Bmopoii (paiioHHblil) aman PecnybaukaHckoll oaumnuadsl WKoAbHUKO08 no dusuke (2023 2.)

Bo3moxHbie perieHus 3aaau

9 kJ1acc

9-1. «BeTtpenblii 1bIM» [1oHATHO, 4TO ecau Obl HEe OBLIO OOKOBOTO BETPa, TO MbIIEBHIE MITEH(DHI

OT aBTOMOOWJIEH Npu HAOMIOACHUHU CBEpXy (C JIpOHA) o D c
coBmajianu Obl C MPSMOIUHEHHONW TPYHTOBOW MOoporoit ™ Puc. 1 KON P a
AB (Puc. 1), u paznmuuuth uxX ObUIO OBl JTOCTATOYHO a
CIIOKXHO. N Rt 2. / - O -
. U / . Uy
BokoBoif BeTep CHOCUT OOpa30BaBIIYIOCS MPH Ry o ;
JBMOKCHUH aBTOMOOWJICH TBUTh B CTOPOHY OT JOPOTH C = = = '@E

HEKOTOPOH IOCTOSHHOW CKOPOCTBIO Uz  (Kak 10
MOJYJIIO, TaK U TI0 HAIPaBJICHUIO).
ITycTh aBTOMOOMIIN «II€PECEKIUCHY M HAXOIUINCh B HEKOTOpoil Touke E (cm. Puc. 1)
Ha opore AB B HayanbHBINH MOMEHT BpemeHH (t, = 0) . Torma cmycTst MpOMEXyTOK BpEMEHU
t paccTosiHHE MEXy HUMU OyaeT (13 yepTexa)
AB = AE + EB = 10a = v t + v,t = (v + V)t (1)
IJIe a — HEKOTOPBIA MOCTOSTHHBIA MACIITAOHBIM MHOXHUTEIh KBaJpaTHOU ceTku Ha Puc 1.

Kpowme Toro, cripaBeyinBo COOTHOILIEHHE
AE vqt v
AE _ ot _ v (2)
EB vzt Uy

U3 cucrtemsl ypaBHenuit (1) — (2) HaiigeM paccTOsiHUS A0 TOYKHU BCTPEUM aBTOMOOMIIEH

Ha JI0pore

AE = ——AB = —-10a = 4a

U1+U2 U1+UZ (3)
EB = —2—AB = —2-10a = 6a

U1+U2 U1+U2

Jlanee MOHATHO: OOKOBOM BeTep 3a Takoe ke BpeMs t cCHEC TOuKy mepecedeHus F
nbuIeBbIX 1UIek(poB (cM. Puc. 1) Ha paccrosnue EF (u3 dyeprexa)
EF =,/(2a)? + (3a)? = aV/13 . (4)
CrienoBaTeIbHO, CKOPOCTH BeTpa (U3 YepTexa)

B _ gy EF o wm_am _
Us == {D}= B (V1 tvp) = B/ (wit0y)) . 10a (v1 +vp) = o (vi+v), (5

IIPpHU 3TOM BCKTOP COCTABJIACT C ,Z[OpOl"OfI yroj

tana=2=32=-32 =  4={5630993247}1 =56° . (6)
EG 2a 2

Pacuer (5) mo gaHHBIM yCIIOBHS 1aéT
vs = Y2 (40 + 60) ™ = {36,05551275} = 36 = =10 2 . )

B cootBercTBHU € ITpaBUIIaMU OKPYIJIEHUS (CM. JaHHBIE YCJIOBHUS) OKOHYATENIbHbIM OTBET

MPUBOJUM C TOYHOCTBIO JIO IBYX 3HAUYamux mudp.
3agady MOXHO PEIIUTh M BTOPHIM CIIOCOOOM — B TMOABMKHOW HWHEPIIMATBLHON CHCTEME
orcyeta (MCO), cBa3aHHOM ¢ JOBIXKYyIIUMCS Bo3ayxoMm (BerpoM). I[lpu 3TOM, cormacHo

' — sgech n gamee: B ¢GurypHbIx ckoOkax TpeacTaBicHbl (6e3 pa3MepHOCTH!) MOKa3aHHs WHXKEHEPHOTO KabKYIATOpa
(mampumep, CASIO fx-991EX (CLASSWIZ)) npu npaBuisHOM pacyére.
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MIPUHIIMITY OTHOCHTEIBHOCTH [ anmiiesi, Mbl JOJDKHBI MMOJYYHTHh TOT )K€ OTBET, MOCKOJIBKY BCE
NCO ToX1eCcTBEHHBI.

MBICIIEHHO «OcelaemM» BEeTep, CKOPOCTh KOTOPOTo, COIIACHO YCJIOBUIO, IIOCTOSIHHA U
paBHa U3 (Puc. 2). B 5Toll mogBMKHOM cUCTEME OTCUETa HAM OYAET Ka3aThCs, YTO aBTOMOOHIIM
«y0O€eraroT» 0T HacC CO CKOPOCThIO (— U3) ILIIOC UX COOCTBEHHBIE CKOPOCTH (cM. Puc. 2)

i, = FK = 0, + (— U3)

L, = . . (8)
u2=FL=U2+(—U3)

HecnoxHo cooOpa3uth, dYTO B  JaHHOU ; b .
NOABIKHOM ~ cucTteMe  orcuéra  Bektopel  (8) i~ Puc.2 K o -
PE3YIBTHPYIONIUX CKOPOCTEH aBTOMOOMIEH U; M 1y, ﬁl""‘::. q 3 -
JIOJDKHBI ObITh HANPABIIEHBI BIIOJb MbLIEBBIX HUIEADOB Ko ﬁ - j ey 7 -
FA u FB ortouku F nx nepecedenus (cm. Puc. 2). s BLAH Y __12_

N3 monobus tpeyronpsaukoB FHK u FEA | a S - '@—
takke FHL n FEB moxeM 3anucaTh 4 : ¢ 5

AE _ EF
BB _ B (9)
v, vs

IMockonbky u3 (9) ciaemyer (2), a yBeqWdYeHHE PACCTOSIHHUS MEXKIy aBTOMOOWIIIMHU
HNPOMCXOAMT 1O 3aKkoHY (1) (BeTep «HECET» UX OIMHAKOBO), TO AAJbHEUIINH X0 pereHus Oyaetr
TaK)Ke aHAJIOTHYHBIM U B HTOTE MPUBENET HAC K TOMY Ke OTBETY (5).

ITonesnast «Mopanb» 3ajauu: Ui YHOPOLIEHHs pELIeHUs 3ajady [0 MEXaHUKEe MOXHO (M
HYXHO!) BeIOMpaTh Hanboiee «yqo0HYIO» B JJAHHOM CIIydae WHEPLUHUAIBHYIO CHCTEMY OTCUETa
(1CO).

hmax l(—\i___
9-2. «Kamemek u mapy» [1oHATHO, YTO NMPH ABWKESHUH KaMEIIKa BBEPX 0 b | L
[ |
MakcuMalibHOM BbIcOTHI (Puc. 3) — 1 O-7-
1
C
2 1 .
h ==2=11,5m™m (1) |
max
2g ’ N N
paccrosHue | MEKAy HEM M BO3AYLIHBIM IIApOM OYIET YBEIMYMBATHCS. O B lnax
[Ipu sToM Bpemst t; ToxbeMa KaMmellKa J0 BEpXHEH TOYKH TPACKTOPUHU L
COCTaBUT ﬁ
Vo 4 AN o T
t; = gz =1,53c (2) [
B sror MomeHT paccrossHHe | MEXAy KaMEIIKOM M IIapoM Puc. 3
COCTaBUT
2
v
l=-=2+4uvt; =153 m. (3)
2g

OpHako, U HpU JAajbHEHIIEM ABM)KEHUU BHHU3 (Ha HayaJlbHOM 3Tare) paccrosHue [
MEXy KaMEIIKOM M IIapoM TakKe OyAeT YBEIMYHBATHCS IO TEX IOp, MOKA CKOPOCTh KaMeIlKa
OyZeT MeHbIIIe CKOPOCTH OIyCKaHUs BO3AYLIHOTO HIapa.

CrnenoBarenbHO, MAaKCHUMAJIBbHOE PACCTOSHHUE [y, MEKIY KAMEIIKOM W BO3IYLIHBIM
mapoM OyneT Ha JTane OonmycKaHws mapuka (B HekoTopoil Touke C Ha Pumc. 3) B MOMEHT

v
BpeMEHU t, = El’ KOTJIa €ro CKOPOCTh OY/IET paBHAa CKOPOCTH U; OIYCKAaHHUS BO3IYIIHOTO
mapa.
Takum 00pa3oMm, CyMMapHOE CMEIIEHHE BO3IYIIHOTO IIapa BHH3 K 3TOMY MOMEHTY
BpeMend (cM. Puc. 3)
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VUy+vU,

L=v(t+t) =1 e 4)
a CMENIEHNE KaMeIIKa BHA3 OT BEPXHEN TOUKH J10 TOUKH C

tZ 2
L=5E=71. (5)

N3 Puc. 3 c yuerom (4), (5) monyuaem

+ 2 2 ( + )2
lmax = ll +hmax_lz zvl%_*'lz)_;_z_;:—vlzgz : (6)
Pacuer no nanHbIM ycioBus Haér
(2,5+15)% ,
lmax = "5 ggy— (M) = {15,60907238}2 = 15,6 m. @

B cootBercTBHU € ITpaBMIIaMU OKPYIJIEHUS (CM. JaHHBIE YCJIOBHUS) OKOHYATENbHbIM OTBET
MIPUBOJUM C TOYHOCTBIO JIO TPEX 3HAYALIUX LUPD.

