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Bsenenue

VYyeOnas nucrumnuna [111.03 ®dusnka BXOIUT B COCTaB LIUKJIA MPOPHUIBHBIX THC-
LUIUIMH OCHOBHOM 00pa30BaTesIbHON MpOoQeCCHOHAIbHON MporpaMMbl. Metoauueckue
yKa3aHUs IO BBIMOJHEHUIO MpakTHdeckux padot mo nucruruinbae [1I1.03 ®usuka co-
CTaBJIEHBI B COOTBETCTBUHU € paboYeil mporpaMMoi 0 JaHHOM JUCLIUIUIMHE.

[ensiMu BBIOJIHEHUS IPAKTUUYECKUX PAOOT SIBISIETCS:

- 000011IeHe, cucTeMaTh3anus, yriayoieHue, 3aKperieHue MoJIly4eHHbIX TEOPETHU-
YECKUX 3HAHUM 110 KOHKPETHBIM TEMaM JUCLHUIIIINHBL,

- (popmupoBaHNE YMEHUI MPUMEHATH NOJYyYEHHBIE 3HAHUS Ha MPAKTHKE, peaiu-
3a1Us €IUHCTBA UHTEIUIEKTYaIbHOM U IPAKTUYECKOM AEATEIBHOCTH;

-pa3BUTHE HMHTEJUIEKTYalIbHBIX YMEHUH y OyAylIMX CHELHMAIUCTOB; aHAIUTHYE-
CKHX, IPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.

- BBIPa0OTKY NpPH PEUICHUHU MOCTABICHHBIX 3a/1ay TaKUX MPOQPECCHOHAIBHO 3Ha-
YUMBIX KayeCTB, KaK CaMOCTOSATEIBHOCTb, OTBETCTBEHHOCTb, TOYHOCTb, TBOpYECKas
VHULIMATUBA.

B npouecce uzydenus GpuU3MKU oueHb OOJIbIIOE 3HAYEHWE UMEET pelIeHHE 3aj1ad,
TaK KaK OHO IO3BOJIIET 3aKPENHUTh TEOPETUUECKUI MaTepuan Kypca, pa3ooparbcs B pas3-
JMYHBIX 3aKOHAX M FPAHMIAX UX MPUMEHEHHs, CIIOCOOCTBYET UX 3anmoMuHaHuio. Kpome
TOr0, IPU ITOM Pa3BUBAIOTCS HABBIKU HCIIOJB30BAHUS JTUX 3aKOHOB IS BBIACHEHUS
KOHKPETHBIX MPAKTUYECKUX BONPOCOB. Takum 00pa3oM, BHIIIOJIHEHHE 33]a4 B MIPAKTUY e-
CKUX paloTax sIBJISIETCS MPOBEPKOM CTENEHU YCBOEHUS CTYJIEHTaMHU TEOPETHUECKOro Ma-
Tepraja ¥ MOXKET CIYKUTh KPUTEPUEM 3HAHUS Kypca.

[Ipennaraemoe mocodue COACPKUT MaTEpHaNIbl MPAKTUUYECKUX padoOT Mo (Qu3uke
(cormacHo pabGouel mporpaMme), KpaTKylo TEOpHIO, NpeasiaraéMble CTyAeHTaM JJis Teo-
pPETUYECKOI MOArOTOBKH K 3aHITHSAM BOMPOCHL; MOAPOOHBIE METOIUYECKHUE YKA3AHUS 110
PELIEHHUIO 33/1a4; PUMEPHI PEMICHUS 3a/1a4; 3a0a4H JJIs CAMOCTOSITEIbHOTO PELICHNS.

[IpakTrueckast paboTa paccuMTaHa Ha BHITIOJIHEHUE B TEUCHHUE JIBYX YUEOHBIX 4Ya-

COB.

[TpumepHbIii T1aH pemieHns 3aaauun: 1. PabGora Han ycmoBueM:

1) Kparkass 3amuch YCJIOBHSI U BBISICHEHHE CMBbICJIA TEPMHUHOB (PUCYHKH,
YEPTEKN).



2) Amnanu3 GU3NYECKUX SIBJICHUH, IPOIIECCOB, ONMCAHHBIX B 3a/1a4e.

3) 3anuch ynpolaroumx IpeanoioKeHuu.

2. Tlouck HEOOXOMMMBIX YpaBHEHHWH, CBS3BIBAIOIIMX (U3HUCCKUEC BEIIMYHHBI,
KOTOPBIE XapaKTepU3YIOT pacCMaTpUBaeMOe SBJICHUE, TIPOIIECC.

3. Pemenue 3agauu B 00IIIEM BHJIE.

4. AHanau3 MoJy4eHHOTO pe3ynbTara (JICHCTBUE C HAMMECHOBAHUSMM, IIPOBEPKa Ha
YACTHBIX CITydasX, perieHue APYTUuM CIiocoooMm).

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

6. Iloy4yeHHE YUCIOBOTO OTBETA.

OreHka 3a BBIMOJHEHUE MPAKTUYECKUX Pa0OT BBICTABISACTCS IO MATHOATUTBHOU

CUCTCMC 1N YUUTBIBACTCA KaK IIOKA3aTCIIb TGKYH_ICI\(JI YCIICBACMOCTH CTYACHTOB.



IIpakTuyeckoe 3ansaTue 1

PaBHOMepHOe H PABHOYCKOpPEHHOE IBHKEHHE
Ue]lb 3ansamus; yCBOUTb MCTOAUKY PCUHICHUA JAHHOTO TUIIA 3a/4aY.

Koumponvrwie 6onpocoi

1. Kakoe nBmkeHre Ha3bIBaeTCS paBHOMEPHBIM?

2. OTnuume myTH OT MTepEeMeeHI?

3. Hanucatsb ¢opMyity paBHOMEPHOTO IBUKEHUS] B BEKTOPHOM BHIE?

4. N300pa3uts rpaduk paBHOMEPHOTO ABMKEHHUS B KOOPAUHATAX X,t U V,t.

5. MrHOBEeHHAs M CPEHSS CKOPOCTh, B YeM OTIHNIHE?

6. MaTepniperanus myTH Ha rpaduke paBHOYCKOPEHHOTO IBM)KEHUSI B KOOPIUHATAX V1.

Teopemuueckuii mamepuan no meme
C npumepamu peuieHus munossix 3a0au.

SJIEMEHTBI BEKTOPHOM AJITEBPHI

B kypce anemeHnTapHON QU3MKH, KaK U3BECTHO, IPUXOAUTCS ONEPUPOBATH JABYMSI KaTETOPHSIMH
BEJIMYUH — CKAJIAPHBIMU U BEKTOPHBIMU.

CyIIecTBEHHBIM OTIUYHEM BEKTOpA OT CKAJISIpa SIBIISIETCS HAIIPABIEHHOCTh BEKTOPA, YeM U 00 Y-
CJIOBJICHBI OCOOBIC MpaBHJIa ACHCTBUN HAJl HUMHU, HOCSIIIHE T€OMETPUUCCKUIN XapaKTep.

dopmanbHO BCKTOpHBIG paBeHCTBa I/IMCIOT TOT K€ BUJ, 4YTO U

CKAJIIpHBIE, HAIIPUMED, a "'L b —_ C Crpenku xe HaJ OyKBaMU 03HA4aroT, YTO Mbl UMEEM
JIeJI0 C PEKTOpaMH U, 3HAYUT, ONEpallii HaJl HIMU MIPOM3BOIATCS 1O 0COOBIM IpaBuiaM. B wacTHOCTH,
TaKas 3alKch O3HAYaeT, 4To eciiv a =2 U 6 = 3, To ¢ He 00sA3aTenbHO OyIeT paBHO 5

CJI0KEHHE BEKTOPOB

CI105X1Th HECKOJIBKO BEKTOPOB — 3TO 3HAYUT 3aMEHUTHh HECKOJIBKO Ha CaMOM JI€JI€ UMEIOIUXCS
BEKTOPOB TaKUM OJIHUM, KOTOPBI ObLII Obl SKBUBAJIEHTEH BCEM 3aMEHEHHBIM. Pe3ynbTupyronuii BEKTOp
HaxOoJAT KaK 3aMBIKAIOLY0 TOM JIOMAHOH JIMHUU, 3BEHbSIMU KOTOPOU SIBJIAIOTCS COCTABIAIOIINE BEKTO-
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2) PasnooiceHue eekmopa Ha cocmaseisdroujue

YacTo ObIBaeT HeO6XO,Z[I/IMO 3aMCHUTb OJUH BCKTOP TAaKMMH HCCKOJIbKUMH, KOTOPBIC B CYMMC
CcBOEH ObLIM OBl PKBHBAJICHTHEI O9TOMY 3aMCHCHHOMY. Taxkas orcpanurs Ha3bIBaCTCA Pa3JIOKCHHUEM BCK-
TOpPa Ha COCTABJIAIOMINEC BEKTOPLL
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f,i gpea ** HpI/IMepOM ABIACTCA IBUKCHUC JIOAKH OTHOCUTCIIBHO Gepe-

TOB B ClIy4dac, €Clin rpe6eu nepeMemacT JOAKY OTHOCUTCIIbHO BOJBI, a
BOJa nepemMemacTCss OTHOCUTCIIBHO 6eper0B.

6




** JlBa Tenma IBIDKYTCS HE3aBUCUMO JIPYT OT apyra. Kak ompenensercs
UX JBUKEHHUE IPYI OTHOCUTEIBHO Apyra?
[TycTh aBa KOpaOIIst BEIXOIAT U3 HEKOTOPO TOUYKH A OJWH M3 HUX yjia-

JsieTcst 0T A Ha pacCTOsIHUE Ar 1, a npyroii — Ha paccTrosiHue Ar 2. OueBun-
HO, OTHOCUTENFHOE MX MEePEeMELICHNUE OIPEALIIeTCS B3aUMHBIM PAacCTOSTHUEM

Arnm. "

, 3HA4uT, OTHOCHUTCIBHOC IICPEMCIICHHUE PABHO Pa3HOCTU

—— B —p
Ar 3 H Ar T 6

. TakuM 00pa3om, OTHOCUTEIIbHBIE MEPEMEILIEHUE U CKOPOCTh JIBYX TEJI OMPEACIISIIOTCS
BEKTOPHOM PA3HOCTBHIO MX IMEPEMENICHUN U CKOPOCTEW, 3aJJaHHBIX MO OTHOLICHUIO K OJHOW M TOM K€
CHUCTEME OTCUETA.

**3as 0e:KUT CO CKOPOCTHIO 15M/¢, Ne/ib(PMH IIIbIBET 72KM/4, KTO ObICTpEE?

3amaya CBOJAUTCS MEPEBOAY OJHUX €IUHMI] B JIPYI'He, YTO NOPOM BBI3BIBAET 3aTPYyAHEHUE Y

yUYalxcs.
[Ipennaraercs ciexyromas cxema JeCcTBUHM s TepeBoaa  72Km/4 B M/c
OTtaenpHO MEPEeBOIMM KM B M U Yac B CEKYH/IbI
10° 72%10°
T2RM/Y= T2 -meemmmmeemn M/C = =mmmeeen =2%10'=20 m/c
3600 32+10°
Yacro yyaiuecs: CKIOHHBI CYUTATh CPEIHIOI CKOPOCTDh IBUKECHHSI B BHJIE

v+ v+ ...+ vp

Ucp — .

I71€ V; ...-CKOPOCTH JBIDKEHHUs Ha 1, 2, ,.., n-M y4acTkax. ITo omrb0YHOe MHEHHUE.
CpenHsist CKOpOCTh, IO OIPEACIICHUIO, €CTh OTHOIIEHHE OOIIEero
nepeMeIeHusi Ar K TOMy MPOMEXYTKY BpeMEHH At, 32 KOTOPBIH 3TO MEePeMEIICHUE MTPOU30IILIO,

o Ar At A A A As L A,
VR Y N A Ay Y Y VIR VA R Y

*% [lepByl0 TIOJIOBUHY IIYTH aBTOMOOMIIb JIBUTAJICS CO CKOPOCTBIO V1=20 KM/4, a OCTaBIIYIOCS YacCTh-
co ckopocThio V2= 30km/u. KakoBa cpeiHss CKOPOCTh ABHKEHHSI aBTOMOOWIIS?
[To ompenenenuto, cpeansisi ckopocts vep = S/t. [lomHoe Bpemst nBrkeHus 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))=
=2VIV2/(V1+V2)=2*20*30/(20+30)= 24 km/4,
a BoBce He (20+30)/2=25 km/u. B 95T0if 3a7a4e MBI MBITAEMCSI IPUYIUTH CTYACHTOB HE OOSATHCS
TOrO0, YTO B 3ajJaue “‘Majio”’ JaHHEIX.
[Ipumep emie oaHOM 3aa4u, TI€, KAK MOKET IMOKa3aThCs, ‘“‘HAYErO HE JaHO .
** Katep BHU3 110 TeUeHHIO IBMKeTCa U3 A B b 24, BBepx- 44. Kakoe Bpems t morpedyercs, 9To0bI KaTep
“caMOCITaBOM”’, ¢ BEIKIIOUCHHBIM JBHTaTeNIeM nonaji n3 A B b?
O603HaunM VK- CKOpPOCTh KaTepa OTHOCUTENBHO T€YEHHUs, Vi- CKOPOCTh TEUEHHS, a S- pacCTOSHUE MEX
Aub. Yurs, 4ro, 0 ONpeaeNeHno, CKOPOoCcTh V=S/t 1 NOACTaBUB BMECTO t KOHKPETHbIC 3HAUECHUSI, MOKEM 3aIlU-
caTh yCJIOBHE 3aJauy B BUJC ABYX ypaBHEHUIL:
Vk+Vt=S/2, Vk-Vt=S/4,
BBIUTEM H3 IIEPBOTO yp-51 BTOPOE (4TOOBI HCKIIOYUTH HE HHTepecyromee Hac VK)
2Vt= S/4 v Vt= S/8. Ho Vt= S/t, 3Hauwur, “8” 1 ecTh HCKOMOE BpEMS1)

OCHOBHI)IG ypaBHeHI/IH IS onpeneneHI/m MECTA TOYKHU B CUCTCMEC OTCUECTA U €€ CKOpOCTI/I “B Ka)KJ];Hﬁ MO-
MCHT BpeMeHI/I” I paBHOYCKOpeHHOFO JOBUXXCHUA:
X=X0+VO0t+ At?2  V=V0+ At



HpI/I peHICHUH 3a/1a4 MO0 MCXAaHUKE B IICPBYIO OUCPCAb (ﬂBHO nim HCHBHO) MBI BI:I6I/IpaeM CUCTCMY OTCUC-
Ta (HayaJio W HAMpaBJIECHUE OCEH KOOpAMHAT). DTO IMO3BOJSET YIPOCTUTH BUI ypaBHEHUS (MCKIIOUNTh X0 HITH
V0, BeIOpaB 3a HAYAIBHYIO TOYKY CHCTEMBI OTCUETA TY, TJI¢ OHH PaBHBI HYJIIO)

** Vknon nnuaor 100m  nepkHUK mpomren 3a 20c ¢ a=0,3M/c. HaliTh CKOpOCTH JIBDKHHKA B
HayaJyie ¥ KOHIIE ITyTu?

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

V=V0+ At

[Tonmyunnu cucreMy U3 ABYX ypaBHEHHH C AByMsi HEM3BeCTHbIMH- V0 (HayaibHasi CKOPOCTh) U
V (CKOpOCTb B KOHIIE TIyTH).

