuuunau 6yBaoTh CKALAPHI Ta eKMOPHI. SHAUEHHA CKATAPHUX BeJTUYNH —
YucJia, 3HaUeHHA BEeKTOPHUX BEJIUYWH — 6eKmopu. BeKTopu Ha IJIOIIUHI pO3-
TJIALAIY Y IIOTIEPEHIX KIacax. Telmep BUBUMMO HAWBAaKJIMBIIIIi BIaCTUBOCTI BEK-
TOpiB y mpocTopi. K i paHie, 3o6pakaTuMeMo iX HATPAMJIEHUMHA BipisKamMu.

Bimomuii reometp akagemik O. I1. Asekcauapos pos’scHioe: « HacTo BekTopamu
Ha3WBAIOTh caMi HanpaMJeHi Bigpisku. Ile He 30BciM TOUHO: TpeaMeT i #1oro 30-
OpasKeHHs He OJHe I Te came. AJjie B pO3MOBHiil MOBi, MOKa3youn, HAaIIPUKJIaLI,
caoHa Ha (ororpadii, KaKyTh: ,,Ile ciaoH®, i HiXTO He Kaxe: ,,Ile 300pasKeHHsA
ciroua“. Tak i B reomerpii 3 BeKTOpamMmu: MaJIOIUYN HAOPAMJIEHWI BigpisoK,
TOBOPATH, III0 HAMAJIOBAJIM BEKTOP, X0Ua Ile TiJIbKU 300parkeHHA BEKTOpa».

Mwu Takok 3amMicTh «BEKTOP, 300pasKeHUN HaIpAMJEHUM Bigpiskom AB »

OHCATUMEMO i TOBOPUTHUMEMO «BeKTOp AB ». Yce K He 3a0ymeMo, III0 HAIIPAM-
JeHUMU BimpiskaMu 300pasKaioTh He TiJIbKU BeKTOopH. I 300pasKaTu BeKTOPHU
MOJKHa He TIJIbKUW HANPAMJIEHUMU Bigpiskamu.
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BekTopu uacTo 3a7alTh 3a JOIIOMOTOI0 KoopAuHaT. KoopauHaraMu BeKTO-
pa AB, nmouaTok aKoro A(x;; Y;; 2,), a KiHenns B(x,; Y,; 2,), HA3UBAIOTh YUCIA
X=Xy =X, Y=Y~ Y1 2 =22 — 21.

3aIncyoTh TAKUH BEKTOP, 3a3HAYAI0OUN
MOT0 KOOPIMHATH:

AB=(x;y; z) abo a=(x;y; z).

Hampurnazn, akmo toukm A(3; 0; 2)
i B(0; 4; 3) — mouaToK i KiHelb HaIPAM-
JeHoro Bigpiska AB (mas. 301), To:

x=0-3=-3,y=4-0=4,2=3-2=1.

OTr:xe, HanpAMJEHOMY Biapisky AB
Bigmosisae BerTop @ =(-3;4;1). Umcaa Maur. 301
-3, 4 i1 — KoopAauHATH IILOTO BEKTOpPA.

[Ba BeKTOpPU HA3WBAIOTH PiIBHUMU, AKIIO iIXHi BiITIOBiTHI KOOpAMHATY PiBHI.

PiBHUM BeKTOpaM BiAIIOBiIat0OTh PiBHI 3a JOBXKMHOIO M OMHAKOBO HATIPSAMJICHI
BipisKu, i HaBOaKMH.

Koopamnuatu BeKTOpa MOMXKYTH OYTH OYAb-IKMMU SiACHUMH YKcJaMu. JIKIITO

BCi KooOpAmHATH BEKTOpa — HYJi, TO HOro Ha3WBAIOTh HYJIHOBUM BEKTOPOM
i mosHauaTh cuMBosOM 0. Ile exuHUE BEeKTOD, AKOMY HE BifIIOBiZae HaAIPAM-
JIeHU# BifIPi30OK i AKUII He Mae HAIPAMY. A
Axio O — moyaToK KOOPAMHAT, a YKC-
Ja X, Yy, 2 — KOODJMHATHU TOYKHU A, P
TO Ii cami ymcsa € i KoopaAMHATAMU BEK- / oy (& 'K ?
- e K .y »
ropa OA (maia. 302). Bektop OA MokHAa ,/ 64\*’
300pasuTH i HAaIPAMJIEHUM Bigpiskom ﬁ,  F 5
ne K(x; y; z) — Oynb-siKa TOUKA IIPOCTOPY, o y
a P — Touka 3 KoopguHaTtamu k; + x, By + i, E x
ks t+z. Amxe ki +x —ki=x,ky, +ty—ky=1y, A/x y A,
By +2— ky=2z.
T'oBopaTh: «Byab-aKUl BEKTOP MOMKHA Mau. 302

BigKJIacTH Bif Oy Ab-sIKOI TOUKHU IIPOCTOPY » .
JoB:knHOI0, a00 MOAyJaeM, BeKTOpa Ha3WBAaIOTh NOBXKUHY HAIIPSIMJICHOTO
Bimpiska, 110 300paskae IHoro.

ITosHAaUaOTh AOBXKHUHY BEKTOpa @& CUMBOJOM |d|. J[OBKHUHY BeKTOpa
a= (x; Y; z) MOJKHa BUPA3UTH Uepes iioro KoopauHaTh (quB. maj. 28). CropoHu
npamMokyTHuKa OEA,F nopiBHIOIOTH X i i, TOMY OAf =x’+y’. YV OIpAMOKyTHOMY
TpukyTHUKY OA,A Karter A, A = z, OTXe,

OA*=0A’+2° =x*+y* +2°.
ldl=x*+y*+2°.

HoB:xuHa OyAb-AKOTO HEHYJIBOBOT'O BEKTOpa — UYMCJO momaTHe. J[oB:KuMHA
HYJIbOBOTO BEKTOpa JOPiBHIOE HY.JIIO.

3Bigcu
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BexkTopu, AKuUM BiANOBiZaioTh mapaJjiesibHI HaNpAMJeHi BiApisku, Ha3u-
BaIOTh KOJIiHEAPHUMM.

BexTopu OA i OB KoJliHeapHi TinibKu ToAi, Koamu Touku O, A i B nexaThb
Ha oxHiN nmpawmiii. KosineapHi BeKTOpu OyBalOTh CHiBHAIPAMJIEHI ab0 IIPOTH-
JIeXKHO HAIIPSIMJIEHI.

Tpu BeKTOpPU HA3WBAIOTh KOMILJIAHAPHUMU, AKIIIO BiANIOBiAHI IM HapAM-
JeHi Bimpisku posmiieHi B ofgHil mioinuHi abo B mapajeJbHUX IIJIOIIHMHAX.

BexTopu @, OB i OC KOMILJTaHAPHI TiIBKHU 3a YMOBH, 1110 Touku O, A, B
i C jmexxaTh B OOHIN ILJIOIIMHI.

3ayeasncenns. Y reoMeTpii pos3TIANAIOTHCA TiIBKYT 7////////////
BisbHI BexkTOpu. PismKM yacTillie BUKOPHUCTOBYIOTH
npuKJjgageHi (3B’s3aHi) BeKTOpU, AKI BU3HAUYAIOTH-
cA He JUIe MOBMKUHOIO i HAIPAMOM, a M TOYKOIO
OpuKJIagaHHdA. X04 BOHM MalOTh 0araTo CIiJbHOTO
3 BIIBHMMEN BEeKTOpPaMI, BCe K BiIpi3HAOTHCS Bin
HUX cyTTeBo. Hampukiazm, 1mio0 poss’sasaTu 3amauy
PO Mifo cuJi, MPUKJIafAeHuX a0 npysxuuu (maju. 303),
BiJIbHI BEKTOPHU He MiAX0AATEH. A/l’Ke B TaKUX 3aJauax
He OJJHAKOBO, Yy AKMX TOUKaX IMPUKJIAJAEHO CUJIU.

YV kaprorpadii BekTOpaMu HA3WUBAIOTh OYIb-AKi Maur. 303
BifpisKu, HaBiTH KpUBOJiHiHHI, AKi TOKA3yoOTh Ha-
OpAMU MOPCBKUX Teuili, pyxy apwmii Tomio. Taki «BekTopu» He MOKHA Hi I0-
IaBaTHU, Hi MHOMKUTHU.

Iai posraAmaTuMeMO JHUINle BiJbHI BEKTOPU, HA3WBAKOUM IX IPOCTO BEK-
TOpaMU.

SAMNUTAHHS TA 3ABAAHHS 019 CAMOKOHTPOJIIO

Axi BeIMuMHM HA3WMBAIOTH BEKTOPHUMMU?

IITo HasWBaOTh KOOpAUHATAMY BEeKTOpa?

fAKi BeKTOpM Ha3MBaIOTh HYJbOBUMU? SIK IX IM03HAUAIOTH?
IITo HasmwBaOTH MOAyJIeM BeKTOpa?

fAKi BeKTOpU Ha3WMBAIOTh KOJIiHEApHUMU?

ki BeKTOpPU HA3WMBAIOTH KOMILJIAHAPDHUMU?

. fKi BeKTOpM HA3MBAaIOTh BiJIBHUMMU, a IKi — IPUKJIATEHUMU?

NSO TR W=

Bu1koHAEMO PA3ZOM

o 3HalAiTh KOOPANHATH BEKTOpa 4 = (a; 2a; —a), AKIIO 1oT0 MOBKMHA 54 .

° \/az+(2a)2+(—a)2 =54, 6a2 = 54, a® =9, 3BigKu a, = 3, a, = —3. OTxe,
a=(3;6;-3) abo a=(-3;-6;3).
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e HoBeniTe, 110 npu OyAb-AKUX 3HAUEHHAX Ay, A3, by, b, €y, C3 BEKTODPU
a=(0; ay; a,), b= (0; b,3b,) i ¢=(0; ¢, ¢;) KOMIIAHADHI.
® Ilepmri xoopamHaTy maHUX BEeKTOpiB — mHysi. Tomy, AKINO BigKJacTu IIi
BEKTOPU BiJl mOoUYaTKy KOOPAMHAT, yCi BiAmoBigHi iM HampsaMJIeH] Bigpisku
posmicTaTheA y maomuHi y2z. OTiKe, MaHi BEKTOPU KOMILIAHADHI.
9 3HaiaiTh KoopauHaTu BepiinHu D napaneaorpama ABCD, akiro A(—2; 3; 5),
B(—1; 4; 2), C(4; 1; —3).
® SIxmo ABCD mapajesiorpaM, TO AB=DC (man. 304). Hexait Touka D mae
koopauHatu D(x; y; z). Toxi Ez(l; 1;-3) i FCz(él—x; 1-y; -3-2).
OcKiJbKY PiBHI BEKTOPH MalOTh PiBHI KOOPAWHATH, TO

4-x=1 B(-1;4;2) C(4; 1; -3)
1-y=1,
-3-z=-3.
x=3,
3singcu {y=0, A(-2; 3; 5) D(x; y; 2)
z=0.

Orsxe, D(3; 0; 0). Maur. 304

SALAYI TA BNPABU

BUKOHAMTE YCHO

899. HaspiTh KOOpAHMHATH BEKTOPiB, 300paskeHnx Ha MaJdioHKY 305.

900. Hamo Touku A(1; 1; 1), B(-=7; 0; 2), C(3; —1; 4), O(0; 0; 0). YraxiTh KO-
OpAUHATU BEKTOPiB 54, O—B, &’, @, @, AB.

901. ki KoopamHATH Mae BEKTOP W, AKIITO W:(z; -1; 4)?

ZA
Bl Cl
A,
D,
Bj. C,
A D
X

Mau. 305 Mau. 306
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902.

903.

904.
905.

Hamo ky6 ABCDA,B,C,D, (man. 306). HasBiTb BeKTOpU:
a) piBHI BeKTOpam A—B, D—Dl, A—C;

0) IPOTUJIEKHI IO BEKTOPiB ﬁ, C—Cl, @;

B) KOJIiHeapHi 3 BeKTOpaMu Eﬁl, Hl;

') KOMILIaHApHI 3 BEeKTOpaMu AB i E, AC i IC

Bigomo, mo |d|=|b|. Yu summusae 3 mporo, mo
BeKTOpH d i b piBHI?

Bigomo, 110 d=>b. Yu 3aBxau |6|=|5|?

Y KpecisieHHI HanpaAMJIeHUMU Binpiskamu (mrps- 0,
MOJIIHIHHUME CTPiIKaMM) IIO3HAYAIOTH pajiycu
Kin i gyr (man. 307). Yu 300pakaioTh Taki Ha-
npsAMJIeHi Bigpisku BeKkTopu?

“ Mau. 307

906.

907.

908.

909.

910.

911.

912.

913.

Touxku A, B, C, D, E, F — BepIINHU 3aJaHOT0O y IPOCTOPi IIPaBUILHOTO
MIeCTUKYTHUKA. 3ajaiiTe 3a iX AOIIOMOTOIO Mapy BEKTOPiB:

a) piBHUX;

0) TPOTUJIEIKHO HAIIPAMJIEHUX;

B) CIIiBHANIPAMJIEHUX, aJie HEe PiBHUX.

Touka B — cepenuna Biapiska AC, a C — cepenuna Bigpiska BD. Yu piBui
MiK co00I0 BEKTOPU:

a) CA i ﬁg;

6) AB i DC?

3HaAAITh KOOPAMHATH BEeKTOpa ﬁ, AKIIO:

a) A(1; 2; 3), B(3; 7; 6);

0) A(=3; 2; 1), B(1; —4; 3);

B) A(a; —a; 3a), B(2a; —3a; —a).

Buaiinite gosxmuuu BexTopiB m=(1;-1;1), n=(0;2;-4), a=(2; 3; —-4),
b=(1;2;5), ¢=(-1;4;8), d=(0;1;-3).

3HaNAITh KOOPAWHATH 1 JOBKUHY BeKTOpPa MN , AKII0:

a) M(4; —1; 3), N(1; —1; —1);

6) M(19; 4; 35), N(20; 3; 40);

B) M(2a; a; —4a), N(3a; 4a; —5a).

Hawmo Touxku A(-1; 3; —2), B(4; 2; 1), C(-3; —1; 2), D(2; —2; 5). 3HaiigiTh
KOOPAUHATHA BEKTOPiB AB, BC, CD, AC, AD, BD. Yu ¢ cepen IMX
BEKTOPiB piBHi BeKTOpPUH?

3HaANAIT, KOOPAUHATH IIOYATKY HAIPAMJIEHOT'O Bipiska E, 10 Bigmo-
Biae BexTOpy d=(3;4; 2), AKmo Horo kimens — Toura B(-5; 4; 1).
3HaAUIITh KOOPAMHATU KiHIA HAITPAMJIEHOTO BimpisKa EE, AKUU BigmoBinae
BEKTOpPY ¢ =(—1; 3; —2), AKINO Iforo mouaTok — Touka C(—2; —1; —3).
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914. JlaHo ToYKu M(l 3; 4), N(7 5; 1), K(5; —1; 4). 3uaiigiTs KoopamHATHU
BEKTOPiB MN NK MK ra ixHi monayJai. YcraHoBiTh Bunx aMNK Ta
3HAWJITH H1Or0 mepuMeTp i ILJIOIIY.

915. Yu 6yme votupukyTauk ABCD mapajeorpaMoM, SKIIIO:

a) A(1; —2; 3), B(4; —2; -1), C(=2; 2; —3), D(=5; 2; 1);

6) A(-2; 4; 1), B(-1; 1; 5), C(4; 2; —3), D(3; —1; —1)?
916. [ossxuuu BexTopiB d=(2;1;8) i b=(-1; x; 2) pismi. Bmaiinits x.
917. fK BigHOCATHCA MOBXKMHU HEHYJILOBUX BEKTOPiB

a=(a;b;c) i n=(2a;2b; 2¢)?

918. ABCDA,B,C,D, — &y0.

a) Yu xosimeapHi BeKTOpU:

1) AB, i AB; 2) AB i C,D,; 3) BC, i CD,; 4) AD, i BA,?

0) Hanumrite TpifiKy KOMILTaHAPHUX BEKTOPIB.

919. V npaMoKyTHIiH cucTeMi KoopauHAT 300pa-
3iTb BEeKTOpPU d = (2; 4; O), b= (O; 3; 1),
¢=(0;0;2), d=(2;2;3).

920. Y upAMOKYTHIil cucTeMi KOOpPAUHAT PO3-
mictiTh Ky6 ABCDA,B,C,D,, pe6po aKoT0
nopisuioe 1, aK Ha MmaaoHKY 308. 3HalaiTE

KOODPAUHATU BEKTOPiB AB AD ACl,

AAl, BC AC BB
921. 8Ha1/1/11'r1> KOOpPAUHATU BeKTOpa, AKIIO

Mau. 308

ioro moB:KMHA mOpiBHIOE 2v/2, a Bci Ko-
opAuHATU PiBHIi.

X

922. 3HaligiTh KOOPAMHATH BEKTOpPAa, AKi € IIOCJiMOBHUMHU ujeHaMu apudme-

THUYHOI IIporpecii, SKII0 fOoro JOBMKUHA ZM , 4 opamHaTa IOpiBHIOE 4.
923. 3uaiiaiTe KoopauHaTu BepiuHU D mapaaenorpama ABCD, akIo:
a) A(1; -3; 1), B(2; 4; —6), C(3; —1; 1);
0) A(2; —-2; 1), B(4; 0; —-1), C(1; 2; —3).
924. Nawmo yorupukyTHuKu ABCD i MNPK. fIkuii i3 YOTUPDUKYTHUKIB € POM-
0oM, a AKMH — KBaApaTOM, SIKIITO:
A(6; 7; 8), B(8; 2; 6), C(4; 3; 2), D(2; 8; 4) i M(3; 5; 2), N(7; 1; 2),
P(@3; -3; 2), K(-1; 1; 2)?
925. M, N, K — cepenunu cropia AB, BC, AC tpukytauka ABC. 3HaigiTh
KOOpAWHATU BEeKTOpa N—K, akmo A(-1; 3; —5), M(3; 2; —6).
926. IIpu axoMy 3HAUEHHI @ HOBXKHHA BEKTOpa M OOPiBHIOE \/ﬁ , AKIIO:
a) m=(4; a; 2); B) m=(a;1; a+2);
6) ;ﬁ:(a_l; 1;4); r) m=(a—1;a—2;a+1)?
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a) a=(1;2; mz), b=(1-2;m);

6) a=(m-1;9;2m); b=(-4; m* -6);

B) da=(m*-m;m+3;2m), b=(2; 2m+1; m?);

r) da=(m*-8; m* -2), b=(-2m;2m-1;-2)?
928. Yu KosaiHeapHi BeKTOpU:

a) a=(1;1;0) i b=(1;1;2);

6) E=(0;1;0) i p=(0;-2;0)?

929. ABCD — retpaenp, K, P, T — cepeaunu ioro pebep AB, AC i AD. Yn
KOMILJIaHAPHI BEKTOPH:
a) E, BC i fﬁ;
6) CD, KT i CB?

930. Yu xommianapHi Bekropu d=(3; 2; 0); b= (6;3;0) i ¢=(8;10)?

931. ABCD — poBinbHuii Terpaenp, K i M — cepenunu ioro pebep AC i BD.
HoBemiTs, 110 BEKTOPU E, CD i KM KOMILJIaHAPHI.

932. ITamo sextopu d=(1;-2), b=(4;-5). 3natixiTs:

a) a+b; B) 2d+3b;
6) da—b; r) 3b-2a.

933. 3umaku «Kpyruii cnyck» (man. 309) i «Kpyruit nigitom» (man. 310) Bcra-
HOBJIIOIOTH IJIA IIONEepeasKeHHA BiANOBiAHO mpo KpyTuii (ab0 3aTAKHUIT)
coyck abo migitom. BKasiBKa mpo BeIMUNHY CIIYCKY a00 MigiioMy oaeThCs
He B rpagycax, a B IIPOIleHTaX.

Tak, Hanpukaan, sHavenuda 12 % oszauae, 1o koxkui 100 M gopora 3um-
JKYeThbCs abo migHiMaersesa Ha 12 M. BUKopucTOByOUN MaJIIOHKY, 3HAHTITE
BimmoBigHi Mipm KyTiB cirycky i migiomy (y rpamgycax).

Mau. 309 Mau. 310

934. IIpssma b nepeTuHae NpPAMY @, AKa IapajejbHAa ILIOIIUHI o. JKuM Moke
O0yTHu B3aeMHe PO3MIIeHHsa npaAMoi b i miaomuma o?
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Iii Hag BeKTOpaMu y IIPOCTOPi O3HAYAIOTHCA aHAJOTIYHO IO TOT0, AK BOHU

O3HAYAJINCSA AJIA BEKTOPIB Ha MJIOIIWHI.
Cymoro BeKTOpiB G =(x;; Y5 2 ) i b=(x,; Y,; 2,) HaBUBAIOTH BEKTOD
a+b = (0,425 Yy +Yy3 2, +2,).

Baacrtusocti cymu BekTopis. {15 Oyab-IKUX BEKTOPiB d, b i ¢ cupaBegiusi
piBHOCTI:

1) a+b=b+a — mepecTaBHHUN 3aKOH HONABAHH;

2) (i+(b +E) = (ﬁ+b)+6 — CIIOJIYYHUI 3aKOH TOJaBaHHJI.

11106 moBecTH IIi BJIACTUBOCTi, OCTATHLO MOPiBHATHU BiIIOBiAHI KOOpAUHATHU
JiBOi Ta mpaBoi YacTWH KOXKHOI BEKTOPHOI PiBHOCTI.

T'eomeTpuuHO CyMy TBOX BEKTOPiB ITPOCTOPY MOYKHA BHAXOAUTH, KOPUCTYIOUNCH
npasunom mpukymuuxka: AB+BC=AC (man. 311, a). Amxe nia OyAb-aKUX
TPBOX TOUOK A(X1; Yy5 21)s B(Xy5 Yss 25) 1 C(x35 Y35 23):

AB=(x,~ % Yy~ Yy} 2,—2,)
BC = (%, = %33 Ys — Y3 2~ 2, ) -

Tomy

AB+BC = (x,—%,; Y;~ Y, 2,2, )= AC.

1 S 3
\D
A /
a,
E 4

Maim. 311

MosxHa KOPUCTYBATUCS 1 npasuiom napanenozpama: aximo ABCD — mapa-
Jejorpam, TO AB+AD=AC (man. 311, 0).

CyMy KiTbKOX BEKTODIiB MOKHA 3HAXOAUTHU 34 NPABULOM MHOZOKYMHUKA.
Hampurknan, sk 6u He Oyam poamimieHi B mpoctopi Touku A, B, C, D, E, 3a-
Bixau AB+BC+CD+DE=AE (mag. 311, 8).
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CymMy TPhOX HEKOMILJIAHAPHUX BEKTOPiB MOMKHA 3HAXOAUTU 3a NPABUJLOM
napanenenineda: saximo ABCDA,B,C,D, — mnapaneneninen (manx. 312), to
AB+AD+AA AC Anmxxe 3a mpaBuioM mapaJjesorpama AB+AD=AC
i AC +AA ACI.

IIBa BeKTOpHU, cyMa SKHUX MOPiBHIOE HY-
JBbOBOMY BEKTOPY, HA3WBAIOTh MPOTUIEKHH-
mu. Bextopu AB i BA 3aB:KIU OIPOTUJIEKHI
onuH oxHOMYy. IIpu OyAb-AKUX 3HAUEHHAX X,
y, z Bekropu d=(x;3y;2) i @, =(-x;5-y; —2)
TIPOTUJIEKHI.

PizaHuniero BexkTOpiB d i b Ha3WBaAIOTH

TaKWH BEKTOP €, IKUM y CyMi 3 BEeKTOpOM b Mau. 312
Ila€ BEKTOp d.

3 BOTO O3HAUYEHHs BUILIUBac, mo sasxau AC— AB= BC.

Iarmo a=(%; Y32 ), b=(%Yps 2,), T0 G=b=(2, 2,5 Y, ~ Y5 2, —2,)-

MHoxcumu Ha 4uca0 BEKTOP IPOCTOPY MOYKHA TaK, AK i BEKTOP IJIOIIUHU.
SArkmo a=(x; y; z), To Ad=ak=(Ax; hy; Az).

s Oynb-aKUX BEKTOPiB a i b cIpaBeInBi piBHOCTI:

1) 7\,(6+5)=7\,ﬁ+7\,5, Ie A — 4mucIio; 3) |Adl=IAl-lal, ze A — umcio.

2) (A+pn)a=>ra+ud, me A, | — uucna;

I1i BmacTuBOCTi GearmocepeJHHO BUILJINBAIOTH 3 03HAUEHHA MHOKEHHA BeKTopa
Ha YUCJIO.

IIpu MHOKeHHi BeKTOpa Ha YKMCJO OTPUMYEMO BEKTOD, KOJIiHeapHuil JaHOMY,
TOGTO AKIO b =Ad, To & i b — KoxiHeapHi. I HABIAKM, AKINO BeKTOPU & i b
}comHeale TO, MO3HAYUBINY BiJHOIIEHHA IXHIX JOBXKUH Yepes A, OTPUMAEMO,
mo b=Ad (A > 0), AKIO BEKTOPH CIiBHANPAMIEHI, i b =—Ad, SKI0 BEKTOPH
MIPOTUJIEKHO HAIPSIMJIEHi.

Tomy Mae Miclie Taka 03HaAKa KOJiHEAPHOCTi IBOX BEKTOPIB:

BEKTOPM a i b KosniHeapHi ToAi i TiNbKKU TOAi, KOJIN iCHYE YMCIO A TakKe, L0

b=\a, abo BekTopyn a=(xX, ¥, 2,) i b=(X,; ¥,; Z, ) KOniHeapHi ToAi i TiNbkn

ToAi, KON IXHi BignoBiaHi KoopanHaTU NponopuiHi, TOo6TO XN N _ & .
X2 y2 22

KomnimanapHicTs BekTOpiB. KislbKa BeKTOPiB KOMIJIaHApPHIi, AKIIO BiATIOBiI-
Hi iM HampsaMJIeH] Bigpisku mapaJjenabHi geakinn niomuui. Tpu BeKTOpHU, cepern
AKUX € IPUHANMHI OAMH HYJbOBUHM a00 JBa KOJiHeapHi, KOMIJIaHAPHI.

3 9-ro KJacy Bimomo, 110 OyAb-AKUH BEKTOP ¢ ILJIOIIMHU MOMKHA PO3KJIACTHU
3a IBOMA HEKOJIiHeapHUMM BEeKTOpaMu 4 i b , TOOTO iCHY€e eqUHA BIOPSIAKOBaHA
mapa uwmcej o,  Takux, 10 E:occ'i+[35. OTke, AKIINO BEKTOP ¢ KOMILIAaHAD-
HUI 3 HEKOJIiHeapHUME BeKTopaMu d i b, To Mae Micue piBHiCTB ¢ =0Ld+[35.
I maBmakm, AKIO OJid BEeKTOPiB 4, 5, ¢ BUKOHYETHCA PiBHICTH E=0ui+[35,
TO BEKTOpPH d, b, ¢ KOMILJIAHADH].
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Poskmnagannsa BekTopa. BekTopu ¢, = (1; 0; O) , €y= (0; 1; O), €, = (0; 0; 1)
Ha3WBAIOTh OPTaMHU. 3aBKAU, AKIO 4 =(x; y; 2), TO 4 =x€, +yé,+2¢é,. Taxe
MOJaHHA BeKTOpa Y BUIVIALL CYMU HA3UBAIOTh
PO3KJIaIOM JAHOTO BEKTOpa 3a opramu. Bin z ‘#

3aBXKAU MOKJIUBUM i ogHO3HAauHui. Hampu- 3
KJag, AKIo d=(2; 4; 3), To #0ro MosKHa TI0- N
et

IaTH y BUTJIALL @ = 2¢, +4¢, +3¢é, (man. 313). ok 3e

Bsaraii, aKIMo gaHo Tpu HEKOMILJIAHAPHI A x A2
sextopu OA, OB, OC, To 6y/ib-AKHii BEKTOD €s ‘Le; 4 5
OM wosxHA TOZATH, IPUIOMY €/IMEUM CIIO- EIO € y
coboM, Y BUTJIAA1 QMuz a: OA+b-OB+c-0OC, ‘2/ = 4,
oe a, b, ¢ — mesaxi gificui umcia. Mo, 313

SAMUTAHHSA TA 3ABAAHHSA AN CAMOKOHTPOIJIIO

1. dAxi mii Mo:KHa BUKOHYBaTU HAJ BEKTOPAMU Y IPOCTOPi?

