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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.

Jl1st caMOCTOSITeNIbHOM MOArOTOBKH K KOHTPOJIBHBIM paboTaM IMPUMEPHI MPAKTHUECKHUX 3aJa4 IPUBEACHBI B TOCOOMAX:
--- Komvaxos 0. H., Kaxapckas C.E., SIkynosa E.B. Mexanuka. MonexymnsapHas Qu3HKa: pyKOBOACTBO K MPOBEICHUIO CAMOCTOS-
TEBHON PabOThI CTYACHTOB: y4eOH. mocobue [DmekTpoHHbIi pecypc]/ DmekTpoH.TekcTOBBIe HaHHBbIe. — Tyna : Msm-so Tyal'V,
2020.— 22%. .— ISBN 978-5-7679-4250-3.
--- Konmmakos 1O. H., Kaxapckas C.E. ®usnka. DneKTpoMarHeTu3M: pyKOBOJICTBO K ITPOBEJICHUIO CAMOCTOSTEIEHON paboThI CTYyIeH-
TOB: yueOH. mocobue [DnekTpoHHbli pecypc]/ DaekTpoH.TekcToBble AaHHble. — Tyna : U3a-o Tyal'y, 2017.— 156. .— ISBN
978-5-7679-33915-2.
--- Konmmakos 1O. H., Kaxapckas C.E., SIkynosa E.B. Ontuka. OcHOBBI KBaHTOBOH (DPM3MKH: PYKOBOJCTBO K IPOBEIAECHUIO CAMOCTOSI-
TeNbHOU PabOThI CTYCHTOB: y4eOH. mocodue [DaeKTpoHHbIN pecypc]/ DneKTpoH.TeKcToBbIe nanHbie. — Tyna : U3n-so Tynl'VY,
2019.— 208&. .— ISBN 978-5-7679-4250-3.

TTpuMepsbl 3a/1a4 U MX PEIIEHNH, PEKOMEHIYEMBIE JUIs TIPOBEAESHHS IPAKTUYECKUX 3aHATHI M CAMOCTOSTENLHOM [OArOTOBKU
CTYIICHTOB MOXHO TaK)ke HaTH Ha caiire kadenpsr pusuku Tyal'V http://physics.tsu.tula/fu

IpuMepHOE cosiepkaHne TEM MPAKTHIECKHUX 3aHATHI B COOTBETCTBHH C pabOYNMH MPOTpaMMaMH MPUBEACHO B CICAYIONICH TabuIie:
Cemectp 2

Ne sansTist Tema MMPAKTUYCCKOI'O 3aHATUA

1 Kunemarnka MOCTYNaTCJIbHOT'O ABUKCHUS. Kunemartnka KpHBOHHHeﬁHOFO MOCTYNAaTCJIbHOTO ABUKCHUS. Ku-
HEMaTHUKa BPAaTCJIbHOTO ABUXCHMA. CBsI3b KHHEMATHYECKUX XapaKTCPUCTHUK IMOCTYNATCIBHOI'O U Bpalia-
TCJIIBPHOT'O ABHKCHUA

2 3aKOHBI JUHAMUKU. I[I/IHaMI/IKa MOCTYyHNAaTCJIbHOI'0 U BPAIIaTCIILHOTO ,HBPI)I(CHPlﬁ. HpI/IMeHeHI/Ie 3aKOHOB COXpa-
HCHUSA UMITYJIbCAa U MOMCHTA UMITYJIbCA.

3 HpI/IMGHeHI/Ie 3aKOHOB COXpPAaHCHUA MOMCHTA UMITYyJIbCa U MOJIHOM MEXaHUYECKOI OHCPIrUu.

4 FapMOHI/ILIeCKI/Ie KoJiebaHus U ux cioxenue. usnueckuii MasTHUK. COOCTBEHHEIE 3aTyXaromue KoJIeOaHUs U
BBIHYKJICHHBIC KoJicOaHUs B MEXAHHUKE.

5 MCTO,HI)I peuicHus TCPMOJANHAMUYCCKUX 3a1aY. Hcnonn3oBanne YpaBHCHUSA COCTOAHUA CUCTEMBI, ypaBHeHI/Iﬁ

TCPMOJANHAMUNYCCKUX MPOLECCOB U NEPBOI'0 Havajla TCPMOAMHAMUKU B IPUMEHCHUU K PACUCTy IMMPOLECCOB B
nacajibHOM Irase. Brruucienue pa6OTLI rasa.

6 Briuuciienue TemI0eMKOCTH TEPMOJMHAMUYECKUX MPOLIECCOB. BhluncieHnre n3aMeHeHus: SHTPOIIHU TEPMOIH-
HaMHM4YeCKOW crcTeMbl. BTopoe Havano TepMOIMHAMHUKH.
7 Ilukndeckre npoIeccsl U BHIYUCICHUE K.I1.1. TeuioBbiX MamuH. Hukn Kaprno. @yHkius pacnpeneneHus

Makcgena MoJIeKyJT Ta3a Mo BeJTUYMHAM CKOPOCTEH 1 €€ MPUMEHEHHE K PacUeTy CpeAHUX BeMnYrH. OyHKIUS
pacnpenenenus bonpiiMana u GapomeTprudeckas GopMya.

8 YacroTa CTOIIKHOBEHHS MOJIEKYJ ra3a co creHKoi. Cpenssist [yimHa cBoO0 HOTO TIpodera MoJieKy rasa. Ssie-
HUSL IEpEHOCA (TEMIONPOBOIHOCTD).




Cemectp 3

Nesauatus | Tema MPaKTHYECKOTO 3aHSITHS

1 [IpuHIUD cynepno3uuy U pacyer JIEKTPOCTATUUECKOrO MO Ul CUCTEMBI TOUEUHBIX 3apsi0oB U AJIS 3apsaja,
pacripeielleHHOTO HeTIPepEIBHO. BrIunciieHe HanpsHKeHHOCTH U MTOTEHITHAA HIEKTPOCTATHIECKOTO TIOJIS.

2 [Iprmmenenne TeopeMsr ['aycca o pacueTa 3MEKTPOCTaTHIECKUX 1oJiei. CBsI3b HANIPSDKEHHOCTH M MOTEHITHATIA.
Pabora mo mepeMerieHuio 3apaaa B AIEKTPOCTATHIESCKOM IT0JIe. DHEPTHUS CHCTEMBI 3apsKCHHBIX YaCTHIT M JICK-
TPHYECKOTO OJIsL. EMKOCTh 1 HEpTrus 3apsHKCHHBIX KOHACHCATOPOB.

3 3aKOHBI IOCTOSIHHOTO TOKA. BRIYHCICHNE 3IEKTPHUIECKOTO 3apsiia, MPOTEKAIOIIETo 10 TN | BBIISISIONIETOCS
B 2JIEKTPUYECKOIl LiermH mKoyineBoro temia. 3akoH xxoymns-Jlenua. KeasucranuonapHsie Toku (3a1a4u ¢ 371eK-
TPUYECKUMH LETSIMH, COCPIKALIMMH KOHICHCATOD).

4 PazBerBnennsie nenu. [Ipasnia Kupxroda. Hcnonp3oBanne 3akoHa Oma B IOKainbHOH (opme.

5 Pacyer MarHuTHBIX noselt ¢ moMoIbIo 3akoHa bruo-CaBapa 1 ¢ TOMOIIBIO TEOPEMBI O LUPKYIISLHN.

6 Cuel Jloperna n Amnepa. [IBrkeHue 3apsHKeHHON YaCTHIIBI B CTAIIHOHAPHBIX AIEKTPHIECKOM M MarHUTHOM
nonsix. Cuiibl, JEHCTBYIOIINE HA NEKTPUICCKHA W MATHUTHBIN JHUIONb (KOHTYP C TOKOM).

7 SIBneHue s1eKTpoMarHuTHOM UHAYKIUU. 3akoH Dapazes. SABeHuss CAaMOMHIYKIIUN U B3aUMHON MHAYKLIUH.
Brluncnenue HHAYKTUBHOCTH. DHEPrHUsi MArHUTHOT'O MOJIS.

8 CoOcCTBEHHBIE HIIEKTPUYECKUE KOJIeOaHHs B LEIX. DISKTPUYECKUIT KoJieOaTeIbHBIH KOHTYP M €ro NapaMeTphl.
BpIHYKI€HHBIE DJICKTPHYECKUE KOJICOaHMS.

Cemectp 4

Nesawsmus | Tema mpakTHYECKOTO 3aHSITHS

1 UurepdepeHuust cBeTOBbIX (3MEKTPOMArHUTHBIX) BOJH. HTepdepeHirontbie cxembl. MHTepdepeHius B TOH-
KUX IUIEHKAX.

2 Meuorouny4uesas uaTepdeperuus (qudpakiroHHas peurerka). Paspemraromas cnocoOHOCTh TUPPAKIHOHHOI
peutetku. Judpaxuus cBeta (JIEKTPOMATHUTHBIX BOJH) Ha y3Koit wenu. Judpakims cBeta (31eKTpOMarHuT-
HBIX BOJIH) HA KPYTJIOM TPETSTCTBUH.

3 3aKOHBI TEIIOBOTO M3MyueHus. Mcnonb3oBanue 3akona Ctedana-boapumana u 3akoHa cMeleHust Buna s
TEIJIOBOTO M3JIy4eHust abcoitoTHO yepHoro Tena. Koaddunment nornomenus.

4 Ssnenne poroadexra. [Ipumenenne ypasuenus Diiniureiina st poroaddexra. Kpacnas rpanuna gorosd-
¢dexra. Dpdexr Komnrona.

5 Bomnsr ne Bpoiinsa. KsanTossie moctynaTel bopa n 6opoBckas Moaeas 0AHOIIEKTPOHHOTO aToMa. CIieKTpajib-
HBIE CEPUH M3ITyUCHHS OJTHOAIEKTPOHHOTO aTOMa.

6 BonHoBast pyHKIHS KBAaHTOBOH MHUKPOCHUCTEMBI U €€ cBOWCTBA. KBaHTOBBIN IPUHIIUII CYTIEPIIO3UITUH H TIIIOT-
HOCTB BEPOSITHOCTH O0HAPYKEHHS YacTHIEI. Vcnonp30Banue craroHapHoTro ypasHeHus peaunrepa ms
pacdeTa XapakTepHCTUK KBaHTOBBIX cHcTeM. YacTHia B OJHOMEPHON OTeHIHANbHOH siMe. CTIeKTp pa3perieH-
HBIX 3HAYEHUN SHEPTUN U U3TyueHrne MukpocructeMm. KBaHTOBBIN rapMOHUYECKHUI OCHMIIISITOP U CIIEKTP €T0
SHEpruil.

7 ITpunamumn [Taynmu. CucremMa YeThIpeX KBAHTOBBIX YHCEI. 3aITOTHEHNE dJIEKTPOHHBIX 000JI09YEK U IMOA000I09eK B
MHOT'03JICKTPOHHBIX aToMax. KBaHTOBaHME OpOUTAIBHOTO M COOCTBEHHOI'O MOMEHTA UMITYJIbCa M MarHUTHOTO
MOMEHTA 3JIEKTpOHa (aToMa). PaanoakTHBHOCTD U 3aKOH PaJMOAKTHBHOTO pacnana. 3aKoH paan0aKTHBHOTO
pacnaja saaep. DHepreTHUeCKuil BEIXO peaklui pafliOaKTUBHOIO pacnaja.

8 Pacnpenenenne @epmu-/Iupaka n pynxuns depmu. CBOKWCTBA 3JIEKTPOHHOTO T'a3a NMPH HYJIEBOW 1 HEHYJIEBOM

TCMIICpATypEC. HpOBO,HI/IMOCTI) MOJYIPOBOAHHUKA U P-NHIECPEXON.




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
npocmulx QYyHKYUll 8pemenu, Komopbvle npusedenvl 8 credyowel 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 OMPEICIICHBI 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 BIOJB OCH Z. YCKOpPEHHE TOYKH BCE BPEMsl HAMPABJICHO BJIOJb 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 kakom 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 CHayvajlla 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, ——

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 Gyner 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 OIsI CAMOCTHOSMENLHOL NOO2OTHOBKL.

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 MTOCTYNATEIBHOTO 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 TpPaeKTOpHuu) 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 moiHOro ycKOpeH s TOUKA 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 §. Yroyn ¢ Mexay BEKTOPOM CKOPOCTH V M rOpPH30H-
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 yIJoM 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 OJIHOE 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 BENNYUHY €& 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, HONTY4aeM Wyay = 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
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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»XHOCTH, 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 YPABHCHUEC JUHAMUKHU BpaAIllaTCIbHOI'O ABUKCHU | 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
| | ‘ BPALIATENLHOTO 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-
6eEMCMeBe06aAMb HANPABIIEHUIO 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 NMOCTYNATCIIBHOTO 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 TI0J] IEHCTBUEM CHIIBI TSIKECTH.

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 JABUIKETCHA MMOCTYNATCJIbHO BHU3 U OAHOBPEMEHHO BpallacTCd BOKPYT OCU C 1mo yacoBoit CTPCJIKE 1O Ileﬁ'

CTBHEM MOMEHTA CHJIbl HATSKEHMs HMTH T , IIEY0 KOTOPOi paBHO paauycy aucka R (puc.1.13).Beipakas 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 TOpH30HTaIBHOM 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/IeNUTe BEJWYUHY JIeHCTBYIOIIEH Ha HEro CHilbl TpeHus ., HarmpaBIeHHOH BIOMb MIOCKOCTH.
Omeem: 4,2H

3.9. [luck mMaccel My ¢ pagnycoMm R Bpamaercst 6e3 TpeHUs: BOKPYT TOPU3OHTAIBHON 3aKPEIIEHHOW OCH CUMMET-
pun O. K HAMOTAHHOM Ha 060 IMCKA HHTH NPUKPEILICH IPy3 MAcChl My, NaJAIONMKH 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 NaJaloIuil BHA3 Ipy3 ¢ Maccoil My= 1 kr. IIpu 5TOM AHCK Bpamiaercs ¢ 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 IPMKPEIIEHHBIMH K €€ KOHLAM rpy3aMu. I'py3 ¢ Maccoit M, = 3KI CKOIL3HUT 0€3 TPEHHs i s
0 TOPU3OHTAILHON MOBEPXHOCTH, & 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 U My, JIETEBLINE CO CKOPOCTAMH Vi = 6M/c U Vo moxa 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 [ 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 JPYTY, CTONKHYJNCh U CIMILUIMCE. HalTh BETMYMHY CKOPOCTH V2 BTOPOTO Tela A0 y/apa, €CIIH MOCIe 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
Crnmmecs Tena JeTAT mofa yrioMm o = 60° K HampaBIeHMIO IBHKEHHS MepBOro Tena. Halitw Benmumuy 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 ¢ Maccoit M pa3opBalics 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, pasMepaMu KOTOPOTO MOKHO MpeHeOpedb, JIeTeNl TOPU30HTAIBLHO 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-
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2
cs1), HaxoauM M’ =& =1,33kr.
3A'(v-1'w)

5.2. lIpa miapuka, pasMepamMu KOTOPBIX MOXHO TpPEeHeOpeUb, JIETEIH TOPU30HTAIBHO B MTPOTUBOTIONOKHBIX 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 YaCOBOW CTPENIKe, TO MOMEHT UMIYJIbCa HUIKHETO 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 MPUIUIIIITHUMU 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/IAPHO K FOPH30HTANBHOM OCH moaBeca O BHCEBIIErO HEMOABHKHO TOHKOTO CTEPIKHS MACCHl M 7, %>
=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 Imociie yaapa CTepsKeHb Hauall BpalaThCesl MPOTHB YaCOBOM CTPENKH C YIIIOBOM cKopocThio » = 0,6pan/c.
Omeem: 3,6Mmlc

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

JMKYISPHO K TOPH30HTANBHOIM OCH TogBeca O HEMOJBIKHO BHCEBIIEr0 TOHKOrO CTepKHs Macchl M = 3kr u mmust | =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 mpeHeOpeus. [llapuku jeTenu ropu30HTaIBHO B OJJHOM HAIPABJICHUH MEPICHANKYISIPHO K ocl O €O CKOPOCTSIMH -
V1 = 3m/c u V, (cM. prcyHOK). HaliTu CKOPOCTB V, HUIKHETO MIAPHKA 10 YAapa, €CU cpa3y MoCe yaapa CTEPKEHb C MPHIHIIIME 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, Bpammaics ¢ yriioBoi CKOpPOCTBIO g MPOTHUB Yaco- o
BOM CTpENIKM BOKPYT' BEpTHUKaJIbHOI 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



18
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 MPOCKaIb3bIBAaHUS MEXaHHUECKass SHEPTHA Tella coxpaHseTcsi. C y9eToM CBS3H JIMHEHHOHN U yTriIoBOH

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 0€3 TpeHus n 0e3 HayaJIbHOM CKOPOCTH MaJIeHbKOE TEJIO C TOHM e 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. Orcrofa B HIKHEH TOYKe SIMBI CKOPOCTh JIBHIKEHHUS 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 3aTOPMO3MII OBI BpallleHUE KOJIeca BOKPYT OCH CUMMETPHH, MPOXOISIICH yepe3 ero neHTp. B BepxHei Touke moabémMa KOJeco

MMPpOAOJIKACT BpalllaTbCA U UMECT TY K€, YTO U BHU3Y, KUHETHUYCCKYIO OHEPI'UiO BpallaTCJIIbHOTO 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, BpAIaBIIUNACA C YIJIOBOM CKOPOCTBIO (), yHal Ha HWKHHHI 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 mozaseca O, MPOXOIAIEH Yepe3 ero Kpaid. B MpOTHBONOIOKHEIM KOHEIl CTEPIKHS BPE3AECTC  m,/
JIETAIIUN TOPU30HTAILHO M MEPHEHAMKYIAPHO 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-
¢ B My TiyOuHOM h = 2M 1 3aKkaThIBaeTCs HAa €€ MPOTHBOIOJIOXKHBINA 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. Toukwmit 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 COCKAaNB3BIBAI 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 HavanvHulli 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 KOOpOUuHamvl (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 BpeMmeHHu Vo = 0,1m/c. Haitti Maccy rpy3nka M, eciim MaKCHMAaIbHOE CMEIICHHE 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 HE3aTYXalOLIMe FApMOHHIECKHE KOJIeOaHHs BOKPYT TOPH30OHTAIIBHOM OCH mofBeca  _ ¢
O, poxosiei yepes ero kpaii. B HauanbHbII MOMEHT BpeMeHH {p = O yriioBasi CKOpOCTh BpallleHHUsT CTEPIKHS OTHOCUTEIILHO & |
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 ¢ xéctkocThio K = 0,8H/M coBepiuaer HesaTyxarouue KojaeOaHus, CKOJb3sl Mo 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 110
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 HAaIIPaBJICHAW OTHOCHUTECIIBHO HEIOJABHKXHOTO '? - _5362 X
' X
- >

HaOmIo/aTeNs 10 3aKOHy Xq = Alcos((ot+0(1) . Jlexxamuii Ha TenexKKe Ipy3 OJHOBPEMEHHO COBepIIaeT Kojeda-
HHUS C TOH K€ 4aCTOTON OTHOCUTENBHO FOPU30HTAILHON TOBEPXHOCTHU TEEKKH IO 3aKOHY Xo = Ay Cos(oot+ a 2) . OtHOCHTENEHO HA-

OJroIaTelIs TPY3 ABIDKETCS TI0 3aKOHY X = Acos((ot+ 0() , TIe o = /4. Haiinyure 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 . Iloacrapiss cioa 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 BpeMend t = 0,1c, ecim MakcHMaJbHOE 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
I'JIa/IKO# TOPH30HTAILHOM IIIOCKOCTH. B HAuaIbHBIA MOMEHT BpeMenn tp = O CKOPOCTb TPy3HKa ObLIA paBHA HYIIIO. 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| IEHCTBIEM CHIIBI TSHDKECTH BOKPYT TOPU30HTAIBHOM 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 OTHOCHTENHHO och monseca O, KOTOPBIM BhrdmciseTcs 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 [UTHHE |,

l.m
HAMEIOIIETO Maccy M, KOTOPBIA COBEpIIaeT He3aTyXarollne rapMOHHYECKHE KOoJIeOaHus ¢ IMUKIMIEeCKONH 9acToTol @ = 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 crepxns |, 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 JUCKa U rpy3a OJMHAKOBBI U & = R/2, To 06uuil 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. lIBa 0MHAKOBBIX TOHKHX cTepkHs AmuHbl | = 90cM coBepIIaroT He3aTyXarolie rapMOHHYECKHE KOJle- ~
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 @, ECIH 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 JIEBOTO TUCKa B 2 pa3a MEHBIIIE Iepro/ia KoJeOaHui MPaBoro JrCKa.

Omeem: 8,45¢cm
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9. CoOcTBeHHbIE MEXaHUYECKUE 3aTYyXaIOIUe 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 KoJieOaHMi, yOBIBAIOIIAS 10 IKCIIOHCHI[UAILHOMY 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 MAasITHUKA 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= . [Ipx 3TOM He 33aHHYIO B YCJIOBUH MOCTOSIHHYIO & MOKHO ONpPEJIEIUTh Yepe3 U3BECTHBIH Jiora-

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

[MoacTasnss 3T BHIpaXKEHHUE B HOPMYITy IS [UKIHYECKOM 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 IIEPBOHAYATIBHO OH OBLI paBeH O = 17
Pewenue.

[pu yBemMYEeHUH BSI3KOCTH JKHIKOCTH BO CTOJIBKO K€ pa3 yBeauduBaeTcs KOG HULUEHT 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 ¢ xkEcTKoCThI0 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. [locie 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. BeinyxaeHHblec MeXaHHUecKue Konebanus. PezoHanc

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 BHeIHe# cuibl FoCOSot. [Ipu dacToTe BHEUmIHEW CHIIBI, paBHOH ® = 1, MAaKCHMaJbHA aMIUTUTyIa [V}~

=>V¥_

CMEILEeHNs TPYy3HKa, a IPU 4acTOTe ® = M, MAaKCUMallbHA aMIUIUTYJa ero ckopocTtu. Eciau CLyCOSOL 5
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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 4YaCTOTa 3aTyXarolnX KOJICOAHWH), 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.ManeHbKuUi TPY3UK 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. N
Pewenue. Focosot

Kak u B npeapiaymiei 3aaade, MOACTaBjIsgeM penieHrne X = ACOSWt B ypaBHEHHE THHAMUKH md? >§/ dt = -k x fy cosw 1

99999900,

90999990
=~

o<
[=)

(cpma TSAKECTHU YPaBHOBEILICHA CHIION YIPYTOCTHU IMPYKUHKU B MOJIOKCHUU paBHOBeCI/Iﬂ). Brruncnss MMPOU3BOAHYIO U COKpalllas Ha

COSwt , MOIy9IrM muw? A= kA- fy. I3 3TOro cOOTHOIIEHH MOKHO HAHTH HEM3BECTHYIO YaCTOTY BHEIIHEH CUIIBI, €CIIU 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 TIOITyYUTH 3aJaHHOE B YCIOBHHU 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 v COS®
MaJICHbKUH TPY3HK, KOTOPBIH COBEpIIACT HE3aTYXAMoI[Ue KoJeOaHWs M0 TOPU30HTAIBHON aOCOIIOTHO TJIaIKO# Imo- immf’%
BEPXHOCTH C [UKINIECKOi 4acToToil o = 6 ¢, Korza Ha rpysuk Hadana aeiicTBOBaThH BHEwIHss ciia F = FoCogot, Me- ==
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HSIOMIASCS 10 TAPMOHMYECKOMY 3aKOHY C IIMKJIMYECKOM YacTOTOl ® = 4¢ on cran konebatbes ¢ ammmutynoi 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
Focosnat ¢ ammmurynoit Fo = 0,084H, Mensitomascs 0 rapMOHAYECKOMY 3aKOHY C LUKJIMYECKOH YaCTOTO! ®, OH CTal 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 aMIUTHTYIb KoeOammii. Bo CKOIBKO
pa3 HaJl0 YMEHBIIUTb KOY(QOULUHMEHT BA3ZKOCTH KMAKOCTH, 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 PAGHOBECHBIX 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 —o6béM, T —TepMoanHaMuyeckas temmeparypa 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/ Mok . HaganeHoe nmaBienme raza Pi;= 25 k[la. Halith BenmnauHy KOHEUYHOTO 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 JJaBJICHUE 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 onpeneisiercs popmyinoil |—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 svruuciumo C, HA00 NOCICO08AMENbHO UCKTIOUAMb HEU3BECIHbIE MEePMOOUHAMUYECKUE NEPEMEHHbLE U3 CUCTNEMbl
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, KOTOpBIi MOXXHO CUMTATh MEajIbHBIM ra3oM, COBEpLIAET HPOLECC, 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 TpoIlecca KoJude-

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.

12.4.0un monb kuciopona Oy, KOTOPBIIt 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 Haudally TEpPMOJMHAMHUKU COBEpLIEHHAass UM paboTa Oyzxer paBHa A=Q-AU, rie u3MeHeHne 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 MOXXHO CUNTATh HACATHHBIM I'a30M, COBEpIIAET MPOIECC, 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/Khons

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 MOYKHO 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 MpH IIOCTOSTHHOM naBieHnd. OtaaBas 3 k/[x Temma, 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 MICAIBLHBIM, COBEPIIACT IMIPOIECC, 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 oss. Kakyro paboTy cOBEPIINT ra3, HArpeBasch 10 remiepatypbl T = 600K? R =8,31 /K iois.
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 TorydaeT (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 3TOTo Ta3a Mociie TOTo, Kak ero YHTPOIHSI YMEHBIIUTCS Ha BEIMIHHY
AS = 100/Ix/K. R=8,311:x/KMons.

Pewenue.
. i+2
MousipHast TeMIOEMKOCTh JaHHOTO MosMTponnyeckoro npouecca papia C =2C, = 2—— R= 7R (monexysl 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 ra3a 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, MOJSIPHAS 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 HHKIHYECKHE 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 yukia 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- § . Ilmommanes 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 coBepraet nukandeckuit mporecc ¢ KIT n = 40 %, uzoOpaxeHHbIN Ha Auarpamme 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 3toM pucyHKe TeroTa, MoJTydeHHas OT “HarpeBaTtesst’, paBHA IUIOMAIH TPAMELMH 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 pacipenesieHnss 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 noneil 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 hyHKUMH pacnipese- 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 apudMeTwdeckas) BBIYHCIAETCA IO  (GOpMyIie

(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 YHCIIOM CTEIICHeH 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 BETUIHMHBI CKOpOCcTel OT Vi 1o Vi + AV umeroT AN = 107° MOJICKYJI. 3/1ech V; — BeIMUMHA 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 HAEAIBHBIM ra30M ¢ MOJIIPHON Maccoil 1=4 r/MoJb, 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 Mosiekyn paBHa 800wm/c. Haiitu Maccy oiHON MOJIEKYJIbI JAHHOT'O ra3a.
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 dopmyisl 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) >) gro naér (Eg)=(Ey) - %zzﬂazoﬂm

Tpumepwl 3a0a1 KOHMPOTLHOU PAOOMbL 0151 CAMOCTNOSMETLHOU 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 ¢ oobémMom 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 WAcanbHBIN ra3 mox aaBinenueM P=60 klla, npuueM BenuvnHA
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 TOYKaxX TeMmmepaTrypoil T = CONSt pacnpeneneHne boibIiIMaHa MOXKHO 3amucarh ISl JaBJICHHS:
Fb eXp ETIOT
kgT
B uacTHOM cilydae ra3 HaXOAUTCS B IIOJIE CHJI TSDKECTH M JUISL €ro MOJEKyJbl ¢ 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/ /KMions.

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 Bemmunty An=8[10°° M3, Cunras Temmeparypy aTMocdepsl STOi [IAHETHI
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 crankusaercst 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. VneanbHblil Ta3 coBepIlaeT MpoLEcC, NPU KOTOPOM €ro TemIepaTypa pacTéT C yBeJIMYeHHEM O0BbEMa 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 €ro 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 CBOOOIHOTO IMpodera MoeKkyJI 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 TeMIiepatypbl T rasa. [ 9Toro HCKIIoYnM BHadalle 00béM V U3 3aJaHHOTO B YCJIOBHUH
_ 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, UMermeM 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 OTBEpCTHS B OKpYXKarommii cocyx Bakyym Beuteraer N = 410%° monexyn. 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 cpeqHss UTMHA CBOOOAHOTO Mpobdera MoJIeKy:l ra3a nmpu temmneparype T, = 600 K, ecnn
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 TeMIepaTypsl HOCTOSHEH 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.Kupnnynasi CTeHa TOJIIHHON B JBA KHPITHYA
(h = 50 cm) umeer miomams S = 15m% Kosddumuent temonposorocty kupiuda k = 0,7 Br/mK. Kakoe konudgecTBo
TEIUIOTHI IIEPEHOCUTCSI 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
YXOJIAIIET0 TEIJia TPaHHWIa MEXIy CIOSAMHU OYCHb OBICTPO HarpeeTcs 1o OeckoneuHocTu wiam oxiamutes no 0 K. Temneparypa Tj
TPaHUYHOIO CJI0s JISKUT B uHTepBane I < T3 < T,. YpaBHeHHe OanaHCa TEILIOBBIX 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 IIIOCKOTO JHA cocyza ¢ miomansio S = 500cm? pasna t,” = 100,3C. Onpenenuts Tonmmuy h ua 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 TemIOMpOBOIHOCTH 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 AEPEBSHHON CTEHBI C TOH K€ IMOTMEPEYHON TUTOIAIpI0, YTOOBI OHA 33 HEIEI0 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 Ko (uUIHeHTsI TeronpoBoanocty k; = 4 Br/M-K u x; = 5Bt/M-K. Temneparypsl cieBa 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 IUIOCKOTO 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 TOUCUHBIX 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 .

IIpumep 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. OnpesenuTh BENUUNHY HOJIOKHUTEILHOTO 3apsiaa J;, €CIIM MOJYJIb MJIEKTPUUECKOM CHIIbl, AeHCTBYOLIEeH Ha He-
IO CO CTOPOHBI TPEX APYTHX 3apsaoB O, Os. ¥ Qs., paBeH F = 0,2MH. Haiiti noteHunan, co3nanublii 3apsinamMu Oz, 4z a
U Qs B TOYKE, TJ€ HAXOAMUTCS 3apsy Oy Y4ecTb, uTo O = gy = —2 MK, 3= +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 ¢ mmuHOM Kaxaol u3 cTopod a = 1 M. Haiity BenuuuHy 3J1eKTpHYECKOil cuibl, aeiicTyro- %
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 pacmipeneneH HEIPEPHIBHO 10 00BEMY € IDIOTHOCTBIO P, TO €r0 MOXHO pa3OMTh 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 ¢ NMuHelHo# 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 K3TOTO 3apsiia MEHIETCS 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



43
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 PacIpeNelICHHH 3apsjia U TOJIOKUTENbHBIN 3aps/] HA IPaBOii IOJIOBUHE
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 TodeuHbri 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 MxKJ1, HaXoaAIIUiCs 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.T1o mapy pamuyca R paBHOMEpHO ¢ IUIOTHOCTBIO p pacIpeielicH dJIeKTpudecKuii 3apsaa. Ha paccrosiHusx r
ri=15cm ur, = 60cM OT HeHTpa 1Iapa BeTHYUHA HAMPSIKEHHOCTH SJICKTPUIESCKOTO TIOJIS, CO3aHHOTO 3TUM 3apsiIOM,
paBHa, COOTBETCTBEHHO, £1 = 24B/M u E, = 12B/M. Uemy paBeH paanyc mapa R, ecii U3BECTHO, 4TO 1< R < 1,?
Pewenue.

Jlunnu E HauMHAIOTCS HA BCEX 3apsiiax BHYTPH LIapa W HATPABICHEI pamuanbHo (puc.2.10).
OxBaTHM map cepuIecKoil 3aMKHYTOM TOBEPXHOCTBIO A ¢ paguycom § > R. Ecmu Bektop E cocras-
nseT yroyt 6 ¢ BEKTOPOM 3JI€eMEHTapHOM IIOINAJAKH dS, to EdS= EcosO dS. B nauieii 3a1aue s1eMeH-
bl Iwiomany dS HampabiIeHb! HapawIenbHO JMHEAM E | a Benmun#a E B CHILy CHMMETPHH OJIHHAKOBA
BO Beex Toukax coepsl. ITostomy motok E depes 3aMkHyTYI0 cdepy paBeH mpomsBeacHuio E Ha mio-

maab TMMOBEPXHOCTHU C(l)epLI 4mr 2 y KOTOPYIO JIMHUHN E MEePeCeKaroT HOpPMAaJbHO:

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 HMIIEKTPHUYECKYIO 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). BHyTpu 3TOi MOBEPXHOCTH HAXOMWTCS 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-

2. Teopema T'aycca mis stoii moBepxnoctd maer D21l = Y q= pT[r2| / TloaTOMy BHYTpH LUIHHIpA

pa c 3apsgom Y g =pOur
DBHyTpM = pr/2 :

B Hareii 3aj1aue poOBOIUM 3aMKHYTYIO HUJIHHIPUYECKYIO TOBEPXHOCTH pajauyca I <b u mmmuel | BHYTpH nmnmmHapuvecko-
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 JJIMHHOM IMJIMHIPHYCCKON moBepxHOCTH paanyca R = 30c¢wm, 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 | 1 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 CIMIIKOM 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 I0CKOCTH). 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 TIOJIS, 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

21.8.11o nByM napajuienbHbIM OECKOHEUHBIM IUIOCKOCTSIM PAaBHOMEPHO pacIpeesIeHbl SIEKTPUUECKHE 3apsiibl C
MOBEPXHOCTHBIMH IUTOTHOCTAME 01 = +8 MkKin/M® 1 6, = —4 MxKn/m? passoro 3maka. Bo cKoJIbKO pa3 BeIMUHHA BEKTOPA
JNeKTpUUecKOi MHAYKIMK D Mexxny 3apsKeHHBIMU IUIOCKOCTSAMH OOJIbIlIe 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 ICKTPUUECKOil 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| — |. W36aBuThCcst OT JiorapugmMa MOKHO BBIYHCIIUB DKCIIOHEHTY OT O00EUX 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



48
i sHeprun W.

3apsin  u emkocTh C KOHIEHCATOpA CBSI3aHbI ¢ pa3HOCThIO noTeHmanoB U =Ad Ha ero oOxiaakax: . DHeprus

1 1 .o 1¢° 3
3apspKeHHOTO KoHaeHcaropa |W :5 qu = 3 CuU :_ZE . EMKOCTh BBIYHCISIOT, ¢ TOMOIIBIO ()OPMYIIBI, CBA3BIBAIOIICH HATIPSIKEH-

2=
HOCTP M IIOTCHIMAT Ot (¢ — o = L Edr|.

B miockom koHaeHcarope (puc.2.15a) ¢ miomanpio MmiacTUH S, pacCTOSHUEM MEXIY
IacTHHAMH d, 3aMOJTHEHHOM JUANIEKTPHKOM C MPOHUIAEMOCTBIO €, 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 mmactuny ¢ 3apsgoM ( MOXeET HEeHCTBOBATH 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 MOXKHO BBIPA3HTh Yepe3 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 I, = 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 KOHACHCATOpPAa, 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, uMmetomunii 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 PACIOIOKEHHBIMHU [UIACTUHAMH [UIOCKOTO BO3IYIIHOTO 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 HETIPOBOMSIIEH CPEIbl, 3aIOHSIOMEH MPOCTPAaHCTBO
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.
Mex 1y HOUMH HaXOJHUTCS INDJIEKTPHK, TUAIEKTpUUECcKas IPOHUIAEMOCTh KOTOPOro yOBIBaeT ¢ paccTostHueM I oT obuiero 1entpa O
110 3aKony & =b/r’, rae b = 150cM®. DHeprus 9TOi CHCTEMBI 3apKEHHBIX TPOBOIHUKOB pasua W = 0,36]1x. 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 unmezpan pagen niowaou noo epaguxom noovinmezpaivhou gyuxyuu. Hanpumep, npo- \\\: P
mexwiull 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.

Ecau 6 ycnosuu 3a0aqu npugedensl yoeivhoe conpomusienie nposooHUKA p i e20 yoebhas 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.

IoactanoBko#t | u E u3 3akoHa OMa B JOKanbHOH (opMme JIerko mony4duTh 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 JKOYIEeBo Temio Q = 729 J[x. 3arem 3Ty MPOBOJIOKY PACTSHYJIH JI0 JUIHHBI |, ¥ moaKitto- 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, YMEHbIIatoLeecs Ipu 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 Bcex 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, BEIIUUHUHA KOTOPOTO MEHSETCS CO BpeMEHeM {, Kak MOoKa3aHo Ha PUCYHKE, TJe
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 [IPOTEKILIETO Yepe3 MOINEPeYHOe CeUCHHe POBOAHMKA 3apsiaa ( IMHEHHO pacTéT co BpeMeHeM t (CM.pHCYHOK). Jgt----- ‘
Haiiti BenuuuHy 3apsiaa (g MPOTEKIIEro K MOMEHTY BpeMeHH T = 3 ¢, ecii 3a npoMexyTok 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 IPOBOJIHHUKE 32 MPOMEKYTOK BpeMenu 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 HanpsHKEHHOCTH KBAa3HCTALMOHAPHOTO CTOPOHHETO 3JICKTPUYECKOTO OIS, HAPABICHHO-
r'0 BJIOJb IPOBOAHUKA, MEHSIETCS CO BpeMeHeM t 1o JinHeHoMy 3akony: E = At + B, rne A = 5B/Mld, B = 3 B/m. Kakoii 3apsi nmporte-
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 LEH MeXAy IBYMs y3JIaMH — CTPENKOil 0003HaubTe HAIpPaBICHUE 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-
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’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 10T0 y31a MOXKHO 3anucaTh nepoe npasuio Kupxroda: 31 = 0: Toku, BxoAsuue B y3el 3anuchiBaiite co 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 4acoBoil ctpenke Ha puc 2.17)u 3anuinure Bropoe npapmwio Kupxroda st 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 BecTperuTe B BEIOpaHHOM KOHTYPpe. [Ipoiins no koHTypy BTOpO# 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 CTPeNKe). DTa CHCTEMA M3 TPEX YPaBHEHUIU 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 nonyuumces 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 W3 PUCYHKA, TOK |3 HampasieH 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 HE3AGUCUMBX YPAGHEHUT] CIUWKOM MHO20, PACCMABbIME 6Ce YUCTO06bIE
Cosem:  Oannvie 3a0auu na cxeme u onpederume y3ivl Ul KOHMYpPbL, 0Nl KOMOPbLIX ypasnenus npasun Kupxzogha 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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24.11.OnuHHaAATh OJMHAKOBEIX MCTOUYHHKOB 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
HanpaeieHue e20 NOCMYNAMeNbHO20 0BUNCEHUA NoKadcem HanpaegieHue eekmopa B . 3amxuymuie aunuu B oxeameisarom nposoo-
HUK C TMOKOM.

