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BBenenue

VYyeOnas aucuuruinaa COO.02.03 dusnka BXOAUT B COCTaB UKIA TPODUIBHBIX
JTUCIHUIUIMH OCHOBHOM 00pa3oBaTesbHON MpodeccnoHanbHOM mporpammbl. Meroanye-
CKHME€ YKa3aHHs IO BBIMOJHEHUIO MpakTrueckux padot no aucuumivae CO0.02.03 du-
3MKa COCTABJIEHBI B COOTBETCTBUU C pabouei MporpaMmMoil no JaHHOW JTUCHHILINHE.

[ensiMu BBIOJIHEHUS IPAKTUYECKUX PAOOT SIBIISIETCS:

- 00001IeHne, cucTeMaTr3alus, yriyoaeHue, 3akperieHne MOIyYeHHBIX TEOPETH-
YECKHUX 3HAHHUM 110 KOHKPETHBIM Te€MaM JUCLMILIAHBI;

- (popmupoBaHNE YMEHUI NPUMEHATH NOJYyYEHHBIE 3HAHUS Ha MPAKTHKE, peaiu-
3allMsl €IMHCTBA MHTEIUVIEKTyJIbHOW U IPAKTUYECKOH €SI TENIbHOCTH;

-pa3BUTHE HMHTEJUIEKTYaJIbHBIX YMEHUH y OyIylIMX CIEUUaIMCTOB; aHAJIUTUYe-
CKHX, IPOEKTUPOBOYHBIX, KOHCTPYKTHUBHBIX U JIp.

- BBIPa0OTKY NPHU PEUICHUHU MOCTABICHHBIX 3a/1ay TAaKUX MPO(PECCHOHAIBHO 3HA-
YUMBIX KadeCTB, KaK CaMOCTOSITENIBHOCTb, OTBETCTBEHHOCTb, TOYHOCTb, TBOPYECKAs
VMHULMATUBA.

B nponecce uzyueHus: (GU3MKA O4eHb OOJBIIOE 3HAYEHHE MMEET pelIeHUe 3ajad,
TaK KaK OHO IMO3BOJISIET 3aKPENUTh TEOPETUUECKUI MaTepHuall Kypca, pa3oOpaTbcs B pas-
JMYHBIX 3aKOHAX M FPAHMIAX UX MPUMEHEHHs, CIOCOOCTBYET UX 3anmoMuHaHuio. Kpome
TOTO, IPU 3TOM PA3BUBAIOTCS HABBIKA MCIOJB30BAHMS ATUX 3aKOHOB JUIS BBIICHEHUS
KOHKPETHBIX MPAKTUYECKUX BONPOCOB. Takum 00pa3oM, BHIIIOJIHEHHE 33]a4 B MIPAKTHUY e-
CKHMX paboTax sBISIETCS] TPOBEPKOM CTENEHU YCBOEHUS CTYACHTaAaMHU TEOPETHUYECKOro Ma-
TEepHaJIa U MOXKET CIIy>KMTh KPUTEPUEM 3HAHUS Kypca.

[Ipennaraemoe mocodue COACPKUT MaTEpHANIbl MPAKTUUYECKUX padOT Mo (Qu3uke
(cornmacHo paboueil mporpamme), KpaTKylo TEOpHIO, MpeasiaraéMble CTyAeHTaM JJis Teo-
pPETHUYECKOI MOATOTOBKM K 3aHSATHUSAM BOIPOCHI; MOAPOOHBIE METOIUYECKUE YKA3aHUS IO
PEUIeHUIO 3a/1ay; IPUMEPHI PEILICHU 3a/1a4; 3a/1a4u JJIsl CAMOCTOSITEIbHOTO PELICHUSI.

[TpakTnueckast paboTa paccuuTaHa Ha BBIIIOJHEHHE B TEYCHHUE ABYX YUEOHBIX da-

COB.



[IpumMepHBbIi T1aH perieHus 3agaun: 1. PaboTa Haj ycioBueMm:

1) Kparkass 3amuch YCIOBUSI U BBISICHEHHE CMbICJIA TEPMHUHOB (PUCYHKH,
YEPTEKH).

2) Amnanm3 GU3NIECKUX SIBJICHUH, MPOIIECCOB, OMMCAHHBIX B 3a/1a4€.

3) 3anuch ynpoIuarumx IpeanoioKeHuu.

2. Ilouck HEOOXOIUMBIX YpaBHEHHUMU, CBS3BIBAIOMIMX (U3HUUECKUE BEIHYUHBI,
KOTOPBIE XapaKTEPU3YIOT paccMaTpUBaeMOe SIBICHUE, ITPOIIeCC.

3. Pemenue 3agaun B 00I11eM BUJIE.

4. AHanu3 MoJy4yeHHOTO pe3ysbTara (JIelCTBUE C HAMMEHOBAaHUSIMH, MPOBEpKa Ha
YACTHBIX CITydasX, perieHue APyTuM Criocooom).

5. IlpuBenenue Bcex nqanHbx K CU (eciu 3T0 HEOOXOIUMO).

6. IlosyueHue yncIoBOro OTBETA.

O1neHKa 32 BBIMOJHEHUE MPAKTUYECKUX PAaOOT BBICTABIACTCS MO MATUOATIBHOM

CUCTCMC 1 YUUTBIBACTCA KaK ITOKA3aTCJIb TCKYHICI?I YCIICBACMOCTH CTYACHTOB.



IIpakTuyeckoe 3anaTue 1-4
PaBHOMepHOEe 1 PABHOYCKOPEHHOE IBUKEHH e
Ue]lb 3ansamus; yCBOUTb MCTOAUKY PCHICHUA JAHHOTO TUIIA 3a/4aY.

Koumponsrwie éonpocoi

1. Kakoe nBmkeHue Ha3bIBa€TCSI PABHOMEPHBIM?

2. OTnrume myTH OT ITEPEeMEeeHI?

3. Hanncatk hopMyity paBHOMEPHOTO IBHXKEHHUS B BEKTOPHOM BHUJIE?

4. N300pa3uth rpaduk paBHOMEPHOTO JIBUKCHHS B KOOpAMHATAX X,t U V,t.

5. MrHOBEHHAs M CPEaHSS CKOPOCTh, B YeM OTINIHE?

6. MaTepnperarus myTH Ha Tpaduke paBHOYCKOPEHHOTO IBIKCHHSI B KOOPAMHATAX V.t.

Teopemuueckuii mamepuan no meme
C npumepamiu pewieHus munossix 3a0au.

SJIEMEHTBI BEKTOPHOM AJITEBPHI

B kypce anemeHTapHOi (U3NKH, KaK U3BECTHO, MIPUXOAUTCS ONMEPUPOBATH JABYMS KaTErOpPHsIMHU
BEJIMYUH — CKAJIAPHBIMU U BEKTOPHBIMU.

CyIIecTBEHHBIM OTJIMYUEM BEKTOpa OT CKaJIsApa SBJISIETCS HANIPaBICHHOCTh BEKTOpa, YeEM U 00Y-
CJIOBJICHBI OCOOBIC MpaBHJIa JCHCTBUN HAJl HUMH, HOCSIIHE FT€OMETPUUCCKUIN XapaKTep.

@opMaJIbBHO BEKTOPHBIE PAaBEHCTBA HMMEIOT TOT XK€ BUJ, YTO U

CKAJIIpHBIE, HAIIPUMED, a "'L b ==C. Crpenku xe HaJ OyKBaMU 03HA4aroT, YTO Mbl UMEEM
JIeJI0 C PEKTOpaMH U, 3HAYUT, ONEpallui HaJl HUIMHU MIPOU3BOIATCS IO 0COOBIM IpaBuiaM. B wacTHOCTH,
TaKas 3alKch 03HAYaeT, 4To eciiv a =2 U 6 = 3, To ¢ He 00sA3aTenbHO OyIeT paBHO 5
CJI0KEHHE BEKTOPOB
CI105K1Th HECKOJIBKO BEKTOPOB — 3TO 3HAYUT 3aMEHUTHh HECKOJIBKO Ha CaMOM JI€JI€ UMEIOIIUXCS
BEKTOPOB TaKUM OJIHUM, KOTOPBIH ObLII Obl SKBUBAJIEHTEH BCEM 3aMEHEHHBIM. Pe3ynbTupyrouili BEKTOp
HaxOoJAT KaK 3aMBIKAIOLY0 TOM JIOMAHOH JIMHUU, 3BEHbSIMU KOTOPOU SBJIAIOTCS COCTABIISIOLINE BEKTO-
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2) PasiooiceHue eekmopa Ha cocmaseidrouiue

YacTo ObIBaeT HeO6XO,Z[I/IMO 3aMCHUTb OJUH BCKTOP TAaKMMH HCCKOJIbKUMH, KOTOPBIC B CYMMC
CcBoOeCH ObLIM OBl PKBHBAJCHTHEI O9TOMY 3aMCHCHHOMY. Taxkas orcpanyrs Ha3bIBaCTCA Pa3JIOKCHHUEM BCK-
TOpPa Ha COCTABJIAIONINEC BEKTOPBI
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3 Toes ** TIlpumepoM SIBII€TCS IBHXKEHHE JIOJKU OTHOCHUTEIHHO Oepe-
ToB B CjIy4dac, €Clin rpe6eu nepeMemacT JOAKY OTHOCUTCIIBHO BOJbI, a
BOJIa TIEPEMEIIACTCsl OTHOCUTEIILHO OEperoB.

** JlBa Tema HNBHXKYTCS HE3aBUCHMO
apyr ot apyra. Kak onpeznensiercst ux aBuxe-
ra?

BBIXOZAT U3 HEKOTOPOU TOUYKH A OJMH W3 HUX

HUE JPYT OTHOCHUTEJIBHO JIpY-
[Iycte nBa KOpaGus

ynansiercsi oT A Ha paccros- HUE Ar 1, a npyroii — Ha paccTosHUE Ar 2
O4eBUIHO,  OTHOCHUTEIBHOE A UX IEpPEMEIICHUE ONpPENENeTCS B3aUMHBIM

paccTosTHuEM ﬁ‘P"JJ'I-'H. W, 3HaYuT, OTHOCUTEIBHOE MEepPEMEIIEHNE PABHO PA3HOCTH Ar 1 H Ar 2. Ta-
KM 00pa3oM, OTHOCHUTEIbHBIC MEPEMEIIEHUE U CKOPOCTh JBYX TEJ ONMPEACISIOTCS BEKTOPHOW pa3HO-
CTBIO UX MEPEMEIIECHUI U CKOPOCTEH, 3a/IaHHBIX IO OTHOLICHHIO K OJTHOM U TOM e CUCTEME OTCUETA.
222222222222222222222222222222222
**3asn 0e:KUT CO CKOPOCTHIO 15M/¢, Ne/ib(PMH IIIbIBET 72KM/4, KTO ObICTpEE?
3amaya CBOJAUTCS MEPEBOAY OJHUX €IUHMI] B JIPYrHe, YTO MOPOIl BBI3BIBAET 3aTPYAHEHUE Y
yUYalIXcs.
[Tpemnaraercs crnemyromas cxema ASHCTBHMA TSl TepeBoia  72KM/4 B M/C
OTtaenbHO MEPEeBOIMM KM B M U Yac B CEKYHJIbI
10° 72%10°
TIRM/U= 72 weemmmmmmnes M/C = -mmmemnn =2%10'=20 m/c
3600 32+10°
Yacro yvaiuecs: CKJIOHHBI CYUTATh CPEIHIOI CKOPOCTH BUKEHHS B BUJIE

v, +ve+ ...+ vn

n

I/ie V; ...-CKOPOCTHU JBIDKEHUs Ha 1, 2, ,.., n-M y4acTkax. IT0 omrO0YHOE MHEHHUE.
CpenHsisi CKOpOCTh, IO OIPEACIICHUIO, €CTh OTHOIIEHHE OOIIEero
nepeMenieHus: Ar K ToMy MPOMEKYTKY BpeMEeHH At, 32 KOTOPBIH 3TO MepeMelieHue mMpor30IILIo,

= __Ar 4 Ar, . 4 AF, 4 o A5t A8 A A As,
T AL Ay .. A, P Aty 4 Aty ...+ Aty

*% [lepByl0 TIOJOBUHY IIyTH aBTOMOOWJIb JIBUTAJICS CO CKOPOCTBhIO V1=20 KM/4, a OCTaBIIYIOCS YacCTh-
co ckopocThio V2= 30km/u. KakoBa cpeiHss CKOPOCTh ABHKEHHsI aBTOMOOWIIS?
[To onpenenenuto, cpeansisi ckopocts vep = S/t. [lonnoe Bpemst aBuxenus t=t1+t2=S1/t1+
S2/t2. Torma S1=S/2, t1=S/(2V1), t2=S/(2V2), nonyuum vcp = S/t=S/(S/(2V1)+ S/(2V2))=
=2VI1V2/(V1+V2)=2*20*30/(20+30)= 24 km/4,
a BoBce He (20+30)/2=25 km/u. B 9T0if 3a7a4e MBI MBITAEMCSI IPUYYUTH CTYACHTOB HE OOSATHCS
TOr0, YTO B 3ajJaue “‘Majio”’ JaHHEIX.
[Ipumep emie oaHOM 3a1auu, TIe, KaK MOXKET MOKa3aThCA, “HAYEro HE JaHO .
** Karep BHU3 10 TedeHUIo ABxkeTcs u3 A B b 24, BBepx- 4u. Kakoe Bpems t moTpedyercs, 4TOObI KaTep
“caMOCILIaBOM”, C BBIKJIFOUEHHBIM JABHIaTesieM nonan u3 A B b?
0O603HaunM Vk- CKOPOCTH KaTepa OTHOCUTEIBHO TeUeHHUs, V- CKOPOCTb TEUEHHUS, a S- PACCTOSTHHE MEX
Aub. Yurs, 4T0, 10 ONpEeIeHNI0, CKOPOCTh V=S/t U MOACTaBUB BMECTO t KOHKPETHbIC 3HAUCHUS, MOKEM 3aIlu-
caTh yCJIOBHUE 33J]au B BUJIC JBYX YpaBHEHUI:
Vk+Vt=S/2, Vk-Vt=S/4,
BBIYTEM M3 IIEPBOTO yp-s1 BTOpoe (YTOOBI HCKIIOUUTH He HHTepecytomee Hac Vk)
2Vt= S/4 unu Vt= S/8. Ho Vt= S/t, 3Haumt, “8” 1 eCTh HCKOMOE BpEMS1)

Ucp —

3333333333333333333333333333333



OCHOBHBIC YpaBHCHUA IJId OMIPCACIICHUA MCCTa TOUKU B CUCTEME OTCUCTA U €€ CKOPOCTHU “B Ka)KI[LIfI MO-
MEHT BPEMEHU JIJIsI PAaBHOYCKOPEHHOTO JTBHYKCHUS:

X=X0+VO0t+ At”/2 V= V0+ At

HpI/I peHICHUH 3a/1a4 MO0 MCXAaHUKE B IICPBYIO OUCPCAb (ﬂBHO nim HC?IBHO) MBI BBI6I/IpaeM CUCTCMY OTCUC-
Ta (Ha4yaJio W HAMpaBJIEHUE OCEH KOOpAMHAT). DTO IMO3BOJSET YIPOCTUTH BUI ypaBHEHUS (MCKIIOUNTh X0 HIH
VO, BeIOpaB 3a HAYAIBHYIO TOYKY CHCTEMBI OTCUETA TY, T/Ie OHU PaBHBI HYJIIO)

** Vinon mmuHoM 100M  nebkHUK mpormen 3a 20c ¢ a=0,3m/c. HallTh CKOpOCTh JIBDKHHKA B
HayaJie ¥ KOHIIE ITyTHu?

BribpaB B kauecTBe Hayalla CUCTEMbl KOOpJIMHAT TOYKY Hayaua IyTH, YIPOCTUM ypaBHEHUS
X = VOt+ At’/2

V=V0+ At

[Tonmyunnu cucreMy U3 ABYX ypaBHEHHH C AByMsi HeM3BeCTHbIMH- V0 (HayanbHasi CKOPOCTh) U
V (CKOpOCTb B KOHIIE TIyTH).

N3 mMaremMatuku Mbl 3HAaE€M, YTO B CIy4yae, KOrja KOJWYECTBO YPaBHEHUU PABHO YHUCIIY HEH3-
BECTHBIX, CUCTEMa MMeeT pemieHrne. Korga koamyecTBo ypaBHEHH MEHbIIIE YEM YUCITY HEU3BECTHBIX,
MBI MOEM JIUIIb HAWTHU COOTHOIICHHS MEX HUMH, YeTO HaM MOPOH JOCTATOYHO (BO CKOJBKO pa3 yBe-
JUYUIIACH CKOPOCTb. .. )

3amnmcaB Bce YCIOBUSA 3a7a4d B BHJIE OPMYJI, MBI 3aKaHYMBAaeM (PU3HUYECKYIO YacCTh 3aJ1a4ul U
ocraercs ynctas maremaTtuka. [loacrasisem 3HaueHU U UMEEM

100=V0%*20+0.3*20*20/2 => V0=2m/c

V=2+0,3*%20 => V=8 m/c

** [Hapux 6pocatoT BBepx ¢ V0. HaliTu MakcuManbHYIO BBICOTY, Ha KOTOPYIO ITOJAHUMETCS 11a-
puk. X2=?,

[lycts oce X, HampaBieHa BBepX M HaumHaercs Ha 3eme(X1=0). C ydyeTom HampaBieHUs
(YCKOpeHUe g HaIlpaBJIEHO BHU3) OTYyYUM

X2=V0t2-gt2* t2/2;

V2=V0-gt2 nojryyaeM 2 ypaBHeHUs ¢ 3 Heu3BeCTHbIMHU (X2, t2 u v2)

Tperbe ypaBHEHUE- YCIIOBUE, YTO B BEPXHEW TOUKE CKOPOCTH=0

V2=0, otkyna u3 Broporo yp-s nonyuum VO=gt, t=V0/g

X2=0+VOVO0/g-gVOV0/(2g*g)=V0*V0/g- VO*V0/2g= Vo2/2g

OOBIYHO TIPH PEIICHUHU IMIKOJIBHBIX 3a/1a4 YKa3bIBAIOTCS MCUEPIIBIBAIOIIUE TaHHbIE U HE00XO-
JMMO TIONYYUTh OTBET B BUJE uMciia. B Hammx 3amayax 3a4acTyi0 Mbl OrpaHUYMBAEMCS JIUIIb POopMy-
JIOM N17151 BBIYMCIICHHUS.

