0m6€mbl, KpamxKue peuenus u Kpumepuu OyeHUBAHUsl MyHuuuna/szbtﬁ aman

7 knacc

3anaua 7.1. KHMKHBII 4YepBb.
Yepasuok ['eHHamnii porpbl3 HACKBO3b CTOSIIIMI HA TTOJIKE YETHIPEXTOMHBIN (hr3H-
YEeCKHid CPaBOYHMK (PacHojioKeHne KHUT u306pakeHo Ha puc. 7.1). Obuas Ton-
IIMHA CTPAHMI] KQKIOr0 TOMa 9TOTO CIPaBOYHKMKA paBHA 4 CM, a TOJIIMHA Ka>KION
006105xK1 — 3 MM. M3BecTHO, uTo ["eHHAaMil MpOrphI3aeT MyTh OT MEPBOM CTPAHUIIbI
HepBOro TOMa IO MOCJIeHEH CTPAHUIIBI BTOPOro ToMa 3a 12 MUH, a MyTh OT MOCIe-

OU3UKA
OU3UKA
OU3UKA
OU3UKA

Hell CTpaHuIIbl TPETHETO TOMA 10 MEPBOI CTpaHULBI YeTBEPTOro — 3a 20 MuH. 1121314
1. C kakoi CKOPOCThIO U (B MM/MHH) YEPBSYOK IPI3ET 0OJI0KKY CIPpaBOUHUKA?
v
2. C kako# cKOpoCThIO u (B MM/MUH) I'eHHaguii rpBI3ET ero cTpaHuibl?
Puc. 7.1.

3. Haiijure cpejiHioio CKOPOCTD Uy, IPOrPbI3aHus 4€PBSIYKOM BCETO Iy TH CKBO3b TO-
Ma CIpaBOYHHUKA.

CunrtaTh, YTO YEPBSYOK BCE BpEMsI BIDKETCS 1O NPSMON MEpPIEHINKYIISIPHO CTpaHHUIAM, HUTTIE HE OCTAHABIIMBACTCS U
He pasBopaunBaeTrcsl. CKOPOCTH ¥ M U NPOrPhI3aHusl CTPAHUL] U 00JI0’KEK MOCTOSIHHBI U HE 3aBUCST OT HOMEpa ToMa.

OtBer: 1) v = 0,5 mm/muH; 2) u = 10 mm/MuH; 3) Uep R 2,9 MM/MUH.

Perenne: Camoe riaBHoe, 4TO Hy)XHO [IOHUMATh IPU PELCHNUHA 9TOM 3ajlaui — A€ HA-  pocrenmsis nepBas
XOJISITCSl epBasi 1 NOCIENHsISl CTPaHULa KaXXA0ro TOMa ClipaBovHMKa (CM. puc. 7.2). cTpanmia cTpanmia

PaccrosiHe oT nepBoil CTpaHUIIbI IEPBOTO TOMA JIO TIOC/IEIHEH CTPaHUIBl BTOPOTO CO- N/
CTaBJISIET JABE TOJILIMHBI OOJIOKKH, @ PACCTOSIHUE OT NOCJIENHEN CTPaHULIbI TPETHETO TOMa 10
NepBOii CTPaHUIIbI YETBEPTOro — 2 06JI0KKH U 2 TONIMHBI GJ10Ka cTpaHuI] B ToMe. Tak Kak
NEPBBIN MyTh YEPBSIUOK NPOrPhI3 3a 12 MUH, TO CPENHSsISl CKOPOCTb NPOrpPhI3aHus 00JI0KKH
cocTaBMIa

23 MM

= 0,5 Mmm/MuH.
12 MmuH

OU3UKA

Bo BTOpOM ciyuae Tpaektopus ['eHHanust npoXoguT yepes Ba OJ10Ka CTpaHHUI] U IBE 00JI0K-
KU, TpU4EM Ha rociieiHie oH TpaTut 12 muH. OTclofia ClieflyeT, 4To CKOPOCTh MPOTPhI3aHus
CTpaHMI{ paBHa

[\9)

240 MM Puc. 7.2.
= = 10 MM/MHUH.
20 mMuH — 12 MuH

Beck nyTh ['ennagus cocrout u3 8 o6nosxek u 4 6;10k0B ctpaHull. CpefHsisi CKOPOCTb YepBsiuKa Ha BCEM IIyTH paBHA

8-3Mm+4-40 mm 184 mm
Uop = = ~ 2,9 MM/MUH.
p 8-3 MM 4-40 mm 48 MuH + 16 MuH
0,5 MM/MuH 10 Mmm/MuH
Kpurepun:

1) Ectb noHumanue, rje y KHUT, U300pa>kEHHBIX HA PUCYHKE, IIEpBasi U MOCJIEHSISI CTPaHULBL . . . . . . . . 0,5 6amna
2) HaliIeHO BEPHOE BHAUCHME U . « .« « v v v v et e e et e e e e e e e e e e e e e e e e e e e 2 bamna
3) IIpaBusIbHO HaWIEHO BpeMsl IPOTphI3aHus OJIOKOB (OJHOTO, ABYX WJIM OOJEE) . . . . . . . . . . . . . . . . 1,5 6anna
4) HallIeHO BEPHOE BHAUCHUE U . . . « o« o o v v e e et e e e e e e e e e e e e e e e e e e e e e e 2 bamna
5) Haitneno BepHoe 3HaueHue npoiiaenHoro ['ennagueM mytd (184 Mm) . . . . . . . . ... ... ... 1 6amn
6) Haiineno BepHoe 3HaueHHe 3aTpadyeHHOro ['eHHamueM BpeMeH! (64 MAH) . . . . . . . . . . . . oo oo ... 1 6ann

7) HaiineHno BepHOe 3HaueHUe U 2 6anna

Cp ottt tteeeeeeeeeeeeoccce e e e e

Yxazanue nposepsiowgum:

1) Ecnu 3a mo6oii u3 nn. 2-7 y y4yacTHHKA CTOST Gaylibl, 6aJll 32 MYHKT | CTaBUTCSl aBTOMATHUYECKHU.

2) IyHkTbI 3, 5, 6 MOTYT COZIEPKATBCSI BHYTPH COOTBETCTBYIOIIMX (DOPMYIT ISl U U Uy,

3) Ecam 3a 1. 4 mocTaBiieH NOJHBIN 6ajur, 6ailjbl 3a 1.3 CTaBATCS aBTOMATUYECKU. AHAJIOTHYHO, €CJIU B 11.7 OCTaBJIEH
MOJIHBINA Gall, aBTOMATUYECKU CTAaBATCS Oasibl 3a ML 5 U 6.

4) Eciu otBet B . 2 U 4 (1I04eMy-TO) IaH HE B MM/MMH, a B IPYTUX €IMHUIIAX, COOTBETCTBYIOIIMIA MYHKT OLIEHUBAECTCSI
MakcuMyM B 1 6aii.

5) B m. 7 oTBeT MOeT ObITh J]aH B JIIOOBIX JOMYCTUMBIX EIUHUIAX.
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3amaua 7.2. [lopora Tyaa u oOpaTHO.
Kak-Tto pa3 skcnepumenrtarop VHHokeHTHi1 FIBaHOB noexai Ha cBOEM aBTomMobOumie u3 Auctoso B Benépkuno. [lepyio
YeTBEPTh CBOETO IMYTH OH eXaJl CO CKOPOCThIO 60 KM/4, TIOJIOBUHY OCTaBILETOCS! MyTH — CO CKOPOCTHIO 45 KM/4, a 1o-
CIIETHAN Y4aCTOK — CO CKOPOCThIO 66 kM/4. OOpatHbIil >ke myTh U3 BenépkuHo B AUCTOBO y Hero 3aHsi1 Ha 25% 60b-
11Ie BpeMeHH, NPUYEM MEPBYIO TPETh BCETO BPEMEHU JBIDKEHUSI B 0OpaTHYIO CTOpOHY VHHOKEHTHUI eXxall CO CKOPOCTBIO
15 m/c. KakoBa 6bLi1a cpefjHsIsi CKOPOCTb aBTOMOOWMIISI Ha OCTaBIlIelcs Yactu mytu u3 Begépkuno B AuctoBo? [1yTh Tyna

1 06paTHO OBLT OIMHAKOBBIM.
OTtBeT: 39 xM/4.

Pemenne: [1ycts s — nnmHa Bcero mytH u3 AuctoBo B Benépkuno, Torga s/4 — njinHa nepBoro y4yacrtka, a 3s/8 —
JJIMHA BTOPOTO U TpeThero. HaliiéM cpeiHio ckopocTh Ha BCEM MyTH TyAa (13 AuctoBo B BenépkuHo):

s 1
Uep = —3 38 38 —L+L+LKM/‘{—55KM/‘{.

60 km/4 45 km/4 66 kM/4 240 120 176

Ha oGparhbiii myTh MHHOKEHTHI OTpaTH Ha 25% Goublile BpeMeHHU, TO ecTh Bpemst 13 BelépkuHo B AUCTOBO ObLIO
paBHO

_ N
zoﬁp - B
cp

Bl

CrienoBarenbHO, CPEHSSI CKOPOCTh Ha OOpaTHOM My TH Oblia

s 4
Ucpobp = T = chp = 44 km/u.
t06p

IlycTh CKOpPOCTh Ha 3aKJIIOUYMTEIBHOM YYacTKe NyTH U3 BenépkuHo B AUCTOBO, 3aHsBIIEM 2/3 BpeMEHM ABUKEHUS B
o0paTHyI0 CTOpOHY, paBHa u. Torna

Ucpobp = 4 Fogp3 + 1 2oy - KM/9 + zu > 2u =44 xm/u— 18 kM/u =26 xM/u = u = 39 km/u.
Toop 3 3
Kpurepun:
1) Haitneno, 4to BTOpO¥ ¥ TPETUI YYaCTKU Ha MyTH U3 AUCTOBO B BepépkuHo paBubl 3s/8 . . . . . . . .. . .. 1 6amn
2) 3anucaHo BepHOE BhIpaXKeHUe JIJIsi CpeIHell CKOPOCTH Ha yTH u3 AuctoBo B Benépkuno . . . . . . . . .. 2 bamna
3) Haiineno BepHoe 3HaUeHME IJIsl CPEIHEN CKOPOCTH Ha TyTH U3 AuctoBo B Benépkuno . . . . . . . . . . .. 2 6anna
4) 3anmcaHo BepHOE BBIPAYKEHUE JJISI CPETHEN CKOPOCTH Ha OOPATHOM ITYTH . « . . « « o o o o o v oo e 1,5 6amna
5) Banmcana opmyna fo5, = 1,255/0¢, WM QHATOTHYHASL . . . . . . . ..ot 1 6amn
6) HaliIeHO BEPHOC BHAUCHIEC U . . . . « « o v v vt e e it e e e e e e e e e e e e e e e e e e e 2,5 6anna

Ykazanue npoeepaiowum:
1) Boipakenue B 1. 2 TOJDKHO COIEPKaTh TOJIBKO CKOPOCTH Ha TPEX yuacTKax U, BO3MOXKHO, HECOKPAIIEHHYIO BEIUUNHY

HOJIHOrO IyTH § (MM aHAJIOTUYHYIO).

2) Bripaxkenue B 11. 4 TOJDKHO cOfiepKaTh TOJbKO CKOPOCTH Ha IBYX y4acTKax oOpaTHOrO MyTH ¥, BO3MOXXHO, HECOKpa-
IEHHYIO BEJIMYMHY MOJHOTO BPEMEHU Ha OOPaTHBIN MyThb (WM aHAJIOTHYHYIO).

3) B 1. 5 10CTaTOYHO HAMUCATD, UYTO Ugp o5p = 0,80,

4) Ecnu nosy4yeHo npaBuiIbHOE 3HaYeHHe u, 6aJliTbl 32 BCe OCTaJIbHbIE MyHKTHI CTABATCS aBTOMaTHUYECKH.
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3agaua 7.3. CpemHsisi CKOPOCTH IUISIIBI.
SkcnepumenTarop HHOKeHTHI FIBaHOB, I'yJisist 0 HaGepesKHOW PeKH, YPOHII B BOIY CBOIO JTIOGHMYIO IIUISITY, KOTOpas, IIOIXBaueH-
Hasl TeUYeHNEeM, TOIUTbIIa OT Hero Mpoyb. PemmB Bo 9TO ObI TO HU CTAJIO BEPHYTH CBOM TOJIOBHON YO60op, NTHHOKEHTHI HAMIEN JIONKY,
ceJ B He€ W JIOTHAN NIy HIDKe 1Mo TedeHuto. [Tocne yero, 6bicTpo mogo6paB €€, OH HeMeUIEHHO pa3BEepHYJICS U MPUILIBLT B TO
K€ caMoe MeCTO, rjie B3sul 1oAKy. CKOpOCTh TeUeHHs PeKH U CKOPOCTh ABMXKEHHS JTIOAKU OTHOCHTEIBHO BOJBI BCIONY MOCTOSIHHBI
M paBHbl 4 = 2 M/c 1 v = 6 M/C COOTBETCTBEHHO, a CPEJIHsIsI CKOPOCTh ILJISINbI (OTHOCUTEIBHO Oepera) Ha BCEM e€ MyTu Mo peke
Tyfa-o6paTHO v, = 2,5 m/c.
1. Ha kakoM pacCcTOSTHUHM OT MECTa MOTEPH MUISITBI YIEHBIN HAIEN JIONKY, €CIIA MEKIY MOMEHTOM, KOTTIa OH €€ YPOHWIT, ¥ OTIUTBITHEM
Ha JIOfKe IIPOIIO {y = 5 MUH?
2. Bolilie WM HUXKE 10 TeYeHUI0 (OTHOCUTENILHO MecTa notepu) VIHHOKeHTHI HAIIEN JTOAKY ?
[IupuHON pexr MOXHO NpeHeOpeyb.

OTBet: 1) 240 M; 2) HIKe 1O TEYEHUIO.

