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Saxarwowumenvroit sman. Teopemuueckut myp XXXV Bcepocculickas 0AUMNUGOG WKOALHUKOS TO Puduke

9 knacc 3amaua 3. TemtonpoBos,
3amaua 1. Prakok B renmonzonmpoBanHOM COCYIE HAXOIUTCS CMECh Temwnounzonsist
C BBICOKOTO Oepera 03epa 3a BEPEBKY MOATATUBAIOT JIOJIKY. A Bozbl u JibJa npu remmeparype t; = 0°C. Uepes

K Bepeske npussizan (diaxkok C. B moment, Korga (haakok
OKa3aJICs mocepeante yaacTtka A B, BepeBka Oblia, HAITPABJIEHA,
oz yritom o = 60° k ropusonty. Haiiaure ckopocts diazkka B
9TOT MOMEHT, €CJTH U3BECTHO, 9TO CKOPOCTH JIOJKHU COCTABJISLIA
u =1 m/c. BepeBka HepacTszKuMa.

CTEHKY B COCYJ BBOJWUTCS TOPEI, MEIHOIO CTEPIKHS, _
OOKOBBIE CTEHKU KOTOPOTO MOKPBITHI TEIJIOU30/IUPY-
foreM cyioeM. JIpyroit Toper cTepKHs MOTPYKEH B
BO/TY, KUITATILYTO TIpH aTMochepHoM JaBaeHnn. depes
Bpemsd T, = 15 MUH Bech JeJ1 B cocyae pactasi. Ecim

D O o o

Kunamaa soga

N e
ObI BMECTO ME/IHOTO CTEPXKHS B 9TOM SKCIEPUMEHTE  Ipi €1b
Puc. 1 GBI HCIOIBL30BAH CTATIBHOI CTEp:KEHb TOrO Ke Ce- Pﬂgaib

YeHUsi, HO JAPYTOil JJUHBI, TO BECh JieJ PACTasy Obl
4Jepe3 BpeMd T, = 48 MuH.

CrepKHU COeAUHAIOT TIOCIeA0BaTeNbHO (cM. puc.). Kakoii Gyzer Temneparypa
t B MecTe CONMPUKOCHOBEHUS MEJTHOrO W CTAJbHOrO cTepiKueir? Paccmorpure nBa
ciydas:

1. KumAMIIAaa BOJIA COMPUKACAECTCS C TOPIIOM METHOTO CTEPKHS;

2. KATIAIIAA BOJA COMPUKACAETCI C TOPIIOM CTAJBLHOTO CTEPIKHS.

Yepes kakoe BpeMs T PACTaeT BECh JIE/ [IPU MOCIEI0BATEIHHOM COETNHEHUN
crepxkueit? Bymer jim 910 BpeMsi 0JIMHAKOBO B ciaydasx 1 u 27

3amaua 2. [lmardopma Ha pe3umHKe

TlopuzonTanpuas miardopma macchkl M = 300 © TOABEIIE- sy NN NN
HA Ha pe3mHOBOM Xkryre AB kak moka3ano Ha puc. 2. 2Kryr A
IIPOXO/IUT CKBO3b OTBepcTHe B rpy3e. Macca rpy3sa m = 100 r.
Cucrema HaXOIUTCS B PABHOBECHN. 3aTEM I'Dy3 OTITYCKAIOT 0Oe3
HAYAJbHON CKOPOCTH C BBICOTHI /i OTHOCUTEIHLHO MIaT(OPMBI.
Haiinure, npu KakoM MUHHMAJIBHOM 3HAYEHUU h KI'yT IOPBET- h
CsA, eCJIM er0 MaKCUMAJIHHO JIOMYCTUMOE VIJIMHEHUE T) = 8 CM. M
3aBUCUMOCTD CHUJIBI HATSYKEHUS YKI'YTa OT €ro YIJTUHEHUS TPU- @
Besiena Ha puc. 3. Yaap rpysa o mwiardopMy cauTarb abCcOIIOT-
HO HEYIIPYTUM. Puc. 2

3amaua 4. [lepeMbraku
F.H , DJIeKTpUYeCcKas MENb COCTABJIEHA U3 CEMU TIOCIEI0BATEIHHO COEIMHEHHDBIX De-
suctopos: R = 1 kOm, Ry = 2 kOm, R3 = 3 kOm, Ry = 4 kOm, R5; = 5 kOw,
— R¢ = 6 kOm, R7 = 7 kOMm u yerbipex nepembruek (puc. 5). Bxognoe nanpsizkenue
— U = 53,2 B. YKaxkuTe pe3ucTop, dYepe3 KOTOPHI MpOTeKaeT TOK MUHUMAJILHON
cusibl. Haiiiure 3Havenne CUIbI TOKA 9€Pe3 TOT PE3UCTOp. Uepes3 Kakoil pe3ucTop
/ [IPOTEKAET TOK MakcuMaJbHON cuibl? Haiinure ee 3HaueHue.
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Puc. 3 Puc. 5



