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11 kaacc

3agaua l
WneanbHBIA T3 COBEPIIACT CICIYIONIUN MUKIMYCCKUH MPOIIECC: MepBOHAYAIBHO

ra3 UMeeT TeMIeparypy, JaBjeHUE U 00beM, paBHbIE COOTBETCTBEHHO To, Po, Vo;
3aTeM Ta3 HarpeBaloT MpPH MOCTOSHHOM OOBbEME IMOKAa €ro JIaBlIeHHE HE CTaHEeT
paBHBIM 0o, TOe o>1; nanee ra3 pacuupsieTcss aguadaTudecku (IpU KOJIMYECTBE
Tery1oThl Q, paBHOM HYIIO) TIOKA €ro JaBJCHUE HE CTAaHET BHOBH PABHBIM Po; MOCIIE
Yero ra3 OXJaXIAeTcs NpU TNOCTOSIHHOM JaBJIECHHWHU [0 NEPBOHAYAIBHOTO
coctostHusA. [lokazaTens anuadaThl OMpPENENIeTCs KaK OTHOIIECHUE MOJISIPHBIX
TEIUIOEMKOCTEH rasa Npu MOCTOSIHHOM J[aBICHUH U TIOCTOSHHOM 00beMe y =c, /¢, .

Omnpenenure KIIJ nukma (OTHOIIEHHE MOJIE3HOM pabOTHI raza K MOJYyYEHHOMY
KOJIMYECTBY TEIUIOTHI), BBIpa3uB ero uepe3 o u . [Ipu agunabatuueckomM mporecce
OIMKMCAHHOTO IMKJIa ObUIH MPOBEJACHBI U3MEPEHUS JTABJICHUS U TEMIIEpaTyphl rasa,
pE3yNbTAaThl KOTOPHIX MPEACTABIEHBI B TAOIMIIE.

I[aBJ'ICHI/Ie 1,21po 1,41po 1,59p0 1,73p0 2,14p0
Temneparypa | 2,11T, 2,21T, 2,28Ty 2,34T, 2,49T,

[Ipennoxkute crnoco® ompenenaeHuss mokaszarenss aauabaTbl Ha  OCHOBE
MPEACTABICHHBIX JAHHBIX U HANIUTE €T0 3HAaUCHUE.

Pewenue.

O0603HauMM HaYaJbHBIE TOUYKH IIPOIIECCOB IMKJIA cooTBeTcTBeHHO 0, 1, 2. U3
ypaBHenus MenneneeBa—Knaneiipona cienyer, uro T1=aTp. dns aguabaTuyeckoro
MpoIiecca 3anuiiemM:

Py = Py
apeVy = peVyd

OTKyJa
1

V, =Via”.
1
CornacHo ypaBHenuto MeHnneneeBa—Knaneiipona T, =Ty’ . ['a3 nmonyyaer Temio
MIpY U30XOPHOM ITPOLECCE:
Q =ve AT =ve, (a-1)Ty,
1 OT/IaCT TEIUIO B M300apHOM IMpoliecce:



1
Q, =vCpAT =ve, | a” 11T

CoBepilieHHas ra3oM paboTa paBHA Pa3HOCTH ATHUX JIBYX BEJIMYUH. Tormaa MOXKHO
onpenenutb KII/I:

¢, (a=1)-c, a’ -1

T (e

OTcroia J1erKo MoJIyYuTh
a¥r -1

n=l-r a-1"
s onpeneneHus nmokasatesst aauadaTbl MOKHO MPUMEHHUTH TpaduuecKuii METoI.
JI1st annabaTHYecKoro mpolecca UMEeM:

.
pT¥7 =const .
OTcrona cneayer, 4To, €Clid MOCTPOUTH TpaduK Mpoiiecca B TorapupMUUECKUX OCAX
(logP ot logT), To 3TO0 Oymer JMUHEWHAas 3aBHCHUMOCTb, YIJIOBOH KOA(PQMHUIIMEHT
KoTopoii Oyner paBeH y/(y—1). Mcnoap3ys TaOJUYHBIC JTaHHBIC, MOKHO IMOJYYUTh
y=T/5.

