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4
BBEJIEHUE
B coorBercTBUM ¢ paboyell MPOrpaMMON B TEUEHHE KaXKIOr0 CEMECTpa OOYYEHUs CTYAEHT JOJUKEH BBINOJNHHTH IBE KOH-
TPOJBHEIE PaboTHI, BKIOYaromre 5-6 3a1au B Kaxa0i paboTe Mo oOMIKM Isl Pa3HBIX HANpPaBJICHHH MOATOTOBKHM TeMaM. OOpasiibl
pelIeHHs TAKKUX 3a]a4, PpEKOMEHIyeMbIE ISl IPOBEICHHs TPAKTHYECKUX 3aHATHH M0 (PU3UKE, MPUBOAATCA HIDKE. BBIOOp TeM mpak-
THYECKUX 3aHATHN M PA3ENIOB 33/1au KOHTPOJBHBIX PabOT COOTBETCTBYET KOHKPETHON pabodeil mporpamMme HampasjieHus (Crieru-
aJIbHOCTH) IMOJTOTOBKH.

Jst caMOCTOATEIBHOM MOATOTOBKH K KOHTPOJIBHBIM PadoTaM IPUMEpPHI PAaKTUYECKUX 3a1ad [IPUBEICHBI B IOCOOHSX:

Kommaxkog, F0.H. Mexannka. MonekymsapHas GHU3UKa . pyKOBOJCTBO K MPOBEACHHUIO CAMOCTOATEIHHON PabOTHI CTYICHTOB:
yue6Hoe mocobue / FO.H.Konmmakos, C.E.Kaxapckas, E.B.SkynoBa.— Tyua : U3n-so Tynl'VY, 2021.— 236&. — ISBN 978-5-7679-
4779-9. URL https://tsutula.bookonlime.ru/viewei8Z8 (zata obpawenus 23.04.2023).Pexum noctyna: DIeKTpOHHO-
oubnuoteunas cuctema BookOnLime.Teker : 37eKTpOHHBIH.

Konmaxkos, FO.H. ®usuka. DnekTpoMarHeTiu3M: pyKOBOJCTBO K MPOBEACHUIO CAMOCTOSTEIbHON pabOThl CTYJCHTOB: y4eOHOE
noco6ue / KO.H.Konmakog, C.E.Kaxapckas.— Tyna : U3x-so Tynl'Y, 2017.— 164. — ISBN 978-5-7679-33915-2. URL
https://tsutula.bookonlime.ru/viewer/1234€fa obpauienus 23.04.2023).Pexum goctyna: IneKTPOHHO-OUOIHOTEUHAs CHCTEMA
BookOnLime.TekcT : 3meKTpOHHBII.

IpumMepHOE cosiepkaHne TEM MPAKTHIECKHUX 3aHATHH B COOTBETCTBHH C pabOYNMH MPOTpAMMaMH MPUBEICHO B CICAYIONICH TabuIie:
Cemectp 2

Nesausmus | Tema MPakTHYECKOTO 3aHSITHS

1 Kunemarnka MOCTYyNaTCJIbHOT'O ABUKCHUS. Kunematnka KpHBOHHHeﬁHOFO MOCTYNAaTCJIbHOTO ABUKCHUS. Ku-
HCMAaTHUKa BpalllaTCJIbHOI'O ABUIKCHHA. CBsI3b KHHEMATHYECKHUX XapaKTCPUCTHUK MMOCTYNATCIBHOI'O U Bpallla-
TCJIIBPHOT'O ABHKCHUA

2 3aKoHbI JMHAMUKH. [IHHAMUKA IIOCTYIIATEIBHOTO U BPAIATENbHOr0 ABIKeHUH. [[piMeHeHne 3aKOHOB coXpa-
HEHUs IMITYJIbCa U MOMEHTa MMITYJIbCa.

3 [IpumMeHeHHe 3aKOHOB COXPAHEHUSI MOMEHTA UMITYJIbCA W TIOJIHOH MEXaHHMYECKOM YHEPTHH.

4 Tlapmonmdeckue xonebanus u ux cioxerne. Puzndyeckuil MasTHUK. COOCTBEHHBIE 3aTyXafONINe KOICOaHNS U
BBIHY>KICHHBIE KOJIeOaHHs B MEXaHHUKe.

5 Mertozbl pemeHns TePMOANHAMUYECKHX 3a1ad. VIcrioap30BaHue ypaBHEHHUS COCTOSHHS CHCTEMBI, YpPaBHCHUH

TCPMOJANHAMUNYCCKUX MPOLECCOB U NIEPBOI'0 HavYajla TCPMOAMHAMUKU B IIPUMEHCHUH K PACUCTy IMMPOLECCOB B
HnacaJIbHOM rasc. Brruucienue pa6OTLI rasa.

6 Brruncnenre TEImI0eMKOCTH TECPMOJUHAMHNYCCKUX NPOLECCOB. Brruncnenne namMeHeHus OHTPOIHNU TCPMOAN-
HAaMHUYECKOH CHCTEMEL. BTOpOC Ha4aJlo TCPMOJANHAMUKU.
7 L[I/IKJII/I‘-ICCKI/IG IpoUeCcChbl U BBIYMCIICHUC K.I1.J. TCIJIOBBIX MAlllMH. L[I/IKJ'I KapHo. chHKIII/Iﬂ pacrpeaciicHus

Makcgeiia MOJIEKYJI Ta3a 110 BEJIMYMHAM CKOPOCTEN U €€ NPUMEHEHHE K PACYETY CPEAHUX BENTUUUH. DYHKIHS
pacnpenenenus BonbiMana u 6apomerpuueckas GopMya.

8 YacToTa CTOJIKHOBEHHUS MOJIEKYJI Ta3a co cTeHKod. Cpeauss ArHa ¢cBOOOIHOTO Mpodera MoJieKy.I rasa. Sie-
HUS [IepeHoca (TEmIOnpPOBOIHOCTS).

Cemectp 3
Nesawsatus | Tema MPaKTUYECKOTO 3aHSTHSI
1 [IpUHIHUI CYEPIIO3UITHH U PACUET IEKTPOCTATHUECKOTO MOJISL [Tl CUCTEMbBI TOUEUHBIX 3apSI0B U JUIS 3apsa,
pAacIpeIeNieHHOTO HEMPEPHIBHO. BRIYHCIICHIE HATIPSHKEHHOCTH U MOTEHIIAAIA SJIEKTPOCTATHIECKOTO TOJIS.
2 Ipumenenwne TeopeMsl [aycca 171t pacdyera 3IeKTPOCTATHIECKHX osieit. CBsI3b HATIPSKCHHOCTH U ITOTEHIIHANA.

Pabora mo mepeMerieHuio 3apaaa B AIEKTPOCTATHIESCKOM IT0JIe. DHEPTHUS CHCTEMBI 3apsKCHHBIX YaCTHIT M AJICK-
TPUUECKOTo NoJisi. EMKOCTD 1 9HEeprusi 3apsbKeHHBIX KOHASHCATOPOB.

3 3aKoHBI TOCTOSIHHOTO TOKa. BrIUMCIieHne 2JIEKTpUUECKOro 3apsija, MPOTEKAIOLIEro Mo LEMy U BbIACSIOMIErocs
B 3JIEKTPUYECKOU IIeMH JpKOyIeBoro teria. 3akon Jxoyns-Jlenna. KBasucranponapusie Toku (3a1auu € 3J€K-
TPUYECKUMH IETSIMH, COJIEPIKAIIUME KOHJICHCATOP).

4 PasserBnennsie nenu. [Ipasuna Kupxroda. HMcnons3oBanue 3akoHa OMa B IOKalbHOH Gopme.

5 Pacuer MarHuTHBIX MoJel ¢ momouIbio 3akoHa bruo-CaBapa 1 ¢ MOMOILBIO TEOPEMBI O IUPKYJISLIH.

6 Cunel Jlopenna u Amnepa. JIBmkeHue 3apsKeHHON YaCTULbI B CTAIMOHAPHBIX DJIEKTPUUECKOM U MarHUTHOM
noJisix. Critbl, IEHCTBYIONINE HA YJEKTPUUECKUM M MATHUTHBIA AUTOIb (KOHTYP C TOKOM).

7 SIBnenue s1eKTpoMarHuTHOM UHAYKIUU. 3akoH Dapazes. SABeHus CAMOMHIYKIIUN U B3aUMHON MHAYKLIUH.
Briuuciienne MHIYKTUBHOCTH. DHEPTHUS MArHUTHOTO MOJISI.

8 CoOCTBEHHBIC MEKTPHUUYCCKUE KOICOAHUS B ICTISAX. DICKTPUICCKUHN KOJIeOATSIbHBIN KOHTYpP U €r0 MapaMeTphI.

BLIHy)K,HeHHLIe QJICKTPUUICCKUC KoJIeOaHus.




Cemectp 2
1. KunemaTHKa IOCTYIAaTeILHOTO JIBHIKECHUS
IIpu mocTynaTeIbHOM JIBHYKEHUH BCE TOUKH (PU3NIESCKOTO TeJa JIBYIKYTCS OJMHAKOBO. Omu-

caTh TaKoe JBWKEHHE MOYKHO 3a/1aBasi 3aBHCUMOCTh OT BPEMEHH Pajilyc-BeKTopa Jit000i U3 Touek,
HampumMep — nentpa mace I =1 () . Konerr Takoro BekTopa, MPOBEICHHOTO W3 Hadyajla KOOPIHWHAT,

OIKCBHIBAET TPACKTOPHIO IaHHOW TOUKM WJIM YACTHIIGI, COBEPLIAIOIIECH MOCTYNATENbHOE IBUKEHUE
(puc.1.1).

TTonokenue TOUKHM (YaCTHUIIBI) B JTI000H MOMEHT BPEMEHU MOKHO 3a/1aTh €€ KOOPAUHATAMH
x=x(1), y=vy(t), z= A9, zaBucsaummu ot BpeMenu. OHU ABJIAIOTCS IPOEKIUAMHU PaIUyC-BEKTOPA

na ocn koopannat: [T (t) =1 X (t)+]y (t)+K z(t)|,rae I, |, K - eauHMIHbIC BeKTOPEI, MM OPTHI IEKAPTOBOI CHCTEMBI KOOP/MHAT.

L_dr _ _dv
[Ipu 5TOM CKOPOCTh U YCKOPEHHUE TOUKH TAKXKE SIBJISIOTCS BEKTOPHBIMU BEJIMYUHAMMU: |V = e = ail

Hsudicenue mouxu ¢ npocmpancmee YyOOOHO pACCMAMPUBAMb KAK CYMMY HE3ABUCUMBIX OBUICEHUU 8001b KOOPOUHATNHBIX
Cosem: 0ceti. To20a npoexyuu ckopocmu u yCKOPeHUs. blYUCTAIOMCSL KAK NPOU3E00HbLE Ot CKANAPHBIX (HYHKYUIL.

_oxo o _dy o d2
dt’ Y dt’ ¢ dt

dvy -9V _dvy

5T Y T a0 T

Vx

BennunHaMu (MOIYJIIME) CKOPOCTH U YCKOpEHHs OyayT |V = Vf( + V§, + V% cla=y/ a)z( + a}z/ + a§ .

Ha060p0T, 3HasA BPEMCHHYIO 3aBUCUMOCTb HpOCKIII/Iﬁ CKOpPOCTHU U YCKOPCHHS, MOXKXHO C IOMOLIbIO MHTEIPpaiOB BbIYUCIIUTDH

t t t
KOOPIMHATHI TOUKH: Vy (1) = Voy +faxdt, Vy(t) = Vg, +.f aydt v (=vg, +j a,dr ,
0 0 0

t t t
(V) =% +[vx(Ddt )= w+[vy(ddt £)= g+[v (X
0 0 0

Ilpu pewenuu 6écex 3a0a4 KOHMPOIbHLIX pabOm HEOOXOOUMO 3HAMb BbLIPACEHUS NPOUIBOOHBIX U UHMEZPAL08 OM CAMbIX
npocmuix PYyHKYUll 8pemenu, Komopble npusedenvl 8 credyrowel mabauye, 20e A, B, N—nocmosnuvie serununsr.

Cosem;
IIpousBoanas Murerpan
d _ -1 T n+l T
a(Atn)‘ Ant’ [ At"dt= A—, J'édt: Aln[TZJ
0 n+1 T t Tq
d . -
i (Asin(BY)) = ABcoq B Tf Asin(BY) dt= - 2C0S(B2) - cogBry)

T B
%(Acos( Bt)) = - ABsir( BY) Tf Acos BY) dt= Asin(BTz)I;Sin(BTl)

T

%exp(At) = Aexy( AY) TJ? Pexp(B) dt= AexIO( Bt,) - exy Bry)
B

T

IIpumeper pewenus 3a0au:

1.1. MaTtepuanbHas TOUKA ABHKETCS TAK, 4TO ¢& pajiiyc-BeKTOP 3aBHCUT OT BPEMEHH 110 3akouy I = At + (Bt2 - Ct3)T , T
A=1m/c®, B=3wmlc?, C=2m/c3. Onpenenurs yckopenne Touku B Moment t = 0,5¢.

Pewenue.

B nmannoii 3amaue X(t) = At3, y(t) =B - Ct3, Z(t) =0. HenyneBbie MPOCKIMU CKOPOCTH TOYKH ONPEICIICHBI MPOU3BO/-

HBIMH V, = dx/ dt= 3AE, vy = dy/ dt=2Bt- 3Ct, a NPOEKIMK €€ YCKOPEHUS HAaXOIWUM, BBIUUCIASA IPOU3BOJHBIE MO t  emmé pas:

ay, = dv,/dt=6At, ay = dv/dt=2B- 6Ct. Bennuuna yckopenns a=.al+ af, = \/(6At)2 +(2B- GCt)2 =3 m/c”.

1.2. B navanpHbIii MOMEHT ty = 0 MaTepuanbHas TOYKA HAXOIWIACH B TOYKE HAYada KOOPIUHAT U JBUTAIACH CO
CKOPOCTBIO Vo = 4 M/C BIOSB OCH Z. YCKOpEHHE TOYKH BCE BPEMsl HAMPABJICHO BIOJb OCH Y M BO3PACTAET CO BpeMeHeM t
10 3aKOHY a = kt*, rne k = 1 m/c®. Haittu BEJIMYUHY CKOPOCTH JaHHOW TOYKU B MOMEHT BpeMeHu t = 2c.

Pewenue.

B oroif 3amave 3amaHBl MPOEKIUM YCKOPEHMS M HAYaIbHOH CKOPOCTH TOYKH. 8y =a, =0, ay = kt4; Vox =v0y=0,

VOZ = V0. HpOCKIII/II/I CKOpPOCTH B 111000 MOMEHT BPEMCHU t HaxoaMM ¢ MOMOIIBIO UHTCIPaIOB:



5 t
Vx() =0, vy(t)= v0y+ja dt—kjt dt= k5 , Z(t):v02+_[ a,dt= v, .

Benuunna (MOyib) CKOPOCTH V = ,[vy +VZ ,[ kt5/ 5 + VO =7,547wmlc.

1.3. HauaneHast cKOpOCTb TOUKH V) = Al -Bj,rne A=4wmlc, B=2wm/c.YckopeHue TOUKH 3aBUCHT OT BPEMEHH I10 3aKOHY

a=Cti +Dt?] , rne C=2m/c®, D =6m/c*. Ha kakomM pacCTOSHUHU OT Hauama KOOpAUHAT O OKAXKETCs TOUKA B MOMEHT BPEMEHH
t = 3¢, ecim B HauasbHbIl MOMeHT tg =0 oHa Haxogunach B Touke O? OnpenenuTs TakKe TAHIEHC Yrila HaKJIOHA BEKTOpPa CKOPO-
CTH TOYKH K OCH y B MOMEHT Bpemenu t = 3c.
Pewenue.
2 —
3anaHbl IPOCKLMK HAYANBHON cKOpocTH Voy = A, Voy =—B, v, =0 u yckopenus touku a, = Ct, ay = Dt =0.

ﬂBI/I)KeHI/Ie MIPOUCXOAUT HA ILUIOCKOCTHU XY. HeO6XOL[I/IMO CHayvajla HalTH 3aBHCHUMOCTH HpOGKLII/II/I CKOpPOCTH TOYKH OT BPCMCHHU!

t t Ct2 t t Dt3
Vil(t) = Vox + [adt= A+ Cf tdt= Ar=—, vy(t)= Vo, + [aydt=-B+ D] £dt=-Br——.
0 0 0 0

Buumamenvno cneoume 3a 3nakamu noocmasisiemvix 6 unmeepaiiol I’lpOGKL{MlZ B8EKMOpOos. Ouwiubka 6 3nake npueobum K He-
npaeulbHOMy HanpaejleHuro O08UdICEHUS. yacmuybnl.

3areM ¢ NMOMOIIBIO MOJYYCHHBIX (byHKIII/Iﬁ BBIYHCIIAEM IMPOCKIHUN KOOPAUHAT L[BH)I(yHIeﬁCH TOYKH, HMEBIIEH I10 yc-
JIOBUIO  HYJICBbIC HaYaJIbHbIC  KOOPJAWHATBI XO = yO =0. Ilocne IIOACTAHOBKM  YHCJIOBBIX JaHHBIX HaxXOJUM:

t t 2 3 t t 3 4

Ct Ct Dt Dt
X(t) = [vy(dt=[| A+= |dt= At+——21 t)=[vy(t)dt=[| -B+—— | dt=— Bt+——=34,5m
(1) J(;x() £ > M, y() J(;y() J 3 B

Coeem:

PaccrosinreM TOYKH OT Hayana koopauHaT O OyjeT BequurHa paguyc-BekTopa (cM. puc.l1.2): z(1)

r=yx2+y? =212+ 34,5 = 40,4u .

Ilpu t = 3¢ HalineHHbIE paHEe IPOEKIMU CKOPOCTH YAaCTHUILI paBHEI V, (t) = A+ Ct2/ 2= 13wm/c u x(t)
o
— 3/n—
vy (1) =-B+Dt/3=52 i, o W

Kak Buano u3 puc.1.2, TaHreHc yriia HakJIOHa BEKTOpa CKOPOCTH K OCH Y B 3TOT MOMEHT BpEMEHH Puc.1.2
pasen tgo =v, /v, =0,25.

1.4. MatepuanbHasi TOUKa JBIKETCS TaK, YTO e pajMyc-BEKTOp MeHsieTcst mo 3akoHy [ = Asin(t)i + Acospt )j, rue
A=2wm, b=3pan/c. Onpenenuts nyTh, IPONHACHHBIH TOUKOIT 3a Bpemsi t = 2 C.
Pewenue.
t
Iyte S(t) = jv(t) dt OGyner JAIMHOM TPAEKTOPHUH, BIOJb KOTOPOU TOYKA JBMKETCS CO CKOPOCTHIO V =, /VX + V . Cortacuo
0
dx _, dsin(bt d d cog bt
YCIOBHIO 3a7a4H, Vy =— = A# Y AA
dt dt dt dt

OKa3bIBAETCs MOCTOSHHOM, HE 3aBUCAILEH OT BpeMEHH: V = \/ o v = Ab\/ COS2 bt) + Slr12( bf) =

= AbCOS( bt) , Vy = = —Absin( bt) . Ilpn 3TOM BeNMUMHA CKOPOCTH TOYKH

t
[poiinennslii 3a Bpems t = 2¢ myrth pasen S(f) = Atj dt= Abt=12m.
0

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsL CAMOCTHOSMENLHOL NOO2OTHOBKLL.

1.5. Touka ABUXKETCS MO OCH X TaK, YTO €€ KOOPAMHATA MEHSETCS CO BPEMEHEM IO 3aKOHY X = Asin( 2t/ T) ,tne T =6c¢,
A=0,3wm . Onpenenuts MUHUMAIBHOE BpEeMsl, Yepe3 KOTOPOe YCKOPEHHUE TOYKH JOCTUTHET MAaKCHMAJILHOTO 3HAYCHUSI.
Omeem: 1,5¢

1.6.MarepuanbHas TOYKa IBHKETCS TaK, YTO € KOOPIAMHATA 3aBUCHT OT BPEMEHH 10 3aKOHY X = At* - Bt® ,Tme A= 5M/C4,

B=2wm/c°. Onpenenutb KOOPIUHATY TOYKH, B KOTOPOH U3MEHUTCS HANIPaBIICHUE JIBYDKEHUSI. Omeem:. 16 m

1.7. MarepuanbHasi TOYKa IBHXKETCS TaK, YTO €€ paanyC-BEKTOpP 3aBUCHT OT BPEMEHH IO 3aKOHY [ = At + Bt3j , TIe

A=4wm/c?, B=2wmlc®. B kakoii MoMeHT BpeMeHH t CKOpOoCTh TOuKM Oy/IET HalpaBleHa 1o yriaoM o =45 k ocu x?
Omeem: 1,33c¢

1.8.HauanpHast ckopocTs ToukH Vg = Ai — Bj,rae A=4wm/c, B=2wm/c.YcKopeHHe TOUKH 3aBHCHT OT BPEMEHH 10 3aKOHY

A=Cti + thf ,rme C= 2M/C3, D =6wm/c*. OnpenenuTs BEIMINHY CKOPOCTH TOYKH B MOMEHT t = 2¢.
Omeem: 16,1m/c



1.9.B nHauaneHbIil MOMeHT ty = O MaTepuanbHas Todka Haxoawiack B Touke 0 Havana KOOPAMHAT U JBUTAJIach CO
CKOPOCTBIO Vo = 3M/c BIOJB OCH Y. YCKOPEHHE TOUKH BCE BPEeMsi HAMPABIICHO MPOTHB OCH Z U BO3pacTaeT CO BpeMeHeM t
110 3axony a = k&, rae k = 3m/c”. Haifti paccTosHme oT JaHHOM TOUKH 0 Hauana KoopauHat 0 B MoMeHT t = 2c. ¥

VA
ol Vo ¥
Omeem: r =7,21m a

1.10.HauanbHas ckopocTh Touku Vo = Al =B, e A=4wm/c, B =2wm/c . YcKOpeHHe TOUKH 3aBUCHT OT BPEMEHH 10 3aKO-

uy a =Cti + thf ,tae C=2wm/c3, D=6m/c*. B kakoii MoMenT BpeMeHH t ckopocTh OyJeT HarpasieHa NepreHIUKYISIPHO OCH )7
Omeem: 1c

1.11. Touka ABMXKETCSA MO OCH X TaK, YTO €€ KOOpJHMHATA MEHSETCS CO BPEMEHEM IO 3aKOHY X = Aexp( bt) , rme A=2mM,

b=0,5C". Yepes HekOTOpOE BpeMs KOOPAMHATA TOUKH CTAHOBUTCS paBHOH x = 14,8 M. OnpenenuTh BeINYHHY YCKOPEHHS TOUKH B
9TOT MOMEHT.
Omeem: 3,7mlc?
1.12. Touka ABMXKETCS TaK, 4TO €& pajUyc-BEKTOp MeHseTcs 1o 3akony [ =Asin(t)i + Acospt )], rae 4=2wm,
b =3,14pan/c . Haiitu aiiuny paauyc-BeKTOpa TOUKH B MOMEHT, KOT/Ia HAMpaBJIeHHEe €€ CKOPOCTH Oy/IeT MEPIEHIUKYISIPHO OCH X.
Omeem: 2 M
1.13.Teno mMansix pasmepoB Gpomeno ¢ 6ammu Beicotod h = 25m mog yrmom o = 3¢ K TOpH30HTY €O CKOPO-
cThio Vo =40M/c . Ha kakoM pacCTOAHUH OT OCHOBAHMs GallHyu Teno ynanér Ha 3emnto? CONpoTUBIECHHEM BO3yXa Mpe- |
Hebpeus. g = 10M/c2 Omeem: 173,21

2. Kunemarnka KpUBOJIMHEHHOTO MOCTYNATEIBHOTO M BPAIlaTeIbHOTO ABMKEHHS

Ipu aBHUKEHUHM TOUKHU ((PU3UUECKOTO TeNa) 10 KPUBOM TPAEKTOPUH yI0OHEE HCIIOIB30BaTh HE JeKap-
TOBY CHCTEMY KOODPJMHAT X, Y, Z & BBOJUTEL €ANHUYHBIE BEKTOPHI T (110 KacaTelbHOM K TpaeKTOpHuu) U M
(mepneHAMKYIAPHO TpaekTopuH, puc.1.3).

BekTop ckopocTi V Bcerja HampasJieH 110 KacaTeIbHOM K TPaeKTOPHH: , a BEKTOP MOJIHOTO

"~ ~ TpacKTopHA

YCKOpeHUs TOukd a = &; + &, OyleT cyMMOi ByX NepHEeHANKYISIPHBIX COCTABIIAIOIIUX. TAHI€HIIUAJIBHOIO yC- Puc.1.3
L _ Qv ~ z
KopeHus | g :ar U HOPMAJIBHOTO YCKOpPEHHS |a, :E N.|3mxecs R— paamyc kpuBU3HBI TpaeKTOpUH (PAJNYC OKPYKHOCTH, KOTO-

PYIO MOXHO BIIMCATh B KPUBYIO JIMHUIO TPAeKTOpHH, puc.1.3). BennunHa moiaHoro ycKOpeH s TOUKU a = 4/ arz + a% .

Ipumepwvl pewenus 3a0ay:
2.1.Manenbkoe Tes0 OpOIIEHO FOPU30HTAIBHO CO CKOPOCThIO Vy =15M/c ¢ Beicotsl H =100M. Onpenenuts oT-

HOIIIEHHE BEJIMYMH TAHTCHIMAIBHOTO U HOPMAJIbHOTO ycKopeHuil Tena depe3 t =3 ¢. CompoTuBieHHEM BO3ayXa MpeHeos-
peus. Ipumsts g = 10M/c2,

Pewenue.

Eciu Teno GpoleHo ¢ HavalbHOM CKOPOCTBIO Vo IO YIJIOM 0. K ropu3onTy (puc.1.4),To €ro mojiHoe ycKo-
pEHHE MOCTOSIHHO U PABHO YCKOPEHHUIO CBOOOIHOrO majeHust §. Yroyi ¢ Mexay BEeKTOPOM CKOPOCTH V U FOpPH30H-
TAJILHON OCBIO X BO BpeMsi MMOJETa yMEHbBIIAETCS W, KaK BHAHO u3 puc.l.4, ompenesseTcs COOTHOIICHUEM
cosh = ./ v mu sing = vy /v. Tpu otom a; = gsing = gvy /v, 0, =gcosh = gvy/ v.

Ot (bOpMyJ'II)I CIIpaBCJIUBbI KaK IIpU noabEMe, Tak U Ipyu nNageHuun Tejia, Koraa MmpoCcKIusa Vy MCHACT

a v Vgsina — gt t
3uak. Mckomoe oTHOmeHne —- =tgd = Zyf=|YoSINAZ Y _ O _ 2, Tak kxak 1o yciosuio o = 0.
Vy V( COSO Vo
2.2.Tlox KakuM yIJIOM 0. K FOPH30HTY Hal0 GPOCHTE KAMEHb C FOPH3OHTAIIBHON NOBEPXHOCTH 3EMIIH, 4 V=V,
YTOOBI IIEHTP KPUBHU3HBI B BEPXHEH TOUKE TPAEKTOPUH HAXOJIUIICS HA 3TOM MOBEPXHOCTU? I/// hep
=IO\ X
Buipaoicenue ons paouyca kpususnvl mpaexkmopuu R 6cezoa modicrho onpedenums ¢ noMowbo Gopmyisl <%
Cosem: OJ1 HOPMANLHO20 YCKOPEHUs Ay = V2/ R.
Pewenue.
2 3
\ gvy \ .
Kak nokazaHo B pemennn 3anaun 2.1, a, = R =—= , otkyna R=——. B BepxHell Touke TPAaCKTOPUH BEPTUKAIbHAS MPO-
v vy

KISl CKOPOCTH CTAHOBUTCS PaBHOM HyImO, Vy =Vq sina —gt= 0. B sror MomeHT t=VgSina / g B BepxHEH TOYKE TPAEKTOPUHU
2
V =V, =V(jCOSO , U paguyc KpUBU3HBI TPAE€KTOPUHU CTAHOBUTCA paBHbIM R = (VO cosa ) / g.
N N . L \2
ITo ycioBUIO OH paBeH MaKCHMANBHOHN BEICOTE MoAgbéMa h =vgsinat- gt2 / 2= ( Vo sma) / 2. U3 paBenctea R = h naxo-

UM sin? a/coga = tgza = 2, OTKyJa O = arctgx/é= 54,9.

*kkkkk * *%k%k * *%
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[Ipu BpameHnn TOYKH 10 OKPYKHOCTH paauyca R, mim mpu moBopote Tena paanyca R Ha yroin @, Bpama-
TEJNBHOE JBIIKCHHUE 33]]aCTCsL BEKTOPOM YIIIOBOM CKOPOCTH (0, HAIIPABJICHHOM BJIOJIb OCH BPAICHUS 0 TIPABUITY
BunTa (puc.l. 5) YckopeHHOe BpallleHHe XapaKTepH3yeTcs BEKTOPOM YIIoBoro yckopenust € . I[Ipu atom
_de
dt’ dt

BpalcHUA
| Dpatl

63 och
[

I/IHTeI‘pI/IpyH OTH BCJIMYUHBI 110 BpEMEHU, MOKHO HalTH 3aBUCUMOCTH OT BPEMCHHU yrJjia OBOPO-

t t
Ta: |§(t) = do + [aAt)dt, rne 6t) =y + [(t)dt].
0 0

C mOMOIIBIO YTIIOBOM CKOPOCTH M YTIIOBOTO YCKOPEHHS MOYKHO OIIPEENIUTh BEIHMYUHBI INHEHHON CKOPOCTH TOYKH U €€ TaH-

TeHIIMATLHOTO M HOPMAJILHOTO YCKOPEHUH: |V = ooR| , |O(T = ER| , |an =w’R= Vz/ F\1 .

Ipumepwvl pewsenus 3aday.

2.3.Touka paBHO3aMEJICHHO BPAIIIACTCs 110 OKPYKHOCTH paguyca R = 2M ¢ MOCTOSHHBIM YIJIOBBIM YCKOPEHU- L =
eM € = 3pan/c’. B HauabHbIil MOMEHT to = O BelmumHa eé CKOPOCTH Vg = 2 M/c. Bo CKOJIBKO pa3 IOIHOE YCKOPEHHE 3TOM @J
TOYKH OyneT OoJblie €€ HOPMAaJIbHOTO YCKOPEHUS B MOMEHT BpeMeHu t = 1 ¢? Yemy Oyzner paBeH B 3TOT MOMEHT yroi
MEX]Ty BEKTOPOM CKOPOCTH M BEKTOPOM MOJIHOTO YCKOPEHHSI TOUKHU ?

Pewenue.

B ciyuae paBHO3aMEUICHHOTO BPAIIEHHs C MOCTOSHHBIM YIJIOBBIM YCKODEHHEM W= Gy —€t, rae Wy =Vo/R. Bemnuuna

TaHT€HLUAJIBHOTO YCKOPEeHHsA TOukM &; = €R, HOpManbHOE yckopeHue &y, = w’R. onoe yCKOpEeHue a=\1612+af2,. Orcrona

U3 puc.1.6 A BHIHO, 4TO PH PABHOYCKOPEHHOM BpAalIEHHH YroJ ¢ MEKIy BEKTOpaMH V u a

Oynet pactu ¢ pocroM . [Ipu paBHO3amemenHoM BpaiieHun (puc.1.6B) B Mmoment Bpemenu t = 1 ¢

BpallleHHe IOMEHSET HampaBieHHe, HO Yroill ¢ Mo-mpexHeMy OyAeT ONMPeNesThCS COOTHOIIEHHEM

2

a, _ 'R _ (vo/R-¢t)
a; ¢R €

tgd = :% .Tlostomy ¢ =arctg( 4 3= 539.

2.4.YacTHia BpalaeTcs Mo OKPY»KHOCTH paauyca R = 2M Tak, 9To yroJ MoBOpPOTa M3MEHSETCS CO BpEMEHeEM t Q .

v

1o 3aKoHy @ (t) =at* +Bt%+yt, re o = 0,02pan/c’, p = 0,02pan/c?, y = 0,02pan/c. Bo CKOIBKO pa3 BEIMYHHA [TOIHOTO
YCKOPEHUS YaCTHI[BI TPEBBINIAET BENNUUHY €€ HOPMAILHOTO (IIEHTPOCTPEMHUTEILHOIO) YCKOPEHHUS B MOMEHT BpeMenu t = 2¢7?

Pewenue.
VYrioBasi CKOPOCTb U YIiOBO€ YCKOPEHHE BPAIICHUS YaCTHIIbI ONPEAEISIOTCS TPOU3BOJHBIMU

dw d

_do_ 0(t4+Bt2+yt) dat3+ Pt+y u = Ty

dt dt(
3a/1a4¥, HaXOJUM MX 3Ha4eHUs] B MOMEHT BpeMeHu t = 20. o = 0,74panlc, €= 1paa/c .

(40(t3 + 2Bt +y) 1t + B . IMoxcraBnsiss YUCIIOBBIC TaHHBIC U3 YCIOBHMA

I/ICHOHLSYH (l)OpMyJ'II)I JJIsL HOpMaHLHOﬁ n TaHI‘eHHI/IaHLHOﬁ MMPOCKIUN YCKOPCHHS YaCTUILIbI an = U)ZR n C(-[ = SR, HaxXoaum

2 2 2 4
a _ar+ €% +w
Hekomoe orHomerne - = YT T _ =2,082.

2 7

2.5.B momeHT Bpemenu tp = O nuck pagnyca R = 1M HauMHaeT Tak BpamaThcs BOKPYI OCH CHMMETPHH, YTO IyTh MPO¥i-

JIEHHBIA TOYKOH Ha 0007e IHCKa, MEHSIETCS CO BPEMEHEM IO 3aKOHY S = A(l— exp{— blz)) ,tned=2m,b=0,5 ¢, Haiitu mMakcu-

MaJbHYIO BEJIMINHY YTIIOBOH CKOPOCTH 3TOW TOYKH B MOCIEAYIOIINH MOMEHT BPEMEHH.

Pewenue.

IpotineHHbIi TOYKON MyTh OyAET IIMHOM ITyru Ha 000/Ie NHUCKa, KoTopas paBHa S= Rp , T1e ¢ — yrox moBopoTa JIUCKa B pa-
¢ A d

nuaHax. Torma yrioBas CKOPOCTh AWCKA W= —-
dt ~ Rdt

(1 exp(—btz)) = ZA bt exé—btz) . MakcumMyM (QYHKITHH OTIpENeNsIeTCs yCio-
dw
495 A 9l ex b)) = 222 - (o2 be) =

BHEM PABEHCTBA HYJIIO €& IepBOH PON3BOIHOIL: LU p( ) R( ) ex ()— )

MakCHMyM BETHYMHbI () JOCTHIACTCs B MOMEHT Bpemenn t =1/v/2b = 1c. HOZ[CTaBH}I}I 9TO 3HaYCHHUE B HAHJEHHYIO HOpPMY-
. A 1
JIy AJISL YTJIOBOM CKOPOCTH, HOTY4aeM Wyyay = E\/ 2b ex;{—aj =1,21pan/c.

Ilpu t - 0 mm t — o 3Ta PopMyia MPUBOAMT K Pe3ysIbTaTy W — 0, T.e. HaliicHHOe 3HAYeHHE OYIET MAKCUMATLHBIM.

2.6.IlepBoHaYaIbHO MOKOMBIIMIACS TUCK Havaj Bpamarbcs BOKPYyr ocu cummeTpud OQ’ Tak, 4TO BEIMYHHA IIEH- OiJ? a,
R
TPOCTPEMUTENILHOTO YCKOPEHHUs TOUKH Ha ero 00071 U3MEHAETCs CO BpeMeHeM 110 3aKoHy @, = k, rae k = 8 m/c™. Haii- S S

i paguyc R 1ucka, eciu B MOMEHT T = 1¢ TaHTeHIHaIbHOe YCKOPEHHe 3Toil Toukd 8, = 16m/c?. Haiitu Takxe yrom



IIOBOPOTA JUCKA K ’TOMY MOMEHTY BpEMEHHU.
Pewenue.

Tak xak a, = w’R= k€, T0 yrioBas cKOpOCTb BpALEHHs IHCKA MEHSACTCS CO BPEMEHEM 110 3aKOHY (W= kt8/ R. Tanrenuu-
anpHOe ycKopeHne a; = eéR= Rdy/ dt=+/ kRJ (ﬁ/ dt 4/ kR Orcioma R= a?/(lere) =2Mm.

Yron MOBOPOTAa JUCKA ONPEACTIACTCA UHTCTPUPOBAHNUEM €TO yFJ'IOBOﬁ CKOpPOCTH I10 BPEMEHU:

T \/?T4 \/?15
=[w(t)dt=,|= [t*dt=,|=—=0,4pan.
0 = atd= ([ di= e =0 4pas

2.7.B HavyansHBIH MOMEHT BpeMenH to = 0 muck Bparmascst BoKpyr ocu cuMmMerpund OO’ ¢ yriioBoi CKOPOCTHIO Oa‘z o

I}

o = 3 paz/c. 3aTeM ero BpaleHHe 3aMeISIeTCs, TIPHYEM BeJMYHHA YTIIOBOTO YCKOPEHHS H3MEHSIETCSI CO BpeMeHeM t 1o S
sakony € = kt, rie k=0,5 pan/c®. Ha kakoii yroi Ag moBepHETCS MCK K MOMEHTY BPEMEHH T = 2 ¢? 0' 4t

Pewenue.

t t
CHauaja ompeJeanM 3aBUCHMOCTh OT BPEMEHH YTIIOBOH ckopocTH jqucka: o(t) = wy —js(t)dt =wy - kj t3dt= Wy~ kt4/ 4 (c
0 0
y4ETOM 3aMejJIeHusE BpalieHust). MHTerpupys 5T0 BRIPaKeHUE 110 BPEMEHH, HAXO[MM yTroJl IOBOPOTA!

— (T (T TA 4 5 —
A = [3 w(t)dt = [ odt-(k/4) [ € dt= wgt - ki/20= 5,2pax.
Tpumepvl 3a0ay KOHMPOILHOU PAbOMbL OJsL CAMOCTOAMENLHOL NHOO20MOGKU

2.8.Tloa KakuM YIJIoM K TOPH30HTY Hal0 OPOCUTH KaMEHb ¢ POBHOM FOPU30HTAILHON TIOBEPXHOCTH, YTOOBI PAJHNYC KPUBH3-
HBI TPAEKTOPUH B HAYAIILHOW TOYKE TPAEKTOPHH OBUT B 8 pa3 GoJIbIIIe, YeM PAaANyC KPUBU3HbI B BEPXHEH TOUKE TPAEKTOPUH?
Omeem: 60°

2.9.Koneco paauyca R= 0,4M Bpalanoch ¢ yrioBoit ckopocteio mg = 10paa/c. B momenT t = O Ha Hero HauMHaeT JeH-
CTBOBAaTh TOPMO3SILIIMHA MOMEHT CHJI, M Yepe3 HEKOTOPOE BPEMs YIIIOBasi CKOPOCTh BpallleHHsl yMeHblIaeTcs B 5 pa3. Ckoibko 060po-
TOB C/IENIAET KOIECO 3a 3TO BPEMs, ECITH €ro YIIoBOe yCKopeHue € = 4 pa/c®?
Omeem: 1,91

2.10.Yacruia Bpamaercs 1mo OKpyXKHOCTH paguyca R= 2M paBHOYCKOPEHHO C YIJIOBBIM YCKOPEHHUEM € = L -
o o > 0
= 3 paxn/c?. Haiiti BequunHy HA4abHOI CKOPOCTH Vo YACTHIIBI B MOMEHT BpeMeHH to = 0, ecii Moment t = 0,4¢ Bew- @
YKMHA MMOJHOTO YCKOPEHMUS YaCTHIIbI OOJIbINE BEMYMHBI €€ TaHT€HIMAILHOTO yekopeHus B K = 1,25pas.
Omeem: 0,6 m/c
2.11. Koneco pamuyca R = 20 cM HaumHaeT BpamiathCs TakK, YTO yrojl €ro MOBOPOTa 3aBHCHT OT BPEMEHHU IO 3aKOHY

¢ = A, rme A = 18paxn/c®. B kakoif MOMEHT BPEMEHH yroJl MEKIY BEKTOPAMH CKOPOCTH U TIOJHOTO YCKOPEHHs TOUKH Ha 06011¢ KO-

Jieca CTaHeT paBHBIM 45°?
Omeem: 0,333¢c

2.12.Touka BparmaeTcs Mo OKPYKHOCTH paauyca R = 2M Tak, 4T0 yros HOBOPOTa M3MEHSIETCSI CO BPEMEHEM t 10 3aKoHy
¢ (t) =at* -Bt3+yt?, rae o = 0,1pan/c*, p = 0,1pan/c®, v = 0,1pan/c’. Bo CKONIBKO pa3 BEMUYMHA [IOJHOTO YCKOPEHHS TOUKHU TIpe-

BBIIIACT BEJIMYMHY €€ TAHICHIIHAILHOTO YCKOPEHUS B MOMEHT BpeMeHu t = 2¢?
Omeem: B 1,82pa3

2.13. Komeco pamuyca R = 20 cM HaumMHaeT BpaIIaThCs Tak, YTO YrOJI €ro IMOBOPOTA MEHSIETCS CO BPEMEHEM IT0 3aKOHY
o =At-Bt?, rae 4 = 0,5pan/c®, B = 2 pan/c. HaiiTi BemumHy TOJHOTO YCKOPEHHS TOYKH Ha 000/1€ Kojeca B TOT MOMEHT, KOT/a

OHO BEPHETCS B UCXOHOE MOJOKEHHE.
Omeem: 12,9m/c?

2.14. Touka BpalaeTcs MO OKPYKHOCTHU TaK, YTO YIroJ MNOBOPOTa HM3MCEHACTCA CO BPEMCHEM t mo 3aKOHY [0}

¥

0

¢ (t) = Acosat, rae o =TY/4 cl,A=2 pan. Haittn BenmnmuuHy pagmyca R okpy»KHOCTH, ecilM B MOMEHT BpeMeHu t = 2 ¢
YCKOpEHHe TOUKH paBHO & = 3m/c’.
Otser: R=1,216Mm
2.15.TlepBoHauanbHO MOKOUBIIMHCS JUCK paguyca R = 1M Hauan Bpamarsca Bokpyr ocu cummerpun OO’ Tak, o;Jg .
4TO BE/IMUMHA TAHTCHIMANBHOTO YCKOPEHHS TOUKH Ha ero 000/1e H3MeHseTCs co BpeMeHeM t o 3akony a, =PBt*, rae p = %%

= 5 m/c®. Haittu BEIIMYHMHY TTOJTHOTO YCKOPEHUS & ITOH TOYKH B MOMEHT BpemeHu t = 1c.
Otser: a = 5,10m/c?

2.16.B HauanbHbIi MOMeHT ty = O muck Bpamiaincs BOkpyr ocu cummerpur OO’ ¢ yriioBoit CKOPOCTBIO Mg = oq‘; o
= 2pan/c. 3aTeM ero BpaleHue YCKOPSIETCs], IIPUYEM BEJIMIHHA YIIIOBOTO YCKOPEHHMSI PACTET CO BPEMEHeM t 110 3aKoHy C Dl
€= ytz, rne vy = 0,6 pazx/c". HaiiTu BeJMYMHY OTHOIICHHUS 8,/8; HOPMAIBHOIO M TAHTCHI[HAIBLHOTO YCKOPEHUS TOYKH Ha  O'4h

00071¢ TrCKa B MOMEHT BpeMeHH t = 2c.
Orser: a/a, = 5,4
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3. ﬂI/IHaMI/IKa MOCTYMATCIIbHOT'O U BpalllaTCIIbHOT'O0 ABUKCHUA

B 3agauax, B KOTOPBIX (1)1/131/Iqe01<0e TEJI0 BPAILACTCs C YITIOBBIM YCKOPEHHUEM € BOKpPYI 32erHJIeHHOﬁ ocHu C, MOXHO 3a1u-

CaTb TOJBKO YPAaBHCHUEC JUHAMUKHU BpaAIlaTCIbHOI'O ABUKCHUA | CS = Z M grem | » TAC IC — MOMCHT MHEPLUU TCJ1a OTHOCUTEIILHO 3TOM

ocH, M - IPOCKIUA MOMEHTA BHEIIHEH CHJIBI Ha 9Ty OCb. I[.]'IS[ HCIOJb3YEMbBIX B 3a/la4aX CUMMETPHUYHBIX TEJI, BpalllatOIIUXCs BO-

BHCII
KpYT OCH, IPOXOIAIIECH Yepe3 X EHTP Macc, MOMEHTHI HHEPLIUH ITPUBEICHEI Ha CIIEAyIOmeM pucyHke 1.7.

‘OCBC |ocI>C oorC oenC Ecinu och BpallleHHs1 He 3aKpeIUieHa M IepEMENIaeTcs
. — m m ¢ |5 BMECTE C BPAIIAIOIIUMCS TEJIOM, HaJI0 COBMECTHO pellaTh
c ] CHcTeMy YpaBHEHHH [IUHAMHKH [OCTYNATEILHOTO U
v I ] ~ =
M& = ). Fyems
| | ‘ BPAIIATENLHOTO IBUKEHUIA: % = 2 Foem
TOHKHH 00py4 JIMCK (LIMJIHHIP) wap TOHKHH CTEP/KCHb l.e= z M srem-
Macchl 11 Macchl 11 Macchl H1 JUIHHBL /[

MAaccel 11 =
-1 2 31ech - YCKOPEHHE IEHTPa MacC TEa.
¢ pamuycom R cpamtyeon R vcon R Toropenn = 5m! AECh 8 - YCKOPEHHE LICHTP

1, p2 Hanpuwmep, Ha puc.1.8 no-
Lotpyua Aucka 2 I ipapa= 5MR Puc.1.7 Ka3aH MUIMHAP Maccel M U pajuy-

ca R, KaTﬂmHﬁCH BBEpX 0O Ha-

KJIOHHOH IIJIOCKOCTH Ion ﬂeﬁCTBHeM CHJIBI |E , C KOTOpOﬁ TAHYT HAMOTAHHYIO Ha 060,H HUTh. BHEIHUMU cH-

JlaMu KpoMe cuiibl F , Gy/lyT cujia TsKecTH My, CUila TPEHUs IfTp 1 cuiIa HopManbHOl peakiuu N .

Puc.1.8

Ecnu yenmp macc kamsiyecocs mena 08udicemcst 60016 NPSIMOLL OCU X, MO 3ANUCkbigalime ypagHenue OUHAMUKY No-
Cosem: CMYNAmMenbHO20 OBUNCEHUs 8 NPOeKYuU HA MYy ocb. [na yununopa na puc.1.8 ono npumem 6uo

M =Y, Ryemx = F+ Fp — mgsina.

Bennunna momMeHTa CHUIJIbI, Bpama}omeﬁ TEJI0, ONIPEACIAACTCS KaK NPOU3BCACHNUE CUJIbI HA IJIEHYO — KpaTqaﬁmee paccTossHuC
OT JIMHUU ﬂeﬁCTBI/Iﬂ CHJIbI 10 OCHU BpalllCHUA. Tak xak JUHUU CUII mg u N Ha pI/IC.18 MpoxXoaAT 4€pe3 OChb C, X MOMCHTBI PaBHbI
HYJII0, U BpalllaTb HWJIWHAP OHU HE MOTYT.

Jusacun F u Ipr miedoM OyzeT paguyc R, HO OHM CTpeMsTCs BpaliaTh MWIKMHIP B MPOTUBOIIOJIOKHBIX HAIIPABJICHHUSX.
Cﬂedume 3a mem, llm06bl 3HAK MOMEHRmA Cujlbl cCoomeemcnmeosdl HanpaelenHuio 6pauieHus (Kaquu}z)! OHO C)OﬂDlCHO coom-
6eENMCMeEe06amMb HANPABIEHUIO NOCMYnameilbHo20 ()euofceHu}z.

Tak HUJINHAP Ha pI/IC.1.8 BpamaeTces 1o '-IaCOBOI7[ CTpPCJIKE. MoMeHT cuibl IE 6y[[eT YCKOPATH 3TO Bpalll€HUE, a MO-

Cosem:

MCHT CHUJIbI lpr - TOpMOSI/ITL €ro. ypaBHeHI/Ie JUHAMHUKHU BpaHIaTeJ'II)HOFO JABHUXKCHUA l'IpI/IMeT BUJ
166 = Y M e FR- FipR.
B CJIydac€ Ka4CHUA 0e3 MPOCKAJb3bIBAHUA CKOPOCTH TOYKHU A KacaHud Teja U IUIOCKOCTH V v
paBHa Hyﬂ}O. A TAaK KaK KAaYCHHC TCJia SBJISICTCSA CyMMOﬁ HOCTyHaTeHLHOFO JABHUXKCHUSA CO CKOpO' ac
CThIO V U BpamaTem,Horo JABUXCHUA C yFJ'IOBOﬁ CKOpOCTLIO (O] BOprl" ueHTpa Macce C, TO, KakK V +

BuAHO u3 puc.1.9,0yneT BeImonHeHa KHHEMAaTHIeCKast CBS3b (Vo =wWRu g = SH . A AV ¥V Vvior

Ipumepwvl pewsenus 3aday.

3.1. ToHKy!0 HHUTH, HAMOTaHHYIO Ha 000] Kosleca Maccsl M = 1,5kr u pamuyca R = 10 cMm, uMeromero MOMeHT
preprun | = 0,01krM OTHOCHTENBHO OCH CUMMeTpHH, TAHYT ¢ cwtoil F = 9H mox yriaom a = 30 k ropusonty. Koneco
KaTHUTCS 110 TOPU30HTAIEHON OBEPXHOCTH Oe3 MpocKaib3biBaHus. HaliTh yckopeHne a Kolieca U BEJIMYUHY ITOCTOSTHHOM
CHJIBI TPEHUSI B TOUKE OHOPEI.

Pewenue.

T

Coeem: ) 6 E =
\Y \ ypaeHenus OUHAMUKU C y4emoM 6bl0panHo20 Hanpasienus. Lcau nanpasnenue I,

Ecnu Bei ne snaeme, kax nanpagnena cuna mpenus F, 6 mouke onopbi, Hanpagbme e€ 6 100yio CMOpoHy u 3anuuiume
8b10PAHO HEBEPHO, MO NpU peuleHul no-

JIYYUMCSE NPABUNbHAS 6ETUYUHA MO CUIIbL, HO CO 3HAKOM “ MUuHyC”.

Hanpasum cuy tpenust Fp, B Touke onopsl A B CTOPOHY JBIKCHHs Kolleca (puc.1.10),4T00BI €€ MOMEHT g

OTHOCUTEJIbHO OCH KOJI€Ca TOPMO3UJI BpalllCHUE. Pemaem CUCTEMY U3 YpaBHCHHUSA JUHAMUKU NMOCTYIATCIIBHOTO ABUXKC- % _>ac

=

HHUS BIOJIb OCH X mac = Fcosa + FTp U YpaBHCHUA JUHAMHUKU BpallaTCJIbHOI'O0 ABUIKCHHUA BOKPYI' OCHU KOJECa A FTp X

le =FR~- F, R. Beipasum u3 nepBoro ypaBHeHHs HEU3BECTHYIO CHILy F U II0JCTaBMM BMECTE CO CBSI3bIO € = 8¢ /R Puc.1.10

ac F (1+cosa) )
BO BTOpoe ypaBHeHue. [lonyunm | —==FR— (mae - FCOSO() R, otkyna a. =————+=6,72m/c".
R m+ 1/ R
_mR - lcosa _ _
Haobopor, ycTpaHsist u3 CUCTEMbI yCKOPEHHUE 3¢, HAXOJUM BEIMYHMHY CUJIbI TPEHUS F, = TRl F=2,28H.
mR + |
Ecnu M3MEHUTh HampaBlIeHHE CHIIBI IETp Ha puc.1.10, To ypaBHEHUS NMHAMHUKH NPUMYT BH[ mg, = Fcosa - F, mu

le=la;,/R=FR+ R. Or1o He u3MeHHT mony4eHHON Bbiwme popmyist 1 8c. Ho dopmyna pust F, momenser 3uak, T.e. Ha-

Fip
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MIpaBJICHUE CHITBI FIp Ha puc.1.1065110 BEIOpAaHO BEPHO.
3.2. CnntomHoii map ¢ paauycom R katutest 6€3 NpoCcKaib3bIBaHKs [0 HAKIOHHOH IJIOCKOCTH, 00pasyromel ,, p =

yron a =30° ¢ ropusonToM. B Touke omnopsl Ha mrap aeiicTByer cuiaa tpenus F,, = 3 H, HanpasienHas BIOJIb IIOCKO-
cru. lpuanmas g = 9,8Mm/c?, onmpenenute Maccy mapa m.

-

a

Pewenue.
EnunctBenHas cuia, co3aamoolas OTHOcUTeNbHO ocu C 11apa HEHyJIeBOW MOMEHT, 3aCTaBJISIONINM Iap

BpaIIaThCs ¢ YCKOPEHUEM €, 3TO CHJIA TPSHHS FTp . Kax BumHO u3 puc.1.11,0Ha nomkHa OBITH HaIIpaBJICHA TIPOTHB

Puc.1.11 OCH X, BJOJIb KOTOPOH IIap ABIDKETCS IOJ ACHCTBHEM MPOSKIUK CHJIBI TSDKECTH MQSING . YpaBHEeHHS AHHAMUKH
MOCTYNATEIBPHOTO U BPAILATEIbHOIO ABUKEHHUS MMEIOT BHUI ma= mgsina - F,; |c€ =Fp, R. Ioxcraemusis crona MOMEHT

uHepuuy mapa |, = 2mR2/ 5 u ca3b € = a/ R, uckimouaem HeusBecTHOE yckopenue a. [lomyuum m=7 Fp / 0= 2,143kr.

3.3.CmnonrHoit muck Maccel My = 1xr u paguyca R Bpamiaercs 6e3 TpeHUs] BOKPYT TOPU30HTAIBHON 3aKper- m, m,
nenHo#t ocu cummerpun O. Uepe3 000 AUCKa MEPEKHHYTa HEBECOMas, HE MPOCKANIB3BIBAIOIIAS MO 000y HHTH, K RP e ecccd
KOHIIaM KOTOPOM HPUKPEIUICHBI JABUXKYIIHECS C YCKOpEHUEeM a = 2 m/c? rpy3sl. IlpaBeiii rpy3 ¢ maccoit M, = 3 Kr
CKOJI3UT MO TOPH30HTAILHOM MOBEPXHOCTH U HA HETO JEHCTBYET cuna TpeHus ckombxenus F, = 4,7H. [Ipunumas g
= 9,8wm/c?, Haiitu Maccy Mg JIEBOTO TPY3a, OMYCKAIOIIET0Cs BHU3 TIOJ] IEHCTBUEM CHIIBI TSXKECTH.

Pewenue.

VkaxkeM HampaBje€HHe M TOYKH NMPUIoKeHus Bcex cua (puc.1.12). YpaBHeHHs JMHAMHMKH HaIO0 3allkcaTh
JUTSL KQKJIOTO M3 IBYDKYIIIUXCS TEll.

pr?)LI My U My ABUXKYTCS NOCTYNATEILHO, 4 TMCK C MOMEHTOM MHEPLUA | = mle/Z COBEpHIACT Bpallla-

TCJIBHOC IBHKCHHUEC 1101 ,I[CI\/'ICTBI/IGM MOMEHTOB CHJI HaTSKSHHS HUTEH fz n fl , HAIIPABJICHHBIX B Pa3HbIC CTOPOHHEI.

Cuna peakimn N ¥ CHJIa TSOHKECTH MYy TIPUIIOKEHBI K och jucka O U HE CO3MAI0T BPAIIAIONINX MOMEHTOB.
BrlpakxaeM HEM3BECTHBIE BEJMYMHBI CHJI HATSDKEHHS T1 U T, U3 JABYX IEPBBIX ypPaBHEHWH IOCTYIIATEIBHOTO IBIIKCHUS
mpa="T - FTp'
m3a= n}, g- -E, U IOACTABIACM B TPETHEC YPABHCHUC JUHAMUKHA BpallaTCIIbHOTO ABMKCHUA JUCKA. HOHy‘-H/IM
|E:|a/R:T2R— TR

(mp+m/2) a+ F

T
mg = P =1 5kr.
g-a

3.4. CriIomHOM qucK Macchl M= 1Kr MPHKPEIUICH 32 HAMOTAHHYIO Ha €ro 000/ HUTh K MOTOJIKY U MaAaeT BHHU3 IO
JeHCTBIEM CHIIBI TsKecTH. [IpH pa3sMaThIBAHHH HUTH JMCK BPAIIASTCS C YIJIOBEIM yekoperueM € = 40paxn/c?. [punumas g = %
_ 2 .
= 9,8m/c”, Haiitu paauyc qucka R. MR

Pewenue.

,’:[I/ICK JABWIKETCHA MMOCTYNATCJIbHO BHU3 U OAHOBPEMEHHO BpaIllacTCd BOKPYT OCU C 1mo yacoBoit CTPCJIKE 1O Ileﬁ'

CTBHEM MOMEHTA CHJIbl HATSKEHMs HMTH T , IJIEY0 KOTOPOi paBHO paauycy aucka R (puc.1.13).Buipakas cuny T uz 7 \:‘»
yPaBHEHUS! TUHAMUKH MOCTYMATENBHOTO IBWKEHUs Ma= M- T, MOJACTaBIseM e B ypaBHEHUE NUHAMHUKA Bpamarens- R
ay mg

Puc.1.13

Horo aBwxkenns qucka 1€ =T [R.

m
C yderoM cBsi3u a=ER u popmyisl AIst MOMEHTA UHEPLUH Jucka | = mR2/2 , HAXOIUM TS = m( g-¢ R) R,

29
orkyna R=—=0,163m.
Y %

3.5. luck maccel My = 2kr u paauyca R =1 M Bpamaercst BOKpYr TOPH30HTAIBHON 3aKPEIUICHHOW OCH CUMMET- R
pun O, NpuYeM H3-3a TPEHHS B OCH JMCKA BO3HUKAET TOPMO3SIIHI BpaleHre MoMeHT cui My, = 4 H-m. Uepes obon aucka m1
TIepeKHHYTa HEBECOMAsl, He TIPOCKATb3BIBAIOIIAS 110 000y HUTh, K KOHIAM KOTOPOIl PUKPEIUIEHBI IBHKYIIHEcs ¢ yckope- Al
HHeM Tpy3bl ¢ MaccaMu M = 1,5kr 1 Mg = 2kr. Bo CKOIBKO pa3 ycKOpeHHe CBOBOIHOrO majenus, paBHoe g = 9,8m/c?,
Oonblie YCKOpEHUs IPy30B My u Mg?