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: Bg =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 BeIM4YMHy 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 Havase 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 MarHMTHOTO 1oJis B LeHntpe 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. Paccrostame ot nentpa nyrn C o 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 HAPsDKEHHOCTh 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 OI5I CAMOCMOAMENbHOU NOO2OMOBKUL.

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 IyrH ¢ paanycoM R = 20cM u coenunsomei €€ KOHIbI
xopabl (cM. puCYHOK), TeueT ToK | = 3 A. Haiitu BenuurHy HaPSHKEHHOCTH MarHUTHOTO noJist B uentpe O nyru, eciu yron 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 yIJIaMH
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 mesxny 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 NPOBOIHUK COTHYT TakK, 4YTO 00pa3oBaHHasi UM IOJIyOKPY>KHOCTB C paguycoMm R =
= 40cm pacrnonoxxeHa B IuIockoctd Yz Hampasienue Tekyiiero no 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 BenuunHy HanpsHKEHHOCTH 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.pucyHOK). HaiiTi BemMUMHY MHIYKIIMA MAarHHTHOTO TIOJISI, CO3/IaBAEMOTO 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 MO 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. LlupKysnus BEKTOpa HHAYKIMK 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 |, 3Ta JIMHHS IPOXOMUT TPHU pasa, T.c. TOK |, oxBarsiBaeTcs 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 TNPOTEKAIOT TOKH C IIOBEPX-
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-
JIMYHMHA MHAYKIME MarHuTHOro nosist B = 0,5Mk T, mpwu yciaoBuu, 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 1

JUHEHHBIN TOK |, mpoxoasmuii o ocu mmHApa. [logcraBus |, momyanm B = uoia/ r . B Hameii 3agaue kpyro-

BO 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 @ TEe4YET IIOCTOSIHHBIM 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 BoaeneHHOM ocu OO’ TeY€T MOCTOSHHBIN 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 MOJYYMBIIEHCS 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. [Io 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 - B1oyb ocH Z MarHuTHAs COCTABIIAIOMAsS CHIIBI JIOpEHIIa KOMIEHCHpYET HIeKTPHUECKYIO COCTABIIAIONIYIO:
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 MUHHMAaJIbHOI CKOPOCTHIO, TAK KaK YaCTHIIA MOXET UMETh JIFOOYI0 MMPOCKINIO CKOPOCTH V,

Ha 0Cb Z, MapauielbHyI0 BeKTOpy B . DTO He M3MEHHT peleH s, Tak Kak He H3MCHHT HU BEIMYHMHY, HA HATIPABJICHHE 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 MMPOaeT 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 TPacKTOpHH

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 Kin/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 MEPIICHANKYIIIPHO 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 HANPABJIEHBI BIOJb 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 MPOJIODKIIIA BPaIleHHe MO OK-

pyxHocTH paxuyca R = 2m. Yemy paBHa BeJIMYHHA 3apsija YaCTHLBI?

Omeem: 30 MxKon.

27.8.YckopeHHas pa3HOCTBIO IOTeHIMaI0B Ag = 18kB 3apspkeHHas yacTuIa ABHKETCS 110 OKPYKHOCTH 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
xoaunack B Touke O W IBHMragack co CKOPOCTBIO V, HANPaBJIEHHOM BIOJL Ocd X (CM. pUCYHOK). B manbHelineM HauGobliIee 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 pmwxercst mox yriom oo = 3¢ K JIMHUSIM MHAYKIHH OJHOPOJHOIO MarHHTHOTO IOJIs, HAIIPABIEHHOTO 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|, npuuMHOi MOSBIEHUS KOTOPOH MOKET OBITh MJIM W3MEHEHUE BEIWYMHBI HH-

AYKIUN B, unm usMeHeHue miomnaan S KOHTYpAa, WM U3MCHCHHUE yrila O MEXIy BEKTOpamMu BusS.
Ecau COIIPOTUBJICHUE MTPOBOAAILICTO KOHTYPA paBHO R, TO IIPU 9TOM B HEM BO3HUKACT I/IHZ[yKIII/IOHHHﬁ TOK

[— |8mm | / R|, HanpaBneHHBIH B TaKyI0 CTOPOHY, YTOOBI KOMIEHCHPOBATh 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 MEHSETCsS TI0 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 MPOBOIHUKOB, 0OPa3yIOIIUX 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 BOSHHKAET 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 nOnepeunbimM 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’. HaiiTu BenMuHHY HHIyKTHBHOCTH KaTYIIKH B TOT MOMEHT BPEMEHH, KO/ 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? _= =



63
Omeem: 78,50M.

2r \|5(D B 28.7.Kopotko3amkuyTas katyimka u3 N = 20 BUTKOB BpalaeTcs ¢ yrioBoit ckopocteio ® = 15pan/c B
iy = <
-~ - MarHuTHOM moje ¢ uHaykuued B = 4 MTn. Ock BpaiieHus NepIeHANKYIISIpHA KaK K JIMHUSM WHAYKIHNHU, TaK ¥ K OCH
—\"| " —= Karymku. UeMy paBeH pajiyc BUTKOB KaTYIIKH, eCIM MaKCHManbHas Bemuduna JJIC 91eKTpoMarHUTHOM HHAYKLIH

B HEH £max= 4 MB?
Omeem: 3,26¢M.

28.8.B maruutHOM nose ¢ uHaykuued B = 0,25Tn Bpamaercst 3aMKHYTBHIA IPOBOJSIIUI KOHTYP € CONPOTHUB-
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®. Haiitu compo- ctl

R
TuBsieHre R koHTYpa.
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Pewenue.

[lanenue HalpsKEHUSI Ha KOHJACHCATOPE UC = q/C HU3MCHACTCS CO BPEMCHEM IO TOMY K€ MPUBCACHHOMY BBLIIIC 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 JICKTPUIECKUX 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 KOHzeHcaTop ¢ nepemenHod émkocThio C. Ecnm 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: 4,05Mk®.
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 KOeOaHusl BOSHUKAIOT, €CIM B KOHTYp BKirodeHa BHewrHsst DJIC ¢ ammurynoi €, 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, L gL +R2 |
W,,C 1
= ! 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 aMILUIATyda TOKa 0) Opesr = Po
Puc.2.42
JOCTHraeT MaKCHMAIIBHOTO 3HaYeHHs, PaBHOTO |l max = € o/ R| (puc.2.426).
Ipumepvl pewenus 3aday:
30.1. Ecim xmrou K HaxomuTes B monokeHUW “1” W MOAKIIIOYAET K JICKTPUIECKOMY KOJICOATSIEHOMY R . (C L
KOHTYpYy ucTouHuK DJIC ¢ aMIUIUTYIO# €9 W HMUKIUYECKOW YACTOTON ®, TO MPHU YaCTOTE ® = ®; B HAOIIOJACTCS A
PE30HAHC BBIHYKICHHBIX KOJCOAHMI TOKa, a MPH 9aCTOTE ® = ®p - PE30HAHC BBIHYXICHHBIX KOJcOaHMIA Hamps- K

KEeHUs 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 KBaJIparT, 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 mojxcTaBuM 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 NOO2OMOBKIL.

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, ecian 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, n3o00paxEHHOI Ha pUCyHKE, MAKCUMaJIbHAs aMIUIMTYAa TOKa HAOJIIOJAeTCsl MPH LUKINYe-

R,C L

ckoit yacrore BHemHei 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.



67

Cemectp 4
31.Ycnosus uarepdepennnu. Uatepdepentimonnas cxema FOnra
PaCHpOCTpaHH}OH.[aﬂCH BOOJIb OCH X IIIOCKAasA MOHOXPOMATUYCCKaA SJICKTPOMArHuTHas BOJIHA OIMMChIBA- E
X
€TCs BEKTOPOM HAMPAKECHHOCTU MEPEMEHHOTO IJICKTPUIECKOTO IMOJIA E = EO cos wt—kx+a |.B 4YaCTHOCTH, Ta- [_—7 ?
(hasza BOJHBI Puc.3.1

KOM BOJIHOM OyJeT BHAMMBIA CBET C IUKIHYECKON 4acToTol W=2TV . 3mech K = 2T;/)\ = 2T[d (0 — BOJIHOBOE

YHCII0, A — IJIMHA BOJIHEI, ¢ — €€ CKOPOCTh, paBHAs 30Fwmlc B BakyyMme. [Ipu clio’keHNH BYX KOT€PeHTHBIX BOJIH, IMEIOIINX OHY
YaCTOTY ®, HE 3aBHCSINYI0 OT BPEMEHHU Pa3HOCTh Pa3 AP U pacmpoCTPaHSAIOMIUXCS BIOJL OJHOTO HAMPABJICHHS, BOSHUKAET HHTEP-
(epeHIMOoHHAsT KAPTHHA YePeIYIOUIIXCSI MAKCHMYMOB M MUHIMYMOB OCBEIICHHOCTH. [Ipy 3TOM BBITIOJTHSIFOTCS YCIOBUS:

B TOYKaX HHTEPPEPEHUMOHHBIX MAKCUMYMOB A = 2mMTT;B TouKax HHTEP(HEPSHINOHHBIX MUHUMYMOB A = (2m+ 1) T,

rae m —moboe EJI0C YUCIIO.
Ecnu HavanbHbIC (ba:-;m 0 KOI'C€PCHTHBIX BOJIH OAWHAKOBBI, TO 3THU YCJIOBUA yﬂ06H0 3arucaTtb s OITHYECKOM Pa3sHOCTU XO04a ABYX

BouH [A=n [ﬂ Xp = Xl) , TI€ X9 — X - pa3HOCTb NIPOXOAMMBIX UMM IIyTEH, N — MOKa3aTelb NPEJoOMIIeHH Cpe/ibl, paBHbI 1 B BakyyMme:

A= Zm% B TOYKE Makcumyma,; A = (2m+ 1)% B TOYKE MHHUMYMa.

Ipumep pewenus 3aoay:

31.1.T'enepaTop UCIyCKaeT IUIOCKYIO 3JEKTPOMArHUTHYIO MOHOXPOMATHYECKYIO BOJIHY B HANPABJICHUH OCH X. ABFEx
BounHa oTpaxkaercst OT nepHeHANKYISIPHOTO IIOCKOT0 3epKaja. B Toukax A u B Ha ocu, pa3ieneHHbIX pacCTOsTHUEM C 7
| = 6 MM, HaGITIOATOTCST IBA MTOCIIEIOBATENFHBIX HHTEP(PEPEHIIMOHHBIX MUHUMYMa (CM.prucyHOK). UeMy paBHa dacToTa
v reneparopa (B I'T'm)? Ckopocts cera ¢ = 3- 10 m/c.

Pewenue.

B Touky A TpHUXOOWT Iajgaromas OT IeHepaTopa BOJHA Enaﬂ = Eocos(u)t— kx) . IIpomormxas me\» WV\,/‘Q,\?,\V?’,T\E .
JIBUOKEHHE, 3Ta BOJIHA OTPAXKAETCSA OT 3€pKajia M BO3BpAIAeTcs oOpaTHO B TOYKY A, mpoiins paccrosuue L[ A% X B —+

— — 4
2x" (puc.3.2): E_., = EOCOS((,ot— k( X+ 2X)+T[). [Ipu orpaxeHun otT 3epkajia (aza BOJHBI CABUraeTCsS x 2L
ot Puc.3.2

Ha 7. COrJIaCHO YCIIOBHIO, Pa3HOCTh (a3 9TUX BOJH YAOBJIETBOPSET YCIOBUIO UHTEP(HEPEHIMOHHOTO MH-
HuMyma: APp = 2kx'+ 1= (2m+ ]) M.
B Touky B oTpaxeHHas BOJIHA, IPOXOSIIAs MEHbLIIEE JONONHUTENbHOE paccTosinie 2(X =), mpuxomut co cusurom das
(cocenunit nuTepdepeHMoHHbIT MUHUMYM) Adp = 2k( X'= I) +1= (2m— 1)T[.
Haxons pasnocts  App —Adg v noxcraBmas K =21/A =2mc/v, mnonywaem 2kl =4mlv/c = 21, ortkyna
v=c¢/21=2,500%Tu=25TTu.
kkkkkkkkkkkkkkkkkkkkkkkkkkkhkkhkhhkkkhkkx

OnmHUM M3 croco0OB MOJy4eHHs HHTep(EepeHIIMOHHONW KapTHHBI Oyner MHTepde-
peHnuoHHasi cxema FOHra: nBa oueHb y3KMX KOTEpEHTHBIX HCTOYHMKA CBeTa S M S, pac-
crostHue 2d Mexay KOTOPBIMH MHOTO MEHBIIE paccTosiHus | 10 3kpaHa 3, HCIYCKAIOT BOJIHBI,
CKJIa[bpIBaOIIKeCs B TOUKe HaOmoaeHus P Ha skpane (puc.3.3).Ilytu S U S, mpoXomuMbie
BOJIHAMH [0 TOYKU P, SBISIOTCS TMIOTEHY3aMHU NPSIMOYTOJIBHBIX TpeyroibHukoB ASAP n

ASBP: =57 =g R+ AP=12+(x-d)?, £=S,PP =SB+ BP=12+(x+d)’

Puc.3.3

(puc.3.3). Orcrona S% - f = (82 - 51)( S+ §) =4 xc. Pazamep HaOmomaeMoit HHTEpPEPEHITMOHHON KapTHHBI OYEHb MaJl, U PacCTosI-
Hue x oT Touku P 10 nentpa O KapTHHBI MajIo 110 CPABHEHHIO ¢ paccTosHueM | 10 skpaHa (2d X< I) . Hoatomy S, + § =21, u mbl

MOJTy94aeM ONTHYECKYIO Pa3HOCTh XOJa JydeH, MPUXOAAInX B TOUKy P ¢ koopauHartoit x: A = n(sz - Si) =2 xdit , rme n - mokasa-

TeNb MPEIOMIIEHUS CPENBL.
3aBUCHMOCTb OCBELIEHHOCTH | 9KpaHa OT KOOpAWHATH X TOKa3aHa B npaBoi yactu puc.3.3.HTepdepeHnonnas kapTuHa
UMeeT BHJ Y3KHX IIOJIOC, MapajuIeNbHBIX Y3KHM CBETAIIMMCS IeiM S u S M3 ycnoBus HMHTEppEpEeHIMOHHBIX MaKCHMYMOB

. IA .
A=m\ HaxXOIMM KOOPIUHATHI TOYEK C HAMOOJIBbIIEH OCBEIEHHOCTHIO = ﬂ m,tne m=0,+1+ 2+ 3,... Illupuna xaxaou
n
. IA
MHTEPPEPEHLUOHHON NMOTOCH |AX = Xy = Xy = ndl’
n

Besikuil pas, koeda paccmosnue mexncoy Ko2epenmublmMu UCHOYHUKAMU C8EMAd MHO20 MeHbE PACCMOSAHUSL 00 CUMMEMPUYHO
Cosem: DPACHONIOJICEHHO20 IKPANA, 6bINOTHEHO YC0o6Ue onmuueckoll cxemvl FOnea. Mooicho ucnonb3osams nonyyennvie Qopmynst Ons
onpeoenenus WUpuHsl UHmMeppepeHyuoHHbIX NOI0C.
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31.2.11mockass MOHOXpOMATHYECKasi CBETOBas BOJAHA ¢ A = 625HM mMagaeT HOPMAIBLHO Ha IUIOCKYIO Tpe-

rpajay, B KOTOpOU MpOpe3aHsbl JIBE MapajuiesibHbIe Y3KUe MIeNH. 3a nperpaaoi Ha paccrosauu | = 1,8Mm ycraHoBIeH :;E [
mapajuieNbHBIA KpaH O. HallTu mupuHY NEHTpaTbHONH MHTEeP(PEPEHIIMOHHON MONOCH Ha SKpaHe, CJIM W3BECTHO, =bld

—
YTO OHA B JiBa pa3a 0oJbiie pacctostaus d Mexay mensimu, u uto | >d . —>E ]

Pewenue.

He ucnonv3yiime nonyuennvle panee ¢opmyivl, He cpagrug ux ¢ ycrosusmu saoauu. Ha puc.3.3 paccmosnue mesncoy
ucmounuxamu ceéema 6wiio pasto 2d,a ¢ dannoi 3adaqe ono pasto d.

[losToMy mMpHHa MOJOCH Ha dkpane OyzeT pasua AX =I\/d (mokasarens mpenomenus Bosayxa N [01). A tak kak

no ycnosuto Ax=2d, to d :Jl)\/Z u AX=+/2I\ =1,5mm.

Cosem:

31.3. Ha xakoM MHHHMAJILHOM pacCTOSHMA h Hamo pa3MecTHTH HaJ TOPH30HTAIBHBIM 3EPKAIOM

OYEHb Y3KHI W JJIMHHBIA UCTOYHUK MOHOXPOMATHYECKOTO CcBeTa S ¢ AuHOM BoyHbL A = 570HM (cBeTsimasics hi,§ Y 3 +
1I€eJIb), YTOOBl HAa BEPTHKAILHOM JKpaHe D, yAaJIéHHOM Ha Goblinoe paccrosuue | = 4 M, Ha paccTosHud x = T @
0,95MM Haz 3epKajoM HaOIIOIAICS MAKCUMYM HHTEP(HEPEHIIHOHHON KapTHHBI ?
Pewenue.
B touke P skpaHa cknaabiBaeTcs BoJHa 1, mpumiesinas HEMOCPEICTBEHHO OT UCTOYHMKA CBETa S, U
BOJIHA 2, OTpaXXeHHas OT 3epkaia B Touke A (puc.3.4). MOXKHO CYMTATh, YTO ITa BOJNHA MPUXOAUT OT E
n3obpaxenuss S’ ucTouHuka cBeta S B 3epkane (SA=S'A). Ho oTpaxeHue oT 3epkana mMeHseT ¢pasy h,} ;
BOJHBI 2. hig-7"A 3epKaJIo 0
Bo scex 3a0auax yyumvleaiime, ymo npu ompasd)cenuu om 3epKaibHOU NosepXHoCmu aza 60i- Puc.3.4

Cosem: Hbl coguzaemcs Ha TL Dmo npueooum K uMEeHeHuio onmuyeckoll pasiocmu xooa na M2. Io-
amomy unmepgeperyuonHvie makcumymol u munumymol Ha puc.1.3u 1.4 mensomes mecmamu (Wupuna unmeppepenyuon-
HbIX NOJOC He MEHACTCAL).

Tak kak d = h, n = 1, u pa3Hocts xoqa A u3MeHseTcs Ha M2, TO KOOpAUHATAMH WHTEPPEPEHIHOHHBIX MAKCUMYMOB OyayT
_IA
2h

MaJbHOE 3Ha4YeHne h mosyunTes npu MuUHUMANBHON Benmauue yncaa M= 1.0tciona hyip = 1A/4x = 0,6 mm.

1
(m—z (BMGCTO LEJI0T0 Yuciaa M 3alucChiBa€M COCEIHEE IIOIYLICI0€ LII/ICJ'IO). Ilo YCIIOBUKO X = Xm >0 3aJaHO0, U MUHH-

31.4.JIy4n oT ABYX KOTEPEHTHBIX TOUEUHBIX MCTOYHUKOB CBeTa S M S, ¢ anmuHOM BosHBI A = 600HM
unTepdepupyoT B Touke A 3kpaHa. Ha myTu onHOTO M3 nydeil pacnonoskeHa CTEKIsIHHas IulacTuHKa. Ecim
TONIIMHY [UIACTHHKA yMEHbNTH HA AN = 1 MKM, TO MaKCHMyM OCBELICHHOCTH B TOYKe A CMEHUTCS MUHH-
MymoM. HaiiTu mokasarenp mpesoMiIeHust cTekia (y4ecTs, 9To I Pa3indHbIX CTEKOJ OH JISKHUT B HHTEpPBAje
1,5 Nerexma < 2,2).

Pewenue.

BHrauane onruueckas pa3HOCTh X0/Ja BOJH OT UCTOYHHKOB S M S, COOTBETCTBOBAJA YCIOBHIO MHTEP(EPEHIIMOHHOTO MaK-
cumyma B Touke A: A =2m\/2. [locne yMeHbIIEHUs TONIMHBI TIACTUHKH M3MEHMIIACH ONTHYECKAs JUIMHA IYTH, MPOXOIMMOTO

BOJIHOM OT UCTOYHHMKA Sp. Eciu pambIie 5Ta BOJHA MPOXOIIIa paccrosare Ah B cTekie ¢ mokasaresneM MpesoMIIeHUs N, TO Terephb
OHa IPOXOAMT 3TOT MYTh B BO3JyXE C MOKa3aTeseM MPeIoMIIeHUS Ny, =1. B pesynbrare pasHOCTh X0Ja M3MEHHUTCSI HAa BEJIMUHHY

nLAh-n,,,, (A hu Gyner coorBeTcTBOBaTH MHTEP(HEPEHIIMOHHOMY MUHUMYMY B Touke Al A'=A+ (n —1) Ah= ( 2m*+ ]))\/ 2.

D10 He 00s3aTeNbHO COCeAHUM MUHUMYM. lleroe ymcio M' MOXeT He coBmamath ¢ uucioM M. Ycrpauss A, HaXOIUM
_ 1. (2am+ 1A I - _ _
n=1+ oAR: THe Am= m- . IToacranoBka AM=0 gaér n=1,3.TIpu AmM=1 moayuum nN=1,9.1Tpu AM=2 umeem N= 2.5 u

T.1. YCIIOBHIO 33[1a4X yIOBJICTBOPSIET €ANHCTBEHHOE 3HaueHne N = 1,9.

31.5.B unrepdepomerpe MaiikeabcoHa 3epKajio 35, OT KOTOPOIO OTPa)KaeTCsl TOPU3OHTAIBHBIN JTyd 2,
NPUABUHYJIM HA paccTosHue b = 2 MM K aenurensHoM muactuake I1. Ha myrtu sydeit 1 v 2 1OMeCTHIM IIPO-

3paunble miacTuHky Tommuubl d; = 1,2mMmM u dp, = 1,5MMm ¢ mokaszarensmu npenomienus Np = 1,5un, =1,8 S 3,
COOTBETCTBEHHO (CM.pUCYHOK). IIpu 5TOM nHTEp(hepeHINOHHAs KapTHHA Ha 9KpaHe D caBuHynach Ha N = *
= 1250n0n0c Yemy paBHa AJIMHA BOJHBI CBETA, HCITyCKAEMOTO HCTOYHHKOM S?

Pewenue.

IepBonauansHo ayun 1 u 2 npoxomunu paccrostaus |y u |, 10 3epkan u o6parHo. OnTudeckast pa3HOCTh Xo1a Oblia paBHA
Dg = (2|2 -2 1) D05, » DA€ TIOKA3ATEND MPENOMIIEHHS BO3MYXa Ny, =1. 3aTeM ONTHYECKHE JUIMHBI MEHAIOTCS B NPEJIEIAX pasMe-

IIEHHBIX IUIACTHHOK, UMEIOIINX JpYyTue MoKasaTeau npenomieHus. Kak u B mpenpinyineil 3agade, onTudeckas [UIMHA IyTH JTy4da 1
YBEJIUUUTCS Ha 2d1(rh—1) , @ ONTHYecKas JUIMHA IyTH Jiyda 2 M3MEHHUTCS Ha 2d2(n2—1)— 2b0 (myth 3TOrO Jy4a B BO3AYXE
yMmeHbIuTest Ha 20). OnTrnyeckas pa3HOCTb X0/Ja U3MEHUTCS Ha BelanuuHy 2d, ( N, — 1) - 2b- 2d1( n- 2) =+ N\ (cmerenue N mo-
J0C Ha 3KpaHe). 3HAK B MPABOil 4acTH yKa3blBAaeT HANpPAaBICHHE CMEIIeHHUs moyioc. Ero Hamo BbIOpaTh TakuM, 4TOOBI OKA3aaoch
A>0.Orcioma A =[2d; (m~1)~ 2dp( np— 1)+ 20]/ N= 640um .

IIpumepul 3a0a4 KOHMPONLHOU PadOMbL OJisk CAMOCTNOAMENLHOU NOO20MOBKU. R

BO3O ™

31.6./]Ba KOrepeHTHBIX HCTOYHMKA CBETA HaXOIATCs Ha MasioM paccrosiauu 2d = 1,5MM apyr ot npyra u ucmyckairor  * 2d
CBETOBBIE BOJIHEI ¢ 4acToToit v = 5,4-16* 'y B oxmoit (ase. Lllupiua HeHTPaIbHOMN MOIOCH HHTEP(EPEHIIHOHHOM o [
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KapTUHBI, CO3JaHHO# Ha yIanéHHOM Ha 0OJbIIoe paccTosHue dkpane, paBHa 0,5 mm. Haiitu paccrosinue | oT mieneit no skpaHa.

Omeem: 1,35m.
31.7.B GOKOBOI#i CTEHKE AIMKA IIPOPE3aHA y3Kas TOPU3OHTANIbHAS LIENb S, HA KOTOPYIO MAlaeT MOHO- ) ] 15
XxpoMartHdeckasi cseroBas BoiHa ¢ A = 500 HM. PaccrosHue OT Inenu 10 3epKajbHOro fHa smuka h=1 mm Z|g b / N
MHOTO MeHbIIE JUIHHBI smuka |. Ha npoTusomnosnoxHoi cTenke smmka D" Ha Toif ke BbicoTe N oT qua Habmo- =1~ """~ Th

Jaercs uHTepdepeHIHOHHBIN MuHIMYM. [Ipn Kakoil HanGoabei JirHe | sImmrKa 570 BO3MOKHO?
Omeem: 4.

31.8.Ha nytu nydeii B uHTEppepeHIIMOHHOM onbITe KOHra MoMemarT TOHKUE MPO3PavHbIC TUICHKH C
OJIMHAKOBEIM IMOKa3aTesieM mpeaomienus N = 1,7.11pu 3tom uHTepPEepeHIIMOHHAS KapTUHA HA 3KpaHe D CABHra-  x
ercs Ha N =35nonoc. Kakoit Mosker ObITh ToJIUHA Ny HIKHEH TUIEHKH, ecu TonuHa Bepxued mienku hy = 0,1
MM, a KOTePEHTHBIC HCTOYHUKH S; U S, UCIYCKAIOT CBET JIMHOW BOJHBI A = 600HM?

Omeem: 0,13mm wim 0,07 MmM.

31.9. Ha myTu OfHOrO M3 KOTEPEHTHBIX CBETOBBIX JIydei, MPOXOISIINX CKBO3b IUIOCKOMAPAILICIbHYIO

CTEKISHHYIO IUIACTHHKY, OKA3aJICA BO3AYIIHBIA My3bIpek paauyca I =0,4 MkM (1yd SA [IpOXOJUT Yepe3 LEHTP Sl ,;\r . AF
my3bipeKa). [Ipu 9ToM B TouKe A SKpaHa HAOJIIOJAETCS MHTEPPEPEHIIMOHHBIM MAKCUMYM OCBELIEHHOCTH. Eciu Gbl qz/,////?’n/ /E
My3bIpbKa He OBLIO U CTEKJIO ObLIO OBI CIUTOIIHBIM, TO B TOYKEe A CHOBA ObLI ObI HHTEP()EPCHIMOHHBIA MAaKCUMYM, “__u
HO COCEHero nopsiaka. HaliTi BenuuHy moka3aTelis IpeoMIICHHS N CTEKIIa, €CIM 4YacToTa cBeTa v =5- 16T

Omeem: 1,75.

31.10.Ha myTtu omHOTO U3 JIy4eid roayboro cBeTa ¢ miuHoi BoiHbI A = 480HM B unTepdepomerpe Maiikesb-
COHa TIOMECTHITH MPO3PAYHYIO0 TUIACTHHKY Toanmusl d = 1,2MM ¢ mokasareseM mpenomienus N = 1,8.Ha kakoe pac-
cTostHME b Ham0 MPUABHHYTH 3€PKAO, OT KOTOPOTO OTPAKAaETCsA BTOPOH JIyd, 9TOObI MHTEP(HEPESHIIMOHHAS KapTHHA

Ha 9kpaHe D cmectmiach poBHO Ha 5000 mosoc?
Omeem: 0,24MM.

31.11. TlepBoHayanbho KroBeTh ¢ aauuoi |3 = 30cm u |, = 50cMm 3amounHsit ra3 ¢ nokasarenem npenomienus N = 1,0005.

ITocne Toro, xak ATOT ra3 ObUI BBITYLIEH W KIOBETHI 3AMOJHWIIM OKPYXKAIOIIMM BO3JIYXOM C IOKa3aTelNeM HPEIOMICHUS Nyysp=

=1,0003,noock! nHTEp(PEPCHIIMOHHON KAPTHHBI HA JKpaHe D CMECTHIIUCh. Ha CKOJBKO MOJIOC CMECTUIIACh KAPTHUHA, €CIIH CBETOBBIC

JIy4W KPACHOTO IIBETA, MPOXOSIINE YePe3 KIOBETHI, HIMEIOT JUTHHY BOJHBI A = 640HM?
Omeem: Ha 125m0m0c.

31.12. B unrepdepomerpe MaiikenbCOHa HCIIONB3yETCS MOHOXPOMATHYECKHIT cBeT ¢ yacroroii v = 5-10*
I'u. Haiiti anuHy | Kakaod M3 OAMHAKOBBIX KIOBET, YCTAHOBICHHBIX HA IYTH JIy4eH, €CIIM OHH 3aIOJHEHBI Pa3HBIMU
razamu ¢ nokasareiasiMu npesomseHus Ny= 1,000057u ny= 1,000027 a mocne BbITyCKaHUsI 3THX Ta30B U 3aI10JHEHUS
00enx KIOBET BO3yXOM MHTEp(EPEHIIMOHHAS KapTHHA Ha 9KpaHe D CMECTHUTCSl POBHO Ha MOJITOPHI MOJIOCHI.
Omeem: 1,5¢cMm.

32.nTepdepeHIus B TOHKUX TUICHKAX

Jpyroii croco0 mosrydeHus: [ByX KOTEPEHTHBIX BOJIH — JieJICHHE MaJAl0Iero CBeTa Ha JBE BOJHBI, OTPAXKAIOIIUECs OT pa3-
HBIX TIOBEPXHOCTEM TOHKOM IJIEHKH (IIACTHHKH).

Jlaxe eciM UCTOYHMK CBETa S TOYCYHBINA, HA OOJBIIOM YAAJICHHU BOJHOBBIC moBepxHOCTH AA' OymyT %)
IPaKTHYECKN IUTOCKHMH. Bee Toukn BomHb! B mockoctn AA' mmerot oany dasy. Iagaromuii mox yrimom o ayg 1, S
TPEIOMISISICH, OTPAKAETCs B TOUKE B OT MPOTHBOIMOIOKHOM MOBEPXHOCTH TUICHKH TONIIHHOM d 1 BBIXOJUT U3 HEE B
touke D (puc.3.5).JIya 2, mamast Ha IUIEHKY, OTpakaeTcs B Touke D oT eé BepxHeit moBepxHOCTH. 3aTteM yun 1 u 2
CKJIanpIBatoTCs, HHTepdepupys. OnTudeckas pasHOCTh X0J1a 3TUX JTy4en n

A= (AB+BC) (h—EDh,, +)A/2 (myu 1 cBoit myTh oT moBepxHoctH AA' 10 Touku D mpoxoaut

sosn™ 1

B np03paqH017I IJICHKE C MOKa3aTeJIeM IIPEJIOMIICHH N, a JIy4 2-8 BOS,HyXG). CBET 1
Brumamenvno Cﬂedume, 0m KaKotl Cpe()bl ompaosicaemcsi ceem!

Cosem: | Tlpu OoTpakeHHHM OT ONTHYECKH OoJiee TUIOTHOW Cpelbl ¢ 0OJIb-
UM [TOKa3aTeJeM IPENTOMIICHHS N IPH MaJbIX yIJlaX HaJeHH
poucxonuT cBur Basbl Ha T (notepst A/2, na puc.1.5.310 npouc

XOIHUT MPU OTpakeHuu ayda 2 B Touke D). [Ipu oTpaxkeHnu oT or-
THYECKH MEHEe IUIOTHOM Cpelbl ¢ MEHBIIHMM [TOKA3aTeNIeM MPETOM-
enust (oTpakeHue jyda 1 B Touke B 0T BO3ayxa) WM IPH IIpe-|
iomiienuu syda notepu A/2 mert!

W3 npsmoyroneHeIX TpeyronsaukoB ABC,
CBD u AED, rie CD =d, naxogum: AB =BD =d/cos,

ED = AD [$ina = 2ACkina = 2 Ot@ Osim .

VYuuteiBas, 4To Sind =N sinB/ Nyosn = NSIM (3aK0H MpenoMIIeHns), MOTYYHUM TIOCIIE TTO/ICTAHOBKH

A=2—n-2d—— —2-2dnco$+— Ho cosB = \/1 su‘?B \/ silm/n)z,qToaaéT A =2dVr? -sin’a i%.

d sin? [3
cosB of




B Tom ciydae, xoraa TommunHa d MICHKA He OCTOSHHA, HO H3MEHSIeTCsT 0ueHb Mano (puc.3.6,T/1e YIol  genwyii Y
0 <« 1), Ha e€ NOBEPXHOCTH BUHA KAPTHHA B BUJE MOJIOC, IBET KOTOPBIX COOTBETCTBYET yCiIoBUi0 uHTEpdepen- BT
IIMOHHOTO MaKCHMyMa JJIsl OTpaskeHHOro cBeTa. [Ipu HopmansHoM magernn (0=0) 3T0 ycroBHe UMeeT BUJT

|A=2dn+\/2=2m\/ 2,rne m=1,2,3,.].

Ipumep pewenus 3a0au. Puc.3.6

M 32.1. Yron Mex1y IPOTHBOIOIOKHBIMH IUIOCKMMH MOBEPXHOCTSIMU TOHKOH IUICHKH, JIEXKAIISH Ha CTEKIIe,
BO3JYX

I — ouens max: B=4007° pan . [lokazarens npesnomienus mienku N = 1,3,a crexkna N, = 1,5.1Ipu HopManbHOM OTpa-

CTCKIO ~ 10

NN S JKEHWH OT IJIEHKH MOHOXPOMATHYECKOTO CBETa Ha e€ MOBEPXHOCTH Ha paccTossHuu b = 36 MM Ipyr OT Apyra BHIHBI
nHTep(EepPEHITMOHHbIE MOIOCkl. HalTH yacToTy v CcBerTa.

Pewenue. viffm+l

B roukax A u C Ha MOBEPXHOCTH IUIEHKH BUIHBI HHTEP(EPEHIIMOHHBIE MaKCUMYMBI (M+1)-ro u M-ro flm
nopsiaka (ueHtpsl mojoc, puc.3.7). TommuHa mienku d; u d; B 9THX MecTax pasnuuHa. U Ha BepxHeil moBepx- d C
Hoctu teHku AC, u Ha HikHe# noBepxHocTH ED cBet oTpaxkaeTcst oT onTryecku Ooliee IIOTHOM cpesl. [1o- @ 4 BN ii'
3TOMY 10TEpr0 A/2, NPOMCXOALLYIO 2 pa3a, yUMTHIBATb HE HA/I0: ONTUYECKAsk PA3HOCTb XO/1a JIyueil, OTpaKeH- NE CTfmg ]3
HBIX OT BEPXHEW ¥ HIDKHEH IIOBEPXHOCTH ILIEHKH ¢ Toyubol d Gymer paBna A =2dn. Puc.3.7

Belunras 1eBble M IpaBbIe 4YacTH YCcIOBUH uHTepdepeHHHOHHOro Makcumyma A, =2d,n= 2( m+ 1))\/ 2 n
Ay =2din=2m\/ 2, nomyuaum 2(d, = dy) N=X = ¢v . U3 tpeyromsuuxa ABC (puc.1.7)Buano, uro AB =d, —dy =BCg6 = b®,
OTKyJa V = C/(Zntﬂ) =8, o1mnéd* Tu.

32.2.Ha npo3paynyio IUIEHKY ¢ TOKasaTejieM npeiomieHus N = 1,5 u ¢ TommuuHoi d majgaetT HOpMaIbHO U 5, BOMIYX
oTpakaeTcs Oelblii cBeT. B oTpakeHHOM cBeTe HaOmomaeTess HHTeP(GEPEHIIMOHHBI MAKCUMYM MHTO TOPSIAKA IS
JIyde JKEJITOro CBETa ¢ [UITMHOM BOJIHBI A, = 540uM. Eciu ¢ tuteHky ymanuth ciioi toimuasl A =0,21MKM, TO B OT- a’ @ L

paKeHHOM cBeTe OyzaeT HaOmoaaThCst HHTEp(EPEeHIMOHHBI MUHIUMYM TOTO e MHro mopsaka Uit Jydel ¢puonero- .. "7 A
BOTO CBETa C JUIMHOI BOJHBI A, = 420nM. Haiitn BeanunHy nepBoHa4aIbHON TONIMHBI UIeHKH d (B HM). BO31yX
Pewenue.

C yueToM notepu A/2 npu OTpakeHHH OT BEPXHEil MOBEPXHOCTH, YCIOBUsS MHTEPDEPEHIIMOHHOTO MAKCUMYMa IS JTydei
JKEJITOTO IBETA Ha IUICHKE TOMMHHE 0 ¥ MATEp(hEpEHIMOHHOr0 MUHIMYMa TOTO ke TOpSAIKa M JUIA Iydeil (HONeTOBOTO IBETa Ha
wienke tonmunbl (d-A) umeror Bux: A, =2dn-A, /2= 2mQ, [/ 2; Dy = Z(d —A) n—)\q)/2: ( 2m- ]) D\q)/ 2. Uckirouas orcroza

2dn-A,/2 A 9 9 7
HEN3BECTHOE LIEJIOE YUCIIO M, TONY4InM —’“/ =X == orkyma d =—A-—A, =630HM.
2(d=a)n A, 7 2 &
32.3. UnrepdepeHunontas KapTuHa Kojen HeioToHa HaOMI0maeTCs B OTPAKEHHOM CBETE C TMHOM T
BOJHBI A = 640 HM, TamaromeM HOPMAIBHO HA IUIOCKO-BBIMYKIYIO TOHKYIO CTEKIISTHHYIO JIMH3Y C PAIAHYCOM -
v % 7 N

chepudeckoii mosepxHocT R = 15cM, nexallyto Ha IIIOCKOH CTEKIISHHOM MiacTuHKe. Haiitn BenudnHy mo- |
KazaTessl [IPEIOMJICHHUS JKHIIKOCTH, 3aIlOJIHSIONIEeH IPOMEXYTOK MEXAY JIMH30HM M IUIACTHHKOM, eclu paanyc
Mo TeMHOTO Kojibla paBeH 0,4MM, a paguyc (MH+4)-ro temHoro kojbia pasen 0,693mm. Haiitu Taxoke yucio m.

