CyMcChbKUM 007aCHUM IHCTUTYT MICISAUIIIIOMHOT TI€JJaroriyHOi OCBITH
Bianosiai
II erany BeceykpaiHcbKOl YYHIBCHKOI oJ1iMmiaau 3 (izuku
2023-2024 u.p.
7 kJaac

1. losxkuny chigy M’si9a [ mij yac 0JJHOTO 00epTy MOXKHA pO3paxyBaTH SK =3 (1),
n

7€ S — TOBXKUHA CIiJTy, IKHH 3aJIMIINB M’ 14 Ha Oepesi, 1 — KUIbKICTh 00epTiB.
Takox MOBXHMHA CITiy M’s[Ya IMiJ1 Yac OJJHOTO O0EpTYy JOPIBHIOE JOBXKUHY KOJIa, SKE
YTBOPIOETHCS TIEIO YaCTHHOIO M’s4a, sIka TOTHKAEThCS 0 MOBepxHi 3eMii: [=md (2).
: : oy, S - S
[MpupiBasiemo Bupasu (1) i (2): ==nd. 3Bigcu d=— .
n n
d~0,25 m.
Bignosiae: 0,25 m.
2. 3a yMOBOIO [IIBUMHKA Ta co0aka pyXarThCi 3 MOCTIMHUMH IIBUIKOCTSIMH,
npudoMy mBHAKICTE cobaku B 6000 M : 1500 M = 4 pa3u OibIie.
3a yac MK JIBOMa MOCIJJOBHUMH KHUJIKAMU JIBYMHKA i co0aka CyMapHO MPOXOJISATh

murgx 30 m - 2 =60 M.
. : 1
3a 1eil 4yac JIBYMHKA MNPOXOJUTHh HIIAX il 60 m = 12 M (MOXHa CKJIacTu
PIBHSIHHS: SIKIIO NUISIX JIBYMHKA MK KHJIKaAMHU MO3HAYUTH X M, TO HUIAX coOaku Oyne
. . 60—x .
nopiBHoBaTH (60 — x) M, 1 32 yMOBOIO —— = 4, 3BiIKH X = 12).
X

OTtxe, 3a IpOryJasHKY AiBUMHKA BcTUrae 1500 m : 12 M = 125 pa3 KuHyTH irpamiky.
Bignosiae: 125 pas.
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BianoBiae: 6aceitd 3armoBHUTHLCS BO0K0 3a 2500 xBuiuH a6o 41 roguny 40 XBUIUH.



CyMcChbKUM 007aCHUM 1HCTUTYT MICISAUIIIIOMHOT TI€JJaroriyHOi OCBITH
Bianosiai
II erany BeceykpaiHcbKOl YYHIBCHKOI oJ1iMmiaau 3 (izuku
2023-2024 u.p.
8 kiac

1. Hexaii V. 1 Vy — 00'emu cki1a 1 71oauTol Boau, V — MICTKICTh IIJISIIKH.
YMOBH IIJIaBaHHSA 10 ¥ MICJIS JOJIMBAHHS:

/%fvcg = %’ﬁ)OJC+-\og’

(o Ve +pVy)9 = p (V. + V)g.

Ve= P v =250 M.
4:00 _3p

BignoBigs: 250 mir.

2. Tuck, 1o cTBOpIoe OPYCOK Ha TOPU3OHTAIBHY TOBEPXHIO, Pj = SE’ ne F=mg -

cuJia TSDKIHHS, 110 JIi€ Ha OpYCOK, Sj— Hnomi HIOBEPXOHB Horo rpaneit (1 =1, 2, 3).
Maemo S; = ab, S, =bc, S; =
mg mg — — —
Takum 9uHOM, P; = —> , P2 = —=15 —5—1 = 2 =F =Zh -
P = ab P2 bc P1 Ps = ac 2 2 2ab

3BijicH BHIUIMBAE, 110 & = 5¢, b = ? ia=2b.

OT)KC, p1= m = m
ab  2bb

3BiACH 3HAXOJIUMO, IO b =

YmI_ .05 .
2pq

. —mg _ _mg
Ockinpku P = — =5p;, ToC = —= 0,02 M.
P bc P1 bp,
I3 bopmynu p; = m_kg); 3HAXOAMMO, 110 a = %z 0,1 m.
a

06’eM Takoro 6pycka mopisaioe V=abc = 0,0001 m>= 100 cm®

OTtxe, rycTuHa Opycka p = g = 8 r/cm.

