buaer Nel

1. MexanudecKkoe IBH:KEHHE — 3TO H3MECHEHHE TIOJIOXKEHUS TENA B MPOCTPAHCTBE C TEUEHUEM
BPEMEHH OTHOCHTE/IBHO JPYTHUX Tell.

N3 Bcex MHOTO00pa3zHsiXx (opM ABMIKEHHA MATEPHH 3TOT BHA JBHKCHHS SBJACTCH CaMbIM

IIPOCTBIM.

Hanpumep: nmepeMereHne cTpenku 4acoB no umbepbnaty, uayT JOAM, KOJBLILIYTCH BETKH

IepeBbeB, MopxaloT 6abo4ky, TETUT CaMONieT H T.4.

OnpeneneHne NONOXKEHHA Tena B JIOOOH MOMEHT BPEMEHH SABICTCA OCHOBHOH 3amauei

MEXaHHKH, -

JIBIOKEHHE Tena, TIPH KOTOPOM BCE TOYKU ABMIKYTCS OAHMHAKOBO, HA3LIBAETCH NOCTYHATEIbHBIM.

* MarepuansHas Touka — 3TO (H3UYECKOE TEJI0, pasMEpaAMH KOTOPOro B JIAHHBIX YCIOBMAX
ABMKEHHA MOYKHO NpeHedpedsh, CIHTAas, UYTO BCA €I0 Macca COCPEIOTOYECHHBI B OJHOH TOUKE.
TpaeKTOpHsa — 3TO JIMHKA KOTOPYIO@IUCHIBAECT MATEPUAJIbHAS TOYKA MIPH CBOEM IBIDKCHUH.
TIyTe — 3T0 AIMHA TPAaEKTOPHH JBIKEHHS MAaTEPHAIbHOH TOUKH.

o TlepeMenieHue — 3T0 HANPABISHHBIN OTPE30K NMPAMOH (BEKTOp), COCIUHAIOILMYE HauanbHOE
MIONIOAKEHHUE TEJIA € €0 NOCHEAYIOUIMM MOJIOKEHHEM.

o CHcTeMa OTCYETA — 3TO. TEJNO OTCUETa, CBA3aHHAA C HUM CHCTEMA KOODJHMHAT, & Takke
npubop Ui 0TCYETa BPEMEHH.

BasxHas 0c00EHHOCTb MEX. TBIDKEHHS — €I0 OTHOCHTENBHOCTD.

OTHOCHTEILHOCTSL ABMIKEHHS — 3TO TIEPEMEIICHHE H CKOPOCTh TENla OTHOCUTEIBHO Pa3HbIX
CHCTEM OTCYETAa DPA3NH4YHbI (Hampumep, udenaoBeKk W moe3n). CKOpocTh Tena OTHOCUTEIBHO
HEMOABIKHOM CHCTEMBI KOOpPAHMHAT PaBHA TFeOMETpHYecKOoH CyMMe CKOPOCTEH Tena
OTHOCHTEJILHO IIOJIBIDKHOH CHCTEMBI M CKOPOCTM TIOJBMXXKHOU CUCTEMbl KOOpOHHAT
OTHOCHTEIILHO HEMOABIKHON. (V| — CKOPOCTh Uel0oBEKa B MOE3AE, Vo- CKOPOCTh 1Oe37a, TO
V=V +Vy).

Bo Bpems cTapra CKOpPOCTh PakeThl OBICTPO BO3PACTAET, T. €. YCKOpeHHe a =~ O, ¢ == const.

B 3T0M cllyYae KHHEMATHYECKUE YPABHEHUS BRITTISAAT TaK: v = Vp+ af, s= Vp + at’/ 2.

[Ipy TakoM IBIKEHHH CKOPOCTh M YCKODEHHE HMEIOT OJMHAKOBBIC HANPABICHHS, [PUYEM
CKOPOCTh M3MEHSETCS OJHMHAKOBO 3a JIOOblE paBHBIC TIPOMEKYTKH BPEMEHH. 3TOT BHA
JBIKEHHWS HA3bIBAIOT PABHOYCKOPEHHBIM.

[Ipu TOpMOXEHHH aBTOMOOMIA CKOPOCTh YMEHBINAETCA OJHHAKOBO 3a /:00bIe paBHBIE
NIPOMEXYTKH BPEMEHH, YCKOPGHHMC MCHBINE HYyMA, TaK KaK CKOPOCTb YMEHBLHACTCH, TO
YPABHEHHA TPHHUMAIOT BHAY = vy + at, § = vy - af’/ 2.Takoe IBIDKEHHE HA3bIBAIOT
PaBHO3AMEICHHBIM.




——

PaBHOYCKOPEHHBLIM HA3bIBAETCH ABH:KeHHE ¢ YCKOPEHHEM, MOCTOHHHBLIM MO
MOAYJI0 ® HanpaBaennio, CKOpPOCTb INpPH pPaBHOYCKOPCHHOM JABIDKEHUU
- —> -

BBIMHCITACTCHA KAK V(t) = V0+a(t “to) .

2 2
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CKOPOCTH H ITyTH IIPU PaBHOYCKOPEHHOM IBIDKCHHH.

[Ipy paBHOMEPHOM NPAMONHHEHHOM ABHMXEHHM C IIOCTOSHHON ckopocTeio U

BEKTOP CKOPOCTH B KaKI0M TOUKE HaNpasieH BAOJIb TPACKTOPHH.

Cpennsisi CKOPOCTh M YMCICHHO§ 3HAYCHHE MIHOBEHHOW — paBHBI, IPH TaKOM

JIBIDKEHWH YCKOPEHHE a OCTAECTCS BEIWYMHOM NMOCTOAHHOM, IIPHYEM HOPManbHasA

COCTABILIOIIAK paBHa (.

Ecnu HanpaBneHUE YCKOPEHHA COBIIANAET ¢ HalpaBIICHUEM CKOPOCTH, TO

JIBIZKEHHE HAa3bIBACTCAd - DPABHOYCKOPEHHBIM, a €ciId HE CoBmagaer — ToO,

PABHO3AME/ICHHBIM.

o [Ipsmonunueiinoe IBIDKEHWE, MPU KOTOPOM CKOPOCThH Tena 3a MoObIC paBHbIE
TIPOMEKYTKHM BPEMEHH M3MEHAETCS Ha OJMHAKOBYIO BEJIIMYMHY, Ha3blBacTCH
PaBHOYCKOPEHHBIM NPAMOIHHEHHBIM IBHKCHHEM.

Taoxe crpaseyiuebl  HOPMYJIBI S = BHIBOAMMAA W3 YPABHEHHH
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2. DNEKTPHYECKAM TOKOM HA3BIBAIOT YIIOPAZIOYEHHOE (HANIPABACHHOE) [BYDKCHHUEC
3apPOKCHHBIX YaCTHII,

Dnexkmpuyeckuii. MoKk G03HUKAem NPU YNOPAOCHEHHOM RepemMenyenu c80600HbIX
AEKMPOHOE UMY uoHos. Ecau nepemewgame neiimpainnoe 6 yerom meno, mo, HeCMOmps
HaQ ynopsoouennoe O8UMNCEHUe OZPOMHO20 HYUCAA DAEKMPOHOE U QMOMHbIX A0ep,
anexmpuueckuti mok ne gosnuxnem. Ionubill 3apso, nepenocumetii yepes moboe ceuenue
nposodHuKa, 6ydem RNpU 3MOM PAGHbLIM HYAIO, MAK KAK 3apAobl PA3HLIX 3HAKOE
nepemewyaomcs ¢ 0OUHAKOBOI CpeoHell CKOPOCIbIO.

DNeKTpUYECKHH TOK HMEET OIpeliefieHHOe HaNpaBlEHHE. 34 HanpaeneHue moxa
NPUHUMAIOM HANPAGAeHUe OBUNCEHU NOTONCUMENBHO 3APANCEHHBIX Yacmuy. Ecnn Tok
06pa3oBaH ABIXKEHHEM OTPHMIATENIBHO 33PSIKCHHbIX YACTHIl, TO HAIlpaBJIEHHE TOKa
CHMTAIOT NPOTHBOMONIOKHBIM HAMPABICHHIO JABHKEHHA YaCTHII.

DNEeKTPOABHKYIIAA CHIAa B 3aMKHYTOM KOHTYPE NpPEACTAaBINET COOOH OTHOLIEHHE
paGoThl CTOPOHHHX CHJI MpH MepeMellicHHH 3apsaa BAONb KOHTYDPa K 3apsaay:
DONeKTPOABHIKYIIYIO CHITY BBIPaXaloT B BOJIBTAX.

DnexmpoOSuUNCYWAS CUNA 2ANLEAHUYECKO20 dNeMeHma €CTh paboTa CTOPOHHHX CHJI APH
NEepeMEIEHHH €IHHUYHOrO MOJIOKUTENBHOTO 3apsiia BHYTPH 3JIEMEHTa OT OIHOI0
MOJIOCA K APYTroMy.

Conpomuenenue UCMOYHUKA YACMO HA3LIBAIOM GHYMPEHHUM CONPOMUGIEHUEM 6
omauvue om eHene20 conpomuenenus R yenu. B reneparope r — 3TO CONPOTHRICHHE
0oOMOTOK, 4 B TaJIbBAHHYECKOM 3ieMEHTE — CONPOTHBIIEHHE PACTBOpA JJIEKTPOIHUTA H
amexkTpoaoB. 3axod Oma Ans 3aMKHYTOH 1eTH CBA3bIBaeT cuny toka B uenu, JJC H
noaxoe conpomugnenue R+r yenu.

Ipou3sseneHHe CHIBI TOKA M COMPOTHBICHYS Y4acTKa LENH YacTo Ha3slBalOT
nadenuem Hanpaxcerua Ha smom yuacmie. Takum obpasom, DJIC paBHa cymme najleHHH
HanpsHKEHMH HA BHYTPEHHEM M BHEIIHEM yJacTKax 3aMKHYTOH uenu. OOBIYHO 3aKOH
Owma 1719 3aMKHyTOH LIEMH 3aEChIBalOT B (popMe: rae K — CONpPOTHUBIIEHHE HArpys3KkH, € —

3C , ¥- GHYMPEHHee CONPOmuenenue. e = I

R +r
Cuna moxa e nonnoii yenu pasva omroweruro 3C yenu x ee nOAHOMY CORPOMUBAEHUIO.

Cuna Toka 3aBHCHT OT Tpex BenuuuH: DJC &, conpoTHBIEeHHH R K I BHEIIHETO H
BHYTPEHHEr0 Y4acTKOB LENH. DBHyTpeHHee CONPOTHBISHHE HCTOYHHKA TOKA HE
OKa3biBAE€T 3aMETHOTO BJHWAHHWSL Ha CHIY TOKA, €CIIH OHO Maj0 0 CPaBHEHMIO C
conpoTuBneHHeM BHemHeH gacty wend (R>>r). Ilpu 3ToM HanpsbkeHHE HA 3aXuMax
UCTOYHHKA TpubnusuTensHo pasHo DC:

U=IR~e.

[Ipn xOopoTKOM 3aMbIKaHKH, koraa R—O0, cHia Toka B LIENH ONpeAenseTcss HMEHHO
BHYTPEHHHMM CONPOTHBICHHEM HCTOYHHMKA W NPH NIEKTPOABHXKYILEH CHIE B HECKOJBKO
BOJIBT MOXKET OKA3aThCA OYEeHL OONBINOH, eciiyd r Malo (HampuMmep, Y axkKyMyJasaTopa
r=0,1—0,001 Om). [IpoBoIa MOTYT PACILIABATHCH, @ CAM HCTOYHHK BBIHTH H3 CTPOS.

Ecnu nens COnepKUT HECKOJIBKO

MOCNEI0BATEIBHO coedHeHHBIX dmemMenToB ¢ DJC g, , &, &3 1 T.4., mo noanas IHC
yenu pasna anzebpauveckoti cymme I[C omoeIbHbIX INEMEHMOE.

Eci npu ob6xofe Lemd MepexoasT OT OTPULATEIBHOIO INOMKCa HCTOYHHKA K
nojoxuTensHoMy, To IC >0.

J
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1. MarepuanbHas TouKa — 3T0 (U3MMeEcKoe TENOo, pa3MEpaMH KOTOPOro B
JTAaHHBIX YCIIOBUSX JBMKEHUS MOXHO TNpeHeOpeub, CUMTas, YTO BCH €ro Macca
COCPE0TOUCHHBI B OHOM TOYKE.

PaprAOMepHOE IBHKEHNE MO OKPYKHOCTH. JIHHeliHAA H yI/10Bas CKOPOCTb.

JIioboe [BIDKEHHE Ha [AOCTAaTOYHO MAJIOM Y4YacTKe TPACKTOPUM BO3MOXKHO
pUOIMKEHHO PAcCMATpUBaTh KaKk pPaBHOMEPHOE ABMXKEHHUE N[O OKPYXHOCTH. B
TIPOIIECCE PABHOMEPHOTO ABIDKCHHS MO OKPYXXHOCTH 3HAYCHHE CKOPOCTH OCTaeTCs

TIOCTOSTHHBIM, a HATIPABIICHHE BEKTODA CKOpOCTH
R VoA v:AL - Av v* -
usMenserca.. T ¥ V= a=-—="". Bexrop yckopeuu
v-AL Av R At R P YCKop

TP JABWKEHHHU MO OKPYKHOCTH HaIpaBlieH NMEPHEHIMKYIAPHO BEKTOPY CKOPOCTH
(HarpaBJICHHOMY 110 KacaTeldbHOM), K HEHTPY OKPYKHOCTH. [IpoMeKyTOK
BPEMEHH, 3@ KOTOpPHIA TENO COBEPIIAET IIOJHBIIA 00OpPOT MO OKPYKHOCTH,

v 27R
HA3BIBAECTCH  IIEPHOIOM. Ty Benmunna, ofparHas  TEpHOMY,
MOKA3BIBAIONIAA KONIMIECTBO OGOPOTOB B €UHMILY BPEMEHH, HA3bIBACTCSA 9aCTOTOM
y 47°R
V= R [TpumenrB 9TH (GOPMYJIBI, MOKHO BBIBECTH, 410 d = T, W
¥ 4
2
a=47"RV’. Vriosas CKOPOCTh (CKOPOCTh BpAIIEHUS) OINpeAesercs Kax
lim 2% = 49
) = —_— I e
a0 A dr - VYriosag CKOPOCTH BCEX TOYEK Tella OJMHAKOBA, H

XapaKkTepu3yeT JBIDKCHMS BpaIlAIoNIerocs Teda B TieIoM. B 3ToM ciydae
AuHEHHAA CKOPOCTH Tejia BhIpaxkaeTcs Kak V = O - R | a yexopenme — xax

2
a=w"-R
ITpuHIIATT HE3aBUCUMOCTH JBIDKCHHWI PacCMATpPUBACT BIDKEHHE JIHOOOH TOUKH
TeTa KaKk CYMMY [IBYX [BWKEHHMII — TJIOCTYNATEJbHOIO U BpaIATEILHOIO.
— - -

Vo = Vinoem + Vepay




AneKkTpuueckuid TOK B rasax

Bel 3saere, 4TO mpH OOBIYHBIX YCIIOBHSX BCE Ta3bl ABIAIOTCA
JINDJIEKTPHKAMHE, TO €CTh HE TPOBOMAT MIEKTPHUYECKOTO TOKA. OTHM
CBOMCTBOM  OOBSCHAETCA, HAlPHMEpP, LIUPOKOE HCMOIL30BAHHE
BO3AyX4a B KaueCTBe H3ONMUPYIOLEro Bewlectsa. [IpHHLIMN aeHcTBHA
BeIKJIOYATENed H pyOMABHHUKOB Kak pa3 H OCHOBAH Ha TOM, 4YTO pa3Mblkasd HX
METAJIMUECKHE KOHTAKThI, MBI CO3J@EM MEXKIAY HHMH [IPOCIIOHKY BO3IyXd, HeE
NIPOBOIALIYIO TOK.

OnHako 7pH ONPEAENEHHBIX YCIOBHAX Ta3bl MOryT CTAHOBUTBCA IIPOBOAHHKAMH.
Hanpumep, naaMsi, BHECEHHOE B IIPOCTPAHCTRO MEXKAY ABYMSI METALIMYCCKHMH AUCKaMH
(CM. pHCYHOK), IIPHBOUT K TOMY, YTO FIbBAHOMETP OTMEHaeT noapiaeHHe Toka. OTcoza
CliefyeT BBIBOJI. TIaMA, TO €CTb 2d3, HAZpembvlii 00 8biCOKOL memMnepamypbvl, AGIACMCA
HPOBOOHUKOM INEKMPUHECKO20 MOKA.

HarpeBaHHe — He €JMHCTBEHHBIH Crioco0 mpeBpalleHHd rasa B NPOBOAHHK. Bmecro
NIaMEHH MOXHO HCIIOIB30BaTh YAbTPAQHONETOBOE WIH PEHTTEHOBCKOE H3IIyueHHE, a
TaKKe TOTOK alb(pa-4acTHIl MIIM MeKTpoHOB. ONbITaMU yCTAHOBJIEHO, YTO ACHCTBHE
Ar000# U3 ITUX NPHYKHH HPUEOOUM K UOHU3aYUlU monexya 2asq. IIpH 5TOM OT HEKOTOPBIX
MOJIEKY]l OTPBIBACTCH OAUH (HIM HECKOJBKO) 3JIEKTPOHOB, B PE3yNILTATE YEro MOJIeKyna
NpeBpaliaeTcss B MOTOKUTENbHBIH HMOH. Ilon Bo3neHCTBHEM 3JIEKTPHYECKOIO IOJH,
CYLIECTBYIOIIEr0 MEXAY AMCKamH, 00pa3oBaBilIMECS HOHBI M JJICKTPOHBI HAYHHANOT
IBHIaThCH, CO3AABAS MEXIY AMCKAMHU MIEKTPHYECKHH TOK.

IIpoxoxaeHHe TOKa 4epe3 raspl HA3BIBAIOT ra3oBbLIM PpPa3psgaoM. TOIBKO 4TO MBI
PacCMOTpe/ll TIPUMEDP TAaK HAas3bIBAEMOTO Hecamocmoamenpro2o paspaca. OH Tak
HA3BIBAETCS [IOTOMY, YTO I ero NnoanepaHus Tpedyercs kakoi-nubo wowuzamop —
NaMsi, M3JydeHHE WIH TOTOK 3apsikeHHbIX 4acTuil. ONBITBI MMOKA3bIBAOT, YTO €CJIH
HOHM3aTOp YCTPAaHHTH, TO HOHBI H DJIEKTPOHBI BCKOPE BOCCOEIHHAIOTCA (TOBOPAT:
PEKOMOHHHPYIOT), BHOBb 00pa3ys 3MeKTpPOHEHTpanbHele MOJEKY/b. B pesynabrare ras
HEPECTAET MPOBOUTH TOK, TO €CTh CTAHOBHTCA JAHIIEKTPHKOM.

PaccMOTpHM TeNepb HEKOTOPbIE BUIBI CAMOCMOAMERBHO2O PA3PAOQ.




Tnewmnd paszpsg. OObMHO OH BO3HUKAET TIPH
JABNEHUSX B ra3e 3HaAYUTENbHO HHKE aTMocheprHoro: 1—-
10 Tla. Ilpomenaem ombiT. M3 CTekNgaHHOH TpyOkH 2 ¢
BIICKTPOIAMH, TIOMIJIIOYEHHBIMH K BbICOKOBOJIBTHOMY
WUCTOYHHKY TOka 1, Hacocom 3 Oyaem OTKauuBath
BO34yX. Hepe3 HeKOTOpoe BpeMs BO3AYX, OCTABLUMMCA B
TpyOKe, HAYHET UCITyCKaTh HESAPKHH KPacHO-MAJIHHOBbIH
cBeT. Mcmonp3ys BMECTO BO3AyXa APYrHe paspeXeHHBIe
rasbl, MOXKHO HAOJHOAATH CBEUEHHA H IPYTHX OTTEHKOB. Pa3peskeHHbie BOXOPO H TeiiuH,
HaTIpUMeEP, WCITyCKAIOT CHHe-3e/IeHbIH CBET, a ra3 HEOH — KPacHO-opaHkeBbid. TpyOxu ¢
3THMH ra3aMHu, U30THYTEIE B BHJIe OYKB U APYrux GUIryp, HCHOIB3YIOT AJIS H3rOTOBJICHHA
CBETSIIMXCA HAAIMHCEH Ha Mara3uHax, KHHOTeaTpax H T. 1.

Jyroso#i paizpsa MOkHO Ha0mOIATh, HANpUMEp, TaK. 3aKpeidM B IOTATHBAX [Ba
YroJIBHBIX CTEPKHA W NMoAaauM Ha Hux HanpspkeHue 30-40 B. Ha mapy cekyH[ CTEPKHH
IIPHABHHEM JI0 COMPUKOCHOBEHHS, a 3aTeM OTOABHHEM Ha paccTosnue 1-2 cm. Temnnota,
BBIJIEISEMAas TOKOM B MECTE KACaHUs CTepiHeH, HOHU3HPYET BO3AyX, [IpeBpallas ero B
npoBOAHKK. B pe3ynpTaTe OH M TOpAYHE KOHUBI JIEKTPOJOB HAYHHAIOT HCMYCKATh
OCJIETIHTENIHO ApKkHUii ¢BeT. Mcmonp3ys AnsA 3alIUTHI I1a3 TEMHOE CTEKIO, MOXKHO
YBHIETh, YTO CBETAIMICA BO3AyX HMMEET BHI IAyrH. MIMEHHO noaTOMYy 3TOT paspsan
HA3LIBACTCH AYTOBBIM DaspsiaoM HIH “ArekTpuueckod ayroi” (cm. crp. 65). Hdyroso#
paspsi HPUMEHAETCH AN JNICKTPOCBAPKH, U BBIILIABKH METAIJIOB B DJICKTPOAYTOBBIX
11e4ax, a TAKXKE B MOIIHBIX KMHOANTapaTax v BOCHHBIX IIPOYXKEKTOpax.

Ddu3nyeckHe 3aKOHOMEPHOCTH, KOTOPBIM NOAUMHAKOTCH 1'A30BbI€ pa3psAlbl, HAMHOIO
CIIOKHEE 3aKOHOMEPHOCTEH, ONMMCBIBAIOIMX OPOXOXKIACHHE TOKA YCPE3 META/UIBl WM
HIEKTPOANTEL, [103TOMY MBI OCTAHOBIIIMCE JIMILIB Ha ONMCAHHH NMPOTEKAHUA PAa3pAloB, HE
JaBast iM OOBbICHEHHHA.
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1. I 3axon HeioTona

e Bcesxoe Teno  cOXpaHsAE€T  COCTOSHHME  TMOKOS  WIM  PaBHOMEPHOIO
IPAMOIMHENHOr0 JIBIDKEHUA /0 TEX MOp TOKa BHEIIHEEC BO3JICHCTBUE HE
3aCTaBUT €TI0 H3MEHUTD 3TO COCTOSHHE.

e HMHepims — cTpeMJICHHE Tejla COXPaHATh COCTOSHUE IIOKOS WIH pAaBHOMEPHOrO
MIPAMOJIUHEHHOTO ABWKCHUS.

e HMuepumalbuble CHCTEMBI OTCYETa — CHCTEMBI 110 OTHOIICHHUIO K KOTOPHIM
BeInoHsAeTcA | 3akoH HeloToHa.

I 3axon HeroTOHA yTREPAKIAET CYIICCTBOBAHHE H C.0.

I M.T. cOXpaHfeT COCTOSHME IIOKOS WIH PAaBHOMEPHOIO MPIMOJUHEHHOro
[BIDKEHUS O TE€X NOp, TIOKa BHEIIHEE BO3ACIHCTBHE HE BHIBEIET €r0 W3 ITOTO
COCTOSHUSL.

HHepumanbHOH cucTeMoi oTcdeTa MOYKHO CHMTATh reMeOIEHTPHUYECKYIO C.0.

Besikoe u3MeHeHUe COCTOSHHSA, TIO00E€ YCKOPEHHE, €CTh PEe3yJIbTaT JCHCTBUS Ha

IBIDKYILEECS TENIO CO CTOPOHBI APYIUX TEIL

e Cuwia — 3T0 BekTOpHas ¢du3uUeckas BeIWYHMHA, SBJSAIOMANACE MEpoH
MEXAHUUYECKOTO BO3/ACHCTBHUS Ha TEJIO CO CTOPOHBI APYTHUX TEJl WU IOJIeH, B
pe3yJapTaTe KOTOPOro TeNo IIPHOOpeTaeT YCKOPEHHE HIM H3MEHAET CBOLO
¢GhopMy U pazMephl.

e Macca Tena -~ QusMuyecKkas BEAMYMHA, SBJIAIOLIASACS OJHOI M3 OCHOBHBIX
XapaKTEpUCTHK MaTepH, ONPEICISIONas €€ HHEPLIMAIBHBIE U IPaBUTAIMOHHLIC
CBOJICTBA.

4 BUAa BO3ACHCTBUAL

. I'paBuraninonsoe (00ycn0OBIC€HHOE BCEMHPHBIM TITOTEHHEM )

. DNeXTpoOMarHuTHOE (OCYLIECTBIACTCH 4YEpPEe3 MArHUTHOE MM DJIEKTPUYECKOE

110J1€)

CunpHOe Wi sAepHOE (00eCIIeYHBAIOIIEEe CBA3b YACTH B aTOMHOM SIAPE)

4. Cnaboe B3ammofelicTBHe (OTBETCTBEHHBIE 3a MHOTHE IIPOLIECCHl paciiaja
3JICMEHT. YaCTHIT).

o OQumspyecxoe Mone — ocobas ¢opMa Marepuu, CBI3bIBAIOIIAY aCTHIBI
BEIIECTBA B €IMHBIC CHUCTEMBl M NEPCAAIOUIMECH € KOHEMHOM CKOPOCTBEO
)lei’lgmm O/IHUAX YaCTHII HA JIpyTHe.

Cuina F monHOCTRIO 3a7aHa, €CIM  yKa3aHsl €¢ MOAY/Ib, HAIPaBJICHUE B

NPOCTPAHCTBE U TOUKH NpuioxeHus. [IpsMas BAOMs KOTOPOH HamparlcHa CUIa,

Ha3bIBaeTCA JIMHUEH JEHCTBUS CHIIbI.

e Jlone, peiicTByromee Ha MT ¢ cmoﬁ_ﬁ HA3bIBACTCH CTALMIOHAPHBIM TIOJIEM,
€CJIM OHO HE U3MEHACTCS C TEUCHUEM BPEMEHH.

Jin4 craupoHapHOro mosis Heo0X0AUMO, YTOOBI CO3JAKOILKE €r0 TEJIAa IOKOWIHCD

OTHOCUTENTEHO HHEPIMAIBHON CUCTEMBI OTCUETA, HCIIOJIh30BAHHOM B TAHHOM

3afgauc.

B —
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2, DJeKTpHYECKHH TOK B PACTBOPAX H PACIFIABOB MIEKTPOIHMTOB. 3aKOH
anexkrpoania. [IpuMenenne »1eKTpoau3a B TEXHHKE.
Bemiecrsa, KOTOpBIE MPOBOJAT JEKTPUICCKUI TOK HA3bIBAIOTCS JICKTPOIHTAMHU.
M3MeHeHMe XMMHMYECKOTO COCTaBa pacTBOpA HIIM pPAaciiiaBa MpH TNPOXOXKIACHUH
4epes Hero NeKTprHeckoro Toka. OOyCIOBICHHOE MOTEPEH WIH ITPUCOSHMHEHUY
ANEKTPOHOB MOHAMU, HA3BIBAIOT HIICKTPOJIA3ZOM.
Maitiur Papageil yctaHOBII, YTO NpH MPOXOKAEHUH 3J1. Toka depe3 dJIEKTPOIIHT
Macca BEOIECTBA M, BBIJICJMBIIEIOCS HA JJEKTPOAE, IIPONOPLUOHAILHA 3apsay (.
TIPOTIE/IIETO Yepe3 IEKTPOJIMT:
m=k*q unu m=k*1*t.
3aBHcUMOCTb, Moay4yeHHyr0 PapajaeeM, Ha3bBAIOT 3aKOHOM  2JIEKTPOJIM3A.
KoapduuueHt nponopuuoHaAIbHOCTA K HA3bIBAETCA  NIEKTPOXHMHYECKHUM
OKBUBAJICHTOM.
k=1/e*N, * M/n ==> m=1/e*N, * M/n *I *t.
Kos¢pumenr k uymcneHHo paBeH Macce BBIACNHMBIIETOCS Ha JJIEKTpoAax
BellleCTBa NPH NEPEeHOCEe HoHaMH 3apsaa B 1 Ko
k=m/q; [k]=xr/Kn.
IIpousBenenue 3apsana 3J€KTPOHA HA YHCIO ABOTaApO HA3BIBAETCA UHCIOM
@apanes: 96500 Kia/Mons.
Yucno @apajnes 3T0 JJICKTPUUECKHUH 3apsj, NEPEHOCHUMBIH BELIECTBOM B
KOIA4YeCTBe 1 MOJb IpU 3JIEKTPOITHU3E.
B onekTpmyeckoM TMojie  HMOHBL  JJIEKTPOJIMTA IIPUXOMST B JIBIDKCHHUC!
[OJIOXKUTEIIBHBIE HOHBL JABMWXKYTCA K Karoxy, a OTpHIATElbHble K aHomy. Tak
BO3HHMKAET JICKTPUUYSCKHMH TOK B IeKTposMTe. [IpH BCTpedH MOJIOKHUTEIBHOTO H
OTPHLIATEALHOTO HOHOB, IPOUCXOUT UX COEAMHEHHE — PEKOMOUHALIMSL.
C [IOMOIIBKO JJICKTPONM3a W3 coNedf U OKCHIOB MONYYarOT MHOTHE METaJLThI,
DICKTPOIUTUMECKUE crIoco0 AaeT BO3MOKHOCTH TIOJIVHaTh BEIIECTBA ¢ MAJIbIM
KOJIMIeCTBOM npuMecel. [lyrem 3jiexrpolid3a MOXHO HAHOCUTH TOHKHE CIOU
META/UIOB, JTH CJIOH MOTYT CHYKWUTh 3alIMTONH M3AeAHS OT OKHCJIeHHA. Takoit
croco0 Ha3BIBACTCS — FaJIbBAHOCTETUCH.
ITpn anuTENbHOM OPONYCKAHUM TOKA, IIONYYAeTCs TOJCTBIA CJI0H MeTauia,
KOTOpBI MO)KeT OBITH OTACNEH ¢ COXPAaHEHHEM (QOpPMbI — TFaJlbBAHOTLIACTHKA.
SIBieHME BHEKTpONM3a JEKMT B OCHOBE TNPUHIMNA JIEHCTBHS KHCIOTHBIX H
LIETOYHBIX AKKYMYJSITOPOB, TFJC HCMIONb3YIOT o0paTUMOCTh  Mpolecca
YICKTPONIH3a.




buaer Ne 4
1. Bropoii 3akon HblOTORa yCTAHABINBACT CBA3L MENKAY KHHEMATHYCCKO#H

XAPAKTEPHCTHKOH  JABHJKEHHS —  YCKOpeHHeM, H AHHAMHYECKHMH
- —
XapAKTEPHCTHKAME B3aHMOCHCTBHA — CHIAME. F = m a , WK B

golee TOYHOM BHIE, fd_P;, _ F , T.e. CKOpPOCThL H3MCHEHHsi MMIY./bCa
1

MATEpPHAJLHOH TOYKH PpaBHA AelicTBylomeii Ha Hero CHje. Ilpu

OJTHOBPEMEHHOM IEHCTBMH HA OJIHO TERO HECKOJLKHX CHJ TENO IBIDKETCS C

YCKOPEHUEM, SIBIISIOIUMCS BEKTOPHOU CYMMOH YCKOPEHHH, KOTOPbIC BO3HMKIIH

6Bl TIpH BO3/IEHCTBHM K&K/I0# U3 ITHX CHJI B OTACILHOCTH.

ITpu ;r060M B3aUMOICHCTBUH ABYX T OTHOIICHHE moayReii IprHoOpETEHHBIX

YCKOPEHHIi NOCTOSIHHO W PABHO 06paTHOMY OTHOLIEHMIO Macc. T.K. ipu

B3aHMOIENHCTBHH Tl BEKTOPBI YCKOPEHHH HMEIOT MPOTHBOIIOIOKHOS
-

HAIpPABJIEHUE, MOYKHO 3aIMCaTh, YTO m , a1 = —m , @ 2. [To BTOpOMY 3aKOHY
—

HbloTOHA CYIa, IEHCTBYIOLIAaA Ha [IEPBOE TEJIO PaBHa M d 1, a HA BTOPOL

—> - -
m, a:. Takum obpasom, F 1 = — F 2.




bBuayer Ne 4

2. IlonynpoBOAHHKH ~— 3TO BENIECTBA, YAEABHOE COMPOTHBICHHE KOTOPBIX

yOBIBAET ¢ TOBBIIEHHEM TEMIICPATYPhl, HATMYHA IPUMEceH, H3MEHEHHS OCBEIIEH-
HOCTU. THIIMYHBIMM TIOJYNPOBOJAHMKAMM SIBJISIFOTCS KPHCT&UIBI IepMaHid H
KPEMHHS, B KOTOPBIX arOMbl 0ObeIMHEHb KOBAJIEHTHOH cBf3b10. lIpHpoaa sroi
CBA3H HO3BONSET OOBIACHHTH YKA3aHHBIC BBIIIEC XapaKTepHbie CBOHCTBa. lIpu
HArPEBaHUH [ONYTIPOBOJIHMKOB WX aroMbl HOHM3HPYHOTCs. (OcCBOOOIUBIIMECH
JIEKTPOHBI He MOTryT ObITH 3aXBa4y€ibl COCEAHWMH aTOMaMH, TaK KaK BCE HX
BAJICHTHBIC CBA3H HACHIIEHBI. CBOOOAHBIC IEKTPOHBI MOJ ACHCTBUEM BHELIHETO
DNEKTPHUYCCKOTO I10JI1 MOTYT IIEPEMEIIAThCAd B KPUCTALIE, CO33asas TOK
IPOBOAUMOCTH. Y JalCHHE DJICKTPOHA ¢ BHEUIHEH 000I0UYKHM OQHOTO U3 aTOMOB B
KPUCTA/UTMYECKON PEINETKE TPHBOAUT K OOpa3OBaHUIO I10JI0KUTEILHOTO HOHA.
DTOT HOH MOXKET HEeMTpaTu30BaThCH, 3aXBAaTHB MIEKTPoH. [lanee, B pe3yibrare
nepe-
X0J0B OT aTOMOB K ITOJIOXHTEIFHBIM MOHAM OPOUCXOAUT POLIECC XA0THYECKOTo
TIEPEMEIEHHA B KPHUCTALIE MECTA ¢ HEAOCTAIOMINM 3JIEKTPOHOM. BHemue dror
MpPOIECC XAOTHHECKOro IEpPEeMCIICHUA BOCIPHHHMAETCS KaK IEepPEMEIECHIC
HOJIOKHTEILHOIO 3apajia, Ha3bIBAEMOTO «IBIpKOi». [1py MoMemeHnn KpUcTalia B
ANEKTPHYECKOE TIOJI¢ BO3HHUKAET YIOPSIAOYEHHOE [IBIDKCHWE «IBIPOK» — TOK
JBIPOYHOM IIPOBOJUMOCTH.

B naeaibHOM KpuCTaiie TOK CO3/1AeTCAd PpaBHBIM KOJIHYECTBOM JJIEKTPOHOB
1 «JIbIpoK». Takoil THIT MPOBOIMMOCTH HA3bIBAKT coOCMEenHOol TPOBOAMMOCTRIO
HONYIIPOBOAHHUKOB. [IpH TOBBIMICHHH TEMIEPATYpsl (HWIM OCBEIICHHOCTH)
coOCTBEHHAS MPOBOAUMOCTD IIPOBOJHHMKOB YBEIMYHBACTCH.

Ha mpoBoauMOCTe TONYIPOBOAHUKOB OOJIBIIOE BJIMSHHE OKa3bIBAIOT

npumecH. [IpuMecy OBIBAIOT J0-HOPHBIE ¥ aKIENTOPHBIE. JIOHOpHAS NPHMECH —
3TO MpUMECH ¢ OOMbIIeH BaneHTHOCTHIO. 1IpH J00ABICHHM TIOHOPHOH NPUMECH B
HOJYIPOBOJHMKE O00pa3yIOTCS JIMIIIHME DJJIeKTpPOHBL. lIpoBoguMocTs cTaHeT
SNEeKMPOHHOH, A TIOJAYINPOBOZHUK HA3bIBAKOT TMOJYNMPOBOJAHHUKOM N-THIIA.
Harpumep, 118 KpeMHUS € BATEHTHOCTBIO # = 4 NOHOPHOH NPHUMECHIO SIBJISETCH
MBIIIBAK ¢ BAICHTHOCTHIO # = 5. Kakaplil aroM OpUMeECH MbIIIBAKA HOPUBEHAET K
00pa30BaHUIO OJTHOTO 3JIEKTPOHA MPOBOAMMOCTH.
AKuUenTopHas NPHEMECh — 3TO TMPUMECh ¢ MEHbIIEH BaNCHTHOCTBIO. [lpu
J0GaBJICHUK TAKOH MPUMECH B MONXYNPOBOAHUKE 00pasyeTcs NTHINHEE KOMHIECTBO
«asipoky. [lpoBogMMOCTL OyAeT «ABIPOYHOMY, a ITOJYIPOBOJHUK HAa3bBAIOT
HIOJIYIIPOBOJIHHKOM p-tunia. Hanpumep, i KpeMHUS akLENITOPHOM
NPHUMECHI0 SBJIAETCH MHIMIT ¢ BajXeHTHOCTBIO N = 3. Kakabiii aroM HHIHS
MIPUBENIECT K 00pA30BAHUIO JIMITHCH « ABIPKH».

Ipuromn neficTersS GOMBIIMHCTBA NONYIPOBOHHUKOBBIX IPHOOPOB OCHOBAH
Ha CBOMCTBAX p-n nepexoqa. [Ipu NpHBEACHUH B KOHTAKT ABYX ITOJIYIIPOBOIHHKO-
BHIX [PUOOPOB p-TMMA M N-THIA B MECTE€ KOHTAaKkTa HauuHaercs auddysus
ANICKTPOHOB U3 n-00J1acTH B p-001acTh, @ «IBIPOK» — HAO0OPOT, M3 p- B Ni-
o6nacte. DTOT mponece Oyaer He OECKOHEYHBIH BO BpeMEHH, Tak Kak oOpasyercs
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sanuparowuii  crot, KOTOpHIH OyaeT NpemnsTcTBOBaTh JAanbpHelimeidl auddysumn
HNEKTPOHOB U «IBIPOKY.