2. IIlo Ha3uBaIOTh CYMOIO BEKTOPiB?

3. K 3HaX0mATH CYMy BEKTOPiB 3a IPaBMJIOM TPUKYTHMKA; IIapaJieiorpaMa;
MHOTOKYTHUKA; IapaJjejemnimena?

4. YoMy IOpiBHIOE Pi3HUILA BEKTOPIB d = (a; a; a) ib= (b; b; b)?

5. IIlo HasWBaIOTL OpTaAMU?

6. IIlo o3Hauae PO3KJACTH JaHUU BEKTOP 3a OpTAMU?

B
BUKOHAEMO PA3OM 5
A
€ Hexait K i P — cepenumn sinpiskis AB i CD, siki )
JIeXKaTh HAa MUMOOiIKHUX npAMUX, a O — cepenu- c
Ha Bimpiska KP.
HoBenmiTe, 110 OA+0OB+0C+0D =0. P
® BexkrTopu OK i OP mporuiexHi (mas. 314). Orxke, Maun. 314 b

OA+0OB+0C+0D=2-OK +2-0P=2(0OK +0P) =0.

9 M — cepenuna pedpa BC terpaenpa PABC, O —
cepenuna AM. BupasiTh BeKTOD PO yepes BeK-
topu PA=a, PB=b, PC=¢ (main. 315).

@ 3a mpaBujoM mapaJiesorpama (mo0yZoBaHOTO Ha
Bigpiskax PBi PC) maemo: 2- PM =PB+ P—C, 3Bin-

1.
K1 PM=E(b+c). Mau. 315
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Amnajioriuso 3HaxoaMMoO:

— 1= ——\ 1(_. 1/~ _ 1,.. -
PO=—(PA+PM)=—(a+—(b+c))=—(2a+b+c).
2 2 2 4
HoBenits, 110 Koau Touka M niniuTh Binpisok AB y BigHomienuni AM : MB =

=m:n,aX — OyIb-gKa TOUYKA IIPOCTOPY, TO

XM = XB.

XM+MA=XA, XM+ MB=XB.
Orxe, nXM+nMA = nﬂ, mXM +mMB=mXB. SAKIio momatu modJIeH-
HO IIi BEeKTOPHI PiBHOCTI Ta BpaxyBaTH, IO nM—A+mM—B:(), IicTaHemo:

(m+n) XM =nXA+mXB, ssigku XM = XA+ XB.
. m+n m+n
Yu KoMILIaHAPHI BEKTOPU:
a) d=(138;-2), b=(-2-6;4), ¢=(0,5;1,5; —1);
6) a=(-1;21), b=(-2;5;3), ¢=(4-5-1)?
a) BigmosinHi KOoOpAWMHATY aHUX BEKTOPIiB IPONOPITiHHI, TOMY IIi BEKTOPH
KoJIiHeapHi, a oT:Ke, KOMILIaHapHi. BoHN abo jiekaTh B OJHil ILIOIMHI,
a00 mapaJieJibHi OTHIH IIJIOI[WHI.

0) BexTopu d i b He xoJiHeapHi, 60 iXHi BigmoBigHI KOOPAUMHATH HE IIPO-
nmopiirini. AKIo BEKTOP ¢ MOYKHA PO3KJIACTU 3a BeKTopaMu a4 i b, To

BEeKTOpU 4, b i ¢ GyayTh KOMILTaHAPHUMH. SIKIIO TaKUH PO3KJIA] He-
MOJKJIMBUI, TO BEKTOPH He OyAyTh KOMILIaHApHUMH. TOMY BCTAaHOBUMO,

uM icHYIOTBH Taki uymcaa o i B, mo ¢ = ocd+[55, TOOTO UM Ma€ PO3B’A3KU
cucTeMa PiBHSIHb

-0—-2B=4,

200+ 5B = —5,

o+3p=—

Ionmarounm mepire i TpeTe PiBHAHHS, OTPUMAEMO, 1o = 3, Tomi o = —10.

Orsxe, ¢ =-10d+3b. ITe osuauae, 1110 BeKTOPHU d, b, ¢ — KOMILJIaHapHi.

3AJJ,A‘-II TA BIPABU

BUKOHAWTE YCHO

935.

936.

937.

3HalIiTh CYMy Ta Pi3HUII0 BEKTOPiB:

a) a=(-20;3) i b=(1;1;0); 6) ¢=(-2-14)id=(3;1-1).

Ilano BexTopu @ =(2; —3; 1), b =(—4; 1; 2). 3HaiiAiTE KOOPAUHATH BEKTODIB
a+b; a-b; a+a; b-b.

ITomuoxTe Bektop m =(-6;4; 0) Ha: 2; —3; 0,5; —l.
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938. Yu kKosiHeapHi BeKTOpH:
a) a=(112)1ib=(224);
0) a=(L23)ib=(321);
B) a=(2;4;7) i =(1;2;3,5)?
939. 3HaiigiTh cyMy BEKTOPiB: a) E+X—B; 0) MN + NP+ PK.
940. 3HaigiTH PiSHUIIO BEKTOPiB: a) X—A—ﬁ; 0) MA - MD.

941. 3HaliAiTHL CyMy BEKTOPiB:
a) a=(3;1-2), b=(3-25);

6) d=(-2;4;11), b=(2; 6;2);
B) d=(-3,2;4,6;3), b=(-0,2;2;3,5);
r) a=(1;0,3; 3), b= —1;1;—5).
3 5 273 4
942, 3HaligiTh CyMy BEKTOPiB JE—(O' 3; l) (1 l E) i 2—(—4'l°2)
. /I y y p - ’ ’ 4 2 4 - 9 27 .

943. 3HaliAiTh CyMy BEKTOPiB:
a)C—Xiﬁ;6)ﬁiA—B;B)TB, B—C", CD i DA.

944. ABCD — Terpaenp. YoMy IOpiBHIOE AC+CD+DB?

945. JloBenits, 1mo Koau O — TOUKa IEPEeTUHY [iaroHajell mapaJejorpama
ABCD, to OA+OB+0C+0D=0.

946. HosexmiTh, 1m0 Kosu O — 1eHTP npaBuabHOTO mectTukyTHuKa ABCDEF,
10 OA+OB+O0C+0D+OE+OF =0.

947. 3HalifiTh pisHUIO d— b AKIIO:
a) a=(4;15), b=(35-1);
6) a=0, b=(3;4;-2).

948. Hexait O — 11eHTp npaBUJIbHOTO ItecTUKyTHUKA ABCDEF. JloBeniTh, m10:
a) AB-BC=0B; 6) AB—DC = AO.

949. Nlauo ky6 ABCDA,B,C,D,, y axoro AB=d, AD=b, AA,=¢. Bupagirs

yepes BeKTOpU d, b, ¢ BeKTOpPHU ADI, AC ACl, AC

950. ITomHOKTE BEKTOP a=(3; —4; 2) Ha: 3; %; —%; 0.

951. JlarHo BEKTOp p= (6; -8; 0). 3HaliTh KOOPAUHATH BEKTOpPA:
2) 255 6) ~5; ») ~L55; 1) 55 1) 0.

952. lano Bexropu d =(—1; 3; 7) i b =(6; 2; —8). BHaiiziTs KOOPAUHATH BeKTODA:
a) 2a+3b; 6) %a—iE; B) 0,5d—1,5b.

953. 3HalaiTL TOBKUHU BEKTOPiB 3d-b i 2d+3b, AKINO a4 =(2; 0; —3),
b=(5-1;2).
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954.

955.

956.
957.
958.

959.

Hamo mpamoryTHu mapaieneninen ABCDA,B,C,D, (man. 316), y AKoro
AB= m, AD = n, AA, = p. YcraHoBiTh BignoBigHicTs Misk BekTOpamu (1—4)
Ta ix poskJaamom (A—]l) 3a BeKTopamMu m, 1 i p. B C
1 1
1 0C A fi-ri-p N
= B ri+tm-p :
2 BD : D
55 B 0,5+0,50+p Ar :
3 AC T 0,5Mm—0,5/—p |
4 OB I, 0,57i—0,5m—p P N c
PosknaniTs 3a opramMu BEeKTOP: - TN
B} _ (1 3 AT D
a) a=(3;-4;7); 6) b=[—;—;-1]|.
2°5 Mau. 316
SHaWAiTh KOOPAUHATU BeKTOpa 2¢, +3€, —é,.

BmafiniTe uncna a, b, ¢, axmo m=(2; 3; 4)=aé, +bé, — cé,.

Yu KosiHeapHi BeKTOpPHU a-2b i ¢, AKIITO0 d=(2; -2 4), 5=(—1; 3; 2),
¢=(-8;16;0)?

ITpu axux 3HaueHHAX k BeKTOpH 4 i b KOJIiHeapHi:

a) a=(2; k—3), b=(-4;10;6);

6) a=(k;—2;-1), b=(-3;6; 3k).

960.

961.

962.

963.

964.

965.

966.

967.

968.

HoBenits, 110 BeKTOPU d, 5, ¢ KOMILIAHAPHI, AKIIO:

a) a=(-24;6), b=(-1,23), ¢=(1;-2;-3);

6) a=(1;2;5), b=(0,3;0,2;1), ¢=(-3;-2; —10).

Hamo Toukm A(-3; 2; 5), B(4; —1; 2), C(1; 0; —=2), D(-2; 6; 1). 3uaiigiTe
koopauHaTy BekTopis: AB+CD; AC+BD; AD+BC; BA+BD; DA+ DC.
Ilano BexTopu d=(3;-21), b=(2-3;-1), ¢=(-1;57).

Buatinite: |a+bl; la+él; |2a+3¢l; |b-2al; |26-¢l.

HoBemitTh, 1mo Koau O — ToukKa mepeTuHy MemiaH TpuxkyrHuxka ABC, To
0OA+0B+0C=0.

Bmaiinits uncna x, y, 2, Akmo p=a+b, d=(x;2;2), b=(-3;2y; 32—1):
a) p=(1;-5;38); 6) p=(3;-7;12); B) p=(-1;6;-9).

3HaUIiTh KOOPAWHATYA BEKTOpA d, CIIiBHAIPAMJIECHOTO 3 BEKTOPOM P, AKIIIO
p=(2-2-1) i lal=6.

SHalAiTh KOOPANHATH OQUHUYHOTO BEKTOPA, IPOTUJIEKHO HAIPAMIEHOTO
no BexTopa ¢ =(1; -3; 2).

Yu smexarh Touku A, B, C Ha omHiifi mpamiii, axmo 511:(—1; 2;-6),
OB=(2;-4;3), OC=(2;-4;6)?

3HAUIITL KOOPAWMHATHA TOUKM P, AKa JeXuthb Ha npamiii MN, SKIio
M(4; -1; 2), N(3; 2; 1) i |[MP|=2J11.
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969. 3HaiigiTe yci 3HaUeHHA 4, IPpU AKKX BEKTOPU M i 7 KojJaiHeapHi, SKIIO:
a) m=(-1;4;-2), n=(2a;4);
6) m=(a+1;2a), n=(1;a;2);
B) m(3;5-a;a), n(5+a; Ta+1; 2).

970. Ilpu sxux 3HaueHHAX a i b Touku A, B, C j1ekaTh Ha OOHIil IPAMil, AKIITO
AB=(-1;a;b), AC=(3;6;-1)?

971. Yu KoMIJIaHAPHI BEKTOPU:
a) a=(-211), b=(1;-12), ¢=(0;2; -1);
6) a=(1-2,-1), b=(3;-4;2), ¢=(-14;6)?

972. Bexktopu m, 1, p— HeKoMILTaHapHi. /[loBemiTh, 10 KOMILJIAHAPHUMU
€ BeKTOpH d=-2m+7i—2p, b=-3m+4,5i—7p, ¢=m—2fi+3p.

973. Ilaro Bexropu d=(1;2; -3), 5=(0; 3;1), ¢=(25;2) i m=(40;-7).
BHalaiTh unca a, b i ¢ Taki, 1106 BUKOHYBAIACS PiBHICTD M = ad +bb + ¢é.

974*, JloBeniTh, 110 KOKHUHN Bipi3OK, AKUI cHoJiyuae BEPINIUHY TeTpaenpa
3 TOUKOIO IEPETUHY MeiaH IIPOTUICKHOI IpaHi, IPOXOAUTH Uepes IeHTPOI T
TeTpaenpa i giiuThbcda HEM y BigHOIIeHHI 3 : 1, MOYMHAIOUY BiJ BEpPIINHMU.

975%. [Moexits, 1m0 Koau O — IEHTP IPABUIBHOTO MHOTOKYTHUKA A A,A4,... A,

10 OA, +0A,+OA, + ... +OA_=0.

3AOA4I ANS NOBTOPEHHS

976. 3ualiniTh CKAJNAPHUNA TOOYTOK BEKTOPIB d = (—1; 4) ib= (2; 5).

977. Tporyapua miautka mae po3mipu 200 X 100 mm. CKinbKu uepBOHOI Ta cipoi
IJINTKY 3HAZOOUTHCA /IS 3aMOIIeHHS JOPisKKY JoBKUHOI0 10 M i ImupuHOI0
1 M 20 cm? PospaxyiiTe KiJIbKiCTh KOMKHOT'O BUAY ILINTKU, AKIIO JOPLKKHI
3aMOIIyBAaTUMYTh TaK, AK ITOKa3aHo Ha MaJifoHKax 317. ITopiBusaliTe BapTicTh
IIATKY JJIS KOYKHOTO cIioco0y 3amorrenusa, akifo 100 mtyk cipoi minTtru
KomtyioTh 370 rpH, a 100 mryk uepBoHoi — 310 rpu. fIke 3amoIlieHHA
(3a 1IUX YMOB) € eKOHOMHiIIM?

a 0 8
Maun. 317

978. Touku A, B, C, D He jgexxaTh B OgHiN miaomuui. Yepes Tourky D IpoBemiTh
mpamy, nmapajeabHy miaomuai ABC.



§ 23 CkanspHnn nOOYTOK Bek-
TopiB. KyT MiXX BeKTopamMu

KyTom mi:k 1BOMa HEeHYJIHLOBMMH BEKTOPAMM HAa3WBAIOTh KYT MisK BiAmo-
BimHUMU iM HAIPAMJIEHUMHU BiApisKaMu, AKi BUXOIATH 3 OOHi€l TOUKU.

Bix Bubopy 1iei Touknu Mipa posrisaayBaHOrO KyTa He 3aJIeKUTh. BBa)KaloTh,
10 KYT Mi’K IIPOTHJIEKHO HaOpPAMJIEHUMH BeKTopaMmu mopiBHoe 180°, a mix
cuiBganpamiaeHsumu — 0°.

JBa BeKTOpU HA3UBAIOTH MEPHEHANKYIAPHUMH, AKITO KYT MiK HUMHU J0-
piBuIoe 90°.

Tenmep BBegeMO IMOHATTA CKAJAPHOTO JOOYTKY ABOX BEKTOPiB IIPOCTOPY.

CrangpHuM DOOYTKOM OBOX BEKTOPiB Ha3WMBAIOTL AOOYTOK MOBMKUH ITUX
BEKTOPiB HA KOCHUHYC KyTa MiK HIMIH.

Aximo Kyt MidK BeKTOpaMu a@ i b IOPiBHIOE @, TO
iXHIN cKRaXApHUN TOGYTOK G b =ldl-|5|cos ¢@. fAxmo
XOY O/IMH i3 BEKTODIB d a60 b HyJIbOBUH, TO d-b = 0.

IIpukaan s3acTocyBaHHSA CKaJAPHOTO AOOYTKY
BeKTOpiB Bimomuit 3 gisuku. Mexaniuna pobora A,

AKY BUKOHYE craja cuiaa F upu mepeMilneHHI §
(majs. 318), mOPiBHIOE CKAJIAPHOMY AOOYTKY JaHUX
BeKTOpiB: A=F-§5= |F|-|5|cos 0.

3aCcTOCOBYETHLCS Ie MOHATTSA I B reomMeTrpii. 3 o3HAUEHHS CKAJAPHOTO T00yT-
Ky BEKTOPiB BUILIHBAE, 110 Biapisku AB i CD nepneHAUKYIAPHI ToAi i TiabKu
TOMi, KOJMU CKAJAPHUN H0o0yTOK BeKTOpiB AB i CD mopiBHIOE HYJIO (03HAKA
nepneHOUuKyLApHOCMI 8eKmopia).

Baskausi # inmni macaigku. 11106 KopucTyBaTUCA HUMHU, Tpeba 3HATHU BJac-
TUBOCTi CKAJAPHOTO JOOYTKY BEKTOPiB.

“TEoPEMA |30

CkansipHuit foGYTOK BeKTOpiB a=(X,; V5 Z,) i b=(X,; ¥,; Z,) AOpPiBHIOE
XX, * Yy, + 2,2,.

AOOBEAEHHY4. z

Bigxmazemo gaHi BeKTopu a4 i b Bix mouaTry
KoopauHAar (MaJ. 319). Im BigmoBigaroTs HaIpPAM-

A(xs; Yos 21)

S — . == L. B(xy; Yo
seHi Bigpisku OA i OB, kinmi axkux A(x;; Y,; 21) (%23 ¥ Zf)

1 B(xy; Yy; 25). SIKIIIO maHI BEeKTOPU HeKOJIiHeapHi, ‘4 o y
10 ABO — TPUKYTHUK. Mau. 319
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3a TeopeMoi0 KOCHUHYCiB
AB?=0A? + OB?2- 2 - OA - OB - cos ¢,
3BiIKU

OA-OB-cos<p=%(0A2+032—A32). (*)

Bupasumo kBaapatu noB:kuH BeKTOpPiB OA, OB i AB uepe3 iXHi KOOp-
JUHATU:

OA*=x’+y’+2}, OB=x.+y. +2Z,
AB? = (xy — %) + (Y — y1)* + (2, — 2%
Tomy
d-I;=|d|-|5|-COS(p=OA-OB~coscp=

1
ZE(x12+y12+212+x22+y§+2§_(xz_x1)2_(y2_y1)2_(22_21)2):

= X%, +Y, Y, +2,2,. ]

JloBeseHe CHiBBiHOINIEHHA CHPaBIMKYETHCA i AJIA K- B
TiB @, 110 KopiBHIOIOTEH 0° a6o 180° (masn. 320). 1o} o
Amxe y mepioMy 3 IUX BUOAIKiB B
AB? =|OA—OB|2 =0A?+0B*-2-0A-OB-cos0°,
A A

ay apyromy
AB? = (OA + OB)?2 = 0A? + OB2— 2 - OA - OB - cos 180°.

OT:xe, TeopeMa, AKY JOBOAMMO, IPABUJIbLHA i IJA KO- Mau. 320
JiHeapHUX BEKTOPiB. 3aBiKIU

a-b=x%,+yY,+22,. ]
Mpuxnad. Axmo d=(2;-1;4), b=(1;0;3), To a-b=2-1+(-1)-0+4-3=14.
Slkumu 6 He Gyam Bextopum d=(X; Y52, ), b=(%51s32,)s € =(%5 Us325),
sapxan d-b=>b-d i (G+b)-é=a-c+b-¢,i (kd)b=a-(kb)=k-(G-b)
IcTuHHICTE MUX BJIACTHUBOCTEHN BUILJINBAE 3 TOTOXKHOCTEM:
XXy T Y1Ys T 2125 = X5X1 + YUy T 21253
(cy + x5)x5 + (Y1 + Yo)ys + (21 + 25)z5 =
= (21%5 + Yys T 2123) + (205 + Yoys + 2,25);
(kx)xy + (Ry )y, + (Bz1)z, = x1(kxy) + yi(Ry,) + 21(kzy) =
= k(x,1%5) + k(y1y,) + k(z,25).

CranapHUil foOYTOK -G IIO3HAYAIOTH G° i HA3WBAIOTH CKAJSIPHUM KBaapa-

TOM BeKTOpa d. 3a 03HAUeHHAM CKaJIAPHOTo ZOOYyTKY d-d =|dl-lal|-cos0° =|d|2 ,

3BiAKY BUILIMBAE, II[0 |Ei|=\/&72.

JloBemeHiI BJAacCTMBOCTI JalOTh MOMKJINBICTH IOPIiBHAHO JIETKO BUKOHYBATU
IMepeTBOPEeHHSA BEKTOPHUX BMPAs3iB — 3a TMMHU CaMUMU MHpPaBUJIAMU, 38 SKUMU
BUKOHYIOTh TOTOXKHi IIepeTBOpPeHHA aJjredOpaiuHmx BupasiB. 3 iHIIOro OOKY,
3HAIOUN CKaJNSAPHUI MTOOYTOK ABOX BEKTOPiB Ta IXHi MOBMKMHU, JIETKO MOXKHA
O0UYMCINTU KOCUHYC KyTa MiK HUMH. A Iie Jae MOKJUBICTH 3aCTOCOBYBaTHU
CKaJIAPHUI NOOYTOK BEKTOPIB IIiJ yac po3B’sa3yBaHHA 6araTbox 3amad.
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— AN 4onnTanBux

Bo y BULLi MaTeMaTuui po3rnsgaTb LWe BEKTOPHWUIA, KOCUM Ta iHLWI J00YTKW.

MOAYJIB LMX BEKTOPIB i CMHYCa OPIEHTOBAHOIO KyTa MiX NepLUMM i APYrMM BeK-
Topamu.

I0Tb TAKNin BEKTOP C, L0

n0o0OyTKiB NepecTaBHMN 3aKOH HE Ma€e Micus.

YoMy roBopsiTb «CkansspHUii [OOYTOK BEKTOPIB», @ HE «000yTOK BEKTOPIB»?

Kocum poGyTKOM BEKTOpPIB & i b Ha3UBAIOTb YNCIIO, SIKE LOpPiBHIOE O,OOYTKY

BeKkTopHUM J0GYTKOM BEKTOPIB & i b, KYT MiXX 9KMMW JOPIBHIOE @, Ha3unBa-

1) lIcl=lallbl-sin¢;

2) ¢La CLlb;

3) BEKTOp C HanpsaMEHWi Tak, WO 3 NOro KiHLSA HAMKOPOTLLMIA MOBOPOT Bif,
4 0o b BUAHO MPOTK PYXy FOAVHHUKOBOI CTPISIKN.

BaxnmBy posib TyT Bigirpae i opieHTauis npocTopy, KyTa Towo. ToMy ans Takmx

SANUTAHHS TA 3ABAAHHS OJ19 CAMOKOHTPOJIIO

1. CdopmytioiiTe 03HAUEHHS CKaJISIPHOrO JOOYTKY ABOX BEKTOPIB.
2. ChopmyiioliTe 0O3HAUEHHSA KyTa MiK IBOMA BEKTOpPAMMU.
3. Homy JOpiBHIOE CKaJIADPHUII TOOYTOK BEKTOPiB:

‘_iz(xl; Y5 21) i 5=(x2; Yss Zz)?

4. Yomy mopiBHIOE CKAJAPHUN AOOYTOK BEKTOPiB, MIPUHAWMHI OJUH i3 AKUX
HYJIbOBUUA?

5. CopopmyaioiiTe yMOBY IIePIEHINKYJIAPHOCTI IBOX BEKTOPIB.

6. fAx sHaliTu KOBKUHY BeKTOpa a ?

B1UKOHAEMO PA3OM B

o 3uaigiTe Kocuunyc Kyra A tpurkyruuxa ABC,

axio A(1; —3; —5), B(1; 1; —2), C(1; 3; 3).

Beenmemo BekTOpHU ABi AC (mag. 321) i 3Haiigemo
iIXHi KOOpAUHATH!: AB =(O; 4; 3), AC = (O; 6; 8).
3a 03HAUEHHAM CKAJSAPHOTO TOOYTKY AB-AC = |TB|~|A—C|-COS A.

Mau. 321

Tomy cosA=&.
_ |ABl.|ac]
Ockinbpku
AB-AC=0+24+24-48, |AB|=J0+16+9 =5, |AC|=1/0+36+64 =10,
48 24
TO cosS A =

510 25
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9 3HaNIiTE |d+5|, armo |d|l=2, |5|=3\/§, (ﬁ)=30°.

® Ockinbku lda|=+ad?, to
b =\/(d+5)2 =va’+2a-b+b? =\/Ic‘ilz+2|¢i|-|5|-cos30°+|5|2 =
\]22+2 2.3J3. X2 f +(3v8) =4+18+27 =40 =7.

e BmaiiniTs KocHHyC KyTa Misk BexTopamu a=(1;2;2) i b=(2;3;6).

ab _ 1.2+2:3+2:6 _ 20 _20
allsl VreP+2 J2rsti6? 37 21
@ nano xy6 ABCDA,B,C,D,. losenits, mo B.D L D,C.

® Cnoci6 1. PosamicTuMo gaHuii Ky6 y OPAMOKYTHiiI cucTeMi KOOpAMHAT

® cos@p=

(man. 322, a) i BBegemo BekTopu B, D i D—IC

z A
B1 Cl Bl Cl

Sy
|

Mau. 322

Ockinsku By(0; 0; a), D(a; a; 0), Dy(a; a; a), C(0; a; 0), To B.D =(a; a; —a),
ﬂ =(-a; 0; —a). Toxi BID-D—IC =-a’+0+a’=0. Orxe, BD L D—p 3 uoro
BUILJIUBAE, 10 MEPINEeHANKYIAPHUMY OyaAyTh i Bigpisku B,D i D,C.

Cnoci6 2. BBegeMo BeKTOpHU DC= a, DA = b, DD =¢ (man. 322, 0).
Toni BD BB+BD —¢é—-a-b, DC DC - DD =a-=¢.

Toni B1D~DlC=—(a+b+c)(a—c)=—(a -¢ +a-b—b-c)=—(|ci|2—|E|Z)=0,

60 G-b=0 i b-¢=0. Omxe, B,D L D,C, roxi B,D LD,C.

3ALAYI TA BNPABU

BUKOHAWMTE YCHO

979. 3HalAITE KYT MiK JBOMA OJMHUYHNMY BEKTOPAMU, SIKIITO IXHill CKaIapHUII
I00YTOK DOPiBHIOE:

a) é; B) 0; ¥) -0,5;

0) %: r) 1; hiy) —%-
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981.

982.

983.

980. ABCDA,B,C,D, — Ky6 3 pedopom 1 (maj. 323). B, C
a) 3HAUAITh KyT MiK BEKTOpPaMHU: AB i E
AA, i AD; BD i BC; BC i BC,; AB ‘v D,
1DQ,AD1AD1M]IBPBBlﬁf B c
0) 3HAUOITE: AB. AD, BC- DDI, DC- AB,
AA -D/D; AB, -AA,.
A D
BHaWAITh cKaIapHUi OGYTOK BeKTopiB d i b, Mau. 323
SAKIIO:
a) a=(0;1;2), b=(-3;0;1); B) d=(6;0;-8); b=(-2-5;0);
6) a=(L;1;1), 5=(2; 3;4); r) a=(4;2;1); b= (4;-2; -1).
Axuit sHaK Mae cKaJIAPHUNA JOOYTOK JBOX BEKTOPiB, AKINO KYT MisK HUMM:
a) TOCTPUIii; 0) Tynuii?
VEKaxiTh B KyTa MidK BeKTOpaMM, AKIIO IXHIA cKaJAPHUIA JOOYTOK:
a) IOpiBHIOE HYJIIO; 0) momaTHUIA; B) Bimg’eMHUIA.

984.

985.

986.

987.

988.

Y tpurkytauky ABC ZA =50° ZC =90°. 3HaiifiTh KyTU Mi’K BEeKTOpaMM:
a) BA i BC;

6) CA i AB;

B) AB i BC.