N3 maremaTtuku Mbl 3HAaEeM, YTO B CiIy4yae, KOrja KOJWYECTBO YPaBHEHUU PABHO YHCIIY HEH3-
BECTHBIX, CHCTEMa UMeeT peuieHne. Korga Konm4yecTBO ypaBHEHU MEHbILE YEM YUCITY HEU3BECTHBIX,
MBI MOEM JIUIIb HAWTHU COOTHOIICHHS] MEX HUMH, YETO HaM MOPOM JOCTATOYHO (BO CKOJIBKO pa3 yBe-
JUYUIIACH CKOPOCTb. .. )

3anmcaB Bce YCIOBUA 3a7a4d B BHJIE OPMYJI, MBI 3aKaHYMBaeM (PU3HUYECKYIO YacCTh 3aJ1a4M U
ocraercs yncras maremaTtuka. [loacrasisem 3HaueHUs U UMEEM

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

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

** Jllapuk 6pocarot BBepx ¢ V0. HaiiTn MakcuManbHyIO BBICOTY, HAa KOTOPYIO IOJHHUMETCS I1a-
puK. X2=?,

[lycts ock X, HampaBieHa BBepX M HaumHaercs Ha 3emuie(X1=0). C yueroM HampaBlIeHHs
(YCKOpeHUe g HallpaBJICHO BHU3) OTYyYUM

X2=V0t2-gt2* t2/2;

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

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

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

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

OOBIYHO TIPH PEIICHUHU IIKOJIBHBIX 3a7au yKa3bIBAIOTCS MCUEPIBIBAIONINE JaHHbIE U HE00XO-
JUMO TIONYYUTh OTBET B BUJE uMciia. B Hammx 3amayax 3a4acTyi0 Mbl OrpaHUYMBAEMCS JIUIIb PopMy-
JIOM J17151 BBIYMCIICHHUSL.

[ToTomy HEoO6XxoauM crioco0 MPOBEPKH 00I1IEro Buia (GopmMysibl. ITO CIOCOO pa3sMEepHOCTEH.

B ypaBHeHuu paszMepHOCTb MCKOMOW BEIMYMHBI ClI€Ba U HUTOTOBas Pa3MPHOCTb (HOPMYIIbI
CIIpaBa JI0JDKHBI COBIaaTh. [IpoBepuM 3T0 Ha Hamel 3aaaye.
X2=Vy’/2g
M=(m/c)*/( M/c*)=m Pasmeproct cosmaii. C TOYHOCTBIO 0 KOHCTaHTa GopMyiIa BepHa!

** [lpu TOpMOKEHUU aBTOMOOWIIb, JABIKYILUKCA cO cKOopocThio VO0=72 KMm/4, OCTaHOBHJICS
yepe3 5 c. HaliTu TopMO3HOI yTh, cunTast yCKOpeHHe aBTOMOOMIIS TTOCTOSIHHBIM

Hauano cucrembl KOOpJMHAT MOMEIIAeM B TOUKY Hayana TOpMOXKeHHs aBTomoouis. Touka ¢
KOOpAMHATOM X1 COOTBETCTBYET MOMEHTY OCTAaHOBKH, t] — Bpewms, mpomienmee ¢ MOMEHTAa Hadaia
TOPMOXKEHUS 10 OCTAaHOBKHU, VOX = VO, ax = - a.

3anuieM OCHOBHBIE YPAaBHEHUS TEOPUU JJIi MOMEHTA OCTAHOBKH tl, yuTs, 4TO MpHU 3TOM aB-
ToMOOMIIb ocTanaBnuBaercs (V1x = 0)

X1 = Vo- a*t1*/2

Vix =v0-a*tl =0

HNmeem cucteMy M3 IBYX ypaBHEHMI € JByMs Henms3BecTHbIMU X1 m a. Belpaxkas a u3 BTOoporo
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 3adukcupoBaTh Hauano CUCTEMbI OTCYETa B TOUKE Hayaya JBMKEeHUs U ock Ock X

HAIpaBUTh BHU3, TO YPABHEHHE PAaBHOYCKOPEHHOTO JIBMKEHUS Tella IPEJICTAaHET B BUJIE

h = gt’/2, orkyna t=(2h/g).

C BricoTsI 2000M Tero mazaet 3a V2*¥2000m/10m/c2=20c

Tlepseie 980 M Terno magaet 3a \2*¥980m/10M/c2=\196=14c, a ocraBmmecst mocmeaune 1020m 3a
20-14=6c¢



PaBHOMepHOe 1BUKEHHE 110 OKPYKHOCTH
Hmest ocHOBHYIO opMyITy a=V*R , JIETKO HAaWTH OCTaJbHbIE COOTHOLUEHHUS JIMHEUHBIX U yT-
JIOBBIX BEJIMYMH UCXOJIS U3 MIPOCTHIX COOOpaKEHU.
n(konu4ecTBo 000poToB)=1/T — oOpaTHas eproay BEIHUMHA.
VYron (@) B cucreme CU u3mepsiercs B painaHax, IOTOMY YIJIOBast CKOPOCTh @ (CKOPOCTh U3Me-
HEHUS yTja)
®=0@/t pag/c, a 1y NOJIHOTO 000POTA
o=27a/T=2nan un =t
[TpoBoas paccyKIeHHs ISl OJJHOTO MOJIHOTO 00opoTa (Bpems= nepuoay= T), momydum
v (nmuHEeHas ckopocTh)= S/t=(mmHa okpyxHOCTH)/(T)= 2aR/T=2nRn
V=0oR
a=V’/R=0’R
** MunyTtHas ctpenka dacos (1) B 2 pasa amuHHee yacoBoii (2). Haiftu oTHOIIEHHE TMHEHHBIX CKOPO-
CTEU KOHIIOB ATUX CTPEJIOK.
YroOBI MOMYYUTh UCKOMOE OTHOILIEHHE JIMHEWHBIX cKopocTei V1/V2, Hamo HaWTH CBSI3b JTMHEHHON
CKOPOCTH U JJIMHEI cTpenku (paauyca). 310 V =@ R.
3naunt -- V =R V2=(0l1*12) (R1¥2)=24V1
V1/V2= 0l R1/ ®2 R2= 0l/02 *R1/R2=12*2=24
3a OIMH 000POT YaCOBOM CTPEIKU MUHYTHAs AenaeT 12, te ol/w2=12.

** CkoJIbKO 000pPOTOB B CEKYHY JENAloT Koseca quamerpom 1,5 M ipu ckopoctu 20 m/c?
v =2nRn=2nDn/2= nDn

Otcrona

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

Raoaua 1

Yenosek npowea u3 A B b nHa Cepep-6xkm, Ha BocTok-8km, Ha CeBep-2km, Ha 3anan-2xkm. Haiitu
NyTh U TepeMelieHue.

3aoaua 2

TpeTs MyTH TeJI0 ABUTaaoch ¢ v1=20kM/4, ocTajdbHOil MyTh- ¢ V2=30kM/4. CpeaHsisi CKOpPOCThH 3a
BCe BpeMs MyTU="

3aoaua 3

MunyTHas cTpeJika 4yacoB B 1,5 pa3a nnunHee yacoBoil. HaiiTu oTHOIIeHUe JTUHEHHBIX CKOPOCTEM
KOHLOB 3THX CTPEJIOK.

3aoaua 4

Yckopenne audra HanpasjeHo BHu3. Kyna asuxercs aupr? OTBeT NPOWIIIOCTPUPOBATH PHCYH-

KOM.
3aoaua 5

KoJgeco Benocunena nmeer paamyc 0,5 M. C kakoil CKOPOCTHIO IBHKETCS BeJOCHIIE/l, €CIH
KoJieco aenaer S0 odoporoB B munyty? KakoBa yriioBasi ckopocTh BpalleHHusl Kojieca MpH 3TOM

NBUKEeHUU?
3aoaua 6

TeJsio OpoLIeHO BEPTHKAJIBHO BBEPX ¢ HAYAJIBLHOM cKopocThIo 20M/c. YeMy paBeH MOIYJIb CKOPOCTH
Tena yepe3 0,5¢ mocse Hayana ApnaxeHusi? ConpoTruBiaeHHe BO3yXa He YYUThIBATh.

3aoaua 7

Komika npsiraer ¢ noI0KOHHUKA BHICOTOH 1,25M ropu3oHTanbHO ¢O cKOpocThI0 3M/c. Ha kakom
PACCTOSIHMH OT CT€HbI OHA NIPU3eMJIUTCS ?



3a0aua 8

W MIC

tc

2 4 Kakoii myTh NpOiiieH TeJIoM K MOMeHTY t=4

IMpakTH4yeckoe 3aHsiTHE 2
Jlunamuka u 3akonbl HeroToHa.
Lens 3anamus: yCBOCHUE METOANKYU PEILICHUS 3a/1a4 C UCTIOIh30BaHuEM 3aK0OHOB HbroTOHA.

Koumponvnvie éonpocoi

1.0npenessier Jin HanpaBJieHNe IBHKeHNsI HANIPpaBJIeHHe YCKOPeHUs ?
2. Ecnu yckopeHHe Tella paBHO HYJII0, 03HAYaeT JIM 3TO, YTO HA HErO He ACHCTBYIOT CHIIBI?
3. SI6moko, Nexkalee Ha CToJie BaroHa, MOKAaTHUIIOCh BIEpE, 110 HANIPABJICHUIO IBMKEeHUS BaroHa. Kak nuamenu-
JIOCh JABWKEHUE 1oe3a?
4. CoryacHbl i1 Bbl ¢ yTBep:k1eHuem:
- €CJIM Ha TEJIO HE ICWCTBYET CUJIa, TO OHO HE JIBUKETCS;
- €CJIM Ha TeJIO IepecTalia JeHCTBOBATh CUJla, TO OHO OCTAaHABIMBAETCS,
- TeJI0 00s3aTEeNHLHO IBMKETCS TY/1a, Ky/ia HallpaBJIeHA CUIIA;
- €CJIM Ha TeJO ACHCTBYET CHIIA, TO CKOPOCTh U3MEHSETCSI.

Memoouueckue YKA3aHUs no 6blNOJIHEHUIO 3a0ay
JAnHamMuKka MaTepUaJIbHON TOYKH
(coocTBeHHO 3aK0HbI HbI0TOHA)

Pewmenne 3anau Ha 3axkoHbl Hpr0TOHA IIpeAnionaracT UCNOJIB30BAaHUE BCEX TPEX 3aKOHOB B CBOEH
COBOKYITHOCTH HE3aBMCHMO OT KOHKPETHOI'O BHJIa 3aAauu. PazbpsicHum 3t0.

1. JIroboe onucaHue J000r0 MEXaHUYECKOIO IBUKEHHUS UMEET CMBICII JIUIIb NIPU YKa3aHUU TOU
CHUCTEMBI OTCYETA, [0 OTHOLIECHUIO K KOTOPOM M3MEPEHBI I0J0KEHUE, CKOPOCTh U YCKOPEHUE MHTEpE-
CYIOILIETO HaC TeJla, a TAaKXKe CHJIbI, IEHCTBYIONINE Ha 3TO TEJIO.

B mikose paccMaTpuBaroTCs TOJIBKO MHEPLUAIBHBIE CUCTEMBI OTCUETA U PELICHUE 3a/1a4H, eCTe-
CTBEHHO, HY’)KHO HauMHaTh C (PMKCHPOBAHUS HEKOTOPOM MHEPIHUAIBHON CHCTEMbI OTCUETa, HapuMep,
3eMJII0 MJTH JIF000€ TeJ0, IBUXKYIIEeCs OTHOCUTENLHO HEe PaBHOMEPHO.

TakuM oOpa3oMm, CChIJIKa Ha MEPBbII 3aKOH OYEBUIHA.

2. Ompenenuth XapakTep JBUKEHUS Tela HEBO3MOXKHO 0e3 aHaju3a CHII. JeHCTBYIOIIUX HA He-
ro. Ho cunsl —3T0 Mepa B3auMoaencTBUs Tell. DTO 03HAYAET, YTO 0€3 pacCMOTPEHUS B3aUMOJECHCTBUS
MHTEPECYIOIIEro Hac Teja ¢ JIpyTMMH TelaMu 3ajada pelleHa ObITh He MokeT. B3aumoneiicTBue xe, a
3HAUUT, U ONpPEJEICHUE BCEX CUJI, JEHCTBYIOLIUX 1A UCCIETYEMOE TEJI0, HEMBICIIUMO 0€3 MOIb30BaHUs
TPETHUM 3aKOHOM.

3. Tak Kak U3MEHEHHE CKOPOCTH Tella ONpeAEseTCs] YCKOPEHUEM Tella, a BEIMYMHA €ro olpe-
JiensieTcss H3 BTOPOrO 3aKOHA, TO SICHA M €ro HeOoOXOJUMOCTh HPU pEIIeHHMH MEXaHMYECKUX 3ajlady.
Heo0OxonnMo oT4eTanBO MpeacTaBuTh cede ATy B3aMMOCBA3b BCEX TpeX 3akoHOB HpioToHAa.