- 5= 4+ D-N KOHTAKT IOJYIIPOBOJIHMKOB, ITOJ00OHO BaKyyMHOMY
0= "= [ ° Avony, 061a03CT OXHOCTOPOHHEH IPOBOJMMOCTBIO! CCIHM K
n p p-00J1acTH MOJKIIOYHTE «+» UCTOYHHKA TOKA, & K n~-001acTu
Puc. 23 «~» UCTOYHHKA TOK&, TO 3aMUPAIOMIUN CNOil paspyHIUTCs U

p-n KOHTAKT Oyaer TIPOBOJUTH TOK, HICKTPOHbI #3 001acTi
n- noimytr B p-o0iacrTb, a «IAbIpKU» K3 p-o0jgacTH B n-obmacte (puc. 23). B
MEPBOM ClIy4ae TOK HE paBeH HYIIO0, BO BTOPOM TOK paBeH Hy/mo. T. €., €CiM K p-
0051aCTH MOAKIIIOUUTD «-» MCTOYHUKA, & K n-001acTh — «+» UCTOYHMKA TOKA, TO
JAMUPAIOIIUE CJIOH PACIIMPUTCS M TOKA He OyIeT.
[1oynpOBOAHUKOBBI MO COCTOMT M3 KOHTaKTa JIBYX -+ -
MONYNPOBOJHUKOB  p- M n-THna.  JIOCTOMHCTBOM D'_'D"—o
TIONIYTIPOBOAHMKOBOIO JTMOJIa SIBJIAIOTCS Majble pa3sMepbl H
Macca, JJUTENbHbIA CPpOX CIyKOBI, BRICOKA MEXaHWUYECKasl TIPOYHOCTD, BBICOKHIA
KO3(dHIMEHT TONE3HOr0 HEMCTBUA, a4 HEJOCTATKOM —— 3aBHUCHUMOCTh HX
CONPOTHRIICHHS OT TEMIIEPATYPHI.

B paaMosnexTpoHUKE TPUMEHSETCS TAKKE €HIe OAWH HOTYMPOBOIHUKOBBIIM
npuOop: TpaH3UCTOP, KOTOpbili Obl1 M300peTeH B 1948 r. B ocHoBe TpHOaa KT
He OJuH, a ABa p-n nepexoaa. OCHOBHOE TPHYIMEHEHHME TPaH3MCTOpa — 3TO
HCHONB30BAHME €r0 B KaueCTBE YCWIHMTENsd CIalblX CHTHAIOB 10 TOKY H
HAPOKEHWIO, & [MOJYINpPOBOJHUKOBBIM  JMOJ INPUMEHSCTCS B  KA4eCTBE
BoIIpAMUTENA TOKA. [Tocae OTKpBITHS TPAH3MCTOpA HACTYIIN Ka4eCTBEHHO HOBBIH
3TaN Pa3BUTHUSA HNEKTPOHUKH — MHUKPOJIEKTPOHHUKY, OAHABIINH Ha KaYECTBEHHO
HHYIO CTYTIEHh Pa3BUTHE DJIEKTPOHHON TEXHWKH, CHCTEM CBS3M, ABTOMATHKH.
MUKpPOIIEKTPOHUKA 3aHMMAETCs pa3pabOTKOW HMHTErpabHBIX MHMKPOCXEM H
TIPUHIUIIOB WX TIPUMEHECHMSI.
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buner Ne§
1. Tperuii 3axkon Hsbioroma. B wnHEpUMaIRHOM CHCTEME OTCYETA CHIIbL
B3auMOJCHCTBHS JIBYX TE€J paBHbl JI0O MOAYAK0 H  HANpaBICHBl B
NPOTHBONONOXHBIE CTOPOHB. Tperuil 3akoH oTpakaeT (aKr paBHOOPABMA
B3aMMOICUCTBYIOLIMX TEJL.
CBOHCTBO Tena COXPaHATh CBOK CKOPOCTb HPHU OTCYTCTBHM B3aMMOJCHCTBHIA €
APYTHMH  TelaMd  Has3blBaeTCs  uwepmuocmbvro.  PU3MYECKas  BEIMYMHA,
ABJIAIOIIASACT MEPOI MHEPTHOCTH TEJIA B MOCTYIIATENBHOM JBHXCHHY, HA3HIBACTCSA
unepmuoti maccoii. B Mexanuxe HproTOHa cHMTaeTCs, 9TO: @) Macca Tejla paBHa
CYMME Mace BCEX HACTHIl (WX MAaTepHANTBHBIX TOYEK), M3 KOTOPHIX OHO COCTOMT;
0) Ui JaHHOM COBOKYITHOCTH TEJ BHiIONHAETCHA 3aKOH COXPAHCHHA MAacChl: MPH
mo0bIX MIpoleccax, IPOMCXOIAIINX B CHCTEME TEJI, €€ Macca OCraerTcs
HEH3MEHHOM.
Cunoti Ha3piBAeTCs BEKTOpHAA (DU3MUECKAs BEKTOPHAS BEIHYMHA, SBIIAIONIASCA
MEPOH MEXaHMYECKOr0 BO3ACHCTBHUS Ha TEJIO CO CTOPOHBI APYTUX TEJl WM IOJICH.
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Bujger Ne §

2. 3aK0HbI B3AAMOEHCTBHA ATOMOB H MOJIEKYJI YAACTCH NOHATH ¥ OOBICHUTD HA
OCHOBE 3HaHHH O CTPOCHHH aTOM4, HCTIONB3YS MIAHETAPHYIO MOIENE €ro cTpoeHus. B
LICHTpe aTOMa HAXOAUTCS MOJOKHUTEIHHO 3apXEHHOE SAPO, BOKPYT KOTOPOro
BpaILAIOTCA M0 ONPEICHCHHBIM OpOHTaM OTPHLATENBHO 38PA’KEHHBIE YaCTHLbI.
BzanMoaelcTBUE MeXAY 3apsXKEHHBIMH 4acTHLIAMH Ha3hIBACTCH 31€KTPOMATHHTHLIM.
HMHTEHCHBHOCTD 3IEKTPOMArHHTHOTO B3aUMOACHCTBHA ONpeAenaeTcs QU3UUECKOH
BEIMUHHON — JIEKTPAYEeCKAM 3aPAOM, KOTOPhH 00o3HavaeTcs g. EquHuna
H3MEPEHHS 3JIeXTpHMeckoro 3apsaaa — kyJioH (Kin). 1 xynoH — 31o taxoii
ANEKTPUMECKUH 3apsl, KOTOPEIH, poXoas Yepes NolepevHoe CEHCHHUE NPOBOAHHKA 3a |
¢, co3naeT B HeM TOK ciitof | A, CriocoOHOCTE 2JIEKTPHYECKHX 3apsaloB KaK K
B3aVMHOMY NPHTOKEHHIO, TAK M K B3aUMHOMY OTTa/IKHBAHUIO OOBACHACTCH
CYLIECTBOBAHHEM JIBYX BHIOB 3apsanoB. OOUH BUI 3apafia HA3BAIH HOAONCUMENLHBIM,
HOCHTEJIEM DJIEMEHTAPHOTIO MTOIOKHTENBHOIO 3apsia sBisieTca NpoToH. Jpyroi BHA
3apsaa HA3BATH OMPUYAMENbHLIM, €70 HOCUTENEM AB/IAETCS JJIEKTPOH. DJIEeMEHTapHBIH
3apsi pasen e=1,6¢10" K.

MarnatHOe moJie nmpeactaBiaser cobol ocobyw ¢dopmy mMaTepHH, NOCpeICTBOM
KOTOPOH OCYIIeCTBJAAETCA B3aAMOJACHCTBHE MEXKAY ABHKYIUMMHCH YIEKTPHYECKH
3aPAKEHHABIMHA YACTHNAMH,

CpoiicTBa MAarHUTHOTO HOJIA:

1. Macnumnoe none NOPONCOAEMCA INEKMPUYECKUM MOKOM  (OBUNCYUJUMUCA
3apacami).

2. Maznumnoe none obnapyscusaemcsa RNO OClCHMEUI0 HA SAEKMPUYECKUN MOK
(Osudicyuguecs 3apsaooi).

ITo0obHo 37ekmMpuyeckoMy HOMIO, MACHUMHOE NOJE CYWecmeyem peaibHo,
HE3ABUCUMO OM HAC, OM HAWUX 3HAHUT O HEM.

Cana AvMuoepa paBHA IPOH3BEeIEHHIO BEKTOPA MATHHTHOH MHAYKIHH HA CHIY
TOKA, NIAAY Y4aCTKF® NpoBOIHAKA H HA CHHYC YIJ1a MeXK/y MAarHUTHOH HHAYKHHEeH
H YHACTKOM HPOBOJHHKA.

rae I — nnmMHa npoBoAHHKA, B — BEKTOp MArHUTHOH HHOYKIIHH.
Cuny AMnepa npyuMeHsIoT B 'pPOMKOTOBApUTENAX, JHHAMHUKAX.

Cuny, Oelicmeyowylo HA OBUNCYWVIOCA 3APANCEHHYIO Hacmuyy ¢0 CHIOPOHbI
MAZHUMHO20 NOASA, HA3biéaro cunoli Jlopenya.
Cuna Jlopenya. Moayns Fy cunel Haxogures no gopmyie

F, = Bgv-sina

rae B — Momyne HHAYKIMW MAarHMTHOTO MO, B KOTOPOM IBHXKETCH 3apild, q H V —
abCO/IOTHAS BETHYHHA 3apAfa U ero CKOpOCTh, Ol - YT MEXIy BeKTopamu v H B. OT1a
cHIa TIepNCHAMKYIApHA K BekTopaM v U B, e€ nanpaBieHUe HaXOAWTCsS MO [IPaBHIY
JE€BOH PYKH: €CJIH PYKY PACTIONOKHTB TaK, 4TOOB! YEThIPE BBITAHYTHIX Nadblid COBIAIalH
C HANpaBlI€HHEM JBIKEHHS [1OJIOXKHUTEABHOTO 3apsjia, JHHHH HHAYKLWUH MAarHHTHOrO
MoAs BXOAMIH B JaNoHb, TO OTCTAaBleHHbH Ha 90° Gonbimoi nanel moKasblBaeT
HampapjicHHE CUILl. B chiyyae OTpHLATENBHOH YacTHLBl HANpPaBIICHHE  CHIIBI
NpOTUBONONIOXKHOE. Tax kak cuna Jlopenya nepneHOUKVIApHA CKOPOCMU Hacmuysl, mo.
OHA He cosepuiaem pabomy.
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buier Ne6

1. 3akon BcemmpHOro Tarorenns: Bce Terma npUTATHBaOTCA APYr K IPYry © CHIIOH,
TIpAMO TIPONOPHHOHANBHON TIPOH3BEICHHIO MX Mace ¥ oOpatHo mpon. Ksaaparty
PACCTOSIHUS MEXIY HUMH. 3Ty CHILY

HA3BIBAIOT CUJIOH TATOTEHHA.

F=G*m1*m2/r"2, rone G- ko3(pdHUUMEHT NPONOPLUMOHAILHOCTH- [PABHTAIHOHHAA

noctogHHas. [G]=6.67 * 10"-11  H*mM"2/xr"2.

I'panHLbl NPHMEHHUMOCTH:

1. TONBKO ;I M.T.

2. Ten, uMeroiiux dopMy 1mapa

3. mapa GONBIIOT0 PaaHyCa, B3aHMOAEHCTBYIOLIETO C TEIaMH, pasMepbl KOTOPHIX MHOIO
MCHBIUE pa3MepoB 1apa.

3aKkOH HEMPHMEHUM, HATIPUMED, 1S B3aHMOACHCTBHA OECKOHEYHOrO CTEPIKH: U 111apa.

Cuna TsKeCTH — 3TO cumja ¢ kotopod 3emns mnputaruBaer k cebe Teno.

TTporopLHoHaIbHA Macce Teia M Coo011aeT eMy YCKOpeHHe cBOO0IHOI0 MaIeHHS.

g=G*M/r"2, Te g He 3aBHCHT OT MacChl, HO 33BHCHT OT BBICOTH T€jia Hal 3emieH, OT

WHPOTHI MecTa (3emilsl He HHEPIHAJIbHAs CHCTEMA OTCHETa, OT NOPO/ALI 3€MHOM KOPBL, OT

GopMbI 3emiIu.

Cuna TAroTeHUA H CHJIa TSIKECTH HOCST FPasUTALIHOHHEIN XapakTep.

Ceo0oanHoe mafeHMe Tena ABIAETCA YACTHBIM CJIy4aeM DaBHOYCKOPEHHOI'O JBHIKEHHS,

TIPH YCIIOBHH, UTO YCKOpEHUE @<= rie 2 —YCKOPEHH CBOOOIHOTO NaiCHHs.

o CBOGOTHBIM MAfEHHM HA3BIBAETCS TAKOE JBHIKEHHE Tella, IPH KOTOPOM M.T. (Telo)
ABMOKETCS O] AEHCTBYIOIUCH TONBKO CHIIBL TSDKECTH, MPH 3TOM COIPOTHBIICHHE
BO3/yXa HE YUYUTBHIBAETCH,

¢vv

- e

Ilpy IBMXKEHHHM TeNa BBEPX MPHMEHHMbl BCe (OPMYNBl AN PaBHO3aMEIUICHHOTO
NBHXKEHHS, BCETAa €CTh HAYAIbHAs CKOPOCTH, 4 KOHEYHAasl IIPpY TaKOM JIBHXKCHHH
obpainaercs B O.

T A Y

P T e - -
Bec terxa — ato chna. C KOTOPOH TE€JI0 OCHCTBYET Ha ONOPY HIIKH MOJABEC, BCICACTBHE

TIPHTSDKEHUS €70 K 3eMile.

Ha nokosimeecs Tejio IeHCTBYET CHIA TSHKECTH U CHIIA PeakKildu Ofopsl, 31Ta cCuia
YOPYrocTH U €CTh Bec Tena (110 Tpetbemy 3-# Hprotona).

Korza Tes10 coBepiiaet cBoOO(HOE NajeHue (a=g), TO B3aUMOJCHCTBHE MEX Y TEJIOM H
OTNOpO#i OTCYTCTBYET  Bec Tena pasel (0. DTo ciy4ail OAHOH HEBECOMOCTH.

MosxkeT HaONI0AaThCS B CISAYIOMIMX CIyvasx:

I. mpy ABMXXEHHH KOTOa COBIIANAKOT HAlPaBIECHHS HAYAIbHOM CKOPOCTY H YCKOpEHHs
2. TIpH ABWKEHHH, KOTJA HadallbHas CKOPOCTh H YCKOPEHHE TIPOTHBOIIONOKHEI

3. IBHXKEHHE CYTHUKA 110 OpOHTe

4. Koraa Teno HaxXOOUTCA MeXAy 3emnel u JlyHoi

5. JMKEeHEeBeCOMOCTh HabmI01aeTcs B BOJE.
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3axon yiexTpomaruurHoli uHayxunu @apajest, npasuio Jlenna, siB/IeHHe
CAMOMHAYKI{HH, HHAYKTHBHOCTD, JHEPIrUd MAFrHHTHOTO NOJIS.

2. SIBieHME DJIEKTPOMATHUTHOM WHAYKUMM 3aKIIOYaeTcsi B BO3ZHUKHOBCHHUHM
IEKTPUYECKOr0 TOKA B 3aMKHYTOM DJIEKTPONPOBOJAIIEM KOHTYpPE TIpH
M3MEHEHHH MarHUTHOTO II0TOKa 4Yepe3 IUvlolanp 3Toro kontypa. Ilo mpasmny
JleH1ia, BOSHHKAIONIMIT B 3aMKHYTOM KOHTYpPE MHIYKLMOHHBINH TOK HallpaBJieH Tak,
YTQ CO3[4aBaeMbiif UM MArHATHLIA [OTOK Yepe3 MIolajgb, OrPaHMYCHHYIO
KOHTYPOM, CTPEMHUTHCS IMPENATCTBOBATL TOMY W3MEHEHHIO IIOTOKA, KOTOPOC
BBIZBIBACT JAHHBIN ToK. SIBIcHHEe DU HAXOOWMT IIMPOKOE NPUMEHEHHE B TEXHHKE.
OHO wWcrmoib3yeTcsd B MHAYKUMOHHBIX TEHEpaTopax TOK4, HHIYKIIMOHHBIX
TUIABHJIbHBIX M€4aX, TpaHC(POopMaTopax, B CYCTYHKAX YIEKTPOIHEPTHH K 1P

3axon anexmpomaznumnoii  unoykyuu. Ilpasuno Jlenya Mbl 3HaeM, dro
JIEKTPHIECKHI TOK cO34aéT MArHWTHOE I110jl€. ECTECTBEHHO BO3HMKACT BOIIPOC!
«BO3MOXKHO JIM TIOABJICHHE >IEKTPUYECKOr0 TOKAa € IIOMOIMBK) MarHMTHOIO
nona?». Oty  npobmemy  pewmmn  Dapaneil,  OTKPHIBIIMH  ABJICHUE
ANEKTPOMArHUTHON MHIOYKIIMH, KOTOPOE 3aKIIOYaeTCsS B CIEAYIOIIEM: TIDH BCAKOM
H3MEHECHHM MarauTHOro NOTOKA, NMPOHMU3BIBAIOIGETO ILIOIIA/b, OXBATHIBACMYIO
TPOBOJAIMM KOHTYPOM, B HEM BO3HHKAET DIEKTPOJABIIKYIIAS CHIA, Ha3bIBacMas
3.0.C. MHAYKIMHM. ECIM KOHTYp 3aMKHyT, TO IO [eHMCTBHEM 3TOH J.1.C.
NOABISETCA  DJIEKTPUYECKWit TOK, Ha3BaHHbBIM HMHIYKUMOHHBM. ®apanei
YCTaHOBHJI, YTO 3./.C. HHAYKIUH HE 3aBUCUT OT Crioco0a U3MEHEHMS MArHMTHOIO
[IOTOK@ U ONPECTAETCS TOIbKO OBICTPOTOH €0 H3MEHEHHUS, T.€.

S A® d(BScosa)

‘ At —dt
MarHUTHOM WHAYKIMH B, NOpU NOBOPOTE IUIOCKOCTH KOHTYpPa, OTHOCHTCIILHO
MArHMTHOTO I10Ji1. 3HAaK MHHYC B dopmyne oOvacasercs 1o Ilpasuay Jlenna:
HuayKTHBHBLIH TOK HANPaB/AeH TaK, YT0 CBOHM MAarHHTHBIM MHOJIEM
NpensgTCTBYeT H3IMEHEHHI0 BHEWHEr0 MarHHTHOr0 MOTOKA, MOPOKIANOINEro
HHAYKUHOHHBIH TOK. COOTHOIIEHHWE HA3bIBAETCH 3AKOHOM 3JIEKTPOMArHUTHOM
paaykmpw:  OJIC MHAYKIMM B IPOBOJHMKE paBHAa OBICTPOTE HM3MCHEHHA
MAar{UTROTO MTOTOKA, MPOHU3BIBAIOIETO [IOHMIA/(b, OXBATBIBAEMYH) TIPOBOIHHUKOM.
Henenue camoundyxyuu. SIsneHyie BOSHUKHOBEHHS 3.1.C. B TOM XK€ IIPOBO/THHKE,
TI0 KOTOPOMY TEHYET ITEPEMEHHBIN TOK, Ha3biBAETCd CAMOHMHIYKIBICH, & caMy 3.JL.C.
HA3BIBAKOT 3.1.C. CAMOHHAYKIMH. OTO sBICHHUE OOBICHAETCA CHEAYIOMIKM.
IlepeMeHHBIH TOK, MPOXOAAIINE MO HPOBOAHHKY, NOPOKAAET BOKPYI cebs
nepeMeHHOe MATHHTHOE N0JIe, KOTOPOE, B CBOIG 04epelb, CO3NAET MArHHTHDII
NOTOK, HM3IMEHAMHUIACH CcO BpeMeHeM, Uepe3 IIOMAAL, OIPAHHYEHHYIO
npoBogHuKoM. CorjnacHo SBJIECHHUIO DJIEKTPOMATHMTHOH MHIYKIHH, 3TO
H3MEHEHHE MarHATHOTO MOTOKA M IPUBOAMUT K ITOSBICHHIO 3./1.C. CAMOMHIYKIMH.
Haiingm .4.¢c. camouniaykiud. [IycTh 1O MpPOBOAHHKY ¢ UHAYKTMBHOCTBIO L
TEUET HIEKTPHYECKUI TOK. B MOMEHT BpEMEHH t; CHjla 3TOro Toka pasHa I, a K
MOMEHTY BpeMeHH t; OHa cTana paBHOH [. Torna MarHUTHSIN MOTOK, CO3AaBaCMbid
TOKOM 4€pes3 Iuionaj b OrpaHHYCHHYH IIPOBOXHHUKOM, B MOMEHTHI BPEMEHHU t) U {p
coorsBercreerHo paseH ©1=LI1; u ®,=LI,;, a usmeHenne A® MarHuTHOrO 1OTOKA
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pasHo A® = LI, — LI, = L(I — ;) = LAL rage Al =l,— I, — m3MeHeBHe CWIIb
TOKa 3a TPOMEKYTOK BpeMeHH At = t; - {;. CorjacHO 3aKOHY MEKTPOMAarHUTHOMH

AD

E
HHAYKOUM, 3.].C. CAMOMHAYKIIMH paBHA: At TloacraBnas B 310
BBIp@KEHHUS MTpeablayuyio Gopmyny,

£. =—Léi

THonyyaeM “i At Hrak, »3.0.Cc. CaMOMHAYKIIMH, BO3HHKAKOIIAA B
IIPOBOIHUKE, IPOIIOPLMOHAILHA OBICTPOTE U3MEHEHHMS CWIbI TOKA, TEKYIIEro Io
HeMy. COOTHOLIEHHE TIPEACTABIAET COOOM 3aKOH CaMOMHTY KIIUH.

Ilox peiicTBHEM »3.4.C. CAMOMHAYKLMH CO34aéTcsdl HUHAYKUMOHHBIA TOK, Ha-
3pIBa€MbIfi TOKOM CaMOMHIYKLIMH. OTOT TOK, COfjlacHo npaBwiy JIeHia, mpo-
THBOJACHCTBYET W3MEHEHHIO CHIIBI TOKAa B IICMHM, 3aMEJIAs €r0 BO3PACTAHUE WK
yObIBaHHE.

SHepzuna macnumnozo noas. 1lpu nporeKaHuu NEKTPUYECKOTO TOKA T10
IPOBOJHUKY BOKPYT HETO BO3HHMKAET MarHuTHoe rone. OHo 001a1aet dHeprueii.
MOo3KHO 1I0Ka3aTh, YTO IHEPIrUs MATHUTHOTO T0JIS], BO3HHUKAIOLIET0 BOKPYT
MPOBOJHMKA C HHAYKTHBHOCTBIO L, 110 KOTOPOMY TE4ET MOCTOAHHBIN TOK CHIOH I,

W:1L12

paBHa 9)
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buaer Ne 7
1. edopmarind 370 mpolecc n3MeHeHHus GopMBbI ¥ pasMmepos Tena. Jdedopmaius E - 1o
Oe3pazMepHas BeIMYMHA, PaBHAsA OTHOLICHUIO Pa3Mepa U3Je/IHs AeIbTa 3JIb K HCXOHOMY
pazMepy 371b HyJ1eBoe. MexaHWUeCKoe HalPSDKCHHUE — BEJIMYHHA, XapaKTepU3yoIas
YIPYryue CHIbl Ha €AWHULLY IUTOIIAIH, YHCIICHHO PaHas OTHOIUEHHIO CHJIbL YIIPYTOCTH K
IUIOIHAIH TTONCPETHOr0 ceueHs 00pazia.

3akon I'yka. Paj pacrsokenms WM CKATUsA, XapaKTEPU3YIOLIETOCH 8EKMOPOM
Oedhopmayuu (Yonunerus unu coxcamus) nenwvra [. cuna ynpyrocTy nporopiHotaibHa
BEKTOpPY AedopMallii M NPOTUBOTIOJIOKHA €My M0 HalpasJIcHHI0. MexaHnJueckoe
HAIIPSKEHHE BO3HUKAIONIAA B 00pa3LiE 1IPOIIOPIIHOHAIIBHA OTHOCUTEILHOMY YJIMHEHHID
curma=EE.
o=F/S, F/S=E*menptal/l0 F=(ES/10)*aenpral. F=k*gnensta l.
Kecrkocrs K=ES/10. Yupyras aed. — ned, npu KOTOPOM LIPH CHITUU HArpy3ku odpasell
BOCCTaHaBIUBaET CBOW opmy. [TnacTranas naoboport. Ilnactinas aedopmanus
DPOUCXOHAT MyTEM B3aWMHBIX CIBMIOB COCEIHHX CJI0CB Marepuaia, IpudeM 3TH CABUTH
HUMEIOT HEOOPATUMBIH XapakTep. 3arnac MPpOYHOCTH BEJIUYHHA, [OKA3bIBAIOHIas BO CKOIBKO
pas npenen MpoOYHOCTH OoJble ACITYCTHUMOi Harpy3ku. Jledopmarmisi: pacTskeHue,
CHKATHE, CIABUI, U3I'K0, Kpy4EHHUE.
Kosddumment nponopimonansHocty E HazpiBatroT MogysieM KOHra v onpeaensroT no
dopmyite o=E | ¢ |
FOHra Ha ruioma s HONepevHOro CeUeHuUs CTepKHA 1 00parHo NPONOPLUOHAJIBHA €10
ITHHE.

I1peneasl MponoOpUMOHATBHOCTH U YIIPYTOCTH. 3akoH [ 'yka
BBITIOJTHAECTCS: Tpu HeOOAbINX AeopMaluax, a, CICA0BATEIBHO, IPH HAMMPSDKEHUX, HE
NPEBOCXOJALIMX HEKOTOPOrO TIpeena.
Ecnu yBenmuduBath Harpy3Ky, ToO AeopMaiiysa CTaHOBUTCA HEIMHEIHOMN, HaMpshKeHHE
NepeCTaHeT ObITh IIPAMO MPOIIOPIMOHATBHBIM OTHOCHTE/LHOMY Y UIMHEHUIO. TeM He
MeHee, TIpH HeOONBUINX HETMHEHHBIX JIedopMalMaX TI0CIe CHATHS HArpy3Ku ¢opMa u
pasMephl TeNla MPaKTHYECKH BOCCTAaHABIMBAIOTCA. MakCMMalTbHOE HATpsKeHHE, TIPH
KOTOPOM elll¢ HE BOZHHKAIOT 3aMeTHbIE OCTaTO4YHbIC AedopMalum (OTHOCUTEIbHAS
ocrarouHas aedopmarmsa He nperbimaet 0,1%), Ha3bIBAIOT IPEIEIOM YIPYTOCTH SYII.
[Ipeaen ynpyrocTH HPEBHIILIAET [IPeAesI IIPOICPIIHOHAILHOCTY JIMILB Ha COThIE JOJIH
MPOLICHTA.
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buier No7
2. DJIeKTPOMATHHTHbIE K0JI€0aHHA — ITO KOJICOaHUS IIEKTPHUCCKIX U
MArHWTHBIX TOJIEH, KOTOPBIE COTIPOBMKAANTCA

RO RN
. a) 0) e} 2)

Pue. 80 [EPUOAMUECKHM N3MCHECHUEM 3apA/a,
TOKa M HaupsbkeHus, [lpocreifinei cUCTEMOM, rae MOTYT BO3HUKHYTh U
CYIECTBOBATH 3JIEKTPOMArHUTHBIC KoneOaHuA, ABIAeTCa KonebarenbHbIi KOHTYP.
Ko1ed6aTeqbHbIH KOHTYP — 3TO CHCTEMA, COCTOAINANA U3 KaTYIIKH
HHIYKTHBHOCTH W KoHAeHcaTopa (puc. 30, a). Eciu koHaeHCaTOp 3apaIuTh U
3aMKHYTh Ha KATYHIKY, TO 110 Karyuke noreder Tok (puc. 30, 6). Koraa
KOHJICHCATOP Pa3pAINUTCS, TOK B IICIH HE IMPCKPATUTCS W3-32 CAMOUHAYKLMH B
Karyiuke. MHAYKIMOHHBIH TOK, B COOTBETCTBUHM ¢ MpaBuiom Jlentia, OyaeT Tedb B
TY € CTOPOHY H nepe3apsauT koHaercatop (puc. 30, ¢). Tok B 1aHHOM
HalpaBJIeHUH [IPEKPATUTCS, ¥ HPOLIECC MOBTOPUTCA B 00paTHOM HarpaBIeHAN
(puc. 30, 2). Takum 0OpasoM, B KoteGareIbHOM KOHTYpe OyayT MPOUCXOIUTH
HIIEKTPOMArHuTHBIE KoJieGaHud H3-3a IIPEBPALICHUS SHEPTHHA 3CKTPHIECKOr0
nons koHjgeHcaropa (Wa == C {/*/2) B SHEpPr¥I0 MArHUTHOIO TIOJIS KaTYIUKH C TO-
KoM (Wy = LI/2) 1 HaoBopor.

Tepuo/ 21eKTPOMArHUTHBIX KOJIcOaHMH B HACATHHOM KoJie0aTeIbHOM
KOHTYpeE (T. €. B TAKOM KOHTYpE, TJie HeT OTEPh JHEPTUM) 3aBHCHT OT
MHIyKTHBHOCTH KaTYIUKK ¥ €MKOCTH KOHIIEHCATOPA W HAXOMUTCH 110 hopmyIie
Tommucona T = 2rVLC. YacToTa ¢ IEPHOJOM CBA3aHA OGPATHO
NPOTIOPIIMOHANBHOM 3aBHCHMOCTBIO V = [/T.

B peansHOM K0J1€6aTEIEHOM KOHTYPE CBOOOIHBIE 2JIEKTPOMArHUTHBIC
koneOaHus OyayT 3aTyXaromKUMH H3-3a OTEPh DHEPI'UM Ha HarpeBaHHe IIPOBOIOR.
JInst TIPaKTHYECKOr0 MPUMEHEHUS BXKHO IIOTYYUTh HE3aTyXalolye
3J1eKTPOMArHUTHbIC KOJIeOaHUs, a s HTOro HeoOXOoMMO KoJeOGare/bHbIA KOHTYD
TMOTIONHATH 3NEKTPOSHEPrueH, 9T0Obl CKOMITEHCHPOBATH NOTEPH 3HEPruu. JLis
TIOJTYMEHMS HE3ATYXAIOIHX 3IEKTPOMAarHUTHBIX KoJIeGaHuil IPUMEHSFOT
TEHEpaTop HEe3aTyXalolnX KoNeOaHui, KOTOPBIH BIACTCA IPUMEPOM aBTOKOIEOa-
TEJbHOH CUCTEMBI.

78




bujer Ne 8
ITepeMeHHBIN TOK KaK BbIHYKJACHHBIE DJIEKTPOMArHuTHeIE koneOaHus. JleficTrytonue
3HAYCHMA CHIBI TIEPEMEHHOr0 TOKa K HanpsikxeHus. Cvnia TpeHust. KosduieHt TpeHus
CKOJIBKEHHUA., YYET U UCTIOJIb30BAHUSA TPECHUS B ObITY M TEXHUKE. TPEHHSA B JKUIKOCTHX H
rasax

1. Cuita, BO3HMKAIOLAA HA I'PAHMIIE B3aUMOJICHCTBHR TEJ IIPH OTCYTCTBHU
OTHOCHTEJILHOTO JIBIDKEHMsE TEJI, HA3bIBAETCS CHJIOH Tpenns nokon. Cuiia TpeHHS HOKOA
paBHa 0O MOTYJTIO BHEITHEH CHJIE, HANPABJICHHO# 110 KacareabHO’ K IMTOBEPXHOCTH
COTIPUKOCHOBEHUS Tell U NIPOTUBOIIONIOAKHA € 110 HanpasieHuo. 1 [py paBHOMepHOM
ABWKEHUH OJTHOTO TeJa [0 IIOBEPXHOCTH APYTOro Mo BO3ACHCTBHEM BHEINHEN CIUbl HA
TEJO JACHCTBYET CHIIA, paBHas 110 MOIY.IIO ABYDKYILEH CUe U IPOTHUBOIIOIOXKHAS 110
HallpaB/leHUI0. DTa CWJIA HA3bIBACTCS CHJIOH TPeHHA CKOJIbXKEeHHA. BeXTop CHiibl TpeHus
CKOJIBKEHHS HANIPABJICH NIPOTHB BEKTOPA CKOPOCTH, IMO3ITOMY 3Ta CHIIa BCETa IIPUBOIUT
K YMEHBIIEHHIO OTHOCUTEIBHOH CKOPOCTH Tena. CWIbI TPEHUS TAKOKE, KaK U CIIA
YIIPYrOCTH, UMEKOT ICKTPOMArHUTHYIO MPUPOAY, ¥ BO3HUKAIOT 33 CUET B3aMMOIECHCTBHS
MEXAY 2IEKTPUIECKHMH 3apSAAaMH aTOMOB COTIPUKACAIOIIUXCA TEN. DKCIIEPUMEHTANBHO
YCTAHOBJIEHO, YTO MaKCHMAIBHOE 3HAYE€HUE MOLYJISL CUJIbI TPEHUS ITOKOS
[IPONOPLMOHATIBHO CWIE JaBJieHHs. TakkKe IPHMEPHO pasHbl MAKCUMAIBHOE 3HAUYCHHE
CHJIBI TPEHUS TOKOS ¥ CHJIA TPEHHUS CKOJILKCHUS, KaK TPUMEPHO PaBHBI H KOIDPHUITHEHTBI
IPONIOPLMOHAILHOCTI MEXAY CHJIAMH TPEHUS U JABJICHUEM Tesia Ha NoBepXHOCTh. Cuna
TPEHUA — MEXAHHUYECKAA CUJIA, B 3€MHBIX YCIOBUAX TPEHUE U CHJIA TPEHHUS BCEra
COITYTCTBYIOT JTIOOOMY ABIDKEHMIO Tell. CUlla TPEHMs BOSHUKACT IIPH HENIOCPEICTBEHHOM
COIPHKOCHOBEHUH TEJl U BCEra HAPaBIEHa BAOAb NOBEPXHOCTH COMPUKOCHOBEHUS.
Tpenue noxos. Cuia TpeHUs MIOKOS paBHA IO MOYJTIO U HaNpaBjieHa OPOTHBOIOI0KHO
CHJIE, TIPHIIOKEHHOM K MOKOAIEMYCA TEy apauiebHO MOBEPXHOCTU COIMPUKOCHOBEHUS
ero ¢ apyrum tenom. Cuia TpeHUs MOKOSI MEIIAET CABUHYTH ¢ MeCTa TSKEINBIH rpeaMer.
MaxkcnmanbHas cuia TpeHHs HOKOSA MPONOPLHMOHATbHA CHIIE HOPMAJIBHOIO JIaBJICHMS.
CHna TpeHHs II0KOS HE TOJbKO MEIIAET TEIY HAaYaTh JIBUIATHCA, HO U CITYKUT MIPUIHHOM
Hayana JIBIDKEHUA.

Tpenue cronvocenus. Ha aBwKymieecs Te0 JEHCTBYET CHIa TPEHUS CKOJIbKeHHA ( 110
MO/TYJIIO ITOYTH paBHA MAKCUMAIbHON cHe TPEHUA 1I0KO0s ), HApaB/ICHA BCETa B CTOPOHY,
IIPOTHBOIONIOXHYIO HAMPABICHUIO JBIDKEHUS (HAIP — UFO BEKTOPaA CKOPOCTH) TeJia
OTHOCHTEJIBHO TOTO TENA, ¢ KOTOPBIM OHO COTIPHUKACcAcTCs. 3JHAYMT YCKOpPEHWE,
coo0uiaemoe CWIOH TPEHUA TeIly, HAIpaBJIeHO MPOTHB ABIKECHUS Tena. Cua TpeHus
CKOJIbXKEHHS MPONOPLMOHABHA cuie AasiicHus. Koadduiuent TpeHust Xxapakrepusyer
HE TeJI0, Ha KOTOPOE ACHCTBYET CHJla TPEHHUS, a Cpa3y Ha JBa CONMPHUKACAIOIIMXCS TeNa.
3uaveHue k03pPuIMeHTa 3aBUCUT OT Marepuasia, 00paboTKHU OBEPXHOCTH T,
OTHOCUTEIILHOH CKOPOCTH (IIPU U3MEHEHHM HAMPABJICHUSA CKOPOCTH H3MEHAETCS U
HarpaBiIeHHEe CUJIBI TPEHMSA) ... HE 3aBUCHT OT IITOHIA/ M, H OTHOCHTEARHOTO TTOIOXKEHHS
Tell. TpeHue Mexy TBEPABIMH TEJIaMH — CYXO€ TPEHHE.

Kudkoe mperue. Cuna »UIKOTO TPEHUA MHOT'O MEHBIIIE CHIIBI CYXOTo TpeHus. B
KHUIKOCTH H ra3e HET CHIIBI TPEHUS MOKOA (Jake camasi Manas cujia, IpUIIoXKeHHas K Temy
B SKIJIKOCTH WK rase, coobuiaer emy yckopenue. Cuna :KUIKOro TPEHUS 3aBUCTH OT
HAIIPABJICHUA JBWDKCHUA, 3HAYCHUSA CKOPOCTH (TIpU HEGOIBIIMX CKOPOCTSAX OHA
MPOTIOPIHOHAIbHA CKOPOCTH TENa, a npH OoJbIIMX — KBaapary ckopocth). Cuiia
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COIPOTHUBJICHMSE 3aBUCUT OT (opMbl Tenta. Dopma Tena, mpu KOTOPOi CONPOTUBIICHHE
MaJyio Ha3bIBAIOT 00TeKaeMoi GopMoii.