3amauy MOXKHO pELIMTh W BTOPBIM, Oo0Jieeé KOPOTKHM CIIOCOOOM, TIEepexois B
nHepuuanabHyto cuctemy orcuera (MCO), cBA3aHHYIO C OIMYCKalOIMMCS BO3AYIIHBIM H1apoM. B
Hell HavasJbHas CKOPOCTh KaMelllKa (OTHOCUTEIBHO BO31YIIHOIO I1apa) OyaeTr Oosblie

Vg =U; +V,, (8)

HO OKOHYATEJIbHBIM OTBET, KOHEYHO K€, HE U3MEHUTCS.

OTHOCUTENBHO IIapa KaMEUIEK MO-TIPEKHEMY IBMXKETCS PaBHOYCKOPEHHO, IO3TOMY
HY>KHO IIPOCTO OTBICKaTh MAKCHUMAJIBHYIO BBICOTY €TI0 MoAbEMA

_ (o)? _ (u1+vy)?
lmax = 26 28 9

3abaBHast «Mopajiby 3aJayd: MPaBWIbHO BbIOpaHHas CUCTeMa OTCYETA CYIIECTBEHHO
yIpoIlaer pemieHre. B otauyre ot HempaBUIbHO BRIOpaHHOU ... ©

9-3. «Peocrtart pucyer pyHkummo ...» Paccmorpum  a) ;(_,‘x l——& 6) J,*—&
cXeMy IMOJKIIIOUEHUS] PeocTaTa, NPEeIOKEeHHY0 Ha  qA———— B 4 B
Puc. 4, a). —

ConpoTuBieHne peocTaTa MpPU MOJOKEHUHU
OeryHka x OT KJIeMMbl A peocTara «IOAYMHSETCS» B

TOM K€ 3aKOHOMEPHOCTH, 4YTO U CONPOTUBIICHUE E
IIPOBOJIOKH — OHO IPSIMO IPONOPLIMOHANBHO JJIMHE

X €ro akTUBHOM (MOJKJIFOUEHHON) YacTu

R(x)~x. 1)
[TockonbKy TIpH X = | CONPOTUBIIEHUE peOCcTaTa
MPUHUMAET MaKCHUMaJIbHOE 3HauyeHue Ry, (T.H.

COIIPOTHUBIICHHE peocTaTa), TO 3HaueHue KorpUIMeHTa
R
MIPOMOPLUOHATIBHOCTH a= TO B (1) HecnoxHO

BBIYUCIIUTD

R(x) =ax=%x=%R0 = xR, . 2

Torma s 1aHHOH  CXEMbl HOJKIIOYEHUS
peocraTta MCKOMas 3aBUCHMOCTh R*(x™) mpuBeneHHOTO
*

COTIPOTHUBIICHUS oT X eCTh  TpsaMas
MPOMOPIUOHATBHOCTh (cM. ['paduk a) ma Puc. 5) wm

6I/ICCCKTpI/Ica MepBoOro KOOPAUHATHOI'O yriia C

0 o102 0304 05 06 07 08 09 1

> — 3gech n gamee: B ¢GurypHbIx ckoOkax TpeacTaBicHbl (6e3 pa3MepHOCTH!) MOKa3aHHs WHXKEHEPHOTO KabKYIATOpa
(mampumep, CASIO fx-991EX (CLASSWIZ)) npu npaBuisHOM pacyére.

BosmodicHbie peluenus 3adau 3



Bmopoii (paiioHHblil) aman PecnybaukaHckoll oaumnuadsl WKoAbHUKO08 no dusuke (2023 2.)

MaKCHUMaJIbHBIM 3HAUCHHEM MPUBEJICHHOTO COMPOTUBICHUST Ry, = 1,0

R*(x*) = % =x*. (3)

[TonsitHO, yTO 1M1 cimy4as Ha pucyHke 4, 0) gopma 3aBUCUMOCTH yKe OyaeT Apyras.
Tenepb pe3ucTopbl (pa3Hble YacTH peocTaTa) BKIIOYEHBI IMapajuIeNbHO, CJEJI0BATENIbHO, B
JTAHHOM CJIy4ae MOKEM 3alucaTh

_axa(l-x) _ ax(l-x) _
R(x) - ax+a(l-x) - l -

N3 (4) cnenyer, uto mpu TakoMm mnoakiaoueHun peoctata (Puc. 3, 0)) uckomas
3aBHCUMOCTh MPEJACTAaBIsET 000  ypaBHeHue mapabonsl (cMm. I'paduk 6) mHa Puc. 5) ¢

ax*-(l—x)=x"(1—xR,. 4)

MaKCHMAaJIbHBIM 3HAYCHHEM MTPUBEACHHOTO COMPOTUBIICHUS Ry, = 0,25
R(x
R ="2=x"(1-x". )
0
[Ipy moaKIIOYEHWH YacTH peocTaTa NapaienbHO pesuctopy R,  (Puc. 4, B))

COIIPOTUBJICHUEC LICTIN

Ro
_ ¥R x

R(x) — ax-Rg

= = 6

ax+R, RT°x+R0 x*4+1 0" (6)
YTO COOTBETCTBYET rumepbomudyeckoil 3aBucumoctd (cM. ['papuk B) Ha Puc. 5) ¢
MaKCHMaJbHBbIM 3HaueHueM Ry, = 0,50 (BeTBb rumepOOJIbI MPH ITOM «IIEPEBEPHYTA» M

CABUHYTA MO BEPTHKAIIN)

* * R *
R'(x) =72 =2 (7

x*+1

Hakonen, npu uerBepTom criocobe noakitouenus (cMm. Puc. 4, r) Tok o nepemsruke BC
Teub He OyJeT, HOCKOIbKY ydacTok DB peocrara 3akopoueH. CiesoBaTenbHO, JaHHAs CXeMa
CBOAUTCS K IpeIbLAylIeMy clydar runepOoindeckoil 3aBucumoctd (7), YTO OISATH IKe
COOTBETCTBYET rpaduky B) Ha Puc. 5.

ITpuknagHas «Mopaib» 3aJadl: OCHOBHbIE MaTeMaTHUecKue (QyHKIMM MOXHO (M Jaxe
HYXHO!) TOJy4aTh 3KCIEPHUMEHTAIFHO Ha MPOCTHIX (U3WYECKUX IpHUMepax. A peocTaT H
HEMHOTO (haHTa3WH HAM B 3TOM MOMOTYT... ©

9-4. «IlorpemHocTh TepmMomeTpa» A) [10CKOJIBKY «XOIOAHBIN» TEPMOMETP HMEET HEKOTOPYIO

TENJIO0EMKOCTh U1 KOMHATHYIO TEMIIEPATYPY, TO IIPU IIOJHOM OIIYyCKaHHH €ro B PHEG

ropsiayto Boay (Puc. 6) oH BbI30OBET ompenenéHHOE MOHMKEHUE U3MepseMOit

HavyaJIbHOM TeMnepatypbl t, BOJABI B CTaKaHE.

Takum oOpaszom, BcieacTBUe 3TOro 3(QexTa peanbHO H3MepseMast
Temmnepatypa t, BCerga IOJIy4aeTcsi «C HEJOCTaTKOM», T.€. MEHBbIIe
WMCTUHHON TeMIepaTypbl t, BOJbI B cTakaHe. Takasi MOrPEHIHOCTh U3MEPEHUS

Ha3bIBACTCA CuCI’YlQMClI’I’lM’l@CKOLVl, IMOCKOJIBKY e€ 3HaK COXpPaHACTCA OT

M3MEPEHUS K H3MEPEHHIO.

Tak kak (IO YCJIOBHUIO) MOTEPSIMH TEIUIOTHI B OKpYXKalollee MPOCTPAHCTBO MOXKHO
npeHeOpeyb, TO ypaBHEHHE TEIJIOBOrO0 OanaHca g TEIIOOOMEHa MeEeXAy BOJIOH U
TEPMOMETPOM MPUMET BHU]T

Q“=0q", (1)
race Q‘/ — KOJIMYCCTBO TCIJIOTHI, MMOJYYCHHOC XOJOAHBIM TEPMOMCETPOM, a Q;\ — KOJIMYECTBO
TEIUIOTHI, OTAAHHOE TOPSTYEH BOIOM.