Pewenue.

JleicTByromIye Ha Tena CHibl MoKa3aHsl Ha puc.1.14.YpaBHeHNsT AMHAMUKY MOCTYNATEIBHOTO JBHKECHUS TPY-
30B Mp U My C yYETOM HANPaBJIEHMs UX JBHKEHHs UMEIOT BUI Mpa= T — np g; mza= my g— b. CymmapHslif MOMEHT

CHJI HaTsHKEHHsS HUTEH T, M T; OyJeT Bpamarh JUCK MO YaCOBOM CTpENKe B CTOPOHY JIBUKEHHUS IPy30B. YPaBHEHHE
JUHAMUKH BpaluaTenpHoro IBikeHus aucka le=T,[R-T[R- I\/lrp , roe | :mle / 2 (MOMEHT CHJI TPEHHUS B OCH

BCerjga TOpMoO3UT BpameHHe).
IloactaBuM B 3TO YPaBHCHUE BLIPAKCHUA CUIT T2 u T]_, BBIpA’KCHHBIC M3 ABYX ypaBHeHI/Iﬁ MOCTyHnaTeJIbHOTO

(mg—-my) - M,/ R
Mg+ np+ m/2

a
JIBIDKEHUS, & TAKXKE YUTEM CBSI3b € = R Orcrofa yCKopeHne a = =0,2m/c% Tostomy ¢ /a=49.
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Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

3.6. ToHKYIO HUTh, HAMOTaHHYIO Ha 000/ HMIMHIPa MacCchl M= 2Kr u paauyca R, TAHYT B TOpH30HTaIEHOM Ha- 5
npaBTeHiy. LIUTHHAD KATHTCS IO TOPH30HTAIBHOM MTOBEPXHOCTH 0e3 MPOCKAIb3BIBAHMS C ycKopeHneM a = 8 m/c?. Cua g mR
TPEHUS B TOUKE OMOPHI MocTostHHa. HaliTu cunmy F, ¢ KOTOpoit TAHYT HUTB.

Omeem: 12H

3.7.TOHKYIO HUTh, HAMOTAHHYIO Ha 0601 muIMHApa paguyca R, Taayr ¢ cunoit F mog yrmom o = 30 k ropuson- TF
Ty. Llmmaap kaTuTcst 6€3 IMpOCKATb3bIBAHKS 110 TOPH3OHTANBHOM OBEPXHOCTH ¢ ycKoperueM a = 4 m/c?. Bemuunma ro- Qm R

PU30HTAJILHO HANPABJIEHHOM CUIIbI TPEHHS B TOYKE ONopkl paBHa F, = 3H. Haiitn maccy M nuuszapa.
Omeem: 2,47kr

3.8.Koseco ¢ maccoit m= 2kr u paauycoM R = 10cM, nmeromee MOMEHT uHEpuu | = O,OlSKrEI2 OTHOCH-
TENBHO OCH CHMMETPHH, KATUTCS 0€3 IMPOCKANB3bIBAHMS 110 HAKIIOHHOM TIIOCKOCTH, obpasytomei yron a =30 ¢ ropu-
30HTOM. [IpuHKrMas
g= 9,8m/c?, OIIpe/IeNIUTE BEIWYUHY JIeHCTBYIOIIEH Ha HEro CHlbl TpeHus ., HarpaBIeHHOH BIOMb MIOCKOCTH.
Omeem: 4,2H

3.9. [luck mMaccel My ¢ pagnycoMm R Bpamaercst 6e3 TpeHUs: BOKPYT TOPU3OHTAIBHON 3aKPEIIEHHOW OCH CUMMET-
pun O. K HAMOTAHHO} Ha 060 IMCKA HHTH NPUKPEILICH IPy3 MAcChl My, NaJAIONMKHA BHH3 ¢ yekoperuneM 4,8 m/c2. [punu- 1};‘.
o 1
mas g = 9,8M/c?, HaiiTi OTHOLICHHE My/My MACCHI IPy3a K Macce JUCKA. v
2

Omeem: 0,48

3.10.luck pamguyca R = 8 cMm BpaimaeTcs BOKPYT TOpPHU30HTANBHOM 3aKperuieHHor ocu cummetpun O. K Hamoran-
HOI Ha ero 0060/ HUTH OPHKPEILIeH NafaloIuil BHA3 Ipy3 ¢ Maccoil My= 1 kr. IIpu 5TOM AHCK BpamiaeTcs ¢ yrIoBbIM ycko- &
pernem 30 pan/c?, a n3-3a TPEHHUs B €ro OCH BO3HHKAET MOCTOSHHBI TOPMOBSIIHIT BPAIICHHE MOMEHT CHII My, = 0,2Hm.
[Mpuaumas g = 9,8M/c2, HaWTH Maccy ucka my.
Omeem: 4,08kr

3.11.CruomHoi auck maccel My = 3kr u paguyca R = 10cM BpamaeTcst BOKPYTr TOPH30HTAIBHOM 3aKPEIIEHHON R
ocu cummetpuu O. M3-3a TpeHHUs B OCH AUCKA BOSHUKAET MOCTOSHHBIH TOPMO3SLK Bpamienue MoMenT cui My, = 0,28H-M. @
Uepes 00071 MCKa IEPEKMHYTA HEBECOMAsl, HE TIPOCKAIIb3IBAIONIAS HUTh, K KOHIAM KOTOPOH MPUKPETUIEHB! IBMKYIINECS C
yckoperreM 3,6M/c? rpysbl ¢ MaccaMi M, U Mg = 3kr. [IpuanMast g = 9,8Mm/c?, HaiiTi Maccy M, JIEBOTO TPy3a.

Omeem: 0,776kr

3.12. Hununap maccsl My = 2kr u paauyca R = 10cM Bpamaercs BOKPYT FOPU3OHTAJIbHOM 3aKPEIIEHHON _m,
ocu cummerpun O. B ero ocv BO3HHKAET NOCTOSHHBINA TOPMO3AMMi MOMeHT cuil My, = 1,3H-m. Uepes obox mucka ne- R
PEKMHYyTa HEBECOMasl HUTh C IPMKPEIICHHBIMH K €€ KOHLIAM rpy3aMu. I'py3 ¢ Maccoit M, = 3KI CKOIL3HUT 0€3 TPEHHU i s
IO TOPU3OHTAILHON MOBEPXHOCTH, a C MACCOM Mg = 2KI' JBIIKETCS BEPTHKAIHHO BHU3 O] ICHCTBHEM CHIIBI TSKECTH.
[punumas g = 9,8m/c?, Haiitu BEJIMYMHY CHJIBI HATSKCHHUS TPABOTO KOHIIA HUTHU, K KOTOPOW NPUBS3aH IPy3 M.
Omeem: 3,3H

4.3aK0H COXpaHEHUS UMITYJIbca

3aKOH COXpaHEHHs MMITYJIbCa BCET/Ia BBITIOJHIETCS [UIS OBICTPBIX B3aUMOJCHCTBHUI Ten (CTONKHOBEHHE, B3phIB). [Ipu 3TOM
HMIYJIBCH TN P = MV Hag0 CKIagsIBaTh BEKTOPHO.

Cnoscerue 6ekmopos npouje 8bINOIHUMb, He 3ANUCHIBASL UX NPOEKYUU HA OCU KOOPOUHAM, d UCNOIb3Y Meopemy

a

Cosem: KOCUMYCOS. eciu uzgecmubl 0ge cmoponsl a, bmpeyeonvnuxa u yeon 8 mescdy numu, mo keadpam npomusono-
b

JIOXHCHOU CIOPOHDBL c®=a’+ - 2abCOSG| (puc.1.15)

Puc.1.15
Ipumepvl pewrenus 3aday:
4.1.]Tga Tena ¢ MaccaMu My = 3KT W My, JIETEBLINE CO CKOPOCTAMH Vi = 6M/c U Vo moa yriom o = 120 apyr k 7
JIPYTY, CTOJKHYJIMCh ¥ CIMILTUCH. HaliT Maccy Mp, €CIIU MOCIIe CTOJIKHOBEHHUS CIIUIIIUECS TEJa JIETAT CO CKOPOCTBIO V = Wi A\B
= 2wm/c mox yriom B = 60 Kk HanpaBIECHUIO IBHXKEHHS IEPBOTO TENA. m oc\ D
- - P . my
(M +m5)V NV, cuterue - - -
& o Ha puc.1.16 u300pakeH BEKTOPHBII 3aKOH COXPAHEHUS UMITynbca MyVq+ MV, = ( m+ mz)v B JAHHOM
3. 3anave. Tak Kak B YCIIOBMH HE 3aaHbl BE BEJIMYHHBI M M V,, TO COTJIACHO TEOPEME KOCHHYCOB MOKHO 3aIlMCaTh

=
mv,

Puc.1.1¢€ JIBa YpaBHEHUS [UII HAXOXKACHUS CTOPOH, JIEXKAIINX IIPOTHB YTJIOB B H V!

(mov)? = (my+ mp)*v? + (v ) *-2( mp+ ) vO ry feosB,
(my + mp)* w2 = () + (my ) -2 my [y Seosy.
B [aHHOM clTydae perenye CHIBLHO yIpomaeTcs: Tak kak B =Yy =60°, 1o Tpeyronsauk Ha puc.1.16pasHocToponnuii, n
My = my o =(m+ ny)v . Torma mzz%—nl:GKr.

4.2. [Ipa Tena ¢ uMIyJabcaMu Py = 6 KTli/c © Py, JICTEBITHE MO YIIIOM IPYT K APYTY, CTONKHYIUCH U CITHII-
nuch. HaliTu Bemu4uHy UMITyJIbca P, BTOPOTO TEJa IO CTOJIKHOBEHUS, €CJIU MOCIE CTOJIKHOBEHHS BETMYMHA UMITYJIbCa
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ciamuuxcs Ten P = 2p; = 12krlhi/c, a nerst onu nox yrom o = 45’ K HanpaBIeHUIO ABUKEHUS MIEPBOTO TeNa (CM. PHCYHOK).

Pewenue.
D 5 3aKoH COXpaHEHHs UMITyJbca Py + Pp = P MpezacrasieH Ha puc.1.17,13 KOToporo, CorinacHo TeopeMe KOCHHYCOB,
2
crenyer pa = p?+ p?—2p pcosu . [oxcrasnsas p=2p, u cosa = ¥/ 2, maxomum p, = ppV5- 4cos48 =8,84xrl/c.
A
Puc.1.17 4.3.CHapsa ¢ Maccoil M, eTeBiuii co ckopocthio V. = 30M/c, pasopBajcs Ha JBa HEpaBHBIX OC-

KoJIKa. Macca BTOpPOro OCKOIIKA, KOTOPBIH JeTuT mox yrioM o = 150 k nepBoHa4aibHOMY HaIpaBIEHUIO ABUKeHus J7 v
cHapsiJia co CKOpOCThIO Vo = 20M/¢, B 2 pa3a 0oJIbllie MacChl IIEPBOTO OCKOJIKA. HaliTH BEIMUMHY CKOPOCTH Vi IIEPBO-
T'O OCKOJIKA.

Pewenue.

mv Cro’xeHHre BEKTOPOB UMITYJIbCA, COOTBETCTBYIOIIEE 3aKOHY €I'0 COXPAaHEHUSI MV = MVq + MV , TIPH pa3pbiBe

3
myvy ™M chapsa, mokasaso Ha puc.1.18.CormacHo TeopeMe KOCHHYCOB (le1)2 = ( m/)2 + ( myv 2) 2_2mwDO mv ;Lo .

Puc.1.1¢ YuursiBast, uto My = NY3 1 My =2 3 110 YCI0BHIO 3a1a4u, HAXOAUM U3 3TOTO YPABHEHHUS

vy =y/9v2 + 4vZ - 12w, cost = 126,2wl.

Tpumepwl 3a0au KOHMPOTLHOU PAbOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

4.4.]IBa Tena ¢ OAMHAKOBBIMH MAacCaMu My = My, JIETEBINHUE CO CKOPOCTAMHU V4 = 2M/c n Vo mop yriom o = 120 7
APYT K JIPYTY, CTONKHYJNCh U CIMIUIMCE. HalTh BETMYMHY CKOPOCTH V2 BTOPOTO Tela A0 y/apa, €CIH MOCIIe CTONKHOBE-  p \Vz
HUS CIIMIIITMECS TeNa JIETST CO CKOPOCThIO V = 2M/c. m,
Omeem: 4,606Mm/c
4.5.]IBa Tena ¢ uMmnyiabcamu P; B Pp = 6 krlii/c, neTeBiiye Mo yrioM APYT K APYTY, CTOJKHYJIUCH M CIHILIHCH. B
Crnmmmecs Tena JeTAT mof yrioMm o = 60 K HampaBIeHMIO IBHKEHHS MepBOro Tena. Halitw Benmummy mMmynsca P ——=92%
CJIMIILIUXCS TN, €CIIM OHA B JIBA Pa3a MEHbIIIE BEJIMYMHBI MMITYJIbCa Py IEPBOTO TeJa IO CTOJKHOBEHHSI. "D,
Omeem: 3,46krhi/c
4.6. CHapsia ¢ Maccoif M pa3opBaJics Ha JBa OCKOJIKa. Macca BTOPOro OCKOJIKa B 2 pa3a 0oJIbIlie MacChl mep- 7,
BOro ockomnka (M = 2my). Cpa3sy mocie paspbiBa OCKOIKH pasjeTaroTces nmog yriom o = 150 apyr k apyry ¢ oamHako- OLI\ o
BBIMH TI0 BEJIMYMHE CKOPOCTSIMH Vq = Vo, = 60m/c. HaiiTi BesTMumHy CKOPOCTH V CHapsizia 10 pasphiBa. m v l,,;z\jz
Omeem: 24,8ml/c
4.7. JlereBunii co ckopocThio V = 40M/c cHaps pasopBajics Ha JBa PaBHBIX OCKOJIKA, OJMH U3 KOTOPHIX Jie- A
it mog yriaom o = 150  k mepBoHaYaNIsHOMY HAINPABIEHUIO JBUKEHUs CHApAAA CO CKOpPOoCcThio Vi = 20 m/c. Haiitu M@g _____
BEJIUYUHY CKOPOCTH V, BTOPOT'O OCKOJIKA. Omeem: 97,8mlc v v,

5. 3aKOH COXpaHEeHHs] MOMEHTa UMITYJIbCa

[pu Bpamenuy Tea BOKPYT OCH CUMMETPMM WM NapajuleNbHOM €M OCH Z 3aKOH COXPAHEHUS MOMEHTA UMILYJIbCA MOKHO
HCIIOJIb30BATH HE B BEKTOPHOI opMe, a B IPOEKLMH Ha 0Ch BpaweHnst Y Lyyoa . = > Lo TIpH 9TOM BaKHO yUHTHIBATH 3Ha-

Kd IpoeKiui (BpamnieHne “1mo” Win “npoTuB” 4acoBOM CTPEIKH).

MoMmeHT uMITysibca (HU3MIECKOro Tena, BPAILAIOIEerocss OTHOCHTENBHO 3aKPEIUICHHOH OCH Z, paBeH e 2

.
HPOU3BEACHHUIO €r0 MOMEHTA MHEPLIWH Ha YIJIOBYIO CKOPOCTb BPALICHHS! . MoMeHT ummyibca Tena ! % o

90°"

¢ mpeHeOPEeKMMO MaIbIMU pazMepamu (MaTepHaIbHONH TOYKH), PaBEH POM3BEACHHUIO €r0 MMILYJbCa Ha IUIeHO T ocs
£ # spamerms
— — — 2
L,=pb=nmv Er| (puc.1.19),a ero momeHT UHEPLMH || 01 rouen = M| - Puc.1.19

MoMeHTHI HHepLIUH CUMMETPUYHBIX TeJ, HCIIOIB3yeMbIX B 3afadax, MpuBeJeHbl Ha puc.l.7. Eciam ock BpamieHus Z He COB-

nmagacT ¢ OCbI0O CHMMETPHUHN BPAIAOIIETOC TEJIa, TO MOMEHT HHEPIIUU BBIYUCTIACTCA C IIOMOIIBIO TCOPEMBI reit- vz J1 _’1112/12
(A Oy Le™

mepa ||, =1 +md2 , e |, -MOMEHT MHEpIHHM OTHOCHUTEILHO MapajuIeNIbHON OCH, MPOXOAAIIEH depe3 LIEHT
z C

d-1/3 C ml

macc (puc.1.7),d — paccTosiHue Mexay ocsiMu. Hanpumep, MOMEHT HHEPIIMH TOHKOTO CTEPXKHs [UTHHBI | 0THOCH- Prc.1.2C
nc.l.

TEJNBHO OCH, POXOJIILeH Yepes ero kpaii, paseH |, = mI2/12+ mI2/4= mI2/3 (puc.1.20).
IIpumepor pewenus 3a0ay:

5.1.TIpeamer, pasmMepaMi KOTOPOTO MOKHO MpeHeOpedb, JIeTeN TOPU30HTAIBHO CO CKOPOCThIO V = 3M/C U MpUITUI o

K HEHOJBI)KHO BUCEBILIEMY TOHKOMY CTEPKHIO MacChl M = SKr ¥ JUIHHBI rli-m

| =2mM wna paccrosuuu I' = 1 M ot ocu mogseca O. Cpa3sy mociie yaapa CTepKeHb ¢ MPUIHIIIIAM PEAMETOM Havail Bpa- | M

IIaThCS C YIIIOBOM ckopocThio ® = 0,5pan/c. Haiitu maccy M’ mpeamera. v
Pewenue.

MowmeHTHI HWHEPIHHU CKIAAbIBAIOTCA, U CTCPKEHb BMECTC C IMPUIUIIINM K HEMY IIPEAMETOM MMEECT OTHOCHUTCIBHO OCH Bpa-

wennst O o6mmit MomeHT utepun | =1 pepe +1 ppesy = mI2/ 3+m'l?2, INpupaBHUBas BeTUYMHBI MOMEHTA UMITyIbca Lyoo o =10

IocJie yaapa 1 MOMCHTA UMITYJIbCa LI[O =m'v" neresuero npeamMeTa a0 yaapa (HpI/I CTOJIKHOBCHUUN MOMCHT UMITYJIbCa COXPAHACT-



14

2
cs1), HaxoauM M’ =& =1,33kr.
3A'(v-1'w)

5.2. Ipa miapuka, pasMepamMu KOTOPBIX MOHO TpEeHeOpeUb, JIETEIH TOPU30HTAIBHO B MTPOTHUBOTIONOKHBIX Ha- 0
TIPaBIEHHUSX MEPIIEHIANKYISPHO K TOPU3OHTAIBHON ocH moaBeca O BHCEBIIETO HEMOIBMKHO TOHKOTO CTEPKHS MacChl M .
= 6kr u mHb | = 3M, ¥ 0JITHOBPEMEHHO MPHITHILIA K cTepkHio (cM. pucyHok). [llapuk ¢ maccoit my = 0,4KT u cKOpo- mynr
CTBIO V; = 6 M/C IPUINII B IIEHTPE CTEPKHS, a MIAPHK ¢ Maccoil My = 0,3Kr u CKOpOCThIO Vo = 12M/c —Ha paccTosauu |’ ] rrf %_;7’12

/, 2

= 2M OT ocHu nojaseca. HaiiTu BenmU4nHYy YTJIOBOM CKOPOCTH, C KOTOPOW Hadasl BPAIIaThCSA MO0 YaCOBOH CTPENKE CTep-
YKEHb C MPWIKIIINMU [IapUKaMU cpasy Mocie yaapa.
Pewenue.

Brumamenvro ciedume 3a nanpasieHusimMu OBUdICEHUs U BPAUEHUs. Mel, YMOObl YYecmb NPoeKyuU Ux MOMEHMO8
UMNYNIbCA HA OCb 8PAUEHUs C NPABUTLHLIMU 3HAKAMU.

Cnedume 3a mem, ymoObl UCHONbL3YEMbIE MOMEHMbL UHEPYUL COOMBETNCMBOBANU 3A0AHHOU OCU BPAUYEHUSL.

Cosem:

Tak Kak cTep:KeHb HAYHET BPAIIAThCS 0 YAaCOBOW CTPENIKe, TO MOMEHT UMITYJIbCa HUYKHETO MIapuKa J0 yaapa Oolblle, YeM
MOMEHT HMITyJbCa BEPXHEro IIapuka. Ero Hamo 3amucaTh B YpPaBHCHHU 3aKOHA COXPAaHEHHUS HMITyJbca CO 3HAKOM “+
Lo =mpv,o O'—my 10/2= Lyyepe = |. 3ech | — cyMMa MOMEHTOB MHEpPLMH CTEPXKHS M NPHIMILIKX K HEMY IIAPHKOB (MaTepu-
voO'-myv,0/2
2m2 2=~ T / ~=0,179pasc.
mi2/3+m (1/2)% + my 1’

2 .
aNbHBIX TOYek). | = mI2/ 3+my(1/2)° +mpl 2 13 5Toro paBencTBa HaxomuM W=

5.3. Toukuii crutomtHo# auck ¢ maccoir M = 501 u ¢ pamuycom R = 16cM MoKeT Bpamarscs 0€3 TpEHUS BO- 0¥ MR 7
KpYT BepTUKAILHOM 3akperuieHHoi ocu cummeTpun OO’, mpoxoasmieit dyepes MeHTp aucka. BHadane QucK MOKOMIICS, @fg
a 3aTeM JXyK, CHICBIIHI Ha 000/Ie ANCKa, yIIeTaeT co CKOPOCThio V = 15M/c B TOPH30HTAIBHOM HAMPaBICHUH MO yT- ok mn
joM o = 60 k paauansHOU JMHMHU (CM. pUCYHOK). TToCiie 3TOro AMCK HAYMHAET BPALIATHCS C YIIIOBOM CKOPOCTBIO 0 =
10pan/c. Haiiti Benmu4auHy Maccel M Kyka.

Pewenue.

Xyk neTut B ofHY CTOpOHY HpuoOperas MoMeHT ummyisca L, =nmv [, roe miedo | =Rsina (3to kpart-
yaiiiee paccrosuie oT ocd O 10 JHHUU CKOPOCTH, M. puc.1.21).JIMCK HAYMHAET BPAIIAThCSA B MIPOTHBOIMOIOKHYIO o
CTOPOHY C MOMEHTOM mMmmynbca Ly =1, .. w= MRZ(.)/ 2. MOMEHT UMITyJIbCa CHCTEMBI, PaBHBIN HYJIO JI0 Hayaa Jo

MRw Puc.1.21

JBIKEHMS, He u3MeHuTesa: L, — Ln =mvO- MRZ(Q/Z =0. Orcrona m= — =3,08r.
2vsina

5.4. luck maccet M = 160r u pagnyca R = 20cm Mosxet Bpamarbes 0e3 TpeHUs] BOKPYT BEPTHKaJIbHOM 3a-
kperuienHoi ocu cumMerpuu OO’, u BHauane mokoutcs. K 0001y aucka 1mo KacaTeNbHBIM TOJICTAIOT BA TUIACTHIIN-
HOBBIX IIapHKa ¢ MaccaMu My U My = 20T, pazMepaMu KOTOPHIX MOXHO TpeHEeOpeyb, ISTEBIINE B OAHOM HaIlpaBiie-
HWHU C TOPU30HTAIBHO HATPABJIECHHBIME CKOPOCTAME V1 = SMm/c u V, = 17wm/c cootBetcTBenHo. [llapuku oxHOBpe-
MEHHO MPUIMIAIOT K 0001y JMCKa, KOTOPHIM HAaYMHAET BPAILATHCA C YIIIOBOH CKOpocThio @ = 10pan/c mo yacoBoii crpenke. Haiitu
BEJIMYMHY MACCHI My TIEpBOTO IIapHKa.

Pewenue.

Tak xaxk JUCK HAauMHAET BpALIaThCA 110 YaCOBOHM CTpeIKe, TO MOMEHT HMILyJbca BTOporo mapuka L, =myv,[R orHOCH-

tenbHO ocu OO’ Gosblle, 4eM MOMEHT UMITYJIbCA epBOro mapuka Ly =myVv,[R, HanpapiaeHHbIH IPOTUBOIONOKHO BPAILEHUIO JIHC-

ka. [loacTapisist B 3aKOH COXpaHCHHUI MOMEHTA UMITYJIbCa L2 - Ll =lw 06H1Hﬁ MOMCHT MHEpHUUU AUCKA C MPUIUIIIIHUMU IapuKaMu

Vo—(mp+ M/2)wR
(MaTepuanbHbIMU TOYKaMH) | = MRZ/ 2+m R+ m R, HaXOHUM H3 5TOrO ypaBHeHus My = MeV2 (nE R /2) =20r
Vi
5.5. Tuck ¢ maccoit M = 100r Bpamiascs ¢ yriioBoi cKopocTeio @y = 10paa/c 1o wacoBoii crpenke 6e3 Tpe- . mZiFO'
2 ¥ MR

HUs BOKPYT BEPTUKAIBbHOM 3akperuienHor ocu cummerpun OO’ K 0001y ancka mo KacaTelbHbIM HOJICTAIOT J[BA T1Ia-
CTHUJIMHOBBIX Iapuka ¢ Mmaccamu My = 20r 1 m, = 30T, ¢ mpeHeOpekuMO MaIbIMU pa3MepamH, JIETEBIIHE B TIPOTHBO- — 2.
TIOJTOKHBIX HATIPABIEHMAX C TOPH3OHTATLHO HAMPABIEHHBIME CKOpocTaMu Vi = 10m/c u Vo = 5m/c cootetctBenHO. Mo ot lel
[Mapuku 0XHOBPEMEHHO MPIIIUILIH K 000y J¥ICKa, MOCTE Yero OH Hadall BPallaThesl IPOTUB YaCOBOW CTPENKH C yTIIO-
BOIi CKOpocThIo ® = 15pan/c . Haiitu Benuunny pamuyca R qucka.

Pewenue.

B ormimume ot mpensiaymiet 3amgaun, oba mapuka CTpeMATCS HOBEPHYTh AUCK IPOTUB YaCOBOH CTPENKH, M HAIPABICHUS UX
MOMEHTOB uMmynsca Ly =myv4,[R u L, =mpv,[R coBnanator. Ho nepBoHauanbHO AUCK Bpamiaics B APYTYIO CTOPOHY, U C y4ETOM

3TOTO BPANIEHHSA C YTJIOBOM CKOPOCTBIO ()y 3aKOH COXPAHEHHs MOMEHTA UMITYJIbCA 3amumIeTcs B Bune L+ Ly =1 ,.,0p =1 0.
[oxcTaBnsist croja MOMEHT WHEpUMU AuCKa |00, = MRZ/ 2 10 CTOJKHOBEHHMS M CyMMapHbIi MOMEHT MHEPLMUH JIUCKA C

npunumuuMy wapukama | =1, . +m1R2 +m R 10CIIe CTOIKHOBEHNUS, HAXOAUM H3 3aITHCAHHOTO YpaBHEHUS

R= My + MV o ~0,175m.
(my+ mp) wr M(w+0xg)/2
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Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

5.6. ToHkuii crepeHb ¢ Macco M = 6 KT MOJET BpamaTbcsi BOKPYT TOPU30OHTAIBHON ocH mojseca O, Npoxoxs- I.m
1Ied yepe3 ero HeHTp, U NepBOHaYalIbHO HENOJBHIKEH B BEPTUKAILHOM IOJIOKEHNHU. B ero HymkHMii KoHel Bpe3aeTcs u 3a- O
cTpeBaet TskEnas myns ¢ Maccoii M= 500, pasMepaMi KOTOPOH MOXKHO TpeHeGpeUb, JIeTeBLIas FOPU3OHTAIBHO CO CKOpo- | ¥ m’
cteio V = 15wm/c. Haiitu anuny ctepxHs |, ecnu cpasy mocie ymapa CTepiKeHb ¢ 3aCTpsBIICi B HEM MmyJieil HaunHaeT Bpa-
IIATHCSI € YIIIOBOW CKOPOCTHIO ® = 4 pan/c. Omeem: 1,5m

5.7. Ipa mapuka, pazMepaMu KOTOPBIX MOXHO IIPEHEOpedb, JEeTeNH TOPU30HTAIBEHO B MPOTHUBOMNOJIOXKHBIX HA-
IPaBJIEHHSX MEPICHIUKY/IIPHO K FOPH30HTANBHOM OCH moaBeca O BHCEBIIEr0 HEOABHKHO TOHKOTO CTEPIKHS MACChl M 7, ¥|>M
=3xr u s | = 2 M (cM. pucysok). Ilapuk ¢ mMaccoit My = 0,8 kr u ckopocThio Vi = 6 M/c mpwmn k nentpy C oy

CTEPIKHS, a IapUK ¢ Maccoi M, = 0,2Kr OJHOBPEMEHHO MPHWIIHII K €r0 HIDKHEH Touke. HalTH CKOpOCTh V, HIDKHETO Ia-
pHKa JI0 yIapa, eciii cpasy Mmociie yaapa CTepKeHb Hadall BpamaTbCesl MPOTHB YaCOBOM CTPENKH C YIIIOBOM cKopocThio » = 0,6pan/c.
Omeem: 3,6Mmlc

5.8. JIse mynu, pazmMepamMu KOTOPBIX MOXHO MPeHeOpedb, JIETENd TOPHU30HTAIBHO B OJHOM HAIMpAaBICHUU MEPIeH- ()

JMKYJSPHO K TOPH30HTANBHOM OCH TogBeca O HEMOIBIKHO BHCEBIIETr0 TOHKOrO CTepKHs Macchl M = 3kr u wmust | =2 Him

M, H OJIHOBPEMEHHO BPE3AJIUCh U 3aCTPSIM B cTepxkHe (cM. pucyHok). ITyns ¢ maccoit my = 0,4kr u ckopocTbio Vi = 2M/c || ¥im,

3acTpsuia Ha paccrosauu I’ = 1,5M 0T ocu 1mojBeca, a myJst ¢ Maccoii My U CKOPOCTBIO Vo = 4 M/C — B HUIKHEM TOYKE CTEPIK- Vo,

usi. Haiiti Mmaccy My HUDKHEH MyJiH, €CJTH MOCJIe yapa CTePKEeHb Haval BPallaThes ¢ YrIIoBOi ckopocThio o = 0,5pan/c. -
Omeem: 0,208kr

5.9. Toukwuii crepskeHb MacChl M = 3Kr U AauHBI | = 2 M MOXKeT BpaIlaThCsi BOKPYT TOPU30OHTAIBHONW OCH MO/I- -
Beca O, IIpoXoJsMeii Yepes ero LEeHTp, U IePBOHAYANLHO HEMOABIKEH B BEPTHKANLHOM HonoxkeHuu. K ero mmwkuemy u - o) V17"
BEpPXHEMY Kpar OJHOBPEMEHHO MPWJIMIAIOT JBa mapuka ¢ maccamu My = 0,8kxr um m, = 0,3 kr, pasmMepamMu KOTOPBIX 1m| S2ma
MOKHO mpeHeOpeub. [llapuku eTenu ropu30HTaIBHO B OJJHOM HAIPABJICHUH MEPICHANKYISIPHO K ocl O €O CKOPOCTSIMH -
V1 = 3m/c u V, (cM. prcyHOK). HaliTu CKOPOCTB V, HHIKHETO MIAPHKA 10 YAapa, €CU cpa3y MOoCe yaapa CTEPKEHb ¢ MPHIHIIIINME K
HEMY [IAPUKaMH HAyall BPAIATHCS 110 YaCOBOM CTPEJIKe C YIII0BOM ckopocThio @ = 0,6pan/c.

Omeem: 12,2mlc

5.10.I1epBoHauanbHO MOKOAIMIUKCS AUCK ¢ paguycoM R = 16cM MoxeT BpamaTbes 6e3 TpeHHs BOKPYT CBOCH . m, 0O
BepTHKaIbHOU 3akperuieHHoi ocu cummerpun OO’. K 060y aucka 1Mo KacaTeIbHBIM MOJIETAIOT ABA IUIACTHIIMHOBBIX Yo ¥ MR
mapuka ¢ MmaccamMu My = 8r m My = 12T, pazMepaMu KOTOPBIX MOKHO TIPEHEOpEeUb, JIETEBIIHE B MPOTHBOTIOIOKHBIX ?
HANpaBJIeHUSAX C TOPU3OHTAIBHO HalpPaBJIEHHBIMH CKOPOCTAMHU Vi = 15M/c u Vo, = 10 m/c. Illapuku 0IHOBpPEMEHHO ok "
NPUIKIAIOT K 0001y JKCKA, MOCIE YEro OH HaYMHAET BPAINATHCS C YIIOBOM CKOpOCcThio ® = 15 pan/c. Haiiti Bennunny maccel M
JTACKA. Omeem: 160r

5.11. Tuck ¢ maccoit M = 90r u pagnycom R= 20cM, Bpammaicsi ¢ yriioBoi CKOPOCTBIO g MPOTHUB Yaco- o
BOM CTpENIKM BOKPYT' BEpTUKaJIbHOI 3akperyienHol ocu cummerpur OO’. K 0001y aucka 1o KacaTelbHbIM MOJUIeTe- o ¥ MR
1M JBa MaJE€HBbKUX LIapuKa ¢ MaccaMd My = 6T U NMp = 9T ¢ rOpU30HTAIbHO HANPABICHHBIMU CKOPOCTAMH Vi = 3 )_
Mm/c u V; = 4wmlc (cM. pucyHok). Lllapukn OTHOBPEMEHHO MPHJIMILIH K 000y IHCKA, MOCIE Yero OH MPOJOIIKUI mz\@)o glgo,lvl
BpalllaTbCs B MPEKHEM HAMpPABICHUH C YIJIOBOW CKOpOCTh0O ® = 3 pan/c. HaiiTu HavanbHyr YIiIoOBYIO CKOPOCTBH
JIACKA M. Omeem: 6 pan/c

6. 3aK0oH coXpaHEHHUs MEXaHUYECKON YHEPTUU

Mexannueckas OHEPTUA CI)I/ISI/I‘-IGCKOFO TeJla CKJIAJBIBACTCS M3 €r0 KMHETHISCKOM OHEPIUM IMOCTYNATCIIBHOTO W BpalIaTeiib-

m\/2 Ioo2

HOTO JIBHKEHUI M MOTEHLUAILHON SHEPTUH B 110JI€ BHEMIHUX CHIL. By, = > +7 + Eor

B 3a0auax npowe u yoobuee npedcmasums O8udCeHUe BPAUAIONE20C MENd KAK CYMMY HOCMYNAMENbHO2O0
Cosem:  OBUICEHUS CO CKOPOCTNBIO V(¢ YEHMPA MACC U 8PAUEHUs C Y2T10601i CKOPOCMbIO (O 80KPY2 OCU, NPOX0Ooswel ye-

mvg Icoo2
pe3 yenmp macc (puc.1.22). Toeoa Eypera =T+ , 20e |¢ — Momenm unepyuu mena omHOCUMENbHO
9MOoU OcuU.
TITomenyuanvhylo sHepeuro mena 6 noje Cuibl MAXCeCmu onpedeiaom no evicome noovéma h. ezco yemmpa macc:
Enor = Mgh.

Mexannueckasi JHEpPTHUs COXPAHAETCS B TOM ciIydae, KOTIa Bce ASHCTBYIOIINE B CHCTEME CHIIBI KOHCEPBATHUBHEIL,  HX paboTa
paBHa u3MeHeHHo (yObUIN) oTeHunanbHoit sHeprun. Hanpumep, E, ., = CONSt npu aOCOMIOTHO yIPYroM COyAapeHnH Tell.

Ecau COyAapeHue HECYNpyroe Ujin B CUCTEME ﬂeﬁCTByeT HEKOHCEpBATHBHAas CUJia (B 3aJavdax MCXaHUKHU 3TO CUJIa TPCHUSA
CKOJ'II))KCHI/IH), TO YaCTh MEXaHUYECKOMU SHEPIrUH NPEBPALIACTCS B TCILIO:

AEM(?X = EMCX HayaubH EV[CX KOHEYH = Q
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Ipumepwvl pewsenus 3aday.

6.1. /IBa TOHKHMX AMCKa MOTYT BpamaTbcsi Oe3 TpeHHs BOKPYr oOmiel BepTukayibHOM ocu cummerpuu OO’
BepxHuii IUCK ¢ MOMEHTOM uHepiH |, = 3 krh, BpalaBIIHiics ¢ YIIOBOH CKOPOCTBIO ®; = 2 pa/C, yrail Ha HIDKHHI
JIMCK ¢ MOMEHTOM Hepiuy |, = 2 krli®, BpalaBmuiics: B POTHBOMONOKHOM HAIPABICHUHU C YIIOBOH CKOPOCTBIO (0 =
= 4 pan/C. [IUCKM CITUIUIACH U CTalH BPAIATHCS BMecTe. BO CKOJBKO pa3 yMEHBIIUIACH TIOCTIE TOr0 KHMHETHYECKast
SHEPrHs BPaIlaTeIbHOTO ABUKEHHS CHCTEMBI?

Pewenue.

B 3a0auax, ¢ xomopuix npoucxooum cmoaKHoSeHue Ul paziemanue mei HeOOCMAamo4Ho UCNOAb308AMb MOIbKO
Cosem: YpagHeHUe 3aKOHA COXPAHEHUS UNU UBMEHeHUsl MexaHuyecKkol suepeuu. B makux sadauax e2o nado pewiams eémecme ¢ ypas-
HeHUeM 3aKOHA COXPAHEHUs UMRYIbCA UL MOMEHMA UMNYIbCA.

HavanbHas KuHeTHYecKas SHEPrus CKJIaJblBaNach M3 KHHETHYECKOH OSHEPrMH BpalaTeNbHOIO JIBMKEHUS JHCKOB!
Epau = Ilu)f / 2+1 2(,02 2. Ilocne cnumaHus OUCKH UMEIOT oOmui MoMeHT nHepnuu | =14 +1 , 1 Bpamarorcs ¢ obmieif yriaoBoit cko-

POCTBIO (®, KOTOPYIO MOKHO HAaWTH M3 3aKOHA COXpaHCHUA MOMECHTA HUMITYJIbCa |2(k)2 =1 1001:| @ (3HaK

YKa3bIBa€T HaA TO, YTO

JMCKH BPAIIAIUCh B pa3Hble CTOPOHbI). KoHeUHas KMHEeTHYeCKas SHeprus CIUIIIMXCA JUCKOB Oyner paBHa E ., = ( [ +1 2)(02 / 2.

Epga _ 1105 +1 005 _ (|1+|2)(| 007+ 2@22)

HOHCTaBHﬂﬂ 3alMCaHHble COOTHOLICHUA, BUAUM, YTO OHAa YMCHLILIACTCA B =55 pas.
Eeon  (I1+12)6” (150, =1 07)°
6.2. Tonkuii crepxeHb Macchl My 1 bl | = 1M BHCHT HENOABIXKHO M CIIOCOOEH BpAIIAThes 0e3 TpeHns ()¢
BOKpYT 3aerHﬂeHHOﬁ rOpI/I30HTaJ'ILHOﬁ ocu O noJABeca Ha €ro Kparo. B LHCHTP CTCPIKHA C BpE3acTCA U NPUTUIIACT m, 3 BN
JIETAIMI CO CKOPOCTBIO V = 2,1M/C TrOpU3OHTAILHO M TIEPIIEHAUKYIAPHO K ock O MayleHbKHM MIacTUIMHOBHIA ma-  “~ ¢

Sl
PHUK TOli 5ke Macchl M, = My. Ha kakyro MakCHMaJIbHYIO BEICOTY N mopHHMMeTcs HYKHMIA Kpaii cTepskns A mocne yma-  mu | A h
pa? A }
Pewenue.
Tak Kak Macchl TeJl OJJMHAKOBBI, My = M, = M, TO MOCJIE CTOJKHOBEHHs CTEPKEHb C MPWIIMIIIUM IIaPUKOM UMEET CyMMap-

HbIf MOMEHT HHepIMHu | = mll2 / 3+m, ( l/ 2)2 = 7m|2/ 12 n HaunHaeT BpamaThcst BOKPYr ocu O ¢ yriaoBoi CKOPOCTBIO ®, KOTOPYIO

o =sz|:|/2= Lnocne = |w. Otcrona w:n;/—llz%_

KuneTtnueckas SHEprus TAKOT0 BPALIaTEIBHOTO ABIDKEHHS MEPEHAET B MOTEHIMATIBHYIO SHEPTHIO MoakéMa eHTpa macc C

2 2
CHUCTEMBbI HAa MAKCUMAJIbHYI0 BBICOTY: IT = % GWI_IZ [66—]\/] = 3“T\4/-2

Touka A HaXoJHUTCs Ha BABOC 0oJbIIEM pacCcTossHUU OT OCH O, yeMm Touka C. H03TOMy MaKCHMaJjlbHas BBICOTA €€ MoabEMa

ONPENEISIOT U3 3aKOHA COXPAHEHU MOMEHTA UMITyJIbca L,

=2mgh. (macca cucteMsl paBHa My + My =2 1M).

6yner B 2 pasa 6onbure. Eci npumsts g = 10Mm/c?, To hy =2h, = 3v2/14g =9,45¢cMm.

6.3. Manenskoe Teno ¢ Maccoit m'= 0,5 kr, pa3MepaMu KOTOPOTO MOXKHO MPEHEOPeUb, JETEN0 FOPU30HTAIBHO CO o)
CKOpOCThI0 V = 14M/C W 3aCTpsiIo B HEMOABHUXKHO BUCEBIIIEM TOHKOM CTEpXHE Macchl M= 1kr Ha pacctosiauu I' =4 M ot rli-m
ocu moaseca O. HaiiTu jamvHy cTepskus |, ecnu npu yaape Beigensercs temiora Q = 25 /Ixk. om

Pewenue. v

Hauanbhas sHeprus cucteMbl OblIa paBHa KUHETHYECKOIl dHepruu jersdmiero mapuka: E .. = m'v2/ 2, a mocne ypapa
CTep)KeHb HAUMHAET BPAIAThCs C YIIIOBOH CKOPOCTHIO ®, HMEsl KWHETHYECKYI0 3Hepruto E . . = Iwz/ 2. BoyrenuBiueecs npu yaape

TEIUIO PaBHO Pa3HOCTH 3THX 3Hepruit Q= E ., — B,y = I(A)z/ 2-m v2/ 2. YII0BYIO CKOPOCTh ( BBIPAXKAEM U3 3aKOHA COXPaHEHHUs

MOMEHTa UMITYJIBCA, BBITIONHSIOMIETOCS B MOMEHT yaapa: M'v[l'= |w. [Tocne moaCcTaHOBKH TIOIYYNM BEIUYHHY MOMEHTA MHEPIIHH

v\ 2
m'vl
CTEPXKHS C 3aCTPSBIIAM TeJioM | =¥ =16,333krM?, KOTOpBIil ZOKEH OBITH CYMMOi MOMEHTOB MHEPIHH CTEPKHS W Ma-
m'v--2Q
] mi?
JICHBKOT'O TeJla OTHOCUTENbHO ocu O: | = 3 +m'l =5mMm.
6.4. Toukwuii cTep:keHb Macchl My= 60T ¥ JIKHBI |, BUCUT HEMOIBUXHO U MOXET BPAIIAThCs O€3 TPEHHST BOKPYT 0

3aKPEIUICHHON TOpU30HTaNbHOM ocu O, MpoXosiiei yepe3 TOUKy IO/ABEca Ha €ro Kpaw. B mpoTHBOIONOKHBIA KOHEL [/
CTEPXKHS BPE3aeTCs JIETAIINM CO CKOPOCTRIO V = 28M/C TOPU3OHTAIBHO ¥ MEPIIEHINKYIAPHO K ocH O MaJeHbKHI CTallb- -
HOM IIapHK ¢ Maccoi My, = My/4 = 151, KOTOPEIi UCIIBLITBIBAET a0COIIOTHO YIIPYTH# yaap co crepskHeM. Halith Benmuuuny u Yl
HaTpaBJIeHHEe CKOPOCTH IIapHKa IOcie yaapa.

Pewenue.

CrepxeHb cpa3y Mmociie yapa Ha4HET BPaIIaThCs C YIIIOBOW CKOPOCTHIO ), a MAPUK MPOJODKUT JABIKECHHE ¢ HOBOM CKOpO-

N m2v2 _ | oo? mzu2

cThio U. [Ipu aGCONMIOTHO yIIPYTOM YAape BBIIOIHICTCS 3aKOH COXPAHCHUST MEXaHHYECKON SHEPTUH = + .

2 2 2

rac
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1
| = §ml| — MOMEHT MHEPIIMH CTEP>KHsI OTHOCUTENBHO ocH O. DTO ypaBHEHHE HAJIO peliaTh COBMECTHO C YPaBHEHHEM 3aKOHA CO-

XpaHeHust MoMeHTa ummysbea MpV 0 = 1w+ myul (mpeamnosoxuny, 4To MapuK IPOJOKAeT ABUIAThCS B MPEKHEM HAIIPaBICHHUH).
Bripakas mnepeMeHHYI0O M3 BTOPOrO YypaBHEHUsS U TOJACTaBIssl €€ B IEepBOE ypaBHEHUE, HaXOIUM

~) _am(v-u?
2 S ooam

my (v

X. , TO v2—u2:(v—u)(v+ u)=3(v- u)2/4,qTo naér v+u=3(v-u)/4.

m_1
m 4

\
OTCIOZ[a u= —7 = -4 wm/c. 3nax “- YKa3bIBa€T HA TO, YTO MIAPUK U3MCHUT HAIIPABJICHUEC ABUKCHUSA U IMMOJICTUT HAJICBO.

6.5. Tonkocrennas cdepa Maccbl M M paguyca R, MOMEHT MHEpPIMH KOTOPOH OTHOCHTEIIBHO T'OPHU30H-
TaNbHOM ocH cuMMeTpuu paser | = 2mRY/3, kaTutcs Ge3 MPOCKATB3BIBAHMS 10 TOPH3OHTATBHOM MOBEPXHOCTH CO
ckopocThio V = 4m/c. Ha kakyro BEICOTY h BBepX 1o CKJIOHY OHA OJDKHA 3aKaTHTHCS, YTOOBI €€ CKOPOCTh YMEHbB-
mnack B 4 pasa? Ipunsts g = 10m/c?,

Pewenue.
Comnpukacaromasics ¢ MOBEPXHOCTBIO TOYKa cepsl HE CMEIIaeTcs, U padoTa NeHCTBYOIIEH Ha HeE CHIIBI TPEHHS paBHA HY-
mo. [ToaToMy nipu kaueHnn 0e3 POCKaIb3bIBAaHUS MEXaHHUECKas SHEPTHA Tella coxpaHseTcs. C ydeToM CBS3H JIMHEHHOHN U yriIoBOH

mv? I I \v2 2
CKOPOCTH KaTAILIErocs Tea V= wR €ero KMHeTH4YecKas sueprust E . = — +7 = mt— - Oyner paBHa E,, =5mv / 6 mis Ka-
R
TAMEHCS CHEpBHI.
Creoume 3a mem, kakoe kamsujeecss meno (wap, OUCK, ...)3a0aHO 8 YCao8uu 3a0a4u. Yuumvléaime e2o MOMEHM UHEPYUU.

Ci : .. '
teom ITpu noxséMe Ha BEICOTY N 3Ta 3Heprus ymeHblnaercs Ha Benuunny mgh=AE_,. =5 n'(v2 -V 2) / 6, rae no ycio-

siio V' =v/4. Oteioma h=5(v2 —v2/16)/69 = 25/ 33y=1,25m.

6.6. lllap maccel M u paauyca R ckarbiBaercst 6€3 pocKasib3bIBaHus M 0e3 HadaJIbHOM CKOpO-
CTH MO HAKJIOHHOI MOBEpXHOCTH € BbICOTBI h = 14 M u uMmeeT BHH3Y cKopocTh V. C kako# BeICOTHI N’
JIOJDKHO COCKOJIb3HYTh BHH3 0e3 TpeHHus n 0e3 HayaJIbHOM CKOPOCTH MaJIeHbKOE TEJIO C TOHM XKe Maccoit
M, 4TOOBI €ro CKOPOCTh BHU3Y ObLiTa paBHa V' = V/57?

Pewenue.

3akoH coxpaHeHm MexaHquCKoﬁ SHEPrUM IPH CKaThIBAaHUU 0€3 HauyaJIbHOM CKOPOCTH Iapa

2 o
mgh = E,, = m\2/ + mapza - I 1o TAK KaK | apa = 2M R2/5 (pue.1.7)n w= V/R. Jl1s1 CKOJIB3SILLIETO TeJla TOT 3aKOH HMEeT
BBEPXY  BHH3Y
"5y 2 1
Bun mgh' = '2/ 2. [Tonenus yeBble U NIpaBble YaCTH ATUX YPABHEHUH, OIyUYUM — . 7—2 =35 , otkyma h’ = 0,4 m.
\'

OCH CUMMETpPUH paBeH | = mﬁ/S cKaTeiBaeTcs 0e3 HpOCKaJ‘ILSI)IBaHI/Iﬂ 1 6e3 HayaabHOM CKOPOCTH ¢ BHICOTHI h = 3 A
M 110 NPABOMY IIEPIIABOMY CKIIOHY SIMBI U MPOJOJDKAET CKOJIB3UTh 0€3 TPEHHS IO JIEBOMY HAEATbHO TIIAJKOMY
CKJIOHY SIMBI, BPAIlasiCh BOKPYI cBoeill ocu (cM. pUCYHOK). UeMy paBHa BEJIMYMHA KHHETHYECKON DHEPIHH KOJeca B BEPXHEH TOUKe
noxgbéma h'? Tlpuasts g = 10M/c2.

Pewenue.
IIpu xagennn 6e3 mpockans3biBaHusA V = WR . KnHeTnyeckas sHeprus BpaIlaTelbHOTO IBIDKEHHS Kojleca ¢ ydeToM 3a/aH-
I o’ 2
HOro B yCJIOBUM MOMCHTa MHEPLUHUH paBHA EK,,IHBp Dlr R2 j ——6 CKaThIBasiCh TI0 TPaBOMY CKJIOHY, KOJECO MpH-

obperaeT kuHeTHYeCKyIO 3Hepruto E.,, = mgh= m,z/ 2+ h)z/ 2=2 m/2/ 3. Otcrofa B HIKHEH TOYKe SIMBI CKOPOCTh JIBIIKEHHUS KO-

[3gh mgh
meca V = % ,a EKHHBp=Tg=15I[>K

le/[ MoabEME Mo JICBOMY CKJIOHY KMHETHYCCKas SHEPrus MoCTynaTeJbHOro ABUKCHUA MEPEXOAUT B NOTCHIHUAJIbHYIO SHEP-

THIO m\/z/ 2=mgh, u Ha BeicoTe h' 1eHTp Macc koneca ocranaBmuBaercs. Ho cuma Tperns orcyrcrByet. Her MomeHTa cuit, KOTo-
PBIF 3aTOPMO3WII OBI BpallleHUE KOJIeca BOKPYT OCH CUMMETPHH, MPOXOISIICH yepe3 ero neHTp. B BepxHei Touke moabémMa KOJeco

MMPOAOJIKACT BpalllaTbCAd U UMECT TY K€, YTO U BHU3Y, KUHETHUYCCKYIO OHEPI'UiO BpalllaTCIIbHOTO ABUKCHUS EKI/IH Bp — =15 Il)K

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

6.8./IBa qucka MOTYT Bpamarbesi 6e3 TpeHHs BOKpYr oO1eit BeprukanbHoit ocu cummerpun OO’. Bepxuuit tuck O 7,

¢ MOMEHTOM uHepIw |; = 3 kr° OTHOCHTENBHO ITOI OCH, BpAIaBIIUNCA C YIJIOBOM CKOPOCTBIO (), YHal Ha HIKHHI Do
MIOKOUBIIMNCSA TUCK. JIMCKHM CIUIUIMCH U BpalllalOTCS BMECTE, a KHHETHYECKasi PHEPTUs BpallaTeIbHOTO JIBUXKEHUS JaH-
HOM CHCTEMBI YMEHBINWIACH IpH 9TOM B K = 4 pa3a. Haiitu Bennuuny MOMeHTa HHEPIUH |, HIKHETO JHCKA. ok L

Omeem: 9 xr®
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6.9. Toukuii cTepskeHb Macchl My 1 JUIMHBL | = 40CM, BUCUT HETIOABMIKHO U MOKET BPalaThCs 0€3 TPEHHS BO- e

. o - o O, .-
KpYT 3aKpCIJICHHON TOPU30HTAJIbHOU OCHU O noJABeCca NpoxXoAslIen Y€pe3 €ro Kpau. K LCHTPY CTECPIKHA C npujivnaet m. o ]
JIETEBIINHI TOPU30OHTAJIbHO U MEPHECHAUKYIIAPHO K OCHU O MajeHBKHH IJIACTUIMHOBBIN mapuKk TOM K€ MacChl M = M. %-X C
HpI/I KaKOM BeJIMYHHE CKOpPOCTH IIapHKa V CTEPKECHBb C NPUIIMIIIIKUM K HEMY IIAPUKOM OTKJIOHMUTCS OT I€PBOHAYAJILHO- m. 1
1

IO [OJIOXKEHHS Ha MAKCHMAIbHKLA yroa 0 = 1807 [pumsts g = 10m/c%. Omeem: 6,11m/cC

6.10. Toukuii crepsxerb Maccbl M=160Tr u aauHBl | MOXET BpaIaThCsl BOKPYT 3aKpEIUICHHOH ropu3oHTanbHON ocu O,
npoxosiiel yepes ero cepenuny. [lepBoHayanbHO CTEPXKEHb PACIIONIOKEH BEPTHKAJIBHO M HEMOABIKEH. B ero HKHMI Kpail Bpe3a-
eTCs ¥ MPWINIAET NETSUIMH TePIeHAUKYIIPHO K oc O TOPU30HTAIBHO CO CKOPOCTBIO V = 7 M/C MalieHbKHH IIACTHINHOBBIH L1a-
puK Macchl M, = 40r. CKOJIBKO TeIJia BBIACIUTCS IIPU HEYIIPYTroM yaape?

Omeem: 0,56 [Tx

6.11. Toukuii crepsxeHb Macchl My= 451 u jiuHbl | , BUCUT HEMOJBIKHO M MOXET BPAIIAThCS BOKPYT 3aKperi- 0
JIEHHOH TOPU30HTANIBHOM ocu mozseca O, MPOXOIAIEH Yepe3 ero Kpaid. B MpOTHBONOIOKHEIM KOHEIl CTEPIKHS BPE3AECTC  m,/
JIETAIINN TOPU30HTAILHO M MEPHIEHAMKYIAPHO K ocd O €O CKOPOCTBIO V = 8 M/C MalleHbKHil CTaJbHOM HIAPHK TOM KE

Maccel My = My. Yaap aGcomroTHo ynpyruil. Kakas 4acTh KHHETHYECKON SHEPIHU HaJleTalomero mapuka (B %) npesparia- Ty
eTCsI cpasy MOcCIe yaapa B KHHETHUECKYIO YHEPTHIO CTEPIKHS ?
Omeem: 75 %
6.12.Toukwuit crepskenb Maccsl My= 30T u [UIHHBI | BUCHUT HEOIBMKHO U MOXET BPAIIATHCS BOKPYT 3aKpeTlIeH- 0
HOH TOpU30HTAILHOUM ocH moaBeca O, mpoxoasinel yepe3 ero kpaid. B mientp crepxkus C Bpe3aeTcs JETAIIHA CO CKOPO- My
cThio V = 10M/C TOpHM30HTAIBHO W MEPIEHAMKYIAPHO K oc O MalleHbKHI CTajbHOW HIAPHK C Maccoil My, Ymap abco- o= c
JIOTHO ynpyruii. [Ipu kakoii BeMMuMHE MacChl M, CKOPOCTH IIapuKa Mocie yaapa OyaeT paBHa Hyio? myl| A
Omeem: 40T
6.13.Koneco pagnyca R = 10cM, MOMEHT MHEPLH KOTOPOTO OTHOCHTEIBEHO TOPU30HTAILHOW OCH CHM- ol V!
Merpun paBes | = 1 kr'M?, KaTHTCs 63 IPOCKAIb3BIBAHMS [0 TOPH3OHTAILHON OBEPXHOCTH C MEPBOHAYAIBHOM m.R (,[ 3 j h

CKOpOCThIO V = 2M/c. 3akaTHBIIUCH Ha BhicOTy h = 1M BBepX MO CKJIOHY, OHO MMeeT ckopocTh V' = 1 m/c. Uemy
paBHa Macca M koneca? [Ipursits g = 10m/c?.
Omeem: 17,6xr

6.14. Hwmuaap maccel M u paguyca R katutcs 6e3 mpocKaib3bIBaHHS CO CKOPOCTBIO V, CKaThIBACT-
cs B My TiyOuHOM h = 2M 1 3aKkaThIBaeTCs HAa €€ MPOTHBOIOJIOXKHBIN CKIIOH BBICOTHI H = 3 M (CM. pUCYHOK). %R %
[Tpu kako¥l HAMMEHBIIEH BEIMYUHE CKOPOCTH V JUCK TOJHUMETCS Ha BepIIuHy Topba BeicoThl H? [TpuHATH , el !
g= 10m/c>. Omeem: 3,65m/c

6.15. Toukwmii 06py4 Maccel M u paguyca R ckaTeiBaeTcs 6€3 IPOCKaIb3bIBAHMS C HAYAIBHONW CKOPOCTBIO Vg =
3 M/c 10 HAKJIOHHOM TIOBEPXHOCTH C BBICOTBI h = 2 M u MMeeT BHH3Y CKOPOCTh V. Bo ckoibko pa3 Bospocna Obl 3Ta
CKOPOCTb, €cii GBI 00pPYY COCKaNB3BIBAI C TOM e BBICOTBI h U ¢ TOi jke HayaabHOW CKOPOCTBIO Vo 6e3 TpeHwus, He
pautasics? [Tpuasts g = 10m/c?.