CTEKJIO |

Pewenue.
B nanHOM cityuae ruieHKOM OyJeT TOHKas NPOCIIOMKa MEXAY CTEKJISTHHOW JINH30M M CTEKIISH- Cs maparommit
HOIt omopoii. TOYKH, B KOTOPBIX TOJNIIMWHA MPOCIOWKK paBHA O, 00pa3ylOT OKPYKHOCTH C PAAUYCOM . | w CBT
2
W3 npsmoyronsHoro tpeyronpauka ABC Ha puc.3.8 BugHo, 4rTo r?2 =R? —( R- d) =2 Rd (manbm R Rid
. crexio|l /
cnaraemsim d? ~ A2 moskHO npeHedpeyb, TaK Kak JIHHBI BOJH A BUAUMOIO CBETA OYCHBb MAJIbl). nﬁe}K%/ 7 B Al
. P ol R
Touku, 1uis KOTOPBIX ONTHYECKAs. PA3HOCTh XOZAA CBETOBBIX BOJIH, OTP@XCHHBIX OT HIDKHEH | O crexio |
cepruecKoil MOBEPXHOCTH JIMH3BI U OT BEPXHEI IOBEPXHOCTH OIOPHI, YAOBIETBOPSIOT YCIOBUIO HHTEP- Puc.3.8
dbepentmonnoro muaumyma A =2dn+A/2= ( 2m+ ZI))\/ 2, 00pa3yloT TeMHOE KOJIBIO MHTEp(hEepEeHIHOH-
o 2 . RA
Hoit kapTunsl. [Toacrasimsas 2d = r°/R, HaxoAUM pagnyChl 3TUX TEMHBIX KOJeL: (I, =,/— M|, rne m=1,2,3,..- HoMep KoiIbLa.
n

He 3amanHOE MO YCIOBHIO 3aJauyd IIEJIO€ YHUCJIO M  MOXHO YCTPAHUTh, BBIYHCISAS Pa3HOCTh r%+4—rﬁq=47, OTKya

n= 4R>\/( rr2n+4 - rrzn) =1, 20. Beruucnup N, HAXOAUM HOMEP KOJIbIAa M= nrrzn/R}\ =2.

Kakum GbI HY ObUT [TOKA3aTeNb MPETOMICHHMSI N KUIKOCTH, 3aIlOJHSIIONIEH TPOCTPAHCTBO MEKIY CTEKIAMH (N > Nyporpa MM
N < Nyrexa ) TOTEPS A/ 2 IIPOMCXOMT TONBKO TIPH OJHOM OTpakeHHH. B nenTpe kaprunsl (Touke B Ha puc.1.8)Bcerna Gynet Temuoe
naTHO.  Paamychl cBeTisIX Kojiel HploToHa onpenensioTcs YCIOBUEM HHTEPPEPEHIIMOHHOTO MAKCUMYMa M PABHBI

1 N
[m _E ,tme m=1,2,3,.. - HoMep CBeTJIOro KoJbia (IM-e CBETIIOE KOJIBIIO MEHbIIIE MO TEMHOTO).



71
IIpumepul 3a0a4 KOHMPOTLHOU PadOMbL OJi CAMOCTNOAMENLHOU NOO20MOBKU.

32.4. JlBe IUIOCKHE MOBEPXHOCTH TOHKOIl IUICHKH 00pasylorT oueHb Maiubiii yronx 0 = 8-10° pan ALb_{ sosmyx
(cMm.pucynoK). [Ipy HOPMATEHOM OTPAXKEHUH OT [UIEHKH MOHOXPOMATHUYECKOTO CBETa C JUTHHOM BOJHBI A = 560HM -

Ha MOBEPXHOCTH IUICHKM BUJIHBI MHTEp(QEPEHIMOHHbIE MOJOCH. PaccTosiHMe MeXIy LEHTpaMH COCEIHHX I0JIOC '0
paBHO b = 25MM. OnpenennTs BEIUYUHY MOKA3aTeIs IPEIOMIICHHUS N TICHKH. Omeem: 1,4

32.5. Ha miockyro mpo3payHylo IUIEHKY ¢ MoKasaTeneM mpeiaomieHus N u ¢ tomuusoi d = 0,5MkmM  HOp- 2
MaJIbHO TIajaeT Oenblii cBeT. B oTpaskeHHOM cBeTe HaOyoaaeTcss HHTEp(EPEHINOHHBII MAKCUMYM M-TO MopsiAKa st 5 —, i
Jydeil OpaHXeBOIO CBETa C JUIMHOM BOJHBI A, = 600uM. Cnoit kakoi Tomuuael A (B HM) Hago couutngoBarts ¢ mwia- _» __» A

CTHHKH, YTOOBI B OTPAXKEHHOM CBETE HAaOII0AaICS MHTEPPEPEHIIMOHHBII MAKCUMYM TOTO K€ ITHrO MOPsAKA JUIs JTyqei BO3NYX
¢uoneroBoro cera ¢ JIMHOI BOMHBI Ay = 420HM?
Omeem: 150HM.

32.6.I1nocko-BBINyKIIasl CTEKJISIHHAS JIMH3a ¢ paanycoM cepuueckoii noBepxnoct R= 126cm ocse- M Way W
IAeTCs Najaloued CBEpXy HOPMAIbHO IUIOCKOH CBETOBOM BOJHOW ¢ 1MHON BosHbI A= 560 HM. YeTBeproe -\ crexio e
cBetiIoe KoJblo HetoToHa umeer paauyc ry = 1,4mm. OnpenenuTsb oka3aTeiab MpeoMIeHHsS N KUAKOCTH, Ha- | CcTeKno |
XOISIIECHCS MEK Y JTHH30M M CTEKISHHON OMOPOH. Omeem: 1,26.

32.7.Cucrtema xouner; HproToHa HaOm0jaeTCst B OTPaXKEHHOM CBETE, MaJaiolieM HOPMaJIbHO Ha [IOCKO- T
BBIIYKJIYIO TOHKYIO CTEKJIHHYIO JIMH3Y C papuycoM cepuueckoii nopepxnoctn R= 30 ¢, nexamyio Ha mio- =\ crekno 4%,
CKOM CTEKISHHOU IUIacTUHKe ([MOKa3aTelb MPEIOMICHHS CTEKIA Neerra = 1,5). [IPOMEKYTOK MEXKIY JIMH30H U | CTEKNo |
TUTACTHHKOM 3aITUT KHAKOCTBIO C TIOKazaTeseM mpeiomieHus N = 1,2 Haiitu anvHy BOJHBI Magaromero ceera (B HM), €CIH pa3HHUIla
PaarycoB YETBEPTOrO CBETIIOrO M 4€TBEPTOro TeMHOro kosiel] Hprorona paBua Ar = 50MxmM. Omeem: 599 1M

33.Muoronyuesas uarepdepennns. Judpaknuonnas pemerka

JudpakuuonHas penietka mupuHbl L, Ha kotopyro nmpuxomurcs N mieneil, umeer |
nocrosunyto d = L/N (910 paccrosiane mexny cocennumu mensimu). [Ipu HOpManbHOM ﬁ} I ,L ! H 5&\

. eseit
MaJIcHUN Ha AUQPAKIHOHHYIO PEIIeTKy MOHOXPOMATHYECKOTO CBETa C JUIMHOW BOJHBI A S\\*\*\\\*\Hj

I7aBHBIE MHTEP(EPEHIINOHHBIE MAKCHMYMBI (CIIEKTpH MFTO MOPsAKa) HAGIIONAOTCSA TMOM m[ “ SKpaH
" X

TJIOM ¢ K HApaBJIeHUIO naneHus ceera (puc.3.9),r dsing =m\|, m=0,x1+2%3,... e o L T

YIJIOM @ paBjieHuIo najeHus ceera (puc.3.9),rae ¢ M="4-32-10123 4.

Ha ynanennom Ha Gosblinoe paccTossHue | 3KkpaHe BUIHBI OYE€HD Y3KUE OCBEIIEHHbIE Puc.3.9
HOJIOCH! (CIEKTPBI MO HOpsiaKa) ¢ KoopanHataMu Xy, =1 g ¢ .

Ipumepul peuwtenus 3aday.

33.1.Cser ¢ mmmHO# BoaHBl A = 600HM mMmagaeT HOPMAaAbHO Ha TU(PPAKIHOHHYIO PEIICTKY, B KOTOPOM Ha 1 CM IIUPUHBI
npuxoautcss N = 3000mrrprxoB. CKOJIBKO TIIaBHBIX HHTEP()EPSHIIMOHHBIX MAKCHMYMOB MOKHO HAOJIIOIaTh 33 PEIISTKOM?

Pewenue.

U3 ycnosus untepdepeHunonnbix Makcumymos Sing =m\/d<1, rme d=L/N, L = 1 cm, monyuum m< |/ NA =5,56.

Haubonpliee 1nenoe uucao My =5. 3a pemerkoidl Habmomaercs 11 riaBHBIX MHTEpP(EPEHIMOHHBIX MaKCUMYMOB
(m=0,£1,+24+ 3+ 4 !, cm. puc.3.9).

33.2.Ha nudpakunonnyio pemerky u3 N = 4001meneii ¢ nocrosauod d =4,2 MKM Maar0T HOPMAaIbHO N i AV AFHAN
JIBE TUTOCKHE BOJHEI C JTHHAME BOTH A U A+AM. JIBa COCeAHHX ITaBHBIX MHTEP(EPEHIINOHHBIX MAKCHMyMa CBeTa -~ oo 2 724 7

N pzz E !
D d

JUISA CBETA C JJIMHOW BOJIHBI A HAaOJIOMAIOTCS 3a PELIETKON MOJ yrilaMu O = arcsin( 1 f) uf= arcsir‘( 1 3 . Ormpe-

3

JIEJIUTh HAUMEHBIIYEO BO3MOYKHYIO Pa3HOCTh JUIMH BOJH AL, IPU KOTOPO# MHTEPHEPEHIIMOHHBIC MAKCHMYMBI IBYX
BOJIH MO’KHO YBHUJIETh 33 JAHHOW PEIIETKON pa3aesbHo.

Pewenue.

CornacHo kputepuio Pasest, 1Ba MMka MHTEHCUBHOCTH €IL[€ MOKHO YBHUJIETh Pa3AeibHO, €CIM MaKCUMYM OJHOIO M3 HUX
COBIIAJIAET C MUHUMYMOM Jipyroro. IIpu ciokernn N jrydeit (BOJIH), HPUXOISIIMX OT OJMHAKOBBIX ILIENEH, MEXKTY IBYMS COCEIHUMHU
IJIaBHBIMU HHTEP()EPEHIIMOHHBIMA MakCUMyMaMH Ha puc.1.9 Bo3uukaer (N-1) MHHUMYM OCBELIEHHOCTH, yIOBJIETBOPSIOLIMX YCIIO-

Buto [dsind = m')\/ N[, rme m'— uenbie yucna, He paBuable 0,£N,+2N + 3N,

Ha puc.3.10B Touke, BbIIEIEHHON HA OcH SiNG , HHTEP()EPEHIIMOHHBIN MAKCUMYM MHTO HOPSIKA IS CBETA C JIMHOM BOJI-
HbI A+AA coBmajmaer ¢ OMmKaWIIUM WHTEPPEPEHIIMOHHBIM MUHHMMYMOM JJs CBeTa C JUIMHON BOJNHBI A, 4TO HaéT YCIOBUE

. 1
dsing = m()\ +A)\) = ( Wﬁj)\ . ITo xputepuro Pases aBe y3Kue JIMHUN, COOTBETCTBYIOIIME BOJHAM A+AA

o JJ151 BOJIHbBIL JUI BOJIHBL
W\ Ha dKpaHe BHIHBI Pa3leibHo, ecid AN = )\/ (mN) (Bemmumna A/AN = mN HasbIBaeTcs paspernaromeii A~ AR

CIIOCOBHOCTHIO IM(PAKIMOHHON PEIIETKH). sin®
Hanmensiiee 3HaueHue AA, ynoBJeTBOpsioliee KpuTepuro Pames, ompesensercss B CIIEKTpe Hau-
GOJIBIIETO BO3MOXKHOTO MOPAIKA Mpay. Kak U B mpeabiaymei 3anade, My, = dsing/A < d/A . Tlo ycnosuio

CIIEKTP /M-TO MOPSIKA

Puc.3.10
samaun dsina=d@/5=m\, dsinB=d/ 3= ( m+ ZI))\ (cocenuue uHTEPPEPEHIIMOHHBIE MAKCUMYMBI).
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Vcknioyas HeusBecTHOE yucio M, HaxoauM d/A =7,5, otkyaa Myay =7, A = 2d/15=560nMm. [Tostomy

DN in =N/ MpaxN=0,2 1M .

33.3.1liockast MOHOXpOMATHYIECKasi CBETOBAs BOJTHA MafacT Ha TH(GPAKIHMOHHYIO PEIIETKY MO YIIIOM &\
a = 30 k Hopmanu. CKOJIBKO IIeNiel MPUXOAUTCA Ha OJUH MUJUTUMETD IIMPUHEI PELIETKH, ECIM 38 PEMIETKOM MO ;dzg
v o
yrioM ¢ =20 K HOPMaJU BHJIEH [IABHbIM HHTEP()EPEHIIMOHHBIN MAKCUMYM Topsika M = 57 JliuHa BoJHBI CBETa \
A = 450mM. N
Pewenue.

BCEX TOYKax BOJIHOBOM nmoBepxHoctd CD mpenomnennoii Bonusl. [TosTomy, kak BuaHO U3 puc.3.11,pa3HocTs xon1a

Bo Bcex Toukax BOJTHOBOH moBepxHOCTH AB mamarormiei Ha pemneTky BoJTHBI e€ (a3a oInHAKOBa, KaK U BO \0&/?%
y » AVTIANC
nByX jayueit AD u BC ot IByX cocemHuX MIeNei, pacpocTpaHsionuxcs B Bo3ayxe (n=1), pasuHa

! (p :
A=AD-BC=dsing-dsina . 1O
Ho ycnosuto d=L/N, rme L= 1 mm. U3 ycnoBus unrepdepeHuuonHoro makcumyma A=mA Haxoaum — d —
. . Puc.3.11
N =£=L(sm2u—smo(): 167 weneit. e
d m

33.4.JIyun opaH;KeBOTO CBETa C JIMHOMN BOJHBI A,= 600HM u CHHero cBeta C AIMHOM BOJHBI A= 480HM
najgaT Ha audpakuuoHHyio pemerky mog yriaom 0=30° k mopmamu. Kakoe mamGoJbinee gucio menei (rpu-
XOB) Ha 3 MM IIMPHHBI JOJDKHA MMETH PEIETKA, YTOOBI ITIaBHbIE MAKCHMYMBI CHHETO M OPAHXKEBOTO [[BETOB OBLIN
BUJIHEI 32 PELIETKOM MO 0HUM M TeM ke yritoM ¢ =30, kak MmokasaHo Ha PUCYHKE?

Pewenue.
W3 puc.3.12BUaHO, YTO Pa3HOCTH X0Ja MEXIY TydaMu 11 2, IPUXOAAIIMMY OT COCEIHHX IIeJieil PelIeTKH,
paaa A=BC+CD=d sina+d sinp = mA, = MA ., tae M, 1 M, — nensie yucaa. Haubonsmree aucio memneid N

OyIET NpY HAUMEHBINEH BO3MOXKHOI BesmunHe noctosiunoii pemetkn d = L/ N, e L= 3 MM no yenoswuto. [oactas-
I BEJIMYUHBL A, U A, oxyuaem 6000, = 480}, umu Smy, = 4. . Haumensuiie BO3MOXKHbIE LIEJIbIE YHUCIIA, YAOB-

L L . .
JETBOPSIOIINE 3TOMY yCIOBHIO, My =4 u M, =5. [TostoMy Nypax = =———(sina + sing) = 125( weneii.

dmin My min)‘ ¢}

33.5.11nockasi MOHOXpOMATHYECKasl BOJIHA MaaeT HOPMAIbHO Ha AUPPAKIHOHHYIO PELIETKY C TI0OCTO-
suHoi d = 90MKM. 3a pemeTkoi, mapaielbHo €€ IIOCKOCTH, YCTaHOBJIEHAa TOHKas COOMparolas JinH3a ¢ (o-
KycHbIM paccrosHueM f = 120cwm, a B e€ dokanpHOI miockocTH — 3kpaH. KoopauHara BTOPOro riiaBHOTO HMH-
TeppepeHIHOHHOTO MaKCHMyMa Ha 3KpaHe paBHa x= 12wmm (Hauano orcuera O ocu x coBmagaet ¢ GoKycom
nuH3bl). Haliti aiuHy BOMHBI A mafgaroiiero ceeta (B HM).

Pewenue.

JIunza cobepet B 07HOH Touke P (hokampHOU MIOCKOCTH (IKpaHa) Bce mapai-
JIETIbHBIE JIy4YH, YXOJIIUE OT KaKAOH ILEeNU MoJ yriioM ¢ K HalpaBJeHUIO MaJeHHs BOJHBL Yrou ¢, mox

KOTOPBIM BHICH TJIABHBIA HHTEPGEPEHIHMOHHBIA MaKCHMyM 2-T0 TMOpsAKa, HaXOOUM W3 YCJIOBHS
dsing = 2[A.

Tak kxak Jy4, OpOXOAAILINN dyepe3 LEHTP JIMH3bL A, HE MpenoMisieTcs, To u3 TpeyroiabHuka AOP Ha

Puc.3.13 puc.3.13Bunno, uto X, = fAg¢ , otkyma tg¢p = X2/f =0,01. Mus rakoro manoro yria tgd =sing=¢ u
MBI IOJY4UM A = 9Sinq) = %% = 450uM .

33.6.Cser ¢ mmHOM BoHbI A = 450HM magaeT HOpMaIbHO Ha TU(PPAKIHOHHYIO PEIIETKY C IT0-
crosiuoM d = 60MkM. Ha ouenp Gonbiiom ymanenunn | = 9M 3a peleTkoil ycTaHOBJIEH 3KpaH (CM. pHCY-
HOK). Halitu paccrosinue Ax Mexay criekrpamu 4-ro u 2-ro mopsijika, BUIHBIME C Pa3HBIX CTOPOH OT IEH-
tpa O skpaHa.
Pewenue.

& Ecu mA\/d<1, mo yeond , nod komopwim nabriodaemcs unmephepenyuonnylii Makcu-
osem.

MyM, Mai, u Modxcho npunsme Sing = tgd < 1.
B nannoit 3anase A/d =0,0075« .. Kak Buano u3 pucynka, Ax =10gd, +1 g, =| (Sin¢4+ sinp 2) , TJIe YTIIBL OTIpeie-

JISIIOTCS YCJIOBUEM TNIABHBIX HHTEP(EePEHIINOHHEIX MakcuMyMoB d Sing,,, = mh\ . Iloatomy Ax = | (4+ 2) A/d = 0,405u .

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOLU NOO2OTHOBKLL.

33.7.Ha audpakuroHHYIO PEIIETKY MaJaeT HOPMAIIBHO MIIOCKAss MOHOXPOMAaTHYECKash CBETOBAs BOJIHA ¢ ITMHOM A. /[Ba co-

CeJIHUX TJIaBHBIX HHTEP(EPEHIIMOHHBIX MAKCHMyMa CBETa HAOJII0IAI0TCS 3a PEIETKOM moj yriaamu o= arcsin(0,6)u p = arcsin(0,8x
HAIPaBIICHHUIO MaJIeHus cBeTa (CM.prUCcyHOK). HallTi mopsiok rilaBHOTO MakCHMyMa, HaOIIF01aeMoTo IO YTIIOM .

Omeem: m= 3, bedo 4™

33.8.Ha mudpakimoHHyI0 pEIIeTKy MMajacT HOPMAIbHO IIOCKas MOHOXpOMAaTHuecKas cBeToBas Bonmua. [Iu- |
PHMHA OCBEIEHHOTO yuacTka pemretkd, umeromero 800 meneit, pasua 4,8 mM. I'taBHbIe HHTEPPEPCHIIMOHHBIE MAKCH-
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MyMBI opsiika M u M-3 HaGmrogarorcst 3a pemerkoi mox yriamu B = 30 u o = arcsin(0,25) coorBercrBenno. Haiitu aiuHy
BOJIHBI A CBETa, MAJAIOLIET0 Ha peleTky (B HM).
Omeem: 500HM.

33.9.JIyun uoneToBOro ¥ OpaHK’eBOro CBETA C JUITMHAMH BOJH Ay= 450HM 1 A,= 600HM mnaznaroT Hop- l l l
ManbpHO Ha MUGPaKUHOHHYIO pelieTky. Kakoe HamGoJsibliee yucio ieneid (WTPHXOB) MODKHO MPUXOAUTHCS Ha m} M o
OJIMH CAaHTHMETp IIUPUHBI PEIIETKH, YTOOBI IIIaBHbIE UHTEP(EPEHIMOHHbIE MAKCUMYMBbI JaHHBIX L[BETOB HaOm0a- /4
JIMCh 33 PELIETKOM MO/ OHUM H TeM e yrioM ¢ = 3¢ K HampaBJIeHUIO NAAIOIIEro CBeTa? 0!
Omeem: 2778.

33.10.Ha nmudpakunoHHYIO peleTKy ¢ HOCTOSIHHON
d = 6,6MKM 1101 yIIIOM 0. K HOpMaJM IaJaeT II0CKas MOHOXPOMAaTHUYeCKas: BOJHa ¢ uinHOi A = 600uM. 3a permer-
KOH nmox oxuHakoBbiMu yriiamu ¢ = 30° k HOpMasu HaGJIHOJAIOTCS TJIaBHbIE HHTEP(EPEHLIMOHHBIE MAKCUMYMBI MFTO

u (M+1)-ro mopsakoB (cM. pucyHOK). Halitu Beauuuny m.
Omeem: m= 5.

33.11.MoHoxpoMaTHiecKast IIocKasi cBeToBast BoiHa ¢ A = 480HM magaeT Ha AUQPPAKIMOHHYIO Pe- \ (.

metky ¢ nocrosiaaol d = 80MKM MO/ MaJIbIM YIJIOM O. 32 PENIETKON MapauielibHO YCTAHOBIEHA TOHKAs COOU- : 7“
parowas JIMH3a, a B ee POoKaNbHOM II0cKoCTH —9KpaH. Haiitn Bennauny dokycuoro paccrosuus f nauuser, ecmn VY ¥
M3BECTHO, YTO JIYYH CBETa, PACMPOCTPAHSIONIMECS NEPIEHAUKYIISPHO K JIMH3E U K dKpaHy (CM.pHUCYHOK), oOpa-

3YIOT TJIaBHBIA MHTEP()EPEHIIMOHHBI MAaKCUMYM TPEThEro mopsiaka. [Ipu 9ToM meHTpasbHas mojoca uHrepde- S
PEHIMOHHOM KapTHHBI (MAKCMMyM HYJICBOTO MOPSIKA) HAOIIOMAeTCs HA SKpaHEe HA PACCTOSIHUHM X = 3,6 MM. —

Omeem: 20 cM.

33.12.11n0ckas MOHOXpOMaTHYECKasi CBeTOBast BoyiHA ¢ A= 640HM majgaeT HOpMaIBHO Ha AudpaKiy-

OHHYIO PEIIeTKY. 3a PenIeTKO! napaieabHo e€ TIOCKOCTH YCTaHOBIICHA TOHKAs cOOMparolas JinH3a ¢ PoKyc-

HeM paccrosiaeM f = 1,5M, a B €€ (hoKabHOM INIOCKOCTH — 9KpaH. PaccTosiHie MEXIY ClieKTpaMu 2-To U 4-To

MOPSIIKA C OJHOM CTOPOHBI OT LIEHTPa MHTEP(EPEHIIMOHHON KapTHHBI Ha SKpaHe paBHO Ax = 2,4 cMm (Havaio

orcuera 0 ocu x coBmazgaer ¢ Gokycom JuH3bI). CKOJBKO IITPUXOB MPUXOJUTCS HA 1 CM IMHPHUHBI PEIICTKA?
Omeem: 125.

34. ludpakuus Ha KPYTrJIOM OTBEPCTHH M Ha Y3KOH IIeTH

Ha y3kyro mens-ipope3s MIMPUHBI ¢ B HEMPO3padyHON Mperpajae mamaeT HOPpMalbHO

TIOCKAsk MOHOXPOMATHYECKAs CBETOBas BONHA. AB — eé BOTHOBas OBEPXHOCTH, BCE TOUKH KO- oot B

TOPOH UMEIOT OAMHAKOBYIO a3y (puc.3.14).PaccMOTpUM BOJIHY, PACIIPOCTPAHSIOIIYIOCS 34 IIe- 2

apt0 o yrioMm ¢ . Paccrosiune BC =asing Gyner paHOCTBIO X043 MEXIY OTKIOHEHHBIMH JIy- 7

gamu 1 u 2 (puc.3.14). PazoObeM MIOCKOCTH LICNH Ha y3KHE TOJIOCH — 30HBbI DpeHensi, pac- %

CTOSIHHSL OT TPOTHBOIIOJIOKHBIX I'PAHUI] KOTOPBIX 10 HOBOM BOJIHOBOI noBepxHOocTH AC paBHBI N

A/2, uto coorercTBYeT cuury a3z TU [lodToMy CBETOBbIE KOJEOAHUS OT JBYX COCENHHX 30H 30HBL N\
®peHens npuxoaAT B IpoTHBOGA3e U racsT Apyr apyra. Eciu mens pa3duBaeTcs Ha 4eTHOE YHC- Pperens 1
JI0 2M 30H, TO B 3TOM HaIIPaBJICHUH CBET HE PACIPOCTPAHACTCS: YCIOBHE NUPPAKIIMOHHOTO MU- Puc.3.14

HUMYyMa Ha HIeJu: ,rne m=0,+1+2+3,...

Ipumepul peuwtenus 3aday.

34.1.3a Henpo3pavHO# Mperpajoi ¢ Npope3aHHoil y3Ko# 1ienbio Ha GonbioM yaaneHuu | = 9m yc- s
TaHOBJICH KpaH. Ha mperpaxy HOpMaibHO MagaeT CBET ¢ MIMHOM BoHBI A = 720uM. Haiitn mmpuny menu a, M=
€CIT OHA B YETBIPE Pa3a MEHbIIIE IUPUHBI TUPPAKIIMOHHOTO H300paXKESHUS LI Ha SKpaHe. NS
Pewenue. - "
Pacnipenenenne MHTEHCHBHOCTH CBETa Ha JKpaHe, yIAJICHHOM Ha OOJIbIIOE
paccrosaue |, mokasano na puc.1.15.Ecim A/a< 1, to tgd = sing u xoop-

JWHATBl AU(QPAKINOHHBIX MUHUMYMOB X, =IOg¢ = )\m/ a, rne m=%1,+2+3 ... B atrom cinyyae B

ueHTpe MMbpaKkIMOHHON KAPTHHBI BUAHA MON0ca IUpUHO A = X - X1 = 2I\/a, koTopas HassiBaeTcs
5KpaH IU(PAKIUOHHBIM H300pPaKeHUEeM 1IeJIH.

o ycnosuto 3amaun A =2/ A\/a=4a, otkyna a=,/IA/2 =1,8um.
Puc.1.15

34.2. MOHOXpOMATHYECKHI CBET MagaeT HOPMAIbHO HA y3KyHO Ienb mupuel ¢ = 0,8 MM B Hempo-

3payHo mperpane. 3a MeNnblo yCTaHOBJICHA MapayulesibHas Mperpaae TOHKas coOuparomias JuH3a ¢ (HOKYCHBIM 3615
pacctosiuuem f = 4 m, a B ee poxanbHO# miI0CKOCTH — MHEiKa. KoopauHAThl 1MdPAKIIMOHHBIX MUHUMYMOB, M3- 2
MepsieMbIe TIO JIMHEWKe paBHbI 212 MM, 215MmM, 218 MM, 224 MM, 227 MM, 230MM, .... Haiitu [inHy BOTHBI A f g
aJJal0ILEro CBETA.

Pewenue.

Kaku B 3aga4yc 3.5,J'II/[H33 co6epeT JIyud, yxoaduue 3a nieJibro 1noJ yriiom q) , B OAHY TOUKY 3KpaHa-J'IHHeﬁKH C KOOp,HI/IHaTOﬁ

x=f [g¢ (cm. puc.1.13).Pacnpenenenne HHTEHCUHBHOCTH CBETA MTOKa3aHO Ha puc.l.15, mudpakinoHHas KapTHHA HMEET BH APKOI
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ueHTpaibHO nonockl mupuHoii A =2f A/a, a no eé 6okam — c1abo OCBELIEHHBIE TIOJOCHI, MMEIOIIUE BIBOE MEHBLIYIO IIHUPHHY
DX = X1~ %= TA/ a.

Hauaso oTcueTa JIMHEHKHA CMEIEHO OTHOCHUTENBHO LIEHTPA 3TOi KapTHHBI, HO U3 YCIOBHS BHIHO, YTO LEHTPAIbHAS MOJIOCA HMEET
umpudy A = 224vM —218uM = 6MM , a OCTaNbHBIE MHTEPBAIBI PaBHBEI 3 MM (GokoBbIe Tonock). Orctona A=aA/2f = 600uM .

34.3. Ha y3ky0 mIejb B HEMPO3padyHOU Mperpane HOPMalbHO MagaeT MOHOXPOMATHYECKHN CBET, IJIMHA
BOJIHBI A koToporo B 1600pa3 mMeHbllie mMpHHBI menu «. HailTu pacctosiHie oT BTOporo udpakinoOHHOr0 MUHHU-
MyMa OCBEUIEHHOCTH IT0 OJHY CTOPOHY OT IIEHTpa TU(PPaKIHOHHONW KAPTHHEI HAa SKpaHe, yIaJCHHOM Ha PacCTOSHUE
| = 8 M, 10 TpeThero ANPPAKIHOHHOTO MHHHMYMa IO IPYTYIO CTOPOHY OT 3TOTO IEHTPA.

RCLEL
a

Pewenue. Kax Bunzo u3 puc.3.15,3To paccTosHue paBHO Xg - X 5Mm

kkkkkkkkkhkkkhkkkk

B npyrux 3ajauax paccMatpuBaeTcst Audpakuus cBeTa Ha Kpyriom orsepernu. Touew- ;
HbIH MCTOYHHUK CBETA S HAXOAUTCS HAa OCH KPYIJIOTO OTBEPCTHS, IIPOPE3AHHOIO B HEMPO3PAUHOM I W Oy
IUIOCKO#M mperpane Ha ynanenud a (puc.3.16).11o apyrymo cTOpoHy mperpajabl Ha yaaaeHaun b A N -
HaxXOMTCA 9KpaH. B 3a1a4ax KOHTPOJILHON paboThl pagdyC OTBEPCTHS HACTOJIBKO MaJl, 4TO pac- *é—

crosiune OB = h,, <« a,b. udpakius cBera paccMaTpuBaercsi B LEHTpalIbHON Touke P skpaHa,

3KpaH

HaxoJsIIencss Ha ocu oTBepcTust. MctouHnk S co3paer cdepuyeckyro BOJHOBYIO TOBEPXHOCTD
panuyca SB =a, koTopylo pa3duBaroT Ha 30HbI DpeHenst — KONbL@a, pacCTOSHUS OT MPOTHBOIIO-

JIOKHBIX I'paHUI] KOTOPBIX A0 TOYKHU P oTnnuarorcs Ha )\/2 . Ecim OTBEPCTHUE OTKPBLIBACT M 30H Puc.3.16

®penenst, TO paccTOsIHUE OT KpaHEHW TOYKH OTKPBITHIX 30H IO TOYKH HAONIOJCHUS PaBHO
AP =b+m\A/2 (puc.3.16). Pamuyc m-ii 30ub1 ®penenss OA =T, GyjeT oOUIUM KaTETOM JABYX MNPAMOYTOJbHBIX TPEYTOILHUKOB

SAOu AOP, B xotopeix SO=a-h,, OP=b+h,. Torna OA? =SA?-SB? = AP?- OF (reopema ITudaropa).

IoacTaBuMM BETMYUHBI THX OTPE3KOB, yKa3aHHbIE Ha puc.3.16: r,% =a? —(a— hm)2 = ( b+ m)\/Z)2 —( b+ hn)z .

Packpoem CKOOKH B [IPABOM PaBEHCTBE! 2(a+ b) hy, = b +( m/ 2)2. IMoceHUM cllaraeMbiM MOXHO TIpeHedpedb, TaK KaKk
VI BUAMMOTO cBeta A < r,a,b . [ToacraBuB HaiiaeHHbIH oTpe3ok My, = brr?\/ 2( at k) B JICBOE PAaBEHCTBO, CHOBA MPEHEOPE!KEM Ma-

JI0# BETMYMHOM h% ~ 2. [onygaem

/ ab
M = —bm)\ ,tae m=1,2,3,.. - paguyc M-it 30ab1 OpeHens npu aAudpaxiuu CBETa OT TO-
a+

NYAPYN

YEYHOT'O HCTOYHHKA. bm5
IA
Ecnu NCTOYHKK CBETa OYCHb yAaIeH (a - 00) , TO Ha OTBEPCTHE [1aJaeT IUIOCKas CBETO- 0 P
Bast BostHa (puc.3.17).B aTom ciayuae
. . . \ 3KpaH
lm =~bmMA |- paguyc m-it 3ousl @penens npu Audpakiyu IUIOCKO CBETOBOII BOJHEI, IZe N
Puc.3.17

m=12,3,...

YT00bI OMpee/UTh HHTEHCUBHOCTD CBETA B TOUKe P akpana, ucnons3ytoT crnupainb Openens (puc.1.18).IIpoxoas paccros-

nue A/2, cBeToBas BONHA yBenuuuBaeT (asy Ha TL T.e. €€ Bektop E moBopaunsaercs na 180. ITostomy

BKJIAABI NIBYX COCeAHWX 30H DpeHens MouYTH IOJHOCTHIO KOMIIGHCHPYIOT Apyr apyra. Lludppamu nHa

puc.1.18 o603HaueHbl rpaHuIbl 30H @penenst. YUToObI onpeaenuTh CyMMapHBIA BeKTOp E BoJH, mpuxo-
IIIIAX OT BCEX OTKPBITBIX YYACTKOB OTBEPCTHUS B TOUKY P, HaJj0 COCIMHUTH HA CIHMPAU HAYAIO0 U KOHEI]

OTKpBITEIX 30H Ppenens (Ha puc.3.18BKIIabl 3aKPHITHIX 30H 0003HAYEHBI IIHKTHPOM, BEKTOp Ej 5 coot-

BercTByeT 1,530HamM DpeHens, OTKPBITHIX OTBEPCTHEM). ECIH OTKPBITHI BCe 30HBI (Iperpamasl HET), CIu-

paib CXOJUTCS B LEHTPAIIbHYIO TOUKY, UTO JaeT BEKTOp Eq manaromieit miockoi BOIHBIL.

JndpakmOHHBI MaKCUMYM OCBEIICHHOCTH B LIEHTpalbHOW Touke P skpaHa Habmromaercs, eciu OT- Puc.3.1€
BEPCTUC OTKPHIBACT HEYETHOE YHMCI0 30H DpeHens, mpudeM HaAUOOJbIIAs OCBEIICHHOCTh MOYYUTCS, €CITU OTKPBITA OJ{HA 30HA

@penenst (E; = max na puc.3.18).

JnppakunoHHEIA MHHEMYM B TOUKE P OKa)eTCsl, €CIIM OTKPHITO YeTHOE YHCI0 30H PpeHens, MpuueM HauMEHbIIas 0c-
BELIEHHOCTb OyZeT IpH JBYX OTKpBIThIX 30HaX ®Openesnst (E; = min na puc.3.18).

34.4I1nockasi MOHOXpOMAaTHYECKas 3JIeKTPOMArHUTHAS BOJIHA M13/1a€T HOPMAaJIBHO Ha IUIOCKYI0 OECKOHEYHYIO
nperpajy, B KOTOpOH BBIpE3aHO Kpyriioe oTBepcTHe paanyca I = 4 mm. Ha ero ocu 3a nperpazoit Ha ynaneHuu
b =50cMm crour nerexrop . [Ipu kakoii HAaMGOJbIIENH JTHHE BOTHBI A H3JIyYCHHS ISTEKTOP €ro He GUKCHPYeT?

Pewenue.
B MecTe HaX0XKIEeHUS JETEKTOpa NOJDKEH 0Ka3aThCsl MU(GPAKIMOHHBI MUHIUMYM, T.€. OTBEPCTHE TOJKHO
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OTKpBITh 4ETHOE YHCIO 30H DPeHemst: loryencryy = VO2MA . HanGonbiiee sHauenne A COOTBETCTBYeT HaMMEHBIUEMY YETHOMY

yuciry 2m=2, otkyaa A = r2/ 2b =16 MkM . YenoBue A < I' BBIOJIHEHO.

34.5.Cger ¢ mmuHo# BosiHEl A = 500HM magaeT HOPMAIBHO Ha HEMPO3PAYHYIO MIUPMY C MPOPE3aHHBIM
oTBepcTHEM paanyca I = 1,5mM. 3a mupMoit Ha yaanenud b = 3M  ycraHoBiIEH 3KpaH. Bo CKOJIBKO pa3 yMeHb-
IIIATCS OCBENMICHHOCTH IIEHTPAIbHON TOUKH P 9KkpaHa (CM. pHCYHOK), €CIi MUpMy yopaTh?

Pewenue.

OmnpenenuM, ckobko 30H DpeHess OTKPhIBAET OTBEPCTHE: I =TIy, = Jbm , OTKyma M= r2/ bA =1,5. CeroBoii

BEKTOD E1’5, COOTBETCTBYIOIIHH MTOJIyTOpPa OTKPHITHIM 30HaM, Toka3aH Ha puc.1.18.Ecnu mmupmy yopath, To OyayT OTKPBITHI BCe 30-

Hbl Dpenenst, co3nasast B To4ke P BONIHY, BeJIMYMHA CBETOBOTO BEKTOpa KoTopoi Ey = By 5c0s 4% (puc.1.18).Tak KaKk OCBEIICH-
2 2 2 _ -2 P= s

nocte | ~E®, 10 ona ymensmures B Bf'5/ Eg =c0s “ 45 = Zzpasa.

34.6.B miockoii mperpajae mpope3aHo Kpyriioe oTBepcerre pamuyca I = 1 mm. Ha ero ocu Haxomstcs To-
YEUYHBIH MOHOXPOMATHYECKUH HCTOYHMK CBETA S U TOuka HabmroneHus P Ha skpane. [Ipu pacCTOSHHM OT MCTOYHH-
ka S 710 nperpaipl @ =4 M, OTBEPCTHE OTKPHIBAJIO ISl TOUKK HabmroaeHust P iBe 30ub1 @penensi. Eciu paccros-

HUE @ YMEHBIINUTH B 4 pa3a, TO OTBEPCTHE OyIEeT OTKPHIBATh TPU 30HBI Openens. HaliTu [uiMHy BOJIHBI CBETa, HC-
ITyCKaeMOr0 UCTOYHHUKOM.

Pewenue.

