CrtepeomeTtpifi: dopmynu Ta BNacTUBOCTI

[oBigHvK ansa nigrotoskn 4o HMT 3 maTtemaTtuku

@ — dhopMyna € B A0BIAKOBMX MaTepiasiax, aki MoxHa Bigkputu nig yac HMT. dopmynum 6e3 3Hauka Tpeba nam’arartu.
Mo3HaueHHs (K Y NigpyyHuKY): h — BUcoTa, r — pagiyc, | — TBIpHA; Sock, Pocw — MNOLLA /i NEPUMETP OCHOBMW; Sg, Sy — MOLLi 6iYHOT
Ta NOBHOI NOBepXoHb; V — 06’em. Y gosigui HMT: H, R, L; anocema — m.

— Knac i NyHKT nigpyyHuka A. . Mep3snska Ta iH. (reomeTpisi, npodifibHUiA piBeHb: 10 kn. — 2018, 11 kn. — 2019). —
Homepu 3aBAaHb HMT, ge usa Tema Tpannsinacsa 'y 2024—-2026 pp.: Ne 5 — npsimMi, NIOWMHW, MHOFOTPaHHUKK 14 Tina obepTaHHs; Ne 8 —
KoopavHaTy Ii Bektopu B npocTopi; No 21 — 06’em i nniowa NoBepxHi Tina.

1. MpAmi Ta NNOWWHU B NPOCTOPI 10 k.

Akciomu ctepeomeTpil

ALl. Y KOXHill NNOLLMHI NPOCTOPY BUKOHYHOTLCSH BCI
aKkcioMu niaHimeTpii.

A2. Yepe3s Tpu TOUKM, LLLO HE SieXxaTb Ha OfHil NpsiMii,
NPOXOANTb MOLWMHA, i A0 TOro X TifIbk1 oaHa.

A3. AKLLO ABi TOUKM NPAMOT HaNleXarb NAOLLMHI, TO 1
yCsl NpPsiMa Ha/IeXWTb Uil NAOLMHI.

A4. AKWO ABi NOWWHA MalOTb CNiSIbHY TOUKY, TO BOHU
NnepeTUHaKTLCA MO NPSMIN.

MAowuHy 3agatoThb: TPM TOYKK, LLIO HE fiexaTb Ha
OJHili NpsAMI; NpsiMa 1 ToYka nNo3a Heto; ABi NpPsAMi, WO
nepeTUHaKTbLCSA; ABI NapasienbHi NpsMi.

10kn.,n.1,2,4

Mepepi3n MHOrorpaHHUKIB

CTOpOHM Nepepisy nexarb Ha rpaHsax MHOrorpaHHUKa.
* [IBi TOUKM Nepepisy, L0 NexaTb B OAHIN rpaHi,
CMoNy4yaeMO BiZiPi3KOM.

* MapanensHi rpaHi NoLWMHa NepeTuHae no
napanesnbHNX Bigpiskax.

* Mepepi3 TeTpaegpa — TPUKYTHUK ab0 YOTUPUKYTHUK,
Ky6a — Bif, TPUKYTHNKA [0 LLEeCTUKYTHUKA.

10kn., n.3,6

B3aeMHe po3MilLeHHA ABOX NPAMUX
[Bi npsiMi B npocTopi:
* MEPETUHAOTLCA — MaKThb D,

OfHY cnianY TOUKY; " B C1
* napanesnibHi — fiexatb B ! 1

OfHilA NNOLLMHI 1 He Di 777777 Je
nepeTuHalTbLCH,;

* MUMOGDKHI — He fiexatb B A B

OfHil NNOLLMHI.

Y ky6i: AB | D:C1; AB i BB, nepetuHaitbcs; AB i
CC7 — MNUMOBIXHI.

O3Haka MUMOGDKHMX NPAMMX: SIKLLIO OAHa 3 ABOX
NPAMUX NEXWTb Y M/IOLWMHI, & Apyra NepeTuHae Lo
MIOLMHY B TOUL, SKa HE HANEeXUTb NepLuUiil Npamii, To
Ui npsAMi MUMOBIXHI (C'C'; nepeTuHae niowmnHy ABC'y
Touui C' ¢ AB).