Bignosingbs: 8 r/cm.

3 L, b
| —
125 q& =7
g —_—
L,
——
__ g i Ty i
L |
Puc. 1

o o vt vyt
3a yac t 3 mepuIoro psxy B 3arajbHHi mepeie LL , a 3 IPyroro — LL MaIl}H.
1 2

MiHiManbHa MIBUAKICTH B 3arajlbHOMY psay OyJe 3a YMOBH, KOJM MAalIMHHU PYXarOThCs
BIIPUTYJI OJIHA 10 OJHOL.



: vit vyt
Toxi moBHa JOBXWHA OTPMMAHOro 3a 4yac t 3arampHOro psigy L = (LL+LL) d,
1 2

dbopmyBaBcs BiH yac t 1 MiHIMaJIbHA IIBUIKICTh 3arajibHOTO PSTY

Umin= % = (Z—i + Z—z) d = (g + i—g) -5 =45 xkm/rop.

Biamosinb: 45 xm/To.

4, SIxmo yBIMKHYTH HarpiBHUK, To eHepris E=Pt; lime Ha HarpiBaHHs BOJU
Q=CcmAT 1 B HaBKOJMIIIHE cepenoBuine Q1= a 13, 1e o — KoedIieHT TErIoBIIaYI.

3a 3akoHOM 30epeskeHHs eneprii £= Q+ Q.

Pt;=cmAT+ a t; (1)

SIKIO HArpiBHUK BUMKHYTHH, TO KUTBKICTH TEIUIOTH Q, Ky OTpuMMaia BojJa MpHU
HarpiBaHHI, IEPEAETHCS B HABKOJUIITHE CEPEOBHIIE IPOTIOPITiiiHO Yacy Qo= a ts.

VY nanomy BUIAJKy 3aKOH 30€peXeHHsI eHepTii 3anuieThes sk Q= Qy;

CMAT=a t,(2).

Po3B’s3aBmu cucremy piBHsHB (1) 1(2) oTpumaeMo o=

= 4,8 kr.

Pty .
t+ty’

_aty __ Ptyt,
CAT — CAT(t1+ty)
Biamnosins: 4,8 kr.



CyMcChbKUM 007aCHUM IHCTUTYT MICISAUIIIIOMHOT TI€JJaroriyHOi OCBITH
Bianosiai
II erany BeceykpaiHcbKOl YYHIBCHKOI oJ1iMmiaau 3 (izuku
2023-2024 u.p.
9 kJaac

1. Tuck, o CTBOPIOE OPYCOK HA TOPU30HTAIBHY MOBEPXHIO, Pi = SE’ ne F =mg —

CHJIa TSDKIHHS, 110 i€ Ha OpyCOK, Sj— IUIOII MOBEPXOHb Horo rpauneii (I =1, 2, 3).
Maemo S; = ab, S, =bc, S;=ac

Takum 4nHOM P1 = mg :
ab
_@:5 —5_1 _mzﬁzﬂzsmg
P2 bc P1 Ps ac 2 2 2ab
3Bijcu BUILIMBAE, o & = 5¢C, b = = ia =2b. Orxke, p; = mg Mg
2 ab  2bb

3B1JICH 3HaXOQUMO, 1110 b = ‘ng= 0,05 m.
1

OCK1IBbKH Py = mg - 5Py, TO C = 29— 0,02 m.
bc bp1
I3 hopmymnu p; = M9 sHaxomumo, mo a = —2= 0,1 .
ab bp,

06’eM Taxoro Gpycka gopisaroe V=abc = 0,0001 m*= 100 em® .

OTtxe, rycTuHa Opycka p = Vm =8 r/cMm.

BinnoBins: 8 r/cMm.

2. Jlns po3B’si3yBaHHA 3aja4l HEOOX1JHO PO3TIISIHYTH
pI3H1 BapiaHTH.

OnTuManbHUM BaplaHT pyXy HaBelleHO Ha puc 1.
B onniil KITITHHLI JECATH METPIB.

-
Bincranp Bu3Hauaetbess 3 Teopemm Ilidaropa (abo ;
OpPOCTO JIIHIMKOK) 3a JIONOMOTOK METONy 300pa)KeHb.