Jns  HarpeBaHHsI XOJOAHOTO TEPMOMETpPA OT TEMIEpPATyphl t; A0 TeMmIepaTypsl t,

MOTpeOyeTCs KOMUYECTBO TETLIOTHI

Bo3modicHble peweHus 3a0ay 4
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QY =C(t; —t1), )
rae C — TEII0€MKOCTh TEPMOMETPA.
AHAJOTHYHO, TIPU OCTHIBAHUH TOPSIYCH BOABI OT TEMIIEPATyphl t, 0 TEMIECPATyphl t,
BBIICTIUTCSI KOJTMYECTBO TETLIOTHI
Q7 =cm(ty—tz), (3)
rlie C — yAelbHas TeIIOEMKOCTh BOIBI.
IMoacraBnsas (2) u (3) B (1), momydum Il MCKOMOW HayajdbHOM TEMIIEpaTyphl t

ropsiueii BOAbI B CTAKaHE
C(t2—t1)

t0:t2+T:t2+At, (4)
_ Cta—tq) .
rae At = e BIACTCA a0COJIFOTHOM MOTPEUTHOCTHIO U3MEPEHUS .
Pacuér no (4) naér

30,0-(64,0—23,0)

12200200 ) C = {65,45734597} = 65,5 °C . (5)

B cootBercTBUU € ITpaBUIIaMU OKPYTJIEHUS (CM. IaHHBIE YCJIOBHUS) OKOHYATENbHbII OTBET

to = (64,0 +

IPHUBOAUM C TOYHOCTEHIO [0 TPEX 3HAYALIUX LUPP.

B KkauecTBe OLIEHKH OTHOCHUTENBHOH MOIPEIIHOCTH € H3MEPEHHs TeMIIepaTyphl TaKUM
TEPMOMETPOM BO3bMEM OTHOILIECHHME aO0COMFOTHON MOrPEIHOCTH At K H3MEPEHHOM TeMIlEpaType
)

e=2.1009% =12 . 190 9, (6)
tz cmi,
Pacuér mo (6) ¢ yu€ToM JaHHBIX YCIOBUS
— 300(640-230) 41 o, = {2,277103081} = 2,28 %. @)

4220-0,20064,0

[TockonbKy A1l OLIEHKH BEUYMHBI IOCTATOYHO ONPEAEIUTh €€ MOPANOK (T.€. €IUHUIbI
WM JIECATKH TPOLEHTOB), TO B JAaHHOM ITYHKTE 3aJa4yd KOJWYECTBO 3HAaUYalUX LHUPp HE
npuHIUnuanbHo. Clie10BaTeNIbHO, BEPHBIMM TAKXKE CIEAYET cuuTaTh OTBETH 2,3 % U maxe
2 %.

Kak BunHO 13 (7), oTHOCHUTENbHAS MTOTPEIIHOCTh B JIAHHOM CJIy4dae BBIIIA CPABHUTEIHHO
HEOOJIBIION (€AMHUIBI TPOLIEHTOB), OJJHAKO TAKOE MOXET OBITh JlajeKko He Bceraa. Kak ciemyer
u3 (6), oTHOCUTENIbHAS MOTPENIHOCTh M3MEPEHHS TEMIEpPaTypbl TEM MEHbIIE, YeM MCHBIIE
TEIIOEMKOCTE C  caMOro TepMOMETpa M 4Ye€M MEHbIIE pasHoCTh Temueparyp (t, —t;)
(M3MepeHHOI U TepMOMETpa).

Kpome Ttoro, yBenuueHue TEIIOEMKOCTH CHUCTEMBI ¢m (B JaHHOM CiIy4yae BOJIbI) U
W3MEpPEHHOW TeMIiepaTypbl ¢, TakKe TMO03BONST CHH3UTh BIUSHUE JaHHOTO dddekTa
CHUCTEeMAaTUYECKOTO  «3aHIKEHUs»  HU3MEpPSAEMOM  HadyalbHOM
TEMIIEPATYPhI CUCTEMBI . a)

b) IIpu onyckaHuM PTYTHOTO TEPMOMETpPA NPU KOMHATHON ‘

TEeMIIepaType B KPYTOH KMIISITOK IEPBBIM B TEIJIOBOM KOHTAKT C
rops;tueil BOAOW BCTyHaeT BHEIIHUN CTEKISHHBIA OamoH A u
tepmomerpa (Puc. 7, a)), BHyTpH KOTOPOrO HaXOJHUTCS TOKa emié

«XOJ0JHas» PTYTh. N

HN3-3a pe3koro HarpeBa CTEKJSTHHOTO OayljIOHa BCIICACTBHE Puc. 7

SBJIGHUSI TEIUIOBOTO pACIIMPEHUs €ro O0O0bEM CpPaBHUTEIBHO
OBICTPO YBETMYMBAETCSA, YTO MPUBOAMUT K HE3HAUUTEIHHOMY YMEHBIICHHUIO YPOBHS IMOKa eIlé
«XOJIOOHOW» PTYTH B Kanwiuripe. IIpu 3TOM BHEIIHE BUIHO, YTO OHA HEMHOIO «3aXOIUT» B

BosmodicHbie peluenus 3adau 5
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pacUIMPHUBIIMIACS CTEKISIHHBIA OammoH (cMm. Puc. 7, 0)). DrorT 3deKkT u BOCHPUHUMAETCS
BHUMATeNbHBIM HaONIOAATENeM, KaK HEKOTOPOE HaudajJbHOE KPAaTKOBPEMEHHOE «IIOHMKEHHE)
TEMIIEPaTypbl CUCTEMBI.

OpHako yxe B cienylollee MIHOBEHHE TEIJIOTa «JIOCTUraeTy» pTyTH BHYTpu OajuioHa A
U PTYTh TaKe HauMHAeT MCIBITHIBATh TEIUIOBOE paCIIMpeHHe — €€ ypOBEHb B KaluuIsipe
Ha4yMHAET pe3Ko yBeiauuuBarbes. [lokazaHus TepMoMerpa IpU 3TOM, KaK M IOJOXKEHO,
HAUMHAKOT JIOCTaTOYHO OBICTPO pacTH OT KOMHATHOM TeMIepaTypbl — NPaKTHYECKU [0
TEMIIEpaTypbl KPYTOr'O KUIIATKA.

Takum o00pa3oM, HaHHBIM KpPaTKOBPEMEHHBIH 3()(EeKT HayalbHOrO «IOHMKEHUS
TEeMIIepaTypbl» B KHUIIATKE BO3HUKAET H3-32 MEPBUYHOTO (IO BpeMeHH) 3¢ (dexra TeraoBoro
paclIMpeHust CTEKISIHHOTO OallJloHa TEPMOMETpa.

9-5. «Cset mox Bojaoii» I[lpu mepexome MPaKTHYECKH MAapaICTbHBIX COTHEYHBIX CBETOBBIX
JTy4ed u3 Bo3ayXa B BOJY (M3 ONTHYECKH MEHee IIJIOTHOM Cpejibl B ONTHYECKU 00Jiee MIOTHYIO
cpeny) HaboAaeTcs siBJeHue npenomieHus ceeta (Puc. 8).

[Tpuyém B TakoM ciy4ae yroi MpeloMiIeHHs [5 CBETOBOTO
Jy4ya BCErZla MEHbIIE €ro yria MnajaeHus « (NperaoMIEHHBIN Iyd
«IIPWXKUMAETCs» K NMepneHauKkyisipy). HamomHum, 4ro B onrtuke, B

OTJIMYME OT MEXaHUKHU, 00a yrila OTMEPSIOTCSA OT NEPIECHIUKYIIApa K
rpaHuIle pasjena cpej, a He oT ropusonra (cm. Puc. 8).

Kak cnmemyer w3 pucyHka, BeicoTa TeHu CB = b mora Ha
BEPTUKAIbHON cTeHKe OacceiiHa ecTh JMHAa Kareta BC

IPSIMOYTOJIBHOIO TpeyrojdbHuka BCD, B KOTOPOM BTOpPOM KaTer
paBeH CD = a. CnenoBarenbHO, CIIPaBEIMBO PABEHCTBO

— . — g 08B _  JiZGinp)?
b=a cot,[?—asinﬁ—a snp 1)

BTOpaH CTOpPOHa a KBaApaTHOI'O IIJIOTa IIapalljiICibHa CTCHKE 6aCC6ﬁHa, IMO3TOMY €€
pPasMeEp «3a YCPTEIK» HE USMCHUTCA MTPHU MMPEIIOMIICHUN CBETOBBIX JIy‘-IGfI.
Takum 06pa30M, Ijiomaab TCHH I1JIOTAa Ha BepTI/IKaJ'ILHOI\/'I CTCHKC

R »

rae Sy = a? — miomazak mioTa.
B wuTore Ui ompesieneHHs CHHYCAa yIja MpEJOMJICHHS CBETOBBIX JydeH MoaydaeMm

ypaBHEHHE
_ S1 _ J1—(sin )2 (3)
So sing '’
13 KOTOPOTO HAXO MM
. 1
sinf = : 4
CuHycC yrJia majeHust COMTHEYHbIX JIydel HaiijieM ropasio mpoiie, UCmoin3ys Puc. 8
. . s
sina = sin (; — <p) = Ccos @ (5)

Torz[a AJIs1 UICKOMOT'0 OTHOLICHUA CHUHYCOB «I0» U «IIOCJIE» IMPCIOMIICHUSA CBETOBBIX

Jy4el mojydaeM OKOHYATEeNbHYI0 (popMyIry
na

n=S%B=cos<p 1+n2. (6)

Sin

Pacuér no (6) ¢ 3a1aHHON TOYHOCTHIO JaeT

n = cos (26,0°) x /1 + (1,09)? = {1,329516618} = 1,33.. (7)

BosmodicHbie peluenus 3adau 6



Bmopoii (paiiounviil) aman PecnybaukaHckoil oaumnuadsl wxoavHuxos no gusuke (2023 2.)