Saxarwowumenvroit sman. Teopemuueckut myp

10 knacc
3angada 1. Topmo3Hoil myTh
JlerkoBoit aBTOMOOWIH €IeT TIO TOPU3OHTAJIBHON TOPOre CO CKOPOCTHIO V. Ec-
JI BOJIUTEb 3aDJIOKUPYET 3aJIHUEe KOJIeCA, TOPMO3HON IMyTh MAIIHHBI COCTABUAT
L1 = 28 m. Ecim BogmTe b 3a0JI0KUpPYET HepeHne KOJIeca, TOPMO3HOM myTh 0y-
ner paBen Lo = 16 m. Kakum OKakeTcss TOpMO3HOI My Th MAIHHBL, €CJIi 320/ 0K~
poBarb Bce derbipe KoJieca? VI3BecTHO, 9TO MEHTP MACC aBTOMODUIIS PACIOIOKEH
HA PABHBIX PACCTOSHUAX OT OCEH TEepeIHUX W 33IHUX KOJIEC, TUaMETDP KOTOPBIX
OJIMHAKOB.
3amaua 2. OGpbIBKH pyKONUCHU
ToeopsiT, uro B apxuse jopaa KenpBuna Hamm 0O0pbIBOK PYKOIUCH, HA, KOTO-
poMm ObLT N300paXKeH 3aMKHY THII [IUKJI [Tt V' = 1 MOJIb resiusd B KoopauaaTax pV .
Huks cocrosin w3 m3orepmbr 1-2, uzoxopsr 2-3 u axuabdarsr 3—1. KIIJI nannoro
mukjaa n = 0,125. Macmrab mo ocu obbema: 1 genr = 0,5 J1; O OCH TABJICHUSA:
1 nern=5- 105” [Ta. Haiiqure o6bem raza B uzoxopudeckom mnporecce. Ha pucynke
OCb JIABJIEHUST BEPTUKAIBHA, & OCh OO'beMa FrOPU30HTATbHA.

1T
=

Puc. 6

3anaga 3. Cdepuyeckuii kKoHgEHCATOP

Cdepuueckuit KoHmeHCATOP C pagunycamu 0bkmamok Ry = R u Ry = 3R nox-
COEJIMHEH K MCTOYHUKY C OCTOgHHBbIM Hanpsxkenuem U (puc. 7). IIpocrpancrso
MEKTy OOKJIQJKAMU 3AMOJHEHO IBYMS CJIOSMHU PA3JIMIHBIX BEIIEeCTB C y/IEIbHbI-
MU CONPOTUBJICHUSAMU p1 = P U P2 = 20 U JUIJIEKTPUIECKUMU IPOHUITAEMOCTSIMU
€1 = €9 = 1. Paguyc cdeputdeckoii rpaHunibl Mexkay ciaoamu Ry = 2R. Yaenb-
Has MPOBOJMMOCTH CJIOEB MEXKIy OOKJIQIKAMHU KOHIEHCATOPA HAMHOIO MEHBIIIEe
YJAEIbHOI IIPOBOAMMOCTH MaTepUaJia OOKJIAI0K.

1. Haitaure 3aps Ha IpaHULE MEXKIY CAOSIMU Pa3/IUYHbIX BElleCTB.

2. Haiigure cuty ToKa, MPOTEKAIOINIEr0 Yepe3 KOHIEHCATOP.

XXXV Bcepocculickas 0AUMNUGOG WKOALHUKOS TO Puduke

3amaua 4. Iliaockuii KoH/IeHCaTOP

B mockuii KoHgeHcaTOp eMKOCTHIO C) BIABUTAETCS TUIJIEK-
TpUYECKasl IIACTHHA, C JIUIJIEKTPUYECKOH MPOHUIIAEMOCTHIO .
Konzencarop BKIIOYEH B 3JEKTPUUECKYIO TIEITb, MPeICTABIeH-
HYIO Ha pucyHke. [Ipu 3TOM 0Ka3aJi0Ch, 9TO CUJIa TOKA, TPOTe-
kaiorero depes barapero ¢ 91C & nocrosinenna u pasua Ij.
O6e Garapeu ueaibHbIE.

1. OmpenenuTe culy TOKa, MPOTEKAIOIIETO Y€PE3 PE3UCTOP
¢ conporuBsienuem R;.

2. C Kakoi#l CKOPOCTHIO JIBUYKETCS TUIJICKTPUYECKAs TIJIa-
crura? Ilpu pacuerax cuwraiite, uro I/C & u & 3amanbI,
Ry = Ry = R, njuna nnactul Koujgencaropa Cy paBHa [.
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Puc. 8

3amaua 5. JIumza Ha 3epKajie

Ha nosepxHOCTH ILIOCKOrO 3€pKaJia JIE?KUT TOH-
Kasi CUMMETPUYHAS JIBOSKOBBIMYKJAs JIMH3A C (DO-
KYCHBIM paccrosganeMm Fjy = 8 cM.

1. Ime 6ymer HaxomuThCsa n300parkKeHNe TOIETHO-
g(; I/ICTqu;/IKa, MTOMEIIIEHHOTO Ha, paccTosTHuN |1 = F{ FTT P T T e

JINH3DL?