ITo ycnoBuio 3aa4un BHAYajIe paguyc OTBEPCTHs ObUT paBeH paguycy BTOpOU 30HBI DpeHens, a 3aTeM CTall paBeH paguycy

N ) . _J|ab ., _|ab 2a _ 3a'
TPETbEH 30HBL Torpenerys =12 = m[@\ =r'3= b B\ ,rze @' _Z IpaBoe paBeHCTBO qaeT 24b 2D OTKyZa

2a-3a' 5

34.7.TodeuHblif HCTOYHUK CBeTa S ¢ ATMHOM BOJTHBI A = 600HM HaxOAWTCS HAa OCH OTBEPCTHUS paanyca
r = 1 MM, IpOPE3aHHOrO B IUIOCKOM Iperpaje, yaadeHHod Ha paccrosuue a = 0,3M (cM. pucyHok). [Ipu kakom
HAMO0O0JILIIEM PACCTOSHUM D OT Iperpazpl 10 9KpaHa B HeHTpe P 1upakiMOHHOM KapTHHBI HAOIIOMaeTCS MUHH-
MyM OCBEIIICHHOCTU?

Pewenue. ‘

OTBepcTHe JOJDKHO OTKPBIBATH 4YeTHOE YHucao 30H Openens (ycioBue JupPAKIMOHHOTO MHUHHMYMA), T.€.

r =rom=+ab IIm?\/ ( a+ b) Orcrona Haxomum b= rza/ (aEZrT?\— rz) Haubonpuryro BemuuuHy D monydumm npu HamMmeHbLIeM

BO3MOKHOM 4€THOM uuciie 2m. Ho 3HaMeHaTe b J0/KEH OBITh MOJIOKHUTEIBHBIM, OTKyIa 2m > r2 / aA =5,55.
Tee. 2Myin =6 1 Bay = rza/(Ga)\ -r?)=3,75u.

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

34.8.I1nockas ceeroBas BoHa ¢ A = 480HM majaeT HOpMaNbHO Ha Y3KYIO IIeNb IHUPHHEL @ = 1,6 MM B % a
HENpPO3pa4HOii nperpajie. 3a 1eNblo YCTAHOBJICHA TOHKasi coOupatomas nun3a ¢ GokycHbiM pacctosuuem f = 2 M, = ¢E f
OINTHYECKAsi OCh KOTOPOil MepHneHANKYIsApHa K nperpane (cM.puCyHOK). B dokanbHO# MI0CKOCTH JTHH3BI pa3MeleH = TE
sKkpaH “3”. HaliTi mmprHy 1upakiMOHHOI0 H300paKEHUS LI Ha DKpaHe.

Omeem: 1,2MMm.

34.9.3a wensto mmpunsl a = 0,4 MM, caelnaHHOM B HENpPO3pauyHON IUIOCKOW Iperpaje, yCTaHOBJICHA
TOHKas coOMparomas JHH3a, a B ee (okanbHOH MIockocTH — akpan "2". Uemy paBHO oxycHoe paccrosume f — ¢
JIMH3BI, €CJIH TPU HOPMAIBHOM TMAJCHAH CBeTa C JUTMHOM BoNHBI A = 600HM HaMMEHBIEe PAaCCTOSIHHE MEKITY — ¢
COCEHIMH MHHUMYMAaMH OCBEILEHHOCTH Ha SKpane AX = 3,6mMm?

Omeem: 2,4M.

34.10.ToveuHbIil HCTOYHUK CBETa S C UIMHOW BOJHBI A= 560HM HAXOIWUTCS Ha OCH KPYIJIOTO OTBEP-
CTHsI, IPOPE3aHHOTO B IUIOCKOW HEMpO3padHOi mperpaje, yAaleHHOH Ha pacctosiHue a. OTBEpCTHE OTKPHIBAET
Tpu 30HBI PpeHENs U HEHTPAILHON TOUKH P 9KpaHa, CTOSIIEro 3a MPerpajioii Ha paccTosHud b (CM. pUCYHOK).
VYcnoBust onbiTa U3MEHUITH, YMEHBIINB M PACCTOSHKUE d, U PacCTOsiHUE b B 2 pasa, a Takxke B3sB APYrodl TodYed-
HBII UCTOYHHK CBeTa. [Ipu 3TOM OTBepCcTHE OYAET OTKPHIBATE JUIsl TOUKH HaOmoaeHus P cemb 30H Dpenens.
Yemy paBHa JUIMHA BOJHBI A' HOBOT'O MCTOYHHUKA CBETA ?
Omeem: 480HM.

34.11.B onbiTe ¢ mudpaknpeii MOHOXPOMATHYECKOTO CBETA, PACCTOSHUE OT IUIOCKOM IIMPMBI ¢ MPOPE3aHHBIM OTBEPCTHEM
JI0 TOYEIHOTO MCTOYHHMKA CBETA, HAXOJAIIETOCS Ha ocu oTBepcThs, paBHO a=90cMm (puc.3.16).OTBepcTHE OTKPHIBAET POBHO JBE

KpaH

30HbI OpeHenst il UEHTPaIbHON TOUKH P andpakuinoHHON KapTHHBI Ha dKpaHe, HaxoasiieMcs Ha paccrosHun b=30cm 3a mmmp-

Mmoii. Ha kakoe paccrosHue Aa Hano NPUABHHYTh HCTOYHHK CBETA K IIMPME, YTOOBI OTBEPCTHE OTKPHIBAIO TPU 30HBI DpeHes it
Touku P? Omeem: Ha 60 cMm.



34.12.PaccTosiHie OT TOYEYHOIO MOHOXPOMATHYECKOIO MCTOYHHMKA CBETA S 10 3KpaHa paBHo SP=| = 2
M. Jluans SP coBmagaeT ¢ OChI0 KPYyriioro oreepcrus pagauyca I =0,3MM B IUIOCKOW HEMPO3padHOU mperpaje
(cMm.pucyHOK). Ha kakoM paccTOSIHUM @ OT UCTOYHHKA CBETA S HAJI0 YCTAHOBUTH ATY MPETPay, YTOOBI OCBEIEH-
HOCTH B TOuke P 9kpaHa crama HauboablIeil H3 BceX BO3MOKHBIX? J[iinHa BosHbI cBeta A = 500HM.
Omeem: 1,8M wim 0,2 M.

35. [onspru30BaHHBIN CBET

EcTecTBeHHBIIi CBET HCITYCKACTCs! OTACIBHBIMU aTOMaMH B BU/ie KOPOTKUX IyroB (puc.3.19),B Y
KOTODPBIX BEKTOPEI £ COBEpIIAIOT KoJIeOaHUs BO BCEX BO3MOXKHBIX HAIIPABICHUSAX, IIEPICHANKYISIPHBIX fr I w\i EN\/] | i s
CKOPOCTH V 3JIEKTPOMAarHUTHOMN BOJIHB.

Puc.3.19
By, E N [l1eHKa MM IIACTHHKA MOJISPH3aTOPa MPOIYCKAeT BOJIHY, B KOTOPOii BekTop E Koebnercs B
WF W/Z:E OJIHOW TIOCKOCTH BIOJB OCH mpomyckanus noisipuzatopa OO' (prc.3.20). OT0 — MIOCKONOIAPU30-
TangoNas npomeﬂm}i’ﬂ BaHHBIN CBET.

BOJTHA
o’ Tonspusarop

Ecmyn Ha nmonapusaTop nmagaeT INIOCKOINOJIAPU30BaHHAS BOJIHA, BEKTOp E KOTOpOH HalpaBIIEH IOX

Puc.3.20 yriaoM ¢ k ocu nponyckanuss OO', To yepes moysipu3aTop MPOXOAUT BOJHA ¢ BekTopoM E = EjCos
(puc.3.20). UnrencuBHocTh cBeta | ~ E2 , 4TO IPUBOJUT K 3akoHy Mamoca: || =1 cos ¢|, rme lg-
HHTEHCHUBHOCTH MaJAIOIIEr0 IIOCKOMOIAPU30BAHHOIO CBETA, | — HHTCHCHBHOCTD IUIOCKOTIOJIIPU30BAHHOIO CBETA, MPOIIEIIIETr0 Yepe3

TOJIISIPU3aTop, ¢ — YroJ MeKIy IIOCKOCTAMH mossipusanun (puc.3.20).

Ipu majieHnn eCTECTBEHHOTO CBETa Yepes MONSAPH3ATOP IPOXOIHUT CBET BBOC MCHBIICH HHTCHCHBHOCTH | pjngy, = legr /2.

Ipumepul peuwienus 3aday.

35.1. ECTeCTBEHHEI CBET C MHTEHCHBHOCTBIO |o= 16 BT/M® MPOXOAUT 4epes CHCTEMy 3 ABYX II0-
JSPU3ATOPOB, YbH IUIOCKOCTH MEPIIEHANKYIISPHBI K HAIIPABICHUIO PACIPOCTPAHEHHSI CBETOBOTO JIyda, a OCH
nponyckauus I1; u I1, moépuytsl Ha yroa 90°. Eciu Mexay HUMHU MIOMECTHTL TPETHH TOJIAPH3ATOP, OCh
nponyckanus [I3 koTtoporo o0pa3yeT yroi o ¢ ochio I1;, TO HHTEHCHBHOCTD BBIIICAIIETO U3 JTAHHOW CHCTE-
MBI CBeTa cTaHeT paBHoii | = 2 Br/m% UeMmy paBHa BeuunHa yria o?

Pewenue.

be3 monspuzatopa Il3 cBeT He MOXET NPOWUTH Yepe3 CUCTEMY JBYX CKPEIIEHHBIX MO YIJIOM

| =(1g/2) &0 96 = C

IHomectum nonspusarop Il;. Ilocne nepBoro monspuszaropa II; MHTEHCUBHOCTh €CTECTBEHHOTO I,
cBeta ymeHbuTcs Bisoe: |y =1g/2. Tlocne momspusatopa Ils, B cOOTBETCTBHM C 3akoHOM Manoca, 3
1
I, = Ilcos2 o . Beumeaumii u3 [I cBeT MoJsSpU30BaH B IUIOCKOCTH, cocTapisromeii yron 90° —a ¢ ocbro T7

NpoIyCcKaHus mociennero mospusaTopa Il, (puc.3.21), u3 KOTOPOro BBIMIET CBET ¢ MHTEHCHBHOCTBIO CCT 4
I3 =1 2c032( 90 —O() =1, sifa =l

Puc.3.21

B pesymsrate | =(1o/2) (o€ a Dsifa =1 sif( ﬁ)/ tu sin(20) =,/8/lg = 1, orkyna 20 =90 u a =45,

35.2.Yepes monspusaTop ¢ OCbIO NpOnycKanus I1 0AHOBPEMEHHO MPOXOIIT 1ABa HEKOTEPEHTHBIX | o I
1 i

MOBOPOT
\ Ha yrol
a

i

JIy4a IIOCKOIOJISIPH30BAHHOTO CBETa. B IIep-BoM Jyue ¢ HHTeHCHBHOCTBIO | ;=2 B1/M? CBETOBOI BEKTOP =]
coBepInaeT Konebanus B mockoctu, obpasyromeii yroa o = 3¢ ¢ ocero I1. Bo BTopom Iiy4e ¢ HHTEHCHBHO-

ctbio | ;= 4 B/M? miockocTh KoneGanmii E, oOpasyer ¢ ocsro I yron —o. ITonsipusaTop NOBEpHYIH Ha

TOT K€ yroi o, (CM. pucyHOK). Bo CKOJIbKO pa3 M3MEHHIACh HHTEHCUBHOCTH | CBETa, MPOIIEIIEro Yepe3 MoIspu3aTtop?
Pewenue.
MHTEeHCUBHOCTH HEKOT€PEHTHOTO CBETa CKJaAbIBaloTCs. BHavane no 3akony Maioca

I = I100§ o+l co§(—0() =(1 1+ 5) Ocod 3D= (11+15) [3/4= 4,5Bt/m? . Tlocne mOBOPOTA OCh MONAPU3ATOPA COBNAAET C ILIOC-
KOCTBIO TIOJIIPH3aLlMU BTOPOTO JIy4a |, M COCTaBUT yros 2 ¢ IIIOCKOCTHIO NOJSPU3ALMK NEPBOro Jy4a |;. IHTeHCHBHOCTD Ipomies-

1iero ceera Oyner pasna | '= IlcO§ +l, cod 8= o+ 10L& 4,Br/m 2, Ona ne n3mennTCs.

35.3.O/uH Jyd eCTECTBEHHOTO CBETA C HHTEHCHBHOCTBIO |o = 8 BT/M® HerocpencTBeHHo manaer Ha
nonspusarop Il a BTOpoii Tyd ecTeCTBEHHOrO CBETa C TOH e MHTEHCUBHOCTBIO |g MpeBapUTENbHO MPOXO0-
JuT depes nonsipuzarop I1;. Uemy paBHa MHTEHCHBHOCTB | CBeTa, BBILIEAIIETO U3 JAHHOW CHCTEMBI, ECIH YTIOJ
MEKIy OCSIMH MPOIMYCKaHUs HOIpu3aTopoB paseH o = 30'? UeMy paBHa CTEHCHb HOIPH3ALMH CBETA, Ia-
JAroIIero Ha mojsipusarop 11,7

Pewenue.

YacTUyHO NOJISIPU30BAHHBINA CBET C HHTEHCHBHOCTBIO |, Oy/leT cMeChl0 €CTECTBEHHOIO CBETA C MHTEHCUBHOCTBIO |1 =14 1

[JIOCKOIOJISPU30BAHHOTO CBETA C MHTEHCHBHOCTRIO |5 =1 2 , IpoIIeIIero uepe3 noiaspusarop I1;. Yro0sl o1 CACIINTh CTCIICHD
2 0 1 LU HD
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€ro mojsgpu3anuy P, Ha TyTH Jiyda CTaBsT IOJSAPH3aTOp M BPAIIalOT €r0 OCh Ha Yroid

0<$<36F (puc.3.22).IIpy 9TOM HHTEHCHBHOCTH MPOLIEIIET0 CBETA MEHSCTCS B MPEIesax

cmech [y i ]2 .\‘ min € /€ Inax

I =1 i
Imin €1 €I max- CTenens nonspusamu papua |P =MX100% . ITpu r06om momosKe- Puc.3.22
—+ .
max min

Huu nossipusatopa 1 Ha puc.3.22 ecrecTBeHHbIH cBeT Oyzer ocnabnen B 2 pasa. [1ooToMy | gy =1 2+1 9/2=1 ¢ (upn HexkoTOpOIH
OpHUEHTALMK OCH TPOIycKaHus [1 [POXOANT BeCh MIIOCKONMONSIPH30BAHHBIN CBET), U |min = 0+11/2=1¢/2 (mockonomnspusosan-
Hbiif ceet He npoxoaut). Haxomm P =(1g=10/2)/(1 g+ ¢/2)x100%= 33,39.

N N I 7
Yepes Bropoii nossipuzaTop I1,, ecii yuecTsh 3akoH Maimoca, IpoiaeT CBET C HHTEHCUBHOCTBIO | = El +1, cof o = ?3' 0= 7Bt/m?

*% * *%k%k * *% * *%k%k * *% *

[TnockonoNApU30BaHHBIA CBET MOTy4YaeTcsl TAkKe NMPU OTPAKEHHH MAaJAlOLIero eCTECTBEHHOTO CBETa
(tyud “1” Ha puc.3.23)0T MWIOCKOW IPAHUILBI AUIICKTPUKA, €CIM CBET MafaeT Ha 3Ty IPaHHIy NOA yrioM Bpro-

sinag _ sinag n, . won
IIPEJIOMIIEHUST HAXOUM Snp =——2 =|tgog =—=|. OTpaskeHHBI 1y4 “2” OyJeT IIOCKOMOJSIPU30BaH (BeK-
sin cogy ny

Top E B HeM KoneOiercs B IUIOCKOCTH, MEPHEHAMKYIAPHON IUIOCKOCTH MajeHus). [IperoMiennslii ayq “3”
YACTUYHO MOJIAPU30BaH.

35.4. TTapayienbHblii TYY0K €CTECTBEHHOTO CBETA MANAeT U3 JKUIKOCTH HA IUIOCKYHO TPaHUILY C BO3IYXOM.
IpenoMiIeHHbIH JTyd BRIXOAUT B BO3AYX moj yriioM o = 60 k HopManu (cM. pucyHOK). [Ipu HEKOTOPO# opHueHTaUK
ocH IpoIryckaHus nojisipuzaropa I, mocTaBieHHOTO Ha MyTH OTPAXKEHHOTO JIy4ya, NOJSPU3aTOP HE MPOIMYCTUT CBET.
YeMy paBeH MOKa3aTeNb IPETOMIICHUS N KUIKOCTH?

Pewenue.

Ecnu 6 ycnosuu ckazano, ymo noasipusamop ne nponyckaem naoarowuti ceem, mo 3mom céem nioCKONOIApPU308aH.
Cosem: [osToMy yrou najgeHus B y4a JoJpkeH ObITh yriioM Bprocrepa (0TpaXkeHHBIH K IOIAPU3aTOPY CBET OYIET IIOCKO-

nosysipusoBaHHeM). [t yrioa Bprocrepa tgf 5 M == . ATtakkak Bg+a =90, 10 tgBy =tg3d = 1/\/73 Ortcio-

Sl

UJIKOCTH

ma n=+/3=1,73.
Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOU NOO2OTHOBKLL.

35.5. EcTecTBEeHHBIH CBET ¢ MHTEHCHUBHOCTBIO |g MPOXOINUT Yepe3 CUCTeMY U3 JABYX HOJSIPU3aTOPOB, Y
KOTOpPBIX ocu rpormyckanus I1; u IT, moBepHyTsI Ha yron a = 15, UeMy paBHa IIpu 5TOM HHTEHCHBHOCTS | CBeTa,
BBIIIEAIIETO U3 cucTeMbl? Ecnm yroa o mexmy ocsmu I1; u I, yBenuunTh B 2 pasa TO HHTEHCHBHOCTH CBETA,
BBINIE/IIIETO U3 CHCTEMBI OKaXKETCs paBHOH | ' = 4Bt/M> Omeem: 4,976BT/M2.

I1, 35.6.EcTecTBEHHBIN CBET C HHTCHCUBHOCTBIO | TIPOXOIUT Yepe3 CHCTEMY U3 TPEX MOSIPU3ATOPOB,

OCH TPOIYCKaHHsI KOTOPBIX MOBEPHYTHI Ha yrm,l o u 20 (cM. puCyHOK). M3 mociienHero mojspusaropa

W\’? I3 BBIXOJUT CBET C MHTEHCHBHOCTBIO | = 2 B1/M?, a mocite noJisipu3aropa I, HHTEHCHBHOCTh CBETA PaB-
Ha |y, = 3Br1/m%. Haiftti MHTEHCHBHOCTS | o TAJAFOIIIETO CBETA.
Omesem: 9 B1/M®.

35.7. EcrecTBEeHHBIN CBET ¢ HHTEHCUBHOCTBHIO | o TPOXOIUT Yepe3 CUCTEMY U3 YETHIPEX
MOJISIPU3aTOPOB, YbH OcH Tpomnyckanus [1p, I3 u 1, mocnenoBaTenbHO MOBEPHYTHI OTHOCUTEIBHO 1o
ocu IT; ma yroet a = 3C, 20 u 3a (cMm. pucyHOK). M3 cUCTEMBI BEIXOAUT CBET C HHTEHCUBHOCTHIO M
| =0,81B1/M°. Yemy paBHa HHTEHCUBHOCTH | o Tamaromiero ceera?

Omeem: 3,84B1/m°.

35.8.Yepes cucremy U3 ABYyX MOJSIPH3ATOPOB OJHOBPEMEHHO MPOXO/T JBA JIy4a IIOCKOMOJISI-
pm3oBaHHOTO cBeTa. Ocu mpomyckanus I1; i 1, 3THX monspu3aTopoB MOBEPHYTHI HA yTOJl O APYT OTHO-
CUTEJIBHO Apyra. B mepBoM jIyde ¢ HHTEHCUBHOCTHIO | 1=6 Br/M? cBeToBOI BekTop E; coBepuiaeT kKoje-
Ganus BAOMb ocu 11, IepBOro MOIspH3aTOpa, a BO BTOPOM Jyde ¢ HHTEHCHBHOCTBIO | = 4 Bt/M? cBeTo-
Boii BekTop E> Koyediercs Baojb ocu I, Broporo moisipusaropa (CM. puCYHOK). Pe3yiabTupyromias nH-
TEHCHBHOCTb CBETa, IPOILIC/LIEro Yepe3 CHCTEMY MONsSpU3aTopoB, pasHa | = 4 Br/m?. Uemy paBHa Belu-
YHHA yria o? Omeem: 45,

35.9. CBer SBISETCS CMEChIO €CTECTBEHHOTO CBETA ¢ MHTEHCHBHOCTBIO |; = 12 BT/M? ¥ IUIOCKONOJISPH30BAHHOTO CBETA C
HHTEHCUBHOCTHIO |,. CreneHp nonspusaiuu P 3toro cBera, kotopas paBHa P = 40 %.Uemy paBHa HHTEHCHBHOCTS |, ILIOCKOMOIISA-
PHU30BaHHOTO CBETA? Omeem: 8 Br/m2

35.10 Jlyu ectecTBEHHOro CBeTa MajaeT U3 BO3AyXa Ha IUIOCKYIO HOBEPXHOCTb cTekia. [Ipu aToM yroi mpenomieHus B 2
pa3a MeHblIe yria NajeHus, a NOJISIPU3aTOp, YCTAHOBICHHBIN HA MyTH OTPaXKEHHOTO OT CTEKJA JIyda, IIPU HEKOTOPOM OpHEeHTaluu
€ro OCH He NPOIyCKaeT cBeT. UeMy paBeH IoKa3arelb INPeJoMIICHHS CTeKIa? Omeem: 1,73.
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35.11 Ha IIYyTHU CBETOBOI'O JIy4a, OTPAXKCHHOT'O OT CTEKJIIHHOH IIJIACTUHKM C IIOKa3aTeaeM OpeJIOMIICHUS N = 2, CTaBsAT I10-
JIApU3aTop. HOBOpOTOM OCH €T0 MpPONyCKaHUsI MOXHO ,HOGI/ITLC?[ IMOJHOI'0 MCUYC3HOBCHUS IMPOIICALICTO0 Yepe3 MOoJIsIpU3aTOp CBETA.
Haiitu CHUHYC yTJia MPEJIOMIJICHUS JIyda U3 BO3JyXa B CTCKJIO.

Omeem: 0,447.
36.3aK0HBI TEIIJIOBOTO M3TyUEHUS

Harpetsie 1o TemnepaTypsl T Tela HCITyCKAIOT ¢ IOBEPXHOCTH TEIUIOBOE M3ITyICHHE — SJIEKTPOMArHUTHBIE BOJHEI CO BCEMH
mHAaM# A. IIpy HEKOTOPBIX YCIOBUAX HEPTHUS DIEKTPOMATHUTHOTO M3IYYEHHs, UCIYIICHHAs ¢ €AWHHUIIBI TOBEPXHOCTH HATPETOTO

TeNa 3a eAMHUIY BpeMeHH (JHepreTHyeckas CBETHUMOCTB), Beipaxaercs hopmyioit |R, = T |:I[>K/ c qu] , Tne A — kodddunmeHT

IOTJIOIICHUS (A < 1) , 0= 5,67D].O_8 I[)K/ c 2K - nocrosiHHas Credana-bonbsivana. Cpenbl, Uit KOTOpeIX A = 1 Ha3pIBaroTCs
a0COJIFOTHO YEPHBIM TEJIOM.

DHeprus, UCITycKaeMas cO BCEH IMOBEPXHOCTH HAarperoro Tema 3a Bpems At, papga W =R QA t= & 7 a , rae S — mio-

I[a/(b TIOBEPXHOCTH. ClIeKTpAIbHAs
Dta dHeprus HEPaBHOMEPHO YHOCHTCS BOJIHAMM C Pa3HOH UTMHOH BOJHBI A. MakcnMyM H3iydenus npu- | {37y SETenbIan

XOMWTCS Ha UIMHY BOMHBI A, (puc.3.24), koTopasi ompemeiseTcsl 3aKOHOM cMelneHus Buna , rae !
b=2,898110 3 M K- mocrosnnas Buna.

Ipumepvl pewenus 3aday: Puc.3.24
&i 36.1. Ukoca’ap — mpaBWIbHBI MHOTOTPAHHUK, HMCIOIINI TBAANATh OJWHAKOBBIX TPaHEH B BUJIC PAaBHOCTOPOH-
HUX TPEYTOJIHHUKOB — H3TOTOBJICH M3 MaTepHaia, KOTOPHI MOXKHO CIMTATh aOCOIOTHO YEpHBIM TesioM. Temmepary-

pa MKocasIpa MOAAEPKUBAETCS TOCTOAHHOM U paBHOt 227°C. UeMy paBHa BelMYMHA peOpa @ MKOCAd/pa, €CIH Ka-
w,—‘“ a z_& JKIIBIH 9ac OH M3JIy4acT B OKPY’KAOLIHMI BaKyyM TerIoByro suepruo W = 4 MJx?
Pewenue.

IMnomank NOBEPXHOCTH JAHHOTO Tella paBHA Iuromand 20 paBHOCTOPOHHMX TPEYrOoIbHUKOB co cTopoHoi & S=20S,, rae

2
Sa :% ah= J—T . Torma W = oT? 205 [At, oTkyma a= ,[W/(SffﬂoﬁA t) =0,19m.

[Ipu BeIYMCIEHUAX HE 3a0bIBaliTe MEPEBOJUTH BCE 3aJaHHbIE B yCIOBHM BenmuuHbl B cuctemy CU: T = 500K, At = 3600c,
W =40 Jix .

BepxHIOI0 IIOCKOCTh IUTACTHHKY Harpenu 10 temmeparypsl 71 = 1050K. [lo kakoi Temreparypsl 7> Ha0 HATPETh HIK-

HIOIO TUIOCKOCTH IUTACTHHKH, YTOOBI MOITHOCTh MCIYCKAaeMOTO BCell IIIACTHHKOW TEIIOBOTO M3IIyYEHHs YBEINYHIACH B

OJITOpa pasa? % €
Pewenue.

36.2. Tonkas kBajpaTHas IUIaCTUHKA HAXOAWTCS B BakyyMe M Oblia Harpera jpo temmepatypbl I = 1000K.
a; % %/

HepBOHa‘IaJ’ILHO BCA IUIACTUHKA C IJIOMIAJbIO IMMOBEPXHOCTU S= 2¥ ObLIa HarpeTta OJAWHAKOBO U 3a BPEMs At usjryvdajia

suepruto Wy = AT RNt (MomHOCTH TeroBoro u3mydennss P =W/At). 3atem e BepxHsA M HUKHsS IUIOCKOCTH € TUIOMIAIBIO

a®  marpersl mO-pazHOMY M H3IyualoT oHepruio W +W = /b'l'f[lzfA'ﬂ- A 'I‘zl[IgTA . Tlo ycnosuro (V\&+\Nz)/V\():

= (T +73) /274 =92, oncyma T, = {f3T4 - T =1156 K.
[Ipu BBEIYUCIICHUSIX YITUTE, YTO T4 = (T2)2, Ux = \/\/?( .

36.3. Hunmuuap mmusoit | = 20cm u3nydaet kak Teno ¢ koddpduiuentom nornomenus 4 = 0,6.Paguyc mu- 2
muHapa I = 20c¢cM, a ero Temreparypa moJIepKUBACTCs MOCTOSHHOM. 3a kakoe BpeMs Al IMIMHIP UCIYCTHUT TEIUIO- I
Byto sHepruio W = 4 M/, eclii MAKCUMYM €ro CIEeKTPaIbHON U3JTyYaTebHON CIIOCOOHOCTH MPUXOIUTCS Ha [UIHHY WV )
BOJHEI Ap=1,61MKM?

Pewenue.

Il701maas MOBEPXHOCTH MMIMHAPA CKIAABIBACTCS W3 IUIOMIAAX IBYX €r0 OCHOBAHWN M IUIOMIAAX OOKOBOM IMOBEPXHOCTH:

S=2mr? + 2mmrl . Tax kak | = r, o S= amnr?. Temneparypy HHIMHIPa MOXKHO BBEIYHCIHTH C MOMOIIBIO 3aKOHA cMellcHUs BuHa:

T =b/A,, =1800K . Bpemst usinydernst HAXOAUM 110 U3BECTHON BETMYMHE UCITYIEHHOMN 9Hepruu At :W/ ( Ao T @n r2) =22,3c.

36.4.Tlocrostaueiii Tok | =0,3A npoTekaer mo npsMoMy TOHKOMY JJIMHHOMY ITPOBOIHHMKY, HMEIOIIIE- /
N
My BHJ HOJOBHHBI TOHKOTO LIMIMHIPA, Pa3pe3aHHoro mo auamerpy, paaomy d = 1,2 MM, U HarpeBaer ero a0 d (% 7
temnepatypsl t° = 727PC. Haiitu aiuny | 3Toro npoBoiHUKa, €C/IM €ro Matepual uMeeT Ko3(QHUIUEHT Morio-

miennst A = 0,7,a cConpoTuBiIeHNE MPOBOAHNKA IIPH JAHHOH TemmepaType paBHo R = 6 kOwm.

Pewenue.

IIporekarommii TOK | TPHUBOJAUT K BBIICICHHUIO HKOYJIEBOTO TEIJIa, HArPEBAIOIIETO MPOBOMHUK J0 Temieparypsl 1. ITpu
9TOM TeMIepaType yCTaHABIMBACTCS TCILUIOBOS PABHOBECHE: BCE BBIACIHUBILEECS TEILIO U3ITydaeTcs uepe3 OOKOBYIO MOBEPXHOCTh
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nposoganka S5 = di+1d)2 (mmomans ocHoBauwmii T[d2/8 Maja, T.K. o ycioBui 0 < |, ¥ MOXKHO CUMTATh, YTO M3IyYEHHE
UIET Yepe3 GOKOBYIO MOBEPXHOCTh TOHKOTO MPOBO/IA). M3 ypaBHeHUs OaaHCca TEIIOBON SHEPTUH
2
2 I“R
Q = 1"RAt=W, =R5T4§ A wHaxomuMm | =——— =4 ,41m.
TOKOYIT 371 oK )
AcT*(1+12)d
Tpumepwl 3a0au KOHMPOTLHOU PAbOMbL OIsL CAMOCTHOSMENLHOL NOO2OTHOBKLL.

36.5.TIpaBusibHBIN TETPadAP U LIAP U3TOTOBIECHBI U3 MATEpUasia, KOTOPBIH MOXHO CUUTATH aOCOTIOTHO 2
4epHBIM TeloM. PEéGpa TeTpaspa a paBHbI paanycy mapa. TeMeparypa TeTpaszpa B [Ba pasa GoJble TeMIepa- WC@W
TyphI mapa. Bo CKOJIBKO pa3 MOIMHOCTh TEIIOBOTO M3TyUYCHHsI, UCIIYCKAEMOTO TETPaj3ApOM OGOJIbIIe TETUIOBOM az W ilg
MOIIIHOCTH, UCITYCKAaeMOM mapom? S
Omeem: B 2,205pas.

36.6.Haxoasumuiics B Bakyyme map ObuT HarpeT 10 temmeparypsl 7. I1o0BUHY 11apa Harpesu B ABa pasa

(T> = 27), a monoBuHy oxyanmwin B 1Ba pasa (T, = 7/2). Bo CKOJIBKO pa3 yBEIUYMIACH MOIIHOCTh TEILIOBOTO H3JIyde- o Qf\j\?
HUSI, HCITYCKAEMOT0 II1apom? 2,
Omeem: yBennunnacs B 8,031pas.

36.7.B BakyyMe HaxOOUTCs MPABHILHBINA OKTA3p, HMCIOIINI BOCEMb OJWHAKOBBIX IPAHEH B BHIE PABHOCTO- Y,
POHHUX TPEYTOJIBHUKOB cO cTOpoHOH & = 20 cM. DTOT MHOTOTPaHHUK, KOTOPBIH MOXKHO CYUTATh aOCOJIOTHO YEPHBIM N

TEJIOM, KXyl MuHyTy u3nydaet suepruto W = 30k][x (ero Temmneparypa mpu 3TOM MOJIEP)KUBACTCS OCTOSHHOM).
Haiitu amuny BOJHBL (B MKM), HA KOTOPYIO MPUXOAUTCS MAKCUMYM CHEKTPATbHOU M3Iy4aTesIbHOM CIIOCOOHOCTH JaH-
HOTO Tena. Omeem: 5,77TMKM

36.8.Tok | =2 A Teuer no mpsimoii mpoBosioke JuHbl | = 2M, umerorieii conporusienne R =1xkOwm. Temneparypa mpo-
Bosioku T =2000K moaaep:KuBaeTcs MOCTOSIHHOM 3a CUET TEMIOBOrO U3IydeHus Yepe3 € OOKOBYIO MOBEPXHOCTh. Marepuan mpo-
BOJIOKH uMeeT KoaddumueHT mornomenust A = 0,4.Haiiti pagnyc IpOBOJIOKH.

Omeem: 0,877MM.

36.9.Haiitn BenM4uHy MOCTOSHHOTO HANPshKeHUs U, MPUIOKEHHOTO K IUTMHHOM W OYEHb TOHKOH NMpsiMod
npososoke auamerpa d =0,5mM u mmner | = 2m. Temneparypa MpoOBOJIOKH, IO KOTOPOM HEMPEPBIBHO TEYET TOK, ﬁ
pasHa t° = 927C, a conpoTuBIeHHe IPOBONOKH NpH AaHHOH Temmeparype R =1,2xOm. KoapdumuenT normomnte- v
HUs Marepuana npososioku A = 0,6.

Omeem: 515,7B. - —
36.10.JIMHHBIH TOHKHIA IPSAMOH IIPOBOIHHK ¢ KBAIPATHEIM MONEPEYHBIM CCUCHHEM 2X2MM® OKIIOUYCH 2, [ ]i
K UCTOYHHKY MOCTOSTHHOTO Hampspkernst U. [IpoBoqHUK 1eopMHUpoBan, He MEHSS IUTHHEI | Tak, 9T0 ero mormepey- W
HOE CEYEeHHE CTAlI0 KPYIJIBIM, HO HE U3MEHUIIO CBOEH BeanuuHbl. Kak W3MeHUIach paBHOBECHAs TeMieparypa npo- =——/——
BOJIHUKA, €CJIH €r0 CONpoTuBiIcHUe Bo3pocio B 1,01pa3? U [

Omeem: yBennunnacs B 1,028pas.

37. ®orospdexr. Dppexr Komnrona

C Touku 3pCHUA KBaHTOBOI TCOPUU IJICKTPOMATHUTHOC U3J1YyUCHUC 06pa3013aH0 IIOTOKOM (1)0TOHOB.

Hcnonvsyiime coomeemcmsyiowjee YClo8UsIM 3a0a4u @ulpadicenue OJisl dHepeuu (Pomona E(b' Eé moorcno sanucame uepes
Cosem:

uacmomy v, OTUHy 6OAHBL A UL UMNYILE Dy, Pomona: |Eq) =hv="hgA = CQ)| . rie h=6,62601103* JIx [¢ — mocrostHHAs

IInanka, ¢ = 30 wmic- CKOPOCTh CBETA.

Ecnu Best SHEPrys Majaromero Ha MeTamul (POTOHA MEPENAETCS JIEKTPOHY, HAXOAAMIEMYCS BHYT- (OTOH Ve 4\@‘%
pu (puc.3.25),To YacTh 3TOH PHEPIUU PACXOLyeTcs HA paboTy Beixoma A (3TO MUHMMAJIbHAS SHEPTHUS, Eq Me, 2
e

+.+ + +
HEeoOXoaAnuMast MIEKTPOHY AJIS TIPEOJIOJIEHHS JBOHHOTO JIEKTPHUYECKOTO CJIOSl HA IMOBEPXHOCTH MeTajula U N
BBUIETY U3 MeTaina). Takol SJIeKTPOH BBUIETAET ¢ MAKCUMAIIBHOI BOBMOXKHON CKOPOCTBIO V55 M BBIIOJ- ¢ wmeramn

BbIX

HSIETCS 3aKOH COXpaHeHMs dHeprun (ypaBHeHHe DitHinTeina it GoTosddexra): Puc.3.25

Ep=v=Au+ n@vﬁ]ax/Z ,rae my = 9,11103% kr - macca snextpona (Bemmumna ero sapsma e =1,60101° K ).

Tak xax sHepeust OOHOU MUKPOYACIMUYbL OYeHb MALd, MO e€ blpadicarom 8 dnekmpoH-gonomax. 1 aB — amo suepeus, komo-
M PpyIo npuobpemaem 1eKMpoH, YCKOPAACL pa3Hocmvio nomenyuanos ¢ 1 eonom. Ilosmomy @ =elNd =1,6(10 19 Jx| .
=1B
Yuumuieaiime smo coomnowienue npu gpruucieHusx!
[Ipy yMeHbIICHHH dHEPrHU Maaouero GOToHa yMEHbIIAETCs CKOPOCTh BBIOMTOrO 3eKkTpoHa. Korma oHa craHeT paBHOM
HyJ10, poTodPdheKT Mmpekpamaercs. D10 — KpacHas rpanuia Gorosddekra: GorodsddexT BozHUKaeT (MIH IPEKPANIAETCs) IPU MUHHU-

MaIIbHOH YacToTe nagaromero Gporoua |V, = Ay, /h| mwm npu makcumansuoi mune Bosus (N = e/ Ay, | -

BbuieTeBIIne U3 MeTaljla 3JEKTPOHbI MOKHO OCTAHOBHTH, €CJIU NPHUIIOKUTL OTPULATENLHYIO 3aIEPIKMBAIOIILYI0O PA3HOCTh
noreHuunanos A, (3azepkusaromiee HanpspkeHue) (puc.3.25). Kunetndeckas sHeprust BbUIETEBILET0 3JIEKTPOHA IIOJTHOCTBIO PAacXo-
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IyeTcst Ha paboTy 10 HPEOJOICHHIO 3a/IepKUBAIOIIETo dIeKTpudeckoro nomst: A=|elhd, = nlvrznax / 2.

Ipumepwvl pewenus 3aday.

37.1.1Ipu yMeHbIICHHH YaCTOTHI NaJAIONKX HA MeTaill GOTOHOB 0T 3Hadenus vy = 8-13* I'n g0 3mavenus v, = 4-103° I'n
MaKCHMaJlbHasl BEJIMYMHA CKOPOCTH BHIOMBAEMOI'O M3 MeTajula JJIEKTpPOHA yMEHbLIAaeTcs B Ba pasa. Yemy paBHa pabora BbeIXoja
9JIEKTPOHA M3 JaHHOTO MeTaiia (B 3B)?