B cootBercTBUM C mpaBHiaMU OKPYIJIEHHUS (CM. JaHHbIE YCJIOBHUSI) BCE OKOHYATEJbHBIC
OTBETHI IPUBOJIUM C TOYHOCTBIO A0 TPEX 3HAYaIUX LUp.

Kak Buaum u3 (6), moiydeHHOE OTHOIIEHHE 7 HHUKaK HE 3aBHCUT OT pa3MepoB IJIOTa —
mapamMerp a COKpaTWiCS MO XOAy pemeHus 3amgadn. Kpome Toro 3nauenue (7) (n = 1,33)
YAUBUTEIBHBIM 00pa3oM «COBMAJaeT» C IIOKa3aTelieM IMpPEeIOMIICHUS BOJbl (CM. YCJIOBHE
3amaun!).

Bot Tak criocoGHbIE 1€BATUKIACCHUKH, CAMU TOTO HE Befasi, BBIBEJIU «HA Oymare» 3aKoH
npeinomienuss CHemmmyca sina =nsinf nus cBeroBbix Jyueit! ChopaBemymBocTd panu
3aMeTHM, 4T0 caM Buiebpopa CHeIMyC MOMyYniI 3TOT 3aKOH dKCIIepUMEHTabHO. ©

10 xitacc

10-1. «CoBnaaenue TpaekTopuii» CoriiacHo 3aKOHaAM MEXaHUKH TPHU YIPYTOM OTPAKCHUU OT
CTCHKH CKOPOCTh IIapUKa HE M3MEHSACTCS 110 MOJIYJIIO, a YroJl OTpaxeHus [
paBeH yriy nagenus « (Puc. 9). -

Kak BunumM, B 0011emM ciayyae TpaeKTOpHS IIapuKa Mociie OTPaKeHUs He ‘a\
COBIIAJAET C €r0 TPACKTOPUEHN A0 OTPAKEHHUS. ,8/ )
EnvHCTBEHHBIM YacTHBIM Cllydald, KOTJa 5TO BO3MOXHO, PEAU3yeTCs ~— ==~~~ o
mpu « = B = 0°, T.e. KOr/Ia MAapUK MOJIETACT K CTEHKE W OTJIETAET OT He€ «I10
,,O’
NEPIEHAUKYIISIPY». e

Torga 5Ty TpaekTOpUU COBHAAYT U IIOCIE OTPAXKEHUS IIPU JaIbHEHIIEM
JBUKEHUH IIapUKa Mo mnapaboe.

CrnenoBaTenbHO, B TOUKaX OTPaXKEHHs IIApUKa OT IUIOCKOCTH U OT CTEHKH BEKTOPBI
CKOpOCTEH U; W U, JMOIIKHBI OBITH TEPHEHANKYIIAPHBIMA COOTBETCTBYIOLIMM MOBEPXHOCTIM
(Puc. 10).

[TockonbKy 3TH NMOBEPXHOCTH B3aUMHO NEPHEHIUKYISIPHBI,
TO MOYKEM CJI€1aTh BBIBOJ, YTO BEKTOPHI MIHOBEHHBIX CKOPOCTEH B
9THX TOYKAX TaKXKe OyIyT B3aUMHO NEPIEHIUKYIISPHbI

U, L U;. 1)

IIpu nBuxenun no mnapabosne CD mapuk JBUXKETCA
PaBHOYCKOPEHHO (CONPOTHBIICHMEM BO3AyXa IPEHEOPETACM) C (i ]
YCKOPEHHEM d = g, CJIEN0BATENLHO

U, = U; +dt = v, + gt, (2)
rzae t — BpeMs MoJjeTa MapuKa MEKIy OTpaKEHUSIMU.

[ToctpouM mNpsSMOYTrOJbHBIH BEKTOPHBIA TPEYroJbHUK CKOpocTed (2) Tak, Kak Ha
Pucynke 11. Torga yrosm Mexay KaTeTOM U; M THIIOTEHY30M gt JAHHOTO TPEYTONbHUKA OyAeT
pPaBEH UCKOMOMY YTy «.

ITo Teopeme ITudaropa

vZ+v2=g%t? = gt=vi+vi. (3)

Toraa u3 NpsAMOYroJIbLHOIO TPEYTrOJIbHUKA CKOPOCTEN HAXOAUM

Puc. 9

sina=2=—2- = g=sin"!|—==]|. (4)

2 2 2 2
vy +v5 vi+v;

Pacuer o (4) ¢ 3a7aHHON TOYHOCTHIO AET

ﬁ) = {33,69006753} = 34°. 6)

B cooTBeTcTBHU C IIpaBUJIaMH OKPYIJICHUA (CM. JaHHBIC YCJIOBUA W CIIPABOYHLIC I[aHHBIe)

a= sin‘l(

OKOHYATEIbHBIM OTBET NpUBOAUM C TOYHOCTBIO 0 ABYX 3HAYAIIUX I_[I/I(I)p

Bo3modicHble peweHus 3a0ay 7
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10-2. «doporoii yroaok» Ilpu cBOOOJHOM IMOABENIMBAHUA HEKOTOPOH JKECTKOW CUCTEMBI B
II0JIE TSKECTH OHA C TEYEHHEM BPEMEHHU MPUMET TaKOe IOJIOKEHUE PAaBHOBECHUS, ITPU KOTOPOM
e€ IEHTp TSDKECTU (Macc) OKa)XXeTCsl Ha OJTHOM
BEPTUKAIHM C TOUKOM MoBeca. 0

DTO yTBEpXKACHHUE CIEAYET U3 MpaBUiIa //\
MOMEHTOB CHWJI JJIsl TOJIOKEHUSI PaBHOBECHUS,
TMIOCKONBKY B MPOTHBHOM CIIy4ac MOMEHTBI | A: — /
cul He OyIyT ypaBHOBEIICHBI, M CHCTEMa R
OyzieT Bpamiarhes. N

IfenTp Macc OIHOPOIHOIO CTEPIKHS ?g/ﬁ E
HaXOJUTCSl Ha €ro CepeiuHe, CIeA0BaTeNbHO, S
COEIMHUB cepeAuHbl cTepkHed D u E Ha
nepeceyenuu orpeska DE ¢ Beprukansto OB P B
(Puc. 12) mHaiineM LEHTp Macc CHCTEMBI —
TOUKy F.

JI7sl 1IeHTpa Macc CHCTeMbl JBYX MAaTepUalIbHBIX TOUYEK CIPABEJIMBO PABEHCTBO (U3
IIpaBUJIa MOMEHTOB)

oal

miry = mphy, 1)
rne i, = DF,a r, = FE.
Taxum 00pa3om, U1 ONpeieIeHUs] MacC CTEPKHEH MmoJlydyaeM CUCTEMY YpaBHEHHH

{ml + m2 =m (2)
mr = mpr;
Pemas cucremy (2), Haxoaum
T
m; = +2 m
r+72
o 3)
m, =
7"1+7"2
N3 Puc. 12 no teopeme Paneca (1Mo KIETOUYKaM) CIEIYET, YTO OTHOIICHHE
T
<= 3 == = 3T2 y (4)
T2
CrnemoBaTeNnbHO, ISl HKCKOMBIX MacC MOJy4aeM
m
my; = : = 4‘0,0 r
. . (5)
m; = m= 120 r

B cootBercTBMM ¢ mpaBuUiaMu OKPYIJIEHHS (CM. JaHHBIE YCJIOBHS) OKOHYATEIbHBIE
OTBETHI JUII My, M M, TNPHUBOJIUM C TOYHOCTBHIO JI0 TPEX 3HAYAIUX UG (HA 3amATYIO HE
oOparniaeM BHUMaHHUs!).

[TockonpKy TUIOMAAM TIOTIEPEYHOTO CEUYEHUSI CTEP)KHEW OMHAKOBBI, TO WX IUIOTHOCTH
MOKHO HAaMTH KaK

mq

P1 =5
Y (6)

p2 = sl

rne l; = AB, a l, = BC. U3 ueprexa no teopeme Iludaropa maxonum, uro [, = V45 q; l, =
V20 a,TIe a — JJIMHA CTOPOHBI KBaIpaTHOW MaciTaOHo# ceTku Ha Puc. 12.