=3
V<

Omeem: B 1,30pa3

6.16.11Iap maccel M = 3kr u paanyca R KatuTcst 6€3 MPOCKaIb3bIBAHKS CO CKOPOCTBIO V 110 TOPHU30HTANIb-
HO MOBEPXHOCTH, a 3aTeM 3aKaTHIBACTCS BBEPX IO CKIOHY. [1oqHABIIMCEH Ha BBICOTY h = 2 M, OH HMeeT KuHeTHde-
CKYIO DHEPTHIO IOCTYIMATEIbHOTO ABWKEHHS, paBHYIO E ., = 15 /Ik. Ha kakyro MakcuMallbHyIO BBICOTY H Moxer
nOHATECA map 1o ckiony? [pumsts g = 10M/c?. Omeem: H = 2,7m

7. Hezatyxarome Mexannieckue konebanus. CrnoxxeHue KoeOaHmii

OOBI4HO B MPOCTBIX 3aavdax HE3aTyXarolnue MEXaHUICCKUE KoJiebaHus pacCMaTpuBaArOTCA Ha NpUMEPC MPYKUHHOTO MasT-
HHMKA —T'py3HKa MAaCcChl M Ha IPY>KUHKE C KOS(I)(I)I/IHI/IGHTOM JKECTKOCTH k, KOTOpLIﬁ COBEpIIACT TapMOHUYECKHUEC KoJieOaHus 1o 3aKOHY

X = ACOS(Q)OI+ O() C LMKJIMYECKOH 4acToTol Wy =+/Kk/M u ¢ nepnomom T = 2Tr/(uo =2m/m/ Kk (puc.1.23a).

Ammutyny A n HadanbHYO (Basy o koieGaHMil MOJKHO HAWTH W3 HAYAIbHBIX YCJIOBHHN IJIS CMELICHUS Xg = Xit:O = Acosa

¥ [UTs HA9aIIbHOM CKOpocTH Vo = dX/ dI|t=0 = - AyySind  masTHHKA. a) ¢ 6)Jo g fo
. g k m ‘
AHanornyno GyayT pemiathes 3aaud B ciydae KojebaHHi (HU3MUECKOro MM MaTeMaTHde- xlgk M«;«,@mﬁ mil 1
2 - ol -
CKOTO MasTHHKA, B KOTOPBIX [0 FaPMOHMYECKOMY 3aKOHY OYIET U3MEHSTHCS HE CMELIEHNne X, a yroi  4gm v D mio
— 7

OTKJIOHEHUSI OT TIOJIOKEHUs paBHOBecust ¢ = ACOS(&)Ot + O() (puc.1.236). Puc.1.2°

Ecnu 6 ycroeuu 3a0aqu CKA3daHo, 4mo 6 HavanvHolli Momenm t = 0 masmuux nokoumecs, mo OH HAX00UMCs 8 MOUYKe MAKCU-

Cosem:  yianbHOCO CcMeweHus X|t:0 = A, u e2o koopounama 6 oanvheliuieM mensemcs no sakony X = Acos(wt). Ecnu oce craszano,

umo npu t = 0 ckopocmb mMasmuuka MAaKCUMAIbHA, MO YOOoOHee BbIPA3UMb UBMEHEHUE €20 KOOpOuHamvi opmynou
X = Asin(uyt). Toeoa v|t:0 = Ay cos0= max.

Ipumepul peuwtenus 3aday.

7.1.'py3ux Ha npyxuHKe ¢ xkécTkocThio K = 0,8 H/M coBepliiaeT BepTUKaIbHBIE He3aTyXaroliue Kojaebanus. B Ha- jgk
4asapHbId MOMeHT t = 0 cMeleHre rpy3uKa OTHOCHTENBHO MOJI0KEHHS PAaBHOBECHS PABHO Xg = 2 CM, a BEJIMYHHA €ro CKOpO- xl%
CTH B 3TOT MOMEHT BpemeHHu Vo = 0,1m/c. Haitti Maccy rpy3nka M, eciim MaKCHMAalbHOE CMEIIECHHE TPY3UKa OTHOCHTEIHHO $§m

<
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MTOJIOKCHHUST PABHOBECHS PABHO Xmax = 3 CM.
Pewenue.

3anunieM ypaBHEHHE FapMOHHYECKUX KOJIeOaHMH rpysuka B BHAE X = Xmaxsin((ooH o} ) . Torna HavaneHOE CMELIEHHE M

CKOPOCTB Tpy3HKa B MOMEHT t = O paBHBI X = XmaxSINCG 1 Vg = dx/ dlltzo = XnaxWgCOoSa .

. V2 X2
HckirouaeM U3 3THX PaBEHCTB HAYAIbHYIO (Da3y o € IMOMOIILI0 COOTHOIICHHUS cofa = 1- sifa ) T.e — 0 5= 1- 20 .
Xmax®Wo Xmax
k v8 2
Orcrona (A% =—=ﬁ u m= k( )éax_ )%)/V0=40F.
M Xmax = X0
7.2. TOHKHIA CTEPIKEHb COBEPLIACT HE3aTYXalOLMe FAPMOHNIECKHE KOJIeOaHHs BOKPYT TOPU30OHTAIIBHON OCH mofBeCa  _ ¢
O, poxosiiei yepes ero kpaii. B HauanbHbII MOMEHT BpeMeHH {p = O yriioBasi CKOpOCTh BpallleHUsT CTEPIKHS OTHOCUTEILHO & |
ocu O pasHa Hym0. B MomenT Bpemenn t = 0,4¢ BenmuurHa yriia OTKIOHSHHS CTEPXKHS (@ OT ITOJIOKEHHUS paBHOBECHS B TIep- T’l
BBII pa3 YMEHBIINIACH B TpH pasa. Haiitn mmuny crepskas |. Hpumsts g = 9,8m/c? L

Pewenue.

LuK/MyecKas 4acToTa KoJIeOaH s Takoro (pU3N9ecKoro MasTHHKA paBHa Wy =/mMgd/ lp, raed =1/2, 15 = mI2/ 3 - MOMeHT

HMHEpLUH cTepKHs oTHocuTenpHO ocu O. T.e. wy = \/ mgd/ I, = \/39/ 21 . Io ycnosuto npu t = O cTepKEHb MOKOUTCSA M YrOJ OTKIO-

HeHus ¢ maxcumainieH. I103ToMy 3aBHCHMOCTb yriaa ¢ orT t MOXHO 3amucath B BHAE @ = (5COSWE ). A Tak kak npu t = 0,4¢
2

0/Ormax =COSEE )= 1 3, 10 0, =\/%=M. Orcioma | =——%

=1,55Mm.
2arccoé( A B

He 3a6wisaiime, umo yeon et Hado evluucasims 8 paduanax.

7.3.T'py3uk Ha mpyxuHke ¢ xkéctkocThio K = 0,8H/M coBepiuaer HesaTyxarouue KojaebaHus, CKOJb3sl o ab- g k m .
COJTIOTHO TJIAJIKOW TOPU30HTAIBHOHN MIIOCKOCTH. B HavanbHbIi MOMEHT {p = O ckopocTh Tpy3nka Oblila MAKCUMAITLHOW 1 s
paBHOH Vg = 9 cM/c. 3a mocnenyrouuii uatepsan Bpemenu t =T/3, rae T — nmepuoj KoseOaHuii, rpy3uK mpojenan nyts S = 1,8 cm.
Haiitu Mmaccy m rpysuka (B T).

Pewenue.

CoryiacHO yCJIOBHIO, KOOPAMHATY IPy3MKa MOXKHO 3amucath B Buie X = AsSin(uyt). Toraa B HauanbHEIR MOMEHT OH Haxo-

JUTCS B TOUKE Xg =0 M MMeeT MakCHMalbHyI0 CKOPOCTh Vg = dX/ dI| = Ay =max. B moment t = T/3 = 21/3w, koopauHara rpy-

3uka paBua X' = Asin(2ry 3)= Ax/?}l 2.

t=0

Ho u3 puc.1.24BunHo, 4to 3a BpeMs T/4 Tpy3uK JOWAET J0 TOYKH MAKCHMAJIBLHOIO CMEIEHHUS, a 0~ = X
. o o o
TOM, COBepIlas KojeOaHus, BEPHETCS B TOYKY ¢ KoopauHaTod X'. IIponenanubiii 3a Bpems T/3 myts OymeT -4 X
paBeH S= A+( A- )() = A(Z—\/?B/Z) , OTKYJIa aMILIMTya Kojebanuii A= §/(2 —x/§/ 2) =1,587cMm . Puc.1.2¢

Hoxacrasisis eé B GopMyIty HadanbHOI ckopocTH Vo = Awy, Te Gy =+/k/m , Haxomum m= A K/Vg =24,9r.

<

7.4.Tpy3ux maccel M = 151, noxBenieHHbId Ha mpy)uHKe ¢ xkEcTKoCcThi0 K = 0,96H/M, coBepliaeT He3aTyXaromme <«
konebanus. B HavyanbHbIi MOMEHT {p = 0 ckopocTh rpy3uKa Oblia paBHA HYJII0. 3a HOCIeAyroLUHil nHTepBai Bpemenu t =3T/8, xlgk
rae T — mepuoj KoJeOaHwid, TPy3uK Mpojenai myTh S = 3 cM. HaiiTn BennmunHy MakKCHMalbHOW CKOPOCTH, KOTOPYIO TPY3HUK $§m

MOXET UMETh B TPOIIECCE TBHIKCHHUS.
Pewenue.
B otnwuune ot mpenpiaymiei 3aaaqu, B MOMeHT t = O cMelieHre rpy3uKa OT MOJI0KEHUST PAaBHOBECHS OBLIIO MAKCUMAIILHBIM U

PaBHBIM aMIUTUTYle KOJICOaHHH, X|t:0 = A. 3arteM rpy3uK HauHeT ABUTaThes K Touke X = O, u ero koopauHara OyJeT MEHSTHCS 10
3akoHy X = Acos(nt).
3r _3.2n 3n 2
B MomeHT t = - = éEF IPY3UK OKa)KeTCs B TOUKE X = Acosz =- A% , T.€. TIpofieJIaeT myTh S= A+ AI]/E/Z (cm.puc.1.24).I1o-
00
JIy4eHHOE OTCIO/Ia BHIPaKEHHUE VISl aMIUIUTYABI IIOJCTABIsAeM B (QOpMyYILy I MAaKCUMAJIBHOM BEJIMYMHBI CKOPOCTH, KOTOPYIO IPY3UK

S k
OyzneT uMmeTb B Touke X = O B MoMeHT Bpemeru t = T/4: vy = Awg=—F+— q/: =0,141m/c.
Y. P 0 1+ /—2/2 m

7.5. Tenexxka coBEpmacTt KoJIeOaHus B TOPHU30HTAJIBHOM HaIIPaBJICHAU OTHOCHUTCIIBHO HEIOJABHKXHOTO '? - _5362 X
' X
- >

HaOmIo/aTeNs 10 3aKOHy Xq = Alcos((ot+0(1) . Jlexxamuii Ha TenexKKe Ipy3 OJHOBPEMEHHO COBepIIaeT Kojeda-
HHUS C TOH K€ 4aCTOTOH OTHOCUTENBHO FTOPU30HTAIBLHON TOBEPXHOCTHU TEEKKH IO 3aKOHY Xo = Ay Cos(oot+ a 2) . OtHOCHTENEHO HA-

OJroIaTelIs TPY3 ABIDKETCS TI0 3aKOHY X = Acos((ot+ 0() , TIe o = /4. Haiiqure BeIMYMHY aMILIUTYI6I A pe3yJIbTHPYIOIIETO Kojieha-

uus, eciim A = 10¢em, oy =7/6, a, = /3.
Pewenue.



CyMMy OJIHOHANPABICHHBIX KOJEOaHUl, MMEIONMX OJHY YacTOTY M, YAOOHO CJIOXHTh METOIOM BEK-
TopHo#t tuarpammbl. Ha puc.1.25a Bexropsl A 1 Ay HampaBieHbI 110J] YTJIAMU 04 U 0y K ocu X B MOMeHT t = 0.

OTH BEKTOPHI BpamaoTcsi BOKpYr Toukn O ¢ yriioBoH CKOPOCTBIO ©, M YKa3aHHBIE YIJIbl BO3PAcTaloT CO BpeMe-
HeM Ha BesimunHy of. CyMMa NpoeKIUH TaKUX BEKTOPOB Ha OCh X OyAeT HCKOMOW CyMMOM Kojle0aHui

Acos@t+a )= A cospt+a, } A, cospt+a,

CE _ CD+DE_ Asina; + Aysina , -1
OC OB+BC A cosi;+A, cod,
cosr § - sifv § ,
sin(y3) - cog1v 3 '
VYTibl MEXAY BEKTOPaMHU HE MEHSFOTCS, U, Kak BUIHO U3 puc.1.250, ammmmtyny A pe3ylbTHPYIOIIEro KojieOaHus
MOYKHO HaWTH C TIOMOILBIO TEOPEMBI KOCUHYCOB, 3Hasl IBE CTOPOHBI TPEYTrojbHUKA A; 1 Ay | yroin

B=m—(0,—0y) =516 Mexmy HUMHU: A=\/A12+ A22—2A1A2005ﬁ = AJ 2 2cof  p=19,3cm.

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

W3 tpeyronsuukoB Ha puc.1.25,a Buano, yro tgo = npu

a= T;/4 . Iloacrapnss ciofa 3a/laHHbIE B YCJIOBUHU BEJIMUUHBI 04 U Op, HAX0AUM Ay =

7.6. Yamka BeCOB ¢ I'MpeH, MOJBEIICHHAs HA NPYXHUHE ¢ KodduirenTom xéctkoctu K = 20 H/M, cosepmiaia “
BEepTHKaJIbHBIC HE3aTyXarIue konebanus ¢ mepuojgoM 1o = 2 c¢. [Tocite Toro kak Ha Yamky J0OaBWIIM €Ilé OJHY THpIO, Ie- a8
prox konebanuii Bo3poc Ha Bexuunny AT = 0,5 c. Haiiti maccy Am go6asiennoii rupu. Hpunsats g = 9,8m/c%. g Am

Omeem: 1,14xkr $A’°

7.7.Tpy3uk maccel M = 40T Ha Mpy>XKWHKE COBEpIIACT BEPTHKAIBHBIC He3aTyXaromue KojieOanus. B HauaapHbBIH «
MoMeHT BpeMenu t = O cMelieHre rpy3uKa OTHOCUTENBHO HOJIOKEHUsI paBHOBECHS paBHO Xo = 1,5¢M, a BenuyrHa ero cKopo- x@k
CTH B 3TOT MOMEHT BpeMeHH paBHa Vo = 0,2m/c. Haitti k03¢ GuimeHT ECTKOCTH MPYKUHKH, €CIH MAKCUMAITbHAS BEJTMYHHA V$§ m

CKOPOCTH, KOTOPYIO OYIET UMETh TPY3HK, OKAXKETCH PABHOM Viayx = 0,25M/c. Omeem: 4 H/m

7.8. ToHkHil cTepXeHb MAacChl M COBEpIIACT HE3aTyXAIOLIMe TaApMOHUYECKHE KOJieOaHUsi BOKPYT FOPU30HTAIbHOMN
ocu noaseca O, MpoXosAIIel yepes ero kpaid. B HadanbHBIE MOMEHT BpeMEHH! &
t = 0 BenuuMHA YIIOBOM CKOPOCTH BpallleHUs CTEPHS BOKpYyr ocu O paBHa oy = 0,3paa/c, a yroy1 OTKJIOHEHUsI CTEPIKHS OT
MOJIOKEHHs paBHOBecHs paBeH ¢g = 0,05pan. B nanbHelineM MakcuMaibHas BEJIHYMHA yrila OTKIOHEHHs OKaxkeTcs paBHoit [P

~~—
®max = 0,1pax. Haittu mmuny crepoxas |. IIpunsits g = 10M/c2. Omeem: 1,25m
7.9.Tpysuk maccel M = 20T coBepLIacT BEPTHKABHBIE HE3ATyXaIOIIUe KoJeOaHus Ha IPYKUHKE C KECTKOCThIO K= «
1,6 H/m. B HavansHbIii MOMEHT BpeMeHH ty = O rpy3HK MMeeT MaKCUMAaJIbHYIO BEJIMYUHY CKOpOCTH. HaliTh BeMunHy cKopo- xlgk
CTH Tpy3uka B MoMeHT BpeMenu t = 0,1c, ecim MakcCHMaJIbHOE CMEIIEHNE TPY3UKAa OTHOCUTENBHO MOJIOKEHHS PABHOBECHS V$gm

PABHO Xmax = 2 CM. Omeem: 0,112wm/c

7.10.T'py3ux mMaccel m = 80r Ha mpy)XHHKE COBEpLIAET HE3aTyXalollue KoyieOaHHs, CKOJIb3s M0 abCOIIOTHO i k m
IJIa/IKO# TOPH30HTAILHOM IUIOCKOCTH. B HauaIbHBIA MOMEHT BpeMeHH ty = O CKOPOCTb TPy3HKa ObLIA paBHA HYIII0. 34 2%
nocnenyroumid nHTepsan Bpemenn t =5T/12, rae T — nepuon konedaHuit, rpy3uk npoxenai myth S = 1,2cm. Haiiti Bennuuny ko3¢-
¢uireHTa KECTKOCTH K MPYXUHKH, €CIIM MaKCHUMaJlbHasl BEIMYMHA CKOPOCTH TPy3HKa PaBHA Vmax = 2,4cM/c.

Omeem: 1,11H/m

7.11.Teﬂe)KKa coBepHiacT KOHe6aHI/I5{ B T'OPU30OHTAJIbHOM HaAIIpaBJICHUU OTHOCUTECIbHO HEIIOJABUXKHOT'O ’? _3(2 X
. —=t=—X4 x
HabJ10/1aTeNs 110 3aKkoHy Xg = A COS(Wt+a ) . Jlexaluuii Ha TelekKKe IPy3 OJHOBPEMEHHO KONEOIETC OTHOCH- 57757777777
TCJIIBHO rOpI/I3OHTaHBHOﬁ TMOBEPXHOCTHU TCIICIKKHU C Toﬁ Xe ‘IaCTOTOﬁ I10 3aKOHY X2 = AQCOS((A)t+ a 2) . OTHOCI/ITCHBHO Ha6ﬂ}0ﬂaTeﬂH

Ipy3 ABWKETCS IO 3aKOHY X = ACOS( wt+ 0() . Halitn ammmutyny A w HadasibHYTI0 a3y o pe3ylbTUPYIOMETo KoyeOaHus, eciu Ay =
=20cm, A, = 10c¢Mm, 04 = 0,0, = /4.

Omeem: 28,0cm; 0,255pan
8. dusnueckuii MasiTHUK

JIroboe MaccuBHOE TEJI0, COBEpLIAIONIee KOJIeOaHus 10| IEHCTBIUEM CHIIBI TSHDKECTH BOKPYT TOPU3OHTAIBHOM OCH
nozaseca O, He mpoxoasieii yepe3 ueHtp mace C, Oyaer ¢pusndeckum MasTHUKOM (puc.l.26).[{ukiandeckas 4acTora He-

3aTyXaloWKX KoeGaHui 1 [IePHO/ TAKOTO MAsTHHKA ONPEACIAIOTCS, Kak (W =,/mgd/ ||, [T =2 w= lo/mgd

rae lg — MOMEHT MHepIMN MasTHHKa OTHOCHTENLHO och monseca O, KOTOPBIM BbramciseTcs mo teopeme lllteiinepa

Puc.1.2¢

lg=1I¢ +md? , d =CO —paccrosiHie OT IIEHTPa Macc JI0 OCHU MOJ(BECA.

Ecau pusuueckuti masmuux coenan u3 HecKOIbKUX NPUKPERICHHbIX Opye K Opyay mel, mo paccmosnue d omcuumsvigaemcs
Cosem: om ux oOwieco yeHmpa macc, a 8 opmyavl HA00 NOOCMABIAMb CYMMY MACC U CYMMY MOMEHMO8 UHepYull MmaxKux mer.

T=2n/> IO/Zm@d.
Ipumepul peuwtenus 3aday.

8.1 Toukuii cTepxeHb AauHbl | = 1M ¢ Maccoit M= 1Kr nojBeLIeH 3a Kpaii i COBEepIIaeT He3aTyXaroLINe FAPMOHIMICSCKHIE
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KoJeOaHusT BOKPYT OcH MojiBeca ¢ mepuoaoM T = 1,6¢, mpudem B ieHTpe O CTEPIKHS 3aKpeIIeH TPYy3 ¢ MacCou My, pa3MepoM
KOTOPOT0 MOXKHO npeHeGpeus. Onpexenuts Maccy My. [lpumsts g = 10m/c?.

Pewenue. 0fm,
IlenTp Macc MasiTHUKA COBIAAeT C IeHTpOM crepxkHs O, B KOTOPOM HaxOAUTCs Macca My. PaccrosiHue 10 ocu moa- I.m
Beca d = /2. MoMeHT MHEpIH OTHOCHTEILHO OCH MOJIBECA CKIIAIBIBAETCS U3 MOMEHTA HHEPIUU CTEPIKHSI, BBIYUCIIIEMOTO T10
o o . 1 2 2 d2 1 1 ?
teopeme lllTeiiHepa, 1 MOMEHTA HHEPIIMU TOYSUHON MACChI My; :Eml +md°“+md = 3 mi-—4 m| f.
2 2
' 3+m/4)! grel/3-T
W3 hopmyisl aus meprioga T = 2TT =2m (m/ n1/ ) HaxomuM My = % =0,123kr.
(m+m) gd (m m) gk T4g-2ml

8.2.TopusonTansHas ochk noaseca O mpoxoaut Ha pacctosianu a = /4 ot mearpa C TOHKOTO CTEpIKHsI JUTHHE |,

l.m
AMEIOIIETO Maccy M, KOTOPBIA COBEpIIAeT He3aTyXarolue rapMOHHYECKHE KOoJIeOaHus ¢ IMUKINIEeCKONH 9acToTod @ = 4¢~ ¢ f
OTHOCHTENBHO 3T0# ocnu. C nmpyroit ctopoHs! OT neHTpa C Ha TOM € PACCTOSHUM & Ha CTEpXKHE 3aKpeIlIeH Ipy3 Toi xe C ba
MAacchl M, pasMepoM KOTOPOT0 MOXHO IpeneGpeds. Haiitu wmmy crepxas |, npuanMas g = 9,8m/c* my,

Peuwenue.

é,m Tak Kak Macchl CTEP)KHSI U MIPHUKPEITICHHOTO TOYEYHOTO Tpy3a OJUHAKOBBI, TO OOIIMI IIEHTpa Macc MasTHHKA
dl c{? HaxOQUTCs TOYHO IOCEPEIUHE OTPE3Ka MEXJY IPY30M M LEHTPOM CTEPXKHs Ha PACCTOSHUH d =3a/2 or ocu moaseca
ueHtp4], |4 o
e /hm (puc.1.27).MoMEHT HHEPIMH OTHOCUTENILHO 3TOU OCH CKJIabIBAETCS U3 MOMEHTA HHEPIIMU CTEPIKHS, BEIYUCIIEMOTO I10
[ . . ] 1 - 2 2_19 p
Puc.1.27  Tteopeme lllTeitHepa, 1 MOMEHTA HHEPIIMU TOYCYHOM Macchl M. | = 1—2ml +ma” + n‘(2 a) = 18 mfF, Tak kak a = /4.

W3 Gpopmyisl 1uist yacToThl KojiebaHuit HU3NUECKOro MasiTHUKA ()= \/ (m+ m) gq/ = \/36 g'191 naxonum | =369 / 19 = 1,16Mm.

8.3. Tonkuii quck ¢ maccoit m u ¢ pamnycom R = 30cM coBepiiaeT He3aTyxarolyue KOJeOaHUsI OTHOCHTEIBHO
ocu noaseca O, mpoxoasmIel MepIeHINKYISIPHO INIOCKOCTH ANCKa Ha paccTosHuM & = 15¢cM ot ero nentpa. B HmkHen
TOYKE JUCKA 3aKPEIUIeH IPy3 TOH jke Macchl M, pa3MepoM KOTOPOTO MOXKHO MpeHedpeds. OnpeaennTs IUKINIECKYIO Jac-
ToTy KONeGanuit, npunmMas g = 9,8m/c’.

Pewenue.

Tak kak Macchl IUCKa U rpy3a OJMHAKOBBI U & = R/2, To 00uuii IeHTp Macc MasgTHUKA HAXOAUTCS MOCEPEANHE MEXIY LCH-
TPOM JIMCKA M TOYedHOI Maccoit M Ha paccrosuuu d = a+ R/2= R or ocu noxseca. OGuMii MOMEHT HHEPLMH MASTHUKA OTHOCH-

TesibHO ocu O CKiapIBaeTCsl U3 MOMEHTA MHEPLUH JucKa | = mR2/ 2+ md =3 mFg/ 4 (mo teopeme lllTeitnepa) U MOMeHTa

JIACKA

2 . o
MHEPLUH TPY3a | sy = m( R+ a) =9 mF@/ 4. TloncTaBnsiss 3TH COOTHOIICHHSI B GOPMYITY JJIS MUKIAYECKON YacTOTBI KOJICOaHMMA

(memgd 129 = 467,
| exa 1 rpysa R

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU NHOO2OMOBKU.

MasTHHKaA, HAaX0OAUM W=

8.4. Toukuit CTCPIKCHDL C Maccoii m IIOJABCILICH 3a Kpaﬁ 1 COBEPIIACT HE3ATyXalOIUC rapMOHNYCCKUEC KoJieOaHus ¢ <

nepuosoM T = 2 ¢, IpUYEM Ha €ro IMPOTHBOIIOJIOXHOM KOHIIE 3aKPETUIeH TPy3 TOH e Macchl M, pa3MepoM KOTOPOTO MOXHO ? m
npenebpeus. Haiitu muuny | crepxns. punsts g = 9,8m/c2 |
Omeem: 1,12m = ;11
8.5. [IBa 0MHAKOBBIX TOHKHX cTepkHs AmuHbl | = 90cM coBepIIarOT He3aTyXarolie rapMOHHYECKHE Kolle- ~
OaHus. Y OJJHOTO M3 HUX TOPH30HTaNbHAs OCh HoaBeca O MPOXOAMT Yepe3 Kpaif, a y APyroro HaXOIUTCSl HA PACcCTOsI- d fw
HuM @ oT Hentpa C crepxHs (CM. pUCyHOK). ONpeNenTh PACCTOSHUE @, ECIHM IEPHOIBI KOJIEOaHUi 000MX CTEPIKHEN Lm ¢ Lm
OJIMHAKOBBI. N PN

Omeem: 15cm

8.6. Tonkwmii auck ¢ maccoir M= 100r moaBemieH 3a Kpail ¥ COBEPIIACT HE3aTyXalOIINE rApMOHUYECKHE Koeha-
HHUA C LMUKJINYECKON yacToTo ® = 4 ¢l g IJTOCKOCTH, COBIAJAIONIEH C TUIOCKOCThIO AUCKa. B 1eHTpe Aucka 3akperuieH
rpy3 Maccsl My=300T, pasMepoM KOTOPOro MOXKHO mpeHeOpeun. [Ipurnmas g = 9,8Mm/c?, Haiitn paanyc aucka R,
Omegem: 0,544m

8.7.TopusonTanbHas ock mogaseca O MPOXOIUT HA PACCTOSHHMU & = R/2  OT IieHTpa TOHKOIrO JMCKA, HMEIOIIETO <
Maccy M, KOTOPBIHA COBepIIaeT He3aTyXalollue rapMOHIYEeCKUe KojebaHus ¢ nepuogoM 1 = 1 ¢ B INIOCKOCTH, COBIAalo- RO %
1IeH ¢ MIOCKOCTBIO aucka. C Apyroi CTOPOHBI OT LIEHTPa AMCKA HA PACCTOSIHUM @ 3aKpeIUIeH Ipy3 TOH e Macchl M, pa3- m
MEpOM KOTOPOr0 MOXKHO mpeHeOpeus. Haiitu pagnyc mucka R, mpunnmas g = 9,8m/c”
Omeem: 0,213m

8.8. /IBa oMHAKOBBIX TOHKHX JUCKA C paauycoM R = 1M coBeplaroT He3aTyXarollue rapMOHHYCCKHIE KO-
ne0aHus B TUIOCKOCTH, COBIAJAIOUICH C IUIOCKOCTBIO NUCKA. Y OIHOTO M3 HHUX TOPH30HTalbHas och mojaseca O
MPOXOJIUT Yepe3 Kpaid, a y Ipyroro HaXOAUTCS Ha PACCTOSIHUU & OT IeHTpa Jucka (cM. pucyHok). OnpenenuTs pac-
CTOSIHUE @, €CJIM IIepUO/] KojeOaHus JIEBOT0 TUCKa B 2 pa3a MEHBIIIE Iepro/ia KoJIeOaHH MPaBOro JHCKa.

Omeem: 8,45¢cm
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9. CoOcTBeHHbIE MEXaHUYECKUE 3aTYXaIOIUe KoJIeOaH s

Ha koneOmromuiicst B BA3KOW cpele MPYXKUHHBIH MasSsTHUK JACHCTBYET TOPMO3SIIas cuja BA3KOro TpeHus. Ecim
Ha TIPY)KHUHKE TOJBEIIEH IMIApUK paadyca I, IBIKYIIHHCS cOo cKopocThio V (puc.1.28), To 3Ta cuia uMeeT BHI

IfTp =-6rnrv, rme 1N — Ko3hOUIMEHT BA3KOCTH Cpeasl. B  pesynbrare KoeOaHWs 3aTyxalOT [0 3aKOHY

X(t) = Ay e_Bt COS(Q) t+ O() , TIe A(t) = Aee_Bt - aMIUTUTY/1a KoJieOaHM, yOBIBAIOIIAS 10 IKCIIOHCHI[UATLHOMY 3aKOHY, P;IC.]..ZE

B — ko3¢ duumeHT 3aTyxaHus KoneOdaHUH, TPONOPLIHUOHAIBHBIN BSI3KOCTH 1).

k T:2—T[:

Takne konebaHus MPOUCXOMAT C IMTUKITNIESCKON 9acTOTON |W= \/wé —[32 , T71e (u% =— ¥ C IEPHOJOM 2}/ >3-
© /w-B

3

C pocroM ko3¢ pHIMeHTa 3aTyXaHus B MepHO PacTET, M KoJeOaHMs MPEKpaIaloTes;, Koraa 3= wy =4/k/m.

3aryxaHue KojJeOaHUil XapaKTepU3yIOT TaKKe BEIMIHMHON JOTapru(pMHUIECKOTO IeKPEeMEHTa 3aTyXaHHs, KOTOPhIH B 3aAadax

213
MOYHO BBIYHCIIHTH 110 (O 0=PBT =———|.
-B
Ipumepvl pewenus 3a0ay. gk Ly
ELS| E
9.1.]Ba OMHAKOBBIX [IAPUKA TIOABEIICHBI HA MIPYKUHKAX ¢ pasHOU xécTkocThIo Ky = 0,02H/Mu k; =0,04H/M u |72 —- "5

COBEPIIAIOT KOJIEOAHHS B BA3KOW JKUAKOCTH, IPHUYEM OTHOIIEHHE YaCTOT KOJEOaHWH MPaBOTO W JIEBOTO IIAPHKOB \_/I@m_“@@m
PaBHO Vo/vy = 2,a koo GHUIHEHT 3aTyXaHus KoleGauii >Tiux MastaukoB B = 0,8¢™ . Haifti maccy mapuka m (B r). I
Pewenue.
OtHomenne  vofvy pPaBHO  OTHOIICHWIO  IMMKIWYECKHX  YacTOT  JaHHBIX  MNPYXHHHBIX  MAasTHHUKOB

W/ = \/kz/m—Bz/\/ kl/ m—B2 =2, OTKy/a JIErKO TOJNyYUTh (hopMyay M= (4k1 - kz)/332 =20,8r.

9.2.[lepuo cOGCTBEHHBIX HE3aTYXAMOIINX KOJICOAHHUH [IapuKa ¢ MACCOW M, BUCSIIEr0 Ha MPYXUHKE ¢ KECTKOCTHIO K, ObLT
paBeH To = 2 c. DTOT MasiTHUK NOTPY3WIN B BA3KYIO )KHUAKOCTb, TJIe TIEPHOJ] ero KoebaHuii cran paBHeM 1 = 2,5¢. Bo ckoibko pa3
HAJI0 YBENNYUTh KOI(D(DUIMEHT BAZKOCTH ITOH KUIAKOCTH, YTOOBI KOJIeOaHNsI MAasTHUKA B HEW TIPEKPATHUIINCH?

Pewenue.
3aaHHBIC B YCIOBUHU TIEPUOIBI KOJICOAHUH ONpeNesIFOTCs opMyIaMu
2n 2n k _4m k 4 _4m® _ 4m® .
To = , T=————, OTKyma —=—-, pZ== B e e I Kone6anus npekpatsitesi, ecnu 3 2= k/m= 4T[2/ 'IEJZ, T.€.
Vvk/m k/m-p? m Ty m T o T
1 /1 T2
BSI3KOCTbH JKUJKOCTH HaJI0 YBEIHYUTh B — = ——-—— |=,|—5——= =1,67pa3.
12/ |12 T2 T2_12
0 0 0 ¢

9.3. [llapuk Ha npyxuHKe ¢ xkéctrocThio K =0,08H/M coBepinaer KojaeGaHus B BA3KOU KUAKOCTH, IPHYEM €T0 KO- _%k_
OpJIHATA MEHSETCS CO BPEMEHEM I10 3aKOHY X = Aexp(—at) Cos{ bt+ 0() ,rae A, au o —nocrosHHbE, b = 2¢™, a norapud- __‘£§m‘-
MHYECKUH TeKPEeMEHT 3aTyXaHus 3THX Kojebanuii pasen O = 4. Yemy paBHa Macca M mapuka? - ::léc

Pewenue.
IocrosiHubie @ ¥ D B ypaBHEHHH 3aTyXArONUMX KOJIEOAHUM JOIKHBI OBITh PABHBI KOI(PPUIUEHTY 3aTyXaHHs U HUKINYECKON
yacToTe Konebanuit: a=[3, b=w. [Ipx 3TOM He 33aHHYIO B YCJIOBUH MOCTOSIHHYIO & MOKHO ONpPEIEIHTh Yepe3 U3BECTHBIN Jiora-

pudmuueckuii nekpement 3aryxanus 0=BT =2m3/w=2na/b um a = bo/2m.

[MoacTasnss 3TO BEIpaXKEHHUE B HOPMYITy IS [UKIMYECKOM 4acToThl D= =4/ k/ m- & , Haxozum

92

m=k |~ +1|f =14,2r

417

9.4.1llapuk Maccel M = 50T Ha IpPyKUHKE COBEPIIA BEPTHKAIbHBIC KOJICOAHMs B )KUIKOCTH, IPHUYEM 32 BPEMsI
At = 0,5¢ ammiuTyna ero konebanuii ymenpiuanacs B €Xp(1l) = 2,72as3. 3ateM KHUAKOCTh 3aMEHUITH, YBEIHYUB K0P Pu-
IUEHT e€ BA3KOCTHU B J1Ba pa3za. [Ipu 5TOM mepuos koeOaHui Tpy3uka yYBEIHYWICS B IBa pa3a. HaliTu BenmmunHy KECTKOCTH
K npyxuHKH.

Pewenue.

99009099

?

&
Bl

I
1y
| ==

Tak kak ammunTyna Aoe_st yOBIBACT CO BPEMEHEM dKCIOHEHIHAIBHO, TO 10 ycioBuio PAt =1 u = (At)_l =2¢",

TloacraBmss OTY BCIIWMYUHY B 3aJaHHOC 110 YCJIOBHUIO OTHOIICHUE NIEPHUOJI0B ? =

k/ m—p?
k/m-p'?

€le

=2,rne B'=2B, naxo-

UM E = 5[52 , OTKy1a K = 5B2m: 1 H/m.
m
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9.5. lTapuk ¢ mMaccoit M Ha OpyXHUHKE C )KECTKOCThIO K COBepIIIai BepTHKaIbHbIC KOJIeOaHHs B BsI3KO# xuakocTu. JXKua-

KOCTh 3aMCHUIIH, YBEIUYMB KOI(PGUIMEHT e€ BSI3KOCTH B J1Ba pa3a. UeMy cTaj paBeH MOCIE 3TOro JOrapu(pMHUUYSCKHl TEKPEMEHT 3a-
TyXaHUs KOJICOaHUH TaKOTO NMPYKUHHOTO MasTHHKA, €CIIU MIEPBOHAYATIBHO OH ObLI paBeH O = 1?7
Pewenue.

[pu yBemMYEeHUH BSI3KOCTH JKHIKOCTH BO CTOJBKO K€ pa3 yBeaHduBaeTcs KOd(QOHULHEHT 3aTyxaHus 3, OPONOPLHOHATBHBIN BA3-
koctum: B'=2B.

Beipaxkast HemsBecTHOe oTHOomieHWe K/M w3 GOpMysbl [isi HAYaIbHON BENUYMHBI JIOTAPU(PMHUYECKOTO MEKPEMEHTA 3aTyXaHHst

g=pT =28 kK _ 1+£ 213’ 4t

, , IoZicTaBysieM ero B popmyny st 6' = , uro naér 0'=4 -3=2,081.
Jk/m-g* o Jk/m-p2 6

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU NHOO2OMOBKU.

9.6. [llapux mMaccel M Ha IPYKUHKE C )KECTKOCTHIO K CcoBepIiian BepTUKalbHbIe KoyebaHus ¢ nepuogom T; = 1c B <
BA3KOI JKHIKOCTH. ECIIH JKHIKOCTh 3aMEHHTh, yMEHBIINB KO3 (MUIHEHT eé BA3KOCTH B 2 pasa, TO NepHo Kolebanuii Takke | gk
YMEHBIIUTCA B 2 paza. UeMy paBeH Nepuo To HE3aTYXaroIIHUX KOJIEOaHWH TaKOTO MPYKHHHOTO MasTHUKA B BO3AyXe? B o
Omeem: 0,447c “e
9.7. llapuk Ha npykuHKe ¢ xkEcTKoCThIo K =0,04H/M coBepian BepTUKAIbHBIE KOJIEOaHHs B BA3KOU JKUIKOCTH, <«
npuyeM 3a Bpemst At = 1 ¢ amrmumuryaa konebanuii ymenpinanace B eXp(1l) = 2,72%as3, a KoopAuHaTa MIapUKa MEHsIAch CO | — k_
BPEMEHEM IO 3aKOHY X = Aexp(—at) Cos{ bt+ 0() ,rae A a, bu a—nocrosauste. XKuakocts pazdaBuiin BOON, YMEHBIINB -__i__r‘n__‘
pu 3ToM Ko3(pdUIUEHT eé BA3KOCTH B JBa pasa. [locye 3Toro BenuuuHa b ysenuuunack B noiropa pasa. Uemy paBHa macca L= '-l)-C
m mapuka? Omeem: 25T
9.8.1llapuk Maccel M= 51 Ha npyxuHKe ¢ xkéctkocthio K = 0,02H/M coBepian BepTUKaIbHBIE KOJIEOaHHs B Bs3- <
KOIf ’KUIKOCTH, IpuyeM 3a BpeMs At = 2¢ aMmmuuTyza ero xonedanuii ymeHpinanace B €Xp(l) = 2,72a3. I'py3uk 3amenn- |[— k.
JI, TIOJIBECUB Ha NPYXKHHKY IIAPUK TOTO XkKe pazmepa, Ho ¢ maccoil M’ = 10r. Bo ckonbko pa3 U3MEHMIICS MPU ITOM Jiora- |- 35— =
pudMHUECKHI TEKPEMEHT 3aTyXaHusl KOJieOaHUH TaKOr0 MPYKUHHOTO MasITHUKA? f-*_-i-n-__
Omeem: yBennuauics B 1,464paza
9.9. llapuk ¢ maccoit M= 10r Ha NMpy>KMHKE COBEPIIAET BEPTHKAIbHbBIC KOJCOAHUS B BI3KOU )uakocT. Koreba- «
HHUS Ha IPYXXHHKE ¢ KECTKOCThIO K = 0,2 H/M mpoHCXOomaT ¢ LUKIMYECKOW YacTOTOW = 2 ¢, Bo ckombko pa3 Hazmo _ _/‘_
YMEHBIIHUTH KECTKOCTh MPYKUHKH, 9TOOBI KOJICOAHUS MPEKPATHIIUACH ? e
Omeem: ymeHbIIUTH B 1,25pa3 :__*_—1_’1_”
9.10.1IIapuk ¢ Maccoif M Ha OpPYy)KUHKE C KECTKOCTHIO K coBepIan B BO3/yXe HE3aTyXalolIue BEPTHKAIbHBIE KO- 5
nebanus. Korga Takol MasTHHMK IOMECTHIM B BA3KYIO JKMIKOCTb, OH CTall KojebaThes ¢ nepuogoM T = 1c, mpuyeM jora- |[— k
PUGMHICCKHIT IEKPEMCHT 3aTyXaHHs TAKHX KojiebaHmii okasaics paBHbIM 6 = 4. C KaKuM NEpHOJIOM MAATHHK KONIEOAICH B |- 15~ -
BO31yXE? Omeem: 0,844c -

10. BeinyxaeHHble MeXxaHnueckue Konedanus. Pezonanc

BLIHy)K,HeHHI)Ie KoJIeOaHUs BO3HUKAIOT npu ﬂeﬁCTBHH Ha MasTHUK BHEIIHEH nepnoanquKoﬁ CHJIBI, U3MC-

E

HsOIIelics, HalpuMep, 10 TapMOHUYECKOMY 3aKOHY € aMILIMTYyAoi Fg 1 uactoToil Wy, : K, = Fycosw,,t.
B citydae npy;KHHHOTO MasTHHKa Macchl M, TIOJBEIIEHHOTO Ha TMPYKHUHKE C XKECTKOCThIO K M JIBIKYIIETOCS B 7
BA3KOM cpefie ¢ Kod(QPUIUEHTOM BSA3KOCTH I, 3Ta CWjla JOOABIISETCS K CHIIAM yIPYTOCTH U BA3KOTO TpeHus (puc.1.29)  _& _T yip
. . 04 E
BriHykIeHHBIC KOJICOAHUS TPOUCXOIST IO 3aKOHY |X(t) = Acos (,, t—¢ )‘ C TOCTOSIHHOW aMIuTyjou - -~ S|- [P
A=constu ¢ yacToTol (W, BHEIIHEH CHIbL. UTOOB! HANTH aMIIUTYRy A U HadaubHYIO (a3zy ¢, HagO MOACTABUTH OTO - - y l Foy
2
X dx
PCLICHHE B YDABHCHHE IMHAMUKH M——0- = — k x— r]a + Ry coswy,, t. Puc.1.29
dt

[Ipu >TOM aMIUIMTYyJa BBIHYKIECHHBIX KOJIEOAHMH 3aBUCHT OT YacCTOThI BHemmiHe# cuibl (puc.1.30)

k
A= > ':O/ m = rie o% =—, B —xo3dpdunment 3aryxanus. MakCHMyM 3TOTO BBIPOKEHUS (pes,o—Amax
2 2 m
V(@ -2 )2 +ap?,

HAHC aMILTHTY/Ibl CMEIIEHHS) TIOIY4aeTest IPH YacTOTE BHEIIHEH CHIIBL | Wy, = Wy = \/0\)% - 2[32 .

Pnc.1.3C
U3 onpenenennst V =dx/ dt MOXKHO HaliTH aMIUIATYy CKOPOCTH Vq = AW, MAasTHHKA IPH BBHIHYKICH-

HBIX KoneOanusix. OHa TaKKe 3aBHCHT OT YacTOTHl Wy, (puc.1.31)um gocruraer MakcumyMa (pe30HAHC aMILIUTY-

(D 161 CKOPOCTH) ITPH APYTOM 3HAYCHUH YaCTOTHI BHEIIHEH CHJIBI |mp63 v =y =k/ m| .

0~)pezv
Puc.1.31 Ipumepvl pewenus 3aday: -

10.1.T'py3ux Ha IpY>KUHKE COBEPIIAET BEPTHKAIbHbIE KOJIeOaHHs C IOCTOSHHOM aMILUIUTYNOH B BA3KOU KuaKo- |- & —°
CTH TOJ JieiicTBHEM BHeEIIHEH cuibl FoCOSot. [Ipu dacToTe BHEWmIHEH CHIIBI, paBHOH ® = 1, MAaKCHMaJbHa aMIUTUTyIda [~ Y}--_~
CMeUIeHHs IPY3HKa, a IPHU 4acTOTE ® = ®, MaKCHUMallbHAa aMIUIUTYa ero ckopocTu. Eciu wiNevlole
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JICHCTBHE BHEIIHEW CHIIbI yOPaTh, TO IPY3UK HAYHET COBEPIIAThH 3aTyXaIONINEe KOJeOaHUs ¢ MUKINYECKON 9acTOTOl 3 Haiitu Be-
JIMYHHY OTHOIIEHHS 4aCTOT ®1/®3, €Cli Wy/m1 = 3.
Pewenue.

Tak kak ) =Wye;p = \[m% - 2B2 1 W = Whesy =Wy (pe3oHaHCHBIE YACTOTBI AMILIMTYJ CMEIIEHUS M CKOPOCTH) U
= - COOCTBCHHAA 4YacTOoTa 3aTyXarolnuX KOJCOAHWH), TO U3 3aTaHHOTO OTHOIICHUA = - = Haxo-
2 0 y OaHMi () oo% 2B%=3

\/ 2 f
UM B = 4wy / 9. [loxcraBsist 3TO BhIpaXKEHHUE, HAXOIUM OTHOILICHHE 001 \/(Af% B i' 3// \/7 0,447.
-p?

10.2.ManeHbKHUi TPYy3UK MPUKPEIUIEH 3a MPYKUHKY ¢ KECTKOCTEIO K = 5 H/M K BepTHKaIbHOM CTEHKE M CO- % Fycosot
BepIIaeT KoyieOaHus 10 TOPU3OHTAILHOMN IMMOBEPXHOCTH MO JAeWCTBHEM BHelIHeH cwibl F = FocoSot, MeHsromelics mo L
rapMOHHYECKOMY 3aKOHY ¢ LHKIHIECKOil 9acToToil @ = 5¢™ u ammmmrynoii Fo = 0,08H. Tpenue otcyrersyer. Haiitn Maccy m rpy-
3WKa, €CJIM aMIUTUTY/a ero KoJiebanuii paBHa A = 2 cM.

Pewenue.

[MoxcTaBuM pelieHne, COOTBETCTBYIONIEE BEIHY)KICHHBIM KOJEOAHUSAM C TOCTOSHHON aMIDIHTYyIo X = ACOSwt B ypaBHe-

Hue auHAMUKH (2-ff 3akoH HproToHa) mmz)g/dlzz— kx Fcoswi (B ciyuae OTCYTCTBUS BSI3KMX CHJI TPEHUS CMEIICHHE

X = ACOSWt mpoUCXOAUT B OHOI (a3e ¢ u3MeHeHHeM BHeIHel cuitbl FoCOSnt). [Tocne moacTaHoBKH nonyan

—mu? Acoswt = — KACOS0 t+ Fy coet. Cokpammas Ha COSWY , nMeeM mo? A= KA- fy. oTkyna m— KR =40r.
WA

10.3.I'py3ux maccet M= 30T Ha npyXKMHKE COBEpILAJl BEPTHKAJIbHbIE HE3aTyXalolye KojeOaHus ¢ HUKInde-
cKoif 4acToTol wo = 6¢ ™. Korna Ha IPY3UK Hayala IeHCTBOBATh BEPTHKAJIHHO HANPABIICHHAS BHEINH:AA cuia F = k
= Focosnt ¢ ammutynoii Fo = 0,012H, on cran kone0aThCsl OTHOCHTEBHO MOJIOKCHHS PABHOBECHS C aMILTUTY IO A = 8 18m
= 2 cM. Bsizkoe Tpenne orcyrcTByeT. HaliTi MakCUMalbHYIO BETHYMHY CKOPOCTH BBIHYXKJICHHBIX KOJICOAHUIT Ipy3HKa. !
Pewenue.

99999900,

90999990
=~

o<
[=)

Fycosomt

Kak u B npeapiaymiei 3aaade, MOACTaBjIsgeM penieHrne X = ACOSWt B ypaBHEHHE THHAMUKH md? >§/ dt = -k x fy cosw 1
(cwma TSKECTH ypaBHOBEIEHA CHIION YIIPYTOCTH TMPYKUHKU B MOJIOKEHHH PABHOBECH:). BBIUUCIIAA NPOM3BOIHYIO U COKpalias Ha

COSwt , MOIy9IrM muw? A= kA- fy. I3 3TOro cOOTHOIIEHH MOKHO HAHTH HEM3BECTHYIO YaCTOTY BHEIIHEH CUIIBI, €CIIM BBIPA3UTh KO-

3 PUIUEHT KECTKOCTH NPYKUHKU K yepes yacToTy COOCTBEHHBIX HE3aTyXaloMMX Koebanuii K = r’rm% . Torma

or [EF [ T

CkopocTs rpy3uka V = dx/ dt=— AvSinwt umMeeT MakcUMaNbHYIO BEIMUHHY Vo = AW = 0,08M/c.

10.4.11Iapuk maccel M= 60T Ha MPYyKUHKE COBEPIIAN BEPTHKAIbHBIC KOJCOAHHUS B BI3KOW KUIAKOCTH IO JICH-
CTBHEM BHelIHeH cuibl FoCOSot, MEeHSIOmEeHCs 0 TAPMOHUYECKOMY 3aKOHY C ITUKIMYECKOHW YacTOTOH , MpUYeM IpH
gactote ® = ©; = 8 ¢ HAGMIOAATOCh MAKCHMATBHOE YBEIMUEHHE AMILIATY/IBI KoneOaHmii. ECiu BA3KOCT JKHIKOCTH
YBEJNIMYHTH B J1BA Pa3a, TO aMIUTUTYAa CMEIICHHUS IapiKa CHOBA OKa)KeTCS MAKCHUMAIBHOM NP APYTOM 3HAYCHHUH ITUKIIH-
4eCKOM YaCTOThI BHEIIHEl CHtbl ® = mp = 6 ¢ Haiiti BenmunHy kod(pduinenTa KECTKOCTH K NpyKUHKH.

Pewenue.

2
&
- J——
-2 - - =

-Fq oso)l—

T
Ve s

Pe3onanc AMIUIMTY bl JOCTUTAJICA TIPU YaCTOTE (A)_L = \'(AJ(Z) - ZB% . I3MeHuB BS3KOCTh KUAKOCTHU Bl — [32, HU3MEHUIIN PE30-

HAHCHYIO YaCTOTY aMIUIMTY/bl CMEILEHUS W) = u)% - 2[3% . I3 5Tux opMysT MOXKHO TTOITyYUTH 3aJaHHOE B YCIOBHUHU OTHOIICHHE KO-

2 2
S(IJ(I)I/IHI/ICHTOB 3aTyxaHI/I${ KOHe6aHHﬁ, HpOHOpIII/IOHaJ'H)HLIX BS3BKOCTHU XHUJIKOCTHU. % = % = 2 . I/I3 9TOr'O OTHOLICHUS HAXO0AUM
1 Wy — Wy

> 2
ST k=g m—4‘”13°°2 4,4 Hir,

3
Tpumepol 3a0ay KOHMPOILHOU PAbOMbL OJIs1 CAMOCTOAMENLHOL NHOO20MOGKU
10.5./IBa OTMHAKOBBIX TPYy3UKa HA OJMHAKOBBIX MPYXHHKAX COBEPIIAIOT BEPTUKAIBHBIC KOJICOAHUS B BSI3- <« <«
KO skuaKoCTH. JIEBBIN Ipy3UK KOJICONETCS ¢ MOCTOSHHOM aMILTUTYIOW MO eiiCTBUEM BHEIHEH cuibl FoCOSot, Me- __é S -
HSIOLIEHCS IO TAPMOHUYECKOMY 3aKOHY C LIUKIWYEeCKOi yacToToi . Ilpu yactoTe BHELIHEH CHUIIBI, paBHOH ® = ®; -‘% _-_-:_Eg@(;)g
MaKCHUMaJlbHa aMIUTUTYJa CMEILEHHs JIEBOrO TPY3UKa, a MPU YacToTe ® = ®, MaKCUMajbHa aMIUIUTYIa €ro CKOpo- f c:()sa) t‘_: -

ctu. [IpaBblii Tpy3uK COBEpINAET CBOOOAHBIC 3aTyXafoMKe KOoJeOaHus ¢ UKINYECKOi YacToTON 3. Halitu Bennunny
OTHOIIEHMS YaCTOT M1/®W3, €Cau /w3 = 1,4, Omeem: 0,2

10.6.0xauH KOHEI MPYKUHKH C KECTKOCTRIO K = 6 H/M mpuKpernieH K cTeHe, a Ha IPyroM KOHIE 3aKperuieH 7 ;
o o o v COS®
MaJICHbKUH TPY3HK, KOTOPBIH COBEpIIACT HE3aTYXAMoI[Ue KoJeOaHWs M0 TOPU30HTAIBHON aOCOIIOTHO TJIaIKO# Imo- immf’%

BEPXHOCTH C MUKJIMIECKON YACTOTON g = 6 ¢*. Kora Ha TPY3HK Hadaja IelCTBOBATh BHENIHAS cuiia F = Focosot, me-

-
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HSIOMIASCS 10 TAPMOHMYECKOMY 3aKOHY C IIMKJIMYECKOM YacTOTOl ® = 4¢ on cran konebatbes ¢ ammutynoi A = 2,4cm. Haiitu
BEJIMYUHY aMIUTUTY bl Fo 3TO# CHITEL.
Omeem: 0,08H

10.7.Tpy3uk Ha mpyxuHKe ¢ EcTKOCThIO K = 5 H/M coBepinan BepTuKanbHbIe HE3aTyXamOLIUE KOneOaHuUs ¢
IMKJIMYECKOH 4acToToil M. Korna Ha Tpysuk Hayama JeiicTBOBAThH BEpTHKAIBHO HANpABIEHHAs BHemHsas cuma F = 3k Ek
Focosot ¢ ammmurynoit Fo = 0,084H, Mensitomascs 0 rapMOHAYECKOMY 3aKOHY C LUKJIMYECKOH YaCTOTO! ®, OH CTall 48, 13,
KOJ1€GATHCS OTHOCHTEIBHO MOJIOKEHNS PABHOBECHS ¢ aMIUATYI0H A = 2 cM. Bsiskoe Tpenne otcyrersyer. Haiit Be- §
JIMYKHY OTHOLIEHHUS YacTOT Mg/®. Omsem: 2,5 Focosot

99999099}
90999990

10.8. Hlapuk mMaccel M = 401 Ha mpykuHKe ¢ )ECTKoCcThio K = 4,8 H/M coBepuraeT BepTHKAJIbHBIC KOJIEOAHHS B BSI3KON

JKUJAKOCTH TIOJ ACHCTBHEM BHENIHEH CHITbl FoCOSot, MEHSFOIIENCs 0 TaApMOHUYECKOMY 3aKOHY ¢ IMUKJIMYECKON 9acTOTOH ¥
©, IPAYEM TIPH 9acToTe ® = 1 = 6 ¢ HAGIIOMAeTCS MAKCHMAIBHOE YBEIMUEHHE aMIUTHTYIbl KoeOanmii. Bo CKOIBKO
pa3 HaJl0 YMEHBIIUTb KOY(QOULUHMEHT BA3ZKOCTH XKMAKOCTH, YTOOBI MAKCUMYM aMILIUTY/bl CMELIECHUs MIapuKa Habmogancs |- 3% e
IIPH HOBOM 3HAYCHHH YaCTOTHI BHEIIHE CHIIBL @ = @, = 10¢™? 7
Omeem: B 2,05pa3

11.TlepBoe Hauano TepMoaMHAMUKU. PaboTa uaeanbHOro rasa

Ymobvr pewsums 1106Y10 MEPMOOUHAMULECKYIO 3A0ayy HAOO0 3aNUCAMb U PEUUNb CUCEMY U3 CIEOVIOWUX YPAGHEHU.
Cosem: 1) Vpasnenus cocmosnus; 2) Ypasrenus ecex 3a0aHHbIX NO YCI08UIO PABHOBECHBIX MEPMOOUHAMUUECKUX npoyeccos; 3) Ypas-
HeHue Nepeoeo HAUAId MepMOOUHAMUKU.
JIJ1st UCTIONB3yeMOro TP PEIICHUH 33]]a4 KOHTPOJIBHOW pabOThI UCaIbHOTO ra3a Takas CUCTeMa YPaBHCHHI UMEET BUJI:

pVv = % RT| (ypaBHEHHE COCTOSHHS HACATBHOTO T'a3a);

f (p,V,T) =0 (ypasrenne npouecca); =)

Q=AU + A,,, | (mepBoe HauaI0 TEPMOANHAMHKH).

3nech p — maBnenue, V —o0béM, T —TepMoanHaMuyeckas temieparypa rasa (B K), m—ero macca, | —MonspHas macca,
Q —TemnoTa, noxyyaemas (mpu Q>0) mwiu otnaBaemast (mpu Q<0) razom.

Y m
N3menenue BHYTPEHHEU SHCPIUU UACAJIBHOTO I'a3a ONIPEACIACTCA U3BMCHCHUEM €0 TEMIICPATYPhI AU =——RAT

M2

rje | — Yucio creneHei cBoboasl Moneky raza, R=8,31/x/K Monp - yHMBepcallbHas ra3oBas IMOCTOsHHas. PaboTa miaeaabHOrO

V.
rasa Bbluucisercs 1o gopmyie |A,,, = V2 pdV|. Ona pasnuyHa A7 pa3HBIX Ta30BBIX MPOIECCOB, MOJOKUTEIbHA, €CITH T'a3 PACIIH-
1

psieTcsd, U OTpUIaTeNbHa, €CIU ra3 CXKUMAeTCs.
Ecnu paboma cosepuiaemcs HeuHuMy meiamy Hao 2a3om, mo ona mensem sHax. Ay rason = = Arasa - Credume sa smum

Coeem: JYCO6UEM. Cnedume 3a mem, npurumaem ujiu omoaém 2az menjaomy Q Om 3mo2o 3a8uUcsim 3HAKU GeUYUH 8 YpaeHeHuu I-20
Havauaa mepModuHa_MuKu.

IIpumepvr pewrenus 3a0ay.
11.1.VneanbHsblii ra3 coBepluaeT Mporecc, Ipu KOTOPOM €ro JaBjeHUe pacTéT ¢ U3MEHeHHeM 00bEMa M0 3aKOHY P = av®,

rie o =1400H B12°. O6bém rasa BO3pAcTaeT OT HauanbHOro 3uauenus Vo= 1m° 10 Vo= 2 M. Ilpu 5T0M rasy coomaercs Temora

Q = 292,1x/Ix. HaiiTu npupaiienue BHyTpeHHe# snepruu raza AU (B k/Ix).
Pewenue.
Bsramcnsem pabory rasa. Tak kak V, = 2V, T0

()" -V —u 2’ —1\47 _127

7 7 7
W3 ypaBuenus 1o Hauana TepmoaunHamuku: AU =Q - A, = 266,7x]/1x.