Pemenne: [Tycth s — UCKOMOE pacCTOSIHUE MEXKTy MECTOM TIOTEpH IILIAIBI U JIOIKoi. ByneM cuntarth, uro s > 0, eciu tofka
HaXOJWJIach HIDKE MO TEUCHUIO pekd, i s < 0, ecnu oHa ObLIa BHIIIE 110 TEUYCHUIO.
3a BpeMsi 1, moka VIHHOKeHTHH BCKal JIOAKY, IIUIsNa IpoIUIblIa pacctosiane L = ut, = 600 M. Haiiném Bpemst moronu 3a Heit
Ha JIOJKE:
L-—s 600mMm—s S

toor = = =100c — .
v 6 M/c 6 M/c

B UTOre, 1uuidna ycnejiaa yiblTb Ha paCCTOSIHUE

L, =L+ut,, =600m+200mM—s/3=800m—s/3.
O6parHo MTHHOKEeHTHIT BMECTe CO LISITION JIBUraJiCsl CO CKOPOCTBIO U — u. BpeMsi Ha 06paTHBIN MyTh COCTABUIIO

_Ly—s 800 m— 4s/3
o T 4wmlc

t

O611iee BpeMsi «ITyTeIIeCTBUS» ILISITBl PABHO, C OJHOI CTOPOHBI,

_ 2Ly —s 1600 M — 5s/3

¢ =
o6 VUgp 2,5 m/c

[l

a ¢ APYroi CTOPOHBL, 15, = Lo + Iy + Log,. OTCIONA

1600 M — 5s/3 S 800 M — 4s/3
— = =300 100 ¢ — = 240 M.
2.5 M/c e+ ¢ 6 M/c + 4 m/c = s M

Tak kak mosyymnBIIeecs: 3HaY€HUE MMOJIOKUTEIBHO, JIOAKA HAXOIMIACh HAXKE 10 TEYEHHUIO OT MECTa MOTEPH IIUISIIBL.
AnbTepHATHBHOE 00bsicHeHHe 1.2: Ha BTOpOU BONPOC 3ajau MOJKHO OTBETUTh, HE BBIYMCIISA . [Ipenoioskum, 4To JTofKa
HaxoJinjiach MpsIMO Ha MecTe, rye yjeTena nuisna. Torga cpeiHsis CKOpoCTb LUISINbI HAa MYTU Ty1a-00paTHO JOJI)KHA ObITh paBHA

! 2L1
U =
7 L/(2wm/c) + L,/(4wmic)

~ 2,67 m/c.

Taxk kak JaHHasd B YCJIOBUU CPEIHAA CKOPOCTb MEHbLIIIE 3TOI'O 3HAYEHUS, YHaCTOK, KOIla HuHOKEeHTUN BE3 LTIy O6paTHO (y‘{aCTOK
¢ 66nbIIEeH CKOpOCTLI()), JOJIDKEH OBITh KOpO4€, a 3HAYUT, JIOJJKa HaXOANTACh NU3HAYAJIbHO HUXKE 1O TCYEHUIO.

Kpurepun:
1) 3anucaHo BepHOE BBIPAXKEHUE WM BEPHOE 3HAUEHMe i paccTostHAst L . . . . . . . . .. ... .. . .. .. ... 0,5 6amna
2) BanucaHo BBIpaXXEHUE [UIst BpEMEHU IOTOHN 1, = (L —s)/v . . . . . . ... . . o 1,5 6anna
3) 3anucaHo BbIpaXKEHUE [JIsl MAKCUMAJIbHOTO yAaleHUs IUISMbl OT npuctauu L, = L 4 ut,  uny aanor . . . ... ... 1 6amn
4) Yxa3aHo, YTO HOJIHBIA MyTh LUISIIBI PABEH 2L — 8 . . . . . . oot it et et et e e e e e e e 1 6amn
5) 3anucaHo BepPHOE BBIPXKEHHE [UIsl BpEMEHH Ha OOPATHBIN yTh o5, = (L —)/(v—wu) . .. .. ... 1,5 6anna
6) 3anucaHo BepHOE ypaBHEHHE, CofiepKalllee TOJIbKO § U 3a/JaHHble BEJTUUUHBL (MJIA YUCIIA) « « « o v o v o v v v o v o o 1,5 6anna
7) HAalIEHO 3HAUCHME S . . o v v v v v o e e e e e e e e e e e e e e e 2 Gayta
8) ITan 060CHOBAHHBIIM OTBET HA BTOPOM BOMPOC 3AMIAUM . « « « « o o o v et e e e et e e et e e e e et e e e e e e 1 Gamn

Ykazanusa npoeepaiowum:

1) B nm. 2-7 3Hak nepen s 6yJAeT cuCTeMaTHYeCKH OTJAMYAThCS OT MPUBEAEHHOTO B aBTOPCKOM PEILLIEHUH, €CJTN YYaCTHUK MTOMECTHII
JIOAKY BbILIE MO TeyeHuto. Ecim Bcé caenaHo KOppeKTHO, Oaljibl CTaBSTCS.

2) B mynkTax 1-4 mojcTaHOBKa YMCEIN U MOJyYSHHBIX paHee BhIpAXKCHHUI He 00s13aTeTbHa.

3) BeipaxeHusi u3 ni. 1-5 kpuTeprueB MOTYT ObITh HAIMCAaHbI CPa3y BHYTPH YpaBHEHHUs U3 I1. 6. B aToM cityuae 6aiiiibl 3a Bce IPaBUIIbHO
HarnMcaHHbIe (DOPMYJIbI CTABSITCSL.

4) O6ocHOBaHUE B 1. 8 MOXKET OBITh CHIETAHO JIIOOBIM KOPPEKTHBIM CIOCOO0M (HampuMep, OHUM 3 IBYX, IPUBENEHHBIX B aBTOPCKOM
pemienun). Eciiu HeT HUKaKuUX ciiefoB 000CHOBaHUsl, 6ajlll He CTaBUTD, JlaXke B Cilydyae OTBETa, COBMABIIErO C MPABUJILHbIM!
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3agaua 7.4. YepHmia Ha rpacuke.

. h, cMm
Manbuuku Ilama u Muina akcnepuMeHTUPOBAIX B HIKOJILHON J1abopa-
Topun. OHM B3SUTM MYCTON COCYH, UMEIOIINI BepTHKATbHBIE CTCHKH U 14 4
MUIOCKOE JIHO, MOCTABUIIM HA JJHO UJIMH/P U HAYalld TOHKOW CTPYHKOU 12 -
HaIMBaTh B cOCyH Bofy. UYepes HekoTopoe Bpems Ilaiia BCIIOMHMN, YTO 10 -
XOTeJI IOMECTHTh B COCYJ] HE OJIMH, a JIBa MJIUHPA, [OCJIe Yero OH, He
BBLIKJTIOUAsT BOY, aKKypaTHO IMOCTaBHJI HA THO COCYJa BTOPOU HUIHAHJP. 8 1
Muie ke 6bII0 TOPYYEHO CHSATH 3aBUCHMOCTD BBICOTHI /i YPOBHS BOJIBI 6 -
B COCYJIe OT BpEMEHH ! U MOCTPOUTh COOTBETCTBYIOLHI rpaduk. Masb-
YKK, B [EJIOM, CIIPaBUJICS C 3aJlaHUEM, HO B MOCJICHUI MOMEHT YMY/- 4 1
PUIICS] KAIIHYTh YePHUIAMH U 3aJIUTh YacTh MOCTPOSHHOIO rpaduka (CM. 7
puc. 7.3). Onpenenure 1o rpaduky: t,c
1. BBICOTBI IEPBOrO ¥ BTOPOIO LIWJIMHAPOB, ‘ ‘ ‘ ‘ ‘
> o Hga roeytn P P 0 40 80 120 160 200
3. 06BEMBI 060UX IUITMHIPOB. Puc. 7.3.

MaJibYiKK TOMHHJIM, YTO €KEMUHYTHO B COCY[] MOCTYNaao 72 MJl BOMbI, 00a [UIMHIPA CTOSUIM BEPTUKAIBHO, a BTOPOU HUIAHD
[Tamma noctaBui o4eHb ObICTPO.

Otser: 1) 4 cMm, 12 cMm; 2) 24 oM’; 3) 36 oM, 72 oM.

Pemenne: 1. Paccmotpum rpaduk, npuBefiéHHBIN B yclioBuu 3a1a4yn. Ha nepoM ydactke Bojia nojHuMaercst Ha 4 e 3a 50 c,
OCJIe Yero CKOpoCTh MOAbEMA BOJIbI alaeT, U 3a ciefytoiue 20 ¢ (o KISKChl) ypOBEHb OJHUMAETCS TOJIbKO Ha 1 cM. Vi3MeHeHue
CKOPOCTH MOIbEMA He MOXKET OBbITh CBSI3aHO C IIOCTAHOBKOH Ha THO BTOPOro LUIUH/PA (B 3TOM cilyyae OHa Obl yBEJMYUIIACh, a HE
YMEHBIINJIACh), 3HAYUT, IPU A = 4 CM MepBbIil HWIMHAP OKa3ajcs MOJHOCTHIO Moj Booi. Ha TpeTbeM yuacTke (mocie KIsiKChbl)
CKOPOCTb NOAHSTHUSI YPOBHS cTaja 0oJblie, ueM Ha BTopoM (2 cM 3a 30 ¢), a Ha 4eTBEPTOM CHOBA BEPHYJIACh K TOMY K€ 3HAUYEHUIO,
YTO M Ha BTOPOM y4acTke. M3 Bcero nepeurncIeHHOro MOXHO ClieNaTh BBIBOJ, YTO BBICOTA IIEPBOTO LIMIMH/APA paBHA 4 cM, a BBICOTa
BTOpOro — 12 cm.

AnbTepHATUBHBIN c110c06 000cHOBaHus1: [Ipu norpykeHuu BTOPOro NMIMHAPA YPOBEHb BOJABI JOJDKEH PE3KO MOAHSITHCS, Yero Ha
BUJMMOM YacTH rpaduka HeT. 3Ha4uT, BTOpoi nmiuHap Ilama nmorpy3mi B cocy B TOW yacTu rpaduka, KOTopasi HaXOAUTCS TOJ
KJISIKCOM. A TepesioMbl rpaduika COOTBETCTBYIOT MOJHOMY MOTPY)KEHUIO UIMHAPOB B Bofy. [lostomy A, =4 cm, h, = 12 cm.

2. Tak kak Ha BTOPOM (U 4eTBEPTOM) yuacTKax ILIOIab IOBEPXHOCTH BOJbI paBHa ILIOIAAU IHa cocyaa S,

Sy - 1 oM =72 eM’/mun - 20 ¢ = 24 cm® > S, = 24 cm?.
3. Haiiném nutomany cedyeHus: 060MX QUIMHAPOB S U .S,. 151 9TO pacCMOTPYM IepBbIi U TPETHI y4acTOK rpaduka:
(Sy—S,)-4cm =72 cv’/vu - 50 ¢ = 60 e™® = S, — 8, =15cm® = S, =24 cm® — 15 em® = 9 em?,
0 1 0 1 1

(So—=S)-2em=72cM/Mun-30c =36 =  S;—S,=18cM® = S, =24cm? — 18 cm’ =6 oM’

Ortciozia HaiiIEM 06BEMBI NUIMHAPOB: V) =4 cMm - 9 oM = 36 o, V,=12cMm -6 oM? =72 ev’.
AnbTepHATHBHBIHA c1l0co6 HaxoxkaeHus S,: 3a 150 ¢ B cocyq Hanmoch 72 em/mur - 150 ¢ = 180 cM° BOJIBL. Kpowme Toro, B cocyne
HaXOJIUTCS MEPBbIA HMIUHIP 00BEMOM 36 o, [Toaromy

(Sp—S,)-12cMm=180cm® +36cm® =216em® = Sy — .5, = 18 cm>.

Kpurepun:
1) HaiimeHa BBICOTA TIEPBOTO IIITHHAPA (4 CM) .+« . o v v vt e e e e e e e e e e e e e e e e e e e e e e e e 0,5 6amna
2) Haiinena BbicoTa BToporo uianHApa (12 CM) . . . . . o o o oo 0,5 bamuta
3) IlpuBeneHo BepHOE 0O0CHOBaHME, YTO TaHHBIE 3HAUCHUS (4 1 12 M) — BBICOTBI IIMJIMHAPOB . . . . . o . o o v v v o . o 1 6amn
4) HafileHO BEPHOE BHAUCHUE S « « « « ¢ v v v e v v ettt e et e e e e et e e e e e e e 2 Ganna
5) HafileHO BEPHOE BHAUCHUE S| .« . .« o v v o vt e it e it e e e e et e e e e 2 Gamna
6) HafileHO BEPHOE BHAUCHUE Sy . . .+« o o v o v vt it e it e et e e e e e 2 6amna
7) Haiinen o6bEéM nepBoro numuHpa (36 CM3) ........................................... 1 6amn
8) Haiinen 06EM BTOpOro muauHpa (72 CM3) ........................................... 1 6amn

Ykasanue nposepaiowjum:

1) Ecnu nmocraBnens! 6aibl 3a . 7, TO GalIbl 3a I1. 5 CTABITCS aBTOMATHYECKH. AHAJIOTMYHO, €CJIM IOCTaBJIeHbI OaJljIbl 3a 1. 8, TO
6GaJsuIbl 3a 1. 6 CTaBSITCS aBTOMATHYECKH.

2) Eciin HeT KOppeKTHOro 060CHOBaHMS B 1. 3, OCTalbHbIe MYHKThI OLIEHNBAIOTCS HE3aBUCHUMO.

MakCUMaIBEHO BOSMOKHBIN OAIIT B 7 KITACCE . .« v v v v v o v e e e e e e e e e e e e e e e e e e e e e e 40
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8 knace

3anaua 8.1. I'paduk ckopocTH J0aKU.
MortopHasi JIofiKa, OTIUIBIBINAS OT MPUCTAHU HA peKe, Ha MPOTSHKEHNH 2 YacoB JIBUTAJIach BIOJb Gepera B OJJHy CTOPOHY,
3aTeM pa3BepHyJach 1 yepe3 3 yaca BepHysiach oOpaTHO Ha npucTtadb. CKOPOCTh JIOAKH OTHOCHTEIBHO BOAbI MEHSIACh
CO BPEMEHEM TakK, KaK [0Ka3aHo Ha rpaguke (puc. 8.1).
1. YeMy paBHa CKOPOCTb T€UEHUSI peKn?
2. BBepx win BHU3 IO TEUEHUIO BHAYaJIEe IIbLIa JIoAKa?
3. Ha kakoM paccTOsSIHUM OT NPUCTAHU JIOJKA Pa3BepHYJIach?
CKOpOCTb TEUEHHsI PEKH CUUTATh MIOCTOSTHHOW. BpeMeHeM, NoTpaueHHbIM Ha Pa3BOPOT, ¥ HIMPUHON PeKH MpeHeOpeyb.

U, KM/4
25 A —
20 +———m—
15 —_— T
10
3] f,4
I B S S A

Puc. 8.1.

Otset: 1) 3 kM/4; 2) BHU3 110 TeYeHHIO; 3) 48,5 kM.

Pemenue: 1. [TycTb 4 — CKOPOCTh TEUEHUS PEKU, MPUUEM OyJIeM CUUTATh, 4TO u > 0, eciii BHAYalle JIOJKa JIBUrajiach
no TeueHuo, u u < 0, eclii BHavase OHa JIBUrajach POTUB HETO.
Haiiném paccrosiausi, KOTopbie NPOIILIa JofiKa TyAa U 00paTHO:

Sryma = 0xkMMa+u)- 1,59+ 25 kM/ua+u)-05u=425kM+u-2u,

=25xkma—u)-1u+(I5kma—u)-1a+(17,5xkma—u)-1au=575kMm—u-3u.