Torma MoxkeM 3anucaTh COOTHOILICHUE IS TUIOTHOCTEH cTepxkHeit AB u BC
mz .,k

45
"=p1 =3 2oP1 = 4,5p;. (7)

my I

P2 =

Pacuer no (7) ¢ HEOOXOAMMOM TOYHOCTHIO AAET

BosmodicHbie peluenus 3adau 8



Bmopoii (paiiounviil) aman PecnybaukaHckoil oaumnuadsl wxoavHuxos no gusuke (2023 2.)

p; = 4,5% 4,3-103 % = {19350} = 1,94 - 104% (8)

B cooTBercTBUU € TIpaBUIIAMU OKPYTIIEHUS (CM. IaHHBIE YCIIOBHS) OKOHYATEIbHBIM OTBET
IPUBOJMM C TOYHOCTBIO JI0 IBYX 3HAUALIUX IUPD.

Hcnonb3yst naHHbIE O IJIOTHOCTSAX PA3MYHBIX BEIIECTB W3 CHPABOYHBIX MAaTEpPHAIOB
YCIIOBUS, HAXOJUM, YTO CTepkeHb BC UW3roTOBIEH M3 JOCTATOYHO TSDKEIOro MeTaia — W3
YUCTOTO 30510Ta (P, = 1,94-104%= ps)!  Ecmu Baymarbes, TO MOXHO 3aMETHTh, YTO
HeOonblas MOJACKa3Ka 3aJ0KeHa B HA3BaHWM 33/aYd, XOTS, €CJIM YECTHO, TO M IUIaTUHY He
OTHECEeMIb K JemeBoMy meramty ... ©

10-3. «Xwutpoe TpeHme» PaccMOTpUM IBMKCHHE IIAHOBI no

MOBEPXHOCTU JIYHKHU (IO OKPYKHOCTH) B IMOJIOKEHHU IpH YIe «,
nokasaHHom Ha Puc. 13.

ITockonbky Ha maildy A neHCTBYIOT Tpu CHIBI (TSXKECTH,

peakiMi W TPEHHUS CKOJBKEHHS), TO YypaBHEHHE BTOPOrO 3aKOHA
Herotona npumer Bua  (cMm. Puc. 13)
- — ~4 =
ma=mg+ N + E, . (1)
COOTBETCTBEHHO, B MPOCKIMH Ha HAIpaBJCHHE K IEHTPY OKPYXKHOCTH BbipaxkeHue (1)

NPUHHUMACT BUJ
2
_ Vo _ .
mauc—m;—N—mgsma, 2

rae d;. — UEHTPOCTPEMUTENLHOE YCKOPEHHE Iai0bI.
[TockonbKy CKOpPOCTH MIaObI OCTAETCS TIOCTOSTHHOM, W pPaBHOW €€ HadaJbHOW CKOPOCTH
Ug = /8R, TO €€ LEHTPOCTPEMUTENBHOE YCKOPEHHE BO BCEX TOYKAX JYI'M TaKK€ OCTAaeTCs

IMOCTOSIHHBIM 110 MOJAYJIIO XU PABHBIM

vg_g_
2-r-8 3)

N3 (2) u (3) Haxoaum
2
v . .
N=m?"+mgsma=mg(1+sma). (4)
[TockoIbKYy CKOPOCTH IMIalObI OCTa&TCsl MOCTOSIHHOW, TO B poekuuu (1) Ha kacarenbHOe
HanpasieHue AB nomyuum
mgcosa = F, = uN = umg(1 + sina) . (5)
W3 (5) HaxXoauM HMCKOMYIO 3aBUCHUMOCThH 3aBUCHUMOCTH () KOd(pQHUIHMEHTa TPEHUs
Iaii0bl O MOBEPXHOCTD OT yIJIla & C TOPU30HTOM

we) =1 (6)
I'padpux nomyuennoii 3aBucumoctu pU(a) (6)
mpenctaBae Ha Puc. 14 (0T mKkombHHKOB He |2 'Jy
TpeOyercs!). TG [T IN NA  A
Kax crenyer u3 rpaduka, 1 pasHoMepHoro |08 N { Puc. 14. 3asucumocrs p(a) ]
CKOJIB)KCHHS 1Iaii0bl B JYHKE KO3(P(HUIIMEHT TpeHUs 0,6 N
JOJDKEH MOHOTOHHO YMEHBINATBCS OT EAUHUIIBI 10 0.4 i~ -
HYJIS IPH M3MEHEeHH: yriaa oT &« =0 1m0 a = g 0,(2) e L (pap) 1]
3aMeTHM, 4YTO TIOCKOJIbKY KHHETHYecKas 0 0,5 1 1,5

SHEprusi NpU JBUKCHUHM IIali0bl HE MEHsSeTcs, TO

BosmodicHbie peluenus 3adau 9



Bmopoii (paiiounviil) aman PecnybaukaHckoil oaumnuadsl wxoavHuxos no gusuke (2023 2.)

paboTa cuibl TSDKECTH UAET Ha BbIJENICHUE TEIUIOTHl B CHUCTEME: NMPU TOM HarpeBaeTcs Kak
mraiba, Tak 1 MOBEPXHOCTD JIYHKH, 110 KOTOPO OHa CKOJIb3MIIA.

10-4. «Ilnomaas Ttenuw» CBeroBbie nyuw, uaymue ot CoiHIa, a
paiioHe 3eMJIM MOXXHO CUUTATh MPAKTUUYECKH MapajieIbHbIMH, XOTs,
ctporo ropopsi, CoJHIle HE SBISETCS TOUEYHBIM HCTOUHUKOM CBETA.
Ho, nockonbky cpennee paccrositaue ot ConHua 1o 3emiu
(149 mmH. kM.) Gomee yem B 200 pa3 OGonpmie auametrpa ConHia

(0,695 muTH. KM.), TO 3TO MPUOJMIKEHHE BITOJIHE 3aKOHHO.
HpI/I maacHuu mapajliCJIbHbBIX CBETOBBIX nyqeﬁ moa yriom o

Ha TIOBEPXHOCTh CIIOKOMHOM BOJbI OyI€T MPOUCXOAUTH MPETOMIICHUE
COJIHEUHBIX JTyueii o 3akony Cuemnunyca (Puc. 15)

nysina =n,sinf = sina =nsinf. @
rIe N — MoKasaTellb MpeoMIIeHHsT BOAbI. Jlaiee, mpu pacnpoCTpaHEHUWH B BOJIC, OHH BHOBB
OCTaHYTCSI MapaJuIeTbHBIMH.
N3 (1) naitnem

sina

sinp = (2)
Kak cnenyer u3 pucyHka, BbicoTa TeHH CB = b miiora Ha BEpTUKAIbHON CTEHKE
OacceifHa ecTh KaTeT MPSIMOYTOJbHOTrO TpeyroiabHuka BCD, B KOTOpOM BTOpPOW KaTeT paBeH

CD =a. CJ'IGI[OB&TCJ'IBHO, CIIpaBCIJINBO PaBCHCTBO

— . g 8B _ J1-(Ging)?
b=a-cotf=a g = @ Snp (3)

C yuerom (2) paBeHCTBO (3) mpuUMeET BU

b=a-—"nz;(zi;’“)2. (4)

Bropas ctopoHa a KBaapaTHOro MJOTa «3a YepTEeK» MapajielbHa CTeHKe OacceifHa,
MO3TOMY €€ pa3Mep Ha TeHU MPH MPETIOMIIEHUU CBETOBBIX JTyueil He U3MEHHUTCH.

Takum 00pa3oM, TE€Hb OT IJIOTa HA BEPTHUKAIBHON CTEHKE OacceifHa OyneT WMeTh BUI
NpSIMOYTOJIbHUKA pa3smepamu a X b. COOTBETCTBEHHO, IUIOMIAJh TAKOTO MPSIMOYTOJIbHUKA
YBEJIUYUTCS 10 3HAUCHUS

S =ab = 2 Y—Gna* 5)
sina
r7ie @ — yroil MaJIeHUs COJIHEYHBIX JTyueil Ha MOBEPXHOCTH BOJBI.
Ucnonb3ys Puc. 15, HaligéM yroJ najieHusi COJIHEUHBIX Jy4eil Ha BOAY

a=§—<p = sina=sin(g—<p)=cos<p. (6)
C yuerom (6) BlpakeHue (5) Mepenuiercs B BUIe
S = gb = g2 Yni=(cos9)? ©)
o o cos @ '

Pacuer o popmyne (7) ¢ 3a1aHHOI TOYHOCTBIO TAa&T

’ - ’
S = (1,0)2 L2EE(C0s3607 _ 304851987} = 1,30 M2 . )

cos 36,0
B cooTrBercTBHUU C paBHUJIaMH OKPYTJICHUA (CM. JTAHHBIC yCJ‘IOBI/ISI) BCC OKOHYATCIIBHBIC

OTBCTBI IPUBOAVM C TOYHOCTHIO 10 TpéX 3HavYalmunux HI/I(I)];)

BosmodicHbie peluenus 3adau 10
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10-5. «kKacareabHasi kK u3otepme» CornacHo 3akoHy boiins — MapuoTTa 111 H30TepMUYECKOTO
nporecca (T = const) npu  (QUKCUPOBAHHOM  KOJIHUYECTBE