A = \\/’12 pdV= a j\flvlvﬁdv = a \{’ = 25,4k

11.2.Opue MOJB MACATIHFHOTO ra3a COBEPIIAeT MPOLECC, P KOTOPOM ero Temieparypa (B K) nsmensiercs: ¢ m3aMeHEHHEM
. a ..
o0béma 1o 3aKoHy T :EVJM, rne o =100H 54]/4/ Monb , R — yHuBepcanbHas ra3oBasi OCTOSIHHAS, @ 00BEM ra3a yBEeJIMYMBACTCS

ot HayanbHOro 3HadeHns Vo= 1m° gm0 Vo= 163 [pu 3ToM ra3y coobmaercs teriora Q = 700 /x. Haittu npupaiieHue BHyTpeH-
Heii suepruu raza AU (8 JIx).
Pewenue.
V.
é‘\ Ymobw! ebruucaume pabomy 2aza ho gpopmyne A, = .[VZ pdV rado svipazume ece nepemenmvie NOO 3HAKOM UHIME2PALA Ye-
osem. 1
Pe3 00HY nepemMennyio, npedeivl UsMeHeHUst KOMopoul 3a0anbl 8 YCI0GUU 3a0ayu. Mo MONCHO COeNamb, UCNOb3YSL YPAGHEHUE
COCMOsIHUSL U YPAGHEHUe Npoyeccd.
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Hckmrouaem TeMIIEPpATypy T us YpaBHCHUA COCTOAHUA IJIA n]/l.l =1 moug rasa u 3aJaHHOI'0 B YCJIOBUHM ypaBHCHU: IIpOIlEcca,

T:p—V:%VJM. Orcrona HaxoAuM CBA3b p:O(V_3/4. C yuérom V2:24V1 pabora raza mTpH €ro pacUIUpeHHH

R
P RV
1 1 4
1~ =A4q \f/ . VI3 ypaBHeHHs epBOro Havasa TEPMOJUHAMHUKH HaXOAUM

— (V234 =

A =02V Y4av=a
AU =Q~ Ay = Q—4a V¥4 =300 /1.

11.3.OauH MO UICABHOTO Ta3a COBEPIIACT MPOIECC, IPU KOTOPOM €ro JaBICHHE U3MEHSCTCS C POCTOM TEMIICPATYPHI IO
3aKOHY P =0 R3T3, rae R — yHuBepcanbHas ra3oBasi OCTOSTHHAs, O = 10° g2 54_5, a 00bEM Taza yBeIMIMBACTCS OT HAYaIHHOTO
spaverns Vi= 1m° 1o Vo= 16 M°. Ilpu oTom ra3 otgaér temiory Q = 500 Ix. Ha kakyio Bemuunay AU H3MEHHTCS BHYTPEHHSS
9Heprus raza?

Pewenue.
Haxons Temnepartypy u3 ypaBHeHus cocTostaus mis 1 mons raza, T = pV/ R, uckimouaeM e u3 3alaHHOTO B yCJIOBHM yPaBHEHUS

3 -2 - i .

mporecca: p = aRPT3=a EQ p\/) , OTKyma p=0ad V2y=312 yyréwm, uro ras ne noJiy4aer, a oTnaét TemioTy. Torna ypaBHeHHE mep-

BOI'0 Havajia TCPMOAMHAMUKH CICAYCT 3allMCaTh, KaK

_ _ _ V‘1/2_
AU :_|Q|_Ara3a :—|q—d 1/2J'\\//12V ade:_‘Q‘_G Y22 = “2x/lx.

vit?_ -IQ _2[1_1] =-|Q _2(1_1J
T IR B (VRN V) R NIV T
BHyTpeHHsis 2HEeprus OyIeT YMEHBIIATHCS, TAK KaK ra3 OXJIaKIaeTcs.
11.4.OxuH MO MICATHHOTO ra3a COBEPIIACT MPOIeCe, MPH KOTOPOM ero 00bEM YMEHbBINACTCS C POCTOM JIABJICHUS IO 3a-
kony V = O(p_l, rme a=4 KI[)K/ Mouib . HaganeHoe nmaBienme raza Pi;= 25 k[la. Halith BenmnauHy KOHEYHOTO MABJICHHSI TOCIE TOTO,

Kak ra3 otaacT temiory Q = 6 k/Ix.
Pewenue.
Tak Kak B yCIOBHM 33aJjaHa HayallbHAsl BEJIMYMHA JABICHUS T'a3a, a HE ero 00bEMa, TO IPU BEIYUCICHHH PAaOOTHI, COBEpIIac-

Y (of
MOH Ia30M, OpO1IE O] UHTEIPaJIOM OCTaBUTh IIEPEMEHHYIO . IloncraBss dv = d[— = —C(—g , HAXO UM
P p

P2 ¢
Agsa = f pdV=-a f P am (%ij <0 (paboTa oTpHIATEIbHA, IOCKOJIBKY I'a3 CKMMAETCs).
Py
3anaHHbli B ycinoBuM mpouecc PV =0 =CONS! sBIAETCS M30TEPMHYECKUM, T.€. BHYTPEHHSA JHEPIHs ra3a HE MEHsAETCs

(AU = O) , @ ypaBHeHue |-ro Hayana TepPMOJMHAMUKH HMEET BHJ —|Q| = Ay =0 In( P/ Q) . B3siB skcnoHeHTy 0T norapugma,
HOJIy4uM Py = plexp(|Q/O() =112kI]a.

Tpumepul 3a0au KOHMPOTLHOU Pabombl 05k CAMOCHOSIMENbHOU HOO2OMOBKL
11.5.0auH MOb HIEANBHOTO I'a3a COBEPIIAET MPOIECC, IPU KOTOPOM €ro JaBJeHHE YMEHBINACTCS C yBeJIMIeHHEM 00bhEMa
0 3aKOHy P = 0(/ Vo , rme o =6400H |E/113, a 00bEM Ta3za yBeJWYMBACTCS OT HadajabHOTO 3HadcHHs Vi= 1 M 10 Vo= 2 Mo, IIpu

9TOM ra3 otaaéT remiory Q = 7,5kx/x. Ha xakyro Bemmunny AU (B k/I5K) H3MEHUTCS BHYTPEHHSS SHEPTUS ra3a?
Omeem: ymenbmutes Ha 9 xJ{x

11.6.0xauH MOJIb HICANTLHOTO Ta3a COBEPIIACT IPOIECC, MPU KOTOPOM €ro 00BhEM U3MEHSICTCS ¢ U3MCHEHUEM JIABJICHUS IO
3akony V = p4 ,TIe o =6, 2501010 g4 @111, a JIaBJICHUE Ta3a YBEIMYNBACTCS OT Ha4abHOTO 3Ha4YeHus P;= 20011a mo po=
= 400TITa. ITpu aToM ra3y coobmiaercs teruiora Q = 14,26x/[x. Haiitn npupanienne BHyTpeHHe# sHeprun raza AU.
Omeem: 9,3k][Ix
11.6.OauH MOJb MIEATHHOTO ra3a COBEPIIAET MPOIECe, MPH KOTopoM ero temieparypa (B K) usmensercs ¢ u3MeHeHUEM
00BéMa 10 3aK0oHY T = av? , rne a[R=4000H Eq_ll, R — yHuMBepcanbpHas ra30Bas MOCTOSHHAS, @ 00BEM rasa yBEIMIHBACTCS OT
HavabHOro 3Havenns Vi= 1m® 10 Vo= 2 Mm% Kakoe terio (B kJ[k) MOTydaeT IpH 9TOM ra3, €CIIH ero BHYTPEHHsS SHEPIHs BO3PAc-

taeT Ha BenmuuHy AU = 90k JIx?
Omeem:. 105k/]x

11.6.0xun MOJIb UAEATHLHOTO Ta3a COBEPINAET MPOIECC, IPH KOTOpoM ero temieparypa (B K) ymeHbiiaetcst ¢ yBennaeHueM
00BéMa 1o 3akoHy T = O(V_S, roe o [R=8000H B/[lﬁ, R — yHuBepcanbHast ra3oBasi MOCTOSIHHAS, a 00bEM Ta3a yBEIHYHUBACTCS OT

HauanpHoro 3uavenus Vo= 1m° 1o Vo= 2 Mm% Kakyio Tertory (B kJIk) OTAeT IPH 5TOM Ta3, €CIH €r0 BHYTPEHHS YHEPIUs YMEHb-

maetcs Ha Benuunay AU = 23,25k /1x?
Omeem: 21, Tx]JIx
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11.7.0[[I/IH MOJIb UACAJIBHOT'O I'a3a COBECPUIACT NPOLECC, IIPU KOTOPOM €ro TeMIeparypa (B K) HU3MCHACTCA C UBMCHCHUECM

a _ i
JIaBJIeHUS TI0 3aKOHY T = R p4 ,rme a =10 6 Mg/ (H 3@10%) , R — yauBepcanbHas ra3oBas MOCTOSTHHAS, a 00bEM ra3a yBeJIMUNBACT-

¢t OT HavaibHOTro 3Hayenns Vi= 1 M° 10 Vo= 8 m°. Ilpu sToM rasy coobmaercs temiora Q = 5625 . Haiiti npuparienne BHYT-
peHHel aHeprun raza AU.
Omeem: 4,5x]JIx

12. Temmo€MKOCTh TEPMOIMHAMUYECKUX MTPOIECCOB

i . |m oQ
Momnspuaas tennoémkocts C 11000T0 TEPMOAMHAMUYECKOTO Ipoliecca onpenessercs popmyinoi |—C =—=

vl dT

COB WICATLHOTO Ta3a OHA MPUMET BH]T mC = 6—Q = M = —m—i R+p—d C noMomIbIo 3ToH (HOPMYITEI MOKHO BBIYHCITUTD
TR T Y TP A o b Y

KOJIMYECTBO TEIUIOTHI, MPHHUMAEMON WM OTAAaBaeMOW NPH YBETUYEHUH WM YMEHBIICHHH TEMIEPaTypbl OT BEJMYHMHBEI [1 10 Ty

. g mpouec-

_MmT
=— CdT].

Ipouecchl ¢ MOCTOSHHOH TEIIOEMKOCTBIO HA3bIBAIOTCS HOIMTPONMYECKMMHU. YacTHBIM CllydaeM HOIUTPOHNHYECKOrO IIPo-
. [ . i+2 .
necca OyIeT H30XOPHIECKUH (Cv=const= 2 R] WM 1300apHaecKuit (Cp=const= G/ +R= - F\’) npornecc. Ho monurponmaeckuii

MPOIIECC MOXKET UMETH JIFOOYIO MOCTOSIHHYFO TertoéMkocTh C = const.
Ipumepwvl pewenus 3aday:
12.1.Metan CHj,, KOTOpBIH MOYKHO CUMTAThH HACATBHBIM I'a30M, COBEPIIIAET MPOLECC, IPU KOTOPOM €r0 JaBJICHHE BO3pacTacT

C POCTOM TEMITEPATyPHI [0 3aKOHY P = 0(T3, rzae o = const.Haiitu Benuuuny mosspuoit termoémrkoctu C 3Toro mporecca. R =8,31
Jox/K oss.
Pewenue.
Ymobul svruuciumos C, HA00 NOCICO08AMENbHO UCKTIOUAMb HEU3BECIHbIe MEePMOOUHAMUYECKUE NEPEMEHHbLE U3 CUCTIEMbl
Coeem: (X) na cmp.26.

U3 YPaBHCHUA COCTOAHUA UACAIIBHOTO Ira3da U 3aIaHHOIO B YCIIOBHUH YPaBHCHHUSA IPOIECCA MOKHO NUCKITIOYUTH JTaBJIC-

. _mRT_ 3 . ~m R
HHUC rasza. p —*7 =aT". 3T0 TMO3BOJIMT 3allUCaTh YpaBHCHUEC IPOLECCa C MOMOIIBIO APYIrUX mapaMeTpoOB. V —*72 . Beruucius

H HaT

o dv m R m F .. . .

MIPOU3BOTHYIO OT 3TOH QYHKITHH, — = —2——3 =—2——, IOACTaBUM €€ B OIIPENEIECHNAE TETIIOEMKOCTH:

dT HaT Hp
m o) dU+dA mi dvV. mi m
—C :—Q:—:—— R+p—:—— R-2— F.

V] dT dT M2 dT pun 2 V]
Tomuume, yumo 0ns1 memnepamyp, npeonoaacaemvix YCi08UAMU OAHHLIX 3A0ay, YUCIO cmenenel c80600bl 0OHOI

Coesem: MOJIEKYJIbl 2a3a pasHo | = 3 0115 00HOaAMOMHO20 2a3a; | = 5 0ns dsyxamomnozo 2aza; i = 6 0na 2aza ¢ mpems u 6oaviue amo-
MAMU 8 MOJIeKye.

Orcrona C = (IE - 2) R= R=8,31/x/K [@101s , Tak KaK 111 MHOTOATOMHON MOJIEKYJIbI MeTaHa | = 6.

12.2.Bonopo Hy, KOTOpBI MOXHO CUMTATh MEajIbHBIM ra3oM, COBEpLIAET MPOLECC, IPU KOTOPOM €ro TeMieparypa Bo3-

4 o . ..
pacTaceT ¢ pOCTOM AAaBJICHUA 110 3aKOHY T= (C( Ep) , rae o = const.Haiitu BCJIMYMHY MOJISIPHOU TCIUIOEMKOCTH 3TOrO IIpouecca.

R =8,31 /K ok,
Pewenue.
Kak u B 3amaue 12.1, mns HaxoxaeHus TermoéMkoctd C mporecca HaIO HANTH MPOW3BOIHYIO dV/ dT, T.e. ¢ HOMOIIBIO

m T
YpaBHEHUA COCTOAHUA UACAJIIBHOIO ra3a BbIPpa3uTh YpaBHCHUEC IIpoLEcca YCPe3 MCPEMEHHBIC V nu T ﬂJ‘IH — = 1 MOJIA rasa p :7

aBHeHHe coctosiuus) U P=(T/a aBHEHHWE nporiecca). IlpupaBHuBas, HaxomuMm V =d , OTKyJla IPOM3BOAHAS
(vp ) u p=(T/a)™* @p pouecca). Tipup Vv =a*RT¥4, orxyna mp
dv _3_(«a 4 _ i L
Pty R T T MosipHast TEIIOEMKOCTD ABYXaToMHOTO rasa (i=5) 6yier pasHa
p
c O _du+sA_i_ pdv_5_ 3 _ 13
dT dT 2 aT 2 4

= R+= R:—4 R=27,0 JIx/K B1oms .

12.3. Tpu MoJisi UIeadbHOTO ra3a COBEPLIAIOT MOJIUTPONUYECKHMA MPOIECC, MOJISPHAS TEMJIOEMKOCTh KOTOPOTO B YEThIPE
pa3a 0oJIbIie MOJIIPHON TETIOEMKOCTH 3TOTO Ta3a MpH MOCTOSHHOM naBieHun. Eciu ra3 otmact 99,7k/k Tema, To €ro TepMoIu-
HaMU4YecKasi TeMIlepaTypa YMEHBIIUTCS B Ba pa3a. OnpeienTh YUCIO0 CTeneHel cBo0oapl MoJieKy T ra3a. HadanbHas TeMmeparypa
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raza t°C = 227C. R =8,31 Ix/K Mions.
Pewenue.
i+2
ITo ycioBHMIO MOJISIpHAsT TEILIOEMKOCTh mporecca C = 4CIO = 47 R. TIpu MOCTOSIHHOM TEMIOEMKOCTH TpoIecca Koaude-

CTBO TEIUIOTHI, OTAAHHOE MY/l =3 MOISIMH ra3a IpH yMEHbIIEHHH TEMIIEPATyphl OT 3HaueHust T=1= 227+273=500K 1o 3naueHus

T,=T/2, Gyzner paBHO |Q| = ‘SJ{Z CdT‘ = SC( T—%) =3( i+ 2) RT, otkyna | =%— 2=6.

12.4.0Onun monb kuciopona Oy, KOTOPBII MOKHO CUMTATh MAEAIBHBIM ra30M, COBEPILAET IPOLECC, IIPH KOTOPOM MOJISIpHAst
.. . 8
TEIIOEMKOCTh MEHsIeTCs C TeMIepaTypoi rasa no 3akony C =G, (T/ TO) ,rae Tp = 250K — navanpHas Tremnepatypa rasa, Co = 8,31

Jx/K ions,. Kakyro paboTy coBepiuut ras, Harpesasich 10 tremneparypsl T = 500K? R =8,31 /K MioJb.

Pewenue.
T2=2T0 T2=2T0 2T 9 _ Tg

Harpesasics, M/l =1 moub rasa nomyuaer temiory Q = J' CdT= C—g f TdT= % (0)—0 = Sl G 7.
T1:T0 TO T]_: TO TO 9 9

CornacHO IepBOMY Hauyally TEpPMOJMHAMHKU COBEpLIEHHAss UM paboTa Oyzner paBHa A= Q-—-AU, rae n3MeHeHne BHyTpeHHEH dHep-
511 5

) [ 5
TUH OJJHOTO MOJIst AByxaTtoMHoro (i=5) raza pasao AU = 3 R(T2 - Tl) = > Rp. Orcrona A= [? G _E Rj To=112,8xx.
Tpumepwt 3a0a1 KOHMPOTLHOU PAOOMbL 051 CAMOCTNOSMETLHOU HOO2OMOBKIL.
12.5.Kucnopoza O,, KOTOPbI MOXHO CUNTATh HACATBHBIM I'a30M, COBEpIIAET MIPOIECC, IPH KOTOPOM €ro 00bhEM BO3pacTaeT

C POCTOM TEMITIEPATYPHI 110 3aKoHy V = aT? , T2Ie 0. = cCONStHalTu BeIMUMHY MOJIAPHON TEMIOEMKOCTH 3TOIO MPOLECca.
R =8,31]1/K Mhos. Omeem: 54,0 1x/Knhons

12.6.Meran CH,, KOTOpBIH MOXHO CUNTATh HJI€aJIbHBIM I'a30M, COBEpIIAET MPOLECC, IIPH KOTOPOM €ro 00bEM yMEHBIIAETCs

C POCTOM TEMITIEPATYPHI 110 3aKoHy V = O T2 , T 0. = constHaliTi BenM4nuHy MOJSPHOMN TEIIOEMKOCTH DTOTO MPOLIECCA.
R =8,31]1/K Mios. Omeem: 8,31 J]x/Knons

12.7.A30T Ny, KOTOPBIN MOXKHO CUMTATh UIEATLHBIM Ta30M, COBEPIIAET MPOLIECC, IPU KOTOPOM €r0 JABIEHHE YMEHBIIAETCS
C POCTOM TEMIIEPATYPHI TI0 3aKOHY P = aT™, rae o = constHaiiu BEJIMYKMHY MOJIIPHOM TEIIOEMKOCTH 3TOTO IPOLECCa.
R =8,31]1/K hhos. Omeem: 62,3 JIx/K hions

12.8. AMmuak NHas, KOTOpBI MOKHO CUMTaTh WICATBLHBIM T'a30M, COBEPIIAET MPOLECC, MPH KOTOPOM €ro TeMIieparypa
YMEHBIIAETCS ¢ POCTOM JaBJICHHUSA 110 3aKOHY T = (O( Ep) 4 , Te o = constHaiTi BeIMUUHY MOJIIPHOM TEMIOEMKOCTH STOTO TPOIIEC-
ca. R=8,31 /K ok, Omeem: 35,3 /K hons

12.9.Tenuit He, KOTOpBI MOXKHO CUMTATh HACATBHBIM Ta30M, COBEPIIACT IMOJIUTPONMYCCKHI MPOLIECC, MOJISIPHAS TEILIOEM-
KOCTh KOTOPOTO B TPH pa3za MEHbIIIE MOJSIPHOH TEINIOEMKOCTH 3TOTO ra3a IMpH IIOCTOSTHHOM naBieHnd. OtaaBas 3 k/[x Tera, ra3z ox-
naxaaercs oT remnepatypsl 27°C  no temmeparypel -27°C. OnpenennTs KOIMYIECTBO reus (B MOISX). YHUBEpCaIbHas Ta30Bas Mo-
croaaHas R =8,31/Ix/K Mons. Omeem: 8,02mois

12.10.0xun monp yriaekucioro raza CO,, KOTOPBIH MOKHO CYMTATh MACAIBLHBIM, COBEPIIACT MIPOIECC, IPH KOTOPOM MO-
.. . 3
TpHas TETIOEMKOCTh MEHSIETCS C TeMIIepaTypoii rasa no 3akony C = G (T/ TO) , Te To = 300K — HauanbpHas TeMreparypa rasa, Cq

= 8,31 ]1x/K o, Kakyro paboTy cOBEPIINT ra3, HarpeBasch 10 temiepatypbl T = 600K? R =8,31 /K hiois.
Omesem: 1,87x]Ix

12.11. [1atp MoJIeH MIEabHOTO ra3a, COBEPIIAIOT MOJUTPONUYECKHUN MHpolecc ¢ MoispHou TeroéMkocteio C = 49,86
Jx/K tosib, mpyu KOTOPOM TEPMOAUHAMUYECKAs TEMIIEPATYPa I'a3a YMEHBIIAETCS B JIBA Pa3a, a ra3 CKUMAETCS, M Hall HUM COBEpIla-
10T paboty A = 37,4k]/. OnpenenuTs YUCI0 CTENEeHeH CBOOOABI MOJIeKyJ ra3a. HavanbHast TemnepaTypa rasa
t°C = 127C, ynusepcanbHas rasosas nocrosanas R =8,31[x/K hhons.
Omesem: 3

13. VI3MeHeHne SHTPONMH TEPMOJUHAMUYECKONU CHCTEMBI

Eciu mporcXomuT paBHOBECHBIH TIPOIIECC, IPH KOTOPOM TEPMOJHHAMUYECKAsA CHCTEMa TosrydaeT (0TaaéT) KOJIMIECTBO Tell-

notel 8Q , TO €€ SHTpONHs u3MeHseTCs Ha Benmuuny |dS=38 Q) T].

%‘ He nymaiime xoneunyro mennoémkocms cucmemvl C=5Q/ dT u beckoneuno manoe npupawenue eé >wmponuu
Cogem: q5=§ Q/ T.

KonunuectBo TCILIIOTHI, HpHHHMaeMOﬁ nin OTﬂaBaeMOﬁ pyu yBEJINYCHUU WIN YMEHBUICHUU TEMIICpATypbl OT BEJIU-

.. T
YUHBI T1 10 T2, MOXKHO BBIPa3uTh Yepe3 npupaileHue e€ surponun |Q = -[Tz TdS.
1
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Haobopot, n3MeHeHue SHTPOINH CHCTEMBI BBIpakaeTcd kak |AS=S - $= f— . HampumMep, u3MeHEHHE 3HTPOIMH

nacaJlbHOIo rada MOXHO HalTH ¢ IIOMOIIBIO IIEPBOr0 Hayajaa TCPMOAUHAMUKM:

T \7 ;
AS= deT”’A mle d?T+j ?p dV:—mEI F{n[sz Fm[VZJ
T M T Vl_HR H h H M
sl

Ipumepwvl pewenus 3aday:
13.1. HeuzeanbHas TepMOAMHAMHYECKAsl CHCTEMa, CKUMAsCh, HarpeBaetrcs ao temmeparypsl 17 = 480K, cosepias mpo-

. . 3
1ecc, IpH KOTOPOM €€ SHTPOIHSI H3MEHSETCS ¢ TeMIIepaTypoi 1Mo 3akoHy S= § [ﬂ 7 '5) , TIe

S = 1000x/K, To = 240K — HavyanpHas TeMieparypa cucTeMbl. HallTi BeTMYHHY M3MECHEHHUs BHYTPEHHEH YHEPTUH CUCTEMBI, €CIIH
BHEIITHHE CHJIBI COBEpIIAIOT Haj Hell paboty 4 = 100x/[x.

Pewenue.
CHavaJia HaxoJIuM TCIUIOTY, HOI‘J'IOHleHHyIO CHUCTEMOM IIpY HarpCBaHUU:
Tl—2T0 oT
| Tds-ij T dF = _3%° j P dT=3% (@) - 7o' =458 To/ 4= 270k /L.
To T 7y =3t 16 T, To 4

V3MeHeHHe BHYTpEHHEI SHEpriy HaXOAUM C IIOMOIIBIO TepBoro Hayana TepMoguHaMuk: Q =AU + A rove =AU = Aopenm cun
(BenmuuHa paGOTHI BHELIHUX CHJI BOMAET B 3TO ypaBHEHHE ¢ oTpuuareabHbiM 3HakoM). Otciona AU = Q+ Ayyemcun = 370k,
13.2. TepmoauHaMudecKas CUCTEMa COBEPILIAET IIPOLECC, IPU KOTOPOM BEIUUYUHA €€ TEIII0EMKOCTH YObIBA€T C POCTOM TEM-

neparypsl T 10 3akony C = Cy4/To/ T, rae Co = 1001x/K, To = 200K — HauasnbHas Temneparypa cucteMbl. Ha kakyio Benmuuuy

YBEJIMYHUTCS SHTPOIIMU CUCTEMBI IIPH BO3pacTaHuu e€ temmeparypsl 1o 11 = 400K?

Pewenue.
) 3Q Q
CpaBHI/IBaﬂ TCPMOJANHAMHNYCCKUE ONPECACTICHUSA MPUPAICHUSA SHTPOIIUU U TCIIJIOCMKOCTH dS=—u C :E , HCKJIFOYacM
CdT
u3 otux Qopmyn Ttemiory O0Q: dS—?. [ToaToMy mpHpalieHne OSHTPONMU CHUCTEMBl TPH HarpeBaHWu OyaeT paBHO
Tl 2Ty 2TocdT 2-|- V2 _ =12 1
[ ds= [ == cofj T¥247= cofuzzco 1-—— | =58,6Ix/K.
= i -1/2 V2

13.3./IBa mous renus He, KoTopbIii MOXKHO CUHUTATh HICATLHBIM I'a30M, COBEPIIAIOT HOJIUTPOIHYSCKUI POLECC, MOJISpHAs
TEIUIOEMKOCTh KOTOPOTO B TPH pa3a OO0JIbIIIe MOJIIPHOM TEIUIOEMKOCTH 3TOTO ra3a Mpu NOCTOSIHHOM 00bEMe. Haiitn npupamenue sH-
TPOIUH ra3a, eclii ero Temmeparypa T Bo3pactaeT B 4eTbipe pasa. R = 8,31 1x/K Mioss.

Pewenue.

.. i 9

MousipHas TEILIOEMKOCTb 3a[JaHHOIO B yCIOBUH HOJIUTPONUYECKOro mpouecca nocrosHHa u pasia C=3G, = 35 R:E R,

TaK KaK MOJIEKYJIbI OJJHOATOMHOI'O TeJIUsI UMEIOT | = 3 cTeneHu CBOOOIbI.
B cnyuae nonumponuueckux npoyeccog usmeneHue 3HMponul UOedibHo20 2a3a NPowe 8bIYUCTUMb, sbipadicas meniomy 0Q ¢

Coeem; T
NOMOWBIO NOCMOAHHOU MOJAPHOU Mmenaoémxocmu npoyecca. 0Q =— CdT Toeoa AS= I GQ m —C dT mCln (hj .
H L T Ll
y _ y _*0sq _“omcdT _ _
B mamHoii 3anage wust My =2 Moneii rasa AS= | Eabl Breabt RJ’ =9RIn4§-In §)= 9 Rn4=103,71x/K.
H
To To

13.4. Yetbipe Mo Bojopoaa Hp, KOTOpBI MOXKHO CUMTATh WACATBHBIM ra30M, COBEPIIAOT MOJIHTPOIHYSCKUI Tpoliecc,
MOJISIpHAs TEILIOEMKOCTh KOTOPOT'O B JIBa pa3a 00JIbIle MOJSIPHON TETUIOEMKOCTH 3TOTO T'a3a MPH MOCTOSHHOM JaBicHuU. HavansHas
Temrieparypa raza To = 300K. HaliTi koHEUHYIO TeMItepaTypy 3TOro Tra3a Mociie TOTo, Kak ero YHTPOIHUSI YMEHBIIUTCS HA BEINIHHY
AS = 100/Ix/K. R=8,311:x/KMons.

Pewenue.
. i+2
MousipHast TeMIOEMKOCTh JaHHOTO MosmTponnyeckoro npouecca papia C =2C, = 2—— R= 7R (monexybl gByxaTomMHO-
ro raza uMerT i = 5 creneneii cBo6oabl). Kak u B npeapiyieii 3a1ade, HaX0uM M3MeHEHHE dHTporuu MY =4 Moeil rasa no
d)opMyne

m CdT ;dT_ T
AS= J ds= J —— =28 F{ — =28 An — - | [Ipy yMeHbIIEHUN SHTPOIIMHM TEMIEepaTypa CUCTEMbl yMEHbIIAETCS (T < TO) .
0

To To
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YUTO0OBI BEIYHUCINTE T, IMpUpaBHUBACM SKCIIOHCHTLI OT 00eux vacrei MOJIy4YCHHOT'O paBCHCTBA!

-|A -|A
exp Inl El=ex | SI ,otkyna T =Tyexp | SI =195,2K.
To) To 28R 28R

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMETLHOU HOO2OMOBKIL.
13.5.HeuneanbHast TepMOJMHAMUYECKAST CUCTEMA COBEPIIACT MPOLECC, TPU KOTOPOM €€ SHTPOMHUs YOBIBACT C POCTOM TEM-

IepaTypsl 1Mo 3aKOHy S = %[ﬂ 7 '5)_5, rae S = 100x/K, To = 320K — HavasnbHas Temieparypa cucreMsl. Kakyro paboTy coBep-

LIaT HaJl CUCTEMOW BHELIHWE CWJIBI, €CJIM OHa HarpBaeTcsi 10 Ttemmeparypsl 11 = 640K, a e€ BHyTpeHHsIs1 SHEprus Bo3pacTaeT Mpu

stom Ha Benmuuny AU = 22 5k]x?
Omeem: 60 xJIx

13.6. TepmoanHaMuueckas CUCTEMa COBEPILAET MTPOLIECC, IPH KOTOPOM €€ TeIJIOEMKOCTb BO3PacTaeT C POCTOM TeMIlepary-
7
pel T mo 3akony C =G, I:QT/ 'Ib) ,rae Co = 10 Ax/K, Tp = 250K — HauanbHas TeMiiepatypa cucTeMbl. Ha Kakyro BeTHYHHY yBEIH-
YUTCSI SHTPOITUST CUCTEMBI TIPU BO3pacTaHuu e€ TemrepaTypsl 10 T, = S00K?
Omeem: na 181,4]1x/K
13.7.TepMoguHaMU4eCcKasi CHCTEMA COBEPIIIAET MPOIECC, IIPH KOTOPOM €€ TeIIOEMKOCTh YOBIBACT C POCTOM TeMIepaTyphl T
2
o 3akony C =G [@TO / T) , rme Cop = 100 1x/K, To = 300K — HavyanpHas Temmeparypa cucteMbl. Ha Kakyro BEJIHYHHY H3MEHUTCS
SHTPOIHS CUCTEMBI IIPH BO3PACTAaHUH €& TeMIIEpaTyphl B YeTHIpe pa3a?
Omeem: yBenuuutcs Ha 46,9 Ix/K

13.8. Isa mouxs yriekucioro raza CO,, KOTOPBI MOXKHO CUHTATh WACAJBHBIM I'a30M, COBEPINAIOT MOIUTPOIIMYECKHI MPO-
1IecC, MOJISIpHAs TEIUIOEMKOCTh KOTOPOTO B YETHIpe pa3a OoJbIIe MOJSPHON TEINIOEMKOCTH JTOrO ra3a IPH IIOCTOSHHOM JaBICHHH.
HaiiTu npupallieHue SHTPOIHH ra3a, ecii ero Temmneparypa T Bo3pacraeT B aBa pasa? R =8,31/[x/Khiosns.

Omeem: 184,3]1x/K

13.9. 1Ba moust a3ota Np, KOTOPBI MOXKHO CUMTATh HJCAJIbHBIM I'd30M, COBEPILAIOT MOJUTPOINMIECKUI MpoLiece, MOJIIpHas
TETIOEMKOCTh KOTOPOTO B IIECTh Pa3 MEHbIIIE MOJSIPHOM TEIUIOEMKOCTH 3TOTO ras3a MpH MOCTOsSsHHOM 00béMe. HauanbHas Temiepa-
Typa raza Tg = 200K. Haiitn koHEeUHYIO TEMIIEpAaTypy 3TOTO Ta3a IOCNie TOro, KaK ero dHTPOMUsS Bo3pacTET Ha BennduHy AS = 10
Jx/K. R =8,31]x/KMos. Omeem: 847 ,6K

13.10.1Iects MoOJICH HMaCATBLHOIO ra3a COBEPIIAOT MOJMTPOIMMYCSCKHIA MPOIECC, MOJSPHAS TEINIOEMKOCTh KOTOPOTO B BO-
CeMb pa3 MEHbIIIC MOJIIPHON TEIUTOEMKOCTH TOTO ra3a MpH IMOCTOSHHOM JaBiieHuH. ['a3 HarpeBaeTcs oT Temnepatypsl 1o = 300K mo
temrepaTypsl T; = 600K, npudem ero surponus BospacraeT Ha AS = 15,1J[x/K. Haiitu ymciio creneHeil cBOGOABI MOJIEKYI 3TOTO
raza. R =8,31/x/KMons. Omeem: 5

14. KII /I qukIn4ecKux npoLeccoB B TEPMOJAMHAMUKE

Bemmaunra KIIJI nukimugeckoro mporecca B TEPMOJUHAMHKE ompeenseTcs GopMyion |N =MDOO% , TIe
H

QH — BCJIIMYHHA TCIIJIOTHI, HOHy‘IeHHOﬁ oT “HarpeBaTena" 3a BCE BpEMsd 1UKJIA, a QX — KOJIMYCCTBO TCILJIOTHI, OTJaHHOC

“xonoauiabHUKY” 3a BpeMs nukia (puc.1.32).Bxogsmiye B 3Ty GOpMyITy BEIUYHUHBI TODKHBI OBITh MOJI0KUATEIbHBIMH. Puc.1.32

Hawubosee mpocTo TEIIoTy MOXKHO OMPEACIUTh Yepe3 u3MeHeHue dHTponuu: (Q = f sz TdS. [TosToMy HHKIIHYECKHE TIPOITEC-

CBl y100HO n300pakaTh Ha auarpamme “remmeparypa-sarponus’ (puc.1.32),rae unrerpan Q = JTdS paBeH IUIOMAAN TOJT KPUBOH
nporecca T = T( S) . Terutora mocrynaer, eciu saTporus S pactér (dS> 0)u otmaéres, eciu Symensinaercs (dS< 0). Ha puc.1.32

3aIITPUXOBAHA IUIOINAIb HOJ BEpXHEIl KpHBOH mpoliecca, P KOTOPOoM SpacTér, paBHas ony4eHHoi Temtore Q).

Creoume 3a nanpaenenuem yukauyeckozo npoyecca! Ipamoit mepmoounamuueckuii yuki Ha ouazpamme COCMOAHUSL COOM-
Cosem: 6emcmayem 00x00y nemau yuxkia no uacogou cmpenke (puc.1.32).Ilpu smom cucmema, coeepuiaiowass YUk, nPOU3EoOUm 3a
ooun yurn pabomy Ay, = Qq — Q, pasuyio niowaou nemmu yuxna na ouazpamme cocmosnus (puc.1.32). KT/ yuxna mooic-

HKJIa
HO 3anucamuv Kax N = Al— (1009 .
H

B ciyuyae o6paTHoro nukia (06Xoa IPOMCXOAUT IPOTHB YacoBo# cTpenky, puc.1.33).Buemnue cunsl co- 47 40
BEPIIAIOT HAJl CUCTEMOIT 32 OMH UK padoty A,,., (Takke paBHyIo 3amTpuxoBanHoil Ha puc.1.33momanu net- a : y
ﬂ S BHEIT

I IMKJA), 338 CYET KOTOPOH y “XoJjommibHuKa” 3a0upaercs Temrora Q. , a “HarpeBareliro” OTHAETCS TEILIOTA

X !

O
QH = Qx + AﬁHem . )i’I/IC.l.3E



Ipumepwvl pewsenus 3aday.

14.1.Ha nuarpamme T-S(remneparypa-sutponus), rae 73= 300K, 7,= 400K, Ts= 500K, S= 5 [Ix/K, T3|T A) yat
S= 10 Ix/K, u300pakeHsl ABa HUKINYECKUX TPOLIEcca, COBepmaeme WleanbHBIM razoM. Bo ckombko pas KIIJT 12 b’ 7]
npasoro nporecca ng 6oxpme KI1J] neBoro npouecca ny? e is
P Sl SZ Sl SZ
euleHue.

SZTdS paBHA IUIOMIATM TPAMEUUH II0J BEPXHEH MpsSMOM IMKIA!

Is

Jus neBoro umkia (A) moxydeHHas Temiota Qy =

+ +
Q= T3+ Ty T2 (Sz 3) a OTJaHHas TeIJOoTa paBHA IJIOMIATU TPamelUy IOJ HIDKHEH mpaMoil muxna: Q, = -T2 Tl(Sz 3) Bepru-
KaJlbHas IpsAMas COOTBETCTBYET aanabaTHYeCKOMy Ipoleccy S= § =cConsl, cosepmaemomy 6e3 nepenaun teruia. I[loatomy KITJ
- T3+ T)—(To+ T,
nwmommmnAszﬁkﬂm%:(3 2)=(T2* ) (1000 3= T2 (13009,
Qu (Ts+T2) T3+ T
T3—T N _Ts+Tp _

[100%. Mckomoe oTHOLIEHHE
T3 na T3
14.2 VneansHblil Ta3 coBepiaet muknndeckuii mpomece ¢ KITA n = 50 %, u3obpaxkeHHbIid Ha auarpamme 1-S
(temnepatypa-suTponus), rae To= 300K, Tz= 700K, S= 4 Ix/K,
S= 8 1x/K. Onpeaenuts Temmeparypy 7.
Pewenue.
INony4yennas oT HarpeBaTens 3a LMK TemioTa Q, M OTAaHHAs XONOAMNBHUKY Temnora Q, Ha nuarpamme T-S

T3+T2(

ITpassrit nukin (B) sBisiercs nukiaoM KapHo, st kotoporo Ng ==

S S

PaBHBI, COOTBETCTBEHHO, IUIOLIAAM Tpaleluil o BepxHel mpamoil nuxia Q, = S - §) U TOJ HIDKHEH MpsIMOM ITMKIIA

+ f—
Q=12 T1(s,2 $) . Mooy KT =2~ 100%= 13" (100%= 509. Orciona T, =312 = 200K.
Qu T3+ Tp 2
14.3.Boruucauts B % KIIJ[ 1iukianyeckoro mporecca UaeaibHOro ra3a, u300paxkeHHOro Ha quarpamme S-T (9H- S
Tponusi- Temreparypa), rae 71= 300K, To= 450K, S= 10/x/K, S= 20 Ix/K, S;= 30 /K. §3IQ
Pewenue S?
Hanpaesnenue obxooa npomue uacoeoii cmpenxu Ha ouazpamme S-T,npugedeHHol 6 ycio8uu 3a0aiu, Ce5A3aHO C T 7"2

Cosem: ' HenpasuibHoiM" 8b100pom oceli koopounam. Taxue ouazpammel HAO0O nepepucosamsv auarocuyno puc.1.32 &
ocax T-S* memnepamypa-sumponus’.

Ioayuum auarpammy mnpsmoro nukia (puc.l1.34).Iliomans mo BepXHEH TOPU30OHTAIBHOM JTHHUEN H30TEPMHU-

YeCKOTr'o IIpoliecca paBHa TEILTy, NOIy4YeHHOMY OT “HarpeBartens’: Q, = J.%TdS— 'E( 9- § . Ilmomanes TpeyroybHOM

S %8s
NETJIM LMK paBHa paboTe 3a UMK Ay, = (T2 - Tl) $- §) / 2 . INosromy KIIJ] nukna P11/IC '21'3 Y
To-T

H 2T2

n= Awiera [100%= L} [(100%= 16,67%.
Q

S 14.4. NneansHbiii Ta3 coBeprraet nukandeckuit mporecc ¢ KIT n = 40 %, uzoOpaxeHHbIN Ha guarpamme S-T
Sy & (suTpOTIHS- TEMTEpaTypa), Tae T1= 350K, T»= 500K, S;= 3 [Ix/K, S;= 6 Iix/K. Onpenenuts Temmepatypy 7s.
Sip—T Pewenue.

hhh Kak u B mpenpiayieii 3agade, Hao IePeprUCcOBaTh JHarpaMMy OpsIMOTO IHHKIIA B 0csix T-S(Temmeparypa-
suTtponus) (puc.1.35).Ha 3toMm prcyHKe TeroTa, MoJdydeHHas OT “HarpeBatesst’, paBHA IUIOMAIH TPAMELMHU IO BepX-
E+B(

Hel mpsiMoit Q, = S - §), a TemIoTa, OTAAHHAs “XONOMMIBHHKY" — IUIOI[AJM IO HIDKHEH IOPU30HTAIbHOI

55,
n="% nggge=  Prc.1.35

npsamoit  msorepmuueckoro mpouecca Q=T (S-§). U3 onpemenenus  KIIJ
H

10
=T 12~ 2T 11 0004= 400 maxomum Ta = —T; - T, = 666, 7K.
T3+ T, 3
Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMETLHOU HOO2OMOBKIL.

14.5. U neanbHblii Ta3 coBepmaeT mukandeckuit mporecc ¢ KITJI n = 20 %, u3o0pakeHHbIN Ha quarpamme T-S T

(remmepatypa-surponus), rae T1= 250K, S;= 2 [Ix/K, S= 4 [Ix/K, S5= 6 /K. Onpenenuts Temmeparypy To. L 2
Omeem: 375K he—=S
S1 82 8
T A T B 14.6.Ha guarpamme T-S rae 7= 200K, T»>= 500K, S;= 2 [Ix/K, S;= 4 Ix/K, S= 6 Ix/K, uzo-
Dy by

OpakeHBI JBa IMKIMYECKHUX TIPOIEcca, COBEpPIIAeMbIX HIEaTbHBIM Ta3oM. Haittu pazHocTth Mp-ma KIIJI
L_/ ST L(-J § TIPaBoro u JeBoro mpoueccos (B %).
S Sz S3 S S5 Omeem: NgMa = 15%

h




14.7 . VineanpHbIi Ta3 coBepmaeT mukindeckuit nporecc ¢ KITA n = 50 %, nzoOpaxeHHbIH Ha quarpamme T-S T
rae Ty= = 400K, T»,= 600K, S= 2 JIx/K, S;= 4 JIx/K. Onpenenuts temreparypy 7s. ; )
Omeem: 1000K 7 BS
1 ' ]

S 14.8 .U neanbHelii ra3 copepiuaeT nukiaundeckuii npouecc ¢ KITJ n = 30 %, n3o0paxeHHBII HA AHArpaMME S1 S,
S, i S-T(auTponusi- remmeparypa), tae 7>= 600K, 73= 800K, S;= 3 Ix/K, S= 6 [Ix/K. Onpenenuts remneparypy 7;.
ST Omeem: 380K

hLh 14.9.Ha guarpamme S-T (3uTpomus- temnepatypa), rae 7;= 300K, 7= 400K, S= 4 Ix/K,
S= 6 JIx/K, S;= 8 JIx/K u3o0pakeHsI JBa MUKIMUECKMX MPOLECCA, COBEPIIAEMBIX HueanbHbIM razom. Haiitu  S3f
pasHocTb N-Na KIIJl mpaBoro u neoro npoueccos (B %). Omeem: np-Na = 5% gf

1T

15. Pacnpenenenune MakcBemia

B COCyA€ HaxXoIATCs N OAWHAKOBBIX MOJICKYJI UACAJIbHOI'O ra3a. Yucno MOJICKYJI I'a3a, UMCIOINX BCJINYNHDBL CKOpOCTeﬁ V B UH-

Vo 3/2 2
m nmv
TepBasie Vi <V<V,paBao [AN=N| f (v)dv|,rme |f,6 = expl ——— | 4mA| — HKIUS pacipenesicHnss MakcBen-
pBajie Vy 2P [ fu(v) M (ZT'kBT] 2T (ymxus pacrp

Vi

JIa 10 BeJMYMHAM CKOPOCTEii.
3mece M — macca OQHOM Monekynsl, 1 — temmeparypa rasza (B K), kg = R/ Nagoragpo =1 3801023 /K - nocrosuas

Bonbumana. Bemuunny AN/N  HasbiBaroT 1oneil Mojekysn rasa co cKOpOCTSMH Vi<V <V,. OHa ke OyIeT BEPOATHOCTHIO

V2
P= I fu (V) dv| TOro, 4TO MOJIEKYJIBI HMEIOT BEIMYUHBI CKOPOCTEil B HHTEepBale Vi <V <V,.
Vi

T'a3 XapaKTepu3yioT TPEeMs XapaKTEPHEIMH CKOPOCTSMH, TIOKA3AHHBIMHU Ha rpaduKe hyHKUHM pacnpese- 4 7 (y)
nenns Makcgemna (puc.1.36): M

Haubonee BeposATHOI cKOpocTbio V, =4/2kgT/ M obnagaer nanGonswas gons AN/N momekyn rasa

Vg. OHa COOTBETCTBYET MaKCUMyMY (DYHKIUH pactpenenenus Makcgeia (puc.1.36).
CpelnHsis  CKOPOCTh MOJIEKYJ Ta3za (cpeanss apudMeTHdeckas) BBIYHCIAETCA IO  (GOpMyJie

(v) = (BT /rm.

CpenHsas KBapaTU4HAs CKOPOCTb MOJEKYN Vi, = <V2> =,/3kgT/M COOTBETCTBYET MOJIEKYIIE CO CPEHEl KNHETHIECKOH

Vg (V) Vs
Puc.1.3¢€

2
o mv .
SHEpPruel MocTynaTenbHOro ,I[BI/I)KCHI/IH<EKMHHOCT> =—& | Cpenmssist KHHETHUYECKAsT SHEPTHSA MOJIEKYIIBI C YHCIOM CTEIIeHeH cBO6O-
. . i
bl |, coBepIIaloIeil Kak MOCTynaTeabHOE, TaK U BpalllaTelIbHOE IBHKECHHUE, PaBHA (E) = 5 kg T|.
. kg _ R _R
Cosem:  dmobbl He uckamv 6 3a0ayax maccy 00HOU MONEKYIbl 2a3d, YOOOHee UCNONIb308AMb CE:A3b — = ——————— = — , I Gblpa-
m mNABoraL[po

aHcamsv 3ANUCAHHbLE d)OpMyﬂbl uepes YHUBEpCalbHyl0 ca306yl0 NOCMOAHHYIO R U U36ECMHYI0 MOJIAIDHYIO Maccy 2casa H:
3/2 2
fM:L ex —& 4;'[\/2 vV, = E; <V>: E; Vg = E
2TRT 2RT V] ! 11

Ipumepwl pewenus 3aday:
15.1. Ammuak NHz, KOTOpBIi MOXHO CYMTATh HAEAIBHBIM Ta30M C MOJISIPHOM Maccoit p=17 r/Mojb, HMEET TEMIIEPATYPY
27°C. Haiiti BeposTHOCTE (B %) TOTO, YTO MOJICKYIIBI 3TOT0 Ta3a MMEIOT BEIMYHMHBI CKOPOCTeil B MHTEpBase Vq <V < Vq+AV, rae

V1 — CpeHsist CKOPOCTh MOJIeKyJI ra3a, a Av = 0,1m/c. Yausepcanbhas razosas nmocrosiaas R = 8,31 /K -moJib.

Pewenue.
Vi +Av
Hckomast BEpOSATHOCTD WIIH J0JIS MOJICKYJI, 008 Jaf0IMX YKa3aHHBIMH CKOPOCTSMH, paBHa P = f fu (v) av.
Vi
Ecnu unmepean usmenenus ckopocmeii AV mMan, mo MOJNCHO CHUMAMb, YMO SMOM UHMe2pall, NPax- £0)
: o« o o« M
Cosem: 1 yuecku pasen niowaou 3aumpuxo68aHHol y3koll Norocku noo kpueoi f, (V) Ha puc.1.37:
vi+Av 3/2 2
V i
P= | f(V)dv=f,(v))Bv=| =] exp -EL |4r@mv. :
2TIRT 2RT ‘ _
Vi Puc.1.37%

IMoxcTasiss cro/ia BEJIMYMHY CPEJIHEH CKOpOCTU Vq = <V> = /8RT/TU u yuutsiBas, uto T =27+273 = 30K, nonyunm
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3/2
P:(Lj exd -~ BRT) 4 8RT 5 =10 /L ex;E—f)mv:=l,485]04 wii 0,01485 %.
2TRT 2RT M ) m\ 2nRT T

15.2.0mpenenute BeNUYNHY MOJISIPHOW MacChl HIEaJIbHOTIO Ta3a, €CIIM U3BECTHO, uTo NpH Temrepatype T = 600K B kaxmom
MOJIE ATOTO Ta3a BEUIHMHBI CKOpoCcTel OT Vi 1o Vi + AV umeroT AN = 107° MOJICKYJI. 3/1ech V; — BeIMUHWHA CpEAHEH KBaJApaTHIHOMN

CKOPOCTH MOJIeKy rasa; Av = 0,1m/c ; R= 8,31Ix/K-Momb; Nagorampo = 6,02310% moms ™.

Pewenue.
Kak u B npenpiynieit 3aade, mpy MaJoM HHTEpBajie CKOpocTeil AV MOKHO 3anucaTh
3/2 2
AN _(_H HV] - -y =
N = f, (Vl) [Av = (ﬁj exp| ToRT 41'[\/12 [Av. Tak xak B KaxaoMm Moise raza N=Nagorampo, TO, MOACTABUB Vi =V, =
3/2
= E , IMeeM AN =( H J exp - E?ﬂ— 4;13—RTm v= ﬂ ex;{—ig) [Av, OTKyna
M Nagoragpo  \ 2TRT 2RT M TRT 2
2
~TRT[_AN exp( 3 = 48,18r/mos.
2 (AW,

15.3.Tenuif, KOTOPBI SBJISETCS HACAIBHBIM ra30M ¢ MOJIIPHON Maccoil 1=4 r/MoJIb, HAXOIUTCS B 3aKPBITOM COCYJIE C 00BE-

moM V = 30 surpoB. Haiitu naBieHue rasa, eciiv CyMMa KBaJpaToB CKOPOCTEH BCEX €ro MOJIEKYJ Zvi2 = 4EI.029M2/ ¢?. Yucno

ABorazpo N ABoraﬂpo=6,0231023 MOJB .
Pewenue.

N
Cosem:  Bcnommume onpedenenue cpednezo snauenus no0oli nepementoi X, umelowei pastole senudunsl X: (X)=y % / N. Cymmy
=

N
maxkux eejiudur ji1ecKko 3anucams ¢ NOMoublo cpe&neeo: z X = N< X> .
i=1

CpeL[HHH KBaZgpaTUYHasA CKOPOCTb Vi ONPEACIACTCA CPECAHUM 3HAYCHHUEM KBaJpaTa CKOPOCTH MOJICKYIH rasa Vi, = <V2> .

N 3RT
IMoaTomy B raze u3 N momeky Zvi2 = NvlfB =N—, orkyna NRT=p>_ Vi2 / 3. JlaBneHne MOKHO HAHWTH M3 YPAaBHEHHS COCTOSI-
i=1 H
§ m N MRT_ NRT _ pYv?
HUS HeaTbHOTO Ta3a, YHUCII0 MOJIei KOToporo paBHO — = ——— — . [lomygaem p=——= =
NABoranpo BV NABOFV 3NABOFV
15.4.B cocyne ¢ o6béMom V = 40 murpoB Haxomsrest N = 51072 Monexyn nneansHoro rasa. Jlasienue rasa p = 90«kIla, a
BEJINYMHA CPEJIHEH CKOPOCTH ero Mouiekyn paBHa 800m/c. Haiitu Maccy oiHON MOJIEKYJIbI JAHHOT'O rasa.
Pewenue.

=29,5«I]a.

My N _ K

OTHOILIIEHHE MaCChI rasa, COCTOAICTO U3 N MOJICKYIJI, K €TI0 MOHﬂpHOﬁ MacC€ MOKHO 3a11ucaTtb B BUJIC R
u

rre M — macca OXHOM MoJieKyibl. Torja ypaBHEHHE COCTOSIHMSI MJEajbHOrO Traza npumer Bup PV = Mrasa RT= Nk T wm

,Tme nN= N/ V' - KOHIEHTPALMS WM YHUCIO MOJEKYJ B enuHune oobéMa. Bemnunny kT Haiinem u3 ¢opmyisl ais cpen-

8k T 8pV

5= 2,8610%° kr.

HEll CKOpOCTH (v) = . [Tocne moaCTaHOBKY MOJyduM M=
NTI(V)
15.5.B 3akpsiTom cocyae moxa maBineHueM p = 162kIla HaxomuTcs uaeanbHbIA ra3. Bemnauaa ckopocTH, KOTOpOit o0mamaeT
HauOOJIbIIIAs 10/ MOJIEKYII 3TOrO rasa, pasHa 450m/c. HaiiTi BeMYnHY IJIOTHOCTH rasa p.
Pewenue.
p= Meaza - pH

RT
. HeusBecTHy!o BeNMYHMHY —— HAaxo-
\% RT

IInoTHOCTH MJI€ATBLHOTO ra3a OIIPEACTISICTCS YPABHCHUEM €0 COCTOSHMS!

UM 13 GOPMyIIBI [T 3a1aHHOM B yCIIOBMHM Hanbosiee BEPOSITHOI CKOPOcTH V,, = +/2RT/H =450m/c, oTkyza p = 2p/ Vg =1,6xkr/v>.

15.6.B nepsom cocyze ¢ 06bémom V = 20mmrpos Haxomares N = =410% monekyi azora Ny, y KOTOPOro CpeIHss YHEPrHs
OJIHOHM MOJIEKYJIbI paBHA (EN > = 5[10% I, a BO BTOPOM TaKOM 7Ke COCY/e HAXOXUTCS TAKOE JKe KONMIeCTBO MOJIeKyI kuciopoaa O,.

JlaBnenue azora OoJble JaBICHUS KUCIOpoaa Ha Beananny Ap = 24 kIla. Cunras 06a ra3a uaeaabHbIMH, HAUTH BETUYUHY CpeIHEH
SHEpruu (Eo> OJTHOI MOJIEKYJIbI KHCIIOPO/A.

Pewenue.

p =M RT__ N E Tak kak ¥ 4uciIo MoJe-
H \ NABOF \

kya N 1 006€M V Ta30B OIMHAKOBEI, TO Pa3HOCTH NaBJICHUH CBS3aHa C PA3HOCTHIO UX TEMIIEPATYP:

BI)Ipa?)I/IM JAABJICHUEC WACAJIBbHOI0O rada ¢ NIOMOIIbIO YPABHCHUA COCTOSAHUA
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N( Ry RF

Ap=py— =—| ———————|. TeMneparypa raza nponopuroHajbHa CpeJHEH KHHETUYECKOW SHEPTHU €r0 MOJIEKYJIbI:
v NABor NABor
2(E
( >—— BT—'_ RT . Orcrona RT = < _> . Uucno creneHeil cBoOombl MoneKkyn oboux ra3oB oaumHakoBo (i=5). [TosTomy
2 2 NABor NABor i
\|>1|2(< n) >) uro naér (Eg)=(Ey) - %zzﬂazoﬂm

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMENLHOU HOO2OMOBKIL.

15.7.AN; u AN, —9muciio MOJIeKyJ HICaTbHOTO Ta3a cO CKOPOCTSAMH OT Vi 10 V1 + AV U OT V; 10 Vo, + AV COOTBETCTBEHHO.
Haiitu Bemuuny otHomrerus ANy/ANo, eciu Vi — cpeiHss KBapaTH4Has, a Vo, — HauboJiee BEPOSITHAs CKOPOCTh MOJIEKYJI 3TOIO T'a3a,
aAv = 0,1m/c. Omeem: 0,9098

15.8.MeraHn, UMEIOIINI MOJISPHYIO Maccy u=16 r/MoJb, MOXHO CYMTATh HiealIbHBIM Ta3oM. Haiiti Temmeparypy 3Toro ra-
3a, €CJIM BEpPOSITHOCTh TOT'O, YTO €r0 MOJIEKYJIBl MMEIOT BEJIMUMHY CKOPOCTH B MpeAenax oT Vi 1o Vi + AV, rie Vi — Hanbosee BeposiT-
Hast CKOpocTh Mosieky, a AV =0,1wm/c, pasaa P =0,01 %. R = 8,31/x/K-MoJb. Omeem: 663,5K

15.9. B 3akpsiTom cocyzne ¢ oobsémMom V=20 nutpoB Haxoxawics npu temneparype 1=300 K yriekucislii ras, KOTOpBIH

MOYKHO CUMTATh MIEAJbHBIM I'a30M ¢ MOJIIpHOH Maccoi pu=44 r/mojb. KoHleHTpalus ero Mojekya N = 5007m 2. Ha KaKyI0 BEJH-
YHHY A(Z|Vi |) YBEJIMYHUTCSI CyMMa BEJIMYMH CKOPOCTEH BCEX MOJIEKYJ JaHHOI'O ra3a, eciii HarpeTh ero B moiropa paza? YHHUBeEp-

canpHas ra3oBas mocrosiuHas R = 8,31]x/K-MmoJib.
Omeem: na 8,5410° m/c

15.10. OnpenenuTh BeNWYMHY CKOPOCTH, KOTOPOH 0Oianaer HanOosbiuas goiist Moiekyn amMmuaka NHs, kKoTopbsiit MOXHO
CUUTATh MJCATbHBIM Ta30M, HMEIOIIHM MOJSIPHYIO Maccy U=17 r/moinb. I3BeCTHO, YTO BHYTPEHHSS JHEPTHsI BOCBMU MOJISH 3TOro ra-
3a paBHa 45,9k/][x. Omeem: 474,3m/c

15.11.B 3akpeitom cocyne ¢ o0bémMom V=50 TUTpoB HaxoAWTCS HWAcanbHBIN ra3 mox aaBinenueM P=60 klla, npuyeM BenuvrHA
CKOPOCTH, KOTOPO#i 00J1aiaeT HaubobIast 0JIs ero MoJyiekyJ, pasHa V,=400m/c. Haiiti Maccy rasa, HaXOIAIIEroCs B COCY/IE.
Omeem: 0,0375kr

15.12.B 3axpsitoM cocyje ¢ 06béMom V=15 murpos Haxomstes N = 30107 Moneky: ueansHOro rasa. Benmunna cpennero

KBajipaTa CKOpPOCTH, KOTOpOH 00J1aiaeT MOJIeKyJia 3TOro rasa, paBHa <V2> =6010°m?/c 2. Haiitu 1aBinenue rasa B cocyne. Macca oa-

HOM Mostekybl M = 402 kr. Omeem: 160xkITa

15.13.Haiiti MOJISIpHYIO MacCy MIEANLHOTO Ta3a, y KOToporo mpu Temmneparype t* = 27°C cpeauss KBaapaTuuHas CKOPOCTh
MOJIEKYJI OOJIbIIE CpeHel ckopocTr MoteKy I Ha AV = 30m/c. R = 8,31/1x/K-Moib.
Omeem: 51,45r/monb

16. Pacnpenenenue bonbimana. bapomerpuueckas hopmyia

Pacnpenenenne MakcBeia ONMUCHIBAET T'a3 MOJIEKYJ, MOTEHLUHAIbHbIE YHEPTUHU KOTOPBIX MPAKTUUECKH OJIMHAKOBHI. KoH-
IEHTPANKs N MOJIEKYJ TaKOTO ra3a OJIMHAKOBa BO BCEM ero o0bEMeE.