S o6partHo

O06a paccTosiHusl paBHbI, IO3TOMY
25kM+u-29=575xkMm—u-34 => u-59=15xm => u =3 Kkm/u.

2. Tak kak u > 0, BHayaJie JOKa IBUrajlach MO TEUCHHUIO.
3. BelurciiuM paccTosiHie, IPOUIEHHOE JIOAKOM OT NPUCTAHU 10 Pa3BOPOTA:

L=425xMm+u-29=425 kM ~+ 3 km/a-2 9 = 48,5 km.

Kpurepuu:
1) 3anucaHo NpaBWJIbHOE BBIPAXXEHHUE IJISI YTH B OTHY CTOPOHY .« .+« o v v v v v v e v e e e e e e e e e e e 2 banna
2) 3anucaHo MPaBUIbHOE BBIPAKEHUE [T TyTH B APYTYIO CTOPOHY  « « & v v v v o e v e e e e e e e e e e e e 2 Ganmna
3) HaiiteHa CKOPOCTb TEUCHHSI (3 KM/U) . . . . o v v o it e e e e e e e e e e e e e e e e e e 2 Ganna
4) TlpaBuibHO OIpeiesieHO NepBOHAYaIbHOE HallpaB/ieHue ABUKEeHUS JIOAKU (BOMPOC 2) . . . . . . . . . . . . 2 6anna
5) Haitneno paccrosiHue 10 MecTa pa3BopoTa (48,5 KM) . . . . . . . o o it 2 bamna

Ykasanue nposepAanouium.
B nn. 1 u 2 31ak nepen u 6YJ16T CUCTEMATUYCCKHN OT/IMYAThCA OT HpI/IBCJIéHHOFO B aBTOPCKOM pEHICHUH, €CIIN YIACTHUK

MPEAIoOJIOKNJ, 4YTO BHa4YaJI€ JIOJIKaA 1jIa MPOTUB TECYCHUI. Ecnu Bcé cnenaHo KOpPPEKTHO, GaJjlIbl CTaBIATCS.



0m6€mbl, KpamxKue peuenus u Kpumepuu OyeHUBAHUsl MyHuuuna/szbtﬁ aman

3amaua 8.2. Pa3 TepMometp, 1Ba TEPMOMETP.

Kak-To pa3, ocTaBimuch B HIKOJILHOW JlabopaTtopun, AeBouka Maiia B3siia [iBa TEeIJION30JIMPOBaHHbIX KajiopuMeTpa. B
NEPBbII U3 HUX OHA HaJIKJIa HEMHOT'O XOJIOHOW BOJIbI, @ BO BTOPOX — HEMHOI'O rOpsiuen, ocjie Yero oOnycTuia B KasKabli
KaJIOpUMETpP OfIUH W3 ABYX OJMHAKOBBIX TEPMOMETPOB. 3anucaB nokazanusi npubopos (5 °C u 75 °C), geBouka ObICTpO
BhITaIUIa 062 TEpMOMETpa M OMeHslIa uX MecTamu. OKa3anoch, UTO Tenepb TEPMOMETP, OMYIICHHBIN B XOJIOIHYIO BOTY,
nokasbiBaet 7 °C, B To Bpems kak npyroi — 70 °C. YauBuBiucs, Mailia peiuia nepeiuTh BCIO TOPSiUy0 BOAY B KaJlOpH-
METp C XOJIOJHOM, He BLIHUMAs OTTY/a npubop. OnpeneuTe, Kakyio TeMIepaTypy A0JDKeH Ternephb MoKa3aTh TEpMOMETP,
oCTaBIMiiCS B KaimopuMmeTpe ¢ Bofoil. O6a mpubopa MCIpaBHBI, a UX MoKa3aHWS Maila 3anuchkiBaia, T0KAaBIIUCh Ha-
CTYIUIEHUS TEIIOBOro paBHOBecHus. TemIo&EMKOCTbIO CTEHOK KaJOpPUMETPOB MOXKHO IMpeHeOpeyb, BOjla U3 COCY/IOB He
BBLTUBAETCS.

OtBer: 24 °C.

Pemenne: ITycts C — TEmI0EMKOCTb OHOTO TEPMOMETpA, a m| U M, — Macca BOJIbI B IEPBOM U BTOPOM COCYJie
cootBercTBeHHO. Korfa nepsbiil npubop, uMeBiui temneparypy 5 ‘C, nepeHeciau B cOCyj] C BOJIOW MpH TeMIeparype
75 °C, tam ycranoBunach temmneparypa 70 °C:

_C-13C

C(70°C=5C) = ¢,my(75C=70°C) =  m,
C

B

Hao6opor, Bropoii npubop, uMmeiuii Temneparypy 75 °C, nepereciu B cocyj ¢ Bogou npu 5 °C, nocjie 4ero taMm ycra-
HoBuUach Temreparypa 7 ‘C:
_C-347C

C(75C=7°C)=¢;m(7°C=5C) =  m
CB

Korna >xe Mata nepenuina ropsiayio Bofy, uMeBlIyto temmepatypy 70 °C, B KaJOpuMeTp ¢ XOJIOTHOW BOJION U TEPMOMET-
pom nipu 7 °C, B HEM ycTaHOBUIIACH TeMIieparypa t. Haitném e€, mopcrasiissi B ypaBHEHUE TEIIOBOrO OajlaHca MOTyYeHHbIS
BBIPKEHUS JUISL M| U My:

C(t—7°C)+cym(t —7°C) = e,my(70°C—1) = (C+34C)1—7°C)=13C(710°C-1) =

> 48t =35-7C+13-70°C => t ~24°C.

Kpurepun:
1) IIpaBUIbHO 3aMKMCaHO YpaBHEHUE TEIJIOBOro OajaHca [JISt HEPBOTO COCYHA  « « « v v v v v v v v e v e e e . 2 bamna
2) IlpaBuiibHO 3anucaHoO ypaBHEHUE TEIJIOBOTO OajaHca ISl BTOPOTO COCYAA .+« v v v v v v v v e v o e v v 2 6ama
3) [IpaBuiIbHO 3aIMCAaHO YPAaBHEHUE TEIJIOBOrO OalaHCa [JISl TPETBEIO CIYYUASL .« « « o v v v v v o v v v e e . 3 bamna
4) [MonyueHo 3HAUEHUE YCTAHOBUBIICHCS TeMiepaTypbl t & 24°C . . . . . . . . . .. it e it e 3 6anna

Ykazanue npoeepaiowum:

1) YyaCTHUKHM MOTYT MO XOfy pelIeHUsl MOACTAaBUTh U3BECTHYIO UM, HO HE JaHHYIO B YCJIOBUH YACIbHYIO TEINIOEMKOCTD
Bojibl (4200 Ix/(xr-°C)). TO JOMyCTHMO.

2) Ecnu B kakom-1160 ypaBHeHuH (1. 1-3) nmepemnmyTanbl TeMIepaTypbl W/Wid 3HaKH, 6aJITbl 32 COOTBETCTBYIOIIHUN MyHKT
HE CTaBUTH!
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3amaua 8.3. Ily3arerii cocyn.

B cooO6imaroinuecst cocyibl, NPaBbli U3 KOTOPBIX MPEACTABIISIET COOON BEPTUKAIbHBIN HUTUHIP JUAMETPOM d, 3aKPbIThIN
TSDKENBIM TOPILIHEM, a JIEBbIil — OYeHb Y3KYI0 BEPTHKAIbHYIO TPyOKY C yummpeHueM B ¢opMe cdepbl fuamMeTpoM D,
HaNTHI GEH3UH U Boja. BeH3WH MOIHOCTHIO HAXOAUTCS B CPEepUUECKOll YacT, 3aHUMasl €€ HIKHIOKO MOJIOBUHY, a MOp-
IIEHb PacoJIO’KEeH Ha OTHOM YPOBHE C HIPKHEH MOBEPXHOCTBIO OeH3MHa (cM. puc. 8.2). Ha nopiiens cBepXy nocTaBuin
rpy3, Macca KoToporo B 2,8 pa3a 60Jbllie MacChl MOPIIHS, B pe3yJbTaTe 4ero 6€H3MH MOJHOCTHIO 3aMOJHI BEPXHIOI0
NOJIOBUHY chepuieckon yactu jieBoro cocyna. KakoBo otHomenune D/d? [TnoTHOCTh GeH3uHa paBHa 70% OT MJIOTHOCTH
Bojibl. TpeHureM Mexxay MOpIIHEM U CTEeHKaMHU NpeHeOpeyb.

Ipumeuanue: O6BEM mapa BeIIKCIsETCS M0 hopmyne V' = 47R3/3, rie R — paguyc mapa, a mIonanb Kpyra — 1o
(opmyne S = xr?, e r — paguyc Kpyra.

D
d d
2,8m
Bona h 1 - A¢ m
BOja
Puc. 8.2. Puc. 8.3.

OtBet: D/d = 1,2.

Pemenne: Ilycts m — macca mopmasi. Torga macca rpysa pasHa 2,8m. Korjma Ha mopiieHb MocTaBuiId rpy3, TOT
OIycTHJICS BHU3 Ha paccrosiHue h (puc. 8.3). Tak kak Boia HecokuMaeMa, 00 bEM BOJIbL, YOBIBIIICH CIIpaBa, paBeH 00bEMY
NOJIOBUHBI c(hepryeCcKOoil YacTH JIEBOTO cocyfa:

rd? 1 zD? D?
4 2 6 3d?
IaBneHue GeH3MHA B IEPBOM Cllyyae PaBHO NABJICHUIO MOPILHS:

mg zDd?

m= pg - 3 .

Pg'g_
0% 2 T d4

3anuineM Tenepb YCIOBUE PABEHCTBA IaBJICHUI HA YPOBHE MOPIIIHS BO BTOPOM Cllyvae:

3.8mg _ D D D _ D D D’
ﬂd2/4—/’6g'5+ﬂ3g<3+h> => 3,8P6g'3—‘06g'3+P3g<5+E> =
5> 28.07=1+22 (2)2=1,44 = D_y,
3d? d d
Kpurepuu:
1) I[TonyueHa mpaBuiIbHAS CBSI3b MEXKAY A, DU d . . . . . . . .. o e 2 6aa
2) IIpaBUIIbHO 3aMMCaHO yCIOBHE PABEHCTBA JIABJICHUN B IEPBOM CIIYUAC . . . « . o v o v v v e v e e oo o e 2,5 6anna
3) [IpaBuiIbHO 3aNKMCaHO YCIOBHE PABEHCTBA JJABICHUN BO BTOPOM CIIYUAE . . . . o« o v v v v v v v o o 2,5 6anna
4) TlonyueHo, uto D/d = 1,2 . . . . . e e 3 Gayuta

Yxazanue npoeepaiowgum:

1) B . 2 u 3 HerocTaTOYHO POCTO HANUcaTh p; = p,. Heo0XxoaumMo BeIpa3uTh NaBJICHUS Yepe3 m, IUaMeTpbl/paiuychl
COCYZIOB U IJIOTHOCTH.

2) Bo Bcex MyHKTax JONMyCTUMO BMECTO AMAMETPOB UCIOJIb30BaTh PAUYChl COCYHOB.
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3amaua 8.4. IJKcmepuMeHTHI ¢ TPY3UKaAMH.
['oTOBSICH K 3KCHEPUMEHTATIBHOMY TYPY OJMMIHUAfbI 10 (u3nKe, Maabuuk [laia B3sl peryar, CHaOKEHHBIA CAHTHMET-
POBBIMH JISIICHUSIMH 1 CITIOCOGHBII BpallaThCs BOKPYT HEMOIBHXKHOW TOPU30OHTAIIBHOM OCH, COOTBETCTBYIOIIEH NEJICHHIO
«35», 1 iBa rpy3uKa c MaccaMu m; U m,. ITojioxuB rpysux m; Ha gejieHue «64», Ilama oGHapy>xus1, 4To pblyar HaXOuT-
csl B paBHOBECHUH, €CJI BTOPOU TPYy3UK ITIOMECTUTH Ha fiefieHne «9». Korga ske Manbuuk rnepeiBuHyI epBbIi TPY3UK Ha
neneHue «54», BTOPOM rpy3uK Jijisi BOCCTAHOBJICHUSI PABHOBECHS MPUIILIOCh CMECTUTh Ha JiesieHue «21».

1. Haiipure oTHOIIEHWE M| /M, .
2. Onpenenurte, Ha kKakoe jesieHue [larie Hy>KHO IOMECTUTD FPY3UK My, YTOOBI PblUar 0Ka3ajics B PABHOBECUU, €CJIU IPY-

3UK M| OH NEPEJIOXKMII Ha AesieHne «19».
Pa3zmepamu rpy3nkoB MOXHO npeHeOpeub. TpeHue B OCH pblyara OTCyTCTBYET.

OtBer: 1) 1,2; 2) 63.

Pemrenue: 1. 3anuiieM npaBuio MOMEHTOB OTHOCUTENILHO OCH JIJIsl IEPBOTO CIIyydas, yUYUThIBas MOMEHT CHIIbI TSKe-
cti M., NeiCTBYIOIIEH Ha pblyar:

m;g(64 cM — 35 cm) = myg(35cM -9 em) + M, = 29m; =26my + M, /(g - 1 c™m).
Bo BTOpOM ciiydae
m(54 —35) =my(35 = 21)+ M, /(g - 1 c™m) > 19m| = 14my + M, /(g - 1 cm).
Bprurem 06a ypaBHeHHs APYT U3 Ipyra 1 MNOJIYy4YUM, 4TO
10m; = 12m, = m/m, = 1,2.

2. HyCTb N — JICJICHUE, Ha KOTOPOE HY?KHO IMOJIOXKUTD I'PYy3 m, B TPETHEM ClIydae. CHoBa 3amnuiieM MpaBUJIO MOMEHTOB

OTHOCUTEJIBbHO OCH:
m (35 — 19) + M, /(g - 1 cM) = my(N — 35).

CloXuM 3TO YPaBHCHUE C NEPBLIM!

> 1,2-45=N -9 = N =9+1,2-45=63.

Kpurepun:
1) Unest 0 TOM, 4TO €CTh MOMEHT CHIJIbI TSIKECTH, KOTOPBI HEOOXOIUMO YUUTBIBATD . . . v v o v v v v v o v o o . 1 Gayn
2) [IpaBUNIbHO 3aMIUCAHO MEPBOE MPABUIIO MOMEHTOB . . . . & v v v v e e ettt e et e e e e e e e e e e e e 1,5 6amna
3) IlpaBUIIbHO 3aMUCaHO BTOPOE MPABUIIO MOMEHTOB . « .« « o v v v e vt et e e e e et e et e e e e e 1,5 6ayua
4) [IpaBUIbHO 3aMKMCaHO TPEThE MPABUIIO MOMEHTOB (I OTBETa Ha BTOPOM BOMPOC 3aAauu) . . . . . . . . . . 2 bamna
5) HaiineHo, uto my/my = 1,2 . . . . . L. 2 Ganna
6) HaiineH npaBUIIbHBIA OTBET HA BTOPOM BOTIPOC .« « o« v v v v e e v e e e e e e e e e e e e e e e e e e 2 Gamna

Yxasanue nposepsiouium:
Ecnu 3a kakoi-1u00 U3 MyHKTOB 2-4 nocTaBjIeHbI Galjibl, 0aj 3a 1. 1 CTaBUTCS aBTOMATHYECKH.