[ToTomy HEoO6X0ouM crioco0 POBEPKH 00IIEro Buia GopmMysibl. ITO Crocod pa3sMepHOCTEH.

B ypaBHeHuU paszMepHOCTh MCKOMOW BEIMYUHBI ClIeBa M WUTOTOBAas PasMPHOCTH (HOPMYIIbI
CIlpaBa JI0JKHBI COBIanath. [IpoBepuM 3T0 Ha Hamen 3aaaye.
X2=Vy’/2g
M=(m/c)*/( M/c*)=m Pasmeproctr cosmami. C TOYHOCTBIO 10 KOHCTAHTa (OpMyIIa BepHa!

** [Ipu TOpMOKEHUU aBTOMOOWIIb, ABIKYILUNCA cO cKopocThio VO0=72 KM/4, OCTaHOBHJICS
yepe3 5 c. HaliTu TopMO3HOI yTh, cunTast yCKOpeHHe aBTOMOOMIIS TTOCTOSSHHBIM

Hauano cucrteMbl KOOpJMHAT MOMEIIAEM B TOUKY Hayaia TOpMOKeHHs aBToMoOmiis. Touka ¢
KoopauHatol X1 COOTBETCTBYET MOMEHTY OCTaHOBKHM, t1 — Bpems, mpolejliee ¢ MOMEHTa Havaja
TOPMOXKEHUS 10 OCTaHOBKHU, VOX = VO, ax = - a.

3anuineM OCHOBHBbIE YPaBHEHUS TEOPUU JJIi MOMEHTA OCTAaHOBKH tl, yuTs, 4TO MpHU 3TOM aB-
ToMOOMIIb ocTanaBnuBaercs (V1x = 0)

X1 = Vo- a*t1*/2

Vix =v0-a*tl =0

HNmeem cucteMmy U3 IBYX ypaBHEHHMI ¢ JByMs Hem3BeCTHbIMH X1 M a. Bwlpaxkas a u3 BToporo
YpaBHEHMsI U MOJCTABIIAA €ro B epBoe, Haxoaum: X1 = Vo t1/2= 50 m.

** Teno magaet ¢ BeIcOTHI h= 2000Mm (Vo=0). 3a kakoe BpeMs oHO moueT nociaeaaue 1020m?

Ecnu 3adukcrupoBaTh Hauano CUCTEMBI OTCUETa B TOUKE Hadana ABMKEHUS U ochb Och X

HAIpaBUTh BHU3, TO YPAaBHEHHE PAaBHOYCKOPEHHOTO JIBH)KEHUS Tella IPEJICTAaHET B BUJIE

h = gt*/2, orkyna t=(2h/g).

C Boicotsr 2000m Terto magaet 3a V2*¥2000m/10M/c2=20c



ITepsbie 980 M Teno mamaer 3a V2*980Mm/10Mm/c2= 196=14c, a octaBmmecs nocienuue 1020mM 3a
20-14=6¢
44444444444444444444444444444444444444
PaBHOMepHOe 1BUKEHHE M0 OKPYKHOCTH
Vmest ocHOBHYIO (opmyny a=V>/R | JIerko HaifTH OCTaIbHBIC COOTHOMICHNS JINHEHHBIX U yI-
JIOBBIX BEJIMYMH UCXOIS1 U3 TIPOCTHIX COOOPaKECHHUIA.
n(xommaecTBo 060poToB)=1/T — 0OpaTHas NeproOy BEIUUHHA.
VYroxa (@) B cucreme CH usmepsiercs B paauaHax, IOTOMY YIJI0Basi CKOPOCTb @ (CKOPOCTb U3Me-
HEHUS yTJa)
®=@/t pag/c, a 1jis NOJHOTO 000POTA
o=27a/T=2nn un =0t
[IpoBoas paccykaeHwus ISl OJJHOTO MOJIHOTO 00opoTa (BpeMs= nepuoay= T), moaydum
v (muHerHas ckopocTh)= S/t=(nmuHa okpykHOCTH)/(T)= 2aR/T=2nRn
V=oR
a=V’/R=o0’R
** MunytHas ctpenka yacoB (1) B 2 pa3a anuHHee dacoBoii (2). HaifTu oTHOIIeHHE JIMHEHHBIX CKOPO-
CTeil KOHIIOB ATUX CTPEJIOK.
UTO0OB! MOMYYHTh NCKOMOE OTHOIIICHNE TMHEWHBIX cKopocTed V1/V2, Hamo HaWTH CBSI3b JTUHEHHOMN
CKOPOCTH Y JUTUHBI CTpenku (pamuyca). 910 V = o R.
3Haunt - V =0 R V2= (wl*12) (R1*¥2)=24V1
V1/V2=ol R1/ ®2 R2=ol/0w2 *R1/R2=12%2=24
3a 0IMH 000POT YACOBOM CTPEIKU MUHYTHAas aenaeT 12, te wl/w2=12.

** Ckonbko 000pOTOB B CEKYHY JeNaroT Koieca guamerpom 1,5 M npu ckopoctu 20 m/c?
v =2nRn=2nDn/2= nDn

Otcroga

n = V/(mD) =20 (m/c)/(3,14*1,5m) = 4,200/c

3aoaua 1

Yenoek npouea u3 A B b na CeBep-6km, Ha BocTok-8km, Ha CeBep-2kM, Ha 3anan-2xkm. Haiitu
NyTh U TepeMelleHue.

3aoaua 2

Tpers myTH Teno ABUTranoch ¢ v1=20km/4, octajbHOi MyTh- ¢ v2=30kM/4. CpeaHss CKOPOCTH 3a
Bce Bpems myTu=?

3aoaua 3

MunyTHas cTpesaka yacoB B 1,5 pa3a qiaunHee yacoBoii. HaiiTu oTHomeHHe TMHEHHBIX CKOpPOCTel
KOHIIOB 3THUX CTPEJIOK.

3aoaua 4

Yckopenne qudra HanpasieHo BHu3. Kyna aemxercs qudr? OTBeT NPOMIIOCTPUPOBATH PHCYH-

KOM.
3aoaua 5

Koueco Benocunena umeer paauyc 0,5 m. C kakoii CKOPOCTBHIO IBUKETCH BeJIOCHIIE, eCJIH
KoJieco aenaer S0 odoporos B MunyTy? KakoBa yriosasi CKOpoCcTh BpallleHHsI KoJieca IIPH 3TOM

JBHKEeHHH?
3aoaua 6

TeJio OpoLIEHO BEPTHKAJIBLHO BBEPX ¢ HAYAJIBHOH CKOpPOCcThIO 20M/c. YeMy paBeH MOIYJIb CKOPOCTH
Tenaa yepe3 0,5¢ mocie Hayana ApukeHusi? ConpoTuBIeHHe BO3AYXa He YYUTHIBATh.

3aoaua 7



Komika npbiraer ¢ mnoqoKoHHUKa BbICOTOH 1,25M ropu3oHTadbHO €0 ckopocThio 3mM/c. Ha kakom

PACCTOSIHUH OT CTEHBI OHA MPHU3EeMJIUTCS?
3a0aua 8

W MIC

Fa

tc

2 4 Kakoii myTh Npoii1eH TeJIOM K MOMEHTY t=4

IIpakTH4yeckoe 3ausiTue 5-8
Jlunamuka u 3akonbl HeroToHA.
Lens 3anamus: yCBOCHHE METOANKY PEIICHUS 3a/1ay C UCTIOIh30BaHuEM 3aK0HOB HbroTOHA.

Koumponvnvie éonpocoi

1.0npenensieT Jin HanpaBJieHUe IBHKeHNs] HAallpaBJIeHHe YCKOPeHUs ?
2. Ecnu yckopeHue Tella paBHO HYJII0, 03HAYAET JIM 3TO, YTO HA HETO HE AEUCTBYIOT CUJIbI?
3. S16n0Ko, Nekalee Ha CToJie BaroHa, HOKaTHUIIOCh BIEpe, 10 HAIIPABJICHUIO IBIKEHHS BaroHa. Kak n3menu-
JIOCh JABWKEHUE 1oe3/a?
4. CorJacHbl Jiu Bbl ¢ yTBep:xieHuem:
- €CJIM Ha TEJIO HE ICMCTBYET CUJIa, TO OHO HE JIBUKETCH,
- €CJIM Ha TeJIO IepecTalia JeMCTBOBATh CUJjla, TO OHO OCTAHABIIMBAETCS,
- TeJO0 00s3aTeHLHO IBUKETCS TY/1a, Ky/la HallpaBJieHA CHJIA;
- €CJIM Ha TeJO AEHCTBYET CHIIA, TO CKOPOCTh U3MEHSETCSI.

Memoouueckue YKA3aHUus no 6blNnOJaHEHUIO 3a0ay
JAuHaMHKa MaTePpHAJIbHON TOYKH
(codcTBeHHO 3aKk0HBbI HbI0TOHA)

Pemenue 3anau Ha 3akoHbI Hpl0TOHA MpenonaraeT NCNoJb30BaHUE BCEX TPEX 3aKOHOB B CBOEH
COBOKYITHOCTH HE3aBHCHMO OT KOHKPETHOI'O BUJa 3a7a4uu. PazbsicHum 3t0.

1. JIro0oe onucaHue J0O0ro MEXaHUUECKOTO JIBUKEHUSI UMEET CMBICII JIMILb IPH YKa3aHUH TOH
CUCTEMBI OTCYETA, [0 OTHOILIEHUIO K KOTOPOH M3MEPEHBI MOJ0KEHUE, CKOPOCTh U YCKOPEHUE MHTEpe-
CYIOILIETO HaC TeJla, a TAK¥KE CHJIbL, JEMCTBYIOIUE HA 3TO TEJO.

B mixone paccMaTpuBaroTCsi TOJNIBKO MHEPLUAIbHBIE CUCTEMbBI OTCUETA U pElICHUE 33/1a4H, ecTe-
CTBEHHO, HY>)KHO HauMHaTh ¢ (PMKCHPOBAHMUS HEKOTOPOH MHEPIMAIbHON CHCTEMBbI OTCUeTa, Hampumep,
3eMJTI0 WJIH JIF000€ TeJO, IBUKYILEECs OTHOCUTENIBHO HEE PABHOMEPHO.

Taxum 0Opa3oM, cchlIKa Ha MEPBBIN 3aKOH OUEBHU/IHA.

2. OmpenenuTh XapakTep ABMKEHHUS Tella HEBO3MOXKHO 0€3 aHaian3a CHJI. IEUCTBYIOIIMX Ha He-
ro. Ho cuisl —3T0 Mepa B3auMoAencTBUS Tell. DTO O3HAYAET, 4TO 06€3 pacCMOTPEHUS B3aUMOJICHCTBHS
MHTEPECYIOIIEro Hac Tejia ¢ APYruMH TeJaMH 3a/iaya pelleHa ObITh He MokeT. BzaumoneiicTeue xe, a
3HAYMT, U ONpEeNICHHE BCeX CHJI, JEMCTBYIOIHUX Ta HCCIelyeMOe Tell0, HEMBICIUMO 0e3 MOJIb30BaHuUs
TPETHUM 3aKOHOM.

3. Tak Kak U3MEHEHHE CKOPOCTH Tella ONpEAEseTcsl YCKOPEHUEM Tella, a BeIMUMHA €ro ompe-
JiensieTcss H3 BTOPOrO 3aKOHA, TO SICHA M €ro HeoOXOJUMOCTh NPU pEIICHHMH MEXaHMUYECKUX 3ajlady.
Heo0xonnMo oT4eTINBO MpecTaBUTh cede 3Ty B3aUMOCBSI3b BCEX TpeX 3akoHOB HbioToHAa.

** Ha cTose JeXUT OpyCcOK, KOTOPBIN MBITAIOTCS CIBUHYTH BIPABO,
| ¥ MpUKJIapIBas K HeMy cuity F. KakoBa cuiia TpeHust OKos1?
Tak xak OpycOK MOKOHUTCS, TO CHIJIBI, JCUCTBYIOLME HAa HEro, ypaB-

-
F — 4 HOBCIICHEI B J'IIO6OM HaHpaBJ'IeHI/II/I, B 4aCTHOCTHU U BIOJIb HOBerHOCTI/I CTO-
Frp g— '+ Frp.nox F 7
ey J1a. M motomy u3 m u3-3a a =0 cnegyer F 4 Frp. noe =0,
| orkyma {p.rox=—F
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**[TyTh, IPOWIEHHBI MaT TOYKOM, JABMXKYIIEHCS PAaBHOMEPHO MO OKPY)KHOCTH, COCTaBHI 15Mm
3a 10c. OnpenenuTb MOAYJIb IEHTPOCTPEMUTEIIBHOTO YCKOPEHUS TOUKH, €CIIM PAINyC OKPYKHOCTH pa-
BEH 15cm.

Jluneiinas ckopocts v=S/t=15 M/10c=1,5m/c. a=V*/R=15 m/c*

**[Tynst Mmaccoit 9r nBUKETCS B TEHOIUIACTE. 3a SMC €€ CKOPOCTh YMEHbImmiach ¢ 250M/c 10
200m/c. HaiiTi crity cCOnpOTHBIICHUS TBH)KEHUIO TTYIIH.

21 3akon HploroHa B aBTopckoil QopmynupoBke Ap=ft f=Ap/t=m(v2-v1)/t
=0,009kr*(250Mm/c-200m/c)/0,005¢=90H

** Kakyro CKOPOCTb OTHOCHUTEIIBHO MOBEPXHOCTU 3E€MJIA JIOJHKEH UMETh MCKYCCTBEHHBINA CITYT-
HUK, YTOOBI JIETETh 0 KPYTOBOW OpOHUTE” PacIiOOKEHHON B INIOCKOCTH 3KBaTopa, Ha BeicoTe A u 1600
kM Haj 3emuteit? Pagunyc 3emun npuHATH paBHBIM /73 = 6400 KM, yCKOpeHHE CBOOOHOTO TMaJICHUS Y €€
MOBEPXHOCTH g = 9,8 M/

Ecnu nmpeneOpeub cuiiaMyd HNPUTSHKEHUS, NEHCTBYIONIMMH Ha CIYTHUK CO CTOPOHBI HEOECHBIX
TEJ, U HE YYUTHIBATh CONPOTUBIIEHUE CPE/Ibl, MOKHO C IOCTATOUYHOMN CTENEHBIO TOUHOCTH CUUTATh, 4YTO
Ha CIYTHUK I[IPH €ro JBWKEHUU JEHCTBYET TOJIKO CHJIa 36MHOIO IPUTSKEHUsS Fr.

[Tox ne¥icTBUEM 3TOM CHIJIBI CHYTHUK PAaBHOMEPHO JBUKETCS MO OKPYKHOCTU panuycoMm R3+h ¢
HEKOTOPOW CKOPOCTBIO V OTHOCUTENBHO LeHTpa 3emuid. Cuja NpUTSHKEHUsT COO0O0IaeT CIyTHUKY HOp-
MaJbHOE YCKOPEHHUE PAaBHOE 110 MOYJIO V/(R; + h) n HaIpPaBJIEHHOE K LIEHTPY 3€MJIH.

@DaKkTUYEeCKH, HaM HEOOXOIUMO MPEOO0TIETh CUITy MPUTSDKEHUS 3eMIU. MOAyNb CUJIbI TATOTE-
HUSl B YpaBHEHMM BTOpPOro 3akoHa HbrOTOHA HY)XHO NpEeACTaBUTh B Pa3BEPHYTOM BUJE, UCIIOIb3YS 3a-
KOH BCEMHUPHOT'O TSATOTEHHUS:
F=ma=mv”2/(R+h)=GmM/( R+h)"2, otkyna v=sqrt(GM/(R+h)), Te He 3aBUCHUT OT
Macchl Tena.

3aoaua 1
. Ecmu tenexxky taryTh ¢ cmioit F1 - 5 H, To ee yckopenue 6yzaer al = 0,2 m/c2. C kaxoii cunoit F2 HyxHO
TAHYTb, 9TOOBI €€ ycKopeHue 0b10 a2 = 2 M/c2? TpeHuem npeHeOpeds.

3aoaua 2
. Kakoli craneT ckopocTh Tena Maccoil T = 5 KT, JABMIKYIIErocs co ckopocthio VO = 8 m/c, ecim
Ha pacctosuuu L=10M Ha Teno Oyner aeiictBoBath cuna F= 12 H?

3aoaua 3
CHapsin Maccodd m = 2 KT BbUIETaeT U3 CTBOJIA OPYAHS B TOPU30OHTAIHHOM HarpaBlieHuHu co ckopocThio v = 1000
M/c. OnpenenuTh crty naBineHus F mopoXoBeIX ra3oB, cuuTasl €€ OCTOSTHHOM, ecnu JymHa ctBona [ = 3.5 m.
3aoaua 4
BepTtojier nonHumaer apToMmoonans Mmaccoi S000kr ¢ yckopenuem 0,6m/c2. HaiiTu HaTsizkeHUe Tpoca.
3aoaua 5
JlokoMOTHB TSIHET 3a c000ii 1Ba BaroHa. Bo cko/ibKko pa3 npu yCKOPEeHHOM JABU:KEHUM HATSIDKEHUE B Kpel-
JICHUH JIOKOMOTHBA C BATOHOM 00JIbIIIE YeM MEKIY MePBbIM H BTOPHIM BATOHOM?