Ecnm 06b€M raza HaCTOJNBKO BETHK, YTO TIOTESHITHAIBHAS SHEPTHS MOJICKYJI B MOJIe BHENTHUX CHJI pa3JIMYHA B Pa3JIMIHBIX 00-
JIaCTAX, TO KOHLEHTPAlMa N MoJEeKyN Oy/eT 3aBUCETh OT BEJIMYMHBI NOTEHIHAILHOM dHepruu ofgHoi Monekynsl E; .. . Taxas 3aBu-

Eo
CUMOCTb HA3bIBACTCA paClpeaACICHUCM boabiMmana: (n= I'beXp k T , TJI€ Ng - BEJIMUYMHA KOHLICHTPALMX MOJIEKYJ ra3a B TOYKE,
b

/I TOTCHIMAIBLHAS SHEPT s MOJICKYIIBI PABHA HYIIIO.
B uneanbHOM rase ypaBHEHHE COCTOSHISI CBSI3bIBACT KOHIICHTPALIMIO MOJICKYJI ¢ naBieHueM: |P = nkg T|. IToaTomy mms rasa

C OIWHAKOBOM BO BCEX TOYKaX TeMmmepaTrypoil T = CONSt pacnpeneneHne boibIiIMaHa MOXKHO 3amucarh ISl JaBJICHHS:
Fb eXp ETIOT
kgT
B uacTHOM cilydae ra3 HaXOAUTCS B II0JIE CHJI TSDKECTH M JUISL €ro MOJEKyJ]bl ¢ Maccoit m  E; . = mgh. Pacupenenenue
mgh pgh y
BOJ’ILIIMaHa IpeBpallacTcs B 6aDOMeTDI/I‘~IeCKV}O d)ODMYle: poexp k = Fb ex _ﬁ , COTJIACHO KOTOPOU HOaBJICHUEC
5l
aTMOC(epbl YMEHbIIIAeTCsI ¢ BEICOTOI h Haj ypoBHeM Mops, TAe AaBieHUe paBHO Po (puc.1.38). Ananoruunyro dop- p
MYJIy MOXXHO ]ISl KOHIEHTpPALMK MOJIEKYJ pPaBHOBECHOH aTMoc(ephl, MMEIOIIEH BCIOAY OJMHAKOBYIO TEMIIEPaTypy: Po
pgh 0 h
n=ryex .
"o p( RT Puc.1.38
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Ipumepwvl pewsenus 3aday.

16.1.T a3, oOpazyromuii atMocdepy MIaHeTbl, UMel Bo Bcex Toukax Temneparypy 11 = 300K. Kaxoit crana temnepatypa
aTMOC(epbl, eCIM KOHIEHTPALMS MOJISKYJ 3TOr0 Ta3a yBeJIMYniIach BOJIM3M MOBEPXHOCTH iaHeTs! (Ha Boicore h = 0) B 1,22pa3, a
Ha BhIcoTe h = 1 KM HaJl IOBEPXHOCTHIO IUIAHETHI KOHIIEHTPALHs BO3pocia B 1,2 pasa? Vekopenue cBoGoaHOro maenus g = 10m/c%;
MOJIsIpHast Macca rasa | = 44r/Moib; yHuBepcaabHas razosas nmoctosaaas R = 8,31 [x/Khos.

Pewenue.

h
Pacnipesienenus KOHLEHTpAllMU MOJIEKYIN rasa JI0 M IIOCJ€ M3MEHEHHUs TEeMIIEpaTypbl UMEIOT BHI Iy = n01exp(—& 178

R
= Npo exp[ H9 j ITo ycnomxno =1,2mu Doz — 1,22. B3sB OTHOLIEHHE JIEBBIX U MPABBIX YacTeil 3ancanHbIX GOpPMYII, IT0JTy-
RT No1

n h h
oy 2 = o2 (&_&j_

M Ny RRh Rb
N Ymobuvl 6 n000OHBIX 3a0a4ax ebipa3ums nepementvle, Cmosiue noo 3HAKOM IKCHOHEHMbL, HAOO NPOIO2APUPMUPOBATNL IKC-
Cosem:

\} | nomenyuanshyio @ynxywo: I (exp(x)) =X.

-1
IosTomy In exp[th “—th= In(kmj = ugT 1) Orcrona Ty = ( 1_R In(l;zjj =274,3K
RhL RE n B2 T3 Ty ugh (1,22

16.2. Cunras TemnepaTypy atMocepsl HEKOTOPOH ILUIAHETHI MOCTOSHHOM 1 paBHOM t° = -23°C, OnpenenuTh BETUYUHY MO-
JSIPHOM MAacChl CMeCH ra3oB, o0pasyroumux artmochepy. 3BecTHo, 4To qaBieHne atMochepsl BOIN3HM MOBEPXHOCTH IUIAHETH (Ha BBI-
cote h = 0) paprno 150«I1a, a npu moabéme Ha BoicoTy h = 1 kM oHO m3Mensiercs Ha Benmuunny Ap = 20k[]a. Yckopenue cBOGOAHOTO
najieHus g = 15m/c% R= 8,31/ 1x/Khos.

Pewenue.

CornacHo 6apomerpuueckoil popmyne p= pp—Ap= p)exp( L;‘:]:j rne T = -23+273=250 KJlorapudmupyst ato BbIpa-

JKEHHE, HaX0IUM Inexp(—&h):—“—ghz In Po=A4p , UM :—ﬂln LAD :19,8L.
RT RT B gh ) MOJb

16.3.T'a3 ¢ Temneparypoii t° = 327C u3 3apsUKCHHBIX HOHOB HAXOAUTCS B TAKOM JIEKTPUYECKOM IIOJIE, YTO MOTEHIHAIIbHAS

SHEpIVsl HOHA 3aBHCHT TOJBKO OT KOOPIMHATH X M MEHSETCS 110 3aKoHy Enor = o+pX, rae o = 210 2° [x. Haiftn Bennuuny nocto-
suHO# B (B J[k/M), €M OTHOIIEHHE KOHIIEHTPALUI 3TOTO ra3a B TOUKAX ¢ KOOPAUHATAMH Xo = 4M U

X, = 2 M paBHO N/ny = 0,04. kg =1,3801023 /K .

Pewenue.
JIi1st TakOTO Ta3a M3 MOHOB TO-TIPEKHEMY CIIPABEIIIMBO pacnpenencnne boinpimana:

ELo _a+
n= I'b exp[ k = rb ex B OTHOIHeHI/Ie KOHIIeHTpaIII/II/I II0O3BOJISIET y6paTL HCU3BECTHYIO BCIIMYUHY no
BT

&=exp[—LBX2 G+BX1J [{B X% ],OTKy,Z[a B=£|n(&]=l,33]0'20):[>1</m
ny ke T =X \n

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMENLHOU HOO2OMOGKIL.

16.4. Atmocdepa 1utaHeTsl MMeaa BO Bcex Toukax temmepatypy T; = 450K. ITocie Toro, Kak Temmeparypa aTMochepsl
ymenbiimiaack Ha AT = 150 K, KoHIEHTpaIisT MOJIEKYJI COCTABIISONIEro e€ ra3a Ha Beicote h = 1 kM Hajl MOBEPXHOCTHIO TUIAHETHI
yBesmumnnack B 1,5 paza. Uemy crana paBHOM KOHIIEHTpAIUS MOJICKYJT Ta3a BOJIM3H MOBEPXHOCTH TuiaHeThl (Ha Bbicote h = 0), ecu
npu Temneparype T; oHa Gbina paaa 510™ M™>? Vckopenne cBoGOIHOTO najeHus MpuHATH paBHbiM g = 10 M/c% MomsipHas Macca
raza u = 16r/monp; R = 8,31/ /KMionb.

Omeem: 7,6610"° M

16.5. Atmocdepa rutaHeThl MMeNa BO Beex Toukax temmeparypy T1 = 400K. Iocie Toro, kak TemmnepaTrypa aTMochephl yBe-
mramnack Ha AT = 100 K, napnenue atMocdepsl BOIM3U MOBepXHOCTH IUianeTsl (Ha Bbicote h = 0) ymenpiunocs B 1,24 pasa. Ha
Kakoii BeicoTe N HaJl HOBEPXHOCTBIO IJIAHETHI AaBJIeHUE aTMOC(EPH YMEHBIIMIOCE B 1,2 pa3a? Y ckopeHre CBOOOIHOIO MajeHus g =
10 m/c%, monsipHas Macca obpasyroneii arMocdepy cMecu ra3os p = 30r/moms; R = 8,31 [x/Kbkoms.

Omeem: 1817m

16.6.Ha Beicote h = 500M Haj MOBEPXHOCTHIO IUIAHETHI IIOTHOCTH rasa, oopasyromiero eé armocepy, cocrapisger 95%ot
BEJIMYMHBI IUNIOTHOCTHU T'a3a BOJIM3U MOBEPXHOCTH IIaHeThl. OnpeieuTh TeMiepatypy arMocepsl, cunuTas e€ MOCTOSIHHON M OfMHA-
KOBOH BO BCeX TOUKax. YCKOpeHHe cBOOOIHOro manerus g = 12m/c% MomsipHast Macca rasa, KOTOPBIil MOJKHO CUHTATh HACATHHBIM, |l
= 20r/mons; R = 8,31/ x/Khios.
Omeem: 281,5K
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16.7.M3BeCcTHO, YTO KOHIIEHTPAIIMS MOJIEKYJ ra3a BOIM3M MOBEPXHOCTH HEKOTOPO# mianersl (Ha Bhicote h = 0) paBHa
10”° M, a ipu moabéMe Ha BbicoTy h oHa m3MensieTcst Ha Bemmanay An=8010°° M3, Cunras Temmeparypy aTMocdepsl 3TOi MIaHETHI
OCTOSIHHOI ¥ paBHoii t° = 7°C, onpenenuts Boicoty h. Vckopenne cBoGoauoro magenus g = 10 m/c”; Momsiprast Macca rasa p = 30
r/mone; R = 8,31]x/KMons. Omegem: 647m

17.YacroTa coynapeHuii 1 cpeHss IIMHA CBOOOJHOTO Mpolera MoJeKyII ra3a

Yacrora coy;lapeHI/Iﬁ MOJICKYJ CO CTEHKOH V paBHaA YUCTY MOJICKYJI, CTAJIKUBAOIIUXCSA C eL[PIHI/IIIeﬁ o~
BEPXHOCTU CTCHKHU 3a €AMHUILY BPCMCHU. Ecnu ¢ nnomazu(oﬁ AS 3a BpeEMA At crankuBaercst AN MOJICKYJI rasa,

AN 1 8RT
TO [V=—-—=— n(v) , TIIe (v) = |—— - cpennsst cKOpOcTb MoseKya rasa, N = N/V — KOHueHTpauus 1 vuc-
ASAt 4 ™
JIO MOJICKYJI B €JIMHUIIE €0 00bhEMa.

Ecnu B cTenke cocyaa € ra3omM CeCJIaHO MaJICHBKOEC OTBEPCTUC IJIOMIAAbIO S, TO nomaaarominue Ha OTBEP-

1
CTHE MOJICKYJIbI Ta3a OYIyT BBUIETATh M3 cocyaa. 3a Bpems At u3 cocyna BeuieTut AN = 2 n(v) A { mosekyn (puc.1.39).

Hna pewenus 3a0ay Ha 3my memy HeoOX00UMO yuecmv YPAGHEeHUe COCMOSHUS 243a U 3A0aHHOE NO YCI08UI0 YPAGHEHUE NPo-
Cosem:  yerarowezo c 2azom npoyecca. Hanpumep, ecru cocyo ¢ easom saxpoum, mo N'= N/V = const, u npu usmenenuu memnepamy-

bl npoucxodum usoxopuieckuti npoyecc P=nkgT.

Ipumepwvl pewsenus 3aday.
17.1.OpnuH MOITb HIICANTBHOTO Ta3a HAXOJUTCSA B COCYAE, 00BbEM M TEMIIEpaTypy KOTOPOTO MEHSIOT TakK, YTO JaBJICHUE ra3a

BO3pacTaeT ¢ pocToM 00bEMa 1o 3aKOHy P =0 RV , rae o = constBo ckombko pa3 U3MEHHTCS YHCIIO COYIAPCHUI MOJIEKYJI Ta3a ¢

y4acTKoM momanu S= 1 cm? Ha cTeHKe cocy/ia 3a €IUHUILY BPEMCHH, €CIIH JaBJICHHE ra3a Bo3pacTéT B 4 pa3a?
Pewenue.

N 1 .
Hano BeIUMCINTG 3aBUCUMOCTh YHCJIa COyAapCeHNU MOJICKYJI AN = Z n<V> At or JABJICHUA ras3a P, T.€. yCTpaHUTh U3 3TOU

dopmynsl mapamerpsl V u T (06béM 1 Temmeparypy rasa). IloactaBum B 3Ty (GopMmyny ompeiesicHHe KOHUCHTPALMU MOJICKYI

. 8RT
N = Nagorampo / V (mnst 1 monst Tasa), a TakKe BBIpaXKEHHE U CPEIHEH CKOPOCTH MOJICKYIT (V) = W , OTKYZa MOKHO HCKJIFOUHTH

\ f
TeMIiepatypy T C IOMOIIBI0 YPaBHEHHS COCTOSHUS UACALHOTO raza 1 = % . Homyunm AN = Ny o0 ﬁ At
T

YcTpanuB oTCIOIa TIEPEMEHHYIO W= p/a  (3amaHHOE B YCIOBHM YpaBHEHHME MpOIECCA), HAXOAMM 3aBHCHMOCTD

AN ~ ]/ \/T) . [Ipu yBenmuenuu p B 4 pa3a uncio AN coymapeHuit MOJIEKyJl YMEHBITUTCS B 2 pa3a.

17.2.0auH MOJIb UI€ATBHOTO Ta3a HAXOJUTCS B COCY/E, O0BEM U TEMIIEPATYPy KOTOPOT'O MEHSIOT TaK, YTO JaBJEHHUE ra3a
pacTér ¢ POCTOM €ro TEeMIEpaTyphl MO 3aKOHy P =0 IZI'3/2, rae o = CONSt.Bo ckoybKO pa3 U3MEHHUTCS YMCIIO COYAAPEHHH MOJIEKYIT

rasa ¢ ygacTkoM miomann S= 1cm? Ha cTenke cocyna 3a At = 1 ¢, eclii TeMIeparypa rasa Bo3pactér B 4 paza?
Pewenue.

}NABOF RT
4 vV !

pe3 TeMIeparypy T. ILTIH 3TOr0 MCKJII0YaeM JaBJICHUC P U3 YPAaBHCHHUS COCTOSIHUS 1 mons HJCAJIbHOTO I'a3a U 3aJaHHOI'0 YPaBHCHUA

R JT

n AN ~—— ~T . Kak u remnieparypa, gucio coynapeanit AN Bo3pactér B 4 pasa.
oT \%

*% * *kkk * *kkk * *% *kkk *%

1 ..
Kak u B mpenpiaymeii 3agage, AN :Z n(v) A t= A . Teneps, COMIACHO YCIOBHIO, HAI0 BBIPa3UTh 00BEM V de-

mporecca: p = % a2, Otcroma V =

_ 1
J2rd?n

MOJICKYJIbI MOKHO CHUTATh MPAKTUYCCKHU MMOCTOAHHBIM IPHU OTHOCUTEIILHO HEOOJIBIIOM U3MEHEHHUH TEMIIEpAaTyphl, IpeAIIOojIaracMoM B

JnuHa cBoGomHOTO Mpobera MOJIEKYJIbl ra3a ompeaensiercs GopMmyaoi (A , B KOTOPOii 3¢ dexTuBHbIH qruametp d

YCJIOBMH 3a7a4: d =const. KOHIIeHTpaIII/IIO MOJICKYJI UACAJIbHOTO Ia3a y[[06H0 BbIpaKaTb 4€PE3 AABJICHUEC C IMOMOLIBIO YPABHCHUS

COCTOSIHYIS, 3alIUCAaHHOTO B (hopme | P = nkg T|.

17.3. VneanbHbli Ta3 coBepllaeT MpoLEcC, NPU KOTOPOM €ro TemIeparypa pacTéT C yBeJIMYeHHEM O00BbEMa IO 3aKOHY

T= 0(V3, rae o = const.Uemy paBHa cpeaHsisl UTMHA CBOOOJHOTO Mpobera MoJieKyln ra3a npu temmneparype T, = 600 K, ecou mpu
temrieparype T, = 300 K ona pasna A; = 300am?

Pewenue.

KonnenTpanus MoIeKyI ra3a MeHsIeTCsl 0OpaTHO IMPOMOPIIHOHAIBEHO ero 00bEMY, KOTOPHIH, COTTIACHO YCIIOBHIO, 3aBUCUT OT
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T N 1 1 1 5
TeMIepaTypsl 1o 3akony V =3— , 1.e. N=— ~—— . Ilostomy A =————~—~3T wmm A = constIT . Orciona CIIEYET, YTO
a v T J2md?n N

Ao =M BT,/ =1 F2 = 378um.

17.4. UneanbHbli Ta3 coBepLIaeT MPOIECC, P KOTOPOM €ro JIaBJICHHE YMEHBIIAETCS C yBEIWYEeHHEM 00bEMa 1o 3aKOHY
p=a W_]/?’, rie o = constUemy paBHa cpelHss AJIMHA CBOOOHOTO IMpodera MoeKkyd rasa rnpu temneparype T, = 600 K,ecnu npu

temrieparype T, = 300 K ona pasna A; = 200am?
Pewenue.
Yempansiime neuzeecmmuvle nepemennvle, peuias cucmemy u3 ypasHeHUss npoyecca U ypasHeHus COCMosaHus 2asd.

Coeem: . .

Hamo HaliTh 3aBUCUMOCTh A OT TeMIieparypbl T rasa. [ 9Toro HCKIIoYMM BHadalle 00béM V U3 3aJaHHOTO B YCJIOBHH
_ 3
ypaBHeHHsI mporiecca P = [V Yy 3, KOTOpPOE MOXHO Tiepenucarh B Buje V = (0(/ p) , U YPaBHEHUS COCTOSHUS UICATLHOTO
3

. mRT _a 1 N

raza: V=——= —3- Orcroma p ~F. IToactaBuM 3Ty 3aBHCUMOCTH B (DOPMYITY ISt A, B KOTOPOH KOHIIEHTpAIMs N BhIpakeHa
H P p

oo KT T 192 Oriom A=constT¥2 i Ay = Ay (To/T)% 2 = 565,6um.
V2md?n 2nd?p P
17.5.B cocyze, 3aIll0IHEHHOM HMACABHBIM Ia30M, UMeromeM temmneparypy t° = 75°C, mpomenano MaleHbKOE OTBEPCTHE C
miomanpo S= 1 Mm?. M3BECTHO, 4TO CpeHssl UIMHA CBOGOIHOTO IPoGera MoJeKyIl rasa B cocyae paBHa A = 1 MkM, 5K THBHBIIH
nuamerp Monekyist d = 0,3HM, a 3a CeKyHIy W3 OTBEpPCTHS B OKpYXKarolmii cocyx Bakyym Beutetaer N = 410°° monexys. Haiitu
BEJINYNHY MOJISIPHON MACChI 3TOTO ra3a. YHuBepcalibHas ra3oBas nmocrosaHas R = 8,31 x/Knosb.

yepes JaBeHue; A =

Pewenue.
1
BhipasuM KOHIEHTPALUIO MOJIEKYJI ra3a yepe3 CPeAHIO UTUHY cBOOOAHOro mpobera, N =m , M IOJICTaBUM €€ B (hOpMyJTy
2
1 1 8RT
JUTSL 9MCITa MOJICKYJI, BBUIETAIOIINX Yepe3 oTBepcTHe 3a Bpems At = 1c: N =— n(v) At= —= ——SAt. Orcroma
4 a/2rd®\ \ T

2

RT( S\t

M=—F| —— | =18r/mous.
4n3(d2)\Nj

Tpumepul 3a0au KOHMPOILHOU paboOmbl 05t CAMOCMOAMENLHOU HOO2OMOBKU.
17.6.0xauH MOITb HICANTBHOTO Ta3a HAXOJUTCSA B COCYAE, 00BbEM M TEMIIEpaTypy KOTOPOTO MEHSIOT TakK, YTO JaBJICHUC ra3a

BO3PACTaeT C POCTOM 00BEMA IO 3aKOHY P = aV?, rae o = const.Bo ckombKo pa3 M3MEHUTCS YHCIIO COYIAPEHUH MOJIEKYJI ras3a C
2 . ..
y4acTKOM IIomanan S= 1cM” Ha CTeHKe cocy/ia 3a OJHYy CEKYHAY, eciii 00bEM cocyaa Bo3pacTéT B 4 paza?
Omeem: yBenn4nuTcs B 2 pasa
17.7.01uH MONIb MIEANBHOTO T'a3a HAXOAMUTCS B cocyie, 00BEM U TeMIepaTypy KOTOPOro MEHSIOT TaK, 4To 00bEM rasza Bo3-

pacTaer ¢ pOCTOM €ro JaBJCHUS 110 3aKOHYy V = cxp3, rue o = CONst.Bo ckoibKo pa3 H3MEHUTCS YUCIIO COYAAPSHUH MOJIEKYJI ras3a ¢
2 . ..
y4JacTKOM IIommanan S= 1cM” Ha CTeHKe cocy/ia 3a OJHY CEKYHAY, eciii 00bEM cocyaa Bo3pacTéT B 4 paza?
Omeem: ymenbmtes B 1,587pa3
17.8.011H MOJIb UI€ANIBHOTO ra3a HaXOJHUTCS B cOCyze, 00BbEM U TeMIIepaTypy KOTOpPOro MEHSIOT TakK, 4TO TeMIeparypa ra-

3a BO3pPACTaeT C POCTOM €ro JaBJCHUS 10 3aKOHY T =0 p6, rae o = CoOnst.Bo ckobKO pa3 M3MEHHUTCS YUCIIO COYAapPEHUN MOJICKYIT
rasa ¢ y9acTkoM riomaa S= 1 cm? Ha cTeHKe cocy/ia 3a OJIHY CeKYH/Iy, €CJIY IaBJICHHUE BO3pacTéT B 4 paza?
Omeem: ymenbmuTes B 16 pa3s
17.9.01uH MOITh UICATLHOTO Ta3a HAXOJHUTCS B COCYIe, 00BEM U TeMIepaTypy KOTOPOro MEHSIOT TaK, 4YTO TeMIlepaTypa ra-

3a yMEHbIIAETCS C POCTOM ero 00bEéMa 1o 3aKoHy T = 0(/V2 , TJIe 0. = CONSt.Bo cKkobKO pa3 M3MEHUTCS YaCTOTa COyapeHHid MoJie-
KyJI Ta3a CO CTCHKOM, eCJIH JaBJICHHE Ta3a BO3pacTér B 8 paz? Omeem: yBennuutcs B 4 paza

17.10.B 3akpsitoM cocyze ¢ 06séMoM V = 100mutpos Haxomures N = 2,410%* Mosekys yrieKHCIoro rasa, KOTOpbIi MOX-
HO CUUTATh WJCAIBHBIM ra3oM. Macca 3toro raza m = 176r. 3a mpomexxyTok BpeMeHu At = 3 cek U3 MaJIeHbBKOTO OTBEPCTHUS C ILIO-

magsio S= 3MM2 B CTEHKE cocy/ia IOJDKHO BbUIeTaTh Hapyx y AN = 2107 MoJieKy. HaliTu Benn4uHy aBieHUs ra3a B COCyJIe.
Omeem: 94,8xIla

17.11.MﬂeaﬂbHHﬁ ra3 COBEpHIACT NPOLECC, MPU KOTOPOM €Io AaBJICHUEC BO3PACTACT C YBCINUCHUCM TCMIICPATYPHLI 11O 3aKO0-

HY p=0 EI'?’/Z, rae o = const.Uemy paBHa cpegHss UTMHA CBOOOIHOTO Mpobdera MoJIeKy:l ra3a nmpu temmneparype T, = 600 K,ecnu
npu temnepatype T; = 300 K ona paBna A; = 100um? Omeem: 70,7um
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17.12. VineanbHblil ra3 coBeplIaeT MPOLECC, NMPH KOTOPOM €ro 00bEM YMEHBINAETCSl ¢ POCTOM JABJIEHUS 110 3aKOHY

V= 0(/ p4 , TAe o = constUemy paBHa cpemHsAs TMHA CBOOOIHOTO TIpobera MoJIeKyI rasza nmpu Temmneparype T, = 1600 K,ecou npu
temnepatype T; = 200 K ona paBna A; = 100HM? Omeem: 1600HM

17.13.I/IﬂeaHLHLIﬁ ra3 coOBEpLIACT NPOLECC, [IPHU KOTOPOM €T0 TEMIIEpAaTypa BO3PACTACT C YBCIIMYCHUEM JaBJICHUS 110 3aKOHY

T=a Ep2/3, rae o = constYemy paBHa cpeqHss JUIMHA CBOOOTHOTO Mpodera MoJIeKyI raza npu temmneparype T, = 600 K,ecau npu
temnepatype T; = 300 K ona paBna A; = 300HM? Omeem: 212um

18. SIBnenus nepeHoca (TEIIONPOBOIHOCTD)

IloTok Temia uayu KOJIMYECTBO TEILIOTHI, MEPEHOCHUMOC 3a €ANMHUIY BPEMCHHN Y€PE3 NOMNCPCUHYIO MOBEPXHOCTL € IJIOMIAAbIO S, oripe-

JIeIsieTcsl YpaBHEHHEM TETUIONTPOBOIHOCTH . jQ =—-k [gradT 5, rue |3Q| = AQ/At, K — KO3(pPUUMEHT TEMIONPOBOAHOCTH CPEJIBI.

Ecnu notok tema HanpasJICH BAOJIb OHHOﬁ OCH, TO BO BCCX TOYKaxX OH OOJI?KCH OBITE OJUHAKOB: JQ =const. Muaye Ha-

pymaeTcs TCIJIOBOC PABHOBECUEC U YHACTKH CPEAbI, KyJda NOCTYIACT OoJibIe TCIUIa, Y€M yXOIUT, 6I)ICTp0 pas3orpeBarOTCd 10 OTpOM-
HbIX TCMIIEPATYP.

N i
B razax xo3((HIUEHT TEIONPOBOJHOCTH ONpenenseTcs GopMyaont K., = ngm (V) ~ p/ JT u B 3aBucumoct ot raso-

BOTO IIPOIIECCAa MOXKET UMETh Pa3HyI0 3aBUCHMOCTD OT TEMIIEPaTypHsI 1.
B TBepapIx cpelax 3aBHCHMOCTBIO K OT TEeMIEpaTypbl MOKHO TpeHeOpeuYb W CYUTATH, YTO

Krpepens = CONSt. B 9TOM citydae rpaJieHT TeMIepaTypbl OCTOSHEH TaK Xe Kak M [OTOK TeIia, H ero  Jy

MOXXHO BBIYHCIIHTH O (Popmyrie |gradT | =AT/AX. TemnepaTypa M3MEHAETCS 10 JMHEWHOMY 3aKOHY x

(puc.1.40). KonuuectBo temmorsl AQ, mepeHocHMoro 3a Bpems At depes MONEPEYHYIO IUIOMAns S B

AQ AT
CTOpOHY ¢ 0oJIee HU3KOHM TeMIepaTypoil MOXKHO BBIYHCIIHTS 110 (hopMylie N = KA_
X

IIpumepwvl pewsenus 3aday.

18.1.KupnnyHasi CTeHa TOJIIHHON B JBa KHPIIHYA
(h = 50 cm) umeer miomams S = 15m% Kosddumuent temonposorocty kupiuda k = 0,7 Br/mK. Kakoe konudgecTBo
TEIUIOTHI IIEPEHOCUTCS CKBO3b CTEHY M3 OTAIUIMBAaEMOW KOMHATHI Ha yJHIly 3a cyTKu? Temieparypy Bo3ayxa B KOMHaTe
t,°= 27°C w na ymune t,"= -10°C cuurars HEM3MEHHBIMH.
Pewenue. ~h>

T2 TZthsAt 67,13M/Ix. dtoT

L

W3 ypaBHEHHS TEILIOMPOBOIHOCTH JQ = AA—Q =K []l]radT| [B=K T1 Snaxomum AQ =K

IIpUMeEp MOKa3bIBAET, HACKOJILKO BEJIMKY MOTEPH TEIJIa 3MMOM Yepe3 CTeHbI 3aHuM.

18.2./IBa TUIOCKHX CJIOS C OJAMHAKOBOM MOIEPEYHON IUIOMAABI0 S COeNaHbl U3 pasHeIXx MeTauioB. Cioi

“1” ¢ tomuuno hy = 4 cm —u3 cranu, a cnoit “2” ¢ Tommuaoi hy = 8 cm — u3 menu. Temneparypa To = 300K 1o Tz
JIEBYIO CTOPOHY 3THX CJIOEB oJMHaKoBa. [1o nx npaBylo cTopoHy temrnepatypsl pasHsl 13 = 450K u T, = 400K. 3a

3 MHHYTHI 4epe3 CTaIbHOH ciioi nepeHocutest 5,2 Mk Teruiorsl. 3a kakoe BpeMs 4epe3 MeIHBIH cioi Oyner re-

penecero 19 M/Ix termnotsl? KoahuineHTh TEmIOnpoBOIHOCTH CTAK U Mequ paBHbl K1 = 52B1/M'K 1 1, = 380B1/™M°K.
Pewenue.

- h~

A =T A T, =T,
Q1_Kl htlog g, = Qz_K 2=To g
OTHOIIEHNE NIEBBIX M TPAaBBIX YacTEW JTHX ypPABHEHUM MO3BOJSET YCTPAHHTh HEM3BECTHYIO IUIONANb S M ONPENENUTH BPEMS
A Ko (Ty— T,
Aty = Bty Qb K1(T1~To)

3anuiiem BBIPAXKCHMS 1JIs1 TCILUIOBBIX IIOTOKOB Y€PE3 1BA YKA3aHHBIX CJIOS: ‘JQl =

=4,5Mmun. SN\ 2
AQhy K2(T2=To) Sy
o _ 2 N 1z~
18.3./1Ba WIOTHO NPIKATEIX APYT K APYTY IVIOCKUX CIIOsl C NOIEPEeYHOM miomanso S= 16M° nsrorosiuenst  \ Ty 'k, |2
U3 pasHBIX MAaTEPUAIOB ¢ KO3 DUIHEHTAMH TEIUIONPOBoAHOCTH K1 = 3BT/M'K 1k, = 4 Br/M'K 1 umeror tommuny hy \ h h
1 2

=20cMm u hy = 40cMm coorBeTcTBEHHO. HaliTH IPOMEXKYTOK BPEMEHH, 38 KOTOPBIA Yepe3 CIIOU HEPEHOCUTCS KOJIMYe-
cTBO TeroThl, paBHOEe 360K /k? Temmneparypsl ciieBa U cripaBa oT ci10€B Heu3MeHHbI 1 paBHBI 11 = 300K u T, = 360K.
Pewenue.
[ToTok TerIa yepes JIeBBIH CIIOH JTODKEH OBITh PaBeH MOTOKY TeIjIa yepe3 MpaBblii ciioi. MHade n3-3a pa3HOCTH MOCTYIIAIOMIETO U
YXOJIAIIEr0 TEIJia TPaHHWIAa MEXIY CIOSAMHU OYCHb OBICTPO HarpeeTcs 1o OeckoneyHocTu wiam oxiamutes no 0 K. Temneparypa T;
TPaHUYHOIO CJI0s JISKUT B uHTepBane I < T3 < T,. YpaBHeHHe OanaHCa TEIIOBBIX IIOTOKOB

T3- Th-T3 ¢

T +
Joj =K, —=—18= =K o—=—= £ M03BOJAET BEIUUCINUTE ITY TEMIIEPAT, T :thsz—thle: 324K.
Q1 1 hy 1 2 hy y patypy 13

Kohy +K4hy
Koﬂl/lquTBO TCIIJIIOTHI AQ, HepeHOCI/IMOe llepe3 CJIOH 3a OI[HO " TO XK€ BpeMSI At OJUHAKOBO. HpOMeX{yTOK BpeMeHI/I At MO-

A
JKET OBITh BBIYHCIICH, HAIPUMED, JJIS JIEBOTO CIIOS: JQl = —Q = Kl n S, otkyma At = AQ |]11 =62,5cexk.

At y Kk (T3-T) S
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18.4.Bopa kunutT B cransHOM cocyne npu temneparype t;° = 100C. TemnepaTypa IpOTHBOIONOAKHON CTO- 220
POHBI IIOCKOTO JHA cocyza ¢ miomansio S = 500cm? pasna t,” = 100,3C. Onpenenuts Tonmmuy h nua cocyza, ec- R——
JIM 34 JIBE MUHYTBI U3 COCY/Ia BBIKUIIAET, MPEBPAIIASACH B IIAP, MACCa BOAbI, paBHas AM = 8r. VaenpHas terora nmapo- |- S -&-
obpasoBanus Boabl = 2250k x/kr, K0O3PYUIHEHT TeMIONMPOBOIHOCTH cTaii K = 52B1/MK. L /[\/J\)[AO M 5

Pewenue.
Best Termmora AQ, moctynaroias B COCyJl ¢ BOAOH yepe3 IIOCKoe JHO 3a BpeMs At = 2 MUH UAET HA HATPEBAHME KUITALICH
BOJIBI U MpEBpalieHue B map Maccel Am:  AQ = gAM. YpaBHEHHE TEIUIONPOBOAHOCTH MO3BOJISIET BEIPA3UTH 3Ty TEIUIOTY Yepe3 MOTOK

T, -T T, -T
tema; AQ = JQAt= K%&t.OTC}OHa h=K%%t=5,2MM.
gAm

Mertaibl XOpOIIO MPOIMYCKaT Terio. [103TOMy pa3HOCTh TeMIEPaTyp JABYX MOBEPXHOCTEH Meramimdeckoro jaHa (oaHa
TPAaHUYUT C KHIAIIEH BOJOMH, a Apyras HarpeBaeTcs IIaMeHeM), Tak HeBenuka © T, — T;=0,3K.

18.5. TMoTok Termia HApaBJIeH BAOJbL OCH X M OJMHAKOB BO BCEX TOYKAX IIOCKOTO CJIOSI C MOMEPEYHON LIONIa- ‘

1610 S= 1m? ¢ Tommuuoii h = 50cm. TemmepaTypsl o 06€ CTOPOHSBI Ci1osi Hen3MeHHb! 1 paubl T4 = 300K u T, = 600

K. Koo dumueHnTt TemionpoBoHOCTH MaTepraa 3TOTO CIIOsI 3aBUCUT OT TeMIlepaTypsl 1 10 3akoHy K = IT/ T, , roe h I

a = 10Bt/m'K. Kakoe KOJM4YeCTBO TEIUIOTHI OYAET EPEHECEHO YePE3 CIIOM 3a OJHY MUHYTY? XN T
Pewenue.
B nanHo# 3aga4e KO3(QQPHUIHEHT TEIUIONPOBOIHOCTH 3aBUCUT OT TEMIIEPATYPHI U 3aBUCUMOCTD T =T(X) HENb3s MPEIACTABUTH
nmHeHbIM rpadukoM (prc.1.40). Ho BennumHa TEIIOBOIO IOTOKA Jo mo-mpexHeMy OIMHAKOBa BO BCeX TOYKax cios. IToatomy

J
YPaBHEHHE TEMIONPOBOAHOCTH Jg =K (T)doradT| OS=k ( T)z—T S= CONS no3BOJISET Pa3JeNUTh IIePEeMEHHbIE ?de= K(T)dT un
X

J h J T2:2T1 a T2:2T1
MIPOMHTEIPUPOBATH 00€ YaCTH MOJIYICHHOTO YPABHEHHU: il I dx=-2 h= J' K ( T) dT=—= J' 2 d1=
S 0 S T 1T
3/2 _+3/2
2T, -
= \/(j:__ ( 1)3/ 5 1 - 20(;—1 (2\/5 - 1) . [TonyueHHBIN pe3yabTAT MO3BOJISIET HAUTH MEPEHECEHHYIO Yepe3 ciioi 3a Bpems At = 1 mun
1

terwiory: AQ = JoAt= 20(3—-;18(2\/5 - ].)At =438,8x/]x.

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMBL 051 CAMOCTNOSMETLHOU HOO2OOGKIL.

18.6. beronnas crena 3manus toummHOM 20 cM 33 CYET TEIUIONMPOBOIHOCTHU MPOITYyCKaJla 32 CyTKH KOJIMYECTBO TEILIOTHI,
paBHoe 240 M/Ix. Kakoit noymkHa OBITH TOJIIMHA AEPEBSIHHON CTEHBI C TOH K€ IMOTMEPEYHON IO IpI0, YTOOBI OHA 33 HENENIO TPOo-
MyCcKaJla BIBOE MEHbIIIEe KOJHYECTBO TEIUIOTHI MPU YCIOBUH, YTO Pa3HOCTh TEMIEpaTyp 1Mo 00e CTOPOHbI OETOHHOM M JepeBsHHOU
cren oxunaxkoBa? Ko puuments: remnonpoBogsocTr Getona u apeBecunsl pasusl ky = 1,7B1/MK 1 «; = 0,15B1/MK.

Omeem: 24, 7cm

18.7.IBe cTeHBI ¢ OMMHAKOBOM MOMEPEYHON IUIOMAABI0 S CcAeaaHbl U3 pasHbix MaTepuanoB. CteHa “1” \ \
touuHoM hy = 25¢M — u3 kupnuya, a crena “2” toimuaoi h, = 20cMm — u3 Gerona. Temmeparypa To = 300K 1o

OJIHY CTOPOHY 3THX CTEH OJMHaKoBa. [1o APyryio CTOPOHY CTeH TemIeparyphl paBHbl 11 = 250K u T, = 260K. 1 T 2 T
UYepes KUPIUYHYIO CTEHY 32 Ms1Th MUHYT nepeHocutest 60 k[ TernoTel. Kakoe KOJMuecTBO TEIIOThI MEPEHOCUTCS ! ?
3a JIB€ MUHYTHI 4epe3 OeToHHYI0 cTeHy? Ko3(h(QUIMeHThI TEIIONMPOBOIHOCTH KHPITHYa 1 OETOHA PABHEI ~h~  Thy
k1 = 0,8B1/M'K u K, = 1,6B1/M'K cOOTBETCTBEHHO.

Omeem: 48 x]JIx

18.8. Crena c moniagpio S COCTOMT M3 JBYX IUIOTHO IPHKATBIX IUIOCKUX CJIOEB. Marepuaibl 3TUX CIOEB |No~_
HMEIOT pa3Hble K03 (UIHeHTHI TeronpoBoanocty k; = 4 Bt/M-K u x; = 5B1/M-K. Temneparypsl ciesa u crpasa ot S \

Jo b~
co€B, a TakXkKe B TOUKe MX conpukocHoBenus, paBHbl 17 = 300K, T, = 400K wu T3 = 360K cootBercTBeHHO. Uemy |* - T~ I
paBHa toiiuna hy 1eBoro cios, ecnu tosiunaa npasoro ciost h, = 30cm? Kl ke |2
Omeem: 36 cMm ~h><hs

18.9.TloToK Teruia HAMpaBJIEH BIOJIb OCH X H OJMHAKOB BO BCEX TOYKAX IUIOCKOTO CiIost ¢ Tommmuoi h = 21 cm. ‘

Temmeparypsl 1o 06e cTopoHbI cost Henm3MeHHBI 1 paBHBI 11 = 300K u T, = 600K. Koaddumuent TermmonpoBoIHOCTH

5 h

Marepuaia u3 KOTOPOTO M3TOTOBJICH CJIOH, 3aBUCUT OT TEMIIEpAaTyphl T TO 3aKOHY K = O [QT/ Tl) , rie o = 10 Br/mK. s
X

Haiity mromanas S momepeyHoro CeYeHMs CII0si, €CIH 3a OJHY MUHYTY Yepe3 3TO CEYCHHE MIEPSHOCHUTCS KOJIUYECTBO TEIl-
JIO0THI, paBHOE 27 M/ k. Omeem: 3 m°

18.10. IMoTok Teruia HAMpaBJeH BIOJb OCH X M OJAMHAKOB BO BCEX TOYKAX IJIOCKOTO CJIOS C HONEPEYHOM I10- ‘

maznpio S= 16 M°. Temmeparypsl 10 06¢ CTOPOHBI cliosi HensMeHHbl 1 paBubl Ty = 300K u T, = 600K. Kospduument

6 h

TETJIONPOBOJHOCTH MaTepraa 3TOr0 CJIOS 3aBUCUT OT TeMIlepaTypsl 1 10 3aKoHYy K = [ﬂTl/ T) , rie o = 10 Br/mK. B
X

Yepes cI1o# 3a OJIMH Yac MEPEHOCUTCS KOJHUYECTBO TeIoThl, paBHoe 210M /. Haittu tonuuny ciost h. SN
Omeem: 16,2cMm
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Cemectp 3
19. Pacder 31eKTpOCTaTHUECKUX MOJIEH TOUCYHBIX 3aPsI0B
Ecmm 3amana cucremMa IBYX WM HECKOJBKHX TOYEYHBIX JEKTPHUECKUX 3apAI0B, TO HA PaccTos- + B 3TOH TOUKE

- BBIUYHCJIACTCA
HUAX I 1 n |’2 OT  3apgaa0B nux IMOTCHIIHMAJIbI CKJIaabIBAIOTCA C yuyeTOM 3HaKa 3apdnaa, q1> 0 7 Hoje

d=¢,+¢,= % + |q2| . HanpspkeHHnocTu ckiansiBatoTcsi BeKTopHo, |E = El + Ez , T€ BeIu- 24 )
AT Ery  ATEEr 0% -\ »
0t 2 q,<0 NE

% E = o
202~
ATEpEr | 4T|£0£r2

YUHBI BEKTOPOB (IIOJISI TOYCUHBIX 3apsmoB) |E; = . Hamo momuUTE, 9TO BEKTOP

E, nouss nonoxuTensHOro 3apsna +0; HapasJieH OT 3apsja, a BeKTop E, mons oTpuiatensHoro 3apsjaa —C, HampableH K 3apsfy,

KaK IIOKa3aHO Ha pHCZl Q'II/IHI/II/I E nHauwmHaroTcs Ha MOJIOKUTEILHBIX 3apsjax, a 3aKaH4YUBAIOTCAd Ha OTPULATCIbHBIX 3apdaax WiIn

yXOJIAT B 6eCKOHEUHOCTh). B aTux dopmymnax g, =8,8510 2o - JNIEKTpUUECKasi MOCTOSHHAS, € — AUIIEKTPUUEcKasi MOCTOSIHHAS

cpensl, B KOTOPOH HaxoasaTes 3apsiabl (s Bo3ayxa € [11) IMocrosHHas ]/4TIEO = 910 m/®.

Ha mo06oii TouewnsIii 3apsy , BHECEHHBIM B 3TO ToJie, OyneT neiictBoBath cwiia Kynona, paBHas , @ DHEprusi BHE-
CEHHOTO 3apsaa paBHA .

Ipumep pewenus 3a0ay.

19.1.Toueunsle 3apsans! g; = +5SMkKn n g, = = +1MxKn HaxozsTcs B BepIIMHaX KBaJgpaTa cCO CTOPOHOH @ =  Qy q
= 3 M, a 3apsan 3= +2 MxKn — B cepeante ero cTopoHsl (cM.pucyHok). HaiitTi a) BeJIn4nHYy KYJIOHOBCKO# CHITBI, IEH- L
CTByIOLICH Ha 3apsia Gz CO CTOPOHBI 3apsimoB J; U Up; 6) yros MeXay BEKTOPOM ITOW CHIIBI M CTOPOHOI KBaapara; B) ;
JHEPIHUIo 3apsza Os. Kak H3MeHATCS pe3ynbTaThl, €CIIU 3apsj (; TOMEHSET 3HaK? Ry a

Pewenue.
G2 Axkypamno denaiime pucyHox, ommeuas Ha Hem 3a0anHble 6 YCI06ULL Y2lbl U HANpasienus 6exmopos. Ilpasunvno coenanmbiil
Cosem: 1y cynox —omo 30-50%ycnewnozo pewenus 3adauu.

Kak BupHO mn3 pwmc.2.2, BeIWYMHBI HampspKeHHOCTeH By =L2; E, =L2, TIe BC=§,
4ty [AC 4t [(BC 2

AC=+ AR+ BC =5 42. IIpoekuun BekTopoB Ha ocH X Uy pasubl By = EjcosB; By = EisinB; Ex = Ey; Epy =0. U3

npsMoyronsHoro Tpeyronsauka ABC crenyer, uro cos3 = BC/ AC= 1\/7 5; sinB=AB/ AC= ﬂ J5. - s
. EA7T
IIpoexunu pesynpTHpytomero sektopa E = B + E, B Touke C paBHEI Y - /‘{ r
4
1 4 1, 1 4 _ 1 4q B q “;{%
E,=Ex+E 0=+ c Ey =B+ E EFCI/IJ‘IaKJ'IOHa elicTByIOIIas Ha 30
T X e a2 5 Ay 22 ) Y 2 amy5a? 5 Y 8 yIoH 1 py'c . X
‘2
3apsn Gz paBHa F = gE= gy B2 + B = a /
2 2 6 2 2 q
1 4gg ( th j (Zqzj _ 42010 ( j ( ZJ 6_ 1A
=—— 3 tq | +|FR| ol E——, || —=+1 [10° = 0,0136H .
4Ty a2 \/ 505 J5 % 5/5 J5 Puc.2.2

Ymobwl He 3anymamusCs 6 8blUUCIEHUNAX, 6CE BE/IUHYUHbL NPU noocmanoske nepeeodume 6 cucmemy CH, u evlHocume 061/14146
Cosem: MHOIHCUMENU U CMENEHU, KAK DO coenamno sviuLe.

Vroa a MCIKAY HAallpaBJICHUEM BEKTOPA CUJIbI 'E (I/I.]'II/I BEKTOpa E) M OCBIO X MOKHO HAWTH U3 COOTHOIIIEHUS
tga = E,/E, = Zq/( q+ SJ_SOQ) = 0,085¢, otkyna o =4,89.

Cknadvisams 8eKmMopvl HAMHO20 npouje, He BbIYUCTAA UX NPOEKYUU HA OCU KOOPOUHAM, d UCNOAb3YS meopemy Ko- a
. c
CUHYCO8. ecnu usgecmuvl 0se cmoponst au b mpeyeonvnuxa u yeon 0 meancoy numu (puc.2.3),mo npomueonoioxnc-

A
Hasl CMOPOHA PABHA ‘C =Ja?+ b’ -2 abcosB‘ . Puc.2.3

U3 puc.2.2 BuHO, uTo BEKTOPhl E;, E, n E 00pasyroT TpeyroibHuk ¢ yriom Ti—[ . [To3ToMy BenMuMHa pe3yabTUPYIOLIeH Haps-

Rz

. 4
JKEHHOCTH Cpa3y CJIEAYeT U3 TEOPEMBI KOCHHYCOB, TJI€ BETMYMHBI HAIIPSUKEHHOCTEN KaXkI0TO M3 3apsnoB E; =%.“2 =4000B/m ,
4T|EO (ba

49,
2
AT (A
Pesynprupyrommii moTeHIMa 3aps 0B HAHTH MHOTO TIPOIIE, TaK Kak OH OyJeT CYMMOMH CKaJIIPHBIX, @ HE BEKTOPHBIX (DYHKIUI:

_ @ R _ 1 2a _
= +0,= + = L +q, [=1,940¢ B.
0=+, 4Te [AC 41y [BC 4re, a(JE qz]

DOHeprus 3apsijia gz B IEKTPOCTATUIECKOM IIOJIE 3apsI0B ¢y M O, Oyzer paBHa W = gd = q;(¢1+ 0] 2) =0,0388Tx .

E,= =4000B/v. E=E}+E}-2E Econ-p) =\ B+ E5+ 25 E,cOB 1 F =GsE=13,6mH .




BHUMAaTeBHO ClleIUTe 32 3HAKAMH 3apsI0B B YCIOBHSAX!
Cosem: Ecnu sapad o uzmenum 3uax, mo sexmop E; nomensem nanpasnenue (puc.2.4). Tozda no meope-

me kocunycos F =ozE= 03\/ E% + E22—2 E Excofd = 8,4MH . [lomenyuan 3apada o usmeHum 3Hax.

1 (o, o
= = = +—< :—7,42D].(§B W = =-0,0148, .
d=01+0, 4neo[ AC + BG u (o) 1K

Tpumepul 3a0ay KOHMPOALHOU PAOOMBL OISl CAMOCMOAMENbHOU NOO2OMOBKUL.

19.2.Vimerorue pa3Hble 3HAKKA TOYCUHBIC 3apsiabl Oy = Oz = 2 MKKiT #u (p = —1 MkKi1 HaxomsaTCs B BEpIIIH-

9,
HaxX PaBHOCTOPOHHETO TpeyroyibHuKa. Ha 3apsij (3 O CTOPOHBI 3apsijioB Q; U O ACHCTBYET AJIEKTpUUECKas CHia a
BenumunHO# F = 0,01H. HaliTi niiHYy @  CTOPOHBI TPEYrOJIbHUKA.
Omeem: 1,77m. of Js

19.3. Toueunsie 3apsapl oqHoro 3Haka O = 1 MkKi, 0o = 2 MKKiT © (3 HaxXomATCs B BEPIIUHAX MPSMO- q,
YrOJILHOTO TpeyroybHuKa ¢ yriiom 60° u ¢ npunexamum karetoM ¢ = 1 M. OnpeaenuTs BEIMYUHY 3apsaaa Oz, €CIu 0°
BEITMYHHA JJICKTPUICCKOM CHJIBI, ISUCTBYIOIICH Ha HETO CO CTOPOHBI JABYX IPYTUX 3apsAnoB (; U Oy, paBHa F = 6 MH. ‘
OnpenenuTs BETHYNHY SHEPTHH 3apsiia Jz. q, b Ja

Omeem: 0,747mxKi;, 11,1MB.

19.4.Toueunsle 3apsa/pl pa3HOro 3HaKa 0y, Op, Oz ¥ (4 HaXOAATCS B BEpIIMHAX KBaJpara co CTOPOHOH a =
= 2 M. OnpesenuTb BENUUNHY HOJIOKHUTEILHOTO 3apsiaa J;, €CIIM MOJYJIb MJIEKTPUUECKOM CHIIbI, AeHCTBYOLIEeH Ha He-
IO CO CTOPOHBI TPEX APYTHX 3apsaoB O, Os. ¥ Qs., paBeH F = 0,2MH. Haiiti noteHunan, co3nanublii 3apsinamMu Oz, 4z a
U (4 B TOYKE, TJ€ HAXOAMUTCS 3apsy Oy Y4ecTb, uTo O = Qs = —2 MkK1, g3 = +6 MK

Ge—4a__q,
Omeem: 0,518mkKn, 1092B. q
2
19.5. Toyeunsle 3apsapl pa3sHOro 3Haka Q; = Oz = +3 MK, 0o = Q4 = —2 MK HaxomsITCs B BEepIIMHAX q,
pomba ¢ yriaom 120° u ¢ mmuHON Kaxaol u3 cTopod a = 1 M. Haiity BenuuuHy 3/1eKTpHYECKOil cuibl, aeiicTyio- %
1ieid Ha 3apsj Oz CO CTOPOHBI TPEX APYTHUX 3apsaoB Oy, Op. U O4. HaifTu 3HEpruto 3apsnga gz B MOJE TPEX OCTAIBHBIX q,

3aps/ioB.
Omeem: 66,5mH, -0,01451x.

19.6. Toyeunsie 3apsiibl (i, Op, Os. U O UMEIOIINE OJMHAKOBYIO BEJIMUMHY U Pa3HbIi 3HAK, paco-
JIOKEHBI B JIBYX BEPIIHHAX U B CEPEAMHAX JBYX CTOPOH KBaJpaTa ¢ JUJIMHOW CTOPOHBI @ =3 M, KaK IMOKa3aHO
Ha pucynke. ONpeaenuTh BEIMYUHY 3apsia (i, €CIIM MOYJIb JIEKTPHYECKON CHIIBI, NEHCTBYIOIIEH Ha 38PN ¢,=~q ¢---
04 CO CTOPOHBI TPEX 3apsIOB (1, Op- ¥ O3. paBeH F = 1 MH. Haiitu noteHIuan, co3qanHbiii 3apsiiamMmu O, Oz 1 _
Us- B TOYKE PACIOIOKEHHUS 3apsiaa (. 45=+4

Omeem: 1,523mkKin, 8,66kB.

20.Pacuer 31eKTpoCTaTUIECKHX MOJICH pacIpeIeTICHHBIX 3apsI0B

Ecmu 3apsin pacmpeneneH HEIPEPHIBHO 10 00BEMY € IDIOTHOCTBIO P, TO €r0 MOXHO pa3OUTh Ha KpoIey-
Hble yyactku 0V , 3apsiapl KOTOPBIX MOKHO cuutath TouedyHbIMU dg=pdV (puc.2.5). Co3znanHbie MU Hampsi-
xernoctn dE u motenmmansr d cymmupyrores. J{iist 6eCKOHEYHO MajbIX BEJIMYNH Takas CyMMa IpeBpalnaeT-

dq
ATEgr

cs B UHTETpai. ¢ = Idd) =I

Yt00b! M30€XKaTh MHTETPUPOBAHUS 1O 00BbEMY, B 3a/lauaX KOHTPOJIBHOW pabOTHl paccMaTpUBAeTCsl 3apsii, paclpeaeIeHHbIH
BOJIb NPSIMBIX JIMHUI WM OKPYXKHOCTEH ¢ NMuHeWHo# mioTHocTeio P [Ki/m]. Ha GeckoHedHO ManoMm ydacTke

muann umHON dl  Haxomutes 3apsin |dg=pdl|, co3marommii B BakyyMe Ha yOaJeHHU I  HOTEHIHAN
__dq dqg

U HanpspkeHHOCTh OE = ——— (puc.2.6). UHTerpupoBaTh HaJo0 MO BCEM y4acTKaM, Ha KOTOPbIX  Puc.2.6
ATl 4TIEOI’2

HaXOoIUuTCsA HeHyﬂeBOﬁ 3apsana p z0, MpUYEM BEKTOPbBI dE HaJ0 CKJIaAbIBATh C YUCTOM HaAllpaBJICHUS.

Ipumepul peuwtenus 3aday.

20.1.DneKTpudecKuii 3apsaj paclpeeeH M0 OYeHb TOHKOMY CTEPIKHIO JUIMHBI 2a = 1M, BRITAHY- __ _ _ Q4 4 44X

TOMY BIOJb OcH X JIMHEIHAS IUIOTHOCTH KITOTO 3apsijia MEHIETCSl C KOOPAMHATOW X IO CTETIEHHOMY 3aKOHY 4 0 a

3
a) npu —as X< g ..
p= Po [GX/ ) P riae po = 4 MxKi/M. B LieHTpe CTEpKHS, COBIAIAIOIEM ¢ HadaaoM KoopauHat 0, 3akperuiéH To-
0 mpu |X| > a,

yeuHblii 3apsan = 3 MKKI (cM. pucyHoK). HaliTi MpoeKInIo Ha 0Ch X DIIEKTPHYECKOM CHIIBI, C KOTOPOU 3apsil CTEPIKHs IEHCTBYET Ha
3apsn (. Haiitu moTeHmman, KOTOphIi 3aps Ha cTepikHe co3aaeTt B Touke 0. a’fi dx )
Pewenue. a__y =49 4 ax

) . OSx T

MonoxurenbHeiii 3apsa dq= p( X) dX, HAXOIANIUIACS HA PACCTOSIHUY X Crpasa oT Touku 0, co3- dl_ q=pdx

JIaeT B 9TOM TOYKe HanpsbkeHHocTh AE, , HanpasieHHy0 0T 3apsaa npotus ocu x (puc.2.7). Tak Puc.2.7
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KakK I10 yCJIOBUIO IIOJIOXKUTEIIbHBIN 1 OTpI/IIIaTeJ'II)HHﬁ 3apsa pacrnpeacieHbl CUMMETPUYHO, TO TY K€ IO BEJINYUHEC HAIIPAKECHHOCTD

dE_ , HampaBIeHHYIO B TY %€ CTOPOHY, CO3aeT CHMMETPHYIHO PACTIOIOKEHHbIN OTPHUIIATEIIBHBIN 3apsi —|dq| cieBa ot Touku 0.