MakCUMaJILHO BO3MOXKHBIN OAIUI B 8 KITACCE . .« © & v v v v v e e e e e e e e e e e e e e e e e e 40
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9 knacce

3amaua 9.1. TakoB myTn!
OnHOBpPEMEHHO C TeM, KaK IMepBoe TeJl0, HaXOJUBIIEeCs: Ha MOBEPXHOCTH 3eMJIM, OPOCUIN BEPTUKATBHO BBEPX, BTOpOE
TeJI0, HaXoAuBIIeeCs Ha BbicoTe H = 7 M, oTnycTuiin 63 HauaabHOM CKOPOCTU. B HEKOTOPBI MOMEHT BpeMeHH 00a Tejia
CTOJIKHYJIMCb, HE JIOJIETEB JIO 3eMJIH, MPUYEM BTOPOE TeJIO MPOLLIO MyTh, B 1,8 pa3a Gonbimii, yem nepoe. Onpenen-
Te HAYaJIbHYIO CKOPOCTh MEPBOTO Teja. Y CKOpeHrue CBOOOMHOTO MajieHusl NPUHSITh paBHbIM 10 m/c?, COIPOTHUBIIEHUEM
BO3IyXa U pa3Mepamu Tej npeHeOpeyb.

OTtBeT: 6,83 M/c.

Pemenne: Ilycth s — nyTh, NPOWICHHBINA NEPBBIM TEJIO 10 CTOJIKHOBEHUs, a 1,85 — NyTh, NPOWIEHHBINA, COOTBET-
CTBEHHO, BTOPBIM TEJIOM, IpUIeM 1,85 = gt2/2, rae t — BpeMsi, MpoLIelee 0 uX CTojaKkHOBeHUs. C Ipyroi CTOPOHBI
2
H—1,8s=vt—£ => t=£,
2 v
rje v — MCKOMas HadallbHasi CKOPOCTb NIEPBOTO Tea.

Paccmotpum niBa cityuast: 1) mepBoe Teso CTOJKHYJIOCh CO BTOPBIM JIO TOTO, KaK MEpBOE TEJIO JOCTUIJIO BEPXHEN
TOYKH CBOEH TPAEKTOPHUH; 2) CTOJIKHOBEHHE MTPOU3OIIIIO MOCIIe MPOXOKICHHS IEPBBIM TEJIOM BEepXHEH TOUKH CBOEH Tpa-
eKTOpHHU.

1. B nepBoM ciydae myTh, IPOUIEHHBIN IEPBBIM TEJIOM, COBIAIAET C MOAYJIEM ero nepemernenus. Orcioga

H=s5+18s => s=H/2,8=25M.

Onpenenum t u v

t:\/2~1,85=\/ OM_ 095c.  wv=2 738wk,
g 10 m/c? !

OnHako HaNJIEHHON CKOPOCTH U COOTBETCTBYET BpeMsl MOAbEMA Thox = v/lg =~ 0,738 ¢ < t. DTO 3HAYUT, YTO MEPBBIN

Cllyuail He IOMyCcKaeTcsl yCIOBHEM 3aaui.
2. Bo BTOpOM cllydyae nepBoe TeJlo CTOJIKHYJIOCh CO BTOPBIM Uepe3 BpeMsi (f — v/g) nocjie NpOXOXASHUS] UM BepXHel
tTouku. CriefoBaTeNbHO, MyTh, MPOHICHHBIH MEPBBIM TEIOM, paBeH

2 2 2 2 2 2
s=”—+§-<t—3> =48 =" 18-H = 08s+Z-H=0.
2g 2 g g 2 g g
Tax kak 1,85 = gt?/2 = gH?*/(2v?), MOJIyYHM CJIefylollee YypaBHEHHE:
26H? 2 2 v?
+——-H=0 => —+x-1=0,tmex=—,
92 g 9x A gH

pewieHne Kotoporo — x; = 1/3 u x, = 2/3. [lepBblil HaliIeHHbII KOpEeHb HEOOXOAUMO OTOPOCHTH, OCKOJIBKY TeJla, MO
YCIIOBUIO, CTAJIKUBAIOTCH €lIE B MOJIETE:

t=H/lv<22vlg = 112<x.

OTCIO)la MOJIyYUM, 4YTO HadajibHasi CKOpPOCTb NEPBOro T€Jia JOJI>)KHA ObITh paBHa

v=1+\/2gH/3 =+/140/3 M/c ~ 6,83 M/c.

Kpurepun:
1) [TokazaHo, YTO B IEPBOM CIIYUAE PEIICHUS HET . « « « v v v o v v e e e et e e e e e e e e e e e e e e e 2 bamna
2) @opMyna H = Uf WM QHATIOT . . . o o v v v v e i e et e e e e e e e e e e e e e e e e e 1 6amn
3) @opMyna 1,85 = g12/2 MM QHATIOT . . . . . o o oo e e 0,5 6amna
4) BepHast (hopMyJia Juist yTH §, TPOUJCHHOTO HUXKHUM TEOM . . « .« o v v v o v et e e e e e e e e e e o 1,5 6ayua
5) [lony4yeHO BepHOE YPABHEHUE [JISI HAXOMKICHUSI U« « o o v v v v o e e e e e e e e e e e e e e e e e e e e e 1,5 6amna
6) Ilonmy4eHbl BepHbIe PEIIEHNS YPABHEHUS U3 MIYHKTA S . . . . . o o vttt et et e et e e e e 1 6amn
7) O60cHOBaHHO BHIOpaH BEPHBII KOPEHb YPABHEHUS U3 IYHKTA S . . . . . . . . . . oL oo i it ettt 1 Gann
8) HaiinieHo 3HaueHMe HAYaIbHOM CKOPOCTU U & 6,83 M/C . . . . . . . o v oot e et e e e 1,5 6amna

Ykazanue nposepaowum:

1) B orcytcTBue 6amioB 3a 1. 1 ocTanbHbIe MYHKTHI OIIEHUBAIOTCS] HE3aBHCHMO.

2) YpaBHeHMeE B 1. 5 JOJDKHO COJIEp>KaTh TOJIBKO U U U3BECTHBIE BEJIMUMHBI.

3) Ecnu He(pu3nuHbIN KOpeHb B 1. 7 oTOpolleH 6e3 060CHOBaHMS, Gallibl 32 OTBET (1. 8) HE CTaBUTb.
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3amaua 9.2. Kyo0 ¢ moiocThio.
Ecnu nosnblii nimacTMaccoBbiil Ky6 (B MOJIOCTH HAXOIUTCS BO3YX) YAEPKUBAETCS B BOJIE C MOMOIIBIO HUTH, PUBSI3aHHOM
KO HY cocypa (puc. 9.1a), cuna HarskeHust aToil HUTH paBHa T = 56 H. Ecim e nonocts ky6a NOJTHOCTBIO 3aM0JHUTh
BOJIOH U, MOABECUB Ha HUTH, HAIIOJOBUHY MOTPY3UTh B BOAy (puc. 9.16), cuna Hatsbkenust HuTu O6yner pasHa T, = 44 H.
KaxkoBa TommuHa creHok aToro ky6a? [lnotHocTh Bofs! paBHa 1000 Kr/M>, IIoTHOCTH miactMacesl — 1200 kr/m?. Yeko-
peHue CBOGOIHOrO MajeH s NpUHsITh paBHbiM 10 M/c?. ToNMIMHA CTEHOK BE3ie OMHAKOBA.

T,

a) 0)
Puc. 9.1.

OT1BeT: 9 MM.

Pemenue: [Tycts V' — BHewHuil 066EM Kyba, a V;, — 00béM ero nosoctu. B nepsom ciiyuae
T] = pBgV - pnng(V - Vn)’

a BO BTOpOM —
T2 = pnng(V - Vn) + pBgVH - pBgV/2~

CxknafpiBasi 3TH IBa PaBEHCTBA, MOJYyUUM
V. 4+ V2 = (T, + T,)/(p,g) = 10000 cm>.
Beipasum orcrofa V,, 1 IoaCTaBuM B IIEPBOE PABEHCTBO:

T, = pygV — ppag (3V/2 = 10000 cv®) = p, g - 10000 cM® =Ty = gV (32 - pyy — py) =

_ pyg-10000eM’ =Ty 120H-56H

= = 8000 cm>.
gGI2 por—p0) 10 w/c? - 800 ki/w "

=

OO0BEM 110J10CTH, COOTBETCTBEHHO, paseH V;, = 10000 oM — V12 = 6000 cm?.
o 3 3
Yro6bl HAWTU TONIMHY CTEHOK Kyba d, BHIUMCIMM JJIMHY ero pebpa a = /8000 cm3 = 20 cM’ u mimHy peGpa
MOJIOCTH b = \3/ 6000 cm3 ~ 18,2 cMm. Orciona

d=(a-b)2~09cm.

Kpurepuu:
1) 3anucano Boipaxkenue 1) = p, gV — pg(V — V) MM @HAIIOT . . . . . . . . . .. o i i 1 Gann
2) 3anucano Belpaxxenue T, = p . e(V = V) + p,gV, — ppgV/2vummananor . . .. ... ........... 1,5 6amna
3) HaiiieHO BepHOE 3HAUEHHE OOBEMA KYOA . . .« v v v v v v v e e e e e e e e e e e e e e e e e e 2 Ganna
4) HaiiieHO BEpHOE 3HAUEHUE OOBEMA TIOTIOCTH  « « o+« o v v o e it e et e e e e e e e e e e e e e e e 2 bamna
5) HaiiieHo BepHOE 3HAYEHHME PEOPA KYOA @ . . . o v v v v o v i e e e e e e e e e e 1 6ann
6) HaiineHo BepHOE 3HAUECHHME PEOPATIONMOCTU D . . . . . . . v ot e e e e e e e e e e e e e e e 1 6ann

7) HallieHO BEPHOE BHAUCHUE d . . . . o v o v v o ettt e e e e e e e e e e e e e e e e e 1,5 6amna
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3amaua 9.3. JIén B kepocune.
DKCIepUMEHTUPYS B IIKOJILHOM JIaGopaTopuu, Manbuuk [laia B3sul MycTOl TeIIOU30IMPOBAHHBIN KAJIOPUMETP EMKO-

ctbio 100 eM®  Hamr Tya 98 cM® ropsiaero KepocHa. 3aTeM OH B3SUT KyCOK Jibia npu Temmepatype 0°C i akkypar-
HO, HO OBICTPO MOMECTWJI €ro B KajopumeTp. JoKIaBIIMCh HACTYIUICHUS TEIJIOBOrO paBHOBecHs, [laia oGHapyxui,
4TO BECh JIE[ pacTasul, Temrneparypa kepocuHa omyctunach o 0°C, a cyMMapHbIil 00bEM COEpKUMOro KalopuMeTpa
cHOBa cTan paBeH 98 cm>. UeMy Gbia paBHa HauanbHAs TeMIepaTypa KepocuHa? YienbHas TemIoéMKOCTh KepOCHHA
pasHa 2100 Ix/(xr-°C), ynenbHas Temiora miaBieHus abga — 330 kx/kr. [InoTHOCTH BOfBI, JIbla U KEPOCHHA, CO-
OTBETCTBEHHO, paBHbl 1000 kr/m?, 900 kr/m® 1 800 kr/m?. TennoémkocThio KaJIODUMETpPa U TEIUIOBBIM PACLIMPEHUEM
KepocuHa peHeOpedb.

OTtseT: 44,2 °C.

Pemenne: [IpeBpaiasics ¢ Bopy, €N yMeHbIIaeT cBoil 06bEM Ha 10%. DT0 3HAUUT, YTO /7151 YAOBJIETBOPEHHUS YCIIO-
BUIO 3aj1aun, [laia T0/KeH MOJI0KUTh B KATOPUMETP TAaKOH KyCOUeK JIbjla, YTOOBI 4aCTh KEPOCHHA BBUTHIIACH U3 COCY/IA.
Iycth ¥V — 06béM nbja (V > 2 cm?). Torna 06bEM ocTaBIIerocsi B KazopuMeTpe kepocuna 6yer pases (100 ecm® — V).
I[1pu TasiHum b ero o6béM craet p, V/p, = 0,9V, a o6uuit 06bEM COIepKUMOro YMEHBIIHUTCS 10 98 cM>, moaToMy

100cM® =V +09V =98cem® = 0,1V =2cM> = V =20c0.

ITycTs t — HavasbHas TeMIepaTypa KepocHHa. 3anuilieM ypaBHEeHUE TeNI0BOro 6anaHca Ajisi COAep>KUMOro KaJlopuMeT-
pa:

~ 44,2°C.

Ap, - 20 cm® . 3
copy - 80 M3t —0°C) = Ap, 20 o o f= P _ 330000 )1>K°/Kr 900 xr/m
Py - 80 eM® 2100 IIx/(kr-°C) - 800 kr/m3 - 4

Kpurepun:
1) Upest o ToM, 94TO MpH NOTPY>KEHUH JIbJ]Aa YACTh KEPOCUHA BBUTUBACTCH . « . « « & o v o v v e e e e e e e o e 2 Ganna
2) Bammcana dopmyia aist 06béMa kepocnta (100 eM® — V) .. Lo 1 6amn
3) Haiineno, uto 06bEM nbaa paseH 20 Y A R 2 bamna
4) IIpaBUIbHO 3aMMCAHO YPABHEHHME TETJIOBOTO OATMAHCA . . .« v v v v v v v v e e e e e e e e e e e e e e 3 6anna
5) Haiinena HavanbHast TeMrepaTypa kepocuHa t & 44.2°C . . . . . . ... Lo 2 bamna

Yxasanue nposepsiousum:
YpaBHeHNN TEIIOBOTO Oananca (1. 4) TOJPKHO BKIIIOYATh PaBWILHBIC 3HAUEHUST 00bEMa/MacChl KEPOCHHA | JIbIa, MHAYe

6aJIIbl 3a 3TOT IMYHKT HE CTaBATCA.
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3amaua 9.4. IleperuibiBaroiiee paBHOBECHE.
Ha onHopognyio gocky Maccou M = 1,5 kr, JIeXKalyl0 CBOMMU KpasiMUA Ha [IByX OIOpax, MOJIOXXUIN CI/IMMeTpI/Iquﬁ

NPSIMOYTOJIBHBIN COCYJ TaKOM e MacChl, B KOTOPOM HAaXOIUTCH JefsiHON Ky6uk Maccoit m = 900 r. [InuHa cocyna paBHa
MOJIOBMHE JIJIMHBI TOCKH, & €ro NpaBblil Kpail COBMajiaeT ¢ KpaeM JOoCKU. BHavale € HaXOMUTCsl BIUIOTHYIO K IPaBOMY
Kpato cocyna (cm. puc. 9.2). Onpenenure JiMHY JOCKH L, €CIi MOCiie TOro KaK BeCh JIEN pacTasiyi, CHIIa AaBJICHUS TOCKH
Ha JIeBYIO OMopy yBenumiack Ha 15%. ITnotHocTs baa paBHa 900 kr/m? . TOIIHHOI CTEHOK COCYa MOYKHO IPEHeOpetb,

BOJa 13 COCyJia HE BbIJIMBACTCA.