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

-
F ] 4 HOBCIICHEI B J'IIO6OM HaHpaBJ'IeHI/II/I, B 4aCTHOCTHU U BAOJIb HOBerHOCTI/I CTO-
Frp g It Frp. nox _
ey Jia. M motomy u3 m u3-3a a =0 cnegyer F 4 Frp. noe =0,

| otkyma {p.rex=—F

**[1yTb, MPONAECHHBI MaT TOYKOH, IBMKYILEHCS PaBHOMEPHO IO OKPYKHOCTH, COCTaBMI 15M
3a 10c. OnpenenauTb MOAYJb EHTPOCTPEMUTENILHOTO YCKOPEHUS TOUKH, €CIH PalnyC OKPYKHOCTH pa-
BeH 15cMm.
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JInneiinast ckopocts v=S/t=15 M/10c=1,5m/c. a=V*/R=15 m/c’

**[lyns maccoil 9r nBHXKETCS B MEHOIIAcTe. 3a SMC ee CKOpOCTh YMeHbImmiach ¢ 250m/c 1o

200M/c. HaiiTu cuimy COmpOTHUBIICHHSI IBHXKCHHIO TTYJTH.
2if 3akoH HploToHa B aBTOpcKOil  (opmynupoBke Ap=ft f=Ap/t=m(v2-v1)/t
=0,009xr*(250m/c-200m/c)/0,005¢=90H

** Kakyro CKOPOCTb OTHOCHUTEIBHO IOBEPXHOCTH 3€MIIM JOJIKEH UMETh UCKYCCTBEHHBIN CITYT-
HUK, 9TOOBI JIETETh 110 KPYroBOM opOUTE” PacioyIOKEHHON B IJIOCKOCTH 3KBAaTOpa, Ha BhicoTe A 1 1600
kM Hap 3emueii? Pagnyc 3emun npusATh paBHbIM /73 = 6400 KM, yCKOpeHHE CBOOOIHOTO MaICHUs y ee
MOBEPXHOCTHU gy = 9,8 M/,

Ecnu npeneOpeds cuiiaMu MPUTSDKEHUS, ACHCTBYIOIIMMHU Ha CIYTHHK CO CTOPOHBI HEOECHBIX
TeJ, U HE YYUTHIBATh CONPOTUBIIEHUE CPE/Ibl, MOKHO C IOCTATOUYHOM CTENEHbIO TOUHOCTH CYUTATh, YTO
Ha CIYTHUK TPU €ro JABM)KCHUH JIEUCTBYET TOJIBKO CHJIa 3€MHOTO MpUTSHKeHUs Fr.

[Ton nelicTBHEM 3TOil CHIIBI CITYTHUK PAaBHOMEPHO JBHKETCS MO OKPYKHOCTH paauycoMm Riz+h ¢
HEKOTOPOW CKOPOCTBIO V OTHOCUTENBHO LIeHTpa 3emiid. Cuia NpUTSKEHUsT COOO0IIAaeT CIyTHUKY HOp-
MaJIbHO€ YCKOPEHHE PABHOE 110 MOYJIIO V/(Rs + h) n HaIpaBJIEHHOE K LICHTPY 3E€MJIH.

@dakTU4eCcKl, HaM HEOOXOUMO IIPEOOIETh CUILy IPUTSKEHUS 3eMiIM. MOJyb CUJIbI TATOTE-
HUSL B YpaBHEHHMH BTOpPOTro 3akoHa HbIOTOHA HY)KHO MpEACTaBUTH B Pa3BEPHYTOM BUJE, UCIIOIb3YS 3a-
KOH BCEMHPHOT'O TATOTCHHUSI:
F=ma=mv”2/(R+h)=GmM/( R+h)"2, ortkyna v=sqrt(GM/(R+h)), Te He 3aBuCUT OT
Macchl Tena.

3aoaua 1
. Ecniu tenexky TaryTh ¢ cunoit F1 - 5 H, To ee yckopenue Oyner al = 0,2 m/c2. C xakoii cunoii F2 HyxxHO
TSAHYTh, YTOOBI e¢ ycKopenue Obiio a2 = 2 m/c2? TpeHuem npenedpeds.

3aoaua 2
. Kaxoii craner ckopocTh Tena Maccoil T = 5 Kr, ABHXKYyIIerocs co ckopocteio VO = 8 m/c, ecnu
Ha paccrostaiuu L=10m Ha Teno Oyner neiicrBoBath cuia F= 12 H?

3aoaua 3
CHaps Maccoid m = 2 KT BBUIETAeT U3 CTBOJIA OPYAHs B TOPU30HTAIBPHOM HAIpaBIEHUH co ckopocThio v = 1000
M/c. Onpenenuth cuity aaBieHus F mopoXoBbIX ra3oB, cCuuTasl €¢ OCTOSIHHOM, eciu JJinHa ctBona [ = 3,5 m.
3aoaua 4
Beprousier mogauMaet aBToMo0uIb Maccoii S000kr ¢ yckopenuem 0,6m/c2. HaliTn HaTsKeHHe Tpoca.
3aoaua 5
JlokoMOTHB TAHET 3a c000¥i ABa BaroHa. Bo ckoJIbKO pa3 NpH YCKOPEHHOM JIBMKEHUH HATSKeHHe B Kpel-
JICHMH JIOKOMOTHBA ¢ BATOHOM 00JIbIlle YeM MesK1y epBbIM U BTOPLIM BAroHOM?

3adaua 6
UYepes 20 ¢ mociie Havaa 3JIEKTPOBO3 pa3Buil ckopocTh 4m/c. Halitu cuiy, ecnm macca ai-Bo3a paBHa 184t. --
F=m*a=184000xr*4wm/c /20c=36,8xH

3aoaua 7
C kakuM yckopeHueM OyaeT BCILIBIBATh HaxoAsilumiicss moa Bogoil ma4 maccoi 0,5kr, ecam geii-
CTBYIOLIAsl HA Hero cwia TsikecTd paBHa SH, apxumenosa cuiia- 10H, a cpenHsisi cuja conpoTuBJIeHHUSA
aBUKenuio- 2H?
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I[MpakTnyeckoe 3ansitue 3
JBu:KeHHe B TPABUTALIMOHHOM I10JI€
Lenv 3anamust: yCBOCHHE METOIUKH PEIICHUS 337124 ¢ UCMOJIb30BAHUEM 3aKOHA BCeMUPHOTO TSITOTEHMS.

Koumponvnvie éonpocoi

1. B uem usudeckuii CMBICI MOCTOSHCTBA YCKOPEHUS CBOOOHOTO TaIeHuUs?
2. Bec 1 HEBECOMOCTE.
3. YcIiioBus mposiBIICHUE HEBECOMOCTH Ha 3eMIle.

Memoouueckue YKaszarus no 6blNOJHEHUIO NPAKMUYECKUX 3a0ay

% Kakyr CKOpPOCTh OTHOCHUTEIIBHO MOBEPXHOCTU 3€MIIM JIOJKEH UMETh UCKYCCTBEHHBIN CITyT-
HUK, YTOOBI JIETETh 110 KPYTOBOW OpOHUTE” PacIoOKEHHON B INIOCKOCTH 3KBaTopa, Ha BeicoTe A u 1600
kM Haj 3emuteit? Pagnyc 3emun npuHATE paBHBIM /73 = 6400 KM, YCKOpeHHE CBOOOJHOTO MAJCHUS Y €
MOBEPXHOCTH g = 9,8 M/

Ecnu nmpeneOpeusb cuiiaMy IMPUTSDKEHUS, NEHCTBYIONIMMH Ha CIYTHUK CO CTOPOHBI HEOECHBIX
TEJ, U HE YYUTHIBATh CONPOTUBIIEHUE CPE/Ibl, MOKHO C IOCTATOUYHOMN CTENEHBIO TOUHOCTH CUUTATh, 4YTO
Ha CHYTHUK IIpU €ro JABW)KCHUHM JEHCTBYET TOJBKO CHJIA 36MHOIO NPUTSKEHUs Fr.

[Tox ne¥icTBUEM ATOM CHIIBI CIIYTHUK PABHOMEPHO JBUKETCS MO OKPYKHOCTU panuycoMm R3+h ¢
HEKOTOPOI CKOPOCTBIO V OTHOCUTENBHO LeHTpa 3emuid. Cuia NpUTSHKEHUsT COO0O0IaeT CIyTHUKY HOp-
MaJbHOE YCKOPEHHE PABHOE [0 MOYINO V-/(R3 + h) M HAPaBIEHHOE K LIEHTPY 3eMIIH.

@DaKTUYEeCKH, HaM HEOOXOIUMO MPEOO0TIETh CUITy MPUTSDKEHUS 3eMIU. MOAyNb CUJIBI TATOTE-
HUS B YpaBHEHMM BTOpOro 3akoHa HbrOTOHA HY)KHO NpEeACTaBUTH B Pa3BEPHYTOM BUJE, UCIIOIb3YS 3a-
KOH BCEMHPHOI'O TATOTEHUS:
F=ma=mv”2/(R+h)=GmM/( R+h)"2, otkyzna v=sqrt(GM/(R+h)), Te He 3aBUCHUT OT
Macchl Tela.

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

3aoaua 2
Bo ckoibKO pa3 yMEHbIIUTCA CUia TATOTEHUS K 3€MJIE MPU yJAJICHUU Tejla OT MOB-TH 3eMJIU
Ha paccTtosiHue-R3.
3aoaua 3
Cuna TshKeCTH, NeHCTBYIOMAs Ha KaMeHb Maccoil 2kl’, OOIbIe CHITBI TSHKECTH, JIEHCTBYIONIEH Ha KaMeHb
Mmaccorr 1kI". [Touemy Ooree TspKenbIil KaMeHb HE TIajiaeT ObicTpee?

3aKOHBI COXpaHEHUS
Lenb 3aHATHS: OCBOUTh METOAUKY PELICHUS 3a7a4 Ha 3aKOHbI COXPAHEHUSI.

KoHTpoabHBIE BOITPOCHI

1. ®usnyeckast BeIMUMHA, BCUETAa HEU3MEHHAs B U30JIMPOBAaHHOMCUCTEME?

2. Kak ¢hopmynupyeTcs 3aKOH COXpaHEHUSI MEXaHUUECKON dHEPTUH?

3. Kyna ”yxoaut” MmexaHuyeckast SHeprus?

3AKOHbI COXPAHEHUA

3aKoHBI COXpaHEHUS UMIMyJIbca P=mv u MexaHudeckoi 3Heprun= mgh+mv2/2, c
KOTOPBIMHU MBI OyZIeM UMETh JIEJI0 €CTh PE3yJIbTaT CHMMETPUU MHPA OTHOCUTEIHHO Bpe-
MEHH (PHEPTHUs) U MPOCTPAHCTBA(UMIYJIbC). MeX 3HEPrusi COXpaHIETCs, €CIIU ~TepeKa-
YUBAHUIO MOTEHIMAJILHON SHEPrUU B KHHETUYECKYIO HUUTO HE MemiaeT. Hanpumep npu
CTOJIKHOBEHHUH IIAPOB SHEPTHUSI JBUKEHUS NePOPMUPYET IIaphl, 3aCTaBIsIs padoTaTh CU-
JIbI YOPYTOCTH, U e€cu (opMa MmapoB HE BOCCTAHOBUTCS (TPEBBIIIIEH MPEIE YIIPYTrOCTH),
TO PHEPTUs BEPHETCS HE MOJIHOCTBHIO M YacTh €€ YWJIET Ha pa3pylI€HUE CTPYKTYpPHI 11a-
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POB M O COXPAaHEHHH MEXAHUYECKOM SHEPrUU peuu yxke He uAET. TyT BbIpydaeT 3aKOH
COXpaHEHUsl UMITYJIbCa, KOTOPbIA B OTCYTCTBHE BHEIIHUX B3aUMOJECUCTBUU (M30JIHMPO-
BaHHAsI CHCTEMa) COXpPaHSETCS BCET/a.

3amaua

2 mapa ml=0,5kxr 1 m2=0,2Kr ABMXYTCS HaBCTpPEYy CO CKOpOCTAMH VI=1Mm/C
v2=4M/C U TIEHTPAIIbHO aOCOJIIOTHO HEYIPYTro CTAIKHBAIOTCS (TJIACTHIIMHOBBIE IIIAPHI).
Vinocne=?

Bribepem mpaBoe HampaBiICHHE OCH CHCTEMBI KOOpAWHAT. J[7s M30IMpOBaHHOM
CHUCTEMBI BBITIOJHAETCS 3aKOH COXPAHEHUS UMITYJIbCA.

MIlvl-m2v2=(ml+m2)v, otkyma v=(mlvl-m2v2)/(ml+m2)=-0,4m/c, Te HOBBIi
mrap OyAeT JBUTaThCs BIEBO.

3anava

JBrokymmiicss map Macco M ynapsercss B TAaKOW K€ HEMOJABUKHBIN 11ap, MOCIIE
4Yero OHW ABUKYTCSA Kak OAHO Lesoe. Kakas yacTb MeX. SHEPIHM MEpeIlia BO BHYTPEH-
HIOIO?

Hpyrumu cioBamu, Ha0 HANTH OTHOILICHHE

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

Tak kak yaap aOCoOJIIOTHO HEynpyrui (mociie CTOJKHOBEHHS IIaphl HE pasJieTe-

JIUCh), 3aKOH COXPAHEHUS MEXAaHUUYECKON IHEPTUM HE BBIMOJHIETCS, HO, TOCKOJIbKY CH-
CTeMa JIByX IIapOB 3aMKHYTAasl, BHIOJIHSAETCS 3aKOH COXPAHEHUSI UMITYJIbCA!

MV1=2MV2 uu V1=2V2

Hcnonb3yst 3TO COOTHOLIEHUE, JIETKO MPOJOJIKUTh

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

3agaua 1
[Tyns St Beuteraet ¢ 500m/c u3 ctBona S0cm. CpenHsist cuiia JaBieHUus="?

3anaya 2

OXOTHHUK CTPEJISIET U3 PYXKbs C ABWXKYILEHCS JIOJKHU 10 HAIIPABJICHUIO €€ JIBUXKE-
Husg. Kakyro cKopocTh mMena JIoAKa, €CJIM OHa OCTAaHOBUJIACH MOCIIE JIBYX OBICTPO Clie-
JTYIOIMMX APYT 3a APYroM BhICTpesioB? Macca oxoTHuka ¢ joakoi 200kr, Macca 3apsiia
20r, ckopocTh Apodu 500m/c.

3anmada 3
JBroKymuiics: map yJaapseTrcsl B TAKOM K€ HEMOJBWXKHBIN IIap, MOCIE YErO OHU
JIBHXKYTCSI Kak OJTHO 1enoe. Kakast yacTh MeX. DHEPTUH NEPEILIA BO BHYTPEHHIOK?

3amaua 4

KakoB cooTHoIIeHNE TIpU BHICTpENie KMH HEPTUU BBUJIETAIONIEH APOOH U PYKbA,
eciu Macca pykbsi B 100 pa3 Gosbiiie Macchl 3apsiga
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IIpakTHuyeckas padora Ne4
Pemenue 3agay no reme MKT

[lenp pa®oOTHI: 3aKpENUTh 3HAHUSA 00 ypaBHEHHUU COCTOSIHUSI MJI€AlbHOIO rasa,
HAY4YUThCS IPUMEHSATh Fa30BbI€ 3aKOHBI NPU pelleHUH 3a1a4. OCHOBHbIE MMOHATUH U 3a-
KOHBI

CocTosiHue HEKOTOpPOM Macchl ra3000pa3HOro BEIIECTBA XapaKTEPU3YIOT 3aBHCH-
MBIMH APYT OT Apyra PU3NYECKUE BEIMUYHHBI, Ha3bIBa€MbIe MapameTpaMu cocTostHus. K
HUM OTHOCSTCS 00bEM V, naBneHue p, remmeparypa T.