IIpumepnvie Kpumepuu oyeHUBaHUs.
1. IlpaBunbHO 3anucaHbl ypaBHeHUs MennaeneeBa—Knaneiipona u [lyaccona —

1 6ain
2. Tlomyueno Beipaxenue ang KIIJI — 4 6amna
3. Ilpenyoxen npaBMIIbHBIA METO ONIPENCIICHUS V:
a. rpaduyeckuii Metoa — 3 Gasuia
b. npyroit metox — 1 Gamn
4. TlomydeHHBIN YUCICHHBIN pe3ynbTaT A Y, ONM3KUN K MpPaBUILHOMY — 2

oasuia.



3agaua 2

ToueuHsIif 00BEKT MacChl M HAYMHAECT
JBIDKEHWE U3 TOUYKU K BepTUKAITEHOTO
Tpeka, M300paXKEHHOTO Ha PHUCYHKE.
OOBeKT CBOOOJHO CKOJB3UT 0O€3
TpeHHsl BJOJb BCEro Tpeka u, A
JOCTHTHYB TOUkH B, mamee B pexume
CBOOOJTHOTO TaJeHUsl TMOMagaeT B
touky C. Omnpenenutb HAYAIBHYIO
CKOpocTh 00bekTa B Touke K. KakoBo
MuHUManbHOe paccrossaue OC = d,
OpHY  KOTOpPOM OOBEKT BCE emé K
CrocoOeH MPOUTH BIOJb BCETO TpeKa?
OnpenenuTs CHIIy pEaKlUU OIOPHI,
JEUCTBYIONIYIO CO CTOPOHBI TPEKa Ha
00beKT, B Toukax A u B? Ilpu penieHur uCMonb30BaTh CIEAYIONIUE 3HAYCHUS
napameTpoB 3agaun: R=1mM, h=2m,d=3 M m=0,5«r, g =10 m/c.

«Q
e
[ Jepepeppupnpnyupp—————— Y
=

—
o~

3

Pewenue.
[loxunas Tpek B Touke B, 00beKT Oyner B
UMETh TOPHU30HTAIBHO HAIPaBICHHYIO
CKOpOCTh Vg. UTOOBI JOCTUTHYTH TOYKU
C, o0bekT mnpoimer nytb d B
TOPU30HTAJILHOM HampaBliecHUH U R B
BEPTUKATHHOM:

vgt=d,

rR=2¢.
2

Hckirouass W3 MOCIEIHUX PaBEHCTB f,
MOJTy4YUM

9

2R

Ckopocth B TOouke K HaiiieM, BOCIOJb30BABIIMCh 3aKOHOM COXPaHCHUSA
MEXaHUYECKON SHEPTUU:

%mvﬁ:n@(h+R)+%nwé.

[Toxcrasiss Ve, 11 Vi IIOJIyYUM

d%g
VK = Zg(h+R)+§:10,25 M/C.

Cuny peakiuu oropsl B Touke B Heinem 3 0anaHca CUI:
2

v
Ng+mg=m-=L,
g +Mg R



rje Vé / R — nenTpobexxHoe yckopeHue o0bekTa B Touke B. Orcrona

v d?
Ne=m—=-mg=mg| —-1|=27,5H.
g =My ~MI=MJ| 7rz

Ha npsamMonnHEHHOM BEPTUKAIBbHOM YYaCTKE TPACKTOPHUHM CHJIA PEAKLIUHA OIOPHI
paBHsu1ach HyJ1O. Crjia peakiiii BO3HUKAET, KOJa TEJIO0 JOCTUTAeT TOUKHU A. B 3o

TOYKC UMECT MCCTO PaBCHCTBO:
2

\Y

R
I[J'ISI OIIPCACIICHUA Va BOCITIOJIB3YCMCA 3aKOHOM COXPAaHCHHA SHCPIUH:

2 2
mv mv
_~_"A__'B — ng ,
2 2
OTKya
2
V2=2Rg+2 9
2R

Tor):[a AJIs1 CUJIBI pE€aKIIUH OIIOPLI B TOYKE A I[MOJIYYHUM:
2

d
NA:mg E+2 :32,5H

Paccmotpum aBwkenne oObekTa 1Mo ayre AB. YciaoBueM OTpbiBa Tema OT
MOBEPXHOCTH TpEKa SIBJIICTCS PABEHCTBO HYJIIO CHJIBI peakiuu onopsl. [loatomy,
JUISL TOTO 4TOOBI OOBEKT MPOIIET BIIOJb BCETO TpeKa HEOOXOAMMO BBHITIOTHEHUE
ycnous Ng >0 B koHeUHOI Touke Tpeka. OTCroa, UCTIONB3YS IMOTYYEHHOE BEIIIE

BeIpakeHue 17151 Ng, MOXKHO OTIpEIeTUTh MUHUMAJIBHOE paccTosiHUE d, Tpr KOTOpOM
O0OBEKT MPOMIET BECh TPEK:

din =RvV2 =141 M.