SHAULITh CKAJIAPHUN JOOYTOK BEKTOPiB a@ i b, AKIO 1X JOBXXUHU 1 KYyT
Mi’K HUMU JOPiBHIOIOTH:

a) 5, 12, 60°%; B) 5, 6, 120°;
6) 3, V2, 45°% r) 4, 7, 180°.
Tpurkytauk ABC — piBHOCTOpOHHI#, AB = 12. 3HalIiTh CKAJAPHUIL H0-

OyTOK:
a) AB-AC; 6) AB-BC.

SHAUAITh CKAJIAPHUI T00YTOK BEKTOPiB:
a) a=(1;2-38) i b=(-8;24);
6) m=(-2-32)1i7i=(230,5);

B) p=(-8-7;1) i k=(-2;10;-6);
) E=(4l;—g;§)i ﬂ=(2; 3;—10).
1;

el

2 3 5

Tlano BexTopu p=(
BEKTOPIB d i b:

a) a=p+q i b= q;
0) a=p+2q i b= 3p q;
B) d=2p+q i b=3p—27.

-5;2), ¢=(3;1;2). BHaiixiTh CKAIAPHUI TOOYTOK
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989. 3HaiigiTh KOCMHYC KyTa MiK BeKTopamMu d i b, AKIIO:

a) a=(1;20), b=(311); B) d=(-4;-81), b=(-3;3;0);

6) a=(2;6;4), b=(3;0;-1); r) a=(-3;-4;0), b=(3;-1;2).
990. 3HaligiTh KYyT MijK BEKTOpaMMH:

a) d=(-2;0;2), b=(0;0;4); B) ¢=(0;0;2), d=(1;0;-1);

6) ¥=(1;10), =(0;-1;1); r) p=(0;22), k=(3;0;3).

991. oBexiTh, 1110 TPUKYTHUK 3 BepiminHamMu B Toukax A(2; 1; 3), B(7; 4; 5),
C(4; 2; 1) — npAMOKYTHU.
992. 3a aKuX 3HAUEHDb X BEKTOPU M 1 N IMepIeHAUKYJIAPHi:
a) m=(1;23), n=(x;3;1);
6) m=(-3x;8), i=(9%x1);
B) m=(x+2;x;3), nn=(13;-2);
r) m=(x-38;x;1), n=(4;x;—3x)?
993. BmaiiiTs TOBKUHY BeKTOpA @, AKITO BiH KOTiHeapHumii BekTopy b = (2; —1; 2)
iab=18.
994. O0uncaiTh KyT MisK BeKTOpamMu d i b, AKIITO:
a) lal=2, [6|=+3, d-6=3; 6) lal=2v2, lbl=2, 4-6=-4.

995. Maro: lal=161=1¢1=1, a1é (& b)=(b;¢)=60°. O6uncxire cranspmui

131 II

ITOOYTOK:
a) (@+8)(@a-¢); 6) (2a+b)(36-2¢).
996. O6uncIiTs | +5| |d—5|, AKIIO:
a) lal=l51=1, @ Lb; ») lal=l61=1, (& b)=60°
o) lal=2, lpl=5, a.L1b; r) lal=3, l6l=4, (a5)=120.

997. Hasicuy madgy piBHOMipHO TATHYTHL Ha caHUYaTax II0 TOPUBOHTAJIBHiN mO-
BepxHi (MaJi. 324). MoTysKa, 3a JOIIOMOTO0I0 AKOI TATHYTh CAHYATA, YTBOPIOE
3 TOPUBOHTAJNBLHOIO MoBepxHeio KyT 30°. Cua Hatary moty3ku 25 H. Ky
poboTy BUKOHAJHU IIig yac mnepemimnerns madu Ha 50 m?

Mau. 324

. Iig mi nIn , IpUKJIAJeHOol mixg TOM IO HAIPAMY IepeMi-

998. Ilixg miero ¢ 20 H KJjaageHol nig kyrom 30° mo Ha epeMi
IIeHHs, (pisuuHe Tijo mepemicTuiocsa Ha 3 M. SHAUAITL BUKOHAHY IIi€0
CHJIOI0 POOOTY.
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X

999. Vci pebpa mipamigu SABCD piBHi, a B ocHOBi JexxuTts KBagpatr ABCD
(mast. 325). 3HAUAITHL KYT Mi’K BEeKTOpPaMu:

a) SA i SB;
6) SD i AD;
B) SB i @;
r) AC i ﬁ);
) AS i AC.
1000. ToBexmiThb, 1110 KOJIM JOBKUHU HEHYJIbOBUX BeK- Maur. 325

TopiB d@ i b piBHi, To BekTOPH d+b i d—b
MepIeHAUKYJIAPHI.

1001. 3HaiigiTh KocuHycHu KyTiB TpuKyTHUKa ABC, AKIIO:

a) A(0; —1; 1), B(—4; —1; =2), C(=3; —5; 1);
6) A(2; —1; 1), B(0; 1; 3), C(—1; 1; 0).

1002. Hamo Touku A(1; 4; 8) i B(—4; 0; 3). Ilig axum KyToM Bipisok AB BUAHO
3 MOYATKY KOOPAUHAT?

1003. Hamo tpu Touru: A(0; 2; —1), B(1; 0; 1), C(—1; 1; 2). 3uaiigiTe KoOpau-
HaTu Touku D Taxoi, 11106 BUKOHYBaJIaCsa YMOBa AD 1 R, SAKIITO TOuKa D
JIeIKUTD:

a) Ha oci Ox;
0) Ha oci Oy;
B) Ha oci Oz.

1004. Tawmo BeKTOPU d = (3; 4; 5) ib= (—1; 2; O). SHaigiTh YncIIo [, IPU AKOMY
BEKTOD G+[b IepHeHAUKYJIAPHUI O BEKTOpA d.

1005. OGumcxits |a+bl, axmo ldl=13, [6]=19, |a-bl=24.

1006. OGumcaiTh CKAJIAPHUNA JOOYTOK BEKTOPiB a i b, AKIIO:

a) lal=12, 5l=13, la+b|=19;
6) la+bl=la-bl;

1007. Hamo: la| =|b|=|5|= 1, (d; b)= (g;\E)=60°, b Lé. SHAUIITH JOBKUHY
BEKTOpA:
a) m=ad+3b;
0) m=d+2¢;
B) m=a+b+¢.

1008. OGumcaiTh KyT MidK BEeKTOpaMu m = 20-2b—¢ i i=d+2b+¢, ne a, b
i ¢ — OOVHMNYHI B3a€EMHO MEPHEHINKYIAPHI BEKTOPH.

1009. 3HaigiTh KOOPAUHATHA BEeKTOpa 4, SKIIO HOT0 JOBXKUHA HOPiBHIOE 2\/§
i BiH mepHeHIUKYJIAPHUNA 40 BEKTOPIB m = (1; -2; 1), n= (2; 1; —3).
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1010. Bucora npaBuiabHOI TPUKYTHOI npuaMu y 2 pasu OijbIlla 3a CTOPOHY
OCHOBU. SHAWAITH KYT MidK IPAMUMU:
a) CA, i BCy; 06) AB,i BC,.

1011. 3maiigiTe KyTH MixK MemiaHaMM ABOX I'PaHel IMPaBUJILHOIO TeTpaeapa.

1012. ITignory kimHaTu, ska Mmae (opmMy IPAMOKYTHHKA 3i cropoHamu 4,7 M
i 5 M, Tpeba MOKPUTHU MapPKETOM IPAMOKYTHOI popmu. [[oBKMHA KOMKHOL
IINTKY TapkKeTy gopiBHioe 30 cm, a mmpuHa — 5 cm. CKRiIbKM Takux
IIIUTOK TMOTPiOHO yid MOKPUTTA Beiel migmoru? UYum 3amekuTh I Kijlb-
KicTb Bix cmocoOy yraaaku nmapkety? [lisHaiiTecsa mpo HalOiabIn y:KUBaHI
CcII0co0M YKJIAOKU IMapKeTy i BCTaHOBITh BiICOTOK BiAXOMmiB y IBOX 3 HUX
UL YKJIAOKY ITapKeTy 3 YMOBU 3afadi.

1013. Big rouxku A(2; —5; 1) BigKJIageHO BEKTOP AB=a. SHaNIiTh KOOPAUHATH
touku B, axmo a=(1; 3; -2).

1014. ITob6ynyiiTe nepepis mapagenemninegqa ABCDA,B,C,D, NMJIOIAHOIO, SKa
IpoxoAuTh uepes Touku M, N, P, axkmo M eB/C,, NeCC,, Pe AB.

§24 Scrmgmen

BekTopu uacTo 3acCTOCOBYIOTH y MaTeMaTulli ta ¢isuri. ¥ reomerpii 3a ix
JIOTIOMOTO0 TOBOAATH T€OPEeMH i PO3B’A3YIOTH OaraTo IMiKaBUX 3amad.

BararboM BJIACTHMBOCTAM TeOMETPUUYHUX (PIiryp BiAmOBimaroTh Ti um iHIIL
BEeKTOPHI piBHOCTi. Hampukaan, AKImo:

OA=0B — touku Ai B 3biraroTncs;
AB=kCD — npami AB i CD mapaJjienbHi;

AB=kEAC — Toukm A, B, C nexarb Ha ONHilI IpAMiii;
a=xO—B+y& — trouku O, A, B, C ofHiel NJIOLINHE;
AB-CD=0 — npami AB i CD nepueHAUKYIAPHi;

d-5=|&|-|5|~cosq) — KYT MiK BekTOpamMu d i b mopiBHIOE .

Kopucrymounuch TaKUMU CHiBBiZHOIIIEHHAMM’, MOMKHa PO3B’sa3yBaTu 0ararto
reoMeTpuYHMUX 3amau. /Jig 1IHOTO AaHi B 3a/advi CIIiBBiIHOIIIEHHA MijK reoMeT-
pUuYHUME 00’€KTaMU CIIOUATKY HEMOBOU «II€PEeKJIafaloTh» MOBOIO BEKTOPiB.



§24. 3acToCcyBaHHS BEKTOPIB

IToTiMm mepeTBOPIOIOTH 3HAlAEeHI BeKTOPHI piBHOCTIL
Ta 3HOBY MEPEKJIALAIOTh IX 3BUYAHOIO MOBOIO I'€0-
meTpii. OcobMBO YaCTO HIPHU IIOMY 3aCTOCOBYIOTH
TeopeMy IIPO IIEHTPOIJ CUCTEMU TOUYOK.

Touky G Ha3WBaAIOTH EHTPOIAOM NI JAHUX TO-
40K Ay, Ay, ..., A,, AKIIO G—AI+G—AZ+ +G—An=6
(mai. 326).

“TeopEma |31

no

221

'Al .Az
A
G
A,
A, °A,
Mag. 326

Akwo G — LLeHTPOoIA N TOYOKA,, A,, ..., A,, a X — AOBiNbHA TOYKa NPOCTOPY,

T0 X—G:%(E+E+ L. +XA)).

AOBEAEHH4.
s 6ynb-akux Touok X, G, A, A,, ..., A, cripaB-

IKYIOTbCA BeKTOPHI piBHOCTI XA =X—G+G—Ai,
i=1, 2, ..., n (mamx. 327).
Homasimu ix, micrameMo

XA + XA, + ...+ XA, =nXG+GA, +GA, + ... +GA.

Axmo G — meHTpoix TOUoK A, Ay, ..., A,
TO cyMa n OCTaHHIX AOmaHKiB Iiel BeKTOPHOI
piBHOCTi mopiBuioe 0. OTixe,

nXG=XA+XA,+..+XA,.

Ag
A; A,
Maua. 327

. e . 1 . .
IToMmHEOXMMO 0OMABI YaCTHHY I1i€l piBHOCTI HA — , AicTaHeMoO Te, IO i Tpeda

6yJsio moBecTu. [

n

Hacnioku. dAxnio G — cepenuna Bigpiska AB abo Touka IepeTUHY MeniaH
TpukyTHuka ABC, abo mentpoin terpaeapa ABCD (mau. 328), To BimmoBigHO:

1

X—G:%(ﬁm—g), XG-=1(XA+XB+XC), XG=

3
X X
& A$B
A G B
C
1)

a
Mau. 328

1 (X4+XB+XC+XD).

4

8

IenTpoin TeTpaegpa — Te came, IO ¥ IIeHTPOiJ HOTO BEpPIIUH.
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3adaua. JoBeniTh, 1110 piBHAHHA ILJIOIIUHA, MEePIEHAUKYJIIPHOI 10 BeKTOpa
ri=(a; b; ¢), mae BuraaAg ax + by + cz +d =0.

Joeedenna. Hexaii myiomiuHa O IIPOXOJUTH Ue-
pe3 Toukry A(Xy; Yo; 20) NEPHEHAUKYJIAPHO OO BEK-
TOpAa ﬁz(a; b; c), a M(x; y; z2) — pmoBinbHA TOU-
Ka miomuuu o (manx. 329). BexkrTopu ﬁz(a; b; c)
i AM = (x—%Xy; Y—Yo3 2—2, ) mepmeHAUKYIAPHL. OToke,
iX craJIAPHUNA JOOYTOK JOPiBHIOE HYJIIO:

a(x — x) + by —yo) +c(z—2)=0. (%)

Ile — piBHAHHA IJOIIUHU, AKA IIPOXOIUTH Uepes
TOUKY A(Xo; Yo; 20) 1 HEPIEHAUKYISAPHA O BEKTOpPA
n= (a; b; c). et BeKTOP Ha3MBAIOTH HOPMAJLIIO IO
TLJIONIMHU.

Sxmro B piBHAHHI (¥) mosHauutu ax, + by, + cz, = —d, #oro MOXXHA TOAATHU
y Buriazni ax + by + cz + d = 0. Lle 3arajnpHe piBHAHHA ILJIOLIWHU.

BukopucToByoun BEeKTOPHUII METOJ, MOXKHA 3alUCATH i PiBHAHHA IPAMOI,
sKa IPOXOIUTH ueped TouKy My(xq; Yo; 20) 1 TapasieTbHa BEKTOPY S = (m; n; p) ,
AKUHN HAa3WBAIOTh HANPAMHUM BEKTOPOM TAHOI IIPSIMOI.

Bissmenmo Ha mykaniii npamiit [ goBinbry TouRy M(x; y; 2). Toxi BekTOpDU
"X YW _Z7% OTpumau Bie Bifome

m n p
BaM KaHOHIYHe PiBHAHHSA IPAMOI, [le YucJa m, n, p — KOOPAUHATYU HATIPAMHOTO

BEKTOpa JaHOol IIPsaMOi.

BpaxoByiouwn, 110 3arajgbHe PiBHAHHA IJIOIIWHU 3aJa€ KOOPAUWHATU BEKTOPA,
HepHeHIUKYJISIPHOrO A0 Ifiel MJIOIMUHN, a KaHOHIUYHe PIBHAHHSA IPSAMOI — KOOP-
IUHATH HAIPAMHOT'O BEKTOPA, TO, BUKOPUCTOBYIOUHM BJIACTUBOCTI BEKTOPiB, MOKHA
3HAXOIUTHU KYT MidK IPAMUMI, MidK ITPSIMOIO i IIJIOIITMHOIO Ta KYT MiK ILJIOIIIMHAMMU.

BukopucToByooun BeKTOPHUU METOM, MOMKHA JOBECTHU ITle OOHY Oy Ke KOPUC-
HY Qopmysy, a came — (GopMyJay BificTaHi Bif TOUKM mo mioiuuu. Bigcranb d
Bix Touku M (x,; Yo; 20) IO IJIOITUHY, 3aJaHOI PiBHAHHAM ax + by + cz +d =0,
BU3HAYaeThCA 3a (hopMyJior0:

Mau. 329

MyM i § — xoJiHeapsi, TO6TO

de |ax0 +by, +cz, +d|
Ja? +b% +¢2 c, D,

IIpomoHyeMO gOBeCTH II0 (POPMYJTy camo- “
CTiiiHO.

OTrike, BEKTOPHUM METOIOM MOKHA PO3B’ - By
3yBaTH He TiJIbKU Ti 3a7aYi, AKi MiCTATH BEKTOPU >D
B YMOBi, a Habararo IMUPIIKNN KJac 3angad. Aje
mOTPiObHO mam’ATaTH, 110 Hijf Yac PO3B’A3yBaHHA B A
TaKUX 3a7a4 MOTPiOHO CIIOYATKY BBECTH BEKTOPU Maur. 330
i chopmysrroBaTU YMOBY 3a/1a4i BEKTOPHOIO MOBOIO.

3adauwa. ABCDA,B,C,D, — mapaineneninen, M — TouKa IepeTUHY MeJiaH
TpukytHuka A,BD (man. 330). HoBexmiTe, 1mo npama AC,; TIpOXOAUTH UYepes
Toury M. Y AKomy BimHomeHHi Touka M minuTh Bigpisox AC,?
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Po3sé’asanna. 3a npasusom napaiueseninensa AC, = AB+ AD+ AA,. A ockinb-

. _— 1l - ——
Ku M — TouKa IlepeTuHy MefiiaH TpuKyTHUKa A; BD, 10 AM = 3 (AB +AD+ AA, ) .
1 — .

Maemo: AM =§ACI. Omxe, Touka M jexutb Ha nupaminn AC,, mpuyomy
AC, = 3AM, to6T0 AM : MC,=1: 2.

BexTopu mosxHa 3aCTOCOBYBATH HE TLILKY B reOMeTpil, a i IIijg uac pos3s’ 13yBaHHA
anrebpaiunux s3agad. OcobJuBO 3PYyUHO Ie POOMTH IIPU NOBEAEeHHI HepiBHOCTEMH
1 3BHAXOmKEeHHi HaMOiJIBIIIOro i HallMeHIIoro 3HaUeHb (GyHKIII abo Bupasy.

. o X
Hanpurnan, sHatizemo Haiibinblne 3HaueHHA QYyHKIIT y = \/; +4, /1 - E + 3x/§ .

ITeperBOpUMO IaHy QYyHKIIiIO Y = \/;+4, /2_Tx +3V2 =Jx +2J2 V2-x +3V2

i Bpaxyewmo, 1o ii o6smacts Busnauenuna D(y) = [0; 2].
Beegemo BexkTopHU d = (1; 2\/5; 3) ib= (\/;, N2—x; \/E) Toxi many QyHKILiI0

MOJKHA 3allMcaTH y BUTIALL y=a-b, amxe &-5=1~\/;+\/§—\/2—x +3:4/2.
Ockinbkn |dl=v1+8+9 =18 =32, [6|=Vx+2-x+2 =2, 10
y=a-b=|dl-|b]-cos =62 cos o.

Tomy HalibinbIle 3HAUEeHHA (DYHKITI1 TOPiBHIOE 62 i JIOCATAETHCA TOA1, KON
3HAUEHHA COS (¢ — Halbinbmne, To6TO AKIIO cos @ = 1, a ¢ = 0°.

3HaligemMo, Ipu AKUX X (PYHKIiA HaOyBae CBOro HANOiJIBIIIOr0 3HAYEHHS.
Ockinbku @ = 0°, To BeKTODU @ i b — crmiBHAIpAMIIEHi, T4l IXHI KOOPAUHATH

1 _ 22 _ 3 [3Vx=12,
Jr o J2-x 27 32— x =4,

IPONOPIIiiiHi, TOOTO
3BigKUT x=—.
9

Y . . 2
Orxe, Halib1LIbIIIe 3BHAUCHHA (PYHKILII fopiBHIOE 6+/2 imocAaraeTnes Ipu x = 5 .

SAMNUTAHHS TA 3ABAAHHS 019 CAMOKOHTPOJIIO

IITo HaswBaOTh BEKTOPHUM METOIOM PO3B’sI3yBaHHA 3amau?

fAxi BekTOpHI opMyam BaM Bimomi?

3. fIK MOBOIO BEKTOPiB 3almcaTH, 10 IPAMi ImapaJjiebHi; IeplIeHInKYyIIPHI;
110 TOYKM 30iraroThCs; JeKaTh HA OTHIN mpamiii?

4. Yu MorkHa 3aCTOCOBYBaTH BEKTOPHUU METOJ /10 3aJa4, YMOBA AKMUX He Mic-
TUTH BeKTOpiB? SK 11e 3pobutu?

5. Yu MorKHa 3aCTOCOBYBATM BEKTOPHHU MeTOH A0 PO3B’A3yBaHHS 3amau
3 anrebpu? HaBemiTe mpukIanm.

6. ChopmyiioiiTe TeopeMy IIPO IIEHTPOIJ 7 TOYOK.

7. Axuit BUrIAL Mae PiBHAHHSA IJIOHMHY, IEPIEHAMKYJIIPHOL IO BEKTOpa

ni=(a;b;¢)?

Moo=
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BUKOHAEMO PA3OM P

c M — Touka meperuHy Mmexpian rpa"i ABC
Terpaenpa PABC, PA =3, PB =6, PC =9 ¢ A
i ZAPB=/ZBPC=/ZCPA =q.
3uarigite PM.
— 1 —
o PM=§(PA+PB+PC) (man. 331). Moo 331

Tomy
PM? =l(PA2+P32+PC%2~E4-FB+2-@~%+2~TC~E4)=

9
=%(32+62+92+Zcosoc(3-6+6-9+9~3))= 14+22cos 0.

Tomy PM =+14+22cosa..

9 Vi BepiInHY IpaBUJILHOTO TPUKYTHUKA JIedKaTh Ha cepi, meHTp aKoi 36i-
raeThbcA 3 I[EHTPOM TPUKYTHUKA. [loBemiTh, 110 cyMa KBaJpaTiB BimcTaHen
Big Oyab-AKOI TOUKU cepu OO0 BepIUH TPUKYTHUKA cTaja (He 3aJIesKUTh
Big posmirmieHHA TOUKU Ha cdepi).
® Hexait ABC — npaBuiIbHUII TPUKYTHUK, a M —
IoBiibHA TouKa Ha cdepi pazxiyca r (man. 332).

MA=MO+0OA, MB=MO+OB,
MC=MO+0C.
Oroxe,
MA? = MO?+0A%+2-MO-OA,
MB? =MO?+0B?+2-MO-OB,
MC?*=MO?*+0C*+2-MO-OC.
Homamo 11i piBHOCTI:

MA? + MB? + MC? =3MO® + OA® + OB +0C* +2MO-(0A+ OB+ OC).

Bpaxosytouun, 1110 OA+OB+0C=0 i mo MO? = OA2 = OB? = OC? = r?, gic-
Tanemo MA? + MB? + MC? = 6r2. 1le 3HAaUeHHs OfHe U Te caMe AJs OyIb-
sarol Touku M Ha cdepi.
HoBemiTh 3a JOIIOMOT0I0 BEKTOPiB, IT10 KOJIX
npsaMa HepIeHIuKYJIAPHA 40 ABOX CTOPiH
TPUKYTHUKA, TO BOHA IEPIEHIUKYIAPHA
i mo TpeThoi iioro croponu (may. 333).

e dxmo KP1 AB i KP1 AC, To A B
KP-BC - KP-(BA+AC) - \PN/
_ KP-BA+KP-AC=0. c
Orsxke, KP 1 BC. Mau. 333

Mau. 332
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3ALAYI TA BNPABU

BUKOHAMTE YCHO

1015.
1016.

1017.

1018.

1o moskHa ckasatu mpo Biapisku AB i CD, akmio AB=2CD?
YcTaHOBITHL B3aeMHe po3MilleHHs TOUoK A, B, C, aKImo:

-1 — . -
a) AC= 5 AB; 6) BC=-3BA.
Yu gexath Touku A, B, C Ha onHill nIpaAMii, AKIIO:
a) AB=2BC; ) |AB|=|BC|?
6) AC=-BC;

YcraHoBiTh Bus yoTupUKyTHUKA ABCD, AKIIO: a) AB= D_C; 0) BC= 0, 3AD.

;X

1019.

1020.

1021.

1022.

1023.

1024.

1025.
1026.

1027.

YcranoBiTh Bug TpuKyTHUKA ABC, AKIO CA= (—2; 3; O) s CB= (3; 2; —4) .
YcTaHOBITHL B3aeMHE PO3MIIITeHHS IIJIOIITIH:

a)2x +3y—5z2—-16=01i2x + 3y — 5z + 12 =0;

0) 3x —2y—3z2-5=0ix+3y—=z+2=0.

CkiaaniTe piBHAHHA NJIONIMHU, AKa IEPIEHIUKYJIApPHA OO BeKTOpa
n =(5; 0; —3) i mpoxoauTh uepesd Toukry A(2; —1; 4).

Hamo Touku A(l; 2; —3) i B(4; —2; 4). CkiaamiTh piBHAHHSA IJIOLIUHU,
sdKa MepuneHIuKyIaIpHa 10 BeKTopa AB i mpoXoAuTh uepes TOUKY A.
Hamo Toury A(a; b; ¢). HanuimiTe piBHAHHSA ILIOHNIMHU, KA IPOXOIUTH
yepes MOYaTOK KoopamHAT O MepneHAuKYISIpPHO 10 mpamoi OA.
Hanwuirite piBHAHHS IJIOIUHA, KA IPOXOIUTh ueped TOUuKy A(1; —3; 5)
i mapasenpHa miuomuHi 2x — 3y + z + 10 = 0.

3HalAiTh KyT MixK miomuHamMu 2x + 3y —z2+2=0ix—-2y +z-4=0.
Hanwirite piBHAHHSA IJIOIIWHU, AKa AOTUKAEThCS a0 chepu (x — 1) +
+ (y + 1)+ (2 — 2)? =6 y mouaTKy KOOpPJUHAT.

Y rerpaenpi ABCD AB 1 CD. Iosenits, mo AD? + BC? = AC? + BD2.

X

1028.

1029.

Touku K, L, M, N — cepenunu pebep AB, BC,
CD, DA rerpaenpa ABCD. JloBeniTs, III0 TOYKU
mepeTuHy mMenpiaH TpuKyTHUKiB AML i CNK 36i-
rarThCs.

HoBexmiTs, 110 AK 6u He OyJIu po3MilieHi y mpocTopi
napanesiorpamu ABCD i A,B,C,D,, cepeguuu Bif-
piskiB AA,, BB,, CC,, DD, — BepuIuHU mapae-
Jorpama abo JiekaTh Ha OOHiM mpamiii (mas. 334). Mau. 334
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1030.

1031.

1032.

1033.

1034.

1035.

1036.

1037.

1038.

1039.

1040.

1041.

1042.

Poszgnin 4. KoopanHaTt, reOMeTpUyHi NEPETBOPEHHS Ta BEKTOPU Y MPOCTOPI

Hawmo Hemyocky 3amikHeHny jJamany ABCDA. [oB:xkunu jganoxk AB i CD
IOPiBHIOIOTH a i b, a KyT Misk MmumoOiskaUMHU npamumu AB i CD mopis-
HIOE (. 3HAUAITH Bigcranp MidK cepesuuHamu jgaHok AD i BC.
BukopucToByOUM BEKTOPHUI METO[, TOBEAIiTH TEOPEMY ITPO TPU IIEPIIEH-
OIUKYJIAPH.

Ocnosoro npusmu ABCA,B,C, € piBEOCTOpOHHI# aABC. ZA AB= /A AC.
Hosenits, mo AA, 1 BC.

Megnianu rpaneit DAB i DAC terpaenpa ABCD niepeTUHAIOTHCA BiAIOBi -
HO B Toukax M, i M,. [losexirs, mo M,M, || BC.