YpaBHEHHE COCTOSIHHSI WJCAIbHOTO ra3a - ypaBHEHUE, KOTOPOE CBI3BIBACT MEXKIY
co00H IATh MapaMeTPOB UACAIBHOIO rasza: Maccy (T), MOJIsIpHYyto Maccy (M), Temnepary-
py (T), naBnenue (P) u o6vem (V). 310 ypaBHEHUE OBLIO MOTYYEHO SKCIIEPUMEHTAIIBHO,
HO T.K. TPYJHO IPOBECTH IKCIEPHUMEHT C M3MEHEHHEM IISITH MapaMeTpoB, TO MEPBOHA-
YaJIbHO OBLIM YCTaHOBJICHBI YaCTHBIE TA30BbI€ 3aKOHBI, KOTAAa TPU MapameTpa GUKCUpPO-
BaJIMCh, U ONpEAEIAIach B3aUMOCBS3b JBYX APYTHUX.

Bceskoe n3mMeHeHne cocTosiHUs Tena (CUCTEMBI Tell) Ha3bIBAECTCS TEPMOJAMHAMUYeE-
CKHM IIPOLIECCOM.

JUis W3ydeHHsT U CpaBHEHMsI PaA3IUYHbIX TEPMOIAMHAMMUYECKHUX MPOLECCOB HUX
HU300paxkaroT

rpapuyecKu.

H3omnporieccamu Ha3pIBAIOT TEPMOJUHAMHYECKHUE MPOLIECCHI, TPOTEKAIOIINE B CH-
CTeMe C HEM3MEHHOM Maccoil NP MOCTOSHHOM 3HaY€HUH OJTHOTO U3 MapaMeTpOB COCTO-
SIHUSL CUCTEMBI.

Konmponvuvie sonpocwi

Kak pacnpezaensitorcss MOJEKYJIbI Ta3a 1Mo CKOPOCTAM?

Mo>xHO 71 IPUMEHUTH OcHOBHOE ypaBHeHne MKT st xuakocTu, mouemy.

HazoBute MakponapamMeTpsl, OJHO3HAYHO ONPEAEIAIONINE COCTOSIHIE UAECATBHOIO ra3a.
Kakoli ra3 Mbl Ha3bIBaeM HJICAIbHBIM?

[IpuBenuTe npuMepsl “HEUIEATHLHOCTH PEAbHBIX Ta30B B OOBIYHBIX YCIOBUSIX.

Uro u3mepsierca B MOJISIX?

SRS

Memoouueckue yrazanus

mﬂl? I

p = 2/3n0E; 2 2

Mornb- OmpeeNeHHOe KOJMYECTBO YacTull (MOJIEKYJ, aTOMOB) OJHOPOJHOTO BEIIECTBA, PABHOE YHCITY
ABorajipo. I[Toxoxxe Ha KOpOOKY (6 OYTBIIOK) IIaMraHckoro. Eciin 3HaTh Maccy OJHOM YacTHUIIbI, MOYXKHO HAWTH
Maccy OJTHOTO MOJisi (MOJISIPHYIO Maccy) BEIeCTBa. A MacCy OJHOM YaCTHIIBI JIETKO MOYUTATh, 3HASL CTPYKTYPY,
XUM (OpMYITy BellecTBa. Bona (H20)cocTouT U3 AByX aToMOB BOJOPOJa M OJHOTO aToMa KHCIOPOJa.
Uwucno ABoragpo(Na) —aucio atomoB B 1T Bogopoma. Kucnopoa (CpaBHE Maccy €ro MOJIEKYJIBI C BOJOPOJIOM) B
16 pa3 Tsxenee Bojgopoaa, a Boaa- B 18paz (1+1+16). 3uaunt 1 Moss Boabl COOTBETCTBYET 18 T.

Ipumep pewenus munogou 3a0a4u

3amaga
N3 KonTeitHepa ¢ TBEpIbIM JIUTHEM U3bsUIA 4 MOJIb 3TOTO B-Ba. [Ip 3TOM YHCIIO aTOMOB JTUTHS B KOH-
TeHHEepe YMEHBIIMIOCH Ha?
[TockompKy OJTMH MOJTB JTFOO0TO BEIIecTBa COOTBETCTBYET Na wactwir, To 4 Mo B 4 pasza OobIire.
3angaua
Kak n3meHuTcs naBieHue ua rasa, €ciiv CpeJHIO KMH SHEPIHs TEIJIOBOTO ABMKEHMS MOJIEKYII ra3a
YMEHBIIUTH B 2 pa3a U KOHIEHTPALIUIO YMEHBIINUTH B 2 pa3a?
p = 2/3n0E;
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P1/P2=(2/3*n0*Ey)/ ( 2/3*n0/2*E,/2)=4, me 0asnenue ymenvuumcs 6 4 paza

3aoaua 1
Kak naBneHue uaeaqbHOTO Ta3a 3aBHCHT OT CpeIHEH KWHETHYECKOW SHEPruu JIBHKEHUS MOJIe-
Kyn? -- 1) He 3aBUCHUT +2) P~Ek cp 3) P~1/Ex cp

3aoaua 2
2 MyCTBIX COCY/Ia OJIMHAKOBOTO 00heMa 3arOTHIIIY ra3aMu: OJIUH a30ToM (aToMHasi Macca 14), npyroii re-
nueM (atomHasg Macca 2). CpaBHUTH JaBJICHUS, KOTOPBIEC 3TH ra3bl OKa3bIBAIOT HA CTEHKH cocynoB Pn/Phe, eciu
MAaccChl ra30B OJUHAKOBBI.
3aoaua 3
o Kakas u3 3aBucuMocTeii COOTBETCTBYeT UAeaIbHOMY Ira-

B)

Pemenus 3anau ¢ npuMeHeHneM ypaBHeHus: MenaeneeBa-Knaneiipona.
Konmponvnvie 6onpocwi

1. s xakoi Maccel rasa crpasemo Y MK?

2. KakoBbl IPUUUHBI OTKJIOHEHHSI PACYETHBIX 3HAYCHUI MaKponapamMeTpoB MPpH OOJIbIIEM JaBJICHUN?
3. MoxHo 11 npuMennts Y MK, eciau yacTe raza KOHACHCUPOBAIach?

4. Kakue uzomnpoueccsl Bol 3HaeTe?

Memoouueckue yxazanus
PV=m/M*RT
I'A3bI
CocTosiHHE TeN XapaKTepU3yIOT COBOKYMHOCTBIO HECKOIBKUX (PU3NYECKUX BEIMYMH, Ha3blBae-
MBIX ITapaMeTpaMM COCTOSHMs. BakHeHIIMMu nmapameTpamMH COCTOSHHS Ta3a SIBISIOTCS ero oovem V,
JIaBJIeHUE p U Temreparypa 1.
CamMblil mpocTON BUJ YPAaBHEHHE COCTOSHUS UMEET JUIsl UICaJIbHBIX Tra30B. MneanbHpIMU Ha3bl-
BalOT Ta3bl, MOJIEKYJIBI KOTOPBIX B3aUMOJIEHCTBYIOT JIpYr C APYIOM JIMIIb IPU COYAApeHUsx (OTCyT-
CTBYET MEXMOJIEKYIISIpHOE MPUTSHKEHUE U OTTAJIKMBAaHUE) U 00beM MoJIeKysl HUYTOXHO Majl 1o cpaB-
HEHUIO ¢ 00bEMOM, 3aHMMaeMbIM Tra3oM. Kpome Toro, mpeamnonaraercs, YTo COylapeHHe MOJIEKYJI Mpo-
UCXOJUT IO 3aKOHaM a0COJIOTHO yNpyroro yiapa. PeanbHble ra3bl TeM TOYHEE MOJAYMHSIOTCS 3aKOHAM
UJCaNbHBIX Ta30B, YEM MEHBIIE UX JaBJIEHUE U BBILIE TEMIIEpaTypa.

B monekynsipHO# Qu3MKe, XUMUM U TEPMOJUHAMHUKE BMECTO MAacChl 4acTO UCMOJIb3YETCs KO-
JIMYECTBO BEILIECTBA, BHIPAXKEHHOE B MOJISIX. MOJIb — 3TO KOJMYECTBO BEIIECTBA, B KOTOPOM COJEpKa-
11ee KOJUYECTBO YacTHll (MOJIEKYJI, aTOMOB), paBHOE uKciy ABoraapo Ny = 6,022 « 10> moms"".

Uto0b!l OTMEPUTH 1 MONBL TBEPIOTO BEIECTBA, HAJO B35ATh YMCIIO TPAMMOB B-Ba, PABHOE OT-
HOCUTENIbHON aTOMHOM Macce (13 Tabnuiel MeHzeneeBa- BO CKOJIBKO Pa3 YacTHIIA 3TOTO B-Ba TsHKeJee
€aMoro JIETKOTO aToMa- aToMa BOJIOpoja, a TouHee, 1/12 yacTu aToma yriepojia, KOTOpbIil cTabuiibHee
0 Macce)

Jlyis Toro 4ytoOBl OTMEPUTH HY)XHOE KOJMYECTBO Ta3a, yJOoOHEee BOCIOJb30BaThCS 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 COCTOSHUS MJICANBHOIO Ta3a Ha3bIBAIOT ypaBHeHHEM MeHeneesa — Knaneiipo-

pV=vRT =2 RT = RT
Ha. M A 3/1ech V- YUCiI0 MoJiel (KOJTUYECTBO BEIECTBA B CH-
creme CH), M- MonsipHast Macca (Macca OHOTO MOJIS)

VYpasaenne M-K paGortaer mis m000i Macchl MI€aJbHOTO Tas3a, yKas3bIBas CBSI3b MakpoIliapa-
metrpos P,V uT.
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Koaddurment nmoneznoro neicTBus UacaIbHONW TEIUIOBOM MalIWHBI, pabOTaIOMEH M0 IHUKITY
Kapho (MakcuManbHO MCIIONB3YIOIEH BHYTPEHHIOIO YHEPTHIO Ta3a), PaBeH:

0 —=Q T =T

" Qi T,

** HaliTn Maccy MOJIEKYJIbI Bojopoaa, eciau Na=6*10723 1/momnb

Hns monexynsapuoro Bojopoaa (H2) macca ogHoro moins (MojsipHasi Macca)=2r, 4YTO COOTBET-
cteyer Na=6*10"23 1/monp wmomekyn. CremoBaTeabHO, Macca OJHO MOJICKYJIBI m0=2%107r*
6*10%1/momb =0,33*10°r

*% {711 MOrpY’>KEHUSI U BCIUIBITUS ITOABOTHOM JIOAKU B HEM UMEIOTCS JIBa COOOIIAIOIIMUXCS MEX-
ny coboii pesepByapa. B morpykeHHOM COCTOSIHUHM OJIMH U3 PE3EPBYapPOB EMKOCTHIO V 3alIOJTHEH BOJIOM,
BO BTOPOM €MKOCTbIO VI HaxoauTcs ckaThlii Bo3ayX. KakoBo AOMKHO ObITh MUHUMAIbHOE J1aBICHUE
CKAaToOTO BO3AyXa, YTOOBI MIPH BCIUTBITUH JIOJKU C TITYOMHBI H CKATBIi BO3AYyX MOJHOCTHIO BBITECHUI
BOAYy M3 OamacTHOM mucTepHbI? ATMOchepHOe NaBlieHHE HOpPMajbHOE, M3MEHEHHEM TeMIepaTyphl
BO3/yXa IpHU pacHIMPEHUN TpeHeOpeyb.

Pemenue. Ecnu coeauHuTh pe3epByapbl, BO3AYX BO BTOPOM COCYHE€, HAYHET PaCIIUPSATHCS U
BBITECHHUT BOJY M3 OaJIJIACTHOM LMCTEpHBI HApYXy. Tak Kak Macca M TeMIepaTypa CKaToro Bo3ayxa He
MEHSIIOTCS, TO yBEeJIMYEHHE ero 00beMa BhI30BET TOHMKEHUE aBIICHUSI.

07111 HeusmeHnHot memnepamypol plVI=p,V,

PaccmoTpum Kaxkaplii U3 TapaMeTpOB BO3/1yXa U BBIACHUM, KaKUE U3 HUX HY>KHO MPEJICTaBUTH B
pa3BepHyTOM Buje. [laBienue pl TpedyeTcs onpeaeauTs 0 YCIOBUIO 3a1auu, 00beM V- 00beM pesep-
Byapa CO CKaThIM BO3AYXOM, V2- cymmapusiii 06vem pe3epsyapos , NaBJICHHUE p, MOKHO HAMTH, UCXO
U3 CIEeQyIoUX coodpakeHuil. UToObI BBITECHUTH BOY U3 0aIaCTHOTO pe3epByapa, BO3AyX BO BTOPOM
COCTOSTHUM JIOJDKEH HAXOAUTHCA TOJ JaBJICHHEM, OOJBLINM WM PaBHBIM THAPOCTATHUYECKOMY JaBlie-
HUIO HA ITyOuHE , T. €.

P2==Pa + eg H , TIe o_ IJIOTHOCTbh MOPCKOM BOJBI.
[ToncraBiisist BeIpaxeHus i py 1 Vs,

VE' - Vl + VMI)I IMOJIYYHM YPAaBHCHHUC I'a30BOro COCTOAHNA B OKOHYATCIbHOM BHUC:

V<V
pVi=(p. +og)(Vi+ V), P = (et egh)
pl A C **[Iponecc, mpencTaBICHHBIN Ha rpaduke U300pa3UTh B KOOPAH-

ssssns===n Hatax V-T u P-T.
| 1)Pemienne HauneMm ¢ Touku A ans rpaduxaV-T. 13 Bcex cocros-
| HUU Ta3a TOYKa A OTJIMYAETCS MUHUMAIBHOW TeMIiepaTypoil (oHa Oyke K
| = mHauvany xoopaunar 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 M30TEepMa, a, 3HAUMT,

Ha rpaduke V-T- BepTukanbHas npsmasi.

3)[anee u3 Touku A nepeiigem B Touky C. 910 n3obapa (B1osb Hee

Ha P-V rpaduke naBnenue He MeHseTCs), 8, 3HAYUT, Ha rpapuke V-T- mMbl
MOJIy4YUM TIPSIMYI0, IPOXOJAIIYI0 4Yepe3 Hadajao KOOpAHWHAT. JlehcTBH-

Vi B C tenbHO, B Yp-u M-K npu P=const V Oyner nponopruonansHo T.
_-_"‘F [Tepeceuenue npssmbix 2)u 3) gact Touky C.
"“‘
"
A
ot
- T AHaNOTHYHbBIC PACCyXKICHHUS IPUBEAYT HAC K rpaduky P-T
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Pl A C

-

—

T
- %

*% CKOJBbKO renust moTpedyeTrcs /Ui HallOJHEHUsT BO3IYLIHOTO mapa auaMeTpom d= 10 M, uro-
OBl 11ap MOT MOJHATH Ipy3 BecoM P = 9,8 kH npu HopMmanbHOM aTMOc(hepHOM JaBICHUU U TeMIlepaType
T =290 K? O6pemMoM Tpy3a nmpeHeOpeyb.