UJIealbHOrO ra3a (V = const) CIpaBeInBO PAaBEHCTBO
pV = const . (¢D)]
[Tonp3ysch MOJCKA3KOM, pACCMOTPHM Ha MPEICTABICHHOI

A
nzorepme (Puc. 16) nBa HexkoTopwIx Oau3kux coctostHus C u E 0

cucrembl ¢ mapamerpamu (p;V) u  (p + Ap; V + AV), npuuem
AV KV u Ap < p (wa Puc. 16 310 ycinoBue sl HarJIsATHOCTH mdl I N

/m

ons|

HapylUIEHO). B

U3 (1) cnenyert, 4To npu 3TOM
pV = (p + Ap)(V + AV). (2)
PackprbiBas B (2) ckoOKU U IPUBOAS TOAOOHBIE, TIOTYYUM
pAV + ApV + ApAV = 0. 3)
CrnaraembiM ApAV B (3) MOXHO mnpeHeOpedb, MOCKOIBKY O3TO IPOU3BEICHUE

v %4

OECKOHEYHO MaJIbIX BEJIMYHH, CJIEJOBATEIBHO
pAV + ApV = 0. 4)
U3 (4) nonyuum

Ap b _ P
AV v v (5)

Ap o
3aMeThM, 4YTO OTHOILIECHHE v tana kak pa3 W ecTh YIJIOBOW KO3 HUIIMEHT

o o p*
KacareiabHOM npsiMoii B Touke C (cMm. Puc. 16), a oTHOIIEHHE (— ;) = tan ¢ ecTbh TaHTEHC yria

HakJoHa oTpe3ka DE k ocu abciuce (00beMOB), M OHU PaBHBI MEKITY COOOM.

Takum oOpazoMm, u3 (5) MOXeM 3aKIIOYUTh, YTO KacaTelbHAas K H30TepME B
npou3BoJibHON Touke C ¢ xoopauHatamu (V*;p*) melicTBUTENHHO MapaiiensHa oTpe3ky DE,
COCIUHSIONIEMY COOTBETCTBYIOIINE TOUYKH HA KOOPAMHATHBIX OCSIX.

3amMeTuM, YTO MpPH JO0Ka3aTEIbCTBE YCIOBHS MapajljIeIbHOCTH MbI BbIOpanu Touky E
neBee U BbilIe Touku C Ha u3orepme (cM. Puc. 16). Yoenutech caMOCTOATENHHO, YTO PABEHCTBO
(5) ocraercs cripaBeIUTMBBIM | JUIS CTydasi, KOTJa Touka E HaxXOAWTCs MpaBee W HUKE ToOUku C
Ha M30TepMe.

11 xnacc.

11-1. «Bpemsi mosaéra» CoriacHO 3aKOHaM MEXaHHKHU IPU YNPYroM OTPaKEHUU OT CTEHKH
CKOpPOCTH IIApHKa HE MU3MEHSETCS IO MOJYIIIO, & YroJl OTpa)xKeHusl [ paBeH YIIly MaJeHus «
(cm. Puc. 9).

Takum oOpa3zom, B oO0mIeM ciydae TPAeKTOPHUS IIapHKa
MOCJIe OTPaXEHUS HE COBMAJAaeT C €ro TPaeKTopuer 10
oTpaxkeHUs. EIMHCTBEHHBIM YacTHBIM Ciydail, KOTrJa 3TO
BO3MOXHO, peanu3yercs mpu a = ff = 0° T.e. Korma MHIapuK
MO/JIETAET K CTEHKE U OTJETAeT OT He€ «I0 MEPHEHIUKYISAPY».
Torna 5T TPAGKTOPUM COBHAYT U IPH JANBHCUIICM ABHKCHUU gl
Iapuka o napabose.

CrnenoBaTenbHO, B TOYKaxX OTPAKEHMs IIAPUKA OT IUIOCKOCTH M OT CTEHKH BEKTOPBI
CKOpocTel U; W U, JOJUKHBI OBITH TEPHEHAUKYIAPHBIME COOTBETCTBYIOLIMM MOBEPXHOCTIM
(Puc. 17). IlockonbKy 3TH TOBEPXHOCTH B3aUMHO MEPIEHIUKYISAPHBL, TO MOXEM CJeNaTh
BBIBOJl, UYTO BEKTOPhl MTHOBEHHBIX CKOPOCTEH B OSTHUX TOYKaX Takxke OyAyT B3aUMHO
MepHEHANKYIISIPHBI

BosmodicHbie peluenus 3adau 11



Bmopoii (paiioHHblil) aman PecnybaukaHckoll oaumnuadsl WKoAbHUKO08 no dusuke (2023 2.)

U, 1 ;. (1)
[Tpu nBwxeHun no mapadosne CD mapuk ABHKETCS PaBHOYCKOPEHHO (CONPOTUBIICHHEM
BO3/IyXa IIpeHeOperaeM) ¢ yCKOpeHHeM d = g, CIIeJ0BATEIEHO
U, = U; + dt = U; + gt, (2)
rie t — BpeMs MoJieTa MapyuKa MexX/ly OTPaKEHUSIMH.
ITocTpouM IpsIMOYTOJIBHBIM BEKTOPHBIN TPEyronbHUK (2) Tak , kKak Ha puc. 18. Toraa
YTOJI MEX1y KaTETOM U; U TUIIOTEHY30i gt OyNeT paBeH HCKOMOMY yIily .
ITo Teopeme ITudaropa

2 4 02 — 5242 — 0212
vy +v5 = gt = gt =4/v; +vs. 3)
N3 (3) momyuaeM HCKOMOe Bpems NOJETAa MIAPHKA MEXKIY JABYMs
MMOCJICAOBATCIIbHBIMU OTPAXKCHUSIMU

, 2 2
Vi +v5

t=— @)
Pacuer nponsBoauM ¢ 3aJaHHON TOYHOCTBIO
¢ = Y537 H962 () _ (1,.842306792) = 1,84 c. (5)

9,81
B cooTBercTBUM C MpaBUIaMU OKPYIJICHHsS (CM. JaHHBIC YCIOBHUS M CIIPABOYHBIC ITAHHBIC)
OKOHYATEJIbHBIE OTBETHI IPUBOJIUM C TOYHOCTBIO 10 TPEX 3HAUAIIUX LUD.

11-2. «Kumakas npyxuHa» PaccMOTpuM JaHHBIH KOMOWHMPOBAHHBIM OCHWUIATOP B
nojokeHuu paBHoBecHs. [lpu  3TomM (IO  OTHOIIGHHIO K
MOJIOKEHHUIO C HEpPACTSIHYTOM MPYXUHOW [UMHON [y) mopiieHs ﬁ
CABUHETCS BJIEBO U TMpyXHHa OyJeT cxaTa Ha HEKOTOPYIO

BEJIMUUHY X, YTOOBI CHJIa YNPYrOCTH KOMIICHCHPOBAJla CHITY _> *
JaBIIeHHs BOJBI Ha mopiieHsb (Puc. 19) J
_ _ _ PgheS
kx, = pS = pghyS = x,= — (1) I

[Iycte Temeph TOpPIIEHb CABUHYIU OT  TOJOXCHUS k_m J

paBHOBECHSI Ha MaJlO€ PACCTOSIHUE, X HampuMep, BIpaso (cM. Puc. — Prc. 19
P uc.

19). Ilpu 5TOM cHyIa yNpyrocTH NPYKHHBI YMEHBIIMTCA, a CHIAd |4l — x, X

JJaBJIEHUS BOJbI YBEJIUUUTCSI.

ITockonbKy 1H00BIM TPEHHEM B CHCTEME MOXHO IIpeHeOpeydb (CM. YCIOBUE), TO MOPIICHb
U ujealibHas XUJAKOCTb (B TOPU30HTAJIBHOM KOJIEHE) IOC]e OTIYCKaHUs OyayT YCKOpPEHHO
JBUTATbCS 110 TOPU3OHTAJIM IOJ JAEUCTBUEM CHJIBl YNPYTOCTH MNPYKUHBI M CHJIBl JIABICHUS
BEPTUKAJIBHON YacTH JKUIKOCTH (TENEph OHA HE COBMAJAET C CHJIOM TAXKECTH, a PaBHA BECy —
JBM)KEHHE YCKOpPEeHHoe!).

CornacHo BTopomy 3akoHYy HplOTOHA 17151 ABMKEHUS MOPIIHS M TOPU3OHTAJIBHOM 4acTu
cTOoJI0a KUJKOCTH

(m+p(l—ho —x))a = k(xo —x) = p(g = a)(ho + X)S . )

N3 (2) ¢ yuérom (1) cnenyer, 4To ypaBHEHHE JBMKEHHS MOPUIHS M UICATbHON KUIKOCTH

IIPUMET BUJ] YPaBHEHUs TApMOHUYECKUX KOJIeOaHuit
k+pgS

(m+plS)a=(m+plS)x =—(k+ pgSHx =  &(t)+ prx(t) =0, (3)

. N ’k+ S
C LIMKJIMYECKOW 4acTOTOH w = rﬁs . Bemmuuny k* = k + pgS HazbBaoT 2¢hpexmusHvim

K03(hhuyuenmom YIPyrocTH CHCTEMbI, a BelMudnHa mM" =m+ plS 1o cyrtu sBusercs
aghghexkmuerol Maccoii CUCTEMBI.
CoOTBETCTBEHHO, TIEPHO TAKUX KOJICOAHHIA

T=2=2n /—’"*"’S . 4)
w k+pgSs
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Bmopoii (paiioHHblil) aman PecnybaukaHckoll oaumnuadsl WKoAbHUKO08 no dusuke (2023 2.)