Kiumi Bigpisxka AB Jje:xaTh Ha HepHeHIN- A

KYJSPHUX IJIOIUHAX, AKI MepeTuHaThC

mo ipsamint m. Bigcrani AA, i BB, Big TOUoK a

A i B o ipsaMoi m JOpPiBHIOIOTH BiAIIOBiZHO e B, m
aib, aAB,=c.3HalAiTh TOBKUHY Bipis- A,

Ka AB (mau. 335).
Tpu pebpa TeTpaenpa, AKi BUXOAATH 3 OOHiel
BEPIINHU, PiBHI, KyTU MiK HUMHU TeK PiBHI.
HoBeniTs, 1110 KOKHEe pedpPo TAaKOTO TeTpaeapa Maur. 335
MePIeHAUKYJIAPHE O0 IIPOTUICKHOTO.
Tourka K — cepenuna pedbpa AC npasuiabuoro Terpaeapa ABCD. 3ualigiTh
KOCHHYC KyTa Mixk npamumu AB i KB.
3HaNAITE KOCHHYC KyTa MiK IPAMUMM, SKUM HaJIeKaThb MUMOOiKHI
MeIiaHU ABOX I'paHell IPaBUJIBHOIO TeTpaeapa.
VYci BepmimHM MPaBUJIBLHOTO TeTpaeapa JiexaTh Ha cdepi. [oBenits, 1o
cyMa KBaJpaTiB BiacraHell Big Oyab-AKOI TOUKU cepu O BEPIIUH Te-
Tpaeapa craJa.
Y npamorytHomy mapaJgenerineni ABCDA,B,C,D, niaronans BD, mep-
MeHAUKYJSPHA [0 IJIONIWHU, AKAa NPOXOAUTHL ueped Touku A, B, C.
Hosexnits, mo ABCDA,B,C,D, — Ky0.
Hauo npamokytuuit napaneineninen ABCDA,B,C,D,. HoBeznits, 110 cyma
KBaJpaTiB BificTaHel Bifi JOBLIBHOI TOUKHM IPOCTOPY A0 BepiuH A, B, C,, D
JIOPiBHIOE CyMi KBaJpaTiB BificTamel Bif 1iel Touku no BepiuH A,, B, C, D;.
3HAUAITh KYyT MiXK IPAMOIO, AKa MPOXOAUTH uepe3 Touku A(l; 3; —2)
i B(—3; 4; —1) ta nimomusuow x + 2y — 2z + 3 = 0.

SHAUAITh KYT MisK OPAMUMU

x-1 y 2z-2 ; x-2 y-5 2z-3

2 1 2 2 2 -2

1043*. 3HaiigiTh MHOKUHY TOUYOK, PiBHOBiAmaIeHUX Bij IIJIOITWH:

a)2x—y+32-5=0i2x—-y+ 32+ 3=0;
0) 2x +y—-2z2+5=0ix—-2y +2z-4=0.

1044%*, 3HaigiTe BiAcTaHb MijK ABOMA MUMOOIKHUMU AiarOHAJAMU CYMIisKHIX

rpameii kyoa, pedpo IKOTO IOPiBHIOE a.

1045*, 3maizgite Biscrans Mik npavumu AB i CD, akio

A(2; -1 0), B(3; 25 1), C(1; 2; 2), D(—3; 0; 4).
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1046%*. 3HaigiTe HaOiIbIlle 3HAUEHHS BUPa3y:

a) y=+vl-x +J1+x; 6) y=3x+4V1-x* +5.
[Ipu AKOMY 3HAYEHHi X BOHO JOCATAETHCA?

3AOA4I AN NOBTOPEHHS

1047. 306pas3iTh Pi3HOCTOPOHHiN TPUKYTHUK. BHUKOPUCTOBYIOUM IIOCJIiZOBHO
OCBOBY Ta IIeHTPAJIbHY CUMETpPit0, o0y AyiiTe KiJIbKa ITiKaBUX OPHAMEHTIB.
Yu 3aBKAM MOYKHA OTPUMATU TAaKUU CAMUI OPHAMEHT, BWKOPUCTABIIN
mapaJjesbHe nepeneceHua? IlepeBipre Ha mpaxkTUIri.

1048. 3maiinits fOBKUHY BeKTOpa d, AKIIO d=3m+7i+p, Ae |ml=I7il=|p|=2,
a KyTu Mixk HuMHu 60°.

1049. fdx pospisatu Ky06 Ha TpHW PiBHI YOoTHMPUKYTHI mipamigu? A mHa mIicThb
PiBHUX YOTHUPUKYTHUX IIipamin?

§ 25 feomMmeTpUYHI
nepeTBOpPEeHHN y NpPoOCTOopi

IITo masuBarTH reOMETPUYHUM HEPETBOPEHHAM IIJIOIIWUHU, BU BiKe 3HAETE
3 Kypcy ILIaHiMeTpii. ¥ mIpocTopi HaBKOJO HAC TAKOXK iCHYIOTH Pi3HOTO pPoOmy
HepeMillleHHs, MOJEeJAMHN AKNUX € T'eOMeTPUYHi ImepeTBOpPeHHs. Po3riaaHbTre
MaJIIOHOK 336 i BKaKiTh, IPO SAKi IIepeTBOPeHHS HIeThCH.

Maun. 336
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SAxio Touku gaHoi Qirypu F sMicTuTH AKMM-HEOyIb criocoboM, micTaHeMO
HOBY Qirypy F,. fIKmmo pisui Toukm mepimoi ¢irypu smimniyiorkeda (Bimobpaska-
IOThCS) HA Pi3HI TOUKMU APYroi, TOBOPATH PO nepemeopeHHs naHoi Qirypu.

Becws mpoctip — Terk dirypa. Tomy MOKHA TOBOPUTHU i IIPO IIEPETBOPEHHSA
mpocTopy. ¥ crepeoMerpii, K i B miaHimerpii, 38 ycix mmepeTBOpeHb 0COOJIMBO
BaKJIUBY POJIb BifirparTh PyXWu.

Pyxom HasuBaioTh IepPETBOPEHHS, IIPU IKOMY 30epiraroThbcsa BicTaHi MisK
TOYKAMU.

Hani Mu posriasiHeMO HAWBaKJIUBIIIL PyXW HpPOCTOpPY: cuMerpii (BimHOCHO
TOYKU, IJIOIIUHY, IIPAMOI), ITOBOPOT, apajejbHe IepeHeceHHs Ta iH. AJje cio-
YyaTKy JOBeJeMO 3arajbHi BJIaCTHUBOCTI BCiX PYXiB.

“TEoPEmA |32

Toukun, sKi nexxaTtb Ha NPSAMIiA, y pe3ynbTaTti pyxXy nepexoasitb y TOUYKM,
[Ki IeXxxaTb Ha NPSAMIiA, | 30epiraeTbca NOPAA0K IXHbOro B3Ba€EMHOI0 PoO3-
MiLLLeHHS.

AOBEAEHHS. ¢

Hexaii Touku A, B i C ne:xaTh Ha IpAMiil, IPpUUOMY
B — misk AiC, 0610 AB + BC =AC (Mmag. 337). fAkimo
AKUHA-HeOYyIb PyX BimoOpaskae maHi TOUKM HA TOUKU A
A, By, C,, TOo BHACTiIOK 30epe’KeHHA BificTaHel MiXK
Toukamu A, B, = AB, A,C, = AC, B,C, = BC, To6T0 Mae A, B, C,
miciie piBHicTb A, B; + B;C; = A,C,. A 11e o3Hauae, 1110 —e—
TouKa B; 1e:KuTh Ha npamiii A,C, mixk ToukamMu A, i C;. Mau. 337

Teopemy mosegeHo. [

Hacnidok. Pyx npsamy BimoOpaskae Ha IpAMY, IPOMiHb — Ha IIPOMiHB, Bif-
PiBOK — Ha BimpisoK, IIIO JOPiBHIOE TaHOMY.

“TeopEMA |33

Pyx BigpoOpaXka€ TPUKYTHUK Ha TPUKYTHUK, LLLO AOPIBHIOE JaHOMY.

OOBEAEHHS.

Hexait mano nosinbuuii TpukyTHUK ABC (Maj. 338). B,
Pyx Bigo6pasxae iioro cropouu AB, BC, CA ua Bin-

pisku A;B,, B,C,, C;A,, AKi1 yTBOPIOIOTH TPUKYTHUK

A,B,C,. Ilpu 1boMy BHaCJIiIOK 30epesKeHHs BifcTaHel ¢
A,B, = AB, B,C, = BC, C,A, = CA. Ot:xe, 3a TppOMa A;
cropoamu aA BC, = rABC. ¢,

Teopemy mosegesHo. [ Mai. 338
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Hacanidok. Pyx BimoOpaskae KyT Ha KYT, 110 JOPiBHIOE HOMY.

MosxHa moBecTH, 110 PyX ILJIOIIMHY BimoOpaskae Ha IJIOIUHY, TeTpaeap — Ha
TeTpaeap TOIIIO.

OsHaueHHs cuMeTpPili BiZHOCHO TOUYKWH,
Bimome 3 maHiMeTpii, 3aJUMIA€THCA IIpa-
BWJIBHUM 1 I cTepeomeTpii.

Touku A i A, Ha3MBaIOTh CUMETPUYHU-
Mu BimHOCHO TouKu O, aximo O — cepenuHa
Bimpiska AA,.

IleperBOpEHHS, IPU AKOMY KOXKHA TOU-
Ka JaHol (pirypu BigoOpakaeThbCs Ha TOUKY,
cuMeTpUUHY i#i BifHOCHO O, HA3UBAIOTH CHU- Mau. 339
MeTpi€ero BigHOCHO TOuKH O.

Hanpuraan, akmo gamo terpaeap ABCD i touky O (man. 339), To, modyny-
BaBIu TOYKU A,, B,, C,, D,, cuMeTpUYHi BepIlIIMHAM JaHOTO TeTpaeapa BigHOC-
Ho O, micrameMo BepIIUHU HOBOTO TeTpaeapa A;B;C,D,, CHMEeTPHUUYHOTO JAHOMY.

“TEoPEMA |34

CumeTpis BiAHOCHO TOYKMU — PYX.

JOBEOEHHS4. A

Hexaii cumeTrpisa BigaocHo Touku O BimoOpaskae
0yab-aKi nBi Touku A i B Ha Touku A, i B;. [loBee- B
Mo, 1110 A; B; = AB (maui. 340). OckinbKu OA = —(74.1 o) B,
i OB=—-OB, to AB=0B-OA=0OA —OB, - B.A..
BekTop AB IOPiBHIOE BEKTOPY ﬂ, OT:Ke, A
piBHI i ixHi moBxkuHU: AB = BA,. A 1e i Tpeba

6yJsio gqosecTu. [ Mau. 340

3 moBemeHol piBHOCTI AB= ﬂ BUILINBAE TaKOK, 110 Bigpisku AB i A, B, nia-
panenbHi abo JexaTh Ha OOHIN mpsaMiii.

Omxe, cuMeTpiad BiIHOCHO TOUKHM BimoOpaskae MpAMYy Ha MapajieibHy IPAMY
(abo Takry, 1110 30iraeThcs 3 HEI0), MJIOIMINHY Ha MapajejbHy Iaonuny (abo Taxy,
10 36iraeThca 3 HE0).

fAxmro cumerpia BizHocHO geakoi Touku O Bimo-
Opaskae maHy Qirypy Ha Ty camy Qirypy, Taky Qirypy
HA3WBAaIOTh HEHTPAJTbHO-CHMETPUUHOI0, a TOUKY O —
ii meHTpOM cHUMeTpii.

Hampukiaaza, meHTpaabHO-CUMETPUYHOI0 (Bhirypoio
€ KOoKHUI napaJsesnemnines. Touka mepeTuHy giaroHa-
Je — 1ioro neHTp cumetpii (mas. 341). IlenTpanbHo- Mau. 341
CHUMETPUYHOIO € TPaBUJIbHA N-KyTHA IIPU3Ma, AKIIO 71 —
yucyo mapHe. JKoama mipamiga He Mae MeHTPY cuMeTpii.
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— ONng AONMUTJINBUX

3 reoMeTpuyHUMKN pyxamm TiCHO NOB’Ai3aHe MOHATTS piBHOCTI ¢iryp. [Bi
&irypu Ha3vealoTb PIBHUMM, SKLLO iCHYE PYX, KM BigoOpaxae o4Hy 3 HUX Ha
iHWY. MatoTb Ha yBasi 6yab-ski pyxu. Xo4ya getanb F, 300paxeHy Ha MaJitoH-
Ky 342, He MOXHa 3aMiHUTK geTanno F;, ane y reoMmeTpii Taki pirypu BBaxatoTb
PiBHUMMU.

Man. 342 Man. 343

PiBHMMK B reoMETPIl € TaKOX «aepXaTeni» Ang pyyok i oniBuiB, 9Ki BUKOPUC-
TOBYIOTb 411 HABYAHHS MPaBMIbHOMY MUCbMY NPABOPYKUX i NiIBOPYKUX OiTEN
(man. 343).

BigHOLEHHS PiIBHOCTI reOMeTpUYHMX Qiryp TpaH3nTHBHE: SKLWOo nepLua dirypa
OOPIBHIOE OpYrin, a gpyra — TPETi, To nepLia i TpeTa Qirypm Takox PiBHiI.

3 piBHUMU MaTepiaNbHUMU NpeaMeTaMn A0BOANTLCS MaTu crpaBy 6aratbom
po6iTHMKamM. CyyacHa NMPOMMCIOBICTb BUPOONSE BENUKI NapTii reoMeTprnyHO
piBHMX BUPOOIB. PiBHI BCi 3arotoBKW, BUIUTI B OAHIA popMi, BCi aeTani, BUroToB-
JIEHi BepCcTaTOM-aBTOMaTOM 3a OfiHiel0 Nporpamoto. Ha 6arato BUpo0OiB iCHYIOTb
cneujaneHi [epxaBHi cTaHoapTn. Cnyx6a ctangapTm3aaLii 3060B’a3ye BUNycKaTu
Taki BUpoOW BCTAHOBIEHUX CTAHOAPTIB, FEOMETPUYHO PiBHI OAVH OAHOMY.

SAMUTAHHSA TA SABOAHHA AN CAMOKOHTPOIJIIO

1. IIlo HasmMBaIOTh '€OMETPUUYHUM NIEPETBOPeHHAM? A pyxom?

2. Ski aBi TOUKM Ha3WMBAIOThL CUMETPUYHMMHU BifHOCHO maHOI TouKu? A aBi
dirypu?

3. IIlo Ha3MBaIOTh CUMETPi€I0 BifHOCHO TOUKM Yy mpocTopi? SKi il BracTuBoCTi?

4. Ski girypu HasMBAIOTH IIEHTPAJIbHO-cuMeTpuuHMu? HaBemiTs mpuKIagm.

BukoHAEMO PA3OM

o HoBemiTh, 110 pyX BimoOpaskae IJIOMIMHY HA IJIOIIUHY.
® Hexait oo — poBinmbHa mnomuHa (Mas. 344). ITo6yayemo Ha Hill TPUKYTHUK
ABC. YHacIifok pyxy BiH BifoOpasursca Ha aA B/C,, akuii 1exurh y Je-
AKif naomumHi 0. Ilokaskemo, 110 B pe3yabTaTi TaKOTro PyXy IJIOIIWHA O
BimoOpaskaeTbCsa Ha 0.
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Hexait K — nmoBijibHA Touka miaoluHu O. IIpoBememo uepes K npamy, axa
nepetunae aABCy toukax P i T. Ilpama KT BimoOpaskaeTbcsa PyxXoM Ha
npamy K,T,, axka neperunae aA BC, y Toukax P, i T,.

.S ‘\

Maux. 344

Ockineku P ea, i Tyea,, Toi K, o, (axcioma C;). BuxoguTs, y pesyJib-
TaTi POBTIAIYBAHOTO PYXY OyIAb-AKa ToukKa K TJIOITUHY O BimoOpasKkaeThes
Ha Touky K, muomuuu 0,. I Oyab-aka Touka K, IJIOIIUHU O, € oOpasoMm
meakoi Touku K mamoi miomuuu O (Teopema 32). OT:ke, pyx BimoOpaskae
IJIOIITUHY O Ha 0.

9 3HaUIiTh KOOPAUHATU TOUKHU, cuMeTpuuHoi TouIri A(1; 2; 3) BiZHOCHO TOUKM

M(a; b; c).
® Hexait A,(x; y; 2) — mykara Touka. Ockineku M(a; b; ¢) — cepenmHa
Bigpiska AA,, To a= x+1 , b= y+2 , C= z+3
2 2 2
3Bigrku x =2a — 1, y=2b— 2, z=2c — 3. C, D,

Orxe, A;(2a— 1; 2b — 2; 2¢ — 3).
€) ABCDA,B,C,D, — xys.

HoBenits piBuicTs nmipamin AA,BD i C,CB,D,.

® Hexait O — cepenuna giaronani AC, kyba. ¥ pesyJib-
TaTi cumeTpii BizHOCHO TouKM O BEpIIMHM ITipami-
nu AA,BD BigoOpaskaioThbCs HA BEPIIUHY IIipamMinn
C,CD,B, (man. 345). I1i nipamizu cumerpuyuHi Bif-
HOcHO Touku O, OTiKe, PiBHIi. Mau. 345

3AJJ,A'-II TA BNMPABU

BUKOHAWTE YCHO

1050. HaBeniTs mpuKJIaAM IEHTPAJIHLHO-CUMETPUYHUX i He IEHTPATbHO-CUMET-
puuHux Giryp.

1051. Yu moske meHTp cuMeTpii dirypu He HanmexkaTu camiit irypi?

1052. Yu npaBUiIbHO, 1[0 IEHTPAJIbHO-CUMETPUYHNA OIYKJINN MHOTOIPAHHIK
Mae mapHe YKCJIO BepIiuH, pedep, rpameii?
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1053.

1054.

1055.

1056.

1057.
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Hosemits, mo Touku A(l; 3; 5) i B(—1; —3; —5) cumerpuuHi BiJHOCHO
TIOYaTKy KOODPAWHAT.

Yu cumerpuuni Touku A i A, BimzHOCHO TOuKmM O, KOJIX Bimomo, IIO
OA = OA,?

IIpu mesikomy BimoGpaskenHi chepa (x — 1)2 + (y — 22+ (z + 3)2=1
BimoOpasuimacs Ha chepy (x + 1)2 + (y + 2)2 + (z — 3)? = 4. Yu € game
BimoOpaskeHHA pyxom? Homy?

Yu cumeTpuuHi OyAb-AKi ABI TOUKM IPOCTOPY BiAHOCHO AEAKOI TPETHOL
TOUKHU?

VY mpocTopi mamo nBi mapasenbHi npami. Yu cuMeTpUYHI BOHU BiTHOCHO
Touku? CKIJIbKM TaKMX TOYOK icHye?

X

1058.

1059.

1060.

1061.

1062.

1063.

1064.

1065.

1066.

1067.

Yu icHYIOTHL TOUKU, MPAMi, IJIOMINHU, AKI IPU IeHTPaNbHill cuMeTpii
BimoOpaskaioThcsa Ha cebe? BukoHaliTe BiAmoBigHI MaTIOHKHU.

Yu MOKYTH ABa HepiBHI BiApisKu OyTU CUMETPUUYHUMHU BiTHOCHO AeSIKOI
TOYKU ?

3HaNIiTh KOOPANHATHA TOUOK, CHMETPUYHUX BiJHOCHO II0YATKY KOOPAUHAT
roukam A(1; —3; 2), B(—5; 0; 2), C(3; —1; 0), D(0; 0; 0).

3HalgiTh KoopamHATH TOUKM M, BIiZHOCHO SKOi CMMETPHYHI TOUKU
A(-3; 4; 6) i B(1; 2; —4). 3HaliAiTh KOOPAUHATU TOUYOK, CUMETPUUYHUX
Tourli M BigHOCHO TO4YOK A i B.

3anuIriTe piBHAHHA chepu, cuMeTpuuHOl BigHOoCcHO Touku S(2; 3; —2)
chepi (x — 4+ + 1)+ (2 — 2)>=4.

Hamo Bigpisok AB i Touky O, sika He HaJeXuTth npamiit AB. IlobyaytiTe
dirypy, cuMeTpuuHy JaHOMY Bimpisky BimHocHO Touku O. oBemiTh, 1110
no0ymoBaHUi BigpisoK Jie:kKuth y miomiuui OAB.

IToGynayiiTe Qirypy, cumerpuuny manomy aABC BigHOCHO:

a) mosinbHOI TOuKuU O;

6) Bepmiuuu C;

B) cepenunu M crtopoHu AB.

IToGyayiiTe TPUKYTHUK, cuMeTpuunuii qanomy aABC BiZHOCHO TOUKU
O, aka He jgexuth y mioinuHi ABC. [loBexiTsh, 110 fanuil i o0y qoBaHU
TPUKYTHUKU PiBHi Ta JieKaTh y MapajeJbHUX TJIOIMIUHAX.
ABCDKLMN — xy6. IlooynyiiTe dirypy, cume- L

TPUYHY HOMY BiTHOCHO:

a) TOUKU A; K
0) cepenunu pebpa CM; :
B) mentpa rpaui CDNM (mai. 346). B C
Hamo npaBuIbHUM TeTpaeap. IlobyayiiTe TeTpaenp,
CUMEeTPUYHUN TaHOMY BiJHOCHO: A D
a) BepIIUHU TeTpaenpa;

0) meHTpa rpaHi;

B) cepeauHu GiuHOTrO pedpa.
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X

1068.

1069.

1070.

1071.

1072.

1073.

1074.

1075.

1076.

1077.

1078.

1079.

1080.

1081.

Touku A, B, C, D posMiliieHi y mpocTopi Tak, 1mo A i C cuMeTpuuHi Bi-
HOCHO B, a Bi D cumerpuuti BinHocuo C. Y MoikHa uepes yci I1i Touku
HPOBECTH ILJIOMINHY? A npamy?

Yu MOXKYTH BiipisKu, AKi mepeTUHAOThCA a0 MUMOOiMKHI, OyTU CUMeT-
PUYHUMHU BiTHOCHO JesAKOi TOUKU?

Yu € 1eHTPaIbHO-CUMETPUYHOIO TPaBUJIbHA ITPU3MA:

a) TPUKYTHA;

0) YOTUPHUKYTHA;

B) II'ATUKYTHA;

r) IIecTUKyTHa?

Yu mae IMeHTp cuMeTpil moxwuja mpusMa, OCHOBA SAKOI — IPaBUJILHUN
IIeCTUKYTHUK ?

HoBeniTh, 1110 MEHTP CUMEeTPil IeHTPaTbHO-CUMETPUYHOTO MHOTOTPaHHUKA
€ IeHTPOILOM HOTO BEPIIIUH.

HoBeniTs, 1110 pyx BimoOpaskae mpAMY, MEePIEeHAUKYJIAPHY 0 IJIOIUHUA,
y OpaAMY, OePIEeHIUKYJIAPHY OO IJIOIUHUA.

HoBexnits, 1110 pyx BigmoOpaskae ABOTPAHHUI KYT Y PiBHUI HOMY ABOTDPaH-
HUHN KYT.

IToGyayiiTe mapasesenines, CAMETPUYHUN IPAMOKYTHOMY IapaJieserineny
ABCDA,B,C,D, Binaocuo Touku M takoi, mo B;M : MD =3 : 1.
Pisaumu xoapopamu 3adapOyiiTe 00’emHaHHS Ta Iepepis maHOro i Io-
OyZ0oBaHOTO ITapaJjeJelinenis.

IToGynyiiTe TeTpaeap, CUMETPUYHUN ITPABUIIb- D

HoMYy TeTpaenpy ABCD BigmuHocHO cepenunu M
ioro BHCcOTH, HpoBemeHoi 3 BepmuHU D
(man. 347). Pisuumu Kosbopamu 3adapoyiitTe
00’eqHaHHA Ta IIepepis JaHOTO i 00y I0BAHOTO
TeTpaenpis.

VYV KOKHOMY 3 TBOX TeTpaeapiB Tpu pedpa MaoTh
IOBXKUHY @ i Tpu — moB:KuHY b. Yu piBHi 11i
TeTpaeapu? C
Hiarownaui napaneneminena ABCDA,B,C,D, tie-

pernHapThCa y Touri O. Uu piBHI mipamigm Mau. 347
OABCD i OA,B,C,D,? A muipaminu OABCD

i OABB.A,?

Yu mpaBUJIBHO, IO MiaroHAJBLHUU IIepepis mpAMOTOo IapaJeselrimena
posbuBae #oro Ha ABi piBHI mpuamMu? A AKIIO mapaJjejenine] MOXUIui?
Hanumite piBHAHHA IJOIIMHU, AKA € CUMETPHUUYHOKI IIJONIUHI
x — 2y + 3z — 2 = 0 BiZHOCHO IOYaATKy KOOPAWHAT.

Harmuirits piBHAHHS OpAMOI, CUMETPUYHOI TpaAMiit AB BiTHOCHO mOYaTKY
KoopauHart, aximo A(1; —2; 4), B(2; —1; 3).
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1082. Yu nepneHAUKYIAPHI IIJIOINHI:
a)2x 3y +4z—-1=0i3x — 2y —4z—-5=0;
6) bx — 6y +z-12=01i2x +y — 42=0?
1083. amo Terpaenp ABCD.
HoBeniTs, 1110 Mae Miciie PiBHICTH
BC-DA+BD-AC+AB-DC=0.
1084. O — 1meHTp KoOJa, omucaHoro HaBkoJo ArABC. Yu majmexuth Toura C
IJIOIINHI, V AKill JexkaTh Touku A, B, O?

§ 26 g:gnui;?-li: BiflHOCHO

m Touxkum A i A, Ha3WBAIOTh CUMETPUYHUMH BiTHOCHO
ILTOMIMHM, AKIIO IS IJIOIIMHA IePIeHINKYJIIpHa 10 Bin-
piska AA, i giauTsk tioro HaBmia (Maja. 348).

m IlepeTBopeHHs, AKe BifoOpaskae KOKHY TOUKY Qirypu
Ha TOUKY, CUMETPUUYHY iil BiZTHOCHO mAHOI ILJIOITWHU, Ha-
3UBAIOTh CUMETPi€I0 BiTHOCHO IJIOIMHMU. A,

Mau. 348
TEOPEMA |35 |
CumeTpis BiAHOCHO NJIOWUHN — PYX.
OOBELEHH4.
z
Hexaii cumeTpis BiZHOCHO IJIOITUHU O Aay ay; as)
BimoOpaskae Touku A i B Ha TouKu A; i B, B(by; by; by)
(mag. 349). Hosexgemo, mio A, B, = AB. 0 I g e

BBememo cucTemMy KOOpAMHAT Tak, I00
KOOpAMHATHA IJIONIMHA XY CyMicTujaach
3 mioniuHoio o. Hexait KoopamHaTH TaHUX
TOUOK A(aq; a,; a;) i B(by; by; bs). Cumerpuu-
HUMHY iM BiTHOCHO ILJIOIUHU O Oy IyTh TOUKHI Ai(as; az; —ay)
A(ay; ay; —a;) i B(by; by; —by). Mau. 349

B,(by; by; —by)
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3a Teopemoio 25

AB=\/(b1—a1)2+(b2_a2)2+(b3_a3)2’

AB, =\|(b-a,) +(b,~a,) +(~b, +a,) .
Sk Gaummo, AB = A,B,. A ne it Tpeba 6yso gosectn. [
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Otr:xe, cuMeTpPisg BiIHOCHO ILIOIIUHMU — pPyX. BuxoauThb, BoHA BimoOpaskae
BiZIpiBOK Ha BiIPi3OK, IO JOPiBHIOE oMYy, IPAMY — Ha IPAMY, IJIOIIUHY — Ha

IJIOIITUHY, TiJI0 — HAa TiJjo.

Yu moskua cymictutu (ysaBHo) ¢irypu F i F,,
SAKIII0 BOHYU CUMETPUYHI BiJHOCHO AesIKO1 ILJIOITNHM ?
He zaBxqu. Hanpuknaz, axio pebpa a, b, ¢ moxu-
Joro mapaJeserrinena F He piBHi, TO CUMETPUYHUHI
oMy BiJHOCHO IJIOIIMHU O ITapaJejeninen F, cy-
mictutu 3 F memoxxkauso (maa. 350). 'oBopars,
1o napaJjesyeninenu F i F; MaioTh pisHi opieumauit
6a3ucie. BoHU BiIpiBHAIOTHCS, AK IIPABUU 1 JiBUK
YyepeBUKU OAHiel mapu, K IIpaBa i JiiBa Hapisku
Ha 0oJITax TOIIIO.

CumMeTpisa BiZfHOCHO IJIOIMHY 3MiHIOE OpieHTaIli0 6asucy.