Pemenue. /[ mogpema BO3AYIIHOTO 1Iapa HEOOXOAUMO, YTOOBI BBITAIKUBAIOIIAS CUJIA, PaBHAS
10 MOJIYJIIO BECY BBITECHCHHOTO MM BO31yxa PB, Oblia Obl OOJBINE WIIM B KpaiiHEM Cllydae paBHA BECy
rasa Pe, HarmoHSIOMEro 000JI0YKY apa, u Becy P rpysa, T. €. P6>Pz+ P, win

mpg> mrg + P, re m, — Macca Bo3/1yxa, BRITECHEHHOTO IIapOM; mi — Macca rasza (renus),
HATOJHSIOLIET0 000JI0UKY.

Ecnu Ob1 Macca Bo3yxa m, ObUTa M3BECTHA, TO U3 ATOIO ypaBHEHHUS MOXKHO ObLTO ObI ompee-
JUTH Maccy renust. YToObl HalTH my, BOCTIONb3yeMcsl ypaBHeHneM MenpaeneeBa — Kianeiipona.

Bo3znyx, okpyskaronuii map, HaX0JUTCs 1M0J] aTMOC(EepHBIM JTaBIICHHEM P, U HMEET TeMIIepary-
py T, moaTomMy [j1s BO3AyXa, UMEIOIIEr0 00beM 000104KH V, ypaBHEHHE I'a30BOI'0 COCTOSHUS /IAET:

o
pa V fr—— R T. 5

M, rae Mg = 2,9 * 10™ kr/MoIb — MOJIIpHAs Macca BO3/LyXa.
U HakoHel, TOCIEIHUM COOTHOIIEHHEM, KOTOPOE HYKHO MCIIONIb30BaTh B PEIICHUH, SBISETCS

ned?
dbopmyna 6 MTOCKOJIbKY HaM M3BECTCH IMaMeTp BO3IYNIHOTO Iapa, a He ero oobeM. B mrore
Macca rejius.
Mapand® P
i ol T me~ 530 Kr
6RT g

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

3aoaua 2
HaiitTu cpeaHol0 KBaJgpaTH4YHYI0 CKOpOCTh MoOJ-iabl raza mnpu 0C, M=0,019
Kr/MoJasb
3aoaua 3

Hekotopoe ko.1-Bo Bogopoaa naxoaurcs npu T1=200K u P2=400I1a. I'a3 rperor 10
T2=10 000K, npu xkoropoii H2 pacnanaercst Ha atrombl H. Haiitu nasienune P2, ecin 00bem
U Macca MOCTOSIHHBI.

3aoaua 4

16r kucaopona npu 2 atr oo6bemoM Si. Kak msmenurcs T, eciim npu yBeJu4eHUH

JAaBJICHUS 10 5 aTM ero 00beM yMeHbIIMWICH HA 1a7?.

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 koHueHTpauuo mMosexkya 02, ecau ero aasjienue 0,2MlIla, a cpenHexkBaapa-
THYHAs CKOPOCTH MoJekya=700m/c, M=0,032Kkr/Mo0J1b
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3aoaua 7
IIpu T1=20C, P1=6*10"5Ila. HaiiTu n1aB/ieHHe B IIMHE BO BpeMs IABUKeHus, ecan T2=40C? U3me-

HeHUeM 00beMa MpeHedpeyb.
3aoaua 8

Kakoe naBiienne paGodeil cMecH yCTaHABJIMBaeTcsl B LIUJIMHIPAX aBTO, €CJIM NPH
nepBoHavyajabHoM naBjeHnu 80 kIla k konmy takra cxatusi T moBbimaercs ¢ 5S0C nmo
250C, a o0bem ymenbmaerces ¢ 0,75 o 0,17 a?

TenJioBoii 0ajaHc, MepBoOe HAYAIO0 TEPMOTMHAMUKH.
Koumponvrvie éonpocoi

1. KakoBbI crtoco0Ob!I Iepemadn Teria’?

2. Yro BXOAWUT BO BHYTPEHHIOIO YHEPTHIO Tena?

3. BepHo 1w, uro npu OK mpekpariaercs BCAKoe IBUKEHHE?

4. Ha3oBute penepHble TOUYKH HIKaibl KenbBrHa.

5.7

6. KaxoBbI METOABI M3MEPEHUS TPOU3BOIUTEIBHOCTH TpyAa?

7. KakoBa MeToamka pacuéra MpPOU3BOJUTEIBHOCTH TPYIa MpPU KAXKAOM METOJIe U3MEpPEHHs MPOU3BOIU-
TEJIBHOCTH Tpyaa?

Memooduueckue ykazanusi
TEIIJIOBBIE ABJIEHUSA
B MonexynspHo#t (u3mke moJ BHYTpEHHEH SHeprueil moApa3yMeBalOT YacTh €€.: KHHETHYECKYIO
HHEPTUI0 XA0TUYECKOTO JIBIKEHUSI MUKPOYACTHI] (MOJIEKYJ, aTOMOB, HOHOB, CBOOOJIHBIX 3JIEKTPOHOB) U
NOTCHIUAIILHYIO SHEPTUIO UX B3aMMOJEHCTBUSA APYT C IPYTOM:

vl
ml W
U=W1c+wp=E ‘2 + W

Bce npyrue Buabpl BHYTpeHHEW 3HEpPIruu Tena (3HEPrus 3JEKTPOMArHUTHOIO U3IIYYEHHUS, 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
nporiecce B3anMoAenucTBHs Ten. EcTh nBa crocoba, n1Be GpopMbl Takoro B3anMoneictsus. [lpu nmepsom
crioco0e BHYTPEHHSISI SHEPIUs OJTHOTO Tejla U3MEHSETCS 3a CUET M3MEHEHUS SHEPIHU YIOPSAA0YEHHOTO
(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 B3auMOJEHCTBHS TEJl, IPUBOASAIIETO K N3MEHEHHUIO YJHEPTUU

XA0THYECKOTO JIBWKEHUS U B3aUMOAEWUCTBUS MOJEKYJ (MEpOH SHEprMM XaOoTHYECKOTO ABHIKE-
HUS, IEPEJaHHOW OT OJIHOTO TeJla K IPYroMy B IpPOIECCE TEIII000MEHa), CIYKHUT BelnuuuHa Q, Ha3bIBa-
eMasi KOJINYECTBOM TEIUIOTHI.

2. KonmruaecTBo TEMIOTHI, TOABEACHHOE K TETy (CHCTEME Tel), UAET B 00IIeM cllydae Ha U3MEHe-
HUE BHYTPEHHEH SHEpruu Tejla U Ha COBEpUICHHE TeJIOM padOoThl Ha/l BHEIIHUMHU TeJlaMH (TlepBoe Haya-
JI0 TEPMOAVHAMMKYN — 3aKOH COXPAaHEHUS U NPEBPAILEHUS DHEPTUH C YUETOM TEIUIOBBIX SBJICHUN):

Q=AU+ A.

KonuuecTBo Temnotsl Q, cOOOIIEHHOE TNy, CUUTAIOT MIPH 3TOM MOJOKUTENBHBIM, OTJAaHHOE Te-
JIOM — OTpHUIIATEIbHBIM. PaboTy CUMTAIOT MOJOKUTEIBHOM, €CIM TEeNO 3a CUET CBOCH BHYTPEHHEH
SHEPruu coBepinaeT "paboTy HaJ BHEUIHEH cpeloi, U OTpUIATEeNIbHOM, eclii paboTa coBeplIaeTcsl Haj
TEJIOM U 3a CUeT padOoThl YBEJIMUMUBAETCS BHYTPEHHSSI SHEPTHSL.
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KonuuecTBo TemnoTsl U paboTa ABISAIOTCS MEpaMU M3MEHEHMs] BHYTPEHHEH 3HEepruu, Kojauue-
CTBO TEIJIOTHI — B TpOIECCE TEeIUIonepenayn, pabota — B MPOIECCe MPEBpAIICHUs MEXaHHYECKOH
SHEPTUU BO BHYTPEHHIOIO.

Ipumep 2. Ilpu coOmroneHUN HEOOXOIUMBIX MPEIOCTOPOKHOCTEH BOJA MOMKET OBITH mepe-
oxyaxzaeHa a0 temrepatypel —10°C.  Ckonbko JibJja 00pa3yeTcs U3 TaKOW BOJIBI Maccoil 1 Kr eciiv B
Hee OpOCHTHh KyCOYEK JibJla U STUM BBI3BAaTh 3amep3aHue Bojabl? Kakyro TemmepaTypy JOJDKHA HMETh
nepeoxJaxkaeHHas BOJa, 4TOObl OHA IEIUKOM IpeBpaTuiach B JeA? YelbHas TEIUIOEMKOCTh Iepe-
oXJaxKeHHOU BOJbI Cy = 4,19 xJx/(kr*K), mpaa ¢, = 2,1 xJ[k/(xr*K). YaenpHas Terora TUIaBICHUS
apaa A = 0,33 MJDx/kr.

Pemenue. UtoObl Boga 3aMep3iia IpH OXJIKICHUH, B HEW JIOJDKHBI HAXOAUTHCS HEOTHOPOIHBIC
BKJIFOUEHUS] — I[EHTPBI KPUCTAILTU3ALIMHU, OKOJIO KOTOPBIX HAUMHAETCS POCT KPUCTAILTMKOB Jibja. Eciu B
MEPEeOXJIAKICHHON BOJIE MCKYCCTBEHHO CO3/aTh IIEHTPHl KPUCTALIM3AIMU, B HEW HAYHET OOpa30BBI-
BaThCs JieJl. MOJIEeKyJbl CTaHYT MEPEXOAUTh B COCTOSIHUE, COOTBETCTBYIOIIIEE MUHUMYMY UX MOTEHI[U-
QITBHOW SHEPTUU. YMEHBIICHHE MOTCHIUATBHONW SHEPTUU OJHOW YaCTH MOJEKYJ BOJBI, 00pa3yromux
Jiel, BBI3bIBACT YBEITMUYECHUE TEIUIOBOTO ABMKEHUS 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 TOJBKO IepepacnpeerncHue sueprun. [lonHas BHYTpPEHHSS SHEPTHUsl OCTAHETCS HEU3MEHHOM,
U, CJelI0BaTeNIbHO, YMEHb-

[IEHUE MOTECHIIMAIIbHON YHEPTUU YaCTH MOJIEKYJ MPUBEIET K COOTBETCTBYIOIIEMY YBEINYEHUIO
KMHETUYECKOW SHEPTUN XaOTUUECKOTO 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

Ota 3Heprus YaCTUYHO MOWJET Ha HarpeBaHue o0pa30BaBLIETOCs JibJla OT HA4aJbHOU TeMIiepa-
Typsl t/ 10 Temneparypsl to = 0°C 1 yacCTUYHO Ha HarpeBaHue OCTaBIIEHCS MOCIe KPUCTAIUIM3AIUN BO-
el Maccor ml Ha t0 — t1 (manpHElIee HarpeBaHe HEBO3MOXKHO, Tak Kak mpu 0°C kpucTamu3amnus
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  JHEpPrum
AU, = ﬂU?, I09TOMY YPaBHEHHE Amy = Camz(fo — 1) + oy (lo — 1) Kpome
Toro, ml + m> = mo.

N3 3TUX COOTHOIIEHUIT HaxOAUM MacCy 0Opa30BaBIIETOCS JIbJIA:

Ca (fo — 4)
Mg = 1o
Ao — ) (o — 1) . m2=0,12xkr
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 yamky ¢ 500r apna npu 0C nobasnsror 200r Boas! npu 80C. Haiitu yctanoBuBmiytocst T u uto
Oyner B yarike.?
BapuanTs pemeHus
I Meton onenok. XBaTUT JM Teruia BOJBILOXJIaKAeHHON 10 0C, 9TOOBI PacTONUTh BECH JieH?
Qmax=4,2*10"3*80*0,2 1k, ms 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 o0ymner 400r Bo-
abl 1 300r npaa np 0C.
IT TIpennmonoxenue o ¢aze. [lycts OynyT u nex u Boja, To Yp- Terut O6anaHnca aact pemenue. Ecim
OIIMOOYHOE TIPENTONIOKEHHNE, YTO OCTAaHETCs TONBKO Boja, To Oamanc 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 MapooOpa3oBaHWE PHEPTUU WJET Ha COBepleHuE paboThi? Y1 Tem-
nota napooOp-s r mpu 100C =2,3*1076Ix/kr. [laBn Hacein napa npu 100C=10"5 I1a.

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

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

3aoaua 1
Kunomons ogHoaToMHoro raza Harpesaercs Ha 100K npu noctosiuHoM o0beme. Haiitu konmue-
CTBO TEIJIOTHI, COOOIIEHHOE Ta3y.
3aoaua 2
bamon emxoctero 100 1 comepxut 5,76 kr kucinopona. Ilpu kakoi TemmnepaType BO3HUKAET
ONacHOCTh B3phIBA, €CJIM OAJUIOH BBIIEPKUBAET JaBICHUE 10 5-10° Ha(laTM=105 )?

3aoaua 3
MaHnomeTp Ha OaJUIOHE CO CXKAThIM KUCJIOPOAOM IOKa3bIiBal mpu Ttemiieparype -3°C maBieHue
1,8%10°I1a, a npu temmneparype 27°C naBieHue 2%10° Bbu1a Jn yTeuKa rasza u3 oamioHa?