Uepes TouKy no3a npsMoro NpoxoauTb Tiflbku ogHa
npsima, napanensHa gadii. i npami, napasnenbHi
TPETIii, NapasnienbHi MiX cob0to.

(Migpyunuk) 10 k1., n. 4, 5 (HMT) Ne 5
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MapanenbHICTb NPAMOT Ta NJIOWUHU

MpaMa nexuTs y NAOLWMHI, NnepeTuHae 1i (ogHa cninbHa
Touka) abo napasenbHa iin (HemMae CnifibHUX TOYOK).
O3Haka: KL NpsaMa, fKa He NIeXNTb Y M/IOLLMHI,
napanesibHa SKili-HeGyab NpAMIlA Liel NIOWMHK, TO
BOHa NapaviefibHa i camili N/IoLLMHI.

FAKLLO NNOLMHA NPOXOANTL Yepes npsamMy, napasiesnbHy
OPYTiiA NNOLWWWMHI, | NEPETUHAE L0 NOLLMHY, TO NpsiMa
nepeTuHy napasesbHa AaHiin Npsamii.

(Migpy4Huk) 10 kN, 0. 5 (HMT) Ne 5

MapanenbHicTb NIOWMH

[Bi nnowmHn abo nepeTrmHatTbCs No NpsiMiiA, abo
napanesibHi (He MarTb CMiSIbHUX TOYOK).

O3Haka: SIKLLO ABi NpsIMi OAHIET NAOWMHMK, WO
nepeTnHalTbCA, NapasienbHi BiANOBIAHO ABOM
NPAMUM APYroT MJIOLWMHK, TO Ui NNOLWMHN NapanenbHi.
MpsAMi NnepeTuHy 4BOX NapasieflbHUX MIOLWNH TPETHOK
NAOLWMHOK napanenbHi. Bigpiskn napanensHnx
NPAMUX MK NapanenbHUMU NIOLWMHAMW PIiBHI.

(Miapysnx) 10 k1., 0. 6

MapanenbHe NPOEKTYBaHHA

306paxeHHs dirypu — 1i napanensHa npoekuisa. Ans
NPsAMUX, He NapasieflbHUX HanpsaMy NPOEKTYBAaHHS,
napasiesibHi NpsiMi 306paXxyoTbCA NapasienbHUMn
npsaMuMK (abo OfHIEND NPAMOIO), & BiHOLIEHHS
Bigpi3KiB OAHIET NPsIMOi ab0 napaneNbHUX NPSMMUX
36epiraeTbCs: cepeamHa Bigpiska — cepegmnHa,
napanenorpam — napanesnorpam (abo Bigpisok). Kytu
I OBXWHN MOXYTb CNOTBOPHOBATUCA.

([Pigpysm) 10 k1., 1. 7

(HMT) Ne 5



2. MNMepneHAUKYNAPHICTb, KYyTU Wi
BigcTaHi 10 KA.

KyT mixk npammumu

KyT MiX npsamumu, wo

nepeTnHaKTbLCA, — TOWM 3

YTBOPEHUX KYTIB, LLO HE D,
6inbLUMA 32 90°; MiX A

[l Cl
napanefibHUMm NpsiMMmMmn — I B

0°.
Mi>X MUMOBDKHUMUN — KYT MidK 7 45°
NPAMUMMN, AKI NepPETUHAOTLCA A B
 BiANOBIAHO NapanesnbHi

JaHuM.

Y Ky6i KyT MK MUMOBIKXHUMU A1 B i C'D OOPIBHIOE KYTY
MiX A1 B i AB (60 CD || AB), TO6TO 45°.
MepneHanKynspHUMy 6yBatoTb | MUMOBDKHI NPsIMI:

AB 1 CC.

100, .8

(HMT) Ne 5

MepneHAUKYNAPHICTL NPAMOI Ta NJIOWMUHN
MNpamMa nepneHankynapHa
[0 NOLLMHK, AKLL0 BOHA
nepneHankynspHa ao
KOXXHOT NPAMOT L€l
NAOLLMHM.