%\ Hcnonv3ytime ycnosus cummempuu 8 pacnpeoeienuu 3apsaoa. Jocmamouno sblyuciums nofe 3apsaoa moavko 00H020 3HAKA.
Cosem:  TlonoxuUTENLHBIN U 0TpnuaTenLHLII71 3apsiapl co31anyT B Touke O ogMHaKOBBIE MO

a
=E = jdE _[ 1 poﬁg d;( 1 Po j dx— 1 d‘)— IToaToMy cyMMmapHasi HaNpsHKEHHOCTH ITOJIA,
4115 X2 4TIEo o X 4TIE a3

CO3JaHHOIO 3apsAJIOM Ha CTEpKHE B TOYKE 0 paBHa E = 2E+, a TMpoeKuus Cuibl, JAeWcTByrouledl Ha 3apsan
x =Po/(4TEQa) = -0,216H .
HerpynHo coo0pa3uTth, 4TO MOTEHIMAIBI CHMMETPHYHO PACIIONONKCHHBIX IMOJIOKUTEIHLHOTO W OTPHIATEIHHOTO 3apsaoB
d dx_ 1 po?
—q = J.p &J.dex:

JIOJDKHBI KOMIIEHCHPOBATh APYyr aApyra, ¢, =.[
4TlEoX 4TIEO 4TIEO a3 0

1
— & =—¢_. CyMMapHbIii IOTEHIMAT B
4TIEO 3

touke O paBeH HyJIIO.
20.2.DnmeKTpruvecKuil 3aps pacipenesiéH o TOHKOMY MOJIyKoJbIy paanyca R = 50cM HepaBHOMEpPHO ¢ &

JIMHEHHON INIOTHOCTBIO P = Py sin’ 0 , Tae po = 7,08mkKi/M, a yron 0 ykaszan Ha pucynke. HaiiTu Benuauny + 9
+

3JIEKTPUUYECKON CHJIBI, ¢ KOTOPOM 3TOT 3apsi ACHCTBYET HA APYroi ToueuHbIH 3apsia = 6 MxKir, Haxomsmuiics B
LEHTpE MOTyKoIblia. HalTH moTeHIHa, KOTOPBIN 3aps/] Ha TOITYKOJIBIE CO3AAET B €T0 IICHTPE.

Pewenue. dg o+l%

[pu pereHny moJOOHBIX 3aa4 Ha IMOJYKOJBIIE BEIAEIAIOT Kpomeunyro ayry mmael dl = RdO, onu- dl o &
paronryrocs Ha 6eckoneuHo Majbiii yron dO (puc.1.8).Ha stom yuacTtke HaxoauTcs Toueunsiid 3apsg dg=pdl, + 5 .

/N0
N d
cozparotuii B ieatpe 0 mosykosslia HanpsokeHHOCTs dE = 9 B CHJTy CHIMMETPHH pacrpeie/IeHus 3a- R ON X
41EgR By dE
psiaa clieBa M CripaBa OT BEPTHKAILHOM OCH y, CyMMapHast Hal‘[pf[)KeHHOCTL E manpasiena l'IpOTI/IB ocH y, T.€.
1 p(6)RdO 2
HaJI0 CYMMHpPOBATh NPOEKIMU Ha 3Ty Och. E = IdESIhG I —————sinB= 4—Ipo sirf 6 0sirBd6 .
TE

RZ

s Ipu pewenuu no0o6HBIX 3a0aY YACHMO 6CMPEYAIOMC UHMEZPANbL 8UIA J- f COS@) SirBde  wiu J- f Sine) c0d6 , xomo-
osem.

pble 1e2Ko npusecmu K npocmomy euoy 3amenot nepemennoi Z=c0s0, sinbd6 =—-dz wimu z=sin®, cosdd6 = dz. Ilpu
omom Sin®@=1- co$H.
Ienas 3aMeHy NepeMEHHOM Z = COSO B 10J1y4E€HHOM BBILIE MHTETPAJIE M MEHSS MECTAMHU TIPEAEIIbl HHTEIPUPOBAHHS, YTOOBI

1
4
yOpaTtb 3HaK “—”, momyyaem E =_Po_ I (l— 22) dzzil1pO otkyna F = qE—Lq—p
4T|£0R ] 4T|EO 3R 4 0 3R

Ha 3apsa B TOUKE 0. IloTenuuann, COS,HaHHLIﬁ 3aps10M MOJYKOJIbLia B €T0 ueHTpe BBIYUCIIACTCA UHTETPUPOBAHUEM. Tak kak

T
jsm 6d6 = jﬂde_— o do j 1 PLRdG_ jposm 6d6 =0 = 200xB
4T[50R 04T[EO R 4T[E &OR

=0,288H -»5T10 cuna, geWcTByromAs

y 20.3.DnexTprdecKkuii 3apsiI pacipeaeaéH o TOHKOMY KoJibIly paauyca R = 60 1 Tak, 94To ero JuHei-
—+

K S§ Hast INIOTHOCTH MEHSIETCs C yIuloM 0 110 3aKkoHy P =g /C0S8, rae po = 1,18MkKn/m. B nenrpe kosbua nome-
- R

MIEH TOYCUHBIN IIEKTPUIECKUH 3apsi ¢, Ha KOTOPBIN 3apsa Koblla neicTByet ¢ coit F =1 H . Halitu Benu-

0 ) x
q quHY 3apsaa J.
_& j Pewenue.
= 7 Beizensiem Ha KoutbIle Kpornednsiii yaactok ayru dl = RdO ¢ toueunsim 3a-
+

psimom dg = pdl=pRd, koTopsiii cosnaer B uenTpe 0 Komblia HanpskeHHOCTh AE

(puc.2.9).M3-3a cMMMETPHH B PaCIpeNeIICHHH 3apsjia U TOJIOKUTENbHBIN 3aps/] HA IPaBOii MOJIOBUHE
KOJIBLIA, ¥ OTPHULATEIBHBIN 3apsi]] Ha JICBOW MOJOBUHE CO3Aar0T B ToUuke O OZMHAKOBBIC HANPSXKEHHOCTH

E, = E_, HanpaBneHHble TPOTUB ocu x. X cymma (cymma npoekuuiit dE Ha och x) MMeeT BelTHIHHY

B=+17/2 +172
E=E +E =2E =2 dEtod = :j S co8=2 | Ldezcose:ﬂ [ de=_"Po_
4T R 6="1y2 4TEOR 4T[EOR_T[/2 2e9R

. N dPo 2¢oRF
BenuuuHa cuiiel, neiicTByromei Ha 3aps B touke 0 F =qE= %R’ oTKyma (= =9 MK .

€oR Po



IIpumepwl 3a0a4 KOHMPOILHOU PaboOmuvl O CAMOCHOAMENbHOU NOO2OMOBKU.

20.4.T1o TOHKOMY CTEPKHIO JJIUHBI @ = 2 M, HAIIPABICHHOMY BJIOJIb OCH X, HEPABHOMEPHO pacIipe/ie- q X
JIEH OTPULATENbHbINA dJIEKTPUYECKUH 3apsill, TUHEHHas IVIOTHOCTh KOTOPOT'O MEHSETCS C KOOPAUHATON X 10 3a- a
KOHY p = por (X/a)3, rae po = -2 MxKi/m. Ha jieBoM Kparo CTepiKHsI, COBMAIAIONIEM ¢ HayanoMm koopaunart 0, 3a-
KPETUIEH MOJIOKUTENbHBIN TOUeUHbIH 3apsin ( = +2 MkKi1 (cM. pucyHok). HallTu pOEKIHIO Ha OCh X 3JIEKTPUUECKOU CHIIBI, C KOTO-
POV 3apsiz Ha CTepIKHE ICHCTBYET Ha 3aps] (, a TAKKe TMOTCHIUA, CO3JJAaHHBIN 3apsIoM Ha cTepkHe B Touke 0.
Omeem:. +9MH, —6kB.

20.5.Toukuii cTepikeHb JUIHHBL ¢ HAMPABIIEH BOJb OCH X. [10 CTEPkKHIO pABHOMEPHO C JINHEH-
Ho# moTHOCTRIO p = 0,2MKKi/M pachpeienieH mMoa0XKUTENbHBIN 37eKTprdecKuii 3aps. Ha paccrosiauu 0
@ OT MPABOTO KOHIIA CTEPKHS Ha OCH X HAXOAWTCA TodeuHbIi 3apsax g = 0,5MkKi Toro xe 3Haka (cM. pu-
CYHOK). 3apsi Ha CTEPIKHE JEMCTBYET Ha 3apsif (| ¢ CUIION
F = 0,9H. Haiiti )iinHy @ CTEpIKHS, a TAK)KE SHEPTHUIO 3apsiaa J.
Omeem:. 0,5Mm, 0,624]Tx.

20.6 TlonoXuTeapHBIM TOYeUHBIN 3apsaa = 7 MKKJI HaXOAWTCS B IIEHTPE TOHKOTO MOJIYKOJIbIIA, IO KO- - &
TOPOMY HEPABHOMEPHO, C JIMHEHHOM IUIOTHOCTBIO p = po- COP, rae po = 1,77mkKi/M, pacupenenen qpyroi sJek- —+
Tpudeckuii 3apsa (yron 0 ykasan Ha pucynke). Haiitu pagnyc R monykosnsla, ecin 3apsa Ha HEM JIEWCTBYET Ha VA
3apsia  C CUIIOM, BeIMYKMHA MPOESKIIMU KOTOPOii Ha och X paBsHa |F,| = 0,5H.
Omeem: 0,35m.

20.7.DneKkTpU4ecKuii 3apsi pacrpeneiét o TOHKOMY Kojbly paauyca R = 40 o1 Tak, 4To ero juHew-
Hasl TJIOTHOCTh MEHSIETCS C yriioM 6 1o 3aK0Hy p = pg-SirD, e pp = +2,95mkKin/M. B nentpe kosnbia momenéx
Jpyroi ToueuHslit 3apsin = +24MkKo. HaliTu BenuunHy 37€KTpUYecKOl CHIIbI, C KOTOPOH 3apsil Ha KoJbLe Jeii-
CTBYET Ha 3apsz J.

Omeem: 5 H.

20.8. DnexTpuueckuil 3aps pacrnpenencH 10 TOHKOMY HoJykoibly paauyca R = 50 cM ¢ nuHeitHO#M

IUIOTHOCTBIO P = P (9/ 1'[)3 , TIe po = 7,08MkKii/M, a yron 0 mensiercs B npeaenax 0< 0 < 71. Haiitu sHepruro to- 4

4yeyHOro 3apsiaa g = 6 MkKJ1, HaXoQAIIUICS B ICHTPE MOIYKOJIBIIA.
Omeem: 0,3 [Ix.

20.9./IBa oueHb TOHKUX CTEPXKHS JUTHHOH a = 20cM KaxX[blil HAMIPABJICHBI BAOJIb B3aUMHO MEPIECHIUKYIISAP-
HBIX OCel X MY W COeNUHSIOTCS B Hauyane koopauHat 0, B KOTOpOM 3aKkperuiéH TodeuHblit 3apsa g = 2 MK (cMm. pu-
cyHOK). ITo cTep»KHSM HEpaBHOMEPHO PACIPEACIICHBI ANICKTPUUESCKUE 3aPsbl, TIHHEHHBIC MIOTHOCTH KOTOPBIX 3aBUCSAT
OT KOOPIMHAT X MY COOTBETCTBEHHO: Py = por (X/8)%, p2 = po- (/@)% rae po = 2 mxKun/m. Haift Bemuummy snekrpude-
CKOM CHJIBI, ICHCTBYIOLIEH Ha 3apsia (, 8 TAKKE IHEPTUIO ITOTO 3apsia.
Omeem: 0,255H, 0,036/Ix.

21.Vcnionp30oBanue TeopeMbl ["aycca uist pacueTra AIeKTPUIECKUX MoJieih

B ToM cirydae, koraa MOXHO BEIOpaTh 3aMKHYTYIO ITOBEPXHOCT, KOTOPYIO JTMHAW HANPSOKCHHOCTH E wiw nuHMM 31exTpu-

yecKoW MHAYKIMKH D mepecekaroT moj npsiMeIM YTIIOM, IUIS pacyeTa Mol yI00HO HCIOIb30BaTh TeopeMy ['aycca: moTok BekTopa E
4epe3 00y 3aMKHYTYIO IOBEPXHOCTh PaBeH anreOpandeckoi cymme 3apsaoB . (¢ yd4eTom ux 3Haka!), HAXOAAIIUXCS BHYTPH

3TOM MOBEPXHOCTH, [ICJICHHON Ha €€ ! CJSS EdS= > q’ €€y | . Jna BexTopa D Takas jke TeOpeMa HMeeT BH[ CJSS DdS= >d.

Hcnonvzyiime meopemy I'aycca 6 mom cyuae, K020a 3apso0 pacnpedeiet CUMMEMPUIHO NO Wapy, no OTUHHOMY YULUHOPY, HO
Cosem:  jymu unu pasnomepno pacnpedenen no niOCKOCHU Ul NIOCKOMY CJlOIO.

Ipumepwvl pewsenus 3aday.

21.1.Tlo mapy paguyca R paBHOMEPHO C IUIOTHOCTBIO P paclpe/elieH dekTpudeckuil 3apsin. Ha paccrosausx r
ri=15cm ur, = 60cM OT HeHTpa Imapa BeTMYHHA HANPSHKEHHOCTHU JIEKTPUUECKOrO TIOJIs, CO3IaHHOTO ITUM 3apsilioM,
paBHa, COOTBETCTBEHHO, £1 = 24B/M u E, = 12B/M. Uemy paBeH paanyc mapa R, ecii U3BECTHO, 4TO 1< R < 1,?

Pewenue.

JIvunn E HaumHaroTcs Ha Bcex 3apsimax BHYTPH Iapa W HampaBleHbl pamuansHo (puc.2.10).
OxBaTuM 11ap chepudeckoil 3aMKHYTOH TOBEPXHOCTRI0O A ¢ pamuycoMm I >R. Eciu Bektop E cocras-
nset yroi 0 ¢ BekropoMm sieMenTapHoit miomanku dS, ro EAS= EcosB dS. B naiueii 3a1a4e semMeH-
ThI oMM 0S HampaBieHsl napanieibHo JuausaM E , a Bequuuba £ B CHIIy CHMMETPHH OJIMHAKOBA
BO Bcex Toukax cdepsl. [Toaromy motok E yepes 3amkHyTyIO chepy paBeH mpousBeaeHUIO E Ha 1I0-

maas  MOBEPXHOCTH  Cepsl am?, KOTOpyl0  JHHHH E  TepecekaroT  HOPMaJbHO:

cﬁﬁdéz Ecos@ <]5 ds= Bt f= > fEo. Cymma 3apsgoB BHyTpH chepbl paBHa 3apsay Liapa
29 =P NMyapa =P DfT[Rg/ 3, U BHE 1Iapa HAaNPsDKEHHOCTh By = pR® / 39 r?  COBNajaeT C HampsKeH- Puc.2.1C

HOCTBIO IOJIA 3apdaaa, COGpaHHOFO B LICHTp MIapa.



Bropyto cdepudeckyro moBepxHocTh B ¢ paguycom I <R BeiOepem BHyTpH 11apa. BHyTpu He€ HaXoguTcst E

3apsi 3amrTpuxoBaHHoro Ha puc.2.10 mapa pamuyca f: Zq=pB1T[r3/ 3. Ilpumenenne teopemsl ['aycca maetr [/

E@m? = >a/gp =p [4T[r3/ 3eq. Ilonte BHYTpH mapa pacTeT NPONOPLUMOHATBHO PACCTOSHUIO I By, = pr/3e nRn r
Puc.2.11
(puc.2.11).
CornacHo yCJOBHIO, HA PAacCTOSHHAX [q M [, BEIMYHHBI HANPSDKCHHOCTeH pasnuuarorcss B aBa pasa (puc.2.11):

Ey =pry/3e0 = 26,= R}/ &1} , orxyma R=nirf /2=30 ou.
Ecnu nromnocme 3apsda asgisemces ynkyueti paccmosnus ¥, mo OaHHoe peuleHue He MeHAemcst, Ho CYMMA 3apAaoos GHympu
C°°e’"!" cghepwl paduyca ¥ gviuucasemcs no gopmyne . Q= jp( r) dv = fp( r) @rr2dr .

21.2.Tlo mapy pamguyca R = 50cm u3 mMaTepuana ¢ AMAIEKTPHYCSCKON MTPOHUIIAEMOCTRIO € =2 pacmupenesiéH dJIeK-
TPUYECKUH 3apsi, NpuuéM OO0BEMHAS IUIOTHOCTH TAKOTO 3apsiia MEHSETCS C PACCTOSIHHEM [ OT I[EHTpa Iapa Mo 3aKOHy

2 . .o .
P=pPg [ﬂr/ R) , TIe po = constHa paccrositun I = 5¢cM OT LeHTpa 3apsi/] CO3AaET ANEKTPUUECKOE TI0JIE C BETMIMHON HAMPSKEHHO-

ctu E = 20B/m. Haiitu Benmuuuny po.
Pewenue.

Kak u B npem,mymeﬁ 3aJa4e, NOTOK BEKTOpa E Uepe3 3aMKHYTYIO cq)epnquKy}o IIOBEPXHOCTh paauyca I, HaXOAsAIYHCs

BHYTPH II1apa, paBeH E @2 =Y 0/gpe (Hamo yd4ecTb HUIIEKTPHYECKYIO MPOHULAEMOCTh cpensl). O6bem BHyTpH V =4T[r3/ 3,

r 2 r 5
r 4 4rpr
anement o6bema dV = 4mrldr. 3apsi1 BHYTPH HMOBEPXHOCTH . (= IpdV = jpo — | @mnldr= ﬂj‘ ridr= 2P . Tak kak
R R? 5
0 0
3 2
r 10e0eR°E
e=2,10 E :p0—2 u Po =0—3:7,08MKKH/M3.
10e4R r
21.3.]1Be oveHb ATMHHBIC HUITHHAPUYECKHE MTOBEPXHOCTH ¢ paguycamu a = 1m ub=5wm ¢ ” /
o0meit ockto O OrpaHMYMBAIOT PABHOMEPHO 3apsHKEHHBIN LMIMHAPUYECKUil cioi. [1noTHOCTE duiek- A ————
N . . K+
Tpuueckoro 3apsaa B HéM p = 4 MKu/m®. HaiiTu BeqmumHy BEKTOpa S1EKTPHUECKON MHIYKIuH D N A /, 7Vocs
(BexTopa cMerenus) Ha paccrosamu f = 4m oroe O, AwlAp-— - i
Pewenue. F7A53537 -4\ _+
PaccmoTpum BHauase paBHOMEPHO 3apsKEHHBIN C MIOTHOCTHIO Puc.2.12

p=constcrutomHo# muuHIP. OKPYKUM €T0 COOCHOW IMMITHHIPUIECKON

MOBEPXHOCTBIO A jutuHbl | 1 Gonbinero paauyca r >R. Kak u nuaun E |, nuawn vanykiun D Ha-
HpaBJICHBI 110 pafuycaM K obmei ocu O U nepecekaroT 60KOBYIO MOBEPXHOCTh Sgo = 2TT HOpMaIbHO

(puc.2.13). BHyTpH 3TOi MOBEPXHOCTH HAXOMUTCS 3apsii W3 BBIPE3AHHOTO MOBEPXHOCTHIO ydacTKa 3a-

psikeHHOro UIHHAPA 2.0 = P Vyypupa =P 1R |. CormacHo teopeMme ['aycca

¢ DdS= D2mrl=Y q. [ostomy BHe mamunapa D, = pR? / 2r.
LlnmHapryecKas MOBepXHOCTh B MeHbluero paguyca I <R, oxBaThIBaeT 3allTPHXOBaHHBIH Ha puc.2.13yyacTok HuInHA-
pa ¢ 3apsagoM ».(= ijIrZI .
Dusyrpu =Pr/2.

B Hameit 3a/1a4€ IMPOBOJAUM 3aMKHYTYH LHUIUHIAPUYCCKYIO IIOBEPXHOCTh paaguyca I <b u JJIMHBI | BHYTPU HUJIUHAPUICCKO-

Teopema T'aycca mis stoii moBepxnoctd maer D21l = Y q= pT[r2| / TloaTOMy BHYTpH LUIHHIpA

ro ciost. OHa OXBaThIBAET 3alITPUXOBAHHBIN Ha puc.2.12ydacTok ¢ oobemMom V = w2l -ma?l , Metomuit 3apsg >, =pV . Teopema

I"aycca no3BosisieT NpocTo onpeaenuTh HHAYKIUio D Ha sToi# noBepxuoctu: D = % = p(r2 -a? ) / 2r = 7,5mKn/m?.
T

21.4.TloBepXxHOCTHAs IUIOTHOCTH IEKTPHYECKOTO 3apsja, PABHOMEPHO pacipeiereHHOro o Oec- r

KOHEYHO JIMHHOM IMJIMHIPHYCCKON moBepxHOCTH paanyca R = 30c¢m, paBHa 6 = —2 MKi/m? Tlo €6 ocn  Rps—======—= Gk
IPOTAHYTA HUTH, PABHOMEPHO 3apsKEHHAS ¢ JIHHEHHOH mIoTHOCTBIO A = 4 MxKi/M. Ha kakoM ymaieHuu f S i s
———————— G

OT OCH HAIIPSHKEHHOCTD 3JIEKTPHYECKOTO OIS, CO3AaHHOTO 3TUMH 3apsiiamu Oyaet pasHa E =1kB/m ?

Pewenue.
Kak u Ha puc.1.13,0xBatuM 3Ty CHCTEMY 3apsI0B 3aMKHYTOM [IUITMHPUYECKON MOBEPXHOCTHIO unHbI | u pamuyca r >R.

Ona 0XBaThIBa€T y4acTOK HUJIMHApA € 3apsaaoM (, = 0 [2TRI| u ydactok nutu ¢ 3apsnom gy =A . Jlunun E pacxomarcs BIOIb

panrycoB M NepIeHANKYJISIpHBI K BEIOpaHHOH noBepxHocTH. CornacHo Teopeme [aycca

2RO+ A

ER2ml =Y q/gg =(qLl + oﬂ)/so , OTKyza I = =4,14Mm.
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" A
IIpu r <R mnone co3maet ToabKo 3apsaa HUTH. OfHA HUTH CO34aET CIUIIKOM Oombmoe moie Eg ., = 2— , HE yJ/I0BJIe-
TEQI
TBOPSIOIICE YCIOBHSM 3a1a4H. q
z

21.5. Ha ynanenun Z= 1M 0T OECKOHEYHOTrO IIOCKOTO CJIOs, 3aPSHKCHHOTO PABHOMEPHO C IJIOTHO- + +T + o+
CTBIO 3apsia p = 5 MKK1/M®, HaxouTCst TogeUHbII sapsn = 4 MxKi. Yemy paBHa Tommuna ciios h, eciou on + T+
IeicTByeT Ha 3apsa ( ¢ anekTpudeckoit cuoi F = 0,02H? hI

Pewenue.
U B ciiydae paBHOMEPHO 3apsDKEHHOTO C TUIOTHOCTBIO p ciost (prc.2.144), u B ciayuae
PaBHOMEPHO 3apsDKEHHOM € MOBEPXHOCTHOM IUIOTHOCTBIO G Iutockoctd (puc.2.14(), auHun

HaPsSXKCHHOCTU E BBIXOAT HOPMAJIBHO U MMEPECECKAOT TOJBKO MMCIOMINE TIIIOIIAIb S ocHo-
BaHUsA HHHHHﬂpH‘IeCKOﬁ 3aMKHyTOﬁ TMMOBEPXHOCTH, OXBaTI)IBa}OIIIeﬁ 3apdaabl Ha 3alITPUXOBAH-

HBIX y4dyacTKax. Ilo TCOpEME Faycca IIOTOK E quepes Ty TMOBEPXHOCTH

Puc.2.14

gﬂédé= H2 S=Y digge. Cymma 3apsioB Ha 3aIUTPUXOBAHHBIX ydacTkax Y0 =p[hS s

ciost u Y, =005 mis miockoctu. [lostomy E ;g = _ph (puc.1.142 ) u Eocroern = 9 (puc.1.146).
2ep€ 2¢p€

Benuuuna E He 3aBHCHT OT paccTosiHUs 10 OeCKOHEUHOTO CIost (Miu I0CcKOCTH). JleficTByromas Ha 3apsia  cuna F =qE,

¥ 10 ycsoBusM 3aaqu (€ =1) rommumna cnost h=2eqF/gp=1,77cm.

Tpumepul 3a0ay KOHMPOALHOU PAOOMBL OISl CAMOCMOAMENLHOU NOO2OMOBKUL.

21.6.3apsix ¢ mwioTHOCTHIO p =3,75MKi1/M® paBHOMEPHO pacipe/IeNéH 1o MapoBOMy CJIOK, OPAHHYEHHO-
MY IBYMSI CEpPUIECKIMHE TOBEPXHOCTSIMH ¢ 00mmM rieaTpoM O u ¢ paanycamu a u b. Uemy paBeH paguyc a, ecitu
b == 9w, a na paccrostaum r = 5M ot nerrpa O BemMUMHA BEKTOPA 3JIEKTPHUSCKON MHIYKIIUH TTOJISI, CO3MaHHOTO
9THM 3apsoM, paBHa D = 6,2 MKn/m>?

Omeem: 1 M.

21.7.04eHb AMUHHBIN HHIMHADP paanyca R = 4cM paBHOMEPHO C IUIOTHOCTBIO p = CONSt 3apspkeH 1o 00bE-
Mmy. Ha paccrosinum r{ = 3¢M OT OCH IMIMH/IPA HATIPSDKEHHOCTH DJIEKTPHUYECKOTO MOJIst, UMeeT Benuuuny £y = 24B/m,  r
a Ha paccTosHUU I, > 1 oT ocu E, = 16 B/m. Haiitu paccrositue . R

Omeem: 8cM. s

21.8.1lo nByM napajuienbHbIM OECKOHEUHBIM IUIOCKOCTSIM PAaBHOMEPHO pacIpeesIeHbl JIEKTPUUECKHIE 3apsiibl C
MOBEPXHOCTHBIMH IUTOTHOCTAME 01 = +8 MkKin/M® 1 6, = —4 MxKn/m? passoro 3maka. Bo cKoJIbKO pa3 BeIMUHHA BEKTOPA
JNeKTpUUecKOi MHAYKIMK D Mexny 3apsKeHHBIMU IUIOCKOCTSAMH OOJIbIle BEJIMYMHBI BekTopa D cneBa ot obenx mioc-

oN| o) KOCTeH? Omeem: B 3 pa3a.

21.9. DneKTpUYeCKuii 3apsA Pa3sHOro 3HaKa, PABHOMEPHO PACIpeeséH Mo JABYM OECKOHEYHO IJTHHHBIM o 1 _o,
UJIHHIPAYECKAM TIOBEPXHOCTSIM € 00MIEi 0ChI0, KOTOPBIE HMEIOT paanuychl @ = 5¢cm u b = \ 5 +G\1\
= 10 cm. [ToBEpXHOCTHBIE TIOTHOCTH TAKUX 3apsiioB o1 = —5,9 HKn/M® 1 o, = +4,72uKn/m%. Uemy paBHa Beiu- 9 i
YMHA TOYEYHOTO 3apsja (, HaxoAsnierocs Ha paccrosauu I = 20CM OT OCH, €CIIM CO CTOPOHBI 3apsHKEHHBIX I10- JFF+++++

BEPXHOCTEH Ha HEro ACHCTBYET deKTprueckas cuia F = 3mMH?
Omeem: 30 MK

21.10.2nekTpudecKuii 3apsi pacupeneaé B IPOCTPAHCTBE HEPABHOMEPHO: €10 INIOTHOCTh H3MEHSETCS C PACCTOSHUEM [ OT
3
po {R/r) mpu r2 R;
0 mpu I <R,

CKOTO TI0JIs1, CO3ITAHHOTO 3TUM 3apsiJIoM Ha paccTosiiuu F = 1m ot nentpa O. g =1.
Omeem: 23,1B/m.

21.11.DOnekTpudeckuii 3aps] pacrpeneiét no o0bEMy 0eCKOHEYHO JUIMHHOTO IuiuHApa panuyca R = 20cM. [InoTHOCTS 3a-

nentpa O 1o 3aKoHY: P = rae po = 2,36uKn/m% R = 50 cM. HaiiTy BenHunHy HANPSKEHHOCTH SMEKTpHUC-

2
psiia MEHSETCs C pacCTOSHMEM I OT OCH LMJIMHJPA 10 3aKOHY P = Pg [@r/ R) , Te po = 8 MKn/m®. Ha kakom paccTosHHE [ OT OCH

(BHYTPH [IMIHH/IPA) BETMYHHA BEKTOPA DICKTPUUECKOil HHAYKIWH paBHa D = 3,2mxKi/m>?
Omeem: 4 cm.

22.TloTeHnMan u SHEPTUs deKTpudeckoro noist. Konnencaropsr

Ipu pewenuu 3adau npowe ucnoawzoeams Oougpepenyuanvuvie onepamopst (npouzsoounvie). Hampumep, HampsHKeHHOCTD

Cosem:

TIOJISL MOYKHO OIIPECIUTH, 3Has ero roTeHuuan: |E = —gradd = —T@ - I@ - IZ@ .
ox ~0dy 0z

3Has HaANPsPKCHHOCTD, BBIYUCIIAIOT INIOTHOCTD 3apsaa, CO34Ar0IICTO DJICKTPUICCKOE MOJIC:
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ox ox 0z

- OE
p=ggedivE Egos[ai+_y+6£] :

Ipumepul peuwienus 3aday.
22.1.TloTeHnmnan 3IeKTPOCTATHYECKOTO OIS 3aBUCUT OT KOOPAMHAT TI0 3aKOHY ¢ = (o (SINEX)+Sin(By)+sin(y2)), roe ¢ = 100B,
a=PB=y= /2 pan/m. HaliTk IUIOTHOCTH p DIIEKTPHUYECKOTO 3apsja B TOM TOUKE, B KOTOPOH moreHuuan mos pased ¢ = 100B, a takxke
BEJIMYUHY HAMPSDKEHHOCTH B TOUKE X = Y= Z= 2 M. J[udnekTpuieckas IpOHULIAeMOCTh cpefbl € = 1.

Pewenue.
Haxonum npoekimu Bektopa E @ E, = —3d/dx=-ad, COS(G X) ;
Ey =-0¢ /dy =-Bdg COS(B y) ; E, =-00/0z=-ydq cos(yz) . IInoTHOCTH 3apsiaa NpONOpUMOHATbHA IUBEPTEHIIMU 3TOT0 BEKTOpa U,

TaK Kak O = B =Y, BO BCE€X TOYKAX MPONOPIHOHAIbHA IIOTCHIIAAITY

oE
p=¢g {% +a—y+aaE] =g (O(2¢Osin(0(x) +B% o sin(By) +y% sir(yz)) seq = 2,18:Kn/m>.
X 0x z

Bennunna nanpspkennoctu: E = \/Ef + E§ + E22 = \/(C( 2+Bz+y2) ¢02C052r[ = \/_31(1)0 = 544B/m .

Pa60Ty 0 IMEPEMEILICHUIO YaCTULBI C 3apsiioM ( U3 TOYKH 1s TOUYKY 2B QJICKTPOCTATUYCCKOM IOJIE MOKHO BBIYUCIIUTH C

2= 2 - . ..
IIOMOIIIBIO CHJIBI KyJ'IOHa: A= Il Fdr = Jl quT . Ho MpouIe HAUTHU €€ C IMMOMOIIbBI0 MOTECHIHUAJIA. OTta pa60Ta UACT Ha UBMCHCHHUEC KU~

. . mv% m/f
HETHYECKOM SHEPTHH 3apsKEHHOMN JacTUIb: | A= q(d)l -¢ 2) = TRt
Ipumepvl pewenus 3aday:
22.2.beckoHeuHas mpsiMasi HUTh PABHOMEPHO 3apshKeHa ¢ JIMHEHHOW TIOTHOCTBIO p; = 2 MKKu1/M. TToko- r
HBIIASCS IEPBOHAYAILHO HA PACCTOSHUM 1 = 1M OT HUTH dyacTHa ¢ 3apsigom ( = 5 MK u ¢ maccoit m= 0,81 med BaKyyM

yoamieTcss OT HAUTH TOJ JCWCTBHEM DIICKTPUUECKOM crisl. Ha KakoM pacCTOSHHWH [, OT HHUTH yYacTHia Oymer +pﬂ+ o
HMETh CKOpocTh V = 30Mm/c?
Pewenue.

%‘ Hanpsowcennocmu noas 3apsasxceHHo2o wapa, nioCcKoCmu, HUmMu MOMXCHO HOJIYYUMb ¢ NOMOWblo meopemul I aycca.
Cosem:

B manHOM 3amave HapsHKEHHOCTD Noyst HATH By, = Zp” (cm. 3amauy 21.4).ITostomy
TEQI
2 2 ]
mv dr ra .
—=A 5= J- gEdr= 4Px J'— = % In| — |. W36aBuThCs OT JiorapugmMa MOKHO BBIYHCIIUB DKCIIOHEHTY OT 00EUX YacTei
2 2rE oor ey (g
1

r

ra)_T2 TEQMV2

ypaBHeHus: expln — =

, OTKyna o =7,40Mm.
) n 4Py

III0THOCTD YHEPTUH IIEKTPUIECKOTO Mot (MITH YHEPTHs €AUHUIBI O0beMa mosi) |W,, = EEOE2 / 2|. DHeprus moJis B 00be-

me V Beruucisercs kak |W = J.W3J1 dv|.

IIpumepyvr pewrenus 3a0ay.
22.3. JIdNeKTpUK ¢ AMAIEKTPUYECKOH IPOHMLIAEMOCTBIO € = 4 3aloJIHIET BCE IPOCTPAHCTBO BOKPYT 3a- v g

PSDKEHHOTO MeTaJuIndeckoro mapa paauyca R = 3 cMm. Uemy paBHa BenmuuHa 3apsia (| Ha Liape, €cid dHeprus ~ . i

CO3JIaHHOTO MM 3JeKTpuueckoro moist paaa W = 60 Ix. P R [
Pewenue. % 4 7
BHyTpH METaJUTHYECKOTO MIapa MoJie OTCYTCTBYET, & BHE IIapa COBIAJaeT ¢ IOJIeM TOYEYHOTo 3apsaia, co- P

OpaHHOTO B IIeHTp mapa: E = q/ (4T[£08 r2) ,ipu ' 2 R. TlosTOoMy 3HEpTHS OJIA BHE IIapa

2
00 2 © 2
dV=J.£€—OL2 AnPdr= q ji;: q G];.OTCIOL[a g =./8rmeegWR= 40 mkKn .
R 2 ATEE O 8reeg RT 8eeg R

Buecmo suepzuu nons uno20a npouje HAiimi SHEP2UIO CUCMEMbL 3apI006, CO30AWUX OaHHOe noie. Imu IHepull
Cosem:  pounakosul.

3y E2
2

w]

DHeprus 3apsia BRIPaXKaeTcsl 4epe3 eMKOCTh mpoBomgHuka C u ero moteHumuan ¢: W = C¢2 / 2,tne q=C¢. Em-

KOCTh YETUHEHHOTO Iapa Cmapa = 41EE R, ero notenuman ¢ = q/ (4T[EEO R) . [ToxcraBnss, momydaeM yxe HalIeHHYIO Gopmyy
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i sHeprun W.

3apsin  u emkocTh C KOHIEHCATOpA CBSI3aHbI ¢ pa3HOCThIO noTeHmanoB U =Ad Ha ero oOkiaakax: . DHeprus

1 1 .o 1¢° 3
3apspKeHHOTO KoHaeHcaropa |W :5 qu = 3 CuU :_ZE . EMKOCTh BBIYHCISIOT, ¢ TOMOIIBIO (hOPMYITBI, CBA3BIBAIOIICH HATIPSIKEH-

2=
HOCTP M IIOTCHIMAT Ot (¢ — o = L Edr|.

B miockom koHaeHcarope (puc.2.15a) ¢ miomanpio MmiacTUH S, pacCTOSHUEM MEXIY
IacTHHAMH d, 3aMOJTHEHHOM JUANIEKTPUKOM C IPOHHIAEMOCTBIO €, HANPSHKEHHOCTD TOJISI MEX-

ny mnactunamu |E. = O/€€g|, rae O =0/S- NOBEpXHOCTHAS IIOTHOCTH 3apsiia. PasHocTh

d o d .
noTeHiuanoB Ha miactuHax U =¢1—¢, = J. ExongdX=—d= 9% Emkocers mrockoro
0 €€g €€
C. q _ €S
KOHZIeHCaTopa =—=—.
JIOCK U d

B ciepuueckom xonmeHcarope (puc.2.156) mpocTpaHCTBO MEKAY METaULIHYECKUMHU Ce-
paMH C pauycaMy I U o 3al0JHEHO ANIJIEKTPUKOM ¢ € = const. [loxe Mex oy HUMHU cO3aHO

ra

q _ _
ﬁ.TOFﬂa U —(I)l_d)z—.l.
TEEQI

qdr=qll

5 e . EMxocTs cepruecko-
ATEE T 4TeE (T1 T2

3apsaoM ( Ha BHYTpeHHel chepe: E =
"
ro konzgencaropa Cege, = 4TEEQI I o / (r 2T 1) .

AHQJIOTUYHBIM BBIYUCIICHHUEM MOKAXKUTE, YTO EMKOCTD NUWJIHHAPUYECKOro KOHAECHCATOpa (,Z[BC COOCHBIC MUIIUMHIAPUICCKUEC
21EE |

In (r2 Jr 1)
Ipumepwvl pewsenus 3aday.
22.4.3apsHKCHHBIN TUIOCKHMIA KOHICHCATOP 3alOJIHEH TBEPIbIM IudieKTpukoM u umeet sHepruto W = 0,2 [Ix. Paccrosaue
MexIy ero miactuaamu d = 2 MM. HaiiTu cuimy, MpUTATHBAIOIIYIO OHY IUTACTHHY K JAPYTOH.
Pewenue.
Ha nmactuny ¢ 3apsgoM ( MOXET HEHCTBOBATH TOJBKO 3apsi JApyroi rmiactuHbl (puc.2.15a), cosmaromuii moie

TIOBEPXHOCTH C pajiycamu I u I Gombuioi amuubt |, puc.2.15p) pasua Cp,ppy =

E= 0/ ( 2880) (moste 3apsKEHHOM MIOCKOCTH). 3apsi KOHACHCATOPA MOYXHO BBIPA3HTh YepPe3 ero SHEPTHIO: q2 =2CW=2Weeg S ¢
[Moncrasisst 3T0T pesynsTar B popmyny st cuiel F =gE = qo / ( 2880) = q2 / ( g Q , nomyuaem F =W/d=100H .

22.5.TIpocTpaHCTBO MEKAY 3aPSHKCHHBIM METAIUTMYSCKUM [IApOM pamuyca ; = 2C¢M U METaUTMYECKON 3a-
3eMJICHHOM c(hepoil ¢ paguycoM [, = 4 cM 3alOJIHEHO HEOMHOPOIHBIM JUAJICKTPUKOM, ITUAJICKTPUYECCKAs MPOHU-
[IAEMOCTH KOTOPOTO MEHSETCS C paccTosHUEM I oT obrero nerrpa O 1o 3akoHy € = o/f, rae o = 6 cm. Haiitu 3apsin
g 1rapa, €ClId SHEPIHs TAKOW CHCTEMBI 3apsDKCHHBIX MPOBOAHUKOB paBHa W = 0,2 J[k.

Pewenue.

Ha BHyTpeHHEH TOBEpXHOCTH 3a3eMIICHHOU c(hephl OKaxeTcs 3apsn —( , Ha KOTOPOM OyTyT 3aKaHIMBATHCS

BCE CHJIOBLIE TUHUU E , HC IIPOHUKAaA B METAJIJL. Cucrema 6yaeT C(l)epI/I‘IeCKI/IM KOHACHCATOPOM, MJII KOTOPOT'O pa3sHOCTb IMOTCHIIUA~

r2

2
r
nos U =y ~6p= [—I—ar=—9_[d-_9_ 12
ATEE I 4T[0(sorlr droeg | rq

1

2 r
ﬂ:q—"] _2

2 8mgg r

8roeggW

In(rz/rl)

EMKOCTB OTOT0 KOHJACHCATOPa HE COBIMIAAACT C €MKOCTBIO KOHACHCATOpAa, 3aIIOJTHEHHOT'O OAHOPOAHBIM AUDJICKTPUKOM.

Ero sueprus, W = =1,96MmkKo .

Tpumepul 3a0ay KOHMPOALHOU PAOOMBL 0I5l CAMOCMOAMENbHOU NOO2OMOBKUL.

22.6.TloreHiuan 3JeKTpOCTaTHIECKOTO MOJISI 3aBUCUT OT KOOPJAMHAT TI0 3aKOHY @ = a-XYZ rie o = CONst.Benuunna Hamnpsi-
YKEHHOCTH TAKOTO II0JIs B TOYKE C KOOpAUHATAMHK X; =Y; =21 = 1M paBHa Eq = 30B/M. Haiity BeIMUHHY HANPSHKEHHOCTH 3TOTO TIOJIS
B TOYKE ¢ KOOpAUHATAMH Xo = 1M, Yo = 2M, 2, = 3 M.
Omeem: 121B/m.

22.7.TloTeHIua 3JeKTPOCTATHYECKOTO TOJIsI 3aBUCUT OT KOOPJAMHAT X, Y IO 3aKOHY ¢ = (o (SiN(@X)+cosPy)), rue ¢o = 100B,
o = 2pan/m, p = 3pan/m. Haiitn BennunHy HANPSHKEHHOCTH IO, @ TAKXKE TUIOTHOCTD DIIEKTPUIECKOTO 3apsiia B TOUKE ¢ KOOPAHNHA-
TaMu X =Y = 1m.
Omeem: 93,4B/M, -4,67uKn/v’.



22.8.Yactuna ¢ 3apsimom = 3MkKn u ¢ maccoit m = 0,2r moKomiach Ha paccTosiHMM Z = 1cM oT Z pakyym
OUYeHb OOJIBIION IIOCKOI IMOBEPXHOCTH MeTajlla, O KOTOPOW ¢ IOBEPXHOCTHOW IUIOTHOCTBHIO G = 3,54 uKo1/m? med o
pacrpeseneH dIeKTPHYECKUH 3aps]] TOro ke 3Haka. Kakyro cKopocTh MpuoOpeTéT yacTuiia, yAalIuBIINCh Ha pac- H+

L 25
. . +
CTOSIHHE Z, = 4CM OT HIOBEPXHOCTH METaJlIa 0/ ASHCTBUEM DIIEKTPUUYECKOH CHIIBI. — ¥/|
Omeem: 0,6 M/c. ~ MeTajn ~
22.9.3apspKkeHHbIH I0cKui KoHAeHcaTop, uMmetomuii sHepruto W = 0,004/1x, 3anoHeH JU3IEKTPUKOM U OTKIIIOYEH OT UC-
TOYHMKa HamNpsDKeHHs. YTOOBI BEIHYTH JUAJIEKTPUK, Ha/lo coBepinTb padory 4 = 0,003[x. Uemy paBHa nusjiekTpuueckas NpOHU-

LAEMOCTh JUAJICKTPUKA? Omeem: 1,75.

22.10.PaccTosiHre MEX/y TOPU30HTAIBHO PACIOJIOKEHHBIMHU [UIACTUHAMH [UIOCKOTO BO3MYIIHOTO KoHAeHcaTopa d = 1 cm.
Mesk/Iy IUIACTHH HENOBIDKHO BUCHT 3apsKEHHAs IbUIMHKA ¢ Maccoir m = 0,05r. Emkocts konznencatopa C = 0,03mk®, 3apsa Ha
ero mwiactuHax ¢ = 6 mxKi. Haiitu Benuuuny 3apsiaa neutnHke. [Ipussats g = 10 m/c2.
Omeem: 25 uKi.

22.11.0nmHOpoaHAs cpeAa ¢ AUAIIEKTPUICCKON MPOHUIIAEMOCTBI0 € = 4 3amOJHSET MPOCTPAHCTBO MEKIY
METAUIMYECKUM IIapOM M 3a3€MJICHHOM MeTaUTMIecKoi chepoii paauyca I, = 8 M. Ha miap momeres 3apsa ( =
= 6 MxKU1, a moTeHuan 3JeKTpoCcTaTHIecKOro moisi B ooiem neHrpe O mapa u chepbl UMeeT BETHIHHY Qg =
= 2,4xB. Yemy paBeH paauyc , mapa?
Omeem: 3,30M.

22.12 . Metamnyeckuil map paguyca r; = 2 cM W 3a3eMJICHHass MeTautndeckas cepa pamuyca o = 3 cMm
nMetoT obmmid nieatp O. JudnekTpudeckas MPOHUIIAEMOCTh HETPOBOMSIIEH CPEIbl, 3aIOHSIOMEH MPOCTPAHCTBO
MEXIY mapoM U chepoii, yorIBaeT ¢ pacctosHueM I ot rentpa O 1o 3akoHy € = alr, rue a = 4 cM. Haiitu éMKocTb
TaKoit cucTeMbl MPOBOJHUKOB (B D).

Omeem: 11,0n®

22.13.Metamnuueckuii map c 3apsinoM ¢ = 4 MxKim  okpy)keH 3a3eMJIEHHON MeTajulndeckod cdepoit pamuyca r, = 5 cm.
Mexy HOUMH HaXOJUTCS INDJIEKTPHK, TUAIEKTpUUECcKas IPOHUIAEMOCTh KOTOPOro yOBIBAaeT ¢ paccTostHueM I oT obuiero 1entpa O
110 3aKony & =b/r’, rae b = 150cM®. DHeprus 9TOi CHCTEMBbI 3apsKEHHBIX TPOBOIHUKOB pasua W = 0,36][x. Haiitu paguyc mapa ry.
Omeem: 3,16¢cm.

23.3aK0HBI KBa3UCTAIMOHAPHOTO TOKA

Toxk, HpOTeKa}OHII/Iﬁ IO Y4acCTKy Henu ¢ CONPOTHUBJIICHUEM R, CO3Ja€T Ha HEM IMAaJACHUC HANPSIKCHU . MomnocTth

toka |P=Ul =1°R , @ BeJIMYMHA CHJIBI TOKA 3aBUCUT OT BEJUYHMHBI 3apsja, MPOTEKIIEro Yepe3 CeueHHe MPOBOJAHHMKA 32 CAMHHILY
BPEMEHH: dg/dt|.

Ecnu mok 3asucum om B8pPEMEHU, He MCYIOJZbS’yL?me WKOJIbHblEe d)OpMyﬂbl, 3anucanHvle 015 NOCMOSHHO20 MOKa!

Cosem:

T
BenuunHa 3apsijia, npoTekiiero mo uernu 3a Bpems 0<t<T Oyxer paBHa |( = J. I (t) dt|, a BeMuMHA BBIIEIMBIIETOCS 3a 3TO
0

T
Bpems temna |Q = I 12 (t) Rdt] .
0

Ipumepwvl pewsenus 3aday.

23.1.Tok, TeKyuii Mo MPOBOAHUKY, BO3pPACTACT HPSAMO IPOMOPIIHOHAIEHO Bpemenu U | = a-t, rme oo = const.Uemy paBHO
compotuBieHre R npoBojHuka, eciu 3a npoMexxyTok Bpemenn 0 <t <1, rae t = 4c, yepe3 MoONEepevHoe CeueHHe MPOBOIHHUKA MPO-
TekaeT 3apsaa = 5Kii, a B ipoBogHKKE BhIACIAETCS IKOYIeBo Temo Q = 80 x?

Pewenue.
T T 2 T T 2.3 2
at a“1T°R 3t
Tak xak = J- Idt = J'O(tdt =—; Q= J- 1°Rdt= J.O( 2?Rdt=——, 0 L (MCKITFOYMIIN HEU3BECTHYIO ). [ToaTOMYy
2 3 Q 4R
0 0 0 0
3t
R= —2 =9,60mMm.
4q
Ecau 3asucumocmo cunvt moka om epemenu 3a0ana ¢ nomowwio epagura (6 3adavax obbiuHo 3a0aHA TUHEUHAS 3A6UCUMOCHD),
Cosem: 1110 eé nado evipasume nuneiinoi gynkyueti: | =a+bt . Iapamempor a u b smoii 3asucumocmu onpedensiom nodcmarnosxoii

YUCTI08bIX OAHHBIX HA OCSX 2PAPUKA. I \
Haoo nomnumos, umo unmeepan pagen niowaou noo epaguxom noovinmezpaivhou gyuxyuu. Hanpumep, npo- \\\: P
mexwull 3a epems T 3aps0 Oyoem pagen 3aumpuxo8aHHol nIowaou noo 2papukom moxa. 07

23.2.11o npoBogHUKY ¢ comnpoTHBieHHeM R = 2 OM Te4éT TOK, BEJIMYMHA KOTOPOTO 3a MHTEPBAJI BPEMEHHU
0<t<t, =3¢ mensercs no JuHEHHOMY 3aKOHY OT |; = 2A no |, =5A (cm. pucynok). Yemy pasno Temio Q, koto- L

pO€ BBIIENUTCS B IPOBOJHMKE 32 yKa3aHHbIA uHTepBan Bpemenn 0<t<t, c, a Taxke 3apsan g, KOTOPHIii mporteder mo L1
MIPOBOJIHUKY 32 9TO BpeMsi? 0 ta
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Pewenue.

Takkak | =a+bt, rompu t =0 umeem |y =a,anpu t=t, |, =a+bt,. Orcrona b=(|2—ll)/t2=1A/C; a=1,=2A.

t t ts
Mooromy Q= [ 1?Rdt=[(a+ b Rde R &[ ¢t2 ab tot Y % de= R{e,+abf+ 1 §/3)=7871x.
0 0 0

IIporexmmnii 3apsan = J. Idt paBen miomany noa rpaikoM ToKa: g = %( I +1 z)t 2=10,5Ki.

E+ |:|:”I B cnyuae, koraa Kk UCTOYHHKY Toka ¢ mocTosiHHoi D/IC € moaximoyaeTcs BHEIIHSAS HArpy3Ka ¢ COMpPOTHUB-
/ Ra neHueM R, 1o menu npoTekaeT MOCTOSHHBIN TOK | = 8/ ( R, + r) . IlomHHTE, YTO Y KAXKIOT'O0 UCTOYHUKA TOKA UMEETCS

BHYTPEHHEE CONPOTUBIICHHE I. B 3TOM ciyuae 3a Bpemst At Ha Harpyske BeigessieTcst Temio Q = I°RAL.

Ipumepwvl pewsenus 3aday.

23.3.K xiemMMaM UCTOYHHKA MOCTOSHHOTO TOKA C BHYTPEHHUM conportuBieHreM I = 400m cHa-
Yaja MOJKITIOYAIN Harpy3Ky U3 ABYX OJAMHAKOBBIX COMPOTHBICHUH Ry = R, = R, coenMHeHHbIX mapasiesb- D &S 2 |Er
HO (puc.1l), a noToM CoemMHEHHBIX MOce0BaTeabHO (prc.2). B nenu Ha puc.l3a 0JHY MHHYTY Ha Harpys- —Rs E'E
Ke Bblessioch Temio Q; = 3,6k/Ix, a B 1ienu Ha puc.2 3a TO e BpeMsl Ha Harpy3Ke BBIIEJISUIOCH TEIUIO R Ry R,
Q> = 2,5k/[x. Uemy paBHO Kaxmoe u3 conpoTurieHuit Ry mim R,? Kakoi 3apsia mporekaeT yepes HarpysKy 2
B 000MX ciyJasx?

Pewenue.

INpu napannenabHOM COEIUHEHUH PE3UCTOPOB CONPOTHUBIECHHUE HArpy3ku paBHO R = R &/ ( R+ 3) = JR, a npu nocne-

E
r+2R

2 2
nosatensHoM — R;» = R+ R =2 F. Ilostomy Q; = IlzRﬂlAt:(Lj BAI; Q, = I%RHZAt:( j 2RAL.

r+R/2) 2
2
r+2R
OTC}OHa&=3—6= ( )Z,HHI/I r+2R =1—2n R=1=7OOM.
Q25 4(r+R/2) r+R/2 5 4

3Hast COMPOTUBIIEHHUS, MOKHO BHMUCIUTH Benmunny JJIC, Benmuuuny Tokos |1 =,/2Q1/RAt; 1, =,/Q,/2RAt, a Takxke on-
pelenuTh NpoTeKInuii 3a Bpems At zapsaa: o = 1At = ‘/&RA'{ =111Kx; gp = ILAt = ‘/% =46,3Kix.

Ecnu 6 ycnosuu 3a0aqu npusedensl yoeivhoe conpomusienie nposoOHUKA p il e20 yOerbHas nposooumocms G =1/p, mo
Coeem: = =
MOJICHO ucnoavzosams 3akon Oma 6 10KkanbHOU Gopme. || =OE| .

3nech E - HaNpsHKEHHOCTH CTOPOHHETO 3JIEKTPUUECKOTO MOJIs, co3nammero Tok, a | =dI/dS - miotnocts
TOKa, TEKYIIEr0 Yepe3 MOMEePEYHOE CEYeHre S MPOBOJHMKA, KOTOPOE MOXKET UMETH TPOU3BOJIBHYIO (opMy o, ®,

— .-
(puc.2.16). BenmnurHa cuiibl TOKA, TEKYLIErO MO MPOBOTHHKY || =deS . Ecnn miaoTHOCTE TOKa BO Bcex / —F J

S

lé

TOYKaX CeYeHus S OJWHAaKoOBa, TO | = jS, a MNaacHUue HaNpAKCHUd Ha MPOBOAHUKE IJIWHBI I paBHO P 2 1€
uc.c.

¢1 -0, = [EdI=[U=EI.

IoacranoBko#t | u E u3 3akoHa OMa B JOKaIbHOH (opMe JIerko nony4duTh o0buHyto 3amuchk 3akona Oma U = IR, rae co-

IIPOTUBJIEHHE YYaCTKa 0JIHOPOAHOrO poBoanuka |[R=pl/S= )0 g.

Ipumepvl pewrenus 3aday:
23.4.Korja npoBojoka JUinHbI | OblIa MOAKIII0UYEeHa K HCTOYHKUKY IOCTOSIHHOTO Hanpsokerus U, B Hell kax-

JIyI0 MUHYTY BBLAEISIOCH JKOYIeBo Temio Q = 729 . 3arem 3Ty MPOBOJIOKY PACTSHYJIH JI0 JUIHHBI |, ¥ moaKiito- U
YHJIM K TOMY K€ UCTOYHUKY HanpspkeHus U. Teneps Kaxay:0 MUHYTY B IIPOBOJIOKE HAYaJO BBIACIATHCS Temio Q, = —]——
625 JT:x. Bo ckoibKo pa3 Oblia yBeIUYEHa [IHHA IPOBOJIOKH?

Pewenue.

Texyumii o npososnoke Tok | =U /R mocrosuen. Mensiercst conporusnenne R =ph/S; - R=p b/ S, rne S —ceuenne
IIPOBOJIOKH, YMEHbIIatoIeecs Ipy e€ pacTsokeHud. [losromy

&:LzAt LZAt_ RZ _IZ_S_I.

QL R R R WS

ITpu pactspxeHnu He MeHseTcst 00sEM mposonoku V = 1S = 1,S,. Orcrona

userest B |o/11 =4/Q1/Q5 =1,08 pas.

iziﬂle('z

2
—_— —j . I[.]'H/IHa IIPOBOJIOKHU ME-

h Q@ (L
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23.5.HanpspkeHHOCTD 31€KTPUYECKOTr0 MO BHYTPH LIMIIMHPUYECKOTO IPOBOHHUKA C PaiycoM g = 4 MM HallpaBieHa
BJIOJIb €r0 OCH U BO BcexX Toukax paBHa E = 0,5MB/M. Y nenbHas IpOBOANMOCTh MaTepHaia MPOBOAHMKA BO3PACTACT C PACCTOSIHHEM I

0T OCH IPOBOJHUKA M0 3aKOHY O = O (r/ r0)2 ,Toe Og = 510" (OmMk) ™. Haiitu cumy Toka |, TEKyIero mno mpoBOIHHKY.

Pewenue:
Berlpakast TOK yepe3 ero mioTHocTs | = J. jdS, roe dS= d(T[rz) =21rdr, u ucnons3yst 3akoH OMa B JIOKaJbHO# Gopme | = OE ,
fo o 4 2
210oE 2MogE fo _ TOQET
nonydaem | =J.0EE2T|rdr=—2°J'r3dr= 20 32="90_9g28A.
0 6% rs 4 2

Tpumepwl 3a0ay KOHMPOALHOU PAOOMBL OISl CAMOCMOAMENbHOU NOO2OMOBKIL.

23.6.T1o mpoBOJHUKY TEYET TOK, BEIIMUHUHA KOTOPOTO MEHSETCS CO BpEMEHeM {, Kak MOKa3aHo Ha PUCYHKE, TIe
lo = 0,6A, T = 3c. 3apsaa KaKkoil BeIUYMHBI (| MPOTEYET Yepe3 cedeHue NPOBOHMKA 32 MHTepBan Bpemenn 0<t<2tr? Io
Omeem: 1,8Ki.

23.7.B HauanpHbI MOMEHT t = 0 Mo mpoBOIHKKY ¢ compoTuBieHneM R = 8 OM HaunHaeT Tedb TOK, MPHYEM
BEJIMYMHA [POTEKILIETO Yepe3 MOINEPeYHOe CeUCHHe POBOAHMKA 3apsiaa ( IMHEHHO pacTéT co BpeMeHeM t (CM.pHCYHOK).  Jgt----- ‘
Haiiti BenuuuHy 3apsaa (g MPOTEKIIEro K MOMEHTY BpeMeHH T = 3 ¢, eciiu 3a npomMexyTok Bpemenn 0 <t <t B mpo- !
BOJHHUKE BBIIACIUTCS IKOYIIEeBO Temio Q = 24 JIx? 0 T

Omeem: 3 Ki.

23.8.Tlagenne HAaMpsHKEHUS HA ydacTKe MPOBOJAHHMKA C compoTBicHreM R = 24 OM BHauase JUHEHHO BO3-
pacraet co BpemeHeM t, a morom mocrosiHHO U paBHO Ug = 12B (cm. pucyHok, rae T = 1 mun). Kakoe mxoyneso temwio U,
BBIJICJTUTCS B IPOBOJIHUKE 32 MPOMEKYTOK BpeMenn 0 <t < 2t ?
Omeem: 480 ]1x. 0 t 2t

er 23.9.K kieMMaM MCTOYHMKA IIOCTOSIHHOTO TOKa ITOJKJIIOYeHa Harpyska c¢ conporusiienneM R = 30 Om. 3a xakoit
IIPOMEXKYTOK BpeMeHH At B Harpyske BbLIAEIHTCS JpKOYIJeBo Terto Q = 15 Ik, ecin 3a 9TO ke BpeMs 110 LeNH POTeUET 3a-
psan g = 5Kn? Omeem: 50c.