3aoaua 6
Yepes 20 ¢ mocie Havaia 3JIEKTPOBO3 pa3Bumil ckopocTh 4m/c. Halitu cuiy, ecinu macca 3i1-Bo3a paBHa 184t. --
F=m*a=184000xr*4m/c /20¢=36,8xH

3aoaua 7
C xkakuM yckopeHueM OyaeT BCIUILIBATh HaxoAsimmiicss moa Boaoii ma4 maccoii 0,5kr, ecam aeii-
CTBYIOIIAS HAa Hero cuja TsukecTH paBHa SH, apxumenosa cuia- 10H, a cpeaHsis cuyia cOnpoTHBJICHUS
nBu:kenuio- 2H?
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IIpakTuyeckoe 3ausTue 9-12
JBu:KeHHe B TPABUTALIMOHHOM I10JI€
Llenv 3anamus: ycBOGHHE METOIMKH PEIICHHS 3a7ay C UCIOJIb30BaHUEM 3aKoHa BceMUpHOTO TSAroTEeHHS.

Koumponwrvie éonpocoi

1. B yem u3udeckuii CMBICI MTOCTOSHCTBA YCKOPEHUS CBOOOIHOTO TaIeHuUs ?
2. Bec 1 HEBeCOMOCTSb.
3. YcnoBus posIBIICHE HEBECOMOCTH Ha 3eMiie.

Memoouueckue YKaszarus no 6blNOJTHEHUIO NPAKMUYECKUxX 3a0ay

** Kakyro CKOPOCTh OTHOCHUTEIIBHO MOBEPXHOCTU 3E€MJIA JIOJHKEH UMETh MCKYCCTBEHHBIA CITYT-
HUK, YTOOBI JIETETh 110 KPYTOBOW OpOHUTE” PacIoNoKEHHOH B IUIOCKOCTH 3KBaTOpa, Ha BeicoTe A 1 1600
kM Haj 3emuteit? Pagunyc 3emun npuHATE paBHBIM /73 = 6400 KM, YCKOpeHHE CBOOOHOTO MAJCHUS Y €
MOBEPXHOCTH g = 9,8 M/

Ecnu nmpeneOpeusb cuiiaMd TPUTSDKEHUS, NEUCTBYIONIMMH Ha CIYTHUK CO CTOPOHBI HEOECHBIX
T€J, U HE YYUTHIBATh COMPOTHUBIIEHNUE CPE/Ibl, MOKHO C IOCTATOYHOM CTENEHbIO TOYHOCTH CUUTATh, 4YTO
Ha CIYTHUK IIpU €ro JABM)KEHUHM JEHCTBYET TOJbKO CHJIa 3€MHOIO NPUTSHKEHUS Fr.

[Tox nevicTBUEM ATOM CHIJIBI CIYTHUK PAaBHOMEPHO JBUKETCS MO OKPYKHOCTU panuycoMm R3+h ¢
HEKOTOPOI CKOPOCTHIO V OTHOCUTENHHO LIeHTpa 3emuid. Cuja NpUTSHKEHUsT COO0O0IaeT CIyTHUKY HOp-
MaJIbHOE YCKOPEHHE PABHOE [0 MOYINO V'/(R3 + h) M HAPABICHHOE K LEHTPY 3EMIIN.

@DaKTUYEeCKH, HaM HEOOXOIUMO MPEOO0TIETh CUITy MPUTSDKEHUsS 3eMIU. MOAylb CUJIBI TATOTE-
HUSl B YpaBHEHMM BTOpPOro 3akoHa HbrOTOHA HY)XHO NpEeACTaBUTH B Pa3BEPHYTOM BU[E, UCIIOIB3YS 3a-
KOH BCEMHPHOI'O TATOTEHUS:
F=ma=mv”2/(R+h)=GmM/( R+h)"2, otkyna v=sqrt(GM/(R+h)), Te He 3aBUCHUT OT
Macchbl Tela.

3aoaua 1
KakoB Bec Tena maccoit 1kr va JIyne.Ri=1,73*10"6m, Ma= 7,3*10"22kr

3aoaua 2
Bo ckoabpkO pa3 yMEHbBIIUTCA CUjla TATOTEHUS K 3€MJI€ NPU yJAJIEHUU Tejla OT TMOB-TH 3e€MJIU
Ha paccTtosiHue-R3.
3aoaua 3
Cuta TSDKECTH, JEHCTBYIONIAsl Ha KaMeHb Maccoi 2k, O0bIne CHTBI TSDKECTH, JICHCTBYIONICH HA KaAMEHb
Mmaccorr 1kI. [Touemy Gomee TsDKeNbIi KAMEHb He TaaeT OpicTpee?

3aKOHBI COXpaHEHUS
[{enp 3aHATHS: OCBOUTHh METOAMKY PELIEHUS 3a/1a4 Ha 3aKOHBI COXPaHEHUSI.

KoHTpoapHBIE BOTPOCHI

1. ®usnyeckas BeIMYMHA, BCUETAa HEU3MEHHAs B U30JIMPOBAaHHOMCUCTEME?

2. Kak dhopmynupyeTcs 3aKOH COXpaHEHUsI MEXaHUYECKOW dSHEPruu?

3. Kyna ’yxoaut” MmexaHuyeckasi SHeprusi?

3AKOHbI COXPAHEHUA

3aKoHBI COXpaHECHUS UMMYJbca P=mv u MexaHuwdeckoi 3Heprun= mgh+mv2/2, ¢
KOTOPBIMHU MBI OyZIeM UMETh JIEJI0 €CTh PE3yJIbTaT CHMMETPUU MHPA OTHOCUTEIHHO Bpe-
MEHH (PHEPTUs) U MPOCTPAHCTBA(UMIYJIbC). MeX sHeprus coXpaHsieTcs, eciu ~TepeKa-
YMBAHUIO TMOTEHIMAILHON SHEPrUU B KHHETUYECKYIO HUUTO HE MemiaeT. Hanpumep npu
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CTOJIKHOBEHUH IIAPOB SHEPTUs ABUKEHUS N€POPMUPYET IIAPhI, 3aCTaBIsIsI pabOTaTh CHU-
JIbl YIPYTOCTH, U e€ciu (hopMa I1apoB HE BOCCTAHOBUTCS (MPEBBILIEH MPEAEN YIPYTOCTH),
TO PHEPrUs BEPHETCS HE MOJIHOCTBHIO M YacTh €€ YWJIET Ha pa3pylIeHUE CTPYKTYpHI 11a-
POB U O COXpAaHEHHWU MEXAHMYECKOW SHEPIHH peuu yxe He uaeT. TyT BhIpydaeT 3aKOH
COXpaHEHUsl UMITYJIbCa, KOTOPhI B OTCYTCTBHE BHEIIHUX B3aUMOJCUCTBUU (M30JIHPO-
BaHHAs CHCTEMa) COXPAHSAETCS BCETa.

3anaya

2 mapa ml=0,5kr 1 m2=0,2kr ABMXKYTCS HABCTPEUy CO CKOpocTsIMH vI=1m/c
v2=4M/C U TIEHTPAIIbHO aOCOJIIOTHO HEYIPYTO CTATKUBAIOTCS (TUTACTHIIMHOBBIC ITAPHI).
Vinocne=?

Bribepem mpaBoe HampaBiIeHHE OCH CHUCTEMBI KOOpAMHAT. JlJii M30JUPOBaHHOM
CHUCTEMBI BBIIOIHAETCS 3aKOH COXPAHEHHS UMITYJIbCA.

MIlvl-m2v2=(ml+m2)v, otkyaa v=(mlvl-m2v2)/(ml1+m2)=-0,4m/c, Te HOBBII
miap OyJieT JBUraThCs BIEBO.

3agaua

JBrokymuiics map Macco M yzapsercss B TAaKOW K€ HEMOJABUKHBIN 11ap, MOCIIE
YEero OHU ABUXKYTCS Kak OAHO 1esoe. Kakas yacTh MeX. SHEPruu NEepeluia BO BHYTPEH-
HIOKO?

Jpyrumu cioBamu, HaZ0 HAMTH OTHOILLICHHE

Ek1/EK2=(M(v1)2/2)/ 2M(v2)2/2)= (v1)2/ 2(v2)2

Tak kak yaap aOCOJIOTHO HEyHNpyruil (mocie CTOJKHOBEHHS IIApbl HE pasJieTe-

JIMCh), 3aKOH COXPAHEHUSI MEXaHUYECKON SHEPrUu HE BBINOJIHAETCS, HO, OCKOJBKY CH-
cTeMa JABYX LIapOB 3aMKHYTAasl, BBIMIOJHAETCSA 3aKOH COXPAHEHUS] UMITYJIbCA:

MV1=2MV2 wu V1=2V2

Hcnonb3ys 3TO COOTHOLIEHUE, JIETKO MPOAOIKUTh

Ek1/Ek2=4v22/2v22=2, 4TO 03HA4aeT YMEHbIIICHUE SHEPTUH BJIBOE.

3agaua 1
[Tyns St Beuteraet ¢ 500m/c u3 ctBona 50cm. Cpennsis cuiia JaBaeHus="?

3agauva 2

OXOTHUK CTpEJSET U3 PYKbs C ABMKYIIEHCS JIOJAKU MO HAMPABICHUIO €€ JIBUXKE-
Hus. Kakylo ckopocTh MMena J0JKa, €clii OHA OCTaHOBWJIACH MOCIE ABYX OBICTPO clie-
IYIOIMUX APYT 3a APYroM BeICTpenoB? Macca oxotHuka ¢ joakon 200kr, Macca 3apsana
20r, ckopocTh Apodu 500m/c.

3anmada 3
JBrKymuiics map yJaapsercs B TAKOM K€ HEMOJBWXKHBIN IIap, MOCIE YErO0 OHU
JBUKYTCS Kak oHO 1enoe. Kakast yacTe MeX. SHEpIruM repenuia BO BHyTPEHHIOK?

3amaua 4

KakoB cooTHOIIEHNE TIPU BBICTpEIie KMH DHEPTUU BBUIETAIONIEH APOOH U PYXKbs,
ecii Macca pykbsi B 100 pa3 Gosbiiie Macchl 3apsiaa
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IIpakTnyeckas padora Nel3-21
Pemienue 3aga4 no reme MKT

[lenp paboThI: 3aKpenuTh 3HAHUS 00 ypaBHEHHWM COCTOSIHHMSI MJEANbHOTO Tasa,
HAyUYUTHCS IPUMEHATH Ta30BbIE 3aKOHBI MPU pellleHruu 3a1ad. OCHOBHbIC TIOHSTUHU U 3a-
KOHBI

CocTostHue HEKOTOPOM Macchl ra3000pa3HOro BEILIECTBA XapaKTEPU3YIOT 3aBUCH-
MBIMH JIpYT OT Apyra (pu3nyeckue BeTUYNHbBI, Ha3bIBaeMble MmapaMmeTrpaMu cocTosiHus. K
HUM OTHOCATCSI 00BEM V, naBiieHue p, Temneparypa T.

YpaBHeHUE COCTOSHUS WUEATBHOTO ra3a - ypaBHEHHE, KOTOPOE CBI3bIBAECT MEXKIY
c000 MATh MapaMeTPOB UACATHHOTO raza: Maccy (T), MOJIsSIpHYIO Maccy (M), TeMmnepary-
py (T), naBnenue (P) m o6beMm (V). DT0 ypaBHEHHE OBIJIO TIOTYYCHO SKCIEPUMEHTAIBHO,
HO T.K. TPYJTHO MPOBECTH SKCIEPUMEHT C MU3MEHEHHEM IISITH MapaMeTpoOB, TO MEPBOHA-
YaJlbHO OB YCTAHOBJICHBI YaCTHBIC Ta30BbIE 3aKOHBI, KOTJa TPU MmapameTpa (HUKCUpo-
BaJIUCh, U ONPEIEISIIaCh B3aUMOCBA3b ABYX APYTHX.

Besikoe n3MeHeHHne COCTOSIHMS TeJla (CUCTEMBbI Te) Ha3bIBaeTCsl TEPMOAMHAMUYE-
CKHM IIPOIIECCOM.

Jns v3ydeHHss W CpPaBHEHUS PaA3JIMYHBIX TEPMOJAMHAMHYECKHUX IMPOIECCOB HX
HU300paxkaroT

rpaduuecku.

N3onpoueccamu Ha3bIBaAlOT TEPMOJIUHAMUYECKHUE MPOLIECCHI, MPOTEKAOIINE B CU-
CTEME C HEM3MEHHOW MacCOW IPH NOCTOSHHOM 3HAYEHUHU OJHOIO U3 IapaMETPOB COCTO-
SIHUSI CUCTEMBL.

Konmponvusie sonpocwi

Kak pacnpeaensitoTcss MOJEKYJIbI Ta3a 1Mo CKOPOCTAM?

MoxHo 11 npuMeHuTh ocHOBHOE ypaBHeHre MKT nis skunkoctu, nouemy.

HazoBute MakpomapameTpsl, OJHO3HAYHO OTPEAEISAIONINE COCTOSIHUE HACATBHOTO Ta3a.
Kaxko#i ra3 MbI Ha3bIBaEM HACATHLHBIM?

[IpuBenuTe mpuMephl “HENIEaTHLHOCTH PEAbHBIX Ta30B B OOBIYHBIX YCIIOBUSIX.

Uro usmepsierca B MOJISIX?

SR S

Memoouueckue yxazanus

p = 2/3n0E; 2 2

Mornp- ompeneraeHHOe KOJIWYECTBO YacTUIl (MOJIEKYJ, aTOMOB) OJHOPOJHOTO BEIIECTBA, PaBHOE YHCIY
ABorajpo. IToxoxe Ha KOpoOKy (6 OYTBHUIOK) IIaMranckoro. Eciii 3HaTh Maccy OJHOM YacTHIIbI, MOYXXHO HAWTH
Maccy OJHOTO MOJIsl (MOJISIPHYIO Maccy) BEIECTBa. A MAaccy OJHOW YacTUIBI JIETKO NOYUTATh, 3HAas CTPYKTYpY,
XUM (hOpMyITy BelecTBa. Bona (H20)cocTouT u3 ABYX aTOMOB BOJOpPOJa W OJHOTO aromMa KHCIIOPOJa.
Yucno ABoranpo(Na) —uucio atoMmoB B 1t Bomopona. Kucnopos (cpaBHM Maccy ero MOJIEKYJIbl ¢ BOAOPOIOM) B
16 pa3 TspKenee Bogoposa, a Boga- B 18pa3 (1+1+16). 3naunt 1 Mons Boasl cooTBeTcTBYET 18 T.

Ipumep pewenus munosoti 3a0auu

3agaua
W3 KonTeitHepa ¢ TBEpABIM TUTHEM U3bsUTH 4 MOJIb 3TOTO B-Ba. [Ipy 3TOM 4YHCIO aTOMOB JIMTHS B KOH-
TeifHepe YMEHBIIIIOCH Ha?
ITockonbKy OJH MOJIb JTFOOOTO BelecTBa cooTBeTCTBYeT Na uacTuir, To 4 Mouis B 4 pa3a Ooibliie.
3angaua
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Kax u3meHuUTCS JaBiieHue U Ta3a, €CIIM CPEIHIOI KUH SHEPTHUS TETJIOBOTO JIBIKEHUS MOJICKYJT ra3a
YMEHBITIUTE B 2 pa3a U KOHIIEHTPAIMIO YMEHBITUTE B 2 pa3a?
p = 2/3n0E;

P1/P2=(2/3*n0*Ey)/ ( 2/3*n0/2*E,/2)=4, me 0asnenue ymenvuumcs 6 4 paza

3aoaua 1
Kak naBneHue naeanbHOrO ra3a 3aBUCUT OT CpPEIHEH KMHETHYEeCKOW SHEPTUU JBIKCHUS MOJIe-
Kyn? -- 1) He 3aBUCUT +2) P~Ekcp  3) P~1/Ex cp

3aoaua 2
2 MyCTHIX COCY/Ia OJIMHAKOBOTO 00OheMa 3arOIHUIIN Ta3aMu: OJJUH a30ToM (aTomHasi Macca 14), npyroii re-
nueM (atomHas Macca 2). CpaBHUTB JaBJICHUS, KOTOPBIC 3TU T'a3bl OKAa3bIBAIOT Ha CTEHKH cocyaoB Pn/Phe, eciu
MAaccChl ra30B OJUHAKOBBI.
3aoaua 3
o Kakas u3 3aBucuMocTeii COOTBETCTBYeT U1eaIbHOMY Ira-

B)

Pemenus 3amau ¢ npuMeHeHnneM ypaBHeHUs: MenaeneeBa-Knaneiipona.
Konmponvnvie 6onpocwi

1. JIns kakoi Maccel rasa crpaseyineo Y MK?

2. KakoBbl MPUYUHBI OTKJIOHEHHSI PACYETHBIX 3HAYCHUI MaKponapamMeTpoB MPH OOJIbILIEM JaBICHUN?
3. MoxHo au npuMmennuTs Y MK, ecnu gacth ra3a KoHAeHCHpoBaiach?