3amMeTuM, 4YTO 3aJadyy MOXKHO peliaTb M MpoLIe: HepreTndeckuM crocodom. Ilpu
CMEIIEHUH X OT TMOJIOKEHUS PABHOBECHS MpHUpALICHHE TMOJHOW BSHEPruu OCIMILIATOpa

CKJIQ/IBIBAETCS U3 €T0 KHHETUYECKOM M MPUPAIIECHHI MOTEHIHMANbHOM SHepruit (¢ yuérom (1))
+plS)v? | kx?
E=E“+E“=w+%+px5g§=const. 5)
Bosbmem mpousBomHyro oT obeux uacted (5), y4uThIBasg, 4YTO CKOPOCTh U €CThb
NPOU3BOJHAS OT KOOPAMHATHI IO BPEMCHH v(t) =x(t). Ilpu »sTom MOJIYYHM
muddepeHnnanbHoe ypaBHEHHE TAPMOHUYECKUX KOJIeOaHUH
(m+ plS)i + (k+ pgS)x =0, (6)
13 KOTOPOTO OIATh ke caeayer (3).
Pacuer o popmyne (4) c HEOOXOAMMON TOYHOCTHIO TAET

T=2- 3,14\/ (c) = {0,6735954759} = 0,67c.  (7)

0,850+1,2:103x0,85%9,9-10~%
150+1,2:103%9,81%9,9:10~%

B cootBercTBHU € ITpaBMIIaMU OKPYIJIEHUS (CM. IJaHHBIE YCJIOBUS) OKOHYATENIbHBIM OTBET
IPUBOJIUM C TOYHOCTBIO JI0 ABYX 3HAUAIUX LUPP.

11-3. «PaGoTra B nBa KacaHuMs» B Touke KacaHus IBYX

¢bynkuuit f(x) u g(x) BHINOJMHSIOTCA YCIOBHS paBEeHCTBAa 104 P/P

GyHKIMI M UX NPOU3BOJAHBIX (KO3(h(dUIIMEHTOB HaKIOHA

KacaTelbHBIX) N
@) =g(0), O N
frx) =g, @ o N
B oOmem crnydae mOIUTPONMUYECKUI TMpoliece
3a7aércsl  ypaBHEHWEM,  QHAJIOTMYHBIM  ypaBHEHHIO 4 ¢
ITyaccona nns anuabatsl DI
pV™ = const, 3) ? -
rIe — N IoKa3aTelb MOJUTPOIIEL. Pgnc' 2;) BT v/ f/"
N3 3) npu n =1 mnonydyaeM H30TEPMHUUYECKUI 2 4 6 v 10
nporecc
pV = const , 4)
ampu N =Yy NPUXOANM K aTuabaTHIecKOMy IPOIECCY
pVY = const . 5)

ITycts rpaduk mpouecca A — B mepecekaer ock abcuucc (Puc. 20) B Touke ¢
koopauHatoit V™ (V*/Vy = 8), a ock opauHaT — B TOYkKe ¢ KoopauHatoit p* (p*/py = 8).
Torna ypaBHeHue npssmMoii AB B oTpe3kax NpUMET BUJ

4
St=1. (6)

[IpousBogHass or (6) MOCTOSHHA W paBHA YIJOBOMY Ko3(pduiueHty npsmoi AB

(TaHTEHCY yrJia HaKJIOHA)

d .
£t g
Haiinem nuddepeniman ot momutpornsi (3)
dV™) =dp-V*+p-(nV™"1dV) =0. (8)
Coxkpammas (8) ma V™ 1, nomyunm paBeHcTBO
dp-V +npdV =0, 9

U3 KOTOPOTO HECJOXKHO BBIPA3UTh MPOU3BOJHYIO OT IOJUTPOIBLI (TaHI€HC YIJIa HAaKJIOHA
KacaTeJbHOW B IAHHOM TOYKE)
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Bmopoii (paiiounviil) aman PecnybaukaHckoil oaumnuadsl wxoavHuxos no gusuke (2023 2.)
d
- _nk (10)
av 14
[TpupasuuBas npousBonubie (7) u (10) Ha ocHOBaHuu (2), MOJy4aeM yCJIOBUE KacaHUs
MPSIMON U TIOJUTPOIIBI

P p2 o Lopr (11)
% % v P
M3 KOTOPOTro, ¢ yueToM (6), HaxoquM abCIMcCy TOYKH KacaHust
4 4
=n(1-5), (12)
14 n
v T (13)
W3 (13) ans uzotepmbl (n = 1) nomydaem
Ve _ 1 _1 1y =
=l o Vo=Vi=4Y, (14)

5
a it aguadaTel (n =y = 5)
4 5/3 5 5
3B 5 o oy, =2yr=sy, . (15)
v*  145/3 8 8
3ameTHM, YTO JaHHas 3ajadya JOIMyCKaeT PelleHne U 6€3 UCIIOIB30BAHUS POM3BOIHBIX, C
Y4ETOM MaTeMAaTHYECKOU MOACKA3KH.
JleCTBUTENBHO, PAacCMOTPUM  JiBa OJIM3KUX PAaBHOBECHBIX TEPMOJMHAMHYECKUX
cocrosiaust (p; V) u (p + Ap; V + AV) va monutpore, npudém Ap K p u AV L V.

Torpa cipaBeyIMBO paBEHCTBO

V™ = (p + Ap)(V + AV)" = (p + Ap)V"(1+ )" (16)
C yu€ToM MaTeMaTHueCKOu MOACKa3KH
1+ D"~ 1+n, (17)

CJIEZIOBATENBHO,
pV* = (p + Ap)V™ (1 + nAVV) =pV" + pV”nAVV + ApV™ + AannAVV : (18)

[Ipenebperas B (18) mManpiM ciiaraeMbIM (TOUHEE cllaraeMbIM 00Jiee BBICOKOTO TMOPSIKa

manoctn) ApAVV™ n | nomyunm
PVl ApVT =0 =  ApV™+p- (VTIAV) =0 (19)

[Tockoneky (19) coBmamaer c¢ (8), To AenmaeM BBIBOJ, YTO U JajibHeWIee pelieHue
MPUBEAET HAC K TAKUM K€ PE3yIbTaTaM.

CootBeTcTBEHHO, paldoTa ra3a HpH pacliupeHud Mexay Toukamu C  u D paBHa
COOTBETCTBYIOIIEH IUIOMIAU MOJ rpadukoM, T.e. IUIOLIAAM Tpamneluud, 3aTOHHUPOBAaHHOW Ha
Puc. 20

A =3,5p,V, = {3535} = 3,54 - 103 JIx = 3,54 k/Ix. (20)

B cooTBeTCTBUY C IpaBWIIaMU OKPYTJICHHS (CM. TaHHBIE YCIIOBUS) OKOHYATEIBHBIN OTBET

IPUBOJMM C TOYHOCTBIO IO TPEX 3HAYAIIUX LUDP.

11-4. «Tenio 6ycunke» A) IIpu 1BHKEHUHN NOJOKUTEIHHO §J_ N
3apsoKeHHON OycuHKH 110 cTepkHio (Puc. 21) co ckopocThio . m u
- . " = TP
U Ha Heé neicTtByer cuina JlopeHua F,, nepneHAUKyIspHAs '
.. o > —_— Puc. 21
CTEP)KHIO (TOYHEE BEKTOPY €€ MI'HOBEHHOW CKOpPOCTH) U F U
N JI
HOPMAaJIbHOW KOMITOHEHTE B WHIYKIIUM MarHATHOTO TIOJIS
F, =quB, = quBsina . (1)
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Bmopoii (paiioHHblil) aman PecnybaukaHckoll oaumnuadsl WKoAbHUKO08 no dusuke (2023 2.)