2. Ha noBepxHoCTh 3epKaJja HaJIUBAaIOT BOLY TaK, Puc. 9
YTO YPOBEHB BOJIBI COBIA/IAET C TJIOCKOCTHIO CHMMET-
pun auH3bl. Ecan Teneph TOYEUHBIH HCTOYHUK TTOME-
CTUTh Ha PacCTOAHMU o = 12 cM OT JMH3BIL, TO ero u300parKeHue COBIAJLET C
CaMUM HMCTOYHHKOM. Ha KakKOM pacCTOSHUWH OT JIMH3BI HYKHO PACIOJIOXKUTH TO-
YEUHBIA MCTOYHUK, YTOOBI €r0 M300paykeHne COBIMAIO C HUM CAMWM, €CJIU TOJIAThH
BOJIbI TaK, 4TOObI OHA [IOJHOCTHIO CKPbLIA JILH3Y !

Ipumenarue. OnTUIECKIE CUIBI TOHKUX JINH3, PACIOJIOKEHHBIX BILIOTHYIO
JIPYT K JIPYTY, CKJIAIBIBAIOTCS.

/ //,//"/////




Saxarwowumenvroit sman. Teopemuueckut myp

11 knacc
3agaua 1. CkoJib>keHue ¢ BHYTPEHHUMH KOJIe0aHUsIMU

Ha max0HHON MIOCKOCTH, COCTABISAIONIEH YOI (v C TO-
PU3BOHTOM, B HAYAJIbHDBIH MOMEHT ITOKOUTCH SAIIUK, B KOTO- z
POM ecTh TPY3 MacChl 17, COBEPIIAIONIHil KoTebanud 1m0 3a-  \f
KOHY x = Asin Q%t ¢ mepuogoM T' u amminTymoit A BIOJb
IPSMOii, TePIEH UK YTAPHON HAKIOHHOI mmockocTr. Koad-
dbuIMeHT TpeHust ANUKA O MJIOCKOCTh p = tga. Haiian-
T€ CPEIHIOI CKOPOCTh [IBUKEHUS ANINKA 33 BPEMsS MHOTO

bosbItee T, mosaras, 9To SIUK BCE 9TO BPEMS JIBUTAJICS IO~ «
CTYMATEIHHO ¥ He TOAIPHITHBAJI 10 HAKJIOHHON IJIOCKOCTH.
Haiinure ycioBue, mpu KOTOPOM SIIUK HE OYIET MOIMTPBITU- Puc. 10

Barb. CymmapHas Macca siuKa u rpy3a pasaa M.
3anada 2. OOpbIBKU PYyKOIUCHU
ToeopsT, uro B apxuse jopaa KenpBuna Hammm 0O0pbIBOK PYKOIUCH, HA, KOTO-
poMm ObLT N300PaXKeH 3aMKHY THII IUKJI [T V = 1 MOJIb resiusd B KoopauaaTax pV .
IIuks cocrosm n3 m3orepmbl 1-2, m3oxopsl 2-3 u agunabarsr 3—1. KII manmoro
mukgaa n = 0,125. Macmrab mo ocu oobema: 1 genr = 0,5 J1; O OCH TABJICHUSA:
1 ner=5- 10é [Ta. Haiiqure o6bem raza B uzoxopudeckom mnporecce. Ha pucynke
OCh JTABJIEHUS] BEPTUKAJIBHA, & OCh 00beMa TOPU30HTAIHHA.

1T
=

Puc. 11

XXXV Bcepocculickas 0AUMNUGOG WKOALHUKOS TO Puduke

3amaua 3. HeqnHelHbIA 3J1eMeHT
Cxewma, m306parkennas Ha puc. 12, cocrout u3 6a-
rapeu ¢ 9/1C & = 10 B, pe3ucropa conporupjienuem @
R = 100 Owm, kouzgencaropa emkoctu C = 8 MKD u H
HeqmHeinoro s1eMenta HY, BojbTaMIepHas Xapak-
TepUCTUKA KOTOPOro n3obparkena ua puc. 13. B neko-

TOPBI MOMEHT BpeMeHn K04 K 3ambikaercs. I1pes- ‘ |
roJiarasi, ITo CUJa TOKa, MpoTeKaromniero depes HO B ‘
JI000 MOMEHT BPEMEHH MHOT'O MEHbINe CHJIbI TOKA,
MPOTEKAIOIIEro Yepe3 GaTapero, ONpeeIuTe KOInye-

CTBO TEIJIOTHI, BhIJe/uBIIelica na HY.
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Puc. 13