4. Kakue uzomnpoueccsl Bel 3HaeTe?

Memoouueckue yxazanus
PV=m/M*RT
T'A3bI
CocrostHME Tell XapaKTepU3yl0T COBOKYITHOCTBIO HECKOJIBKUX (PU3MUECKUX BEIMYHMH, Ha3blBae-
MBIX MapaMeTpaMHu COCTOsIHUSA. BakHeWIIMMHU mapaMeTpaMH COCTOSIHHUS ras3a sBISIOTCA ero oowem V,
JIaBJICHHE p U TeMneparypa 7.
Camblil mpocTou BUJ YpaBHEHHME COCTOSHUSI UMEET JUIsl UJleabHBIX Tra3oB. MneanbHpIMU Ha3bI-
BAIOT ra3bl, MOJEKYJIbl KOTOPHIX B3aUMOJEWCTBYIOT APYT C JAPYroM JIMIIb NPH COYAAPEHUIX (OTCYT-
CTBYET MEXMOJIEKYIISIPHOE MPUTSKEHUE U OTTAJIKMBaHUE) U 00beM MOJIeKyal HUUYTOXHO Maj 1o cpaB-
HEHUIO ¢ 00bEMOM, 3aHMMaeMbIM Tra3oM. Kpome Toro, mpeamnonaraercs, YTo COyJlapeHHe MOJIEKY Mpo-
UCXOJUT IO 3aKOHaM a0COJIOTHO yNpyroro yiapa. PeanbHble ra3bl TeM TOYHEE MOJAYMHSIOTCS 3aKOHAM
UJCaNbHBIX Ta30B, YEM MEHBIIE UX JaBJIEHUE U BbIIIE TEMIIEPATYPA.

B monekynsipHO# Qu3MKe, XUMUM U TEPMOJMHAMHUKE BMECTO MAacChl 4acTO UCMOJIb3YETCs KO-
JIMYECTBO BELIECTBA, BHIPAKEHHOE B MOJISIX. MOJIb — 3TO KOJIMYECTBO BEIIECTBA, B KOTOPOM COJEpKa-
11ee KOJUYECTBO YacTHll (MOJIEKYJI, aTOMOB), paBHOe urciy ABoraapo Ny = 6,022 « 10> moms"".

Yto6bl OTMEpUTH | MOJIb TBEPJOTO BELIECTBA, HAJO B3STh YUCIO TPAaMMOB B-Ba, PABHOE OT-
HOCUTENILHOW aTOMHOM Macce (13 Tabnuiel MeHzeneeBa- BO CKOJIBKO Pa3 YacTHIIA 3TOTO B-Ba TsHKeEJee
€aMoro JIETKOTO aToMa- aToMa BOJIOpoJa, a TouHee, 1/12 yactu aToMa yriepojia, KOTOpbI cTabuibHee
0 Macce)

Jlyis Toro 4yTtoOBl OTMEPUTH HYKHOE KOJMYECTBO Tras3a, yJoOHEee BOCIOJIb30BAaThCS 3aKOHOM
ABorajzipo, coriacHo KOTopoMy | MOJb MA€aIbHOrO raza 3aHMMAeT IPU HOPMAJBHBIX YCIOBHSAX (Po =
1,01 *10° ITa- 1 atmocdepa, T =273 K) 06beM Vi, = 22,401

VYpaBHEHHE COCTOSHUSA MJICANBHOIO Ta3a Ha3bIBAIOT ypaBHeHHEM MeHeneesa — Knaneiipo-

m N

M Ny .
Ha. . 371ech V- 4uCII0 MOJiel (KOJIMYECTBO BEIIEeCTBA B CH-
creme CU), M- monsipHas Mmacca (Macca 0JJHOTO MOJISI)
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VpaBuenne M-K paGoraer ans ar000il Macchl HACAIBHOTO Tra3a, yKa3biBas CBsI3b Makporapa-
metrpos P,V uT.
Koaddurment noneznoro neicTBusi uacaibHONW TEIUIOBOM MallWHBI, paOOTaIOMIEH MO UKy
Kapho (MakcuManbHO UCIIONIB3YIOIEH BHYTPEHHIOIO YHEPTHIO Ta3a), PaBeH:

0 —=Q T =T

" Qi T,

** HaliTn Maccy MOJIEKYJIbI BoJopoaa, eciau Na=6*10"23 1/monb

Hns monexynsapuoro Bojgopoaa (H2) macca ognoro moins (MojsipHasi Macca)=2r, 4YTO COOTBET-
cteyer Na=6*10"23 1/monp wmomekyin. CiiemoBareabHO, Macca OJHO MOJICKYIIbI m0=2%107r*
6*10°1/momb =0,33*10°r

*% {715 MOrpy>KEHUsSI U BCIUIBITUS TTOABOTHOM JIOAKU B HEM MMEIOTCS JIBa COOOIIAIOIIUXCS MEXK-
ny coboii pesepByapa. B morpyxeHHOM COCTOSIHUYM OJIMH U3 PE3EPBYapPOB EMKOCTHIO V 3aIlOJHEH BOJIOM,
BO BTOPOM €MKOCTbIO VI HaxoauTcs cKaThlid BO3AyX. KakoBo AOMKHO ObITh MUHUMAIbHOE J1aBICHUE
CKaTOTO BO3AyXa, YTOOBI MIPH BCIUIBITUH JIOJKU C TITYOMHBI H CKATBIi BO3AYyX MOJHOCTHIO BBITECHUI
BOAYy M3 OamacTHOM mucTepHbI? ATMOchepHOe NaBlieHHE HOpPMajibHOE, M3MEHEHHEM TeMIepaTyphl
BO3/yXa IpU pacCHIMPEHUN TIpeHeOpeyb.

Pemenue. Ecnu coeauHuTh pe3epByapbl, BO3AYX BO BTOPOM COCYZE€, HAYHET PaCIIUPATHCS U
BBITECHHUT BOJY M3 OaJIJIACTHOW LMCTEPHBI HApYXKy. Tak Kak Macca M TeMIepaTypa CKaTroro Bo3ayxa He
MEHSIOTCS, TO YBEJTMYEHHE ero 00beMa BhI30BET MOHIKEHUE aBIICHUSI.

07151 HeuzmeHnHou memnepamypol plVI=p,V,

PaccmoTpum Kaxkaplid U3 TapaMeTpOB BO3/1yXa U BBIACHUM, KaKUE U3 HUX HYXKHO IPEJICTaBUTH B
pa3BepHyTOM Buje. [laBienue p/ TpedyeTcs onpeaeauTs 0 YCIOBUIO 3a1auu, 00beM V- 00beM pesep-
Byapa CO CIKaThIM BO3AYXOM, V2- cymmapusiii 06vem pe3epsyapos , NaBICHHUE p; MOKHO HAMTU, UCXOS
U3 CIEIYIOUNX coodpakeHuil. UTOObI BBITECHUTH BOMYy U3 OallIaCTHOTO pe3epByapa, BO3AYX BO BTOPOM
COCTOSTHUM JIOJDKEH HaXOAMUTHCA TOJ JaBJICHHEM, OOJBLINM WM PaBHBIM THAPOCTATHUECKOMY JaBlie-
HUIO Ha ITyOuHE , T. €.

P2==Pa + eg H , TIIe o_ IUIOTHOCTh MOPCKOM BOJBI.
[ToncraBiisist BeIpaxeHust i py U Vs,

VE' - Vl + VMI)I IMOJIYYHM YPAaBHCHHUC I'a30BOro COCTOAHNA B OKOHYATCIbHOM BH/JIC:

V+ Vi
PVi=(p. +og) (Vi + V), ' = v et eelh

OTKyz1a

p‘ A C **[Ipowecc, MpeACTaBICHHBIH Ha Tpaduke U300pa3UTh B KOOPAH-
ssssns===n Hatax V-T u P-T.
| 1)Pemienne HauneMm ¢ Touku A s rpapukaV-T. 13 Bcex cocros-
| HUU Ta3a TOYKa A OTJIMYAETCS MHHUMAIBHOW TeMIiepaTypoil (oHa Oyke K
| = mHauvany xoopiaunar Ha rpaduxe P-V) 1 MUHUMaIbHBIM 00BEMOM, T€ OKOJIO
| Hauana KoopauHat Ha rpaduxe V-T.
2)U3 Touku A ynoOHee uaTH B Touky B. D10 nzorepma, a, 3Ha4uT,
Ha rpaduke V-T- BepTukanbHas npsmas.
3)[anee u3 Touku A nepeiigem B Touky C. 910 u3obapa (B1osb Hee
Ha P-V rpaduke naBnenue He MeHseTcs), a, 3Ha4UT, Ha rpaduke V-T- mMbl
MOJIy4YUM TIPSIMYI0, IPOXOJAILIYI0 4Yepe3 Hadajao KOoopAuHAT. [ledcTBu-

Vi B C TenbHO, B Yp-u M-K npu P=const V Gyner nponopruonanasHo T.
_-_"‘F [epeceyenune npsmeix 2)u 3) nact Touky C.
"“‘
"
A
ot
- T AHaNOTHYHBIC PACCYXKICHHUS MIPUBEAYT HAC K rpaduxy P-T
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*% CKOJBbKO renust moTpedyeTrcs /Ui HallOJHEHUsT BO3IYLIHOTO mapa auaMeTpom d= 10 M, uro-
OBl 11ap MOT MOJHATH Ipy3 BecoM P = 9,8 kH npu HopManbHOM aTMOc(hepHOM JaBICHUU U TeMIlepaType
T =290 K? O6pemMoM Tpy3a nmpeHeOpeyb.

Pemenue. /I mogpema BO3AYIIHOTO Iapa He0OX0AMMO, UTOOBI BBITAJIKMUBAIOIAS CUJla, paBHAs
10 MOJIYJIIO BECY BBITECHCHHOT'O MM BO31yxa PB, Obuia Obl OOJbIE WM B KpailHEM CiTydae paBHA BeCy
rasa Pe, HarmoHSIOMEro 000JI0YKY apa, u Becy P rpysa, T. €. P6>Pz+ P, win

mpg> mrg + P, re m, — Macca Bo3/1yxa, BBITECHEHHOTO IIapoOM; ni — Macca rasza (remus),
HATOJHSIOLIET0 000JI0UKY.

Eciu Ob1 Macca Bo3myxa m, ObLIa M3BECTHA, TO U3 ATOTO YPaBHEHHUS MOXKHO ObLTO ObI ompee-
JUTH Maccy renust. YToObl HalTH my, BOCTIOIb3yeMcsl ypaBHeHneM MenpaeneeBa — Kianeiipona.

Bo3znyx, okpyskaronuii map, HaX0JUTCS 1O aTMOC(EepHBIM JTaBIICHHEM P, U HUMEET TeMIIepary-
py T, moaTomMy [j1st BO3AyXa, UMEIOIIEr0 00beM 0001049KH V, ypaBHEHHE T'a30BOI0 COCTOSHUS /1A€T:

o
pa V fr—— R T. 5

M, rae Mg = 2,9 * 10™ kr/MoIb — MOJIIpHAs Macca BO3/LyXa.
U HakoHel, TOCIEIHUM COOTHOIIEHHEM, KOTOPOE HY)KHO HCIOJIb30BATh B PELICHUH, ABJISETCS

ned?
dbopmyna 6 MMOCKOJIbKY HaM M3BECTEH IMaMeTp BO3IyLIHOTO Iapa, a He ero oobeM. B urore
Macca rejius.
Mapand® P
i ol T me~ 530 Kr
6RT g

3aoaua 1
Haiitu maccy CO2 B 6amione V=6cm3, P=8,3MIla, T=27C, M=0,044kr/m0.1b.
R= 8,31 dx/(Moab*K)

3aoaua 2
Haiitu cpeaHol0 KBaJApaTH4YHYI0 CKOpOcTh MoOJ-iabl raza mnpu 0C, M=0,019
Kr/MoJsb
3adaua 3

Hexkotopoe ko.1-Bo Bogopoaa naxoaurcs npu T1=200K u P2=400I1a. I'a3 rperor 10
T2=10 000K, npu xkoropoii H2 pacnaxaercst Ha atombl H. Haiitu nasienune P2, ecin 00bem

M Macca MOCTOSAHHBI.
3aoaua 4

16r xkuciaopoaa npu 2 atr odbemoM Sia. Kak usmenurcs T, eciu npu yBeJMYeHUH
JAaBJIEHUsI 10 5 aTM ero 00beM ymMeHbIInJcs Ha 1a?.

3aoaua 5
Haiitu maccy moJsieky.abl Boropoaa, ecan Na=6*10723 1/mousb
--M=0,002xr/moab. m0=M/Na=3,3*10"-27kr

3aoaua 6
Hajitu koHuenTpauuwo mMosaexkya O2, ecau ero nasjaenue 0,2Mlla, a cpeqnexkBaapa-
THYHAs CKOPOCTH MoJeKya=700m/c, M=0,032Kkr/Mo0J1b
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3aoaua 7
IIpu T1=20C, P1=6*10"5I1a. HaiiTu 1aB/ieHHe B IMHE BO BpeMs ABU:KeHus, ecan T2=40C? U3me-

HeHUeM 00beMa MpeHedpeyb.
3aoaua 8

Kakoe naBiieHue padoueii cMecH yCTaHABJIMBaeTCs B HUJIHHAPAX aBTO, €CJU NMPH
nepBoHavyajabHoM aaBjennu 80 klla k xkonmy takra cxkatuss T moBbimaercs ¢ S0C go
250C, a o0bem ymenbmaerces ¢ 0,75 no 0,17 a?

TenJioBoii 0ajaHc, MepBoe HAYAIO0 TEPMOTMHAMUKH.
Koumponsnvie éonpocoi

1. KakoBbI crtoco0Ob!I Iepemadn Teria’?

2. Yro BXOAWUT BO BHYTPEHHIOIO YHEPTHIO Tena?

3. BepHo 1w, uro npu OK mpekparaercs BCsAKoe IBUKEHHE?

4. HazoBute penepHble TOYKH mKaibl KenbpBuHa.

5.7

6. KaxoBbI METOABI M3MEPEHUS TPOU3BOIUTEIBHOCTH TpyAa?

7. KakoBa MeTouKa pacuéta MPOU3BOAUTENBHOCTH TpPYJla MPH KaXJA0M METOJEe M3MEpPEeHHs MPOU3BOIU-
TEJIBHOCTH Tpynaa?

Memooduueckue ykazanust
TEIIJIOBBIE ABJIEHUSA
B MonexynspHo#t (pu3mnke moJl BHyTpEeHHEH dHepruel moapa3yMeBaloT YacTh €€.: KHHETHYECKYIO
SHEPTUI0 XA0TUYECKOTO JIBMKEHUSI MUKPOYACTHIL (MOJIEKYJ, aTOMOB, HOHOB, CBOOOTHBIX 3JIEKTPOHOB) U
NOTCHIUAIILHYIO SHEPTUIO UX B3aMMOJEHCTBUSA APYT C IPYTOM:

vl
ml W
U=W1c+wp=E ‘2 + W

Bce npyrue Buabpl BHYTpeHHEW 3HEpPruM Teja (3HEPIUsl 3JIEKTPOMArHUTHOIO U3JIYYEHHUS, dJIEK-
TPOHHBIX 000JIOUEK, BHYTPHsIIEPHAs]) CUUTAIOTCS HEM3MEHHBIMU U HE BIMSAIOLIMMH Ha paccMaTpuBae-
MBI€ ITPOLIECCHI.

V3MeHeHre BHYTpEHHEH 3HEpPruM U nepeaaya ee oT OJHOro Tella K APYroMy MPOUCXOAUT B
nporuecce B3aumojielcTBus Tel. EcTh aBa criocoba, ABe Gpopmbl Takoro BzaumojeicTsus. [Ipu nepsom
crioco0e BHYTPEHHsISI SHEPTUs OJTHOTO Tejla U3MEHSETCS 3a CUET M3MEHEHMs SHEPIUU YHOPsI0YE€HHOTO
(MEXaHMYECKOI0) IBHMKEHHUS YacTHIl APYroro tena (MeXaHW4YecKou paloTbl, MEKTpU3aluH, IepemMar-
HUYMBaHUs, o0ydeHus ). Mepoil n3MEeHEHHsI-9HEPTUH YIOPS0YEHHOIO IBUKEHHS YacTHIl BEIleCTBa B
MPOLECCE MAKPOCKOMMYECKOI0 B3aUMOJICHCTBHS TEJ CIYKUT paboTa A.

Bo BTOpOM ciiyuae n3MEeHEHHE BHYTPEHHENW 3HEPTUH MPOMCXOAUT BCIEACTBUE COYAAPEHUS Xa0-
TUYECKH JIBHXKYILIUXCSI MOJIEKYJI COITPUKACAIOLINXCS TEJI.

[Tporiecc U3MeHeHUsT BHYTpEHHEN HEpruM Tena, oOyCIOBICHHBIM mepeaayeil TemjaoBOro JBU-
KEHUST MOJIeKysl 0e3 coBepllieHusi pabOThl, BHEUIHEH Cpelol, Ha3bIBAIOT TEIUIOBBIM IPOLECCOM HIIH
IIPOLIECCOM TEIUIONEPEIAUH.

Mepoii B3auMOJIEHCTBHS TEJl, IPUBOASIIETO K N3MEHEHHIO SHEPTUU

XA0THYECKOTO JIBWKEHUS U B3aUMOAEWUCTBUS MOJEKYJ (MEpOH SHEprMM XaOoTHYECKOTO ABHIKE-
HUS, IEPEJaHHOW OT OJIHOTO TeJla K IPyroMy B MpOIecce TEMI000MeHa), CIIYKHUT BelnyruHa Q, Ha3bIBa-
eMasi KOJINYECTBOM TEIUIOTHI.

2. KonmruaecTBo TEMIOTHI, MOABEACHHOE K TETy (CHCTeME Tell), UACT B 00IIeM cllydae Ha U3MEHe-
HUE BHYTPEHHEH SHEpruu Tejla U Ha COBEpPUICHHE TeJIOM padOoThl Ha/l BHEIIHUMU TelaMH (IIepBOe Haya-
JI0 TEPMOAVHAMMKYN — 3aKOH COXPAaHEHUS U NPEBPAILEHUS DHEPTUH C YUETOM TEIUIOBBIX SBJICHUN):

Q=AU+ A.