Puc. 9.2.

OTtseT: 92 cMm.

Pewmenne: [lycts a — puna pebpa nensiHoro ky6a. Torga
a=mlp,=1000cm® = a=10cm

PaccMoTpuM cuiibl, IEelCTBYIOIME HA CUCTEMY «IOCKa-COCYA-KyOMK» 10 TOro, Kak jién pacraer (puc. 9.3a), u mocre
TasiHus (puc. 9.36). BanuiieM B KaK0OM Cllydae MPaBUIIO MOMEHTOB OTHOCUTENIbHO MPABO OMOPLI:

(no TastHus) N1L=Mg-§+Mg.§+mg.

AN NI

(mocJie TastHus) N{L=Mg- % + (M + m)g -
Tak Kak Nl' = 1,I5N,,

1,15Mg-%+1,15mg-§=Mg-3—L+mgé =  L(m-045M)=23am =

4
2,3ma 0,9 kr-23 cm
=> = = =92 cMm.
m—045M 0,9 kr — 0,675 xr
N N N;
N, 1
A A A A
mg
Mg Mg Mg (M +m)g
a) 0)
Puc. 9.3.
Kpurepun:
1) Haiinena gymHa pebpa kyouka mbma (10 cM) . . . . . L oo o 0,5 6anna
2) Unest o TOM, 4TO CUJIA TSDKECTH JIJISI COCYIa MPUTIOKEHA K €70 CEPEIIMHE . . . .« o v v v v v o e e oo e e e 1 6ann
3) HUpnes o ToM, 4TO cuja TSKECTH J1JIsI KyOUKa MPUIOXKEHA K €0 CEPEMMHE . . « v v v v v v o v e e e e e e e e 1 6amn
4) Unest 0 TOM, YTO CUJIa TSDKECTH JIJISL CJI0SI BOMIBI MPUJIOXKEHA K €70 CEPEAMHE . . .« . v v v v v v o v v e e e o o 1 6ann
5) IlpaBusIbHO 3aNMKMCAHO TPABUIIO MOMEHTOB JIJIsl TIEPBOTO ciiydast (Korja JEm TBEPABIA) . . . . . . . . . . . . . 2 Gamna
6) IIpaBuiibHO 3anucaHO NPaBUIIO MOMEHTOB JIJIsl BTOPOro ciydas (KOrja Jéf pactasil) . . . . . . . . . . . . . 2 bamna
2,5 6anna

7)Hanmeno 3HaUeHNE L = 92 CM . . . . . o 0 o it e

Yxasanue nposepsiougum:
1) B mynkTax 2-4 mocTtaTodHO YepTerka, Ha KOTOPOM m3006paskeHa COOTBETCTBYIOIIAS CUIIA, WIIA YKa3aHUSI IPaBUIIHBHOTO

3HAUEHMsI M7Ieva 3TOH CUIIbI B IPaBUJIe MOMEHTOB.
2) Ecnm moctaBieHsl 6asuibl 3a 1. 5, 6ayutbl 32 MyHKTHI 2 U 3 CTaBITCS aBTOMATHYECKU. AHAIIOTUYHO, €CJTH MOCTABIIEHbBI

OaIbl 3a 1. 6, MOJKHBI CTOSTL OaJiIbl 3a OIL. 2 U 4.
3) B nm. 5 1 6 mpaBUI0 MOMEHTOB JIOJKHO COJIEpKaTh pacnucaHHble (OPMYJIbI JJIsI MOMEHTOB BCEX HEOOXOIUMBIX CHIL.
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3agaua 9.5. bosabmas nemns.
B nenu, n306pak€HHON Ha puc. 9.4, Bce pe3rcTOpbl UMEIOT OIMHAKOBbIE CONMPOTUBIICHUS, a aMIIEPMETP U BOJLTMETP

uneanbHbl. K ToukaM M u N TpUKIAAbIBAIOT MOCTOSIHHOE HANpsDKEHKe, B Pe3ysibTaTe Yero amrnepMeTp MOKa3biBaeT
75 MA, a BosibT™MeTp — 5,5 B. HaiinuTe 0oGliiiee conpoTUBIIeHUE 1enu Mekay Toukamu M u N.

OTtset: 60 OwMm.

Pemrenne: 3ameTnm, 4To naHHas LeNb SBJISETCS CUMMETPUYHON OTHOCUTENILHO BEPTUKAILHON (IO PUCYHKY) OCH,
npoxopsiiien yepe3 eé 1eHTp. [loaToMy TOK U3 BepXHEl YacTu LEeNu He NepeTekaeT B €€ HIKHIOK 4YacTh, W 1IEMb B €&
[EHTPaIbHOW TOYKE MOKHO pa3opBaTh TaK, KaK MoKa3aHo Ha puc. 9.5.

[IycTh ¥ — compoTHBIeHHE KAXIOTO pe3uctopa B nenu, U — HanpsbKeHue Ha BOIbTMETpeE, a I — cuiia Toka depe3
amnepMmeTp. Cunla ToKa 4yepes pe3ucTopbl, NapajulelbHbIE BOJIBTMETPY, paBHa I, = U/(2r). CnefoBaTesIbHO, CUJIa TOKa,
3allleluilero B HIDKHIOW 4acTh Lenu, pasHa I, = 21, = U/r, a HanpsbkeHue Mexxny ToukaMu M u N paBHO Uy =
=2Ir+U+2I,r=3U.

ComnpoTHBiieHHEe BEPXHEN TOJOBUHBI LIENU COCTaBisieT R, = r + r/2 + r = 5r/2, 1o3TOMy cuia TOKa, 3allefiliero B
BEPXHIOIO 4acThb, paBHa I, = U, /R, = 6U/(5r). 3anuiem Teneps cBsi3b MEXAY TOKOM uepe3 amnepmetp u U
I, 3U _3U _ 3-55B

[=2=22 p=od o 299D
2 5r 51  5-0075A

CoOTBETCTBEHHO, CONPOTHBIICHNE BEPXHEN YacTu uenu paBHo R, = 5r/2 = 110 Om, a conpoTuBieHNE HIKHEN —
R, = 3r = 132 Om. O61ee conpoTUBJIEHUE L€ COCTABIISIET

R,R,  110-132

=44 Om.

Ryn = = Om = 60 Om.
R, + R, 242
Kpurepun:
1) [IpaBunbHO cAeNaH pa3pbiB HEMH B HEHTPATBHOM TOUKE . . .« o o o v e e e e e et e e e e e e e e e e 1,5 6amna
2) Bce TOkM B HW)KHEH YacTy 1leN KOPPEKTHO BBIPAKEHBI UepPe3 OIHY BEIMUMHY . . . . « . o o o oo oo 1 6amn
3) Bce Toku B BepxXHeil YacTH ey KOPPEKTHO BBIPAXKEHBI Uepe3 OTHY BETUUUHY . . . . . . . o o« . o . . . 1,5 6amna
4) Haiinena npaBuibHas CBSI3b MEX/IY HaNpsDKeHUEM Mexxkay Toukamu M u N ¥ mokazaHueM BoJbTMeTpa . . 2 Gamna
5) Haiinena npaBuiibHas CBSI3b MEX1y MOKa3aHUSIMU TPUOOPOB M CONPOTHUBIICHUEM PE3UCTOPOB . . . . . . . . 2 6anna
6) Haiineno conpoTuBiieHre Henu Mexxay Toukamu M u N (600m) . . . . . . ... ... ... .. ....... 2 Ganna

YKasanusa nposepaouium:
1) Korpa y4acTHMK MCHOJB3YeT NMpH pellieHnn 3akoHbl Kupxroda «B 100» (He pa3pbiBas 1elb B EHTPAJIbHOM TOYKE),

6a 3a 1.1 cTaBUTCSl B TOM Cilyyae, eClid NOCTaByieHbl Oauibl 3a nn 4 u/unm 5.
2) Ecnu y4acTHUK TOJTYYKJI PABUILHBIN OTBET MHBIM KOPPEKTHBIM CIIOCOOOM, ajlbTEPHATMBHOM aBTOPCKOMY, pellleHUE

OLCHUBACTCS MMOJIHBIM 6aJoMm.

MaKCHUMAaTbHO BO3MOKHBIM OAlT B O KITACCE . . . . . . . o v ottt i e e e e e e e e e e e e e e e e e e
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10 xmacce

3amaua 10.1. IBu:kemMcsl BMecTe.
Ha ropuzoHTanbHoIi IeIsiHO MOBEPXHOCTH HaXosTCs iBa 6pycka, omuH Ha ApyroM (puc. 10.1). HmwkHuit 6pycok nmeer
Maccy 2m, a BepxHuil — maccy m. K BepxHeMy OpycKy NpUKJIAIbIBAIOT MOCTOSIHHYIO TOpU30HTaNbHYI0 cuiny F. Ipu
KaKMX 3Ha4eHusix F Opycku OyayT ABUIaThCsl HAIIPABO, HE CMELIAsICh IPYT OTHOCUTEJIBHO Apyra? Y ckopeHue CBOGOIHOro
najeHust pasHo g. KoaduumeHT Tpenust HuxxHero 6pycka o nén paset 0,1, a koappunueHT TpeHust Mexxay opyckamu

— 0,4. ConpoTusjieHreM Bo3ayxa MpeHeOpeUb.

|
F
m s
2m
Puc. 10.1.

OtBet: 0,3mg < F < 0,45mg.

Pemenue: [Iycts 4 — koadunueHt rpeHns HrmxHero 6pycka o nén. Ecim o6a 6pycka ABIXKYTCS BMECTE, X MOKHO
paccMarpuBaTh Kak OffHO TeJio Maccoil 3m. OHO nof geiicTBueM cuiibl F IPUAET B ABUKEHUE NIPU YCIIOBHUHU, UYTO

F > u-3mg > F > 0,3mg.

Yckopenue cucteMsl Oynet paBho a = (F — 0,3mg)/(3m).
BanuieM Tenepsb 21 3akoH HbloTOHA )11 BEpXHEro 6pycka:

F-03
ma=F —F, = Fm=F—ma=F—ng=2TF+O,lmg.

[yctb u' — koo dunment TpeHnst Mexxay 6pyckamu. Bepxuuii 6pycok He GyeT IBUraThCs MO HIDKHEMY, €CITH

Fp, < p'mg > 2TF +0,1mg < 0,4mg => F < 045mg.

Otcrofa noay4nM, 9To 6pycku OyIyT ABUTaTHCS, HE CMEIasiCh OTHOCUTENBHO APYT IPYTa, P CIETYIOMUX 3HAUeHUSIX F:

0,3mg < F < 0,45mg.

Kpurepuu:
1) 3anmcano ycnoBue F > 0,3mg WM €70 QHATIOT . . .« v v v v v v e e e e e e e e e e e e e e e e e e 1 6ann
2) 3anucaH BTopoi 3akoH HbloToHA 17151 060MX Tell, KaK €IMHOTO HEMOTO . . « « . o v o v v e e e e e e o e 2 bamna
3) Banucan BTOPOU 3aKOH HBIOTOHA JITISI BEPXHETO TEMA . . « v v v v v v v e e e e e e e e e e e e e e e e 2 banna
4) YkazaHo, 4TO Cuia TpeHust Mexpay Opyckamu Fp <0,4mg ... ... oo 1 6ann
5) Haiimeno, uto F < 0,45mg . . . . . . . . e e 3 bamna
1 6ann

6) 3anucan otBeT 0,3mg < F < 0,45mg WM €70 QHATIOT . . . . .+t v v vttt e e e e e e e e e e e e e e
Ykazanua nposepaioujum:
1) Bo Bcex NpuBENEHHBIX HEPABEHCTBAX Pa3/IMuMe MEX/y NapaMy 3HaKOB: < U <, > U 2>, — CUUTATh (PU3UUECKU HECY-

II€CTBEHHBIM.
2) Ecnu B nyHkTe 2 (M1 3) BMECTO YKa3aHHOTO B KPUTEPUSIX, BEPHO 3amucaH 2-i 3akoH HbIOTOHA ISl HYDKHETO Tea,

6aJTbl 32 COOTBETCTBYIOIINI MYHKT CTaBSITCS.
3) bann 3a nyHKT 6 He CTaBUTCS, €CJIU HE YKa3aHO, YTO HEPABEHCTBA U3 M. 1 U 5 MOKHBI BBIOIHSITHCS OTHOBPEMEHHO.



0m6€mbl, KpamxKue peuenus u Kpumepuu OyeHUBAHUsl

Mynuyunanwbhouii sman

3amaua 10.2. IIpbir-ckok.

Teno, GpolIeHHOE MO YIJIOM @ K TOPU30HTY C OTHOIO Kpasi IPSIMOYTOJIbHOM SIMbI, TTaiaeT Ha Apyrou e€ kpai (cm. puc. 10.2).
Ecnu xe, He MeHsist yroy u MecTo 6pocKa, YMEHbIIUTh HAaYalIbHYI0 CKOPOCTh TeJjla B TPU pa3a, OHO, OIMH pa3 YIpPYro oT-
CKOYMB OT IJIOCKOIO JIHA SIMbI, CHOBA MONafET Ha €€ MPOTUBOMONIOXKHBIN Kpail. YeMy paBHa riyOuHa siMbl H, eciiu eé

niuHa paBHa L? ConmpoTuBjIeHHEM BO3IyXa U pa3MepaMH TeJia peHeOpeys.

TLt
OTtBeT: ﬂ.

Pemenne: Ilycts v — HavasbHasi CKOpoCTh Teda. Torga

2 s L
L=2U sin a cos « I / .g ‘
g 2sina cos

Ecnu HavanbHasg CKOPOCTb T€Jla YMEHBIIUTCA BTPOE, OHO JOJIPKHO IMONACTh B TOYKY Ha CEPEANHE [THA SIMbI:

2

L v v . gt

— =—-tcosa, —H=—- tsina— —.