Mag. 350

Posranaremo ky6 ABCDA,B,C,D, i niomuny o, AKa IPOXOAUTH Uepe3 Horo
pebpa AA, i CC, (may. 351). Cumerpia BimiHOCHO mioIuHu O, TouKu B i B; Bizmo-

opasxae Ha D i D,, pebpo BB; — Ha pedbpo DD,,
rpasb ABB,A; — Ha rpasb ADD,A,, KOXHY BHYT-
pimHIO TouKy X Ha BHYTPINIHIO TOYKY X, IILOTO
camoro Kyb6a. I'oBopsATb, 1110 CMETpPi€l0 BiZHOCHO
IJIOIIHHY O JaHWHM Ky0 BimoOpaskaeTbca Ha cebe.
Axnio meaka (Qirypa cuMeTpiero BigHOCHO

IJIONMHU O BimobOpaskaerbcsa Ha cebe, 10 Qiry-
Py Has3sWBaOTh CUMETPUYHOIO BiTHOCHO ILJIOIIUHU,
a 00 — ILJIOUIWHOIO cuMeTpii manoi girypu.

Hanpukaazn, npaBuibHa TPUKYTHA IPU3Ma Mae
YOTHPH ILIOIMUHU cuMeTpii, a Kyasa — Gesiiu.

CumMeTpuYHi BiTHOCHO TJIOIIMHU MOJOTKH, PY-
0aHKU, CTaMeCKHU, JIONIaTh, BUKPYTKU, IETJINHU,
TPpyOHu, IiAIINIHUKYN, aBTOMOOLJI, JiTaKkM, paKeTH,
KopabJii i 6araTo iHIIMX 3HAPAADL TIpalli i Mmexamis-
MiB, a TAKOK JIesdKi oBoui, Komaxu (MaJji. 352) ToIro.
Buenna npo cuMeTpiro MHOTOTPAHHUKIB BaKJINBE
IJist KpucTtajgorpadii. Buasiaserbes, oquH i Toi ca-
MUU KPUCTAJ Y PIBHMX HANIPAMAaxX Mae pisHi (ismuni
BJIACTUBOCTi, HANIPUKJIAL TBEePAiCTb. I BUABIATU
i HaOIpPaMU JOIIOMAralmTh JOCTIiIKeHHSa cuMeTpil
KPpUCTAaJIiB.

Mau. 352
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CumeTpiro BiZHOCHO IJIOIVHY HA3UBAIOTH IIle BiZOOpasKeHHAM Yy ILJIOIIMHI.
IIpuragaiite, AK BigoOpaskaroTheA Pirypu y A3epKaji uu Ha IIOBEPXHi CIOKifHOI
BOJOMMU’: 03epa, PiuKU TOIIIO.

— OJI9 AONUTINBUX 1

BuvByaloum reomMeTpuyHi nepeTBopeHHs y 9 knaci, B 03HANOMUIINCS 3 MOBOPO-
TOM i NOro YaCTUHHUM BUMAZAKOM — CUMETPIEIO BIZIHOCHO TOYKW. Y1 po3rnggatoTb
Taki reOMEeTPUYHI MEPETBOPEHHS B MPOCTOPI?

Hexan paHo npamy / Ta aBi Toukn A i A,. Akwo nepneHaukynapm AKi A,K, ony-
LLeHi Ha npsMy /, piBHI, MatoTb CNiSibHY OCHOBY K Ta YTBOPIOKOTL KYT @, TO FOBOPSITh,
LLIO rTOBOPOT HaBKOJ10 rpsiMoi | Ha KyT ¢ BinoOpaxkae Touky A Ha A, (Man. 353). Kyt ¢
Moxe OyTn nogatHUM abo Big' EMHUM.

K,
1 P1
/ A M l R
L F i M
P ; B,
K ¢ : K | SR —— C1
'D
A, /* """" D,
B
Man. 353 Man. 354

AKLLO KOXHY TOUKY AesKOoi dirypu F NIOBEPHYTU HABKOJIO NPAMOI / HAa TOW camuin
KyT @, AicTaHeMo HoBy &irypy F,. [0BOpSATb, LLLO NOBOPOT HAaBKOO NPAMOI | Ha
KyT ¢ Binobpaxae oirypy F Ha F,. Hanpuknag, akwo ky6 F noBepHyTu Ha kyT 180°
HaBKOJ10 NPSIMOI /, ka MPoXoanTb Yeped Noro pebpo, AicTaHEMO HOBWUIA KyO F;
(man. 354). NMoBopoT HaBkosno NpsamMoi / Ha kyT 180° Bigobpaxae kyb F Ha F,.
Llenn camnii noBopoT Bigobpaxae BepwvHy C Ha C,, pebpo CP Ha pebpo C,P;,
rpaHb BCPK Ha rpaHb B,C,P,K, Towwp.

MoxkHa AoBeCTU, WO NOBOPOT HABKOJIO NPAMOI € PyXOM. A Le O3Ha4vae, Lo
MOBOPOT NPsIMY Bigobpaxae Ha NpsiMy, NPOMiHb — Ha NPOMIHb, Biapi30K — Ha Bifl-
Pi30K, WO A0piBHIOE AaHOMY. [TOBOPOT TakoX BigoOpaxae TPUKYTHUK HA TPUKYT-
HUK, WO OOPIBHIOE AaHOMY. MoXHa AOBECTU, WO NOBOPOT MJIOLWMHY Biobpaxae
Ha NOLWNHY, TETpaenp — Ha TeTpaenp ToLo.

Y ctepeomMeTpil (K i B niaHiMeTpil) okpemMo po3rnsagaioTb NoBOPOT Ha 180°.

MoBopoOT HaBkoO Npsamoi / Ha kyT 180° Ha3MBalOTb CUMETPIEID BiAHOCHO
npsamor /.

[Bi Toukn A i A, npocTopy Ha3mBaiTb CUMETPUYHUMMU BiAHOCHO NPSAMOI /,
AKLWO Us npsiMa nepneHankynsgpHa oo sigpidka AA, i npoxoanTb Yepes rMoro
cepeauny.

Hanpuknag, kybu F i F,, 300paxeHi Ha manioHKy 354, CUMEeTPUYHi BiJHOCHO
npsimMoi /. OCKiNlbkn MOBOPOT € PYXOM, a CUMETPIA BiAHOCHO NMpsiMoi — BMA, NOBO-
pOTY, TO i CUMETPIA BiAHOCHO NpsMol — pyX. BoHa npsamy Binobpaxae Ha npsmy,
MAOLWMHY — Ha MIOLWMHY, TPUKYTHUK — HA TPUKYTHUK, LLLO AOPIBHIOE NOMY.

v
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v

¢KLLO NMOBOPOTOM HABKOMO AesKOi NnpsamMoi Ha kyT 180° dirypa cymiwaetbca
i3 cob010, TO L0 NPsIMY Ha3MBalOTb BiCCIO cuMeTpIil girypu.

¢KLLL0 MOBOPOTOM HABKOJ10 AEAKOI MPsiMOi Ha kyT 360° : n, Ae HaTypanbHE YNCO
n>2, dirypa cymiwlaerbes i3 cob010, TO L0 NPSMY Ha3MBatoTb BICCIO CUMETPIT N-ro
rnopsiaky. Hanpuknag, npasuibHa N’ aTUKyTHa Nipamiga Mae BiCb CUMETPIT N’ ATOro
nopanky. Chepa mae HeckiH4eHHO BaraTo ocen cumeTpii Oyab-g9Koro NnopsaKy.
3BEpHITb yBary: BiCb CUMETPII N-ro NOPSAKy He 3aBXAu € BICCIO CUMETPIT AaHOT
dirypu.

3 noBopoTamMu MaTepianbHKX TiNl YHacToO MaloTb CApaBy Tokapi, dpesepyBasb-
HWUKU, CBEPANUIBLHUKN, OYPUNBHUKA Ta iH. TEOPETUYHI NUTaHHS, NOB’A3aHi 3 No-
BOpOTamu ¢iryp y NpocTopi, BaXIMBI /19 crnewianicTiB, 9ki CTBOPIOTb TypOiHu,
€N1eKTPoOMOTOPW, BiALEHTPOBI HACOCU, PIBHOMAaHITHI LLEeHTpMUdYrn Ta 0cobnBo —
Cy4aCHi POTOPHI Ta POTOPHO-KOHBEEPHI MaLLHN.

Ha npakTuui noBopoTr ¢iryp y NpoCTopi 3aCTOCOBYIOTb Y kKapycensx (man. 355),
dnorepax (man. 356), TounnbHUX BepcTaTax (Man. 357), aBToMo6insax ToLwo.

Man. 355 Man. 356 Man. 357

HaBepniTb npuknagm 3acTtocyBaHHA CUMETPIl BIAZHOCHO NpsaMOl | y Npupoai,
noOyTi, KynbTypi, TEXHIL TOLO. Y1 € HaBKOIO Bac NpeamMeTH, LLO MaloTb BiCb
cuUmMeTpii?

SAMNUTAHHS TA 3ABOAHHA 0N CAMOKOHTPOIJIIO

1. fAxi aBi TOuKM Ha3WMBAIOThL CUMETPUUYHUMM BiTHOCHO MJIONTUHU?
2. fAxi gBi Qirypu HA3WBAIOTH CUMETPUUYHUMU BiJJHOCHO ILJIOII[MHN?

TUBOCTi?

4. dAxry dirypy HasuBaIOTh CHUMETPUYHOIO BigHOoCcHO mioinuuau? HasemiTs mpu-
KJanau.

5. fki BmactusBocTi Mae ¢irypa, cuMeTpuYHAa BiJHOCHO ILJIOIIMHI?
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BUKOHAEMO PA3OM

c Yu mpaBuUIbHO, 110 AKi 6 He Oyau miomueu ¢ i B, BOHU cuMeTpuYHi Bif-

HOCHO IeAKOI IIJIOIIMUHU M7

Posrnsmemo nBa Bunmagku.

Axio gaui mwIomyHu o i 3 IepeTuHAOTHCS, BOHA

CHUMETPUYHI, HAIIPUKJIAM, BiTHOCHO ILJIOIITUHY (O,

AKa MIPOXOIUTh Uepes IPAMY iIXHBOT'O IIePETUHY

Ta JiIIUTH KYT MK JAaHUMHY IJIOIITNHAMY HABIILI.

Ax1mo mwomuaY o i B mapaseabHi, BOHU CUMET-

PUYHI BiTHOCHO ILJIOIIMHU (), PiBHOBimmageHoi

Big o i . n

ChopmysiboBaHE TBEPAIKEHHS MPaBUJIbHE.

HanuriTs piBHAHHS JIOITUHY, BiTHOCHO AKO1

cumerpuuHi Touku A(—1; 3; —2) i B(3; 1; —4).

Aximo Touku A i B cuMeTpUYHI BiZHOCHO IIJI0-

IUHU, TO I[f IJIOIMHA ITPOXOAUTH Yepes ce- Mau. 358

penuny M Bigpiska AB mepueHIUKYJIAPHO 10

HBOTO (Maya. 358).

OckinbKu KOOpAUHATY cepeauHu Biapiska (1; 2; —3), a KoopaAnHATH BEKTOpa

AB= (4; -2 —2), TO PiBHAHHS IJIOIIUHN MaTUMe BUTJISI:
4x—-1)-2(y—2)-2(z+3)=0

abo4x — 2y —22-6=0,

3BimKku 2x —y — z — 3 = 0. Omxre, Tourku A(—1; 3; —2) i B(3; 1; —4) cumer-

puuHi BigrHOCHO miomuuu 2x —y — 2z — 3 = 0.

HoBeniTs, 110 mpsAMa, AKa MICTUTH CEPEIWHU IIPOTUJIECKHUX pedep Ipa-

BUJIBHOTO TeTpaeapa, € Moro Biccio cuMeTpii.

Hexait M i N — cepenunu pebep AB i CD mpa-

BusibHOTO TeTtpaeapa ABCD (man. 359). Toxi

AANB — piBaoGenapenuii (AN = BN), Tomy

MN 1 AB. Ananoriuno, aDMC — piBHOGE- M

penuii, romy MN 1 DC. Orxe, nupama [, AKa

OPOXOAUTH uepesd Toukum M i N, € cuiJbHUM

cepeIUHHUM NePIeHINKYJIAPOM JAJIA BipisKiB

ABiCD. Toni npu cumeTpii BigHOCHO ITpsAMO] [ B C

Bimpisok AB BimoOpaskaeThCs Ha Bifjpisok BA, N

CD — ua DC, AC — ma BD (60 Touka A me- D

pexoauTh y Touky B, a Touka C — y D) i BC

BigoOpaskaerhesa Ha AD. Maur. 359

Ile osnauae, 110 cUMeTpPisA BiJHOCHO IIPAMOI

BigoOpaskae BepinuHu, pedpa i rpani Terpaenpa ABCD Ha BepIInHU, pe-

Opa i rpaHi poro camoro Terpaenpa, Tooto Terpaeap ABCD mnpu cumerpii

BigHOCHO mpsAMOi BigoOpaskaeTbesa Ha cebe. OTixe, IpaAMa € Biccio cuMeTpii

IIOT0O TeTpaeapa.

A
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3ALAYI TA BNPABU

BUKOHAWTE YCHO

1085.

1086.

1087.

1088.

1089.
1090.

VEKaKiTh IJI0IMHY cuMeTpil (AKIO BOHYU iCHYIOTh) TaKuX Piryp: mpamoi,
BiZipi3ka, IpoMeHs, TPaBUJIBHOTO TPUKYTHUKA, KBaapara, pomoOa, Impsd-
MOKYTHHUKA.

Hawmo xvy6 ABCDA,B,C,D, (man. 360). IIlo € 06-
pasom mpu cuMeTpii BigHocHO momuan BDD, B;:

a) Touok A, B, C;;

6) Bimpiskis AA,, BB,, BD,, AC,; A
B) sAB,C, aBC,D;

r) kBazgpata ABBA,?

3HaANIiTh KOOPAMHATH TOYOK, CUMETPUUYHUX TOUIT1
M(3; 1; 2) BiTHOCHO KOOPAUHATHUX IIJIOIIMH.
JlBa omHaKOBi KoJa JekaTh B OOHIN moniuui. Yu
OyayTh BOHM CUMETPUYHI BiTHOCHO AeAKOI IIJIOIIK-
HU? SKII0 TaK, TO IO Ie 3a ILJIOIIUHA?

Ckinbku miomun cuMmeTpii mae chepa? K BoHu posmiimeni?

Yu mae miaoImuHU cuMeTpil ¢irypa, AKa cKJIamaeTbeA 3 ABOX cdep, AKi
MalOTh 30BHIIIHIN HOTUK, AKIIO pamiycu cdep:

a) OJTHAKOBI;

0) pisHi?

Maun. 360

X

1091.

1092.

1093.

1094.

1095.

1096.

1097.

1098.

HaxpecuiTs Qirypy, cuMeTpuuHy JaHOMY BifpisKy AB BiZJHOCHO IIJIOIIN-
HE 0. Po3riigHbTe yci MOMKINBI BUIIAAKHU.

ILnomuna B He meperunae TpukyTHUK ABC. HakpeciaiTs irypy, cumer-
puuny TpukyTHuUKY ABC BigmHOCHO miomiuHu f3.

3HaUiTh KOOPAUHATY TOYOK, CUMETPUUHUX TOoUIli A(a;; a,; a;) BiZHOCHO
KOOPIWHATHUX ILJIOIIIUH.

Bigpisku AB i A;B, cMuMeTpUYHi BiTHOCHO IesaKO0I IJIOIMNHN. U1 MOKYTb
BOHU HAJIEXKATH MUMOOLKHUM IPAMUM? A IPIMUM, II[0 IePEeTUHAIOTHCA?
Yy MOXKYTH OYTH CUMETPUUYHNMU BiJHOCHO AesSKOI ILIOIIMHU O, JBa Bij-
pisku oxHiel mpamoi? K posmilieHa MIOIITMHA O BiITHOCHO 1Tiel mpAMOi?
Touxku A i B cumerpuuHi BimHocHO miomuau . I[oBexiTh, 110 KOJHU
M € B, o MA = MB.

Binpisok AB nepeTuHae mioiuHy 0y Toulli O. Bigpisok OB, — mpoekKIisa
Bigpiska OB Ha miomuHy 0. [IobyayiiTe Girypy, CMMeTpUUYHY BipisKy
AB BiZHOCHO IIJIOIITUHU (.

IIpsava AB naxuieHa [0 [edKOl IJIOIUHY i KyToM ¢ i cuMeTpuYHa Bif-
HOCHO ITi€l oy npAMiii A,B. 3HalAiTh KyT MixK npamumu AB i A, B.
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1099.

1100.

1101.

1102.

1103.
1104.

1105.

1106.

1107.

1108.

1109.

1110.

1111.

Poszgnin 4. KoopanHaTt, reOMeTpUyHi NEPETBOPEHHS Ta BEKTOPU Y MPOCTOPI

Hamo 3o0pakenns terpaeapa ABCD i ioro Bucotu DH. IloGynyiiTe 30-
opaskenHs Girypu, cuMeTpudHOI oMy BigHOCcHO 1nomuau ABC.
CKiJIbKY TIJIOIIMH CUMETPii Mae mpaBuUJbHA YOTUPUKYTHA MpuU3Ma, Bil-
MinHa Big Kyb6a?

CKinbKM IJIOIIMH CUMeETPil Mae IpaBUJIbHA TPUKYTHA IIipamiza, AKIIO
ii 6iuHa rpaHb He HOPiBHIOE OCHOBi?

CkinbKU IJIOIMIUH cuUMeTpii Mae mpaBuJbHA YOTHPUKYTHA Imipaminza?
HawmaurofiTe ix.

CrisbKY mIOHIMH cuMeTpii Mae Ky6? 3pobiTh BiATIOBiIHUI MaJIIOHOK.
CKinbKY ILIOIMH cUMeTpPii Mae mpaBUIbHUI TeTpaenp? 3pobiTh Biamo-
BiTHUYM MAaJIIOHOK.

HoBenits, 1mo Touku A(2; —1; 4) i B(2; 1; 4) cumeTpuuHi BimfHOCHO TLIO-
IIUHA XZ.

BigHOCHO AKMX KOOPAMHATHUX IMJIOIMWUH CUMETPUYHI TOUKIU:

a) A(4; 2; —3), B(—4; 2; —3);

6) M(=3; 2; 6), N(—3; 2; —6);

B) P(7; —2; —4), K(7; 2; —4)?

CKiJIBKY ILJIOITWH CUMETPil Mae TeTpaeap, omHe

pebpo AKOro BABiUi KOPOTIIIE BiJf KOMKHOTO A B
3 peraru pebep (maa. 361)?

CKiJIbKY IJIONIMH CUMeTpii Mae mpsama Ipu- C

3Ma, B OCHOBI K01 — piBHOOiuHa TpameIrisa?
A akimo Tparmeliia He piBHOOIuHA?

CKkinbKY IJIOMIMH CUMETPil Mae ImMpaBUJbHA MipaMiza, B OCHOBI KO Jie-
KUTb MHOTOKYTHUK 3:

a) IMapHUM YKCJIOM CTOPiH;

0) HemapHUM YUCJIOM CTOPiH?

3HalgiTh KOOPAWMHATH TOUYKH, cuMerpuuHoi Touri A(2; 5; 0) BigHOCHO
ILJIOIIVHY [ = X.

Hano Touxku A(2; —4; 3) i B(—6; 2; 1). HanumriTs piBHAHHA TJIOIWHUA
cUMeTpil JaHUX TOUYOK.

Mau. 361

MPAKTUYHE 3ABOAHHS

1112.

3 mymKoro mamepy 3pobiTe Qirypy,

AKa CKJIaJaeThCA 3 TBOX PiBHUX KBa-
IpariB, 110 ITePEeTUHAIOTHCA 10 IXHIN
cIinbHIN miaromasi (mas. 362).
YceTaHOBITE JOCTiZHUM HIIAXOM, UK D
Mae 14 (pirypa:

a) IeHTp cuMeTpii;

0) MIJIOINMHY CHMETPii; Mau. 362

B) Bich cumeTpii.

Busnaure KinbKicTh BKa3aHUX 00 €KTiB y KOKHOMY BUIIAJKY (3a yMOBH,
110 TaKi iCHYIOTB).
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X

1113.

1114.

1115.

1116.

1117.

1118.

1119.

1120.

1121.

1122.

1123.

1124.

1125.

1126.

1127.

1128.

Hauo chepy (x — 2)> + (y — 1) + (2 + 3)? = 30. Hanuits piBHAHHSA
IJIOMMHYM, AOoTUYHOI K0 cepu B Touri A(1l; —1; 2), i piBuaaua chepu,
CUMETPUYHOI MaHiil BiTHOCHO ITiel IIJIOIIMHU.

Y xy0i aBi rpaui sadapOysanu iHIIEM KOJIb0POM. CKiJIbKM MJIOIIUH CHU-
MeTpii Mae Takuii Ky6? PosrisHbTe BCi MOMKJINBI BUIIAAKH.

Touku B i C cumerpuuHi TouIi A BiTHOCHO MePNeHIUKYIAPHUX IIJIOITIH
Bivy, Mo mepeTuHAOTHCA [0 NPAMIiN a. S3HANAITL BigcTaHb Big A 10 mpsi-
Moi a, axigo BC = 6 m.

Yu mpaBUIbHO, M0 AKi 0 He Oysau npAMi a i b, BOHU cUMeTpPUYHi Bix-
HOCHO JeSKOI ILJIOIUHYU o7

ITo6ynyiiTe TeTpaenp, cuMmerpuunuii rerpaenpy ABCD BiZHOCHO IJIOITUHY,
AKa IIPOXOANUTh uepes cepenunuu pedep DA, DB, DC. PisHuMUu KoJbopaMu
3adapOyiiTe 00’eIHaHHSA Ta IIepepis JaHOTO i TOOYI0BAaHOTO TeTpaeapiB.
ITo6ynytiTe mipamigy, cuMeTPUYHY MPABUJIBHIN YOTUPUKYTHIN Iipamigi
BiTHOCHO TJIOIIIMHU, AKa IIPOXOAUTH Uepe3 cepeIuHy BUCOTH IIipaminm,
MepHeHIUKYIAPHO IO Hei.

VKaKiTh KOOpAUHATHA TOUKH, ¥ AKY Bimobpasutrbesa Touka A(0; 5; 0) mpu
IOBOPOTi HABKOJO oci Oz 3a PyXOM TOAMHHUKOBOI CTPIJIKM Ha KYT:

a) 90° B) 270°;

06) 180°; r) 360°.

3HaAUAiTh KOOPAUHATH TOUYKM, HA AKY BimoOpaskaerbcsa Touka A(1l; 2; 0)
TIOBOPOTOM HAaBKOJIO oci x Ha KyT 90°.

VKaKiTh KOOpAMHATU TOUKHU, cuMerpuuHoi Touri M(1; 2; 3) BigHOCHO:
a) oci Ox; B) oci Oz.

6) oci Oy;

3HaAUIITE KOOPAWHATH KiHIIiB BipisKa, YyTBOPEHOTO B Pe3yJILTATi IIOBOPO-
Ty HaBKOJO oci y Ha KyT 90° Bigpiska 3 Kinmamu A(0; 3; 4) i B(0; 6; 0).
3HalAiTh KOOPAWHATH BEPINH TPUKYTHUKA, YTBOPEHOTO IOBOPOTOM
TpuKyTHUKAa 3 Bepiuaamu A(a; 0; 0), B(0; a; 0), C(0; 0; a) HaBKOJO OCi
2z Ha KyT 90°.

Ckinbku oceil cumeTpii Mmae Ky6? A IpAMOKYTHHH IapaJieserrinen, Bia-
MinHu# Big Ky6a? 3006pasiTh ix.

IloBemiTs, 1110 IpAMa, AKa MIiCTUTh TOUKU IIEPETUHY AiaroHaJell IIpoTu-
JeKHUX IpaHell IPIMOKYTHOrO IIapaJjieselinena, € Moro siccio cumerpii.
HoBenits, mo Touxku A(2; —3; 1) i B(2; 3; —1) cumerpuuni BimHOCHO oci Ox.
VRKaKiTh KOOpAWHATA TOUYOK, CUMETPUUYHUX TOuKaM A i B BiJHOCHO oOci:
a) Oy; 0) Oz.

3HaWIiTh KOOPAWHATH TOUKHU, cuMeTpuuHoi Toulli A(1; —2; 3) BimHOCHO
miaomuey 2x —y + 3z + 1 =0.

Hanwumrite piBHAHHA npAMOi, AKAa TPOXOAUTH uepeld Touku A(3; —1; 2)
i B(1; 2; 4), Ta npAMOi, CUMeTPUYHOI JaHiii BiTHOCHO MJIOIITMHN:

a) xy; 0) yz.



242 Po3gin 4. KoopanHatu, reoMeTpuyHi NepeTBOPEHHS Ta BEKTOPU Y MPOCTOPI

1129. Touxku A i B jeXaTh 10 PisHi 00KHU BiJ IJIOMINHYT O SHANIITH Y IJIOIIIHI O
TOUKY, PisHHUIA BifcTraneit Big AKoi g0 TouoK A i B Haiibijabima.

1130. Touku A i B He Jie)KaTh y IJIOIIUHI O Ta PO3MillleHi B OHOMY IIiBIIpOC-
TOpi Big mei. 3HAHAITH V IJIOIIKNHI 00 TaKy TOUKY P, 1110 cyma Bigcrameii
PA + PB 0yme HaliMeHIIIOIO.

MPAKTUYHE 3ABOAHHS

1131. 3pobiTh APOTAHI MOZEJIi JIaMaHUX 3 TPHOX PiBHUX i MOIIapHO IePHIeHIUKY-
JIIPHUX JIAHOK i po3MicTiTh iX Tak, 11100 BOHM BUABUJINCA CUMETPUUHUMU
BimTHOCHO:

a) TOYKU;
0) MJIOIIMHU.

SAOAYI 4N NOBTOPEHHS

1132. IloGynyiiTe TeTpaenp, CMMETPUUHUI JaHOMY BiTHOCHO TOUKY, IKA JIEKUTD:
a) 30BHIi TeTpaenpa;
0) BcepenuHi TeTpaexapa.

1133. 3HaligiTs, BepIIUHN TPUKYTHUKA, CUMETPUUYHOTO TPUKYTHUKY ABC Bim-
"HocHO Touku M(1; —2; 4), axio A(4; 0; 1), B(4; 4; 1), C(-1; 2; 0).

1134. 3rapgatite 6aiixy JI. I'tiGoBa «JIebigb, myka i paxk» (man. 363). 3moze-
JIONTE CUTYAIlifo, IO PO3TJIALAETHCA B Hill, 3a JOIIOMOT0I0 BEKTOPiB. AKi
MOJKJIMBI BapiaHTU po3TAIlyBaHHS IIUX BEKTOPiB i CHiBBimHOIIIEHb MiK
HUMU? 3pobiTh BUCHOBKMU.

N . y "

Mau. 363
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§ 27 | nehoncconns

OxHUM i3 IPUKJIALIB PYXY € MapaJjieibHe mepeHecennda. Hexait KP — swuii-
HeOyab BeKTOp, a X — MOBibHA TOuKa mpocTopy (Man. 364). Aximio Touka X,

Taka, mo XX, =KP, To roBopATh, IO IapajelbHe IepeHeCeHHA Ha BEKTOD
KP Bimo6paskae Touky X Ha X,;. SIKII0 BUKOHATM mapaJjejbHe TMepeHEeCEeHHS
KOYKHOI TOUKU JesaKoi ¢irypu F Ha omuH i Toit camuit BekTop KP, micramemo

HOBY Qirypy F,. I'oBopsaTs, 110 mapaJjiesibHe IepeHeceHHA Ha BeKTop KP Bimo-
opaskae dirypy F ma F, (man. 365). ¥ pe3yabraTi mapajejibHOTO IepeHeCeHHs
BCi TOUKU AaHOI ()irypu mepeHocAThCA B OJHOMY HaIPAMi Ha OJHAKOBI BimcTaHi.

Maun. 364 Mai. 365

“TEopEmA |36

MapanenbHe NnepeHeceHHa — pyX.

AOOBEAEHHY.

Hexa#i mpu mapajieibHOMY TepeHeceHHi Tou-
K1 A i B BimoOGpaskatoTbed BiamoBigHo Ha A, i B;.
Hosenemo, mo A, B, = AB.