23.10.Buavaie conpoTuBiIeHHE peocTaTa, HOAKIOUYEHHOr0 K HICTOYHUKY ITOCTOSTHHOT'O TOKa ¢ 3¢ € = 36 B, Obl1o
paBHo R; = 1000M. [IBM>XKOM peocTaTa yBEIUYMIN €r0 CONPOTUBIICHHE B 4 pa3a, M IPU 3TOM IIaJieHUE HANpsDKEHUS Ha HEM | R
B Bo3pocio B K= 1,5pa3. Kakoe mKOyIIeBO TEMmI0 CTalo HOCIIE 3TOrO BBIACIATHCS HA PEOCTATE KAKIYIO CEKYHIY?
Omeem: 2,25]1x.

23.11./1Ba 0IMHAKOBKIX pe3rcTopa ¢ conpoTuBieHneM R = 8 OM Ka/Iblil IIOJKIIOYEHBI K HCTOYHH- 1) & I
Ky TOCTOSIHHOTO TOKa cHavaja mocnenosarensHo (puc.l), a motom mapamiensho (puc.ll). Bo BTopom ciydae
6 H 1w
R R

TOK, MMOKa3bIBaEMBII aMIiepMeTpoM, B 2,5 pa3 Gosnblie, yeM B nepBoM. [1o 1enu, n300pak€HHON HA MPaBOM
puc.ll 3a Bpems At =2 Mmun nporekaer 3apsia Oy = 48Ki. Uemy paBHa BeqHUYHHA 3/C JAHHOTO HCTOYHUKA TO-
Ka? Omeem: 3,2B.

23.12.Haiiti ynenpHy0 OPOBOJUMOCTE O ORZHOPOJHOTO MaTepuaja, U3 KOTOPOTO W3rOTOBJIEH LIMIMHAPUYECKUI IPOBOJ-
HHK paauyca o= 5 MM, eclii BO BCEX TOYKaX MPOBOAHMKA HANPSHKEHHOCTh CTOPOHHET0 dlieKTpudeckoro nousi pasHa £ = 0,004B/m, a
10 IPOBOJTHUKY TeueT Tok | = 10A.

Omeem: 3,18-10 (Om) ™

23.13. OQHOPOHEIA MPOBOJHUK C YIETBHBIM COmpoTHBIcHHeM p = 510° OmMi mnMeer momepedHoe ceucHue B hopme
KBaJpaTa co CTOPOHOH & =5 MM. BennunHa HanpsDKEHHOCTH KBAa3HCTALMOHAPHOTO CTOPOHHETO 3JICKTPUYECKOTO OIS, HAMPABICHHO-
r'0 BJIOJb MPOBOAHUKA, MEHSIETCS CO BpeMeHeM t 110 JinHeHoMy 3akoHy: E = At + B, rne A = 5B/Mld, B = 3 B/m. Kakoii 3apsi nporte-
YeT yepes MONepeyHOe CEeYeHHE IPOBOTHHUKA 32 MPOMEKYTOK BpeMenn 0<t< 2c¢ ?

Omeem: 80Ku1.

24.Pa3BeTBIEHHBIC dJIEKTpUUECKHE e U npaBwmiia Kupxroda

Ipu pewenuu 3a0au ¢ pazeemesieHHbIMU Yensamu oeiaime ciedyiowue 0etucmeust,
Cosem:  womopuie asmomamuyecku npusedym Bac k npasunvruomy pewenuio (015 npumepa noxasaua
cxema na puc.2.17).
1) AKKypaTHO HapHCYHTe CXeMYy Pa3BETBIIEHHOM IENU M KUPHBIMM TOYKaMH 0003HAYBTE BCE Y3JIBI —
TOYKH, TJIe COEJUHSIIOTCS TpU U Ooiee mpoBoanuka (touku A, B, D, E Ha puc.2.17);
2) Psapom ¢ xaxaeiM ucrouHukoM OJIC € IOCTaBbTE €ro BHYTPCHHEE COINPOTUBICHUE

I - 8
+1= . Ha xaxpaom ucroyHuke 0003HaYbTE CTPCIIKY =>, BBIXOJAIYIO U3 €To ILJTFOCOBOM

= KJIEMMBI. DTa CTpeJIKa MOKa3bIBAaeT HAalpaBlIeHUe ToKa |j, co3aBaeMoe HCTOYHHKOM €; B
Hepa3BeTBJIEHHOI 1enu:
3) B ka0 BETBH — y4acTKe LeIH MeXLy IBYMs y3JIaMH — CTPENKOil 0003HaubTe HAIpaBICHUE Te-
Kymero Toka. Ha puc.2.178unno 6 Betseif u 6 TokoB |y —| 5. Crapaiitech mpoCTaBUTH HHJEKCHI TOKOB

TaKUMH K€, KaK MHIACKCHI COHpOTHBHCHHﬁ, II0 KOTOPBIM OHHU TEKYT. Baons omHOM BETBH TOK HE a0J1-



51
’KE€H MEHATH HY BEIMYMHY, HU HallpaBlICHUe, KaK [I0Ka3aHo 11 Toka |; . He nymalite B Kakyto CTOpOHY AE€HCTBUTEIBHO T€UYET TOK.
Ecnu Bel omm6mch ¢ HanpaBieHHEM, TO B OTBETE MOJYIHUTE dTOT TOK C MPABMIIBLHON BEJIMYUHOM, HO CO 3HAKOM “MHHYC".
4) Jlnst K@K 0T0 y31a MOXKHO 3anucaTh nepoe npasuio Kupxroga: 31 = 0: Toku, BxoAsuue B y3el 3anuchiBaiite o 3HaKOM ™+, a

BBIXOSIIIHE — CO 3HaKOM “-”. UHCII0 TOKOB paBHO YHCILy IPOBOJHHUKOB, COCANHSIOIINXCS B y3II€E:
l{1+1o-13=0nmma y3na A; Ig+lg—1,4=0ma y3na B; I4-1,-15=0 01 y3na D wn.r.I.
5) BeiGepute HampaBieHne 06xo0/a (Mo 4acoBoi ctpenke Ha puc 2.17)u 3anuinure Bropoe npapmwio Kupxroda amst mr060ro 3aMKHY-
Toro kontypa uenu: Y U; =X iR =2 § (anreGpanueckas cymma najieHnii HaNpsuKEHNs B 3aMKHYTOM KOHTYpe paBHa anreOpanye-

ckoit cymme DJIC B 3TOM Ke 3aMKHYTOM KOHTYpe). B menu Ha puc.2.17 uMeeTcs ceMb

A
Pa3HBIX 3aMKHYTEIX KOHTYpOB (puc.2.18). 1 3 A LA r A
Ecnu BeiOpanHOE HampaBiieHHE CTPENKHA TOKA COBIIAJAET C HAIPaBICHHEM 00- b---D IB D D D Bj--
X0J1a, TO 3TOT TOK B CyMMe OepeTcsi CO 3HaKoM “+”, eclii He COBIaAaeT — CO 3HAKOM ‘- : E
". Ecim ctpenka 3JIC => coBmajiaeT ¢ HampasieHueM o6xona, To 3ta DJC BXoaut B E Puc ; 18 E
CyMMY CO 3HaKoM “+”, ecii He COBIaJaeT — co 3HakoM “-”. MEeHSTh HalpaBieHHE yxkKe o
IIOCTABJICHHBIX CTPEJIOK HeJb3sl. MauTe 1o HarpaBieHHIo 00X0/1a U 3alMChIBAlTe MaAeHUs HAPSDKEHHUS TOJIBKO ISl TeX CONMPOTHB-
JIeHn#i, KkoTopblie Bol BcTperuTe B BEIOpaHHOM KOHTYPpe. [Ipoiins no koHTypy BTOpOH pa3, 3alHUIIUTE BCE
BcTpedeHHble DJIC ¢ COOTBETCTBYIOUNMMHY 3HAKAMU!
IR+ 1rg+l R+l {1~ R 71 b o+l R 4l r5 5€ t€ 7€ &€ (s xouTypa 1 Ha puc.2.18);
IR+ 1rg+l Ri+1{ -1 R 71 b I B sl g ¥€ t€ € zE€ (st koHTYpa 6 Ha puc.2.18)u.1.0.
6) Urciio Bo3MOXHBIX ypaBHeHu# (1-€ npasmio Kupxroga s 4 y3iios u
2-e mpaBWIIO [UIsL 7 KOHTYPOB B IIeNH Ha prc.2.17) IpeBbliaeT Yncio HEM3BECTHBIX TOKOB |1 —|g. DTH ypaBHeHUs OyayT JTHHEHHO

|

es!

3aBUCHMBIMH.
Jluneiino nezasucumvimu 0as yenu ¢ N yzramu 6yoym ypasuenus 1-eo npasunra Kupxeogha ons mobwvix N —1 y3n06 u ypasne-
Husi 2-20 npasuna Kupxeoa ona camvix ManeHbKux KOHMypos, nyCmulx 6Hympu.

st uenm Ha puc.2.17 370, Hanpumep, y3iusl A, B u D, u koutypst 2, 3u 4 (cM. puc. 2.18).Ocraetcs 6e3 omubok
PELINTH 3allMCaHHYI0 CUCTEMY JINHEHHBIX YPaBHEHUH.

Kak npaBwuiio, B 3a1a4e KOHTPOJIBHOW pabOThI HAJI0 pacCYUTATh LIeMb C ABYMS y3JaMu. B aToM citydae pemaercst mpocrast
cucTeMa U3 TpeX ypaBHEHHH.

Coeem:

Ipumepwvl pewsenus 3aday.

24.1. BHyTpeHHUE COMPOTHBICHHS BCEX MCTOYHHUKOB TOKA, NMPUBCICHHBIX HA PUCYHKE CIIpaBa
OJIMHAKOBBI: 1= I,= 3= 1 OM. Haiiti BenuunHy conpoTuBicHus Rs, eciu n3BecTHO, uto Ri= 2 OM; Ry=
=30wm; €1= 12B; ¢,=8B; 83=10B; I, = 2A.

Pewenue.

JluneitHO He3aBHCWMOW OymyT ypaBHeHHUs cucTeMmbl 3 1o mpaBuia Kupxroda, 3ammucaHHoro
s y3na Bl 1, +13—11=0, u 1Byx 2x nmpaBun Kupxroda, 3aniucaHHBIX IS TPEYTOJIbHBIX KOHTYPOB

CAB u BAD: |1R1+ |1r1+| Bz"'l ¥ 2=£ 1+€ o |3R3+ |3r3—| Bz—l b 2=8 3—8 o
(xak u Ha puc.2.17,HanpasieHre 06Xo/1a — [0 YaCOBOM CTPeJKe). DTa CHCTEMA M3 TPEX YPaBHEHUI COAEPIKHUT TPU HEM3BECTHBIE Be-
mmuuHsl 4,13 1 R3.

Pewams makylo cucmemy 6 OyK6enHuvlx 0603HAYEHUAX BCE eWé CIUKOM 2pomo30Ko. Ecnu Bul yeepenvi 6 3anucannvix ypas-
Cosem: HEHUSX — ROOCMABbME 6ce YUC08ble 3HaYeHus u3 ycaogus ¢ cucmeme CHU. Toeoa omeem maxace nonyuumest 6 cucmeme CH.
Ypaenenua cmanym npocmuimu, Ho npogepume pasmeprHocmu Bul yorce ne cmoorceme.

U3 BTOpOro ypaBHEHHs] HAXOAUM EIMHCTBEHHYIO HE 3aJaHHYIO B HeM Bennuuny |q =4 A . IlogcTasisis e€ B mepBoe ypaBHEHHE, Ha-
xommM I3 =11-1,=2A.

ITocnenntoro HEU3BCCTHYIO R3 HaxXOoJuM U3 MOCJICAHECIO YPAaBHCHU A, IOACTABJIAA BCC Haﬁ[[eHHLIe BEJINYHHBI. R3 =40mMm.

24.2. CeMb OIMHAKOBBIX HMCTOYHHKOB TOKa C BHYTPEHHHMM comporuBieHneMm I = 1 OM  KaxIblit g,r g,r
BKIIIOYCHBI B Pa3BETBIICHHYIO LieNb, N300paxxEHHYI0 Ha pucyHke. Haiitu Benmmunny DJIC € kaxmoro w3 wmc- e !
TOYHHKOB, €CIIH M0 JIEBOMY MPOBOJHKUKY MpoTekaeT Tok | = 3,2A. s L&r B

Pewenue. IL
r”‘ IgA r | € Hanpasum ctpenku TokoB |1 u |, BBepx, kak u cTpenky Toka |. Bee Tokn &.r |74| g1

e & € L—l‘& cxomsres B y3ne A (puc.2.19) | +14 +1 , =0. D10 03HaUaeT, 4TO HANPABICHHUE KAKHX-

I 0r Ilq\ p Iop L. TO TOKOB yKa3aHO HEBEPHO M B NPOLECCE BHIYMCICHUS ITH TOKH OyayT UMeTh pa3HBIN 3HaK. 11 KOHTYpOB
cieBa u cripasa ot inauu AB 2-e mpaBmio Kupxroda umeet Bu;
rigBrilg

Ir+lr +Ir 4§ =€+€+€E—-E, Ir-lgy-1§5 4 p =E+E-E—E.

Puc.2.19 n .
OJLy4HUIIH CUCTEMY € TpeMsl HeusBecTHbIMU |1, | o 1 €
ll +1 2= - y
Iy 3 (31 =Iy)r _15Ir
2¢+14r =3r , U3 nocneanero ypasHeHus |, =§ , U3 IIepBoro 1y = _ZI , U3 BTOPOT'O ypaBHEHUS € = — :? =6B.

lr =3 4 =0.
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Toxu 11 =-2,4 A u |, =-0,8 A umer0T NpaBUIbHYIO BEIUYUHY, HO HAIPABJICHHUS UX MBI HE yraJajH.

24.3.Tpu UCTOYHUKA TOKA C OJIMHAKOBBIMYU BHYTPEHHUMH CONPOTUBIICHUAMH 1= F;=r3= 1 OM BKIIIOYEHBI
B Pa3BETBICHHYIO LIEITh, M300paKEHHYIO Ha pUCcyHKe. Haiitn BennunHy nagenus Hanpsokeaus Uz Ha KiieMMax uc-
tounuka Toka ¢ DJIC € ;=9 B u BHYTPEeHHUM CONPOTHUBIICHHEM 3, ecir Ri= 2 Om; R= 30wMm; £ =16 B; £ ,=25B.

Pewenue.

HanpasieHnss TOKOB Ha PHUCYHKE yKe 3amaHbl. 1l mpaBmwio Kupxroda mis JeBOro ysiaa MMEeT BHUI
I3—=11—15,=0. 2 npaBmio Kupxroga s Bepxaero MajaeHpKoro koutypa 1Ry +I1qr1+1 § 3= € 1—€ -, u1a Huxk-

HEro MajeHpkoro koutypa —lgr3—I Ro—1 § =€ 3~ € . (06xox — mo yacoBoii crpernke). [locine MOACTAHOBKH Y-
I3—=11-15,=0,
cioBbIx AaHHbIX B CH umeem npoctyro cucremy: § 3lq +13=7, Pemenue 310if cucremsl gaet 11 =1A; 1, =3 A; I3=4A.
I3+4l,=16.
Homnume, umo eciu mox | pazpascaem 6amapeio ¢ 3/[C € u ¢ enympennum conpomuenenuem r (puc. 2.20q), mo nadenue

Cosem: HanpsoiceHusi Ha eé KIemMmax U =€-Ir|. Eciu oce mox sapsascaem d6amapero (puc.2.200), mo a) - }:}__;1 U=E-ir

=
U =€+Ir|. Beruuuna U > €, unaue mox ne nomeyem npomus ucmoynuxa 3/C. 6) [~ & .
. 1 U=E+Ir
B nameit 3aade, kak BUAHO U3 PUCYHKA, TOK |3 HampasiieH npotuB uctounuka JIC €3, n Hamps- r e
Puc.2.2C

’KeHue Ha ero knemmax Uz =€3+14 =13 B.

&2, Ecnu yenv cooepacum borvuie 06yx Y3106 u IUHEUHO HE3AGUCUMBIX YPAGHEHUT] CIUWKOM MHO20, PACCMABbIME 6Ce YUCTO06bIE
Cosem:  Oannvie 3a0auu na cxeme u onpederume y3ivl Ul KOHMYpPbL, N5l KOMOPbLIX ypasnenus npasun Kupxzoga exuiouaion moibko
OOHY HeU38eCMHYIO GeUYUHY .

24.4. BHyTpEeHHHE COMPOTUBJIEHHs BCEX MCTOYHUKOB TOKA, NPUBEIECHHBIX Ha PHCYHKE CIIPaBa OIM-
HAKOBBIL: 1= = 3= I,= 1 Om. Haiitu BeiMuMHy majeHus HapsOKEHUS Ha KIEMMaX MCTOYHHKA € 5, €CIIH H3-
BECTHO, 4TO £ ,=7/=B; £,= 4B; R=20M; Ri=50M; Rs= 70m; |I,= 3A; I,= 2 A.

Pewenue.
g, 10m OG6o3Ha4MM BCe YMCIIOBbIEC JaHHbIE 3a1a4n Ha cxeme (puc.2.21). Teneps
BHUIHO, YTO B ypaBHEeHHe 2-To mpaBmia Kupxroda mis npaBoro KOHTypa BXOJHT
RV E)ZOM 1A =25 epuncrBennan nensectHas BemuumHa — 1ok lg:  |,R,+ I4(R4+ r4) -1 Rs=€,
10m
7B' 10m 2 50 OTKyJla JIeTKO HaliTh |5 =2 A .
M
[Hanee u3 ypaBuenusi 1-ro npasmia Kupxroda mis yzna D (puc.2.21) HaxoquM BENHYUHY TOKA
: lg =1,+l 5=5A. O10T TOK OyAeT pa3psxKaTb UCTOUYHUK € p, M HaJEHUE HANPSDKEHUs Ha €ro KiemMMmax
& 3
) Puc.2.21 cornacHo puc.1.20a, papno U, =€, - 14 ,=4 B.

Tpumepul 3a0ay KOHMPOALHOU PAOOMBL 0I5l CAMOCMOAMENLHOU NOO2OMOBKUL.

24.5.Tpu 0AMHAKOBBIX NCTOYHHKA TOKA C BHYTPESHHUM CONMPOTHBICHHEM I = 1 OM KaKIplil BKIFOUCHBI B gr g1
Pa3BETBIICHHYIO 1IeMb, N300paxEHHYIO Ha pucyHKe cnpaBa. Haiitu Benmuuuny DJ]C € Ka)aoro u3 UCTOYHUKOB TO- Ly N2
Ka, eciit Ri= 10M; R=20mMm; R= 30m; I3 =5A.

Omeem: 13B.

—1

LR L

24.6.11a1s oguHAKOBBIX UCTOYHUKOB ToKa ¢ DJIC € =11 B Kaxablii BKIIOYCHBI B pas-

1
gr I &, €,r BETBIICHHYIO LICIb, IOKA3aHHYIO HA PUCYHKE ClieBa. HaliTH BeIMYMHY BHYTPEHHETO CONPOTHBIIC-
= HUS I MCTOYHHMKA TOKa, eciii Ri= 20M; R,=60M; |, = 1 A.
Omeem: 1,50Mm
E,r I, |€, Cal3
= 24.7. BHyTpeHHHE COMPOTHBIICHUS BCEX HCTOYHHUKOB TOKA, NMPHBEICHHBIX HA PUCYHKE CIIpaBa
OJIMHAKOBHIL: 1= I',= I'3= 1 Om. Haiitu Benuuuny TOKa |1, TEKyIIero yepe3 UCTOYHHUK € 1, €CIIA U3BECT-
Ho, uto R=50Mm; £,1=8B; £,=4B; ¢ 3= 32B. €51
R, Otser: 0 A. I 1,1,
€0, L7z 24.8.BHyTpeHHHE CONMPOTHBIICHHS BCEX UCTOYHUKOB TOKA, IPUBE/ICHHBIX HA PUCYHKE CJICBa OJMHAKOBEI:
> (v
r;=r,= r3= 1 Om. Haiitu Benmuunny 3/IC € 3, , ecim u3BecTHO, uTo Ri= 30M; R= 4 0OmMm; €,=2 B; € ,= 10B;
% barls l3=2A
827r2 RZ 8- ) Eal.
. T 2972
Omeem: 12B. Csly ’

24.9.BHyTpeHHI/Ie COIIPOTUBJICHUA BCEX UCTOYHUKOB TOKA, MPUBEJACHHBIX Ha PUCYHKE CIIpaBa OJAMHAKO- ’P R1 1 /P R2
2

<], BBLTI=M=r5= 1 Owm. Haiitu Bennunny ToKa |,, Tekymmero yepes conporusienne Ry , ecinu us- 1
e BECTHO, 4TO 1 <15
v Ri= Rs= 30M; R,= 20M; £,=12B; £ ,=14B; ¢ = 4 B. €l Rq
Omeem: 1 A

24.10.BHyTpeHHHE CONMPOTHBIICHHS IBYX MCTOYHHKOB TOKA, IPUBEACHHBIX HAa PUCYHKE CJIEBA OIMHAKOBHI.
r;= ro,= 1 Om. Haiftu BemmanHy conpoTuBieHus R,, eciu u3BeCTHO, 9TO
Rs Ri=20m; Ri= 20Mm; £1=9B; £ ,= 36B; I, = 3A. Omeem: 3 Om.

Ealy
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4}..1 T 24.11.OnuHHaAATh OJMHAKOBEIX HCTOUYHHKOB DJIC ¢ BHYTPEHHMM COMpOTHBiIeHHEM I = 12 Om

ER KaX]Iblii COCIUHIIOT B 0aTapero BHAYalle MOCICIOBATEIBHO, a MIOTOM MapaJUIeIbHO, U MOIKIIYAIT K

KJIeMMaM 3Tux OaTapeil olHY U Ty ke Harpy3Kky. HaiiTu comporuBiieHue Harpy3ku R, ecmu mpu mocie-

JTIOBAaTEILHOM COCMHEHUH UCTOYHHKOB TOK B HArpy3Ke B JIBa pa3a 0oJbllle, YeM MPU HapaJuIeIbHOM.
Omeem: 28 Om.

24.12.Tpu UCTOYHMKA TOKA BKIIOYEHBI B PA3BETBIICHHYIO IICIh, H300paXEHHYIO HAa pUCYHKe. HaliTi Benmuuu-
Hy conpoTuBieHus Ry, ecnu u3BecTHO, uTo € 1=3B; €,=9B; r;=r,=10m; R=20wm; I, =2A; I3=1,=1A.
Omeem:. Ry= 2 Om.

25.Pacuer MarHUTHBIX IIOJIEH, CO3MaHHBIX JIUHEHHBIMIA TOKAMA

OneMmeHt TOKa | JUJINHBI dl y HaHpaBHeHHHﬁ IO TOKY, CO3a€T Ha PaCCTOSAHUU [ MarHuTHOE IOJ€E C

dB = HiLo [dr’ f}
4 3

HHIYKIHEH (pmc.2.22).3mech |L— MarHuTHas MPOHHIAEMOCTH cpensl (L =1 B Bakyyme

WK BO3ZyXe), Mg = 4AT0 " Tu/M - MarHATHAs IOCTOSIHHAS.

g B 3a0auax ouenv 6ascno npasunvno onpedeaums HanpasieHue eKmopa masHumuou unoykyuu B 6 Puc.2.22
osem. o =
\Y i mobou mouxe. [{ist 5mozo Ha00 NOCMAUMsb 6UHIM NEPREHOUKYIAPHO MOKY U paduyc-eexkmopy T , npo-

6edenHoMy 6 amy mouky. Eciu epawame eunm 6audicHeil cCmopoHoil no HanpasieHuio moxd, KaKk HoKas3aHo Ha puc.2.22,mo

Hanpaenaenue eco nocmynameibhoco O0BUDICEHUSL NOKAICEM Hanpaejienue eekmopa B. 3aMKHymbl€ aunuu B oxeamuvisaiom npoeod—
HUK C MOKOM.

Uro6b1 HaliTH MHAYKIOWIO B Bcero Toka Hamo B3SATh MHTETPAll MO JJIUHE MPOBOJ-

Huka: B = J- dB. B 3aauax KOHTPOIBHOI PabOTH BCTPEYAIOTCS TOKH, TEKYIIHE 1O KPYro- a) 3 I D
BOMY WJIU 10 MIPSIMOMY HPOBOJIHHKY. O

B uenrpe O kpyroeoro Butka pamuyca R ¢ tokom | (puc.2.23a) momydaem Z 0

| ¢rdlsin9@ I
B, =HHo r uuo qu| uud
4n r Do

Hnst roukn C, Haxopsecss Ha paccTosHUU D OT mpsmoro oTpes3ka ¢ TOKOM |, Kak BUAHO U3 TPEYroJbHUKA Ha puc.2.23p,

BHITIONHSAIOTCS cooTHomeHus I =b/cosa; | =btga; dl = bd(tgo() = bd)(/ coga. Vron B MexIy paanyc-BEKTOPOM F M dIIeMeH-
. ao
HHo! rrdlsinB _ Hil _Hud -
tom toka Idl pasen 90° —a . IMosTom = cosoda =——( simi; + sir,).
p B= y Bc= s J 3 e _J;l (sinoy 2)

Ipenens! uHTErpHpOBaHus —0; U O, COOTBETCTBYIOT rpaHMYHBIM ToukaM A u D oTpeska ¢ Tokom (Touka O Ha puc.2.23p

HHo
2m

ITomumo WHAYKOHUU B MarmumrHOE mOJI€ MOKHO ONKCAaTh BEKTOPOM HAMpPAKEHHOCTHU H , KOTOpas B He(l)eppOMaFHHTHOﬁ

cootBercTByeT yriy o =0). [l 6eCKOHEYHOro NPAMOro MPOBOJHUKA C TOKOM 01,0, — 90° u B =

cpene umeer Bug H = B/ MM -

~ B IIEHTPE H wol 4, I
Bce nonyuennsie st vHAyKIMd B Gopmyisl OyayT cnipaBemn- — KPYTOBOTO B==p 173
TOKa

BBIMH | JJISl HANIPSHKEHHOCTH H MarHWTHOTO IO, eCK B HUX yOpaTh (®\ 7 7 7
. UIsE OECKOHEYHOTO ULo
MHOXHTEJb : = . , H=——
HHo MPSMOTrO TOKA \ 7 B=m7 1=omy
&, B s3adauax xonmponvnoii pabomei numelinble MOKU COCMOANM U3
Cosem:  omoenvubix yuacmkos Kpy2osvix MoKo8, NPAMOTUHEIHbIX Ompes- - MM )
r . Sin O +sin oL,
KO8 ¢ MOKAMU U NPAMBIX OECKOHEUHbIX NPOBOOHUKOB C MOKAMU. TIPAMOHHEHHOTO . - Qs 47:1” (
Heobxo0umo pazoums cucmemy HA maxue y4acmKu, Onpedeiums 6eu- OTPE3KA C TOKOM g% = . .
B,H H= 47[—,, (sin oL, +sin 0Ly)

yuny u npaeunsnoe nanpagienue eéexkmopa B umu H | cozoannozo mo-
KOM, MEKYWUM RO KAACOOMY VUACMKY, 4 3aMeM CLONCUNb 6Ce IMU GEKMOPbI.
Yumume, umo na npooongicenuu npamozo moxa (mouxa O na puc.2.22)none ne cosoaemcs: By =0.

Ipumepul peuwtenus 3aday.

25.1.T1o GecKOHEYHOMY NIPOBOAHHKY, COTHYTOMY B BHJIE NIPSMBIX IIPOBOJHHUKOB, KaK IMOKa3aHO 7 N/
Ha pucyHke, TedeT Tok | = 3 A. HaiiTu BenmuuMHYy HanpspKeHHOCTH MAarHUTHOTO II0JI, CO37aBaeMOTro bi ! ]
3TUM TOKOM B Touke O, eciu b = 40c¢wm. O?
1 ) Pewenue.
Ji bI i A[ Pa3buBaem cucteMy Ha OTAeJbHBIC NpsMonuHeinble ydacTku 1, 2u 3 (puc.2.24). Vyactok 1 —
\//
;(Itl 3 9TO0 monyGeCKOHEUYHbIH TOK, co3naromuii B Touke O HanpsukeHHOCTs Hj =%E—Il% . Yuactok 2 —npsimo-
1 H>

Pnc.2.24 NUHEHHEIH 0Tpe30K, HaxoAAmuiicsa Ha paccTosHuu I = OA =bcos48 or touxku O. Ero KOHIb! BUAHBI 13
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. | . |
9TOH TOYKH MOJ yrilaMH O =0, = 45° .OH co31aeT HANPSKEHHOCTD H, = 4— [2sin 45 = —— . Touka O HAXOAUTCS HA TIPOJAOI-

’KEHHMH IPSIMOr0 y4acTka 3, U 3TOT y4acTOK 1ojs B Heil He cozpaer: H; =0. Kak BugHo u3 puc.2.24,HanpasneHus BeKTopoB H; u
H, cosmanaior u ux cymma Hy =H,;+H, =3I/41b =1,79A/m.
25.2.TTo 6eCKOHEYHOMY IPOBOIHHUKY, COTHYTOMY B BHE MPSIMBIX MOJIYOECKOHCUHBIX JTUHHM, ABYX OYT C

pagnycamu Ry = 1M u R, = 2M (BHemHss myra umeet yron o = 135) u coeuHsAIOmEro ux oTpeska, KaK ImoKa-
3aHO Ha puUCyHKe, TeueT Tok | = 3 A. HaiiTi BeM4YrHYy HHIYKIUA MAarHUTHOTO MOJIsI, CO3/]aBaEMOr0 3THM TOKOM B

uerrpe O ayr.

Pewenue.

[psmeie yaactkn 3 U 5 Ha pHUCYHKE He CcO3Jar0T moyieli B Touke O Ha WX HpoaonkKeHuH. [loaTomy .
= = 1yl
By = B, + B, + B,. Muaykuus nonybeckoneunoro Toka 1 By = E—Iu— U MHIYKIWS IIOJIOBUHBI KPYyroBoro Toka 2 B, ——dJO—

2 2R 2 2R
1350 Ll
HAIpPaBJIEHBl B OIHY CTOPOHY, @ MHIYKIH, CO3/laHHas y4acTKOM 4, sIBJISIOIIMMCS YacTblo OKpY)KHOCTH, B, = , HaTIpaBJe-

360° 2R,

Ha riporuBononoxHo. Tak kak R, =2R , To B Touke O umeem By = | B +B,- B4|

1
—+1-—{=0,889MmkTn .
4F?1 8
Ecnu sexmoput B ww H HAnpasnensvl noo y2iom opye Kk opyay, mo yOoOHo yKa3ams ux HANpAagieHus 8 mpex ocsix 0eKapmo-

Cosem: .
601 cucmeMmbvl KOOPOUHAM.

25.3. beckoHEUHBIH MPOBOJAHUK COTHYT TaK, YTO TEKYIIHMH 1Mo Hemy TOK | = 3 A BHayane Te4eT MpPOTUB
OCH Z, 3aTe€M TI0BOpaumMBaeT B Havaie koopaunat O, o6pasys ayry okpyxaocts ¢ yriom 270 u ¢ paguycom R=1
M, JIEKAIIYI0 B IUIOCKOCTH XY, a 3aTEM CHOBA MOBOPAUMBAET B TOUKE A U TEUET MO MPsIMON JIMHUH, HapaBIeHHON
napajuiesibHO ocu Z HaifTu BenuunHy MHIYKIIMU MarHUTHOTO 1oJis B ueHntpe ayru C.
Pewenue.
iz %» OmnpejensieM HapaBlIeHHs MOJIEN, CO3MaHHBIX OTAEABHBIMU ydacTKaMu (puc.2.25)¢ MOMOLIbI0 BHH-
/

TOB, OCTPHUS KOTOPHIX JOJDKHBI HAXOAUTHCS B Touke C. HampapneHne BpameHust BAHTOB CBSI3aHEI C HAaIpaBJie-
y HHUEM TOKOB (cM.puc.2.22).Kak BHAHO, BEKTOP WHIAYKIMH TOJIS MOJTyOECKOHEYHOTO ToKa 1 nMeeT BeInunHy

%o

= I . o
K@A 72 B B, =§ E’JL ¥l HaIlpaBJIeH BJOJIb OCH X; BEKTOP MHIYKIMH, CO3IaHHbIi 3/4 KpyroBOro Toka 2, u UMEONIUH

Puc.2.25 BenmunHy B, = 4[j12_R HampaBjeH MPOTHB OCH Z BEKTOp HMHAYKIHMH IOJYOECKOHEYHOro ToKa 3,

1 I
B; == [—’JO— , HarpasyieH mpoTuB ock ) (puc.2.25).Bce 3T BEKTOPHI B3aHMHO MEPICHIUKYJSIPHBI, & HX BEKTOPHAS CyMMa HMeEET B

2

touke C BenuuuHy B =B = / T[2 — —1 48mKTm.

25.4.Tok Iy = 1 A Teuér mo GeCKOHCUHOMY IPOBOJHKKY, BHAYAIE COBIAMAIOIIEMY C OCBIO Y, 3aTeM z I,
00OpasyromeMy Iyry B 4eTBEPTh OKPYKHOCTH ¢ paauycoM R = 1M, nexamryro B mockocta Yz Jlanee mpoBoa- I,
HUK TIPOZIOJIKACTCS B BUE NPAMOIi JIMHIH, NapauieNbHoOi ocH y. Paccrostaue ot nentpa ayrn C 1o Havama :
koopauHat O paBHo 2R. Bropoii Tok |, = 3 A Teder 1o GECKOHEYHOMY IIPOBOJHMKY BIOJIEL OCH X (CM. pHCy- R R
HOK). Haiiti BenunHy HanpsKeHHOCTH MArHUTHOTO TI0JIs, CO3/IaBAEMOT0 3THMHU TOKaMu B 1ieHTpe nyru C. X

Pewenue.

1| 1
B Touke C nepBblii TOK cO31aeT HaIPsDKEHHOCTh Hq = :1 E—IZAR +— >

ne 1/4xpyroBoro Toka, POTEKAOMIETO IO TyTe U MOJIe MOJOBUHBI 0ECKOHEYHOTO MPSIMOTO TOKa). BTopoii Tok, Haxosmuiics Ha pac-

14
GZF[_R BEKTOp KOTOPOH HANpPAaBJICH MPOTHB OCH X (3TO MO-

I .
crosanu 2R ot Toukn C, co3maeT HaNpsHKeHHOCTh Hy = Z—éZR , BEKTOP KOTOPOH HAmNpaBIIeH BIOIb OCH Z BemmunHa cyMMBI 3THX
Tt
2 2
1 1,1 I A
BeKTOpoB Hc =\[H12+H§:— L+1) 422 =0,3142.
4RV 2 m s M

Tpumepul 3a0ay KOHMPOALHOU PAOOMBL 0I5l CAMOCMOAMENbHOU NOO2OMOBKLL.

25.5. Tlo 6eckoHEYHOMY TPOBOIHKKY, COTHYTOMY, KaK IMOKa3aHO Ha PHCYHKe, TedeT ToK | = 3 A. Haiitu
BEJIMYMHY MHAYKIMA MArHUTHOTO OJIsA, CO3/1aBaeMOro 3TuM TokoM B eHtpe 0 nyru ¢ paguycom R = 20cm.
Omeem: 3,21MKkTo.
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25.6.Tlo 6eckoHEYHOMY TIPOBOJHHKY, COTHYTOMY B BHE JABYX MapaJlIeIbHBIX NOPSMbBIX JHHUH, ABYyX MOJIYOK-
pyxHocTei ¢ paquycamu Ry = 50cM n R, = 1M ¥ coeMHSIONMEro uX 0Tpe3Ka, Kak MOKa3aHO Ha PUCYHKE, TEYET
Tok | = 5 A. HaliTi BennunHy HanpsHKEHHOCTH MAarHUTHOTO IOJIS, CO3/IaBAEMOr0 3THM TOKOM B meHTpe O moiry-
OKPYXKHOCTEH.
Omeem: 1,648A/m.

25.7.Ilo 3aMKHYTOMY IIPOBOJIHHKY, COTHYTOMY B BHJE IyTrH ¢ paanycoM R = 20cM u coenunsomei €€ KOHIbI
xopabl (cM. puCYHOK), TedeT ToK | = 3 A. Haiitu BenuurHy HaPsHKEHHOCTH MarHUTHOTO noJist B uentpe O nyru, eciu yroin o = 90,
Omeem: 8,01A/m.

25.8I1o GeckoHEYHOMY IPOBOJHHKY, COTHYTOMY B BUJIE MOJYOKPYXHOCTH ¢ paguycoM R = 60 cm, aByx mps-
MBIX OTPE3KOB M JBYX MapajjieibHbIX JIMHUH, TeueT ToK | = 4 A. HaiiTi BenMYMHy MHAYKIMA MarHUTHOTO IOJIS, CO3-
5" b JIaBaeMOr0 3TUM TOKOM B IieHTpe O MonyoKpykHOCTH (CM. pUCYHOK), eciu b = 30cM.
Omeem: 4,76MKTm.

/ / OA/<
25.9I1o MpoBOAHUKY, COTHYTOMY B BH€ CUMMETPUYHOU Tpameluu, teyer Tok | = 3 o
1

A. Pasmepsl IpUBEIEHEI HA PUCYHKE, Tae [ = 20cMm, I, = 50cm, o = 9C. Halitu Benuuuny

HHAYKIUH MATHATHOT'O TI0JIs, CO3[aBA€MOT0 THM TOKOM B Touke O.
. 1 ;]
Omeem: 1,8 MmKkTi1.

25.10ITo 6eckoHEYHOMY MPOBOJHUKY, COTHYTOMY B BHJE JIBYX MapaJlielbHbIX JUHHMA, HOITYOKPYKHOCTH C pa-

muycoM R == 40cMm u npsimoro otpeska umaHbl b = 50¢Mm, Teder Tok | = 2 A (cM.pucyHOK). Haiiti Beuauny UHIYK-

LM MarHUTHOTO MOJIs, CO31aBaeMOr0 TOKOM B 1eHTpe O TOIyOKPYKHOCTH.
Omeem: 0,849MmkT 1.

25.11T1o nmpoBOAHUKY, COTHYTOMY B BHI€ BOCBMH KPYTOBBIX YT C OAMHAKOBBIMH yIIIaMH
a =45 uc paguycamu R; = 40cm m R, = 80cM, a Takike BOCEMH COEIUHSIONIMX UX TPAMBIX OT-
PE3KOB, Kak MOKa3aHO HAa PUCYHKE, TedeT Tok | = 5 A. HaiiTi Belu4nHy MHAYKIHH MAarHUTHOTO
noJist B o0miem rentpe ayr O. Omeem: 5,89MkTo.

25.12.11o corHyThIM B KOJIbIIa IIPOBOJHHUKAM ¢ paguycamu Ry = R, = 1M TekyT onuna-
koBble TOKH |1 =1, = 3A. Yron mexxny miockoctsimu npoBoaankos o = 60 (cMm. pucynok). Haiitu BennuuHy uH-
JQYKIUHM MarHATHOTO MOJIst, CO3aBaeMOro TOKaMu B o0mieM ueHrpe O koserl.

Omeem: 3,26MKT 1.

25.13.beckoHeyHbI NPOBOJHUK COTHYT TakK, 4YTO 00pa3oBaHHasi UM IOJIyOKPY>KHOCTB C paguycoMm R =
= 40cm pacrooxxeHa B IuIockocTd Yz Hampasienue Tekyiiero rno Hemy Toka | = 3 A yka3aHO Ha pHCYHKe.
Haiiti BenmunHy Hanps»KEHHOCTH MarHUTHOTO TIOJIS, CO3/1aBaeéMOro TOKOM B LieHTpe C MOJIYyOKPYKHOCTH.
Omeem: 1,41 A/m.

25.14.beckoHeUHBII MPOBOJHUK COTHYT TaK, 4To TOK | = 4 A TeyeT 1o HEeMy NPOTHB

y OCH X, IOBOPA4MBAET B Havane koopauHat O, npoTeKast 10 OKpy’kHOCTH ¢ paanycom R = 30c¢m, pacnionoxkenHoi

B IUIOCKOCTH YZ, a 3aTeM Te4YeT NPOTUB OcH Y (cM.pucyHOK). HaiiTi BenmunHy HalpsHKEHHOCTH MarHUTHOTO IIOJI,
CO3/1aBa€MOTI'0 9THM TOKOM B IIeHTpe C OKpYKHOCTH.
Omeem: 7,00A/m

1

o

/

25.15.Tok | = 3 A Teder Mo COrHYTOMY OECKOHEUYHOMY IIPOBOIHHKY IPOTUB OCH ), TIOBOPAYHMBACT B

Hagase koopaunar O, nporekas mo ayre okpyxnoctu ¢ yranom 90 u ¢ pagnycom R = 50¢M, pacnonoxkeHHoin B

IUIOCKOCTH YZ, CHOBa MOBOpAaYMBaeT B TOYKE A ¥ TEYeT MO MNPSAMOIl JIMHWH, HAMNPABICHHOW BIOJIb OCH X
(cMm.pucynOK). HaiiTi BemMUMHY MHIYKIIMA MArHHTHOTO TIOJISI, CO3/I[aBAEMOTO 3THM TOKOM B 1ieHTpe ayru C.

Omeem: 1,66MKT.

26.Pacyer MarHUTHBIX MOJIEH C IIOMOUIBIO TEOPEMBI O IIUPKYIISALUU

Hupkymsaueit Bektopa B 1o 3aMKHYTOMY KOHTYpY Ha3bIBaeTCsS MHTETPA Cﬁéﬂﬂ . Hupkynsiuus BexTopa wHAyKIuN B

MarHuTHOTO II0JIsl paBHa NPOM3BEACHUIO Uy Ha ajredpam4ecKyl CyMMY TOKOB, OXBAaThIBAEMBIX KOHTYPOM: @Bﬂjl =HHoX |

(nst BeKTOpa HANPsDKEHHOCTH H LUPKYIALMSA M0 3aMKHYTOMY KOHTYPY paBHa CJS Hdl =31

~

Ymobwi onpe()eﬂumb 3HAK MOKaA 8 3moil Cymme, pacnojioxcume 6unm nepneHOuKle}szo niockocmu Komrmypa u 6pamaﬁme €20 no Ha-
npaejienuro 0bx00a KOHmypa. Ecnu Hanpaeienue moka coenadaem ¢ Hanpaejienuem nocmynamejlbHo2co 0BUICEHUSL eurma, mo
2MMOM MOK 6X00UM 8 CYMMY C NONOHCUMETIbHBIM 3HAKOM. Ecnu mox Hanpaeilen npomueonojl0HCHO O0BUNCEHUTO euHma, mo OH

Cosem: « "
6X00UM 8 CYMMY CO 3HAKOM “ MUHyC”. /
4
Hanpumep, Ha puc.2.26 BUHT, BPAINAIOLIMICS MO HAIPABICHHUIO 00X0/a KOHTYpA, JBHXETCS L) eS| 1 g7
BBepX. B aTy cTopoHy HampaBneHbl TOKM |y |4, OXBaTbiBaeMble KOHTYPOM, @ HPOTHBOIIOJIOXKHO — TOKH
- L
I5> u | 3. CoriacHo TeopeMe 0 HUPKYISILUH Cj)BDiI =Upg (I =12-13+1 4). Tok |5 cosnaer noe, HO He OX- 06XOJ1H I 2 ‘ I5
[

BaTBHIBAETCSI KOHTYPOM, U B CYMMY HE BXOJIHT.
Puc.2.2€
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Buumamenvno credume Ha pucynke, CKOIbKO pa3 JUHUSL 3AMKHYIMO20 KOHMYPA 0X6amuléaem Kaxcovlii mok. Eciu mok oxea-
Cosem: moieaemcsi N paz, mo 6 cymmy on maxoice exooum N pas.

IIpumepvr pewrenus 3a0ay.
26.1.3aMKHYTBII KOHTYp MPOXOJHT IO OCH HECKOJIBKHUX 3aMKHYTBIX KPYTOBBIX IIPOBOJIHMKOB C TO-
kamu ;= 2 A 1,= 1 A, Is= 4 A u |, HarlpaBienue o0xona KOHTypa ¥ HalpaBJICHHs] TOKOB yKa3aHbl Ha pU-

cyHke. L{UpKyIsius BEKTOpa HHAYKIMHA MarHUTHOTO TOJst ¢ Bdl o stomy kouTypy pasna 5 MxTu-M. Haii- )
™ BeHI/I‘{I/IHy TOKa | 4. @ @

Pewenue. obxoa
@ Ha puc.2.27 nonosHUTENbHBIME CTPEIKaMHU YKa3aHbl HAIPaBJICHUS TOKOB |
4 j BHYTPH OXBAaTHIBAIOILIET0 UX 3aMKHYTOTO KOHTYpa. BUHT, BpalaeMblii 0 HAMpaBIeHHIO 00X0/1a KOHTYPA,
4‘/1 IOBWXKETCA BHM3. B 3Ty cropony HampaBiensl Tokd lp,l3,0 4. 3gecs p=1. IlosTomy
o6xon oL =
Bdl = —li+lo+l g+l 4y ulyg=17=1 5= 3+¢Bdl =0,979A.
PHC_2_27 $ Mo(=li+ 1o+l 3+l 4) w1y =11=1 =1 g+4Bdl /g
26.2. Ha pucyHKe MOKa3aH 3aMKHYTBIH KOHTYp, HalpaBlIcHHE €ro 00Xoaa W MPsAMOJHHEHHBIE TPO- —~
BoaHuKH ¢ ToKamu |1= 3 A, |5, I3= 1 A, 1,= 2 A. LlupKynsnus BEKTOpa HHAYKIMH MarHUTHOTO ITOJISA, CO3IaH- L / \ I
HOTO STUMH TOKAMH [0 YKa3aHHOMY KOHTYPY OTpHLATENbHA U paBHA § Bdl = -4 mxTn 1 . Haiftu BEJIMYUHY 06xon%
ToKa |5 @ \1/ [4
— Pewenue. -
L \ I [purasimurech K pUCYHKY BHUMaTeNbHO! JIMHUS KOHTypa MPOXOIUT 3a TO-
<—£@))Jn> 06x0n,)\ koM |y, He oxBatbBas ero. Ilepex TokoM |, 9Ta JIMHHS IPOXOMUT TPHU pasa, T.c. TOK |, oxBareiBaeTcs 3
' )

15 @\9 \L/ I, pasa, Tox |3 - 2pasa, oK |, - omuH pas.
o Bpalaemblii 110 HaNpaBieHUI0 06X0/1a BUHT JIBUKETCS HAJEBO, BIOJb TOKOB |5 1 | 5. [losTomy, co-

racHo Teopeme o wapkyssmmn § Bdl = pg ( I, +213—-3 4) ,oTkyna lp, =31 4—-2 3—‘Cﬁ§dr‘/uo =0,817 A.

Cosem: Teopemy o uupKyﬂ}muu y006H0 npumeHsnto ons pacdema mMacHUmMHro20 noJjisi mokKoe ¢ CumMmempuirvim pacnpeaeﬂeﬂueM

njiomHocmu moka J uau noeepxnocmuou njiomHocmu moka |

26.3.T10 4eThIpeM TOHKHM M OYEHb JJIMHHBIM [UIHHIPUYECKHUM MPOBOMISAIINM IIOBEPX-
HOCTSIM, MMEIOIIUM paguychl 1= 1 cM, a,= 2 cM, as= 3¢cM u a4=4 M IPOTEKAIOT TOKH C ITOBEPX-
HOCTHBIMH IIOTHOCTAMH 11= 3 A/M, i= = 4 AlM, i5=5 AIm ni,=6 A/M coorBercTBeHHO. Hamnpas-
JIEHHs] TOKOB TI0Ka3aHbl Ha pucyHke. Ha kakoM paccrosauu I ot o6mieit ocu 00’ mpoBOJIHHUKOB Be-
JMYHMHA MHAYKIAE MarHuTHOro nosist B = 0,5Mk T, mpu ycinoBuu, 9to I > a4?

Pewenue.

IToBepxHOCTHAS IUIOTHOCTH TOKa 3a1aercs (Gpopmynoi , rae dl —3TO TOK, IPOTEKAOIIH II0 IIOJIOCKE HOBEPXHO-
ctu wupunbl dl . [ToaToMy BeaMYMHA TOKA, TEKYLIEro M0 LHIHHAPUYECKOI MOBEPXHOCTH paauyca a paBHA
| =i 2ma (puc.2.28).OkpyXUM LUIHHAP KPYTOBBIM 3aMKHYTBIM KOHTYpPOM pauyca I >R, coBnamaroummm ¢
NMHWel MHAYKIMH B MarHUTHOTO TOJIS, CO3JaHHOTO TOKOM | BHYTpH KOHTypa. 1o Teopeme O MHPKYJISIHH
@Bdf =B dl= Bl2mr= Mgl . Xors Tok 1 pacnpeseleH B NPOCTPAHCTBE, OH CO3/ACT TAKOE KE MONE, KaK U

JUHEHHBIN TOK |, mpoxoasmuii o ocu mmHApa. [logcraBus |, momyanm B = uoia/ r . B Hameii 3agaue kpyro-

BOH KOHTYp paauyca I OXBAaTHT YEThIPE IIPOBOIHHUKA, II0 KOTOPBIM TOKH i1,i5,i 3 TEKYT B OJHY CTOPOHY, a TOK i4 - B Apyryo. Llupky-
st ¢ Bdl =Bl2rr = p.02T[(i1al+ i@, +ifs—ia,,orkyma r =Hg(ig+i A+ @ 3-i @ L)/B =5,03cmMm.

26.4.1lo gnMHHOMY MPSIMOMY LIMJIMHAPUYECKOMY MPOBOJHUKY pajuyca @ Te4YET IIOCTOSHHBIM TOK C 0A- r

— = I

HOPOJIHOI MIIOTHOCTBIO | = CONSI. BennunHa HANPsSKEHHOCTH MACHUTHOTO TI0JIS HA PAcCTOSHUM 1= 4,8 MM oT a j—
4 z

5 \J

ocu npoBogHrka OO’ B mosiTopa pasza 0oJblile BEIUYHWHBI HANPSKEHHOCTH Ha paccTosHud o = 0,8 MM oT ocw. __;O) == /O

Hatitu paanyc a IpOBOJHHUKA, €ClIu Iy <a <Trq.

Pewenue.

CHOBa OKPY)KHUM MPOBOJHUK KPYrOBBIM 3aMKYHTBIM KOHTYpPOM paauyca I >a (puc.2.29),KoTopblii 0xBa-
TUT TOK | = j Gm?, NPOTEKAIONIMI Yepe3 Bce MOoNepeyHoe ceueHne npoBogHuKa. CoriacHo TeopeMe O HUPKYJIs-
man: $HAl =H 217 =1 . [TosToMy BHE NPOBOAHMKA, IIPH [ >&, €ro moJjie COBMAAAeT C MOJIeM JIMHEHHOTO TOKa

I ja2 - N Puc.2.2€
be = 5 T BuyTtpu npoBoanuka, npu I <a, smaun H Ttakxke oOpa3yloT KpyroBoil KOHTYp, HO OH

OXBAaTBIBaeT TOJbKO TOK | = j OT 2, NPOTEKAIOUINH Yepe3 MeHbllee, 3aiTpruxoBaHHoe Ha puc.1l.29ceqenue. [Tomyyaem
Hppyrpn = 1/210 =jr /2.
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ITo ycnmoBuro Hove (1) = ja2 E—li = a’ =3 Panmyc nposoxumka a = ,/3rqr /2‘ 2,4mm
e e - = . - l 2 - y .
HBHyTpI/I(rz) 2r1 Ir2 rgo 2

26.5.B cpene ¢ L =1 Baouss BbaeneHHOM ocu OO’ TeY€T NOCTOSHHBIN TOK, INIOTHOCTh KOTOPOT'O MEHSETCS , 4
s
L . N — J
C PaccTOSHHEM I OT OCH IIO 3aKOHY | = g El/b/_r rae b = 0,5M, jo-= 3000A/M?. Haiiti Benuunny MHIyKIuH B —

— o

MArHUTHOTO TI0JIs, CO3aHHOTO STHM TOKOM Ha paccTossHuu I = 2M ot ocu O0’. —
Pewenue.

Eciu mI0THOCTh TOKAa | CHMMETpHYHA OTHOCUTEIRHO ock OO’, To JuHHMU BekTOopa B, co3maHHOro »TUM
TOKOM, 0xBaThiBatoT ock OO’ 110 kpyry (puc.2.30).3anuiiemM TeopeMy 0 MUPKYJISAIHK Il KOHTYpa pajuyca I, COB-

MaJarollero ¢ OgHONW W3 JIuHui B : qSBdI = BR2mr = uOZI . BenmmumHa TOKA, OXBATHIBAEMOTO 3THM KOHTYPOM

r r r Puc.2.30
>l = J. jdas = I jd(nrz) = I j2r1rdr . TloacTanss 3aJaHHYO 3aBHCHMOCTD | = | (r ) , HAXOIUM
0 0 0
b : ' . .
B2 =g jo\/;Danr = 2ugj b [Vrdr = 2 cvb_%f ¥2 orkyna B =2ug jovbr /3= 2,51mTx .
0 0 —
IIpumepti 3a0a1 KOHMPOALHOU PabOMbL 05l CAMOCHIOAMENLHOU NOO20TOBKIL 7 R
26.6.Pe3ucrop c conporupienneM R = 100M mnonkiroyeH JUIMHHBIMU IPOBOJIaMH K UCTOYHUKY Toka ¢ DJIC ¢ A=~
¥ BHYTPEHHHUM conpoTuBienuem I = 2 Om. Llupkynsuus Bektopa B , co31aHHOr0 npoTekaromumm o nemu Tokom |, 1o Qi‘s/\)
3aMKHYTOMY KOHTYpY, HalpaBjeHHe 00X0/1a KOTOpOro MoKa3aHo Ha PUCYHKE, paBHA <j>|_5>dT =3 mxTx-m. Haiitu Benmuun- oo
uny D1IC . Omeem: 3,18B. 1
7 26.7.crounuk ToKa ¢ 31¢c € = 24B moaximoueH k katymike w3 N =8 BUTKOB, MMeroLIei oMu- %IS_,I
yeckoe conporusieHre R = 10 Om. Ilo kaTymike Te4€T MOCTOSHHBIA TOK, a LUPKYJISALMSA BEKTOpa Ha-
OpsDKEHHOCTH MAarHUTHOTO MOJIS [0 3aMKHYTOMY KOHTYPY, IIOKa3aHHOMY Ha PHCYHKE, paBHa <j>l:|dr = -30 A. Yemy

PaBHO BHYTPEHHEE CONPOTUBIIEHHE I HCTOYHHKA TOKA?
Omeem: 3,60M.

26.8.3aMKHYTBIH KOHTYp MPOXOAUT 10 OCH HECKOJIBKHX 3aMKHYTBIX KPYTOBBIX IIPOBOJHUKOB C TOKAMH I

=1 A 1,=2A 1;3=3A ul, (cm. pucynok). LIMpKyIs1#s BEKTOpa HHAYKIIMA MArHUTHOTO TOJIS MO 3TOMY KOH- 42 @ 3@
Typy OTpHUATEbHA U PaBHA ¢ Bdl = —2mkTa-m. Haiftn BEITUYHMHY TOKa | 4. (/

Omeem: 1,41A.

26.9. I1poBox ¢ conporusienueM R = 300M paBHOMEpPHO HABUT HA TOPOUIAIBHBIN CEpACYHUK U3 Ma-
Tepuaja ¢ MarHUTHOW mpoHunaeMocteio p = 25.Tok |, Tekymuii Mo BUTKaM MOJY4MBIIEHCS KaTYIIKH, UMEO-
meit N = 600BuUTKOB, c031aET B cep/ieuHNKe Ha ynaleHun I = 9 cM oT ueHTpa Karymkun O MarHuTHOE ToJie ©
unaykuueit B = 0,05Tn. Yemy paBHo HampspkeHue U, MpUI0kKEHHOE K KOHIIAM POBOIA?

Omeem: 45B.

26.10.ITo oceBOMY TOHKOMY NMPOBOAHUKY-)KWJIE JUIMHHOTO MPSIMOT0 KOAKCHAIEHOTO Ka0ess TeYET TOK

-
| = 3 A. [To BTOpOMY TOHKOMY LMJIMHAPUYECCKOMY IPOBOIHUKY C PATUYCOM ¢ = 4 MM TPOTEKACT BCTPEYHBIH 0 a I g
TOK C MOBEPXHOCTHOM MmIoTHOCTBEIO | = 100 A/M. Ha kakoM paccrosiaum I oT ocd kabeias OO’ HampssKEHHOCTH —>—]_7 =
MardMTHOro 1oJjist paBHa H = 3 A/m? Omeem: 2,58cMm

26.11.Tok | = 1 A mpoTekaer Mo AITUHHOMY HMIMHIAPHIECKOMY ITPOBOIHUKY paauyca R = 1cm u umeer ox-

~
A~

v

B - _
J =— HOPOJHYIO INIOTHOCTh | = CONSt. YeMy paBHa BeNMYMHA MHAYKIMA B MarHMUTHOrO moJisi Ha paccTOsHUM [ = 5 MM
OT OCH IPOBOJTHHKA? Omeem: 10 MxTo.

26.12.T1o MHHOMY NIPSIMOMY LMJIMHPHUYECKOMY IPOBOIHUKY paanyca d = SMM Ted€T TOK ¢ HEOIHO-

o PR 3 o ’
POAHOM IIOTHOCTBIO | = jo [@r /a) , 3aBUCSAILICHU OT PACCTOSAHHUA I' 1O OCH IPOBOJHHUKA OO’. Ha xakom paccrosi-

HHUH [ OT OCH ITPOBOIHMKA HAMPSDKEHHOCTD CO3MAHHOIO TOKOM MAarHUTHOTO ITOJIS PaBHA
H = 100A/m? U3zBectHO, uTO jor = 1,6- 16 A/MZ
Omeem: 2,5MM unu 8 cwm.