OTtxe, BiJICTaHb, SIKY HEOOXIAHO MPOOIrTH 10 MPaBOro
Oepera, a TOTIM 10 BOTHHUIIA (BIACTaHb 0 300pakKeHHS
BOTHMIIA), 3HAXOIUMO 3 MPSIMOKYTHOTO TPUKYTHHUKA
31 cropoHamu 12 1 5 kituHOK — 130 M.

Jami 61kuMo 10 BOJIM M Ha3ax 13 Ipyrum Bijgpom: 40 M.

Puc. 1

[ToTiM Big TIepIoro BOrHUINa 61)KMMO JI0 BEpXHBOT'0 Oepera Ta 3 BIIPOM 10 IPYroro

BOTHHIIA (BIJICTaHb BiJl IEPIIIOTr0 BOTHUINA JI0 300paxkeHHs apyroro) — 100 m.
3HOBY 70 BOJM i Ha3a 13 APyruM BiapoM — 60 M.
3aranom 330 m.

HatimeHmmii yac, HeoOXI1JHUH U1 TOTrOo, 1100 IToracuT oOKMaBa Borumia, 1 xs 26 c.

Bigmosings: 1 xB 26 c.

3. Ha nouatky crnocrepexeHb komap nepeOyBaB BiJ JIiH3U Ha BIACTaHi, 110 OLIbIIA

3a 2F, Tomy ioro 300pakeHHs y J1iH31 Oyjie AificHe, 3MEHIIICHE, IEPEBEPHYTE i BijIalieHe

B1JT JIIH3H Ha:
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1 11 _ 1 1 _dy—F

di  fi' i F dy Fd,

Fd 0,2M+2,5M 0,5Mm 5
fi=—== = =—M= 0,22M m
d,—F 2,5M—0,2M

1
F

23 23

3a yac CIocTepekeHb KoMmap MpoJIeTUTh BiacTtanb S=Vi=0,6 m/c-4c=2,4 M, TOal B
MOMEHT 3aKIHUE€HHSI CIIOCTEPEKEHb BiH NepeOyBaTUMe BiJI JIIH3M HA BiJICTaHI:

d,- d;-S=2,5 m-2,4 m=0,1 m<F

OckuIbKM 1S BIICTaHb MEHIIA 32 (DOKYCHY BIJCTaHb JIH3H, 300pakeHHsI KoMapa y

el MOMEHT OyJie ysiBHE, 301IbIIIEHE TIPsIME 1 PO3MIIIICHO Bij JIIH3U HA BIACTaHI:
1 1 11 1 1 F—-d

F d, f'f, d F  Fd,

Fd 0,2M:0,1M 0,02 M
fo=—-= = =0,2 M.
F—d,  0,2M—0,1m 0,1

Biamosias: 0,2 M.
4. OxcaHa foJiuia 2 Kr X0J01HO1 Boau 3a Temneparypu S °C.

YBonumo mo3HaueHHs At Temrmeparypu, IO BIAMOBIIA€ OAHIN KIITHUHIN B30BXK
BEepTUKaT, 1 A7 yacy, 1110 BIAMOBIAA€ OJIHIN KIITHUHII B3/I0BXK TOPU30HTAI.

Toni Ha nmepmomy erami P-4At = cm; 6At.

[Totim BiOyBCS TEIJIOOOMIH MiXK BOOI0: CMy 5At = cm, (34t —t,,,).

Jani 3H0BY BigOyBaeThcst HarpiBaHHs: P-144Ar = cm 74t, te m = m; + m, = 3 KT.
OcranHs AiIsTHKA BiAMOBiIae kumiaHI0 i Temmneparypi 100 °C.

OTtxe, 3rigHo 3 Tpadikom, At =10 °C.

3 JBOX pIBHSIHB, 10 SIKMX BXOJUTbH MOTY>KHICTh HarpiBada P, Bigpa3y 3HaXoauMo
m; =m/3=1 xr.

OTtxe, OkcaHa Joauiia M, = M — My = 2 KT BOJM.

3 piBHSIHHS TEIUI000MIHY 3Haxoaumo t,,, =5 °C.

Bignosigs: 5 °C.