MosxkauBi nBa Bunaaku. SIKmio Touku A, B, A,,
B, He jile:xaTh HA OAHiN npAMilt, To ABB,A, — mapa-
Jaesiorpam (MmaJs. 365) i, oteke, A, B, =AB. fKIo Tou-
KuAd, B, A,, B, nexxars Ha ofHiN IpaAMil (maj. 366),
TO 3 piBHOCTI AA, = BB, BUILIUBAE:

A,B, =AB, — AA, = AB, — BB, = AB.
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Or:xe, AKINO ITapajejbHe IIepeHeceHHA BimoOpaskae Touku A i B Ha A, i B,
To 3aBxKAU A;B; = AB. Ik 6aunmo, mapajesbHe ITepeHeceHHs 30epirae BigcraHi
Misk ToukaMmu, TOOTO € pyxoMm. []

3 teopem 31, 32 i 36 BumIMBAaE, 110 IIapajejlbHe IePeHeCeHHs IPAMY BiTo-
Opaxae Ha IPAMY, BiIpisok — Ha BiApisoK, II[0 JOPiBHIOE TOMY, TPUKYTHUK —
Ha TPUKYTHUK, IO JOPiBHIOE IOMY, TOIIIO.

Hexaii mpu napajesbHOMY IIepeHEeCeHHi Ha BEKTOp P = (a; b; c) Touka A(x; y; 2)
nepexonutb y Tourky A’'(x’; y’; 2’). Tomi AA’ =p.

OcKinbku ﬂ’z(x’—x; Yy -y; z’—z), TO 3 YMOBU PiBHOCTI BEKTOpiB OTpU-
Ma€eMO CUCTEMY PiBHAHB
x'—x=a, x'=x+a,
y'—y=>b, sBimku <y’ =y+b,
2 —z=c, 2Z=z+c.

IIi cmiBBimHOINIEHHS HA3MBAIOTH (POPMYJIAMH IIapajie;IbHOTO IepeHeceHHS
npocropy Ha BekTop p=(a; b; ¢).

INIpurknad. 3uaiiniTes KoopauHaTH 00pasy Tourku A(—1; 3; —5) nmpu napasesnsb-
HOMY TepeHeceHHi Ha BEeKTOp p = (1; 2; 6).

Po3é’a3annsa. KopucTyounch BCTaAHOB-

JIEHUMU CIiBBiJHOIIIEHHIMM, OTPUMAEMO:
xX=-1+1=0;y =3+ 2=5; °f° °l° °fe
Z=-5+6=1. Maur. 367

Omxe, A(0; 5; 1).

ITapanenbHe IepeHeceHHs, PO3TJIAAyBaHe B reoMeTpii, — abcTpaKkTHA MOJEJIb
MOCTYAJBHOTO PYyXY isuunoro Tina. KoKHUIM cerMeHT HOKa 36 pHO30MPATLHOTO
KoMbOaiiHa (MaJji. 367) MosKHa AicTaTu B pedyJibTaTi mapajejbHOTO IepeHeCeHHa
CYMi’KHOTO CeTrMeHTa.

Te came MOKHA CKa3aTU IIPO OKPEMi CeKIlil PO3KJIaAeHOl Ha IIJIOIIUHI I'yCeHMITi
TpakTopa, 3acTiOKu «O0JMCKaBKa», IPO IETJIUHU Y CTiHi, PO OKpeMi moBepxu
Cy4YacHOI'0 0araTomoBepPXO0BOro OYAUHKY TOIIIO.

— O AONMUTIUBUX

Loci M1 posrnsaganu okpemi Buam pyxis. 3acnyroBytoTb Ha yBary i ixHi KOMMo-
3uLil — NOCAIA0BHI BAKOHAHHS OAHOIO reOMETPUYHOIO MEPETBOPEHHS 3a IHLLINM.
Hanpuknag, sKL0 cUMeTpisa BiAHOCHO MAOLLMHM o BinoOpaxae naHy ¢irypy F
Ha irypy F;, a cCMMeTpIsa BiGHOCHO NiowuHn o, — dirypy F, Ha F,, To Binobpa-
XeHHs dirypu F Ha F, Ha31BalOTb KOMMO3ULLIEIO ABOX CUMETPIN BiZHOCHO AaHNX
MNAOLMH. AKLLO NAOWMHK o i ¢y NapanesibHi, TO Us KOMNO3uuiga — napanesbHe
nepeHeceHHs, sike Bigobpaxae dirypy F Ha F, (Man. 368). AKWO NAOWMHN o
i 0,; NEPETUHAIOTLCA MO MPAMIN /, TO KOMNO3ULS Takux ABOX CUMETPIN € MOBOPO-
TOM pirypu F HaBkosio npamoi / (man. 369).

3okpema, AKLWo o L o, KOMMNo3uLisa OBOX PO3rasaayBaHnX CUMETPIN — no-
BOPOT HaBKkos10 npsaMoi / Ha 180°, To6TO cMMeTpIis BiAHOCHO OCi /.

v




§27. MapanesbHe NepeHeceHHs 245

o <

v

\

S
Man. 368 Man. 369

Hesaki komnosuuii MatoTb creuiasbHi Ha3Bn. KoOMNo3uLito NOBOPOTY HABKOJIO
NPsMOI Ta nNapanenbHOro NepeHeceHHs B340BX LEl NPSMOi Ha3BalTb FBUHTO-
BUM pyxoM. KOMMo3unLitio NOBOPOTY HABKOJ10 NPAMOI Ta CUMETPIT BIGHOCHO MJ10-
LLMHW, NepnenamKynsapHOT 4o Liel NpsaMol, Ha3nBaloTb A3epKasibHUM NOBOPOTOM.

Poapi3HsaoTe pyxu nepLuoro i apyroro poay. Pyxu, siki 36epiraioTb opieHTau,i
6a3ncie, Ha3MBalTbL pyxamMu neplioro poay. 1o HMX Hanexartb napanesnbHe
nepeHeceHHs Ta NOBOPOT HABKOJO NPsSIMOI. Pyxun nepLlioro poay MoxyTb 6yTu
peanidoBaHi HenepepBHUM NepeMilLeHHIM diryp y npoctopi. Komno3auuis 6yab-
SIKOr0 YMCsia PyxiB MNepLLIoro poay — Pyx nepLuoro poay.

Pyxu, ski 3MiHIOIOTb OpieHTaLii 6a3uciB, Ha3nBalOTb pyXaMu APYroro poay.
Lo HNX HaNeXxnTb CUMETPIS BIAHOCHO TOYKM i BIGHOCHO NAOLLUMHM. OCKIiNbKM KOX-
HUI PyX OpYroro poay 3MiHIOE OpieHTaLLil0 Pirypu, TO KOMMO3uLis NapHOro Y1cna
TakuX PyxiB — pyx NepLLoro poay, a KOMno3uujis HenapHoOro Yncna pyxis 4pyroro
poay — pyx apyroro poay.

Byab-akunii pyx NpocTopy NepLioro poay € KoMMo3uLjieo ABOX ab0 YOTMPbOX
CUMETPIN BiZHOCHO NJIOLLMHN; PyX MPOCTOPY ApYyroro poay € abo cUMeTpIeto Bif-
HOCHO MOWWHW, 260 KOMMO3ULLIEID TPLOX TaKMX CUMETPIN.

3ayBa)keHHs1. 3BEPHITb yBary Ha Te, LLI0 CUMETPIS BIAHOCHO TOYKU Ha MJIOLLN-
Hi — pyXx NepLuoro poay, a B NpOCTOpi — pyx apyroro poay. CnmeTtpis BiGHOCHO
NPSMOI Ha MIOLLMHI — PYX APYroro poay, a B NpPOCTOPI — PyX NEPLUOro poay.

SAMNUTAHHS TA 3ABAAHHS OJ19 CAMOKOHTPOJIIO

1. fke mepeTBOPEeHHS HA3BMBAIOTH IAPAJICJbHUM II€PEHECEeHHSIM Y IIPOCTOPi?

2. fki BmacTtuBOCTi Mae mapaJebHe ImepeHeceHHA (iryp y mpocrTopi?

3. §lx smaiiTu KoopauHaTu 00pasy Touku A(x; y; 2) Ipu mapajejbHOMY Iepe-
HeceHHi Ha BekTop p=(a; b; ¢)?
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BUKOHAEMO PA3OM

c € 1Ba KoJia OLHAKOBUX pajiyciB i3 menTpamu B Toukax O, i O,. Ilpu
nmapajgeabHOMY IIepeHeceHHi Ha BeKTop d Touka O, BimobGpaskaeThbcs HA
Toury O,. Unm mpaBUJBHO, II0 OPU IIHOMY IapaJieJIbHOMY IepeHeCceHHi
KoJio 3 meHTpoM O, € ob6pazom KoJja 3 meaTpom O,?

® 3 Toro, 1o Touka O, mpu mapajielbHOMY IepeHeceHHi BimobpasKaeThcsa HaA
TouKy O,, He BUILJIMBAE, 0 KOKHA TOUKA IEPINOTo K0Jia BifoOparkaeTbes
Ha TOUKY apyroro Koja. Ile 6yae TiibKu Tomi, KOJM ITi KoJia JIe;KaTh B O
Hill miomiuHi abo y mapajeabHux ILroinuHax. OTixe, Hi, He 3aBiKIU.

e Hanwumrites piBEAHAA nulomuHy, 9ka € ob6pasoM miaomueu 2x +y — 32+ 2=0

NPV IapajebHOMY IlepeHeceHHi Ha Bektop p=(1; —2; 3).

® VY 3ajaHiili muonuHi BubepeMo JOBiIbHY TOUKY, HATpuKJaag Tourky M(1; 2; 2).
O6pasom Touku M npu napaelbHOMY IepeHeceHH] Ha BeKTop p =(1; —2; 3)
Ooyzme Touka M’'(2; 0; 5). OCKiIbKHU IpHU IapajejbHOMY MIePEeHEeCeHHIi ILIOo-
IHa BifoOpasKaeThcs Ha IMapajiefibHy IJIOINHY, TO MOTPiOHO 3ammcaTu
PiBHAHHSA IJIOIIWHM, KA IPOXOAUTH depe3 TOUuKy M’ mapajeibHO ILIO-
muHi 2x +y — 32 + 2 =0, T06T0 2(x — 2) + 1(y — 0) — 3(2 — 5) = 0, abo
2x +y -3z + 11 =0.

e HoBeniTh, 110 KOMMOO3UIIiA ABOX CHUMETPifi BiJHOCHO JBOX IJIOIIWH, SAKi
MepeTUHAIOThCA, € IIOBOPOTOM. SHAUAITh BiCh i KYT I[bOT'0 IIOBOPOTY.

® Hexaii jano miomuHu o1 3, AKi mepeTuHaTh-

cd 1o IpaMi [, a KyT MiK HUMU SOPiBHIOE .
A — Jesika TOUKAa IIPOCTOPY, SAKa IPU CUMeTPil
BiTHOCHO TLJIOIIUHY O, BioOpaKaETHCA ¥ TOU-
Ky A,, AKa mpu cumeTpii BigHOCHO miomuau 3
BifoOpaskaeTbca y TOUKy A, (Mmai. 370).
VaBits, 1o yepes nmpami AA; i A,A, ipoBe-
JeHO IIOIWHY Y. BoHa mepmeHguKyIapHA
no | (uomy?). Hexaiit O — ToOuKa mepeTuHy M,
npamoi ! i mIomusy Y. B
Posrnanemo 2AOA,. Ockinbxku TOoukm A

i A, cuMeTpUYHI BiIHOCHO TIJIOIIIUHU O, TO A,
AM,=M,A,;i OM, 1 AA,. Orxe, nAOA, — Mau. 370
piBHOGempeHuit i OA = OA,. AHajoriuHo

OA, = OA,. 3 yoro BumnBae, 1o OA = OA,. A 1ie o3Hauae, 110 Bigo6pasuTu
TOYKY A B TOURY A, MOXXHA ITOBOPOTOM HABKOJO OCi [.

BuzaaunMo KyT ITOBOPOTY.

Hexait ZAOM, =/2M,0A, =¢, i LAOM,=2LM,0A, =@,.

Toni
ZAOA, =2¢,+2¢, =2(9, +¢,)=20.

OTske, KOMIIO3UIII€I0 JBOX CUMETPi# BiJHOCHO ILIOIIMH O i B, AKi me-
peTHMHAIOThCA II0 ONpAMi# [ miy KyToM @, € IIOBOPOT HAaBKOJO IpAMOI [
Ha KyT 2.
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3ALAYI TA BNPABU

BUKOHAWTE YCHO

1135.

1136.

1137.

1138.

Hamo ky6 ABCDA,B,C,D, (man. 371).
a) 3umanmiTe, obpas Bimpiska:
1) AA, pu mapajieIlbHOMY IepeHeceHHi A,

G

2) AD npu mapajejsibHOMY IIepeHecCeHHi i
Ha Bektop AB; BB;; DC,. B C

0) IIpu sxomy mapajebHOMY IepeHeceHHi P

KBajgpar: A D

1) ABCD € o6pasom kBaxpara A;B,C,D;;

2) AA,B,B e obpasom kBagpara DD,C,C? Mau. 371
B) Uu icHye mapaJjesibHe epeHeceHHs, IIPU

AKOMY oOpasoM:

1) Bigpiska A,C, € Bigpisox AC;

2) Bimpiska AB; € Bigpisok CD;;

3) xBagpara AA,B,B e kBagpar BB;C,C?
Hawmo nBa piBHI TPUKYyTHUKYU. Un 3aBXK AU iCHYE ITapajeabHe IepeHeCeHHd,
sAKe OOWH i3 TPUKYTHUKIB BimoOpaskae Ha APyruii?
fx matoTh O6yTH poamireHi nBi piBHI Qirypu, ofHy 3 AKUX MOKHA OTPU-
MaTHU 3 APYroi mapajejbHUM IIepeHeCeHHSM, SKIMo nuMu Qirypamu €:
a) mBa Koja; 0) OBa KBaapaTu; B) OBi cdepu; T) aBa Kyou?
Binpisox AB mapaJjieIbHUM IIepeHeCeHHAM BimoOpasKaeTbcs Ha Bif-
pisok A,B;. Yu piBHi ixHi mpoeKIiii Ha OgHY # Ty camy maoImuHy? Yomy?

X

1139.

1140.

1141.

1142.

1143.

IIpu mapanenbHOMY IIepeHeceHHi Ha BeKTOop d Touka M(5; —1; 3) Bimo-
Opasuiaca Ha Touky N(2; 4; —1).

3HANAITh KOOPAUHATH BEeKTOpa d.

3HalgiTh KoopamHaTu o0pasy Touku A(—4; 10; 2) nmpu mapaJiegbHOMY
ImepeHeceHHi Ha BEKTOp p= (1; 3; —2).

3HalAiTh KOOPpAMHATU TOUKH, Y SAKY MepexoAuTh Touka X(2; 3; —1)
y pesyJbTaTi mapaJjesbHOT0 MepeHeceHHs, AKe BiJooparkae mouaToK Ko-
opauHat Ha Touky A(1l; 1; 2).

3HaUAITH KOOPAUHATY TOUKHU, Y AKY ITepexoauTsb Touka M(3; —2; 1) y pesyib-
TaTi IApaeIbHOro IepeHeceHHs Ha OM, sKmo O — IOYaTOK KOODAMHAT.
Hano Touxku K(1; 0; 0), P(-1; 3; 0) i TpuxkyTHUK 3 BepinuHamu A(2; 2; 2),
B(-1, 0; 3), C(0; 0; 1). 3HaiifiTh KOOPAWHATN BEPIIUH TPUKYTHUKA, AKUMI
YTBOPUBCSA B PE3YJIbTAaTi IapaJIeILHOTO ITIEPEHECEHHS Ha KP TpurkyTHUKa A BC.
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1144.

1145.

1146.

1147.

1148.

1149.

1150.

1151.

1152.

1153.

1154.

1155.

Poszgnin 4. KoopanHaTt, reOMeTpUyHi NEPETBOPEHHS Ta BEKTOPU Y MPOCTOPI

Yu icuye nmapaJienbHe IepeHeceH s, sKe TouKy A Bigfoopaskae HA TOUKY B,
a Touky M — Ha TouKy N, AKIIO:

a) A(1; 3; —2), B(3; —2; 1), M(4; 6; 2), N(6; 1; 5);

6) A(5; 3; —2), B(4; 8; —3), M(1; 3; —9), N(0; —2; —10)?
Hlecturyrauk F, — mpoekiia kyba F. Uu MoKHaA BBasKaTu, m1o Qiry-
py F, micranu B pesysbTaTi mepeTBOpeHHs dirypu F?

Yu Mmo:kHA ITapajeJJbHUM epeHeceHHAM Bio0pasuTu OHY 3 MUMOOIMKHUX
IpaAMUX Ha iHITy?

CkinbKoMa mapajieIbHUMHU IepeHeCeHHAMU MOJKHAa BimoOpasuTu OmHY
3 IBOX TapajieIlbHUX MPAMHUX Ha iHITy?

Yu icHye mapaJiesibHe IIepeHeceHHsA, dKe BimoOpaskae CTOPOHY:

a) TPAMOKYTHUKA HA IPOTWJIEKHY il CTOPOHY;

0) PiBHOCTOPOHHLOTO TPUKYTHUKA HA iHIITY HOTO CTOPOHY?
Tpuryrauku ABC i A,B,C, piBHi Ta JexaTh y IapajleJIbHUX IJIONUHAX.
Yu MOKHaA OAWH i3 HUX ITapajieIbHUM II€epeHEeCeHHAM Bifo0pasuTu Ha
iHImmia?

HoBeniTh, 1110 IIpU ITapajeJbHOMY IIepeHeceHHi mapajeaorpaM NepexoInuThb
y piBHUI oMy mapaJiesiorpam.

IIpu mapanenbHOMY niepeHeceHHi TeTpaenp A,B,;C,D, € o6pa3om TeTpaeapa
ABCD. Hosenits, mo Bucotu DO i D,0, ux TeTrpaeapiB piBHi.
IToGynyiiTe irypy, Ha AKY BimoOpa:xaeTbed TeTpaenp PABC napajeJlbHuM
ImepeHeceHHAM Ha AB.

Hamo zobpaskenusa Kydoa ABCDA,B,C,D,. ITo6yxayiite 300paskeHHA (Qirypu,

Y AKY IIePeXOUTH I1eHl Ky0 y pesyJIbTaTi mapajieibHOTO ITepeHeceHHA Ha AB.
IIpu nmapanenbHOMy IepeHeceHHI Touka A(l; —2; 3) mepexomuTh Y TOUKY
B(2; 4; —1). Y aky Touky mepeiige Touxa M, cuMeTpudyHa TOUIli A Bif-
HOCHO: a) IIoYaTKy KoopawHaT; 0) mIomuHu yz; B) Touku P(—1; 4; 1);
T') IUIOIUHYU XY?

HanumiTe piBHAHHA IJIOIWHY, AKa € oOpasoM miuomuHu x + y — 22 +
+ 4 = 0 mpu mapajerbHOMY IIepeHeceHHi Ha BeKTop § =(2; —1; 3).

X

1156.

1157.

1158.

1159.

1160.

HoBeniTs, 110 Ipu mapaJieIbHOMY TepeHeCceHHi mpAMi, mapajeabHi Ha-
IpAMY IIepPeHoCcy, MepexoAaTh caMi B cebe.

HoBerniTsh, 110 mpu mapajelbHOMY TePeHeCeHHi IJIOIUHU, MapajebHi
HAIIpaMy IIepeHoCcy, IIepexoaAaTh caMi B cebe.

HoBexmiTs, 110 KoJiu ITapaJjejbHe IePpeHeCeHHA BijoOpaskae mpaMy a Ha b,
TO IIi IpAMi mapajenbHi abo 36iraroThcs.

IMosexiTh, 1110 KOJIU ITapajebHe IepeHeceHHs Bigobpaskae miomuny o Ha 3,
TO IIi ILJIOIIMHY IIapajebHi abo 30irarmThCs.

IIpama a mHaxumeHa mo maomuuy o mig kyrom 30°. Ilix akum KyTom Ha-
XUJIeHa [0 IJIOIINHY O, IpAMa b, AIKIo BOHA ITapajieIbHUM IepeHeCeHHIM
BimoOpaskaeThca HA IpaAMy a?
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1161.

1162.

1163.

1164.

1165.

1166.

1167.

1168.

1169.

1170.

Terpaenp ABCD napajieIbHUM IIePeHECeHHAM BiTo0OpaKaeThCs Ha TeTpaeap

AB,C,D,. Ynu Buniausae 3 1I0ro, Iio:

a) ixwui rpani ABC i A,B,C, piBHi;

0) icHye mapaJiesbHE TIepeHeCeHHsA, AKe BimoOpaskae Terpaenp A;B;C,D,
Ha ABCD?

OnHe mapaJiesibHe IepeHeceHHA BimoOpaskae Binpisok AB ua A,B;, a Apy-

re — Binpisok A,B; Ha A,B,. Uu icHye mapaJiesibHe IIepeHECEeHH:A, AKe

BimoOpaskae Binpisox AB Ha A,B,?

Hamo Touky M(1; 2; 3). 3HalAiTL KOOPAMHATHA TOYKH, Yy AKY BimoOpa-

3UTHCA TOUKa M mpu KOMITO3UILi] TaKMX PYyXiB:

a) cuMeTpiil BiZHOCHO IOYATKY KOOPAWHAT i IJIOIIVHU XY;

0) cuMeTpiil BiAHOCHO ILJIOIIWH XY i yz;

B) cuMerpii BigHOCHO oci Ox i mapaJieJJbHOTO IIepeHEeCeHHS Ha BEeKTOpP
a=(111).

Hawmo npamokyTHuii napanaeneninenq ABCDA,B,C,D;.

MeAA, AM : MA, =1: 2.

IlnomuHa o IPoXoaAuTh uepes Touky M meprneHAUKYJAapHO o AA,. Ilo-

OymyiiTe o0Opas IILOTO IIapaJjiesellinena P KOMIO3UILII mapaJieabHOTO

IepeHeceHHsA Ha BEKTOP AC Ta cuMeTpil BiTHOCHO ILIOIITUHU .

Hamo Toury A(1l; —2; 5). 3HalAiITh KoOpAMHATU 00pasdy Iliel TOUKU IIpu
KOMIIOBHUIIiI IIeHTPaJIbHOI cuMeTpii BigHOCcHO Touku M i mapaJiesibHOTO IIe-
pEeHeCeHHs Ha BEKTOD S =(—1; 2; 4), akimro: a) M(0; 0; 0); 6) M(3; 4; —1).
Hano chepy x2 + y? + 22 — 2x + 4z = 9. Hanwuinirs piBuaHHA chepH, SKa
€ o0pasoM JaHOI IPU KOMIO3HUILil IeHTPaIbHOI cuMeTpii BigHOCHO IIO-
YAaTKy KOOPAWHAT i CHMeTpPi#i BifHOCHO IJIOIWH XY Ta X2.

Ky6 ABCDA,B,C,D, napajieTbHUM ITIepeHeCceHHIM Ha E BimoOparkaeTbCsa
Ha iHmwu#i Kyo6 (Mas. 372). 3HaiiAiTh HaAWOIABITY BificTaAHb MijK TOUKAMU
muX ABOX KyOiB, AKIo AB = a.
Touxka M — cepenuna Bucotu DO mpa-
BUJIbHOTO TeTpaeapa ABCD.
IToGynyiiTe TeTpaenp, AKuii € oopasom
ITaHOTO TeTpaeJpa MpU MapaleSbHOMY
mepeHeceHHi Ha BEKTOD:

a) AO; 0) OM; B) AM.
3amaiiTe HAaIPAM HapajeIbHOTO IIepe- '
HeCeHHs, 11100 ITepeTnHOM Ky0ba Ta oro !
o0pasy Oy.am: /C
a) KBaapar; ALL D
0) TouKa;

B) NIPAMOKYTHUI IapaJiesemnines; Maz. 372

r) Ky0.

HanwuimniTe piBHAHES IpsaMoi, sxa € 00pasoM npamoi AB mpu mapajaeabHOMY
nepenecenHi Ha Bextop p=(1; -1; 2), axmo A(3; —2; 1), B(1; 4; —2).
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SALAYI 3A TOTOBUMW MAJIIOHKAMU

3HalgiTh BigcraHp Big Touku M pmo:

a) O(0; 0; 0); 6) KoopAMHATHUX
ILIOIIUH; B) KOOPAUHATHUX OCEH

zZA B1 C1
A
1 : D,
B e
: Al D o
x 5 y

: 3HAHITh KOOPAWMHATH BEePIINH
: Kyba

E ABCD — mapaJjiesiorpam

3HaAWIITE: a) KOOPAMHATH TOUYOK
C i D; 6) £COD; B) S,pep

B(-1; —1; 4)

A(1; -3; 0)

: S3HaANAITL NOBKUHY Binpiska AB

CM =MB

Posknagite A/M 3a BeKTOpamu a,
b, ¢

All\\ Bl
\\
— N
c |G
5o
N
A B
a M
C

;MK:KB=1:3

: Posknazite BekTOop DK 3a BeKTO-
: pamu d, b, ¢

n ABCD — mpaBUJILHHUNI TeTpaenp

: ABCDA,B,C,D, — ky6

3HaAUOITh: a) A—B~B—C; 0) ﬁ?-D—C;
B) BM-MN
D

N

3HalgiTh: a) A—BIC—CI,
6) AB,-B/C;; B) BID'A—C

A,
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IInomuna o0 — moruyHa g0 chepu AM = MB, AN = NC, (ABC) L«
B Touri M(2; —1; 4); O(1;-2; 3) :

: HaHI/Imin PiBHAHHA O
HanumriTe plBHHHHﬁ o
A(-1; 2; 0)

/é(s; 4; -2) 3C(-3; 05 4)

0. i p cumeTpuuHi BiTHOCHO TOYKHU O;; Cdepu O, i O, cumeTpuuHi BigHOC-
a:x—2y+3z2-4=0 s HO o O4(1; 35 —2), Oy (5; —1; 4)

Hanuurite piBaaassa 3 : Hanumits piBHAHHA

E a) chepu O,;1i O,; 6) mIOIUHU O
A o

A(-1; 3; 2) B(7; 3; —8) 00O, — Bucora terpaeapa OABC
AO =0B, ABla :

: BmaiigiTe 00,
3anunriTh PiBHAHHS O :

A(-1; 3; 2)

B(T; 3; -8) : LA

SABCD — mpaBuibHA mipamizna - ABCDA,B,C,D, — ry6

3HaugiTh KyT Misk AN i DM 3HaAWOITh KYT i BimcTaub MixK
ZA : BD, i DC,
“ : A
6 \S : B, zZA c,
A — 1D,
B+ |]. Jc
—————— N E
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TeECTOBI 3ABOAHHA 4

H

Hano Touku A(0; —3; 2)
i B(4; 0; —2). Cepenuna Bigpiska
AB HaJeXUTh:

3HaWOiTh BifcTaHb Bil TOUKU
A(3; 4; —3) mo oci Oz.

ITpu axkomy 3HaUeHHI M KoOJliHe-
apHi BeKTOpU a4 = (m2; 3; —4m—3)
ib=(3;4;2m+7)?

ABCDA,B,C,D, — xy6, AB = 1.
O6uncuits (TB+§6)§E

3HaAUIITh KOOPOWHATU OJUHUYHO-
IO BEKTOpA, CIIiBHAIIPAMJIEHOTO
3 BekTOpoM m =(2; —1; 2).

Ilpu axux 3HAYEHHAX P KYT
MiK BeKTOpaMu a4 = (1; 1; 0)
i b=(0;4; p) mopisuioe 60°?

VYraxkiTe piBHAHHA cdhepu 3 IMEHT-
pom y Touri (0; —1; 0), sxa mo0-
TUKAETHCA 10 MJIOIIWHA Y = 2.

SIKa 3 TOUOK cMMeTpuYHA TOYUIi
M(—1; 2; —4) BiZHOCHO ILIOIITH-
HU yz?