273 * 3 TS

BoIpas3uB U3 MepBOro ypaBHEHHs BPpeMS ¢, MOy IrM
L g 9L? L g 9L%sina 7L
-H=Ztga -2 . —— > -H=Ztga-2. 2"~ > H=""tga.

28 2 4v2costa 28 2 2gLcosa 5 f

Kpurepun:
1) 3anucana gopmyna L = 207 Sin @ COS @/g WM €8 AHATIOT . . . . o o o o oo oo e e e
2) 3anucana ¢popmyia L/2 = vt coS /3 UIM €8 QHATIOT . . . . . . . o v v it e e
3) 3anucana popmyna —H = vtsina/3 — GIY/2 MM €8 QHATIOT . . . . o o o
4) Haiineno, uto H = TLtgald . . . . . .
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YT1ounenue no 3agaue 10.2:
IToMUMO TpaeKTOPUH, PACCMOTPEHHON B aBTOPCKOM PEIIEHNH, CYIIECTBYET eE OIHa BO3MOXKHOCTh TeJTy MOCe eIuH-
CTBEHHOT'O OTCKOKA MOMACTh B MPOTHBOIOJIOXKHBIN Kpai sIMBI (CM. pHC.).

- -2

B ycnosuu 3aaun TpebyeTcs HailTu ri1yOuHy siMbl H , Ipy KOTOPO# TEJIO «CHOBA NMONaAET Ha €€ MPOTHBOIMOIOKHBIN
Kpail», a He «B Kpail». [IoaToMy, 4TOGbI He BAaBaThCS C ydyallUMUCS B (DUIIONOrMYECKHE AMCKYCCHH, 3a7a4a AOJDKHA
OIIEHUBATHCS CIIENYIOIUM 00pa3oM:

1) Ecim ywammiicst paccMOTpes TOJIbKO aBTOPCKHIA BAPUAHT TPASKTOPUH TeJIa, KIOPH UCIIOJb3yeT UCXOIHbIE KPUTEPHH.
2) Ecnu yvammiicst paccMOTpes TOJIbKO BTOPO BapHaHT, OH OLICHUBAETCS COMVIACHO KPUTEPHSIM, NPUBEAEHHBIM HIDKE.
3) Ecnm ywammiicst paccMoTpen 06a BapuaHTa, OLeHHBASTCSI JTyIIHIL.

Kpatkoe penienue 1jist BTOpoOro crydasi:
ITycTb t; 1 t, — BpeMeHa IBIKEHHUsI Tella O U I0CjIe OTCKOKa COOTBETCTBEHHO, a U — HavyallbHasi CKOPOCTh Tena. Torja

2 L
L=2U sin & cos o = / .g ’
g 2sina cos a

[0 gV . 8 ’% It v . g t%
=—-(t; +1,)cosa, - H=--t;sina — —, - H=—=-t)sina — —.
53 (i) 30 3 3 b 2
KoM6uHupys HaifileHHbIe BHIPAXKEHUS, MOTyIUM
6usina 2usina 10vsina 8usina
t1+t2=—, tl_t2: => t1: ,t2= .
g 3g 3g 3g
Orcrona
2 ) . .
. 81 100?sin?a g 1000%sin® _ 400%sina _ 20L
H=— -t;jsma+—=———""—7——+ =" = = tga.
2 9g 2 9g2 9g 9
Kputepun:
5) Banucana dopmyia L = 20% sin @ oS @/g WIM €8 AHATIOT . . . . . . . o o oot 1 6ann
6) 3anucana opmysia L = v(f] +15)COS /3 MM €€ QHATIOT . . . . . . o . v v vttt e 3 6anmna
2
7) 3anucana opmyna —H = g -ty sina — % WM €€ QHATIOT .« .+ v v v v v o e e e e e e e e e e e e 1,5 6amna
. 5 ;
8) Bamucana gpopmyna —H = —% “tysina — g2—2 WTH €6 QHATIOT . . .+ o o v v v e e e e e e e e e e e e 1,5 6amna

9) Haiineno, uto H =20Ltga/9 . . . . . . . e 3 Gayuta
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3agaua 10.3. [lenuTeb HANMPSIZKEHNS.
[Morenmpmomerpom (puc. 10.3a) Ha3bIBaeTCs pe3UCTOpP, CHAOKEHHBI IOTTOJHUTEBHBIM CKOJIB3SIIIUM KOHTAKTOM (EMY COOTBETCTBY-

€T CpelHHI BBIBOJ] YCTPONCTBA), KOTOPBII Ha CXeMax yCJIOBHO 0003HAUYaeTCsl CTPENIKOM. BpalienreM pydkn MoTeHIMOMETpa MO>KHO
M3MEHSITh CONPOTHUBIICHNAE MEXY CPETHIM U KaKUM-JINO0 APYrUM BBIBOJIOM, B HACATbHOM CIIydae, OT HyJIsl 40 MAaKCUMANbHOTO 3Ha-
yeHus R.

['oTOBSICH K 9KCIIEPUMEHTATILHOMY TYpY IO (pusmnke, Manbuuk [Tama co6pai nenb, COCTOSILYIO U3 HICTOYHUKA ITOCTOSTHHOTO HaNpsixkKe-
HUS, pe3ucTopa, NoTeHnuoMeTpa 1 amnepmerpa (puc. 10.36). Bpawast pyuky noteHuuoMetpa, Ilama 3ameTus, 4to cuna Toka yepes
aMIepMeTp MeHsieTcsl, IpUYEM MUHIMAJIbHOE TT0Ka3aHue npubopa pasHo 1,,;, = 2 MA, a MakcuManbHoe — I, = 5 MA. Haiigure
HarnpspkeHne nctounnka Uy n MakcMManbHOE CONPOTHBIIEHNE MOTeHIMoMeTpa R, eciu compoTuBienue pesucropa r = 200 Om.
AMnepMeTp, TOTEHMOMETP U UCTOYHHUK CUUTANTE UealbHbIMHU.

Puc. 10.3.

Otsert: 6 B, 1200 OMm.

Pemenne: [Tycts x R — conpoTHBIIEHNE TOTCHIITOMETPA MEXKAY CPEIHUM U MPaBbIM (II0 cXeMe Ha puc. 6) KoHTakToMm, a (1 —x)R
— COOTBETCTBEHHO, CONPOTUBJIEHUE MEX/Y CPEIHUM U JIEBBIM KOHTAKTOM, TJI€ X MO>KET NpUHUMAaTh 3HaueHust ot 0 o 1. Ecnu cuita
TOKa yepe3 aMIepMeTp paBHa I, TO ciila ToKa yepes3 pe3uctop r coctaBut I, = xRI/r, a cuina Toka yepe3 uctrounnk — I, = I(1 +
+ xR/r). Haiiném obluee HampsbkeHue B ey U npupasHseM ero U,:

I U,/R _ U,/R
T (1=-x)(1+xRIN+x 1+ (x—x2)RIF

I,0-x)R+I1-xR=U, =

B 3HaMeHaTesIe TMOMY4YEeHHOTO BBIPQKEHHS! HAXOUTCS KBAAPATHBINA TPEXWIEH, MAaKCUMATIbHOEe 3HAYCHHE KOTOPOTO COOTBETCTBYET
MHUHHAMAJIbHOMY 3Ha4eHHIo I 1 Hao60poT. CBOEro MakKCUMAIILHOIO 3HAUCHHUS STOT TPEXWIEH NOCTHraeT B Touke x = 1/2 (BepiumHa
napaboJbl), a MUHUMaTbHOTO — npu X = 0 uin x = 1 (pu KpallHUX 3HaYeHUsIX Xx). TakuM o6pazom,

Uy/R
min = M’ Imax = UO/R
Orcroga
1 R _ Imax _ _ _
+—= =25 => R = 6r = 1200 Om,
S
U,=1,,R=0,005A-1200 Om = 6 B.
Kpurepun:

1) HaiineHa cBsi3b MEKJly TOKOM Y€pe3 aMIIEPMETP U TOKOM UEPE3 PE3UCTOP F « o o v v v v v o e e e e e e e e e e e 1 Gamn
2) Bamucano ypaBHeHUe I(1 — x)R+ 1 - xR =Uy WIN €TO QHAJOT . . . . . . o vt vttt it et et et et e e 1 6ann
3) [Mony4deHna 3aBUCUMOCTb CUJIbI TOKa Yepe3 aMrepMeTp I OT MOJIOKEHUS BMYKKA MOTEHIUOMETPA . . . . . . . . . . . . . 2 Ganna
4) YkazaHo, 4TO MaKCUMaJIbHOE 3HaueHNe [ IOCTUTACTCS B KPAWHEM MOJOMKEHMH . . . .« o o v o v v v e e e e e e e 1 Gamn
5) HaiineHno, 4To MUHUMAbHOE 3HAUCHUE | JOCTUTACTCS B CPEIHEM MONIOKCHUM . . « . o o o v o e v e e e e e e e e e 2 Ganna
6) Haiimeno 3Hauenne R = 1200 OM . . . . . . . . . e 1,5 Gamna

7) Haiineno sHaueHne Uy = 6B . . . . .. . o

Ykazanue nposepaioujum:

1) B ¢opmynax gmst nm. 1-3 MOryT OBITh MCIIOJIb30BaHbI HHbIE 0003HAYEHNUS], OTINYHBIE OT aBTOPCKUX.

2) 3aBUCUMOCTSD B I1. 3 JOJKHA COlepXKaTh TONBKO r, R, U U NepeMeHHy10, CBI3aHHYIO C NI0JI0KEHUEM JBIKKA IOTEHLOMETpA.
3) Ecnu 3a n1. 3 BeICTaBJICHbI 6ajibl, TO 6ajuibl 3a MIl. 1 U 2 CTaBATCS aBTOMATUYECKHU.

4) B n. 5 yTBepkAeHue, YTO MUHUMaJIbHOE I COOTBETCTBYET CpelHEMY IOJIOKEHHUIO ABMKKA, JOJDKHO OBITh MYCTh U KPaTKO, HO
000CHOBaHO (C MOMOMIBIO CBOHCTB MapaboJibl, C TOMOIIBIO BEIYUCIICHHSI TIPOU3BOIHON U T.11.). B mpoTnBHOM city4yae Gamnibl B 11. 5 He
CTaBUTDH (OTBET CUNTAETCS «yTagaHHbIM»).

5) Ecnu 11. 5 He olLieHEH, He CTaBSITCs Oasulbl U 32 OTBETHI B . 6 U 7.
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3amaua 10.4. IIpesomienue B noycgepe.
Ha nnockom crosie HaxoguTcst po3payvnad nonycdepa paguyca R = 10 cM ¢ mokasaTesieM MpejoMIIeHUs 1 = \/5 Ha neé

BJI0JIb IOBEPXHOCTH CTOJIa Ha BbicoTe h = R/ \/5 nagaeT cBeToBoi ayd (puc. 10.4). Onpenenure, Ha KAKOM PacCTOSTHUM
S OT IOBEPXHOCTHU mostycdepsl Jyd nonafér Ha croil. [Tokazarens npesoMiieHus BO3ayXa, OKpysKaroliero noiycdepy,

MPpUMHUTE PABHBIM €TMHULIE.

Puc. 104. Puc. 10.5.

Otser: 4,1 cMm.

Pemenue: [Toctpoum xop styda B momycgepe (puc. 10.5). Tak kak h = R/ \/5 yroJi najieHus B Touke A paBeH a = 45°.
U3 3akona CHesMyca HailiEM yroul pesioMyIeHus f:

snp=00 1 o o3
n 2

Tpeyronsuuk A AOB sBnsercs paBHoOepeHHbIM (AO = BO = R), nostomy 2OBA = ZOAB = f = 30°. CooTBeT-
CTBEHHO, YroJl, HOfl KOTOPOM JIy4 BBIXOAMT U3 HoJycdepsl, CHOBa paBeH a = 45°.
Paccmotpum Tenieps A BOC 1 HalIEM ero yriibl:

20BC = 180" — a = 135°, 4BOC =2f —a =15, 4BCO =a - £BOC = 30".

3anuueM Tenepp ISl ITOro TPEYrojJbHUKA TEOPEMY CUHYCOB, YUUThIBasl, 4To OC = R + s:

R+ R
wis S T STROV2-Dmdlow
Kpurepun:

1) 3anucaHo, 4YTO yroi najeHus jgyda Ha nmoiycdepy paBeH 45° . . . . . . ... Lo 0,5 6anna
2) Haiineno, uTo yroJj npejomjeHus jgyda B nojaychepe paBen 30° . . . . . . . ... ... 0,5 6amna
3) Haiineno, uto ZOBA = ZOAB . . . . . . . . . . 1 Gayn
4) HaiinieHbl MpaBuiIbHBIE 3HAYCHUS YIIIOB A BOC . . . . . . . . . . . o 1 6amn
5) IpaBuibHO 3anucaHoO ypaBHEeHUE (MM CUCTEMa ypaBHEHUN ), HEOOXOIUMOe ISt HAXOXKACHUAS S . . . . . . . 3 bamwna
6) Harineno, uro s = R(\/E — ) 3 banna

1 6ann

7)HaimeHo, uTo S & 4,1 CM . . . . . e e

Ykazanue nposepsaouwum:
1) O603HaYeHUsT TOUEK W/UITK YTIIOB MOTYT HE COBMAAaTh C MPUBEJEHHBIMU B aBTOPCKOM PEIlICHHH.

2) IyskrTel 1, 3, 4 KpuTepreB MOTYT HAXOIUTLCS BHYTPH PAa3IMUHbIX YpaBHEHUE WU ObITh yKa3aHbl Ha YepTeKax.
3) Eciu 3HaueHue s cpasy 3anucaHo B BUIE BEPHOI'O YUCIIa, TO OaJlbl 3a 1. 6 CTaBUTh aBTOMAaTUYECKH.



0m6€mbl, KpamxKue peuenus u Kpumepuu OyeHUBAHUsl MyHuuuna/szbtﬁ aman

3amaua 10.5. IloBopor ¢ yckopeHuem.
OkcnepumentaTop MHHOKeHTH VIBaHOB HA CBOEM IOJIHONPUBOJHOM aBTOMOOUIIE XOUYET COBEPIIUTh CIIEYIOIIUI Ma-

HEBp: cTapToBaB U3 TOYKU A (cM. puc. 10.6) u paszrousisich mo nyre A B, paBHoit 90°, momacth B Touky B. CKOpocTh
aBTOMOOWJIS B IIPOIIeCCe ABMXKEHUSI MEHSETCs 110 3aKOHY U = at, Iie @ — IMOCTOSIHHAs, Ha3blBaeMasi KacaTeJIbHbIM YCKO-
peHneM, t — BpeMs, Ipollenmiee ot cTapTa B Touke A. Cuntasi, 4To aBTOMOOMTH IHHOKEHTHSI BCE BpeMsI BIKETCS IO
TOPU30OHTAIILHON MOBEPXHOCTH, ONPENieInTe MaKCUMAIIbHO BO3MOXKHOE 3HAUeHHME KacaTeJbHOro YCKOPEHHUS d, IIPH KO-
TOPOM MalllHa yaepxkurcs Ha nyre A B. KoauuueHT TpeHust Mexxny KojécaMy 1 TOBEPXHOCTBIO PaBeH {, yCKOpEHHe
cBoOofHOro najeHns — g. ConpoTuBIeHNEM BO3AyXa IpeHEOPEYb.