Pewenue.
Ecnu 6 ycrnosuu 3a0aHo omuoueHue Kakux-abo 6eudut, mo ciedyem noayiums 3mo OmHOWeHUe ¢ NOMOWbIO YPAGHEeHUl
npoyecca. Omo 3HAYUMETbHO YRpowaenm MamemamuiecKue npeoopasoeanus.

ITosTOMy HaxoAMM OTHOIICHHS JICBBIX U IPaBBIX YacTel ypaBHeHUH (oTodddexra s IByX pasHBIX 4acTOT, KOTO-

_ 2/p \2
peie umetor Bun By =hvyg = A+ %Vf/Z u Ep=hvy=A, + %V%/Z. Orcrona V1= A _ mevlz 2 :V_l2 =
hvy = Ay mgvz/z Vs

Coeem:

(o ycnosuio), uto naer A =h(4v, —vl)/3= 1,768110%° Jix =1,1055B .

37.2.PaboTa BbIXO/a 3JIEKTPOHA U3 MepBOro meramwia A, = 43B. Haiitu paboTy Bbixoaa A, M3 BTOPOro METalIa, €CIIU IPU
nageHny Ha 06a MeTamia (JOTOHOB C OAMHAKOBOW [UTHHOM BOJIHBI HAMOOIBIIAsI CKOPOCTh BBUIETA DJIEKTPOHOB M3 BTOPOro MeTamia B K
= 1,1pa3 Gosblle, 4eM U3 MEPBOTO, a MPH YBEJIHMUYESHUH JJIMHBI BOJHBI MAJaloMKX (POTOHOB B YeThIpe pa3a (poTod(pdeKT Ha IepBOM
MeTajjie NpeKpaIaeTcs.

Pewenue.

3anmnieM ypaBHeHHs poTodddexra a1 GOTOHOB C OIHON UIMHOM BOJIHBI A, BBIOMBAIOIIUX AJIEKTPOHBI U3 JABYX Pa3HBIX Me-

Tamion: By = he/A = A+ rT’éV%/Z, Ep =hc/A=Ay+ meV%/Z.
Ipexpamenne Gporordpexra B mepBoM METaIIE COOTBETCTBYET KPACHOW IPaHMIIE IPH IJIHHE BOMHBL A, = 4\ = hc/ Ay, ot-
KyJza h(‘/ A =44, Kak u B npenpiaymuieii 3amade yIo0HO HANUTH 3aJaHHOE B YCJIOBHH OTHOIICHUE
mv3/2 _ho/A=A, 4A- A, _V_g_
mv2/2 heA-Ap 4A-A 2
37.3.BribuBaemble n3 Metauia (JOTOHAMH YJIbTPa(hHOIETOBOIO M3Iy4eHus ¢ AIMHON BOiHBI A = 100HM 3J€KTpOHBI MTOJHO-
CTBIO 3aJIeP)KUBAIOTCS DJIEKTPHUUYECKHUM TOJIEM C pa3HOCTHIO noteHuuanoB Ag = 10B. Ilpu kakoii [uinHe BOJIHBI NaJaonux GOTOHOB

(B 1M) poTodPdHEKT HA HITOM METAJIE PEKPAIIIAETCA?
Pewenue.

Venosust 31oi 3agaun u3o00paxkeHsl Ha puc.3.25. Porospdext npekpaiaercs npu UIHHE BOJIHBI A, (OTOHA, COOTBETCT-

k2, omkyma Ap = Ag(4-31¢) = 1,488

ByIOLLEi KpacHOH rpanuue, Ipu KoTopoil Ay, = h¢/A, . Kunetnueckas sHeprus BBIGUTOrO 2JIEKTPOHA 3aTPAYMBAETCS HA COBEPLICHHE

pa60TI)I HaJ CHUJIaMM 3aJICP>KUBAIOILCIO DJICKTPUYECCKOTO I10JIS: n'sz/Z = emd) . IloacTapnisis 3TH COOTHOIIEHHS B YpaBHECHUEC (1)0T0-

A
sddexra, =he/\ = +mv2/2= =hgA, +e\ ,HaxomuM A, =————— =512 um.
dperra, By = he/A = Ay + My /2= =hgA + b <= e e
Jpyroe siBieHue, yka3blBarolee Ha KOPIYCKYJIAPHbIH Xapaktep cBeta —3ddekt Komnrona: A o
ecau (HOTOH C JUTMHOM BOJHBI A MagaeT Ha MOKOSIIYIOCS YaCTHILYy ¢ Maccoi M, To paccesHHbIi (0T- M Jo 5
KJIOHHUBLIMICS Ha yroi 0) GoToH uMeer 6ONbIIyIO ITHHY BOJHBL A" (puc.3.26),rae doton pacce?p%‘;'(’)‘g
!
AN =2'=A = A(1-cosd)| . »
Puc.3.26

Bemnuuna A = h/ MC Ha3bIBaeTCs KOMITOHOBCKOI ,HJ'IPIHOﬁ BOJIHBI 4aCTHIIbI C maccor m. Yroxu

paccesHHs MOXkeT MeHsThes B npefenax 0< 0< 180 (B 3anauax KOHTPOIBbHOM PaGOTHI YACTHIIA TIOKOMTCS, XOTs (opMyity dddexta
KomnToHa MOKHO TIOJYYHTh U TIPU PACCESHUHU HA BIKYILCHCS YacTUIIE).

IIpumepwvl pewsenus 3aday.

37.4.®oT0H ¢ IIMHON BOJIHBI A = 2HM HCIBITaI paccesaue Ha yroi 0 = 60 na nokostieiicst yactune. Onpenenuts eé Mac-
Cy, ecnu 3Heprus poTtona ymeHsiumiacek B k =1,0004pa3.
Pewenue.
Taxk kak sueprust porona E =hg/A , To npu ymeHbluenun sHepruu paccesHHoro Gpotona B K pas ero jummHa BOJIHBI yBEIMYHIACH B

)= ) = (k=1)\ =N (1— -_h - _1)) = 30
kpas: A'=kA . U3 ypaBuenus Komnrona A )\—(k 1))\—mc(1 COSB@)—ZmC HaxoOIuM M= i}/(Zc(k 1))\)—1,38]10 KT .

37.5.DoroH ¢ sueprueit £ = 9 MaB  uchbIThIBaET KOMIITOHOBCKOE paccestHUE, HaJleTasi Ha TOKOSIIYIOCS YacTHILy C Maccoi
m=5-10"«kr u orknonssce ua yrox 0 = 30° (cm.puc.1.33).Bo CKONBKO pa3 YMEHBIINTCS SHEPrist POTOHA IOCIE PACCETHHA?

Pewenue.

Heob6xomumo Haiith otnomenne K = E/ E'. Boipaxas amunbl BoH uepe3 sHepruu GpotoHos u moacrasnsis E'= E/K, npu-
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BoauM ypaBHeHre Komnrona k Bugy A'—A = E —E:= (k —1)1(:: —h(l— cos 36) .Orcroma k = 1+£(1— cos 38) = 1,4.
E' E E mc m

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

37.6.Haiitu paGoty Beixoaa (B 9B) m1st Metamna, u3 KOTOporo GoTOHsI ¢ uMmybcami p = 410 kr-m/c BBIGHBAIOT H71EK-
TPOHBI, BBUIETAIOIIHE C MAKCHMAIBHOM ckopocThio V = 9- 10 m/c.
Omeem: 5,203B.

37.7.MakcumanbHas KHHeTHIECKask SHEPTUsI SJIEKTPOHOB, BEIOMBAaEMBIX (POTOHAMH C JacTOTOH V1 =6 EI.0151"11 13 MeTajia ¢

pabotoii Beixoga A=453B, B 3 pa3a 60JiblIe MAKCUMAIBHOW KHHETUYECKOM SHEPTUH 3JICKTPOHOB, BHIOMBAEMBIX U3 TOTO XK€ METajlia
(hoTOHAMU C IPYTOii 4acTOTOH Vo. UeMy paBHA yacToTa vy ?
Omeem: 2,64- 16° T

37.8.®oToubI ¢ uMmyIscamu py; = 3-10% kr-m/c ¥ ¢ UMITYIbCAMHU P; BHIGUBAIOT SIEKTPOHbI H3 METAIA ¢ paboToil BEIXOA
A=35B. B nepBomM ciryyae MakcUMasbHasi KHHETHYECKAsh SHEPT U BHIOUTHIX 3JIEKTPOHOB B 4 pa3a MEHbIIE, 4eM Bo BTopoM. Haiitn
OTHOIIEHHE UMITYJIbCOB polpy. Omeem: 2,4.

37.9. MakcumanbHasi CKOpPOCTh BBUIETA DJICKTPOHOB, BHIOMBAEMBIX M3 MeTaiia ¢ paboroii Beixona 4 = 4 3B ¢oToHamu c
sHepruedt £; B N = 2,5pa3a MeHbIIe MaKCUMaJIbHOM CKOPOCTH BbIIETa 3JIEKTPOHOB, BRIOMBAEMbIX U3 TOTO XK€ MeTajula (JOTOHAMH ¢
npyro# sHeprueii £, = 365B. Uemy paBHa sneprus ¢potoHa E;7? Omeem: 9,125B.

37.10.®otoHsI ¢ sHepruei 3,95B BrIOMBanu U3 Meramuia ¢ padoroil Beixona 2,6 3B anextponsl. [AnuHy BOIHBI (POTOHOB
yMeHbIIHIH B 6 pa3. Bo ckosibKo pa3 yBesn4niIach MakCUMaJlbHasi CKOPOCTh BEIOMBAEMBIX JIEKTPOHOB?
Omeem: B 4 pa3a.

37.11.Tlagas Ha MeTami, (OTOHBI C IJIMHOW BOJHBI A BBIOWBAIM AJIEKTPOHBI, BBUICTAIONINE C MAKCUMAIBHONU CKOPOCTBHIO
Vimax = 2000xm/c. [pu yBemnyeHHH JIIHMHBI BOJIHBI MaAaroiux GotoHoB B 3 pasa Gotoaddext npekparutces. Yemy Obl1a paBHa MEpBO-
HavyaJIbHAS JIJIMHA BOJHBI A (JOTOHOB?
Omeem: 12,8uMm.

37.12.®oroaddekt Ha MeTaIe HAYMHACTCS TIPH BEJIMYMHE JUIMHBI BOJIHBI NMAAalomuX GoToHOB Ay = 240HM. Uemy paBHa
BEJINYMHA 33JI€P’KUBAIOIIEH Pa3sHOCTH MMOTEHINAIOB BHELIHEIO JIEKTPUUECKOTO IOJIsl ISl SJIEKTPOHOB, BBIOMTHIX U3 METajlla U3y-
geHmeM ¢ actotoit v = 6-16° I'u?
Omeem: 19,7B.

.13.®otoH ¢ gacroToit vi = 4- I[ MCTIBITBIBA€T KOMIITOHOBCK STHE Ha yrou 0 = Ha TIOKOSIIIeHcs YacTu-
37.13.®otoH ¢ gacroroit vy = 4-16' 'y uc aeT KOMIITOHOBCKOE paccesiuue Ha yroi 0 = 120 na mokosmeiics gac
11, MpeBpalnasich B HOTOH ¢ 4acTOTOH Vo = 3,6- 10’ I'u. Haiitu KOMITTOHOBCKYIO JJIMHY BOJIHBI JaHHOMN YacTHIBI (B HM).

Omeem: 0,0556nM.

37.14.TIpu KOMITOHOBCKOM paccesiuum Ha yroin 0= 60 Ha noxosmelcs MUKpodacTuIEe, (POTOH yBEIUIUBAET JJINHY BOJHEI
Ha AL =2-10 13 M. Ha xakoi yrot 0, HOIKEH paccesThCs 3TOT (POTOH HA TOH ke MUKPOUYACTHIIE, YTOOBI JJTHHA €r0 BOJIHBI U3MCHH-
nack Ha BeuanHy Aok = 5-100 M?
Omeem: na yron 104,5.

38.Bounna ne bpoitna. [Toctynar bopa u 6opoBckue opOoUTHI

MuKpoYacTHIa ¢ MacCoil M | ¢ UMITyJIbCOM P = MV, 00JIa1aeT CBOMCTBAMM BOJHBI ¢ JUIMHON (Ap = 2T0i/mv| (Boana se

Bpoiins). [Tocrosiuuas fi = h/ ( 2T[) =1, 0551103 Jx [¢ Takke Ha3bIBaeTCs MOCTOSHHON [1nanHka.

Ipumepul peuwtenus 3aday.

38.1.Yemy paBeH 3apsj (| MHKpOUACTHIBI ¢ Maccoit M= 4,5- 10?7 kr, eciu mocie IpOXOKICHHs YCKOPSIOMIEH Pa3HOCTH T10-
teHrmanoB A¢ = 40B ona mMeer wmHYy BoJHbI 1e bpoitns Ag = 2,21-10% m?
Pewenue.

VY CKOpSIACh B AIEKTPUUECKOM II0JI€, YaCTHIA IPUOOpeTaeT KMHeTHYecKyo sHepruto E . = mv? / 2= q\¢ . UMnynsc yacTu-

OBl CBS3aH C 3TOH sHeprumed: P=nv=,2mE,, . JumHa BomHEl me bBpoitna wacTume! )\B=L= 7 hEK = 7 h(NJ
mv m AH m

2
q:i M) o250tk
2mAd ( A

B paccmampusaemuix 3a0a4ax MOJICHO UCHOTB306AMb CE53b KUHEMUYECKOU dHepeuu HepelamusucmceKoll yacmuybsl ¢ eé 0nu-
Coeem: 7 TR =K / 2
Hou éonnwl 0e Bpoitins: |Ey,, =h°/2mg|.

38.2. KuHetnueckast SHEPIrHs HEPEISITHBUCTCKOTO 3JIEKTPOHA C IJIMHOW BONHBI n¢ bpoins Ay = 0,3um B 3 pasa
6oJTbIlie SHEPTUH HEKOTOPOTO (hoToHA. HaliTu AnuHy BOJTHBI 3TOTO (JOTOHA (B HM).
Pewenue.

1o yen0Bmio Eyypy sacrmisr = /2 M E = 3Bporona = 3 NEA orona - OT€1018 Agoronsy = 60MAE / h= 2221m1 .
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38.3.DoToHsbI ¢ MHOM BOJHBI A = 66,3HM mpou3BoasT GoTodddexT Ha MeTaiie ¢ paboToM BBIXOJa DIIEKTPOHA
A = 65B. HaiiTi HanMeHbIy10 BO3MOXKHYIO JUIMHY BOJIHBI Jie Bpoiiis BBIONTHIX U3 MeTas1a 3JIEKTPOHOB?
Pewenue.

Benomunm ypasrenue Ditnurreiina as gporoapdexra (puc.1.25): Egorona = hgA = A+ E,,,, , oTkyza

Eam = h2/ 2 rT?\I% = h¢\ — A MakcumaibHas CKOPOCTb BBUIETEBIINX 3JIEKTPOHOB COOTBETCTBYET HAMMEHbIIEMY 3HAYCHHMIO JJTMHbI

BONHEI fie bpoiinst Ag =h Zm[r;\c— ) =0,344um.

38.4.®orou ¢ gnuHO#M BomHEl A = 10HM magaer Ha MeTaJlI ¢ BEJIMYUHON KpacHO# rpanmiisl poroddhdhexra )\Kp =100uM™ .

HaiiTi HaUMEHBIIYI0O BO3MOXKHYIO JUIMHY BOJHBI ie Bpoiiist A HEpeIsITHBUCTCKOTO JJIEKTPOHA, KOTOPBI HaHHBIA (OTOH MOXET

IIPH 5TOM BBIOWTH U3 METaJlIa.
Pewenue.

Tak kak kpacHas rpaHuia Goroddpderra onpeaenseTcss BETUIHMHON paboThl BBIX0/1a JIEKTPOHA M3 METaIA, )\Kp =hc/ Ay »

hc hc t 1 1
T0 n3 ypasHeHus Gotodsdpdexra Egorong = = Ay + By =——+——— maxomum Ag = [/ 2mpq = ~—— | =0,116mM .
A A 2mu\2 AA
Kp B Kp
*kkkkk * *% * *kkkkk * *% * *kkk *%
BosHOBBIE CBOMCTBA AJEKTPOHA TO3BOJISIOT BBIUYMCIUTD PAAUYC I €T0 YCTOMYMBOW aTOMHOW OpOUTHI B TIOJY- r

KJIACCUYECKOW MOJeNH atoMa bopa: Ha aiuHe KpyroBoil OpOWTHI YKIAJBIBACTCS IIeJI0€ YHMCIO JJIMH BOJH ne Bbpoitns n), m
e

21T =nAy|, OTKyza HOCJIe MOACTAHOBKU A CledyeT KBaHTOBbI nmocrynar bopa |mgvr=na|, roe n=1,2,3,.. v

3ameuanue: 3aNIMCAHHBINA B TAKOM BHUAC ITOCTYJIAT Bopa OIMMCBIBACT IMOJYKIIACCUYCCKYIO MOACTIb OTHODJICKTPOHHOTO aTOMa 1
HE COOTBETCTBYCT TOYHBIM PE3YyJIbTaTaM KBaHTOBOM TCOPUH. O,I[HaKO C €TI0 IMMOMOIIBIO MOKHO paCcCUYUTATh IMOYTH IIPABUIJIBHBIC 3HAYC-
HUS DHEPTHUU DJICKTPOHA B aTOMC.

Ymobul 6 110001 3a0aye naimu gvipasicenus 0ns paouyca I opoumol ¢ Homepom N, ckopocmu Vy, u duepeuu B, anex-

¢ }oeem!' MPpOHA Ha 3Moil opoume, peuume CUCIEMy U3 KIACCUYECKO20 YPAGHEHUs OBUIICEHUS U K6AHMO06020 nocmynama bopa.
ITycTh 3MEKTPOH ABHXKETCS IO OpOHUTE C HOMEPOM N €O CKOPOCThIO V), (prc.3.27)u ¢ HEeHTPOCTPEMHTEINb- 7, \di
n n
-e\N e
HBIM YCKOPEHHEM 8, = V,z1 / I, . Co CTOpPOHBI aTOMHOTO si7ipa, B KOTOPOM HaXOAsATCs Z TIPOTOHOB C OOIINM 3apsiioM 72 T
o KyJT
+Ze, nedcTByeT KyJIOHOBCKas CHJIA, IIO3BOJSIONIAsl 3aIMCATh KIACCUYECKOEC YPABHCHUE JIBHIKCHUS OJJICKTPOHA:
2
Vi elZe 1 ® M Puc.3.27
Medy = Ky wm mg— =k ,rae k=——=9010" —. Toxcrasmsis V, = , IOJTy4eHHOe M3 MOCTyJaTa
M r2 4TIEO O] n
n
n%n?

Bopa, Haxogum |r - 9TO paguyc N-ii 6OPOBCKON OPOUTHI, KOTOPBIA YAOOHO BEIPA3UTh HYepe3 pamuyc mepBoid OOPOBCKOM

n_kZezng

opbuth: |1y =n?ry|, rae 11 =5,290010%Y/Z w |

BuiHo, 4TO CKOPOCTH 2/1EKTPOHA YMEHBIIAETCS C POCTOM pajidyca OpOUTHL. Vi, = nh/ mery = kZ@/ m wm |V, =vyq/n|.
OHeprusi HaxOMsIIErocs Ha N- OpOUTE JJIEKTPOHA CKIAIBIBACTCS W3 KHHETHYSCKOW W TIOTCHIMAIBHOW HSHEPIHU:

\/2 kZZZ 4
E, = ”bz n_ kg .IloncraBnssa r, u vV, umeeMm |E, = —% um |E, = El/r12 ,rne B =-13, 6rz2 5B, n=1,2,3,..
Mn 2h°n

IIpumepwvl pewsenus 3aday.

38.5.B 60pOBCKOM OHORJIEKTPOHHOM aTOME 3JICKTPOH MEPEXOANT C OJHONU OpOHTHI HA APYryt0. CKOPOCTh ABHIKCHHUS DJICK-
TpoHa 110 GOPOBCKOM OpOUTE NpH 3TOM yMeHbIaercs B 1,2paza. Bo ckoibKko pa3 yBennuuBaercs paguyc 60poBCKOi OpOUTHI?

Pewenue. "
r
3HeKTpOH MepexoauT € Op6I/ITLI C HOMCPOM N Ha 0p6I/ITy C HOMCPOM n' . U3 TMOJYYCHHOT'O BBIIIEC BbIPAKCHUSA n
. 2 3
Y n 6 ' _n
—n==12=2 Mosromy —- =+ =(1,2)° = 1,44
Vg N 5 ' n

38.6. OHO3JIeKTPOHHBIH BOAOPOAOION00HbIH aToM (HOH) uMeeT Z = 5 mpoToHOB B sape. UeMy paBHA BenHMYMHA MOMCHTA
umIyibca L anektpona, aBmxkyIerocs no 60poBckoit opoure ¢ paguycom I = 0,04247am?
Pewenue.

MoOMEHT UMITyJIbCa IEKTPOHA Ha GOPOBCKOI opOuTe ¢ HOMepoM N umeeT Benuuuny L, =mgVv [, =Nk (mocrynar bopa).

HeusBecTHblil HOMEp OPOUTHI MOXKHO HaWTH, 3Has €€ paguyc [ =, = n2h2/ (k262 me) . Otcrona

L, =i =+ kZ& m r=2,110010°34 I [ .
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38.7.30nextpon amxkercs mo opbute paauyca I = 0,095551m co ckopocteio V = 3640km/c B OHORIEKTPOHHOM aTOME
(none). Bo ckonbKo pa3 BenMYKHA 3apsiaa sAApa 3TOro HOHa GOJbIIe BETHYMHBI 3apsi/a 3JIeKTpoHa?
Pewenue.
HeusBecTHbli HOMep OpOMTBI N HAXOAMM C IOMOLUBIO KBaHTOBOrO mocryiara bopa: n=myVvIr/h=3, rze

m, = 9,110 kr . OrHowenue 3apsiza siapa K 3apsiay JIEKTPOHa PABHO YKCIy Z MPOTOHOB B siape (cM. puc.3.27).9To 4Khcio MOX-
HO BBIUUCIIUTb, 3Hasl, HAIIPUMEP BEIUUUHY CKOPOCTH AJIEKTPOHA: V = kzé / M, otkyna Z =V D]h/ kzé =5.

38.8.B HEKOTOPOM OHOIIEKTPOHHOM HOHE 3JIEKTPOH ABKKETCS 1Mo opoute paanyca I = 0,11944umM, numest TIpu 3TOM SHEP-
ruo E =-24,1125B . Onpenennuts HOMEp N 3TOH OPOUTHI.

Pewenue.
Kpome HOMepa N HewsBecTeH 3apsiy Z€ sipa, KOTOPBIH MOXKHO HAWTH, €CIIU MIEPEMHOKHUTD IMOJTyYCHHBIC PAHEEe BBIPAKCHIUS

kZZZ 4 2.2
JUIsL SHEPruM 3JIeKTPOHa U paguyca opoutsl: E, O, =-— ze zn% nn == kzé .Orcioma Z = —E =
2n°n?  kzém 2 ke?
kze mr_r 18
Sl =%~1_2%E=3 (B cucreme CU E =-3,8579110°° Ix ).
h

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

38.9. Hepe A THBHCTCKHIN DJIEKTPOH MMEJ KHHETHYECKyro dHepruio £, = 36 5B. BennunHa 3TOi 3HEPruH yBEIHYMIach Ha
AE, = 643B. Bo cKOJIBKO pa3 H3MEHMUIACH IIPU 3TOM JUIMHA BOJIHBI fe Bpoiiyst snekrpoHa?
Omeem: ymenbiuiachk B 1,667pas.

38.10.ITokomBurasicst yacTuua ¢ 3apsgom g = 1,3-10'° K HaunHaeT ycKOPSTBCS B MOCTOSHHOM DIIEKTPHICCKOM Tole. Yemy
paBHa BeIMYKMHA HAMPSHKEHHOCTH £ 3TOTO MOJIsL, €CIU CIYCTS IPOMEKYTOK BpeMeHH t = 3¢ mociie Hauasia YCKOPEHHsI ITHHA BOJTHBI
ne Bpoiins yacTHIlsl CTaHET paBHOM Ap = 4- 100 m? Omeem: 42,5B/m.

38.11.0otoHsI ¢ uMIyIbcoM p = 4-10%" kr-M/c BHIOHBAIOT H3 METaIa ANEKTPOHBI, HANMEHBIIAS BO3MOXKHASI JUTHHA BOJIHBI
ne bpoiins koTopeix paBHa Ay = 0,51uM. YUemy paBHa BerumHa paboThl BEIX0Aa A 3IEKTPOHA U3 3TOro Meramia (B 3B)?
Omeem: 1,703B.

38.12.TTagaromue Ha MeTal POTOHBI BHIOMBAIOT 3JEKTPOHBI, HMEIOIINE HAUMEHBIIYIO JUIMHY BOJHBI Ae bpoiast Ay = 0,4
HM. Haiiti gactoTy v Takux GpoTOHOB. I3BECTHO, UTO yBEINUCHNE TMHBI BOJHBI MAJAONHMX (OTOHOB B 4 pa3a MPHUBOIMT K MpEKpa-
niennio ¢porosddexra. Omeem: 3,03-18° T

38.13.11pn BuyTpenHeM hoTodddexTe GoTon ¢ IHeprueH £y = 8B mnamaer Ha aToMm ¢ sHepruei moHM3AMH E,o, = 53B.

Haittu nnmuny BosiHbI e Bpoiiis 31ekTpoHa, KOTOPBIM MpHU 3TOM MOXKET BBUIETETh U3 aTOMA.
Omeem: 0,709uM.

38.14.D0eKTpoH Teperies co BTOPOil Ha YeTBEPTYI0 OOPOBCKYIO OpOMTY aTomMa Bogopoaa. Ha Kakyio BeIMIMHY M3MEHUIIACH
€ro JUIMHa BOJHEL e Bpoiins (paxuyc nepsoii 60poBcKoi OpOUTHI paBeH I =5, 2910 M )?
Omeem: yBennuunnachk Ha 0,665HM.

38.15.01eKTpOH B OJHOJICKTPOHHOM HOHE HaXOIUTCS Ha OOPOBCKO#t opouTe ¢ paguycom fp = 0,07963am. 3apsiz siapa no-
Ha paBeH +6e¢. Uemy paBeH HOMEp N JaHHOW OPOUTHI? Omeem: 3.

38.16.B 6G0pOBCKOM OJHORJICKTPOHHOM aTOME 3JICKTPOH IEPEXOIUT C OJHONH OOPOBCKOM OPOUTHI Ha APYTYIO, PaInyC KOTO-
poii B 36/25pa3 mMeHble paanyca mepBoit opouTH. BO CKOIBKO pa3 MpH 3TOM YMEHBITHTCS BEINYHHA MOMEHTA UMITYJIbCA DIIEKTPO-
Ha? Omeem: B 1,2paza.

38.17.InvHa BOIHBI a¢ Bpoiiast cBOOOIHOIO 3JCKTPOHA, IBHXKYILETOCsS CO CKOpocThio V = 1,941 1Bm/c, B OJITOpa pasa
GoJIbIlIE JUIMHBI BOJIHEI JIe Bpoiiyist 2JIeKTpoHa, HAXOSIIErOCs HA TPEThEM GOPOBCKOM OpOUTE OMHOIEKTPOHHOTO aToMa (KoHa). Yemy
PaBHO YKCII0 Z TPOTOHOB B SAPE HOHA? Omeem: 4.

39. CekTpasibHbIe CEpUH U3TYyUYEHHUS OJTHOIIEKTPOHHOTO aTOMa

Pemenne cranunonapHoro ypasHeHus lllpenunrepa s 3JI€KTpOHA B KYJIOHOBCKOM 3JIEKTPUUYECKOM IOJIS spa € 3apsiioM
+Ze nmaet Te e 3HAUCHUS Pa3pEIICHHBIX 3HAUCHHUIT dHeprun (IHEPreTHIECKUX ypoBHeit), 4To 1 noctynaT bopa:

k?z%¢e* L JE nze
E, = —Tzné HIH E, = El/n2 ,toe B =-13, 6(Z° 5B, N=1,2,3,4,..— rnasroe Ly T Ve, =4
2h°n E3 T %&’7:3
: cepust
KBaHTOBOE YHCIIO. lm Harmena
[epexo 37eKTpOHA C YPOBHS HA YPOBEHD COMPOBOXIACTCS M3IyUCHUEM WITH MOTJIOMCHA- £ | copuA n=2
em Qorona ¢ sueprueil Ey =7w. Usnydenne npu mepexoax co BCEX BBIIICISKAIINX YPOBHEH Ha %\ Banbmepa
ypoBeHb N=1 oOpa3syer chekTpaibHyi ceputo JlaiimMana, mpu Hepexojax Ha ypoBeHb N=2— ceprs
CIeKTPaNbHYIO cepHio babMepa, npy mepexoiax Ha ypoBeHb N = 3— crekTpanbHyio cepuio ITame- l Jlaiivana
Ha (puc.3.28). E n=1

Puc.3.28



B 00poBCKOii MOJIETIH OHOAJIEKTPOHHOI'O aTOMa 3TH YPOBHHU COOTBETCTBYIOT OOPOBCKUM
opburam (puc.3.29).
I[Tpu nepexoe ¢ IHEPrETHIESCKOr0 YPOBHS C HOMEPOM N' HAa YPOBEHb ¢ HOMEPOM N (WK NpH Tie-
pexoze ¢ N'-ii GOPOBCKOM OPOUTHI Ha N-10) UCITYCKAETCSA (POTOH € MUKINIECKOU YaCTOTOM

_E Blf1_ 1
wn-ﬂn—”T—7[n2 _2]

. 21C 21¢h 2TICHh 1 1
WU C JJIMHOUW BOJIHBI )\n'ﬂ n = = = i _72
Wy.n En-Ey |El| n'
Hanpuwmep, cniextpanbHas cepust Jlaiimana oOpa3oBaHa AJIMHAMH BOJH
Ao - 2reh [1— 12) ,rae N'=2,3,4,...%0 .
|E] n'

Ipumepwvl pewsenus 3aday.

39.1. DnexTpoH B aTOMe BOjIOpo/a nepeinelt co 2-if Ha 4-10 60pOBCKYI0 OpOUTY, MOTIIOTUB (POTOH C HUKINYECKON 4aCTOTOH
®3, @ 32T€M COBEPIIMI BTOPOI Mepexo, UCIYCTHB (OTOH C LUKINIECKOH YaCTOTOH )y, COOTBETCTBYIOIINI CIIEKTPaIbHON JIMHUH B
cepun Jlaiimana. HaiiTi OTHOLICHHE YaCTOT /.
Pewenue.
H300pazume ycnosus 3adauu Ha ouaspamme dHepeemuyeckux yposueii, anaioeuynoi puc.1.36.9mo noseoaum ayuwe nousams,
KAaK UCHYCKAIOMCS U NHOTOWAIOMCSL (POMOHDL, U YMO mpedyemcs Haumu.
Jlns jaHHOM 3ajadm Takas mumarpamma msobpaxena ma puc.3.30. Bumno, urto wy =(Ez-Ey)/h, E4 E 4
3

Coeem:

Wy =(E4— Ey)/h (mnuus cepun Jlaiimana).

Orcroga, mogcrasus E, = —| E1| / r12 HaXO0JIUM © E4 B _ ( ]é 12} / (12 —]éj =
W E4-Ey \1° 4 2 4 cepust
Jlaiimana

39.2.2nekTpoH B aToMe BOJOpoa mepemien ¢ 1-if Ha 5+0 O0poBCKyr0 OpOUTY, a MOTOM COBEPIIWI BTO- £ n=1
poii mepexol, UCycTHB (HOTOH C MHHMMAJIBbHOH BO3MOKHOW YacTOTOW M OKa3aBIIUCh B BO3OYKICHHOM CO- Puc.3.30
crostHud. POTOH ¢ KAKMM MMITYJIECOM Py, COOTBETCTBYIOIINM CHEKTpanbHON cepun bamsMepa, ncmyckaer 3atem
TaKO# BO30YKICHHBIN aTOM?

Pewenue. £ E ®=min .
n=
Junarpamma nepexo/i0B 3JIEKTPOHA MEXAY SHEPreTUYECKUMH YPOBHIMHU, 3aJJaHHBIX B YCJIOBHUH, MTOKa3a- Ej n=4

Ha Ha puc.3.31.MunuManbHast 4actota (OTOHA, UCITYCKAEMOr0 3JIEKTPOHOM, COOTBETCTBYET MEPEXoay ¢ 5-ro Ha
4-i1 ypOBEHb Wi = (E5 E4)/ i (MakcuMaipHas 4acToTa COOTBETCTBYeT mepexoxy 5 — 1). Ilocienumit nepe- £,

cepus
XOJ1 DIIEKTPOH coBepiaet ¢ 4-ro Ha 2-if yposeHb (cepus BanbMepa), Hcmyckas (pOTOH € HMITYJIbCOM bansmepa
Ep _E4-E,_ |E1| 1)_3E 18 £ n=1
pp=—r=——=c=— — . HNoncranss |E|=13,60B= =2,1760 "k u c= =30Fwmlc, na- Puc.3.31
c c 2 42) 16¢

XOmUM Py, :1,36D].0_27KF Oi/c.

39.3.D5eKTpoH B aTroMe Bogopoa reperei ¢ 1-if Ha 6-f0 00pOBCKYI0 OpOUTY, a IIOTOM COBEPIIUI BTOPOIl IEPEX01, UCITYC-
THB (OTOH C MAKCHMAJIbHOH BO3MOKHOW IUTMHOW BOJIHBI A;. 3aTeM JJIEKTPOH COBEPINAET TPETHUH MEPEXOJl, COOTBETCTBYIOIINN
creKTpanbHO# cepun [lamieHa, u pu 3TOM HCITyCKaeT BTOPOW (DOTOH C JJIMHOM BONHEI Ap. HaliTi pa3HOCTH AJTMH BOJH MCIYIICHHBIX
doToHOB AA=A; — Ay (B HM).

Pewenue.

3aaHHbBIC B YCIIOBUH 3a/1a4M IMEPEXO/Ibl AIEKTPOHA MOKa3aHkl Ha prc.3.32.MakcuManbHas JJIHHA BOJI- Ee E

21Ch 2TTCh 1 1
= — ——= | cooTBeTcTBYET nepexony 6 — 5, mpu KOTOPOM H3MEHEHHE dHEP-

l- m aX

HBI (POTOHA A =

Bs-B |E 62
MU MAHEMaJBHO. [Ipu mocnenteM mepexoqe 5 — 3 Ha TpeThio 60poBcKy opouty (cepus Ilamena) ucmycka- 5
arncHa
N 2rch _ 21Ch 1 1
eTcs (OTOH C IITMHOM BOJHBI Ay = ——— E-E |E | ( _ZJ . ITocne moacTaHoOBKM BETHYHH |E1| ,Cu h, HAXO- Puc.3.32
- B3 il )

M AA=\; — A, =6186HM.

39.4.TIpu nepexone ¢ N-ii 60pOBCKOI OPOUTHI Ha TPETHIO OOPOBCKYIO OPOMTY 3JIEKTPOH B aTOME BOAOPO/A MCITyCcKaeT (OTOH
C IUKIMYECKOM YacToTol m; = 1,46809- 18 ¢*. Haiitu IUKIMYECKYIO YaCTOTY ®, (DOTOHA, UCIYIIIEHHOTO JICKTPOHOM TPU MepeXo/ie
¢ N-if 00OpOBCKO OPOUTHI HA YETBEPTYIO OOPOBCKYIO OPOHTY.

Pewenue.

E E 1
Ipu mnepexogax N -3 u N -4 wucnyckaoress (GOTOHBI € YaCTOTaMH () :”T3 :% ?——2
n
_En-E _|Bl(1_1 . 2
W =—"—= COOTBETCTBEHHO. VICKJIFOUHMB U3 3TUX YPaBHEHUI HEM3BECTHYIO BeNUuuHy 1/ N, momyunm
71 h 42 n2
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Bl(1 1 4 =1
=+ = -=|=4,64510% ¢t
W2 =1 h[lG 9)

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOAMETLHOU HOO2OMOBKU.

39.5.0nexTpoH B aToMe BojopoJa nepenien ¢ 1-i Ha 6-t0 60poBcKyro OpOUTY, a 3aTeM, UCITYyCTUB (POTOH C MUHMMAJIbHOI
BO3MO’KHOW 4acTOTOM, OKa3ajcs B BO30YXIEHHOM cOCTOSHUH. POTOH ¢ KaKOH HUKIMYECKOW YacTOTOH , COOTBETCTBYIOLIEH CIEK-
TpanbHOU cepuu JlalimMaHa, UCITycKaeT 3aTeM Takoil BO30y K/I€HHBIH aToM?
Omeem: 1,982-18 ¢,

39.6.2nekTpoH B aToMe Boiopoa meperien ¢ 1-if Ha 50 00poBCKyI0 OpOUTY, a IIOTOM COBEPIIMI BTOPOIl Iepexo/, UCITyC-

TUB ()OTOH C MAKCHMAJIBLHOW BO3MOKHOM JUTMHOW BOJIHBI A3. 3aTEM 3JICKTPOH COBEPILACT TPETUH MEepeXol, UCITyCcKasl BTOPOil POTOH

C JUIMHOM BOJIHBI Ay, COOTBETCTBYIOIINH CrieKTpasibHOM cepun banbmepa. Haiitu oTHOLIEHHE /A, IUTHH BOJIH UCTIYIIEHHBIX (DOTOHOB.
Omeem: 8,333.

39.7.25ekTpoH B aToMe BoZopoJa repeel ¢ 4-if Ha 6-0 60pOBCKYIO OpOUTY, MOTJIOTUB (POTOH C AJTMHOW BOJIHBI A, @ 3aTEM
COBEPIIWII BTOPOH MEPEX0l, UCITYCTHB ()OTOH ¢ MUHUMAJIbHON BO3MOKHO# BEIIMIMHON JJTUHBI BOJTHBI A,. HaliTu oTHOIIEHNE IITUH
BOMH Ag/Ap. Omesem:. 28.

39.8.25eKTpoH B aTOMe BOAOPOIa IepexoauT ¢ 1-if Ha 3-f0 GOPOBCKYIO OpOUTY. 3aTeM OH MOXKET COBEPIINTH HOBBIH mepe-
XO0J1 Ha OPOUTY C MEHBIINM PAJMYCOM, UCITYCTUB MPHU 3TOM (OTOH WU C HANOOJIBILEH p1, UM C HAUMEHBIIEH P, BO3MOXKHOM Bel-
YUHOU UMIyJibca. HaliTh pa3HOCTh BETMYUH UMITYJIBCOB 3TUX POTOHOB Ap = p1 — po.
Omeem: 5,44-1G kr-mlc.