Ska 3 maOMIMH cUMeTpPUYHA Bin-
HOCHO IIOYaTKy KOOPAMHAT ILIO-
muHi x +y — 2z + 5=07?

TLnomuuu o i B 3agauni BigmoBigHO
piBHAHHAMU X + y — 2z + 3 =
=0i2x+ 2y —4z + 9 =0. fxe
B3a€MHE PO3MiIleHHA IIPAMUX
aco ibcP?

a) oci Ox;
6) oci Oy;

a) 3;
6) 5;

a) 1,5;
0) —1,5;

a) 4;
6) —4 ab6o 4;

B) oci Oz;
I') IJIOIUHI XY.

B) 2v3;
T) J34.

B) —1,5 a6o 1,5;
r) —0,5 a6o 0,5.

B) —1;
r) 0,5.
1
- -—;-1};
) ( 2 )
(2 1 2)
) bl B
3 3 3
B) 16;
r) —16 a6o 16.

a) x2+(y + 1)+ 22=4;
6) x2+(@y—12+22=1;
B) x*+(y + 12+ 22=09;
r) x>+ (y— 1)+ 22=3.

a) (1; —2; 4);
0) (1; 2;—4);

B) (—1; —2; —4);
r) (-1; 2; 4).

a)—x+y—2z+5=0;

0) x +ty—2z-5=
B) x —y+2z—-5=
rx+y—2z2+5=

0;
0;
0.

a) IleperuHaroTbcs ab0 ImapajesibHi;

0) mapaJiesbHi;

B) mapaJjiejibHi a00 MUMOOiKHI;
I) IIePeTUHAITHC.
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Tunosi 3AAA4I 09 KOHTPOJIbHOT POBOTHU

1°. 3maigiTh KOOpAMHATH TOUYKM, cuMeTpuuHoi Touri A(—1; 3; 2) BigHOCHO
Touku Q(3; —1; 4).
2°, 3HAUOITL KYT MiK BeKTopaMu AB i @, akio A(2;-1; 3), B(1; —1; 2),
C(4; 5; —2), D(4; 4; —-1).
3°. 3malifitey mosxkuHy Menmianu BM ~rABC, 3agaHOro KOOpPAUHATAMU CBOIX
Bepiua A(-2; 3; 5), B(1; —-3; 2) i C(4; —3; 1).
4°. CrJaazmiTh piBHAHHA ILJIOIIUHY, IKAa MIPOXOIUTH Yepes cepeuHy Biapiska M N
HePIeHIUuKYJIAPHO A0 HbOro, aximo M(—1; 2; 4), N(3; 0; 6).
5°. Hanwumrits piBHAHHEA cdepu 3 meHTpoMm y Toulli A(1; —2; 3), AKa IPOXOIUTH
uyepes Toury M(3; —2; 4), i chepu, yTBOpeHOI IIpK IapaiebHOMY IIepeHe-
CeHHi MaHOl HA BEKTOp p = (—2; 1; —1).
6°. 3maiigite miuomy yorupurytHuka ABCD, axmo A(7; 6; 8), B(2; 8; 6),
C(3; 4; 2), D(8; 2; 4).
7°. YV axomy BigHomrenHi miomuHea 2 = 1,5 giaurts giamerp chepu
x? + y? + 2% = 25, agkuii npoxoauts yepes Toury A(0; 4; 3)?
8°. Ha npsawiii | B3ATO BEKTOp A—B=(3; 4; —5). 3HaAUOITh KYyT MiK OpsaMoio [
1 mIoMMHOI XY.
9°°. 3HaiifiTh KOOpAMHATHA BEKTOpa ¢ TakKoro, imo ¢ 1 d, é¢lb, |E|=2\/§,
akmo a=(1;-2; 2), 5=(2; 3;-1).
10°°. Tano npamokyTHui napaneneninen ABCDA,B,C,D,, y sikoro A(0; 0; 0),

B(—2; 0; 0), D(0; 2; 0), A,(0; 0; 1). BuaiigiTe KyT Misk npamumu AB, i BD,
Ta BifcTaHb Mi’K HUMU.



fonoBHe B po3aini 4

1. IIpsaMoKyTHA cHcTeMa KOOPIAUHAT Ja€ MOYKJIMBICTH BCTAHOBUTHU B3aEMHO
OJTHO3HAYHY BIAMOBIHICTH MiK TOUKAMU IIPOCTOPY Ta TPiiKaMu AiMCHUX YuCeI.
A(a; b; ¢) — Touka 3 abciucoro a, opauHaToo b Ta amrikaroro ¢ (mana. 373, a, 0).

X2

Mau. 373

2. KBazpar BifcTaHi MiK JBOMa TOUKaMu JOPiBHIOE CYMi KBaApaTiB PisHUIH
ixHix BigmoBiguux KoopauuaT: AB? = (x, — x1)? + (Y, — y1)? + (25 — 2,)%.

3. KBaapar moB:KuHU Bigpiska JOpPiBHIOE CyMi KBagpaTiB JOBIKUH MO0 IPO-
eKI[ifl Ha TPU B3aEMHO MEePIEHAUKYJIAPHI IpAaMi.

4. fxmro Touxka C(x; y; 2) — cepeimHa Bimpiska 3 kKimmamu A(x;; Yq; 2;)
X, X, _Y%tY 2:21+22

2 7 2 2
Armo Touka P(x; y; 2) minurs Binpisoxk AB y Bignomenui AP : PB = A, To

i B(xy; Yy; 25), TO X =

_x A,y thy, ozt
1+1 IRV T

5. 3arasibHe piBHAHHA IIOIMHU: ax + by + cz + d = 0.

6. PiBHAHHSA TIJIOIMWHU, AKA MPOXOIUTEL ueped TOUKY M (Xy; Yo; 2,) TEPIIEH-
IUKYJIAPHO 0 BEKTOpa 7 = (a; b; c): a(x —xy) + by —y,) + c(z — z)) =0.

7. PiBHaHHA cepu pajiyca r 3 IeHTPOM y IIOYATKY KoopauHat x2 + y? +
+ 22 =r?, 3 mearpom y touri A(a; b; ¢): (x —a)> + (y — b+ (2 —c)?>=r2.

8. BekTOop — eyieMeHT BEKTOPHOTO mpocTopy. KoopamHartamu BekTOpa 3 1I0-
yaTKOM y TouIli A(x;; Y;; 21) 1 Kinmem B(x,; Yy; 2,) HABUBAIOTH YHUCJA X = Xy — X1}

Y=UYs— Y13 2 =2, — 2;. 3aIUCYIOTH TAK: Ez(x; y; 2).
9. MoayieM BeKTOpa Ha3WBaIOTh MOBKUHY HATIPAMJIEHOTO BiIpisKa, 1110 1oTo
3o0paskae. ITosHauaioTh OT0 CIMBOJIOM |A—B| a6o |dl.
SIkmo d=(x; y; z), To ldl=\x*+y*+2".
10. Cymoto fBOX BeKTOPIB G =(%;; Y;; 2, ) 1 b = (2,3 Y,; 2,) HASHBAIOTH BEKTOP
G+b=(2,+2,5 Yy +Up3 2, +2,).
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11. PisHniro 180X BeKTODiB d=(X;y;; 2, ) 1 b=(xy yy; 2,) MOkHa 8HaXO-
IUTH, KOPUCTYIOUNCH PiBHICTIO:
&—5=(x1—x2; Y1— Yy 21_22)'
12. MHOMXMTH OyIb-AKUI BEeKTOP d = (x; y; z) Ha JOBiJbHe HilicHe umcyo k
moskHa Tak: ka=(kx; ky; kz).
BexkrTopu a= (xl; Y5 21) i b= (xz; Yss 22) KoJIiHeapHi ToAi ¥ TiabKM TOxi,

KoJIu ﬁ:i:i, a6o b = kd.
Xy Yy 2

13. CraxsgapHuUM JOOYTKOM IBOX BEKTOPiB Ha3WMBAIOTh JOOYTOK MOJIYJiB IIUX
BEKTODIiB Ha KOCHHYC KyTa MiXX HEUMHU: 4-b =|al |6 cos 0.

14. STxmo a=(x;y;32) i b=(% Ys3 2,), TO G-b=2,2,+Y,Y, +2,2,.

15. Bekropu G i b mepmeHAMKYIApHI ToAl i TiABKU TOAL, KoM d-b =0.

16. dAxmo X — moinbHa TOuka mpoctopy, G — cepenuHa Biapiska AB a6o
TOUKa IepeTuHy Mmemian Tpukyrtuuxa ABC, a6o menTtpoin terpaenpa ABCD
(man. 374, a—8), To BigmoBigHO

XG=%(X—A+X—B); X—Gzé(X—A+X—B+X—C); fé:i(ﬂ+ﬁ+i@+ﬁ).

X X A
A B D y/ B
,,A
A G B c X C
a 0 8
Maun. 374

17. IleperBOpeHHd, sIKe BioOpaskae KOXKHY TOUKY Qirypu Ha TOUKY, CUMe-
TPUYHY 1 BIiTHOCHO TOYKH (HAHOI IPAMO] UM TJIOIIIWHY), HA3WUBAIOTH CHMETPI€I0
BIiTHOCHO TOUKM (IaHOI IPAMOI UM IJIOIITUHU).

K,
M L PR
P B
c” B
BigmocHo TouKM Bigmocuo mpamoi BigmocHo miomuHMT

18. ®opmynu mapaJieJbHOr0 nNepeHeceHHA pocTopy (Touru A(x; y; z)) Ha
BekTop p=(a; b;c):x’'=x+a;y =y +b;2'=2z+c.



HdopaTtku

IcTOpUYHUM Hapuc

CyuacHa reomerpis 3aiiMaeTbCsa 34e0LIBIITIOTO MOCIiMKEeHHAM aOCTPaKTHUX
reoMeTpuYHUX (Qiryp, posmiineHnX B aOCTPaKTHUX I'€OMETPUUYHUX IPOCTOPaX.
Takmx TmpocTOpPiB Bijomo GaraTo: MBOBUMIPHi, TPUBUMIipHi, YOTMPUBUMIpHI,
n-BUMipHi, eBKJIiZOBi, HeeBKJIiMOBI To1i0o. CTepeomMeTpiss — Iie po3aia reomeTpii
PO BJIACTUBOCTI (Piryp TPUBUMIPHOTO €BKJIiZJOBOTO IIPOCTOPY.

AxciomaTnyHuii MeTOna. Y PO3BUTKY aKCiOMATHUYHOIO METOAY PO3Pi3HAITH
Tpu eranu. [lepmuii eTran xapaKTepu3yeThCS 3MiCTOBUM 3aCTOCYBAHHAM aKCio-
MAaTHUYHOTO METOJy. XapaKTePHUM [IJA HbOTO € BUKOPUCTAHHS MOCUJIAHL Ha
reoOMeTPUYHY OUEBHUHICTH Ta iHTYIIiI0, & TAKOYK BiJICYTHICTH TOYHOTI'O OITUCY
CTPYKTYPH JOBeAeHb. SIK 3MiCTOBY aKCioMaTHUYHY TEOPil0 BUKJIAIeHO reoOMeTPito
B «OcHoBax» EBkiiga. «OcuoBu» EBKiiza Oyau 3paskoM JIOTiuHOI cTporocti
mo XIX cT., a)K IIOKU He BUABUJINCS CYTTEBI HeZOJIiKM B IX 1mMo0OyI0Bi.

Ha gpyromy erami (kizernps XIX — mouator XX cT.) BifOyBarOThCA IOCTYTIOBE
3BiJIbHEHHSA BiJ crpob 3MicToBOI akciomaTMuHOI MOOYIOBU Teopiil i mepexin mo
dopMaIbHOTO PO3YyMiHHA akciomatmumoro meromy. Crpore akciomaruume 00-
rpyaTyBauua reomerpii EBkaiga suepime 0yio saificHeno manpukinmi XIX cr.
y poborax irarificbxkoro maremaruxa Mapio ITiepi (1860—-1904), mpodecopa
Terrinrencekoro yHiBepcurery HaBuma I'inbbepra (1862—-1943) i mpuBart-mo-
nmenTa HoBopocificekoro (Omecbkoro) yHiBepcurery Bemiamina ®PemopoBuua
Karama (1869-1953). B. ®. Karan nobyayBaB «MeTpPpUUYHY» CHUCTEMY aKciom
eBKJIiIoBO1 TeomeTpii. BeKTOpHY akciomaTwKy eBKJIiZOBOI reoMeTpii CTBOPUB
T'epman Beiinp (1885—-1955).

Ha TpeTbomy, cyuacHOMY, eTalli akCioMaTUYHUI METOJ PO3YyMiIOTh K CIIOCi0
KOHCTPYIOBaHHA ()OPMAai30BaHUX MOBHHUX CHUCTEM, IO Bele M0 YiTKOTO PO3-
pisHeHHA MITYy4YHOI (hopMaTidoBaHOl MOBU i Tiel 3mMicToBOI TpeaMeTHOI obsacTi,
sAKa B Hill BigoOpasxkeHa.

V¥V npyriii IoJOBMHI MUHYJIOTO TUCIYOJIITTS CTBOPIOBAINCSA HOBI METOIM JTOCJIi-
IXKeHHS BJaCTHUBOCTEN reoMeTpUYHUX (hiryp i 3apoasKyBasncs He BigoMi paHiie
rajysi: anaJiTuuHa, IPOeKTUBHA, HAPUCHA, qudepeHIriasbHa reoMmeTpii. OcobmuBo
BaroMuM € BHECOK Y ix po3po0Ky P. Ilekapra, ¢K. [lesapra, JI. Eitnepa, I'. Mon:Ka.

M. I. Jlo6aueBchbKUiT mepInuii BiAKPUB iCHyBaHHA 30BCiM HOBOI reomerpii,
misHilre Has3BaHOI Ha Ioro yecThb reomerpiero JlobaueBchbkoro. Ils reomerpisa
icToTHO BimpisHsAeThCS Bin eBKJimoBoi. Hampukiaan, y Hill cTBepPIKYETbCA, IO
yepes JaHY TOUYKY MOJKHA IIPOBECTH 0e3Jiu HmpAMHX, IapajejbHuX HaHill mps-
Mifi, 11T0 cyMa KyTiB OyAb-IKOTO TPUKYTHHKA MeHIma Bim 180°. ¥V reomertpii
JloGaueBCHKOIo He iCHYE IPSIMOKYTHUKIB, IOAIOHNX TPUKYTHUKIB ToI110. Bararo
B YOMY AVBHA i He3BUUYAMHA IIA TeOMETpPid, Xoua B JOTIYHOMY BiHOIIIEHHI He
MOCTYHAETHLCA €BKJIITOBI.
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MeTtoa KoopauHAT Ha ILIOIUHI Brepie pospoounau P. Hekapr i I1. ®depma
B XVII cr. Tepmiunu «albcruca», «opamHarTa» i «allliKkaTa» MalOTh I'PelbKe
TOXOMKEeHHA 1 BUKOPUCTOBYBAJINCA B Teopil mpo KoHiuHi mepepisu. ¥ cyuac-
HOMY pO3yMiHHI iX mouaB 3acTrocoByBatu I'. JleitOHil, BiH TakoK yBiB TepMiH
«KOOPAUHATHU», 1100 IMiAKPECAUTHU PiBHONPABHICTL «aOCIMCU» U «OpAUHATH>.
Aute 3arabHOBKUBAHUMU I1i TepMiHu cranu auiie 3 cepenquau X VIII ct. Tepmiu
«Bick abcnuc» yBiB I. Bappoy (1670 p.), a TepMmiH «Bich opAuHAT» — 3HAYHO
misuimre I'. Kpamep (1750 p.). CmouaTKky MeTo KOOPAUHAT PO3POOUMIIN IJIs TLIIO-
muH", a y XVIII cr. Y. Beprymi, A. Kiepo Ta iHII MaTeMaTHKH DOITHPUIN
ioT0 Ha TPUBUMIipHUY npocTip. BUBiB piBHAHHSA MIIOIIMHY i O3B’ A3aB O1JIBIITiCTh
3amau TpuBuUMipHOI aHadiTuuyHOl reomeTpii I'. Mom:xk. CucremaTuuyHUE BUKJIA
aHaniTrnuHOi TeomeTpii mpoctopy nas JI. Eitnep.

BekTopu y MmaTeMaTUKy BXOAUJIU 3 TPHOX AKEPeJi: UMCJIeHHA BiApisKiB, no-
CHiIyKeHHA BEKTOPHUX BeJMUWH i Teopii kBarepHioHiB. Teopiro HampamieHnx
BiIpiBKiB Ha TJIOIIMHI Ta B IIPOCTOPi BIepIlle BUKJIAB HOPBE3bBKUI I'e0He3UCT
i xaprorpad K. Beccens y mpartii «J/locBig mpo amasiTAUHe TpefcTaBJIeHHA Ha-
OpaAMY i H0T0 3aCTOCYBaHHSA, IePEBaKHO 0 PO3B’A3yBaHHSA IJIOCKUX i chepUIHUX
MHOTOKYTHUKiB». HoBe uncienusa HanpaMmiaenux Bigpiskis K. Beccenn OyayBsas
MaliyKe TaK, K BOHO IOJA€ThCA Y CYUYaCHUX IiJPYYHUKAX: YBOAUB HOHSTTS
HAIIPAMJIEHOTO Bigpiska, 0asucHOl oguHHUI, HanpaMmy (BigxmiaeHHsA) Bigpiska,
¢dopMyTIOBaB IIpaBUJIa AJIs BUKOHAHHSA il 3 HAIPAMJIEHNMHU BiipisKaMu ¥ Io-
Ka3yBaB IXHE 3aCTOCYBaHHA Ha IJIOIIWHI Ta B mpocTopi. BekTopHI BenmuwHm
CTOCOBHO Npo0JjeM MexaHiKU HOCHinuB aHrdilcbkuii matemaTtuk . Bammic
y npami «MexaHika, Y1 TeOMETPUUYHUN TPAKTAT PO PYX».

ITousaTTa «BekTOP» yBiB 1846 p. ipnanaceruii Mmarematuk B. P. 'aminbToH, pos-
TJIAAIOUN BEKTOPU y 3B’ABKY 3 KBaTepHioHamu (uucjamMu Bumy a + bi + ¢j + dk,
ne i, j, k — yaBHi ogunwniii). Bin nucas: «Biapisok AB, y SKOT0 PO3IJISAIAETHC He
TiIBKY JOBXKHHA, aje i HaupAM, Ha3UBAE€ThCA BEKTOPOM. MIOro modYaTKoBa TOUKA
Has3MBaEThLCA Origin, itoro Kinmesa Touxka — term. BexTop AB, ... — PisHHIST ABOX
CBOIX IPAaHMYHUX TOUYOK». [losmauenus r sampomonysaB 1887 p. O. Kori.

OaHUM i3 mepInux BiTUMBHAHUX YUYEHUX, AKi PO3POOJISAIN TEOPilo BEKTOPiB,
oyB mpodecop KuiBcskoro yaiBepcuteTy I1. Pomep. CucremaTuunmii i JeTaabHUHA
BUKJAJl BEKTOPHOT'O UNCJIEHHA Ta Teopil KBaTepPHiIOHIB BiH 3MiHICHUB Y HOKTOD-
cbKilt mucepramii «OcHOBHI mouaTKu mMeTony KBaTepHioHiB» (1866 p.). Cepen
BITUMBHAHUX YUEHUX FeOMETPUUYHUHN HANIPAM y (DOPMYyBaHHI Teopil BEKTOPHOTO
yrcJaeHHs mpeacTaBaaB npodecop Kuiscskoro yaisepcurery B. Epmakos. Y Ku-
eBi 1887 p. BiH Bumas mpaiio «Teopida BeKTOpPiB HaA IJIOIIWHI. 3aCTOCYBaHHS
IO DOCJIMKeHHS KOHIUHUX IIepepisiB».

Haiisaranpuimmii morasas Ha BEKTOPU SAK eJIeMeHTU BEKTOPHOTO HPOCTOPY
samporionyBaB ['. Beiiib. BeKTOpHUM IPOCTOPOM HA3UBAETHCA Oy Ib-AKA MHOMKU-
Ha, IJISI eJIeMeHTiB SK0l BU3HAUeHi omeparlii JoqaBaHHsa i MHOYKEHHS HaA YHCJO0
(Tpu 1TbOMY MaIOTh BUKOHYBaTUCS 4 3aKOHU JOJaBaHHA i 4 3aKOHU MHOKEHHS).
IIpuknagu BeKTOPHUX ITPOCTOPiB: MHOMKMHA BCiX AP TOYOK MIPOCTOPY; MHOMKUHA
BCiX TPilfiOK MifiCHMX YMceJI; MHOMKIHA BCiX mMapajieIbHIUX IePeHeCeHb ILIOITUHNI
YU IIPOCTOPY TOIIO.
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V¥V cepenuni XIX cToaiTTa y MaTeMaTHUIll ToUYaan PO3TJIALATH N-BUMIipHIi IIpo-
cropu. 'eomeTpito YOTUPHOX BUMiPiB OJHMM i3 IEPIITNX ONPAIIOBAB YKPATHCHKUH
yueHuit i rpomagcekuit gigau M. I. I'ymak.

Mukona IBaHoBu4Y Nynak
(1822-1899)

Haponugeca wa IloxraBmiuHi, mpamoBaB y KaHIIeId-
pii KuiBcbkoro renepas-rybepuaTopa. ByB ogHuM i3 3a-
cuoBHuKiB Kupumo-MedomiiBcbkoro 6parcTBa. 3a 1e
y 1847 p. tioro 3aapermiryBaiu. Tineku yepes 12 pokis
BiH MOBEPHYBCA B YKpaiHy, IPAIIOBAB yUUTEJIEeM MaTe-
MaTukKu, reorpadii Ta pociiicbkoi moBu B Ozeci, Kepui,
CraBpomoJi, y I'pyaii.

¥V 1877 p. y Tudurici onyosrikysas moHorpadito «Crpoda
reoMeTpii voTmpbox BuMipiB» . Ille oxay mpario — «Etioqun
PO TPaHCIEHAEHTHI PiBHAHHSA» ((PPaAHI[y3bKOI0 MOBOI) — BiH HAIPYKyBaB
B Opeci. P. Ipanmuyk HanucaB mpo M. I'yiaka poman «YeTBepTuii BUMIp».

BaraTo 3pobuB a1 Po3BUTKY reoMeTpii Bimomuii yKpaiHChKUII MaTeMaTHK
I'. ®. Bopouuii (1868—-1908) — TBOpens reomeTpuuHOi Teopii unces. 3okpema
BiH JOCJIII)KyBaB Pi3Hi 3aIIOBHEHHS IIPOCTOPY PIBHUMM MHOTOTPaHHUKAMA. SHA-
YHUHA BHECOK Y PO3BUTOK I'€OMETPUUHOI HAYKU 3pOo0MIN YKpaiHChbKi MaTeMaTUKN
M. €. Bamerko-Baxapuenko (1825-1912), C. I. Illaryroscbkuii (1859—-1929),
B. ®@. Karau (1869-1953), O. C. Cmorop:xkeBcbkuii (1896-1969), M. 1. KoBan-
moB (1924-1987) ta 6araTo iHIIHUX.

Feoprin PeopocirioBu4y BopoHuii
(1868-1908)

Yxpaincekuiit MmaTemaTuk. Hapogugces B c. sKypas-
Ka YepHiriBcbkoi obisacti. [locaig:xyBas mpobiaemMu
reoMeTPUUYHOI Teopii umces, reoMmeTrpii MHOTOTpaH-
HUKiB. MaTeMaTKu BChOTO CBiTY BCe UacTillle BU-
KOPHWCTOBYIOTH IMOHATTA: aJropuTM BopoHOTO, KJIi-
TuHu BopoHoro, meron BopoHOTo, MHOTOKYTHUKU
Boponoro, giarpamu Boponoro, poséurtsa Boponoro,
Mmo3aika Boponoro Ta iH.

CsiT, 1mo Hac orouye, y MaiOyTHROMY, 0€3YMOBHO, 3MiHUThCS, aJjie I'eo-
MeTpis sajmuinuThbes. HaBiTe 1mie OinbIne 30araTUTbCA HOBUMU BiJOMOCTAMU
Ta METOZaMHU i IPOJOBIKYBATHUME CJIYIKUTHU JIIOLAM.

3 1[bOr'0 MPUBOAY OAMH i3 HaBimomimux apxiTexTopis XX ct. Jle Kop6ro-
3be nucaB: «Hikoau mie 10 HANTOTO Yacy MU He JKUJIU B TAKUI TeOMEeTPUYHUHA
nepion... HaBkosumuii cBiT — 1e ¢BiT reomeTpii, unmcTuii, icTuHHU, 6€310-
TaHHUH y HAIIUX OouaX. ¥ce HaBKOJO — TeoMeTpid».
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OnopHi pakTu nnaHimeTpir

ITpuragaemo HatiBa:kJauBiNIi BimomocTi 3 mramimerpii, AKi YacTo BuKOpHC-
TOBYIOTH B CTE€peoMeTpii.

AkcioMmu nnaHimeTpir

1. Aka 6 He Oyna npama, iCHYIOMb MOYUKU, WO HAJLelamb Uiil npamiil,
i mouku, wo Lii He HaJexambo.
Yepes 0yO0v-aii 06i pidHi MOUKU MONCHA NPOBECMU NPAMY i MiAbKU 00HY.
13 mpvox mouok npsamol 00Ha i MiLbKU 00HA JLeHCUMb Mide 080MA IHULUMU.
Koxcnuil 6i0pi3ok mae nesny 0084 UHY.
KooxcHullt kym mae neény mipy.
IIpama posbusae naowuny Ha 06i Ni6NJIOWUHU.
Ha 6y0v-axiii npamiii 8i0 3a0aH0l mouKu | 3a0aAHOMY HANPAMI MOHCHA
gidkaacmu 6i0pi3ox 0anoi 008MUHU | MiLbKU 00UH.

8. Bi0 6y0v-s2K020 npomens Yy OaHill nienJLOWUHL MOXCHA 8i0KIaACMU AHUIL
KYm 3 6ePULLHOIO iy NOYAMKY NPOMEHS i MiAbKU 00UH.

9. Axuil 6u He OYy8 MPUKYMHUK, iICHYE PIBHUL TOMY MPUKYMHUK Y 3a-
0anomy posmiuenti 6i0HOCHO 3a0AHOT NPAMOL.

10. Yepes mouky, wo He Jaexumdv Ha OAHill NPaAMill, MOMHA Nposecmu
minvku 00HY npamy, napaneavry 0awiii npamiii (axcioma Eerxaida ).

Ne R

Teopema Paneca

SAxmo mapanenwpHi mpAmi, AKI mepeTu-
HaIOTh CTOPOHM KyTa, BiATUHAIOTH HA OMHIil

i3 HUX piBHI BiApisKu, TO BOHU BiATHHAIOTH B,
PiBHI Bigpiskm i Ha APyriil cTOPOHI. B,
SIxmo AA, = AA; i A\B, || A,B, || A;Bs, B,

To B,B, = B,B,.

Y3aranobHeHa Teopema ®aneca

ITapasenbHi TpsaMi, AKi TepeTUHAIOTH CTOPOHU
KyTa, BIATUHAIOTH BiJl HUX IIPOIIOPIIiHI BiAPi3KU.

BB, AA,
b ! A B B B,, e
kmo A, B, ||A,B,||A;B;, To B,B,
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MpAMOKYTHUN TPUKYTHUK

=sin oy a? + b? = ¢? (teopema Iliparopa);
=cos 0 a®=a, - c;

=tga; b2=0, " c;

=ctg a. h?=a, b; h=—.

SRS S T RGNS W R

S=lab; S=lch; S=lbcsin0c. R=—; r
2 2 2

PIBHOCTOPOHHIN TPUKYTHUK

a3 . 1 a3

s r=4oh r= ;
2

h=
3 6 h

2 a
a\/g; Rzgh; Rza\/g; 0}
4 3 3
h=R-+r. R = 2r. r

S=

A OBiNIbHUA TPUKYTHUK

S=lah; S=labsiny.
2 2

dopwmyna 'epona:

s=\p(p-a)(p=b)(p-c), p=2"%.