2. YCTpoiicTBa, MOJHOCTHIO MPe00pasyIoNIve JMEKTPUIECKYO SHEPTHIO B JPYTHE BHIBI
SHEPTUH, Ha3BIBAIOT aKTHUBHOH HArpy3KOH, &8 UX COIIPOTHBIIEHHE — AKTHBHBIM
couporupieHreM. [Ipennonoxmm, YTo HAIPsKEHHE Ha KOHLAX LICIU MEHACTCH 110
rapMoHH4eckoMy 3akoHy u=Umcos wt. Kak 1 B ciIy4ae MOCTOSHHOrO TOKa, MTHOBEHHOE
3HAYEHHE CHIIBI TOKA MPONOPLIHOHATLHO MITHOBEHHOMY 3HAUCHMIO HanpsokeHus. [loaToMy
nmpuMensiercs 3akoH Oma mig yuactka remu: i=U/R=Umcos wt/R = Im cos wt. Ha
AKTHBHOM COTPOTUBJICHUM KoJieOaHKs CHIIBI TOKA COBIAAAIOT 0 (paze ¢ koaebaHmsIMH
HanpsokeHus. Ciia Toka B 1000 MOMEHT BpeMEHH NpoIopLroHaibia DJC ucroynmka
ToKa (3akoH OMa 1 noxHoi metw). Ecma 3 J1C ucTouHnKa He U3MEHsIeT A CO BpEMEHEM
1 OCTAOTCS HEM3MEHHBIMU NMAPAMETPBI LISIIH, TO YEPE3 HEKOTOPOE BPEMS HOCTIE
3aMBIKaHMS 1[IETH M3MEHEHHS CHJTbl TOKA APEKPAArTC, B LEMU TEYET NOCTOAHHBIN TOK.,
HO B TEXHHKE MIMPOKO PUMEHSAIOTCA Pa3IMUHbIE TEHEPATOPHI JICKTPUUECKOr0 TOKA, B
koTopbix DJIC nepHoauuecky U3MEHAETCA. 1Ipu NOJAKIOYEHMH B ANEKTPHYECKYIO LIEIh
reneparopa nepeMeHHoi 3/[C B 11enH BO3HUKAIOT BBIHYKICHHBIC 31CKTPOMArHUTHbIE
KoseOanus. BpiHyKI€HHBIMH JIEKTPOMAr HUTHBIMH KOJIOaHUIMHU Ha3bIBAIOT
MePHOTHICCKIE W3MEHEHHS CHIBI TOKA M HANPSHKEHUS B JJICKTPUYECKOH LIETH,
IIPOUCXOIAIINE 10 IeHcTBIEM niepeMeHHOo# 3/[C 0T BHEIIHEro HCTOYHMKA.
DNeKTpOMarHUTHbIE KOJeGaHUA B DJICKTPUUECKUX LIEIIIX CO3al0TCA TeHEPATOPOM
TIEPEMEHHOT0 TOKa, pafoTalomuM Ha 3nexTpoctaHuuy. (P = BScosa = BScosmt; € =
BSwsinot — usmenenus 3/[C HHAYKIM CO BpEMEHEM MMPOUCXOIUT I10 HTOMY 3aKOHY WIH
e = gusinmt, rae &, = BSw amunuryaa 3/1C). Ecnu ¢ NOMOIIBIO KOHTAKTHBIX KOG H
CKOJTB3AIMIX 10 HHUM IMIETOK COCAUHHTh KOHIIBI BUTKA C DACKTPUIECKOM LEIBIO, TO TTOJ
aeiicreeM 2J1C HHAYKIIAA, U3MEHAFOLICHCA CO BPEMEHEM T10 TAPMOHUYECKOMY 3aKOHY, B
INEKTPUIECKOH LEeMH BO3HUKHYT BbIHYKICHHBIE 3IEKTPHUECKHME KoNeOaHus CHIIBI TOKA —
nepeMeHHEIH ToK. Ha nipakTike cunyconaanbHas 2J{C Bo30ykaaercs He IMyTeM
BpallleHNs BUTKA B MArHUTHOM I10JI€, a IIyTeM BpallicHUs MarHUTa WiIx
IEKTPOMArHUTA(POTOPA) BHYTPH CTATOPA — HEMIOABKHON OOMOTKH, HABUTOH HA
CTAIILHOM CepIeUHHK. 3TO MO3BOJSIET H3I0EKATh CHATHA HAIIPSDKEHUS ¢ IIOMOLIBIO
KOHTAKTHBIX KOJIELl, 4T0 HEBO3MOXHO [IPH OONBINMX 3HAYEHUSIX aMILIATYAbl HAPSDKCHMS.
U=Upcosot ; i =Iycosmt ; [,=Uy/R;p=iu= I,Ucos’ot Tak Kak cpe/IHee 3HauCHUe
KBaJpara KOCHHyca 3a nepuo/i paBHo 0,5, To cpeHee 3Ha9€HUE MOILIHOCTY paBHO: P =

1, U2 =1 .R2 U3 PaBCHCTBA MOLIHOCTEH 10JTyYuM PR=1_,R2 ;=172
JleliCTBYIOIMM 3HaUEHUEM CIIThI TOKA HA3BIBAIOT BEMHUHHY, B V2 Pa3 MEHBLIYIO ee
aMIUIATY IHOro 3HadeHud: | = I,/N2. JleiicTByIomee 3HAYEHHE CUIIbI TOKA PABHO CHIIE
TAKOrO MOCTOSHHOTO TOKA, TPH KOTOPOM CPEAHAA MOIIIHOCTD, BBIAEIAOLIAACS B
MPOBOIHUKE B LIEMTH MEPEMEHHOr0 TOKA, PABHA MOLHOCTH, BBIJIEJISFOIIEHCSA B TOM XKe
MPOBO/IHHKE B IIETIH MTOCTOSHHOTO TOKA. JICHCTBYIOLIEE 3HAYCHUE [IEPEMEHHOTO
HANPsDKEHEs B V2 pas MeHsiie ero aMiaryaHoro: U = Uy/N2. Cpennsis MOIHOCTD
NIEPEMEHHOTO TOKA ITPH COBMaACHUH (a3 koneOaHuii CHIbl TOKa W HaNpsyKEHUs paBHa
MPOM3BEACHUIO ASHCTBYIOUIMX 3HAUCHUH CHIBI ToKa U HanpsokeHuwt: P =1U. P = I’R;R=
P/Iz(aKTPlBHOG conporusiicuue). Uy = [Lo; X =Uy/ln =Lo I = UpoC; X, = Uy/l,
= 1/oC
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buuer Ne9

1. Bropoii 3axon HboTOHA ycranasmusaer
CBA3bL  MEXINY  KHHEMAaTHYeCKOH  XapaKTepHCTHKOH

IBIKEHHS —  YCKOpeHHeM, MW  JHHAMHYCCKMMH

XAPAKTEPUCTHKAME  B3aMMOIEICTBHS  —  CHIAMH.

- -

F=ma ., wag, B Oomee  TOYHOM  BHAE,
-

dp >

T = F |, Te ckopocTh H3MEHEHHA HMIIYIHCA
t

MaTepHANLHOM TOUKA paBla jeficTByollell Ra Hero CHie.
IIpy onHOBpeMeHHOM  OEHCTBMH Ha OAHO  TENO
HECKOTLKMX CHJI TEJNO JABHKETCA ¢ YCKOPEHHEM,
SABJIMIOUMMCH BEKTOPHOH CymMmoO#ll yCkOpeHMil, KOTOpbIe
BOSHUKNM OBl TIPH BO3AEHCTBHH KAXACH U3 3THX CHI B
OTHEBHOCTH. HelicTByromme HAa  TeNo CHIIHI,
OPUIOKEHHBIE K OZHOM TOuKe, CKIANBIBAIOTCA II0
Npapuily CIOKEHHS BEKTOPOB. JTO MOJOXKEHHE HA3BIBAIOT
NPUHLUHOOM HesaBHCHMocTH gHelictBuAa cun. Uenrpom
MacC Ha3bIBAaETCH TaKad TOYKa TBEPAOre TeNaz HIH
CHCTEMBI TBEPIBIX TEJ, KOTOPas ABHMKETCHA TaK e, Kak H
MaTepHanbHas TOUKa Maccoil, paBHOM cyMMe Macc Beei
CHUCTEeMB! B LEJOM, Ha KOTOPYI0 MACHCTBYIOT Ta Xe
PEe3YIBTHPYHOILAS cHna, YTO H HA  Teno.
- -

m:Vymn = Zmi Vi [leBTp TsXKECTH — TOWKA

I

NpUIOXKEHHs pasHoAefiCTBYIOIEe BCEX CHI TSKECTH,
AEHCTBYIOIMX HA WYACTHIL 3TOTC Tenma IpH mobom
MOJOKEeHWH B rpocTpaHcTee. EcnaM nHHeAHRwE pa3meprl
Tejd Majibl N0 CPABHEHHIO ¢ PA3MEpOM 3eMIH, TO LEHTP
MACC COBTIANACT C UEHTPOM TskecTH. CyMMa MOMEHTOB
BCEX CHI BIIEMEHTAPHEIX THKECTH OTHOCHTENbHO moboi
OCH, NpoxoadAuieii yepes UEHTP TAKECTH, PABHA HYJIHO,

2. Annaparsi, npeofpa3yioliie nepeMeHHEl TOX OQHOTD
HAOPIKEHUA B JPYroe — Ha3bIBAOTCH NIEKTPHUYECKHMH
tparchopmaropamy. COCTOHT W3 HECKOQNbKHX KaTylIex
H30NHPOBAHHOTO npoBoja, pa3MEIeHHBIX HA
MarHHTONPOBONE H3 TOHKMX IUIACTHH  CHEUHAIBHO
exTpoTexHuueckoll ctany. IlepeMeHHBIH TOK, TeKyUIHI
o opxoii 13 obMoTok (nepeuunoi). Co3naer BOKpYT Hee
H B MarHMTONPOBOAE IIEPEMEHHOH MArHHTHOE nOne,
nepeceKalomee BHTKH Apyro# (BropuuHoH), Bo3OyxmaeT
B Heil MepeMeHHYI0 3EKTPONBIKYINYHK cuny. Ecun obe
oGMOTKH HMEIOT PaBHOE KOAHMECTBO BHMTKOB, TO B HeH
HABEINEeTCH TaKoe e HanpshKeHHe, KAKoe B IEePBH4HOH.
Ecau He paBHOe KOQIMYECTBO, TO TpaHcoOpMaTOp MOMKET
OpTh noBBINaKOUIMM (BO BTOpH4HOH 0OMoOTKe Oonbime
BHTKOB), MOHMXAKLWIMM —~ HaobopoT. [eHcrBue 0OCHOBaHO
Mg ABJEHHH 31EKTpOoMArdutTHoil  uHaykump. Ilpu
NPOXOKTEHIH NEPEMEHHOID TOKA Mo nepsHuHoi obMoTke
B CEpACYHHKE [MOHBJAETCA IIEPEMEHHBI MATHHTHBIR
noToX, KOTophii BOz0Yuwzmaer IJIC MHAYKIMH B KaXIOH
obmotke. Cepmeunuk u3 TpaHCHoOpMaTOpHOH cranu
KOHIIEHTPUPYET MArHHTHOE I10jle, TaK 4TO MAarHHMTHEIHA
NOTOK  TIPAKTHMECKH  CYIIECTBYET TOJBKO  BHYTPH
CeplIeYHHKa H DOHHAKOB BO BCEX €re CEYCHHAX.

Ui/uz2 = 12/11, U1/U2 = EI/E2 = nl/n2 = K, rne K -
koahduuuent  rpaHchopmMaluy, TpH k>0 -
NOHIKAOW L. ... [THp pasoMKHYTO Bropranoi 0OMOTKH
TpaHCOPMATOP € MEABIM AKTHBHBIM CONPOTHBICHHEM
nepBHYHOH OOMOTKHM TMOYTH HE TNOTPeONAeT JHEPrHId H3
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CeTH, TaK KAK BEIHKO HHAYKTHBHOE CONDOTHBAEHHE
HeHarpyxeHHoil oOMotkn Tpamcopmaropa. Ecnm k
KOHIIAM BTOpH4HOW OOMOTKH IPHCOEIHHMTE Lielb, TO
cufia TOKa BO BTOpUHHOi 0OMOTKe yixke He Oymer pasHa 0.
[TosiBuBIMiicss TOK cO342€T B CepAeYHHKE CBOH
HepeMenHBIH MAarHHTHHIA NOTOK, KOTOPBIH MO NpPaBHIY
Jlenna 70/KeH YMEHbLOIUTH HM3IMEHEHHMA MAarHHTHOTO
NoToKa B cepaedHuke, Ho yMeHblIeHHE aMIaHTYAb
notoka jpomkuo yMeHewute JIC. Omnako 310
HEBO3MOXKHO, Tak kak mopynu Ul=el. Ilostomy npu
3aMBIKAHWH LenmH BTOpHYHOH OOMOTKH aBRTOMATHYECKH
VYBEIMYHBAETCH CHJIA TOKZ B TNEPBUYHOH. YBENHYEHHE
CHIBl TOKA B TMEPBUYHON Lenu (0 3aKOHY COXPaHEHM:
IHEPrHH) YBEJIHYUT CIHJIY TOKA BO BTOPHYIHOM.
TpaHchOpMATOPEI HAXOAT IHMPOKOE IPHMEHEHHE B
[IPOMBILUTEHHOCTH H GBITY. CHIOBBIC 3REKTPHHECKHE
TpaHcGOPMATOPE! JAI0T BO3MOMHOCTE ePe1aBaTh
nepeMeHHbIii TOKOM THHHAM 3AEKTPONepefayH Ha
OoNblUe PACCTOAHMA C MANBIMI NIOTePsAMH 3Hepruu. Jlna
3TOTO HANpPsXKEHHE NMEPEMEHHOTO TOKa, BhIpabaTeiBaeMoro
reHepaTOopaMH 3eKTPOCTAHLHH, ¢ HOMOLIBIO
TpaHchOPMATOPOB NOBBINAKT IO HECKOILKHX COTEH
THICAY BOJILT M NoceinaoT no JIAIL B mecre notpebnerus
HanpsKeHHe MIOHIMKAIT TpaHcopMaTopamu. 1-
0eYCIoBde PABHOBECHA M- MOMEHT CHMIILI — QH3HY,
BEJIMYMHA, XapaK-yIOas CTelleHb BpalleHus Tela.
YHCAEHHC = NMPOH3BEA. CHIBL HA ILJIEHO.

2y M = F -] -nneuo cunsi- xpardaiilee paccT-HUE OT
TOYKK OCH BPAINEHHUS IO TUHHY JeHCTBHA CHIILL
M, =—=F] +[, F<0, 1. F, Bbi3bIBaeT BpalleHHe NPOTHB
uacosoi crpenxH. Tak xe Fo>0,

T.K IOBOPOT I10 MACOBOH CTpeKe.

% Veaosue pasnosecun men (Ne2),
¢ UMEIOWUX OCt GPANEHIST CYMMBI
Y MOMEHTOB cHi = (
YM=0
A eCIH TeNO He UMEET OCH BPALEHHA, TO YCIOBHE
P4BHOBECHS: CeMa CHUI, IPHIIOMKEHHBIX K Teny=0 Z F=0

FoptF, +mg=0

Pasnosecue — 310 |
nubo coCToAHNE n
nokos, mbo
paBHOMEpPHOE
JBIDKEHHE.
Hpunyun munumyma
nomeHyuATLHOM
IHEPeU. 1
OpHoMepHOE ZBHMKEHHE HaCTHUEL BAOIEL ocH Ox

MOKeT GbITh OTPAHHYEHO cienyiouuM obpasom. B
obmacru 0 S x < L

yacTHa ABMKeTes cBoboaxHo. 3a npeaeitsl obracta OL
oxa BeIiTH He MoxeT. Ha rpanunax obnacru OL, B Touxax
%x=0 u x=L, noreHunansyas sHepria [T qacTHnm
CTaHOBHTCH paBHOi GeckoHewHOCTH. Taxoe NBHKEHHE
YACTKIIbl HA3-CS ABHXKEHUEM B MPAMOYTONBHOH
OZHOMEPHOI HOTEHIHAIbHOH AMe.




Brner Ne 10
1. HMIyaLcoM Tena HA3BIBAIOT BEXTOPHYIO (U3MHECKYIO BETHHUHY, SABIAIOLLYIOCH
KOJIMYECTBEHHOH XapakTEPUCTHKOM mocTynatelbHoro apwkeHus Tei Hmnynbe
o6o3nauaercs p. Eavnuua uaMepeHds uMIyiabca P — kr * m/c. Hmnyasc Tena pasen
TIPOM3BEIEHHIO MACChl TENA Ha €ro CKOpocTs: p = mv. Hanpapnenue BEKTOpa HMIYJIbCa
p COBAAMAET ¢ HANpasJICHHEM BEKTOPA CKOPOCTH Tena v (pHc. 4).
JUIs MMITyJIbCa TEA BBIIONHAETCS 3aKOH COXPAHEHUA, KOTOPBIH CIIPABEAIHB TONLKO Aist

3aMKHYTBIX (pH3Mueckux cHcTeM. B obiiem crnyuae 3aMKHYTOH Ha3biBAIOT CHCTEMY,
KOTOpass He OoOMeHHMBaeTCs YHepPrHeH M MAcCOH C TenaMy W MOJAMH, HE BXOAAIINMH B
see. B MexaHuKe 3aMKHYTO#H HA3bIBAIOT CHCTEMY, HA KOTOPYHO HE JEHCTBYIOT BHELIHHE
CH/IbL HJIH JCHCTBHE 3THX CHJI CKOMICHCHpOBaHO. B 3TOM ciyvae p; = pr TA€ p; —
HayalbHbIH HMITY/IbC CHCTEMBI, @ p; — KOHEYHBIH. B ciydae AByX Te, BXOAALIHX B
CHCTEMY, 3TO BHIPAKEHHUE UMECT BUA M V| + mavzy = myv;' + myvy' tae my u my— Maccsl
Teq, @ vV, B Vy, — CKOPOCTH [0 B3aHMOJEHCTBHA, V' MV;' — CKOpOCTH MOCKE
B3auMoJeHcTBHs. Jta (GOpMyia H SBJIAETCS MATEMATHYCCKHM BBIPROXKCHHEM 3aKOHA
COXpaHEHHs WMIYNbca: HMHOYJIbC 3AMKHYTOH (H3MYeCKOH CHCTEMbI COXPaHAETCH
npu J1066IX B3aHMOAeHCTBHAX, NPOACXOAAIHHUX BUYTPH ITOH CHCTEMEI.

Enunnua ummynsca B CH —H ¢ ¢,
3aKOH COXPAHEHHS HMNYJIbCA JIEKHT B OCHOBE PEAKTHBHOTO jiBHXeHHA. PeakTHBHOE
JABHKEHHE — 3TO TAKOe JBHXXEHHE TeJla, KOTOPOe BOZHHKACT N0C/ie OTAENeHUs OT Tej1a
€ro 4acTH.
[ycts Teno maccodd m nokounocs. OT Tena OTACIHNACH KaKad-TO €ro 4actb m; co
ckopocthio v, Toraa
OCTABINAACA YACTh NPHIET B JBIKEHHE B TPOTHBOITOJIOKHYIO CTOPOHY CO CKOPOCTBIO
Vv, Macca OcTaBIleWcs yacTh mp JeHCTBHTEIBHO, CyMMa HMITYILCOB o0onx gacrtcH
Tesa 40 oTaeNeHHs ObUia PaBHA HYJIO H 110C/Ie pasjeneHns OyIeT paBHa HYJIIO!

m;v; +myv, = 0, 0TCI0Aa Vi = -MyVy/my.
Bonbuiasg 3aciayra B pa3BHTHH TEOPHH PEAKTHUBHOIO ABHIKEHHs NPHHAIITCHKHT K 2.
L{HonkoBCKOMY.
Ou pa3paboTan TEOPHIO NMOJETA TENa NepeMeHHON Macehl (PAKeThl) B ONHOPOJHOM NONE
TACOTEHHS M DPAcCYMTAN 3amachkl TOMIMBA, HEOOXOOWMEBIC il MPEOJONEHUS CHIIb!
36MHOTO IPHTAKEHMS, OCHOBEI TEOPHH KHAKOCTHOIO PEAKTHBHOIO ABMTATEN, & TaK KE
SIEMEHTBl €0 KOHCTPYKLHH, TEOPHIO MHOTOCTYIEHYATBIX PAKeT, NPH4eM HPCATIOKHI
[Ba BAPHAHTA. MApaeNbHbIA (HECKONBKO PEaKTHBHBIX ABHraresel paborarot oaHo-
BPEMEHHO) U TOCHEA0BATENBHBIH (PEAKTHBHBIC ABUraTeNH paboTaloT APYT 32 APYroMm).
K. 2. liuoakoBckuii CTPOro Hay4yHO [0Kasal BO3MOXHOCTR I1071€T@ B KOCMOC C
IOMOLBLIO PAKET C KHUAKOCTHBIM PEaKTHBHbIM IBHTaTeNieM, MPEeUIOKHUI CrenHalbHbIC
TPAGKTOPHHM ITOCAJKH KOCMHYECKHX anmnapatoB Ha 3eMIll0, BBHIIBHHYJ HIACKO CO3MaHHA
MEXTUIAHETHBIX OPOHTAIIBHBIX CTAHUMH H TOAPOOHO paccMOTpEN YCJIOBHA XHU3HH H
JKH3HeoOeceYeHHs Ha HUX. Texnu4eckue HacH lIHOAKOBCKOTO HAaXONAT NPHMECHEHHC
TIPH CO3JAHUM COBPEMEHHOH PAKeTHO-KOCMHYECKOH TeXHHKH. JIBHMEHHE C MOMOLIBIO
peaKkTUBHOM CTPYyM, IO 3aKOHY COXpaHEHUS HMIYJbCa, JIEKUT B  OCHOBE
THAPOPEAKTHBHOTO ABHraTelisi. B OCHOBE ABHKEHHS MHOTHX MOPCKHX MOJTIOCKOB
(OCBMHHOTOB, MEy3, KAJIbMApOB, KAPAKATHIL) TAKXKE JIEKHT PEAKTHBHBIH NPHHLMIL.
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buser Nel0

2. DJaeKTpOMArHHTHLIE BOJAHBI — 3TO  IIPOLECC  PACHpOCTpaHEHUSA
JJEKTPOMAarHATHRIX Kojie0aHWi B NPOCTPAHCTRE ¢ KOHEUHOW CKOPOCTHIO.
ITpeacraspre cebe, YTO AEKTPUUECKHIA 3apsa NpUBEACH B ObICTphIE KOIeOaHMA
BIONHL Hekoropoil npamoil. Toraa HadHeT NDEPUOIMHYECKH M3MEHATHCA W
SNIEKTPUUECKOE TIONE BOKPYr 3apsana. [IpudeM nepuon m3MeHeHHH OyIeT paBeH
nieproay KoneGanuii 3apsaga. [lepeMeHHOE 3;IEKTPHUECKOE HoNe OyIeT mopoxaarh
MCPHOAMYECKH MCHSIOLIEECS MArHUTHOE MOJNE, a MOCHEAHES BBI30BET MOABJICHUS
SIEKTPHIECKOTO TIOJA yke Ha O0JbIIEM PACCTOAHUH OT 3apsa/ia. '

YcaosueM  BOZHHKHOBEHHSI  3JICKTPOMArHUTHBIX  BOIIH  ABISETCA
YCKOPEHHOE JIBIDKCHME ICKTPUYECKMX 3apsaioB. Tak, M3IMEHEHME MArHUTHOIO
moas IIPOUCXOJUT TPH HIMEHEHHH TOKAa B IPOBOJHMKE, a4 HM3MEHCHHC TOKa
TIPOMCXOAUT MPU M3MEHCHHHM CKOPOCTH 3apsAjgoB, T. €. MPH JABIDKCHHH HX C
yckopeHueM. CKopocTh pactpOCTpaHEHHU JIEKTPOMArHUTHRIX BOIH B BaKyYMe 110
pacuyeTam Makcseiuia go/pkHa 661Th npubisuTensHO pasaa 300 000 km/c.

BriepBble ONBITHBIM IIYTEM TIONYIHT 3JEKTPOMArHUTHBIE BOIHBI (PU3MK
I'enpuix ['epll, WCMOAb30BaB NPHUATOM BBICOKOYACTOTHBIH HMCKPOBOH PpaspsaaHHK
(subpatop Iepma). T'eprl OMBITHBIM MyTEM ONPEACIAT TaKKe CKOPOCTh
ANEKTPOMArHUTHBIX BOJAH. OHa coBIAlla € TEOPETHYECKUM  OIPEACICHHUEM
CKOpPOCTH BONMH MaxcBemnom. Ilpocrefiiipe 3jeKTpOMarHMTHBIE BOJHBI — 3TO
BOJIHBI, B KOTOPBIX MIEKTPUUECKOE M MAarHUTHOE IO COBEPLIAIOT CHHXPOHHBIC
TapMOHWYECKUE KoseOaHus.

KoHeuHo, 3/1eKTPOMATHHTHbIE BOJIHBI 00/12JaI0T BCEMH OCHOBHBLIMM
c¢BOHCTBAMH BOJIH.
OHH NOTUMHSIOTCA 3AKOHY OTPAaKEeHHs BOJIH:
y201 naderus pasen yeny ompadicenus. Ilpu niepexofe ¥3 OJHOH cpelibl B APYTYIO
NPENOMJISIIOTCS U TIOAYUHSIOTCA 3AKOHY NPeIOMIIeHHS BOJIH: OMHOUEHUE CUHYCA
Yyena NAadeHUss K CUHYCY Yend NPelOMAeHUsl eChib 8eIUNUHA NOCIOAHHAA Ot 08YX
OQHHBIX CPed U PABHAS OMHOUWEHUIO CKOPOCMU NIEKMPOMASHUMHBIX 80K 8 NEPEOLl
cpede K CKOpOCMU 3NeKMPOMACHUMHKLIX GONH 60 6MOPON Cpede W HA3BIBACTCA
noKa3arejieM NMPeJIOMJICHHSA BTOPOH Cpelbl OTHOCHTEIBHO IIEPBOML.
SIBnenuie qu@paKiMH 3JIEKTPOMArHUTHBIX BOJIH, T. €. OTKJIOHCHHME HANPABICHUS HX
PacTpOCTPaHEHHs OT NMPSAMONMHEHHOr0, Ha0MOAaeTCsa y Kpad IIperpaisl Uik npu
IPOXOXKIECHWH Yepe3 OTBepcTHE. NEKTPOMAarHMTHBIC BOJHBLI CIOCOOHBI K
naTeppepennun. HMurepdepenmus — 3T0 CrIOCOOHOCTh KOT€PEHTHBIX BOJIH K
HAIIOKEHUIO, B PE3YIbTATE YeTro BOJHBI B OZHMX MECTax JIPYT Jpyra YCHIHBAIOT, a
B JIpYrux Mecrax — racsar. (KorepeHTHbIE BOJIHE! — 3TO BOJHBI, OJMHAKOBBIC I10
yacToTe U (pase kojeOaHms.) DIEKTPOMArHUTHLIE BOJIHBI O0JafalOT AHCiIepCHeH,
T. €. KOrja TIOKa3aTellb MpPEJIOMIICHUS Cpeabl A NIEKTPOMarHWTHBIX BOJIH
3ABUCUT OT MX 4acTOTHL OIBITH ¢ NMPOIMYCKAHUEM DIIEKTPOMArHMTHBLIX BOJIH 4epe3
CHCTEMY U3 JABYX PCIICTOK IIOKA3BIBAIOT, UTO 3TH BOJIHLI ABJIAIOTCS MOTIEPEIHBIMMU.
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bBuner Ne 11
1. DnemenTapuoit padoToil CHIIBI HA DJIEMEHTAPHOM [EPEMELLUCHMH MATEPHAILHON TOUKH
Ha3bIBACTCA CKANApHAs (U3HYECKas BENHIHHA. 3HAUCHUE JIEMEHTAPHON pabOThI CHITBI 33aBUCHT
oT BbIOOpa cucteMsl oTcuera. Eavnuna pabotsl — k. [lomenyuarenbisu Ha3bIBAKOTCS CHILBL,
paboTa KOTOPBIX 3aBUCHT OT HAYa/IbHOTO 1 KOHEUHOO MOJIOXKEHHUS ABILKYILEHCS MaTepHallbHON
TOYKH WK TENA U HE 3aBHCUT OT opMbl Tpacktopui. [Ipu 3amMkHyTOl TpaeckTopuu pabota
MOTeHLMaNbHOH cHIBl Beeraa pasHa (. K mOTeHUHANBHBIM CHIaM OTHOCATCS CHIIBI TATOTCHUSA,
CHJIBI YIIPYTOCTH H 3JIEKTPHISCKHE CHIIbI. BhICTPOTY BbINOIIHEHHSA padOThl B TCXHHUKE
XapaKTEPU3YIOT MOIMHOCTE. OHa MOKa3bIBBACT, Kakas paGoTa COBEPIIASTCS TEIIOM B SACHHILY
BPEMEHH. DTO CKOPOCTh coBepieHHs padoTel N=A/t. U3mepaercsa B BaTTax (3a 1 ¢ BRINOIHAETCS
paborsl B 1 k). '
3akon coxpaneHus MeXGHUNECKON oJuepeut: MEXaHWJecKas 3HEpPrus CHCTEeMBl, B KOTOpOit
ACHCTBYHOT MOTCHLMANIBHBIE CHITHI, COXPaHAETCH TOCTOSHHON B TIPOLIECCE IBHXKEHUSA CHCTEMBL
EI+E2=E1’+E2’

2. HaTepdepenuuneii cBeTa HA3BIBAIOT MPOCTPAHCTBEHHOE MIEPEPACIIPE/ICIIEHHE CBETOBOTO
MOTOKA NIPH HAJIOXKEHHH ABYX (WM HECKONBKHX) KOTEPEHTHBIX CBETOBBIX BONIH (KorepeHTHble
BOJIHBI — 3TO BOJIHBI, OJMHAKOBBIE 10 HACTOTE M ¢aze KoneOaHuA. ), B pe3yJIbTATE HYEro B OIHHX
MECTaX BO3HUKAKT MAKCUMYMBI, 4 B IPYTHX MUHHMYMBI HHTEHCHBHOCTH (MHTEepdepeHIIHOHHAS
Kaptuna). Marepdepenimei ceeta 00biACHIETCH OKPACKa MBITBHBIX ITy3bIpeii 1 TOHKMX
MACIISHBIX TUTEHOK Ha BOJE, XOTA MBIIEHBII pacTBOP U Maciio GeciiseTHsl. CBETOBBIE BOJTHBI
HACTHYHO OTPAMAIOTCA OT ITOBEPXHOCTH TOHKOM MJIEHKH, YaCTHYHO NMPoXonar B Hee. Ha BTopoit
IPaHHMIIE [VICHKH BHOBb ITPOMCXONHT YaCTHYHOE OTpaskeHHE BONMHBI (pHC. 34). CBeTOBBIE ROJHBI,
OTPaKCHHBIE ABYMS NMOBEPXHOCTAMH TOHKOMH IJICHKH, PAaCIPOCTPAHAIOTCH B OHOM
HampaBJICHHH, HO TIPOXOIAT pa3HbIe MyTH. [ Ipw pa3HOCTH X0/a /, KpaTHOH 1eIOMY SUCHY AJIMH
BOJIH [ = 2k N2.

Tpu paszHoctu X0xa, KpaTHON HEUETHOMY YHCIY FIQJIYBOJH /
= (2k + 1) A/2, nabmonaercs HHTEPPEPSHIUHMOHHBIT MMHHMYM.
Korpa BhImonHAETCA YCIOBHE MAKCHMYMa IUIIS OMHOI JTHHBI
CBETOBOM BOJIHBI, TO OHO HE BBINOJHACTCA AN APYTHX BOJIH.
IToatomy ocserennas OeNbiM CBETOM TOHKAS LIBETHAS MPO3pavHas
TUICHKA KOXETCA OKpalieHHO#. fBnenne nutepdepeHUMH B TOHKAX
IUICHKaX TIPUMEHACTCSA U KOHTPOJIA KadecTsa 06paboTku MOBEPXHOCTE IIPOCBETASHUA
ontuxH. [Ipu npoxoxneHun cBeTa Yepes Majioe Kpyrjoe OTBEPCTHE Ha 3KPAaHE BOKPYT

Puc, 34

LEHTPANLHOrO CBETNOT0 NATHA HaMIOAAITCA YEPENYIOIIMECS TEMHBIE B CBETIIRIE KOJIbIIA; €CJIH
CBET MPOXOJUT 4EPE3 YIKYHO b, TO TIORYHYACTCA KapTHHA U3 YEPENYIOMMXCA CBETIIBIX H TEM-
HBIX TIONTOC.

HUutepdepeHuuio cBeTa yaanoch HabMOIaTh ¢ TTOMOINBIO YCTAaHOBKH, IIPETOKEHHOH
IOnrom. OH ObI1 01HMM M3 NEPBLIX, KTO MOHMIL, YTO OT ABYX HE3aBHCHMELX UCTOYHHKOB CBETa
uHTEp(EPEHIIHOHHAS KaPTHHA HE NoayunuTca. I103TOMY OH NpOIIyCTHN B TEMHYIO KOMHATY
COJIHEYHBIA CBET Hepe3 y3K0e OTBEPCTHE, 3aTeM ¢ MOMOIILI0 ABYX APYTHX OTBEPCTHI pasjesui
3TOT MYYOK Ha AB4. DTH JBa MyHKa, HAKNAABIBAACH JIPYT HA Jpyra, 00pa3oBasn B LIEHTPE JKpaHa
HeTyio monocy, a 1o Kpasm — pagykuele. Takum ob6pazom, B oneite IOHra nurepdepeHuvonsas
KapTHHA N0JIYYHIIaCh [TyTeM AeNeHUs (PPOHTA BOJHEIL, HCXOAAIICH U3 OHOTO HCTOUHHKA, IIPU €€
ITPOXOKAECHUH Yepe3 ABa OIU3K0 pacntoOKEHHBIX OTBEPCTHS.
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Bujer Nel2

1. ®uzMgeckas BEIMYMHA, PABHAS OTHOLICHHIO MOJYJIsl CHIibl, NeHCTBYIOICH NEPIEHINKY/ISIPHO
OBEPXHOCTH K IUIOLIAAH 3TO MOBEPXHOCTH, HA3BIBAETCA AaBjeHHeM. EjuHHIG naBienus —
NACKA/L, PaBHBI [aBNCHHIO, NPOM3BOAMMOMY cuiofi B 1 HBIOTOH HA Iyiomaaes 8 1
KBAApATHEIH MeTp. Bee sUAKOCTH H raspl IiepeAaoT NpOU3BOAHMOE Ha HUX JIABICHHE BO BCC
CTOPOHBL. B IMIMHAPHYECKOM COCYINE CHIIa AABICHHS Ha JHO COCYAa paBHa Becy cronda

JKUIKOCTH. JIaBICHME HA [AHO COCYNa paBHO , - ™8 _ PVE8 _ ., OTKyna naBnesue Ha
MCROK S S

rnyOuHe A paBHo p = p .. + P = PEh + p, . Ha cTeHKH cocyna NeHCTBYET TAKOE KE

JaBieHVe. PaBeHCTBO NaB/IEHH KMAKOCTH Ha OHOM M TOMH K€ BBICOTE NPHBOLMT K TOMY, MTO B
coO0IAIOIMXCA cocyaax no0oit GopMbl CBOGOAHBIC NTOBEPXHOCTH MOKOAINEHCH ONHOPOAHOH
XHIKOCTH HAXOAATCA Ha OJHOM YPOBHE (B Cliyuae NpeHeOPEKHMO MANOCTH KAMMIUIAPHBIX CHII).
B cnyuae HeOMHOPOTHOM XHIAKOCTH BhICOTA CT0:10a Gonee MIOTHOMN »HAKOCTH OYAET MCHBIIE
BBICOTBE MEHEE TUIOTHOM,

3aBUCHMOCTh IABJACHHS B JKHAKOCTH MW Trase OT TIUyOMHBI IPUBOZMT K BO3HHKHOBEHHIO
BBHITAIKUBAIOMIEH CHIIBL, IEHCTBYIOMIEH Ha I000E Teso, MOrpyKECHHOE B KUKOCTh HIH ra3. Ty
CHUNTY HA3BIBAIOT apXUMERoBOiH cwioil. Eciu B WAKOCTH MOTPY3HUTH TENO, TO JaBACHHS Ha
60OKOBBIC CTEHKH COCYJa YPaBHOBEIIMBAKOTCA APYT APYrOM, a pPasHOAEHCTBYIOINAs MaBIICHMIHA
CHH3Y H CBEPXY ABNACTCA APXHUMEIOBOI CHITOH.

Fa=Fa+ Fi=p,§-pS=pgh,8S—-p.gh§S~=

= p,gSh = p,gV =m,g

T.€. CHJIBI, BHITAIKHBAIOLIAA MOTPYXEHHOE B HUAKOCTD (Ta3) TEJo, paBHA BECY JKMIKOCTH (T433), BBITEX
TEOM. APXHMEAOBA CHIa HANPABICHA IPOTHBOINOIOKHO CHIE THKECTH, MOITOMY [PH B3BELIME
KHIKOCTH BEC TE/Ia MEHBIIIE, YeM B BakyyMe. Ha 1es10, Haxoas1eecs B JKHIKOCTH, AEHCTBYET CHIA TS
apxumejioBa cuna. Ecny cuna TSOKECTH 1O MOAYMO O0jblIe — T€10 TOHET, MEHBIIE — BCIUTBIBACT, |
MOKET HAXOJUTLCH B PABHOBECHH HA JF000i riryOuHE. DTH OTHONIEHHS CHJ PABHEI OTHOLUCHHAM IUTO
TENa U KHAKOCTH (rasa).

2. sIBNeHHE OTKIOHEHMSA CBETA OT MPAMOJIEHEHHONO HANPABACHUA PACIIPOCTPAHEHUS NPH
HPOXOXKICHKH Y Kpas perpansi Ha3piBaloT Audpaxnneii csera. Jludpaxiysa o0pACHIETCA TEM,
YTO CBETOBLIE BOJIHEI, MPUXOASIIHE B PE3YILTATE OTKJIOHEHMA W3 Pa3HBIX TOYEK OTBEPCTHS B
OAHY TOUKY Ha 3KpaHe, uHTephepupyroT Mexay coboil. ludpakums caeTa UCHIOIL3YETCH B
CIEKTPAIBHBIX MpHOOpaxX, OCHOBHLIM JIEMEHTOM B KOTOPBIX AB/IAETCA IH(paKiMOHHAas
pewerka. TudpakIMOHHAS pPelieTKa rpencTapiIgeT coboil Mpo3payuHyo ILIACTHHKY ¢
HaHeCceHHOH Ha Hell CHCTEMOi MapaJUIeNbHBIX HENPO3PAaYHbIX MONOC, PACIIONIOKEHHBIX Ha
OIHHAKOBBIX PACCTOAHMAX APYT OT ApYyTa.