KonngectBo TemnoTsl Q, cOOOIIEHHOE TNy, CYUTAIOT MPU ITOM MOJIOKUTEBHBIM, OTAAHHOE Te-
JOM — OTpHUUIATeNbHbIM. PaboTy CUMTAIOT MOJOXKHUTEIBHOM, €CIM TEJIO 3a CUeT CBOEH BHyTpeHHeH
SHEepruu copepiiaer "paboTy Haj BHEIIHEH cpenoil,  oTpuIaTenIbHOM, eciiu paboTa coBepuiaeTcs Hal
TEJIOM U 3a CUeT pabOoThl YBEJIMUHUBAETCS BHYTPEHHSSI SHEPTHSL.
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KonuuecTBo TemnoTsl U paboTa ABISAIOTCS MEpaMU M3MEHEHMs] BHYTPEHHEH 3HEepruu, Koaude-
CTBO TEIJIOTHI — B TpOIECCE TEeIUIonepenayn, pabota — B MPOIECCe MPEBpAIICHUsS MEXaHHYECKON
SHEPTUU BO BHYTPEHHIOIO.

Ipumep 2. Ilpu coOmroneHUN HEOOXOIUMBIX INPEIOCTOPOKHOCTEH BOJAa MOXKET OBITH Mepe-
oxyaxzaeHa a0 temrepatypel —10°C.  Ckonbko Jp1a 00pazyeTcs U3 TaKOH BOJBI Maccor 1 Kr eciu B
Hee OpOCHTHh KyCOYEK JibJla U STUM BBI3BAaTh 3amep3aHue Bojabl? Kakyro TemmepaTypy JOJDKHA HMETh
nepeoxJaxkaeHHas BOJAA, YTOObl OHA LENMKOM IpeBpaTuiach B JieA? YIelbHas TEIUIOEMKOCTh Iepe-
oXJaxKIeHHOU BOJbI Cy = 4,19 xJx/(kr*K), mpaa ¢, = 2,1 kJDk/(xr*K). YaenpHas Terora TMIIaBICHUS
apaa A = 0,33 MJDx/kr.

Pemenue. UtoObl Boga 3aMep3i1a MpH OXJIKICHUH, B HEH JOKHBI HAXOJUTHCS HEOAHOPOIHBIC
BKJIFOUEHUS] — I[EHTPBI KPUCTAILTU3ALIMHU, OKOJIO KOTOPBIX HAUMHAETCS POCT KPUCTAILTMKOB Jibja. Eciu B
MEPEOXJIAKICHHON BOJIE MCKYCCTBEHHO CO3/1aTh LIEHTPHl KPUCTAIUIM3AIMKN, B HEW HAYHET OOpPa3OBBI-
BaThCs JieJl. MOJIEeKyJ bl CTaHYT MEPEXOJUTh B COCTOSTHUE, COOTBETCTBYIOIIEE MUHUMYMY UX MOTEHIIU-
QITBHOW SHEPTUU. YMEHBIICHHE MOTCHIUATBHONW SHEPTUU OJHOW YaCTH MOJEKYJ BOJBI, 00pa3yromux
Jiel, BBI3bIBACT YBEIMUEHUE TEIUIOBOTO ABM)KEHUS OCTAIbHBIX MOJIEKYJ, KOTOPOE PETUCTPUPYETCS HaMU
KaK HarpeBaHue BOJbL. 110 yclIoBHIO 3a/1a4i MOKHO MPEHEOpedh B3aMMOJICHCTBUEM MTEPEOXIIAXKICHHON
BOJIBI C OKpY’Kalolllell cpenoil, mo3ToMy B pe3yJibTaTe YaCTUYHOW KpHCTaUIM3allMU BOJBI B HEH Mpo-
M30UJIET TOJIBKO TepepacnpeeneHue suepruu. [lonHas BHYTpPEHHSSE SHEPTHUsl OCTAHETCS HEU3MEHHOM,
U, CJeI0BaTeNIbHO, YMEHb-

[IEHUE MOTEHIIMAIIBHON YHEPTUU YacCTH MOJIEKYJ MPUBEIET K COOTBETCTBYIOIIEMY YBEIUYEHUIO
KMHETUYECKOW SHEPTUN XaOTHUUECKOTO JIBHKEHUS — MOBBIIICHUIO TEMIIEPATYPbl CUCTEMBI.

3amaya CBOAUTCS K COCT-I0 YpaBHEHHS TEIUIOBOro OanaHca mpu ycioBud, uto Q = 0,4 = O ¢
YU€TOM arperaTHOro MpeBpalieHHs.

[Ipu oOpa3zoBaHuM W3 MEPEOXJIAXKIACHHOW BOJIBI JIbJJa MAaCCOM m, TOTCHIMAIbHAS  SHEPTUs

MOJIEKYJ YMEHBIINTCS Ha BEIUYHHY AU = Ly

Ora sHeprus YaCTUYHO MOWJET Ha HarpeBaHue o0pa30BaBIIETOCs JibJla OT HA4aJbHOU TeMIiepa-
Typsl t/ 10 Temneparypsl to = 0°C 1 yacCTUYHO Ha HarpeBaHUe OCTaBLICHCS MOCIe KPUCTALIM3AMU BO-
el Maccor ml Ha t0 — t1 (manpHelIIee HarpeBaHue HEBO3MOXKHO, Tak Kak mpu 0°C kpucTaymu3anus
BOJIbI IpeKpaTuTcs). Takum o0pa3oM, BCIEICTBUE HArPEBAHUS BHYTPEHHSS SHEPIHsl TEIUIOBOTO JIBUXKE-
HUS MOJICKYJ YBEITMUUTCS Ha

AUy=c,ma(to — t;) + carmty (fo — fi)l’[o 3aKOHY  COXPAaHEHHs  OHEPrum
AU, = ﬂU?, I09TOMY YPaBHEHHE Amy = Camz(fo — 1) + oy (lo — 1) Kpome
Toro, ml + m> = mo.

N3 3TUX COOTHOIICHUI HAaxXOJUM MacCy 0Opa30BaBIIETOCS JIbJIA:

Ca (fo — 4)
Mg = 1o
Ao — ) (o — 1) . m2=0,12xr
Yro6bl 3aMep3ia BCsl MEPEOXIAKIECHHAsS BOAA, DHEPTHUS, BHIACIUBLIASLCS NIPU KPUCTAUIN3ALMY,
JIOJKHA TIOJHOCTBIO MOMTH Ha HarpEeBaHUe 0OPa30BaBLIETOCS JIb/A, T. €.

Aty = C,My (f[} — fx)

XKIEHHOHU BOIbI. M3 mMOC/IEAHET0 ypaBHEHNS HAXOAUM:
ty=—-2-; t,=—160°C
Cy
*%]1*B vamky ¢ 500r apaa npu 0C nobasmisror 200r Boas! pu 80C. Haiitu ycranoBusmiytocs T u uro
OyneT B yamike.?
BapuanTs pemeHus
I Meton onenok. XBaTUT 7KW Teruta BOJBL,0XJIakAeHHON 10 0C, yT0OBI pacTONUTh BECh Jea?
Qmax=4,2*10"3*80*0,2 >k, mis Bcero apaa Qmui=3,4*10"5%0,5/1x, Te Qmax<Qri.- HE Bech Jea pac-
taeT. C yuerom orieHKkH Terut 6amanc mBcB8O=AmA ~ Am=0,2kr pactasBiiero jpaa, Te 0ymner 400r Bo-
abl 1 300r npaa np 0C.
IT TIpennmonoxenue o ¢asze. [lycts OynyT u nen u Boja, To Yp- Terun O6anaHnca aact pemenue. Ecim
OIIMOOYHOE TIPENTONIOKEHNE, YTO OCTAaHETCs TONBKO BoJa, TO O6amaHc mBcB(80-tl)=mai+mics tl mact
t1 MeHbIIIe HOJISA, YTO HEBO3MOXKHO, 3HAYUT MIPEANOI0KEHNE HEBEPHO.

7€ t,— HaudajbHasl TeMIlepaTypa rnepeoxia-
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*#% Kakast 4acTh 3aTpadyeHHON Ha MapooOpa3oBaHUE PHEPTUHU UICT HA COBEpIICHHE padoThl? Y1 Term-
nota napooOp- r mpu 100C =2,3*1076x/kr. [laBn Hacein napa npu 100C=10"5 ITa.

Pemenue. Ilycts Boma mpu 100C, a map Hajg He#t HackimeHHbIH. CooluuMm cucteMe Q Teruia u Am=
Q/r ucnnaputscs. [IBaxnp! npumenus Yp-e M-K, umeem PAV=Am/M * RT, Ho PAV=A un

A/Q=RT/ (M r)=0,08=8%

3aoaua 1
Kunomons ogHoaToMHoro raza Harpesaercs Ha 100K npu mocrosanom oobeme. Haiiti xonuue-
CTBO TEIJIOTHI, COOOIIEHHOE Ta3y.
3aoaua 2
bamon emxoctero 100 1 comepxut 5,76 kr kucnopona. Ilpu kakoi Temneparype BO3HUKAET
ONacHOCTh B3phIBA, €CJIM OAJUIOH BBIIEPKUBAET JaBICHUE 10 5-10° Ha(laTM=105 )?

3aoaua 3
MaHnomeTp Ha OaJIOHE CO CXKAThIM KHCJIOPOJOM IMOKa3biBal mpu Ttemiieparype -3°C maBieHue
1,8%10°I1a, a npu temmneparype 27°C naBieHue 2%10° Bbu1a Jn yTeuka rasza u3 oamiona?

3aoaua 4
Onpenenutb BHYTPEHHIOI 3HEPTHIO aTOMapHOro kuciopoaa maccoit 0,16xr npu 300K.

3aoaua 5

ok ¥ Ha xaxnx YYACTKAX ra3 MmoJry4ajl 3Hepruio.
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IpakTnueckasi padora Ne22-23
Pemenue 3a1a4 no reme «JJieKTpU4ecKoe MoJie»
[{enb pabOTHI:
3aKpENUTh YMEHHE MPUMEHSTh POpMYITy HAPSHKEHHOCTH 3JEKTPUUECKOTO MOJIsl, 3aKOH
KynoHa, 3aK0H COXpaHEeHHsI SJIEKTPUUYECKOTO 3aps/ia U IPUHIUI CYTIEPIO3UIIMHU TTOJIeH
IIpY pEUICHUU 3a/1a4;
CIOCOOCTBOBATH PA3BUTHUIO YMEHHUSI IOTHYECKOTO MBIIIIJICHHS;
CIOCOOCTBOBATh  PAa3BUTHIO  TO3HABATEIBHBIX  CIIOCOOHOCTEH, CaMOCTOATEIbHO-
CTH, OTBETCTBEHHOCTH.
KoHTponbHBIE BONTPOCHI

1. B uem oTiMure noTeHnuana OT MOTEHIUAIBHOW SHEPTUun?
2. 3aBUCHUT JM NOTEHUMAJIbHAS SHEPTHSI OT BEJIMYUHBI 3apsia?

MCTOI[I/I‘-ICCKI/IC YKa3aHHA 110 BBIIIOJIHCHHAIO ITPAKTHYCCKUX 3a1a4

Pemenue 3a1a4 HA 3aK0H KyJ'IOHa
Ue]lb 3aHsamuA. yCBOUTb MCTOAUKY PCUHICHUA TaKOr'0 TUIIA 3a1a4.

3apsaabl
1. Cornacno 3akony KyinoHa MOaynb CHJIBI B3aMMOJECUCTBHUS MEXAY ABYMSI HEMOJABM>XHBIMU
TOYEYHBIMU 3apsAJaMH g\ U g2 HaxXOJALIMMUCS Ha PACCTOSIHUM 1 IPYT OT Apyra B Cpele ¢ JUIEKTpUYe-
CKOH ITPOHMIIAEMOCTBIO €, PABEH:

F—Fk 1g.1 1gal

er’ r/ie kK — MOCTOSHHBIN KO3 (HUIIMEHT.

.o HemM 1 __ . 10-12 _Ka?
k=19+10" 5=, rae g=2885- 107" ==

2. Ecnu cucrema Tea He OOMEHHBAETCS AJIEKTPUUECKUMH 3apsaMU C TeJlaMM, He IPUHAIeKa-
IIMMH 3TOW CHUCTEMeE, TO ajireOpandeckasl cyMMa 3apsiioB CUCTEMbI €CTh BEJIMYMHA MOCTOSIHHAA (3aKOH
COXpPaHEHMs 3apsI/IOB):

n
2 gi=const
i=1
1** C kakoil CWJIOW B3aMMOJIEMCTBYIOT nBa 3apsana mo 10 uKi Ha paccrosiuum 3
cm?
-F=Kqq/R*=9*10+9*(10%10-9)*/(3*10-2)*=107-3=1mH

2** HallTu BeIMUYMHY KaXkJI0TO W3 JIBYX OJIMHAKOBBIX 3aps]0B, €CIIM B Macile Ha
paccTosHUM 6CM OHM B3aUMOAEHCTBYIOT ¢ cwion 0,4mH. €=2,2

-- F=Kqg/eR"2 q=V(FeR"2/K)= 6%10-27 (0.4*10-3%2,2/9%10+9)=1,88*10-
8=18,8uKn

3** Bo cKoJIbKO pa3 cuiia 3JIEKTPUUECKOr0 OTTAJIKUBAHUS MEX JABYMS AJIEKTPOHA-
MU OOJIBIIIE CHJIBI MX TpaBUTAMOHHOTO mnputsbkeHusi? K=9*1079.  G=6,67*107-11.
e/m=1,76*10"11

--(Kee/R2) /(Gmm/R2)=K/G*(e/m)"2

=(9*%1019/6,67*10™'1)* (1,76%1071 1) *=1,35%10+20%3,1*10"*=4,2*10**

6** MOHO JT1 TPOBOJTHUKY COOOITUTH 3apsia  4* 10™19?
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- HE KpaTEH 3JIeMEHTapHOMY.
7** 3apsa met mapuka q=-1,6uKn, e0=-1,6%10"-19Kn. N=q/e0=10710
O**  Haitftm cuiy B3aMMOJACHCTBHS TMpoToHA W OJn-Ha npu R=107-8cwm.

F=FeM2/R"2=
1,6°2%(107-19)*10*1079/(107-10)72=2,3*10"-8m.

**13 Tpu Touyeunsix 3apsna Q---T1>---2Q---T2>--4Q C kakoil cuIol HATSHYTHI

HUTH €CJIM MEXKIY 3apsaiamu paccrosiaue L -
- Kq2q/L"2 + Kqdq/(2L)*2-T1=0 (4K2qq+4Kq2)/4Lr2=3KQ"2/L"2=T1
T2-K2q4q/L"2 - Kqdq/(2L)"2=0 (4K2q4q+Kqdq)/ALN2=9KQ 2/LA2=T2
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IIpakTHyeckoe 3ansaTue 24

HanpsizkeHHOCTH M MOTEHIMAJ YJIEKTPOIOJIS

KOHmpO]Zbele 680NnpoOChHI

1. B uem oTimuue noTCHIuaja oT HOTeHHHaﬂLHOﬁ BHCpl"I/II/I?
2. 3aBUCHT I NMOTCHUHAJIbHAA SHEPTrUs OT BEJINYNHDBL 3apsma?

Memoouueckue YKaszarus no 6blNOJHEHUIO NPAKMUYEeCKUx 3a0ay

1. HampsiKeHHOCTH 3JIEKTPUUYECKOIO MOJIs B JaHHOM TOYKE MPOCTPAHCTBA PaBHA:

= F
E=—
qo
rae F — cuiia, AeicTByIolas HA TOYEUHBIM MONOXKHUTENbHBIN (MpoOHBI) 3apsa q0, momerieH-
HBIN B 3Ty TOUKY.
Monynb BEKTOpa HaNPSHKEHHOCTH SJIEKTPUYECKOro IMOJIsl, CO3/1aBa€MOr0 TOYEYHBIM 3apsijioM ¢

Ha pacCTOsIHUU r OT 3apsiaa, paBCH:
E=-14_

dmeger?

E.i Eciu Ha MMOBCPXHOCTHU IMPOBOAAIICTO IIapa pa,[[I/Iy'COM o
pPaBHOMEPHO  pacmpeieleH 3apsg ¢, TO  BHYIpM  Liapa
Ea = — HaIIPAXKCHHOCTD ITOJIA BCIOI[y paBHa Hy.]'HO. 3a npeaciaMu 1iapa u
q Ha €ro HOBerHOCTI/I HaHpH)KeHHOCTI) IIOJIA TOYHO TakKasd, KaKyIO

\ co3zaBait Obl 3aps] g, COCPEIOTOYECHHBIH B IICHTPE IIapa ,
£ [Tpu mepemenieHuu 3apsiia ¢ B OAHOPOTHOM DIICKTPOCTA-
THYCCKOM I10JIC€ HAIIPAXKCHHOCTBIO FE cunel F ong COBCPILIAXOT HAI

0 -/ r 3apsagoM padory A = F,d = qEd,

rae d— MoIylb epeMelIeHHs 3apsaa BI0JIb CUIOBOM Ju-

o HUU.

B 3aBucuMocCTH OT 3HaKa 3apsjia ¥ HampaBjeHHs €ro Ie-
pPEMENIEHUS 110 CHIIOBBIM JIMHUAM Pa0oTa CUJI TIOJISt MOXKET OBITh Y MOJIOKUTENLHOM, M OTPUIIATEILHOM.