27. ]IprkeHue 3apspKeHHOM YaCTHIIBI B JIEKTPUYECKOM M MATHUTHOM TOJISIX

B QJICKTPOMArHuTHOM MOJIE C HAIIPAKCHHOCTBIO E u PIHZ[yKIIHeﬁ B na 4acTuly € 3apsaoM ( u € Maccou m, IBHXKYIIYHOCS

co ckopocteio V peiictByet cwia Jlopenna |F = F, o + Fary = qE+ q[V, B] , SIBJISIOINASICS. CYMMOH 3JIEKTPUYECKON ¥ MarHUTHOH

CHII.
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g Ymobwl pewiums 3a0ayy, akkypamuo Hapucyume nanpasiernus sekmopose E,B u V 6 dexapmosoii cucmeme xoop-
osem.

OuHam, NPAsUIbHO YKAJNCUMe HANPasieHus CUl U coobpasume, no Kakou mpaekmopuu Oyoem 08ueamvcs yacmuya noo oet-
cmeuem Smux cul.

Ipumepowr pewenus 3a0ay.

27.1.TI0OKHUTENBHO 3apsHKEHHAS YACTHUIIA JBUIKETCS C MOCTOSHHOW CKOPOCThIO V B OJHOPOJHBIX JJIEKTPUUECKOM M Mar-

HUTHOM TOJIsIX. BekTops! HanpsbkeHHOCTH E W muaykinum B B3auMHO nmeprnieHAMKYIApHBL. HaliTh MUHHMATBHYIO BEIMYHHY CKOPO-
ctu yactuusl, eciu £ = 100B/m, B = 0,017

Vi~ - Pewenue.
F]iar—:nq—F%f exr Tax xak 1o yesnosuio V=const, to F = F, ., + Fyury = 0. Hanpasum Bextop E B1oss ocu x, a BeKTOp
©p IVL E B - B1osb oc Z MarHuTHAs COCTABJIAIONMAS CHIIBI JIOpEeHIIa KOMIEHCHpYET HIeKTPHUECKYIO0 COCTABIISAIONIYIO:
z Puc.2.31 Fonexr = 9E = Ryarn = 9V B (puc.2.31).Buano, 9T0 BEKTOP CKOPOCTH YaCTULBI V] HANPABJICH IPOTHB OCH V.
— Onpedenums nanpaeieHue IfMarH =q[V, B] (sexmopnozo npouseedenusn) ons wacmuyvl ¢

NONOACUMENILHBIM 3aPA0OM Npouje ¢ NOMOWbI0 “npasuia 1eoil pyku'. eciu HAnpasumo
yemvlpe naivya no nepgomy eekmopy V., a emopou eekmop B exooum 6 nadonv, mo 601v-

wou naney noxasvieaem nanpaegienue F, (puc.2.32q). s vacmuysl ¢ ompuyamensHoiym 3apsi-

oom ucnoavzytime “ npaguno npasou pyku” (puc.2.326).

Ckopocts VO = E/B= 10* m/c OyZIeT MUHHMAJIbHOIM CKOPOCTHIO, TAK KaK YaCTHIIA MOXET UMETh JIFOOYI0 MPOCKINIO CKOPOCTH V,

Ha 0Cb Z, MapauielbHyI0 BeKTOpy B . DTO He M3MEHHT peleH s, TaK Kak He H3MCHHT HU BEIMYHMHY, HA HATIPABIICHHE CHITBI FMaer .

27.2.YacTHia ¢ TIOTOKHTEILHBIM 3apAI0OM (| M C MACCOil M IBIYKETCS B MATHUTHOM T10JI¢, HHAYKIHS B Ko- z
TOpOro HalpasieHa B0Jb ocH Y. B HadanbHbil MOMeHT to= 0 oHa Haxoxamnach B Touke O Hauana KOOpAMHAT U UMeEJa mlo B
CKOPOCTH V , HATIPABIICHHYIO BIOJIb OCH X. B MOMEHT Bpemenu t;= 3 MC KOOpAMHATA Z YACTHIBI B IIEPBBIil pa3 CTAHO- V. 4q "y
BUTCSI MAKCUMAJIbHOM U paBHOU Zy,= 10cm. Haiitu paccrosiue dactuiisl ot Toukd O B MOMEHT BpeMeHH t,= 2 Mc. X
Pewenue.

Eciu ckopoets VU B (puc.2.33),T0 B 0AHOPOIHOM MarHWTHOM MOJIC YACTHLA ABHKETCS IO OKPYXKHOCTH, paguyc R koto-

PO MOXKHO HaiiTH, OACTABIIAs HOPMAIbHOE YCKOpEHHE a, =V / R B ypaBHeHue quHamuku: ma, = Ky wim mv2/ R= o B, o1-

2MR _ 2nim
Kyna . [lepron oOpamieHust 4aCcTHUIIBI IO ATOH OKpYyKHOCTH |T = T = qB .

HapucoBaB HampaBieHHsS BEKTOPOB M TPACKTOPUIO COTJIACHO YCIOBHSAM 3aJadd, BHIUM, YTO

R= % . Bpems :% =3 C. 3a 310 BpeMs YacTUIa MPONIET IOJOBHHY OKpYKHOCTHU ¢ yriom 18CF. A

3a Bpemst tp =2 C oHa OnHMIIeT Ayry OKpy:kHOCTH ¢ yriioMm 120° u Gyzmet HaXOAUThCS B TOUKEe A Ha pac-

Puc.2.33
CTOSIHUU [ = \/R2 +R%-2RORt0s126 = x/_3R= \/_3;,/ 28,66cm ot touku O.

27.3.YacTuna ¢ OTpHIATENbHBIM yaebHeM 3apsioM q/m = 2-16 Ku/kr, yckopeHHas pasHOCTHIO MOTEHIHAIOB
Ad = 1 B, B HauanbHbIi MOMEHT {;= O HaxoauTcs B Touke O (CM. pHCYHOK) M OBIKETCS CO CKopocThio V = 200m/c,

HATPABJICHHON BIOIb OCH Z B OJHOPOIHOM MAarHMTHOM I10JI¢, MHAYKIMA B KOTOporo HampasieHa BIOIb ocH X. B Mo-
MEHT BpeMeHHU t = S MKc €€ CKOpOoCTh B NepBbliil pa3 OyneT HamnpasiieHa nNpoTuB ocH Y. Ha kakom ynanennu ot Touku 0
YacTHIA OKAKETCS B 3TOT MOMEHT BPEMEHH, U KaKOW IIyTh OHA MMPOMaeT 3a Bpemst t ?

Pewenue.

PaboTta, coBepuiaemas yckopsiromM HanpspkeHuemM U =AQ, umer Ha H3MEHEHHE KHHETHYECKOH HSHEPruM YacTHIbI:

A=0Ad = m/2/ 2. TlodToMy, TPOXOAS YCKOPSIOIIYHD pa3HOCTh moTeHiuanoB A, yacTuia nproOpeTaeT CKOPOCTH

=,/29A¢/m|.

VYka3bIBast HalpaBlICHHE CHIIBI FMaer U pHCYs KPYTOBYIO TpaeKkTopuio yactuisl (puc.2.34), BUauM, 49To
CKOpPOCTh OyZET HalpaBlicHAa MPOTHB OCH ) B TOYKE A, KOTJa 4YacTUIA MPOHAET YETBEPTh OKPYNKHOCTH 332 BpEeMs

T mmm mm .
t= 2 = B Otcioga B = o IoacraBisist HaliieHHOE BBIpAXKEHHE I V, HAXOAUM DAaJUyC TPACKTOPHH:
q
_mv_ 2009 _
= B = =3,18m. 3a Bpems t uacruma npozenaer nytb 2TR/4=5m wu yganurcs ot touku O Ha
q ™ m

paccrostane AO = \/ER =4,50Mm.
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27.4.Yactuna ¢ 3apsaoM (| ¥ Maccoi M IBHXKETCS B OAHOPOJHOM MAarHWTHOM IIOJI€ ¢ MHAYKIKCH B, Hampas- v
JIEHHOM BJIOJIb OCH Y, 110 BUHTOBOW TPAEKTOPHUH, Y KOTOPOM 1Iar paBeH paaunycy. HallTu yron o Mexay BEKTOpaMu CKO-
pocTu V YaCTHUIIBI U HHIYKIUH B. XO &Y
R Pewenue. a,m §
AL 7 V Paznoxxum ckopocTs V 49acTHIIBI HA [[BE cocTaBisiomue V =V +V|| Co ckopocThIO V[, TIep-

y  TeHAMKyIApHOH K HanpaBieHmio B, wacthua GyzmeT Bpamathcs mo Kpyry pammyca R= mvp / 9B Bo-

A0 ':
M Vk/ Kpyr smHuii B . A Tak KaK CKOpocTh V|| mapamienbHa B,10 F= q[\"/”, BJ =0, 1 yacTuLa JBHXKETCSA C

Puc.2.35 IIOCTOSIHHOM CKOPOCTBIO V|| BJOJIb HAIIPaBJICHHS B.

Cymma nByX nBrKeHui — BuHTOBas JuHus (puc.2.35). Tak kak Vg =VSinO, V| =VCOSO, TO paauyc TPacKTOpUH

R=nvsina/ gE, a eé mar h - 510 paccrosiune, KOTOPOE YaCTHIIA IIPOJETACT CO CKOPOCTHIO V| 3 OJMH NEPHOJ OOPAIIEHHS 110 OK-
pyxuoctu: h=v T =2nmlVcosa/ qB. o ycnosnro ux otHomenne R/h=tgo/2m=1wu o = arctg( 21) = 89,98.

27.5.Yacruma ¢ yaensusiM 3apsimom o/me 316G Ki/kr  yckopeHa pasHOCTBIO MOTEHIMAIOB AQ U IBIKETCS B, 2
MarHuTHOM moJie ¢ uaaykuueit B = 0,4Tn, HanpaBieHHOW BJ0Jb ocu Z. CKOpOCTh V  4acTHUIIBI HAMIPABIICHA MO YIIIOM
a =45 kocu Z.YacTuna IepUOAUYECKH TIEPECEKAET OCh Z Y€PE3 PaBHBIE MHTEPBaNbI AZ = 5 cm. Halitu Benuuuny pas-  x
HOCTH TIOTEHIIUAIOB A@.

Pewenue.

JIBr>xeHHe YaCTULIBI IPOUCXOINUT MO0 BUHTOBOM JuHuH (puc.2.36).Bpamascs Bokpyr nunuii B, oHa
NEpUOANYECKH TO TIepeceKaeT OCh Z, TO yIajseTcs oT He€ Ha MakcuMalibHoe paccrosiaue 2R. MHrtepBan

N 2rmV cosu
Az- st10 war h, BeIpakeHHEe KOTOPOTO TONYYMIH B Tpeiblmyinei 3amaue: Az=h=—— | r1e Prc.2.3€
qB uc.c.
2
|20/ AzB
= |4 0 — CKOpOCTh, IpHOOpeTaeMas yactuiieil mocie yckopenus. Orcroga A —i(—) =3,04kxB.
m 2m\ 2rcosu

27.6.BsutereB u3 Toukn O Ha OCH X € Ha4ajJbHOW CKOPOCTBIO Vo, HAIPABJICHHOW MEPIIECHANKYIISIPHO K
9TO# ocH, yacTuua ¢ 3apsaom = 20MkKIl IBHXKETCS B QIEKTPUUECKOM M MArHUTHOM TOJISX C HANPSHKEHHOCTHIO

=
vV B,E
—_—3> X
E=20B/M u ungykuueii B = 0,8Ti cOOTBETCTBEHHO. DTH IOJIS HANIPABJIEHBI BJOJb OCH X (CM. pHCYHOK). Uemy ) g—>%
—_ - - —_——
paBHa Macca M yacTHIBl, ecn coBepmriB N = 8 MOTHBIX BUTKOB TPAEKTOPHH, OHA OKAXXETCSI Ha PACCTOSHHUA X =

400M ot Touku O?

Pewenue.

Ilon nedicTBHEM DJIEKTPUYECKOrO MOJS YacTHLA NPHOOpETaeT IOCTOSIHHOE YCKOPEHHUE - 00X X2 X 3
ay = Fyper /M= gE/ . TlosToMy €O BpeMeHeM pacTeT MpOeKUHs eé CKOPOCTH Vy = ayt, mapan- V‘ (é&(g\&
JNenbHas BEKTOpY B, a TPaeKTOpHs ABMKEHHS CTAHOBHTCS BHHTOBOI JIMHHCH C IOCTOSIHHBIM Pa- Vo -
muycom R=mvg/ B u ¢ nepemennsiM marom (puc.2.37).YacTuua nepecekaer och x 4epe3 Kax- Puc.2.37

. 2
Il niepuo]; oOpamenus 7 B TOYKaX ¢ KOOPAMHATAMH X, = axt2 / 2= aX (nT) / 2. INoce BockMoO-

. ay (8T)2 _QE
ro obopora e€ KoopamHata X=——"—= 32 —

2T[m
2 m

= 128‘[21'5, OTKyZa IIOJy4YaeM BEJIHYHH MAacChl
) 52 Y. y y

2
qB
=0,203mr .
1287E z

IIpumeptl 3a0a1 KOHMPOALHOU PabOMbL 05l CAMOCHIOAMENLHOU NOO20MOBKIL

3 oy

-q y
27.7.0tpunarenbHO 3apshHKeHHAs 4acTuLa ¢ Maccoit M= 0,4Mr aBUranach ¢ IoCTOSHHOU ckopocTsio V = 300M/c x4 B

BJOJIb OCH X B 3JIEKTPHYECKOM I0Jie ¢ HanpskeHHOCThI0 £ = 600B/M, HampaBieHHO# BIOJb OCH Y, M B MATHUTHOM I10- v

Je ¢ MHAYKIWeH B, HanpaBneHHOH BOoib ocu Z Ilocie BEIKIIOUEHHS IEKTPUYECKOTo MO YacTHIA MPOJIOKIIIA BPaIleHHe MO OK-

pykxHocTH paxuyca R = 2M. Yemy paBHa BeJIMYHHA 3apsija YaCTHLBI?

Omeem: 30 MxKon.

27.8.YckopeHHas pa3HOCTBIO OTeHIMaI0B Ag = 18kB 3apspkeHHas yacTuia ABHXKETCS 110 OKPY>KHOCTH paanyca R= 25mm B

OJTHOPOJIHOM MOCTOSIHHOM MAarHUTHOM mojie ¢ uuaykiueid B = 0,3 Tin. Uemy paBua Benuuuna /M yaeisHOTO 3apsiia z
YaCTHIIBI ? Omesem: 6,4-18 Kn/xr. B
ojm Y
27.9Yacruna ¢ yaemsueM 3apsom o/m= —4-10 Kn/kr Gbita yckopeHa pasHOCTBIO MOTEHIHMAIOB AQ M OKaza- v /-4

JIaCh B MAarHWTHOM I10JI€ ¢ HHAyKIuer B = 5mT1, HanpaBiieHHOH BIOJIb OcH Z. B HadanbHbI MOMEHT tp= O gactmma Ha- #X
xoaunach B Touke O W IBHMragack co CKOPOCTBIO V, HAIPaBJIEHHOM BIOJL Ocd X (CM. pUCYHOK). B manbHelineM HauGosbliiee yaaie-
uue gactuirsl oT Touku O paBao 20 cM. UeMy paBHA BeIMYMHA YCKOPSIOMICH Pa3HOCTH MOTEHIMATIOB AQ?

Omeem: 500B.



27.10.Yactuna c 3apsimom = +5MkKir a1BMKeTCS B OHOPOIHOM MArHUTHOM Iojie, nHAyKius B = 3Ta koro-
poro HampasieHa BIOIb OCH Y. B HauanbHbI MOMEHT 4acTuIa Haxoauiaack B Touke O U ABUranach BIOJNb OCH Z (CM. pH- 7
cyHOK). Uepes mpomexyTok Bpemenu At = 0,2¢ CKOpOCTh YaCTHIBI B MIEPBBII pa3 OKAKETCS HAMPABICHHON BJIOJb OCH X. olm_Y¥
Yemy paBHa Macca M 4acTHLBI? B
Omeem: m= 0,637mr.

27.11.Yacruua ¢ maccoit m= 0,02mMr ObL1a yckopeHa pa3HOCTBIO NOTeHIMadoB A¢ = 1 kB u Bierena nox .
yriaoM o = 45 B 0fHOpPOAHOE MArHUTHOE ToJe ¢ MHAYKImeld B = 2 Tu, mocie 4ero Hayajia JBUTATHCS [0 BUHTOBOM / B
Tpaekropuu ¢ marom h = 2wm. Haiitu Bennumny 3apsiga 4acTHIIBL. o

(

q,m
Omeem: q = 49,3MkKi1.
27.12 Yactuna umeeT yaenbHsii 3apsgom g/m = 3000Kn/kr, yckopeHa pasHOCTBIO MOTEHIHAIOB Ap = 6 T 2
kB u mmwxercst mox yriom oo = 30 K JIMHUSIM MHAYKIHH OJHOPOJHOIO MarHHTHOTO IOJIs, HAPABIEHHOTO BJOJIb am oc/_1 BE «
OCH X, IEPUOIMYECKH TIepeceKasi OCh X depe3 PaBHbIe NPOMEKYTKH BpeMEeHH. MakcUMalbHOE yaleHue YacTHIbl -
oT ocH X paBHO 2 M. Haiitn BennuuHy nHAyKIHH B.
OtBet: B =1Tm.
28. SIBnenue MEeKTPOMAarHUTHON MHIYKIIMM U CAMOMHIYKIIUN
3 T o / 3JIC >neKTpOMarHUTHON MHIYKINU BO3HUKAET B 3AMKHYTOM MPOBOJSINEM KOHTYPE, €CIIM B HEM MEHSETCS

o / B notok marHuTHOI WHAYKIMH @ = J- BHS. IIycTh KOHTYp (HanmpuMep, KaTyinka) cocTouT u3 N BUTKOB J1t000# GopMBI

e

;4 EE% C IUIOIIA/BI0 S KaXK/bIil U BPAIIAETCsl C YIIIOBOM CKOPOCTHIO (0 B MAarHUTHOM IIOJIE C MHAYKIHEH B (puc.2.38).B

sToM cirydae |@ = BNScosa|, rae of = Wt + 0 — yroa Mexay BeKTOpaMu BusS (BekToOp mIIOLIAM BUTKA S HMeEeT
Puc.2.38 BEJIMYMHY, PAaBHYIO [UIOIIAIM BUTKA, H HAIIPABIICH MEPIICHANKYISIPHO K €r0 IIOCKOCTH).

Bosnukaer DJIC manykmmm (€, = —d®/dt|, npuuuHOi MOSBIEHUS KOTOPOH MOKET OBITh MJIM W3MEHEHUE BEIUYUHBI HH-

AYKIUN B, unm usMeHeHue miomnaan S KOHTYpAa, WM U3MCHECHHUE yrila O MEXIy BEKTOpamMu BusS.
Ecau COIIPOTUBJICHUE MTPOBOAAILICTO KOHTYPA paBHO R, TO IIPU 9TOM B HEM BO3HUKACT I/IHZ[yKIII/IOHHHﬁ TOK

[— |8mm | / R|, HanpaBneHHBII B TaKyI0 CTOPOHY, YTOOBI KOMIIEHCHPOBATh N3MEHEHHE ITOTOKa .

Ipumepwvl pewsenus 3aday.

28.1.3aMKHyTbII IPOBOAAIINNA KOHTYP U3 TOHKOTO IPoBoJa ¢ conporusieHneM R = 9OM umeer BUJ paBHO- »
OenpeHHOM Tpanenuu ¢ ocHoBaHUsIMU @ = 12¢M, b = 6¢cM u ¢ BeicoToit h = 8 cm. KonTyp BpammaeTcsi B MarHuTHOM _§> _§>
nojte ¢ nHayKuueid B = 0,2Ta BOKpyr ocH, Mpoxosiiieii yepe3 OOibIIee OCHOBAHHE TPATIEUUH U MEPIeHIUKYISIp- | L =
Hoil K uHMAM B . HaiiTu BeTMumMHy YrIOBOi CKOPOCTH BPALIEHHS M, €CITH MAKCHMANbHAS BETMUMHA MHIYKIIMOH- = =
HOTO TOKa B KOHTYPE | max= 4 MA. h

Pewenue.

(a+b)h 2
KoHTyp cOCTOHUT U3 OJHOrO BHTKA C IUIOMAbI0 (IUIOMAgb Tpanemun) S :T =72cm” . Ilpu BpallleHUH B BUTKE BO3-
d(BScosw {) , 5 € BSW .

nnkaer DJIC unnyKimn €, = —T = BSwsinwt. Manyknuonssii Tk |, = R =—RS|nwt MEHSETCS 110 TapMo-

HUYECKOMY 3aKOHy (Takas cucrteMa OyJIET MOJENbIO TeHEparopa INepPeEMEHHOro Toka). Ero ammmutyna . =BSw/ R, orkyna
W= ImaxR/BS= 25 pax/c.

28.2.3aMKHYThIN MPOBOJISIIHI KOHTYP 00pa3oBaH ABYMsI IPSAMBIMH MPOBOJHUKAMH, COTHYTBIMH MO yT-
J0M 0. = 45 ¥ nNpOBOJHUKOM-TIEPEMBIUKOMN, CKOJB3SIINM CO CKOPOCThIO V = 0,8M/c (cM. pucyHok). Ileprenauky-
JISIPHO K €r0 IUIOCKOCTH CO3[[aHO0 MAarHUTHOE 1oJie. EAMHUIA IITHHBI KaXKI0TO U3 MPOBOJHUKOB, 00Pa3yIOIIUX M-
MOYTOJIbHBIN TPEYTOJIbHUK, MMEET conporusiicare Ry = 2 Om/M. UeMy paBHA BeJIMYHMHA WHIYKIIUH MATHUTHOTO TIO-
751 B, eciiu B KOHTYpe co31aéTess HHIYKIMOHHBIN TOK | = 0,2A?

Pewenue.

B aToit 3aJa4€ MCHACTCA 1L10aldb S= t12/2 paBH06e[[peHHOFO IpAMOYTOJBHOI'O TPEYI'OJIbHMKA, TaK KaK MEHACTCA €TI0 Ka-

ter b=y +Vvt. OnHoBpemenHo mensietcs notok @ = BSEos® (Bexrop S mapamnenen Bexropy B ). Bemmumua MHIYKIHOHHOTO
1do|_BdS_ Bb db_

=——=—b—=—Dv.

TOKa | =|——
‘R dt Rdt R dt R

CyMMa BCeX CTOPOH TpEeyrojibHHKa paBHa b+ b++/2b, u ero conpoTuBienue R= R E@2+\/§) b mensiercst BMecte ¢ kare-
tom b. Ioxacrasmsist Ty BenuauHy B opmyiry st |, Haxogum B = IR (2+\/E) / v=171Tn.

28.3. Yron Mexay JUHUSIMHA WHAYKIMH MarHUTHOrO 1ot B = 0,2 Tin u HOpMasibio K IUTOCKOCTH HE
HMEIOIEN COMPOTUBIEHHS poBoasei IT-o6pasnoit pamku paser a = 3(. TTo pamke 6e3 TPEHHUS CO CKOPOCTHLIO
V = 9M/C CKOIB3WT MPOBOIAINAS TIepeMbIuka ¢ conporuBicHreM R = 200M. B Heli BO3SHHKAET WHIYKIIMOHHBIH
Tok | =60 MA. Haiitn minHy nepeMblukH |, a Takke BEIHYMHY CHIIBI, C KOTOPOH TAHYT HEPEMBIUKY.




Pewenue. . N
Ilpu ABMIKCHHH TTEPEMBIUYKH MEHSETCS IUIOIMAabh S = |( a+Vt) MPOBOJISIIIET0 KOHTYPA, 3allITPUXO- B \0(/1 S

BaHHas Ha puc.2.39.Mensercs MOTOK MarHWTHOW mHAykunu @ = BScoso u BozHukaer D/C nHayKunu &é\\\ e
A\ Y

=|-d®/dt| = Bcosa [dS dt= Bcost ON.
Eﬂﬂﬂ | / | s =q+Vf — —)V’
Puc.2.3€
Homnume: ecau aunuu unoykyuu B maenumnozo nons cocmasnaiom y2on o ¢ HOPpMATLIO K NIOCKOCMU
Sooen: OBUdICEHUS NPOBOOHUKA C nOnepeynbimM pasmepom |, mo na e2o kpasx a obpasyemcs pasHocmb NOMEHYUAN08, N B&FA(P
. . AN NZ
xomopas 6yoem npuwunou nosenenus I/]C unoyxyuu |Ad) =&y = Blvcosa | . \\{%
NV,

Bemiauna nagykiuonHoro Toka |y, =€, /R = Blvcosa/R. Orciona | =IR/Bvcosa = 0,770 .

WHoyKIuoHHEBIH TOK HATIPaBJIEH TaK, YTOOBI BO3HUKamas cuna Amnepa Fayn =y, [I ,B] HPETATCTBOBAA U3MEHEHHIO

notoka @ u TopMo3mia nepeMbruky (prc.1.39).UToObl nepeMbldKa ABUTAIACH C MMOCTOSHHOM CKOPOCTBIO, €€ HaJI0 TAHYTh C CHIION
F=Fam = IMHL[IB = le 2VC03]/R = 9,24uH .

MHAYKINOHHBINA TOK CBSI3aH C BEIMIMHOM JIEKTPUIECKOTO 3apsaa (, MPOTEKAIOMETO MO 3aMKHYTOMY IPOBOASAIIEMY KOHTY-

) dqg _ €uup 1 dp
py TpH HM3MEHEHWH MArHWTHOrO ToToKa @ B HeM: |, =—=——=-

—_——. I/IHTeF )51 A IOJYyYUBHICCCA ABHCHHC
it R R dt PUpyA oty P

1 1
J’dq = _EJ. 0® , maxomum [ = E(@Ham = Dyopean )| -

[IpoTexmmii 3aps MPONOPIIHOHATICH PAa3HOCTH HAYaIbHOTO M KOHEYHOTO 3HAYEHHSI MATHUTHOTO ITOTOKA.

Ipumepwvl pewtenus 3aday.
28.4.BHauaje 3aMKHyTas IPOBOIAIIIAS paMKa, CACIaHHAs B BUJE KBaApara U3 Y€THIPEX OAMHAKOBBIX TOH-
KHX MPOBOJHUKOB ¢ conporuBienneM R= 30Om u miuHO# a = = 15¢M Kakmplil, pacmoarainacs B MATHUTHOM I10JI€

TaK, 4TO JIMHHUHU €ro MHAYKIMKH B ObUM MepreHauKyIapHbl IIOCKOCTH paMKH. [Ipu noBopore paMku Ha yroa 180
BOKPYT OJTHOY U3 €€ CTOPOH, M0 paMKe MpoTEK 3apsaa = 6 MKi. HaiiTu BenMYnHy MHIYKIIMA MarHUTHOTO TOJIS B.
Pewenue.

_2_

Jlo noBopoTa BEKTOp IUIOMIaAX S ObLI MapajuiesieH BeKTopy B, v MOTOK MarHUTHOM MHAYKIMHU ObLI pa-

EHS
- 75 1B 5 Ben @ =Ba’?cos@®. Tlocze noBopora Ha 180 Bekrop S NOMEHsUI HAlpaBiCHUE, U KOHEYHBIM MOTOK

Hayval

S Dyoneun = Ba’ cos186. CyMMapHO€e coNpoTHBIIEHHE BCeX MPOBOIHUKOB paBHO 4R. [TogcTaHoBKa B GopMyITy iIs

MIPOTEKILETOo 3apsiia naetT g = ZBa2/4 R, otkyna B = ZqR/ &= 1,6Tn.

TeKyHII/Iﬁ 10 3aMKHYTOMY HPOBOJAIIEMY KOHTYPY TOK | CO3Ja€T MAarHuTHOC I0JIC, UHAYKIHA KOTOPOI'O Ipo- Y\ T /E(])

nopuuoHanbHa ToKy: B~ | . [I03TOMy M IOTOK MArHUTHON MHAYKIMH OyIET MPOHOPLIHOHANEeH TOKy: @ = | BdS~ |

WTH . Koadpurmment npornopuronabHOCTH L Ha3bIBatoT K03 UITMEHTOM HHIYKTHBHOCTH. !

HpI/I HN3MCEHCHHU TOKa CO BpDEMEHCM MCHSACTCS COS,HaHHLIﬁ UM MOTOK @ W BO3HUKAET SI[C CaMOUHAYKINHN

do_ d

camouﬂuz_a _a( )

€

€ Obbiuno amy opmyny sanucwisaiom 6 ciyuae L =const. Ho npuuunoti nosenenus € uyouy, MOINCEM OKA3AMbCA MEHAIO-
osem.

\§ | wasnca co spemenen senuuna unoyxmusnocmu L.

TIpumepor pewenus 3a0ai:

28.5. ®eppoMarHuTHbIN CEPAEUYHHMK U3BJIEKAIOT U3 KATYIIKU TAKMM 00pa3oM, YTO €& UHAYKTUBHOCTh YMEHb-
maercs co BpeMeHeM t 1o 3akony L(t) = o/t, rae a = 4Tn-c. [Ipu 5TOM TOK, TEKyIIuii 10 KaTyIIke, Bo3pacTaeT co Bpe-  I(t)

menem: I(t) = B-t°, rme B = 3 A/c’. HaiiT BenMuHHY HHIyKTHBHOCTH KaTYIIKH B TOT MOMEHT BPEMEHH, KOT/[a BO3HH- 7
katomas B Heil DJ]C camonnaykimu € = 8 B.

Pewenue.

d di»
TToacraBnsieM npuBeNeHHBIE B YCIOBUU 3aBUCUMOCTH B hopmyrny € = _E(LI ) =a Ba t“ ) =20t . Ykazannas BejuunHa
£ 20°B
D/IC nabmogaercss B MOMEHT BpeMeHu t =—— . B ator MomenT L =— =— = 12Th.
20 t €
TIpumepwr 3a0a1 KOHMPOILHOU PAbOMbL OIS CAMOCMOAMENLHOU NOO2OMOBKU.. © =
B
28.6 BUTOK 13 TOHKOTO MPOBOJA € pamiycoM I = 5¢cM BpalaeTcst ¢ yriioBoit ckopocTeio ® = 20pag/c B Maruur- —= /\ —>

HOM noJie ¢ nHAyKued B = 2 Tin. Yemy paBHa Beln4nHa CONPOTHBIEHUst R BUTKa, eciii OCh BpaleHus IEPIeHINKY- —=| | |—=

JISIPHA K JIMHUSIM WHAYKIUH, @ B BUTKE CO3MaETCS MHIYKIIMOHHBIN TOK ¢ MAKCUMAJIbHON BETUUUHON | o= 4 MA? _= =
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Omeem: 78,50M.

2r \|5(D B 28.7.Kopotko3amkuyTas katyimka u3 N = 20 BUTKOB BpalaeTcs ¢ yrioBoit ckopocteio ® = 15pan/c B
iy = <
-~ - MarHuTHOM moje ¢ uHayknued B = 4 MTn. Ock BpaiieHus NepIeHANKYIISIpHA KaK K JIMHUSM WHAYKINH, TaK ¥ K OCH
—\"| " —= Karymku. UeMy paBeH pajiyc BUTKOB KaTYIIKH, eI MaKCHManbHas Bemuauna JJIC 51eKTpoMarHUTHO HHAYKLHH

B HEH £max= 4 MB?
Omeem: 3,26¢M.

28.8.B maruutHOM nosie ¢ nHaykiued B = 0,25Tn Bpamaercst 3aMKHYTHIA IPOBOJSIIUI KOHTYP € COPOTHUB-
nerneM R = 6 OM umeromumii BU paBHOOEAPEHHOTO TPEYrOJIbHUKA CO CTOPOHOM @ = 8cM u ¢ yriiom o = 30 (cM. pu-
cyHOK). Och BpaleHusl COBMAIaeT ¢ OMCCEKTPUCON yIia 0. U MEPHeHANKYISAPHA K JTHHUSIM HHAYKUMU B . UHAyKIHOH-
HBIA TOK B KOHTYPE UMEET aMIUTATYAY | max= 5 MA. HaliTh BeTUYHHY YTIIOBOW CKOPOCTH BPAIICHUS (.

Omeem: T5pan/c.

28.9.JIuHrY MHIYKIIMKA MarHUTHOTO TOJISL ¢ BEIMYMHON B = 2Tn mepneHIuKy/ISPHBI IUIOCKOCTH
[T-o6pa3Hoii MPOBOISILICH PAMKH, HE UMEIOLICH CONpOTHBIeHHS. [10 paMKe ¢ MOCTOSHHON CKOPOCTBIO 6e3 TpeHHs
CKOJIB3UT NPOBOsLIas nepeMbruka aauHbl | = 60cMm ¢ conpoTtunenneM R = 8 Om. [Ijist 3TOro nepeMbluKy TSIHYT C
cunoit F = 0,9H. Yemy paBHa CKOPOCTb IIEPEMBIYKH?
Omeem: 5 wmlc.

28.10. MarautHoe mosie ¢ mHayknumed B = 1,5 Tn mnpunoxeno x I1-oOpasHoi MpoBOIsIIEH pamke, HeE
MUMeIoLIeH conpoTUBICHHs. JINHUN MHIYKUIUH MEPIeHIUKYIISIPHBI K INIOCKOCTH pamkd. [1o pamke 6e3 TpeHus! CKOJib-
3T NPOBOAALIas mepembruka unHbl | = 40cMm ¢ conporusienreM R = 150M. YUemy paBHa Macca M MEPEMBIUKH,
€CIJIM B TOT MOMEHT, KOT/Ia €€ CKOpOCTh paBHa V = 3Mm/c, OHa IBIIKETCS ¢ yeKopeHneM a = 4 m/c*?

Omeem: 18r.

@

® mv®
<y
?

03~

28.11.B marautHOe nosie ¢ uaaykueid B = 0,4Tn moMecTHiM paMKy U3 TOHKOTO IPOBOJA C CO- B
npotusiieHreM R = 18 OM, uMeromIyio BU/ IPAMOYTOILHOTO TpEyroibHuKa ¢ kKatetoM b = 15 cm. Buavane
JIMHUAY UHAYKIMW IEPIEHANKYJIAPHBI INIOCKOCTH paMku. [Ipu noBopote pamku Ha yrou o = 60 Bokpyr oc,
MIPOXOIAIIEH Yepe3 BTOPOH KateT a, 1mo pamke npoték 3apsan q = 0,3mKi1. Uemy paBHa [jIMHA THIIOTEHY3BI €
TPEYroJIbHUKA?

Omeem: 39c¢wMm.

28.12.CepaeyHrK BABUIAIOT BHYTPb KaTYIIKW HHIYKTHBHOCTH TaKUM 00pa3oM, YTO €€ MHAYKTHBHOCTH BO3PAcTaeT
co BpemeneM t 1o 3akony L(t) = a-t. [Ipu aTOM TOK, TeKywuii no Katyuke, yobiBaeT co BpemeneM: I(t) = B/ts, rne f = I(t)
= 16 A-C’. HaiiTu BeIMUYHHY [OCTOSIHHOI 0, €C/TH B MOMEHT BpeMenH t = 2 ¢ Benuuuna-DJ]C CaMOMHIYKIMH, BO3HHKAIO-
1IeH B KaTylIke, Obuia paBHa € = 6 B.
Omeem: 1,5Tw/c.

29. CobOcTBEHHBIE YIIEKTPUUYECKHUE KOJIeOaHus

3HeKTpPI‘-IeCKHﬁ KoJieOaTeIbHBIH KOHTYPp —3TO 3aMKHYTas LECIb, KOTOpas COACPIKUT KOHACHCATOP émkoctu C u

cl R| KATYIIKY C HHIYKTHBHOCTBIO L. Takas uenb MoxeT uMeTh conporuBieHne R. B takom ciydae kosebaHus, Hanpumep,

3apsiga ( Ha KOHAEHcaTope OyIyT 3aTyXaloIUMHU: q(t) = Ae P COS(u)t+ O() (puc.2.40a). Ux q

aMIUTATy A AePt SKCIIOHEHINAJIHFHO YMEHbIIaeTcsi co BpemeneM {. Ilukimmdeckas wacrora

COOCTBEHHBIX 3aTYyXaIOIINUX KOJICOAaHUH MMeEeT BHI | = \/(u% —[32 , TIe |(:oo =]/ N LC|— K-

JMYeCKas 4acToTa He3aTyxawolmux koneGanuil (Bozuukaromux npu R=0), |B=R/2L| — ko-

s duumenT 3aryxanus konedanuid. [lepron coOCTBEHHBIX 3aTyXaromux Kojebanuii|T =— =2 yBEIUUUBACTCA C

POCTOM COIPOTUBJICHUSA R, U CTAaHOBUTCS OE€CKOHEUHEIM npu KPpUTUICCKOM COIPOTUBICHUA RKp = 2\[ L/C , IpU KOTOpOM W — 0.

Ilpu R2 R, xonebanus ne nabmoxnatores (puc.2.400).

CkopocTh 3aTyxaHHsl KoJieOaHMH XapaKTepH3YIOT BEJIMYMHON JIOrapu(MHYECKOro IEeKpeMEeHTa 3aTyXaHHsl KoJeOaHWi
0 — 310 MOrapudM OTHOIICHHS aMILTUTYAbI KOJeOaHUit B MOMEHT BpeMeHH t K aMIUTUTY/e Yyepe3 MepHo/I:

9=In(Ae’Bt/ AéB(HT)):In( QT),T.e. [6=pT].

Ipumepul peuwtenus 3aday.

29.1. HampskeHre Ha KOHIEHCATOPE B KOJIEOATENLHOM KOHTYpPE MEHAETCA CO BpPEMEHeM t 10 3aKOHy
Uc=Ug-exp(at) cospt), rae Uy = consta = 10 ¢*; b = 3-10° pan/c. Emkocts konnencaropa C = 4 mx®. Haiit compo- ctl

R
TuBsieHre R koHTYpa.
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Pewenue.
INagenue HanpsxeHus Ha KonaeHcarope U = q/ C wu3MeHseTcs CO BPEMEHEM 0 TOMY K€ MPHUBEJICHHOMY BBIIIC 3aKOHY,

yro U 3apsaa (| Ha KoHaeHcarope. I[loatomy a=fB=—, b=w «/ -a%. Oreropa L=———, u
2 Lc (a + b2)
R=2La=24 (& + ¥)=50m.
29.2.B konebaTenbHOM KOHTYpE, H300paKEHHOM Ha pHCYHKe, 3aMKHYIH Kitod K. Bo ckoibko pa3 yMeHb- L
LIMJICS TIPH ATOM MEPHOJ COOCTBEHHBIX 3JeKkTpuueckux kosnebanuii? L= 100TH; C= 50Mk®; R= 1 kOm. K Cc|C R
Pewenue.
Tomuume npaguna vluucieHus cymmapHol émxocmu (U CYMMAPHO2O CONPOMUBTEHUS) O8YX R R
Cosem: KoHOeHcamopos (unu pe3ucmopos), COCOUHEHHbIX NOCACO08AMENbHO UIU  NAPATLETbHO g_‘:l|_|:2|_g Rogu=R1*R,;
H & (pu0241) Rl R R2
[Ipu pa3oMKHYTOM KITIO4YE B IIEMb OB MOIKIIOYECH OJWH KOHACHCATOpP C EMKOCTHIO J?—I:%j—z Roou = RA*R,
C, =C . Ilocne 3aMbIKaHUsI KII0Ya MOJKIIIOYEHBI [[Ba MApaUIebHO COSIMHEHHBIX KOHJEHCATOpa ¢ 00- Rz
meil émxocteio Cp =C+C =2C . Iloacrasnsas ¢popMyiny aid nepuona KoineOaHUM, HAXOAUM, YTO OH '_g Com= gf o
YMEHBILIUJICS B I 21 2 = ! —R—Z i—i pas G
Ty \/ 1 R \/ 1 R LC, 4L? LG 42 ' Z—E{{ t:l—ﬂ Cosm=C1+C>
e a2/ \Lg a2
14k Goa G241

G2 Umobvl ne 3anymamvcs ¢ nPpUCmaskamii i CmeneHsamu npu NOOCMAHOEKe YUCTOBbIX OAHHBIX,
Cosem:  henaiime crodicuble GbiuuCIeHUA NO YACMAM, HAX005 omdenbHble crazaemvle & cucmeme CH u monbko nomom nodcmaenss
UX 8 CIOJNHCHYIO PopMYTIY.

2
2 3 —
1 = 1 =200 c¢t; 1 ——=100ct; — R 10 =25¢1 . Teneps HeTpyaHO HaliTH T = ,{—200 25:1, 53pas.
LC; 100060110 LCy 22| 2100 Ty V100-25

29.3.B xosebaTeIsHOM KOHTYPE, H300paXEHHOM Ha PUCYHKe, 3aMkHyJd Kirod K. IIpu aTom orapudmudeckuit |_M,WW

JIEKPEMEHT 3aTyXaHHs COOCTBEHHBIX JCKTPUIECKUX KOJIeOaHUI yBeTMUmICS B IBa pa3a. UeMy paBHAa HHAYKTHBHOCTH L ct

koutypa? C= 0,8Mk®; R=5kOwm. R
Pewenue. R K

R
ConpoTuBieHNE KOHTYpa MOCIIe 3aMBIKAaHHS KITI09a PaBHO = 7 Jlorapudmrraeckuii JeKkpeMeHT OBUT paBeH

R / 1 R
0, =BTy = 21— ————— . Ilocne usmenenus conporusiieHus 0, =B,T, = 2T[ ~——— TloxcraBuB 3TH BbIpa-
L =Bl =21 - / LC 412 p 2 =BaT> LC a p

Kennst B oTHowenue 0,/01 =2 u Bo3BOAs B KBapar, 4ToObl M30ABUTHCS OT KODHS, MOJNYYHM ———, OTKyJa
Lc 4|_2 LC 2
L=R2C/20=1Tn.

29.4. [Ipwxok peocrara “Pe” mepememaroT ciieBa HalpaBo, yBeauunBas conporusienne R. [Ipu HymeBom co-
npotusiednd, R=R; = 0 OM, uuknnyeckas 4actota COOCTBEHHBIX JJEKTPUUECKUX KOJIeOaHHH B KOHTYpe ObljIa paBHA M;. ctL
ITpu comporusiennn R=R, = 15kOM uyacrora KojiebaHuil yMEHBLIMIACH B JIBA pa3a: 0, = ®1/2. IIpu Kakoi BeJInYHHE Pe
COMPOTHBIICHUS peocTaTa Ry KoaebaHust mpeKkpaTsTes? R

Pewenue.

INpn R=0 mukmmyeckas 9acTOTa HE3aTyXaIOMMX KoJIeOaHUH paBHA W) = Wq = ]/ VLC . Ilpu HeHyIEBO# BEIWYHHE COIPO-

tuBnenus R= R, uactora W), :\/ (o% —B% = \/ (qz —B% =wy/2. Bo3Boast B KBaJpaT 00€ 4acTH MOCIEAHETO PABEHCTBA, HAXOINM
2
R2 f3wl 1 / \/f R
, OTKya nmojiygyacm —_——_— = e KOHeGaHI/Iﬂ ImpeKpaularTca, Korama w= U COIIpo-
wf -B5 = 4 Y. y Bo = C NG peKp B p

/ 2R,
THBJICHUE JOCTHIaeT KPUTHYECKOI Benndunbl Ry = R, =2 C . [losromy Rg =—==17,3kOm..

V3

Tpumepwr 3a0ay KOHMPOILHOU PAbOMbL OIS CAMOCMOAMENLHOU NOO2OMOBKU..

ol 29.5.B konebaTeapHOM KOHTYpE 3aps KOHAEHCATOpa MEHseTCs co BpeMeHeM t 1o 3akoHy =(o eXp(-bt) sin(at),
Rl rae Uo, @, b —mocrosinubie. Haiitu Benuunny otHotienus b/a, ecnmu R = 2 kOwm; L = 30TH; C = 6 MxD.
Omeem: 0,5. ¢ L,R
29.6. B moka3aHHOM Ha PHCYHKE KOHType 3aMbIkaloT kirou K, 3akopaumBas compotuBieHue R;. Bo ckombko pas R,

YMEHBIIIUTCS TIPU 3TOM MEPUOJ COOCTBEHHBIX AJIEKTPHUYCCKUX KoyeOanuii? CoJICHOUI B KOHTYpE MMEET MHIYKTUBHOCTh
L=500I'n u aktuBHOe conporusBiaecHrne R= 10kOm; C= 4 Mx®; Ri= 10xOm. Omeem: yMEHBIINTCS B 2 pa3a.
1 K



29.7.B xonebaTeI-HOM KOHTYpE, M300pakEHHOM Ha pUCYHKE, 3aMKHY/H Kitod K. IIpu atoM mepuom codcT-
BEHHBIX JJICKTPHUYCCKUX KOJICOaHUI YMEHBIIMICS B oNTOpa pa3a. Yemy paBHa éMkocTh C KOHTYpa, eciu L= 27 'H;

R= 2 kOm? Omeem: 15MK®. CL K\ R

29.8.B nenp kosebaTeIbHOr0 KOHTYpa BKIIOYEH pe3nuctop ¢ conporusienneM R = 1,5xOwM, kaTymika ¢ HHAyK-
THUBHOCTBIO L 1 KOHzIeHcaTop ¢ nepemenHod émkocThio C. Ecnn BennunHy EMKOCTH YMEHBIIUTH OT Bennunusl C; = 18

R MK® 1o Bemmunubl C; = 4 Mk®, TO HMKIMYECcKas yacToTa COOCTBEHHBIX 3aTyXaloNIUX KoeOaHi B KOHTYpe yBEJINYnBa-
ercs B N = 3paza. Uemy paBHa MHAYKTHBHOCTH L KaTymku?
Omeem: 18T'H.

29.9.Knrouom K B konebaresnbHbIil KOHTYP ¢ EMKocThio C= 4 Mk® BKIIOHYaeTcs uiu cojieHoun |, mim coie-
How |l ¢ OMHAKOBBIMY aKTUBHBIMU conpoTuBicHusAMU Ryj= Ro= R u ¢ uagyktuBHOoCcTsIMu L1=3 'm u L,=3L; cooTBet-
ctBeHHO. [Ipw 3TOM YacToTa COOCTBEHHBIX ANEKTPHUCCKUX KOJICOAHUN B KOHTYpE HE MeHseTcs. UeMy paBHA BeJIMYHMHA
conporusieHust R? Omeem: 1,5xOm.

29.10. JlorapuMuueckuii TeKPEMEHT 3aTyXaHUs COOCTBEHHBIX DJIEKTPHUYCCKUX KOJICOAHUI B KOHTYype, H300pa-
¢ R | xé&HHOM Ha pucyHke, 0 = 2.Yemy paBHa émMkocts C KoHTYpa, ecnul= 44T'xn; R= 2xOm?

L Omeem: 4,05MkD.
L
29.11.CobcTBeHHbBIEC ANEKTPUUSCKUE KONCOAHHS B KOHTYpE MNPEKPAIIAIOTCs MPHU YBEIMYCHHH COMPOTHBICHHS C
peocrara 10 3HaueHus Ry. Uemy paBeH norapudMuyuecKuii 1eKpeMeHT 3aTyxaHus 0 KkoneOaHUil MU BABOE MEHBILIEM CO- R
npotusiieHnu R = Ry/2 ? Omeem: 3,63.
30. BoiHy)IeHHBIE 2JIEKTpUYECKHE KOJIeOaHus
BrIHyx/eHHBIE KONeOaHusl BOSHUKAIOT, €CIM B KOHTYp BKiIrodeHa BHemrHss DJIC ¢ ammurynoi &g, Me- R C L
HSIOIIASACS, HAIIPIMED, 110 TAPMOHUYECKOMY 3aKOHY C IUKIMICCKOH JaCTOTOH Wy, .
BenuuuHe! 3apsiia Ha KOHAGHCATOPE ¥ TOKA B IENH OyIyT MEHSATHCS C TOH e YacTOTOH G, . AMIUIHTY- ~€0008 (pnl)
JIbI KX KOJICOAHMIA MMOCTOSIHHBI BO BPEMEHH, HO 3aBUCAT OT 4acTOThI BHemHeH D/[C: @)
0 WsH,
€/L : €o ‘
aMIIMTyna 3apsana (o (o, ) = - ; ammmtya Toka [1o(0d,, ) = - . ;
2 2 ‘
\/(wﬁﬁ-%) +4pAwl, 1 oLl +r? |
0, C Co !
= ! Ws
I'padmkyn Takoii 3aBUCUMOCTH NPHUBEAEHBI HA puc.2.42. ) ope e [03-2p2

Habmonaercst pe3oHaHe — pe3Koe yBeJIMUeHHE aMIUINTY Ikl KojiebaHui, koraa yacrora BHenHei 3/1C
CPaBHHMBACTCsI C PE30HAHCHOI YaCTOTOM Wy, . Pe30HAaHCHAs YacTOTa LISl 3apsiiia Ml JUIsl HATIPSDKCHHS Ha KOH-

ACHCATOPE |Wyesq = \/(,05 -2p2% =

o ! =)}
Pe3onanchas yactora s TOKa B IENHA Whez| = Wp =]/ ~LC|. Ilpu 3T0i yacToTe aMIUIATyda TOKa 0) Opesr = Po
Puc.2.42
JOCTHraeT MaKCHMAIIBHOTO 3HaYeHHs, PaBHOTO |l max = € o/ R| (puc.2.426).
Ipumepvl pewenus 3aday:
30.1. Ecmm xmrou K HaxomuTes B monokeHU “1” M MOAKIIIOYAET K SJCKTPUIECKOMY KOJICOATSIEHOMY R . (C L
KOHTYpYy ucTouHUK DJIC ¢ aMIUIUTYIO# €9 W HUKIUYECKOW YACTOTON ®, TO MPHU YaCTOTE ® = ®; B HAOIIOJACTCS A
PE30HAHC BBIHYKICHHBIX KOJCOAHMI TOKa, a MPH 9aCTOTE ® = ®p - PE30HAHC BBIHYXICHHBIX KOJcOaHMIA Hamps- K

XKEeHUs Ha 0OKJaakax kouaeHcatopa. Korma kmou K mepeximoyaroT B monoxkeHue “2”, B KOHTYpE BO3HHKAIOT

xzf—I !
. . . ~ EoCos Wt
cOOCTBEHHBIE 3aTyXalolle KoJeOaHus ¢ LIMKINYECKONH 4acToTON 3. Halith oTHOIIEHHE YacToT G / W3, €ClU U3-

BECTHO OTHOIIIEHHE YacTOT () / Wy =2.
Pewenue.
PezonaHcHas uacrora TOKa B LENM (W =(Wpy; PE30HAHCHAs YacTOTa HAINpPSKEHUSI U =q/ C mHa xoHJeHcaTOpe

) =\/(o%—2[32 ; 9acTOTa COOCTBEHHBIX 3aTyXAaIONIUX KONeOaHW MpH MOMOKEHHM Kmoda “2” ) = (o%—BZ . Tlo ycnoButo

2 2 _n2 w
ik = Q;O—Bz =22=4, Haxoaum otcrona, 4to Bz :Emg Torma hac “o = L = ﬁ =1,32.
W, Wi - 2B 7 w3 \/(*)S_BZ J1-37 2
30.2. B 1enu, n300paxEHHOM Ha PUCYHKE, MAaKCHMalbHash aMILIUTYAa TOKa HAOJIOMACTCS IPH [IUKITHYC- R (iCc L

ckoif yacrore BHemrHe# DIC o = ®;=4000pazu/c, a npu yacTore ® = 0,=5000pag/c aMIUIUTyaa TOKA YMEHBILAETCS

B 1Ba pa3a. Yemy paBHa émMkocth C KOHTYpa, ecian R = 15kOwm ? £ cos ot
~Go
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Pewenue.

U3 rpaduika 3aBUCHMOCTH aMIUTUTYABI TOKa OT 4acToTsl BHeuHe#d DJC (puc.2.43)BunHoO, 4TO HpH

€o/Ry-=--+ W) =Wy = ]/ VLC ammmryza Toka MakcumanbHa M paBHa |gmax = € /R, rae €y — ammmryna D/C. Ilpu
€o/2R}----- /-1~ 5
- © _ 1 2 1€,
0 o, 4acToTe (), 10 ycloBuio g ((02) =€y @ -—wid | +R >R
Puc.2.43
2
Bo3Boas 06e gacTu ypaBHEHUs B KBaIpaT, MOTyIUM oC —wpl | = 3R%.
)

. . 2 _ -
THomnume, umo usénexas Keadpammwiii Kopenv, Bol nonyuaeme 0ea snauenus. N X° =+X. Bolbpas neeephulil 3HAK, MONCHO
NOIYYUMb 8 Omeeme ompuyamenbHylo eeiuduny conpomugnenus R, émxocmu C unu unoykmusrnocmu L.

Cosem:

-wL = i\/f._%R. WNupykTuBHOCTE L momcTaBuM U3 3amucaHHOMN

HOSTOMy, H3BJICKad KOPCHb, YUTEM o00a 3HaKa:

2 111 w
BbITIIe hopMysbl L = Q)_LC , uHaxomuMm C =% —_— ITocne moaCcTaHOBKYM YUCIIOBBIX TaHHBIX BUIHO, YTO MPaBUIIb-

CW3R(0p of
HbIM Oy/IeT HOKHHUN 3HAK, MAIONIHi mosioxutensHoe 3Hadenne C =4, 330D .

30.3. Ha pucyHke npecTaBlieH IpapuK 3aBUCHMOCTH aMIUTMTYABI TOKa |y OT HMKIMYECKO YacTOTHI L
® Buemmner DJIC. DTa aMILIMTya UMEET OAMHAKOBYIO BenmuuHy lo; = 3lo/5 mnpu IByX 3HAYEHUAX 1 U ©) W

C ~
YacCTOTHI, I'IC |0m — MAaKCUMaJIbHOC BO3MOXKHOC 3HAYCHUEC aMIUIMTYAbl TOKAa HPU BBIHYXKICHHBIX KOJIcOaHUsX. R Eocos 0f

Haiitu BenMuuHy pa3sHOCTH 4acToT W, —Wj. [lapamerps koutypa: B=R/2L=0y = ZI,/ Vv LC =9000c™

Pewenue.
€ 2
Tak kak lgm :EO’ TO aMIUIUTyJa TokKa lg; =€ [i—wl_j +R? =§%' Bo3Bons B kBampar o0e dacTu

1 2 16, 1 4
3TOTO PABEHCTBA, OIYYUM o -wk| = o R, oTkyna o wL = ig R . Ilocnennee ypaBHEHHE IPUBOIUTCS K BUIY

> 4R 1 2 8 2
w iéf“’_ﬁ =0 wuaM, COrNIaCHO YCIOBHUIO, i:—%‘ﬂow‘(ﬂo =0. Takoe KBaIpaTHOE ypaBHEHHE MMEET Ba IMOJOKUTEIbHBIX

KODHSI, €CIIM B3ATh HIKHHH 3HAK! W1 = Wg/3 1 Wy = 3wy . [Hoatomy )y — w1 =8wy/3= 24000 &.

Tpumepul 3a0ay KOHMPOALHOU PAOOMBL OISl CAMOCMOAMENbHOU NOO2OMOBKLL.

30.4.B 1iemnu, n300pakEHHOM HA PUCYHKE, MAKCHMATbHAS aMIUIATY/ A HATIPSUKEHUS HA KOHICHCATOPE R C L
HABIII0NACTCS IPU LUKIIHYECKOi yactore BHemHeH DJIC © = ©;=2000¢™, a MakCHMYM aMILIHTY Bl TOKA — [P
o = ©,=3000¢™. Yemy paBHO akTHBHOE conpoTuBieHue R koHTypa, ecin L = 2T'u? €
Omeem:. 6,324xOm.

30. 5.Buavane ximoy K Obuta 3aMKHYT B HOJIOKEHHH “1”, M MUKIHYECKas 4acTOTa COOCTBEHHBIX JJICK-
TPHYECKHX KOIeOaHmil B 0Gpa3oBaBIIeMCs KOHType HMena Bennanny 0;=4000c¢™. 3atem kimou K nepexiouniun R11C..L

ocosmt

B monoxxenue “2” (cM. pucyHok), noakitouas BHewrHo JJ(C. IIpu Kakoi HUKIHIECKON YaCTOTE (Mg, BHEIIHEH 1
O/C aMIumTyaa Toka B Lenu OyAeT MakCHMMaJIbHOHM, €CIM aMIUIUTYy/a HalpspKeHUs Ha KOHJEHCATope MaKcHu- K
MaJbHa MPHU Opy = M= 3000¢™? gj 2
Omeem:  4796c™, ~ 80008 Oyt
30.6.B konebarenbHbIil KOHTYp BKJIIOYEH UCTOYHMK BHemHed D/IC ¢ aMIUIUTYI0H € U C HUKIMYECKOM
yacToTol . HanOosbiast BeMurHa aMILIMTY 16! BHIHY)KICHHBIX KoJieOaHMI HalpsDKEeHHs Ha KOHJIEHCAaTope Ha- |C_g
6monaercs mpu © = o1 = 1000¢™. [Ipy KaKOM 3HAYEHHH YACTOTHI ® IOCTHrAETCS HAMOONbINAS BENMUMHA aM- | |R |~ Gocoswt

IUTUTY/IbI BBIHYX/IEHHBIX KOJEOAHUI TOKA B IeMH? AKTHBHOE conpoTuBiicHue KoHTypa R = 8 kOM, ero uHmyk-
THBHOCTH L = 2T°H.
Omeem: 3000c™.

30.7. AMIIMTYa TOKa B DJICKTPHUYECKOM KOJIEOATENbHOM KOHTYpPE OKa3bIBACTCSl OIMHAKOBOM IPU JBYX

M o .. R
3HAUEHMAX HUKIMYecKod yacToThl BHemmHer D/IC: w;=3000pan/c u ©»,=4000pan/c. Yemy paBHa émkocTh C KOH- C e
Typa, €CJIi ero HHAYKTUBHOCTE L = 11" ?

~ Epcoswt

Omeem: 83,30D.

30.8. B uemnu, n3o0paxEHHOI Ha pUCYHKE, MAKCUMaJIbHAs aMIUIMTYAa TOKa HAOJIIOJAeTCsl MPH LUKINYe-

R,C L

ckoit yacrore BHemHe# DJIC o = ©;=2000paxn/c, a npu yacrore ® = ®,=3000pan/c aMIIKTYyIa TOKA YMEHBIIAETCS

B Tpu pasa. Yemy paBHO compoTuBicHHe R koHTYpa, ecimu C = 2 MxkD ? £ cosoot
~Go

Omeem: 49,10M.