CyMcChbKUM 007aCHUM IHCTUTYT MICISAUIIIIOMHOT TI€JJaroriyHOi OCBITH
Bianosiai
II erany BeceykpaiHcbKOl YYHIBCHKOI oJ1iMmiaau 3 (izuku
2023-2024 u.p.
10 xaac
1. Hexaii qoBkxrHA HaiMEHIIIOTO pedpa JOPIBHIOE @, a TYCTHHA LIETJIH JOPIBHIOE P.
Maca Tpbox weriuH Bropi: M = 3-(a-2a-4a)-p=24a° p.
Lls Maca Jtie 3 OTHAKOBOIO CHJIOKO Ha JIIBY W IIPaBy OIMOPH:
F.=F,=05Mg=12a’pg.
Cuiia TUCKY JIIBO1 OITOPH HA 3EMITIO:
f,=F,+2(a2ada) pg=12a’pg+16a’pg=28a’pg.
Cuiia TUCKY IIpaBOi OMOPH HA 3EMITIO:
f,=F,+ (a-2a-4a) pg=12a’pg+8a’pg=20a’pyg.
BigHOmI€HHS THCKIB:

fi 28a%pg
Pi _ 51 _ "a-4a _

p, [ 20apg 10
SZ a'Za

. . 7
BiamoBigs: —.
b | bi | 10

2. PosristHeMo pyX MepIioi MaliuHu BITHOCHO JPYTOi.
Biapizox AB, sikuii 3'€qHye MalllMHM Ha TOU

MOMEHT, KOJM  BIACTaHb MDK  HUMH
HallME€HIIa, NEPHEHAUKYISAPHUA 0 LbOTO
BEKTODY.

VAB:\/pj + vE — 2v4vgcosa =10 m/c = Va,

TOOTO BEKTOPHUMN TPUKYTHUK — PIBHOOEIPEHHIA.

Otxe, £B =90°—2a=30°=0a, AAOB — piBHOOGeapeHUIl.
— —_S1 51
Tomy S, = OB = cosa — 73 115 m.

BignoBige: 115 m.

3. Okcana jonuia 2 Kr X0JI0HO1 Boiu 3a Temmneparypu S °C.

YBogumo mo3HaueHHss At TemnepaTypu, 10 BIANOBIJA€ OAHINM KIITHHII B3IOBXK
BEepTUKa, 1 A7 yacy, 110 BIAMOBIAA€ OJIHIN KIITHHII B3JI0BX FTOPU30HTATI.

Toni Ha nepmomy etani P-4Ar = cm; 64t.

[TotiM BiZOYBCS TEIIIOOOMIH MiXK BOI0K0: CMy 5At = cmy (34t —t,,,).

Jami 3H0BY BiiOyBaeTbcs HarpiBanHs: P-/44At = cm 74t, ne m = m; + m, = 3 Kr.
OcranHs AUTSTHKA BiMOBIae KumiaHAIO i Temneparypi 100 °C.

OTtxe, 3rimgHo 3 rpadikom, At =10 °C.

3 IBOX pIBHSHB, /10 SKMX BXOJUTH MOTYXKHICTh HarpiBada P, Bigpa3y 3HaX0auMO
m; =m/3=1 xkr.



OTtxe, OkcaHa Joauiia M, = M — My = 2 KT BOJIH.

3 piBHSHHS TeMI000MiHY 3Haxoaumo t,,, =5 °C.

Bignosigs: 5 °C.

4. Hexail KyT majiHHS MPOMEHS Ha TepIIe A3epKajio JOPIBHIOE Y, a HA ApPYyre — @
(puc. 2). Tpeba 3HaliTu KyT P.

OdeBuaHO, IO KyT [ K 30BHIMIHIA KYT
TPUKYTHHKa, yTBOopeHOoro mpomensmu (A ABD),
JOPIBHIOE 2y + 2.

3 iHmoro 60Ky, ¢ + vy = d.

OcTaHHE MOJKHa JOBECTH, PO3IJIHYBIIH
yoTupukyTHUK OBCA, y sikomy AC 1 BC -

NEPHEHANKYIIPU 10 J3epKall, SKI
NEPETUHAIOTHCA IT1]T KyTOM . Q77TITTTTTTTTTTT 777777
Y yotupukyTHUKY 00 = 360° — ® — 90° — 90° = 180° — ®. Puc. 2

3 inmoro 6oky, A ABCy+ ¢ =180° — .

Otxe, ¢ +y=a.

Tenep 6aunmo, 1o B =2-(¢ +7v) = 20.