39.9.05ekTpoH B aToOMe BOIOpOIa meperiel ¢ 3-i Ha 5-10 00pOBCKyYI0 OpOHTY, MOTIOTHB (DOTOH C JTHHOM BOJIHBI A4, @ 3aTEM
COBEPIIMJI BTOPOU Mepexo/], HCIYCTUB (DOTOH C MAKCMMAJIbHBIM BO3MOKHBIM 3HAYE€HHEM JUIMHBI BOJIHBI Ap. HaiiTu pa3HocTs anuH
BOJIH 3TUX (POTOHOB AA=A, —A4.
Omeem: 2774uMm.

39.10.25eKkTpoH B BO30YKICHHOM aTOME BOIOPO/Ia IIEPEXOIUT C IIECTON Ha N-F0 OOPOBCKYIO OPOUTY U IPH ITOM HCITYCKAeT
¢doToH ¢ mIrHOM BosHBI A = 2629,5341Mm. Haiiti HOMep N mocieaHeit OpOUTHI.
Omeem: 4.
40. BepoATHOCTHBIN CMBICII U HOPMUPOBKA BOJIHOBOM (hYHKIIUU
B KBaHTOBO#H TEOPHH COCTOSHHE MUKPOUYACTHIIBI, COBEPILIAOLICH OTHOMEPHOE NBIKEHHUE BIOJb OCH X, OMHCHIBACTCS BOJHO-
. . .. . 2 *
Boii ¢pynknuend W (x) . E€ dusuueckuii cmpica — Besmuuna dP = |l-IJ( X)| dx=W ( )§l-l—’( )) d> OyzmeT BepOATHOCTBIO TOTO, YTO YAaCTHLIA

HaXOJAUTCS B MHTEPBAJIE OT X J10 x+dX.

2
+
IToatomy BoTHOBast PyHKITHS 00s3aHA yIOBJIETBOPSTH YCIOBHIO HOPMHUPOBKH: f_;°|W ( X)| dx=1{.

Bennuuna |dP/ dx= |LIJ( )§|2 =y ( )WJ( )) Ha3bIBAETCs ITIOTHOCTBIO BEPOATHOCTH OOHAPYKEHUS YACTHIIHL.

HpI/I JABWKCHUHW YaCTHIBI B aTOME€ pacCMaTpuBAlOT 3aJa4d, B KOTOPLIX BOJIHOBas (l)yHKIII/I}I 3aBUCHUT OT

2 r+dr
paccrosiHus ' 1o ero 1eHTpa. B stom ciydae dP = |LIJ ( r)| dV — BeposSTHOCTH OOHAPY)KEHUS YACTHIIBI B 3AIITPHU- D
N
xoBaHHOM Ha prc.3.33 06béme dV = 4rrldr ma paccrosiium OT I 10 r+dr 10 ieHTpa aToma. dr\cggpoblflﬁl}z
OYHKIMS IWIOTHOCTH BEPOSITHOCTH 00HAPYKEHHS YACTHIIBI Ha 3TOM PACCTOSHUU UMEET BH/T Puc.3.33
> - 3.
dP/dr=|w(r)]" @? =W (r)w(r)4m?|,
o +o00 2
a YCIIOBHE HOPMUPOBKY BOTHOBOU (DYHKIIMK f 0 |LI—’ (r )| 4mr%dr =1.
Ipumepul peuwtenus 3aday. U)
40.1.YacTriia HAXOAUTCSA B OJHOMEPHOW MOTCHIMAIBHOMN SIME IPSIMOYTOJIbHOW (HOPMBI C OECKOHEYHBIMH CTCH-
kaMu  mUpuHbBl  2a. COCTOSHUE MHKPOYACTHLbI OIIMChIBAETCS  BONHOBOM  (ymkumedt P =CH/ a-x, rue 5 X
-a a
C =~/6110° v 2/2, Haiitn HIUPUHY SIMBI.
Pewenue.
Coeem:

B 3a0auax na smy memy ons onpedenenust HeU36eCMHbIX KOHCIMAHM UCNOAb3VIME YCI08UE HOPMUPOBKU BOTHOBOU (YHKYUU.

Bue ssmbt W = 0. [ToacTaBisis 3aqaHHYIO B YCIOBHH BOJIHOBYIO (DYHKIIUIO B YCIIOBHE HOPMHUPOBKH E:LPZ (X) dx=1, Bbrunc-
JIIEM MHTETpAIl Czjj;(az - x2) dx= C2( az_[_aa dx- I_aa N d)<:4 @ 43=1, otkyma a° = 3/4C2 =(19 0303

u 2a=1010y=0,1nm.
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exp(-ar)

40.2.CocTosiHre MUKPOYACTHUIIBI OMUCHIBACTCS C(HePUUECKH CHMMETPUIHON BOJIHOBOM (pyHKIHEH ) = AEI— rie

a=100m"1 Uemy pasHa nocrosanas A (B M %)?

Pewenue.
B nanHO# 3amade coCTOSHUE YaCTHIIBI OTIPEICIICHO B TPEXMEPHOM MPOCTPAHCTBE, U YCIOBHE HOPMHUPOBKH BOJHOBOW (yHK-

LM YIMEET BUJI I:Wz(r)4rr dr=1= 41'A2IO e ¥ gr= 4rrA2( e 2"/(—21))‘: = 4'[A7 2. Orcrona A=.Ja/2m=3, oandm¥2,

40.3. MUKpOYaCTHIIa HAXOIUTCS B OJHOMEPHOM IOTCHIMAIBHOW SME MPSIMOYTOJIbHOW (POPMBI ¢ OSCKOHCUHBIMHU Ux)
CTeHKamH MHPHHBI a. COCTOSHIE MUKPOYACTHUIIBI OMUCHIBACTCS BOHOBOM QyHKimeir Y =C D(( a- X) . Beraucnure Beposr-

HOCTb HAXOYXJIEHHS YACTHIIbI B UHTEpBasie ¢ Koopaunatamu 0< X< /4. B3
a

Pewenue.

a a
Bnauane u3 yciioBuss HOpMHAPOBKH HAJI0 ONPEIEIIUTh HEU3BECTHYIO TIOCTOSTHHYIO C' j W? (x) dx= CZI 0 Xz( a >)2 dx1.

PackpbiBas CKOOKH M BBIYKCIISIS IPOCTBIE MHTETPAIIBI, HAXOIUM CZ( Zj’oa x2dx-2 q’ 0 X dx*J' 0 < d)< é %1 2 +%J = @ 430=1.

310 paHas 1 (i 100%)BeposATHOCTH OOHAPYKEHHS YACTHULBI B sIME, OTKY[a YacTHIA BBUICTETh HE MOXET, TaK KaK IUIOT-

. 2
HOCTb BEPOSITHOCTH €€ 0OOHApY>KEHHSI BHE SIMBI |lP BHe| =0. Orcioma C = \[30/ a.

BepOHTHOCTL 06Hapy)KeHI/I}I LIaCTI/IIII;I B SaﬂaHHOM HWHTEPBAJIC (J'IeBOﬁ YETBCPTHU HMLI) OIIPEACIIACTCS aHAJIOTMYHBIM MHTErPajIoM:

2.5
P= J' l-I—’2 dX— aZJ' ¥ dx 2 a:l. R dx J' & q-a/4 S:I: a . IToncraBus C, umeeMm P:5—3:0,1035 (10,35%).
15360 512

exp(-yr) Y yoq®act
40.4. CocrosiHMe MUKpPOYACTHUIBI ONKCHIBaeTCsl BOMHOBOW (yHkumer Y =C [—I— rre C= e y=10"m ~. Us-
Tt

BECTHO, YTO BEPOSATHOCTh OOHAPYKEHHS YaCTHUIIBI B ChepruueckoM oobeMe ¢ koopauHatamu O<r <a pasna 25%.Yemy paBHa Be-
anyrHa a (B HM)?
Pewenue.

o o a
B chepudeckn cuMMeTpudHOM 3a1ade BEpOSITHOCTh OOHAPY)KSHUS YaCTHIIBI B 3aJAaHHOW 00JacTH fo|W(r)| A1 %dr = 0,25

(o ycmoswmto). Ioxcrassist BOHHOBy}O ¢yHKIMIO ¥ 3anaHHy0 C, BEIYUCIISEM HHTETPAT.

aC2
f eV @rrdr = 4TtC2fe A dr= 4nC
0 r2 0 2y

_e2nm
2l7e T ) e =711. Orciona € 2 =3/4 u a=-In(3/4)/(2y) = 0,144nn .

exp(-ar)

40.5. CocrosiHHE YaCTHIBI OMKMCHIBACTCSA CHEPHUSCKH CHMMETPHYHON BONHOBOW (yHkimerr Y =AEG———=, rae

Jr

a -
A=—,a=5 e m L. YeMy paBHa MaKkCHMaJbHas BEJMUMHA IIOTHOCTH BeposTHocTH AP/ dr oGHapyxeHus 4acTHIbI?

Jn

Pewenue.

OyHKLHS INIOTHOCTH BEPOATHOCTH OGHAPYXKEHHs YacTHIE! nMeeT Biua dP/dr=|W r)‘2 (@1 = 4nA?r Cexp(- 2r) = 47 Oexp- ar) .
B Touke MakcuMyMma IOJDKHA OBITH paBHA HYJIO €€ MPOW3BOJIHAS: %(4&4 Cexp(- Zxr)) = 412(e—2m - 2re” ) = (, oTKyma r :%
(Ha TakoM ynaneHuH OT 1eHTpa I = 0 BEpPOATHOCTH OOHAPYKUTH YACTUILYy MAKCUMalbHA). [10JCTaBIAs 9TO 3HAYEHHE B (yHKIIHIO
dP/dr, naxomum (dP/dr)max =2a eXp(— ZD = 3,68110m L

Tpumepwl 3a0au KOHMPOTLHOU PAbOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

40.6. CocTosiHME MHKPOYACTHI[BI, COBEPIIAIOIICH OJHOMEPHOE [BH)KEHHE, OIMCHIBAETCS BOJHOBOH (yHKIHEH
0 nmpu x<0;

AJxexp(-ax) npu x=0,

ctu o6Hapysxkenus yactunpl P/ dX Makcnmansna?
Omeem: 0,25HM

rie A=20, a=200wm"2. Uemy paBHa KOOpJMHATA X TOYKH, B KOTOPOU IUIOTHOCTH BEPOSTHO-

40.7. BonHoBas (YHKIMA MHKPOYACTHIBI, 3aBUCHT OT €IMHCTBEHHOH KOOpAMHATBI X U HUMeeT BHJ
Alexp(—ax) mpu x= 0, : :

y= P~ mp raed=4-10u""2 YeMy paBHA [OCTOSIHHAS BETMUHHA ¢ (B M™)?
Alexp(+ax) mpu x<O0,

Omeem: 1,6-10' M



40.8.MuKpoyacTHila HAXOAUTCS B OAHOMEPHOM MMOTEHIHAILHOM SIME MTPSIMOYTOJIBHON (GOPMBI ¢ OECKOHEUHBIMH U)
. . 2 _. (T
CTeHKaMHU MHPHUHBI ¢. COCTOSTHAE MUKPOYACTHIIEI OTIMCHIBAETCS BOTHOBOW yHKuumeit Y =, [— [$in| — |. Uemy paBHa Bepo-
a a
a

ATHOCTH (B %) HAXOKIEHUS YACTUIIBI B HHTEPBaJE ¢ KoopauHatamu 0< X< a/4?
Omeem: 9,085%.

40.9. MukpoyacTHIia HaXOAUTCS B OJHOMEPHOHN MOTEHIUAILHON sIME MIPSIMOYroJIbHONW (OpMBI ¢ GECKOHEUHBIMU U
cTeHKamMu wmmpuHbl 2a  (cM. pucyHOK). CoCTOSHHME MHKPOYACTHIBI  OMKCBIBACTCS BOJHOBOH  (DyHKIMEH

1 3 a a

P = T [¢o >a ) Yemy paBHa BeposSTHOCTH (B %) HAXO0XKICHUS YaCTUIIBI B HHTEPBAJIE C KOOPAUHATAMU —5 < X< 3 .

a a L2
Omeem: 33,3%.

40.10.CocTosiHIEe MUKPOYACTHIIBI OIMCHIBACTCS BOTHOBOM (hyHkumed ) = C O exp(—ot r5) ,rae o =6,250108 >,

C =,/50/ 21t Yemy paBHa BeposATHOCTS (B %) 0OHapyKeHUs 4acTullbl B chepuaeckoM oObeme ¢ koopaunatamu 0<T <1, r1e

ro=2009%y? Omeem: 98,2%.

41.CrauuonapHoe ypaBHeHue lllpennnrepa

Ecnu norenunanbHas OHEPIrus EHOT MUKPOYACTHULBI HE 3aBUCUT OT BPEMCHHU, TO e€ moJyiHas OHEPrus (CyMMa KUHETHYECKOM

U [OTeHIHaIbHON SHeprun) nocrosuHa: E = E ., + E,,, = CONst. BoaHOBYIO HYHKINIO COCTOSIHHUS \y TAKOW YaCTHIBI MOXKHO HAWTH

2m
n3 cranmoHapHoro ypaBHenus Illpexunrepa: |AY (x, Y, Z) +—2( E- Em)w( Xy )= 0 (upu ABMKEHMH B TPEXMEPHOM IIPOCTPaH-
h

d2p(x) 2
CTBE) MIH % +—r:(E — Eyor)W(X) =0| (npn omHoMepHOM fBHIKeHMH). 371€Ch M — Macca YacTHIB!, /i =1,05510% ik ¢ - mo-
h
2 52 52
crosinHag [lnanka, A= — t—5 +— -oneparop Jlannaca.
ox= 0y° 0z

Ecnu 6 ycrnosuu 3a0ayu 3a0ana 801108as yHKyus — noocmasbme eé 8 cmayuonapuoe ypaguenue Llpeounzepa. Yumume,
Cogem: YMO NOMEHYUANIbHAS SHepaus onpederena ¢ moYHoCmvlo 00 koncmanmel. Eciu 3a0ano E g . = const, mo ModCHO hoaodcums

Epor =0. B omom cayuae npu viuucienuu npousgoOHOU O0JHCHA NOJIYHUMbBCS KOMOUHAYUA AlIJ(X, Y, z) = Cl]p( % ¥ ) unu

dztp(x)/ d = Chp( ¥, 20e C — nocmosmnas eenuwuna. Eciu omo coomnouienue He noiyuaemcs — uiyume owubKy 6 6bluucieHuu
npou3eooHoii. Ilocne noocmanosKku 8bI4UCIEHHOU NPOU3BOOHOI NOTYYUMe YPdHeHUe, He cooepaicaljee NPOU3BOOHDIX .

2mE _
w2

CljJ+2—2nEljJ=0quuC+ 0.
h

TIpumepor pewtenus 3a0ai:
41.1. JlBe MHUKpOYACTHIBI HAXOAATCA B 00JACTM C KOOpAMHATaMH X,y=0. BoiHOBas (yHKIHSA TEPBOHW YaCTHILI
Y = Alsin(otx) exp(—B y) a COCTOSIHHE BTOPO#t YacTuLb! onuckiBaeTcst hyHkuueit Yo = Ay exp(—yx) Cos(éy) , Tae Ay, A» — IOCTOSIH-

Hble HopmupoBounsie Muoxkuteny; o = 5-13° m™, p = 4-16° v, y = 2.16° M, § = 3-16° M™%, Macca nepBoit wacTHIB B TIONTOpA
pasa GoJibIle Macchl BTOPOH YacTHIbl. Bo CKOJIBKO pa3 KWHETHYECKast SHEPTHsl IIEPBOM YaCTUIIbI OOJIbIIIe KWHETUYECKOH 3HEPTHUH BTOPOI
YaCTULIBI?

Pewenue.

24 247By
Brauane BbrunciiuM npousBognsie. Ay = aqul/axz +0 Zij/OyZ = ALOLZO(X P+ Asina XdLZ =
ox ay
= Ai(—az + (—B)Z)Sinax[b_ﬁy = (—0(2 +BZ) Qp,. MU, amanoruyno, Ay, = (y2 —62) ap,.
IMoxcraBisieM 9TOT pe3ynbTaT B cTaunoHapHOe ypaBHeHue LlIpenunrepa mis nepsoid yactuusl, rae E—E , = E -

2m
+—LE

KHAH

Ay,

2
1¥1 =0, u cokpamaem Ha g : —?Emﬂl =a?-p2.
=(p2-a?)m, h

Jns BTOpO# YaCTHIBI aHATOTUYHO HOMyduM 2MbE, .- / h? =8° —yz. Tak Kak 1o ycnoBuio My/mp =3/2, T0 B3sIB OTHO-

Eant My 0% B% _y
Eaw2 M 62_V2

41.2.CocTosiHMEe TepBOH YaCTHIBI OIMCHIBAETCSA BOJIHOBOI (yHKuMEeH g = A&[Sin(a X) + exp(—iO( X)] , @ BOJIHOBasi (hyHK-

IICHUE JICBBIX U IMPaBbIX yacreit IMOJTYYCHHBIX paBCHCTB, HAXOAUM
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M BTOpOif wacTuiel Yy = Ay [COS(BX) + exp( iBX)] , Te x —KoopauHaTta, Ay, Ap — MOCTOSHHBIE HOPMHPOBOYHBIE MHOKHTEIH,
i —MHHEMas equHUNA; o = 4- 14° M'l, B=-3 16° MY, Maccn wacTun OJIMHAKOBEHI, a YHEPTHsI TIepBOH YacTHIbl paBHa £1 = 43B. Uemy

paBHa dHeprusi BTOpoit YyacTuupl (B 9B) (HOTEHUHANBEHYIO YHEPTUIO MUKPOYACTHUII IPHHSTH PABHOM HYI0)?
Pewenue.
. d?y, d?sinax . d?e'™
B onnomepHoil 3amaue =A +
dx dx

dx?

BTOpO (QyHKIMN dquz / dx® = —Bz (P, . C ygeTom 3TUX Mpou3BOJAHBIX ypaBHeHu IlIpeuHrepa NpuBOATCS K BUILY

d’y; _ o 2m d?y, _ 2 2m
— T =—q EIJ :—7E|]p, :—B |]IJ =——E EIJ .
dX2 1 hz 1-¥1 dX2 2 hz 2 2

= AL[—O(zsinax+(—icx)2 e_'ax] = -2, Tak xax i2=-1. lnx

Coxkpamast ) 1 B34B OTHOIIECHHS IIPaBbIX U JIEBBIX YacTel, Haxomqum E, = E [[Bz / a= 2,2553B .

41 .3.IlepBoHaYaIBHO COCTOSHIE CBOOOHON YaCTHIIBI ¢ Maccoit m= =5- 10* kr omnmchIBanOCH BOIHOBON GbyHKIHIEH
W1 = Aq- Sin@x)- exp(-Py). 3atem ona ucmycTiia GOTOH M Mepeluia B HOBOE COCTOSHUE, C BOJTHOBOH (yHKIHEH
V2 = Ay Sin@X)- exp(By), re x, y — koopauHats (x, y > 0), | — MHAMas exunnLa, A1, A~ nocTosiHHbIe MEOKHTENH, o0 = 416 M™%,
B ==2.10°w". Cumras mocrosnyto [lnanka pasroii i = 10°* [Ix-c, HaifTi BelM4uHy SHEPTUN E4 ucnymeHHoro ¢oroHa (8 3B).
Pewenue.
ox? ay2

(-a?-p?) .

Bprunciaum npousBoHbIe, KaK 3TO OBLIO CAENTaHO B MPEIbIIyLIINX 3a1a4ax: Ay =

Ay, = (—0(2 + Bz) Op, . [Moncrasnss ux B ypasHenue llpenunrepa, Haxonum iz_gn E M, =-AY, = (a2 + Bz) ap,4,

2m .
- E, W, =-AY, = (a2 - BZ) QP , (moTeHnuaNbHAS SHEPIHs CBOOOIHOI YaCTHIIEI paBHA HYJIIO).
h

2
n _
W3 nepBoro ypaBHeHHs Haxoaum E; = 2—( 2 +B2) =200 18I[>K =12,55B. OtHolIeHHe JIEBBIX U MPaBBIX YacTeH MOIIy-
m

o E, _oa’-p2
YEHHBIX YpaBHEHHil jaeT —2 = o B . loacrasus 3uauenus o u B, Haxoqum  E, = 3E;/5. [ocne usnydenns GpoToHa sHEPrus vac-

E]_ 02+B2

THUBI yMeHbIMIack: Ey = By — By, oTkyza sHeprus ucnymensoro ¢porona By =2F /5=55B.

41.4. BHavaje COCTOSHHE MHKPOYACTHIBI ONKCHIBAIOCH BOJHOBON (QyHKIMER y; = Aq- SiNQEX)- eXp(Py). 3areM, ucmyctus
doToH ¢ muKITHYecKoii yacTotoif = 4-10% ¢*, oHa mepexomHT B HOBOE COCTOSIHME, ONPE/IEISEMOE BOTHOBON (YHKIIHEH
Y2 = Ay exp(-ax)- cosfy), rae x, y —koopaunatel (x, y > 0), Ay, A, — OCTOSHHBIE HOPMHPOBOUHBIE MEOXKHTENH, 0. = =4- 10 M,
B = 3-10° M. Cunras HOTEHIHMAIBHYIO YHEPIHIO YACTHIIBI IOCTOSHHOM M IPHHMMAs MOCTOAHHYIO [lnanka pasnoii i = 10° IIx-c,
HaWTH Maccy MUKPOYacTHIHI (B KI).

Pewenue.

BerurciuM npousBoaHbie A U TOACTaBUM UX B ypaBHeHus LlpenuHrepa, OMUCHIBAIOLINE YACTHIY B HAYaJIbHOM M KOHEY-

HOM cOCTOsIHUM. C yueToM TOTro, YTO SHEPrHs YAaCTHULBl YMEHBIIAETCA Ha BEIMYMHY SHEPIUM UciylieHHoro gorona, E, = B —Aw, a

€€ TIOCTOSHHYIO MOTEHIHAIBHYIO SHEPTHIO MOXKHO CUMTATh paBHOH Hymo, E, . =0, momydaem cucremy
(42 _p2 _2m _[(p2 _q2 _2m _ _
AllJl = (a _[3 ) Epl—? E1|]|J1, AlIJZ = (B —-a ) |]|J2 —?(El_hw) |]|J 2, OTKyJa CIeayeT El -hw= _El I hw= 2E1 .
IoxcTaBinss croma BBIpaXEGHUE Ui MEPBOHAYATIBHON YHEPTUU YACTHUIBI, KOTOPYIO MOXXHO HAWTH M3 MEPBOTO YpaBHEHWS,
E = hz(az —BZ)/Zm, HOTydHM M= h(0(2 —BZ)/m:1,75EwZSKr .
Tpumepwl 3a0au KOHMPOTLHOU PAbOMbL OIsL CAMOCTHOSMENLHOL NOO2OTHOBKLL.

41.5.CocrosiHuie TepBOil MHKPOUYACTHIIBI OMUCHIBAETCS BOJTHOBOHM (yHKIMeH i = A;- COSEX)- COSPY), a cocTosiHIE BTOPOU
MHUKPOYACTHIIbI, KOTOPAsi HAXOAUTCS B o0acTh x,y,Z> 0, T/e X, ¥, Z— KOOpAWHATHI, ONpeessieTcs] BOMTHOBON (QyHKIMeEH
V2 = Ay COSOX)- eXp(-8y—y2), rae A1, A, — mocTosiHEbIE HOpMEpoBounble MuokuTend; o = 4-10%m™, p=2-10°m?, y = =3-13° M,
5 = 10w, UzBectHoO, utTO IIPY 3TOM PHEPTHs NePBON YaCTHUIIbI paBHA IHEPTUU BTOPOM yacTuilbl. Bo ckosbko pa3 macca nepBoit yac-
THIIBI GOJIBIIIE MACCHI BTOPOM 4acTHIB! (MOTEHINATBHYIO SHEPTHIO MUKPOYACTHI] CUUTATh PABHON HYITI0)?
Omeem: B 3,33pas.

41.6.TlepBOoHAYATIBHO COCTOSTHHE MUKPOUYACTHITHI OTMCHIBAIIOCH BOTHOBOM (QyHKIMHEH 1 = A1- Sin@X)- SinBy)- cos{z),
e X, y, Z—koopauHatel (x, y, 2> 0),a = 4-16° M, p = 2:10°m%, v = 3-16° M™%, B a10M cocTostHIE SHeprist YacTHIb! ObIIA paBHA
E; = 5,85B. 3arem vactuia u3menmna cocrosiuue. E€ HoBast BoHOBast QyHKIUS iy = Ao SiN@X)- Sin@y)- exp(+2) (41, A, — nocTosH-
HBIE HOPMUPOBOYHBEIE MHOKUTENH). Ha kakyro Benmnuuny AE (B 3B) yMeHbIIMIACH SHEPTUS YACTHIBI TIPH TIEPEXOJIE B HOBOE COCTOS-
Hue (MOTEHIMANBHYIO SHEPTUIO PHUHATH PABHON HYITI0)?
Omeem: 3,63B.

41.7.TlepBoHAYAIbHO COCTOSIHIE MUKPOYACTHIIBI OIIMCHIBATIOCH BOIHOBON (yHKIHEH W1 = A1 SiN(@X), a 3aTeM OHA UCMTYCTH-
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1a $otoH ¢ sHeprueii £, =0,255B n nepemnuia B HOBOe COCTOSHUE, KOTOPOE OIIMCHIBACTCS BOJTHOBOU (yHKIHUEHT
Y2 = Ay sin@x)-exp(2), rae x, 2> 0 —koopauHatel, A3, A, — nocrosunse Maoxutem, o = 2-16° M, p = 10° m™. [punumas mo-
crosuuyio [lnanka pauoit /i = 10%* [[k-c u cumTas MOTEHIHANBHYIO SHEPIHI0 MUKPOYACTHIIE! IOCTOSHHOM, HANTH e Maccy.
Omeem: 1,25-1F° kr.

41.8.BHavaie COCTOSHUE MUKPOYACTHUIIBI C MACCOH M= 4- 10” kr OmKCHIBATIOCH BOIHOBON GbyHKIHEH
V1 = A1 Sin@x)- exp($Yy), a 3arem ona nornoruia GoToH ¢ sHepruei £, =53B 1 nepennia B HOBOe COCTOSHHE, KOTOPOE OIUCHIBAETCS
BOJIHOBOU (hyHKImEH , = A, SiN@X), rae x, Y —koopauHatsl (x, Y > 0), A1, A» —MOCTOSIHHBIE HOPMUPOBOYHBIC MHOXKHTEITH,
o=6-16°v" [IpunumMast nocrossHHyIO [Tnanka paBHOMU /i = 10% JIx-c u cumras MOTEHIUATIFHYIO SHEPTUI0O MUKPOYACTHUIIBI PaBHOM
HYJIIO, HAJTH BEIMIHHY OCTOSHHOM B (B M™). Omeem: 8-16°m™.

41.9.TlepBOHAYATBHO COCTOSIHUE MUKPOYACTHI[BI OTHCHIBAIIOCH BOJHOBOU (hyHKIHeH y = 4-Sin@Xx)- cosfy)-exp(+2), a 3a-
TeM OHa Mepellia B COCTOSHIE ¢ BOJHOBOU (yHkimeit y'= A" sin(a’X)- cosfy)- exp(+2), rae x, Y, Z— koopaunatsl (x, y, 2> 0), 4, A’
— HOCTOSIHHEIE HOpMEPOBouHbIe MHOXHTEem, o = 5-10° M™%, B = 4-13° m™, v = 3-10° m™. Benuuuma sHeprun 4acTHIBI IPH TAKOM
nepexoe yBeauumiack B 4 pa3a. Bo ckoibko pa3 HOBasi MOCTOSIHHAS 0 OOJIbIIE MOCTOSIHHOM 0 (IOTEHIHATBHYIO SHEPTHIO MHKPO-
YACTHUIIBI IPHHSATH PABHON HYJII0)? Omeem: B 2,2pa3.

41.10.Cravaia coCTOSHIE MHKPOYACTHIBI ¢ Maccoii M= 4-10? kr omuchiBamOCh BOTHOBOI (yHKIHEHT
1 = A;-Sin(@X)- Siny)- exp(+y2), a 3arem oHa morI0THIA GOTOH U MEpellia B HOBOE COCTOSHHE, OTPEIENIIeMOe BOIHOBOM (DyHKIHCH
Vo = Ao Sin@x)- sinBy)- exp(+y2), rae x, Y, Z—xkoopauHatel (x, y, 2> 0),i —MHUMas eqununa, 4, A — IOCTOSHHBIE HOPMHPOBOYHBIE
muoxutend, o = 4-10° v, p = 2:16°m?, v = 3-13° m™. IMpunnmas nocrosanyio [nanka passoii # = 10°* [x-c u cuuTast moTeH-
[UATBHYIO SHEPTUI0 MUKPOYACTHIEI TOCTOSIHHOM, HANTH BEMYMHY IIUKJINYECKOW YACTOTHI ® MOTJIOMEHHOrO (POTOHA.
Omeem: 2,25-18° ¢,

41.11.CocrosiHue MepBOi MUKPOYACTHIIBI OMUCHIBAETCS BOJHOBOH (pyHKIHMEH W1 = A;- SIN@X)- eXp(PYy), a cocTosiHue Bropoit
MHKPOYACTHIBI ONPEICIISIETCS BOTHOBON QyHKLHEH o = Ao+ SiNEX)- eXp(+Py), rae x, Y — koopauHatel (x, y > 0),i — MHHMas eAUHU-
ua, Ay, A, — nocrostuEle HOpMEpoBounbie MHOXHTemH, o = 9-13° M. M3BecTHO, uTO mpH 5TOM 3HEprHs BTOPOIl yacTHIb! B N = 13
pa3 0oJibllie SHEPTUH MEePBOil YacTHIBI, & Macca IepBoil yacTuibl B K =5 pa3 Gonbuie Macchl BTOpoi dacTuibl. CuuTasi MOTCHIHANb-
HYIO HEPTHIO MHKPOYACTHIIGI PABHOI HYJIIO, HANTH BETHYHHY MOCTOSHHOM B (B M™).
Omeem: 6-13°m™.

41.12.Buavane MUKpOYacTHUIla C Maccoit m= 8- 10* kr HaxoAMIACH B COCTOSIHHM C BONHOBO ¢GyHKIHCH
W1 = Ay Sin@x)- exp(-fy), a 3aTtem mepenuia B COCTOSHUE € BOIHOBOH GyHKIHEH o = A,- SINPY)- eXp(-eX), rae x, Y — KoOpAHHATHI
(x,y>0), Ay, A, — nocTosiHHbIC HOpMUPOBOUHBIe MHOXKHTEH, o = 4-13° M, B = 5-16° M. [Tpunnmas nocrosaayto [nanka paBHOIL
7 = 10% JI-c, Haiity, Ha Kakyro BelmuuHy AE (B 5B) yBenuumiack npu TaKOM MEPEX0ie KUHETHYECKAsE SHEPI s YACTUIBI.
Omeem: 7,033B.

42.MuxkpoyacTuia B 0JHOMEPHOH MOTEHLIUAIBHON siMe
Bnagane paccMOoTpuM OJHOMEPHBIH KBAHTOBBIM TApMOHUYECKHH OCIMIIIATOP. DTO MHUKPOYACTHIIA ¢ MAaccod M | ¢ Io-

TEHUHUAIBHON dHEPruen = ké 2, criocoOHasl COBEpIIATh KOJeOaHHUs C YaCTOTOM W BIOJb OCH X, Ha3bl- gy 09900 N X
oT
LW o

BAETCsI OJIHOMEPHBIM KBAHTOBBIM OCIIIUIATOPOM (TPUMEp — OTIAEIbHBIN HOH B KPUCTAIIMIECKOH peIeTKe).
CornacHo craunoHapHoMy ypaBHeHuio IllpenuHrepa, Takas KBaHTOBas CHCTEMa MOXET MUMETh TOJILKO OTAEJbHBIE paspe-

IICHHbIC 3HAYCHNA SHCPIrUn En = h(x)( n+%) , TAC n:0,1,2,3,. ... -TJ1aBHO€ KBaHTOBOE 4Kcii0. COCTOSIHUE ¢ HAaMMEHBIIEH BO3MOXK-

HOMW sHeprueil E,._n =762 Ha3pIBacTCs OCHOBHBIM COCTOSIHHEM ocuuuisTopa. Crenyro-
n=0

Enor=kx¥2

=4 ~4-e B03OYy®ICHHOE

[n= cocTosHue

‘=3 - 3-¢ BO30Y:KAEHHOE

[ COCTOsIHYE

n=2 = 2-e Bo30YXACHHOE
COCTOSHHME

=1 = 1-e BO30YKaEHHOE

f1=0 COCTOSIHME

Z1=0 ~ ocHOBHOE COCTOSHIE

riomaercs GoToH ¢ 3Hepruei |Eq) = hoy, =|En - En| = hooo| n'- rH UM C JJIMHON BOJIHBI =5 X

IIII/Iﬁ 3HepFeTI/I‘-IeCKI/Iﬁ YPOBCHL C 3Hepl"Heﬁ En:l COOTBETCTBYCT LICPBOMY BO36V)K}.'[CHHOI\ﬂ

COCTOSHMIO OCHUJUIATOPA, YPOBEHb C dHeprueil E,-, — BTopoMy BO30y»KIEHHOMY COCTOs-

Huio u T.4. (puc.3.34).
Ipu mepexome ¢ N'-ro ypoBHSA Ha YPOBEHb C HOMEPOM N HCIYCKACTCs MK I1O-

Puc.3.34

)\(b = 2T[C/ Wy = 2T[(# (:oo|n'— d , e Wy =+/k/M— muknuueckas 4acTota OCUMILIATOPA.

Ipumepwvl pewsenus 3aday.

42.1.Tlepexoas U3 OCHOBHOTO B IIATOE BO30YXJICHHOE COCTOSIHUE, TIEPBBIA OJHOMEPHBIN KBAHTOBBIA TapMOHUYECKHU OC-
LUIIATOP AOJKEH NOTIOTUTh GOTOH ¢ 9Heprueit Ey. Ilornomias 3ToT e HOTOH, BTOPOH OJJHOMEPHBIH KBaHTOBBIH rapMOHHUYECKHI
OCLIMJUISATOP, HAXOAWBIIMKCS B IEPBOM BO30YKJICHHOM COCTOSIHUU M MMEBIIHH B 3TOM COCTOsSIHUM Hepruto E = 2,53B, nepexonut B
4eTBEPTOE BO30YXKIECHHOE COCTOsIHUE. YeMy paBHA COOCTBEHHAS IUKIMYECKAst YACTOTa (g1 IEPBOTO OCHUAILIATOPA?
Pewenue.
Hzo06pasume nepexodvl ocyuniamopos a ouazpamme IHepeemuyecKux ypoereil, anaiocuyrou puc.3.34.9mo nozsonrum ayuuie
Cosem: TOHAMb, KAK UCNYCKAIOMCS U NOTOWAIOMCSL (hOMOHL.
Taxkas muarpaMma mokasasa Ha puc.3.35,B COOTBETCTBHH C KOTOPBIM

Ep = hwop (5= 0) = 71dgp( 4= 1), 1 Wop = 3wyy/5, T Woy, Wy ~ YACTOTEI IEPBOTO H BTOPOro OCLUILIATOPOB. ITo
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YCIIOBHIO JUISI BTOPOTO OCHIIIIATOPA E=hoo(n+1/2) 4E=hog(n+1/2)

— 19 2E 2E 5 n=5 n=4
E = Aoy, (1+1/2) = 2,55B =400 [l , otkyna wyp = =5, M=ol 52018° ¢ oy
- n=3
N N . . n=3
42.2.TlepBblii OJJHOMEPHBIN KBAHTOBBIH TAPMOHHYCCKHN OCHMIUIATOP MEPEXOJHUT U3 OC- n=o neo
HOBHOT'O B TPEThE BO30YKJEHHOE COCTOsIHME, Noromas GoToH ¢ Heprueil Ey;, a BTopoil oaHo- n=1
MEpHBII KBAHTOBEIH rapMOHHYECKHH OCIHILIATOP MEPEXONUT U3 OCHOBHOTO B UETBEPTOE BO3OYXK- Lo n=0  Ey n=1(£)
% = TEePBHI BTOPOi1
IICHHOE COCTOsIHME, moriomas GoToH ¢ 3Hepruelt Ey, = Ey+AE. UeMy paBHa BenmuuHa AE (B Ocumfnﬂop oCTMnAATOP
5B), ecnyu M3BECTHO, YTO SHEPTHsS TEPBOTO OCIWILIATOPA B TPETHEM BO30YXKIEHHOM COCTOSHHH Puc.3.35
paBHa 3HEPTHU BTOPOTO OCHMILISATOpPA B HEPBOM BO30YXKICHHOM COCTOSHHH, & SHEPIUs BTOPOIO
OCIMIUIATOPA B OCHOBHOM COCTOSTHHHM paBHa E'g =2,15B?
Pewenue.
IMepexoas! OCHUILIATOPOB C LMUKIMYCCKUMH YacTOTAMU )y U ()p MOKa3aHBl Ha E ;
o E4=%h0,
puc.3.36,r1e TakKe yKa3aHbl SHEPTHH PA3PEIICHHBIX COCTOSHUIM OCIMIIITOPOB. BumHO, 9410 E ‘t /2
Ep1 =301, Epp = Epg + AE= 4wy, Otciona AE = 476y, ~ 31w . E3=Tho/2 E3=Thow/2
H Ey = 7hwyy/2= E 'L = 3wy 2 hedoy = 310y 7 Ey-shaa/2 Lsho/>
0 110 YCIIOBUIO U3BECTHO, uT0 Ez = 7Thwy1/2= E'1 = 31w y/ 2, oTKyna hityg = 3w,/ 7 . E=3h00,/2 El<3fi/
Kpowme Toro nsBectHo, uto E'g = h(*)oz/ 2=2,13B. Ep Eg=Fiwor /2 Ep El-fow/>
9 38 _, TepBbIi BTOpOii
IMostomy AE = (4—— hwgy =—E'g=11,45B OCLULLATOP OCLHIIATOP
U 7 Puc.3.3€
kkkkkkkkkkkkhkhkkkhkkkkkkkkkkkkkhkkhhhhhhhhhkhkkkkkxkx kkkkkkkkkkk
Bropoil cnydait — yacTuna B NpsIMOYTOJbHOI OJHOMEpPHON MOTEHIMAIbHOM E
sAMe ¢ GECKOHEYHBIMH CTEHKaMHU IMpHHBI @ (puc.3.37),9acThIia ¢ Maccoii M UMeeT Hy- [ nr,IOT =5 — e sostyacios
JIEBYI0 NOTEHIMAIBHYI0 BSHEpPrHio. BonHoBas (YHKIHMS €& COCTOSHUS IOJYMHSETCS cocToAHue
2 -3-
cTanroHapHoMy ypaBHeHuto [llpeannrepa v ( X) + kzljJ ( X) =0, rae b ‘/%\ T O e
P yyp p P ’ E; n=3=2-¢ BO36y>K}.'[€HHO€
X ho=En-E, . s TOSIHHE
. E n=2 = 1-e BO3OY:KAeHHO
k?=2" E const. DTo ypaBHEHHE MMEET peLICHUe ljJ(X) = Asm( kX+c1) , UTO JIeT- Ez n n=1 COCTOSIHAIE
K2 1 ~~OCHOBHOE COCTOSTHHE
. . 0 a X
KO [TPOBEPHTH MOJCTAHOBKOM TOH (HYHKIHH. Puc.3.37

BoutereTs U3 AMBI ¢ OECKOHEYHBIMH CTEHKaMH 4YacTHIA HE MOXeT. Bepost-
HOCTH €€ 0OHapy>XEeHHUsI WM BOJHOBas (YHKIMS Ha IPaHUIAX PaBHBI HYJIO:! ljJ|X_0 =0, orkyaa sind =0 u o =0 Ha npasoii rpa-

| Pnn?
HHIIE YCIIOBHE lJJ|X:a =0 maer sinka= 0, otkyna ka= \/2mlﬂh =mnu |E, =2—2 = E1n2 ,rme N=1,2,3,.. - paspenteHHse
ma

3Ha4YeHUs HYHeprun yacTunpl. CocTossHHE ¢ HaMMEHbIeH »Heprueil £; OyAeT OCHOBHBIM COCTOSHHEM YacTHIEL. [lpyrue coCTOSHUS

OynyT Bo30yxaeHnbiMu (puc.3.37).
[pu nmepexone 4acTUIBI U3 COCTOSIHUS C KBAHTOBBIM YHCIOM N' B COCTOSHHE C KBAaHTOBBIM YHCIOM N YacTHLA HU3ITydaeT

nzh n2- r?‘ (prc.3.37).