3agava 4. 3amyTaHHbIl KoJsiebaTeJ abHBIN KOHTYP
Cxema cocTouT w3 KOHJEHcaTOpa eMKocTbio C|
naeanbHBIX auomoB Dy m Do m KaTyImek ¢ WHIYK- K
tuBHoCTIMU L1 n Lo = 4L,. B HagaabHBIE MOMEHT J
k09 K pazoMKHyT, a KOHIEHCATOD 3apsKeH 10 Ha-
npsikennsa Vy. Halinure 3aBUCHMOCTD CHJIBI TOKA 1e- Dy D
pe3 Karyiky Ly OT BpeMeHU TOC/Ie 3aMbIKAHUS KJTIO- +
Ja ¥ HapucyiTe rpaduk 3TON 3aBUCHMOCTH. Vo
3agaua 5. [Tasouka u suH3a = Ly Lo
ToBopsiT, uro B apxuse CHe/IMyCa HAILINA ONTH-
9eCKyI0 CXeMy, Ha KOTOPO# OBLIH M300paKeHbI JINH-
3a, IpeIMeT — MaJI0vKa JIJINHGBL [, 1 ee n300parKenue
mmuabl /. OT BpeMeHMm YepHWJIa BBIIBEIW, W OCTa-
JIUCH BUJHBI TOJIBKO JBE TOYKH: BEPIIMHA MAJTOYKU
S u ee mzobpazkenue S’. I3 TekcTa CI€I0BATIO, ITO
IJIaBHAsT ONTUYECKAsi OCh MPOXOIUJIA Yepe3 CepeIuHy MAJOYKHU TEePIIeH UK YIIsAD-
Ho eii. Oupeiesure MOCTPOCHUEM TIOJIOXKEHUsI JTUH3bI, MIABHOW OMTHYECKON OCH,
b oKyCOB TUH3LI, TpeMETa U ero n300parkeHusa U yKaxKuTe, Kakasd 3T0 Juu3a (co-
Ouparoias uan pacceusaiomas), ecau | =5 cm, I = 2 cm, S8’ = 15 cm.

o

Puc. 14
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Saxarwowumenvroit sman. Teopemuueckut myp

BosmoxHble pelueHuns
9 knacc
SBagauya 1. PrakKok
Paccmorpnm mpoekiun ckopoctn Toukn C' Ha Ha-
MpaBJIeHNs BAOJIh BEPEBKU W TEPIEHINKYIAPHO €ii:
vy u v, (puc. 15). Tak Kak BepeBka HepacTaKUMA,

Uy = Uy = UCOS (L.

B cucreme orcdera, IBUAKYIEHCS €O CKOPOCTBIO Uy,
roukn B m C' B JaHHBLIH MOMEHT BpPEMEHW BpaIla-
I0TCS BOKPYT 00IIero nearpa (Touku A Ha BEepeBKe)
co ckopocramu vy, u ur. Tak kak AB/AC = 2, to

vy, = %uL = %usina. Torma

1
v=/vZ+0v2 —U\/0052a+ Zsin2a ~ 0,66 m/c.

3anaua 2. [limardopma HaA pe3swHKE

Beenem obosnauenuda: x,, — HadaabHOE IIOJIOXKE- ALY
Hue pasHoBecus 1aTdopmbl, F(r) — HoTeHImab-
Hasi SHEPrUsl PACTAHYTOrO KryTa. [IoCKOIbKY B TO-
JoxkeHnn pasHoBecus miaardopmbl F(z,) = Mg = @
= 3 H, ro u3 rpaduka naxonum x,, = 3 cm. Ilpu na- 8
JIEHUU C BBICOTHI h CKOpPOCTH rpy3a v = /2gh. Ilpn h
HEYIIPYTOM y/JIap€e MMITYJIbC CHCTEMbI TPy3-ILIaT-

dbopwma coxpansiercs: mv = (M + m)u. VIx ckopocTb ! ixn
cpasy mocye yaapa ® Lk

ST T T~
\/ A A NN v ____
u= ﬁ\/zgh. (1) S =
m
Puc. 16

JIts masibHEHIIero JBUKeHuss MOYKHO BOCITOJIB30-
BaTHCA 3aKOHOM COXPAHEHUS SHEPTHUN:

M+m ,
22 =

E(a,) — (M +m)ge, + E(ay) — (M +m)gar. ()

Tak Kak pasnocrb Mexay E(xy) n E(z,) paBHa paboTe CHIIbI HATSIKEHNS KIyTa,
TO ee MOXKHO HaiiTu Kak mionaisb nox rpadukom F(x):

E(z) — E(x,) =25 H- cm.

IIpu sTOM mOrpemHOCTh YHMCJIEHHOTO onpeaeseHus padorsr ne Gosee 0,5 H-cm.
IMoacrasus Boipazkenue (1) B ypasuenue (2), nosydum

=M ) — B — (L

2
— ~ 20 cm.
mZg Vi (xg — xy) cM

XXXV Bcepocculickas 0AUMNUGOG WKOALHUKOS TO Puduke

3amaua 3. TemtonpoBos,

TertoBoii MOTOK, TO €CTH KOJMYECTBO TEIJIOTHI, TPOTEKAIOIIEH B eJIUHUILY Bpe-
MEHH 110 CTEPKHIO C 3aJaHHBIMUA 3HAYEHUAMHU JJIMHbLL U [IOIEPEYHOr0 CeYEHUsI, 3a-
BHCHT OT MaTepHaJsia CTEPXKHs U OT PA3HOCTU TEMIEPATYp Ha ero KoHnax. Korma
MEJHBIA U CTAJBHONW CTEPYKHU WCMOJIH30BAIUCH TOOJINHOUYKE, MO0 HUM TPOTEKJIO
OJIMHAKOBOE KOJINYECTBO TEILIOTHI (), HEOOXOMMMOE JIjIs ILJIABJIEHUS BCE MacChl
JIbJIA:

Q= Kyu(te —t1)Tu = Kc(t2 — t1)7e,
rne Ky n K. — xo3ddunmentsr nponopinuonaabuocta, to = 100°C — memmnepa-
Typa kumnsieit Boasl. OTcioaa

Ky /Ke=1/mu=0=32.