O3sHaka: akwo a L bia L ¢,
ae bic— npami naowmHN
«, LLIO NepeTHaKTbCH, TO
al a.

[Bi npaMi, nepneHanKynspHi 40 OAHIET NOLWMHMN,
napasnesibHi. AKWOo ofHa 3 ABOX NapasieNibHUX NPsAMMX
nepneHanKynsapHa Ao naowuHK, To i gpyra
nepneHanKynapHa go Hei.

100, n. 9

‘~\Q b
« 0~

(HMT) Ne 5

MepneHAUKYNAp, NOXKUNa, KyT MK NPSMOIO Ta
N/IOLUHOLO

AO L a: AO — A
nepneHgukynsp, AB —
noxuna, OB — Npoekuis ©
noxunoi; AO < AB. 5 O-J—Soé-g/
Moxuni, npoBeAeHi 3 OAHIET TOUKW: PiBHI NOXW/Ti MatOTb
piBHI NPOEKLT, 6inblia noxuia — 6inbLLy NPoekLto (i
HaBnaku).

KyT MiXX NpsiMOI0 Ta NAOLWMHOK — KYT MK MPSAMOI0 Ta
TI npoekuieto Ha naowuHy: ¢ = LABO,

. AO OB AO
smgo:@, COSQOZE, tg@:@

AKWO NpsiMa napasiesibHa NAOWMHI ab0 NTEXUTb Y HiiA,
KyT OOPiBHIOE 0°; AKWO neprneHankynsapHa — 90°.
Teopema nNpo Tpu NeprneHanKynapu: npama c, LWo
NexnTb Y NNOLWWHI, NepneHaukynspHa Ao NoxXunoi
TOZj 7 TiNbKK ToAi, KONU BOHA NepneHanKynspHa go
NpoeKuUii noxmnoi: ¢ L. OB < ¢ 1 AB.

10 kn., n. 10-12 Ne5, 21
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[BorpaHHuMii KyT, KyT MiXX njiowmHaMm
[lBorpaHHwuii KyT 3 pebpom
lirpaHamu «, S.

NiRiAHWA KyT —

ZAOB = ¢: 0 €1,

OA C o, OB C B,
OA11l,0B L1

BennunHa gsorpaHHoro g
KyTa — BEe/IMYMHA oro
NiHIiHOrO KyTa.

KyT MiX naowpmHamu, Wo nepeTmHalTbes, — TOi 3
YTBOPEHUX OBOTPAHHNX KYTIB, AKUA HE BinbLunid 3a 90°;
MiX napanenibHUMK NaoLwmHammy — 0°.

10 kn., n. 13 Ne5, 21

MepneHaUKYNAPHI NJIOWUHKY; NJIOLLA NPOEKLLT
MaowmHn nepneHanKynsapHi, AKLWO KyT MK HAMK 90°.
O3Haka: SKLLO n/ioWwuHa NPOXoAUTL Yepes nNpsmy,
neprneHanKyApHY 40 APYrol MIOWMHU, TO Ui M/IOLLMHN
nepneHanKynsipHi.

Mpsima, npoBeaeHa B OfHI 3 A4BOX NepneHANKYNSAPHUX
NAOLLMH NepneHAnKYIAPHO 40 NPAMOT NEPETUHY
NNOLLMH, NepneHauKyIapHa Ao APYroi NIOLUHN.
Mnowa opToroHaNbHOT NPOEKLT MHOTOKYTHUKA:

Snp = 5 cos¢ (¢ — KyT MiXK M/IOLLMHOI MHOTOKYTHMKa
i NNIOLLMHOKO MPOEKLLT).

(Rigpysnuk) 10 Kn., n. 14, 15 (HMT) Ne 21

BigcTtaHi

Big, TOUKM [0 NIOWMHN — AOBXMHA NepreHanKyiapa,
OMyLLLEHOro 3 TOYKM Ha N/IOLWMHY. Big npamoi go
TOYKM NPAMOT A0 M/IOWMHW; MiX napasienbHUMm
naoLlmMHaMm — Bif, 6yAb-SKOi TOUKN OAHIET NNOLLNHN
00 apyroi.