HIIA Toromaet Goton ¢ sueprueit |Ey, = oy, = | Ey - En|

3ameuanue: 6 omnuyue om K6AHMOBO20 OCYULISIMOPA (puc.3.34),K6aHm060My yucay N u snepeuu E, wacmuyvl 6 o0Homep-
HOU nomenyuanvhou ame coomgemcemeayem (N-1)4i o36yscoennviii yposens (puc.3.37).Credume 3a smum coomeéemcmeuem npu pe-
wienuy 3a0ay!

Ipumepul peuwtenus 3aday.

42.3.]IBe pa3Hble MUKPOYACTHIbI HAXOSITCS B IBYX Pa3HbIX OJHOMEPHBIX MPSMOYTOJIbHBIX SMaX ¢ OECKOHEUHBIMH CTEHKA-
mu. [lepBas gactuia umeeT suepruio £ = 815B 1 HaxoAWTCsA BO BTOPOM BO30YKICHHOM COCTOSIHUHU. UTOOBI IEpEiTH B TPEThE BO3-
Oy’XIeHHOE COCTOSIHHE, OHA JI0JDKHA MOTJIOTUTH (OTOH. Ecin TOT ke (hOTOH MOTIOTHT BTOpAsi YacTHIIA BO BTOPOHU sIMe, TO OHA Mepeii-
JIET U3 MIEPBOTO B YETBEPTOE BO30OYXKACHHOE COCTOsIHUE ¢ dHeprueit E'. Yemy paBHa suepruss E'?

Pewenue.
Ilepexopl, yka3aHHBIC B YCIOBHH, H300pakeHbl Ha puc.3.38.OHepruu (poTOHOB, NOTTIONMCHHBIX 00CHMHU YaCTHLIAMH, OJIU-

2
HakoBel: By = B4~ B3 = il ( 32) -E' =T[2—h2(52 - 22) . Orcrona £ B -
m & 2my 8 4 nes g
2 2 2 272 n=4
S -1 DT[ . Ho no ycnosuio E = B =T[2h—3 , 4 HAWTH HAZlO EW i Es=E n=3-
2y 3 2m4 2my &f S S —"
E
22 2 1 0 day X
E'=Ey T[2h 5°_25 %h 25EE 7558 . negsaﬂ qgénfua BTOpas 4acTUIIA
2my 3 2mg 3 Puc.3.38
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42.4.]IBe MEKPOYACTHUIIBI C MacCaMH My U M, HAXOIATCS B IBYX Pa3HBIX OJHOMEPHBIX MPSIMOYTOJBHBIX sIMaX ¢ OECKOHEY-
HBIMHU CTeHKaMu. UTOOBI IepBast YacTUIa ¢ MAaCCOM My Iepeluia U3 OCHOBHOTO BO BTOPOE BO30YKICHHOE COCTOSIHHE, OHA JTOJDKHA T0-
II0THTh (OTOH ¢ dHeprueit Ey;. Bropas dacTuiia My nepeieTns 0CHOBHOTO B TPEThE BO30YXKIEHHOE COCTOSIHUE, OTJIOTHB (OTOH C
sneprueil Ey, = Eg+AE. Uemy paBHa BenuuuHa AE (B 9B), ecinu Bropas yacTHIa B II€pBOM BO30Y)KICHHOM COCTOSHHM U HEpBas
4acTUIa BO BTOPOM BO30YKICHHOM COCTOSHHHM UMCIOT OJIMHAKOBYIO 3Hepruro £ = 0,723B7?

Pewenue.

B cOOTBETCTBUM C pACIOIOXKEHHEM BO30YXIEHHBIX ypoBHeEH (puc.3.37), u3o0pasum jaua-

rpaMMy Hepexo/10B YacTHIl B TaHHOU 3a1a4e Ha puc.3.38. nepsas uacTHLA £ E,
BerunTaem sHeprun GOTOHOB, IOTJIOIICHHBIX IIPH 3THX HEepexonax E E}

2 22 2 Es=E E<E
E¢)1:E3_E1=T[2_hz(32_12):ﬂn Ep2 = Epp +AE= Ey- E'1=T[2_h2(42_12)= £, E(WmQE{

2my af m & 2my & N I

_ 151252 o 12H232 o 1% 222 Sl sropas sacruua

=———, ¥ UCIIOJIb3yEeM 3a/IaHHBIE B YCJIOBUM cOOTHOIIEeHns E = E5 = —— =Ey=——. 1y

2”\23% Zn'!Lal 2”?&2 Puc.3.38

2 2, 2
Honyumy AE = 2902 _8TH2 15, 8. 103, oo b
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Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

42.5.Ucnyctu HOTOH ¢ inHON BOJIHBI A = 120HM, OHOMEPHBII KBAHTOBBIN TAPMOHMYCSCKUH OCIIMIUTATOP MEPEIIeT U3 IIs-
TOTO BO30Y)KIEHHOTO B OCHOBHOE COCTOsIHHE. UeMy paBHa SHEprHs TaKOTo OCIHHIIATOpPa (B 5B) B TpeTheM BO30YKICHHOM COCTOSI-
HUU? Omeem: 7,2433B.

42.6.OHeprust OCHOBHOTO COCTOSHHSI IIEPBOTO OJHOMEPHOTO KBAHTOBOTO TapMOHHYECKOTO OCHIILIATOpa paBHa Eg = 1,53B.
UToOBI TepelTH U3 OCHOBHOTO B YETBEPTOE BO3OYKIEHHOE COCTOSHUE, OH MOJDKEH MOTIOTUTh (poToH. Ecnm 3T0T e GoToH mormotut
BTOPOH OJHOMEPHBIH KBAHTOBBIH rapMOHWYECKUI OCIMILIATOP, TO OH MEPEHIET M3 OCHOBHOTO B TPEThe BO30YKIEHHOE COCTOSHUE.
Yemy paBHa 3HEPTHSI BTOPOTO OCIIMILIATOPA BO BTOPOM BO30YXICHHOM COCTOSTHHH (B 5B)?
Omeem: 1053B.

42.7.13BeCTHO, YTO MEPBBIA OJHOMEPHBINA KBAHTOBBIM rapMOHHYECKHN OCHUJUIATOP MEPEXOJUT U3 OCHOBHOTO B TPETHE BO3-
Oy XXJI€HHOE COCTOSIHUE, TOTJIOoNIas (JOTOH C JUTMHON BOJIHBI A, & BTOPOI OJHOMEPHBIH KBAaHTOBBI TAPMOHUYIECKUH OCIUILIATOP Tie-
PEXOIUT U3 OCHOBHOTO BO BTOPOE BO30YKICHHOE COCTOSIHHUE, MOTJolas GOTOH ¢ ATMHOI BOJMHBI Ap = =Ay/2. UeMy paBHa cOOCTBEH-
Hasl IMKJIMYECKasl 4acToTa IEepPBOr0 OCHWIIIATOPA, €CIIM SHEPIusl BTOPOro OCLIILIATOPA, HAXOMASIIErocs BO BTOPOM BO30YXJICHHOM
cocrosHuu pasHa E'y =43B?

Omeem: 8,096-18 ¢,

42.8.113BeCTHO, YTO MEPBBIA OJHOMEPHBIA KBAHTOBBIM rapMOHHYECKHN OCHUJUIATOP MEPEXOJUT U3 OCHOBHOTO B TPETHE BO3-
Oy)KICHHOE COCTOSHHUE, IOTJIoMIast POTOH C ITMHOM BOJIHBI Ay = 560HM, a BTOPOH OJHOMEPHBIH KBAHTOBBIA TrapMOHUYCCKHNA OCIIHII-
JIATOP MEPEXONUT U3 OCHOBHOTO B YETBEPTOE BO30YXKICHHOE COCTOSTHUE, TIOTIIONMAast POTOH C JITUHOW BOJHBI A, = AM+AA. Uemy paBHa
BenmmuuHa AL (B HM), €CJIH M3BECTHO, YTO HEPTHS TIEPBOTO OCHUIIIATOPA B TPETHEM BO30YKICHHOM COCTOSHHH B TPH pa3a GoJIbIie
SHEPrHH BTOPOTO OCLUJUISTOPA B YETBEPTOM BO30Y)KACHHOM COCTOSHUN ?
Omeem: 1060uM.

42.9.Tlornotue ¢oToH ¢ AmuHOW BoNHEL A = 180HM, MUKpoUYacTUIa, HAXOISAINASACS B OJHOMEPHOU MPSIMOYTOJIbHOMN MOTEH-
[UATLHOU siMe ¢ OECKOHEYHBIMH CTCHKaMH, NIepelllia U3 BTOPOTO BO30YKISHHOIO B YETBEPTOE BO30YKAEHHOE cocTosiHue. Uemy pas-
Ha SHEPTHsI MUKpOYaCTHIIbI (B 5B) B OCHOBHOM COCTOSHUN?
Omeem: 0,4313B.

42.10.Ucnyctus GoToH ¢ UMITYIbcoM p = 6,4-10F kr-M/c, MEKPOYACTHIIA, HAXOMAMIAACS B OJHOMEDPHOH MPSMOYTOIBHOM
MOTEHLMAJIBHON sIME ¢ OECKOHEYHBIMHM CTEHKaMH, Iepeluia U3 4eTBEPTOro BO30YKIEHHOI'O BO BTOPOE BO30Y)KAEHHOE COCTOSHHE.
Yemy crana paBHO# 3Heprust MUKpodacTHLsI (B 3B)?
Omeem: 6,753B.

42.11.TlepBas MEKpoyacTuIa uMeeT Maccy My = 210%° kr 1 HAXOAUTCS B OJHOMEPHOI IPSAMOYTOIBHON HOTEHIHATLHOMN
siMe ¢ OECKOHEUHBIMH CTeHKaMH HPUHBI d; = 0,3HM. UTOOBI nepeiiTn 13 OCHOBHOTO B TPEThE BO30YKIEHHOE COCTOSIHUE, OHA JIOJDK-
Ha mornotutk hoToH. Eciu 9T0T %e GOTOH MOrIOTHT BTOpasi MHKpOYACTHIA ¢ Maccoii M, = 5102 kr, Haxosmmascs Bo BTOPOi oJ1-
HOMEPHOH NPSMOYTOJIbHON MOTEHIUAIBHON sIME ¢ OECKOHEUHBIMH CTEHKAMH, TO OHA MEPEHIeT U3 OCHOBHOI'O B YETBEPTOE BO30YX-
JIeHHOe cocTosiHue. HaliTu mmpuny @, BTOPOM MOTEHUHUATBLHOMN SIMBI.
Omeem: 0,248M.

42.12.]IBe pa3Hble MHUKPOYACTHIBI HAXOASATCS B OJHOW MPSMOYTOJNLHON MOTEHIUAIBHOM siMe ¢ OECKOHEYHBIMU CTEHKAMH,
nmeromeit mupuay a=0,1uwm . [lepexoas u3 OCHOBHOTO B TPEThE BO30YXKIEHHOE COCTOSHHE, MepBas YacTHIIA JOJDKHA IOTIIOTUTH
dotoH c sueprueii £y. [lornomas Takoit e HOTOH, BTOpas 4acTHIA NepeiIeT U3 NepBOro Bo30YKIEHHOTO COCTOSHUS C SHEpruel £ =

4 5B B 4eTBepTOE BO30YKICHHOE COCTOSIHUE. UeMy paBHA Macca IIepBO MUKPOYACTHIIBI ?
Omeem: 2,45- 10 kr.

42.13.Hepexoa${ N3 OCHOBHOI'O COCTOAHUA B TPETHE B036y)K[[eHHOC COCTOSAHHE, MEPBasi MUKpPOYACTULIA, HAXOAAIIAACA B TIEP-
BOI1 OHHOMepHOﬁ np;{Moyrom,Hoﬁ HOTeHHHaHLHOﬁ sIMe ¢ OECKOHEUHBIMU CTCHKaMH, JOJIKHA IIOTJIOTUTh (1)0TOH C Z[J'II/IHOﬁ BOJIHBI )\,1 =
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= 40 am. Bropas MUKpoUYacTHIIa, HAXOSIIASCS BO BTOPOW OJHOMEPHOH MPSMOYroJbHON MOTCHIUAILHONW siMe ¢ OCCKOHEYHBIMHU
CTCHKaMH, MEPEUICT U3 OCHOBHOTO COCTOSHHS B IEPBOE BO30YKAEHHOE COCTOSHHME, MMOTJIONIAs (POTOH C JITUHON BOJHBI Ay = A+AA.
Yemy paBHa BenuyuHa AN (B HM), €CIIM U3BECTHO, YTO DHEPIHS MEPBOU MUKPOUYACTHIIBI B TPETHEM BO30YKIEHHOM COCTOSIHUU B JBa
pa3a MEHBIIIC YHEPTHUU BTOPOIl MUKPOYACTHUIIBI B IEPBOM BO30YKIACHHOM COCTOSIHUU ?

Omeem: 60HM

43. ®opmyibl KBAaHTOBAHHUS. 3aIIOJIHEHHUE JIEKTPOHHBIX 000JI0UYEK

CornacHo IIPUHIUITY Haynn COCTOAHMUSA JJIEKTPOHOB B aTOME JOJDKHBI OTJIMYATBCA XOTA OBl OJHHUM 3HA4YCHHUEM OJHOT'O M3
KBAHTOBBIX YHCEII.

n=12,3,4,.. — [VIaBHOE KBAHTOBOE YHCIIO
=0,1,2,..n— 1 — opburansHOe KBAHTOBOE YHCIIO
m=0,+1+2,..+ | — MarHuTHOE KBAaHTOBOE YHCIIO

O=1s= 11/2 — CIIMHOBOE KBAaHTOBOE YHCJIIO

SHGKTPOHLI C OJMHAKOBbIMH 3HAYCHUAMU Op6I/ITaHLHOFO KBaHTOBOro yucina | 06pa3y}oT H02!060H0‘~IKY MHOTO3JICKTPOHHOT'O

aToMa. B MOJIHOCTBIO 3aITOTHEHHOM T0J000I0YKE HAXOIATCS 2[@2 + 1) AJIEKTPOHOB, PA3IMYAIONTUXCS 3HAYSHUSIMH YHCeT MU C.

IMogo6Gomouku 0603HayaroT OykBamu: S-nonobonouka (I=0), p-momoGonouka (I=1); d-momoGonouka (1=2); f-nomo6onouka (I=3),...
DIIEKTPOHBI ¢ OJMHAKOBBIMU 3HAUEHUSMHM IJIABHOTO KBAHTOBOI'O YKMcia N 00pas3yloT 060I09Ky MHOTO3JIEKTPOHHOTO aToOMa.

-1
B MOJTHOCTBIO 3aI0IHEHHON 000JI0UKE HAXOIUTCS Z 2(2 + ZI) =2 JJIEKTPOHOB.
1=0

[TomuMo »HEPTHH, KXKIBIH AJIEKTPOH B aTOME UMEET ONPEACICHHYI0 BEINYHHY OpONTAIFHOIO MOMEHTa uMImynbca L, co6-

CTBCHHOI'O (I/IJ'II/I CHI/IHOBOI‘O) MOMCHTA UMITyJIbCa LS' OD6I/ITaHLHOFO MAargsvmTHOIro MOMCHTA Dm U COOCTBEHHOI'O (CHI/IHOBOI‘O) Mar-

HUTHOTO MOMEHTA Pg-

Kak u OHEPrum, 3T BEKTOPLI KBAHTYIOTCA, T.€. MOTYT UMETh TOJIbKO OTACJIbHLIC PA3PCIICHHLIC 3HAUYCHUA BEJIMYNHBL (MOL[y-
J'If[) U IIPOCKILHMH Ha BBIJICIICHHYIO OCh Z

L=nfi(l+1), 1=012.0- 1| |L=h/s(s+]), s=¥2;

L, =am, m=0,+1+2,..t1] |Ls, =70, o=1Y2;
Pm=Hpy/!(1+1),1=012,.n- 1 pmS=2uB\/m, s=12;
Pmz =HgM m=0,+1+2,..t | | Pnsz= 2450, o=%12

3necy 1 =1,054010°* [k [¢ ; marneton Bopa Wy =9,2740102%% A2

Ipumepul peuwtenus 3aday.

43.1.B MHOT03JIEKTPOHHOM aTOME IOJIHOCTBIO 3aIl0JIHEHBI 3JICKTPOHAMH [BE coceaHUe 00omoukn A u B. M3BecTHO, 9TO B
obonouke A Haxomutcs Ha AN = 14 3nexTpoHOB OobIIe, YeM B 00osouke B. Bo ckoibko pa3 MakcuMaibHas BETMIHHA OPOUTATEHO-
IO MOMEHTa MMITYJIbca 3JIEKTPOHA U3 00OJOYKH A TPEBHIIIAeT MAKCUMAJIBHYIO BEIMUYNHY IPOSKINH Ha BBIICIEHHYIO OCh Z OpOUTaib-
HOT'O MOMEHTA UMITyJIbCa 3JIEKTPOHA 13 0007104KH B?

Pewenue.

Cocennue 000NOYKM HMEIOT TJIaBHbIE KBaHTOBBIE uducia Np =N+1 m Ng =nN. Pa3HocTh 4mcia 31€KTPOHOB B HHUX

2 2 _ A — -
2n, —2ng = 4n+ 2=An= 14, orkyna n=3.
MaxkcumanbHas BeJIMYrHa KBAHTOBOT'O YMCJIa | JJIA BJICKTpOHA U3 obomouku A paBHa IA = nA -l=n= 3, a JJId 3JICKTpOHa

u3 obomouku B Ig =ng —1=n-1= 2. 13 Gpopmyn KBaHTOBAaHHUS BUIHO, 9TO MAKCHMAaJbHAasl BEINIMHA OPOUTAIBHOTO MOMEHTA HM-
IyNbca SIEKTPOHa U3 00010uKn A paBHA La max =7y n(n+1) =712, a MakcuMasbHasi BeJIMYMHA MPOEKIUU STOr0 BEKTOpa JUIs
3J1eKTpoHa u3 0001049ku B Lgmax = iMmax= =Alg = h(n —1) = 2h . Ux otHomeHne L max/LzB max = J3=1,732.

43.2.0060104Ka MHOTO3JIEKTPOHHOT'O aTOMA TIOJIHOCTBIO 3amoyiHeHa. VI3BeCTHO, 4TO OTHOIICHUE HauOOJIBIICH BETHYUHBI Op-
OWUTAJILHOTO MAarHUTHOTO MOMEHTa 3JICKTPOHA M3 3TOW 0OOJOYKH K HAWOOJBIICH BEJIMYMHE MPOSKIUH OPOUTAILHOTO MAarHHTHOTO
MOMEHTA Ha BBIICJICHHYIO OCh Z PaBHO
k = 1,1547 Haiiti 4rcIio JIEKTPOHOB, 3AII0JHAIONIMX 5Ty 000JI0UKY.
Pewenue.
Ecinu HOMep 060JI04KH N, TO MaKCHMajbHbI€ 3HAYEHHs KBAHTOBBIX 4Mcel | ¥ M s 3JeKTpoHa W3 3TOM 00O0JOYKHM PaBHBI

Pmmax - “B\/Imax(l max+1) - n

Pmzmax HE Mhax n-1

Imax =N =1 1 Myay = | max- [I03TOMY U3 3aJaHHOTO B YCJIOBHH OTHOLICHHS =k Haxogum
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n o
P =k?=1,333= 4/3, 1.e. N=4.Yucio 51eKTPOHOB B STOH 060J10UKe 2n? =32.
n —_—
43.3.13BeCTHO, YTO B MOJHOCTBIO 3aMOJHEHHON 000JI0YKe MHOTOAJIEKTPOHHOTO atoma HaxoauTcs B K = 16/7 = 2,285%pa3
OoblIe 3JIEKTPOHOB, YeM B MocCieHeld nogodontouke A u3 3Toi 06onouku. HaliTu oTHOLIEHHE BeIMYUHBI OPOUTAIBHOTO MarHUTHO-

IO MOMEHTA DJIEKTPOHA U3 MOJ000J0YKH A K BeJIMYMHE COOCTBEHHOTO (CIMHOBOrO) MAarHUTHOIO MOMEHTA DJIEKTPOHA U3 ITOM Ke
101000JI0YKH.

Pewenue.
DJIEKTPOHBI U3 TIOCIEIHEN 11010001049KH A 13 000J0YKH C HOMEPOM N MMEIOT OpOUTAIbHOE KBAaHTOBOE YHCio | =N—1,u B

HEW HAXOAUTCS 2( 2(n - 1) + ]) = 2( h+ i) 351eKTpOHOB. COrJIACHO YCIOBHIO 3TO YHCIIO MEHBIIIE YHCIIA DIEKTPOHOB BO BCEW 000JI0UKe
2n? 2 y
B m =—7 pa3. Orcroza mojryyaeM KBajapaTHOe ypaBHeHne 7N° —32n+ 16= 0, umeromiee pemiende N = 4 (MOKHO HAWTH 3TO
n f—

YHCII0, TPOBEPSIs 3aMMCEHHOE BBIIIEC OTHOIICHHE MTOACTAHOBKOM HeibIx gucen N =1,2,3,...).
1
W3 ¢popmyn KBaHTOBaHUS NI Py = Hp+/! (I +1) U Pps= ZMBJS( S+ 1) , rme | =n-1, SZE, HaXOAUM HMCKOMOE OTHOIIEHHE

Pm _ J(n-n _
Pms 20/3/4

43.4. MakcumanbHOE BO3MOXKHOE 3HAYCHHUE MPOCKIMH OPOUTATHLHOIO MOMEHTA MMITYJIbCA Ha BBIICICHHYIO OCh Z JUIS DJICK-
TPOHA B HEKOTOPOK 000I0YKEe MHOTO3JIEKTPOHHOIO aToMa PaBHO L, may= 4,216- 164 JIxk-c. ITocnenusst, camast 0oJiblias Mo 1000109Ka
A B 3TOI 000JI0YKE 3aIOTHEHA JJIEKTPOHAMH HAMOJIOBHHY. HallTh MakCMMalbHYIO0 BO3MOXKHYIO BEJTHYUHY CYMMBI XL, Tpoekiuit
OpOHUTATEHOTO MOMEHTA UMITYJIHCA BCEX HAXOIAIMIUXCS B IOJO00TI0UYKE A 3JIEKTPOHOB.

Pewenue.
MakCHMaIbHYIO BEJIMYUHY L, max MMEET 3JIEKTPOH U3 MOCIefHeH N0J000I0UKH ¢ HAanOOIBIINM YUCIOM |, KOTOPOE MOXKHO
Haiity u3 GopMyibl Ly max = iMmax: Ta€ Myay = | . Otcionma | = Lzmax/h =4.

Coenaiime mabauyy 6cex 603MONCHLIX 3HAYEHUL KBAHMOBYIX Yucer Mu G Ols 6Cex 2( 2+ ZI) NEKMPOHOB U3 NOOODOJIOUKU.
Coeem: m=14 |3 |2 2 0 |-1|-2|-3|4|4 (3 2 |1 |0 |-1|-2|-3|-4
c=|1 (1 |1 |1 |1 |1 (1 |1 |1 1/1|1(1|1|1]1|1]1

2 |12 |12 |2 |2 |2 |2 |2 |2 |2|2|2|2|2|2|2]|2]2
Omo nomosicem Bam evibpams camvle 6onvuue snavenus npoekyuii L, = hm, exoosawue 6 cymmy ZL,.

B npuBenenHo# TabauIle MOAYEPKHYTA IIOJIOBHHA Yncea M (101000JI09Ka 3aI0JIHEHA HATIOJOBHMHY), KOTOPBIE JaIyT MaKCH-
MaJIbHBIY TOJIOKUTENbHBIN BKJIAJ B CYMMY (Z LZ)max =>Ymi= 2(4+ 3+ 2+ ZDh = 2@ = 2,108-10° Ix-c.

43.5.MakcumanbHOE BO3MOXKHOE 3HAYCHHUE MPOCKIMH OPOUTATHLHOIO MOMEHTA MMITYJIbCA HAa BBIICICHHYIO OCh Z JUIS DJICK-
TPOHA B HEKOTOPOH 000I0YKEe MHOTO3JIEKTPOHHOIO aToMa PaBHO L, may= 4,216- 164 JIxk-c. ITocnenusst, camast 0oJibIas Mo 1000109Ka
A B 2TOH 000JI09Ke 3aI0THEHA dJIEKTPOHAMHU Ha OJHY TpeTh. HaliTH MakCHMalbHYIO BO3MOKHYIO BEIMIMHY CYMMBI XL, TPOEKITHit
CcOOCTBEHHOTO MOMEHTA UMITYJIbCa BCEX DJIEKTPOHOB, HAXOSIINXCS B IT0H000I0UKe A.

Pewenue.

Kak u B npenpiaymmeit 3agade, | =L, max / 7 =4 . Ho BBIYMCIIUTB HAJI0 CyMMY JIpYIHX BelMuMH Y Lg, =3 0% .

Buumamenvro creoume 3a mem, Kaxue eauyuHbl YKA3aHbl 8 YCI08UU 3A0aUU. OPOUMANbHbIE UL COOCMBEHHbIE MOMEHMUL,
Cosem: MOMEHMbL UMNYILCA UL MASHUMHBIE MOMEHMbL; UX 6eIUYUHbL (MOOYIU 66KMOPOE) UL NPOEKYUIL, UMEIOWle PASHbII 3HAK!
U3 nipuBeIeHHOI BbIllIe TAOJIHMIIBI BHIOUPAEM LIECTD HJIEKTPOHOB ¢ O =1/2. [TosTomy

— — = 4
(2 L) oy =60{¥ 21 = 31 = 3,162010° 1 (3 .
43.6.B HeKOTOpOﬁ IOJIHOCTBHIO 3aIIOJIHESHHOM QJICKTPOHAMU 000J10UKE MHOTO3JICKTPOHHOT'O aTOMa HaXOJAUTCA 18 QJICKTPO-
HOB. quy paBHa CyMMa BECJIWYUH Op6I/ITaHLHLIX MAaruMTHBIX MOMEHTOB BCCX JJICKTPOHOB M3 nocneaﬂeﬁ, caMoii 0OJIBLION HOHO60'

JIOYKH 3TOW 00OJIOYKU M CyMMa MOJyJIeH MX MPOCKIUN Ha BBIICICHHYIO OCh Z7
Pewenue.

UHCII0 2MEKTPOHOB B 060m0uke 2n°=18 naér Homep 3Toit 060104k N=3 ¥ KBaHTOBOE 4ncio | = N—1 = 2 3/1eKTPOHOB U3 &
nocJeane moao60m0uk. Ia mogodonouka coaepkut 2(2+1) = 1031eKTpOHOB, KOTOPBIE OTIMYAIOTCS 3HAYEHUSIMH KBAHTOBBIX YH-

cen m=0,+1+2u 0 =+1/2. Benuunns! BekTopa Py, ITUX IEKTPOHOB OJIMHAKOBBL: Py = K/ (I +1) . Ux cymma
3| P| =10015+/208= 16/ @ug = 2,272 162 A2,
B cymmy moayinelt X|pmj Bcex mpoekimit Py, = MUy € IOJI0KUTEIBHBIM 3HAKOM BOIIYT BKIAIBI BCEX JIEKTPOHOB!
S[omd = 2-2- (0+1+2)p= 124 = 1,1110%2 Am2.
Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

43.7.13BecTHO, 9YTO 000JI0YKa MHOTOIJIEKTPOHHOI'O aTOMa MOJHOCTHIO 3aM0JIHeHA, @ HAUOOJIbIIIAsT BETMYMHA OPOUTATEHOTO
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MarHUTHOTO MOMEHTA 3JICKTPOHA U3 3TOH 000JOYKHU PaBHA Py max 3,21261: 13° A-M%. Ckoibko AJIEKTPOHOB 3AIOJIHSIOT 3Ty 000-
JIOYKY? Omeem: 32.

43.8. Hekotopast 000J04YKa MHOTORJICKTPOHHOTO aTOMa IOJHOCTHIO 3aIlOJHEHA 3JCKTPOHAMH, M B HEH HAXOJUTCS B
k=16/7=2,28%a3 Gobliie 21€KTPOHOB, Y€M B MOCIIEAHEH M0100010uKe U3 3TOU 006010uKd. Kakyio MakCUMaJbHYO BEJIUIHHY OpOuU-
TaJBHOTO MOMEHTA UMITYJIbCa MOKET UMETh JJICKTPOH U3 JAHHOH 000JI0UKU?

Omeem: 3,651-10" Ilx-c.

43.9.B NOJHOCTHIO 3aMOIHEHHON 000I0UKE MHOTO3JIEKTPOHHOTO aToMa Haxoautcs B K = 25/9=2,77&a3 Gosbliie 351eKTpO-
HOB, YeM B MOCJIeJHEN 0000104ke A 13 3Toi 000704YKU. HaliTh OTHOIICHHE MaKCUMAaIbHOM BETUYMHBI OPOUTATFHOIO MATHUTHOTO
MOMEHTA K MAaKCUMAaJIbHOIN BEJIMYMHE MPOCKIMH OPOUTATBHOTO MATHUTHOTO MOMEHTA Ha BBIAICICHHYIO OCh Z JUIS AJIEKTPOHA U3 ITOH
000JI0UKH. Omeem: 1,118.

43.10.B noiHOCTBIO 3aI0JHEHHONH 000JI0YKE MHOTO3JIEKTPOHHOTO aToMa Haxoaurcs B K = 16/7=2,286pa3 GoJblie 2JIEKTPO-
HOB, Y€M B IOCIIeHEH Mo00010uKke A 13 3TOH 0001049KK. HalTH OTHOIIEHHEe MaKCUMAIBHBIX BEJIMYMH OPOUTAITLHOTO MArHUTHOTO
MOMEHTA JJIEKTPOHA U3 TOCIeIHEH TTOJ000I0OUKN A 3JIEKTpOHA U3 MPEATIOCieIHeH TT01000109KkH B 3T0# 0007104KH.
Omeem: 1,414.

43.11.B HEKOTOPO# MOJHOCTHIO 3aMTOJHCHHOM 3JICKTPOHAMHU 000JI0YKE MHOTO3JIEKTPOHHOTO aTOMa HaxOIUTCs 32 3JIEKTPO-
Ha. Uemy paBHa cymma X|L,| Momyseii IpoeKiuii Ha BEIIEIECHHYIO OCh Z OPOHTAIBHEIX MOMEHTOB HMITYJIbCa BCEX 3JIEKTPOHOB M3 ITO-
CIIEHEHN, caMO 000N TOA000JI0YKH 3TOM 000I09KU?
Omeem: 2,53-16’3I[x<-c.

43.12.MakcuMaisHOe BO3MOKHOE 3HAYCHHE BEMYHHBI OPOUTAIILHOTO MATHUTHOTO MOMEHTA 3JIEKTPOHA B HEKOTOPOH MOJI-
HOCTBIO 3aIIOTHECHHOI YJIEKTPOHAMHU 0BOJIOUKE aTOMA PABHO P ma= 2,27166- 18° A-M% Uemy paBHa cyMMa X|Pms] MOLyIeii poeK-
M HA BBIJICJICHHYIO OCh Z COOCTBEHHBIX (CIIUMHOBBIX) MATHUTHBIX MOMEHTOB BCEX DJIEKTPOHOB U3 MOCJEIHEN, CaMOl OOJIBIION 1MOo-
JI0OOJIOYKH ITOU 000TOUKU?
Omeem: 9,274-16° A-m°.

44,3aK0oH palnOaKTUBHOIO pacmnazia. JHEPreTUHYeCKHil BBIXO/ pEaKIMK paciaia aTOMHOTO siipa

Ecau Ny —4ucno HecTaOUIIBHBIX sAiep B HaualIbHbIA MOMEHT BpeMeHu ty = 0, To crycts Bpemsa t coxpansercs [N = Ny e

szep (3aKOH PaJMOAaKTHBHOIO pacnana). 3a 910 Bpems pacnanaercs AN = Ny (1— e_)‘t) snep. 31ech A — IOCTOsIHHAS pacTajia.

Hepuox nonypacnazga T — 3T0 BpeMs, 3a KOTOPOE PACIaiaeTes MONOBUHA aTOMHbIX siep. [Tostomy N = Ng/2= Ny et , OTKyJla

N2 l=Ine? u T:mTZ m )\Zln—z.

]Vo_
3a kasicowiii Unmepeal epemeru At=T yucno COXPAHUBUUUXCAL ﬂ()@p YMeHbluaemcs 6 2pa3a.
Cosem: HOQMOMJ}, eciu t/T = N—yenoe 4ucno, mo cnycms epems t uucno COXPAHUBUUXCA ﬂdep paesro N()/Q' R

N =Ny / 2" (puc.3.39).9mo coomnowenue yoobuee ucnonv3oeams 0ls paciema, yem anano-  Ny/4
No/81

0 1 2r 37 4Tt

euunbiil 3axon paduoaxmusnozo pacnada N = Nyexp(-tIn2T).

Ipumepvl pewenus 3aday: Puc.3.39

44.1.B nauanbHbli MoMeHT 1,=0 4ucno saep nepBoro pagnoakTUBHOTO M30TOIA C IIEPUOJIOM Nosypacnana 73 = 2¢ ObuIo
paBuo Nig= 1,6- 10", a umcio sgep BTOPOro paaroakTHBHOrO H30ToNa 66UI0 paBHO Nyg= 4-13°% Crycrst mpomesxyTok Bpemenn At =
= 6 ¢ 4MCIIO paclaBIIMXcs 32 BpeMs At sjep BTOpPOro M30TOIA OKA3aJlOCh PABHBIM YHCITY €Ille He PACIaBIINXCS SAep NepBOTro H30-
tomna. Halitu nepuoa nonypacnana 7, BTOpPOro U30TOIIA.

Pewenue.

Mo ycnosuto AN, = Nzo(l— exp(—)\ ZAt)) = N;= Nypg eX[(—)\ pt) . Ho At/T; =3, 1.e. ciycrst Bpems At, paBHOE TpeM Ie-

YUHCJIO pacIlaBIIUXCS sIAE€P YHCJIO COXPAaHUBIIUXCA SANEP
puojam noiypacnana, coxpanurcs Np = NlO/ 28 = N1¢/8 szep nepsoro usorona (puc.3.39).
U3 sancanHoro Bbilne ypasrerus Haxomnm eXp(—AAt) = 1= Ni/Nog = 1= Nyg/( 8Ny = 1 2.
Bsss norapudm ot o6enx uacteit, —A,At =In(1/2) =~1In2, n noacrasmsa A, =(In 2)/T2 , mosyunm T, =At=6c¢.
44.2 .113BecTHO, 4TO B HAa4aJIbHBIAH MOMEHT BpeMeHH t,=0 4ucIo siaep nepBoro pajHoakTHBHOIO U30TOMNA C MIEPHOTOM IIOJTY-
pacnaga 77 = 0,2¢ ObuIO B 4eThIpe pa3a OOJbIIE YKCIIA sSSP BTOPOTO PaJHOaKTHBHOTO M30TOIA, HMEIOIIEro NepHo I oTypacaia
T,=0,25c¢. Cnycrs Bpemst At = 4 ¢ 4HCIIO COXPAHUBIIMXCS SIEP BTOPOTO H30TOIIA MPEBLILIACT YHUCIO COXPAHUBIINXCS SIEP HEPBOTO

u3otona Ha BenuuuHy AN = 3- 13° Cxonbko sIep BTOPOTO M30TOMNA COXPAHUIOCH K 3TOMY MOMEHTY BPEMECHU ?
Pewenue.

Tax kak At/T; =20 u At/T, =16, To YKCIO COXPAHUBIIMXCS CIyCTs Bpemst At siep Ny = N10/220 , Np = N20/216 . B na-

qanbHbIif MOMEHT Njg =4Nyq. [TosTomy N; = N20/218 = N,/4.
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Cornacuo ycnosuio, AN = N, = N; =3 N,/ 4, 1 BenuunHa 4ucia COXpaHUBLIMXCS AAep BTOPOTO U30TONA

N, = 4AN/3= 416° sznep.

44.3.B HavanpHBI MOMEHT BpeMeHH tp=0 4ucio saep mepBoro paguoakTUBHOTO M30TOMA, KMEIONIETO MOCTOSHHYIO paciia-
ma M= 1c? 6suo paBro Nig = 4-16° u na Benmumny AN = 10°°  npeBbImano 4mciio siaep BTOPOro pajgHoaKTHBHOTO H30TOIIA.
Crycts Bpemst At = 1 ¢, HA000POT, YNUCIIO COXPAHHUBIIMXCS AP BTOPOTO U30TOIA MTPEBHIIIAIO YHCIO COXPAHUBIIUXCS SIEp MEPBOTO
n3oTorna Ha Ty e BennauHy AN. HaliTu BeTnauHy MOCTOSTHHOM pacmana A, BTOPOTO W30TOTIA.

Pewenue.

ITo ycmoBuro B MoMeHT t = At = 1 C ymcia sigep IByX H30TOIOB CBSI3aHBI COOTHOIIIEHUEM

Nj = Ny = Noge 22 = Njo&MA = A N, C yaetom Nog = Nyg—AN, monysiy € 122t :( Ny €A +A N) /( No-A N. Tlozera-

HOBKa B 3TO PABEHCTBO YHCIEHHBIX 3HAUEHUM, 3aJJaHHBIX B YCIOBUH, AAET g oAt = (46_1 + 1) / 3.