IIpu mocmemoBaTeILHOM COETUHEHNN CTEPIKHEI M0 HUM MPOTEKAIOT OJNHAKOBDLIE
noroku. s caydas 1, KOT/ia B KUTISIITYIO BOJLY MOTPYZKEH TOPEIT METHOTO CTEPIK-
HS, UMeeM:

Kyu(te —t) = Kc(t —t1),
rjie t — TeMmepaTrypa B MeCTe CONMPUKOCHOBEHUs creprkHeit. Orciona cieayer:
t=(Bta+t1)/(1+ 3) = 76°C.

Amnajiornyno, it ciiydast 2, KOTJIa B KUISIIYIO BOJY MOTPYKEH TOPEI CTaJbHOTO
CTEPIKHH, IOy YUM:

t=(ty + Bt1)/(B+1) = 23,8°C.

Bpewms 7, HeoOxommMoe JIjIs MJIaBJI€HUs BCe MACCHI JIbJIa TIPU TTOCJIeI0BATE b=
HOM COE/IMHEHUW CTEpIKHEN, HAIeTCa U3 COOTHOIIEHUS

Q = Ku(tz — )1 = Ku(tz — )7,

DTO COOTHOIIEHUE 3aMUCAHO Jiist ciaydas 1. Jluist onpeneseHus T MOXKHO HUCIOJb-
30BaTh U JAPyTrUe aHAJOTUYHBIE COOTHOIIEHN.

T = (ta —t1)/(t2 — t)7y = Tc + Ty = 63 MuH.

Bpemsa 7 B ciyuaax 1 u 2 oauHaKOBO.
3amaua 4. [lepeMbraku
Paccmorpum skBuBasientnyio cxemy tenu (puc. 17).

Iy Ry R

Rs Rij ] Rf ] llo

I’min
| —
Ry J [
&
2 vt
Puc. 17
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Saxarwowumenvroit sman. Teopemuueckut myp

Comporusrenne R; 5 mapasiesbHO COeIUHEHHbIX pe3uctopos Ry u Rs paBHO

_ _RiRs __ 5 _ 3 _ 21
Ris = Rk = 6 kOwm. Anamnorndno, Re¢ = 5 kKOm u R3 7 = {5 kOm. Takum

00pa3oM, COMPOTHBIIeHNe BCell BepXHeil memoukn n3 6 pesmcTopoB Ry = Ri5 +
+ Rog+ R37 = 4;—8 kOwm. ITockombky Ry > R4, TOK MaKCUMAJIHHOW CHJIBI OyIeT

nporekars depe3 Ry: Igr = R% = 13,3 mA. Cuita TOKa, MPOTEKAIOIIErO Yepes

BepxHioo nenouky, Ip = U/Ry = 12 mA. CymmapHas cusia TOKOB, IIPOTEKAIOIIUX
yepe3 mapbl Mapajijie/IbHbIX PE3UCTOPOB, OJWHAKOBA MJIs KasKIOW Maphl; B Mape
JKe CHUJIBI TOKOB OTHOCSITCS IPYT K JIPYTY OOPATHO MPOTOPIMOHAIBLHO COMPOTHRIIE-
augm. Orcioga caemyer, 970 TOK MUHUMAJILHOM CUJTbI OyIeT MPOTeKarh depe3 Rs:
Imin =2 MA

10 knacc

3anaga 1. Topmo3Hoil myTh
IIycrs menTp Macc aBTOMOOWIS PACIONOKEH HA
BbICOTE /i OTHOCUTEILHO IOJIOTHA JOPOTHU, PACCTOsI-
HUE MEXK/Iy OCSMU MTEPETHUX U 33 THUX KOJIEC PABHO /.
s cimydasi TOpMO2KEHUsT 38 [HIMHU KOJIeCaMu, 3alli-
[IeM yPaBHEHUsS MOMEHTOB OTHOCUTEIBHO TO‘{KI/I Oq:
Nyl — mgl/2 + uNah = 0. Orciona No = W
Pabora cuner Tpenns paBna

mgl
2(1 + ph/1)

AHajioruyHo, npyu TOPMOXKEHUHU IEePeJHUMH KOJecaMy ypPaBHEHHEe MOMEHTOB
OTHOCHUTEJIBHO TOUKU (Og:

A1 = ILLN2L1 =K (1)

ngl Nil+puNih=0, wm N = %.
Pabora cusr Tpenust
Ay = Ny Ly = Z(i”fi%. (2)
HpI/I TOPMOZKEHUN BCEMHU YETHIPbMA KOJIEeCaMu
As = pmgLs. (3)

Hockoabky mvg /2 = Ay = Ay = As, T0 coBMecTHOE permnenne ypasrenuit (1), (2)
u (3) maer
L L
Ly = % =11 um

11

XXXV Bcepocculickas 0AUMNUGOG WKOALHUKOS TO Puduke

3agaga 2. OOpbIBKU pyKOMUACHU
ITo ompenenenuto KITJT nukna pased 1 = &, rne A — pabora, coBepIleH-