2. Besikast cucTeMa 3apsiioB 00J1a/iaeT MOTEHIHATBHOM YHEPIHel 2JIEKTPHYECKOTO B3aMMO/IEH-
crBus. [ToTeHIUanbHAs SHEPTUS U3MEPSETCS paboTOM, KOTOPYIO MOI'YT COBEPIIMTE DIIEKTPHIECKHE CH-
JIBI TIPH yIAJIEHUH 3apsDKEHHBIX TEJ, COOPaHHBIX B CHCTEMY, Ha OECKOHEYHO OOJIBIIME PACCTOSHUS OT-
HOCHTEIBHO APYT Apyra. JlJis CHCTEMBI

JIBYX TOYEYHBIX 3apsoB ¢/ W (2, yIaJeHHBIX HA PACCTOSHHE I, 3Ta padoTa, a CleJ0BaTelbHO,
Y MIOTEHIMAIbLHAs SHEPTUS PABHBL:

A= W, —-04

4TEQEr oy cumTath, uTO B GeckoHeuHocTH Wo=0.
[ToTeHIMAI 3IEKTPUYECKOTO TIOJIS B JAHHOM TOUKE ONPEIENSIeTCs OTHOIEHUEM

P =2
4o toe Wp — moTeHIMambHAS SHEPTHs, KOTOPOil 00amaeT mpoOHbIA 3apsil go BCIe-
CTBUE €r0 B3aUMOJICHCTBUS C MOJIEM B JAHHON TOYKE NPOCTPAHCTBA. 37E€Ch MPEIIOIaraercs, 4ro mo-
TEHI[MAJIbHAs YHEPIUsl, a CIIEJ0BATEIbHO, U MOTEHIIMAN B TOUYKaX, OECKOHEUHO yJIaJI€HHbIX OT UCTOYHHU-
Ka I10J1s1, paBHbI HyJ10. [loTeHIMa 3JEKTPUUECKOTO MOJIsA, CO3JaBaEMOTr0 TOYEUHBIM 3apsiioM ¢ Ha pac-
CTOSIHUM T OT HEro, paBeH:

@ dneqer

3HaK MOTEHIMAaa B TJAHHOM TOYKE MOJISl OMPEICIIACTCA 3HAKOM 3apsijia, CO3/IAI0IIEro 3TO MOoJIe.

Eciu 1o moBepXHOCTH MPOBOJIAIIETO IIApa PAgMyCOM TO paclpeiesieH 3aps ¢, TO BHYTPH Iia-
pa ¥ Ha €ro MOBEPXHOCTH MOTEHIIHAN BCIOLY IOCTOSHEH M PaBeH

Po ==

4megery
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Ipumep pewrenus munosoii 3adauu

** Ha paccrosanu 1,1m momeniensl 2 3apsaa 10 u -18Kn. HaliTu HanpsokeHHOCTH TIOJIST B TOUKE
Ha NpsAMON MeX HuUMH, rae ¢=0

Pemenue [ToTeHman oOT mapoB MMEET pa3HbIA 3HAK M B TOYKE, T1e oOumii noreHnuan=0, ux
monyinu ¢ pasusitorest o= Kql/R1=Kq2/(1,1-R1)

10/R=1/(1,1-R) 11-10R=R R=1

E= > Kqg/R=K(10/1-1/0,172)*10"-9=(10+100)*9=990B/m

3amaua 1

3anaya 2
Haiitu E n norenuman O noss 3apsiaa 360K Ha paccTossHUM 9 CM OT HEro.
3anaga 3

B HekoTOpBIX IBYX TOYKAaX IOJII TOYSUHOTO 3apsna E oriauuaercs B 4 paza.pl/p2=?.

3agaua 4

Ha paccrosaun 1M OT 1HEeHTpa 3apsHyKEHHOTO METALIUYECKOTO Iapa paguycoM 3M MOTEHIIHA
=3B. KakoB noreHIman mapa Ha pacCCTOSIHUUA 3M OT LIEHTpA.

3agada 5

Hatitu 3apsij 3apshkeHHOMN cephl paiuycoM  ScM, eClid IOTeHIMal Ha paccTossHuHM SOcM OT TTOB-TH cpepbi=4B
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[pakTnyeckoe 3ansitue 25-27

DJIeKTPOEMKOCTh YeUHEHHOI 0 IPOBOIHUKA U KOHIEeHCATOPA.
Llenv 3aHamMuA: yCBOUTHh METOJIUKY PEIICHUS 3a7a4d TEMBI.
KoHTponbHbIE BONPOCH
1. [Mouemy mpu CONMMKESHHUU TUTACTUH KOHJCHCATOPA PACTET EMKOCThH?
2. [louemy OMPNEKTPHUK MEXIY IUIACTHHAMHU YBEITMYNBAET €MKOCTH?
Memoouueckue yKazanus no 6bINOJHEHUIO NPAKMUYECKUX 3A0aY
DJIEKTPOEMKOCTh YEUHEHHOTO MPOBOJIHUKA, UMEIOIIETO 3apsij ¢ U MOTEHUHAI <p, ONpeaeiseT-

C=lql

cst hopMyIIoit @ a U1 YeAMHEHHOTO METAJUIMYECKOro 1mapa C=4n EQEr
C = goeS
s muiockoro KoHAeHcaTopa d
3amaua

Haiitu snexTpuueckyro €MKOCTh 3eMiM, NpUHSAB €€ 3a npoojsaumuil map. Pemenue. Cn
=4neeOrm = R/K=6400*1073/9*¥10"9 = 64*1075/9*%1079= 7,11*10"-4=711*10"-6=711mx®D. EmKocTh
3emun Kak mapa- Bcero 700mkd.

3anaua

**11.44. KonaencaTopbl COCIMHWIN TaK, KaK MOKa3aHO Ha PUCYH-
ke. UeMy paBHa eMKOCTb OaTapeu, €Clid eMKOCTh Ka)KI0ro KOHJeHcaTopa B
C &30 cxeme pasHa C.
o—»—”—<HI—‘—”—~r—-c Pemenue. [Ipu BHUMATETbHOM PacCMOTPEHUHU CTAHOBHUTCS OUYEBU/I-

HBIM, YTO KOHJICHCATOPHI COCTUHEHBI MAPAILICIBHO (KKIBIA 3KHM CXe-
MBI COEJIMHEH ¢ TpeMs oOkiankamu). CiaeaoBaTellbHO, 00Ias eMKOCTh 0a-

. Tapeu MoJy4aeTcs CyMMHPOBaHUE BCEX eMKOCTel U paBHa 6C.
3anaua |
C=5n®, U=100B, q xaxm0ii MmaacTuHbI=?
3anaya 2
Jnsa S=100cm2, q=6*10-9Kin, U=120B, HailTu paccTOsSHUE MEXY MJIaCTUHAMHU.
3amaya 3

[TpoBoanuk! c=10n®, q=600uKn, [IpoBoguuk2 c=30n®d, q=-200aKn. Haiitu 3apsasl u noreH-
L[ aJIbl IPOBOIHUKOB IIOCIIE COEAMHEHUSI UX MIPOBOJIOKOH =7
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IIpakTHyeckoe 3ansaTHe 28-29

Pemenne 3aga4 Ha 3akoH OMa.
L]env ypoka: oTpabOTKa YMEHHSI PEIICHUS 3a71a4 ¢ IPUMEHEHHEM 3aKoHOB OMma.
Teopus

3akon Oma Juisl y4acTKa LelH- €CIM Ha y4acTKe AJIEKTpUUecKoi uemnu, He coaepxkamiem IC u
UMEIOIIIEM CONPOTHBIICHHE R moiep kuBaTh MOCTOSHHYIO Pa3HOCTh MOTEHIMANIOB (HanpspkeHue) (¢l-
¢2) = U To cornacHo 3akoHy OMa 0 y4acTKy T€4eT TOK

I . 1 — G2

R R

3akoH Oma Ji71s1 OJIHOM LIeTIH- cuJjla TOKA, TEKYIIEro B 3aMKHYTOM LIETH, COCTOSLIEN U3 IIPOBOI-

HUKOB C 00IIMM conpoTHBieHreM R u anementa ¢ 3/1C lg U BHYTPEHHHUM COIIPOTHUBIICHUEM I, paBHA:
R4+r,

HaHpH)KeHI/IC Ha 3a)KHuMax UCTOYHHKA, 3aMKHYTOT'O ITPOBOAHUKOM C COIIPOTUBJICHUEM R, PpaBHO:

U=IR = =& —1Ir

3anaya
** R1=4om, R2=30om, R3=120M, R4=60M, RoxB=?
Pemenue. [locnenoBarenbHo 00BEIUHSAEM PE3UCTOPHI .
1)R1-R3 mapamnensHo, R=4*12/(4+12)=30om
R o 2)R13-R2 nocaenosarenbHo=3+3=60m
3)R123-R4 napamienpHo= 6 n6=6/2=3om
3anaya

I"ansBanomeTp umeet conpotusiienne Rr= 50oMm u Tok Ir= 0,1 A. Paccunutarh 10NMOJTHUTEIBHbBIN
pe3ucTop, 4ToObI MOXKHO OBLIIO U3MeEpATh HampskeHue 10 100B.

Pemenwue. [Ipu Hampspkenun Ha cxeme B 100B, yepe3 rajqbBaHOMETP AOKEH MPOTEKAaTh TOK
0,1A. 3naunt Ha ranmpBaHoMeTpe Oyxaer magare Hanpspkerne Ur=IrRr=0,1*50=58

OcranbHoit Hanpsbkenue (100-5=95B) Hamo mnoracuth Ha J00ABOYHOM COINPOTHUBICHHH.
R1=U/R=95/0,1=9500m

+H

3amaua
** HaiiguTe 3apsij] Ha KOHJACHCATOPE B CXeMe, M300paKeHHON Ha pUCYHKE
Pemenune. IloCTOSHHBIA TOK Yepe3 KOHAEHCATOpP HE
npoxoauT. UToOkl onpeaenuTh 3apsii Ha KOHJIEHCATOpE, HYX-
HO HaWTH Pa3HOCTh MOTEHIIMANIOB HA €ro OOKJIaJKax paBHOE
pa3sHOCTH NMOTeHIUanoB U,. MEXIy TOYKAMH a U C, paBHOU B
CBOIO O4YepeNb CYMME MAJCHUM HAIpsKEHUM HA PE3UCTOpax

conpoTtuBiieHueM R u 2R, komopoe, 6 c6ot ouepedv, pagHo
Uo- U,=U3R. Jos Bceill LEMn
- Uy _i Uy
R+ (2R 4+ 3R)4R - 29 R
2R 4 3R + 4R

Ug=IR=9/29*U0

Ubd=UO- Ugr- UO- 9/29U0=20/29U0, a ono memurca Mex 2R 3R, ocraBnag mig 2R U,r=2/5%
Ubd=

2/5%20/29U0=8/29*U0

B urore Uac=(9/29+8/29)U0= 17/29U0, a 3apsa na kouaercarope Q=CU=(17/29)*C*U0

3amaua 1

OJ1C=6B, Un=548, I=1,5A, Ru, r=?

3agaya 2
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HaiiTn s5kxBUBaJICHTHOE COMPOTUBJIEHUE

T
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[pakTnyeckoe 3ansitue 30-31

Pacuer cao:xkubix neneii Mmeronom Kupxroda.
Llenv 3aHamuA: yCBOUTHh METOUKY pacuera cxeM 1o Kupxrody.
Koumponwrvie éonpocoi
1. Uto Takoe y3510BO# TOK?
2. Kak BBIOMpAIOT KOHTYPHI.
3. CKOITBKO HEOOXOIMMO COCTABUTh YPaBHEHHHN IS TOKA?
4. KakoB 3HaK BXOJAIIETO B y3e1 ToKa?

Memoouueckue YKa3arus no 6blNOJHEHUIO NPAKMUYEeCKUx 3a0ay

[TpaBuna Kupxroda

1 Anrebpanueckast CcyMMa TOKOB, CXOSIIIIUXCSA B y3Jie, paBHa 0 (3aKOH COXpaHEHUS 3apsijia)

> 1i=0

Toxku, moAXoAsIINE K Y371y, CYUTAIOT NOJoXKUTeIbHbIMU. Eciii B cxeme N y3710B, TO MO IepBOMY
npaBuiy K-¢a moxxHo coctaBuTh N-1 HE3aBHCHUMBIX YpaBHCHHH.

2 B m000M pOU3BOJIBHO BRIOPAHHOM 3aMKHYTOM KOHTYpE Pa3BETBICHHOM IIeTH anreOp cymMma
naJicHUi HaIpsOKEHUM Ha OTIENIbHBIX y4acTKax KOHTypa paBHa anr cymme DJ[C, BcTpevaronuxces npu
00X0/1€ 3TOro KOHTYpa 10 IPOU3BOJIBHO BBHIOPAHHOMY HAIPABJICHHUIO.

> liRi=) Ei

ITo BTOpOMY npaBUly MOKHO cOCTaBUTh N-(N-1) yp-HuUM, IJ€ N-4KCI0 HEU3BECTHBIX TOKOB, a N-
YHCIIO Y3JIOB B CXEME.

| mocTaBUTH HAMPABIICHUS TOKOB B BETBSX

2 HamucaTh | mpaBWIIO ISl BCEX y3JIOB KPOME OJHOTO

3 BBIOpaTh HAMpaBJICHUS 00X0Aa ISl HE3aBUCHMBIX KOHTYPOB.

4 cocraButh n-(N-1) yp-HUil , TIe N-4UCI0 HEU3BECTHBIX TOKOB, @ N-4HCIIO Y3JI0B B CXE€Me I10 2
paBuiy.

¢ eBoro BepxHero ysina [3-11-14=0

| Kontyp neBbiit E1-E2+E3=I1(R1+R2+r1+12)+I3(R3+13)
:: : 4 Kontyp npassiii E3-E4=I14(R4+14)+13(R3+413)

Bk
N
TN

Kaxnoe R=1kom El1=1,5v, E2=1,8v. R4 3akopodeHo HmXHUMU- npeHeOperaeM, ero 14=0. Bt
CONPOTHUBIICHUS] UCTOYHUKOB =0.

1-HmxHun y3en [1+12-13=0
2-JleBslit kKoHTYp npoTuB YacoBoi [3R+I1R=EI
3-IIpaBblii IPOTUB YacOBOI [BR+I2R=E2 cymmupyem 2 u
3
2*I3R+(I1+12)R=E1+E2 [I1+12=I3 u3 1]>>>
[13=(E3+E2)/3R=(1,5+1,8)/3000=1,1ma N3 3 umeem
12=E2/R-13=1,8/1000-1,1=0,7ma
11=I3-12=0,4ma
3amgaua 1
A Haiitu Tok B peocTaTe eciid 371€MEHThI MOJAKIIOUEHbl pa3HOMMEHHbI-
' mu nomocamu. E1=8s, R1om, E2=48, R2=0,58, R=50M.
z ..4._f 3amaua 2
Ay ‘45 E1=22v r1=0,2 E2=10v 3apsxaercs r2=0,6om R=10om namma R3
Haiitu Toxmn
oy 3anmava 3
_!ii 5*%*R1=10000m, r2=5000m, R3=2000m, E1=1,8v,]12=0,5ma naiitu
| E2
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IIpakTu4yeckoe 3ansaTHe 32

Pemenus 3agauy Ha 3axon ®apapnest
L]env 3aHAmMuUA: YCBOUTH METOJIMKY pacdeTa 3a7ad 0 AIEKTPOIH3Y.
Koumponsrvie éonpocoi
1. Tlouemy HE MPOBOASIIAS TOK BOJIa CTAHOBUTCS MPOBOIHUKOM?
2. Bo3moxeH im Takoi 3GheKT ¢ KepoCuHOM?
3. UYto Takoe AIMEKTPOXUMHUICCKUI SKBUBAJICHT?

Memodultecmte yKasarnus ()JZ}Z 6blNOJIHEHUA NPAKMUYECKUX pa60m
ﬂBJIeHI/Ie BBIACJIICHUS COCTAaBHBIX ‘{aCTeﬁ paCTBOpeHHBIX B XXUAKOCTU BCHICCTB HpI/I Hpoxoncne-
HUU Yepe3 Hee DICKTPUUECKOT0 TOKAa Ha3bIBAIOT JIEKTPOJIM30M. PacTBOPHI, MPOBOAIINE TOK, HA3bIBAIOT
AJIEKTPOJIUTAMH.
Ecnu 3a Bpems ¢ 4epe3 3JeKTPOTUT MPOIIEI 3apsii ¢ U K KOKIOMY JEKTpoay moaonuio N HOHOB
Maccoit m1 To Ha KaToze OTKJIanLIBaeTcsi? BEILIECTBO Maccoul m = Nml.
N ] i —_—

Yucno noHOB Fa ne , TI€ g, — 3aps UOHA; n — BAJICHTHOCTb BCUICCTBA; € —

3aps/ 3JEKTPOHA. YUUTHIBAsi BCE 3TO, NOJYyUUM:

M by —
m=-—=q = kq = kit

(12.29)
ITocTossHHOE A7 BCEX BEIIECTB IMPOU3BCIACHUC ENA F Ha3bIBACTCS IMOCTOSIHHOMN CDapaI[eﬂ,
M
IIOCTOAHHOC JIs1 JAHHOI'O BEUICCTBA OTHOIICHUC nF HAa3bIBACTCA 3JICKTPOXUMUYCCKHUM SKBUBA-

JICHTOM BEIIECTBA. Y UUTHIBas 9TO, (1)OpMy.]'Iy MOXHO IEpCIrucarb B BHUIAC!:

m= f—F g = kg = kIt (3akoH Papanen)

3angaya
[To Yncny ®apanes u uuciay ABOragpo MOIYYUTh 3apsi/i OJTHOBAJICHTHOTO HOHA- J-Ha
€0=9,65*10"Kxn/mob / 6,02%10% 1/monp=1,6 10" Kxn
3angaya
[Tpu snexkTponuse HUTpaTa cepedpa Ha katoje BbiaenauTcs 3a 1 yac 12r Ag. U Ha 3akumax BaH-
HbI= 5,2B, Rp-pa= 1,50M, DJIC nonspuzauun=0,7u. HaiiTu BajJe€HTHOCTb U 4YHUCIO aTOMOB Ag.
F=9,65*10"4 Kn/momnb, p=108*10"-3xr/mons, e=1,6 10"-19Kn
-Pemmenue I=(U-Enon)/R, m= p/n *It/F, n= pIt/(mF)= p(U-Enon) t/(mFR)=
=108*107-3%(5,2-0,7)*3600/(1,2*107%#9,65*10%*1,5)=1
Kos-Bo aToMoB, yuTs BaneHTHOCTh= 00111 3aps/e0 Q=It
N=(U-Enom)t/(Reo)= (5,2-0,7)*3600/(1,5%1,6 10"'%)=6,75*10%
3agayva 1
Haiitu 31xum 5KB-T XJ10pa, aToMHasi Mmacca Kotoporo 35, 453, BajeHTHOCTh=1.
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IIpakTuyeckoe 3ausaTue 33-37

3akon Amnepa, Jlenna
L]env 3anamus: yCBOUTh METOJUKY pENIEHUA 3a7a4 Ha 3aKOHbI AMIiepa u JIeHia.