MK MUMOBDKHUMU NPAMUMU — [0BXMHA IXHbOTO
cninbHOro nepneHaukynspa (Bigpiska,
nepneHAnKysSpHOro Ao 060X NPAMUX, 3 KIHUAMK Ha
HYX); BOHa [JOPIBHIOE BiACTaHi M napanenbHUMu
NAOLMHAMK, WO MICTSTb Ui NpsiMi. Y Ky6i BigCTaHb MiX
AA; i CD popiBHIOE pebpy.

(Migpy4uuk) 10 kn., 0. 10 (HMT) Ne 5
3. MHororpaHHUuKu 11 kn.
Mpusma
C1
Ss = Pocy - b [@ (Npsima npusma) A1 LN\ B,
Sn = 56 + 2SOCH E
h ol
V = Soch - h (@ A
il Xy
A B

Mpsama npusma; 6iuHi pebpa nepneHAnKyIspHi Ao
OCHOB, BGi4Hi rpaHi — NPAMOKYTHUKW, BUCOTA h
[OpiBHIOE GiuHOMY pebpy; 6i4Ha NoBepxHS
pO3ropTaeTbCs B MPAMOKYTHUK Pocy X h. [NpaBunbHa
npusMa — npsiMa, B OCHOBI AKOT NpaBuibHUIA
MHOTOKYTHUK.

n-KyTHa npru3mMa Mae 2n BEPLUUH, 3n pebep i n + 2
rpaHi.

(Migpyunuk) 11 kn., n. 1, 14 (HMT) Ne 5, 21



Mapaneneninep, i Ky6
MpsIMOKYTHWIA Napanenenineq,

3 BUMipamMu a, b, ¢; d — Dl,\
AiaroHasib: i
i N\,
2 2,32, .2 oNd
d“=a"+b"+c c :1 N
V = abe ~
a B

Sn = 2(ab+ bc + ac)

Ky6 3 pe6pom a: d = av/3, V =a3, Sy = 6a>;
JjaroHasns rpaHi — av/2.

[LiaroHani napaneneninega NnepeTMHaKOTLCS B OAHIi
TouLi A AiNATLCA HeK HaBnin.

Migpy4HuK Kn., n. 2, HMT) No 5,
11 2,14 (HMT) Ne 5, 21

Mipamiga

MpaBunbHa nipamiga: B
OCHOBiI — MpaBW/IbHWIA
MHOFOKYTHUK, BepLinHa S
MPOEKTYETLCA B MOr0 LIEHTP
O; SK = d — anoema
(BucoTa 6iYHOT rpaHi,
npoBefeHa 3 BepLUUHY S).

1
S6:§POCH'd @

Sn = 56 + SOCH
V= %SOCH -h (@ (byob-aka nipamiga)

Y npaBwbHii nipamigi: d> = h? + OK?, pe OK —
pagjyc Kona, BnMcaHoro B OCHOBY; 6i4He pebpo

SA? = h? + OA2, pe OA — pagiyc onncaHoro Kona.
Z/SKO — KyT MiX Bi4HOIO rpaHHIo i OCHOBOIO,

/S AO — KyT MiX 6iYHMM pebpoM i OCHOBOHO.

n-KyTHa nipamiga mMae n + 1 BepLunny, 2n pebep in + 1
rpaHb. Y posigui HMT anodemy no3HavyeHo m.

11kn.,n. 3,15 Ne 21

Kyan npoekTyeTbCca BeplunHa nipamign
Ako 6ivHi pebpa nipamigmn pisHi (6o ogHaKoBO
HaxwseHi 4o OCHOBW), BEPLUNHA NPOEKTYETLCA B LEHTP
Kosia, onucaHoro HaBko10 OCHOBM.
FKLLLO BCi ABOrpaHHi KyTu Onyknoi nipamign npm
pebpax OCHOBW AOPIBHIOKOTL ¢, BEpPLUNHA
NPOEKTYETLCA B LLEHTP BNMUCAHOIO KONa, |
Sg = Socn

COS «x

11 kn., n. 3; 10 k., n. 10-12, 15 Ne 21

Mepepis, napanenbHUii OCHOBI; 3pi3aHa Nipamiga
MnowwmHa, napanesbHa OCHOBI Nipamiau, BigTUHAE
nipamigy, NnoAioHy AaHiii; koedilieHT NoAibHOCTI &
[OPIBHIOE BiHOLLEHHIO IXHiX BUCOT. [ioWwa nepepisy
[I0PiBHIOE k2 Sy, @ 06’EM BIATATOI Nipamiamn
CTaHOBUTHL k> Bif 06’eMy JaHOi.