Has ra3oM 3a IMUKJ, ()4 — KOJWYECTBO TEIJIOTHI, OTIAHHON HArpeBaTesieM rasy
3a nuki. Jdmna gansoro mukna A = Arp + Ay + Ag = Ar + Ag, tne Ar, Ay,
Ao — paboTbl, COBEPIIEHHBIE Ta30M COOTBETCTBEHHO B H30TEPMHUYECKOM, H30XO-
putveckoM u aamabarmdeckom mporeccax. Ouesnano, Q4 = Ap. CrenosaresbHo,

n= f{iT. ObparuTe BHUMAHIE HA TO, YTO KOJUIECTBO TEIJIOTHI, IOy I€HHOE Ta30M

OT HarpeBaTeNsd YACICHHO PABHO MOJOXKHTEILHOR paboTe, COBEPIIEHHON Ta30M.
_ ArtAq

A A
Ar :1+A_(T?:1+A—3Q (1)
Pabora, coBeprmaemast ra3oM 3a JAHHBIH ITUKJI, paBHA, JIOMIAIN, OTPAHNIeHHON
muansvn 1 —2—3 —1: A~ (814 4 -70) en= 116 ex = 290 Tx
(1 er.=5-10% a-5-10~* M3 = 2,5 JI:x). IIpu 9T0OM MOrPEITHOCTD YHCICHHOTO
onpenenennsa A me 6omee 5 e
Pabora raza ma agmabaTndeckoM ydacTKe paBHA ¢ OOPATHLIM 3HAKOM H3MEHe-
HAIO BHYTPEHHE! 3HEPTUU Ha ydacTke 3 — 1:
AQ = —Z/CV(Tl - T3) = _V%R(TQ - T3) = —%va(pg —pg). (2)
U3 pucynka ps — p3 = 5 - 10 Ia. U3 (1) u (2) nomyunm:
21— A
Vo=c.— 1. = 97+ 1)a
3 n  p2—p3

3anaga 3. Chepuyeckuii kKoHgEHCATOP

IIycrs 3apsia 00KIanoK KoujaeHcaropa Q1 u (Q3, a 3aps/ Ha I'DAHULE CJIOEB
Q2. Barmmmrem 3aKoH coxpaHeHus 3apsna: Q1 + Q2 + Q3 = 0 (1). Paznocrs
MOTEHIINAIOB MeXKTy OOKIaaKaMu paBHa U, TO eCTh

1 (& + % + %) U (2)

dtep" R 2R 3R '
Bocnonbayemcest 3akonom Owma, BeipaxkeHHbIM B auddepeniinanbuoit popme: j =
= E/p. ILmoTHOCTH TOKa, T.e. CHJIa TOKA, MPOTEKAIOIIEr0 Yepe3 eANHUIHYIO T1JI0-
AJIKY, 0 00€e CTOPOHBI TPAHUIIBL CJIO0EB OAMHAKOBA. [103TOMY J7is MOrpAHUIHON
obsiactu paguyca Ro

11 & 1 1 @ n Q2
pidmeg (2R)?2  2pdmeg (2R)?  (2R)?

)

orcioaa
Q1 =Q2 (3)
s (1), (2), (3) maxomum Q2 = Z7eoUR. IoTHOCTH TOKa BOIM3N 00KIAIKNA

pamuyca R:
1l @ 6U
-~ pdmegR?2  5pR’
Torpa cniaa TOKa, TEKYIIETO Yepe3 KOHIEHCATOP,
247UR
I=4rR%j = =%
C5p
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Saxarwowumenvroit sman. Teopemuueckut myp

3amaua 4. Ilaockuii KoH/IeHCaTOP
1. dcwuo, uro Iy = I1 + I>. U3 3akona Oma Io Ry — I1 Ry = &5. OTciona ciemyer,
gyro upu Ry = Ro =R 11 = (Iy — &3/ R)/2 = const.

I & Ry
—>
| s E R
—> | )
P
5 e -

C

Puc. 19

2. U3 3akona Oma I1 Ry + q¢/C = &1,(1)  vae g — 3apsj Ha KOHJEHCATODE, &
C' — eMKOCTb KOHJIEHCATOPA C BIBUTAIONIEHCI B HETO IUIEKTPUUIECKON IIaCTHU-
Hoii: C' = Cy+Co(e —1)x/1.(2) N3 ypasuenns (1) naxoqum: Ag = (&1 — 1 R1)AC,
win Ag/At = Iy = (61 — [1 R1)AC/ At = const.(3) U3 ypasuenus (2) AC/At =

= 00(7_1) ﬁ—f = CO(i_l)v.(ZL) W3 ypasuenus (3) ciemyer, 9TO CKOPOCTh JIBIYKEHUST

[IACTHHBL TocTosiHHA: v = Ax/At = const. IlogcraBnsisa B (3) BbIpakenue s
cusibl TOKa I1 U npuHuMas Bo BHuMmanue (4), Haiigem:

21l
(2(5)1 + & — I()R)Co(€ — 1).