B

A
Puc. 10.6.

OtBeT: ug/\'1+ 72.

Pemenne: [Iycte R — paguyc ayru A B, Torfa e pgimna paBaa L = x R/2. Tak xak aBToM0o6us IHHOKEHTHSI IBUTA-
€TCsl TI0 Hell C MOCTOSIHHBIM KacaTellbHbIM YCKopeHueM, L = at*/2, rue t — BpeMsi MaHEBpa. [IpupaBHuUBas 3anucaHHbIe
BbIPAXKEHUS, OJTYUUM

7R = at®.
[pu coBepilieHNM yKa3aHHOTO B YCJIOBUU MaHEBpA MOJHOE YCKOPEHUe aBTOMOOWMIISI 0GecrieunBaeTcs IelCTRYIOIEeH Ha
HETo CUJION TPEeHHsI, MaKCUMalTbHOE 3HaUeHNe KOTOPOI paBHO (FTp)max = pumg. OTKyja cjieyeT, YTO MaKCUMaJIbHO JI0-

IIyCTUMOC 3HAYCHUC ITIOJIHOT'O YCKOPCHUSL Ay = HE- C le}/FOﬁ CTOPOHLI, ITOJTHOE€ YCKOPEHUE aBTOMOOMJISI €CTh T€OMET-
pyu4de€CKadgd CyMMa IBYX B3aUMHO NEPNEHIUKYJIIPHBIX KOMIIOHEHT — KacaTE€JIbHOI'O U HEHTPOCTPEMUTEIILHOTO yCKOpeHI/If/‘II

a2 =a*+ (V*/IR)>.

TIOJIH

Tak kak a 1 R He MEHSIIOTCS B nponecce NBUXKEHU, IIOJIHOE YCKOPECHUE GYJ]CT HanOOJILIIINM B TOUKE B:

a’ = a® + (@*P*/R)? = a* + (an)? = &*(1 + 7°) => Auom g = aV 1+ 72,

1noJjH B

HOCKOHI)Ky MaKCUMaJIbHO BO3MOXXHOE€ IMOJIHOE€ YCKOPEHUE PaBHO (g, COOTBETCTBYIOUIEE EMY MaKCUMAJIbHO BO3MOKHO
KacaTeJIbHOC YCKOPEHHUE paBHO

Kpurepun:
1) 3anucano ypaBHEHHE 7R = at? WM AHATOT . . . . o . o oot e e e 2 bamna
2) Vicniosib3oBaHa GOpMYJIa Gpopy = Va2 + 0/ R2 WM €€ QHATIOT . . . . . . o oo 2 Gasuia
3) 3anucaHo, 4YTO MaKCUMaJIbHOE 3HAUYECHUE TOJIHOIO YCKOPEHUS PABHO HUE « « v v v v v v v v v e e e e e e 1,5 6amna
4) HafiieHa BeJIM4MHa NOJHOIO YCKOPEHHs B TOUKE B (apopup = aV1+72) oo oo 3 banna
1,5 6amna

5) TToNyYeH MPABUIBHBIM OTBET . . « v+ v v v v v v v e e e e e e e e e e e e e e e e e e e e e e e

Ykazanue nposepaiouum:
1) B n. 3 BakHO, 4TOGBI peyb 11JI1a IMEHHO O MOJIHOM YCKOpeHuH aBToMoOms. [Ipocto dhopMmyna a = pug oleHuBaeTcs B

HOMIb OaJIIoB.
2) ®opmyta 1718 IOJHOTO ycKOopeHust (11. 2) MOKeT ObITh HEe HallMCaHa SIBHO, a Cpa3y MCIO/b30BaHa IIPU MOACUETE d,, , B-

Ecnu oHa ncnionb3oBaHa KOPPEKTHO, O6aJibl 3a 1. 2 CTaBUTh.

MakcUMaJIbHO BO3MOXKHBIA O0aiI B 10 KIIACCE . . . .« o o o e o e e e e e e e e e e e e
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11 knacce

3amaua 11.1. Teso Ha kiune.
C kaKk1M ropu30HTAIbHBIM YCKOPEHUEM @ HY>KHO IBUTaTh KJIWH, YTOOBI MaJleHbKUN Opy- l 8
COK, HaxOJSIIMIACS Ha ero moBepxHocTu (puc. 11.1), ocTaBajcsi OTHOCUTENILHO KJIMHA
HenoABUHbIM? YTOJI IpU OCHOBAaHUM KJIMHA paBeH « (tg a = 0,5), koaduuueHt tpe-
HUSI M1y OpYCKOM U MOBepXHOCThIO paBeH y = (,2. ConpoTuBiieHNe BO3AyXa OTCYT-
CTBYET. Y CKOpeHHe CBOOOHOrO NajieHus MPUHSTh paBHbIM g = 10 M/c2. Puc. 11.1.

a

Otser: 2,7 M/c? < a < 7,8 m/c>.

Pemenne: ITycts m — Mmacca OGpycka. [lepeiiiéM B HeMHepIUAIbHYIO CUCTEMY OTCUETA KJIMHA M M300pa3uM CHUIIbI,
IeficTByOIe Ha OPYCOK B 3TOW CUCTeMe: CUJTY TSDKECTH mg, (GPUKTUBHYIO CHITy MHEPIUU ma, CUITy peakiuu onopsl N
U CUJIy TPEHUS FTp (puc. 11.2). [Tocnenusisi, Ayist onpefeéHHOCTH, HapaBJieHa BBEPX M0 MOBEPXHOCTHU KJIMHA. 3anuIiieM
2i1 3akoH HpioTOHA B TaHHOW cHicTeMe OTCYETa, CIPOEKTUPOBAB BCe CHIIbI Ha och Ox (BMIOJIb IOBEPXHOCTH KimHA) U Oy
(B IEpIEHUKYJISIPHOM HAllPaBJIEHUN):

. N
0= F,,+macosa —mgsina, 0= N —masina — mg cos a. Fy
Bripakast orcrona F., u N, momy4anm ha
FTp = m(gsina — acos a), N = m(asina + g cos a). e mg
7
Bpycok He aBmkercs o kimHy, ecin —uN < F, < uN. CrnejjoBarensHo, Puc. 11.2
FTp gsina —acosa gtga—a
—Uu<—<u > —U<Z— < ypu => —u<>—x
N asina + gcosa atga+ g

Pemmm MOJIYyYUBHINECA HEPABCHCTBA!

tga + 7
L 8lgat+p) g

~ 7,8 M/c?,
l—putga 9

—u(atga+g) < gtga—a =>

tga — 3
ulatga+g)>gtga—a => a>w=—gz2,7wcz.
l+utga 11

Ortcroma 2,7 M/t <a< 7,8 M/c2.

Kpurepun:
1) INpaBusibHO 3anucaH 21 3aKk0H HbIOTOHA B MPOEKIMU HA OHY M3 OCEM . . . . v v v v v v e e e e e e e v 2 banna
2) NpaBuibHO 3anucaH 211 3aK0H HbIOTOHA B MPOEKIMU HA IPYTYEO OCh . « . &« o v v v v v e e e e e e e e e 2 bamna
3) Bammcano ycnosue | Fp| < uN MM ETO QHATIOT . . . . . ..ottt 2 6amna
4) Hafinena npaBusibHas BEPXHSISI TPAHUIA BOBMOXKHBIX YCKOPEHUM . . . . o v v v vt v e e i e e i oo e 1,5 6anna
5) Haiinena npaBusibHasl HUOKHSISI TPAHULIA BOSMOXKHBIX YCKOPEHHI .« .« . o v v v v o v o e o e e e e e o 1,5 6anna
6) 3ammcan oTBeT 2,7 M2 < a< 7,8 M/CE I €70 QHATIOT .« .+« « o o e e e e e e e e e e 1 6amn

YKasanusa nposepaoujum:
1) Bo Bcex NpUBENEHHBIX HEPABEHCTBAX Pa3/IMuie MEX/y NapaMy 3HAKOB: < U <, > U =, — CUUTATh (PU3MUECKU HECY-

IIECTBEHHBIM.
2) B . 1 u 2 BTOpo# 3akoH HbloTOHAa MOKET ObITh 3alMCaH Kak B MHEPLIUAIbHOM, TaK U B HEMHEPIMATIBHON CUCTEME
OTCUETA.

3) YyacTHUK MOXeET HallpaBUTh CUITy TPEHUS He BBEPX, a BHU3 110 MJIOCKOCTH, YTO NMPUBEAET K CUCTEMaTHYEeCKOMY U3Me-
HEHUIO 3HaKa nepej| Fy,, BO BCeX ypaBHeHusX (. 1 u 2). 3T0 1omycTumo.

4) Ecyin BMeCTO HepaBeHCTBa, HEOOXOUMOrO B 1. 3, YKa3aHO, UTO MOeT ObITh JiBa HANpaBJICHUS )1 MAKCUMAJIbHOM
CHJIBI TPEHUSI, OaJUIbI B 1. 3 CTABUTb.

5) B . 4 u 5 yKcoBbIe 3HaUEHUs [l yCKOPEHUil HeoOsi3aTebHbI.
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3amaua 11.2. CoanancupoBaHHasl 3apsiaKa.
B nenu, u3o6paxkénnont Ha puc. 11.3, 06a kiltoya pa30MKHYTHI, 2 KOHIEHCATOPHI He 3apsixkeHbl. CHavalla 3aMbIKAIOT K04

K, a 3aTeM, Korja 3apsij Ha KoHieHcaTtope éMKocTbio C cTaHeT paBHbIM 2C &/3, 3ambikatoT ko4 K,. Onpenenure co-
NpOTHUBJIEHHE pe3rcTopa R u €MKOCTb MpaBoro koHaeHcaropa C, eciiy nocje 3aMblkaHus kimoua K, Toku uepes oba
KOHJIEHCATOpa OJIMHAKOBBI B KAX/bII MOMEHT BpeMeHH. EMkocTh nieBoro konnencaropa C, IJIC Garapeu & u e€ BHYT-

pPEHHEE CONPOTUBJICHUE F CUUTANTE U3BECTHBIMU.

lm
TT b

Puc. 11.3.

Otser: C) = C/3, R =4r.

Pemenne: Eciu noce 3aMbIKaHusi BTOPOTO KJIIOYA TOKU yepe3 00a KOHIEHCATOpa OJJMHAKOBBI B KaXKbIii MOMEHT
BpEMEHHU, TO U 3apsijibl, EpelIele Ha KOHIEHCATOphl OT MOMEHTa 3aMblkaHusl K, 0 NpeKpaleHus 3apsiiku, TOXe
TOJI’KHBI OBITh PpaBHBI. B YCTaHOBUBLIEMCS PEXMUME TOKHU B HENU HE TEKYT, CJIE€IOBATE/IbLHO, HAIIPSA)KEHUS Ha 0001X KOH-

JA€HCATOPaxX paBHbI g, a 3apsibl, COOTBETCTBEHHO,
dycrc = Cce, dycrco = Co€.

3apsi, NOSIBUBLLMIACS HA JIEBOM KOHJEHCATOpPEe C MOMEHTa 3aMblkaHusl K,, coctaBul Agq- = dyerc — 2C&/3 = C&/3.
ITockosbky OH fmosIkeH ObITh paBeH 3apsigy Ha C,

C

ch = quTCO = _— = CO% = CO = ?

PaccmoTpuM Tenepb MOMEHT cpasy IocJie 3aMblkaHusl kitoda K,. 3apsi, ObIBIINI Ha KOHAEHCATOPaX O 3aMbIKaHUSI, HE
yCIies MOMEHSIThCS, HO TIPH 9TOM B ey 000uX KOHJCHCATOPOB MOSIBUIICSI TOK I, a yepe3 Garapeiiky, COOTBETCTBEHHO,
Teu€T ToK 21. Hanps>xeHne Ha JIeBOM KOHJIEHCATOpE AOJKHO ObITh PABHO HAIPSDKEHUIO Ha pe3nuctope R (KoHpeHcaTop

C\) MoKa He 3apsiKeH):
2&/3 =1R.

C npyroit CTOpOHBI,
&=2I -r+28&/3 => &13 =2Ir.

Orcrona HauéM, yto R = 4r.

Kpurepun:
1) ITpaBusbHO HaiineH 3apsig Ha KoHaeHcaTtope C o 3aMbikaHust Ky . . . . .. oo oo oo oo 0,5 6amra
2) IpaBuibHO HalAEHBI 3apsiibl, yCTAHOBUBIINECS TOCHE 3aMbIKaHUS Ky . . . . . . . . ... . o . 1 6amn
3) Unes o ToM, 4YTO U3MEHEHUE 3apsiIoB HAa 000UX KOHJEHCATOPaX NOJLKHO ObITh OMUHAKOBBIM . . . . . . . . . 2 Oamna
4) Hanucano paBeHCTBO JJIs HANPSKEHUI HA OHOM Mape napaiebHbIX BETBEIl B MOMEHT 3aMblkaHust K, . 2 Gamia
5) HanucaHo paBeHCTBO /17151 HANPSDKEHUI Ha IPYroi nape napajuieibHbIX BETBE! B MOMEHT 3aMblkanust K, . 2 Gania
6) HaiieHo, uto Cy = C/3 . . . . . . L 1 6ann

T)HaineHo, uTO R = 4F . . . . . o e s

Ykazanue nposepaouwum:

1) B . 4 1 5 paBeHCTBa NODKHBI OBITH MPABWIILHBIME U COfIEpXKaTh CHITy TOKa, &, R u/vumm r.

2) Ecnii BMECTO paBeHCTB, yKa3aHHBIX B M. 4, 5, yJaCTHHK 3aicall IpaBuiibHblE ypaBHEHUE/-1sl B IPOU3BOJIbHBII MOMEHT
BPEMEHHU, JIJIs BBICTABIIEHHsI GAILIOB 32 3TH IyHKThI 00s13aTeNIbHO Hamuune Gpopmyibl [ = q'.