[pyra yactuHa — 3pisaHa nipamiga; S, So — nnoLi 1i
OCHOB, h — BMUCOTa 3pi3aHoi nipamigun:

1
V= g h(Sl + /5152 + Sg)
MpaBunbHa 3pizaHa nipamiga (P, p — nepumeTpu
OCHOB, d — anogpema): Sg = 3 (P+p)-d.

11kn., n. 4,15

CTtepeomeTpisi: hopmynu Ta BAacTUBOCTI - nigrotoska go HMT

4. Tina o6epTaHHA 11 k.

Uuningp

r — pagiyc 0CHOBU, h — BUCOTA:
Se = 2nrh (@)

Sp = 2wrh + 2mr?

V =mr?h @

Ocb0oBWi1 Nepepi3 — NPSAMOKYTHYK 3i CTOPOHaMU 21 i h;
nepepi3 N/IoLLMHOI0, NapanesibHo OCHOBaM, — Kpyr
pagiyca r. PosropTka 6i4HOi NOBEPXHI — NPSAMOKYTHUK
2mr X h.

11 kn., n.5, 16

Konyc

r — pagjiyc OCHOBM, h — BUCOTA,
| — TBipHa:

2=7r24+h2

Se = 7rl &)

S = mrl + 7r?

Ne5, 21

Vz%wrzh @

ZSAO — KyT MiX TBIpHOI Ta OCHOBOH. OCbOBUA
nepepiz — piBHO6eAPEHUI TPUKYTHUK 3 BiYHUMMK
CTOpPOHaMMU [ i OCHOBO 2r; Nepepi3 MIOLMHOH,

napasiesibHo OCHOBI, — KPYT.
PosropTka 6i4HOI

noBepxHi — Kpyrosuii
CeKTop pagiyca [ 3 ayrowo
3aBAOBXKW 277 AOr0 KyT
~360° -7
N l
3pi3aHnii KoHyc (r1, ro — pagiycn OCHOB, [ — AOro
TBipHa, h — BUCOTA):

2rr

h
Se=m(r1 +1r2)l, V:%(r%+r1r2+r§)

(Migpy4nuk) 11 kn., n. 7, 8, 16 (HMT) Ne 5, 21

Kyns i cchepa
r — pagiyc kyni, d = OO0 —
BiCTaHb Bif LEeHTpa [0

NAoWMHN. AKWOo d < r, nepepis A
Kyni NAOLWUHOK — KPYyT i3

ueHTpom Oq:

O1A=Vr?—d?

S = 4mr? (@ — nnowa cepu
V= %7‘(‘7‘3 @ — 06’eM Kyni

MnowmHa, Wo npoxoauTb Yepes LEeHTpP, NepeTuHae
Ky/t0 No BEIMKOMY Kpyry pagiyca r. JoTuyHa
naowmHa Ao cdpepun nepneHgnkynspHa 4o pagiyca,
NpPOBEeAEHOr0 B TOUKY [OTUKY.

(Migpy4nuk) 11 kn., n. 10, 16, 17 (HMT) Ne 5, 8



Bnucadti i1 onucati Tina
Mpu3mMy BAMCAHO B LWAIHAP, SKLWO Ti OCHOBU BNMCAHO
B OCHOBM UniHApa; nipaMigy BMMcaHo B KOHYC, SKLLO
Tl OCHOBY BNMUCaHO B OCHOBY KOHYyCa, a BEPLUMHN
36iratoTbes. Tofi BUCOTU piBHI, a pagiyc uuniHapa
(koHyca) [OpIBHIOE pafiycy Kosa, onMcaHoro HaBKoso
OCHOBMW MHOTOrpaHHuKa.