v =

3amaua 5. JIumza Ha 3epkKajie
1. B nepBoMm cityuae Jiyd cBera IPOXOAMT Yepe3 JuH3y ABa pasa. CiegoBareib-
HO, CHCTE€Ma SKBUBATEHTHA OJTHON JIMH3E ¢ ONTHIecKoi cumoit Dy = 2Dg. Ucrou-
HUK HAXOUJICA HA paccrogaun F = 2F], T.e. Ha ABOIHHOM (DOKYCHOM PACCTOSHUM.
ITosromy m30b6pazkeHne COBOATAET C CAMUM HCTOIHUKOM: 1 = Fy = 8 cm.
2. Korma nmmn3a morpy:kena B BOMY HAIOJOBHHY, TO SKBHBAJEHTHAS OITHYIE-
ckas cuyia cucrtemMbl Do = 2Dy + 2D, tne D — onTuyeckasi CUjIa BOISIHOTO CJIOS

[IOJT, JIMH301, TO €CTh F% = Fl0+2D. U3 ycioBus 3agaun lo = 2F5. CiegoBarenbHo,
2 2 Fy—1s
—=—42D = D=——=<0.
lg F() ZQFO

3. Ananorungno, B rperbem ciaydae Ds = 2Dy + 4D; I3 = 2F3.

2 2 Fy—1Iy
R Y Rl Y
I3 Fy * l2Fy

Orcroma ciemayer:
12 Fy

Zziz
5T 0F — 1y

24 cwM.
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11 knacc
3agaua 1. CkoJibXkeHue ¢ BHYTPEHHUME KOJIe0aHusIMU
O6osnaunv w = 27/T, Torga komebaHusi rpy3a NpuUMyT BUI - = Asinwt.
Bamwuiiem BTopoii 3akoH HptoTona jjis rpysa:

d*z
Mg = —mgcosa +F (1)
rae F' — cuna, JeficTByionas Ha Ipy3 €O CTOPOHBI SIIVKA, ‘22735 = —Aw?sinwt.

Peaknns HAKJIOHHOI MI0CKOCTH, AeiicTBytomas Ha sy, N = (M —m)gcosa +
+ F. Tozcrasus Beipaskenue aas F uz (1), noayunm N = Mg cos a—w? Am sinwt.
Ak me OyzeT mOANPLIrUBATL, ecju B 000 momenT Bpemenu N > 0, 9410

2 M 4’ _A
BBITIONHACTCA IpH M g cos v > w*Am, To ecTh - > T cosa” IIyctn cnga TPEeHus
BCEra MAKCUMATbHA, TOT/IA YCKOPEHUE CHCTEMBI SIAK-TPy3 a(t) = W =
—_m 2
= 11 tg aAw? sinwt. CKopocTh crCTeMBbI
t
m
v(t) = | a(t)dt = — tg vAw(1l — coswt).
M
0

OQueBuHO, 9TO I'PY3 HAXOAUTCS B TOJOKEHUU PABHOBECUs] B MOMEHTBHI BPEMEHH,
Koryia v = (0, & MOCKOJIBKY t = tg o, TO CUJIa TPEHUS MaKCUMaJIbHA BO BPeMs BCETO
JIBUZKEHUST, KaK MbI 1 mpe/anoaarain. CKopocTh AIUKa U3MEHIeTCsl ¢ TepUoIoM
T, IO3TOMY CpeHss CKOPOCTD 33 OOJIBITIOE BpeMs

T
1 A
Vep = 1 Jv(t)dt = QWﬁ tg .
0

3ajgaua 2. OGpBIBKU pyKoONUCHU
Cwm. 2 3agauy 10 k1.
3amaua 3. HenuHelHbINH 3/IeMeHT
IMycrs ¢ — 3apsn kouzpencaropa. Ilo 3akony Oma Uy +¢/C =& = dq=
= —(CdUy. Paccmorpum MaJibiit OTpe30K BpeMeHu dit:

dg= (I + Dyat = dr= 2 o SO

U, ’
R L+ 3 Uy

K. [y < U—é’.
Bormenusieecs na HY KoaImdecTBO TEMIOTHI paBHO:

0o 0B
Q:Jm;ﬁsz7jgﬂ%
0 10 B

T.K. TIPU MPOTEKAHWN TOKa Hampsikenue Ha HD uaMensiercss B mpeeax or & B
MEPBBI MOMEHT BPEMEHHU JI0 HyJIs TI0 OKOHYAHWY 3apsaIKi KOHIeHcaTopa. 11091o-
My @ = RCS, e S — mnomazs nog rpadukom BAX. Mo rpaduky omnpeensiem,
aro S = (51,5 + 0,5) MBr, 3maunr, @ = (41,2 + 0,4) MxJIx.
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3anada 4. 3ammyTaHHbIl KoJsebaTeJabHBIN KOHTYP

1. Cpasy nocse 3aMbIKaHUs K098 KOHIEHCATOD
Oyer pa3psiKaTbCs gepe3 Karyiky Lo. 3aBHCUMOCTH
custbl ToKa I (t) oT Bpemenn Gyzaer nversb B Io(t) =