-1
+ -
Beruucnsis norapudm ot JIeBOH M NIpaBoil YacTell paBeHCTBA, HAXOAUM A, = —Altln(ﬂ'ele =0,1938 ¢.

khkkkkkkkkkkkkkkkkkkkkkkhkkhkkhhkkkkkkkkkkkkkkkkkhkkkx *kkkkkkkkhkkk
3He[2reTH‘IeCKHﬁ BBIXOJI ﬂg!e[!HOﬁ peaK El — 9TO BSHEPTrus, BbIACIAIOMAACI B PE3YJIbTATE pacliaia NOKOAIICIrocd sJpa B
BUAC KUHETHYECKOM OHEPIrumn €ro OCKOJIKOB. B CYMME TAaKUE€ SHCPIHUU MPEBPALIAIOTCA B TCIIJIOBYIO S9HEPIUIO 6ecn0psm0quro JBHXKC-
HUS 4aCTHUL CPEbI.

Brinenuemeecs 3a Bpems t termo Q= EAN= B No(l— e }‘t) OyzmeT CyMMapHBIM SHEPreTHYECKHM BBIXOJIOM paciajga BCexX

AN siep, pacnaBIIMXCs 32 9TO BpeMsl B COOTBETCTBHHU C 3aKOHOM PaJHOAKTHBHOIO pactiaja. JHepruto E; 00bI4HO ompesensior B Mera-
s1eKTpoH-BobTax: 1 MaB = 10 5B.

Ipumepwvl pewsenus 3aday.

44.4.B nauanbHbli MoMeHT ;=0 B oGpasie Haxomunock Ny = 8- 107 siiep nepBoro pagHoakTHBHOTO H30TOIA, HMEIOIIETO
nocrosuHyio pacmana A=1 ¢, u Ny = 6- 107 sizep BTOpOro pagmoakTHBHOIO H30TOMA C TOCTOSHHOMN pacmana A,=2 ¢ . M3BecTHo,
YTO SHEPreTUYECKUH BBIXO/ PEaKIMK paciaja sapa IepBoro u3orona paseH £; = 4 MaB, u uTo 3a nocieayromuii ”HTEpBan BpeMeH!
At = 1c B o0Opasie npu pacnaje saep AByX W30TOINOB BBLAEIWIOCH cyMMapHoe Terio Q = 4 Jlx. Haiitu Bennunny E, sHepreruye-
CKOT0 BBIXOJIa PEaKLUy pacmaa sapa Broporo uzoromna (B8 MaB).

Pewenue.

CymmapHoe BblaenuBIIeecs 3a Bpems At Temo paso Q = E Nlo(l_ g MAt ) + B Nzo( 1- & Zm) , OTKYZIa
i Q-§ N10(1‘ e—)\lAt)
2= _
Nao (1_ e )\ZAt)

. Tak xak BCJIMYNHY Ez HaJ0 BBIUKMCIUTE B M3B, TO IIPpU BBIYUCIICHUAX y,u06Hee TNEPEBCCTU B OTU €U~

4 1
HUIIBI BEMMUUHY Q=————[F— = 2,55].63M3B . Torna, moacTaBisisi YUCIOBBIC JaHHBIE, TPUBEACHHBIC B YCIIOBUH, U COKpaIas

1,600 16
, 25— 4[8[ﬂ - e‘l)
yuCIUTEND U 3HaMeHaTenb Ha 10, naxoaum E, = ﬂ M»>B =0,9198M>5B .
6[1-e"

44.5.B HavansHBI MOMEHT BpeMenu ty=0 B oOpasue Haxommnoch Nig siaep mepBoro pagdoakTHBHOIO M30TOIA, HMEOIIETO
neprox nonypacnazna 1= 0,5¢, u Nyo = 8:13° sinep Broporo paamoakTHBHOro H30TONA ¢ MeprogoM monypactana 1> = 1 c. M3ect-
HO, YTO PHEPreTUUECKHE BHIXOIBI PEAKIIMK pPacliaia sapa MepBOro u BTOPOro M30TOIOB paBHel £1 = 4 MbB u E, = 3MbsB cootser-
CTBEHHO. MI3BeCTHO TakKe, YTO 3a CUET paciaja saep BTOPOro M30TOTA 3a MOCIeAYIOIN HHTepBall BpeMeHn At = 1 ¢ BeimenseTcs B
k = 4paza Gosblne Tema, 4eM 3a CUET pacraja sjep nepBoro uzorona. Yemy paBao HadanbHOe ynciio Nig siiep mepBoro u3oromna?

Pewenue.

Tak kak At/Ty =2 u At/T, =1, 10 3a Bpemst At B 06pasue coXpaHuTCs NlO/ 4 saep mepBOro M30TOMA U N20/ 2 sep BTOpPOro

usoromna (puc.17). Yucno pacnaBmmuxcs siaep, coorBerctBeHHo, ANy = Ny (1—]/ 4) = 3N1g/ 41 AN, = Nyp/2. o ycnosuro 3axaun
Q2 = E2A N2 = 4%_: 4DE:A N].' OTKyJa E2 N20/2 = 4|:BE1N10/ 4u NlO = N20Ej6 E1: 1010 AAep.

44.6.B HavabHbIl MOMEHT to=0 B 06pa3ue Haxommiock Np = 8- 132 siep paaHoakTHBHOTO H30TONA C TIOCTOSHHOI paciaia
A =0,5¢™. 3a cuer pacnazma Stux syxep 3a nepBblii mHTEpBan BpeMernn 0 <t < 2 ¢ B 06pasie BixemseTcs Terno Qy, a 3a mocIenyo-
i nHTepBas BpeMenu 2 ¢ <t < 4 ¢ B 3TOM ke 00pasie BeiaesseTcst MéHbIee Termio Q, = Q; — AQ, npuuem AQ= 4 JIx. Haiitu Be-
nurHy E; 9HEpreTHueckoro BhIXO/a peakiuy pachaja sapa fanHoro uzororna (8 MaB).

Pewenue.

3a nepBblid uHTepBal Bpemenu 0<t<T1=2c B oOpasue pacnagercs AN; = Ng (1— e—)\r) U COXPaHUTCS Noe_)‘T aaep. 3a

BTOpOH TakoH ke uHTepBan T<t< 21 =4c pacnagerca AN, = Noe_)‘T (1— ) )‘T) snep. U3 ypaBHeHns 6anaHca BRIISIUBIIETOCS Te-
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mwia E AN, = EAN;—A Q Haxonum EleNlA—QaNZ ) No (1 A?’( N ))2 =7,82M>dB.
ol(1-exp(-At

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsI CAMOCTHOSMENLHOL NOO2OTHOBKLL.

44.7.B HavaneHbId MOMEHT tp=0 B 0Opasiie HaxoaMa0Ch B N = 3 pasa MEHbIIIE SAep MEPBOr0 PAAMOAKTHBHOTO M30TOIMA, YEM
saep Broporo uzoromna. Ilepros momypacraza nepsoro usorona 7;=1 mun. Yemy paBeH mepuon moiypacnana T, Broporo usoromna (B
MHHYTaXx), €CIId YUCIIO Sep MEPBOro U30TOIMA, PACMIABIINXCS K MOMEHTY BpeMeHH t1=2 MUH, PaBHO YKCIY siJIEp BTOPOrO M30TOIIA, Pac-
MABIIUXCSI K MOMEHTY BpeMeHH tr=1 Mun?
Omeem: 2,41muH.

44.8.B navanbHbIi MOMEHT BpeMeHH tp=0 d9mcIio simep mepBoro paaroakTHBHOTO M30TOMA C IIOCTOSHHOMN pacmana A;=0,02¢
! coBmamaer ¢ 4HCIIOM sIEp BTOPOTO PaIHOAKTHBHOTO H30TONA C MOCTOSHHOM pacmana A,=0,06¢™ . CrycTst Kakoii MpOMeXyTOK Bpe-
MeHHU At 4mcITo ele He paclaBIIuXcs sep MePBOro W30ToMa okaxkeTcst B K = 64 pasa Goibliie 4ncia ele He PACTIaBIIUXCS siIep BTO-
poro u3oroma?
Omeem: cmycts 104c.

44.9.V3BecTHO, YTO B Ha4YaJbHbIH MOMEHT tp=0 YuCIO siiep mepBoro paanoakTHBHOTO M30TOMNA ObLIO B TPU pa3a MEHbIIE
4HCTIa sep BTOPOTO PagHoOaKTHBHOTO M30TOIA, HMEIOIIEro IOCTOSHHYIO paciana A, = 0,5¢™ . Criyerst Bpemss At =4 ¢ umcio coxpa-

HUBIIKXCS SIEP BTOPOrO U30TOMNA IPEBBIIIAET YUCIO COXPAHHUBIIUXCS sACp MEPBOro n3oTona Ha BenuuuHy AN = 10'°. Haitru Benu-
YHHY IMOCTOSIHHOM pacmajia Ay MepBOro M30TOMA, eCiIi B MOMEHT t = 4¢ coxpaHuioch 5- 13° ero saaep.
Omeem: 0,2710'1.

44.10.B navanpHbIit MOMEHT BpeMenu [;=0 B oOpasue Haxommiock Njg = 2- 1d° siiep MepBOro pajlOaKTUBHOTO M30TOIA,
nmerotero nepuoa noiypacnanga 73=0,5¢, u Ny = 4+ 16° s]ep BTOPOro pagloakTUBHOIO U30ToMNa. M3BECTHO, UTO SHEpreTudecKue
BBIXO/IbI PeaKLUii pacnaa sjiep NepBOro ¥ BTOPOTro M30TOINOB paBHbl £; = 4 MaB u E, = 3MbaB cooTBercTBeHHO. M3BECTHO TakKe,
YTO 3a MOCIenyIomni nHTepBai BpeMenn At = 1 ¢ npu pacnaje siaep Kak IepBOro M30TOMNA, TaK U BTOPOTO M30TONA, BBIAGISAETCS
OJMHAKOBOE KOJIMYECTBO Temua. UeMy paBHa BeIM4MHA IIepUoOAa rojiypacnana 7, BTOPOTo U30Toma?

Omeem: 1c.

44.11.B HavanbHBIH MOMEHT BpeMeHH t,=0 B o6pasie Haxommiock Nig = 8:13° sixep mepBoro pagnoakTHBHOrO H30TOMA K

Nyp = 4- 1d° siep BTOPOTO PaJHOaKTHBHOTO U30TOIA, HMEIOIIETO MOCTOSHHYIO pacnafa Ay =1 ¢t M3BecTHO, YTO SHEpreTUIeCcKuit

BBIXOJ] PEaKIMH pacraja sjapa mepBoro n3ortomna paseH £, = 4 MdB, a sHepreTHUeckuii BBIXO peaKIMK pacraja sapa BTOPOTO H30-
Tona paBeH £, = 3M»dB. N3BecTHO Takke, 9TO KOJIMYECTBO TEIUIA, BRIICTUBIIEECS B 00pasiie 3a MOCIeAyIOMrid HHTepBal BpeMEeHU
At = 1 ¢ 3a cuer pacmama simep mepBoro u3oromna, B K = 3 pasa mpeBsImaeT KOJMIECTBO TEIUIA, BBIAEIHUBINCECS B 00pasiie 3a TO ke
BpeMsi 3a CHET pacmaja sifep BToporo n3oromna. YeMy paBHa MOCTOSIHHAS paciaja A; NepBOro u30Tomna?

Omeem: 1,24¢™,

44.12.3a uarepsan Bpemenn 0 <t < 6 ¢ B 00Opasie, 3a CUeT pacmaga saep PaIHMOaKTHBHOIO M30TOIA, HMEIOIIETO MEPHO
nonypacnana T = 2 ¢, Beyaensercs temio Q = 4 JIx. Kakoe KoJM4ecTBO TeIlia BBIJACIUTCS B JAHHOM 00paslie 3a MOCIeAYIOIUN HH-
TepBai BpeMenu 6 ¢ <t < 12c¢?
Omeem:. 0,5]1x.

44.13.B oOpasie HaXOmATCs sijipa PaJHMOaKTHBHOTO M30TOIA, UMEKOIIEro Meproi moirypacnana 7 = 2 ¢. 3a cuer pacmana
9THX siiep 3a nepBbiil uHTEepBan BpeMenn 0 <t < 1c¢ B oOpasue Beimensercs Temwio Q. 3a mocneayromuii nHTepBat Bpemenu 1 ¢ <t <
to ¢ B oOpasie BeigessieTcs TO e camoe Terio Q. Haiitu MmomeHT Bpemenu t, (rpaHuIly BTOPOro HHTEPBAIa HAOIIOACHUS).

Omeem: 2,543c.

44.14 Tlepuop moypacnaia cBoboHoro Heiitpona T = 12wmuH. Kakoit sneprueii (B MaB) nomken 061a1ath HSHTPOH, 4TO-
061 ¢ BeposTHOCTEIO 50 %0H MOr J0JeTeTh 10 3eMiIH OT 3Be3.Ibl, yaaneHHO!H Ha 10 CBeTOBBIX JIET, HE PACHaBIIUCH?

mc®

(Vrazanue: sHeprus peATHBUCTCKOM YaCTHIBI BRIYUCIAETCS 110 hopMyie E = W , Macca Helitpona m=1,675110 2T gr )
1-v

Omeem:. 4,1'108 Mb5B.

45, Pacnipenenenne ®epmu-/upaka n pyakmus @epmu. CBONCTBA AIEKTPOHHOTO rasa Mpy HYJIEBOU
Y HEHYJIEBOU TeMIleparype

PaCHpeHCHCHHC KBaSI/ICBO60,I[HBIX QJICKTPOHOB IIO DHEPIrusAM B METAJJIaX HA3bIBACTCA PACTIPEACICHUEM depmu-Jlupaka u

\32
2m3/

umeer BUA |dNgp =?\/_E f(b ( E) dE, rae M — s¢dexTHBHAs Macca SIEKTPOHA, KOTOPYIO MOXKHO NPHHSTH PABHOI Macce
21h

CcBOOOTHOTO INIEKTPOHA dnq)ﬂ — YHUCIIO 3JIEKTPOHOB B einHMIEe 00beMa ¢ sueprusmu ot £ jo E+dE, f b (E) — bynknusa Oepmu,
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1

kg T

paBHas , KOTOpast SBISETCS BEPOSITHOCTHIO 3aTI0THEHUS JIEKTPOHOM Pa3pelIeHHOTO YPOBHS SHEPTHH

E, E ¢ — YPOBEHb dHEPruH, KOTOPbIA Ha3bIBACTCs dHeprued uiu yposrem depmu.
1opun E<E,
0 mpu E > E(b*

IIpu T =0 K mnomy4ynm f(b (E)|T—0 ={ T.€. HIKe ypoBHI Depmu E(b BEPOSITHOCTh 3aIOJTHEHUS YHEPTEeTH-

YECKOT0O oBHA f4(E)=1, u Bce pa3pelieHHbIC OBHH DHCPIUH 3aIllIOJTHCHBI DJICKTPOHAMH,
)

a)fp(E) T=0K  6)4dn  T=0K
a Beime Eg BCe ypOBHHM SHEPIHH CBOOOIHEI (puc.3.404). I'paduik GYHKIMK ILIOTHOCTH 3a- (2m*)3/2 Eq dE
1 ,,,,,,
nosnxenus sHepretudeckoro yposus dr/ dE npu T =0 K uzobpaxen na puc.3.406. 212K
3nast BenmuuHy Eg, MOXHO Onpenennth KOHLUEHTPALMIO KBa3HCBOOOIHBIX 3JIEKTPOHOB E E
0 0
E E E
o 32 32 ® g
B pererke Metayma pu T =0 K : [n= J' dnpp = j %\/E Ell:dE=% . Puc.3.4¢
) 21eh 3n
C momorpto pacnpenenenus dPepmu-/Iupaka MOXKHO BBIYHCIUTH CpeaHee 3HAUYCHHUE 000N BETUYMHBI F (E), 3aBUCSIIEH
o =)
[F(E)dnon () | F(B) day( B
ot sHepruu E snexTpoHoB: <F (E)> =0 = =20 £y (mpu T = 0K).
[ droy (E) [ dney (E)
0 0
Eo Ep
| EGonst/ECIWE | B2 dE
0 0

_ 3
= =ZE,.

Ep Ep

[ consWErmeE | E'2dE

0 0

Ipu HarpeBaHuu MeTajuloB 10 Temmeparypsl T ~ 200 — 50K TemnoByto suepruto ~ Ky T MoryT npuoOperars TOIBKO 3IEKTPO-

Hamnpumep, cpeqHee 3HaY€HHE YHEPTHU KBa3HUCBOOOHOTO AJIEKTPOHA B METAILIE (E) =

HbI, 3aII0JIHSABIINE YPOBHU SHEPTHH B OUeHb y3koM HHTepBane AE BOmau3u yposus ®epmu (puc.3.41).OctanbHbIM KBa3HCBOOOIHBIM
9NIEKTPOHAM 3TO 3anperueHo npuHiunoM [laymu. Ipaduk ¢pyHkunu Oepmu (BEpOSTHOCTH TOTO, 4TO 3JEKTPOH UMeeT dHepruio E) me-
HSIETCS] HE3HAYMTEJILHO U BCe pe3yJbTathl, noiyuyeHHsle npu 1=0 K, namensrcs He 6oiee yem Ha 1-3%.

Ipumepwvl pewsenus 3aday.

45.1.Benunuuna sneprun Gepmu Hekotoporo metamna E4 = 53B, a ero temneparypa 6nuska xk 0 K. OnpegenuTs uucio cBo-
OOHBIX 3JICKTPOHOB B 00BEME V = a’ rakoro MeTaiuia, rae a = 10cm. 3apsin 31eKTpoHa - = -1,610'19 Ki1, ero macca m= 9,]:10'31 KT,
a noctosuHyio Ilnanka mpunaTh pasHoii i = 10%* [ix-c.

Pewenue.

Tax xax mpu T = 0 K Bce paspernennsie ypoBHH YHepruu Hinke ypoBHs ®epmu Ey B 30HE IPOBOAMMOCTH MeTasIa 3amoi-

HEHBI AJICKTPOHAMH, a BBIIIIE — CBOOOIHBI, TO f(b (E) =1nopu ESEy n f(b (E) =0 npu E> Eg . To pacnpenenenne depmu-

E 32E 32
Jupaka mo3BOJIIET BBIYUCIUTH KOHLIEHTPALMIO AJIEKTPOHOB N = J' dn@)l :% I \/TEIZlDdE:( 2(1) )3 :5,934Dl@8M'3
0 2eh° 3n%h

(npu BBIUMCIEHMM He 3a0bIBaliTe HepeBecTU Bce BenMuuHbl B cuctemy CU: E, = 51,610 = 810" JIx, m =9,210°%" xr — macca
9NIEKTPOHA).

YMHOXHB KOHIIEHTPAIHIO Ha 00BEM, TIOTYIUM YUCIIO JJIEKTpoHOB N = nas = 5,9341025.

45.2.Bennuuna sHeprun depmMu HEKOTOPOro MeTania pasHa Ey, = 2B, a ero temneparypa 6inska k O K. Haiitn yncno

CBOOOJHBIX 2JICKTPOHOB 3 30HBI IPOBOAUMOCTH, MMCIOLIIMX YHEPrUH B npefenax Eg / 2<E< Ep » eciu 00B8m Metama V =1 o

o 2
(HYOKHME YPOBEHB 30HBI IIPOBOAMMOCTH UMeeT sHepruto E =0). Yuects, uro T[2h3/ (2me)3/ =4,71210 57Z[>1< % 3/ xr 2, rie
h —nocrosinas [TnaHka, M, —Macca 3JIeKTpoHa.

Pewenue.

31ech HAI0 BBIYHMCIUTH KOHIIEHTPAIMIO HE BCEX 3JCKTPOHOB M3 30HBI IPOBOJMMOCTH, & TOJBKO TEX JJICKTPOHOB, SHEPTHH
KOTOPBIX HAXOASTCs B HHTEpBane Ey / 2sE< Ey:
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) 2 g, (&7 -(5/2) ) (ame,
= {) dngy = (2:‘;)3 Ef/zx/TEElDdE= ( e )z( n;zil =9,60010" M3
b

Yucio Takux 2mektponoB B 1 cm® pasao N =nV =9, 60010

45.3.Haiitu oTHOLIEHNE ABYX CPEITHUX BEINYHUH <E9/ 2> / < Y 2> (8 5B%), 11 301074, TemmepaTypa koToporo 6muska k 0K,

rae E — kunetndeckas sHeprus cBOOOJHOTO 3JIEKTPOHA U3 30HBI MPOBOAUMOCTH. DHeprus depmu uis 30710Ta paBHa By = 5,533B.

Pewenue.
Cpe[[HI/Ie 3HAUYCHUA (byHKI.IPIﬁ, CTOAIIMX B YUCIIUTEJIC U 3BHAMCHATCJIC NICKOMOT'O OTHOLICHUS, HAXOAUM C ITIOMOILIBIO pacIipe-
. 1opn E<E,
enennst Gepmu-Anpaxa T=0K no E = :
nenerus Oepmu-Jlupaxa (npu nomy=i g ( )|T:0 0 npu E > Ey,
Eo Ep
j E¥%dny (E) | E'?eonstiEY?dE j EdE g
<E9’2>: 0 _0 - - E(b/e _1pon.
i 1/2 12 E3/2/3 4t
j dng; (E) | consttE’“dE I B2 dE
0
Fo g2 u2
| EY*eonstE"“dE j EdE /2 <E9/2> £92 g4
<E1/2> _o0 _ _ Sguz. Torna =% - "% 375 5,B*
% 1/2 1/2 ES/Z/ 3 4 i <E]/2> ey 3 |
| constE"“dE j E’/“dE ¢
0 0

45.4 Haiity pa3HOCTh ABYX CPEIHUX BEIMUNH <E_]/2> —( E>_]’/2 (8 aB'”Z), IUTS [Ie3Us, TeMIieparypa koroporo 6imska k 0K,

rae E —kuneTHdeckas SHEPrus CBOOOIHOTO dIEKTPOHA W3 30HBI MpoBOAMMOCTH. DHeprus Pepmu a1 nes3ns pasHa Ey = 1,593B.
Pewenue.
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Cpennee 3HaUE€HUE SHEPTUH DJICKTPOHA U3 30HBI IIPOBOIUMOCTH (E) = 5 E(b (cm.ctp.80).Cpennee 3HaueHME
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45.5.13BeCTHO, YTO BEPOSITHOCTH 3aII0JIHEHU AJIEKTPOHOM YPOBHS C dHeprue E; B 30He mMpoBOAMMOCTH MeTalia paBHa
33,33%.IIpu sTom E; - E‘b =0,025B, rae Ey—oHeprus depmu 1 JaHHOTO MeTanna.

Iocrosiuuas Bonsumana k = 1,3810% JIx/K. Haiitu Temnepatypy metamia (8 K).

Pewenue.
B nanHoif 3a1a4e TeMIiepaTypa He paBHA HYJII0 U HEOOXOJMMO YYMTHIBATH TEMIIEPATYPHYIO 3aBUCUMOCTb GyHKIMH Depmu (Bepo-
1 1
SITHOCTH 3arOJIHEHUSI SHEPTETUUECKOTO YPOBHS), KOTOpast [0 YCJIOBHUIO Jutst ypoBHs E = E; paBHa fq) ( El) = E_E = :—3 .
=
exp + —®|+1
kg T

E -E E, -E - E-E
Otcrona exp[ 1k = ¢ ] = 2. JlorapudMupys 5KCIOHEHTY, In exp( 1 o ] :[ -5 ] =1In2, Haxomum T = S 334,5K.

. ksT kT kg In 2

Tpumepul 3a0a1 KOHMPORLHOU pabombl 05t CAMOCHOMETLHOU HOO2OMOBKU.

45.6.Yuciio 37eKTPOHOB U3 30HbI IPOBOJUMOCTHU B IIEPBOM M BTOPOM METAILIaX, TeMIeparypbl KoTopbix 6iusku k 0 K, pas-
Ho N; = 10° u N, = 410°° , a ux 06bEMBI paBHbI V; = 0,08m° u V, = 0,04m® cootsercTBenHo. Haiitn PasHOCTH Eq)z - Ecbl BEJIN-

yuH SHepruii @epMu BO BTOPOM U IepBoM MeTaiuiax (B 3B). YuecTs, uto 3T[2h3/ (2me)3/2 =1, 414]1056Z[>1< ¢ 3/ xr 3 2, rae i —mo-

crosinHas [1nanHka, M, —Macca 3JeKTPOHa.
Ortser: 0,1827>B
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45.7.B 30He npoBoAUMOCTH pyouaus, nmeromero sHepruto Gepmu E4 = 1,853B n temneparypy, 6imskyro k 0K, 12,5%
CBOOOJHBIX AIIEKTPOHOB UMEIOT 3Hepruu B untTeppane 0< E < E, . Huwxkuuil ypoBens 30HbI npoBoauMocTH uMeeT sHepruto E =0. On-

penenuTh BeNuIuHy Heprun E; B 3B.
Ortser: 0,4625:B

45.8.Haiitu cpennee 3HaueHHE BETMYUHBI <E5/ 2> (8 5B°?), r1e E — knnernueckas SHEprus cBOGOIHOTO YIEKTPOHA U3 30HBI

IIPOBOJUMOCTH B M€, BeauuuHa sHeprun Oepmu B KOTOpOI/I pasHa E; = 7,009B. Temneparypa metania 6auska k O K.
Otser: 48,62>B°2

45.9.HaiiTu OTHOIIEHUE BYX CPEIHUX BEIUIHH <E5> / ( E>5 , Te E — kuHeTnyeckas sHeprus CBOOOHOTO 3JICKTPOHA U3

30HBI MPOBOAUMOCTH B METAJLIE, TeMIeparypa koroporo 6nuska k 0 K.
Ortser: 2,968

45.10.M3BecTHO, 4TO BEpOSTHOCTD 3aIOJHEHUs IeKTpoHoM 1ipu TeMneparype T = 400K yposus ¢ snepruei E; = 2,285B
B 30HE NMPOBOAMMOCTH MeTaiia paBHa 1%. Haiitu Bennunny suepriun depmu takoro Merauia (B 5B).
[ocrosiunas Bonbimana k = 1,3810% JIx/K.
Ortser: 2,1215B

46. [IpoBoguMOCTh MOMYyNpoBoAHKMKA. CBOWCTBA MOTYNPOBOTHUKOBOTO P-Nd1epexoa TOJTyIPOBOIHUK
mpu T>0K

B coOCTBEHHOM MOJTyIPOBOAHUKE YPOBEeHb DepMH PACIIONONKEH MPAKTUUECKH [TOCEPEANHE 3anpe- 5 soma

IIEHHON YHEPreTHIECKOM 30HbBI IUPHUHBI AE,, oTnensromel BaJeHTHYIO 30HY OT 30HBI POBOJIUMOCTH, KOTO- HpOBOﬂHMO(SCTH
= CBOOOOHBIC
PYIO 3aIOJHSIOT CBOOOJHBIE 3MEKTPOHEL, 3HEeprHs KoTopeix E =0 (puc.3.41).ITostomy |E¢) =-AE,/2< 0| g 0 Ak “;BHGKTpOHbI
W 3
# DBIDKH

E
ITpu temneparypax T ~ 200 — 500 Kremoas sueprust anektponos Ky T < AE, u eXp{_k_(?l'] > 1. Io-

E BaJICHTHAas

30Ha
ATOMY B CITydae MOJyIPOBOJIHHKA B 3HaMeHaTese hopmynbl GyHKIMH DepMu MOKHO TIpeHeOpedb eTMHATIEH Puc.3.41

1 E E
U CYUTATh, YTO f(b (E) —= Xp[ ¢ J X;{——). Tornga KOHIEHTpaIus CBOOOIHBIX JJIEKTPOHOB (HIIH JBIPOK) B
E-E, kgT ks T
exp ——
kT

CcOOCTBEHHOM TOJTYTIPOBOTHUKE OyIET OMMCHIBATHCS pacnpeneiacHreM MakcBemia-boixpnmana: N = J. dny, =

00

E Ey ) [ =
J. or2h3 Dfd)( )EUE exp{ o JEJ.( )h3 N, Eex;{ |<5Tj dE wumm nzconsﬂex{—k;r)z condf e{ 2Akaj _
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TemmeparypHasi 3aBUCHMOCTH ITPOBOIUMOCTH COOCTBEHHOTO HOJIYHNPOBOJHHKA ONPEAEIETCS B OCHOBHOM JaHHBIM SKCITO-
HEHIAATbHBIM MHOXHTEJIEM.

Ipumep pewenus 3aoay:

46.1.TIpu temneparype 27°C 371eKTpOnIpOBOAHOCTS (yAeIbHAS IPOBOAUMOCTB) IIEPBOTO COOCTBEHHOTO MOIYIIPOBOIHHUKA C
LIMPUHON 3amnpenieHHoi 30Hb1 AE;; B eXp(1l) = 2,71&a3 meHbliie, 4eM y BTOPOro COOCTBEHHOIO MOJIYNPOBOAHHKA C IIHPHHOM 3a-
nperenHoit 30ub1 AE,,, a npu remneparype —23°C ona B exp(1l) = 2,71&a3 Goublue, yeM y Broporo. Haiitu BennunHy pazHocTd
AE,; - AE,; B anektpoH-BoibTax. [locrosiaHas Boibumana Ky = 1,381023 Ix/K; 3apsin aiekTpoHa e = 1,610'19 K.

Pewenue.

DIeKTpONpOBOJHOCTS WIIN yAEIbHAS IPOBOJAUMOCTE CPEAbl IIPONOPLIHOHAIBHA KOHIEHTPALMH CBOOOIHBIX HOCHTEINEH 3apsi-
I1a, T.€. JJIEKTPOHOB U ABIPOK, YHCJIO KOTOPBIX B COOCTBEHHOM IIOJYIPOBOAHNUKE OJMHAKOBO, Kak BUAHO U3 puc.19.Ilo ycinoBuio ona

B €Xp(1)pa3 MeHblIIe B IEPBOM IOJIYIIPOBOAHUKE IIpH Temieparype T = 27+273=300 K: nl(Tl)/ nz( Tl) = exp(—]) u B exp(1l)pas
0oJIbIIIe B IEPBOM ITOJYIIPOBOIHUKE MPH Temieparype T, = -23+273=250 K: nl(Tz) / nz( TZ) = exp(]) .

m (T2) _ consg -0y _
nz(Tl)_ConSIZEEXD( Z A %T] oal- )

Ecmm moacTaBUTh NpHUBEACHHYIO BBHINIE TEMIIEPATYPHYIO 3aBHCHMOCTH

v (Tp) _ consg x [_AEsl +BEp
ny(Tz) const XhL %D

HOWIEHUH JPYr Ha Apyra, TO HOIy4HM exp( AE; = AEﬂj / ;{Agz AEl) exéw(i——lnz exp ), otkyna
2k T, 2T 2kg T T

]: EXd ),IIYCTpaHHTLIKHBBeCTHHE KOHCTAHTBI, IMMOJACIIUB JICBBIC U IPABbIC YaCTU 3TUX OT-

AE,, -AE,; = 2[2k; / [ ] 8,2810%° 1 =0,51755B.
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Ha puc.3.42 nokazaHo mnpsiMoe W OOpaTHOE MOAKIIOYECHHE IOJYIMPOBOIHHKOBOIO P-N- +| .~ Usn
nepexoa (IIOJIympPOBOAHUKOBOTO AN0/A) K BHEIIHEMY HCTOYHHUKY HOCTOSIHHOrO HampsbkeHus Uy, . Z |'
. 3
ITpu 1psSIMOM MOAKJIIOYSHUH YMEHBINACTCSl IIMPUHA 3aMUPAIONIEro CJI0s, B KOTOPOM c031aéTcst 7 T IS4 E
~ . J B g 7
3IIEKTPUUECKOE N0JIe C HAIPSHKEHHOCThI0 E, , mpemaTcTByloliee TOKY OCHOBHBIX HOCHTENel 3apsi- -t

o OpAMOE MOAKIIFOUCHHUE
na. [Ipu 3TOM 1o 3KCITOHEHINATFHOMY 3aKOHY OyIeT Bo3pacTaTh TOK OCHOBHBIX HOCHTENEH 3apsaa

- |+
(IIEeKTPOHBI TEPEXOAAT U3 N- B P-00I4CTh, & ABIPKA — B TIPOTUBOIIOJIIOKHOM HAIIPABJICHUH). =| Usn
Ecinu noakimouuTh o0parHoe HanpspkeHue (puc.3.42),To 3amuparoiiii IO U 3aIuparo- L || . J
mee none E, B HEM BO3pacTaioT, M MOIHOCTBIO MPETATCTBYET TOKY OCHOBHBIX HOCHTEINEH 3apsia. P J I Esf Ees 7
«— e I =—
Ho 3anuparomee none E,, Ha060poT, momoraer TOKy HEOCHOBHBIX HOCHTENeH 3apsia (JMEKTPOHbI 00paTHoe MOJKITIOUEHHE
MepexosT u3 P- B N-006JIacTh, a JBIPKA — B MPOTHUBOIMOJIOXKHOM HANPABICHUH), KOTOPBIA HMEET Puc.3.42
OYCHb MAJYIO BEJIMYUHY U3-32 MaJIOW KOHIICHTPAI[UHM TAKUX HOCHUTEJCH U MPAKTUYCCKU TOCTOSHEH.
CyMMapHbIii TOK OCHOBHBIX U HEOCHOBHBIX HOCHUTEJCH 3apsiia MMEeT BETHIUHY !
obpatHoe
eU MOMKITIOYEHHE
_ BH | _
I =1 eocn | €XP 1|,
b ) 0 Usu
MPECTABIIIOIIYIO BOJIBT-AaMIIEPHYIO XapaKTEPUCTUKY P-N4Iepexoa, n300paxeHHyo Ha puc.3.43. I ! psvoe
Tok mpu IPSIMOM TTOIKITFOYECHUH OyIeT MPAKTHECKH PaBeH TOKY OCHOBHBIX HOCHTENeH 3apsiaa, a L P —
Ipyu 0OPATHOM MOJKJIFOUCHUH CYIIECTBYET HAMPABICHHBIA B MPOTHBOIOJIOKHYIO CTOPOHY, OYCHb MaJbIi Puc.3.43
U MPAKTHYECKH MOCTOSHHBIA TOK HEOCHOBHBIX HOcHTelel 3apsia (puc.3.43). He. .
Ipumepwvl pewsenus 3aday.
46.2.Ha p-n-nepexos (OaynpoOBOAHMKOBEIMA 1rox) nogaéres npsimoe Hanpsbkenue U = 0,1B. Temneparypa H-U
nonynposoguuka —23°C. Bo CKOJIBKO pa3 yMEHbIIHUTCS TOK |, TeKyIuil Yepe3 P-N-riepexo, eciu 310 Hanpsbkenue U ' % J
. — : D n
YMEHBIINUTH B JBa pa3a? [locrosuuas bonapumana ky = 1,3810 3 JIx/K; 3apsin anekrpona € = 1,610 ¥ p
Pewenue.

Heob6xoaumo HaiiTu oTHOMIEHHE | (U ) / I (U / 2) , KoTopoe rpu temneparype T = -23+273=25K omnpenemnsercs popmyion

U eU eU
BOJIbT-aMIIEPHON XapaKTEpUCTHKU P-NHIepexona: & =lexpl — -1 exXp —— |- 1. I[loncraHnoBKa YHCIIOBBIX TaHHBIX
1(U/2) kT 2k T
naér | (U ) / I (U / 2) =11,16 ¢menbIeHue npsamoro Toka B 11,16pa3).
46.3.Eciu Ha p-n-nepexon (HOIyIpOBOIHUKOBBIH 1101) H0oAaTh Ooibioe obpaTHOe Hanpsbkerue U,gp, TO de- H-U
pe3 Hero Tedy€T MPAaKTUIECKU He 3aBUCSINH 0T Beauuunsl Uy, Tok |3 = 1 MKA. Temnepatypa nomynpoBoatuxa 27°C. ' % J
Kaxkoii Benmmuusbl TOK | Oyner Teus yepes P-N-niepexo, eciu noaaTh Ha Hero npsimoe Hanpspkenne U = 0,1B? [Tocro- pln

sinast bonsumana ky = 1,3810% [x/K; 3apsi dsekTpona e = 1,810 ¥y
Pewenue.
Tox |1 Oyner oGpaTHBIM TOKOM HEOCHOBHBIX HOCHTENEH 3apsa. [Ipu MOAKIIOYEHHH K P-N-TIEPEXOY MPAMOTO HAIPSIKEHUSI

U depe3 Hero motedéT Tok | = 11| exp % — 1| =46,7MKA.
b

Tpumepwl 3a0au KOHMPOTLHOU PAOOMbL OIsL CAMOCTHOSMENLHOL NOO2OTHOBKLL.

46.4.TIpu ymenpuieanu temneparypsl ot 27°C 10 127°C s3nektponpoBogHOCTE (yAeIbHAs IPOBOAUMOCTh) COOCTBEHHOTO
MOJTYTIPOBOIHAKA yMeHbIaeTcs B €Xp(2) = 7,38%a3. Uemy paBHa mIHpHHA 3aMPEIIEHHON 30HBI 3TOTO MOTYIPOBOIHAKA B JIEKTPOH-
BonbTax? IToctosunas bonbimana K = 1,3810'23 JIx/K; 3apsit a7eKTpoHa e = 1,6]019 K.
Ortser: 0,5173B

46.5./1Ba 0JMHAaKOBBIX COOCTBEHHBIX MOJYIPOBOIHHUKA C IIMPUHOH 3anpelénHoi 3061 AE;= 13B nepBonavaibHO MMenn
temieparypy 27°C. Iepssiii nonynpoBoauuk oxiaawin Ha At;° = 50°C, a Bropoii Harpesnu Ha At,” = 150°C. Bo ckosbko pa3s mocie
9TOTO HJIEKTPONPOBOAHOCTH (yACIbHAs IPOBOANMOCTE) BTOPOTO MOJIYIIPOBOJHIKA CTAHET OOJIBIIE IEKTPOIPOBOIHOCTH IIEPBOTO
nosynpoBoaauka? [TocrosiaHas bonbimana K = 1,3810'23 Jx/K; 3apsin a7eKTpoHa e = 1,6]019 K.
Orteer: B 5977pa3

46.6.Eciu Ha p-n-niepexoz (Io1ympoBOAHUKOBBIM A10) HoaaTh npsmoe Hanpsokerne U = 0,05B, To yepes -
Hero Teuér Tok |, = 100MkA. Temneparypa nosynposogauka —23°C. TIpsMoe HanpsKeHHE KaKOM BETMYMHBI CIIEMLYET /
MoJIaTh Ha P-N-riepexo/1, 4To0bI 3TOT TOK yMmeHbmmics Ha Al = 50MkA? [Tocrosinuast bonbimana K = 1,381023 Jx/K; ARG

sapsi snextpona € = 1,610 K.
Ortser: 0,03708B