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

3aoaua 5

ok ¥ Ha xaxnx YYACTKAX ra3 MmoJry4ajl Hepruio.
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IIpakTuuyeckas padora NeS
Pemienne 3a1a4 mo remMe «JIeKTPHUYECKOE MOJIE»
[{enb pabOTHI:
3aKpENUTh YMEHHE MPUMEHSTh POpMYITy HAPSHKEHHOCTH 3JEKTPUUECKOTO MOJIsl, 3aKOH
Kynona, 3aK0H COXpaHEHHs JIIEKTPUUECKOTO 3apsAa U MPUHLIUI CYIIEPIIO3UIIUU TTOJIEH
IIpY pEUICHUU 3a/1a4;
CIOCOOCTBOBATH PA3BUTHUIO YMEHHUSI IOTHYECKOTO MBIIIIJICHHS;
CIOCOOCTBOBATh  Pa3BUTHIO  MO3HABATENBHBIX  CIIOCOOHOCTEW, CaMOCTOSTEIbHO-
CTH, OTBETCTBEHHOCTH.
KoHTponbHBIE BONTPOCHI

1. B uem oTiMure noTeHKana OT MOTEHIUAIBHOU SHEPTUuun?
2. 3aBUCHUT JM NOTEHUMAJIbHAS SHEPTHSI OT BEJIMYUHBI 3apsia?

MCTOI[I/I‘-ICCKI/IC YKa3aHH:A 110 BBIIIOJIHCHHUIO ITPAKTUYCCKUX 3a1a4

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

3apsaabl
1. Cornacuo 3akony KyioHa MOaysiab CHJIBI B3aMMOJIEUCTBHS MEXAY ABYMSI HEMOJABM>XKHBIMU
TOYEYHBIMU 3apsAJaMH g\ U g2 HaxOJALIMMUCS Ha PACCTOSIHUM ¥ IPYT OT ApYra B Cpelle ¢ JUAIEKTpUe-
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 3JEKTPUYECKUMH 3apslaMU C TeJIaMM, He IPUHAIeKa-
MMM 3TOW CHUCTEeMe, TO ajredOpandeckas cymMma 3apsJioB CUCTEMbI €CTh BEJIMYMHA MTOCTOSHHAS (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 BeIMYMHY KaXKJI0TO U3 JBYX OJIMHAKOBBIX 3aps]0B, €CIIM B Macile Ha
paccTossHUM 6CM OHM B3aUMOAEHCTBYIOT ¢ cuion 0,4mH. €=2,2

-- F=Kqq/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 3JIEKTPUUECKOrO OTTAJIIKUBAHUS MEX JABYMsI 3JIEKTPOHA-
MU OOJIBIIIE CHJIBI MX TpaBUTAMOHHOTO mnputspkeHusi? 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 JIT1 TPOBOJTHUKY COOOITUTH 3apsia  4* 10™1%?
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- HE KpaTEH 3JIeMEHTapHOMY.
7** 3apsa met mapuka q=-1,6uKn, e0=-1,6%10"-19Kn. N=q/e0=10"10
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 3apsaa 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)/4AL"2=9KQ2/LA2=T2
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IIpakTnyeckoe 3ansiTue 6

HanpsizkeHHOCTH M MOTEHIMAJ YJIEKTPOIOJIS

KOHmpOJZbele 680NpOCHI

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

Memoouueckue YKaszarus no 6blNOJHEHUIO NPAKMUYECKUx 3a0ay

1. HampsiKeHHOCTH 3JIEKTPUUECKOTO MOJIsl 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  pacmpeleleH 3apsg ¢, TO  BHYTpY  IIapa
Ea = — HaIIPAXKCHHOCTD ITOJIA BCIOI[y paBHa Hy.]'HO. 3a npeaciaMu 1iapa u
q Ha €ro HOBerHOCTI/I Hapr[}KCHHOCTB IIOJIA TOYHO TakKasd, KaKyIO

\ co3zaBait Obl 3aps] g, COCPEIOTOYECHHBIH B IICHTPE IIapa ,
£ [Tpu mepemenieHuu 3apsiia ¢ B OAHOPOJHOM JIICKTPOCTA-
THYCCKOM I10JIC€ HAIIPAXKCHHOCTBIO FE cunwl F ons COBCPIIAKOT HAIQ

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

rae d— MOoIylb epeMeleHHs 3apsia BA0JIb CUIOBOM -

o HUU.

B 3aBMCUMOCTH OT 3HaKa 3apsia M HaIpaBJIE€HHs €ro Ie-
pPEMENIEHUS 110 CUIIOBBIM JIMHUAM Pa0oTa CUJI TIOJISE MOXKET OBITh Y MOJIOKUTENLHOM, M OTPUIIATEILHOM.

2. Besikast cucTeMa 3apsiioB 00J1aiaeT MOTEHIHAIBHOM YHEPIHel 2JIEKTPHYECKOTO B3aMMOIEH-
crBus. [ToTeHIUanbHAs SHEPTUS U3MEPSETCS paboTOM, KOTOPYIO MOI'YT COBEPIIMTE DIIEKTPHIECKHE CH-
JIBI TIPH yIaJIEHUH 3apsDKEHHBIX TEJl, COOPaHHBIX B CHCTEMY, Ha GECKOHEYHO OOJIBIIME PACCTOSHUS OT-
HOCHTEIBHO APYT Apyra. JlJis CHCTEMBI

JIBYX TOYEYHBIX 3apsaoB ¢/ W (2, yIaJeHHBIX HA PACCTOSHHE I, 3Ta padoTa, a ClIeJ0BaTelIbHO,
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 tne Wp — moTeHIMambHAS YHEPTHs, KOTOPOil 00amaeT mpoOHbIA 3apsit go BCIed-
CTBUE €r0 B3aUMOJICHCTBUSA C IMOJIEM B JAHHON TOYKE NPOCTPAHCTBA. 31E€Ch MPEAIOJIAraercs, 4ro Mno-
TEHIMaJIbHAs YHEPIUsl, a ClIeJJ0BATEIbHO, U TIOTEHIIMAJ B TOUKaX, OECKOHEYHO yJAJEeHHbIX OT UCTOUHHU-
Ka I10J1s1, paBHbI HyJ10. [loTeHIMa 2JEKTPUUECKOTO MOJIsA, CO3JaBaEMOr0 TOUEYHBIM 3apsIOM g Ha pac-
CTOSIHUM T OT HEro, paBeH:

@ dneqer

3HaK MOTEHIMAaa B TAHHOM TOYKE MOJIS OMPEICIISACTCS 3HAKOM 3apsijia, CO3ArOIIETo ATO MOJIE.

Eciu 1o moBepXHOCTH MPOBOJIAIIETO IIApa PagMyCOM IO paclpeiesieH 3aps ¢, TO BHYTPH Ia-
pa ¥ Ha €ro MOBEPXHOCTH MOTEHIIHAN BCIOY MTOCTOSHEH U paBeH

Po ==

4megery
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Ipumep pewrenus munosoii 3adauu

** Ha paccrosanu 1,1m momemiens 2 3apsaa 10 u -18Kn. HaliTu HanpsyKeHHOCTH TOJIS B TOUKE
Ha NpsAMON MeX HuMH, rae ¢=0

Pemenue [ToTeHman oOT mapoB MMEET pa3HBIA 3HAK M B TOYKE, TJe o0 noreHnuan=0, ux
monynu ¢ pasusitorest o= Kql/R1=Kq2/(1,1-R1)

10/R=1/(1,1-R) 11-I0R=R  R=1

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

3amaua 1

3amaya 2
Haiitu E u notenuuan 9 noss 3apsga 361K Ha paccTossHuM 9 ¢M OT HeEro.
3amaya 3

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

3agaua 4

Ha paccrosaun 1M OT meHTpa 3apsyKEHHOTO METAIMYECKOTO Iapa paauycoM 3M IMOTEHIHa
=3B. KakoB noreHIma mapa Ha pacCCTOSIHUU 3M OT LIEHTpA.

3agada 5

Hatitu 3apsj 3apsokeHHON cephl painycoM SCM, eClid IOTeHIMa Ha paccTossHuH SOcM OT TIOB-TH cpepbi=4B
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IIpakTH4eckoe 3ansiTHE 7

DJIeKTPOEMKOCTDh YeJUHEHHOT 0 IPOBOIHUKA U KOHIEHCATOPA.
Llenv 3aHamMuA: yCBOUTHh METOJIUKY PEIICHUS 3a7a4d TEMBI.
KoHTponbHbIE BONPOCH
1. [Mouemy mpu CONMKEHHUH TUTACTUH KOHJICHCATOPA PACTET EMKOCTh?
2. [louemy OMPNEKTPHUK MEXIY IUIACTHHAMHU YBEITMYNBAET €MKOCTH?
Memoouueckue ykazanus no 8bINOJHEHUIO 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 snexkTpuueckyro €MKOCTh 3eMiM, NpPHUHSB €€ 3a IpoBoisamuid map. Pemenue. Cr
=4neeOrm = R/K=6400*1073/9*¥10"9 = 64*1075/9*%107"9= 7,11*10"-4=711*10"-6=711mx®D. EmKocTh
3emun Kak mapa- Bcero 700mkd.

3amaua

**11.44. KonageHncaTopbl 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 KOHJCHCATOPHI COCTUHEHBI MApalIeIbHO (KAKIBIA 3KHM CXe-
MBI COEJIMHEH ¢ TpeMs oOkiankamu). CiaeaoBaTellbHO, 00Ias eMKOCTh 0a-

. Tapeu MoJy4aercs CyMMHpPOBaHUE BceX eMKocTel u paBHa 6C.
3anaua |
C=5n®, U=100B, q xaxm0ii MmaacTuHbI=?
3anaya 2
Jnsa S=100cm2, q=6*10-9Kun, U=120B, HailTu paccTOsSHUE MEXY IJIACTUHAMHU.
3amaya 3

[TpoBoanuk! c=10n®, q=600uKn, [IpoBoguuk2 c=30n®d, q=-200aKn. Haiitu 3apsasl u noreH-
[[1aJIbl IPOBOIHUKOB I10CJIE COEIUHEHUS UX IPOBOJIOKOH =7
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IpakTnyeckoe 3ansitue 8

Pemenne 3aga4 Ha 3akoH OMma.
L]ens ypoka: oTpabOTKa YMEHHSI PEIICHUS 3a7a49 ¢ IPUMEHEHHEM 3aKoHOB OMa.
Teopus

3akon Oma il y4acTKa LenH- €CIM Ha Y4acTKe AJIEKTPUUECKo 1emnu, He coaepxaiiem DJC 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 corpoTtuBiieHreM R u snementa ¢ 3/1C lg 1 BHYTPEHHHUM COIIPOTHUBJICHUEM I, paBHA:
R4+r,

HaHpH)KCHI/Ie Ha 3aKHMMax UCTOYHHKA, 3aMKHYTOI'O ITPOBOJHUKOM C COITPOTHUBJIICHUEM R, PpaBHO:

U=IR = =& —1Ir

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

I'ansBanomeTp umeet conpotuniieHre Rr= 50oMm u Tok Ir= 0,1 A. Paccunutarh 10NMOTHUTEIBHBIN
pe3ucTop, 4ToObl MOXKHO OBLIIO M3MEpATh HampsikeHue 10 100B.

Pemenwue. [Ipu Hampspkenun Ha cxeme B 100B, yepe3 rajibBaHOMETP AOKEH MPOTEKAaTh TOK
0,1A. 3naynt Ha ranmpBaHoMeTpe Oyzaer magare Hanpspkernne Ur=IrRr=0,1*50=58

OcranbHoit Hanpsbkenue (100-5=95B) Hamo mnoracuth Ha J00ABOYHOM COINPOTHUBICHHUH.
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 3apsi Ha KOHJIEHCATOpEe, 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 c6ot0 ouepedv, paHo
Uo- U,=U3R. Jos Bceill LEMn
- Uy _i Uy
R+ (2R 4+ 3R)4R - 29 R
2R 4 3R + 4R

Ugr=IR=9/29*U0

Ubd=UO- Ugr- UO- 9/29U0=20/29U0, a ono nemurca 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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IIpakTH4eckoe 3anATHE 9

Pacuer cao:xkubix neneii meronom Kupxroda.
Llenv 3aHamuA: yCBOUTHh METOUKY pacuera cxeM 1o Kupxrody.
Koumponsrvie éonpocoi
1. Yro Takoe y31moBoOi TOK?
2. Kak BBIOHpAIOT KOHTYPHI.
3. CKOITBKO HEOOXOIMMO COCTABUTh YPaBHEHHHN A1 TOKA?
4. KakoB 3HaK BXOJAIIETO B y3e1 TOKa?

Memoouueckue YKa3arus no 6blNOJHEHUIO NPAKMUYEeCKUx 3a0ay

[TpaBuna Kupxrodga

1 Anrebpanueckast CcyMMa TOKOB, CXOJSIIIUXCS B y37€, paBHa () (3aKOH COXpaHEHUS 3apsija)

> 1i=0

Toxu, moAXOASIINE K Y371y, CYUTAIOT MOJoKUTeNIbHbIMU. Eciii B cxeme N y3710B, TO MO epBOMY
npaBuy K-¢a moxxHo coctaBuTh N-1 HE3aBHCHUMBIX YpaBHCHHH.

2 B m000M pOU3BOJIBHO BRIOPAHHOM 3aMKHYTOM KOHTYPE Pa3BETBICHHOM IIeTH anreOp cymMma
naJicHUi HaIpsDKEHUH Ha OTIENIbHBIX y4acTKax KOHTypa paBHa anr cymme DJIC, BcTpeuaroumxces npu
00X0/1e TOr0 KOHTYpa IO MPOU3BOJIBHO BHIOPAHHOMY HAIIPABICHHIO.

> liRi=) Ei

ITo BTOpOMY npaBUIly MOKHO cOCTaBUTH N-(N-1) yp-HuUH, IJ1€ N-4KCIO HEU3BECTHBIX TOKOB, a N-
YHCIIO Y3JIOB B CXEME.

1 mocTaBUTH HaMPaBJICHHS] TOKOB B BETBAX

2 HamucaTh | mpaBWIIO 1Sl BCEX y3JI0B KPOME OJHOTO

3 BBIOpaTh HampaBieHUs 00X0/1a IS HE3aBUCHMBIX KOHTYPOB.

4 coctraButh n-(N-1) yp-Huil , r/Ie N-4UCI0 HEU3BECTHBIX TOKOB, a N-4HCIIO Y3JI0B B CXE€ME I10 2
IIpaBUILY.

¢ eBoro BepxHero y3na [3-11-14=0

| Kontyp nesbiit 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 HWXHUMU- npeHeOperaeM, ero 14=0. Bt
CONPOTHUBIIEHUS] UCTOYHUKOB =0.

1-HwxHun y3en [1+12-13=0
2-JleBslii kKoHTYp npoTuB YacoBoi [3R+I11R=EI
3-IIpaBblii IPOTUB YacOBOI I[BR+I2R=E2 cymmupyem 2 u

2*[3R+(I1+12)R=E1+E2 [I1+I2=I3 u3 1]>>>
13=(E3+E2)/3R=(1,5+1,8)/3000=1,1ma U3 3 nmeem
12=E2/R-13=1,8/1000-1,1=0,7ma
11=I3-12=0,4ma
3amaua 1

51= —sdr Haiitu Tok B peocTaTe eciid 371€MEHThI MOJAKIIOUEHbl pa3HOMMEHHbI-
mu nomocamu. E1=8s, R1om, E2=48, R2=0,58, R=50Mm.
&1 ) 3amaya 2
Ay ‘45 E1=22v r1=0,2 E2=10v 3apsxaercs r2=0,6om R=10om namma R3
Haiitu Toxu
oy 3anmava 3
_!ii 5*%*R1=10000m, r2=5000m, R3=2000m, E1=1,8v,]12=0,5ma nHaiitu
|  E2

28



IIpakTuyeckoe 3ansaTue 10

Pemenus 3agauy Ha 3axon ®apapnest
Llenv 3aHAmMuUA: YCBOUTH METOJIMKY pacydeTa 3a7ad IO JIEKTPOIH3Y.
Koumponsrvie éonpocoi
1. Tlowyemy HE MPOBOASAIIAS TOK BOJIa CTAHOBUTCS MPOBOIHUKOM?
2. Bosmoxen im Takoit 3GHeKT ¢ KepoCHHOM?
3. UYto Takoe AIMEKTPOXUMHUICCKUI SKBUBAJICHT?