S | abc.Rz .a .
2sina

Teopema KOCMHYCiB: Teopema cuHycCiB:
a?=b%+ ¢% — 2bc cos d. a b c

sinoe  sinf sinvy
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Napanenorpam

ZA+ /B=180°
P =2(a + b);
S =ah; S = ab sin o;

S=%d1~d2~sin(p;

d?+d?=2(a%+b%).

NMPAMOKYTHUK

AC = BD;
P =2(a + b);
S = ab;

S=ld2 sin @; R=ld.
2 2

PomO
P = 4a; 1
S = ah; r=5"h
S = a? sin o dd,
1 r=
S==dd,. 4a
Tpaneuis

B
d
h 5P
a
®
a
B
o
d
1 d»
r
h
a
D
b

a+b:c+d;
h=2r.




262 Bignosigj
Bignosiai
Po3pin 1.

11. Hi. 20. Ha 3 a6o 4 wactuau. 21. Ha 5, 8, 9, 10, 12, 14 yactun. 38. Beaiiu.
41. Hi. 42. Besaiu. 43. Yotupu. 44. Hi. 50. Hi. 51. Tak. 52. Hi. 61. He 3aBxau.

2 2 2
g5, 32, @8 oo 3—” M. 87. 3v2a; *F 30 g9 506
27 16 8 4
91. IllecTurkytuuk. 92. Hi. 94. S= 3\/;a . 96. S= 3 239 cm?. 97. a(l+§];

1(2++/3 2/ 2 2
342 9s. ( ); PNIL g9 9405; & Jg' 100. 3ay2: 3@ \/g.
8 2 16 2 4
102. 2a+/5. 105. 2 : 3.

Po3pin 2.

132. 7,6 cm. 134. 7,5 cm a6o 1 cm. 135. 36 cm abo 5% cm. 136. 5 : 2
137. a) 9,6 nm; 6) 8 mm; B) 3Tm 139. 6 cm i 4 cm. 140. 34 cm; 36 cwm.
147. 32 cm. 149. Terpaeap. 150. ITapanemorpam. 167. a) 2; 6) 4; B) 1 : 3

a\16b® —5a”

16
\/5 2 2 2
175. V2 (1+42)2; = L'+ 176. Mapazexorpan. 177. —(a+2b). 183. 0,75a2.

169. a) 2a;6) 3 : 1. 170. (2\/5—1):1. 171.10 cm. 173. 9 cm. 174.

2 2
184.0)1:2:6) 720 186, D (14 295); GVIL jg7 VIO g0 bV4b'+2a”
a+Tb’ 4 6 9 4
2
191. dl*f. 192. %(4+ﬁ). 193.1: 5. 213. a) 2,5 cv; 6) 4 cv; B) 4 eu; 1) 6 c.

214. a) 6 cm; 6) 6 cv; B) 3 cm; ) 6 cm. 215. a) 24 cm; 24193 cm; 6) /129 cv; 7 eMm.

216. 32 cm; 42 cm?. 217. 24 cm; 1643 cm?. 218. (%—i@] a. 221. Hi.
17 4v21

226. 8 cm i 5 cm. 227.49Y27 cm; 4 cm?. 228. 5 cwM; ? cM; 3

229, 2“(‘/;_(”3). 230. 2c+a?+b7; —c\/a +b%. 231. ga tg 0.~19,99.
2
232. 2a5; “2f 233. 3a4/2; ‘/_2“

239 BrasiBka: uepes mOBiIBHY TOUKY

onHiel 3 MPAMUX TPOBENITH HNPAMi, IMapajejbHi ABOM iHIIUM IPAMUM, i Bif-
KJamiTh Tpu ogHAKOBi Bigpisku. 269. 15 cm i 10 cm a6o 3 cm i 2 ecm. 270. Hi.
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271. a) 18 cm?; 6) 0; B) 18 cm2. 272. a) @; 6) 0,5Q. 273. —\E(\f—l)

311. BrasiBka: moBeIiTh, 1110 OCHOBA IIePHEeHINKYIAPA JiJIUTh AiaroHaJb y Bif-
vomrenui 1 : 3. 316. BrkasiBka: moBeniTh, II[0 OCHOBA BUCOTHU OiJIUTh CTOPOHY
y Biguomenwi 2 : 3. 317. BKasiBka: qoBeIiTh, 1[0 CTOPOHA TPUKYTHUKA IiJIUTH

nmiaronans y BimHomenHi 1 : +/3. 318. BkasiBka: BucoTa TPUKYTHUKA BiTHOCUTBCA

10 CTOPOHU KBajpara K J3 i 2.
Po3gin 3.

350. 60°. 351. a) 80°; 6) 60°. 352. a) 90°; 6) arccos g; B) 90°; 1) 90°. 353. a) arctg 2;

0) arccos 0,6; B) arccos

\/? .355. Tax. 356. Hi. 357. Tak. 359. 60°. 360. a) 12/2;

6) 3av2; 8) (10+3v2) nm. 362. “f; “f; “*2/5; %. 363. a) 60°;

0) arccosg; B) 90°; r) 90°. 364. a) arctg%;@ 90°; B) 90°; 1) arccos%.
366. arccos§.367. 60°. 368. 60°. 369. a) 0°; 0) arccosg; B) 30°. 370. o

72.(1\/6.11\/5.3\/%.(1\/6 a\/_ \/_
2

2’ 27 4 ° 27 3

. 374.60°. 375. é; ; l
6 3

| Do

1
6’

376. Tax. 388. a ctg 0o; .389. a+/3. 390. . 391. 13 cm. 394. 8. 395. 3a.

a6
sin o 2

a/33 3v231 391
3 4 4

396. 12 cu. 398.
2 N7
4

vk 401.m : n.402. 1 cm. 403. 6) 7 cm. 404. a) 2 cm; 6) 3 cm. 406. 36+/2 cm?.

504/3
3

. 399. cm. 400. a) 13 cm; cm?; 0) ¢ (1+ 2\/5) ;

407. 20 cm. 409. 8 cMm. 411. cm?. 412. 10 cm. 413. 12,5 cm. 415. 24 cm.

416. 33,6 cm. 417. 20 cm. 419. a) 3 cm; 6) 7 cm. 420. 1242 cm; 20 cm;

4443 cm.421. KA=KC=+a?>+b* ; KD=+/b*+2a> . 432. —p(2\/_+1) p‘/_

cos A, =c0s31:%, cosng. 441. 3 cm. 442. 2a; a2, 443. arccosg.

actga

444. 120°. 445. a\/2; 2a. 446. . 448. 615 cm; 26 cum. 449. 45 cwu;

2cos—
2

8\/§ cM; 10 em; 10 em; 6 ev; 6 cv. 450. 35 cm. 457. 90°. 463. 13 cm; V219 cwm.
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2
464. 13 cv; 15 cm. 465. 5 cv. 466. 56 cm. 467. 2,8 cm. 468. af.

469. 12 cm. 470. 281 cm; 55 cm. 471. 5 cm. 472. 7 cm. 473. 55 cm; 20 cm;

o
10 cv. 474. pczs. 475. 243 cm; /39 cov; V39 cm. 476. 6 cv; 6 ev; 5 ev; 15 em.
478. 2 cm. 485. 5,2 cm. 486. 91 M. 487. hz‘fﬂ. 488. 2% 489, 42\2.
2sin o 9
490. 3“1J§. 504. arccosi. 507. a) 2411 cm; 6) 1 cm; B) av/2. 508. 6+/2 cwm.
509. 46 cm. 510. a. 511. m. 512. a) av/2; 6) av/3. 513. a) %; 6) a\2/§_
514. a) arccosi; 0) af . 515. 44 m; 96 m2. 516. m : n. 517. %S. 523. arctg 2.

525. n—arccos%. 526. 200 cm?. 527.4/337 cm. 528. 0,8v337 M. 529.13 cMm.

\/2(a+c+b)(a+c—b)(a—c+b)(b—a+c)
2c '

. 531.

530. 60° abo m—arccos 103
2160

532. 90°; arccosi; arccos%. 533. arccos%. 534. a) 66 cm; 260 cm2. 6) 72,5 cm;

2 .
325 cu?. 536. < 13 . 540. 90°. 542. cos B=cos 0. cos 3; cosC= sinp
3 J1+ctg? Btg® o
sin® o SinE
i M= . 543. 2arcsin 559. 9 cm. 560. 2 cwm.
cos oc\/tg2 o+tg’ B coso

561. 3,6 cm 16,4 cm. 562. 13 cm i 14 cm. 563. 24 ecm i 24/69 cm. 564. 12,8 cwm.

2 2 2
565. 6,4 cv. 566. Ja’+b2+c’. 567. 2(a +2b +¢*) 268 Tax. 569. 60°.
570. 60°; ui, kBagpaTom OyTu He Moxke. 571. 48 cm. 572. 30°. 573. 12414 cm.

2
574. 45°. 575. 20 cwm; 20\/5 cMm. 576. 19 cm. 577. alf; arccos%.

dv3 25 . a’\J5
3 5

i .
2

. 580. arccos

578. a) arccos%; 0) arccos\/g. 579.d i

2 2 2
I'N3 582 "% 583.1: 3. 584, 2V2
6cosf3 8cosa 4

587. 3% cm. 588. 2arcctg2. 589. 19242 cm?. 590.

581. . 586. 72 cm abo 90 cm.

a+b
cos @

. 591. 840 cm?;
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Ji1 2

. 592. 4 — m2. 593. arccosL. 594. arccosﬁ
v 47% - bv* 3

140411 cM?; arccos

2
Za\/_ _596. 3x/§a : 3a
3 4 4

595.

; arccos% 599. 24 cm; 4\/_1 cM. 600. 12\/§CM.

602. a’/3. 604. 0,5a2. 615. 10 cm. 616. 0 cm i 12 cm. 617. a?—(b+e).
618. 4 am i 5 am; /20,5 am. 619. VA*+r®. 621. 20 cm. 622. 12 cwm.
623. 2443 cm. 624. 20 cm. 625. a. 626. a) 40 cm; 0) 601734 cMm. 627. 24 cMm.

628. 2 241 . 629. 12 cm. 630. %‘/16+s1n2%. 631. “f; “f. 632. 8 M

a6
3

634. \/x*+y®. 635. 2d. 636. 15 cm; 16 cm. 637. 8 M. 638. . 639. 50 cMm.

a\/g . 2\/ga
6 .

640. . 645. a; 5

646./6 cwm. 647. . 648. . 649. a. 650.

. 653. o cropiam — 10 cm;

af a2 a2
2 2

10 cm; 5429 cm; 5V29 cm; mo mpamux — 10 cm; 10 cm; 26 cm; 26 cwM.

2193 163
7

654. 20 cm. 655. 8 cm. 656. 10 cm. 658. . 659. —3 660. 5 cm.

661. cf. 662. 26 cv. 663. 8 cv i 16 cm. 664. “f. 665. a) asino;
6) 2asin>. 666. 24 cm. 668. a\E; 6) 22 ) V22 gh9 11,2 ow.
2 6 11 11
670. Vn—m?. 671. 2219\ 672. a) “*/5; 6) “*/6_; B) “*/g; r) “\E.
19 2 6 12 4
a3 .

673. 3 . 674. IIpama, AKa MepueHINKYJIIPHA A0 IJIOIMUHYA TPUKYTHHUKA 1 Tpo-

XOAUTDH Uepes IeHTP BIUCAHOTo KoJjia. 675. 4 mpawmi. 676. % (muB. samauy 673).
b b b .

687. 24 cm. 688. 30°. 689. —; —; ——. 691. Hi, menrpasuibue. 692. = 2,38 m.
a ¢ Ja’+c*

693. = 56,88 M. 694.40°. 695. 90° —¢. 701.45°. 702. 83 am. 703. 45°. 704. 30°.

705. 45°. 706. —\/4+ctg o. 707. 83 .708. a) arctg3 6) 900 cm?. 709. 80°.
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710. 30°. 711. 2a.712. 10 cm. 713.7 cm. 714. a) %; 0) 4. 715. arccos% .

.2
716. csino. 718. asino; a,/1+s+“. 719. %h d+ctg’a. 720. 48 cm.
722. —d®sinBcos®B. 723. I’ sin o sinPy/cos’ B—sin® o, 724. 513 arcth

arctg%. 725. E 726. 12,5 cm. 727. 60°. 728. 30°. 729. 30°. 730. 3 m; 3+/3 M.

45(4—\/5).

731. 120°. 732. arccos% 733. 9,6 cm. 734. T— arccosi—3 735. 28

2 2
736. % eM; % em. 737. 45°. 738. (V3 £1). 741. 1/"‘ ;b .

Po3pin 4.

761. 3J6. 762. —4. 763. Hi. 765. (0; —2; 0). 769. a) Pisnocropousiii, P =92,
gf

S=——; 0) npamokyTuuit, P=+42 ++/41+1, S= % \/41 ; B) piBHOOEApPEHUIA,

P=6(1+\/§), S:9x/§. 770. (b; c; 0); (b5 c; h); (05 ¢; h); (b; 0; B). 771.(1; 1; —1);
(-1;1;-1); (1; -1; 1); (1; —1; —1). 772. a) KBagpat, S =25; 6) pomb6, S=2266;

B) IPAMOKYTHUK, S=+/57 . 775. 60°. 776. arccosg. 777. (-0,25; 0,25; 0).
778. (2; 2; 2) abo (—2; —2; —2). 779. (3; 9; 0) a6o (2; 8; 0). 780. a) (0; 0; 0);

(05 0; 6); (0; 0; —4); (0; 0;3+/33); 6) (0 0; 19) (05 0 6); (0; 05 —1); (0; 0; 5);

5) e icaye. 782. B, (0; 0; 243 ), D ( *?{_ 0; T\/_J a6o D, (—T*/_ ;05 T\/_)
B,(0; 0, -23), D2(4f;0;_2f) a6o Dz(—‘l‘?{ﬁ_;o;—z‘f).

783. a) Touku Bigpiska AB, me A(6; 0; 0), B(0; 0; 8); 6) TakuX TOYOK He iCHYE.
792. a) (-0,7; 0,1; 0,6); 6) (2\/§; 1,5; 1). 793. a) 1; 0) J14. 794. B(0; 9; —6).
795. A(5; —4; 0), B(-7; 5; 6). 796. 5;70;91. 797. J14; J6; 2V2.
798. A(4; —2; 8); C(0; —8; 4). 799. \/H . 800. a) Taxk; 6) ui. 801. a) D(—3; 7 20) ;
0) D(7;—1;—6).802. C(1; -3; 6); D(6; 0; —1). 803. a) a = —2; b = 2;
6) a=-1a6oa=0,5b=1;8) a=0,5 b=-1,5 804. h=3J2; S=92.

805. a) /2; 6) 30°; 30° 120° B) 2/3. 806. a) (—1; 2; 0); 6) (g;—z; g)
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B)(3; —%; 0). 807. (%, 3;3). 808. A,(5; —4; 4); A,(—3; 0; 1); A,(1; 8; —3). 809. 3.
810. )(— 53 —) 6) (1; 2; 2). 811. )(8 8 8) 6)( 33 - 1 [ 3\/_)

3 33’3 2 2

812. D(1; 0; 0); A(=2; 4; 5); By(2; 7; 5), Ci(5; 3; 5); Dy(1; 0; 5);
0(1,5; 3,5; 2,5) a6o D(1; 0; 0); A,(—2; 4; —5); By(2; 75 —5), C,(5; 3; —5); Dy(1; 0; —5);

5 5 5

0(1,5; 3,5; —2,5). 813.C(-7; —4; —-1). 814. (285 383 Z) 815. % 817. 24/3.
818. % 819. a) SOzg; arcsmg; 6) SO= 3v2; arcsin

827. (x — 1)2 + y2 + (z — 4)? = 25. 829. Hi, nme manexurb. 830. (x — 1) +
+ @y - 1)+ (z—-3)?=18. 831. (x + 1) + (y — 2)> + (z — 3)2 =3
832. (x + 22+ (y—-—12+(z—-32=9a60x2+(y—2)2+(z—-1)2=09.
833. (6; 0; 0) i (-2; 0; 0). 834. OX: (8+443;0;0); (8-443;0;0);
oY (O; 6+x/ﬁ; O); (0; 6—\/ﬁ; 0); Bick OZ cdepa He meperuHae. 835. 8m.
836.a) (x +22+(y—3)P2+(z-12=1;06)(x+22+@W—-382+(z—-1)2=4
B)(x+2)2+(y—3)2+(z2—1)2=9.838.a)(1; -2; 1), R=5;06) (-3; 1; 0), R=6.
840. a) (—3; 0; 0); 6) (0; 6; 0); B) (0; 0; —2). 841. y — z = 0. 842, z = 4.
843.4x-11y—62=0.845.x +y+2z—2=0.847. Hi. 848. (x — 2)*+ (y — 3)?=13;
(Y—3) +(2—4)=25;(x—2)2+(2—4)>=20.849. (x — 22 +(y — 2)>+ (2 —1)>=9.
850. x? + y2 + (z + 1)2 =29. 851. (x — 2)2 + (y — 1)? + (2+4)2 = 49 i
(x -2+ @y — 12+ (z + 4)=9. 852. ae(—oo; —8)U(2; 2)U(8; +o<>) — CILIB-
HIUX TOYOK HeMae, ae(—8; —2)U(2; 8) MepeTUHATLCI, @ = £8 — BHYTpiII-
Hi¥ 70TUMK, @ = 2 — 3oBHimMHIA moTuk. 855. x = 0; y =0; 2 = 0; x = 3;
y = 4; z = 5. 856. IIpamokyTHuUil mapajieneminexn. 857. 72m. 858. 2 : 1

859. M(l 1,0);M(£;0;—£);M(0,4 1) 850. x—lzy—3:z—2.
3 3 Y\ 5 5 70

: 6 4 2

gee. XtL_¥—4_272 gg3 (4:7;9). 864. (—i;ﬂ;l) i (—E;Q;—E).
2 3 2 9° 3’3 T
a\/17

876. D(6; 6; 6) abo D(—2; —2; —2), h=4+/3. 878.2: 3. 879. a) Tax. 880.

881. a;/_ 882. 93. 884. Cdepa 3 meHTpOM B cepenuHi Bimpizka. 885. 6a2.
+/5p2 _ 2
890. 3 : 1. 891. 5 : 17. 892. W. BasKkaHo 3pOGHTH AOCITLIKeHHs

<b<ay2.893. . 894. 3. 895. 24/14 a6o V206. 912. A(-8; 0; —1).

a5 a5
5 3
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913. B(-3; 2; -5). 914. P=14+4J2; S=2J82. 915. a) Tax; 6) =i.
26 276 | 2\/6) a60(_2\/5._2\/€__2£)

3’7 37 3 3’ 37 8 )
922. (2; 4; 6) abo (6; 4; 2). 923. a) (2; —8; 8); 6) (—1; 0; —1). 924. ABCD — powmb;

916. x =+3. 917. 1:2. 921. (

MNPK — xBagpar. 925. (-4; 1; 1). 926. a)a=1ia=-1;6)a=3ia=-1;
B)a=-4ia=2;r) az—g ia=38.927.a)m=0im=1;6) m=-3; B) m = 2;

r) m = 1. 928. a) Hi; 6) rax. 929. a) Tak; 6) Tak. 930. Tak. 942. (—3; 4; 3).
947. a) (1; —4; 6); 6) (-3; —4; 2). 953. 123 i /370. 956. (2; 3; —1).
958. Tax. 959. a) k = —5; 6) k = 1. 962. 5v2; 77 ; /659 ; /26 ; /227 .
964.a) x=4;y=-3,52=1;06)x=6;y=-4,5;2=3,25; B) x =2; y=2; 2z =—2.
_ 1 . 3 . _ 2

V147 V147 14

abo P(6; —7; 4). 969.6) a=-2;8B)a=1.970.a =-2; b=%. 971. a) Hi; 0) Tax.

965. (4; —4; —2). 966. ( ) 967. Hi. 968. P(2; 5; 0)

973. a =2; b=-3; c =1. 984. a) 40°; 6) 130°; B) 140°. 985. a) 30; 0) 3;
B) —15; r) —28. 986. a) 72; 6) —72. 987. a) —16; 6) —12; B) —70; r) 1.

J55 J35 242 J14
) ; 0) ;3 B) ——— 3 T) ————.
11 70 9 14
990. a) 45°; 6) 120°; B) 135°; 1) 60°. 992. a) x = —9; 6) x = —5; x = 5; B) x = 1;
r) x = —4; x = 3. 993. 6. 994. a) 30°; 6) 135°. 995. a) 1; 6) 5.
996. a) |la+bl=|la-bl=+2; 6) la+b|=la—b|=29; ) la+bl=3;la-bl=1;
r) la+5]=v13;a-5|=+/37. 998. 30+/3 II:x. 999. a) 60°; 6) 60°; B) 90°; ) 90°;

988. a) 16; 6) 72; B) 150. 989. a

I 45°. 1001. a) E; 26 ; 26 ; 0) 2v42 ; 30 ; 3v35 . 1002. arccosi.
25 10 10 21 15 35 9

1003. a) D(-0,5; 0; 0); 6) D(0; 1; 0); B) D(0; 0; 1). 1004. —-10. 1005. 22.
1006. a) 24; 6) 0; B) 2. 1007. a) V13 ; 6) /3 ; B) /5. 1008. n—arccos%.
1009. (2; 2; 2) a6o (—2; —2; —2). 1010. a) arccos0,7; 6) arccosO0,7.

1011. arccos%; arccos%; arccos%; arccos%. 1021. 5x — 3z + 2 = 0.

1022. 3x —4y + 72+ 26 =0.1023. ax + by + cz=0.1024. 2x — 3y + z— 16 =0.

5v21
3

1025. arccos

1026. x — y + 2z = 0. 1030. %\/a2+b2+2abcosq).

1034. VJa®+b*+c*. 1036. arcsin%. 1037. %; % 1041. arcsin%.

1042. arccos%. 1043. a) 2x —y + 32 —1=0; 6) x + 3y — 4z + 9 = 0;
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a3 32
3 10

. 1046. a) 2 npu x =0; 6) 10 ipu x = 0,6.

1062. x%2 + (y — 5)% + (2 + 6)2=4. 1068. Besuiu mwromnus i oguy npamy. 1069. Hi.
1070. a) Hi; 6) Tak; B) ui; r) rak. 1071. Tax. 1077. He o60B’a3koBo. 1079. Tax.
x+1 y-2 z+4
1 A
180° — 2¢, axmo ¢ > 45°. 1100. 5. 1101. 3. 1102. 4. 1103. 9. 1104. 6. 1107. 2
1108.2;1.1110.(5;2;0). 1111.4x -3y +2+3=0.1113. x + 2y — 5z + 11 =0;
x2 + (y + 3?2 + (2 — 7)2 = 30. 1114. 1 a6o 4. 1115. 3 m. 1116. Hi.
x-3 y+1 2z-2
2 3 2’

1080. x — 2y + 3z + 2 =0. 1081. . 1098. 20, axmo ¢ < 45°,

1120. (1; 0; 2) a6o (1; 0; —2). 1127. (-3; 0; —3). 1128.

a) x—-3 _ y+1 _ z2+2 . 6) x+3 _ y+1 _ z2-2
-2 3 -2 2 3 2
MeTpuuHy Touli A BifHOCHO miomuHu O. HdoBexits, mo C=o()AA, mykasa
Touka. 1141. (=3; 5; —4). 1142. (-3; 13; 0). 1143. (3; 4; 1). 1144. (6; —4; 2).
1145. A’(0; 5; 2); B'(—3; 3; 3); C'(—2; 3; 1). 1146. a) Tax; 0) mi. 1148. Hi.
1149. Besmaiu. 1150. a) Tak; 6) mi. 1151. He zaBxgu. 1156. a) (0; 8; —7);
06) (0; 4; —1); B) (—2; 16; —5); 1) (2; 4; —7). 11567. x + y — 22z + 69 = 0.
1162. 30°. 1163. a) Taxk; 6) Tax. 1164. Tax. 1165 a) (—1; —2; 3); 6) (-1; 2; —3);
B) (2;-1;-2). 1167.a) (-2; 4; —1); 6) (4; 12; —3). 1168. (x + 1)+ y2 + (2 + 2)2=14.
x-4 y+3 2z-3
-2 6 -3

. 1129. 3maiigite TouKy A,, cu-

1169. 2/3a. 1172.

NMpeamMmeTHUN NOKaAXYUK

AobGciuca Touku 174 — Big TouKm go maommEun 141
Anmikara Toukn 174 — MiK ImapajieJIbHUMU ILJIO-
Axciomu mmanimerpii 259 muHamMu 141

— crepeometrpii 14 — MiX IpAMOIO i mapaJiesbHOIO i
BigaomeHHA mapaJjiesibHOCTI miomuaol 141

— maomueE 57 — MixK mapaJieJJbHUMU

— npamux 43 npavmumu 141

— mpamoi i maomuuau 51 — Mi¥X MEMOOLKHUMN
Bucora mipamigu 108 npavuvu 141
Bigcrams BexkTopu 199

— MiK gBoMa dirypamu 140 — piBHi 200

— Bixg Touku mo mpamoi 140 — kouimeapui 201

— Big Toukmu gmo Bigpiska 140 — xoMmintamapui 201, 207
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— MepHneHauKyJaapHi 213

— HanpaMHuUn 222
BekTopuuii mpoctip 257
I'eomerpuuna ¢girypa 7
T'eomerpuuni meperBopeHHa 228
Hii vag BexkTopamu 206
Hos:xuuaa BeKTOopa 200
3acrocyBaHHA BeKTOpiB 220

— koopamaaTt 220
3o6paskenHsa dirypu 72
Koopauuatsui oci 174
Koopaumatu Touxku 174

— BexkTopa 200
Kyo 22
Kyt misk npavmumu 99
Kyt

— MiK mpamoro i maomuHolo 152

— MiK IIOXMJIOIO i IaoIuuolo 152

— Mik mromuaaMu 153

— nBorpaHHuin 153

— npimiftani 153

— MiK IBOMAa HEHYJILOBUMU

BexTopamu 213

Meton koopaunat 193
Mumobixui npami 41

— Bigpisku 42
MuororpaunHuku 22
Mogyas BekTopa 200
HynvoBuii Bexktop 200
OproronanbHe mpoekTyBanuA 131
IMapaneneninen 22

— OPAMOKYTHUi 22
ITapanenorpam 22
IMapanensui npami 42

— Bigpisku 43

— mpomeHi 43

— mpama i mromuHa 51

— mIomuHT 57
ITapanenbue mepeneceHus 243
ITepepis muororpanuuka 23
IlepuengukynapHi

— mpami 100

— Bigpisku 100
Ilepuengukyasap 108
Ilipamiga 23

— mpaBuabHa 109
IInomuua

— IIPOeKIIiii 66

MpeamMeTHUN NoKaxX4nK

IInomuua cumerpii 235
ITouaTox Koopaumar 174
ITosBopor 228
IIpaBuio

— TpukyTHuka 206

— mapanesorpama 206

— mapaJeneninega 207
ITpusma 22
IIpoexTyBauusa

— IeHTpaabHe 66

— mapayenbHe 66
IIpoekTyioua mpsama 66
IIpoexiia

— TouKmu 66

— mapaJyieabHa 66

— BUpPOAKeHa 73
IIpoexiia

— ¢irypu 131

— TOYKH Ha npamy 132

— (irypu Ha nmpamy 132
IIpoctip 8
PiBasanua

— ¢irypu 187

— chepu 187

— mpormuaT 187

— mpamoi 188
Pisauna Bexropis 207
Posknaganaa sekTopis 208
Pyx 229
Cumerpisa BigHOCHO

— miaoimuHu 234

— npamoi 336

— Touku 229
Cumerpuuni Touku 229
Ciuga miuomuHa 23
Cranapuuii 1obyTox 213
Caimg 82
Cyma BexkTopiB 206
Teopema 14
Terpaenp 23

— mpaBuIbHUN 23
TpaH3uTHUBHICTS mapaJebHUX

npamux 43
ITeuTp TeTpaeapa 194
ITeuTp cumerpii 229
IeuTpanbHO-cuMeTpuyHa dirypa 229
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