IIpumepnvie kpumepuu oyeHUBaHUsA:
1. Onpenenena HayanbHAsi CKOPOCTh — 3 Oaia.

2. HaiigeHsl cUIIbl peakiinu onopsl B Toukax 4 u B — 3 Gamna
3. Omnpeneneno MuHUMaNTbHOE paccrosiaue d — 4 Gana.

3amaua 3
[Tapayutenienuiier Maccol m OJHOW CBOEU IPaHBIO YIIUPAETCS B CTEHY, 4 OJHUM U3

pebep B rpaHb TPEyTroabHOM MpU3Mbl Maccol M (cM. puc.). Cuctema yaep>KuBaeTcs
B nokoe. C KakuM YCKOPEHHEM HAauyHET JBUTaThCs MPU3Ma, €CIU BEPXHEE TENO
nepecraTh yaepkuBaTh? Tenma chaenaHsl M3 OJHOTO M TOTO K€ MaTepuaa.
KoaddummenT tpenus marepuana npusmMbl 00 OCHOBaHUE 4 .



Pewenue.

Bropoii 3akon HeroToHa 1151 000MX TEJI UMEET BU/I:
e — N e N
FmpZ + N + mg + FlZ = ma,,
N — — P — _
Mg +N+F21 +FTp1 =Ma1.
VYuureiBas, uro F, =F, =F , mocie npoennupoBaHus NOIyYaeM:
Fsina = N;
mg — Fy, — F cos a = may;
Mg+ Fcosa =N
Fsina - F,,, = Ma,.
Hckmrovast U3 cucteMel F , monydaem:
mg-ma, Ccosa+usina
Ma, + uMg  sina +ucosa’

T.k. cucrema Tel cBs3aHa, TO a, = atge , TOrma:
m c_05a+ysina ~ uM) = a,(mtger c_05a+ysina
sina + ucosa Sina + uCosa
1581071
_ km-uM
~ kmtga+ M’

+M).



CoSa + usSina

rae k=— .
sina + ucosa

Ilpumepmnvle Kpumepuu oyeHUGaHUA:

1 CnenaH BepHBIA PUCYHOK, Ha KOTOPOM MPaBUILHO PACCTABICHBI CUIIBI U
KMHEMaTHUYECKUE XapaKTEPUCTUKH — 2
2 3anucaHa cuctemMa ypaBHEHUN — 2
3 [ToydyeHo ypaBHEHHE KUHEMATHUYECKOU CBSI3U YCKOPEHUM — 2
4 Pemena cucrtema ypaBHEHHI U MMOIY4YEH BEPHBIA OTBET — 4
3amaua 4

Bo ckonbko pa3 miomiaap U300paxeHns TpeyrojabHUKa MEHbIIE TUIOIIAAN CaMOIo
TpeyroapHuka ABC, ecin u3BecTHO, 9To AB =a=0,1F (cM. puc.).

C \V4
F
A o |
Fl B |
/\

Pewenue
Brauane no npaBuiiaM NOCTPOEHUSI U300paKEHUI B pACCEUBAIOIIEH JIMH3E
OCTPOUM H300paxkeHue Tpeyroasauka A’B’C’.
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BBeneMm nononHuTEnbHBIE 0003HAaueHUs: BC=b, AB' =a, BC'=b. Hckomasg
o o ab
BEJIMYKMHA MOYKET OBITh HalileHa U3 COOTHOIIECHUS IUIOMAAEH o = e N3 pucyHka
a

b f o
HECJI0XXHO BHJCTh, YTO 0o IIpn oToM f =F -a. BenuuuHy d MOKEM HaWTH,

d
=F(F—a)

UCIIONIb3Ysl (OpMyNly TOHKOM JMH3BL d T
-a

N3 pucynka BHAHO, 4YTO

a=F/2-d :l. Teneps jerko onpenenuTh, 4To a:mzz(Z—ij :
2(2F —a) F F

VuuThIBas JaHHBIE 337a49M TOTydaeM: o =2-1,9*=7.22.