Memodultecmte yKasarnus ()JZ}Z 6blNOJIHEHUA NPAKMUYECKUX pa60m
ﬂBJIeHI/Ie BBIACJICHUA COCTAaBHBIX qaCTeﬁ paCTBOpeHHBIX B JXUAKOCTU BCHICCTB HpI/I Hpoxoncne-
HUU Yepe3 Hee DJICKTPUUECKOr0 TOKAa Ha3bIBAIOT JIEKTPOJIN30M. PacTBOpHI, MpOBOASAIINE TOK, HA3BIBAIOT
AJIEKTPOJIUTAMH.
Ecnu 3a Bpems ¢ 4epe3 3JeKTPOTUT HPOIIEI 3apsii ¢ U K KOKIOMY JEKTpoay moaonio N HOHOB
Maccoit m1 To Ha KaToze OTKJIanLIBaeTcsi? BEILIECTBO Maccoul m = Nml.
N ] i —_—

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

3apsi/ 3JEKTPOHA. YUUTHIBAsi BCE 3TO, MOJIYyUUM:

M by —
m=-—=q = kq = kit

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

JICHTOM BEIIECTBA. Y UUTHIBas 9TO, (1)OpMy.]'Iy MOXHO IIEPCIIucCaTb B BHUIC:

m= f—F g = kg = kIt (3akoH Papanen)

3angaya
[To Yucny ®apanes u uuciay ABOragpo MOIYYUTh 3apsi/i OJTHOBAJICHTHOTO HOHA- J-Ha
€0=9,65*10*Kn/mos / 6,02%10% 1/monp=1,6 10""Kn
3angaya
[Tpu anexTponuse HUTpara cepedpa Ha kartoje BbiaenauTcs 3a 1 yac 12r Ag. U Ha 3akumax BaH-
HbI= 5,2B, Rp-pa= 1,50M, DJIC nonspuzauun=0,7u. HaiiTu BajJe€HTHOCTb M 4YHUCIO aTOMOB Ag.
F=9,65*10"4 Kn/momnb, p=108*10"-3xr/monb, e=1,6 10"-19Kn
-Pemenue I=(U-Enon)/R, m= p/n *It/F, n= plt/(mF)= pn(U-Enon) t/(mFR)=
=108*107-3%(5,2-0,7)*3600/(1,2%10%#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 Macca Kotoporo 35, 453, BajeHTHOCTh=1.
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IIpakTuyeckoe 3ansaTue 11

3akon Amnepa, Jlenna
Lenv 3anamus: yCBOUTh METOJUKY pEIEHNA 3a7a4 Ha 3aKOHbI AMrepa u JIeHia.

Koumponsrwie éonpocoi

1. Kak 0OBSCHAIOT B3aMMOJICHCTBUE MPOBOJIOB C TOKOM?

2. Kakme BenTMYrHBI BXOJIAT B MPABUIIO JIEBOM PYKH?

3. HazoBuTe mpaBmiio mpaBoii pyKH.

4. ITouemy npaBmiio JIeHIIa HA3BIBAIOT 3aKOHOM COXPaHCHUS SHEPTUU?

5. Kak onpeaenuTh HalpaBiieHUE MarHUTHOTO ITOJIsl BOKPYT MPOBOHKUKA C TOKOM?

Teopus
| Tlpu nBUKEHUU ANEKTPUYECKUX 3apsA0B B MPOCTPAHCTBE, OKPYKAKOLIEM 3TH 3apsibl, BO3ZHU-
KaeT MarHuTHOE 1oJje.
OnpITOM yCTaHOBJIEHO (3aKOH AMIIepa), YTO Ha MPSAMOM MPOBOJHUK C TOKOM, IOMEUICHHBIN B
OJIHOPOJIHO€ MarHUTHOE I0JI€, IEUCTBYET paclpeeieHHas 110 IIPOBOJHUKY CHJIA, MOJYJIb KOTOPOH pa-

. F=IIBsin «

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

BekTop F Bcerga nepreHIuKyspeH IIOCKOCTH, B KOTOPOM JiexkaT NPOBOJHUK U BEKTOp B.

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

Ha kaxnyro 3apsK€HHYIO 4acTHILy, ABMKYUIYIOCS B MAarHUTHOM IIOJIE, CO CTOPOHBI IOJS JICH-
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 UHAYKIMU MAarHUTHOTO TOJIsl PaBEH:

B — popd

dr rac @4 — MarduTHas NpOHUIACMOCTb BCHICCTBA — BCJIMYMHA, ITOKAa3bIBAIOIIAs,

BO CKOJIBKO pa3 MHAYKIMSI MAarHUTHOTO I10JIs1, CO3/IaHHOI'O TOKOM B JJAaHHOM cpene, Oouiblile, 4eM HHIYK-
1Us1, CO3/IaHHAs TEM XKe
-7
TOKOM B BaKyyMe; [y = 411 10" —marauTHast NOCTOSHHAS.

IToTok BCKTOpa HHAYKOHWHU OAHOPOJAHOI'O MArHUTHOTO IIOJIA YE€pPE3 IJIOCKYHO IMOBEPX-

O =BScos a

HOCTb TUIOIIABIO S paBeH:
3agaua
3apsKeHHas YacTHIa UIET M0 IpsiMOi. MOXHO 1 roBOpUTh, yTO MII Her.
-- Her- Mosxer MII || v, Torna F=0.
3anaya
[Tygok Dn-HOB UAET || B OAHOM HAIIPaBJIEHUH C TOKOM B IpOBOJHMKE. Kak oTKIOHsAETCS my4doK?.
-- OTTasNKMBaeTcs OT NPOBOJIA, KAK aHTUIIAPAJUIETIbHBIE TOKH.
3anaua 1
K MenHOMY KOJIBIlY TPUOJINKAETCSI MAarHUT CEBEPHBIM MoJII0ocoM. OnpeenuTh HalpaBieHHe
MHAYKIIMOHHOTO TOKA B KOJIBLIE.
3amaua 2

— Kaxk YCTAHOBHUTCA CTPECIIKA
5 ij—:_ P >

3agaua 3
JluBepcaHT mojomieNn K JIMHUM SJIEKTPOIepeaad MOCTOSHHOIO
TOKa. FIMes BOIIbTMETP ¥ KOMIIAC HAJ0 ONIPEAEINUTh B KAKOM HaIlPaBICHUU HAXOIUTCS HJIEKTPOCTAHLIMSL.
Pemenue.1) BoabTMeTpoM HaxouM MOJIOKUTENbHBIN MPOBOJ (ITyCTh 3TO BEPXHUI MTPOBOJ)
2) MarHuTHOH cTpesoi onpenessseM HalpaBJI€HUE MAarHUTHOTO I0JI BOKPYT 3TOro MpoBOJa, a
e

II0 HEMY- HampasieHue Toka. Tok Teder or “+” K “—, 3HaUUT CTaHIUA TaM, OTKYJa UJET TOK IO MOJIO-
JKUTEJILHOMY IIPOBOLY.
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IIpakTnyeckas padora Nel2
Pemenue 3aga4 HO TeMe «DJIEKTPOMATHUTHBIE KOJIeOaHUSD)
[lenbp paOoTHI: 3aKpeNUTh YMEHHUE peliaTh 3aJa4d Ha BBHIYMCICHHE WHAYKTUBHOIO, €M-
KOCTHOT'O CONPOTHUBJICHUH, NEHCTBYIOLIErO0 3HAYEHMSI CHJIBI TOKAa M €ro aMIUIMTYJHOTO
3HayeHHsl. OCHOBHBIC MTOHATHH U (HOPMYIIBI
DNEeKTPOMarHUTHbIE KOJIEOaHUsI — 3TO NEPUOJANYECKNE U3MEHEHUSI CO BPEMEHEM HJIEK-
TPUYECKUX U MarHUTHBIX BEJIMYMH (3apsla, CHJIbl TOKA, HANPSHKEHUS, HAPSKEHHOCTH,
MarHUTHOM MHIYKIUH U Jp.) B JEKTPUUECKOH IETH.
[Tepron cBOOOIHBIX ANEKTPOMArHUTHBIX KoseOaHuil B KoHType T=2TALC - dopmyna
TomcoHna,
KonebaTenbHblil KOHTYp
Llenv 3ansamus: yCBOUTh METOIUKY PELLEHUS 3a]a4 ¢ KOJIeOaTEIbHBIM KOHTYPOM.

Konmponvnuvie eonpocut

1. Ot yero 3aBUCHUT NEepUO] KOJeOaHU B KOHTYpe?
2. Kakue koneOaHusi HA3bIBAIOTCS BBIHYKACHHBIMH?
3. B uem cMmbIch pe3oHaHca?
Teopus

ConpoTtuBiieHHE R 3IEKTPUYECKON LENU, HE UMEIOIIEH €MKOCTH U MHAYKTHBHO-
CTH, Ha3bIBAIOT aKTUBHBIM COIIPOTHBIICHUEM.

ComnporuBiieHre R, ydacTKa LIENH, COJAEPIKAIIEro KOHJEHCATOP, HA3bIBAKOT €M-
KOCTHBIM COITPOTHBIICHUEM.

|
R =_g_’.“_..=_
¢ :‘r.rn (:]C

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

R [ — {!}L

Ecnu Tpu yuacTtka 1iemnu,, UMEIOIME 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 kakyro 1uHy BOJIHBI HACTPOEH KOJIeOaTENbHBIN KOHTYP ¢ MHAYKTUBHOCTHIO L, ecnu
MaKCHUMaJlbHasl cujia TOKa B
KOHTYype paBHO | (Makc) , a MakCUMaabHOE HANpsHKEHHE Ha KOHJeHcaTope cocTaBisger U
(makc). CKOpOCTh pacCIpOCTPAHEHUS AIIEKTPOMArHUTHBIX BOJIH paBHA V
Pemenne
C=LI72 /U2
T=2 n\LC
A=VT
3agaua
BxonaHolt KOHTYp paJiMONpUEMHUKA COCTOUT W3 KaTYIIKH , UHAYKTHBHOCTH KOTOPOM
paBHa 2.0 MI'H , 1 mIOCKOTO KOHJIEHCaTopa ¢ Tomiaabto wiactuH 10.0 cM*2 u paccrosi-
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HueM Mexay HumH 2.0 mm. IIpocTpaHCTBO MexAy IJIACTHHAMU 3alOJHEHO 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

MaKkCHMAIIBHBII 3apsil Ha 0OKIAAKAX KOHICHCATOPA KONeOaTeIbHOr0 KOHTYpa qm = 107
Ki1. AMIUIITYAHOE 3HAYeHHe CHIIbI ToKa M KoHType I, = 107 A. Omnpenenure mepros Ko-
JaebaHui.

3aganue 1. OTBETHTE HA BOIIPOCHI.

Kakue konebanust Ha3bIBAIOT AMEKTPOMATHUTHBIMU?

UTo HaA3bIBAIOT IEPEMEHHBIM JIEKTPUUECKUM TOKOM?

N3 kakux 7JI€MEHTOB COCTOUT KOJIeOATENbHBIA KOHTYP?

OT 4ero 3aBUCHUT MEPUO]T FTEKTPOMATHUTHBIX KOJIECOAHUT?

Yemy paBHO EMKOCTHOE COITPOTHUBIICHUE?

UeMy paBHO MHIYKTUBHOE CONPOTUBIICHUE? METONNYECKUE YKA3aHUS

Pemenue 3a1a4 00 3JIEKTPOMarHUTHBIX KOJIEOAHUAX B KOJIEOATEIbHOM KOHTYpPE CBSA3aHO
C HaXOXJIEHUEM Tepuoja (Ui COOCTBEHHON 4acTOThl) KOJI€OaHUI KOHTYpa C UCMOJIb30-
BaHueM (opmynsl Tomcona. [Ipu pelieHnH HEKOTOPBIX 3a/1ad HCIOJb3YIOTCS 3aKOHBI
COXpaHEHUs U MPEBPAILECHUS SHEPTUH B KOJI€OATEIbHOM KOHTYPE.

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

2) CONOCTAaBUB 3TH ypaBHEHUS, ONPEACIUTh BETUUNHBI, XapaKTepU3YIOIIUe KoIeOaHus
(amruMTyny, 4acToty, nepuoi, Gasy) u aApyrue BEITUYHHBI B COOTBETCTBUU C YCIOBHUEM
3a7a4H;

3) B HEKOTOpBIX 3a/layax, HA0OOPOT, O M3BECTHBIM BEIMYMHAM, XapaKTEPU3YIOIIUM
K0JIe0ATENbHYIO CUCTEMY, CIIEYET 3aUcaTh YPAaBHEHHE FraPMOHUYECKUX KOJIeOaHU .
[Ipu pemenun 3amau no teme «llepeMeHHBIN TOK» CIEayeT MOMHUTh, 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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IIpakTnueckas padora Ne 13