3) Ecnu mosrydeH KOppeKTHBIM CITIOCOOOM BEPHBIH OTBET B 1. 6, 6Gayutbl 3a M. 1-3 cTaBITCsS aBTOMaTHYECKH.
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3amaua 11.3. Iyrosoii mpoiecc.
NneanbHblii ra3 nepexoiuT U3 cocTosiHUS A B cocTosiHue B B nporiecce, rpaduk koTtoporo uzobpaxén Ha puc. 11.4. B
Oe3pasMmepHbIX koopauHatax p/py u T/T,, rae p — paBieHue rasa, a T — ero abGconoTHas TeMieparypa, kpusas AB
npefiCTaBIsieT cOO0M AYTy OKPY>KHOCTH C IEHTPOM Ha TOPU30HTAIBHON OCH (B TOUKe ¢ abcuuccon 5).
1. Onpepennre MUHUMAJIbHYIO M MAKCHUMAJIBHYIO TEMIIEpATYpy B Ipouecce A B, BbIpasuB ux uepes nmapametp 1.
2. Haiimure oTHOLIEHNE MaKCUMAIbHOTO 1 MMHUMAJILHOTO 0ObEMOB Ta3a B mpouecce A B.

p/po V = le}’l

3 P ”
C \
\\\ V = Vmax
1 -4+ - - - (O y\ 7777777777
T/T, a A - B T/T,
0 5 0 5
Puc. 11.4. Puc. 11.5.

Otser: 1) T, = (5 — 22Ty ~ 2,17Ty, Tppr = (5 + 2V 2Ty ~ 7,83Ty: 2) Vo Viyin = 314 - (5 +2/2) ~ 5.87.

Pemenmne: 1. I[Tockonbky rpagukom npornecca A B siBisieTcsl OKpY>KHOCTb pafinyca 3, MUHUMaJTbHas U MaKCUMaJIbHasl
TeMIlepaTyphl (TeMIepaTypbl B TOUKax A U B COOTBETCTBEHHO) PaBHbI

Ton=Ta =Ty (5- V32 - 12) =1 (5-2v2) » 2,177,
Tmax = TB = TO <5 +V 32 — 12> = TO (5 + 2\/5) ~ 7,83T0

2. U3 ypaBaeHus MenpeneeBa-Kianeipona cienyet, 4To 06bEM raza mponopuuoHaneH emuuude T/p. [Tloatomy, uTo-
OBl OMpEaeUTb TOUKN Ha KPUBON A B, B KOTOPBIX 00BEM raza MUHMMAJICH M MaKCHUMaJleH, HY>KHO U3 Hauana KoOpauHaT
HPOBECTH MPSIMBbIE, NMEIOIIHE 001IMe TOUYKN ¢ A B M, COOTBETCTBEHHO, MAaKCUMANIbHbIN 1 MUHUMAJIBHBIN YTIIOBOI KO3(-
¢unuent (puc. 11.5). B pe3yabTare mojyuyum, 4To MakCUMallbHbIM 00BEM rasa OyjeT B Touke B, a MUHMMaNbHbIM — B
touke C. B Touke B orHowmenue T/p pasuo (T'/p)p = 7,831,/py, a B Touke C —

Ty Ty, V52-32 4T,
Tlp)c=— ctga=—+ ———— = —.
Po Po 3 3P0

Orcroga HaljeM OTHOIIEHHE MaKCUMaJIbLHOIO U MUHUMAJIBHOTO 00BEMOB:

Vv T/
max __ ( p)B — 27,83z5,87

V,in (Tlp)e 4

Kpurepun:
1) HafineHo MpaBUIIBHO® 3HAYCHUE T)pjyy -« « « v v o v e e e e e e e e e e e e e e e e e et e e

2) HaiinieHo NpaBUIBHOE 3HAYEHHE T}y« o o o v v o o oo e e i e e e
3) IIpensioskeH MpaBUIILHBIA CIOCO6 OMNpefesieH:s TOYSK C MUHUMAaTbHBIM/MaKCUMATIbHBIM OOBEMOM . . . . . 2 banna

1 6amn

4) HaiigeHo, uTO 00BEM MaKCUMAJIEH BTOUKE B . . . . . . . . . . e 1 6amn
5) [IpaBUiIbHO HaiileHa TOUYKA MUHUMAITBHOTO OOBEMA . . . . o . v v v v e vt e e i et e e e e e e 2 6aa
6) [IpaBunbHO HaifieHO OTHOMIEHNE T/pBTOUKE B . . . . . . . . . oo o i e e 1 Gann
7) IlpaBunbHO HafiieHo OTHOWIEHUE T/p BTOUKE C . . . . . . ottt et et e e e e e e e 1 6amn
8) HaitneHo, uto V,,, [V, i, ® 5,87 o« o e e 1 6ann

Ykazanue nposepaowum:
B nin. 6 1 7 MoryT ObITH 3aNMCaHbl BEIpaXKeHUsI, ponopioHansueie T/p. Eciu onu BepHble, 6aslibl 32 COOTBETCTBYIOIINE

ITYHKTBI CTaBUThb.
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3agaua 11.4. Ilo marepunamam EI'D.
U3 HayanbHOTrO MOJIOXKEHHs, Haxofsierocst Ha BbicoTe 3 R/4 (cM. puc. 11.6), HO HOBEPXHOCTH IMIaAKON ChepruuecKoil OIOCTH pa-
auyca R CKOJIb3UT MasleHbKasl Imaiba.
1. OnpenenuTe MOJHOE YCKOpPEHHE IIai0bl B HU)KHEH TOYKE MOJOCTH.
2. OnpenenuTe, Ha KaKOH BBICOTE /1; OTHOCHTENILHO HIYKHEH TOUKH MOJIOCTH TOJIHOE YCKOPEHHE IaiObl PAaBHO MO BEJIMYHHE YCKO-
peHuto CBOOOIHOTO MajieHus g.
3. Onpepenute, Ha KaKoil BbICOTE /1, OTHOCUTENIBHO HIDKHEN TOUYKH MOJIOCTH IIOJIHOE YCKOpeHue Maii6bl B Ipolecce €€ IBIKeHUs]

OyaeT MUHUMAaJIbHBIM.
HauvasnbHast ckopocTb aii6bl paBHa Hy 0. COMpOTHBIICHHE BO3[yXa U TPEHUE OTCYTCTBYET.

K

Puc. 11.6. Puc. 11.7.

Otsert: 1) 3g/2;2) hy = R/2;3) h, = 2R/3.

Pemenne: [Tyctb maiiba nMeeT Maccy m u B HEKOTOPbI MOMEHT HaXOJIUTCSI Ha BLICOTE /1 OTHOCUTENILHO HUXKHEHN TOUKH TTOJIOCTH.
N306pa3nM cuitel, AeiCTBYOINNE HA HEE — CHIIY TSDKECTH mg W culy peakiuu omopsl N (puc. 11.7). OnpenennM kacaTenbHOe
YCKOpEeHHUE aiObL:

VR2 — (R - h)? =g\/% n2

ma,,, = mgsin ¢ > a,.=gsinp=g = o

LleHTpOCTpEeMUTENLHOE YCKOPEHUE HIal0bl HAlAEM ¢ nomolibio 3CD:

2 2
mg-%TR:mgh+% > vzzg(37R—2h> > au_c.=v—=g<%—%>.

To/HOE yCKOPEHHUE, B CBOIO OYEPE/b, PABHO a = {/ a2, + a2 .

1. B mmknei Touke h = 0, crnegoBarenbho, a,,. = 0, a a; . = 3g/2. OTciona Haxo[[UM, YTO B 3TOK ToUKe a = a, . = 3g/2.
2. Ilyctb a = g. Torma

s o(2n R 5 (3 2h\? 2h  h> 9 6h  4h? 5 4h 3K
=g +< > = 1= + + = 0= +

R R 4 R R 4 R R

2 R

Haiiném kopHu nosyyenHoro ypaBueHust: A/R = 1/2 u h/R = 5/6. OtGpacbiBasi BTOPOil KOpeHb, NOCKOJIbKY BbICOTa HE MOKET ObITh

BollIe 3 R/4, 3anuem, 4to A; = R/2.
3. Benuunua a® 3aBUCHT OT BBICOTHI A 110 3aKOHY:

2_ (9 _4n 3K
a—g<4 R+R2'

Haiiném nosioxkeHue MUHUMYMa 3TO# (DYyHKIMHU, HAPpUMep, € MOMOIIbIO POU3BOJIHOM:

(94 —4m/R+3h/R*) =0 =  —4+6hW/R=0 =  h,=2R/.
Kpurepun:
1) Haiinen npaBuiIbHBIA OTBET HA MEPBBIM BOIIPOC . « « v v v v v v et e e e et e et e e e e e e e e e e e e e e e 1 6amn
2) 3anucaHo, 4TO a,,. = g SiN @, WM aHATOTUYHAS DOPMYIIA . . . . . o o v v vttt e bttt et e et e 1 6amn
3) Banucan 3CD (mg - 3R/4 = mgh + mu?/2 15 N1 (o) o) 1 6ann
4) Tlony4yeHo BepHOE ypaBHEHUE, TO3BOJISIONICE HAUTH OTBET HA 2 BOTIPOC . « « « v v v v v o e e e e e e e e e e e e e e 1,5 6amna
5) O6G0CHOBaHHBII OTOOP KOPHEH YPABHEHUSI M3 YHKTA 4 . . . . . v o v v e i e e e e e e e e e e e e e e e e e 1 6ann
6) [TomyueHo, UTo Ay = R/2 . . . . L o L e 1 6amn
7) IlonyueHo BepHOE BbIpaskeHHE IS TOJTHOTO YCKOPEHUs KaK (DyHKIMU OTHOM MEPEMEHHOM . . . . . . . . . . . . . . .. 1 Gasn
8) Peann3oBaH KOPPEKTHBIN CTOCO0 HAXOXKICHUS MAHIMYMA YCKOPCHUST . « .« . o o v v v v o e e e it e e e e e e e 1 Gamn
9)HMomyueHo, uTo hy =2R/3 . . . L L 1,5 Gamna

Ykazanue nposepsioujum:
1) Eciu 3CD 3amucaH TOJbKO B YaCTHOM cilydae (Jisi OTBETa Ha MEepBblil BOMPOC), Galibl 3a M. 3 HE CTaBUTh.
2) B . 8 jo/kHa ObITh NPABUIILHO BhIYUCIICHA [TPOU3BOIHAS MITM BEPHO HalijieHa BepIMHa apatoJibl.
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3apgauya 11.5. IToa€rbl B mOISIX.
W3 vonHoi nywku I1 ¢ HayanbHOW CKOPOCTHIO U BBUIETAIOT MOHBI U MOMAJA0T B TOUKY O Ha IUIOCKOM 3KpaHe O, HaXOJsIieM-
csl Ha pacctosiHnm L ot mymku. Korga B mpocTpaHcTBe MeXy MyLIKON W 9KPAaHOM BKJIIOUMIIM OXHOPOJHOE 3NIEKTPUYECKOe ToJe
HanpsbKEHHOCThIO E, HampaBiieHHOE BJOJIb IJIOCKOCTH 3KpaHa, MOHbI CTaJIM MOMNajiaTh Ha 3KpaHe B Touky M (puc. 11.8a). 3arem
9JIEKTPUYECKOE TOJI€ BBIKIIOUMIN U BKIIIOUMIN OJHOPOJHOE MarHUTHOE MoJie MHAYKIMU B, HampaBieHHOE NapajuielIbHO 3KpaHy U
NEPIEHAUKYJISIPHO BEKTOPY E (puc. 11.86). Okazanoch, 4TO U B 3TOM Cliy4ae MOHBI NonajaoT B Touky M. Haiinure ckopocts v,
ecim paccrosiuie OM = r. [LI0CKOCTh 9KpaHa MEPIEHUKYIISIPHA BEKTOPY U. BiusHueM rpaButanuu npeHeGpeub.

] ]
l B®

I . E | J N
1 v | _|_£ 777777777777777 |
] %) ] 0

| r | r

] L [M ] L [M

a) 0)
Puc. 11.8.

Oteer: v = E/B - LY/(** + L?).

Pemenue: [Tycts ¢ — 3apsin noHa, a m — ero Macca. [1o xapakrepy OTKJIOHEHHS HOHA B
3JIEKTPUYECKOM M MAarHUTHOM IOJISIX JieNaeM BbIBOJ, uTo g > 0. PaccMoTpum nepsyto cutya-
IIMI0, KOT/1a BAOJIb ITOBEPXHOCTH 3KpaHa NPUIIOXKEHO anekTpuueckoe noie E. B atom ciiyuae
YCKOpEHHEe MOHa MIOCTOSIHHO, HAMPaBJIeHO BHU3 (110 PUCYHKY) U paBHO ¢ E/m. I1ycTb MOH j10-
cTHr 3KpaHa 3a Bpems ¢. Torga

2 2 2
qEt qEL q 20°r
"= om " ome m EL?

L =ut,

Bo BTOpOM ciiyyae MOH MO IEUCTBMEM MAarHUTHOIO MoJiss B IBMKETCS C MOCTOSIHHOW MO
MOJIYJIIO CKOPOCTBIO BIOJIb IyT'M OKPY>KHOCTH ¢ IeHTpoM B Touke C (cM. puc. 11.9). Haiiném
paguyc R 3TON OKPY>KHOCTH

mv*/R = quB => R = mv/(gB).

C npyroii ctopoHsl, 1o TeopeMe [Indaropa

2, 72 2 2 2, g2 2 r+ L
(R-r*+L"=R° = R -2Rr+r"+L°=R" = R=2—.
r
Orciopia ciefyer, 4To C
@ _ r2 + L2 N 1 _ 2rU PI/IC. 119
qB 2r m B2+ L?)
[TpupaBHuBas Tenepb NpaBble YaCTH MOJYUUBILUXCS YPABHEHMUI, TIOJTyYHM BBIPOXKEHHE JIJIsi CKOPOCTH U
20°r 2rv E L’
= > v=— . ——.
EL? B2+ L?) B r2+12
Kpurepuu:
1) @opMyna L = 0f WIIM QHATIOT .« . . o o v v vt et e e e e e e e e e e e e e e e e e e e e e e 0,5 6amna
2) ®opMyna r = gE1/(2m) WM QHATIOT . . . . o o ottt e e e 1 6amn
3) U3 popmys B M. 1 ¥ 2 KOPPEKTHO UCKITIOUCHO BPEMSL . « . o v v vt e vttt et et e e e e e e e e e e e 2 Gamna
4) ©@opmyna R = mu/(gB) WM QHATIOT . . . . o o v v vt i e et e e e e e e e e e e e e e e e e e e e e 1 6amn
5) 3anmcaHa MpaBWJIBHAS CBSI3b MEXTY R, rm L . . . . . . o o 1,5 Gamna
6) I3 hopMy B IML. 5 M 6 KOPPEKTHO UCKITIOUEHO R . . . . . . . . . oo e e e e e e e e 2 bamna
7) llonyyeno, uro v = E/B - L2(L2 412 2 Gamna

Ykazanue nposepsioujum:
B 11. 5 nocrarouno 3anucath gopmyy (R — )’ + L* = R>.

MakcuManbHO BOSMOKHBIN OAIT B 11 KITACCE . . . . . . . e e e e e e e e 50
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