Koumponvrwie 6onpocoi

1. Kak 0OBSICHSAIOT B3aMMOJICHCTBUE MPOBOJIOB C TOKOM?

2. Kakme BenTMYMHBI BXOJIAT B MPABUIIO JIEBOM PYKH?

3. HazoBuTe mpaBmiio mpaBoii pyKH.

4. TTouemy npaBwiio JIeHIa HA3BIBAIOT 3aKOHOM COXPaHCHHUSI SHEPTHH?

5. Kak onpeaenuTh HalpaBlieHUE MAarHUTHOTO MTOJIsI BOKPYT MPOBOHHUKA C TOKOM?

Teopus
| Tlpu nBUKEHUU ANEKTPUYECKUX 3apsA0B B MPOCTPAHCTBE, OKPYKAKOLIEM 3TH 3apsibl, BO3ZHU-
KaeT MarHuTHOE 1oJje.
OnbITOM yCTaHOBJIEHO (3aKOH AMIIEpa), YTO Ha MPSIMOW MPOBOJHUK C TOKOM, OMELICHHBIN B
OJIHOPOJIHO€ MarHUTHOE I0JI€, IEUCTBYET paclpeeieHHas 110 IIPOBOJHUKY CHIIA, MOIYJb KOTOPOU pa-

. F=IIBsin «

rae I— cuna toka B mpoBojHUKe; | — anuHA NPOBOJHUKA; B— MOIYJIb BEKTOpAa MHIYKIUU
MAarHUTHOTO TTOJIS; 0L — YI'OJI MEXK1Y HAPABIEHUEM UHAYKIUH MAarHUTHOTO I10JISL U IPOBOIHUKOM.

BekTop F Bcerga nepreHIuKyJspeH IIOCKOCTH, B KOTOPOM JiexkaT MPOBOJHUK U BEKTOP 5.

CBsi3b MEX/1y HAMPABICHUSIMU BEKTOPa CUJIbI, TOKa U BEKTOpA MHAYKIIMHM CTaHABJIMBACTCS Mpa-
BUJIOM JIEBOU PYKH.

Ha xaxnyro 3apsKEHHYIO YacTHILy, IBUKYIIYIOCS B MAarHUTHOM IIOJIE, CO CTOPOHBI IOJS JIECH-
cTByeT cuia (cuna JlopeHia), Moayab KOTOPOH PaBeH:

Fy =%, uwin  Fp = gvB sin a.

Ecnu B nipssMOM MpOBOJHUKE Cujia TOKa I, TO B TOUKE, yJIaJ€HHOW OT MPOBOJHUKA HA PACCTOS-
HUE 7 MOAYJIb BEKTOpPA UHAYKIIMH MAarHUTHOTO TOJIsl PaBEH:

B — popd

dr rac ff — MarduTHas NpOHUIACMOCTb BCHICCTBA — BCJIMYMHA, ITOKAa3bIBAIOIIAs,

BO CKOJIBKO pa3 MHAYKIMSI MAarHUTHOTO I10JIs1, CO3/JaHHOI'O TOKOM B JJaHHOH cpeze, 60blie, 4eM UHIYK-
1Usl, CO3/IaHHAs TEM XKe
-7
TOKOM B BaKyyMe; [y = 411 10" —marauTHast NOCTOSHHAS.

IToTok BCKTOpa HHAYKOHWHU OJHOPOAHOTO MArHHUTHOI'O IIOJIA Y€PE3 IIIOCKYHO IMOBEPX-

O =BScos a

HOCTb TUIOIIABIO S paBeH:
3agaua
3apsKeHHasi yacTHIa UIET Mo npsiMoid. MoxHO i1 roBopuTth, uto MIT Her.
-- Her- Mosxet MII || v, Torna F=0.
3agaya
[Tyqok Dn-HOB UAET || B OAHOM HAIIpaBJIEHUH C TOKOM B pOoBOJHMKE. Kak OTKIOHsAETCS MydoK?.
-- OTTasNKuBaeTcs OT NPOBOJIA, KAK aHTUIIAPAJUIETbHBIE TOKH.
3anaua 1
K MenHOMY KOJIBIlY TPUOJINKAETCSI MArHUT CEBEPHBIM MOJII0cOM. OnpeeuTh HarpaBieHHe
MHAYKIIMOHHOTO TOKA B KOJIBLIE.
3amaua 2

— Kaxk YCTAHOBHUTCA CTPECIIKA
5 ij—:_ P >

3agaua 3
JluBepcaHT mojomien K JIMHUM DIIEKTPOIepeaad MOCTOSHHOIO
TOKa. FIMes BOIbTMETP ¥ KOMIIAC HAJ0 OIPEAEIUTh B KAKOM HAIIPaBICHUU HAXOIUTCS HIEKTPOCTAHLIMSL.
Pemenue.1) BoabTMeTpoM HaxouM MOJIOKUTENbHBIN MPOBOJ (ITyCTh 3TO BEPXHUI MTPOBOJ)
2) MarHuTHOH CTpesoi onpeneiseM HalpaBJIE€HUE MArHUTHOTO I0JII BOKPYT 3TOr0 MpPOBOJA, a
@

10 HEMY- HallpaBJIeHUE TOKa. TOK TedeT oT “+” Kk “—*, 3HaUUT CTaHIUA TaM, OTKYyJla UAET TOK IO MOJI0-
JKUTEIIbHOMY IIPOBOJY.
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IIpakTnyeckas padora Ne38-41
Pemrenue 3a1a4 HO TeMe «DJIEKTPOMATHUTHBIE KOJIeOaHUS»
[lenb paOoTHI: 3aKpenuTh YMEHUE pellaTh 3aJa4d Ha BBIYUCICHHE WHAYKTHBHOIO, €M-
KOCTHOTO CONPOTHUBJIEHUH, IEHCTBYIOIIErO 3HAYEHHS] CHJIBI TOKAa M €r0 aMIUIUTYJHOTO
3HayeHHsl. OCHOBHBIC MTOHATHH U (HOPMYIIBI
DNEeKTPOMarHUTHbIE KOJIEOaHUsI — 3TO NEPUOJANYECKNE U3MEHEHUSI CO BPEMEHEM HJIEK-
TPUUYECKUX U MAarHUTHBIX BEJIMYMH (3apsija, CHIbl TOKA, HAIPSLKEHUS, HAPSKEHHOCTH,
MarHUTHOM MHIYKIUH U Jp.) B JIEKTPUUECKON LETH.
[Tepron cBOOOIHBIX ANEKTPOMArHUTHBIX KoseOaHuil B KoHType T=2TALC - dopmyna
TomcoHna,
KonebaTenbHblil KOHTYp
Llenv 3ansamus: yCBOUTh METOIUKY PELLIEHUS 3aau ¢ KOJIEOATEIbHBIM KOHTYPOM.

Konmponvnuvie eonpocut

1. Ot yero 3aBUCHUT NEepUO] KOJeOaHU B KOHTYpe?
2. Kakue koneOaHus Ha3bIBAIOTCS BBIHYKJICHHBIMU?
3. B uem cMmbIch pe3oHaHca?
Teopus

ConpoTuBiieHHE R 3IEKTPUYECKOM e, HE UMEIOIIEH €MKOCTH U MHAYKTHBHO-
CTH, Ha3bIBAIOT aKTUBHBIM COIPOTHBIICHUEM.

ComnporuBiieHne R, ydacTKa LIENH, COJAEPIKAIIEro KOHJEHCATOP, HA3bIBAKOT €M-
KOCTHBIM COIPOTHBIICHUEM.

|
R =_g_’.“_..=_
¢ :‘r.rn (:]C

ConpoTuBIIEHHE YyYacTKa, COJIEPXKAIIEr0 MHAYKTUBHOCTh (MHAYKTHBHOE COIpPO-
TUBJICHUE), PABHO:

R [ — {!}L

Ecau Tpu yuyacTtka 1iemnu,, UMEIOIIME COOTBETCTBEHHO aKTUBHOE R , MHIYKTHUBHOE
R; u emkocTHOE R, CONPOTHUBIIEHHUS, COCIUHUTH MOCIENIOBATENBHO, TO MOJIHOE COIMPO-
TUBJICHUE 1IN TIEPEMEHHOMY TOKY OyET paBHO:

2
wl

Z= YR+ R —RyP=V R +(oL -
3aoaua
Ha xakyro nauHy BOJHBI HACTPOCH KOJIeOATEIbHBIN KOHTYP ¢ HHIYKTUBHOCTHIO L, ecim
MaKCHUMaJbHasl CUjla TOKa B
KOHType paBHO | (Makc) , a MakCUMaIbHOE HANpsDKCHHE Ha KOHJeHcaTope cocTapisser U
(makc). CKOpOCTh pacCIpOCTPAHEHUS AIIEKTPOMArHUTHBIX BOJIH paBHA V
Pemenue
C=LI™N2 /UM
T=2m/LC
A=VT
3agada
BxomHOW KOHTYp paaviONpUEMHHKA COCTOMT M3 KaTYIIKH , WHIYKTUBHOCTH KOTOPOU
paBHa 2.0 MI'H , 1 mIOCKOTO KOHJIEHCaTopa ¢ Tomiaabto wiactuH 10.0 cM*2 u paccrosi-
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HueM Mexay HUMHU 2.0 mMm. IIpocTpaHCTBO MexAy IUIACTHHAMU 3alOJIHEHO CIIOJION C
JOUBJIEKTPUYECKON MPOHULIAEMOCTRIO 7,5. Ha Kakyto IIMHY BOJIHBI HACTPOEH PaJHOINpPH-
E€MHHUK?

Pemienue

C=¢*0*S/d

T=2n\LC

A=VT

C=5*10"-13

T=19,8 * 10"-8 ¢

A=3*10"8 *19,8%10"-8=59,4 m

3anava 1

MakcHManbHBIH 3aps] Ha 0OKIaIKax KOHISHCATOpa KoneGaTenbHOro KOHTYpa qy = 107°
Ki1. AMIUIITYAHOE 3HAYEHHe CHIIbI TOKa M KOHTYpe I, = 107 A. Omnpenenure mepros Ko-
aebaHui.

3aganue 1. OTBETHTE HA BOIIPOCHI.

Kakue konebanust Ha3bIBAIOT JIEKTPOMArHUTHBIMU ?

UTo HaA3bIBAIOT IEPEMEHHBIM JIEKTPUUECKUM TOKOM?

N3 kakux 7JI€MEHTOB COCTOUT KOJIeOATENbHBIA KOHTYP?

OT 4ero 3aBUCHUT MEPUOJT FTEKTPOMATHUTHBIX KOJICOaHUI?

Yemy paBHO EMKOCTHOE COITPOTHUBIICHUE?

YeMy paBHO MHIYKTUBHOE CONMPOTUBIICHUE? METONNYECKUE YKA3aHUS

Pemenue 3a1a4 00 3JIEKTPOMarHUTHBIX KOJIEOAHUAX B KOJIEOATEIbHOM KOHTYpPE CBSA3aHO
C HaXOXJIEHUEM Tepuoja (UM COOCTBEHHOM YacTOThI) KOJIEOaHUM KOHTYpa C UCIOJb30-
BaHueM (Gopmyisl TomcoHna. [Ipu pelieHHH HEKOTOPBIX 3a/Jay KCIOIb3YIOTCS 3aKOHBI
COXpaHEHUs U MPEBPAILECHUS SHEPTUH B KOJI€OATEIbHOM KOHTYPE.

1) 3anmcaTh 3aJjlaHHOE YpaBHEHHE M YpaBHEHHUE FapMOHMUYECKHX KoJieOaHUM B 00IIemM
BU/IE;

2) CONOCTaBUB 3TH ypaBHEHUS, ONPEACIUTh BETUYHHBI, XapaKTepU3YIOIIe KoaeOaHus
(ammuMTyny, 4acToty, nepuon, Ga3y) u Ipyrue BETUYHHBI B COOTBETCTBUHU C YCIOBHUEM
3a7a4H;

3) B HEKOTOpBIX 3a/layax, HA0OOPOT, O M3BECTHBIM BEIMYMHAM, XapaKTEPU3YIOIIUM
K0JIe0ATENbHYIO CUCTEMY, CIIEAYET 3aUcaTh YPAaBHEHHE TaPMOHUYECKUX KOJIeOaHUH.
[Ipu pemenun 3amau no teme «llepeMeHHBIN TOK» CIEAyeT MOMHHUTh, YTO 3TO BBIHYX-
JIEHHBIE SJIEKTPUYECKHUE KOJIeOaHUsl, HEOOXOAMMO YYHUTHIBATh OTIMYHME JICUCTBYIOIIETO
3HAQYECHUS CUJIbI TOKA (HAIPSIKEHHUS) OT aMILTUTYAHOTO.

SAEN A e a a
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IIpakTnueckasi padora Ne 42

Pemenue 3aga4v no reme «Ilpupoaa ceera. BosiHOBbIE CBOMCTBA CBETA)
OCHOBHBIE IOHATUU U HOPMYJIBI
WUuTepdepeniust cBeta — mnepepacupesieieHue MHTEHCUBHOCTH CBETa B PE3yJbTaTe
HaJIO0XKEHU (CyNepIrO3UIIMK ) HECKOJIBKIX CBETOBBIX BOJIH.
Judpakius cBeta — orubaHue dJEKTPOMArHUTHON BOJHOW MPEMATCTBUN COU3MEPHUMBIX
C JUIMHOW BOJIHBL.
JudpakiuonHas pemeérka — ONTHUECKUN MPUOOpP, MPUMEHSIOUIUICS U Pa3IoKEeHUS
CBETOBOW M3JIy4YECHUS B CIIEKTP.
[Tonspuzamus cBeTa — BBIIEIICHUE U3 IIyYKa €CTECTBEHHOTO CBETA Jy4EW C ONpPENEIICH-
HOM OpHEHTALMEN BEKTOPA HAIIPSIYKEHHOCTH JIEKTPUYECKOTO ITOJIS.
[lonHOE BHYTpEHHEE OTpaKEHUE — SIBJICHUE BO3BPATa CBETOBOIO JIy4a B UCXOJIHYIO Cpe-
Ny TOcJIe TIoMalaHusl Ha TpaHUIly pasjiesia ABYX Cpejl MpHU NaJeHUuu ero u3 0oyee onTude-
CKH TUIOTHOU CpEJlbl B MEHEE IIOTHYIO.
[Tonspuzatop — 1npubOp, TMpPEeBpaIllAIOIIMN eCTeCTBEHHbIH CBET B JIMHEHHO-
MOJISIPU30BAHHBIN.
OnTOBOJIOKHO (ONTUYECKUE CBETOBOJIbI) — HUTh U3 ONTUYECKU MTPO3PAYHOro MaTepuaia
(CTEeKJIO TUIACTUK), UCTOJb3yeMasl AJis MepeHoca CBETa BHYTPU ce0sl OCPEACTBOM MOJI-
HOT'O BHYTPEHHETO OTPAKECHUS.
CrnexTpanpHbIN aHAJIU3 — COBOKYITHOCTh METOJIOB KAYECTBEHHOTO M KOJTMYECTBEHHOTO
onpenereHusl cocTaBa 00BbEKTa, OCHOBAaHHAs HAa WM3YYEHUHU CIEKTPOB B3aUMOJECUCTBHS
MaTE€pUH U3TYyUYECHHUEM, BKIIFOYAs CIIEKTPBI JIEKTPOMAarHUTHOTO U3Ty4YEHHS.
EcTecTBEHHBIII CBET — ONTHUYECKOE H3Iy4YeHUE C OBICTPO U OECHOPSAIOYHO M3MEHSIO-
IIMMHCS HAIIPABJICHUAMU HAIIPSHKEHHOCTH 3JIEKTPOMATHUTHOTO TOJIA.
JIMHEWHO-TTONAPU30BAHHBIN CBET — 3TO JIEKTPOMArHUTHAs BOJIHA, ITOJISIPU30BAHHAS Ta-
KUM 00pa3oM, 4TO HalpaBJIEHUE BEKTOPa HAIIPSHKEHHOCTH 3JIEKTPUUECKOTO MOJIs OCTAET-
Cs1 HEU3MEHHBIM

3aganue. Pemnre 3anaum.