[TycTe HA perueTKy (puc. 35) nagaeT MOHOXPOMATHYECKHI
(ompeneneHHOM ANVMHBI BONHBI) ¢BeT. B pesynbrate nudpaxumu Ha
KaXKIOH LIETH CBET paCHPOCTPAHAETCS HE TOJIBKO B
NE€PBOHAYATIBHOM HAIIPaBJICHHH,

HO W 10 BCEM ApYTHM HampasieHusM. Eci 3a peretkoi
MOCTABUTHL COOMPAIOIIYI0 IMH3Y, TO Ha DKpaHe B (JOKaIbHOH
ILTOCKOCTH Bee IyHd OyRyT coOupaTecs B OAHY MOJIOCKY.
[lapamiensHbie IyYd, HAYIOKE OT KPaes COCCIHUX IUENCH, HMEIOT
Pa3HOCThL XOAa {=d sin @, rae d — NoCTOsSHHAS PELUETKH — PACCTOSHUE MEXKIY COOTBLT-
CTBYIOIIHMH KPasMH COCEIHHX 1uesieil, Ha3bIBaeMOoe MepHoI0M pPelleTKH, (¢ — yroin
OTKJIOHEHHMA CBETOBLIX JYyYeH 0T NePneHANKYNApa K TUIOCKOCTH pemeTku. 1IpH pasHoCcTH X018,
PaBHOIA 1I€JIOMY YHCTY IUTHH BOJNH d Sin ¢ = k4, HaOmongaeTca HHTEPQEPEHLIMOHHbBIH MAKCHMYM
A1 TaHHOM JTHHE] BOJIHBL Y CIOBHE HHTEP(EPSHLIMOHHOI0 MAKCHMYMa BBINIOIHACTCS 11
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Ka)KIOM [UTHHAI BOJIHBI IPH CBOEM 3HAYECHUH JHQPAKIHOHHOTO yTia ¢. B pesynerare npu
NPOXOKIASHUH depe3 AUQPaKIHOHHYIO PELIETKY My4oK O€Ioro CBETa pasnaractcs B CIIEKTD.
Yron nudpakumy EMeeT HaubOIBIIECE 3HAYEHHME 1A KPACHON0 CBETA, TaK KaK JTHHA BOJIHEI
KpacHOTO cBeTa GOoMBIIe BCEX OCTAIbHBIX B 00,1aCTH BUAMMOFO cBeTa. HavMeHbInee 3HAYEHHE
yria audpakime ana dronetoBoro ceera. J{ng HaxoxaeHus pe3ynpTaTa HHTepdepeHLn
KoneGaHmii OT BTOPHYHBIX HCTOYHHKOB DpeHeNs NPEIONKILT METOA pa3OHeHUs BOJHOBOIO
¢GpoHTa Ha 30HBI, Ha3bIBaeMbI 30HaMu OpeHend. O6o3nagumM paccTosHue oT ToukH 0 Ko no

O mpkaiineiil Touku BOTHOBROM nmoBepxHocTy D uepes r0. Ileppas 30Ha OpeHens orpaHHYHBAcTCA
TOYKAMH BOJTHOBOH MOBEPXHOCTH, PACCTOSHHUE OT KOTOPBIX 10 ToukH O pasHo r1=r0 + A/2. 3tu
TOYKH pacrioyiaraioTcs Ha OKPY>KHOCTH. Bropas 30Ha Ppenens HaXOIUTCA MEKIY KPaeM NnepBoi
30HBI ¥ TOYKAMH BOJTHOBO NOBEPXHOCTH, PACCTOSIHHE OT KOTOPhIX 10 To4ku 0 paBHO 12 =11+
A2 =10 + A. Bce 30161 @peHens UMEIOT ONHHAKOBYIO IIOLIAAb, HO €C/IH TAK, TO OHH JOJDKHbI
Obu1H ObI BO30YKAATH B TOYKE HAOMIONCHUA KONCOAHNA ¢ OJMHAKOBOH aMIUIMTYAOH, HO 3TO
YCIIOBHE HE BBHIMIOJIHACTCS BCIACACTBHE TOTO, YTQ ¥ KK MOCISAYIOLIECH 30HBI YTO 0. MEXAY
Jy4OM, TPOBEIECHHBIM B TOUKY HAaOIIOACHHSA, H HOPMAJIbIO K (PPOHTY BO.IHEI HECKOJNEKO OOlbIIE,
4¢M Y MPEIBIAYINEH 30HBI, & C YBEIHUYEHHEM 3TOTO YIla aMIUIUTY/1a KoJeOaHHi yMEHBINAETCA.
Pa3nocTe x0j1a IBYX COCEHMX 30H paBHA A/2, CleIoBaTENbHO KoieGaHusa OT HUX NPUXOIAT B
TOYKY Hab/r01eHNns B IPOTHBOTIONMKHEIX ¢a3ax, Tak 4TO BOJIHBI OT IIOOBIX NBYX COCEAHUX 30H
DpeHes BOYTH TacAT APyr Apyra. CyMMapHas aMIuiTyaa KojlebaHuii B ToUKke BaOmoacHus
MEHBILE aMIUIMTY bl KoNeGaHuii, KOTOpbIE BoizBaia Obl 01Ha nepsast 30Ha Dpenend. [Toka
paguyc OTBEpPCTHA MEHbLIE paAnyca IEpBOH 30Hb1 DpeHENd, YBEIHYCHAE HNIHPHHEI OTBEPCTHA
TIPHBOOUT K YBEIHMYEHHUIO aMILTUTYAbI Konedanui B Touke 0 (Tax Kak pa3sHOCTh X0Aa IJif
KoneOanuii, NpUNIEANIKX OT PA3IMYHBIX TOYEK IEPBOH 30HBI HE MPEBLILIACT A/2).
MakcuMaIbHOro 3Ha4eHUs aMIUTHTYa JOCTHTAET IIPH PABEHCTBE PalHyca OTBEPCTHS PAAKYCy
nepBoit 30861 Ppenens. [Tpu panbHeliileM YBeTHYCHHH paauyca OTBEPCTHA aMILTHTY A
xosebanuii B Touke (0 YMEHBIIAETCH B pe3ysibraTe HHTepdepeHIMH KoneOaHuil, TPUX0oadLUHX 0T
TIEPBOI M BTOPOH 30H, OHA CTRHOBHTCA MHHUMAJILHOH IPU PABEHCTBE PaHyCa OTBEPCTHS
panuycy BTOpoii 30HbL |Ipy nanpHe#neM yBETHUCHHH PaaHyca OTBEPCTHA aMILTHTY 1A
KkonebaHmil NPUHUMaET MAKCHMATHHBIE 3HAYCHHA, KOT/1a B OTBEPCTUH YKIIAjIhIBACTCA HEYETHOE
quc1o 304 Dpenens, 1 MUHAMANBHBIE 3HAYCHUS ITPH YETHOM HX YHCIIE.

JindpakiuyonHas peneTka — CeKTpalbHbii NpHOOp, coyKalluii 111 pasioKeHUA CBETa B
CIIEKTP M H3MEPEHHS IJIMHBI BOJHBI, PeieTkd B 3aBUCHMOCTH OT IIPHMEHEHHA ObIBAaIOT
MCTAJUTHYECKHMH B CTeKISHHBIMA. HabmomeHns poBosiTCA Ha METAINTMYeCKHX PelleTKax
TONBEKO B OTPAKEHHOM CBETE, 4 HA CTEK/ISIHHBIX — Yalle BCEro B IPOX0AslieM ceeTe. | nasnad
XapaKTepUCTHKA PEIICTKH — MOCTOAHHAs pemerk d = a + b, rae b — mmpuHa meny, a -
LIHPHMHA HEMPO3paYyHOro y9acTka. B Tex HampaBiaeHUsIX, A/ KOTOPBIX PA3HOCTH X044 PaBHa
YETHOMY YMCIY TIONYBOMH, Habmoaaercs nHTepdepeHIOHHBI MakcUMyM, H HaobopoT. [ocne
NaJEHUS TUIOCKOM BOJHBI Ha THQPAKIMOHHYIO PELIETKY POHCXONHT HHTEPOEPEHLS BOJIH,
IuparupoBaBIINX HA IUENAX peleTKy. PasnuyHsiM JJIHHAM BOJIH COOTBETCTBYIOT Pa3HbIC YIJIbI
d sina = kA, Ha koTOpBIX HabMOAaeTCA HHTEPPEPEHUIMOHHEIE MAKCHMYMEIL. Ha 3TOM OCHOBaHO
TJIZBHOC CBOMCTBO PELICTKH — Pa3jIOKEHUE NAJA0IIET0 HA HEE HEMOHOXPOMATHYECKOT O CBETA, B
CTIEKTP.
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buier Nel3

1. MexannyuecKHMu KoJIe0auMsiMu HA3LIBAIOT ABHOKCHUA TCI&, TIOBTOPSIOIIHECH TOYHO WM PUOIH3H-
TCIBHO YEPE3 OJMHAKOBBIE IMPOMEXYTKH BpeMeHU. OCHOBHBIMH XapaKiepUCTHKAMH MEXaHHYECKHX
KojeOaHMil ABIAIOTCA. CMELIEHHWE, aMIUIMTY/a, YacToTa,

X T nepuog. CmemieHAe — 3TO OTKIOHEHHME OT MOJOXKEHHS
A=Xn paBHOBECHA. AMILIMTYAA — MOJY/Ib MAKCHMAJIBHOTO OTKJIOHE-
\ / \ ) HHSL OT HOJIOMEHMS paBHOBeCHs. HacToTa -— YHCHO IOJNHBIX
v \/ t  koneOaHWH, cOBepuIaeMbix B8 ¢IMHHLY BpemcHH. llepnox ——

BPEMA OJHOrO TIONHOTO KojieOaHus, T. € MHHHMMAILHBIH

Puc. B MPOMEKYTOK  BPEMEHHM, 4€pPe3  KOTOPbIA  INPOUCXOIUT

nosTopeHre 1npouecca. lleppon u  wacToTa  CBA3AHBI
cooTHoweHueM: v = 1/T.
I'apMoAHYeCKHMH HAa3BLIBAIOT KoJie0aHHA, NMPH KOTOPbIX Kakau-iH00 ¢u3dueckas BelHYHMHA,
ONMHCHIBAIOIASL  TpoLlecC, HM3MEHSeTC €0 BpPeMEeHCM 10  3aKOHY  KOCHHyca  MJIH
CHHYCAI £{1) = A- cos(wt + &)

CBOGOIHBIMH — Ha3bIBAalOT KonebaHMs, KOTOPbIe
COBEPIIAIOTCA 33 CYET INEPBOHAYAIBHO COOOIMEHHOM
JHEPrHH NPH TMOCIEAYIOWEM OTCYTCTBHK BHEIIHHMX BO3-
AcHicTBHH Ha CHUCTEMy, coBepluaiomnyo konebanud. Ha-
npuMep, KosiebaHus Tpy3a Ha HUTH (pHc. 9).

PaccMOTpHM mpoLECC MNPEeBpallleHMs HEPTHH Ha
mpumepe konebaHuii rpysa Ha HUTH (CM. puc. 9).

ITpy OTKIOHEHMH MAATHHKA OT TMOJIOKEHHS DPABHOBECHS OH TWOAHHUMAETCH Ha BBICOTY /i
OTHOCHTEIILHO HYJICBOTO YPOBHS, CIEIOBATENBHO, B TOUKE 4 MasTHUK 00.1aaeT OTEHUHANBHON 3HEpTHEH
mgh. TIpy ABUNKECHHH K TIOIOKEHHIO PaBHOBECHS, K Touke O, yMEHbLIAETCA BbICOTA 10 HYJH, & CKOPOCTh
rpy3a yBeqMUHBacTCA, U B Touke O BCA NMOTEHLHAIbHAs 3HEPrus mgh NPEBPATHICA B KHHCTUYECKYIO
Mepruw mv/2. B 10/10keHHH paBHOBECHSA KUHETHYECKAs SHEPrHs MMEeT MaKCHMallbHOE 3HAYEeHHE, a
MOTCHIMANBHAS JHEPrusl MUHHMAbHA. [locie MpPOXOKIECHHUA ITONOXKEHHS PaBHOBECHA TIPOHCXOIHT
[peBpallleHHE KNHETHUECKOA JHEPrMH B MOTEHIHAILHYIO, CKOPOCTE MAaATHHKA YMEHBINACTCH M NPKH Mak-
CHMAJIbHOM OTKJIOHEHMH OT IOJIOJKCHHA PABHOBECHS CTAHOBHUTCS paBHO# Hymo. [Ipr konebarensHOM
ABMKCHHH BCETZa IMPOWCXOAAT IEPHOAWYECKHUE MPEBPALICHHA €ro KHHETHYESCKOH M IOTEHIHANBHOMN
IHEPTHIA.

IMpu cBOOOAHBIX MeXaHHYeCKMX KoiaeOaHHAX HEM30EKHO MNPOHCXOAUT MOTEPA IJHEPrUd HA
IPEOOONECHHE CHUI CONpPOTMBICHUA. ECiim KoneGaHWs NPOMCXOIAT ION ACHCTBHEM MEPHOIHYESCKH
neficTByloel BHEHIHEH CHUIBL, TO TakHe KOJie0aHMA Ha3bIBAalOT BBRIHYXKAECHHBLIMH. Hanpumep, poauTesH
packauuBaloT pebeHKa Ha Kauyesix, MOPLICHb JBHKETCS B HUIMHAPE HBUTATEIA aBTOMOOMILA, KoebmoTes
HOK OJIEKTpOOpHTBBI W HWrna LBeHHOH MalmuHbL XapakTep BBIHYMXJICHHBIX KOiebaHHi 3aBHCHT OT
XapakTepa OeicTBUsA BHEIIHEH CHIIBI, OT €€ BEIMYHHBI, HANPABJICHUA, YACTOTRI ACHCTBHS U HE 3aBHCHT OT
pasmepoB H CBOMCTB koneOmouierocs tena. Hampumep, GyHAaMEHT MOTOPA, HA KOTOPOM OH 3aKPEILIEH,
COBEPIIAET BHIHYKICHHBIE KO/iIe0aHust ¢ YacTOTOMH, ONpEaenAeMO# TONBKO YUCIOM 000POTOB MOTODA, W HE
3aBUCHT OT pasMepoB PyHaIaMeHTa.

2. B oaHoponHO#M Cpefe CBET pacmpoOCTpaHsercs npsaMoiubedino. O6 ITOM CBHAETENBCTBYIOT
pe3KHe TeHH, OoTOpachiBa€Mble HEMPO3PAYHBIMH NPEIMETAMH NPU  OCBEUIEHHH HWX TOYCYHBIMH
UCTOYHHKAMH CBETA.

yeon naodexust pagen yerny ompaxcenus. IIpH TiepexoAe W3 OFHOM CPEIbl B IPYIYIO IPEIOMISKOTCA H
TIOTYUHAIOTCA 3AKOHY NPEJIOMIACHMS BOJTH: OMHOWEHUE CUHYCA Y21a NAOCHUS K CUHYCY Y2Td RPEROMACHUA
ecmb BEAUNUNA NOCMOSHHAS 018 08YX OAHHBLX CPe) U PAGHASl OMHOWEHUIO CKOPOCIN SHeKMPOMALHUMHBIX
80H @ NEPEOTl Cpede K CKOPOCMU INEKMPOMASHUMHBLX 60IH 60 6MOPOoL cpede U HA3BIBACTCA MOKA3ATE/IEM
MpeJIOMJICHHSA BTOPOH CPeRbl OTHOCHTEIILHO NIEPBOM.
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buaer Neld

1. Mup HamomHes caMbIMK pa3sHOOOPA3HBEIMM 3BYKAMH: TUKAHBCM YacoB M TYJIOM MOTOPOB,
LIEIECTOM JIMCTOB U 33BbIBAHHEM BETpPA, MEHHEM ITHLL B rosiocamMu Moaei. O ToM, Kak pOXIAOTCH 3BYKH
H 4T0 OHM COoOOM NPexCTAaBIAT, JIOAM HAYallKd JOrajbIBATHCH OYEeHb JaBHO. JlocThras yxa, 3BYK
BO3JcHiCTBYET Ha OapabaHHbIe NEPENOHKM U BbI3bIBaCT OIMYINEHHE 3BYKa. Ha ciyx genoBex BocnpuHMMaeT
YIpyrue BOJHBI , UMEIOLIME 4YacToTy B nepenenax or 16 I'm mo 20 xI'm (1 'u - ogno kosncGanue B
cekyHny). BoT mouemy yrpyrue BoiHbI B T:000H CPEIE, 4acTOThl KOTOPRIX JIEKAT B YKa3aHHLIX HpeAcnax,
HA3LIBAKT 3BYKOBBLIMH BOJNHAMH WJIH HPOCTO 3BykOM. B BO3ayxe npu temneparype 0 W HOpMansHOM
atMOc(iepHOM IaBJIEHHE 3BYK paclipocTpaHgeTcs co ckopocTeio 330 M/c, a B MOPCKo# Boae — okosio 1500
M/C, 4 B HEKOTOPBIX METAJUIaX ero ckopocTs qocturaet 700 M/c. Yrpyrue BOMHBL © 4acTOTOH MeHbLIE 16
'y HaspiBaroT WH@Pa3BykoM, a ¢ dacroToif npeppimatomei 20 k' — yJbTpa3sBYKOM. 3BYK MOXeT
PacrpoCTpPaHATECS B BHAE NPONONBHBIX M IIONEPEUHbIX BOMH. B razco0pa3sHOM COCTOSHMH BOZHMKAIOT
TONBKO TIPOAONBHBIE  BOJIHBL, KOraa KonedaTenbHOE J[BIOKEHHE YacTHIL IMPOHCXONUT JHIIL B TOM
HaNpaBICHUH, B KOTOPOM PacIpOCTpaHAETCH BONHA. B TBEpABIX Tena MOMMMO NPOJONEHEIX BOSHHKAET H
TIOTIepeYHBie, KOFAA YaCTHIBI Cpeabl KOAeOMIOTCA B HANpaBICHUH, NEPHNEHIHMKYIAPHBIX HAIIPaBIICHHIO
BOJIHBI. 3BYKOBBIE BOJIHBI HECYT ¢ C00O0if JHEpruio, KOTOPYIO cOOOINAal0T UM HCTOYHMK 3ByKa. Benuduny
KHHETHYECKOH JHEPrHH, NMPOTEKAIOIISH 3a Oy CEKYHIY 4Yepe3 KBaIpaTHBIA CaHTHMETD OBEPXHOCTH,
TIEPIEHANKYISPHOH HANPaBIEHHIO PacIPOCTPAHEHHS BOJIHBL, BeIMHCIWA Hukonait Anexceesnu Haymos.
Ity BENHYHHY HA3BAIM OTOKOM dHEpruu. OHa BRIPAXKAET MEPY WHTEHCHBHOCTH, HITH, K&K €LIE TOBODAT,
CWJIBI 3BYKA. BCAKMIT peanbHbIH 3BYK — 3TO HEMPOCTO rapMoHUYecKoe konebaHue, a cBoeodpa3Has CMeCh
MHOTHX TapMOHHYECKHX KonebaHuii ¢ ompeneneHHbIM HabopoM dacror. MyseikanbHEI  3BYK
XAPAKTEPH3YETCH TPEMS KauyeCTBAMH: BBICOTOH (ompenensmtoineliica 4HCTOM KoneDaHMH B CeKyHAY —
4aCTOTOH), TPOMKOCTBIO (3aBUCALICH OT WHTEHCHBHOCTH KonebaHMi) M TeMOpDOM — OKpacKo# 3ByKa
(3aBucsuieil oT dopmsl xoneGanuit). M3 —3a xoHe4wHOW CKOPOCTH 3ByKa NHOSBIAeTCH 3X0. YTobbl ero
VCIBIHATh, MOXHO MPOH3HECTH I'POMKHIl 3BYK MeEpel KPYIHBIM 3/1aHHEM, OTCTOAINHM OT Bac Ha 20 -30
METPOB. PacmpocTpaHsiomascs 38yKOBasi BOJIHA, BCTPETUB HAa CBOEM IyTH 0O0sibHIYIO MpETpamy — CTEHY
3Jadus, OTpakaercs oT Hee. Korja oTpaKeHHasi BOJIHA AOCTHrAeT HAIEro yXa, MbI CHBIIMM OTI'0JIOCOK
HIIH 3X0. DX0 — 3TO 3BYKOBas BOJIHA, OTPaxeHHas kakoi — mubo mperpamoil 1 BO3BpaTHBIIAACA B TO MECTO,
OTKYZla OHA Havyajia PacripoCTpaHAThCs. JIerke MOHNATh, 4TO MBI CIBIIMM 3XO 4epe3 TAKOH MPOMEXKYTOK
BpeMeHH. B TedeHUU KOTOpOro 3BYKOBas BOJIHA ITPOXOAMT IyTh N0 Aperpansl H 0OpaTHO, T€ MPOXORUT
ABOIHOE PACCTOAHHE MEXIY HCTOYHHKOM 3BYKa W mperpajfod. S=V*t/2. Manyuas KOPOTKHE HMMILY.IbChI
BOJIH M YJIABJIHBaA MX X0, M3MEPSIOT BpeMsi IBIDKEHWS BONHBI OT Iperpajbl W oOpaTHO, a MOTOM
OnpelesiuT PacCTOAHUE X0 mperpaasi. B aToM cyTh 3xonokauuu. BonHa — pacnpocrpanedye koneOanui B
IPOCTPAHCTBE ... OT TOYKM K TOYKE OT YacTHIHI K dacTHile. CKOpPOCTh DaCHpPOCTPAHEHMS BOJIHBI —
CKOPOCTh BOJIHBI, KOTOpAas paBHA IMPOU3BEACHHIO YacTOTs! konebanuii B BOJIHE Ha JJMHY BOJHBL BonHa, B
KOTOpO#i KonebaHMs NPOUCXOAAT BOONE TOM JK€ MPAMOM, YTO M HMX pacHpOCTPAaHEHHE, Ha3bIBAIOT
MpOAONBHOM BOJHOM. BoJiHA, pacmpoCTPaHAIOLIAACA B HANPABACHUH, NEPHICHIHKYIAPHOM HAIPABJICHHIO
konieDaHMii YACTHII B BOJTHE, RAa3bIBACTCS MIONIEPEYHOH.

DHeprus NPOTMOPUMOHATEHA KBagpaTy aMIumMTyAbt KoneGanmii. 3BykoBble KosieOaHMA, MEPEHOCHMBIE
3BYKOBOW BOJIHOM, MOTYT CHYKUTh BBIHYXARQIOUICH, NEPHOIUUECKHA MW3MEHSIOLICHCH CHUROH ans
K0Je6aTENbHBIX CHCTEM W BRI3BATH B HTHX CHCTEMAX ABJICHUE PE30HAHCA(ITO aKyCTHUYECKHH PE30HAHC).
Jns 3By4aHus — pe30HATOPHI.
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2. JInu3oit Ha3EIBACTCA MPO3PAYHOE TENO, OTPAHHIEHHOE IBYMS CHEPHYECKUMH IIOBEPXHOCTAMH.

ToHKO#, €CTH €€ TOMIKUHA MaNla [0 CPaBHEHUIO ¢ PaflycaMH KPHBH3HEI €€ IOBEPXHOCTEH, B IPOTUBHOM
cay4ac — TOJCTOM.

OnTHdeckas cHiIa — 3TO BENMUMHA, 00paTHas POKYCHOMY PacCTOAHHIO

D=1/F

HsMmepseTca B AMONTpUsX. | THONTPHIE — 3TO ONTHYECKas CHMia Takol NHH3BL, (POKYCHOE DPACCTOSHHE
KoTopo# 1 M.

Jlynei- KOPOTKOGOKYCHBIC HBOAKOBBINYKIIBIE JIMH3EI, C/ICTIAHHbIE U3 CTEKJIA MJIN IUIACTMACCHL.

t D
= rg ¢ _Z f-oxycH paccrosH 131, D-pacctosiH [0 nipeamMera
400

Muxpocxon. MUKPOCKOTIOM Ha3bIBAKOT OTITHYECKHI IPUOOD, CITYKALTMH IUIA pacCMaTPHBAHUA MEJKHX
IIPEAMETOB, HEBHAMMBIX HEBOOPYKEHHBIM I1a30M. MHKPOCKON COCTOWT M3 IBYX COOUpaIowux NTHH3 -
KOpOTKO(GOKYCHOTO 0obbexmusa ¥ ATAHHO(GOKYCHOTO OKYAAPA, PACCTOSHHAE MEKIY KOTOPBIMA MOXKHO

H3MEHSAThH TIPH HACTPOliKe Ha pe3kocTb. OOBEKTHB co31aeT ASHCTBUTENBHOE, IEPEBEPHYTOE, YBEITMYEHHOE
NpoMeXyTouHOe n300parkerne. OKynap AEHCTBYET Kak JIyna, CO3/1aBas MHHMOE YBEIHUECHHOE

DA
n306paxenue. y = }————— -YIIIOBOE YBEIMICHHE MHKPOCKONA , A - paccTosH M\y 3a]t (POKycoM 00BeKTHBA
OFJ OK

¥ NIepeAHnM (POKyCcOoM OKysTsipa

Tenecrkon:a)pednexropsl,6 ))pedpakTopst
HeficTBre pegaexmopa- OTPaXaKUIET0o TENECKONa- OCHOBAHO HA HCTOIb30BaAHNH 3€PKaNbBHOTO,
orpaxaromero obsextrBa. Bnepssie co3nan HelotoH. HeI0TOH CTpEMMICS YCTPaHUTh XPOHATHYECKYIO
abeppaliio, CROMCTBEHHYIO THH3AM.
B pedpakTope - THH30BOM TEIECKONE HCIIONB3YIOTCH IBE CHCTEMBI JIHH3. ONITHYECKYIO0 CHCTEMY
TEJICCKONA 15l NIOYYEHUSE MAKCUMANIBHOT'O YIJIOBOI'Q YBEITHUCHHA KOHCTPYUPYIOT Tak. YTo0bl 3amHui
hokyc 00BbEeKTHBA COBIAAAN ¢ NEPeAHUM (POKYCOM OKyJspa

Jns xapakTepucTHKy 00BEKTHBA TEIECKOMNA BBOIAT BENHYMHY A, 00paTHYIO NpeAcIbHOMY YIUiy{ee Ha3-10T
paspewaiowyeii cunoii Y= Sos. Tenecxona) A =1/ = D,; / A. JIns yBeIHueH!s pa3peliaioiei

CrIoco0HOCTH TeJECKoIIa Halo Sox Opath 00beKTUBBI OOIBIIOrO fHaMeTpa. Jpyroi myte—
yMCHBIICHUE ATMHBI BOJIHBI PETUCTPUPYEMOTO H3MyueHUs. Qomoannapam NPEeIcTasusaeT coboii
3aKPhITYI0 CBETOHETIPOHHL KAMEPY ¥ CHCTEMY JIMH3, Ha3bIBAEMYI0 O0BEKTHBOM.(COCTOHT M3 2-3X JIHH3,
HaBopoueHHbie 7-9)nadparMa—iupy ee NOMOIIM [IOTYHAETCH YETKOE N300 pasKeHHE NPEAMETOB,
HaXOAALIMXCH Ha pa3sHbIX PAcCTOAHHAX 0T doToannapara. Juanpoexmop- HA3HAYEHUE CO3/1aBaTh HA
IKpaHEe YBEIMUEHHBIE H300PKEHUA TIPO3PaYHbIX PHCYHKOB UK GOTOK, 3a(HKCUPOBAHHBIX HA Kaape
anaduIsEMa. Snunpoexmop-nonydeHHe N300 paskeHns 3a(PUKCUPOBaHHOT0 Ha Oymare.(TemMa Takas Kak B
[IHUpE CTOMT). Kunonpoexmop OTIHUASTCA OT JUAPOEKTOPa THIIb TEM, TG B HEM HMEETCS
MEXaHWIECKHIf nipepsiBatend (00TH0paTop), KOTOPbIi 3aCOHAET OOBEKTHB B TOT MOMEHT, KOTAa
KHHOILICHKA poaeprusaeTes Ha 1 kaap. T.K. CMeHa KagpoB npoucxouuT 24 pasa B 1¢. ['maz atu
DpEPhIBaHUA HE 3aMEYacT.
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Buaer Nel5

1. Jina oObacHeHus CBOMCTB BEINECTBA B ra3000pa3HOM COCTOSIHHM HCHONIB3YETCH MOJENL MIEATBHOIO
raza. MeajibHbIM IIPUHATO CUHTATE Ta3, ECIIH:

a) MEXKIY MOJCKYJaMH OTCYTCTBYIOT CHJIBI TIDHTSDKEHHSA, T. € MOJEKylbl BeayT cebs kak
abcomoTHO yripyrue Tena,

0) ras o4eHs pa3pwKeH, T. €. PACCTOSHIE MEXIy MOJIEKYnaMHi HaMHOr0 00JIbIIEe pa3MepoB CaMHX
MOJIEKYE,

B) TEIUTOBOE PABHOBECHE IO BCEMY 00BEMY IOCTHIacTCsi MIHOBEHHO. YCIIOBHs, HEOOXOXMMBIC
s Toro, 9rodbl peasTbHbI raz o0pen cBoiicTBa MAEAIBHOIO, OCYLIECTBIAIOTCA IIPH COOTBETCTBYIOLEM
PA3pHKEHHH PeaTbHOTO rasa. HekoTopsle raspl make NMpH KOMHATHOH Temmeparype M aTtMoc(epHOM
ZIABJIEHHH ¢J1a00 OTIIHYAIOTCA OT HIICAThHBIX,

OCHOBHBIMM TIapaMETPaMH HICAISHONO ra3a ABIAIOTCH JaBlicHHE, 00BEM H TEMIIEPATypa.

OanuM U3 MEPBBIX H BaAXHLIX YCHICXOB MKT 6»110 KAYECTBEHHOE H KOJHYECTBEHHOE OO BACHECHHE
JABJICHHA Ta3a Ha CTCHKH COCYIA. KauecTBeHHOE 00BACHEHHE 3aK/IIOYACTCA B TOM, UTO MOJICKYJ/IBI Ta3a
TIPH CTOJKHOBEHUAX CO CTCHKAMH COCYAa BSEIHMOIIeff'ICTByIOT ¢ HHUMH 10 3aKOHaM MCXaHHKH KaK YIIPYTyue
TEJa U NEPEIAaT CBOH NMITYJIbChl CTCHKAM COCYyla.

Ha oCHOBaHHH HCIIOIb30BAHKUA OCHOBHBIX MOJOXKEHUN MOJIeKyHSIpHO-KHHCTHIICCKOﬁ TCOpPHH 6n110

nony4eHo ocHosHoe ypasteniie MKT uaeansHoro rasa, KOTopoe BBIDIAMT Tak: p = 1/3 mgnv°.

31ech p — JaBJjE€HHUE UACAJILHONO rasa, My —
Macca MOJIEKYJIbI, - KOHLIEHTPAUKA MOJIEKYJI, v CpCHHMIA KBAIPAT CKOPOCTH MOJIEKY.I.

O003HaunB cpenHee 3HAUCHUC KHHETHUYECCKOH DHEPIMM IOCTYNATENBHOIO IBHXKEHHA MOJEKY

HACANLHOro rasza By momyuum ocnosHoe ypasHenne MKT waeansHoro raza B suze: p = 2/3nEx.

Onnaxo, W3MEPHB TOIBKO JAABICHHE Tra3a, HEBO3MOKHO Y3HATR HHM CpPEIHES 3HAUCHHE
KHHETHYECKOH OJHEPruM MOJEKYNl B OTOENBHOCTH, HH MX KOHLUeHTpauuioo. CrnezosatenbHo, Ui
HAXOKICHHS MHKPOCKONTMUYECKUX IapaMeTpoB rasa HY)KHO H3MEpEHHe KakoH-TO eile QH3HuecKon
BEIWYMHBI, CBA3AHHON CO CpedHell KuHeTHdeckoi sHeprueil monexyn. Takoil senmuuuHOi B (u3HKe
ABngeTCS TeMrneparypa. Temnepatypa — cKangapHas Qu3H4Yeckan BeIHYHHA, ONHCHIBAIOMIAA COCTOSHHE
TCPMOIMHAMHYECKOTO paBHOBECHS (COCTOSHHS, INPH KOTOPOM HE TIPOMCXOIMT  H3MEHEHHSA
MUKPOCKONWYECKHX NapaMeTpoB). Kak TepMoaMHaMu4ecKas BeJHYMHA TEMIIEparypa XapaKTepH3yeT
TEIIOBOE COCTOSHHE CHCTEMb M M3MEPAETCS CTENEHBIO €0 OTKIOHEHUS OT [IPHHATOr0 33 HYJIEBOE, KaK
MOJIEKYJIAPHO-KHHETHYECKAA BEIMYMHA XapakTepU3yeT HWHTCHCHBHOCTD XAOTHYECKOr0 IIBHIKCHMS
MOJIEKYIT ¥ U3MEPACTCA UX CpEeNHEH KMHETUIECKOH JHEPIHEH.

Ey =32k tnek=1,38- 102 Jbx/K u HasbiBaercs nocrosiHHo# boabsnMana.

TeMmnepaTypa BceX HacTeil M30MPOBAHHOH CHCTEMbI, HAXORALIEHCS B paBHOBECHH, OJHHAKOBA.
WsmepsieTcs TeMnepaTypa TEPMOMETPAMH B TPagycaX paziM4HBIX TEMNEpaTypHsIX wikan, CylecTByeT
abConOTHAsA TepMOAMHAMuYecKas Wikaga (mkxana KenpBHHA) M Pa3MUYHBIE 3MIHPHYECKHE LIKAJIB,
KOTOPbIE OTIHYAKOTCA HAYATBHEIMK TOYKaMK. J{o BBeIeHHs abCcOoMOTHOH KAl TEMIIEPATYD B MPAKTHKE
IIKPOKOE PaclpocTpaneHue nomyuuna mkana Llemscus (32 O °C npuHATa TOUKA 3aMEP3aHHA BOIbI, 33
100 °C mpurHATa TOYKA KAIEHUS BOIbI IPH HOPMATbHOM aTMOC()epHOM JaBICHHH).
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2. Jucnepcusn ceema. SIBIeHHe 3aBHCHMOCTH NMOKA3ATENs IPEJOMICHHA BEMIECTBA 0T 4acTOThbi
CBETA HA3LIBAETCH AHCHEPCHEl CBeTa. YCTaHOBJCHO, YTO ¢ BO3PACTAHMEM YacTOTHI CBETA MOKA3ATENb
IPEIOMIIEHHS BellecTBa yBeauuusaercs. [IycTh Ha TPEXTpaHHYIO NPU3MY NAJIAeT y3KWi NapanienbHbli
My40K GENOro CBETa Ha KOTOPOM MOKa3aHO CEYSHHE MPHU3MBI IUIOCKOCTBIO YEPTEXKa ¥ OJHH M3 y4YCH).
Mpu HPOXOXKIECHAH YEPE3 MPU3MY OH PA3NaracrTcs Ha ITydKM CBETAa Pa3HOIO LBETa OT QPUOJIETOBOrO 10
KpacHoro. [[peTHyYI0 Tosiocy Ha 3KpaHe Ha3BIBAIOT CILIOINHBIM criekTpoM. HarpeTsie Tena wanyuaior
CBETOBEIE BOJHEI CO BCEBO3MOMKHBIMM 4HaCTOTAMH, JIEKallUMKM B HHTEpBAE HacToT OT 04-10° 10

0.75-10° Tu. Tlpu pasjokeHHHd 3TOrO CBeTa M HaOIMIOZaeTcs CHIOLMIHON CHEKTP. BO3HHKHOBEHHE

CILTOIIHOTO CrekTpa obbAcHAeTCs aucnepcueil ceeTa. Hanbonbliiee 3HaUeHKE MOKA3aTENb MIPENOMIICHUSA
UMEeT Uil (PHONETOBOTO CBETA, HAMMEHBIIEE — JUIA KPacHOro. JTO NPHBOAMT K TOMY, YTO CHIIbHEE
Bcero Oyaet npenoMiaTbes puonerosslit cBeT M cnabee BCEro —KpacHbIH. PasjioxkeHHe CIIOKHOTO CBeTa
npM NPOXOXKAECHHM dYepes MpU3My MCIOIb3yeTcs B ciekrpomerpax. Ilornowmenue csera. SiBneHue
MOTJIOIIEHHA CBETA OO BACHAET KJIACCHYCCKAsA 3NEKTPOHHAA TeopHA. OOBACHEHHE COCTOUT B CJIEAYHOLLEM.
DneKTPOHBI ATOMOB M MOJICKYJT COBEPLIAIOT BHIHYX/IEHHBIE KOoAeOaHHA 110, ACHCTBHEM IEKTPHHECKOI0
NoNA ¢ YaCTOTON, pasHOM wacToTe cBerta. ECAM 4acTOoTa CBETOBOH BONHBI NpHOMMKAETCA K 4acToTe
cobcTBeHHBIX Konebanuil, TO BO3HHKAET ABICHME PE3OHAHCE, 00YCIaBIMBAIOMICE MMOTIIOUIEHHE CBETA.
[TornoleHHas IHEPTHA MOXKET TIEPEXOAHUTh B APYTHE BHARL, B YACTHOCTH, OHA MOXKET MPEBPAINATHCH B
IHEPTrUI0 Xa0THYECKOT 0, TEIJIOBOTO NBHKECHHMS YACTHIl BEIECTRA.
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Buner Nelé

1. Temneparypa — ckajsipHas ¢U3M4ECKasd BEJUYMHE, OIMHUCHIBAIOLIAS COCTOSHHE
TEPMOAHHAMHYECKOTO PABHOBECHS (COCTOSHMA, IIPY KOTOPOM HE MPOMUCXOAHT M3MEHEHUA
MHKpOCKOIIMJecknx mapaMeTpoB). Kak TepMomuHamMudeckas BeIMYHHA TeMIeparypa
XapaKTepu3yeT TCIUIOBOE COCTOSHHUE CHCTEMBbI M M3MEPACTCS CTENEHbIO ero OTKIOHCHMSA
OT LPUHATOTO 33 HYJEBOE, KaK MOIEKYIAPHO-KHHETHYCCKas BEIMYMHA XapPAKTEPU3YET
WHTEHCHBHOCTh XAOTHYECKOTO MABIDKCHHS MONEKYlI M HM3MEPSCTCd WX CpelnHed
KWHETHYECKOH SHEPTUE.