Pemenue 3aga4v no reme «Ilpupoaa ceera. BosiHOBbIE CBOMCTBA CBETA)
OCHOBHBIE MOHATUU U (HOPMYJIBI
HUuTepdepeniust cBeta — mnepepacupesieieHue MHTEHCUBHOCTH CBETa B PE3yJbTaTe
HaJIO0XKEHU (CyNepIrO3UIIMK ) HECKOJIBKIX CBETOBBIX BOJIH.
Judpakius cBeta — orubaHue 3JEKTPOMArHUTHON BOJHOW MPEMSTCTBUN COU3MEPUMBIX
C JUIMHOW BOJIHBL.
JudpakiuonHas pemeérka — ONTHUECKUN MPUOOpP, MPUMEHSIOUIUICS U Pa3IoKEeHUS
CBETOBOW M3JIy4YECHUS B CIIEKTP.
[Tonspuzanus cBeTa — BBIIEIICHUE U3 IIyYKa €CTECTBEHHOTO CBETA Jy4EW C ONpPENEIICH-
HOM OpHEHTALMEN BEKTOPA HAIIPSIYKEHHOCTH JIEKTPUYECKOTO ITOJIS.
[lonHOE BHYTpEHHEE OTpaKEHHUE — SIBJICHUE BO3BpAaTa CBETOBOIO JIyda 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, TMpEeBpaIllAOINIMN eCTeCTBEHHbIH CBET B JIMHEHHO-
MOJISIPU30BAHHBIN.
OnTOBOJIOKHO (ONTUYECKUE CBETOBO/IbI) — HUTh M3 ONTUYECKU MIPO3PAYHOr0 MaTepuaia
(CTEeKJIO TUIACTUK), UCTOJb3yeMasl AJis MepeHoca CBETa BHYTPU ce0sl OCPEACTBOM MOJI-
HOT'O BHYTPEHHETO OTPAKECHUS.
CrnexTpanpHbIN aHAJIU3 — COBOKYITHOCTh METOJIOB KAYECTBEHHOTO M KOJTMYECTBEHHOTO
OnpeaereHusl cocTaBa 00BbEKTa, OCHOBAaHHAs HA W3YYEHUHU CIEKTPOB B3aUMOJEUCTBHS
MaTE€pUH U3TYyUYECHHUEM, BKIIFOYAs CIIEKTPBI JIEKTPOMAarHUTHOTO U3Ty4YEHHS.
EcTecTBEHHBIII CBET — ONTHYECKOE H3IyYEHUE C OBICTPO M OECHOPSAIOYHO HU3MEHSIO-
IIMMHCS HAIIPABJICHUAMU HAIIPSHKEHHOCTH 3JIEKTPOMATHUTHOTO TOJIA.
JIMHENHO-TTONAPU30BAHHBIN CBET — 3TO JIEKTPOMArHUTHAs BOJIHA, ITOJSIPU30BAHHAS 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 TIOrJIOoLIATh JIy4yu 3€JIEHOro 1BeTa b oTpaxkars Jdyun 3€J1EHOro uBera B oTpaxars ny-
YH BCEX LIBETOB

3 HanoxeHne KOrepeHTHBIX BOJIH HA3bIBAOT

A mucnepcueit b unrepdepenuuein B nudpakumeit

4 B cnydae KakuxX BOJIH HEBO3MOKHA UHTepdepeHIus"

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

5 TlosiBnenue panyru Ha HeOe OOBIACHIETCS

A unTepdepennueii ceeta b nudpakimueit ceera B paznudHON MpeaoMIIieMOCThIO JTy-
Y€ pa3HOTro IBETa

6 SIBieHKe NoJApU3ald CBOMCTBEHHO

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

7 3aBUCUMOCTD MOKa3aTeNs MPEJIOMIICHHS CBETA B IAHHOM Cpeie OT JUIMHbI BOJIHBI Ha3bl-
Baerca A unrepdepenuueit ceera b nudpakuueit ceeta B nucnepcueii ceera

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 unrepdepeniueri b nudpakuueit B nomsipuzanueit

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

A HenoJispu30BaHbl b HeKorepeHTHbl B caumikoM mManoid HHTEHCUBHOCTH

11 I[IBeTHas okpacka pa3IUYHbIX TOHKUX MIEHOK OOBSICHSETCS

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

12 Tlongpuzanmeil cBeTa Ha3pIBAIOT MIPOLIECC

A W3MEHEHHE HaIpaBJICHHs CBeTa b M3MeHEeHUEe NHTEHCUBHOCTH CBETa

B opueHTanuu kojaebaHuil BEKTOpa HAIPsHKEHHOCTH CBETOBOM BOJIHBI B OIIPECIEHHOM
HaIlpaBJICHUU

13 Cger ¢ nmuHoi BosHbI SO00HM mMagaer Ha JUMPAKIIMOHHYIO PEIIETKY C MEPUOO0M
2MkM. Haliti HanOoabIui Mops0K MaKCUMyMa.

14 3agaua

JInuHa BOJHBI KENTHIX JTy4yeld B BakyyMe paBHa 580HM. KakoBa jyiviHa BOJHBI 3THX Jy-
Yyel B BOJIE, €CJIA MOKA3aTeb MPEIOMIIEHUS BOAbI paBeH n=1,33?

15 3agaua

B HEKOTOpyr TOYKY NpPOCTpPaHCTBA NMPUXOAAT BOJHBI JmHOW 700HM. Pa3znocth XOna
BOJIH paBHAa 3,5MKM. YcCuUJIEHHE WU oOcliabjeHue cBeTa OyAeT HaOIoAaThCa B JaHHOU
TOYKE?

16 3agaua

VYV nudpakiimoHHOW pEemETKH MaKCUMyM BTOPOTO MOPSAKA JJisl CBETa C JJIMHOW BOJIHBI
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 nudpakiIMOHHON peméTku, Ha KoTopoi HaHeceHbl 500 mTpuxoB 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 , €CIU Ha SKpaHe, OT-
CTOSIIIEM OT PEIIETKH Ha 1M, pacCcTOSIHUE MEXIY CIEKTpamMu MEPBOTO MOpsiAKa paBHO
7,6¢cM, a qyMHA CBETOBBIX BOJIH paBHa 0,38MKM?
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IIpakTnueckasi padora Neld

Pemenue 3aga4 no reMe «J1eMeHTbl KBAHTOBOM (UMK
[{enb paboOThI: 3aKpPENUTh YMEHHE TPUMEHATH (PopMyny KpacHOH rpaHuilsl otorddexra
U ypaBHEHHE DUHIITEHA npy pelieHnn 3a1a4. OCHOBHBIE MOHATUU U (HOPMYJIbI
CrpeMsich Mpeo0JIeTh 3aTPYAHEHHUS KJIACCUUYECKON TeOpUr NpU OOBSICHEHUU U3TyUYCHHUS
yéproro tena, M. [Tnank B 1900 r. Brickazan runoresy: aToMbl UCITYCKAIOT 3JEKTpOMar-
HUTHYIO YHEPTHUIO OTACIBHBIMU MTOPIHSIMU — KBaHTaMHU.
Oneprus E kaxaoi nopuuu npsMo NpornopLrOHaIbHa YaCTOTE U3ITyUYEHHUS.
®OoTOH — MarepuasbHas, 3JIEKTPUYECKH HEWTpaslbHAsl YacTULA — KBAHT AJIEKTpOMar-
HUTHOTO TOJIA.
Oueprus ¢potona E=hv.
®oTto3dexToM HazpIBaeTCSI UCIYCKAHHE DJIEKTPOHOB C TIOBEPXHOCTH METalia Mo AeH-
CTBUEM CBETa.
3akoHbl poTodddekra:
1. Yucno »HNEeKTpOHOB, BbIOMBaeMbIX 3a 1l C W3 BelIECTBAa, MNPONOPLUHUOHATHHO
WHTEHCUBHOCTH CBETA.
2. Kunernueckas sHeprust GoTO3JIEKTPOHOB HE 3aBUCUT OT MHTEHCUBHOCTH IaJjarolie-
IO CBETA, a 3aBUCUT OT €TI0 YaCTOTHI.
3. Jns KaXA0ro BEIIECTBA CYIIECTBYET KpacHas rpanuna gorosddexra, T.e. CylIecTBY-
€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 M BBIUTH 3a Ipenenbl Metaiuia. 3aganue 1. OTBeTbTe Ha BOMPO-
CHI.
Kak n3myyaercs v noriaomaeTcsi CBET aTOMaMu BeliecTBa’?
Urto HazeiBaetcs ¢poTodddexTom?
Yro Takoe kpacHas rpanuiia pororddexra?
Yro Ha3bIiBaeTcs paboTol Beixoaa?
Yo takoe ¢hoToH?
Kak onpenenauts 3HEPruto U UMIyJbC PoToHA?

A el

Meroanueckue ykazaHus

[Tpu pemenuu 3a1a4 HEOOXOUMO:

1) NOMHHUTBH O B3aMMOCBSI3U MEX1Y BOJHOBBIMHU M KBAHTOBBIMHU XapaKTEPUCTUKAMH Ya-
CTHI;

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

[Ipumepsl pemenus 3aa4
3amaua 1. OmnpenenuTe KPaCHOBOJHOBYIO rpaHuIly ¢potodddexra mist HaTpus, €cliu 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,
MPOU30IAET 1 BHEITHUIN POTOdPPEKT, €CTU Ha MIACTUHY MaIaeT CBET C YaCTOTOU
v1=8*10" TI'm, v2=3*10"'® T'u. Haiitu: vkp?

Pemenne: Buemnuii ¢gotodnexkTpudeckuii d3PQPeKkT mpou3ouaeT B TOM Ciydae, eCciu
V>y,,. YpaBHEHHUE AJIsi KpacHOU rpaHuIlsl hotodrddexra

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  TMOKaXYT, 9TO GoTodPdeKT mpo-
U30MIET.

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

Jano: Pemienmue:

v=1,6%¥10"T DIJIEKTPOH MOXKET MPOJIETETh Yepe3 TOPMO3sIlee Ioje, pas-
HOCTh MOTEHIIHAIOB KoToporo U, ecnu

U=4.1B eU<=mv’/2

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

ABBIX-? A=5*%10"

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

Iaker npenogaBares
Brinonnenue u 3amura padbor.

PaboThl MpOBOAATCS € LENBIO YCBOCHHS U 3aKPEIUICHHS TPAKTUYECKUX YMEHUN U
3HAHWM, OBIAJECHUS MPOPECCUOHAIBHBIMU KOMIETEHIMsMHA. B xone paboThl CTyIEHTHI
IpUOOPETAIOT YMEHMS, MPETYCMOTPEHHBIE padoyeil MporpaMMoil, y4aTcsi UCIO0JIb30BaTh
U CaMOCTOSITENIbHO paboTaTh ¢ 00OPYIOBaHUEM , MPOBOAUTH SKCIEPUMEHTHI, aHAIU3H-
pOBaTh MOJYUYEHHBIE PE3yJbTaThl U JI€JaTh BBIBOJbI, OMUPASICh HA TEOPETUUYECKUE 3HA-
HUS, TOATBEPKAATh TEOPETUUECKUE TIOJIOKEHUS IPAKTUYECKUM OIBITOM.

Kpumepuu oyenox pabom

[Ipu onieHnBaHUU PabOTHI CTY/IEHTA YUUTHIBACTCS CIAEAYIOIIECE:
- KQ4EeCTBO BBITIOJTHEHHS paOOTHI;

- KayecTBO 0(hOpMIICHHSI OTYETA 1O PaboTe;

36



- KQ4YCCTBO YCTHBIX OTBETOB HAa KOHTPOJIbHBIC BOIIPOCHI IIPH 3aIIUTE pa60TI>I.

Kax b1t Bug paboThl OlIeHUBAETCS 10 4-X 0aIbHOM IIKaIe.

Onenka «5» (OTAMYHO) CTAaBUTCS, 3a NIYOOKOE M IMOJHOE OBJAJACHHUE COJEpPKAHUEM
yu4eOHOro maTepuana, B KOTOPOM CTYAEHT CBOOOJHO M yBEPEHHO OPHUEHTHPYETCH; 3a
YMEHHE MPAKTUUECKH MPUMEHATh TEOPETUUECKUE 3HAHUS, BBICKA3bIBaTh U 000CHOBBIBATD
cBoM cyxaeHus. Ouenka «5» (OTIIMYHO) NpeArnoaaraeT rpaMOTHOE U JIOTHYHOE U3JI0XKe-
Hue otBeTa. IIpyu 3TOM CTyAEHT BBINOJIHAET PabOTy B MOJHOM O00BbEME C COONIOACHUEM
HEOOXOMMOMN MOCIJIE0BATEILHOCTH MIPOBEACHUS OIBITOB U U3MEPEHUMN; CaMOCTOSITENb-
HO U PALMOHAIBHO MOHTUPYET HE0O0X0AMMOe 00OpylOBaHUE; BCE OIBITHI IPOBOJIUT B
YCIOBUSIX U PEXHUMaxX, 00E€CIEUNBAIOIIMNX [TOJIyY€HHUE NPABUIIBHBIX PE3YJIbTAaTOB U BHIBO-
hi(0):

OneHka «4» (XOpOIIO) CTaBHUTCS, €CJIM BBIIIOJHEHbI TPEOOBAHUS K OLIEHKE 5, CTYJIEHT
MIOJTHO OCBOMJI YUeOHBII MaTepual, BlaaeeT HayYHO-MOHATHIHBIM arnapaToM, OpUeHTH-
pyercs B HM3YYEHHOM MaTepHalie, OCO3HAHHO IPUMEHSAET TEOPETUUYECKUE 3HAHUSA Ha
IIPaKTUKE, TPAMOTHO H3JIaraeT OTBET, HO COAEPKaHHE M (OpMa OTBETA UMEIOT JIBa-TPU
HesioueTa (HETOYHOCTH ), He OoJiee 0THON HeTpyOoil OMMOKH U OJHOTO HEIOYeTa.

Onenka «3» (yIOBIETBOPUTEIBHO) CTABUTCA, €CIIA CTYAEHT OOHAPYKUBAET 3HAHHUE U
MOHMMAHUE OCHOBHBIX MOJIOKEHU y4eOHOro Matepuania, HO U3JaraetT ero HermojaHo, He-
IIOCJIEIOBATENBHO, TOIYCKAET HETOYHOCTH, B IIPUMEHEHUH TEOPETUYECKUX 3HAHUU IIPU
OTBETE HA NMPAKTUKO-OPUEHTHUPOBAHHBIE BOIIPOCHI; HE YMEET JOKa3aTeJIbHO 00OCHOBATH
COOCTBEHHBIE CYX/IECHHUS, €ClIi paboTa BBINOJIHEHA HE TOJHOCTHIO, HO 00OBEM BBINIOJIHEH-
HOW 4aCTU TAaKOB, YTO MO3BOJIAET MOJIYYUTh IPABUIIbHBIE PE3YJIbTAThl U BBIBOJBI; €CIIU B
XOJI€ POBE/ICHNUS OTbITa U U3MEPEHUH ObUIN AOIMYILEHbI OIIMOKH.

Onenka «2» (HEyAOBIETBOPUTENIBHO) CTaBUTCS, €CIU CTYIEHT MUMEET pa3pO3HEHHbIE,
OeccrCTeMHbIE 3HaHUS, IOMyCKAeT OIMOKH B ONPEAEICHUH 0a30BbIX MOHITUI, HCKAXKAET
UX CMBICII; HE MOYKET MPAKTUYECKU IPUMEHATh TEOPETUUECKUE 3HAHMS, €CIIH paboTa BbI-
MOJIHEHA HE MOJHOCTBhI0 U 00BEM BBINIOJIHEHHOW YacTH pabOThl HE MO3BOJISIET CAENATh
MIPAaBHJILHBIX BHIBOJIOB;

NudopmarnmonHoe obecrneuenre o0yueHus
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noa pexa. H.A. IlapdentseBoii. — M.: IIpocBemenue, 2022. — 432 c.: ui.

2. MskumesB ['.5. ®usuka.ll ki.: yued. nis obmeoOpa3oBaT. opranuzanuii: 6azo-
BbIl U yrinyOneHHbiil ypoBuu / I'.Sl. Mskumes, b.b. bByxosues, H.H. Cotckuii;
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