1 Pa3noxxeHue 6eoro cBeTa B CIIEKTP IPU MPOXOKIACHUM Yepe3 MPU3My 00yCIOBICHO A
npesioMiiIeHreM cBeta b otpakeHnem cBeta B mossipusanueii csera

2 3enéHas TpaBa 00J1aJ]aeT CIOCOOHOCTHIO

A TIoriomaTk Jiyyu 3eJ€HOro nBera b oTpaxkats jayun 3en€Horo usera B orpaxkarts ny-
YH BCEX LIBETOB

3 HanoxeHne KOrepeHTHBIX BOJIH HA3bIBAOT

A mucnepcueit b unrepdepenuuein B nudpakuueit

4 B cnydae KakuxX BOJIH HEBO3MOKHA UHTepdepeHIus"

A cBeroBbix b 3BykoBbeIX B amektpomarmuTtHeiX I cpenm otBeToB ABB Her mpa-
BUJIBHOTO

5 TosiBneHnue paayru Ha HEOE OOBSICHSIETCS

A unTepdepennueii ceeta b nudpakimueit ceera B pasnudHON mpenomMIsieMOCThIO JTy-
Y€ pa3HOTro IBETa

6 SIBieHKe NoJApU3ald CBOMCTBEHHO

A 1100BIM BoJTHAM b TOJIBKO MOTIepevYHBIM BOTHAM B TOJBKO MPOI0JIBHBIM BOJTHAM

7 3aBUCUMOCTD MOKa3aTeNs IPEIOMIICHHS CBETA B JAHHOM Cpejie OT AJIMHBI BOJHbBI Ha3bI-
Baerca A unrepdepenuueit ceera b qudpakuueii ceera B nucnepcueit cBera

8 benble mpeaMeTsl 00J1aa0T CIOCOOHOCTHIO
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A TIOTJIOIIATh JIy4d BCEX LIBETOB b OTpakarh Jiyu BCeX LIBETOB B mporyckars j1yun
TOTO WJIM UHOTO LIBETA

9 Orubanue BOJIHAMM MPEMSITCTBUI, CPABHUMBIX MO pa3MepaM C JJIMHOW BOJIHBI, Ha3bl-
BatoT A unrepdepenuert b nudpaknueit B nonsipuzanueit

10 Untepdepeniiuio cBeTa OT ABYX JIaMIl HaKaJMBaHUs HAOJIONATh HENb3s, TaK KaK CBe-
TOBBIC BOJIHBI, U3Ty4aeMble UMU

A HenoJiApu30BaHbl b HeKorepeHTHbl B cauiikoM mManoid HHTEHCUBHOCTH

11 IIBeTHas okpacka pa3IUYHBIX TOHKUX IUIEHOK OOBSICHSIETCS

A Tonpko nudpakuueit ceeta b Tonbko unTepdepeniueii ceera B untepdepenuueit u
nudpakimeit ceera

12 Tlongpuzanmeil cBeTa Ha3pIBAIOT MIPOLIECC

A U3MEHEHHE HaIpaBJICHHs CBeTa b M3MeHEeHUEe MHTEHCUBHOCTHU CBETA

B opueHTanuu kojaebaHuil BEKTOpa HAMPsHKEHHOCTH CBETOBOM BOJIHBI B OTPE/ICIEHHOM
HaIlpaBJICHUU

13 Cger ¢ nmuHoi BosHbI SO00HM mMagaer Ha JUMPAKIIMOHHYIO PEIIETKY C MEPUOO0M
2MkM. Haliti HanOoabIui Mopsa0K MaKCUMyMa.

14 3agaua

JInuHa BOJHBI KENTHIX JTy4yeld B BakyyMe paBHa 580HM. KakoBa jyiviHa BOJHBI 3THX Jy-
4yel B BOJIE, €CJIM MOKA3aTelb MPEIOMIIEHUS BOAbI paBeH n=1,33?

15 3agaua

B HEKOTOpyr TOYKY NpPOCTpPaHCTBA NMPUXOAAT BOJHBI JmHOW 700HM. Pa3znocth XOna
BOJIH paBHa 3,5MKM. YcuieHue Wiu ociablieHHe cBera OyJeT HaOIoJaThCs B JAHHOU
TOYKE?

16 3agaua

VYV nudpakiimoHHOW pEemETKH MaKCUMyM BTOPOTO MOpPsAKA JUIsl CBETA C JJIMHOW BOJHBI
400uM HaOMrOAAETCs MOJ YIiioM, Ayt kotoporo  Sin<p=0,04. Haiitu nepuon 3Toii pe-
méTku. d=?

17 3amaua

KakoBa mmpuHa BCero CrekTpa BTOPOro MOPsIKa, MOJTYYEHHOM Ha 3KpaHe, OTCTOAIIEM
Ha 2M OT nudpakIMOHHON peméTKu, Ha KoTopod HaHeceHbl 500 mrpuxoB Ha 1 Mm?
Jlnunbl BosiH cBeta oT 0,4MkM 10 0,8MKM.

18 KakoBa JiiiHa CBETOBBIX BOJIH B BAKyyM€, €CJIM B CTEKJIE JirMHa BOJIH 680HM, a Mmoka-
3aTeNb NpesIoMIIeHNs cTekia paseH 1 1=1.5?

19 Yrto Oynet HaOMIOaThCSI —YyCUJICHUE WM OCIa0JICHUE CBETA — B TOUKE CXOXKICHUS
JIBYX CBETOBBIX BOJH C JUIMHOW BOJHBI 0OOHM, eciii pa3HOCTh XOJia BOJIH COCTaBJISIET
1,5MkMm ?

20 CkoybKO IITPUXOB HA 1MM cofepkuT qupakiiMOHHAs pelETKa , €CJIM Ha 3KpaHe, OT-
CTOSIIIEM OT PEIIETKH Ha 1M, pacCcTOSIHUE MEXIY CIEKTpamMu MEPBOTO MOpsiAKa paBHO
7,6¢cM, a JuTMHA CBETOBBIX BOJIH paBHa 0,38MKM?
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IpakTnueckasi padora Ne43-44

Pemenue 3aga4 no reMe «J1eMeHTbl KBAHTOBOM (UMK
[{enb paboOThI: 3aKpPENUTh YMEHHUE TPUMEHIThH (hOPMYITy KpacHO# rpanuilsl hoTorddexra
U ypaBHEeHHE DUHIITEHHA npy perieHnn 3a1a4. OCHOBHBIE MOHATUU U (POPMYJIBI
CrpeMsich Mpeo0JIeTh 3aTPYAHEHHUS KJIACCUUYECKON TeOpUr NpU OOBSICHEHUU U3TyUYCHHUS
yéproro tena, M. [Tnank B 1900 r. Beickazan runoresy: aToMbl HCITYCKAIOT 3JIEKTpOMAar-
HUTHYIO YHEPTHUIO OTACIBHBIMU MTOPIHSIMU — KBaHTaMHU.
Oneprus E kaxaoi nopuuu npsMo NpornopLroHaibHa YaCTOTE U3IIyUCHHUS.
®OoTOH — MarepuasbHas, 3JIEKTPUYECKH HEWTpaslbHAsl YacTULA — KBAHT AJIEKTpOMar-
HUTHOTO TIOJISI.
Oueprus ¢potona E=hv.
doTto3dexTom HazpIBaeTCSI UCIYCKAHUE SJIEKTPOHOB C TIOBEPXHOCTH METalljia Mo JAei-
CTBUEM CBETa.
3akoHbl poTodddekra:
1. Yucno »SNEeKTpOHOB, BbIOMBaeMbIX 3a 1l C W3 BelIECTBAa, MPONOPLUHUOHATIBHO
WHTEHCUBHOCTH CBETA.
2. Kunernueckas sHeprus GoTO3JIEKTPOHOB HE 3aBUCUT OT MHTEHCUBHOCTH MaJarollle-
IO CBETAa, a 3aBUCUT OT €r0 YacTOTBHI.
3. Jlns kaxAoro BEIIECTBa CYIIECTBYET KpacHas rpanuia Gotodddexra, T.e. CyniecTBy-
€T HaMMEHbIIIasl YacToTa, Npu KOTOopol e GoTodhdexT.
PaboTa BbIX0z1a - 3TO XapaKTepucTuKa Metaiia (TadiauyHas BennynHa). OHa Mmoka3biBa-
€T, KaKyl0 paboTy JOJDKEH COBEPIIUTH AJIEKTPOH, YTOOBI MPEOJIOJIETh MOBEPXHOCTHYIO
Pa3HOCTh MOTEHIIMAIOB U BBIMTH 3a Mpejaebl MeTaiia. 3aganue 1. OTBeTbTe Ha BOIPO-
CHI.
Kak n3myyaercs v noriaomaeTcsi CBET aTOMaMu BeliecTBa’?
Urto HazeiBaetcs ¢poTodddexTom?
Yro Takoe kpacHas rpanuiia porordpdexra?
Yro HaspiBaeTcs paboToi Beixoaa?
Yo takoe ¢hoToH?
Kak onpenenuts 3HEpruto U UMIyJbC GoToHa?

A

Meroanueckue ykazaHus

[Tpu pemenuu 3a1a4 HEOOXOUMO:

1) MOMHHUTBH O B3aMMOCBSI3U MEX1Y BOJHOBBIMHU U KBAHTOBBIMHU XapaKTEPUCTUKAMU Ya-
CTHI;

2) 3HaTh, YTO B3aUMOJECHCTBUE (POTOHOB C BEIIECTBOM MOJUYMHSAETCS 3aKOHAM COXpaHe-
HUSI DHEPTUM U UMITyJIbCa. Y paBHEHUE DUHINTEHHA SBIIAETCS CIEACTBUEM 3aKOHA COXpa-
HEHHUSI DHEPTUH.

[Ipumepsl pemenus 3aa4
3amaua 1. OmnpenenuTe KPaCHOBOJHOBYIO rpaHuIly Gotorddexra ayis HaTpus, ecu pa-
0oTa BbIXO/a 3NeKTpoHa u3 oTokaTona A=2.3 3B.
JaHo:
h=6,63-10"*Ix*c ¢=3*10° m/c
A=2,33B=3,68-10"" T
Haiitu vkp
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Pemenne: 3anuieM ypaBHEHHE I «KpPacHOU TpaHUIbD (OoTod(PdEeKkTa U BEIYUCIUM H3
HET0 UCKOMYIO JITUHY

7
BOJIHBI hv=Agpx i A=hc/Agpx==5,4*10"™m

3agauva 2. PabGoTta BbIX0/1a 3JIEKTPOHOB U3 IIACTUHBI A, ,=06,3 3B:10'18I[>K. Onpenenurs,
POM30IAET 1 BHEITHUIN POTOdPPEKT, €CITU Ha MIACTUHY MMaIaeT CBET C YaCTOTOU
v1=8%10" TI'm, v2=3*10"'® T'u. Haiitu: vkp?

Pemenne: Buemnuii ¢gotosnektpudeckuii 3QQPeKT mpou3ouaeT B TOM Ciaydae, eciu
V>Yy,,. YpaBHEHHUE AJIsl KpacHOU rpaHuIlsl hotodddexra

Hvkp=ABgsIix (1)

U3 (1) onpenensiem vg,=Apyux/h. =1,5-10° I'y Ilpu stoit yactore dpoTtorddexra He mpo-
uzoriner. Bo  BTOpoM  ciiydae = BBIYMCICHHS  TMOKaXYyT, 9TO GoTodPdeKT mpo-
U30MIET.

3amaua 3. [pu o6ydenun GoTodaeMenTa cBeToM ¢ dactoroii 1,6-10" T'iy goToTok mpe-
Kpalaercs npu 3ajepkuBatoiieM Harnpsbkenun U=4,1 B. Onpenenuts A- paboTy BBIXO-
Jla AJICKTPOHA C TOBEPXHOCTH (hOTOKATO/A, A- KpacHyIo rpaHuily hororddekra.

Jano: Pemenwue:

v=1,6%¥10"T DJIEKTPOH MOXET MPOJIETETh YEpe3 TOPMO3AIIEe IoJe, pas-
HOCTh MOTEHIIHAIOB KoToporo U, ecnu

U=4.1B eU<=mv’/2

h=6,63*10"*  Ix*c VYpaBuenue DiHiTelHa 111 poTtordPexra B JTaHHOM Ciryyae
nmeer B e=1,6%10"" K e*U=ABnix +eU (2), orkyna A=hv-eU (3)
Haiitu: hc/A=Agyix, 0TKYna A=hc/ ABbIX

ABBIX-? A=5*%10"

Oteer: A=4-10" Ik, A=5%10" m.

IIaker npenogaBareJist
Brimonnenue u 3amura pador.

PaboThl MpOBOASTCS C LIENBIO YCBOCHUS U 3aKPEIJICHUS MPAKTUYECKUX YMEHUN U
3HaHWH, OBJaJCHUS MPOPECCHOHAIBHBIMUA KOMIIETEHIIUAMHA. B xome paboThl CTyIEHTHI
MPUOOPETAIOT YMEHHUS, MPETyCMOTPEHHBIC pabouell MporpaMMoOn, ydaTcsl HCTIOIb30BaTh
U CaMOCTOSATENIbHO paboTaTh ¢ 000PYIOBAaHUEM , TPOBOJIUTH IKCTICPUMEHTHI, aHATM3HU-
pOBaTh MOJYYCHHBIE PE3yJbTaThl U JIeJaTh BBIBOJIBI, OMMPASICh Ha TCOPETUUCCKUE 3HA-
HUS, TIOATBEPKIATh TEOPETUICCKUE TTOJTOKCHUS TIPAKTHICCKUM OTIBITOM.

Kpumepuu oyenox pabom

[Tpu onleHMBaHUU PabOTHI CTY/ICHTA YUUTHIBACTCS CIASAYIOIIECE:
- KQ4ECTBO BBITTOJTHCHHS paOOTHI;
- Ka4ecTBO 0(hOpMIICHHSI OTYETa 1O PaboTe;

- KQ4YCCTBO YCTHBIX OTBETOB HAa KOHTPOJIbHBLIC BOIIPOCHI IIPH 3aIIUTE pa6OTBI.

Kaxxpiii B paboThI OlIeHUBAeTCs Mo 4-X OallbHOM IIIKAaJIe.

Ouenka «5» (OTIIMYHO) CTABUTCA, 3a IIyOOKOE M TOJHOE OBJIAJCHUE COJEpKAHUEM
y4eOHOTO MaTepuajia, B KOTOPOM CTYACHT CBOOOJHO W YBEPEHHO OPHECHTHPYETCS; 3a
YMEHUE TIPAKTUYECKU MMPUMEHSATH TEOPETHUECKHIE 3HAHUS, BEICKa3bIBaTh U 000CHOBBIBATH
cBou cyxacHus. OneHka «5» (OTIMYHO) IpeIonaraeT TpaMOTHOE U JIOTHYHOE H3JI0XKe-
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Hue otBeTa. IIpu 3TOM CTyAEHT BBINOJIHAET pabOTy B MOJHOM 00BbEME C COONIOACHUEM
HEOOXOMMOMN MOCIIE0BATEIbHOCTH IPOBECHUS OIBITOB U U3MEPEHUH; CaMOCTOSITENb-
HO U PALMOHAIBHO MOHTUPYET HEOOXOAMMOE O0OpYIOBaHHUE; BCE OMIBITHI NMPOBOJUT B
YCIOBUSIX U PEXHUMaxX, 00€CIEUNBAIOIINX [TOJIyY€HHUE NPABUIIbHBIX PE3YJIbTATOB U BBIBO-
T0B;

OneHka «4» (XOpoIIO) CTaBUTCS, €CJIU BBIIOJHEHBI TPeOOBAaHUS K OLEHKE 5, CTYJIEHT
MIOJTHO OCBOMJI YUeOHBII MaTepual, BlaaeeT HayYHO-IOHATHIHBIM anmnapaToM, OpUEHTH-
pyercs B HM3yYEHHOM MaTepHalie, OCO3HAHHO IMPUMEHSAET TEOPETUUYECKUE 3HAHUS Ha
IpaKTHKE, TPAMOTHO HM3J1araeT OTBET, HO COAepXaHue U opmMa OTBETa UMEIOT JIBa-TPU
HejioueTa (HETOYHOCTH ), He OoJiee 0THON HeTpyOoil OMMOKH U OJHOTO HEIOYeTa.

OneHnka «3» (yIOBIETBOPUTEIBLHO) CTABUTCA, €CIIA CTYAEHT OOHAPYKMBAET 3HAHHUE U
MOHMMAaHHE OCHOBHBIX TMOJIOKEHUI yueOHOro MaTepuaia, HO M3JIaraeT ero HemojHo, He-
HOCJIEZI0BATENBHO, JOMYCKAET HETOYHOCTH, B IPUMEHEHUN TEOPETUUYECKUX 3HAHUU IpU
OTBETE HA MPAKTUKO-OPUEHTHUPOBAHHBIE BOIIPOCHI, HE YMEET JO0Ka3aTelbHO 00OCHOBATH
COOCTBEHHBIE CYXJIEHHUS, €ClIU padoTa BBINOJIHEHA HE TOJHOCTBIO, HO 00BbEM BBINIOJIHEH-
HOW 4aCTU TAaKOB, YTO MO3BOJISIET MOJIYYUTh IIPABUIIbHBIE PE3YJIBTAThl U BBIBOJBI; €CIIU B
XOJI€ POBE/ICHNUS OMbITa U U3MEPEHUH ObUIN AOIMYILEHbI OIIHOKH.

Onenka «2» (HEyAOBIETBOPUTENIBHO) CTAaBUTCS, €CIU CTYIEHT UMEET pa3pO3HEHHbIE,
OeccrCTeMHbIE 3HaHUS, I0MTyCKAeT OIMOKHU B ONPEAEICHUN 0a30BbIX OHITUI, HCKAXKAET
UX CMBICII; HE MOKET MPAKTUYECKU IPUMEHATh TEOPETUUECKUE 3HAHMS, €CIIH paboTa BbI-
MIOJIHEHA HE TMOJHOCTBhIO U 00BEM BBINOJHEHHOM 4acTh pabOThl HE MO3BOJISAET CHENATh
NPaBUJIbHBIX BBIBOJIOB;
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