E. =32kl tnek=138"+ 105 /K ¥ Ha3uiBaeTca HOCTOsIHHOH bobnmana.

Temneparypa Bcex yacTeil H30JMPOBAHHON CUCTEMBI, HAXOAALICHCS B PABHOBECUY,
oQWHaKoBa. MiMepsercs TeMmmeparypa TepMOMETpaMH B Tpaaycax pasjndHbIX
TemnepaTypHeix mkal CymecrsyeT aGCoMOTHas TepMOJMHAMMYECKas IIKana ([uKana
KensBuHa) ¥ pasivyHble IMITAPUYECKHUC ILKAMB,, KOTOPBIE OTIMYANOTCA HavdaibHbIMH
toykamMi. Jlo BBeAcHHS aOCOMOTHOH IIKANLl TEMIEpaTyp B TIPAKTHKE IIMPOKOE
pacrnpoctpaneHue nomy4mia mkana Leascus (3a O °C npunsTa TOYKa 3aMep3aHHs BObL,
3a 100 °C npuHsTa TOYKA KMIIEHUS BOAbI IPH HOPMATBHOM aTMOCHEPHOM JIaBICHUH).
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INEeKMPOMAZHUMHDIE U3TYYEHUA

Cgem

JiMaiia30H JUTHH BOIH BHIMMOTO CBETa 3akiodeH mexay 4 000 A (duonerosbiii uset) u 7 000 A
(xkpacspiii uBeT). Camoil BaXKHOM XapaKTEPHCTHKOM BHIUMOTO H3NYUYCHHS ABJISCTCA, PA3YMEETCH, €0
BUAMMOCTh JIA 4eJ0BedecKoro rnasa. HasepHoe, He ciryqaliHO HMCHHO BUAHMBIC JIydH
3IEKTPOMArHMTHOI O HAIYUEHHs 3eMHas atMoc(epa IpomyckaeT iy4ine Beero. HaBepuoe, He ciyqaiHo
1 10, uTo 4 CoNHie Haubojiee aKTHBHO U1Yy4aeT B BUAMMBIX Jdy4ax. HecayuailHOCTb, KOHEYHO,
33KIIOYAETCSA B TOM, 4TO HAlll TTIA3 3BOJIIOLMS CIEeNaa TAKUM.

CaMbIMH Oy THMBIMH JIJISl TJ1234 SBIASIOTCA XKENTO-3¢/1eHbIe JIyud. CreupaibHOE [IOKPLITHE Ha
obbexTHBax (OTOANNAPATOB U BUAEOKAMED, KOTOpOE Bhl HaBepHAKa 3aMEYATH IO CHPEHEBOMY OIecKy,
KaK pa3 NPU3BAHO NPONYCKATh BHYTPb amilapaTypsl KEITO-3eeHbIH CBET H OTPAXATh HE CTONb
OUIYTHMBIE 1Ia T1asa ay4u. [TosToMy HaM O1eck OOBEKTHBA M KAKETCH HEKOTOPOi CMECHIO KPAaCHOro !
duoneroBoro. Jlanbiie Mbl YBHIMM, 9TO BUAMMBIH CBET SBISCTCS JIMIIB MaJIOH 9aCTHIKOH BCETO
3NEKTPOMArHUTHOTO CIIEKTPA.

Hugparpacnoe uznyuenue

He6e3nizBecTHblit BUbaM [epuiens, NPOBOAS H3IMEPEHHA JHEPIUH PA3IMYHBIX JTy4CH BUIHMOIO CBETA,
CTyuaitHO 0GHAPYXKHII, YTO HCIIONB3YEMBIE MM TEPMOMETPbI HATPEBAKOTCA | 33 TPAHHLIEH KPACHOTO
KOHL(A CIIEKTPa. YUeHRIH C/1eNall BRIBO/, UTO CYIIECTBYIOT HEKOTOPBIC JIy4H, MPOAOKAIOUIME CIIEKTP 32
KpaCHBIM CBETOM. OTH JIy4H OH Ha3Ball HH(pakpacHbivy. Elle UX HAa3bIBAKOT TETIOBBIMM, TAK Kak
uH(ppaKpacHble Tydu UIAYYAET JIFOOOE HArPETOE TENO, AXKE €C/TH OHO HE CBETHTCS UM riiasa. JluanasoH
uH(pPAKpacHsX BoH 3akmoueH Mexay 7 000 A u 5 000 000 A. 5 000 000 A — 310 yxe
MONMILTMMETPA. MITaK, IMana3oH TeIUIOBbIX Jydel ropasio mmpe, 4eM BUAUMBIH CIIEKTP.

3emuas arMocepa NpOMyCcKaeT coBceM HeGOoMbIIYIO acTk HH(pakpacHoro usiydeHns. OHO
TIOTJIOLIAETCSA MOJNEKYIaMH BO3AyXa, H OCODEHHO B 3TOM IPCYCIIEBAET YIIIEKUC b ra3. JTOT JKe ra3
MOBHHEH B TOM, YTO TETUIO HE CTOJh OXOTHO MOKMAAET Hauly tutaneTy. CBETOBOE M3NIyICHHE HAIrpeBacT
[IOBEPXHOCTb, T& M3NYYAET TEILIO, KOTOPOMY 0BPATHO B KOCMOC BoIiiTH HE yraetcs. Takoit addext
Ha3BIBAIOT NAPHHKOBKIM, B KOCMOCE YTIEKHCIIOTO Ta3a HEMHOTO, TI03TOMY TEIUIOBBIC JIyHH €
HeBO/BLIMME IOTEPAMH NPOXOIAT CKBO3b NbUIEBbIe 00MaKa. FiMenHo Gnaronaps uHpakpacHOMy
W3NyueHMIo B Hameil cTpane Obuia modydera neppas dpororpadus ueHTpa [anakTHKH, KOTOPbIH 3aKpBIT
OT 3eMIi ra3oTbIIEBBIMH 00IaKAMH.

Paouoeoanvt

Eite 6 01sLIyI0 IIMHY HMEIOT P 1H0BOIHEY, GI1arosaps KOTOPsM eCTh pajiuo «Masik», KaHal OPT u
MHOro06pasue coToBbIX Tene(oHOB. Bee anexTpoMarHHTHOE H3ITyYEeHMeE, JUTHHA BOJTHBI KOTOPOTo
GOIBLIE TIONYMMIUTUMETPA, OTHOCHTCH K PAIMOBOIHAM. JT0 — AJIHHHOBOIHOBbIH KOHEN
IIEKTPOMATHUTHOTO CITEKTPA.

PanuoBOJHEL B 3HAYHTEIBHOMN CTENEHH 6e3 MpobaeM IPOXOaaT CKBO3k 36MHYIO aTMOC(EDY, ¥ JIHLIL
HEKOTOPBIE U3 PAIMOBO/IH, KOTOPHIE HA3BIBAIOT KOPOTKAMH, OTPAXKAKTCH OT HOHH30BAHHOTO CJION
3eMHOi1 aTMoc(epsl. Biiarosaps ToMy OTP&KEHHIO BO3MOXKHA CBA3b MEXKIY PaiMOCTAHIMAMHA,
PACTIONOKEHHBIMH HA ITPOTHBOIOIOMHBIX TOYKAX IIAHETHI.

PanuoBO/HE HECHIBHO MIOTTIOMAOTCA Cperoii, Io3ToMy H3ydcHHe BeeneHHOH B paliioAHana3oHe 04YEHb
HH(POPMATHBHO JJIS aCTPOHOMOB.
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Yasmpagpuonemosoe usnyuenue

U3nyuenue, ITHHA BOJHB KOTOPOTO KOPOUE, YeM Y BUIMMbIX JTy4eii HHOIETOBOrO IBETA, HA3BIBAIOT
vapTpadroneTossiv. DTO M3NyYeHHe, o 00/pIneH YaCTH, BPEIHO uJis JKHBLIX OPIraHH3MOB, OJHAKO MO
TOit ke GonpLieit YacTH yIbTpadUONeT HE MPOXOONUT CKBO3B aTMOochepy 3eMimH. BriHo# ToMy
HeOe3BI3BECTHDINA 030HOBBIH CJIOH, KOTOPBIH aKTHBHO MOIIOHIAET HEOE30NaCHBIE Ty YN,

Ta yacTs yabTpadroNeTa, KOTOPas MPHMBIKAET K BUIHMEBIM Jy4aM, JOXOAKT IO NOBEPXHOCTH K
BBI3BIBAET Y HAc ¢ Bamu 3arap. Y YepHOKOMXHX 3TOT 3arap reHETHIECKH BPOXKIIEH, BENb 3arap —
3AMATHAA PEAKIHS KOKH Ha YIbTpadHoeT.

Vartpaduonet, kak Bbi, HaBepHOE, ROraabiBaeTECh, MIEAPO H BO BCE CTOPOHEI «pa3bpaceIBacTC
Connuem. Ho kax yxe ropopusioch, CONHLE CHIIBHEE BCETO H3Ny4aeT B BUIMMBIX Jyuax. HampoTus,
rops4ye rosyGbie 3BE3/Ibl — MOILHbIH HCTOYHHUK YIBTPA(pHONETOBOrO H3yUeHus. FiMenHo 310
M3IYUCHHE HATPEBAET H HOHU3YET M3JTy4alolHE TYMaHHOCTH, Graroqaps 9eMy MbI MX U BUAHM.
YieTpadHONIET, TEM CAMBIM, JIETKO MOTJIOLIACTCS Ta30BOH CPENOH W U3 JaNIEK1X obnacteii I anakTuku 1
BeerneHHOH MOYTH K HAM HE JOXOAHT, €CIIM Ha NYTH Jy4YeHd €CTh rasonbUIEBLIC MPErPaabI.

Y IsTpadHONETOM CUHTAIOT 3E€KTPOMArHUTHBIE BOJIHBI C ITHHOM BOJIHbI OT 100 A no 7 000 A.
Penmeenoeckoe uznyueHue

®usuk PeHTred oTKphL eme 6ojiee KOPOTKOBOMHOBOE K3ay4yerHe. Hegonro nymas, 5TH j1yud Ha3Baiu B
yecTs camoro Pentrena. O6nanas xopowedi NPOHHLIAOIIEH CNOCOOHOCTBIO, PCHTICHOBCKOC M3/TYUEHHE
HALLLTO IPUMEHEHHE B MEIMLIMHE 1 KprcTatorpaduu. Kax Bel, HABEDHOE, HACHBIIIAHE], PEHTTCHOBCKHE
JY4H OIATL-TAKH BPE/HBI XKUBBIM opranusmMaM. M armMocgepa 3eMin u3-3a HX NPOHMUATEIILHOCTH,
YIIOMSHYTOJ TOJIbKO 4TO, MM He nomexa. Hac spipyuaeT Marautocdepa 3emmy. Ona 3aiepkuBacT
MHOTHE ONACHBIE M3JIyYCHHS KOCMOCA.

B acTpoHOMHH PEHTTEHOBCKHE Ty4YH HAllE BCETO BCIOMHHAIOTCH B PA3TOBOPaX O HEPHbIX bIPAX,
HEHTPOHHBIX 38€3/1aX M nyabcapax. [Ipy akKpeunH BelecTsa BOIN3H MArHHTHBIX TIOIOCOB
PENATHBUCTCKOM 38€31bI BBIIEIACTCS MHOTO JHEPTHH, KOTOPas M M3/Ty4acTCs B PCHIT¢HOBCKOM
Ananasore (31eck — noapobHee). MolnHbie BCNLIIKH Ha COJTHLE TAlOKE ABISKTCA HCTOYHHXAMH
PEHTrEHOBCKOr O M3TyYSHHA.

Jlnunel BosH Tyueii Pentrena sakmodens! mexxay 0,1 A u 100 A,

TFamma-uinyuenue

Camble KopoTkie BomHsi (Merbine 0,1 A) y ravma-ayteii. DTo camblif OITacHsIH BHI PAIHMOaKTHBHOCTH,
caMoe OMacHOE MEKTPOMATHHTHOE H3NTydenne. DHeprus GOTOHOB ramMMa-JIyueH 04EHb BbICOKA, H UX
M3IyYEHHE NPOMCXOIUT TIPH HEKOTOPBIX TIPOLIECCAX BHYTPH 24€p aToMOB. [IpnMepoM Takoro npouecca
MOKET OBITh AHHUTWIALAA — B3aMMOYHUYTOXKEHHE YaCTHIIbl H aHTUYACTHIIbI C TIPEBPALICHAEM WX MACChI
B JHEPTHIO0. PETUCTPHPYEMBIE, BPEMS OT BPEMEHH, TANHCTBEHHBIC FaMMAa-BCTILILIKH Ha Hede noka HUKaK
He 0OBICHEHBI ACTPOHOMAMH. SICHO, 4TO FHEPrHs ABNCHHS, TPOH3BOIAINErO BCIILIIKH, IPOCTO
rpaHIHo3Ha. [10 HEKOTOPBIM MIOACUETAM, HA CEKYHJIbI, KOTOPbIC IJIMTCs TaKas BCTIbIUIKA, OHA
H3Iy4aeTOONMbIIE DHEPT M, YEM BCS OcTaIbHaA Beenennas. "'aMma-13/1yYeHHME HE NPONMYCKAETCs K 3emne
ee MarHuTochepoil.

34




Buser Nel?7

1. YpaBHeHHEe COCTOSIHHS HAEAIbLHOrO raza. Hionponeccol

CootHoilenne

p = nkT,
CBSI3BIBAIOIICE JABICHHE ras3a C €ro TEMIIEPATYPOil H KOHUEHTPALHEH MOIEKy ], HOAY4eHO B §3.2
JUISL MOZIENTH MICANTLHOTO ra3a, MOJIEKY/Ibl KOTOPOTO B3aHMOICHCTRYIOT MEXTy cODOH H CO
CTEHKaMH COCY/Ia TONBKO BO BPEMS YIPYTHX CTOJIKHOBEHHI. DTO COOTHOLUEHHE MOMKET OBITE
3aIMCAHO B APYTOil JopMe, YCTaHABIMBAIOLIEH CBA3H MEKAY MAKPOCKOITMYESCKHUMH
mapamMeTpaMi rasa — o0beMoM V, TaBICHUEM P, TEMIEPATYPOi T ¥ KOMHYCCTBOM BELIECTBA V.
J1/18 3TOr0 HYXHO HCI10/Ib30BATh PABCHCTBA

N Wy N,
r r MV

}3=

3nech N — 9ucio MOJIEKYI B cocyne, Na — IOCTOsiHHAsA ABOTApo, m — Macca rasa B cocyne, M —
MOJISpHAsA Macca rasa. B urore nonyunm:

m
pV=vN kT= —ﬂ}-NAkT

[TpouaseneHHe NOCTOAHHOM ABoragpo Na Ha mocTosiHHYI0 Boabimana k HassiBaeTcs
YHHBEPCAJIHLHOM ra30Boii nocrostHHoi 1 06o3Hauaercs Oyksoii R. Ee uncnenHoe 3Ha4eHne B
CH ectn:

R = 8,31 JIx/mMonp-K.

CooTHoLleHHe

_ m _

pV =aRT=—RT (*)
M ,

Ha3bIBACTCH YpaBHEHHEM COCTOSHHS HACAJILHOIO rasa.

Jlist ofHOTO MOJIS JIFOBOI0 ra3a 3T0 COOTHOIIEHHE NPUHUMACT BHA!

pV=RT.

Ecmu Temiepatypa rasa pasna T, = 273,15 K (0 °C), a naBnensue p, = 1 arm = 1,013 10° I1a, 10
rOBOPAT, UTO I'a3 HAXOMMUTCA NP HOPMANTBHBIX YCIOBHAX. Kak ¢iielyeT U3 YpaBHEHUS COCTOAHUS
WAEAILHOrO ra3a, OJHH MOJIb JH000T0 ra3a np HOPMAJAbLHbIX YCJOBHSIX 3aHUMACT OMHH U TOT
xe 00beM Vo, paBHbIHA

Vo = 0,0224 w*/momb = 22,4 M/ MOJTB.

DT0 yTBEPICHUE HA3hIBACTCA 3AKOHOM ABOraiapo.
Jns cMecH HEB3aUMOICHCTRYIOLIMX Fa30B YPAaBHEHHE COCTOAHUA IPHHAMACT BHI

pV=(Wi+va+vi+ JRT,

TJIE Vi, V2, V3 M T. JI. — KOJIMIECTBO BEHIECTBA KAXKIOI0 U3 ra3oB B CMECH.

VpaBHEHNE, YCTAHABIMBAIOILEE CBA3b MEXKAY NaBJICHHEM, 00BEMOM H TEMIIEPATYPOil rasa Obiio
nomydeno B cepenuue XIX sexa dpanuysckum dusuxom B. Knanetiporowm, B gopme (*) oHO
6nu10 Brepbie 3amucaHo 1. M. Menneneessim. [1oaToMy ypasHeHHE COCTOSHHS Tas3a
HaspiBaetTcs ypaBHenneMm Knaneiipona—Menjeneena.

Crexyet OTMETHTD, YTO 3aJ0AT0 [0 TOTO, KAK yPaBHEHHE COCTOSHUA HACATPHOIO rasa 6o
TEOPETHYECKH FMOJIYYEHO Ha OCHOBE MOJIEKY/IAPHO-KHHETUUECKONH MOZIEIIH, 3aKOHOMEPHOCTH
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TOBEICHHMS Ta308 B PA3NHYHBIX YCIOBHAX OBUIM XOPOLLO H3YYEHBI FKCIIEPUMEHTANBHO. [To3TOMY
ypaBHeHue (*) MOXXHO paccMarpuBaTh Kak 00001IeHHe ONMBITHRIX (paKkTOB, KOTOPIE HAXOAAT
00BACHEHHE B MOJEKYNIAPHO-KHHETHYECKOH TEOPHH.

["a3 MOXKET yYacTBOBATH B Pa3IHYHBIX TEMIOBLIX NPOLECCAX, IPH KOTOPhIX MOT'YT H3MEHSATECH
BCE MapaMeTpbl, onuchiBaolie ero coctosuue (p, V u T). Ecim npouece nporexkaer
AOCTATOYHO MENJICHHO, TO B JI0OOH MOMEHT cricTeMa O/IM3Ka K CBOEMY PAaBHOBECHOMY
cocroaHuK, Takue MPOLECChl Ha3biBAIOTCA KBAZHCTATHYECKAMH. I3 TpHBBIYHOM 118 HAC
MacuITabe BPEMEHH 3TH NPOLIECCH MOTYT NPOTEKATh U HE OYEHb MeaneHHo. HanpuMep,
paspeKeHNA M CKATHA Ta3a B 3BYKOBOI BOJIHE, NPOMCXOAMAINHE COTHH pa3 B CEKYHAY, MOXKHO
paccMaTpUBaTh KaK KBa3HCTATHYECKUH npoitecc. KBazucTarnieckue mpoLeccsl MOTYT OBITh
M300paXXeHEBI Ha THATPAMME COCTOSIHHH (HAarpUMep, B KOOPAWHATAX P, V) B BUAE HEKOTOPOH
TPACKTOPHH, KaXK1as TOUKa KOTOPO# MpEnCTaBIseT paBHOBECHOE COCTOSHHE.

Hnrepec ripeacTaBNsIOT IPOLIECCH, B KOTOPBIX OOUH U3 napaMeTpos (p, V umu T) ocraetcs
HEM3MEHHBIM, TaKue mpouecch HAZLIBAKTCS WIOMPOLECCAMH.

H3zorepmuveckuii nponecc (T = const)

H30TepMu4ECKHM NPOLECCOM HA3BIBAKOT KBASUCTATHUCCKHI FIPOLIECC, NPOTEKAICIIHIA NIPH
noctosHHeH TemnepaTtype T. M3 ypasaenua (*) cocTOsHIA HAEANBHOTO ra3a CIeayeT, 4TO MpH
IIOCTOSHHOMN TeMIieparype T H HEH3MEHHOM KOJIMYECTBE BEIECTBA V B COCY/I€ IIPOH3BCICHHE
LAaBJICHHA prasa Ha €ro obremM V JOIKHO 0CTABaTECA NOCTOAHHEIM.

pV = const. .

Ha mockocti (p, V) n3oTepMugeckue Npouecchl H300PaKarOTCs IPH Pa3iIHnIHbIX 3HAYEHHAX
Temneparypsl T cemeiicTBom runepbo:1 p ~ 1/ V, KOTOpbie Ha3bBAKOTCA A30TepMamu. Tak xak
KO PUIMEHT TIPONOPLUHOHATTEHOCTHA B ’TOM COOTHOLIEHHH YBEJIMYNBAETCS C POCTOM
TEMIIEPATYPHI, H30TEPMbI, COOTBETCTBYOILUE 00Jiee BBICOKMM 3HAaYCHHUAM TEMIEPATYPhL,
pacronararoTca Ha rpadke BbIILE MU30TEPM, COOTBETCTBYIOIIHMX MEHBIIHM 3HAYCHHAM
Temiepatypsl (puc. 3.3.1). YpaBHeH#He H30TEPMHYECKOIO nipotiecca 65110 MOTyYeHo U3
JKCIIEPMMEHTA aHTIHICKIM ¢u3ukoM P. Boiinem (1662 r.) u He3aBuCUMO QPaHIy3CKHM
thuzuxom 3. Mapuottom (1676 1.). IloaToMy 310 ypaBHEHHE HA3BIBAKT 38K0HOM boiijis—
Mapwuorra.

U3oxopuklii npouecc (V = const)

H3oxopHblii iponece — 3To MpoLece KBa3HCTATHYECKOrO HarpeBaHus Hil OXJIAXKIECHHS rasa
NPH TTOCTOSIHHOM 00beMe V  IPH YCIIOBHH, YTO KOIIMYECTBO BEMISCTBA V B COCYIE OCTAETCH
HEH3MEHHBIM.

Kaxk cnenyeT u3 ypaBHeHHA (*) COCTOSHHA WACATLHOIO asa, pU 3THX YCIIOBHAX JaBICHHE rasa
P H3MEHAETCS MPAMO IPOHNOPLHOHANBHO €10 abcomTHOR Temneparype: p ~ T unu

:EZCOIIS[

Ha minockoctu (p, T) H30XOpHbBIE IPOUECCHI U1 3aJaHHOIO KOJIHUECTBA BEILECTBA V TIPH
pa3IVYHEIX 3HaYCHUAX o0beMa V H300paKkatoTCsa CEMEHCTBOM NPSAMBIX JIMHUH, KOTOpBIE
HA3BIBAIOTCA H30X0paMH. bonbinyuM 3HaYeHNIAM 00bEMa COOTBETCTBYIOT U30X0PBI ¢ MEHBLIHM
HAKJIOHOM TI0 OTHOIICHUIO K OcH TeMnepatyp (puc. 3.3.2).

DKCIePUMEHTATBHO 3aBHCHMOCTD HABJICHHS ra3a OT TEMIIEPATYPbl HCCIE0BAN QPaHLY3CKHIH
¢dusnk XK. Llapns (1787 r.). [loatoMy ypaBHEHHE H30XOPHOT'O IIPOLECCE HAZHIBACTCH 3AKOHOM

Hlapas.
YpaBHeHue H30XOPHOTO MpoLiecca MOKET ObITh 3aIIUCAHO B BUJIE:
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rie po — AasneHue raza npu T = Ty = 273,15 K (To ecTh npu temmnepatype 0 °C). Koadgdmument
a, paBHbId 1/273,15 K™', HasbiBaoT TeMNepaTypHbIM K03(GPHUIHEHTOM 1ABJEHUS.

H306apubiii npoilece (p = const)
H306apHBIM PONECCOM HA3BIBAKOT KBA3UCTATIYECKMI IIPOLECC, TPOTEKAIOLIMHA 1PU
HEH3MEHHBIM JIaBJICHHH .
YpaBHeine H300apHOTo mpoliecca Ui HEKOTOPOr0 HEM3MEHHOTO KOTHYECTBA BELLECTBA V MMEET
BHL:

p V=¥oaT,

~——=const wau V= .

T o® :

rae Vo - o6bem rasa rpu temmeparype 0 °C. Koaddunment o pasen 1/273,15 K. Ero
HA3hIBAIOT TEMIIEPATYPHBIM K03PPHIHEHTOM 00BLEMHOI0 paciiMPEHHs ra30B.

Ha maocxoctu (V, T) #3obapHsie MPOLECch IPH PA3HBIX 3HAYSCHUAX TaBICHHS P U300 paXKaroTCs
ceMeiCcTBOM NpsMbIx jinHE (puc. 3.3.3), KoTopble Ha3bIBaOTCA H300apaMHu.

3aBHCHMOCTB 00bEMa ra3a OT TEMIIEPATYPhl IIPH HEH3MEHHOM JaBjIeHHH Oblna
IKCIIEPHMEHTAILHO HccrieaoBana dpanuysckum dpusmnxom XK. [eit-JIroccaxom (1862 r.).
[TosTomMy ypaBHEeHHE H300apHOr0 Mpoliecca Ha3bIBarOT 3aKoHoM I'eii-/Tioccaka.
DKCNEPUMEHTAIBHO YCTAHOBIICHHBIE 3aK0Hb! bolns—Mapuorra, [lapns u I'eii-Jlroccaxa
HAaXoIAT OOBACHEHHE B MOJICKYIAPHO-KMHETHYECKOH TEOPHH ra3os. OHM ABISIOTCA CICACTBHEM
YpaBHEHHA COCTOAHWSA HICATBHOIO I'a3a.
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'anore3a [Lnanka o xsanrax. @oroddpexr.

2. Tonnko B HMAEANbHEIX YCIOBHAX MOJHas pa0oTa paBHa pabote monesHod. OrHolleHHE
none3Hoi padore! k nosHoi HaswiBaetesa KITJL KI1J| moboro Mmexanusma Beeraa meHsire 100%,
Ilpu pacnpocTpaHeHME CBETA NPOABIAOTCSA €r0 BOJTHOBBIE CBOMCTBA, a4 IPH B3aUMOICHCTBHY C
BEIIECTBOM OOHAPY)KHBACTCA €ro NPEephIBUCTas CTPYKTYypa, MposBiIseMasd, HanpUMEp, IpH
dotoaddexre. Poto3addpexToM HA3LIBACTCS BLIPLIBAHWE IEKTPOHA BELICCTBa II0J XEHCTBHEM
¢Bera, PasmuualoT JBa BHOA: BHEIIHMH 3aKIIIOYMACTCH B HCIYCKAHUH 3JIEKTPOHOS C ITOBEPXHOCTH
BELECTRBA, BHYTPEHHHIE CBA3aH ¢ NEpepacripeAe/iEHHEM EKTPOHOB aTOMOB 110 MX COCTOSHHIO B
TBEPAOM TEJie, NPH TOrJIOMIEHHH MM DBJIEKTPOMAarHUTHOIC M3/Ay4YeHHsS. YCTAHOBJIEH 3aKOH!
MaKCHMA4IbHAS CKOPOCTh BBUISTAIOWIKX JNIEKTPOHOB 3aBMCHUT OT 4acTOThl KojeOaHuH
3ICKTPOMATHUTHOH BOIHLI M PACTET ¢ yBEJIMYEHHEM 4acTOThl. Hv=ABBIX + mV"2/2, rue h
noctosiHHas [ Liauxa.

[Ipu McryckaHuM CBET BeaeT cebs moxobHO MOTOKY wacTHIl ¢ dHepruell E=hv, 3aBucsaineli ot
4acToThl Memyckanma. Cama cBETOBas YacCTHIA MOJMYYWNa Ha3BaHMe (QOTOH, MM CBETOBOMH
KBaHT. JHeprusi (pOTOHA 4YACTO BhIpa)KAcTCAd Yepe3 LUKIMYECKYI uactory w—=2Ilv h-
=h20=1.05*10"-34 IIx*c Torna E = hv=h-w E=mc"2 Torana m=hv/c"2/ ®0TOH HE HMEeET
macchl. Taxkum obpasom p=mc=hv/c=h/mamna.

Ha ocrose remHero ¢otoaddexta padotaroT GoTossieMeHTs! (TYPHHKET B METPO )POTOAHOABI
I U3MEPeHHs pacupeneieHde Temriepatypbl crnabo Harpertwix Teit. ConHedHsle Oatapen B
KOCMU4ECKHX aliapaTax.

Bce MakpOCKOMHUYECKHE MPOIIECChl B NPUPOAE MPOTEKAOT TOABKO B OJHOM HAalpaBlICHWUH. B
o0paTHOM HanpaBlNEHHMd OHH CAMOTIPOM3BOJIBHO MpOTeKkaTs He MoryT. HeobparuMbIMH
IIPOLIECCAMH HA3LIBAIOTCH TaKUE IMPOLECCH], KOTOPBIE MOPYT CaMOIIPOH3BOJBHO IIPOTEKAThH
TOJBKO B OJHOM HANpaBIICHHH, B 00paTHOM HAIIPaBIIEHUH OHW MOI'YT IMPOTEKATh TOJBKO KaK
OJIHO W3 3BEHbEB Oonee CNOXKHOrO mnpouecca. BTopoH 3aKOH TEPMOIMHAMMKHM YKa3bIBAECT
HAMPABJICHUE BO3IMOKHBIX JHEPr¢THYECKUX TIPEBPALICHHH M TEM CaMbIM  BRIPAXKAET
Heo0paTUMOCTh NpoLieccos B npupone. Bropoit 3axon T/1: HEBO3MOXHO NEPEBECTH TEILUIOTY OT
ponee xonopHoM cHcTeMbl K Oojiee ropsigeil MpHM OTCYTCTBHH JPYTHX OJHOBPEMEHHBIX
WM3MEHEHMIA B 00erX CHCTEMax MM B OKPYXaiOnMX Tenax (Temnora cama coboil mepexoaut
BCeria oT ropsunx Ten K Gonmee Xos07HBIM). B XOmomunbHMKAX OXNaxkIEHHE KOCTHraeTcs 3a
CHeT coBepLUIEHUS paboThl. BaKHOCTE 3TOT0 3aKOHA COCTOUT B TOM, YTO M3 HEIO MOXHO BBIBECTH
3aK/TH0YEHUE 0 HeoOPaTHMOCTH HE TOJBKO MPOIECCa TEILIONEPEAaUH, HO H APYTHX NPOLECCOB B
TIPUPOLE.

['umoresa [Tnanka. TTaHK BICKA3aJ MMIOTE3Y O TOM , 9TO a0CONMIOTHO YEPHOE TEJO UCIYCKAET U
TIOTJIOMIAET CBET OMPEASTICHHBIMH TIOPIHSMH — KBaHTaMH(quantum — KOJIHYECTBO). 3HAUYCHHE
MHHAMAJIbHOH TOPIHH 3HEPrHHM — KBaHTa — IO Teopuu IlnaHka NpsMO TPONOPLHOHAIRHO
9aCTOTE CBETA.

DHeprus kBanTta pasHa: € v = hv. [Inaax nonydun ¢opMyly CHEKTPaJbHOH CBETHMOCTH: Iy =
(2mo2/c2)*(hv/ehv/(kT) - 1).
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Bbuaer Nel8

1. Henapenne — napoo6paszosasne, Mporucxoadinee npu aoboi TemrepaType co cBob0xHOM
TIOBEPXHOCTH XUIKOCTH. HepaBHOMEepHOE paciipeneeHHe KHHETHYECKOM SHEPrHH TEMIOBOT0 ABHKEHHA
MOJIEKYJT TPUBOIUT K TOMY, YTO IpPHU JI060H TeMiepaType KUHETHICCKAS SJHEPIHA HEKOTOPLIX MOJIEKYJI
HJIKOCTH HIH TBEPAOTO TEJIa MOXKET IIPEBbILIATE IFOTEHIMAIBHYIO 3HEPTHIO HX CBA3H C IIPYTHMH
MoJIeKy1aMu. Bojiblieit kKureTHYeCcKoit 3HEprieii 0061a1al0T MONEKY/IBl, UMCIOIIHE OONBIIYIO CKOPOCTD, &
TEMITEpATYpa TEJIA 33aBUCUT OT CKOPOCTH JBIKEHHS €0 MOJIEKYIL, CNIE0BATE IbHO, HCNIAPEHHE CO-
TIPOBOKAAETCS OXITANICHHEM KHIKOCTH. CKOPOCTh MCIIAPEHMS 3ABMCHT. OT MUIOINANH OTKPBITOMH
NIOBEPXHOCTH, TEMIIEPATYPBI, KOHLEHTPALMK MOIeKyl BOmsu sxuakocTH. Konaencanus — npouece
nepexoda BEUIECTBa U3 ra3000pa3HOro COCTOSIHHA B XKHUAKOE. McnapeHue »HIKOCTH B 3aKPHITOM COCYAE
NPy HEM3MEHHOH TeMnepaType NPHBOIMT K IOCTENEHHOMY YBETHYCHHIO KOHUCHTPAUMHA MOICKYT _
HCIAPSIOMIETOCs BELUICCTBA B ra3000pa3sHOM COCTOSHHH. Yepes HEKOTOPOE BPEMSA T0CIIE HAYalla UCTIAPCHHS
KOHHEHTPAIIMA BEUISCTBA B 1a3000pa3HOM COCTOSHHUM JOCTUTHET TAKOrO 3HAYEHHA, ITPU KOTOPOM YHC/IO0
MOJIEKYJI, BO3BPAILIAICUIMXCH B XKHIKOCTb, CTAHOBHTICS PAaBHBIM YHCITY MOJEKYJI, HOKHIAKUIHX KHIKOCTE
34 TO K€ BpeMs. Y CTAHABIHBACTCS AHHAMHUYECKOE PABHOBECHE MEXKIY TIPOIIECCaMH UCTTAPDEHHS H
KOHJCHCAIIMH BeleCTBa. BelecTBO B ra3000pa3sHOM COCTOSHHH, HAX0AAHICECHd B THHAMHICCKOM
PaBHOBECHH C XHUAKOCTHIO, HAa3bIBAIOT HACBIMEHHBIM napoM. (Ilapom Ha3sBalOT COBOKYMHOCTh

MOIIEKYJI, TOKHHYBILMX JKHIKOCTE B ITporiecce ucrapeHus. ) [1ap, naxoasuimMicst Mpy NaBieHHH HHKE
HACBILIEHHOTO, HA3bIBA0T HEHACKIIIEHHELIM.

BeneacTeie MOCTOSHHOTO MCIIAPEHHs BOABI C MMOBEPXHOCTEH BOAOEMOB, HOYBLI U PACTHTCILHOTO MOKPOBA,
a TAKKE [bIXaHMA YENIOBEKA M JKMBOTHBIX B aTMoc(epe Bcerna cCOONCpXKHTCHA BOasHOW map. [looTomy
arMocdepHoe DaBleHHE MPEAcTaBIseT CO00H CyMMy JaBNEHHA CyXOTO BO3IyXd M HAXOUAErocs B HEM
BOASHOIO napa. [laBneHHe BOASHOTO Iapa OYAET MAKCHMAaJbHBIM IIPH HACBIUEHHH BO3IyXa IAPOM.
HachlleHHBI Nap B OTIMYME OT HEHACHILEHHOr0 HE MOJYMHACTCH 3aKOHaM MECadbHOro rasa. Tak,
IaBJICHHE HACHINEHHOTO Napa HEe 3aBHCHT OT 00beMa, HO 3aBHCUT OT TEMIIEPAaTyPhL. JTa 3aBHCHMOCTh HE
MOXKET OBbITh BBIpaXKEHa npocToil ¢opMynol, MOITOMY Ha OCHOBE OIKCIIECPUMEHTAIBHOTO H3YUYCHMSA
3aBUCHMOCTH JaBJICHHSs HACBIICHHOrO Iapa OT TeMIEepaTyphl COCTaBIEHBI TabNHIbl, 10 KOTOPLIM MOKHO
ONpejeNHTh €ro AaBICHHE NIPH Pa3lHyYHbIX TeMuepaTypax. JlaBneHdHe BOASHOTO Mapa, HAXOMMLIErocs B
BO3NYXe IPY JaHHOW TeMIepaType, Ha3blBalOT aGCOMOTHON BAAKHOCTHIO, HIM YIPYTOCTHIO BOASIHOTO
napa. ITocko/ibKY HIaBICHHE ITapa TPOTIOPLMOHAIBHO KOHUEHTPALIMH MOJCKYJI, MOXHO ONpPEIS/THTD
aOCOMIOTHYI0 BIAXKHOCTh Kax IUIOTHOCTh BOJASHOTO Mapa, HaxO[ALIErocs B BO3AYXE NPH JAHHOH
TEMIIEpPATYpe, BBIPAKEHHYK B KWiIorpaMMax Ha MeETp KyOuueckwil (p). BONBIIHHCTBO SBJCHUH,
HabMIOIaeMBIX B MPUPOIE, HAIIPUMEDP ObICTPOTA MCTIAPEHMS, BBICHIXAHHE Pa3jIM4YHbIX BELICCTB, YBANAHHE
pacTeHui, 3aBUCHT HE OT KOJMYECTBA BOASHOIO Napa B BO3IYXE, & OT TOr0, HACKOJIbLKO 310 KOIUYECTBO
OMM3K0 K HACBIICHHIO, T. € OT OTHOCHTEIBHOH BJAXKHOCTH, KOTOpas XapaKTe€pH3yeT CTENeHb
HAchILIEHNS BO3/lyXa BOIAHBIM IIApOM.