Vo,/ - sinwpit = %,/%sinwmt, rie wop = Q ——

= 1/\/L2 =1/(2y/L1C) — cobcreennnas acrora  + Ly Th Ly
LoC-xoHTYypa. 9Ta 3aBUCUMOCTH OYIET UMETH MECTO
anOélféﬂleC. Ig IQ
2. PaccmorpuM Terepb XapakTep U3MEHEHUs CH-
Jbl TOKa [o TOCTE TOro, Kak OHa JOCTUTHET MaK- Puc. 20
CHUMAJILHOTO 3Ha4YeHus. JIjisi MIPOU3BOIBLHOIO MOMEH-
Ta BPEMEHU HAPaBJICHIS TOKOB N300paskeHbl Ha puc. 20.
Bammamem 3axon Oma /1711 KOHTYpa, OXBaThIBaloIero obe Karymku: Ly <t df ++ Lo dI =
= 0. OTCIO,ZLa caenyer, uro L1y + Lols = const. Komcramnra oquH;LHo aBHa
) ) )
oV L2 3 YCJIOBUsS HEIIPEPBIBHOCTH TOKA ciiefyet, 9to Iy = I1 + I3. JIng koury-
Vov LaC. U3y v I =5L+1 y
pa B KOTOPBIH BXOAAT KaTynika Lo m Konjencarop C', MOKHO 3ammucath: Lo 52 "”2 +
6 = 0 ,
. da“1. 1dg __
HpO,ZL;/I(b(bepeHL[I/IpOBaB 9TO BBIPAKEHUE TI0 BpeMeHu, monyInm: Lo +5 4f =
=0.Ho 3 =Iz,alz3 =Ir—1I = Ig—l—f—f[g—%‘i\/LgC. C y4erom cIeaHHbIX 3aMe-

d’Iy | Li+Lyp. _
T L1L2012 -

. . Vo
YaHUHU OKOHYATEJIbHO IOy YUM: L1\/LQ_C- CO6CTBeHHaH qacToTa

KOHTYPA Wo2 = EJLFZ)LC% = %,/Llic. Pemenue umiem B Buge: I = A cos(wpat) +

+ B sin(woat) + VE;JFLLQC Komcranter A n B HaxoauM U3 HAMAILHDBIX YCJIOBHIl: mIpu

t = 0 cuna Toka B Karymike Lo MakcuMmasbHa U paBHA V(4 / L%, a [IPOU3BO/IHAA

dly _ /] C
72 = 0. Ucnonbsys mannbie ycnosus, nomydnm, uto A = Vg I L1 e

Orciopa: Ix(t) = VEM/ 1+Lz (cos(wpat) + f—?) C yuerom Toro, uro Lo = 4L,

nosyunm: Io(t) = %ﬂ / L%(cos(wogt) +4).
O6e 3asucumoctu I5(t) mzobpaxkennr na puc. 21, rae t; = m/LiC, to =

= 7T\/L10(1+ %), ts = 7T\/L10(1+ %), ty = 7T\/L10(1—|- %)

aB=0.

127% Lgl A
1,0

08 //
0,6 /

0.4 |7

0,2

0

H—V

t to t3 ty
Puc. 21
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Samaua 5. ITagouka u JgauH3a

1. TIposenem mpstmyto S5, onrraeckuii menTp mua3bI O JIEKAT TIE-TO HA HEl.

2. Cepenuna manouku M u ee m3obpazkenue N Jiekar COOTBETCTBEHHO Ha,
paccrostausix (/2 m I'/2 or S u S, T.e. na okpyxkuHOCTIX pamuycos /2 u l'/2 ¢
nenrpamu B S u S’. U3 ycnosusa caenyer, uto M N — riapHasi ONTAYECKast OCh,
[pUYeM OHA HEePIeHIUKYIAPHA HAJTOYKe U N300PaAKEHUI0, a 3HAYUT, U IPOBEICH-
opiM B Toukun M um N pammycam ykKasaHHBIX OKpy:KkHOCTei. [losromy mposemem
M N Tak, 9T00BI OHA KACAJIACh O0EUX OKPYKHOCTEH. DTO MOKHO CIAETATH YEThIPb-
M criocobamu, ABa U3 KOTOPDIX MOKA3AHbI HA pHC. 22, 23, a eIle ABa ABIAIOTCH UX
CHMMETPUYHBIME OTOOpaykeHuaME oTHOcuTenbHo SS’. Xom, maabHeAmmx mocTpo-
€HUI OJIMHAKOB JJIA BCEX CIIyYaeB.

P

Puc. 22

3. Onrwueckuii nearp O uH3BI HAXOAUTCA Ha nepecedennn M N u SS'.

4. Jluuzy AB nocrpoum Kak neprnenaukynsap K M N B Touke O.

5. Ha puc. 1 S u S’ naxomsarcs 1o pasHble CTOPOHBI JIMH3bI, CJIEAOBATENLHO,
JmH3a cobuparomas, a S’ — meiicreurensHoe m3obparkenwe. Bo BTopom ciydae
n300parkeHne MHUMOE W YMEHBITIeHHOe, 3HAYNT JIMH3a OTPHUIATeThHAS.

6. JIto6oii syd, Beimeammii 13 .S, J0MKEH NpUiATH B S’; O3TOMY ILyCTHM JTyd
SC||MN; rorma touka mepecedenus nmpenomaernoro ayda CS’ (mmm ero mpo-
nomkenus) u npsmoit MN 6yner dboxycom F’. Bropoit dokyc F maxomum u3
CUMMETPHUH OTHOCHTEIHHO IIJIOCKOCTH JINH3BI.

7. IIpeamer n m3obpakenne HafigeM, JOCTPOUB UX CUMMETPHUYHO IJIABHO OII-
tdeckoit M N.
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