Ipumepnvie kpumepuu oyeHUBaAHUsL

1. TIpoBeneHsl BepHBIEC MOCTPOCHUS — 4

2. Jlana mjes pacdera OTHOIIEHHS — 1

3. IMomyuena dhopmyna ans pacuera yBeaudeHus — 4

4. TIpoBeneHbl pacyeThl U MOJYYCHBI BEPHBIE pe3yabTaThl — 1

3amauya 5
[umuaap maccoit m =250 r u ol | = 10 cM oMeriieH Ha HAaKIIOHHYIO TIOCKOCTh

c yriaom HakiioHa o = 30°. Bokpyr nunuHapa B HpOJOJbHOM HaIlpaBICHUU
HaMOTaHa MpoBoJjiouHas oOMoTKa B 10 BuTkoB. L{MumuHap HAXOAUTCS B MAarHUTHOM
nosie ¢ uuaykuueit B = 0,5 T. MarauTHoe 1osie OpueHTUPOBAHO BEPTUKAIBHO, KaK
MIOKAa3aHO Ha pucyHke. OnpenenuTe MUHUMAIbHYIO CHIIy JJIEKTPUYECKOTO TOKA,



MPOTEKAIOUIEro 4epe3 OOMOTKY, MpPU KOTOPOW ABMKEHUE UWIMHApPA BHU3 IO
HAKJIOHHOM TTOCKOCTH HE OyAeT MpoucXoauTh. [Ipockaib3piBaHUE OTCYTCTBYET.

Pewenue.

JelicTBueM CHIIbI TSKECTH Fg BBI3BIBAET CKAThIBAHWE LWJIMHAPA MO HAKIOHHOM

MJIOCKOCTH. MOMEHT CHUJIBI TSPKECTH BBIPAXKAETCS CIEAYIOIIMM 00pa3om
M=7#xF,,

rJie JJIMHA MJieYa paBHA paJinyCy OCHOBaHUS LIWJIUHJIP.

Hampasnenue Bpalaromero MOMEHTAa OIPEACNSCTCS MPaBUIOM MPaBOM PYKH,
MOMECHT HallpaBJIeH TEPIEHIUKYIIPHO H300pKECHHIO OT 3puTelsia. BenmnunHa
MOMEHTa CHJI paBHA

M = rF;sing,
TJE ¢ - YTOJ MEXIY BEKTOPaMH T U F_G) Benuunna sin ¢ coBmagaer ¢ BEIUYUHON
sin a. [ToacTaBisis BoIpaXCHHUE ISl CHIIBI TSXKECTH, MOMEHT CHJI MOYKHO 3aIlMcaTh B
BUJIC:

M = rmgsina.
UToOBl MUIUHIP OCTABAJICS B MOKOE, MOMEHT MEXaHMYECKUX CHUJ JIOJHKEH OBITh
CKOMIIEHCUPOBAH MOMEHTOM MAarHuTHeIX cun M = M,
Cunbl, IeHCTBYIONTHE HA KOPOTKHE CTOPOHBI MPSIMOYTOJILHUKA OOMOTKH (CTOPOHBI,
napasuielibHble PUCYHKY), UMEIOT OJIMHAKOBBIC BEJIMUYHUHBI, HO MIPOTUBOIOIOKHbBIE
HaIpaBJIeHUS. ITU CUJIbI IEPIICHANKYISIPHBI TIFIOCKOCTH U300paKeHUS, U UX TOUKU
MPWIOKEHUS JIeKAT HA OJIHOM JIMHWUHW, BCJIEACTBUE YEro OHHU B3aWMMHO
YPaBHOBELIUBAKOT IPYT APYra U HE CO3JA0T CYMMApHOTrO0 MOMEHTA CWJIbl. Toraa
CUJIBI, EUCTBYIOIIHE HA KOPOTKHE CTOPOHBI OOMOTKH MOYKHO J1aJie€ HE YUUTHIBATb.