[Ipn Hu3KOH TEMNEpaType M BBICOKOH BIAKHOCTH [OBBUIACTCA TEIUIONEPEAaYa H UENOBCK
TIOABEPraeTca MepeoxnaxacHuio. [Ipu BBICOKUX TeMNepaTypax Y BJIXKHOCTH TCILIONEpeaada, Hao0opoT,
PE3K0 COKpAUaeTcs, YTo BENET K reperperaHuio opranusma. Hanbonee OGnaronpuaTHOH ais 4enoseka B
CPeIHMX KIMMaTHYECKHX LIMPOTAX fBJAETCA OTHOCHTEIBHAA BIaXHOCTH 40-—60%. Omnocumensnoi
GIAHCHOCMbIO HAZBIBAIOT OTHOLUEHHE IJJOTHOCTH BOASHOTO Mapa (WM [ABJICHHA), HAXOAAIICTOCH B
BO3AYXE NpPH [aHHOH TeMIeparype, K IUIOTHOCTH (MM [aBJIE€HHMIO) BOASHOIO mapa npd TOH ke
TEMIEPATYPE, BBIPAKEHHOE B [IPOUEHTAX, T. €. = p/py * 100%, wma (p = p/pp * 100%. OtHOCKTENBHAS
BIKHOCTh KONEONETCH B IOMPOKHX mpeaenax. [IpudeM CYTOUHBIH XOJ OTHOCHTEIBHOM BJIAKHOCTH
ofpaTeH CYTOUHOMY XOIy TeMmepaTypsi. JIHEM, ¢ BO3pacTaHHEM TEMIICPAaTyphl, H CICAOBATCIBLHO, C
POCTOM JABJICHHA HACHIICHHS OTHOCHUTEIBHAS BJIAKHOCTb YOBIBAST, a HOYBK BospacTaeT. ONHO ¥ TO *e
KOJHMYECTBO BOASHOIO Mapa MoxeT jin0o Hachlmarts, MO0 He HachllaTe BO3AYX. [loHmkas Temmeparypy
BO3AyXa, MOXHO IOBECTH HaXOASIIMiiCA B HeM map [0 HachilleHuda. Toukoll pocbl Ha3LBAIOT
TEMIIEPATYPy, TIPH KOTOPO# Map, HaXOAAINMICS B BO3JYXe, CTAHOBHMTCS HACHILIECHHBIM. [IpH JOCTHKEHHH
TOUKHM POCHI B BO3AYyXE HIH Ha IPEIMETaX, ¢ KOTOPhIMH OH COTIPHKACACTCH, HAUMHACTCA KOHICHCALHA
BOASHOTO mapa. Jlins onpeleneHHs BIaKHOCTH BO3LYXa VMCTIONSL3YIOTCA MPHOOPBI, KOTOPbIE HA3bIBAOTCA
2USPOMEMPAMU N RCUXPOMEMPAMU,

[Ipd KUMEHWH 10 BeeMy 00BEMY KMIKOCTH 00pa3yroTcs OBICTPO pacTyLiMe MYy3bIPEKU Napa, KOTophle

3.




BCIIBIBAKOT HA TOBEPXHOCTH, TeMmepaTypa KMICHUS XKHUAKOCTH OCTAETCA MOCTOSHHOH, JTO MPOUCXOAHT
FI0TOMY, 4TO BCA TOABOANMAS K MHIKOCTH SHEPrHs PacXoAyeTcs Ha TIpeBpallieHHe e¢ B riap. B KuakocTh
BCEra MPUCYTCTBYIOT PACTBOPEHHBIE I'a3bl, KOTOPBIE BHIICIIAKTCA HA THE M CTEHKAX COCYAa, & TaK Xe Ha
B3BCIICHHBIX B >KMAKOCTH TBUTMHKaX. llapel JKHUAKOCTH, KOTODHIC HAXOMATCA BHYTPH NY3LIPHKOB,
ABJISIFOTCS. HEHACKIINEHHBIMM, C yBEIMUCHHEM TEMIIEPATYpPhbl JABJICHUE HACKIMIEHHBIX MApOB BO3PACTACT H
Ty3LIPbKH YBEIWYHBAIOTCA B pasmepax. [Toa AeHCTBHEM BHITANKHMBAIOLICH CHIIbI OHM BCTUTBIBAIOT. Eciu
BEPXHUE CJIOH XKHAKOCTH HMEIOT OIS HU3KYHO TEMICPATYPY, TO B 3THX COAX NPOUCXOANT KOHACH AL
mapa B ny3bipbkax. JlaBieHHWe CTPEeMHTENBHO TAJAeT ¥ My3bIPEKH 3aXTIONBIBAKOTCA. 3aXJIONbIBAHHE
NPOHCXOMHT HACTOILKO OBICTPO, CTO CTEHKH Iy3bIPbKA, CTANKHBAACH, TIPOM3BOIAT HEUTO BPO/iE B3pHIBA.
Korna «MIKOCTh JOCTATOYHO TIPOTPEETCS, NY3bIPBKHM INEPECTaHYT 3aXJONBIBATECA W BCIUIBIBYT Ha
TIOBEPXHOCTh. JKHIOKOCTh 3aKUMUT. 3aBHCHMOCTb JABJICHHS HACHIIIEHHOTO Mfapa oOT TEeMICpaTyphl
00BLACHACT, TIOYEMY TEMIIEPATYPA KUITCHHs JKHAKOCTH 3aBHCTH OT JIABJICHUA Ha €€ NOBEPXHOCTh. KuneHue
HAYHHAETCA TIPH TEMIIEPATYpPE, NIPH KOTOPOH JaBIEHHE HACHLILEHHOIO 1apa B My3bIPbKaX CPABHUBACTCA C
JABIIEHYEM B KHUAKOCTH. UeM 0Golbliie BHEINHEE JABJICHHE, TEM BBIIIE TEMIEPATYpa KUICHUA, Y KAKIOH
KHIKOCTH CBOS TEMIIEPATypa KUIEHHs, KOTOPas 3aBMCHT OT NaBJICHHMs HACHILEHHOro napa. Yem sobime
JaBIIEHHE HACBHIIIEHHOrO IMapa, TEM HIDKEe TeMmmepatypa kuneHud. KpuThdyeckas TeMmIeparypa — 3T0
TEMIEPATypa, MPH KOTOPOH HCYe3aloT pasmuuus B (QU3HMUECKUX CBOMCTBAX MEXKIY KUIKOCTBIO H €€
HACHIIEHHEIM TIapoM. [lpm Kputudeckoil Temneparype IUIOTHOCTh W JIaBjieHHE HACBIILCHHOIC Mapa
CTAHOBATCH MAaKCHMAJIBHBIMM, @ INIOTHOCTh JKUAKOCTH , HaXOAALIEHCS B PABHOBECHH C TMapoM, -
MEHBMANLHOM, Oco00e 3HAYEHNE KPUTUYECKOH TeMIIEPATYPEI COCTOMT B TOM, YTO NTPH TEMIIEPATYpe BhILIE
KPHTHYECKOH HM NP KaKHMX JABJICHHAX ra3a HeNb3d 00pariTh B XKHAKOCTh. ['a3, MMEIOIUMA TEMOCPATYpPY
HEbKE KPUTHUECKOMH, TIpejicTaBnseT co00i HEHACHIIEHHBIH Map.
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2. C10Bo «aTOM» B I1€PEBOJIE ¢ TPEUECKOr0 03HAYAeT «HEeAeIuMBIi». [0 aTOMOM JOIToe BpeMs,
BILUIOTH [0 Hayada XX B., NoApa3yMesanu Menpuaiiinye HedenuMeie 9acTuilpl Bemectsa. K nagany XX B.
B HAYKE HAKOMHJIOCh MHOT'O ()aKTOB, TOBOPHBIIHX O CIIOKHOM CTPOSHHH 4TOMOB.

Bosnbumme yCrexu B UCCIETOBAHKE CTPOSHUS aTOMOB ObLy JOCTUIHYTEI B ONBITAX aHMIHMHACKOTO yYCHOTO

Dprecta Pesephopaa no paccesHyiO a- YaCTHLL IPH IIPOXO0XCHUH YEPe3 TOHKHE CJIOM BEIIEeCTBa. B aTHX
OIMBITAX Y3KHIH MYyT0K -4aCTHLL, HCITYCKAEMBIX PAJIMOAKTHBHEIM BEIIECTBOM, HAMPABILAICH HA TOHKYH
30710TyI0 (onbry. 3a Gobroit NOMEIancs 3KpaH, CIIOCOOHBIH CBETUTHCH MO YAapaMH OBICTPBIX YaCTHIL.
Brino 06HapyxeHo, 4To OONBIIMHCTBO (-4aCTHIY OTKIOHACTCA OT NPAMOJHHEHHON0 PACpOCTPaHEHHS
MOCJIE IPOXOIKACHHSA (OJBIH, T. €. PACCEHBACTCS, 3 HEKOTOPbIE ¢-4ACTHLLE BOOOILE OTOPACHIBAKOTCS HA3AL,
Paccesnne a-vactuil Pesepdopa oObacHUN TeM, UTO noaoxcumensHulil 3apa0 He pacrpeaeieH

PaBHOMEPHO B IIape paJuyCcoM 1079 m, kax npeANONATANH paHee, 2 COCPENOTOUEH B LEHTPAJILHOM qacTH
aToMa — aroMHOM sape. [Ipy mpoxoskaAeHHH OKOMO S/IPa (-4aCTHLIA, HMEIOIas NOJI0KHTENbHbBIH 3apsi,
OTTAJIKHBASTCA OT HETO, & NPH I10MAJaH|H B AP0 — 0TOPACHIBAETCA B IPOTUBOIOI0KHOM HaNpaBICHHH.
Tak BeqyT ce0s YacTULIbL, HMEIOUIME OJIMHAKOBLIH 3apsaj, CIIENOBATENBHO, CYLIECTBYET NEHTPATLHAS
NIOJIOKMTENBHO 3aPsHKEHHAS 4aCcTh aTOMA, B KOTOPOI COCPeNOTOUEHa 3HaIUTENBHAs Macca atomMa. PacieTsl
TI0KA3aJIH, 9T0 ;19 OOBICHEHMA ONBITOB HYXKHO NIPHHATH PajuyCc aTOMHOIO sJipa PaBHBIM TPHMEPHO 10"
M. Pe3ephopn IpeanonoKmi, 4To ATOM YCTPOSH noA00HO MiaHeTapHol cucteMe. CyTh MOIENM CTPOSHUSA
atoma 1o Pesepdopny 3akmiodaeTcs B CAEAYIONIEM: B IICHTPE aTOMA HAXOIHTCS MOI0KUTEIBHO
3apKEHHOE AIPO, B KOTOPOM COCPEN0TOYEHa BCA Macca, BOKPYT Apa IO KPYroBbiM opOHTaM Ha GoNbLmx
PACCTOSHUAX BPAILAIOTCS 3IEKTPOHBI (KaK ru1aneTsl Boxpyr ConHua). 3apaa sapa COBMANAET C HOMEPOM
XHMUYECKOTO 3neMenTa B TaGmue Menzgeneesa. ILtaHeTapHas MOIENb CTPOSHUA aToMa o Pesepdopay e
CMOTJ1a OOBSCHUTh PAM H3BECTHBIX (PAKTOB SNEKTPOH, UMEIOMINH 3apAs, JOIKEH 33 CYET KYJIOHOBCKMX CHIJT
TIPUTSHKEHMS yNacTh Ha SAPO, & ATOM — 3TO YCTONYHBAsA CHCTEMA; IIPH JBIKCHHM 110 KPYroBoi oplure,
npUbIIDKAsCh K AAPY, MIEKTPOH B ATOME J0JDKEH H3Ty4aTh 3JICKTPOMArHUTHBIE BOJIHBI BCEBO3MOMKHbIX
9aCTOT, T. €. W3MYyJaeMBbIi CBET JO/DKEH HMETh HENPEPRIBHBIN CIIEKTP, Ha MPAKTHKE XKE TOJTy4asTCs
HHOE:3EKTPOHBI ATOMOB H3JIYYAIOT CBET, HMEIOINMIT THHEHYaThlil COeKTp. Paspemuts IpoTHBOpEYUs
TUTAHETAPHOMN SAEPHOH MOJIENH CTPOSHMS aTOMa TIEPBBIM IOIBITANICH AaTCKui dusrk Hunsc bop. B ocHoBy
csoel Teopun bop mostezkua aBa nocrynara. [Iepsulii NOCTYIAT: AaTOMHAA CHCTEMA MOKET HAXOSHTHCH
TOIEKO B 0CO0OBIX CTAIIHOHAPHBIX HJIH KBAHTOBBLIX COCTOAHHAX, KAXKIAOMY H3 KOTODBLIX COOTBET-
CTBYET CBOSI SJHEPrHsi; B CTALIHOHAPHOM COCTOSIHMH ATOM HE M3J1y4aeT.

TO 03HAYAET, YTO IEKTPOH (HAIPUMED, B AaTOME BOZOPOAA) MOXKET HAXOAHTECH Ha HECKONBKUX
BOOJIHE ONpeaeneHHsix opbutax. Kaxaoi opbure 21€KTPOHA COOTBETCTBYET BIIOJIHE ONPEACNCHHAA
JHEPTHAL.

Bropoit mocTy/iaT; NpH mepexoae H3 0JHOr0 CTAHOHAPHOIO COCTOSHHS B APYroe HCMYCKAaeTCH
WJIH IIONI0IIAETCH KBAHT YIEKTPOMArHHTHOTO H3TyYeHHs. JHeprus (OTOHA paBHA Pa3HOCTH SHEPrui
aTOMa B IBYX cocTosinusx: iv=E,, —E,; h = 6,62 » 10 Ik » ¢, rne h — nocrostnas | Inanka.

ITpu mepexoae snexTpoHa ¢ Omkxelt opOUTEI Ha 6onee yaaneHHy 0, aTOMHas CHCTEMA [OTJIoIaeT
kBaHT 3Heprun. [Ipu nepexone ¢ Gonee ynaneHHoi OpOHTE! AIeKTPoHa Ha 6/DKHIOK 0pOUTY 1Mo
OTHOLLICHHIO K APY ATOMHASA CHCTEMA H3ITYYaeT KBaHT JHEPTUH. [Ipunyun coomeemcemeaus: NPUMCHEHHE
HOBO, Gonee o0uIEH Pu3NIECKOH TEOPHH K MpeAMETHOH 06IacTH, rae CrpaBelTiRa MeHee obLas
dH3NYecKas Teopus, JODKHO aTh Te XE Pe3y/bTAThl, YTO U IPH HCIOAB30BAHHH PacueTHBIX
COOTHOUICHUH NOCISTHEH.

&




Onrryeckuii KBaHTOBBIH reHepaTop — Jia3ep. CucTeMa aTOMOB C MHBEPCHOH HaCeNIeHHOCTRIO JHEPre-
THYCCKUX YPOBHEH CIOCOOHA HE TOIBKO YCIIWBATH, HO U TEHEPUPOBATE JJIEKTPOMArHHTHOE H3NYYCHHE.
Jiis paGoThl B peXKUME TEHEPATOPa HYXKHa NTOJIOKUTENbHAS 00paTHAad CBA3b, IIPH KOTOPOii 4acTh CUrHANA
C BbIXO/la ITOJAETCA HA BXOH. JIJIs 5TOro akTUBHAA cpelia, B KOTOPOil c031aeTCA HHBEPCHAA HACEIEHHOCTD
YPOBHEH, PacloNaraeIcs B Ppe3OHATOPE, COCTOAINEM M3 ABYX NapajUlensHbix 3epkait. [Iponece nepesona
aTOMOB M3 OCHOBHOI'O B BO30YXX/I€HHOE COCTOSHHE Ha3bIBAXOT HAKAUKOH, HCIONB3YEMYIO jjist 3TOrO JIaM-
1y - JTaMII0M HAKAUKH. JIg3epbl uCROIL3YIoMcs Oa 0OpabomKu MAMepUanos 8 Xupypeul, HO8bLY Memod
ROAVYEHUA 20402PapuL, 6 C8A3U, VHACIUE 8 MEPMOAVEPHOM CUHMESE, AATEPHAN TOKAYUS.
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bunaer Nel9

1.Kax0€e Te10 MMEET BIOJIHE ONPENENIEHHYIO CTPYKTYPY, OHO COCTOMT H3 YaCTHIN, KOTOPBIE Xa0THUECKH
ABIKYTCS M B3aMMOJEHCTBYIOT APYT © IPYIOM, [I03TOMY MH000€ TesIo 061a0aeT BHYTPEHHEH JHEPruei,
BHYTpeHHSAS! SJHEPIrEst — 3TO BEJHYHHA, XapaKTEPH3YIOas COOCTBEHHOE COCTOAHUE TENd, T. €. IHEPrHsl
XA0THYECKOro (TEIUIOBOTr0) ABMKEHMS MUKPOYACTHI] CHCTEMB! (MONICKYJI, AaTOMOB, 3JIEKTPOHOB, A1€P U T. A.)
H 3HEPTHS B3aUMOLSHCTBHA 3THX YaCTHIL. BHYTpEHHAA HEPrys 0/IHOATOMHOTO HICAILHOTO ra3a
ornpenensetcs no gopmyne U=3/2¢ m/M » RY.

BHYTpeHHsAs JHEPTUA TENIA MOXKET U3MEHATLCS TOJIBKO B PE3Y/IbTATE €r0 B3aUMOAEHCTBISA ¢ APYTUMH
Tenamu. CyHIECTBYIOT IBa criocoba M3MEHEHHs BHYTPEHHEH SHEPTHE: TEIUIONEPEadya v COBEPIUCHHE
MeXaHWIeCKOoiH paboTel (HAaNpHMEp, HArpeBaHUE NPU TPSHHUH WITH [IPH CKATHH, OXJIRXKICHHE NPH
PACUIHPEHHH ).

Tennonepeaaua — 3710 W3MEHEHHE BHYTPEHHEH dHepruy 63 coBepHIeHHs paboTei: JHEPrHs NepeaacTes oOT

f0Jice HATPETRIX TEN K MEHee HarpeThiM. Teronepenaya ObIBaeT TPeX BHAOB: MenionpogooHocns (HEMo-
CpeacTBeHHBIH 0OMEH JHEPrieH MeXIy XaOTHUECCKH ABHKYLIMMUCH YaCTULAMH B3aMMOIEHACTBYIOMINX TET
WM 9acTeit O[HOTO M TOI'O XK€ TENA), KoHsexkyua (TePEHOC FHEPTHH OTOKAMH XHUIKOCTH WITH a3a) U
usnysente (MEPEHOC IHEPTHH IEKTPOMArHUTHBIMY BOTHaMH). Mepoii nepenanHo# s3HEPruH NpH
TEIIONEPEIaye ABIAETCH KOJHYECTBO TETIoTHI ((Q).

3TH crnocoObl KOMHYECTBEHHO 00beAMHECHBI B 3aKOH COXPAaHEHHA JHEPTUH, KOTOPSIA A/1s TEILIOBBIX
TIPOIIECCOB YUTACTCS TaK. Hamenenue eHympenneil 3Hepaun 3AMKHYMON CUCIEMbL PABHO CYMME KOTUYECMEa
meniomol, REPeOanHoli cucmeme, u paboms, 8HEUHUX CU, cogepueHHol Hao cucmemoli. AU=( + A4, tae
A U— u3MeHenne BHYTpeHHE SHeprus, Q — KONMYECTBO TEIIOTHI, MepenaHHot cucteme, 4 — pabota
BHEIIHMX Cuil. ECIH cHcTeMa caMa coBepiuaeT paboTy, To ee yciaoBHO 0003Ha4aloT A" Torga 3akol
COXPAHEHHSA YHEPryuy 15 TETLIOBLIX NPOLIECCOB, KOTOPBIM HA3bIBAETCA NEPBbIM 3AKOHOM
TEPMOIHHAMHKH, MOXHO 3anucath Tak: Q = A’ + AU, 1. e. koauuecmeo meniomet, nepeoanHoe cucmeme,
HOem HA Cogepuiente cucmemotl pabomel U USMEHEHUE €€ BHYMPEHHEN SHEPIUU.

TTpu n306apHOM HArpeBaHUH ra3s copepluaeT paboTy Hal BHEMIHUMH cunaMi A’ = p(V-V3) = pAdV,
rae Vi, 1 V, — HavyaieHBIH ¥ KOHEUHBIH 00beM rasa. Ecnu rmpoiece He sBiseTcs #H300apHbIM, BETHUKHHA
paboThl MOKET OBITh OTIpEIeIeHa IUIOMR/IB0 (PUTYPE], 3aKIHOUCHHON MEXAY THHHEH, BoIpaXaroiIeh
3aBUCHMOCTE (V) ¥ HAYaILHBIM U KOHEUHHIM 00beMOM ra3a {puc. 13).

PaccMOTpUM MPEMEHEHHUE TIEPBOro 3aKOHA TEPMOJIMHAMUKH K H30MPOLIECCAM, IIPOUCXOASAIINM C MAE-

aNbHBIM Fa30M.

B uzomepmunecxkom npoyecce TEMIEPATYPa NOCTOAHHASA, CIIEAOBATENRHO,
BHYTPEHHSISL JHEPT s HE MEHsAeTCA. Torga ypaBHEHHE NEPBOro 3aKOHA
TEPMOAHHAMMKM NpUMeT BUA, (J = 4, T. €. KOJIMYECTBO TEIIOTHI, NEPEIAHHOE
CHCTEME, HIET HA COBEPIICHHE PA0OTHI TIPH M30TEPMUUECKOM PACIIMPEHIH,
HMEHHO MOITOMY TEMIIEPATYpa HE H3IMEHAETCSL.

B u306aprom nipouiecce ra3 paclIMPAETCS ¥ KOJIMYECTBO TEIUIOTHI,

repegasHoe raszy, MJIeT Ha yBe/IHYCHHUE €T0 BHYTPEHHEH 3HEPIHH W Ha

cosepiienue um paborel: Q=4 U + 4"
Tpu u3oxopHOM TPOIIECCE ra3 HE MEHAET CBOEro 00bemMa, cneqoBaTensHo, pabora UM He
coBepiiaeTcd, T. €., 4 = O, ¥ ypaBHEHHUE NEPBOTO 3aKOHA HMEET BUL!
Q= A4U, 1. . nepefaHHOE KOIUIECTBO TEMIOTHI HAET HAa YBECIHUECHHE BHY TPEHHEH JHEPrHu rasa.

Aduabamuviv Ha3BIBAKOT NPOUECS, TIPOTEKaKOMui 6e3 TerIoodMeHa ¢ oKpyxawiei cpenoi. () = 0,
CNEI0BATENIBHO, T23 TIPH PACIIHPEHHH coBeplIaeT paboTy 3a C4eT YMCHBIICHHA €r0 BHYTPEHHEH JHEPT U,
CIICIOBATENBHO, a3 oxiakiaercs, 4’ = A U. Kpusas, n3obpakaroinas annabaTHaIN MMpoLecc, Ha3biBacTCA
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Anuabarubiii npouece. NokazaTenn aauadaThL

AZHa0aTHBIM Ha3BIBAETCS MPOHECC, NPOHCXOAAIHI NPH YCIAOBHH OTCYTCTBHS TeI1000MeHa, bin3kum
K amuabaTHOMY MOXeET CUMTATHCSA Mpolece OBICTPOro PAaCHIMPEHHA WIlM CKaTHs rasa. [Ipu atom npouecce
paboTa COBEpIIACTCA 3a CUET M3MEHEHHS BHYTPEHHCH DHEPrHM, T.C. —-A =Al/, NIO3TOMY TIpH aauabaTHOM
TMPOLIECCEe TEMIEPAaTypa HOHmKaeTcs. IIOCKONBKY IpH anuabaTHOM CKaTHM rasa TeMneparypa rasa
TOBBILIAETCSH, TO AABICHHE ra3a C yMeHbileHHeM o0beMa pacTeT ObICTpee, YeM MPU H30TEPMUHECKOM
mporecce.

TIpouecch TEIUIONEpPEIaud CAMOMNPOH3BONBHO OCYLIECTBAIOTCA TONBKO B OIHOM HAMNpPaBJICHHH. Beerna
nepejqaya Temia npodcxoaur k Oonee XonomHoMy Teny. BTopoil 3akOH TEpMOIMHAMHMKHM TJIACHT, HTO
HEOCYLIECTBHM TEPMOAMHAMHYECKHI NPOLIECC, B PE3YJIbTATE KOTOPOTO MPOHCXOAMIA Obl nepeaaya Teria ot
OHOFO Tejia K Apyromy, Gojee ropsyemy, 63 Kakux-mubo Ipyrux HIMEHEHMA. JTOT 3aKOH HCKIIOYACT
CO3JaHME BEYHOI'0 IBUTATEIIA BTOPOIO poja. :

IMokasareab aauadbaTel. YpasHeHHE COCTOAHUSA uMeeT Bua PVy = const.,

rae y = Cp /Cv — nokaszareib aAnadaTol.

Tel10eMKOCTb Ia3a 3aBUCUT OT YCIIOBHI, IIPH KOTOPhIX TEILIO ...

Ecny ra3 HarpeTh IpH NOCTOSHHOM JaBJIEHHH P, TO ero Ter1oeMKocTs obosHavaerca CV.
Ecmu - npu noctosHHOM V, To 0603Ha9aeTca Cp.
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2. SAnepuas monens aroma. OnbiTei Pezepdopna no paccesuuio o - qacran.

Cocmae amomnozo adpa. SxcriepuMeHTsi Pesepdopaa nokasai, 4To ATOMbI HMEIOT OHEHb
MaJioe SAP0, BOKPYT KOTOPOro BPALAIOTCA ANEKTPOHEI. T10 cpaBHeHuIo ¢ pa3mMepamy sapa, pasMephbl aToMOB
OrpOMHSI I, TIOCKONBKY IIPAKTHYECKH BCS MACCA ATOMA 3aKITIOYEHA B ero Aape, Gonbuias 4acts 00bEMa
aroMa (aKTHUECKH ABRJAETCA NYCTHIM POCTPAHCTBOM. ATOMHOE A/1pO COCTOMT W3 HEHTPOHOB H NPOTOHOB.
DneMeHTApHBIE YaCTHIEL, 06 pasyoulke Aapa (HeHTPOHDBI H TPOTOHBI) — HA3bIBAKTCS HyKIOHaMu. [Ipoton
(s7po aTOMa BOIOPOAaA) 00TANAET IOJOKHUTENBHBIM 33DPAN0OM +€, PABHBIM 3aPAJy JJIEKTPOHA H UMEET MAcCy
B 1836 pa3 6osblie MACCHI 2IEKTPOHA. HeliTpoH — 3neKTpHyecKy HEHTpaIbHAs YacTHLA C MACCOH
npuMepHo paBHO# 1839 Mmacc aiekTpona.

KoiM4ecTBO TIPOTOHOB Z B sAApe HEWTPajibHOrO aTOMa PABHO YHMCIY DJIEKTPOHOB B €r0 JMECKTPOHHOH
000I0UKe M ONPEACISET ero 3apal, paBHeiit +Ze. UHCHO Z Ha3hIBAETCH 3apANOBBIM YHCIIOM H OIPEACHACT
IIOPSAKOBBIH HOMEp XHMHYECKOTO O3/EMEHTa TNepHOmWdeckoit cucrembl Menpeneesa. N — 4HCIO
HEHTPOHOB B AJAPE, A — MacCOBOE YHCIIO, PABHOE CYMMApHOMY KOJIMUECTBY POTOHOB Z ¥ HEHTpOHOB N B
aape. Snpo atoma 0603HAYAETCA TEM K€ CHMBOJIOM, YTO M XWMHYECKMH ONEMEHT, CHabkasch IBYMA
HHJIEKCAMH (HANPUMED, 12C ), B3 KOTOPBIX BEPXHuUi 0603HAYAET MACCOBOE, & HIDKHUH 3apAI0BOE THCIIO.

Hzomonamu Ha3pIBalOTCs SApa C OJHUM M TEM XK€ 3apAXOBBIM YHCIOM H pPa3/iMYHBIMA MaCCOBBIMH
uuciamp.  DONBIIMHCTBO XMMHHYECKMX DJJIEMEHTOB HMEeT HeCKoNbko H3oTonmos. OnHHM  obnajnawot
OJMHAKOBBIMH XHMHYECKMMH CBOHCTBAMM W 3aHMMAIOT OZHO MecTo B Tabsmue Menaeneesa. Hanpimep,
BOJIOPON MMEET TPHM HM30TONA: NpoTHH (. ), ACHTEpHH (: y) H TpHTHE (o). Y KHCIOpOIa BCTPEHAOTCH
W30TONBI C MACCOBBIMM wuciaamMu A = 16, 17, 18. B nogasnsitoiieM 60IBIIMHCTBE CITy4aeB H30TONBI OJHOIO
H TOr0 JK& XHMHUYECKOTO DJAEMEHTa o0namalT N[OYTH OJMHAKOBRIMHM (PH3HYECKMMH CBOWCTBaMH
(MCKMIOEHHE COCTAaBIIAIOT, HANIPHMED, U30TOIIBI BOAOPOA)

NpubauaéRHo pasMepsl sjpa ObUTH onpefielleHsl B OMBITaX Pesepdopaa no paccesHHIO O-YaCTHLL
Haubosiee TOUHBIE PE3yIbTaThl MONYYAKOTCA NPH M3YYECHHH PAcCEAHHS OBICTPBIX JJIEKTPOHOB Ha fnpax.
OKa3a/10Cch, UTO ANPa HMEIOT MPUMEPHO ceprueckyro GopMy ¥ €& paaHyc 3aBUCHT OT MaccoBOTO uMcna A
0 GOPMYNIE R = 121075 412, M.

Axgunomenyuansrvie nogepxnocmu I10BEpXHOCTD, BO BCEX TOUKAX KOTOPOH MOTSHIMAN 3J1. TIONA HMEET
OJIMHAKOBOE 3HAUEHHUE, HA3-CH IKEUNOMEHYUANLHOH NOBePXHOCMBIO. MeXny NByMs MOOBIMK TOUKAMU Ha
SKBHIIOT. TIOBEPXHOCTY Pa3HOCTh MOTEHLMANOB =(), [I03TOMY PadoTa CHJT JNEKTPHYECKOTO 110513 IIPH JH000M
nepemein 3apaaa Mo 3KBUNOT NOB-TH =0, DKBUIOT MOB-TH OMHOPOIHOTO ITEKTHPUECKOTO N0
IPEACTABIAIOT CO00M MIIOCKOCTH, NEPIIEHIMKYIISPHBIC JTAHUAM HANPSHKEHHOCTH.

2)®axT CymeCcTBOBAHKA YCTOWYUBBIX ATOMHBIX AJEP CBUAETENLCTBYET O ACHCTBHH BHYTPH aTOMHBIX
AAEP MOTYYMX CHJI TIPHTSDKEHHS —20€eprble Cunbl. SIIEPHBIE CHITBI HE 3aBUCAT OT H/IMYMA KX OTCYTCTBHA
IMEKTPHY 3apAa Y YacTHIL.

CymMa sHEpruil cBOGOIHBIX TPOTOHOB ¥ HEHTPOHOR GOJIBbIIE SHEPTHM COCTABICHHOIO H3 HUX spa
m;<Zmy+Nm, MuaMManbHas sHeprus Ecp KOTOPYHO HYXXHO 3aTPRTHTE AJA Pa3ACICHAS aTOMHOrO Sfpa Ha
COCT €ro HyKJIOHbI, Ha3-CA JHepaueti Cea3u a0pa. ECB=(Zmp+Nmn-M)*93 1,5

OTHOMWEHHE 3Heprud cBA3M Anpa Ecp kK MaccoBoMy 4HCIY A Ha3-Cs YOerbHOU sHepuell céasu
HYKJIOHOB B siApe. YaestbHas SHEPrHs CBA3H HYKIIOHOB B AIPE B COTHH THICKY pa3 MPEBOCXOAMT IHCPTHIO
CBSI3H 3NEKTPOHOB B aToMax. (8s3b MeNCOY HANPANCEHHOCINBIO U PASHOCAT6I0 nomenyudanos. E = —%g
D =P _ PO

d d

B oaxopoanom nosie An Mosket 06iTh 100sIM. Eciu An=d, 10 E=-

——
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Bujer Ne 20

1. [Tpunwn fefcTBHs TEMNOBLIX ABHTATENEH. KI1J] TemioBoro asurarens. Pojib TEIIOBLIX MALIHH.
TennoBpIM ABHTATEISMH HA3BIBAIOT MAIIHHBI, B KOTOPbIX BHYTPSHHAA SHEPrUs TOMIHBA IIPEBPALIACTCH
B MexaHudeckyio sHeprio. CeronHs OJHH M3 CaMbIX PacIpOCTPaHECHHBIX TEMIOBBIX JBHTaTeNCH ABNA-
erca JIBC. TIpUHIMIT DSHCTBHA 32KII0YAETCH B TOM, YTO DHEPrus TOIIMBA NEPEXOIUT BO BHYTPCHHIOK
JHEPTHIO NIapa, a Hap, PaclIMpssch, COBEPIUAET paboTy. Tak BHYTPEHHAA DHEPTH Iapa NPEBPALIACTCH B
KHHETHICCKYH0 SHEPIHIQ MTOPIIHS.

2. PajiM0aKTHBHOCTD NpeACTaB/LieT coB0i CaMOMPON3BONIbHBIH HIPOLECC, TTPOMCXOALMI B aTOMax pa-
[HOAKTHBHBIX IEMEHTOB. JTO ARJICHHC OMpPENEIETC KAK CAaMOTIPOM3BOJIBHOE IPEBPAICHHE HEYCTOM-
YHBOTO H30TOMA OJHOTO XMMHYECKOr0O 3JICMEHTa B H30TOII KPYIoro; MpH 3TOM NPOUCXOAHT HCIYCKaHHE
3AEKTPOHOB, IPOTOHOB, HEHTPOHOB MM AAEP Teiis. BUabl: raMMa- JIy4H — 3T0 OYEHb KOPOTKHE SIEK-
TpOMarHuTHble BOAHBI MX mmHa ot 10710 xo 107-13 M. CkopocTs HX PACHPOCTPAHEHUS OKOJIO CKO-
pocty cBeta. bera — nyuu. [Tpupoza 6eta my4eii Obuta ycTaHOBIEHA PaHbiue BCeX — B 1899 roxy. To ux
OTKJIOHEHHIO B 3JEKTPHYECKOM B MArHMTHBIX HOMSIX ObUT H3MEPEH YAENbHEIR 3apsan. Oka3anocs, 410 OH
TAKOH ke KaK y DNEKTpoHA. 3Ha4uT OeTa JTyuH -—3TO JICKTPOHBI, JBIKYIIHECSH C OTPOMHBIMH CKOPO-
CTAMM, OUeHb OMM3KHMH K CKOpoOCcTH cBeta. Anbda — qacTuilpl. 3HaK 3apsaia y HHUX [TOJIOKUTCIbHBIH.
310 AAPO aTOMOB rejids. 3HAUMT ee 3apAn 2e, a Macca 4 a.e.M. Brureraionue u3 paldOaKTUBHBIX ANIED
anb(a YaCTHIBI MMEIOT GONBIIME CKOPOCTH, AOCTHIAIOIKE ASCATHIX JIONEH CKOPOCTH CBETa, 3HAUHT 00-
naaarT Oonblnoi sHeprueit, X cBOMCTBA — 3TO NPOHUKAIOINAS X HOHH3UPYIOIA.

H3anydeHHe BBI3BIBAET HOHW3ALMIO ATOMOB U MOJIEKY)I H 3TO NPHBOJHT K M3MEHEHHIO HX XHMHYECKOH
aKTHBHOCTH. sl Xapak4TEepHCTHUKH BO3ACHCTBHA H3NYyYEHHS BBOJMTCA MOHATHE [OTJIOMECHHAA 1032
usnyuenns. D=E/m. (rpeit). Camoit neproil exHHUNEH N03b1 U3/1yYeHHs OBUT PEHTIEH, OH OTIPSACIIIETCA
N0 HOHH3AlIMH, [TPOU3BOIXMMON M3TyYeHHEM. | PEHTIEH ONPENENATCA KaK 103y PEHTIICHOBCKOTO WM
ramMma — H3JIyUEHHs TIpH KOTOpo# 1 KT Bosayxa rorioumaer sHepro 0,878 * 107-2. 1P=0,01 I'p.

t

T2
N=N 0" 2 -38KOH PAJMOAKTHBHOTO pacniajia. No- HA9aIbHOE KOJI-BO PATMOAKTHBHBIX A71€p, t-
HEKOTODBIH TIPOU3BONBHEI MOMEHT BpemeHH, N-4ucio AAep He HCTIBITABIINX pac

nax, T,-NOCTOAHHASA BEJIMUHHA, 3aBUACALIAN OT CBOHCTB PaJHOAKTUBHOIQ H30TOMNA- HA3-CA NEPHOIOM
nonypacnana. AxmusHocmeio 06pasya A Ha3-Cs YUCIIO PACTIATOB ATOMHBIX AMICP, MIPOHCXOAAIIMX 33 Ic

AN

A=— cu- Gekkepenb =akTHBHOCTH PATHOHYK/IN/A, B KOTOPOM 32 l¢ mpOMCXONUT OZIHH aKT pac-

At

naja.
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1. 3axoHb! B3aMMOKCHCTBHUSA aTOMOB M MOJICKYJI YAETCSA TOHSTh H OOBACHHTD HA OCHOBC 3HAHUI
0 CTPOSHHH 4TOMA, HCIIONB3Ysl IUTAHETAPHYI0 MOJENb €70 CTPOSHHS. B LICHTpE aToMa HaXOIHTCA
TIOJIOHUTENBEHO 3aPHKEHHOE AP0, BOKPYT KOTOPOT'O BPALIAIOTCS IO ONpEeNeHHbIM 0pOuTam
OTPHLIATENBHO 3apsOKEHHBIE YacTHLBL B3anMoaeiicTBHE MEX 1y 3aPSDKCHHBIMH HaCTHLIAMH
Ha3BIBAETCA AIEKTPOMATHHTHBIM, IHTEHCHBHOCTE 3IEXTPOMATHHTHOIO B3aUMONCHCTBHA
ONPENENACTCS (PU3UYECKOM BENMUHHON — FTEKTPHIECKHM 3aPsII0M, KOTODbIH 0003HAYaETCA
g. EnvHEIA M3MEPEHUsA DNIEKTPHYECKOro 3apsana — kyaoH (Ki). 1 kyaoH — 310 Tako#
3MEeKTPUYECKHIT 3apsi/l, KOTOPBIH, IPOXOJI Yepe3 MONEPEYHOE CEUeHHE IPOBOAHNKE 32 1 ¢,
co3maet B HeM TOK cwioif 1 A. CiocoOHOCTB JIEKTPHYECKHX 3aps/0B KaK K B3aUMHOMY
TIPUTHKEHHIO, TAK U K B3aHMHOMY OTTAIKMBAHHIO O0BACHACTCS CYLIECTBOBAHHUEM JIBYX BHIOB
sapsgos. OAKH BHI 3apAfia Ha3BaIH ROJONCUMETbHbIM, HOCHTENEM 3JICMCHTAPHOTO
HOOKHUTENBLHOTO 3apsi/ia ABJISETCA TPOTOH. JApYroil BUA 3apaia Ha3BaJId OMPUYAMENbHbIM, CTO
HOCHTEINIEM SBJIAETCS IEKTPOH. DNIEMEHTAPHbIH 3apsija paBeH e=1,6-10'19 Kn.3apsaz Tena scerna
NIPEACTARNAETCS YMCIIOM, KPATHBIM BEIHUHHE JIEMEHTAPHOTO 3apsina.q~e(Np-N,) rae Np —
KOJMYECTRBO AIEKTPOHOB, N, — KOIM4eCTBO mpotoHos. [ lonHbIi 3apan 3aMKHYTOH CHCTEMSI (B
KOTOPYIO HE BXOIAT 3aps/ibl H3BHE), T. €. anrebpandeckas CyMma 3apsijioB BCEX TEIl OCTACTCS
HOCTOSHHOMN: ¢; + g + ... +¢,™= const. DNEKTPHYECKUHA 3apAA HE CO3AETCH M HE HCUE3AET, a
TONBKO TIEPEXOTUT OT OAHOTO TENA K APYTOMY. 3TOT FKCTIEPHMEHTATEHO YCTAHOBIECHHBLH (aKT
Ha3bIBACTCA 3AKOHOM COXPAHEHHS YIeKTPHYECKoro 3apsiaa. Huxorna u HUrae B npupoae He
BO3HUKAET H HE HCUES3AET ICKTPUUECKHH 3apaa ONHOIo 3HaKa. [1oaBNeHE W UCHE3HOBEHHE
MEKTPUUECKMX 3apA0B Ha Teax B GONBIIMHCTBE Cly4acB O0BACHACTCA NEPEXONAMH 31e-
MEHTAPHBIX 3aPKEHHbIX HaCTHL — JIEKTPOHOB — OT OIHUX TEN K APYTHM.