[{ikaBo, 110 BeMMYMHA KyTa BIIXWICHHS [3 HE 3aJIEKUThH BIJl KyTa MaJIHHA TPOMEHS
Ha JI3epKao.



CyMcChbKUM 007aCHUM IHCTUTYT MICISAUIIIIOMHOT TI€JJaroriyHOi OCBITH
Bianosiai
II erany BeceykpaiHChKOI YYHIBCHKOI oJ1iMIiaan 3 (pizuku
2023-2024 u.p.
11 kaac
1. PosrmgaHemo pyx  mepuoi

MAaITUHU BITHOCHO JPYTOI.

Bigpizok AB, sxkuii  3'eaHye e i -
MAallMHYA Ha TOH MOMEHT, KOJIU BlJCTaHb S
MIK HUMU HaliMeHIIa, b

Puc. 1
MEePIEeHIUKYISIPHHUM 10 IIbOTO BEKTOPY.

VAB=\/vj+v§—2vAvBcosa = 10 M/c = Vp , TOOTO BEKTOPHUN TPUKYTHUK —

PIBHOOEAPEHUIA.
Otxe, 2 B=90°—-20=30°=0a, AAOB — piBHOOEIpCHUI.

— —_ 1 _ S
TOMYSZ_OB_ZCOS(X—\E 115 m.

BignoBigs: 115 m.

2. CKOpUCTAEMOCH PIBHSHHSIM CTaHY JIJISI IOYAaTKOBOTO 1 KIHIIEBOT'O CTaHIB raszy
m m
piV =—RT;, p,V =—RT,
U u
. . .. 2
MosipHi Macu MOB's13aH1 CITIBBITHOIIIEHHSM: Ly = 3 L.

Kinpkicte Temia, 1m0 BUAUIMTBCS TMPU TEPETBOPEHHI O0O30HY B  KHUCEHb
. m
JopiBHIOBaTUME: Q = — q.
u

3 mepmioro 3akoHy TepMoaumHamiku Q = AU BumumBae, mo BHUAUICHHS TeIia

mg
MpU3BEJE A0 MiABUIICHHS TeMIepaTypu razy go0: T, =Ty + C"j}n =T; + ;”:f
VH1
H2
T.
BiHOLIICHHS THCKIB fOpiBHIOBaTHMe “2=12=F14 ~99=10

P1 M2T1 Uz CVT1
Bigmosins: 10.

3. Hexail xyT mamiHHA MPOMEHS Ha TepIIe
J3epKasio JOPIBHIOE Y, a Ha Apyre — ¢ (puc. 2).
TpeOa 3naiiTu KyT f3.

OueBugHO, 1O KyT [ K 30BHIMHIA KYyT
TPUKYTHHKa, yTBOpeHOro npomensmu (A ABD),
JOpIBHIOE 2y + 2¢. 3 iHIOro 00Ky, ¢ +7v = d.

OctaHHe  MOXHA  JOBECTH,  PO3MISHYBIIU

qyoTUpUKyTHUK OBCA, B sxomy AC 1 BC — 057+ FIITTTTTI 77

NEPIEHANKYIIAPHU 10 J3€PKal, K1 MePETUHAIOTHCS Puc. 2
17 KyTOM .
VY 4oTupukyTHUKY 0. = 360° — ® — 90° — 90° = 180° —



AABCvy+ ¢=180°—m. OTxe, ¢ + vy = 0.

B=2(o+7 =20

[lixaBo, 1110 BeIUYMHA KyTa BIAXWIICHHS 3 HE 3aJIeKUTh Bl KyTa MaJiHHSI TPOMEHS
Ha J3epKaio.

: : Uy . :
4.V mepiioMy BUMNaAKy 3a 3akoHoM Oma omip npoBigHuka Ry = 1—1 1 3aJICKUTH Bij
1

fioro temnieparypu R; = Ry(1 + Ty — To), e Rg — omip npoBigauka 3a temmnepatypu To.
Tomy % = Ro(1 + Ty — Tp) (1).
1
Uz

AHAJIOTIYHO JIJIs1 IPYrOro BUITAIKY: —= Ro(1 + a(T, — To) (2).
2
PozninuBmm Bupas (1) Ha Bupas (2), Ta 3poOHUBIIH TEPETBOPEHHS, OTPUMAEMO:
T, = 2 To)hls 4 3 = 30174 K.
Iz Ula

Bignosias: 3017,4 K.