—

[Tockonpky cuiloi TSHKECTH MOXKHO IpeHeOpeub (Mo YCIOBMIO), TO cuia peakuuun N
crepxHs (cM. Puc. 21) Oyner paBHa 1o MOIYJII0O U IMPOTUBONOJIOXKHA IO HANpPAaBICHUIO CHUIIE
Jlopenna

N =F, = quBsina . 2
CooTBeTcTBEHHO, BTOPO 3akOH HBIOTOHA JUIsi TOPMOKEHUST OYCHHKHU TOJ JAeHCTBHEM
CHUJIBI TPEHUS IPUMET BUJ
ma = —F, = —uN = —uquBsina . (3)
U3 (3) naxoaum yckopeHue a, OyCHMHKHU B HaYaJbHBIII MOMEHT BPEMEHU
ay = —(uquoB sina)/m . (4)
Ax Av

b) Ucnonw3ys onpenenenus CKOpOCTH U = 2. 1 YCKOpeHus a ==, Tmepernuiem 3)

B BUJIE

ma =mi—1t)= —uquB sina = —uqi—:sina. (5)
YMmHoOkas 00e yacTH (5) Ha Mablii TPOMEXYTOK BpeMeHU At U cyMMHUPYsST OECKOHEYHO
Mallble TpupameHus ckopocth Av u koopauHaThl Ax, w3 (5) HainéMm, 4YTO KOHEUYHBIC
npupameHuss ckopoctd (U —v,) © KoopawmHAaThl (X — Xy) CBS3aHBl MEXIy COOOMU
COOTHOILICHHEM
m( —vy) = —uqB sina (x — x,) , (6)
rie xo=0.
N3 (6) cinengyer, 4To CKOpPOCTh U OyCHMHKM JIMHEHHO YOBIBa€T B 3aBUCHUMOCTH OT
MPONUIEHHOTO MyTH X TIO0 3aKOHY
v(x) = vy — kx, (7)

Bsina
rae koopumuenr k = un = const.

B) Takum o00pazom, MakCHMallbHOE€ CMEIICHUE X4y OYCHUHKH BJOJH CIUIBI JIO

ocranoBku (v(x) = 0) HaiizieM u3 paBeHCTBA
Vo muvy

0=vy—kx = x =—=—=15mM.
0 max max k qusina ) (8)

I') U3 3akoHa coXpaHEHHs] PHEPrUH CIEAYyeT, 4YTO B

Q/Qmax
MOMEHT, KOTjla KOOpAWHAaTa OyCHHKM paBHa X, a CKOPOCTb,
A
COOTBETCTBEHHO, MpHoOpena 3HadeHne U(X), KOJIMYECTBO 10 -
N
terutotsl  Q(x), BBIAETMBINEHCA B CHCTEME, YIOBJIECTBOPSET N
AY
YPaBHEHHUIO ¥
2 2 \
mvg _ m@k)) / !
2 2 + Q(X) (9) 05 / \
1
N3 (9) maiimeM uckomyro 3asucumocts  Q(x) mis j
BBIZIEJIMBILETOCS KOJIMYECTBA TEIIOTHI B CHCTEME |
i ' H X/Xmax
0 1 2
m m
Q(x) = ;(vg — (v — kx)?) = ~ kx(2ug — kx) . (10)

Kak cnenyer u3 (10), uckomblii rpaguk sBIseTcss Bo3pacTaromuM ydacTkom OA
napabosbl , BETBM KOTOPOit HampasiieHbl BHU3 (Puc. 22).

11-5. «Ckopoctb TeHn» CBeToBbIe yuu, uaymme ot ConHia, B pailoHe 3eMlIn MOKHO CUUTATh
MPaKTUYECKH MMapajlieIbHBIMU, IOCKOJIbKY cpefiHee paccTosinue oT Conuua a0 3emiu (149 muH.
kM.) 6osee uem B 200 pa3 Gonbire quamerpa Conaia (0,695 MitH. KM.).
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[Tpu nmageHun napanaeabHbIX CBETOBBIX JIydel MO yIJoM « Ha
MOBEPXHOCTh CIOKOWHOM BOJBI M3 BO3dyXa OyIeT MNPOUCXOIUTH
IpeJIOMJICHUE COTHEYHBIX JTydei 1o 3akony CHemumyca (Puc. 23)

ny;sina =n,sinf = sina =nsinpf. 1)

rIe N — ToKa3aTelb MpeloMJIEHUS BOABI (TMOKa3aTelb MpeIoMIICHHUS
Boznyxa (n=1,00029) npunar 3a eaumnHuiy). Jlamee mpu
pacrpocTpaHeHUd B BOAEC  NPEJIIOMJICHHBIE  JIydd  OCTAHYTCS
napauieIbHbIMU.

N3 (1) naitnem

Puc. 23

sina

@)

HOCKOJ'ILKy JABMIKCHHUC IIJIOTa PABHOMCPHOC, TO W ABWIKCHUEC TCHH IIO BCpTHKaHLHOﬁ

sinp =

cTeHKe OacceiiHa CHU3Y BBEpPX Takke OymeT paBHoMepHOoe (0T Touku E k Touke D, cm. Puc. 23),
IIOCKOJIbKY TI'paHUIa TEHH OIPEAENAeTCS] COJHEUHBIMH JIy4aMM, MaJalolMMH Ha HEepeIHUN U
3aJlHUA Kpal IuioTa. DTO 03HA4YaeT, 4YTO CKOPOCTh JBMKEHUS TEHM Ha BEPTHUKAIBHON CTEHKE
MIOCTOSIHHA U HE 3aBHCHUT OT PACCTOSIHUS MEXY IJIOTOM U CTEHKOM.

3a Bpems, moka IUIOT mpoiiner paccrosHue CD, Tens (cM. Puc. 23) mpoiiper 1o
BEepTUKaIN 0Tpe30K ED, cienoBarenbHO

co _ _ED, _
vUq - Uy = 2= CcD U1 = tan f3 (3)
W3 npamoyroasHOro tpeyroipauka EDC Haxoaum
_C¢pb _ sin 8
tanf = B~ cosf 4)
Ucnoneiys (2), Halinem
In2_(gij 2
cos B =+/1 — (sinB)? =%. (5)
[Moactasnss (2) u (5) B (4), mosy4rm Jisi TAHTEHCA yTiia
tanﬁ __sinf sina (6)
T cosp JnZ—(sina)z
C yuérom (6) nepernumiem (3) B BUIE
vy Yn?—(sina)?
U2 = tan f - sina Ui (7)

CornacHo (7) TeHb paBHOMEPHO ITOJHUMAETCS 110 BEPTUKAIBHON CTEHKE MPH JABHKEHUH
IUIOTA K CTEHKE, IPUYEM OHHU OJHOBPEMEHHO JJOCTUTHYT CTeHKH B Touke D (cM. Puc. 23).
Pacuér o popmye (7) ¢ 3a7aHHON TOYHOCTBIO JTaeT

y, = LLIF-CEIMEET 46 (%) = {0,9336926142} = 0,93 m/c . (8)

sin 36°
3amMeTHM, YTO B JTOM 3ajladye HEKOTOpbhIC JIaHHBIC WMEIOT IO JBE 3HAaYaliue IUQpbI
(v; =046M/c , @ =36°), a Hekotopeie — 1o Tpu (n = 1,33). B Takom ciyuae, B
COOTBETCTBHH C MPABUJIAMH OKPYIJIEHUS, OKOHYATENbHBI OTBET MPHUBOAMM C TOUYHOCTHIO J0
JBYX 3HaYammXx UQp (T.e. 6epercs HauMEeHbIIIee KOJIMIECTBO 3HAYAMUX TUPP, IO «XYyIIIEMY>
JTAHHOMY).

P.S. Ysaxcaemvle uneHwl iicropu, opaaHuzamopwsl oaumnuadst, koanre2u! Ham npedcmoum
uHmMepecHas u meopueckas paboma no oueHUBaAHUK OAUMNUAOHBIX pabom WHbIX daposaHuil
Ha emopom (paiioHHom) mype PecnybauxaHckoil oaumnuadbl.
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/Jlasaiime Ha amom eadxcHom amane nposepum pabomvt 60YMUUBO, CNOKOUHO,
paccydumenvHo. He 6oiimecs HaxoO0ums 1Hble MaaaHmMol, He nponycmuime OpuUSUHAALHOCD,
«/108K0CMb» pasyma u mpydoarobue!

Ecau pewenua Hexomopwvlx 3adau, npedcmasieHHvle yuacmHukamu oaumnuaost (a
oHu — awdu meopueckue!l!), omauuaromcs om asmopckux, HO NpPuU IMOM NOAYHeH
npasuavHblil omeem, mo (nocae sBHuMamenvbHo20 npoumerus!!) nookoppexmupyiime «Cxemy
oyeHusaHus» U cmeno cmasbme bannvt! Jlemu nopoil mvlcasm HecmaHOapmHo, HO, NO
cymu, eepHo. IIoMHume, Ymo Hawla oCHOBHAA 3ad0aua — He NOmMepsMb WHoe daposaHue Ha
HAUaAbHbLx Imanax oaumnuadst. ©

Hanomunaem, umo Ha oaumnuade no ¢usuxe paspewaemcs (npugsemcmsyemcs!)
N0Ab308AHUE UHNCEHEPHbIM KAAbKYAAMOpoM, Hanpumep, makum kak «CASIO fx-991EX
(CLASSWIZ)», docmamouHo pacnpocmpaHeHHbIM cpedu 00apeHHbLx pebsim.

ITo ecem e6onpocam npu npogedeHuU MmeopemMuuecKo20 Mmypa OoAUMNUAObL
obpawamucs no menegoHy: + 375 29766 12 87 (Jleonud I'pucopvesuu Mapkosuu), + 375
44 544 49 55 (Apmém Maxcumosuu ITusosapuuk), + 375 29190 66 79 (Baaducaas
Buxmoposuu KaumauioHox).
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