INEKTPH3ALMA — HTO COOOLIECHHE TETY IMEKTPHYECKOT0 3apsaja. DNEKTPHIALMA MOKET
APOHCXO0/IMTh, HAIPMMED, IPU CONPHKOCHOBEHMM (TPEHUH) PASHOPOAHBIX BEILECTB H IIPH
06yuerin. TIpH DJIEKTPU3ALIME B Tejle BO3HHKAET H30hITOK WM HEAOCTATOK 3NEKTPOHOB.B
chyuae B30bITKa SICKTPOHOB TEIO NPHODPETAET OTPHLIATERBHBIN 3apAT, B CIyUac HEOCTATKA —
NONOXKUTEAbHBIA.
3aKOHBI B3aMMOIEHCTBHS HETIOJBIDKHBIX ANEKTPUUECKHX 3apAIOR H3ydaeT
anexTpocTaTHKa. OCHOBHOH 3aKOH 3JIEKTPOCTaTHKH OBUT OKCIEPUMEHTAILHO YCTAHOBIICH
dpannysckum dusukom [apnem KynoHoM U unTaercs Tak. Moodyae cunsl 63aumo0eicmeus
DBYX MOUEUHBIX HENOOBUINCHBIX INEKMPULECKUX 3GPAAOE 6 BAKYYME NPAMO NPOROPYUOHAREH RPO-
H3BEDCHUIO GENUHUN MU 3APAO0E U 06PAMHO BPONOPYUOHAIEH KEAOPAMY PACCMOANUA MENCIY
HUMU.

F=kequqxr’, T1€ q; 4 g~ MOIYIH 3aPAA0B, T — PACCTOAHHE MEXIY HAMH, £ — Koacbgbuuuem
MPOTIOPIMOHATLHOCTH, 3aBUCSLIEE 0T BbI6Opa cucTeMsl enunnl, B CH k=9 ¢ 10° H » m/Kn’.
BenmurHa, T0KA3bIBAIOLIAN BO CKOJBKO Pa3 CHIla B3AUMOZCHCTBHS 3aPA0B B BaKyyme Dorbiue,
YEM B Cpejie, HA3hIBACTCA AUINEKTPHUECKOH MPOHMUAEMOCTEIO Cpebl . [ Cpenibl ¢
IMANEKTPAYECKOH NPOHMIIAEMOCTREO £ 3aKOH KY/IOHA 3aliChIBASTCA CIENyoWmM obpasom: F=
ke quqs/(er’)

Bmecto ko3 uimenTa & 4acTO HCHIONB3YETCS KOIDOUIIHEHT, HA3HIBACMBIH JIEKTPUYECKOH
HOCTOSHHOM &), DIEKTpHYECcKas MOCTOAHHAS CBA3aHA C KO3hHIMEHTOM k CIEAYIOIHMM
o6pa3oM k = 1/41 £y ¥ YMCIIEHHO PaBHA £)=8,85 ¢ 102 Ki/H » 2.

C HCIIOB30BAHUEM IEKTPUIECKO TOCTOAHHOM 3axon Kysona umeeT un:F=(1/4m €)* (9.9
s )BzaumMozelicTBIE HEMOABIDKHBIX AMEKTPHYECKHX 3aPA0B HA3bIBAIOT JJIEKTPOCTATHECKHM,
WM KYJIOHOBCKHM, B3aumoaeiicrerueM. Ky OHOBCKHE CIIIbI MOMKHO H306pasHTh rpaduiecKH
(puc. 14, 15).
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Puc. 15 Puc. 14 KynoHoBCKas CHta HanpasJieHa BAOJIb IIPAMOH,
coennHsOmei 3apsieHHbie Tena. OHa SBIeTCH CUION
TIPHTSDKEHUS TIPX PA3HBIX 3HAKAX 3aPANOB M CUIIOH OTTAIKHBAHUS [IPH OAMHAKOBBIX 3HAKAX.

2. Peaximus NPOMCXOANT NOX ReHCTBUEM MEIEHHbIX HEHTPOHOB. V Hee ABE BAaXKHBIX OCOOCHHOCTH:

1. [Ipu fefeHNH KRKOOTO ANPa BBLACIAETCS 3HAMHTE/IbHAT SHEPTHA.

2. Kaxnmpiii aKT OeeHHA CONPOBOKIAETCA BBLIETOM 2- 3 BTOPHUYHBIX HEHTPOHOB, T€ CHENATR PEAKIHIO LEMHOH —
CaMOTIONAEP X HUBAIOLISHCH,

VnpapseMbie LENHBIE SAEPHBIE PEaKlH OCYUIECTBIMIOTCH B SAEPHBIX PEaxTOpax. B HHMX HMCOONB3YIOTCH HE
YHCTHIE M30TONBL, @ MX CMECH, HarmpuMep NPHPOAHBIH ypaH, oforauieHHbIH M30TONAMH ypaHa 235. C noMoubo
CHEUHATEHBIX OOMIOTHTENelH HefiTPOHOB YKCNO AencHUi B enuHuLy o6bema B eIHHHLYY BPEMEHM MOANEPIKHUBACTCSH
Ha 3a7aHHOM ypoBHe. IS peakuuH MPHrofHblL TONBKO A/ipa M30TONOB YpaHa ¢ MacCOBBLIM HHCIOM 235, Hnpa
HENATCA MO AEHCTBHEM KaK BLICTPBIX, TaK M MEANEHHbIX HelirpoHos. [Lis ee OCyIeCcTB/ICHHS HeoBXOENMO, YTOOR
Cpenmee YMCHO BHICBOGOAMBIIMXCA B NAHHOW Macce HEHTPOHOB HE YMEHLLIANOCH C TEHEHWEM BPEMCHH. Baxnoe
IHAYEHUE MMEET He BhI3HIBAIOINMIT JeleHHs 3axBaT HefTpoHoB sapamu m3otona 238. Tlocne 3axsara obpasyeTcsa
pammoakTHBHbili H30TOM 239/92 ¢ NepMoAOM INOJypacriana 23 MuHYTH. Pacnan MPOHCXOAMT C HCOYCKAHHUEM
37eKTpOHa ¥ 0GPa3OBaHUEM MEPBOI0 3ayPAHOBOIO 3IEMEHTA — HEMNTYHUA: 239/9217-239/93Np + 0/-1 e Henrynnit 8
CBOK) ouepenb Oera — panyOAKTHBEH C NEPHOROM MOJIYPacHaja OKONO ABYX aueit. OGpasyercsa IAYTOHHAH.
239/93Ne-239/94Pu + 0/-1 e. IL1yToHwii oTHOCHTENBHO CTA0MIICH, TEK KaK Ero NEepHOR Noypacrnaja okoJo 24000
ner. [lopoBHO TOMy, KaK B MpOCTPAHCTBE, OKPYKAIOUIEM HEIOABIDKHBIE SJNCKTPHYECKHE 3apsilbl, BOIHUKAET
SNEKTPHUYECKOE TONE, B IPOCTPAHCTBE, OKPYXKAKOIIEM MNPOBOAHHKH C TOKOM, BO3HHKAET MArHHTHOE MOJeE.
MaruuTHoe nome mnpencrasnger coboit ocoObllf BHO MATEPHH, NOCPEACTBOM XOTOPOro  OCYINECTBIAETCH
B3AUMOICHACTBIE MEXAY ABMXYIIHMHCH 3IEKTPHYECKHMY 3apsiKeHHhMM gacTdiamu. OcHOBHbIE CBOICTBA
MAFHHTHOIO TIOJSi, MATHHTHOE TOJI€ MOPOMCIAETCH SIEKTPUUECKHM nojeM. MarsuTHOe one 0OHApY)XMBAETCA Mo
NeHCcTBHIO Ha TOK. MarHMTHOE TI0/e MATEpHAIBHO, OHO AeHCTBYET Ha TeNa, a CNENOBATENBHO, obnamaer yHeprueH.
JKCIIEPUMEHTAILHBIM - JOKA3aTeNLCTBOM  PEANIbHOCTH  MArHHTHOTO NOMA  ABJIACTCS dakT CyueCcTBOBaHMA
3MEKTPOMATHUTHEIX BOAH. CHIIa, ¢ KOTOPOH MarHHTHOE MONe ACHCTBYET Ha NPOBOJHKK C TOKOM, Ha3bIBAETCH CHIIOH
Awmnepa. [ XapaKTepucTHKH CMIOCOOHOCTH MarHNTHOIO MOJIA OKa3pIBATE CHIIOBOC po3fieficTBUE HA MPOBOAHHK C
TOKOM BBONWTCA BEKTODHas BETMYMHA —~ MArHWTHas HHAYKUMA Bektop B [Tn]. F=BILsin(aneda). Cuy,
HefiCTBYIONIYI0 H& OBMKYLIYIOCS 3aPMKESHHYIO YACTHUY CO CTOPOHBI MAriMTHOTO MOJd, HA3BBANOT — cHIoii
Joperua. F=B*q*V*sin(anpda). Ycaosus cyuecmeosanus 31exmpuieckozo moka. HAns rtoro uyrobwl TOK HE
npexpawmancd, HeoGXoIuMo, HTO0H Ha 3apsibl, KpOME BNIEKTPOCTATHHECKUX CHIT, RODKHbI AeifiCTBOBaTb CTOPOHHH
CHIibl, HAMPABACHHbIE NPOTHBOMONKIKHO 3IEKTPOCTATHIECKAM cunam.( XuMHIHIecKHe peakud# —B aKKyMYIsTope,
FaJIbBOHHY 37eMeHTe, CBeT —B (HoToINIEMEHTE)

2)Snepurie peakuuy OBIBAIOT JBYX THIIOB. TIPOMCXOIMT BBIAENICHHE 3IHEPIHH, TpebyeTcs 3aTPaTHTL IHEPrHIo.
VICIONB3YIO 34KOH B3aHMOCBS3H MAcChl H IHEPTHH, MOXKHO TIO Pa3HOCTH MACC HacTHL, BCTYMAKMIFNX B PeaKLHIO , 1
MACC YACTHIL, ABJSIOMINXCSA MPOAYKTAMH ANEPHOH peaKuyy, HAlTH H3MEHEHHE IHEPIHH CHCTEMBI JacTHI (Eg=mc?)
Eciy cyMMa MAcC HCXOAHOTO AIpa M 4acTHL, BCTYIMHBUIMX B AACPHYIO PEAKIMIO, foJiplle CyMMbl Macc Anpa-
IIPOAYKTA M MCITYCKAEMbIX YACTHI, T.€ PA3HOCTb MACC NMOJIOXKHTE/IbHA, TO SHEPIHd BBIACIACTCA. OtpuuatenbHBIH
3HAK PAZHOCTH MAce CBUAETENBCTBYET O MONJIQUIEHHH SHEPTHH,

Hennvie adepuste peaxyuy. Jacrruamu, cnoCcoOHLIMU K OCYILECTBIICHHIO LEMHBIX peakinii, OKa3aIHCh
deitrposel. Ecnm co3aaTte yenoBHi, MpH KOTOPBIX BTOPHIHEIE HEHTPOHEL He BLUIETAKOT M3 MACCHL YDAHA, 4 BhI3bIBAET
ApYTHE AaKThl JAENEHHd, TO YHCIO PAa3sIBOMBLIMXCH ANEP PacTeT no 3aKOHy reOMETPHUYECKOit mporpeccHH. B
peIynETaTe MOKHO PEANH30BATb YEHHYI0 AOEPHYIO PeaKyuio. MUHHMAIbHAA Macca ypaHa, JOCTaTo4Has ANA
OCYIIIECTBACHHS LIETTHON peaKimi, Ha3 ~Csl KpUmuyeckot Maccoi. Ecnu 3acTaBuTE AEpa OeHTEpHS H TPUTHA CAHTBCA
TIpY KONOCCATBHBIX TEMNEPaTypax ¥ JaBNeHHsAX, TO B pe3yabTare 06pa3yIoTca SApo remus 1 HeHTpoH. Ilpn 3ToM KX
cyMMapHas Macca OyaeT MeHblle, 9eM CyMMapHad Macca MCXOIHBIX Anep. Ioreps Maccet npeoBpaiyercs B
SHEPTHIO — 3TO H €CTb SAEPHBIH CHHTE3. HNepHBIA CHHTES, npoucxonaumuit 8 Connue: 4 sangpa BOZOPOAA NpPH
TemrepaType 15 MWUIMOHOB rpamycos M nasaeHud 200 MunIMaproB atmocdep CIMBalOTCA B AAPO renud <
noTepeil Macchl ¥ BblAENEHME OTPOMHON 3Hepruu. ITpoSneMEl sZEPHOTO CHHTE3A! BLICOKAA TeMneparypa M
NABJICHUE, 4 TIPEMMYILECTBA B TOM, YTO 3TOT HCTOYHMK 3HEPTHH MOYTH HEHCHCPIACM. Ecnu pewwrea npofnema
YIPABIREMOTC AAEPHOTO CHHTE33, TO OyAer peuleHa YHepreTHHeckas npobnema (nepepaboTka 1xr AeHTepHM paia
6ot 24 mumavoHa KBT/4 sHepruM = 3 MWUTHOHaM TOHH yria). IIpoGnemsl ANEPHOM IHEPreTHKH: npotneMa
3aXOpOHEHHs H repepaboTKy ANepHBIX 0TX0n08B, aBaphy Ha ADC, HO ADC He NPEeACTaRIOT ONACHOCTH AREPHOIO
B3PBIBA H MOYTH HE 3arps3HAIOT OKPYXAKOWIYIO Cpey, T.K. OHH HAMHOIO sxonoryuseil IC, paboTarommx Ha yriae H
APYIrux BHIaX TOTLITABA.
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1. Inasnoe ceoticmao snexmpudecko2o noas — Oeticmgue e20 HA 2AEKMPUYEcKue 3apadel ¢
HEKOMOPOT CUROH,

Dnexmpuueckoe noie HEnOOBUNCHbIX 3apadoe Hasvieaiom snekmpocmamudeckum. Ono He
MEHAEMCA CO 8pemereM. DIeKmpocmamuyecKoe noie co30aemcs MoOieKO SAEKMpPULecKuMu
3apscam.

HanpakeHHOCTb JJEKTPHHMECKOT0 oS, OJCKTPHYECKOe INoNe 00HAPYXKUBACTCA TI0
CUJIaM, NIEHACTBYHOIIMM Ha 3aps.

Ecau moovepe/iHo NOMEINATh B OHY U TY XK€ TOUKY NONsA HeOOIbINHE 3apsHKEHHBIE TeNa H
H3MEPATH CHUIBI, TO OOHApPYXHTCA, YTO CHIIA, ASHCTBYIOIIAS HA 3apPAN CO CTOPOHB [0S, NPAMO
IPOTIOPLMAOHATEHAS 3TOMY 3apsy. JIeHCTBHTEIBHO, IYCTh [0J1€ CO3AAETCA TOUEYHbIM 3apAAOM
g;. CorstacHo 3axoHy KyyioHa Ha 3apsj g JEHCTBYET Chla, MPOTNOPUMOHATBHAS 3apany ¢».
[TosToMy omuouienue cunsl, delicmsyrouiel Ha NOMewiaemMslit 8 OGHKYI0 MOYUKY RO 3APAO, K
Imomy 3apady OAR KaxHCcOOU MOUKW ROAA He 3aeucum om 3apada u  Moxcem
PACCMaAMpPUEamMsCca KAk XAPAKMEPUCMUKA HOAR. ITY XapaKTEPHCTHKY Ha3bLIBAKOT
HANPANCEHHOCMbIO 3leKmputeckozo noaa. IlonobHo cune, HANPHKEHHOCTS TIOJ—6BEKMOPHA
geaununa; ee 0603ravaroT Oykpoi £. Eciau noMeleHHbI B mone 3apsai 0003HaYHTh YEpes g

BMECTO ¢ M0 HAPMKEHHOCT OyAET PaBHA:

gl

E=

l

q
HanpsoxeHHOCTh NOJ% PaBHA OTHOHICHHIO CHJIbI, € KOTOPOH mnojie AeficTByer Ha
TO4YeYHbIH 3apsa, K 9TOMY 3apsagy.

Otcro/1a cugia, AefCTBYIONIAs HAa 3apad ¢ €O CTOPOHBI JJICKTPHYECKOTO TIOJIA, PaBHA:
F=gF

HanpsoxerHocts nons B eannuiax CH MOKHO BRIPa3HTh, B HBIOTOHAX Ha KyJioH (H/Kum).

COJIHEMHAA CHCTEMA

2. Connne v 06palnaomuecs BOKPYT Hero HeOecHsIe Tena — 9 nnanet, 6onee 63 CIyTHHKOB,
4ETBIPE CHCTEMbI KOJELL Y TUIAHET-THTaHTOB, JECATKH THICHY aCTEPOM0B, HECMETHOE
KOJIMYECTBO METEOPOUIOB PA3MEPOM OT BATYHOB 10 NbLUTHHOK, & TAKOKE MHIITHOHBI KOMET. B
NPOCTPRHCTBE MEKY HUMH JIBHKYTCS YACTHIIEI COHEYHOTO BETPA — JJICKTPOHbI ¥ NPOTOHBI.
Hecenenosana eine ie Bes ConHEUHAs CucTeMa: HanpuMep, GCIpIINMHCTBO IIAHET U X
CIyTHUKOB JIMIIb OEINI0 OCMOTPEHBI C MPONIETHBIX TPACKTOPUH, CHoTOrpadupoBaHO TOILKO
ofHO nionywmapue Mepkypus, a k [lnytoHy noka He 6buto sxcneauuuii. Ho see xe ¢ noMoumio
TEIECKOMNOB U KOCMHYECKHX 30H0B COOPaHO YIKE MHOI0 BAXHBIX JIAHHBIX.

TTouty Bes Macca ConmHeuHoit cucteMbl (99,87%) cocpenotoucHa B Connue. Pasmepom Conniie
TAloKe SHAYHTENBHO [IPEBOCXOMHT M0OOYIO IaHeTy ee cucTeMsr: aake KOmuTep, xoTopsid B 11
pa3 6onsiie 3eman, umeeT paguyc B 10 pas MeHsine conaeunoro. ConHue — 00bIYHAs 3Be3za,
KOTOpas CBETHT CAMOCTOSTENBHO 32 CUET BBICOKOH TEMIIEPaTyphl MOBEPXHOCTH. [InaHeTs! Jie
CBETAT OTPAKEHHBIM COJHEYHBIM CBETOM (alib6e10), NOCKOIbKY CaMU IOBOJIBHO XONOAHBL, OHH
pacronoxeHsl B crenyrowmem nopaake or Conniia: Mepxypuii, Benepa, 3emiis, Mape, FOnutep,
Carypu, Vpan, HentyH u [Inyron. Pacctosmna B COTHEYHOM CHCTEME IIPHHATO U3MEDSTh B
eAMHULIX CPeIHEro paccTosums 3emuu oT COIHIfA, Ha3hIBAEMOTO aCTPOHOMHYCCKOM enMHIICH
(1 a.e. = 149,6 mun. km). Hanpumep, cpesaee paccrosuue [Inytona ot Cojmua 39 a.e., Ho
WHOTZA OH yaansercs Ha 49 a.e. M3secTHbl komersl, yneTaromue Ha 50 000 a.e. Pacctosnue or
JeMITH 10 Ompkaiiuieii 3se3npl a Kenraspa 272 000 a.e., umi 4,3 cBeTOBBIX rosa (T. €. CBET,
JABIKYIIHHCA CO CKOPOCTBIO 299 793 KM/C, IPOXOIHT 3T0 paccTosHue 3a 4,3 roaa). s
cpasHeHnA, oT CoHUa 10 3eMitk CBET JoXOmMT 3a 8 MuUH, a 10 [LiyToHa — 32 6 u.

b




buer Ne23

1. TIyeTe B 50eKTPHYECKOM OAHOPOIHOM NOJE ¢ HATIPSKEHHOCTBIO BEKTOP E 1IpOUCKONMT IepeMeiueHHe 3apana no
NHUHHH HATIPSOKEHHOCTH Ha paccTosnue fenbra d=d1-d2, Toraa pabora pasna A=F(d1-d2)=qF(d1-d2). U3 mexaHnku
H3IBECTHO, YTO MPH HEPEMEILEHUH MEXAY IBYMS TOUKAMU B 'PABHTALIMOHHOM NIONE paboTa CHIIL TSKECTH He
3ABHCHT OT TPAEKTOPHH ABHKEHUS Tena. CHIbI MPaBUTAIIMOHHOTO W 3AEKTPOCTATHIECKOTO B3AUMONEHCTBHIT HMEOT
OIMHAKOBYI) 34BHCHMOCTb OT PACCTOAHHSA. BEKTOPBI CHIIBI HANPABJIEHBI MO IPAMO, COSHHAIOIIEH TOUCHHBIE TEHA.
OTCIOna CIEAYET, YTO U NIPH NEpeMELIEHIH 3apAZa B 3JIeKTPHUECKOM TONe 43 OZIHOH TOUKH B pyryo paborta cun
IMEKTPHIECKOTO TIOJIA HE 3ABUCHT OT TPAEKTOPHH JBHAKeHHA. PaboThi CHIT 3IEKTPOCTATHYECKOND MOM 10
3aMKHYTOH Tpaektopuu pasxa Hymo. IMone, paoTa cun KOTOPOro 110 3aMKHYTOH TPAEKTOPHH PaBHA HYIIO,
HAZLIBAETCA MOTEHUMAILHEIM. M rpaspranontoe none, H IoNie 31€KTPOCTATHYECKOE SIBIAIOTCA NOTCHUHAILHBIMH
TIOJISEMH. _
TIpu mepeMernesny >EKTPHYECKOTO 3apsia B IEKTPOCTATHYECKOM rone paboTa CUN PaBHA NPOH3BENEHHID 3apAna
HA Pa3HOCTh TOTEHLMAIOB HAYANLHON M KOHEYHOH TOMEK TPAaeKTODHHM IBHXKEHWs 3apspa. Tax kak pabora cun
3MEKTPOCTATUYECKOTO NOMNA TPH TiepeMeleHHH 3apsajia M3 OIHOH TOYKHM NPOCTPAHCTBA B OPYIYX HE 3aBHCHT OT
TPAEKTOPUH JABIDKEHHS 3apAfia MeXy 3THMH TOYKAMH, TO PA3HOCTE MOTEHIMATIOB SBIACTCH BETHYHHOH, He
3aBHCAlIEH OT TpPAEKTOPHK JBMXEHHs 3apaaa. CnefoBaTelbHO, Da3HOCTE HNOTEHUHANOB MOXET CIyXHTh
SHEPTeTHYECKOH XApAKTEPHCTHKONW 3NeKTPOCTATHYECKOro noffd. EMMHHUA PasHOCTH NOTSHUMANOB HA3LIBACTCA
BONETOM. ECIM HOTEHLMAaN 3/IEKTPOCTATHHYECKOre nosd Ha OeckoHewHO OONBIIOM PACCTORHUM OT TOUYEUHOro
JAEKTPHUECKOrO 3apsAfa B BAKyyMe NPYHHMAETCA PABHBIM HyNO, TO H& PACCTOSHHMM T OT 32PsAfa OH ONpeaesAeTcs
no gopmyne pu=k/g/r. Ornowenune paboTbl A, COBEPLIAEMEIH MOOLIM 3TEKTPHUYCCKHM II0JEM TIPH MePEMeleHHH
3apsad W3 OHOM TOYKH NOJA B APYTYIO, K 3HAUCHHIO 3TOTC 3apAAa HA3HIBAETCH HAMPAKCHHE MEKAY ITHMH TOYKaMM
U=A/q. Orciona paboTa CHA 2MIEKTPHUECKOTO NOJIA IPH NEPEMENIEHRH 3apsiaa PABHA [IPOM3BEACHHIO HATIPAKEHHA
U meskny ToukamH Ha 3apan q A=q*U. B 20exTpocTarideckoM TIoNe HaNpKeHHe MexXAy ABYMS THOOBIMH TOYKaMU
PABHO PasHOCTH MOTeHUu#anoB 9THX Touek. Ul2=pul-pu2. HanpskeHue XapakrepH3yeT JIMEKTPHYECKOE MOJe,
KOTOPOE Co3aaeT TOKk. Hanpspkenie NOKa3BIBAET, KaKyo paboTy COBEPUIMT HIEKTPHYECKOE 110J1€ TIPH IepeMeNieHHH
MexKy TOYKaMH nosiA 3apaaa. N=A/t A=N*t U=N*t/q = N/I. Crs3b HanpsKeHHs ¢ HANPOKEHHOCTIO nosist. TIpu
MepeMeNIEHHH TIONOMKHTENBHOTO 3apAaa O JIHHHH HATIPSYKEHHOCTH OHOPOZHOTO noss Ha B 1 Ku paccrosuue 1
KynoHoBcKas cuiia cosepuiaer pabory A-F*d=qEd A=U*q qEd=Uq U=Ed E=U/d.Ilorermnuan. Iloresnunan
OIS TOMEYHOTO 3apAa.
Pafiora mpu mepemelneHuy 3apana B OAHOPOMHOM 3JEKTpocTaTHdeckom none. ONHOPONHOE MoJie CO3NANT, Ha-
npuMep, OONbIIME  METAUTMYECKHEe IUIACTHHBL HMEIOIHE 3apsjibl MPOTHEONONOKHONO 3HAKA. ITO noje fei-
CTBYET Ha 3apaj ¢ NOCTOAHHON cunoii F=gk.
ITycTb MAACTHHEL PACTIONOKEHB BEPTHKANLHO JI€Bas MIIACTHHA B 3apsDKeHa OTPULIATEALHO, 2
npaBas [} — NOJOXKHTENBHO. BeIMHCIHM pabOTy, COBEPLIAEMYIO NONEM NpPH NepeMelierut
IONOXKHUTEILHOTO 3apAAa ¢ M3 TOUKHM 1, HAXONAIIeHcs Ha PacCTOAHHHM ¢; OT IUIACTHHEL B, B
TOUKy 2, PACTIONOKEHHYI) HA PACCTOAHWH dy<d,; OT TO# K€ IIACTHHEL
Touku  u 2 nexar Ha onHOIH cunosoit nuurE. Ha yaactxke nytu Ad=d—d, 3nexkTpuiecKoe
11016 COBEPUINT IOMMKHUTENLHYIO paboTy: A=qF(d/—d;). O1a paboTa He 3aBUCHT OT GOPMBI
TpaekToprH, [TOTEHIMAIOM 3MEKTPOCTATHYECKOTO TIONIS HAZHIBAIOT OTHOLIEHHE
TIOTEHIMANBHOH 3HEPIHH 3apAAa B IOJIE K 3TOMY 3apsjy.

Cornacso AaHHOMY ONPEAesICHI0 NOTEHINAN PaBEH.

PasnocTts norennnanos. [oao6Ho noTeHunansHON 3HEPruy, 3HaYeHHE NOTEHUHANA B AAHHOH TOYKE 3aBHCHT
oT BbIOPA HYJIEBOTO YPOBHA ANs OTCHETA IIOTEHLMATA, [IpakTHueckoe 3HayeHHe

HMEET He CaM NOTECHIMAIL B TOUKE, a #aMeHeHie NOMEHuQuId, KOTOPOoe He 3aBUCHT OT BeIDOpA HyAes020 ypoeHst
omcuema nomenyuana. Tak Kak noTeHIHaNbHaA JHEPrusl
W,=gp 1o paboTa paBHa 4=, )= -@)=qL WP

PasHOCTH OTEHLMANOB pased: U = 1~ @ = - q

Pa3nocTb MOTEHUMAAOB (HATIPSHKEHHE) MEOXKAY JIByMHqI‘O'-IKaMH PaBHA OTHOWEHUIO pabOTE! NONA NPY NepeMeLIeHHK
3apsila M3 HAYATBHON TOUKH B KOHEYHYIO K 9TOMY 3apany. Pazrocme ROMENYuAnos Mexcdy O8YMs MOYKamit Paena
edunuye, ecau npu nepemewyenuy 3apsoa 8 1 Ku uz odnoit mouxu 6 Opyzyio snekmputeckoe Roje cosepuiaem
patomy & | [k DTy envHuLy Ha3bBaroT BosbToM (B).
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2. HauGonee oueBUIHBIM CBOMCTBOM 38€31] ABIETCA TO, UTO OHH CBETSTCH, TOUHEE, ABMAIOTCH CAMOCBETSIHMMUCS
TenaMu, 3a CYeT Yero MOKPHIBAIOTCH HX JHEPreTHYECKHe MoTepH? 3TOT BONPOC BOSHHK, KAK TONLKO OBl
chOpPMYIMPOBAH 32K0OH COXPAHEHMS SHEPTHUU, OAHAKO HAHTH MCYEpIbIBAOLLUI OTBET Ha HErO CYMENH JIHLIb BEK
CHYCT.

OO6LIMHO AYMAKOT, YTO CABHAA TPYAHOCTD MPobIeMbl - B OrPOMHOH MOIHOCTH BbiIeNeHHs YHepruk Ha Conxue u
3peszgx. B aelicrBUTeNBHOCTH AeN0 BOBCE He B 3TOM. Y IIeibHELH TeMN dHepropeiienesusa Ha CoMHLE H B 3Be30aX
tonee yeM ckpoMubiH. Tak, B pacueTe Ha ONHH I'PaMM CBOETO BeecTea CONHLE @XECeKYHARO BhIACHAET BCEro no
2 apra. [To oObIACHHBIM 38MHBIM MEpKaM 3TC COBEPLISHHO HAUTQXKHLIH TEMI JHEPTOBBIACICHHS - K2K B Ky4e
THHIOIIHX OCEHHHX JIHCTHEB. B YeNOBEYECKOM Tejie TEMIT BRIASSHHA SHEPIUH Ha YeThipe nopanka (1) Beilue, 4eM B
Cosnsue. OpHaxo 4To0s! NONNEPKUBATL TAKOH YPOBEHD [IPOM3BOACTRA IHEPTHH, HAM HYXKHO TPUKABL B I€HD €CThb.
A ConHue (¥ 3Be37I51) CBETHT MIUIIIHAD/LL JIET, HE MHTAACH.

Hrak, nctunHas npobaeMa COCTOHT B TOM, 9TO 3BE3/(BI CBETAT O4EHb i OYEHB JIONTC. 32 3TO BpeMsA OHH YCNEBaoT
BBICBETHTB ACHCTBHTENEHO OIPOMHLLIE KOJIHYecTBA SHeprul. OTKyAa we oHa uepriaercs’?

Kaxk yxe rosopunocs, sonipoc Obut ntoctaeies s 40-e rogpl XIX Beka, ¢ OTKPEITHEM 3aKOHA COXPAHEHHA SHEPTUH.
Cpasy e CTat0 ACHO, 4TO HCTOUHUKOM 3HEPrHH B ApUHLENE Moxer Ouirk rpasurauus. Tak, Pobepr Meiiep, omum
13 OTLOB 33KOHa COXPaHEeHHUs JHepriy, nojaarai, yre CoJNHIle CBETHTCA 38 CHET KMHETHHECKOH JHEPIHK
BLINZAAIONIET0 HA HEMD METEOPHOro BellecTsa. JIFOOOMBITHO, UTO B TEUEHHE MHOIMX AECATHIETHI runoTesa
Meiiepa CUMTANACE YYTH JIM HE CMEXOTBOPHOH M YIIOMHHATACH JHIIE KAK HeTopuyeckuii xypres. OnHako Teneps
MbI 3HAEM, YTO MOZEPHHIUPOBAHHLIN BApHAHT MexaHu3mMa Mefepa - akKpeLlHa - HTPAeT B MHPE 3BE31 BAKHYIO
po.Ih,

Jpyroii mioHep NMpHHLHNA COXpaHeHH: aHepruy ['epman T ennMrontll MPeanonokH, 410 ceedenne CoaHua MoxerT
HOAIEPKHBATLCA €0 MEITICHHBIM BEKOBBIM CXKATHEM, YTO NPHBOANT, PA3YMEETCA, K BbIASIEHHK IMPABHTALIMOHHON
sHeprud. Bekope Benen 3a Nembmronsnem [Tk, Tomcon (Gosee u3BecTHBI HaM Kak nopa Kenssun; TuTyn nopaa oH
NOJy4I 33 HAYYHbIE 3aCTYTH) YTOUHUI r0 OLIGHKY BPEMEHH TakOTO CKATHA, YUTA HEOIHOPOJHOCT B
pacrpefeneHHH CONIHEYHOTO BEIIECTRA B0/ PaAHyCa. 34 CUET TAKOTO, KAK Mbl TENEPL MOBOPUM, KENLBHHOBCKOTO
catua ComHue MOTIIO Gbl, 38METHO HE MEHSRCh, CBETHTH JIHIIb AeCATKH MANTHOHOB neT. JlroGonbirHo, ¥To caMm
KenbBuH, 2 BCNIET 3a HUM H MEHOTHE JAPYTHE, PACCMaTPHBAIM 3TO KAK CEPbeanblil apryMenT NPOTHB NMPAaBHILHOCTH
NApPBUHOBCKMX MpeACTaBneHuil 0 GHonorHyYeckoi 3pomousny, TpeboBasiueil no kpaitHeH Mepe Ha HopsAOK ConbiIux
BpemeH. B konue XIX Beka Bepa B 3aKOH COXpaHeHHS dHepru Obpina HespiGnieMa - 8 HUKAKOro APYForo HCTOYHHKA
SHEpPTHH 3Be31l, KPOME CaMOrpaBHTaliy, BHHO He Oblno. [Ipapna, oueHks Bo3pacTta 3emini, NoJIy4aBHIHECA
CPEZICTBAMM TEOJIOTHH, NABAAM NO KPAHHER Mepe COTHH MMIUIHOHOB JIET, YTO YKA3bIBalO HAa HEOOXOAMMOCTE NOHCKE
KaKOTO-TO JNONQUIHHTENbHOI0 UCTOYHMKA COJTHEYHOH 3HEPIHH.

Curyauus pesko 060CTPHIACH, MOKHO CKa3aTh CTasa KaTacTpOdUHECcKoi, BCKOPE MOCHe OTKPBITHS
paauoaxTusHocty. [lepBble sKe HageKHBIE ONpPENeIeHH BO3PacTa 3eMIH NOKA3ANH, YTO OH He MeHee 1.5
MUJIIHapAa AeT (COBPEMeHHAs oueHka - 4.6 MiuHapaa). OTbicKaHHe HCTOYHMKA Heprun COonHUA W 3B€31 CTA0
OJHOM 13 KIy4HX NPOobNIEM eCTeCTBOIHAHM

K cepeaune 20-X rozoB BEIACHHIIOCH, 9TO TAKHM HCTOYHUKOM B IIPHHLIHIE MOIIH Obl CIYAMTEL A/1€PHBIE PEAKLIHH,
BEMYUINE K [PEBPAIIEHHIO BOIOpoAa B renmii. Macca 4eThipex MPOTOHOB CIETKa MPEBOCXOAUT MACCy AAPE dTOMA
renis - anb(ha-uaCTHIbE, TAK WTO TPH TAKOM HPOLECCE MPEBpaancch Obt anerpuio okono 0.7% macce! noxos. Ho
10 COOTHOIIEHHI0 DifHrTeiina E = mc2 npm npebpallleHHH B YHEPTHIO JaKe OHEHbh MAJIOH MACChl M BBiAEIAETCH
KOJOCCANIbHAN SHEPIUsL, TAK KAK MHOMHTEIb IPONOPLHOHANEHOCTH - KBAIPAT CKOPOCTH CBeTa C2 - O4eHb BEJIMK (B
cucreme CI'C - mopaaxa 1021). ['opa41M NponoBeNHUKOM HIIEH TEPMOSIEPHOTD MOPEHUs BOZOPOAA B 20-€ rofibi
6Lt hakruaeckuil CO3/aTeNb TEOPUH BHYTPEHHEr0 crpoexns 38e30 A.DaguHrroH. OnHaKO NOHAYa Yy 3Ta Hies
BCTPETHNA Cephe3HEle Bospakerun Pesepdopaa u ero komner. Temneparypa B uentpe ConHua, pacCuUTaHHAS
caMuM %e JINMHITOHOM (20 MIIH KeNBBEHOB) H OKa33BILAsCH, KaK MBI TeTlepb TBEpAO 3HaeM, Onuskoit k
neHcTBHTENBHOI (15,5 MIE KellbBMHOB), ABHO HEAOCTATOMHA A TOTQ, YTOOHI 33 CUET KMHCTHHECKOH SHEPTHH
CBOET0 TEIUICBOrO IBHKEHHA MPOTOHE! MOTJIH NMPEOACNETE DASKTPOCTATHIECKOE KYTIOHOBCKOE OTTaKHBaHHe H
cOMH3NTBCA HACTONBKO, 9TO0bE BCTYIWIM B MUTPY AAEPHBIe CHAbL. PacxoikiaeHue ObLIO O4SHDb CEPBE3HBIM - HA TPH
nopsazka no remneparype. "TloianTe NOMIIHTE MECTEYKO NOropsAyee” - BOT YTO MIOCTOAHHO Crbllal JIAHHITOH OT
CBOMX KOJIster-H3HKOB. .