Benuuunbel cuii, JOEHCTBYIOIIMX HA CTOPOHBI OOMOTKH, MEpPIEeHIUKYISPHBIC
PUCYHKY, PaBHBI 1 UMEIOT POTUBOIIOJIO0KHBIE HarpasieHus. [lo3Tomy 3TH CHIIBI HE
MOTYT MPUBECTU IWIMHAP B MOCTyMarelbHOE JBMXKeHUE. OIHAKO ATHU CHUJIBI HE
JIe)KAT HA OAHOM MPSIMOW, IMTOATOMY OHM CO3JAIOT HEHYJIEBOW KOHEYHBIA MOMEHT
cui. DTO clly4ail Tak Ha3bIBa€MOW Mapbl CUJI — CUCTEMBI CUJI C PE3YJIbTUPYIOIIUM
MOMEHTOM, HO 0e3 pe3yJabTUpYIOIIel ciiibl. MOMEHT mapsl He 3aBUCUT OT BhIOOpa
OCH BpAILICHUA.
HamnpagiieHne TOka, NpOXOIAILIETrO 4epe3 MEPICHAUKYISPHYI K PUCYHKY 4acThb
O0OMOTKH, 00pa3yeT MpsSIMOM Yrojl ¢ BEKTOPOM MAarHUTHOM MHIyKuuu. BenmuumHa
MArHUTHOM CHJIBI, IEHCTBYIOIICH HA TPOBOAHMK JIKHOM |, paBHa:

F1=F2=B”.
O6motka conepxut N BUTKOB mpoBoja. [losTromy koHeuHas cuiia, AecTByOIIas
Ha OJIHY CTOPOHY OOMOTKH, paBHa:

Fn=NBII.
Hu BenmnunHa, HM HamNpaBJICHHE ASTOM CHJIBI HE HW3MEHSIOTCA MPHU BpAIICHUU
HWINHAPA.

1
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st

MomeHTel  00euxX MarHUTHBIX CHJI  MMEIOT  OJIMHAKOBOE  HANpaBIICHUE
(mepneHOUKYIISIPHO PUCYHKY B HaIpaBieHUM 3putelis). OHU MepreHauKyIsSPHBI
IUIOCKOCTH, 3a/laHHON 00enmu cunamu. CyMMapHbIi MOMEHT PAaBEH:
Mm=2rFnsing,
rje  — yroja Mexay BEKTOPOM 7 M MarHUTHOM CHUJIOi F_m) OTOT yrojl U3MEHSETCs
Ipy BpalleHUM IWIMHIApPA. MakcuMmanbHOE 3HaueHHe sin f/ MMEEeT MECTO IpH
BEPTUKAJILHOM IOJOKEHUHU KaTyLIKH, T.€. f = 90° u sin f = 1. B 3TOM nosjoxxeHuu
3HAUYE€HWE MOMEHTA, JECWCTBYIOIETO HAa KaTyWKy, OyaeT mMakcuMmalibHbIM. [locie
3TOr0 MBI MOKEM BBIPA3UTh MHHUMAJIBHBIA JJIEKTPUUYECKUUA TOK, MPOXOISAILINAN
yepe3 KaTylKy.
[loncraBuB 3HAaY€HWE MArHUTHOM Ccwibl Fm, MOJydYnM BBIpAKEHHE IS
MaKCUMAaJIbHOT'O 3HAaYeHUSI MOMEHTA Mmay:
Mmax=2rBIIN.
3HaueHNuEe MOMEHTA CUJIBI TSDKECTHU JTOJIKHO ObITh PaBHO MaKCUMAaJIbHOMY 3HAUEHHUIO
MOMEHTA MarHUTHOW CHUJIbI

rmgsin a=2rBIIN.
Teneps Mbl MOKEM BBIPA3UTh HEM3BECTHBIN AJIEKTPUUECKUM TOK |
mgsina

"~ 2BIN



[ToacTaBiisist ICXOIHBIE JAHHBIN HaWIeM, 4TO CHJIa TOKa paBHa 1,2 A.

prweprle Kpumepuu OyerHuearnus.

1.

2.

w

VYka3aHO paBEeHCTBO MOMEHTOB CHJI B KQ4€CTBE YCJIOBHUSI paBHOBECHS — 2
Oaia;

3anucaHbl BbIpAXKEHUS JIJII MATHUTHOTO U MEXaHUYECKOTO MOMEHTOB CHJI
— 2 Oayna;

[Toy4yeHo BbIpakeHHUE J1 MUHUMAJILHOM CHIIBI TOKA — 4 Oalina;
[TonydeH UCKOMBIN YMCIIECHHBIN OTBET — 2 Oasuia.