S

ni\ A
NG

BnvcaHa cgoepa

OcbOoBi nepepi3un: NiBoOpyY — UMNiHApPa 3 ONMCaHOK
cthepoto, NpaBopyy — KOHyca 3 BnuncaHo chepoto.
HaBkono 6yab-Koro unaiHAgpa i KoHyca MoXHa
onucatu cpepy; Ti pagiyc R AOPiBHIOE pagiycy Kona,
OMMCcaHOro HaBKOJS1I0 OCbOBOTO Mepepisy. Y 6yab-akuii
KOHYC MOXHa BnucaTun cdpepy; ii pagiyc AOpiBHIOE
pagiycy Kona, BnmcaHoro B ocboBwWiA nepepis. Bnucatn
cchepy B UMAIHAP MOXHA, AKLWO h = 2r (OCbOBWIA
nepepis — kBagpar).

HaBKo/10 NPsAMOKYTHOrO napanesnenineia MoXxHa
onucatu cpepy: R = g (d — oro pgiaroHanb); y Ky6 3
pebpom a MOXHa Bnvcatu cdepy pagiyca 5. Haekoso
npasubHKX NipamMign i NpU3mMmn TeXx MoXHa onucatu
cchepy.

11kn.,n. 6,9, 11-13 Ne 21

xepena: nporpama 3HO 3 maremaTtukn (Haka3 MOH Ne 1513 Big 04.12.2019), 3a skoto cknagarTe HMT; posigkosi matepianim HMT 3 matemaTtunkm

5. KoopguHatu i BEKTOpU B NPOCTOPI 10 K.
KoopauHaTtu Touku

A(z; y; z): « — abeumca,
y — opauHaTta, z —
annikara.

Touku oci x: (z; 0; 0);
MAOWMHY zy: (z; y; 0).

A(z1; y1; 21), B(w2; y2; 22):
AB=/(z3— 21+ (1o — 1)’ + (2 — 21)> @
CepeguHa M (xzo; yo; 20) Bigpiska AB:

1+ 22 ity )

— g 0 W=y A=

Touka, cuMeTpryHa A(zx; y; z) BiAHOCHO: NoyaTkKy
KoopauHaTt — (—x; —y; —z); NAOWMHN xy —

(z; y; —2); OCi z — (—x; —y; z) (4719 IHWKX NIOLWWH |
oceii — aHas1oriyHo).

BiactaHb Bif, A(x; y; z) A0 NAOWMHW 2y OOPIBHIOE |z,
[0 OCi z — /22 + 2.

Cdpepa 3 ueHTpoMm (a; b; ¢) | pagiycom r:
(z—a)?+(y—0)>+(z—c)?=r2

10 kn., n. 16, 21

BekTtopu

zﬁ(iﬂz —T1; Y2 — Y15 22— 21) @

@(ay; az; az): |@l = /a3 +a3+a3 (@

a+ g(a1 +b1; ag + be; ag +b3), kd(kar; kaz; kas)
SIKWO @ £ 0, To @ i b KoniHeapHi < b = kd, TO6TO

b1 = kay, by = kao, bg = kas. PiBHi BEKTOpY MatoTb
piBHi KOOpAMHATK.

MpaBwio napaneneninega: A—>Cl = ﬁ + ﬁ + A—Al)
(ABCDA,B,CyD; — napaneneninepg,).

CkanisapHuin obyTOK (¢ — KyT MK BEKTOpaMm):

o =

(HMT) Ne 8

@-b=al-|b| cosp @ @-b=a1by + asby + asbs @
@-a=|d® [Na HeHyNbOoBKX BEKTOPIB:

a1by + azbs + azbs
cos p =

Va3 + a3+ a2 /b3 + b2+ b2
@lb e a-b=0.
KyT o mix npamumn AB | CD (3 mogynem, 60 Lei Kyt
He 6inbLunii 3a 90°):
|4B - D)
cosp =
48| -|CD)|

10 k1., 0. 17-20 Ne8

(YLLOAQO, unHHi ans HMT-2026); nigpy4Hukn reomeTpii npocpinbHoro pisHA A. . Mepsnska Ta iH. ans 10 (2018) i 11 (2019) knacis.
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