Pewenye npobaemsl NPHLILIO ¢ Pa3BHTHEM KBAHTOBOH MexaHuKH. COTACHC NPUHLMIY HEONPEIEICHHOCTH
[eiisenbepra, TOBOPHTE O TOYHOM MECTOTIONIOKCHHH YaCTULBLI HE UMEeT CMBICITA - OHa Kak Obl pasMasaHa mno
HEXOTOPOH 06IaCTH NPOCTPAHCTEA H ¢ PA3HOH BEpOSTHOCTHIO MOKeT OBITH 0OHapyKeHa B Pa3HBIX MECTax. JTo, B
YACTHOCTH, ASA4ET BO3MOMKHBIM [IPHCYTCTBHE HaCTUUBI H B TeX OOJIACTSX NPOCTPAHCTRE, TAE KNACCHYECKHE 3AKOHb

57




COXPaHEHHS JHEPTHH H HMITYIIBCE 3TC CTPOTO 3apeliaieT. B urore HeNpeoaouMBeIil AN KJIACCHYECKOH YaCTHIIB!
KYJIOHOBCKHIT NOTEHUHANEHEIN §aphep CTaAHOBKUTCH KakK 6b "nonyrnpozpauteiM” (TAK HA3LIBAEMEI TYHHEIbHbIH
3¢dexr). [lepBbiME Ha pons 3Toro 3hdekTa AN pelIeHHA 3araaki HCTOYHHKOB 3Be3IHOMN 3Hepruu B 1929 1.
ykazanu P Arkuncon 1 @ Xayrepmanc. CoszpanHan B 310 ke npumepHo ppemst I'. A T'amosbiM teopus anba-
pacriafa jana MaTEMAaTHYECKHIl annmaparT, MoJ0KEeHHbIH B KOHLE TPHALATHIX rOd0B B OCHOBY KOJIHHMECTBEHHOH
TeOPHH TEPMOANEPHLIX peakinii B Hempax 3ee3d. B 1937-1939 rogax nosieasercs, HAKOHEL, TOMTOXKI3GHHOE
OKOHHATENIPHOE pelleHre NarHeH 3araaki HCTOYHMKA 3Be30HO# sHeprun {I”. Bere u - HesaBncumo - K. Beiiizexep).

Cauthb YeThIpe NpOTOHA B aNb(ia-yacTHLY 3a OAHH aKT MPAKTHHECKH HEBOIMOXKHO. BEPOATHOCTh YETREPHOIO
CTOJIKHOBEHUs npeHe0pesiiMo Mana, TIe3TOMY HPOLECe HIET B HECKQIIbKO 1aros. JetanbHelit aHann3 Beex
BOSMOMHBIX MTPH TeMIIEPaTypax nopanka 20 MIH KeTbBHHOB ANEPHEIX PEAKLHI B T43¢ KOCMHYECKOIO XUMHUYECKOTO
COCTaBa MPHBEN K OTKPBITHIO JBYX BO3ZMOXKHBIX CHIOCOO0B MOCTPOUTD ajib(a-4acTHIY H3 NPOTOHOB.

PR
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1.IIpoBOAHHKY H THMIEKTPHKH B JJEKTPHIECKOM no.rle(BllJleT N224).

ITpopoanukE — Tei2, B KOTOPBIX CYWIECTBYOT cBODOAHBIE 3apAILl, He cBa3aHHble ¢ atoMamy. [loa BosnmelicThueM 3.
nond 3apaapl MOIYT JABHUIaTBCA, NOPOXAadA 3JICKTPOTOK. Ecmm NPpOBONHHK BHECTH B JIACKTPDHYECKOE HOJIE, TO
MOROKUTENBHO 3apPALBL ABMXKYTCA [10 HAIPaBACHHIO BEKTOPa HAMPDKCHHOCTH, @ OTPHLIRTENLHO 3aPSMEHHLIE B
NPOTHUBOIIONIOKHOM HanpaplneHUH. B pesynbTaTe Ha NOBEPXHOCTH TeNd NOABIAIOTCS HHAYKTHBHbBIE 3apANbI.
Hanpsokennocrs nonst BHy1pu nposonHuka = 0. IIpopoauux kax Obl pa3phIBAeT CUJIOBBIE IMHHM HAOPKEHHOCTH
3MeKTPUYecKOro NoaA. JHAIJeKTPHKH- BELIECTBA, B KOTOPEIX NMONOKHTEIbHLIC H OTPHLUATEIbHBIE 3APAIbI CBA3AHEI
mexzy coboii 1 Her cBOGOIHEBIX 3apANOB. B 2:1eKTPUYECKOM 11071 AHMIEKTPHK NOIAPHIYETCS.

BHYTpY DHM3MEKTPHKA CYLIECTBYET MEKTPHHYECKOE MOJIE, HO OHO MeHbIIe IeKTPHYECKOTO NoId BakyyMa & B ¢ pas.

Hmanexrpudeckan IpOHHIIAEMOCTL CPEbl € paBHa OTHOLIEHHID HANPMKEHHOCTH JJIEKTPHYECKONC MOJA B BAKYYME K
HAIIPABJIEHUIO 3NeKTPUYIECKOTO MIONA B FUANeKTpuKe e=E0F

COCTAB N CTPYKTYPA F'ANNTAKTUKIA

2. Mieunnrii Ilyte 1 cTpykrypa Tanakraxd, Yike K Haualy HAIIero Beka OBUIO W3BECTHO, YTO T
3BE€3/TBI, KOTOPHIE HAOMIOMAROTCA HEBOOPYIKEHHBIM I71a30M MM B TENECKOIL 00pa3yroT B MPOCTPAHCTBE
CIUBOCHYTEIH 36€30HbI OUCK TPOMAIHOTO pasMmepa. MBI HaXoguMMCS BHYTPH 3TOTO JHMCKA H TO3ITOMY
BOTHM3H €70 THIOCKOCTH BHAMM OYEHP MHOTO Janekux 3Be3l. COBOKyIHOCTh 3THX 3BE3J CIMBASICH [/ HAC
B CBETAIIYIOCA TOA0CY Mieunozo Ilymu. Panbme nymand, 4ro CONHIE pacHONOXEHO BOMM3M LIeHTpa
3BE3OHOH CHCTEMBI — [ afaKTHMKH, TOTOMY 4TO APKOCTE Miegnoro IlyTH npHMEpHO OJHMHAKOBA BO BCEX
HAfpPABISHMAX, XOTA B HEM W CYIIECTBYIOT OTIeNbHEIE fonee apkue yuacTku. CeHuac MBI 3HAeM, 4TO CBET
caMoOM APKOHM IeHTpankHOM 00nacTk "alakTHKH CHNBHO OCHabiseTcs W3-3a IOTJIONEHMI MEX3BE3AHOH
b0, JIune HaOmoAeHHT B HMHPPAaKPACHHIX IIydax, KOTOPBIE HCIIBITHIBAIOT MEHBIICE MOTIIOMICHHME,
MO3BOJIMAIM «YBMAETH» Hamboee IWIOTHYIO LEHTPansHy obmacTs Hamel Nagaxtiky. OHa pacnionokeHa
B cosge3auu CTpemea,

Ota ueHTpanbHas, Haubonee KOMMakTHas oOnacTh I'anakTHKM HA3BIBACTCA €€ 36€30HBLIM AOPOM.
ConHLE pacroNoKeHO OYCHB JANCKO OT anpa [anakTHKH — HA paccToaHWM 25— 30 ThIC. CBETOBBIX JIET
(8—10 xnk) — BOAWIM IUIOCKOCTH CHMMETPHH 3BE3OHOTO JHCKA, TOJMIIMHA KOTOPOro COCTABIACT
HECKOIBKO THICAY CBCTOBBIX JIET.
Snpo  HaxomMTCs B HEHTpE
76€e30H020, Oucka | anakTuku.

Yacrs 3esn HamieH [ anakTHKH
HE BXOAMT B COCTaB [JHCK3, &
obpasyer cheputecKkyio
coctapagromy o (puc.l). Ot
38346l KOHLUEGHTPHPYIOTCY HE K
ONOCKOCTH  JIHCKA, K 2apy
lamakmiky. Juck u cdepuueckas
COCTABMAIONIAY  —  OCHOBHEIE
3NEMEHTH CTPYKTYpbi Hamei# ['a-
JAKTHKH.

Tlomoe  wwHcO  3BE3N B
l'anakThke MOXHO OLCHHTE TOJBKO
OpHeHTHPOBOYHO, (OHO COCTABIAET
HECKONMBKO  COTEH  MUIUIHAPIOB.
JIume He3HAYMTENbHAd AONM BCEX
ITHX 3BE3] JOCTYTHA HAOMOAEHHAM J2KE IPM TOMOIIH KPYIHEHITHX TEIECKOMNOB.

I'aIaKTHKA — 3T0 OrpOMHLIH 3BE3AHBIH 0CcTPOB, THaMeTp KoToporo npespiuaer 100000 ¢b. e,
00peMEOIANE MHOTHE MWLUIHAPABI CAMBIX paliM4YHbIX 3Be3d. [Tommmo 3Bezn, B [anakthke
COJEPIKHTCA MHOrO Tell HeOONMbIIOH MacCe! (HATIPHMED, TUIAHET) M OYECHb HEOJHOPOJHAA IO INIOTHOCTH
MESK3BE3/IHAs cpena (pa3peKeHHBIi ra3s, Nblib, KOCMHUCCKHE Jyun). HecMoTps Ha Gombmryto Maccy. [Nanak-
THKAa—OUYEHb PA3PEIKEHHAA CHCTEMA: PACCTOAHUA MEXKAY COCSTHMMU 3BE3NAMH, KaK TIPABHIIO, H3MCPAKOTCA
CBETOBEBIMH IOJaMH.
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Bujer Ne25

1. Hanpsiocenue mencdy 08ymst npogoonukam RPONOPHYUORAIEHO INEKMPULECKUM 3APAOAM,
Komopwie Haxooamces KA  npogoonuxax. EcHM  3apaael  YABOHTb, TO HANPMHKEHHOCTH
3/1EKTPUUECKOT0 MOJIA CTAaHeT B 2 pasa Gouble, CCAOBATENBHO, B 2 pa3d YBEIUuYHTCH U paboTa,
COREplIAEMas TOJIEM MpPH TMEPEMEIUCHHH 3apsaa, T. € B 2 pasa yBEAMYHTCH HANPAKCHHE.
[To3TOMY omuoutenue 3apada OOHO20 U3 NPOBOOHUKOE K PAZHOCHIN ROMENYUANO8 MEHCOY FMUM
HPOBOOHUKOM U COCeOHuM He 3dasucum om 3apada. OHO onpedersiemcst 2eoMEMmpPUdecKumu
PasMepamu RPOGOOHUKO0S, UX GOPMOT U B3QUMHBIM PACNONOJICEHUEM, A MAKICE INEKMPUHECKU-
MU CBOTCMBAMU OKPYICAIOWET CPedbl (OUBNEKMPULECKOT NPOHUYAEMOCTEBIO £). JTO TIO3BONACT
BBECTH [IOHATHE NEKTPOEMKOCTH ABYX ITPOBO/IHHKOB.

DNEKTPOEMKOCTRI0 JIBYX TPOBOJHHKOB HA3biBAIOT OTHOWICHHE 3apAfa OJIHOIO M3
TPOBOJHHUKOB K Pa3HOCTH MOTCHLIMAJIOR;MEXY STHM MPOBOJHAKOM H COCCIHMM:

U

Huozda zo0s8opsim 06 31eKMPOEMKOCIU 00HO20 NPOSOOHUKA. MO UMeem CMbICA, eciu
RPOBOOHUR AGNAEMCS YEOUHEHHbIM, M. €. DACROAOJCEH HA DOIBWOM N0 CPABHEHUWIO € €20
pazMepaMu paccmosHuu om Opyeux npoeooHuxos. Tax 208opam, Hanpumep, O eMKOCHu
npogodawezo wapa. Tlpu smom nodpasymesaemcs, 4mo poie Opy2020 NPOSOOHUKA UESPAIOM
yoanenusie npeomMemsl, pacnon0NCERHbIE BOKPY2 HiaApa.

Bnexmpoemrocme 08YX NPOSOOHUKOE PasHA edunuYe, eclu npu coobujenuu um 3apacos +1
Kn mexcdy numu gosnuxaem pasnocme nomenyuarog 1 B. Smy edunuyy nazwsaom gapad
(D),

1 &=1 Kw/B.

Konnencarop. Bonpmoil »nekrpoeMKocThIo 00aAa0T CHCTEMBI U3 JIBYX NPOBOAHHKOB,
HasbIBacMble xoHoewcamopamy. KoHmeHcaTop mpencTasiseT cCco0OH 1aBa IMPOBOAHHKA,
pas/iefieHHBIC CIIOEM [HINEKTPUKA, TOMIMHA KOTOPOTO Maja I10 CPaBHEHMK € pasMepamy
NpOBOAHMKOB, [IPOBOJHHKH B 3TOM CIYUae HA3bIBAKOTCH 0OKIAOKAMU KOHAEHCAMOPA.

2.Emxocms nrockozo xondencamopa. PaccMoTpuM TUIOCKHIT KOHAEHCATOD, 3allOJIHEHHBIH
OAHOPOIHBIM H30TPONHBIM JHICKTPUKOM C JHIIEKTPHYSCKOH MPOHHLACMOCTBIO €, Y KOTOpPOTo
TUIOmaRb KaXaoi oOKIanku S ¥ paccTOsHHE Mexay HHMH d. EMKOCTE Takoro KOHAEHCATOPa
HaXOAUTCA Mo dopMyiie:
£,65

d

rOe & — ARIEKTPUYECKAs MPOHHULIAEMOCT Cpejlbl, S — Iomans o0KIanoK, d ~ pacCTOAHHE
Mexay obknagkamu. M3 5Toro ciemyer, 4TO NS W3TOTOBJIEHHA KOHAEHCATOPOB O00bIION
EMKOCTH HAI0O YBEJIMYMTH IJIOIANb OOKIaJ0K M YMEHBINATE PACCTOAHHUE MEXKY HUMH.

Oneprua W 3aps0keHHOTO KOHACHCATOP: , _¢° MM 1o, oy
2C 2 1 2

KoHzneHCcaTOpsl MPHUMEHSIOTCA U1 HAKOTUICHHA 3JIEKTPOJHEPTHH WM HCHOJb30BAHHA €€ TIpH
OBICTPOM paspsaae ($HOTOBCHbIIKE), A4 PA3AC/IEHHA HETEH MOCTOAHHOTO K MEPEMEHHOTO TOKOB,
B BBINPAMHUTENAX, KoleHaTeNbHbIX KOHTYpax W JAPYrHX PajHO-3NEKTPOHHBIX yctpoHcTBax. B
3ABUCHMOCTH OT THIIA [AMMICKTPHKA KOHACHCATOpHl OBIBAIOT BO3AyHIHBE, Oymaxhble,
cmofsHbie. [IPAMEHEHHUE KOHAESHCATOPOB. JHEPIUA KOHJIEHCATOpa 00BIYHO HE OYEHDb BEJMKA —
He Gonee coTen mkoyaei. K Tomy ¢ oHA HE COXPaHAECTCA NIONrO H3-3a HEH30EKHOH yTCUKH
sapana. [looroMy 3apsbkeHHbIE KOHAEHCATOPBI HE MOTYT 3aMEHHTD, HAIIPUMEP, aKKyMYJIATOPbI B
KAYECTBE UCTOTHHKOB JIEKTPUYECKOH SHEPI UM,

C =
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2. CoBpeMeHHsle BBINAON Ha CTPOEHME M BDBONNLMI0 BeceneHHOMN

Mup, 3emud, Kocmoc, BceJsleHHaA. THCAYeJSeTHAMM IBEITIMBOE YeJIOBeYeCTEBO

ofpamalio CBOM B3TIALLN Ha OKpyXawmMil MHp, CTPEeMMJIOCE IIOCTUMIHYTH €I'0, BHPBATHCHA
2a Mnpelefii MMKpOMMpa B MaKpoMMp.

BenMuecTBeHHAad KapTHHa HedeCHOTO XYIIosa, YCesHHOTO MMUMpHalaMM

3Besn, ¢ HesanaMATHHX 3Be3I BOJHOBajla YM M BeooOpaXeHMe YUYeHHX, [O3TCB,
KaXkOooTo *MBYMEDCe Ha SBeMie M 3a4YapOBAHHOTO JIOOYKOHeTroCcd TOPXeCTBeHHOM M dyIHON
KAPTMHOM, II0 BHpaxXeHMO JlepMOHTORAa.

Yro ecTk BeMmnd, Jiyda, ConHue, 3Besnu? [me Havakmo M The KoHed BceNeHHON, Kak
OOADS oHa CYMeCcTBYeT, M3 Uel'd COCTOMT M IIe I'paHMWIH e [NO3HaHMA? .

B cBoeM peQepaTe £ MNIJOKMIA BCE TC, YTC MIBECTHO HAa CEeTOAHANHMIA OeHb HayKe O
CTPOGHMM M BDBECJOUMM BCeJleHHON.

MsydeHne BCeNeHHOM, Oake TONLKO M3BE&CTHOW HaM €& 4YacTH ABRJIATCSH

rpardMosHOM  3amavert. YToOH TICHYYMTL Té  CBEIeHMA, KOTOPHMM  pPacnoiaraotT
COBpeMeHHEe YYeHHe, NOHANOOWIMCE TPYOH MHOXKECTBa NOKOJIeHMHA.

BceflenHas OecKoHedWHa BO BpeMeHM M [OPOCTpaHcTBe. Kakdasd UYacTHMYKa BCeJeHHOHA
uMeeT cBoe Hadalo M XOHeli, KakK BO BpeMeHM, Tak U B OpoCcTpaHCTBe, HO BCA
Beenedyas OecwkoHeudHa M BedHa Tak, KaK O©Ha ABJARETCHA BeYHO CaMOIBMKYMeNlcH
MaTepuei,

BcejilgHHAA - 270 BCE cyllecTeyklee. OT MeNpYalmmx IHEIMHOK

M aToMCOB OO OTDPOMHEX CKOIJIGHMM B-Ba 2BEe3MHHEX MWPGB M 3Be3OHHX cucTeM. [loaToMy
He OyOeT OmMOKOM CKa3aTh, 4YTo Jiodasgd HaykKa Tak MM MHade Ku3YydYaeT BCelleHHYR,
TOYHee, TeM MM MHHade €& CTOPOHH. XUMMA M3ydaeT MIp MOoIeKyJs, ¢M3MKa -~ MMUDP
ATOMOB M DJeMeHTapHHX YacTUll, OUMONOTMS — sABJeHMA AKMBOM NpUPCIH. Ho cymecTByeT
HaydHad IMCUUIIUHE, O©oO0BeKTOM MCCASIOBEHMA XROTOPOH CJIyXMT CaMa BCeJIeHHAd WM
“BeejeHHas Kak @ Ueycoe”. 370  ocobaAa oTpacrik  acTDOHOMMM 0 TaxK  Has3HBacMas
KocMOIoTHa. KocMonormf — ydeHMe o BceeJleHHONM B LeJIOM, BKIoYamada B celA Teopuwo
BCell OXBaueHHOM acCTPOHOMMYECKMMM HabpIeHMAMM OONAaCTH, Kak dYacTu BCcelleHHOH,
KCTATH He CJenyeT CMeNMEBATE IOHATHMA BceleHHOM B uLesnoMm M “Haboooaemoi”
(BumuMolt) BceneHHOM. Bo BTODOM Clydae pedb MIeT pedYs HMOET JMOE O ToR
OTpaHUMUeHHOd ofmnacTy IpCeCTpaHCcTBa, XoTopad OOCTYNHA COBPEeMeHHRM MeToHam
Hay4YHHYX MCCHeOoBaEMii. C pa3BUTHMEeM KMOePHEeTHMKM B PasIddHEX o0nacTsaAxX Hay4dHHX
HCCNeDOBAHMAX TpHOGPeNM SOoNbBIYK HONYJIAPHOCTE MeTOIMKM MOIedMpPOBaHMA. CVHMHOCTE
5TOPO MeToHa COCTOMT B TOM, YTO BMECTO TOTO MAM MHOIO pealbHoTOo o0meXTa
M3ydyaeTca eroc MojeJis, OoJiee MWIM MeHee TOUHO MHOOBTORAKIAA OpMITHMHAIN Wi ero
HauboJee BaxHHE " CYHieCTRBEHHEE cCcoBeHHOCTH ., Monenk He oHa3aTedbHO
BelleCTEEHHAA KOMMA 0O0LexTa. [locTpoeHMe NPUBIIOKEHHHX MOIeJsell pasiMuHHEX ABJeHMHA
noMoraeT HaMm BCE DIyOke IIo3HaBaThk OKpyXamoumi  Mup.  Tak, HanpuMep, Ha
NPGTSESHMM IAMTEJLHOTO BpPeMeHM acTPOHOME SaHMMATMCE WM3YUeHMEM OIHOPOILHOM H
UBOTPOHHON (BOCHBpaxaeMch) BcelleHEOH, B KOTOpOM BCe (M3MUeCKMe  ABJIeHMA
NpoTeKaleT ONMHAKOBLM O0SpasoM M BCe SakKOHH OCTalnTCA HeMSMeHHEMM OJIA  JoOuHX
ofracrTed M B JNOOHX HalpaBJeHMAX. HWMayduanMck TaK Xe MOIOelM, B KOTCPHX K DBTUM
IBYM YCJOBMAM IOOGABIAIOCE TREThLE, — HEM3MEeHHOCTE KapTMHE MMpa. 3TO O3Ha4daeT,
uTo B KaKYD OH SMO0XYy ME He co3eplalu MMp, CH BCerda IOOJDKEeH BHINIANET: B o0mMX
YepTax OIMHAKOBCO, OJTHM BO MHOTOM YCJOBHHE M CXeMaTHMYeCKMe MONeJM TOMOTJIM
OCEETHMTE HEKOTOPHE BaXHHEe CTOPOHH OKpyXawlel'o Hac MmMpa. Ho! Kak OH CJOXHA HU
BHT2 Ta MM MHAA TeopeTHMYeCcKad Monellk, kakuMe OH MHOTooOpasHue (QAKTE OHa HU
yuMTEBala, Jofad Momellk — BSTC eme He caMmo ABJIeHMe, & TOJNbKC 0oJlee WMy MeHee
TOUHaf# ero KOOMA, TakK cKka3aTe obpas peansBOol'c MMpa. [ozToMy BCe pe3yJIBETATH
IoJYUeHHHEe ¢ I[IOMONBKL MoOenett BcenexroM, HeobXoIMme ofA3aTeNLHO IIROBEPUTH
OyTeM CpaBHeHMS C pPealbHOCTBK. Helb34 OTOXRNECTBJIATE CaMO ABJIeHMe C MOAQJIED.
Helh3a ©Oe3 THaTeNbHOM I[IpoBepkKM, OPMIMCHBATL NpMpoLe Te CBOHCTBa, KOTOPHMM
oBnanaeT MoIens. Hu olHa M3 MoIejel He MoXeT I[peTeHOoRaTk Ha poabh TOUHOTO
“eonenka” BcelsleHHOM. S3TO TOBOPMT © HeoOBXOOUMOCTM YIUIyOJseHHoM paspaloTkM
Monesell HeoIHOPOIHOM M HeM3O0TPOHHOM BoerseHHOM. 3Besnu Bo BcelneHHOH oOBenWHEHH

B THMTAaHTCKME '3Be3[HBEEe CHMCOTeMH, HAazHBaeMbe TajakTHkam. 3BesOHad cucTema, B
cocTaBe KOTOpOM, Kak pPAOCBag 3Be3zfa HaxXoaMTcA Hame CoOJHUEe, Ha3SHB&ETCA

. 12
TanmakTUKOM. YKMCHo 3Bes3n B rajlaxTuke nopangxa 1077 (rpunnmoHa) .
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BuneTbl N0 caMOMY NTOTUYHOMY U NPOCTOMY fpeaMeTy
bBuaerNel

1. Mexannueckoe gsrkenne. OTHOCHTENBHOCTL MeXaHndeckoro ABrxeHns.(01) 3akon crioxenus
cKopocTeii B Kiaccuueckoii Mmexannke. KnHeMaTHKa NpAMOJIMHEHHOTO ABHKEHHMS MATEPHAIBHOMH
TOYKH.

2. MaranThoe noJjie B Bemectse(15). MaruurHas nponnuaemocTs. llpuposa geppomarteruzma.
Temneparypa Kiopu.

buier Ne2

1. PaBHoycKopenHoOe npsiMoiuHeiiHoe IBHKeHHE. AHATHTHYECKoe U rpadHiecKoe ONHCaHHe
PABHOYCKOPEHHOI0 NpAMOJHHeiHOro ABHAKCHHA. (01)

2. flBneHneE NIEKTPOMATHHTHOM HHAYKIHHE, 32K0H 3AeKTPOMAarHuTHOH HHAYKumH. Flpasuno
Jenna. Camournayxuus. I/IC camouHAYKIHK. JHEPrHs MATHHTHOIO N0 KATYIHKH C TOKOM.

buaer Ne 3

1. /IBHxkenne MaTepHAJLHONH TOYKH 10 OKPYKHOCTH. IleHTpocTpeMuTEILHOE YCKOPEHHE.
Yraosasi ckopocTb, CBA3b JTHHEITHON H YIJ108B0H CKOpOCTE.

2. DaexkTpuyeckuii Tok B Meraiax. [Ipuposa 3eKTpHYecKoro ToKa B MeTas1ax. 3akon Oma nus
y4acTKA Henn. 3aBHCHMOCTh CONPOTHBICHHS METALIOB 0T TeMuepaTypol. CBepXnpoBoaHMOCTE.

buaer Ne 4

1. Ilepsoiii 3akon Huorona. HAepuHaibHbIE cHETEMbE 0TCyeTa. [IpHHIMD 0THOCHTEIEHOCTH B
KJIACCHYECKOH MeXaHHKe H B CMeUHAJIbHOH TEOPHH OTHOCHTEILHOCTH.

2. DJeKTPHYECKHil TOK B PACTBOPAX H PACIIaBAX JJEKTPOJHTOB. 3aKOHBI 3JIEKTPOJIN3A.

Onpeaenenue 3apsia 3MeKTPOHA

buiaer Ne 5§

1. Bropoii 3axon HbloTOHA M rpaHMIBLI €70 TPHMEHHMOCTH.

2. MaruuTHoe B3anMo/eiicTBHe TOK0B. MaruuTHoe 1noJie 4 ero xapakrepucTiki. Cuna Amnepa.
Cuaa Jlopenua. /[pukenue 3apsaskeHHLIX YACTHI B OAHOPOAHOM MATHHTHOM HOJIC.

Buaer Ne 6
1. Tpernii 3axon Herorona. CroiicTaa cun JelicTBHS M NPOTHBOACHCTBU. [ paHnb!
HPHMEHHMOCTH TpeThero 3axona HeioToHa
2. DaeKTpHYECKMIii TOK B BaKyyMe. JJeKTPOBaKyyMHEIE€ Npu(opbl H HX IPHMCHEHHS,

Buner Ne7
1. AMnyJisc. 3axoH coxpaHeHHst HMITYJIbca. PeakTHBHOE IBHIKEHHE.
2, DiekTpuYecKHii Tok B npoBoAHHKaX. CoGcTBeHHass ¥ npUMecHast HPOBOJHMOCTH
noJyNpOBOIHHKOB, p-H nepexon. MoJiynpoBoaHHKoBLI Anoa. Tpanzucrop.




Buaer Ne8
1. 3akoH BceMHpHOTO TATOTeHHS. I'paBUTAIIHOHHAS NOCTOSIHHAS U ee H3Mepenus. Cuna

TsokecTH. Bec Tesia. HesecomocTh, /{BHKeHHE TeJl o JAeiicTBHEM CHJbI TaxecTH.(04)

2. CeoGoaubie iekTpuyeckue Kojiedanus. Konebarenmsaniii kouTyp. llpespamenne 3Heprus
B K0J1e04TeIbHOM KOHTYpE. 3aTyxanue KoJedanunii. @opmy.ia Tomcona.

buaer No9

1. Cuna ynpyroctu. Buasl ynpyrux nedopmanuii. 3axon I'yka. Moayas IOnra. /Inarpamma
pacrsxenns.(10)

2. ABTokos1e0anusn. ABTOKOMeGaTe1bHAY cHeTeMAa. 'eHepaTop He3aTyXalOmHX
3A€KTPOMATHHTHBIX KoJIe6aHni.

buaer Ne 10
1. Cuna Tpenus. Ko3ppuumeHT TpeHHS CKOIbKEHHSA. YHeT H HCHO/1b30BAHHS TPEHHH B ObITY
H TeXHUKe. TpeHus B :KHAKOCTSX H razax.
2. TlepemMeHHDBI TOK KAK BbIHYK/IEHHbIE JIeKTPOMATHHUTHDbIE KoJjieGaHusd. /leficTBylolne

IHAYCHMS CHJIbI EPEMEHHOI0 TOKA 1 HANPSHKeHUA. AKTHBHOE H PeaKTHBHOE CONPOTHBJICHHE,
3axoH OMa aas 3JIeKTPHYECKOH LENH IePEMEHHOIr0 TOKA

Bbuaer Ne 11
1. PapnoBecue TBepAOYr0 Te1a. MOMeHT cHIIBL. YCJI0BHSI paBHOBECHS TBepAoro Tejaa. Busni
paBHOBeCHA. XIpHHIHN MMHHMYMA 10TEHUHAJLHOH SJHEePrUn.

2. Tpancdopmartop. YcrpoiicTBa H npuHIuN AeificTBUA TpaHcdopmaTopa. Ilepenaya
3eKTPOIHEPrHH.

Buaer Noe 12

1. Mexanuueckas pa6oTa H MOIMHOCTb. JHEPrus: 3aK0H COXpAHEHHs JHEPTHH B
MEXaAHHIECKHX MPOoIeccax.

2. DAeKTPOMATHHTHBIE BOJTHA B HX cBolicTBa. CKOPOCTHL PacHpPOCTPAHEHMS
J1eKTPOMATHHTHLIX BOJAH. OnbiTel I'epua

buaer Nel3

1. I'uapo u aspocraTuka. O6mue cCBO#CTBA XKHAKHAX U ra3000pa3HbIX Tea. 3axkon Hackans.
Cuiia Apxumena. Y J10BHA ILTABAHHS TeJl.
2. Opanuun paanocessu. Hieoperenue paasuo, Pagnonoxauus. Teaesnaenne. Pazpurue

CPEACTB CBA3H.




Buer Ne 14
1. Fuapo n a>poanHaMuKka. Y paBHeHHe bepry/um. /IBiKkenne Tes B 3KHIKOCTIX U rasax.

2. JaekTpomMarduraas npuposa ceera(21). Meroant usmepenusi ckopoctu ceera. lixkana
IACKTPOMATHUTHBIX BOJIH. Y PABHEHHE BOJIHLL,

Buner N2 15
1. Mexannueckre Koj1e0aHusl. Y paBHeHHe rapMoHHYecKHX Kosebanuil. CBoboaHbIe H
BbIHYKIeHHbIE KosieGanus. llepuoy koebanmii rpy3a Ha NIpy’KHHE H MATEMATHYECKOTO
masaTHHKA. [IpeBpamense JHepruu npy Ko1edare/ibHOM ABHIKEHHH.
2. Hutepdepenuus cBera. OneiT IOHra. KorepentHoie BoHbl. Ilpera TOHKHX NVIEHOK H

npHMeHeHue HHTepgepeHIIHH.

buaer Ne 16
1. MexaHuMecKHe BOJHBE M HX cBOlicTBa. Pacnpocrpanenue koyedanuil B ylpyrux cpejax.

JLAuHa BOJIHBL 3BYKOBBIE BOJIHBI B MX CBOHCTBA. JX0. AKYCTHYECKHI PE30OHAHC,
2. Sipnenne nudpakunn ceera. 3oanl @penens. AudppakunoHHas pelIeTKa Kak
CHeKTpadbHbI npubop.

bBujierNel7
1. OcHoBHbBIE NMOJI0KEHHA MOJIEKYAAPHO- KHHETHYECKO0H TeOPHH H HX ONBITHBIE 000CHOBAHNN.

Pa3zmeprl u Macca MoaekyJL(06)
2. lucnepcus U MOTJIOLIEHHE CBETA

buaer Ne 18
1. HneanpHblii ras. BolBoa 0CHOBHOI0 DNOJIOMKEHHS MOJIEKYAAPHO- KHHETHYECKOH TEOPHH

uaeannaoro rasa.(femneparypa Kak Mepa cpegHeii KHHETHYECKOH JHEPrUN MoeKkyJL(07)
2. Hoaspuszauus ceera. Ecrecrsennslii cset. Ilonspuiarop. — o
£/6 B7

Buster Ne 19
1. HachieHHbIi ¥ HeHAachIeHHBII nap.(09) 3aBucuMoCTh AaBJI€HHSA HACBIHICEHHOTO NAPa OT

Temnepatypbl. Kunenue, Kpuruueckas remnepatypa. OTHOCHTE/IbHAS BIAXKHOCTL BO3AYXa H

ee U3MepeHHe.
2. 3axoH NPAMOJIHHEHHOI0 g;lacnpoc"rpaﬂeﬂnﬂ ¢BeTa. 3JaK0HbI IIPEJIOMJICHHUN H OTPAYKEHHSA

cpeta. HonHoe orpaxkenne. Jluninl. ®opmy.ia TOHKOM JHH3BI.

s
buier Ne20

1. CoiicTBa noeepxHocTH xkuaKocTell. IloBepxHocTHOe HaTAkeHne. CvaunBanne U He
cMauuBaHue. Kanwuisipible siBJIeHHS.




2. JiemMeHTbI hoTOMETPHH: IHEpreTHUYECKHE H (POTOMETPHYECKHE BETHIHHBL. 3aK0OHbI
OCBEIEHHOCTH.

buaer Ne 21
1. Kpucranan4eckme Tena v MX cBolicTBa. MOHOKPHCTANLIBI H NOJHKPHCTANLTLL AMOpdHbIe

TeJA,
2. OnTHveckne npuGopel: 1yna, MHKPOCKOI, Tejeckor. Pazpemaromas cnocobHOCTE
Teseckona. ®oroannapar. /lua-, 3NH-, A KHHONMPOEKThI. J

buaer No22

1. BuyTpenHsisg 3Heprus H cnoco0bl ee n3menenns. llepBLiii 3aKon TEPMOTHHAMHKH.
BHyTpeHHss YHEPTHS HEeaTbHOTo raia. [IpuMeHeHHe NEPBOT0 3aKOHA TEPMOJIMHAMHKH K
H30MpoleccaM ¥ anHadaTHOMY npoLeccy.

2. JileMeHThl CHeUHATBLHOH TeopuH 0THOCHTEeAbHOCTH. IocTyaatsl CTO. KonevHocTh 1
NpeReaBHOCTL CKOPOCTH cBeTa. PensiTHBHCTCKHIT 3aKoH Ipeobpa3oBaHKe CKopocTeid.
PeasituBHCTCKAS AMHAMHKA.

uier Ne 23
1. Ten0Bble MaHIHHBI, HX YCTPOHCTEO M NPHHUHMI JeiicTBHA. HeoOpaTHMOCTE TETLUIOBBLIX
npoueccos. Bropoii 3aKoH TePMOAHHAMHKH H €r0 cTATHYECKHII cMbici. Ten/ioBbie MaliHHBI H

NpofJeMbl YKOJIOTHH.
2. Ksanrosas runoresa Ilianka. ®orozpdexr. 3akons: porozpdexra. KpauroBas Teopus
dorozdpdexta. PoTOITECMEHTHI H HX NPHMEHEHHE.

Buner Ne 24
1. JaexTpudeckoe B3auMoAeHcTBHE H 3eKTpHYecKHii 3apaa. 3aKoH coxpaHeHHs

aJeKTpH4eckoro 3apsaga. 3akon Kynona,
2. Crpoenue aroma. Oubirbl Pezepdopaa. Ksanroseie nocryiaars: bopa. Onwirel ®Ppanka u

T'epna. lIpuanun COOTBETCTEHS.

X uner Ne 25
1. Duexrpudeckoe nojie. HanpsskeHHOCTS 3IEKTPHYECKOro 11015, JIHHHH HANPSKEHHOCTH,
2. CnoHTaHHOe H MHAYUHMPOBAHHOE H3JIYUeHHe. Jlazepsl H HX NIpHMeHeHHe.

Buner Ne 26

1. Pabora cun anekTtpuuyeckoro nons. floreHuwan m pasHoCTb NOTEHUMANOB.
JKBUNOTEHUMANbHbIE NOBEPXHOCTHU. CBA3bL MeXAY HANPAXKEHHOCTLIO U PAa3HOCTLIO
NOTeHUManos.

2. Aromuoe saapo. CTpoeHne aToMHOro0 aapa. Aaepusie CHIBL, JHEPrus CBA3M sipa. ¥ e ibHas
JHeprus cBs3H H NPOYHOCTD SAEp




Bbuner Ne27
1. IlIpoBOAHNKH H AHIIEKTPHKH B WICKTPHYECKOM I10Je,
2. PajroaktneHOCTL, CBOiiCTBA paJHOAKTHBHEIX H3TYUeHHi. 3aK0H paAHOAKTHBHOIO pacnaja.

buaer Ne 28
1. DeKTPoeMKOCTb. JIEKTPOEMKOCTH KOHICHCATOPA. JHEPTHS 3aPSiKeHHOI0 KOHASHCATOpA.
2. CpoiicTBa HOHM3HPYWOIMHX HIAYUeHHI. BianMoneiicTBHe HORM3HPYIOLINX H3JYUECHHH C
BemecTBOM. MeToABI perHcTPald HOHH3UPYIOLIHX H3Ty4eHHIl.

uiaer Ne 29
1. DIeKTpHYecKHii TOK H yCjI0Bus ero cymecrsoBanus. I/AC nerounnka toka. 3akon Oma
/ISl OJHOPOJHOr0 H HEOTHOPOIHOTO YHACTKA dieKkTpuueckoil menn. 3axon Oma ana nosHol
uenu. Koporkoe 3amMbikaHMe.
2. Ainepunie peakunn. BoiaeneHne A MOrI0IEHHE IHEPTHH B AaepHbIx peakunsx, llennsie
ajaepHble peakuuu. TepmosaepHble peaknuu. 11poGaemel saepHoi IHepreTHkKn.




